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ABSTRACT
There is a recognised gap between what climate science can currently provide and
what end users of that information require in order to make robust adaption decisions
about their climate related risks. This study identified a number of factors that
contribute to the gap via a literature review, online survey, workshop and focus group.
These included uncertainty in climate information, misunderstanding or misuse of key
terminology, poor communication and/or packaging of the climate science information
and the lack of appropriate decision support tools that adequately account for
uncertainty (and are capable of dealing with non-climatic influences on decision
making).
In order to help bridge the gap it is recommended that communication and packaging
of climate information be improved via a formalised ‘knowledge broker’ program. This
would act as a link between end users and science providers in order to translate and
transform climate information such that it is useful for end users and to clarify for
science providers what the specific needs of end users are. In addition, the knowledge
broker would play a key role in the education of end users about uncertainties in
climate science, the limitations of the currently available information and likely
advances in the next five to ten years.
It is also suggested that a ‘terms of reference’ for key climate change related words be
developed and agreed upon by both climate science providers and end users to reduce
the misuse of terminology and confusion that arises from that. Further, it is
recommended that additional research be conducted into natural variability and
baseline risk to provide a realistic background on which climate change projections and
associated uncertainty are assessed. Finally, new tools and methods to integrate
between projections and decision making (e.g. decision support tools) that deal
explicitly with uncertainty need to be developed and implemented within the adaptation
community. While it is unrealistic to expect that we can ever totally close the gap, it is
clear that there are opportunities to start bridging the gap (or at least improve people’s
awareness of the gap).
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EXECUTIVE SUMMARY
The best available climate science will no doubt inform appropriate decision making
about climate change adaptation, however, a fundamental barrier exists, namely the
gap between information that climate science can currently provide and the information
that is practically useful for end users and decision makers.
The overarching aim of this project was to identify the major contributing factors to the
gap and provide recommendations as to ways in which the gap may be narrowed (note
more specific objectives are outlined in Section 1.1). This was achieved via a literature
review, online survey (targeted to providers of climate information and end users of that
information), workshop (where both climate scientists and end users came together to
discuss key issues) and focus group (where some of the key issues identified during
the workshop were further explored).
The literature review identified five key contributing factors to the gap:
• uncertainty in climate science;
• cognitive bias and challenges of interdisciplinary research;
• (mis)understanding and (mis)use of key terminology;
• communication (or lack of);
• non-climatic influences.
These factors were also key themes arising from the survey and workshop. In
particular, uncertainty in climate science was often seen as a key barrier to adaptation.
This issue of uncertainty was found to be multi-faceted, with issues identified in terms
of communication of uncertainty, misunderstanding of uncertainty and the lack of
tools/methods to deal with uncertainty.
The findings of the survey revealed that both producers of climate information and end
users of this information felt that uncertainty was not well communicated and this was
noted as an area where significant improvements could be made in order to narrow the
gap. There were also key differences surrounding uncertainty in terms of expectations
for the future – most end users were of the belief that uncertainty would reduce within
the next five to ten years; however producers of this information were well aware that
this would most likely not be the case. End users were also of the opinion that
uncertainty needs to be reduced in order to develop effective adaptation strategies and
there were many comments in the free text sections of the survey relating to the use of
uncertainty as an excuse to ‘do nothing’. This is a major finding as some end users in
decision making roles may be waiting for uncertainty in climate information to reduce
and delay taking action on adaptation and risk planning now–however this
improvement in uncertainty may never eventuate.
In order to help narrow the gap, it is clear that further education of end users is needed
with respect to uncertainties in climate science, the limitations of the currently available
information, the likely advances in the next five to ten years and how to best use the
available information (taking into account these uncertainties and limitations) to
develop effective adaptation plans.
Further, a hypothetical case study conducted during the workshop (where participants
engaged in an interactive exercise that highlighted the information required and
different methods end users rely on when forced to make decisions under uncertainty)
demonstrated that robust and adaptive responses could indeed be made in the face of
uncertainty (or as illustrated in the exercise, knowing almost nothing about the future)
as long as the planning is made around a wide range of plausible futures that are
consistently reviewed moving forward in time.
A key message arising from this exercise is that climate science does not in fact need
to be certain (or even close to certain) in order to develop effective adaptation
2 Decision making under uncertainty

strategies, as long as the adaptation 'processes' are well placed, robust and flexible in
terms of their ability to respond to a changing climate. Indeed, there are examples of
effective climate change adaption that adhere to this identified in the literature (see
Section 2.2) and it is recommended that further interrogation of the lessons learnt
through such initiatives can also help to reduce the gap.
The misuse or misunderstanding of key terminology was another factor that featured in
the literature review, survey and workshop. It was clear that end users and scientists
used different terms for the same purpose or vice versa, the same terms meant
something completely different depending on who was using them and what their
background was. For example, end user used the terms ‘prediction’, ‘projection’ and
‘scenario’ interchangeably whereas in science they each have specific meanings:
• prediction (a statement about the way things will happen in the future);
• projection (model-derived estimates of future climate); and,
• scenario (coherent, internally consistent and plausible description of a possible
future state of the world).
This lack of consistency on key terminology and interchangeable or uninformed usage
in the scientific community causes confusion amongst end users and is a significant
contributor to the gap. A key outcome of the study is the recommendation that a list of
key terminology be produced that end users can easily access and interpret. The
Intergovernmental Panel on Climate Change (IPCC) have already produced such a list,
which could provide the basis for an Australian version of definitions but education
would also be required, particularly within the mainstream media, to ensure people are
aware of and consistently use the correct terminology.
Improved communication and packaging of climate information was another key theme
highlighted in the literature review, survey and workshop. This is not just more glossy
brochures and presentations by climate scientists, rather there is a role for a program
or group of people that was coined a ‘knowledge broker’ during the workshop and
focus group. The role of the ‘knowledge broker’ would be to package, translate (both
from end user to scientist and scientist to end user) and transform climate information
and to educate decision makers on climate change science and climate change
adaptation (e.g. via short courses, seminars, workshops etc.). Importantly education
and communication of uncertainty needs to be improved so that end users are aware of
all the caveats and what can realistically be expected from climate science now and in
the near future–and how to properly use climate science insights and modelling
outputs. The literature review identified international programs that may be used as a
reference point to set up such a ‘knowledge broker’ in Australia.
The workshop (and in particular the hypothetical case study) emphasised the need for
a whole of climate approach to climate related risk assessment and adaptation.
Embedded in this is how to best incorporate considerations of natural variability with
climate change projections (i.e. where is here (~1990), where is there, how do we get
there from here, what if variability in the future is different to variability in the
instrumental record?). Another related issue is defining the baseline for climate change
projections and uncertainty surrounding this. Additional research needs to be
conducted into natural variability and baseline risk. This information then needs to be
translated into a series of recommendations that can be transferred to climate
risk/impact studies across a range of disciplines (e.g. flooding, drought planning,
infrastructure design etc.).
There is also a clear need to further develop tools and methods to integrate between
projections and decision making that properly account for uncertainty. The decision
support systems also need to account for non-climatic influences (e.g. social,
environmental, political, economic) on what are essentially climate driven problems that
Decision making under uncertainty 3

require solutions that are driven by much more than just the climate. However the
development of decision support tools is secondary to the need for improved education
and communication given that the delay in developing such tools may provide an
excuse for end users to procrastinate and delay the decision making process.
Overall, the project identified that there is indeed a gap between end user needs and
science capability, particularly with respect to uncertainty, communication and
packaging of climate information. This gap has been a barrier to successful climate
change adaptation in the past. While it is unrealistic to think we could ever close the
gap completely, based on the recommendations provided in this report it may be
possible to bridge the gap (or at least improve people’s awareness of the gap).
‘Climate change adaptation is all about organisations and individuals developing
flexible responses in the face of uncertainty’ (UKCIP 2011 p. 78)

4 Decision making under uncertainty

1. INTRODUCTION
Successful adaptation outcomes are supported by decision making that is informed by
the best available climate science (e.g. Burton 1997; Sarewitz and Pielke Jr 1999; Patt
and Dessai 2005; Power et al. 2005; Meinke et al. 2009). However, a fundamental gap
exists between the information that climate science provides and the information that is
practically useful for (and needed by) end users and decision makers. In some cases it
appears that the information is simply too ‘uncertain’ to be of any practical use or that
the uncertainty is not adequately quantified and communicated.
Further, even if the climate information does exist and the uncertainty is properly
communicated, often decision makers are unaware of it or cannot access it in a format
they can readily use (i.e. the right information may exist but it is inaccessible for end
users due to time, expertise, and/or technological constraints). This disconnect is
emphasised within the water resource management and agricultural sectors (due to
high uncertainty surrounding precipitation projections) and has been identified as the
main barrier preventing well documented facts, themes and recommendations from
being translated into successful adaptation outcomes (e.g. Ziervogel and Downing
2004; Kiem et al. 2010a, 2010b; Ziervogel et al. 2010; Wågsæther and Ziervogel 2011;
Rickards 2012). Yet even though these barriers exist, there are cases where climate
change adaptation has been shown to be effective (e.g. Power et al. 2005). Therefore
there are clear opportunities to learn from such successes which will contribute towards
narrowing the gap.
This project aims to bridge this gap between end user needs and science capability by
bringing together decision makers and climate scientists to develop a dialogue and
improve understanding about what climate information is required and what information
climate science can currently provide and can be expected to provide over the next five
to ten years. Aspects of climate science that are likely to remain highly uncertain are
also identified.

1.1

Project objectives

The original objectives for the project were to determine:
• What information about future climates practitioners require (e.g. what
variables; what format; how do they want uncertainty to be dealt with?);
• Is some information more important than others (e.g. short duration rainfall
rather than changes to seasonal means)?
• What is the spatial and temporal scale of the information that is required? (e.g.
Is downscaled information important? At what timeframes is information needed
– the next 10 years, 30 years, 100 years? Is the rate and/or trajectory of change
important?);
• How is climate change information currently being applied in decision making,
how is uncertainty currently dealt with and what are the lessons learned from
this experience?
• How do end user needs align with what is feasible now and in the near term
future (i.e. next five to ten years) given the current (and expected) state of
climate science? Can we expect uncertainties in climate change projections to
reduce in the near future?
• Considering issues of scale (both temporal and spatial), what can climate
models tell us about the evolution of future climates and sea level?
As the study progressed, the objectives broadened to encompass the wider issue of
identifying the major contributing factors of the gap between end-users and providers
and determining what else can be done to enhance climate change adaptation in
Australia.
Decision making under uncertainty 5

1.2

Outline of project and this report

Data for this project was collected via literature review (Section 2), lessons learnt from
previous and current projects (e.g. Kiem et al. 2010a, 2010b; Rickards 2012), a survey
distributed to both climate scientists and end users of climate science (Section 3), and
a workshop (Section 4).
Following the workshop, knowledge gaps and recommendations were compiled and
discussed in a follow up focus group meeting (Section 5) which involved key decision
makers (a subset of those that attended the workshop) and aimed to determine what
actions were necessary to build on insights and recommendations from the literature
review, survey and workshop and how best to actually do something to bridge the gap.
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2. LITERATURE REVIEW
2.1

What is the gap and why does it exist?

Adaptation to climate change is most often implemented as part of climate risk
management, disaster risk reduction, resource planning or sustainable development
initiatives (Adger et al. 2007; Howden et al. 2007). Successful climate change
adaptation therefore needs to be supported by realistic and practically useful
information on climate change impacts, such that robust and effective management
decisions can be made. Generally decision makers manage risk holistically, however,
climate information is usually derived from reductionist methods (i.e. a complex issue is
analysed by its most simplest and basic components) which sometimes leads to
distortion (Meinke et al. 2006; Sarewitz and Pielke Jr 1999). This difference in
approaches leads to a fundamental disconnect between scientists and end users (i.e.
decision makers) meaning that the creation of information relating to climate change
impacts, although scientifically sound, often lacks relevance (Meinke et al. 2006; Kiem
and Verdon-Kidd 2011). This gap often prevents the effective exchange of information
between climate scientists (i.e. climate change information providers) and end users
across a range of sectors and contexts (Li et al. 2010; Ekstrom et al. 2011). The gap is
emphasised within the water resources and agricultural sector as climate change
compounds existing vulnerabilities caused by exposure to hydroclimatic extremes
(Kiem et al. 2010a; Kiem and Austin 2012b). There are many reasons for the gap and
some of these are discussed below. However, there are also examples of effective
climate change adaptation that we can learn from in order to narrow the gap and these
are also summarised in Section 2.2.

2.1.1

Reasons for the gap – uncertainty in climate science

Schneider et al. (1998) provides a review of three of the many typologies of uncertainty
(i.e. Functowicz and Ravetz 1990; Wynne 1992; Rowe 1994).
Functowicz and Ravetz (1990) used an incremental scale to rank situations according
to their level of uncertainty. They demonstrate that the level of system uncertainty
corresponds with differences in management approaches and is matched with various
levels of decision stakes.
Wynne (1992) identifies four types of uncertainty:
• Risk – the behaviour of the system is “basically well known, and the chances of
different outcomes can be defined and quantified by structured analysis of
mechanisms and probabilities” (Wynne 1992, p114);
• Uncertainty – we “know the important parameters but not the probability
distributions” (Wynne 1992, p114);
• Ignorance – “we don’t know what we don’t know” (Wynne 1992, p114);
• Indeterminacy or ambiguity – a state that is completely open-ended (Wynne
1992, p116).
Finally, Rowe (1994, p.743) defines uncertainty as “the absence of information,
information that may or may not be obtainable”. Rowe (1994) identifies four dimensions
of uncertainty: temporal, structural, metrical and, translational.
New and Hulme (2000) refer to another typology of uncertainty – incomplete
knowledge and unknowable knowledge. Incomplete and unknowable information gives
rise to uncertainties which cascade through climate change impact assessments as
represented in Figure 2. Incomplete knowledge, arising from inadequate understanding
about biophysical processes or a lack of analytical resources has the potential to be
rectified in the future (e.g. some limitations of climate models will be overcome with
improved understanding of climate physics and increased computational power).
Whereas, unknowable knowledge occurs due to the chaotic nature of Earth’s systems
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together with the unpredictability of human behaviour and evolving socio-economic
systems (New and Hulme 2000).
These different typologies of uncertainty all acknowledge that uncertainty is by nature
social, cultural and institutional and not purely technical, physical or biological in
character (Schneider et al. 1998) – indeed there seems to be significant uncertainty
about uncertainty.
Traditionally, in carrying out research on human-induced climate change (global
warming) and its impacts, scientists have followed a linear pathway of activity, starting
from the specification of greenhouse-gas emissions, ending with impacts and possible
response strategies (see Figure 1). From the perspective of those working at the righthand end of this chain (i.e. policy- and decision makers) the problem is that each step
in the chain has an associated uncertainty, as shown in Figure 2. More importantly,
these uncertainties compound at each step, so that by the time the step of projecting
climate change impacts at spatial scales relevant for decision making is reached the
uncertainties have exploded (e.g. Jones 2000).

Figure 1 Traditional cascade of climate change knowledge.

Figure 2 Cascade of uncertainty associated with typical climate change impact
assessments (modified after Jones (2000) and Schneider (1983)).
In terms of what this means for end users, the majority of end users and decision
makers realise the necessity of planning for climate change and are turning to climate
models for direction on what to plan for. Several recent studies have reviewed the
uncertainties associated with general circulation models (GCMs) (e.g. Parry et al. 2007;
Randall et al. 2007; Stainforth et al. 2007; Koutsoyiannis et al. 2008, 2009; Blöschl and
Montanari 2010; Montanari et al. 2010) and the implications of those uncertainties for
climate change impact assessments in Australia (e.g. Pitman and Perkins 2008;
Verdon-Kidd and Kiem 2010; Kiem and Verdon-Kidd 2011; Stephens et al. 2012).
These studies demonstrate that while climate models may represent the ‘best available
science’ in terms of our understanding into global climate processes, the inherent
uncertainties mean that climate model outputs do not necessarily represent useful
information or meet the needs of end users when planning for and making decisions
about the future.
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This is a fundamental source of the gap and a key message that emerged many times
throughout the project (refer to later sections which discuss the results of the survey,
workshop and focus group).
While uncertainties exist in relation to the generation of climate information, there is
also uncertainty when attempting to define the differing and varied needs across the
range of diverse end users. End user needs vary considerably as a result of location,
sector, resources, existing knowledge, climate risks, and the decision being made (e.g.
Maraun et al. 2010; Kiem and Verdon-Kidd 2011). The capability, capacity to act (i.e.
budget and time constraints), awareness of science information and attitudes of end
users also varies markedly across locations and sectors (e.g. Kiem et al. 2010a,
2010b; Rickards 2012) meaning that even if uncertainty in the science is dealt with
effort is also needed in addressing uncertainty in the way that science is viewed and
implemented by end users.
Science is uncertain and always will be but traditional decision making by definition
requires certainty – evident by the number of people reluctant to consider climate
change adaptation until the science is more certain. Unfortunately, uncertainty
surrounding climate science will not disappear (e.g. Kiem and Verdon-Kidd 2011) and
novel frameworks for decision making under uncertainty and research aimed at
translating uncertainty into risk is urgently required. Decision makers prefer certainty
but in reality have to cope with uncertainty all the time (not just uncertainty related to
climate issues) and climate change adaptation is about providing decision makers with
the insight and tools needed to do that.

2.1.2 Reasons for the gap – cognitive bias and challenges of
interdisciplinary research
Epistemologies guide researcher’s perspectives on the validity of knowledge (e.g.
quantitative versus qualitative), the legitimacy of methods to produce knowledge and,
the assumptions associated with concepts and methodologies (e.g. Miller et al. 2008).
Add to that the fact that end users are focused on solutions rather than research
problems and it becomes clear that while interdisciplinary and transdisciplinary (i.e.
where non-academic knowledge is integrated through participatory processes)
research is required for successful climate change adaptation (e.g. Rickards and
Howden, 2012) there are significant challenges created when researchers (and end
users) with different epistemologies work together. Further, while interdisciplinary and
transdisciplinary research is a worthy and necessary goal the current research training
system (i.e. Universities that are split into faculties and disciplines and criteria for
postgraduate success requiring expertise in single well-defined subject areas) and
challenges of interdisciplinary research are actually deterring early career researchers
and potential postgraduate students from this emerging field (Peter Hayman, pers.
comm. 24 May 2012).
A good example of this is the scientific publication system, in particular peer review.
End users and decision makers are increasingly reading journal articles but have
minimal input as to what actually is published. Most journal editors and peer reviewers
are academics or full-time research scientists and as a result peer reviewed literature is
biased towards science needs rather than end user perspectives. End user and policy
relevant journal articles require end users being involved in the peer review process
(for an example of the challenges associated with publishing a paper that appeals to
non-scientist natural resource managers and also climate scientists and hydrologists
refer to discussions at www.hydrol-earth-syst-sci-discuss.net/8/C5642/2012/hessd-8C5642-2012.pdf associated with the publication of Gallant et al. (2012)). Unfortunately,
there is minimal incentive (or time) for non-academics to be involved in the peer review
process just as there is minimal incentive for researchers to publish in low impact factor
trade journals or industry magazines (Jacobs et al. 2005) or be involved in projects that
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are not likely to lead to journal publications. This issue is a major source of the gap, as
peer reviewed literature, while scientifically sound, is apparently becoming increasingly
irrelevant to end-users (refer to later sections which discuss the results of the survey,
workshop and focus group).

2.1.3 Reasons for the gap – (mis)understanding and (mis)use of key
terminology
Burton (2009, p. 11) describes adaptation as having emerged during the early 2000s
from the “epistemological waste basket”. Due to the diverse range of disciplines that
engage in climate change adaptation research, and their differing epistemologies, there
is a lack of consensus when defining or understanding key terms (Moser and Ekstrom
2010; Miller et al. 2008).
One example within the international climate change adaptation research community is
the inconsistency (and disagreement) on how to refer to particular groups of
stakeholders. End user, decision makers, practitioners and actors are all terms that are
often used interchangeably as a result of researcher affiliations and perspective. This
report uses ‘end users’ as it is the language adopted by NCCARF. It must also be
noted that scientists (here referred to as “providers”) are stakeholders too, and an ‘us
and them’ dichotomy should not be encouraged.
Two terms that further exemplify this discrepancy in definitions are vulnerability and
resilience. Thywissen’s (2006) review of the literature found 29 different definitions of
vulnerability and 10 of resilience. The origins of these terms in social and ecological
theory respectively, account for the divergent approaches to social-ecological
dimensions of change (Miller et al. 2010). There is no consensus as to their meaning
and the two terms are used in differing contexts in different disciplines (Gallopin 2006).
Confusion in language and concepts and epistemological tensions inhibits
interdisciplinary collaboration and integration (Miller et al. 2010) and hence contributes
significantly to the gap under investigation here.
Some other examples of terminology that are commonly misused or misunderstood
include: confusion between what is weather and what is climate; knowing the difference
between a prediction, a forecast, and a projection; knowing the difference between
uncertainty, likelihood, risk and vulnerability; knowing the difference between a best
estimate scenario, a median scenario from an ensemble of general circulation (or
global climate) model outputs, and a plausible scenario; knowing the difference
between precision and accuracy; differences between multidisciplinary,
interdisciplinary, transdisciplinary, and cross-disciplinary (Eigenbrode et al. 2007). This
lack of agreement on key terminology and interchangeable or uninformed usage in the
scientific community causes confusion amongst end users and is further discussed in
Section 4 as it arose as a point of significant concern at the workshop held for this
project.

2.1.4

Reasons for the gap – communication (or lack of)

Moser and Ekstrom (2010) identified four barriers to adaptation that are repeated
throughout the adaptation process: leadership, resources, values/belief, and
communication/information. Chess and Johnston (2007) also suggest that actually
communicating climate change information is just as complex as doing the science.
Hayman and Alexander (2010, p.116), supporting earlier work by Marx et al. (2007),
also found that a “major challenge for communicating climate information was that
those preparing the information tended to assume that decision makers processed the
information analytically whereas many studies showed that people were more likely to
rely heavily on experiential processing systems”, where experiential processing refers
to first-hand (i.e. personal) experience as opposed to something which is received from
a teacher or trainer (i.e. second-hand). Hayman and Alexander’s (2010) review of the
10 Decision making under uncertainty

literature found that there are many challenges to communicating uncertain projections
of climate change and that psychology research in a diverse range of fields, including
medicine and engineering, also supports the notion that people have difficulty
interpreting probabilities (Hayman and Alexander 2010).
Holbrook (2011) conducted an initial questionnaire and focused strategy meetings in all
Australian states and the Northern Territory (NT) involving government and nongovernment organisations and industry representatives from a range of marine sectors
including aquaculture, commercial and recreational fishing, conservation and tourism.
The questionnaire identified concerns and issues confronting the various marine
sectors associated with climate change impacts. An analysis across location and the
differing marine sectors identified ‘consultation and collaboration’ and ‘communication
and education’ as two of the highest priority issues that required addressing (Holbrook,
2011). Holbrook (2011) maintains that the most significant message to emerge from
the meetings was the high importance of communication and education that is
comprised of clear, targeted and accessible information exchange. Power et al. (2005)
also noted the crucial need to maintain strong and ongoing communication between
providers and decision-makers, but they also noted the difficulty and major investment
required to do so. The resource implications of communication proposals are often
overlooked. Instead, resources need to be considered carefully if realistic climate
change adaptation plans are to be developed.
Improved communication between climate scientists and end users is required to better
define what is meant by ‘practically useful’ climate science information (and whether
this is a realistic expectation given current scientific understanding) (e.g. Pielke Jr
2007; Koutsoyiannis et al. 2009; Blöschl and Montanari 2010; Montanari et al. 2010;
Kiem and Verdon-Kidd 2011). End users need to outline what information they need
and climate scientists need to identify which needs can be met based on current
understanding and which require further research. For the areas that require further
research, recommended research directions should be identified and addressed. For
the areas which can be addressed now (or in the near future) the format of the output
from the climate science needs to be agreed. Further, effective communication
includes clarification of what can realistically be provided by climate science, now and
in the near future (Power et al. 2005).This ‘communication’ issue has been extensively
investigated in climate change scenario development (e.g. the UK Climate Impacts
Programme (UKCIP, www.ukcip.org.uk), and associated UK Climate Projections
(ukclimateprojections.defra.gov.uk), and also the Climate Futures for Tasmania project
(www.dpac.tas.gov.au/divisions/climatechange/adapting/climate_futures).
However, there is still a disconnect that needs to be addressed – around what can
realistically be expected from climate science (there is still some reluctance to act until
the science is ‘certain’ and, in some sectors, an expectation that skilful multi-year to
multi-decadal catchment scale precipitation forecasts are just around the corner), and
around the plausibility of the scenarios that eventuate (how much uncertainty is
associated with the various steps used to produce the scenarios). This needs to be
addressed in terms of not just what the projected changes are but also why, because
as per Blöschl and Montanari (2010), without understanding the reasons for the
changes, the results of impact studies are of little value. Additionally, it is important to
then determine what to do with the probabilistic scenarios and associated uncertainty
(i.e. adaptation under uncertainty).
The question as to whether the communication required to inform effective climate
change adaptation is best done by climate scientists or end users or somebody else is
investigated by Maraun et al. (2010) who found that the inclusion of a social scientist
experienced in translating between natural scientists and non-specialists can be
beneficial for non-specialist end users when making decisions. This process of
communication and translation done by an intermediary was found to be more likely to
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result in the product (which in this case was downscaled precipitation forecasts) being
correctly understood and used as intended. This supports previous work which has
shown it is not necessary for all providers and end users to engage with each other
directly, as long as someone in the ‘knowledge system’ is ensuring the information is
meeting end user needs (Jacobs et al. 2005). Jacobs et al. (2005) further asserts that
the key component in bridging the gap between climate science and decision makers is
the building of relationships (a theme which also emerged from the focus group
discussions held as part of this project – see Section 5). This is consistent with the
conclusions of Power et al. (2005) who noted that:
“Decision makers do not just want predictions or technical information about the
scientist’s narrow area of specialisation within climate science. This sort of
information on its own is unlikely to have much impact on decision making because
it typically does not clearly address current policy or planning problems. Instead
water managers want explanations, clarification of issues and uncertainties,
perspective, and balance. They therefore value professional links with respected
scientists that foster trust and credibility”.

The need for improved communication is acknowledged by other research being
conducted in this area (see Section 2.2) and was a key outcome from the workshop
conducted as part of this project and is discussed further in Section 4 and Section 5
where we introduce the potential for a ‘knowledge broker’ to successfully bridge the
gap.

2.1.5

Reasons for the gap – non-climatic influences

Climate science is often not the only consideration in making climate-sensitive
decisions, or even the most important (Power et al. 2005). There is increasing support
for the suggestion that the gap is not just between the science and the decision
makers, rather it is that the decision has to be socially, politically, economically and
environmentally acceptable for it to be implemented (e.g. Adger et al. 2005; Füssel
2007; Kiem and Austin 2012b). Even in a perfect world where scientists provide useful
information to end users and end users subsequently make robust climate change
adaptation decisions based on that science, if people do not like the decision there will
always be difficulty in getting that decision implemented (e.g. every time a
desalinisation plant or reservoir is proposed, when water trading or allocation schemes
are introduced, when sea-level inundation or flood management policies are changed
etc.). This issue is explored further in Section 2.2.2 and in later sections which discuss
the results of the survey, workshop and focus group.

2.2

Efforts to bridge the gap

During the process of completing this project, it became obvious that (a) the gap is a
significant issue and (b) several other previous and ongoing projects have or are
attempting to bridge the gap. Some of these complementary studies are summarised in
Section 2.2.1 to Section 2.2.14.

2.2.1 Programme of Research on Climate Change Vulnerability, Impacts
and Adaptation (PROVIA)
The Programme of Research on Climate Change Vulnerability, Impacts and Adaptation
(PROVIA) was established by United Nations Environment Programme (UNEP) in
response to the lack of international direction on vulnerability, impacts and adaptation
(VIA) research (PROVIA, 2012). PROVIA has four key activities: i) to develop an
international agenda of research; ii) the provision of scientific advice and information;
iii) to improve communication and interactions within the research community; and
iv) to develop a revised guidance on assessing VIA. For additional information about
PROVIA and its four key activities visit www.provia-climatechange.org.
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PROVIAs Guidance on assessing vulnerability, impacts and adaptation (Activity 4)
aims to assist decision makers in their selection of appropriate methods and tools in
terms of their context and situation. The Guidance document will provide a framework
that considers the full spectrum of VIA assessment approaches (PROVIA, 2012).
Although there is a diverse range of methods available for assessing VIA, and also for
implementing and monitoring adaptation actions, there is a lack of guidance as to
which method is most appropriate for a specific situation. The process of planned
adaptation is generally framed in terms of an adaptation learning cycle which includes
four broad iterative tasks: i) the appraisal of climate change vulnerability and impacts;
ii) the appraisal of adaptation and the selection of adaptation options; iii) the
implementation of adaptation options; and iv) the monitoring and evaluation of
adaptation actions and learning. Despite this guidance it is acknowledged that there is
no panacea addressing adaptation tasks across all sectors and locations. The PROVIA
Guidance document addresses this by providing decision trees that guide end users
through the available choices based on a set of criteria for each situation and
facilitating the identification of critical tasks and methods for VIA (PROVIA 2012).

2.2.2

World Resources 2010–2011

A second example of a UN initiative is a biennial joint publication from the UNEP,
United Nations Development Programme, the World Bank and the World Resources
Institute (WRI). World Resources 2010-2011 (www.wri.org/publication/world-resourcesreport-2010-2011) focuses on effective decision making in a changing climate by
national governments, and in particular governments in developing countries (WRI
2011). WRI (2011) identifies five key elements that are believed to significantly
strengthen national government’s ability to make effective adaptation decisions: public
engagement, decision relevant information, institutional design, tools for planning and
policymaking, and resources. Although many recommendations in the report relate
specifically to developing nations, the findings are applicable to developed nations’
needs and decision making processes also. WRI (2011, p.4) maintains that for effective
adaptation it is essential to have “user-driven, sufficient, accurate, accessible, longterm, frequently updated, cost effective and targeted information” supporting the
sentiments of Section 2.1.4. The following key recommendations emerged from WRI
(2011) in relation to decision-relevant information:
• Governments must be responsible for collecting, analysing and distributing
decision-relevant information about climate risks and vulnerabilities with end
user engagement being a critical component of this process in order for their
information needs to be considered.
• Recognition that climate information is not the only information required for
adaption planning and policy making. Also vital to effective decision making is
demographic, social, economic and environmental information.
• There is a need for governments and donors to establish and fund long-term
and regularly updated information management systems.
• Vulnerable populations that will be affected the most by climate change should
be targeted in government dissemination strategies.
In addition to decision-relevant information, decision support tools can be utilised by
governments to make difficult adaptation decisions. Existing tools can be customised
for adaptation planning and policymaking by integrating vulnerability and risks into their
framework (WRI 2011). See Section 4.3.6 for further information on this that emerged
as part of this project.
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2.2.3 World Wildlife Fund’s report on “Shifting Course: Climate
Adaptation for Water Management Institutions”
Cook et al. (2011) identified common qualities of institutions that allow them to
successfully adapt to climate change. The report focused on water institutions and the
common principles that support those institutions that are the most climate-adaptive.
The 15 principles identified were: external regime; flexible resource management;
resources; legitimacy and accountability; variety and diversity; monitoring and
evaluation; identity; forward thinking; iterative approaches; mainstreaming; creativity
and learning; internal agency and autonomy; collaboration and partnerships;
leadership; transparency and participation. It was found that further case studies were
needed to allow a more comparative critical analysis, that indicators linked to the
identified principles would make them more transferrable into operational guidelines,
and that these indicators should be monitored and evaluated against climatic events in
order to increase understanding about the linkages between the principles and
successful adaptation by the institutions. Importantly, Cook et al. (2011) identified the
need for further work to develop a diagnostic tool to assist water institutions in making
operational the identified principles to facilitate informed and robust decision making.

2.2.4 Water Research Foundation’s initiative on “The Future of
Research on Climate Change Impacts on Water”
In the United States of America (USA) an example of research organisations
attempting to engage end users is the Water Research Foundation’s initiative on “The
Future of Research on Climate Change Impacts on Water: A Workshop Focusing on
Adaptation Strategies and Information Needs” (Water Research Foundation 2011). The
workshop was led by the National Oceanographic and Atmospheric Administration
(NOAA), University Corporation for Atmospheric Research (UCAR), US Environmental
Protection Agency, and the National Aeronautics and Space Administration. The water
industry partners were the Water Research Foundation and the Water Environmental
Research Foundation (WERF).
The workshop objective was to gain insights from water and wastewater utility
professionals and practitioners regarding their perceived needs for research in the area
of adaptation decision support. The workshop and its outputs reflect an outreach effort
by the agencies to communicate with, and learn from, the community of water
professionals who are the intended end users of research in this area. The majority of
workshop activities were divided into facilitated workgroups focusing on five topic
areas: flooding and wet weather; water quality; coastal zone; water supply and drought;
and water energy nexus. The following cross cutting themes and research needs (i.e.
‘gaps’) were identified by the five workgroups:
• developing a fundamental decision making process for adaptation in the context
of uncertainty;
• evolving engineering and planning paradigms to increase flexibility;
• improving communication;
• coordinating development of consistent regional data/information for planning
scenarios that are useful for water utilities/downscaling models;
• compiling and using observed data;
• integrating adaptation and mitigation approaches;
• promoting institutional changes;
• examining the potential role of decentralised and hybrid systems.
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2.2.5

US EPA Climate Change Handbook for Regional Water Planning

A practical example of an initiative to bridge the gap is the US EPA Climate Change
Handbook
for
Regional
Water
Planning
(2011,
www.water.ca.gov/climatechange/CCHandbook.cfm). The handbook provides an
analytical framework that allows decision makers to incorporate climate change
impacts into their regional and water resources planning process (US EPA 2011). The
handbook is focused on the California Integrated Regional Water Management
Planning (IRWMP) process, however it can be applied nationally and internationally for
integrating climate change into any water supply planning process (US EPA 2011).
Included in the handbook are quantitative tools and techniques for addressing both
mitigation and adaptation when preparing IRWMPs. Case studies are presented that
illustrate the latest science and methods on climate change, including uncertainty and
adaptive management approaches, applied outside of academia (US EPA 2011).
Application of the framework presented in the handbook should result in improved
decisions in water resources management with the long-term goal being for the
handbook to serve as a foundation for a planning process that is thoughtful and
incorporates climate change impacts into IRWMPs and regional and watershed
management planning processes (US EPA 2011).

2.2.6

NOAA sponsored Regional Integrated Science Assessments

The Office of Global Programs at the National Oceanic and Atmospheric Administration
(NOAA) sponsored Regional Integrated Science Assessments (RISAs) were developed
in response to the movement toward stakeholder-driven and interdisciplinary research
(Jacobs et al., 2005). RISAs help inform resource management, planning and public
policy through their support, for more than 15 years, of research teams that conduct
regionally relevant and interdisciplinary research (NOAA 2011). There are currently
eleven RISA teams providing scientific information to public and private end users in
the USA (for more on RISAs see www.cpo.noaa.gov).

2.2.7

UK Climate Impacts Programme (UKCIP)

UKCIP (www.ukcip.org.uk) coordinate and influence adaptation research, while
encouraging organisations to use available tools and information in their climate related
risk management and response to climate change. UKCIP identify a number of barriers
to adaptation and specifically the following barriers related to perceptions of
uncertainty:
• divergence between business planning timeframes and the timeframes of
climate change projections;
• the temptation to wait until the impacts are felt before acting as climate change
is not seen as a big problem yet;
• the belief that taking action now is not warranted as the uncertainty is too great;
• lack of evidence of current adaptation actions and precedents set by others;
• lack of understanding and acceptance of the risks associated with
implementation.
Willows and Connell (2003) is a UKCIP technical report that addresses the risks,
uncertainties and decision making processes associated with adaptation. Willows and
Connell (2003) recommend a structured framework and associated guidance to
promote good decision making. This framework and guidance should enable decision
makers to recognise and evaluate the risks associated with climate change while
making the most effective use of available information about climate change, its
impacts and possible adaptive responses.
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2.2.8 New Approaches
Uncertainty (NeWater)

to

Adaptive

Water

Management

under

The European Commission supported project New Approaches to Adaptive Water
Management under Uncertainty (NeWater), is an example of an interdisciplinary
initiative aimed at managing river basins as social-ecological systems (for further
information see www.newater.uni-osnabrueck.de/). NeWater utilises Adaptive
Integrated Water Resources Management (AWM) as this approach takes into account
the complex socio-ecological nature of river basins when developing and implementing
policy. NeWater conducted seven case studies in Europe and Africa utilising AWM and
from these identified five key ‘lessons learnt’ including a commitment to uncertainty,
whereby uncertainty is addressed in a transparent and accountable manner (NeWater,
2012).

2.2.9

South East Australian Climate Initiative (SEACI)

SEACI (www.seaci.org) is a partnership between CSIRO, the Australian Government's
Department of Climate Change and Energy Efficiency, the Murray–Darling Basin
Authority (MDBA), the Australian Government Bureau of Meteorology and the Victorian
Department of Sustainability and Environment (Vic DSE). SEACI is investigating the
causes and impacts of climate change and variability across south-eastern Australia,
developing improved short-term predictions for hydrological and agricultural
applications. SEACI is addressing key research questions through three linked
research themes. Through these projects and their associated milestones, the program
aims to deliver a holistic and better integrated understanding of climate change and
climate variability across south-eastern Australia to support water managers and policy
makers.

2.2.10 Indian Ocean Climate Initiative (IOCI)
IOCI (www.ioci.org.au) is a partnership between CSIRO and the Bureau of
Meteorology, formed by the Western Australian Government to support informed
decision-making on climate variability and change in Western Australia. IOCI has been
running since 1998 and was formed partially due to the decline in rainfall southwest
Western Australia had experienced since the mid 1970’s. There are four research
themes to IOCI including:
• baselines and predictability of Western Australian climate and attribution of
climate change;
• current and future climate of the North west including extreme events;
• very-high resolution climate change projections for southwest Western
Australia;
• science leadership and support.
In addition to the results generated by each project against its own milestones, IOCI
also delivers a holistic and integrated understanding of climate change and variability to
partners and stakeholders and how these insights can be used to improved climate
change adaptation (e.g. IOCI 2002; Power et al. 2005).

2.2.11 Climate Futures for Tasmania
The Climate Futures for Tasmania project is the Tasmanian Government’s most
important
source of
climate change projections
at
a local scale
(www.dpac.tas.gov.au/divisions/climatechange/adapting/climate_futures). The project,
managed by the Antarctic Climate and Ecosystems Cooperative Research Centre, is
an essential part of Tasmania's climate change strategy and attempts to bridge the gap
by providing fine-scale climate change impact information for specific sectors in
Tasmania (including local government, water resources, extreme event management,
agriculture, and hydropower).
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2.2.12 NARCliM
The New South Wales (NSW) Office of Environment and Heritage (OEH) is developing
fine-scale climate projections for NSW and the Australian Capital Territory using a
regional climate model called the NSW and ACT Regional Climate Model (NARCliM,
www.environment.nsw.gov.au/research/Regionalclimate.htm). NARCliM will improve
the management of the impacts of climate change on health, settlements, agriculture,
weather extremes and services, such as water and energy supplies. NARCliM is
designed to give end users easy access to both raw climate modelled data and, more
importantly, information that combines the model projections into climate statistics that
can be readily used by the public and agencies like local government. Inquiry,
summary and visualisation tools are being developed using feedback from a user
reference group. This will include tools to calculate fire weather hazard or extreme
events, such as flood risk.

2.2.13 Australian Government Productivity Commission inquiry into
barriers to effective climate change adaptation
This Australian Government Productivity Commission inquiry into barriers to effective
climate change adaptation (www.pc.gov.au/projects/inquiry/climate-change-adaptation)
assesses the regulatory and policy barriers to effective adaptation. In undertaking the
review, the Commission identifies specific barriers that may act to inhibit effective
adaptation to unavoidable climate change and makes recommendations on high
priority reform options to address any identified barriers to effective adaptation. This
inquiry:
• examines the costs and benefits of the options to address those barriers where
it is feasible to do so, including a 'no change' (maintaining the status quo)
option;
• assesses the role of markets (including insurance markets) and non-market
mechanisms in facilitating adaptation, and the appropriateness of government
intervention.
In undertaking its inquiry, the Commission takes into account the relevant policies of all
levels of government and the work on adaptation undertaken under the auspices of the
Council of Australian Governments (COAG).
The enquiry began in September 2011 with the draft report released for comment in
April 2012. The consultation period on the draft report finished in June 2012 and the
final report will be completed in September 2012.

2.2.14 Other Australian efforts at bridging the gap
The Victorian Department of Primary Industries (DPI) has produced an innovative and
creative way of communicating information about Victoria’s main climate drivers. The
Climatedogs are a series of short animations that summarise information about climate
drivers such as the El Niño/Southern Oscillation and Southern Annular Mode, and
explain their influence on Victoria’s rainfall. To view The Climatedogs go to
http://www.dpi.vic.gov.au. Another product of the DPI aimed at bridging the gap is ‘The
Break’ newsletter (www.dpi.vic.gov.au/agriculture/about-agriculture/newsletters-andupdates/the-break-newsletters) which gives grain growers access to seasonal climate
risk information, credible seasonal outlooks, potential crop yields from decision support
computer tools, and links to topical climate risk information.
The
six
year
longitudinal
project
Critical
Breaking
Point
(www.bcg.org.au/cb_pages/news/CriticalBreakingPointReport.php) was initiated by
Birchip Cropping Group (BCG) and is a successful example of the need for
interdisciplinary research when responding to climate change. The final report
(Rickards 2012) provides an in-depth view of the changing perceptions and
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experiences of farm households in northwest Victoria in the face of climatic changes,
climate variability and the additional stresses felt in rural communities (Kiem et al.
2010a).
The Long Paddock website (www.longpaddock.qld.gov.au) is operated by the
Queensland Climate Change Centre of Excellence (QCCCE) managed by the Office of
Climate Change (OCC) within the Department of Environment and Resource
Management (DERM). Long Paddock is focused on delivering relevant climate-related
information for Australia, particularly for the agriculture industry. Long Paddock
recognises that adapting to the challenges of climate change, climate variability and
climate extremes depends on the availability of high quality, ready-to-use and timely
climate-related information and attempts to address that need.
Section 2.2 has provided international and Australian examples of governments and
organisations working to bridge the gap. This project learns from these past attempts
and builds on current initiatives through the survey (Section 3), workshop (Section 4)
and focus group meeting (Section 5) to guide the way towards more informed, robust
and effective adaptation decision making, with a specific emphasis on decision making
under uncertainty.
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3. ONLINE SURVEY
An online survey was conducted to elicit participation from a large number of
respondents with a diverse range of backgrounds. The aim of the survey was to
capture a wider range of responses than was possible from a workshop alone. The
survey was specifically designed to determine:
• What type of climate information is needed versus what is available?
• What format is required versus what is available?
• What spatial and temporal scale is useful versus what is available?
• How has climate information been used to date?
• [Climate scientists only] What will be the major advances in climate modelling
over the next five to ten years; will these advances reduce uncertainty?
• [End users only] A description of the major barriers to decision making imposed
by inadequate future climate information.
Questions were also developed to determine which decision models end users are
aware of and how they have applied these in their decision making in the past. The
responses to these questions are not reported here as this component of the survey
was specifically designed to contribute to a parallel project being conducted by the
University of Sydney on “Understanding end-user decisions and the value of climate
information under the risks and uncertainties of future climates” (refer to
www.adaptation-decisions.com
and
www.nccarf.edu.au/content/decisions-underclimate-risks for further information).

3.1

Survey development and distribution

The following sections detail the methods used to design and distribute the online
survey.

3.1.1

Ethics approval

Prior to commencing this research it was necessary to obtain ethics approval from the
University of Newcastle’s (UoN) Human Research Ethics Committee (HREC) due to
the involvement of human participants (for further details see University of Newcastle,
2012). A copy of the ethics approval can be provided on request.

3.1.2

Online survey software

The online survey tool Survey Monkey was used to host the online survey. This
software was selected for the range of features available, in particular the text analysis
function which includes the capacity to generate word clouds (e.g. Rubin and Fornari
2011). Word clouds quickly and easily provide a concise visual snapshot of large
amounts of text, making them an efficient method for performing a cursory analysis of
free text responses. Word clouds show the most commonly used words in the selected
text, with font size representing frequency, i.e. the larger the font size the more
frequently the word is used. It is then possible to further the analysis, based on the
overview provided by word clouds. It is important to note two primary limitations of word
clouds. Firstly, the software is not able to discriminate between context, therefore it is
not possible to assess if a word is being used in a positive or negative way. Secondly,
word clouds are unable to distinguish between derivatives of a single word and do not
account for spelling mistakes, for example, the words climate, climates, climatic and
climat[e] would all be considered as individual entries rather than being grouped
together. The use of word clouds is intended only as a first pass assessment of large
amounts of free text responses and as a method of suggesting the direction for further,
more in-depth analysis.
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3.1.3

Question development

Survey questions (APPENDIX A) were developed over a period of four months, taking
into consideration the specific aims of the survey listed above, discussions with various
stakeholders and insights gained from the literature review. Specifically, qualitative and
anecdotal evidence from interviews and workshops conducted as part of Kiem et al.
(2010a) and MCVP (2011) informed question formulation. The inclusion of questions
relating to the relevance, credibility and legitimacy of climate information were based
on work by Cash et al. (2003) and Cash and Buizer (2005). Survey questions were
designed to facilitate a quantitative analysis of the gap between science capability and
end user needs, which has previously only been investigated qualitatively.
The survey required participants to initially identify as ‘providers’ or ‘end users’ of
climate information. The survey then tailored subsequent questions according to this
selection. All respondents within these two individual groups completed the same
questions.
It was necessary for respondents to provide an answer to all questions before
progressing to the next page in the survey. However, if participants failed to complete
the entire survey, responses were still recorded up until the point at which the
participant exited the survey.

3.1.4

Participant recruitment

Survey participants were identified in one of three ways: through researchers’ networks
(this included email lists for associations/networks of which researchers are a member
and personal communications at conferences where participants provided their contact
details voluntarily); previous research (for example, interviewees and workshop
participants in Kiem et al. (2010a) and Kiem and Austin (2012a); or publicly available
information such as websites.

3.1.5

Survey distribution

Details of the networks, government departments and research organisations the
survey was initially distributed to are provided in Table 1. Respondents were
encouraged to distribute the survey to their own contacts and networks so the
distribution list is by no means exhaustive. Note that some respondents fulfil two or
more categories and the list is intentionally generalised in order to preserve the
confidentiality of respondents.
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Table 1 Online survey distribution list.

Networks
National Climate Change Adaptation Research Facility (NCCARF)
Australian Climate Change Adaptation Research Network for Settlements and
Infrastructure
Primary Industries Adaptation Research Network
Adaptation Research Network Marine Biodiversity and Resources
Adaptation Research Network Social, Economic and Institutional Dimensions
Australian Meteorological and Oceanographic Society
Grains Research and Development Corporation
Contacts from previous projects (e.g. workshop participants and interviewees from Kiem
et al. 2010a)
Climate Champion Program (for more information see Managing Climate Variability
Program (MCVP 2011))
Federal, State and Local Government
Bureau of Meteorology
New South Wales Catchment Management Authorities
Queensland Water Resource Planning Coordinators
Victorian Catchment Management Authorities
South Australian Natural resource Management Boards
Murray-Darling Basin Authority
Commonwealth Scientific and Industrial Research Organisation (CSIRO)
Over 550 Australian Local councils
NSW Office of Environment and Heritage
Victorian Department of Primary Industries
Victorian Department of Sustainability and Environment (Vic DSE)
Research organisations
Griffith University
Tom Farrell Institute for the Environment
University of Melbourne
University of New South Wales
University of Sydney
University of Newcastle

3.2

Survey responses

The following section provides a summary of the survey results. A total of 210
respondents commenced the survey with 70% completing all questions. The response
rate was less than anticipated which is further evidence of ‘research fatigue’ (e.g. Kiem
et al. 2010a; Kiem and Austin 2012a; Rickards 2012). Whereas research fatigue in the
studies cited was experienced by people in rural communities, in this study research
fatigue was experienced by end users and providers who are exposed to similar
surveys (particularly related to climate change) on a weekly if not daily basis. One end
user from a local council in Victoria actually rang the researchers as he preferred to
spend half an hour on the telephone discussing his role and situation as opposed to
completing another online survey. This raises the question – how can we possibly
identify the needs of end users (and indeed any information related to research
priorities) if stakeholders are so disengaged they do not want to complete an online
survey? It may also be the case that some respondents did not feel like they could
adequately respond to the questions or that the questions were not applicable to them.
This experience also supports the key finding from Kiem et al. (2010a) that research
needs to be conducted in a way that is respectful of stakeholders and is coordinated so
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as to avoid unnecessary overlap and repetition. Further investigation is required on this
issue to determine whether a re-wording or re-phrasing of the request to participate in
the survey and the actual survey questions would lead to improved quantity and quality
of survey responses. The following sections discuss the survey results obtained.

3.2.1

Who were the respondents?

The respondents were asked to identify themselves as either an end user or provider of
climate information (Figure 3a). Note that verbal feedback and some free text
responses indicated that some respondents found it difficult to categorise themselves
into just one group and felt that they belonged to both groups. This was noted as a
limitation of the survey, but could not be avoided, as the aim was to compare the
thoughts and experiences of the two groups. Respondents were also asked their
gender (Figure 3b), age (Table 2) and primary place of work (Figure 4). Those that
identified as end users were further requested to identify what sectors their decisions
related too (noting that NCCARF networks were used to distinguish sectors, Figure 5).
A higher proportion of end users to providers made up the respondent cohort as
demonstrated by Figure 3a. Those that identified as providers were more likely to be
male, while gender was more evenly split for the end user group. The majority of
respondents were typically within 30-49 years of age and worked within a range of
organisations, however it is clear that government and University organisations were
particularly well represented. Figure 5 shows that the various end user sectors were
also well represented.
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31.18%

68.82%

a)

Percentage of total respondents

60%
50%
40%
30%
20%
10%
0%
Male

Female

b)
Figure 3 a) Percentage of survey respondents who identified as providers of
climate information or as end users of climate information, b) Percentage of male
and female providers and end users of climate information.
Table 2 Ages of all survey respondents.
All respondents

Provider

End user

Age

Number Percent Number Percent Number Percent

<20

0

0

0

0

0

0

20-29

19

10%

5

3%

14

8%

30-39

68

37%

17

9%

51

27%

40-49

51

27%

15

8%

36

19%

50-59

23

12%

8

4%

15

8%

60-69

20

11%

9

5%

11

6%

70+

5

3%

4

2%

1

1%

Total

186

58

128
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CSIRO
1.72%

1.72%

6.90%

BOM
17.24%

Other government organisation
6.90%
University

37.93%
Private

27.59%

Other non-government
organisation
Self employed
Unemployed

Figure 4 Where respondents who are providers work (note no providers
identified as being unemployed).
Water availability and supply
Human health
Terrestrial biodiversity
Marine biodiversity and resources
Freshwater biodiversity
Settlements and infrastructure
Social, economic and institutional dimensions
Emergency management
Primary industries
Indigenous communities
Other
0

10

20

30

40

50

60

70

Number of responses

Figure 5 Sectors and industries that end user decisions relate to (note these
selections are based on the NCCARF Networks). Respondents were able to
select multiple responses.
Respondents that identified as providers of climate information were asked what type
of climate information they provide (Figure 6a) and if they were directly or indirectly
involved in producing that information (Figure 6b, see APPENDIX A for detailed
questions). Note that respondents were permitted to choose more than one response.
Close to 80% of providers stated that they produce information on long term climate
change, while 50% also produce information on historical data sets. Close to 20%
produce seasonal climate forecasts, while only 10% of respondents produce weather
related forecasts. Interestingly only a small proportion of providers (~17%) are directly
involved in climate modelling, rather the vast majority use climate modelling output to
provide information on climate impacts and risks.
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Historical data sets

Weather forecasts

Seasonal forecasts

Long term climate change

Other
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

a)
17.24%

82.76%

I am directly involved in climate modelling (i.e. developing, running and/or testing climate models)
I use climate modelling outputs to provide information on climate impacts and risks

b)
Figure 6 a) The broad types of information that providers produce, b) the nature
of the outputs they provide (percentage indicates proportion of respondents who
identified as providers).
End users were asked if they use climate information in their role (Figure 7) and if they
currently do not use climate information, why not. Only 6% of the end user group stated
that they do not use climate information in their role and this was for a variety of
reasons as shown in the free text responses (Figure 8). A common theme in the free
text responses was a lack of relevance of the available climate information for an end
users specific purpose.
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6.25%

93.75%

Yes, I use climate information
in my role as an end user

No, I do not use climate information
in my role as an end user

Figure 7 Percentage of end users who do and do not use climate information in
their role as an end user.
“I am in a management role. The technical staff who work for me use the
climate information and put forward recommendations to me for consideration
and approval”
“I only need trend line information re climate variability vs long term change”
“I don't use direct results, however use interpretations of those result to
assist in making decisions”
“I had to answer this question but I was unclear by the question and what is
meant by the term 'climate information', so in terms of statistical analysis you
may want to ignore my no response.”
“I would use climate information as an oyster farmer if more relevant
information is available”
“So far it has not been relevant because my research is about social
transitions. Climate change adaptability is essentially about human kind
making the necessary social, economic, and institutional adjustments.”

Figure 8 Free text responses by end users (who do not use climate information
in their role) when asked why they do not use climate information.

3.2.2

What respondents told us about available climate information

End users and providers were queried about the sources of climate information. Both
sets of participants were given the same set of responses to choose from. The
difference being, that providers were asked “where they think end users source climate
information from”, whereas end users were asked “where they source climate
information”.
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International organisations
(e.g. IPCC, FAO, UNDP, UNHCR, OECD, UKCIP)
BOM/CSIRO/
www.climatechangeinaustralia.com.au
State government websites
Local government websites
Media
Journal papers and peer reviewed literature
Other
0%

5%

PROVIDER

10%

15%

20%

25%

30%

END USER

Figure 9 Where providers think end users source climate information compared
to where end users actually source climate information (percentages indicate the
proportion of respondents who identified as providers and end users not as a
proportion of total respondents).
From Figure 9 it is seen that end users regularly source information from Australian
organisations including BOM/CSIRO, State government websites and international
agencies. It is also clear that twice as many end users source information from journals
and peer reviewed literature than the number of providers who think end users utilise
information from this source. Further providers think that end users source information
from the media much more frequently than end users do in reality. These results
indicate that end users (at least those that were surveyed here) are more educated on
the issue of climate change information and source their information from higher levels
than providers give them credit for.
Providers were then asked what type of climate information they produce and end
users were asked what type of climate information they actually use (Figure 10). Word
clouds were also produced for “other” types of outputs (Figure 11).
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Global Climate Model (GCM) output

Climate change scenarios - based on GCM output

Climate analogues - repeated sequences of the past that
might be similar to the future
Storylines - fictional yet plausible representations of
future climate

Short term weather forecasts

Other
0%
PROVIDER

5%

10%

15%

20%

25%

30%

35%

40%

END USER

Figure 10 The types of outputs that providers produce and end users utilise
(percentages indicate the proportion of respondents who identified as providers
and end users not as a proportion of total respondents).

Advice

Climate Change GCMs

Govt Historical

Output Regional
Climate

Australian

Climate
IPCC

Scenarios

Figure 11 Word cloud of “other” responses from providers (green) on the type of
outputs they produce and end users (purple) on the type of outputs they use in
their decision making.
Figure 10 shows that end users most commonly utilise climate change scenarios based
on GCM output (~80%), followed by raw GCM output and climate analogues (~30%) in
their decision making. Storylines and short term weather forecasts are currently less
commonly used (~20%), however clearly make up an important component of the
climate information package. It is also apparent that producers surveyed are primarily
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involved in producing climate change scenarios (>50%), which appears to match the
demand of this information by end users. However, there is some disparity between the
apparent need (as demonstrated by the regular use) for short term weather forecasts
and climate analogues to the number of producers working in this space.
A large proportion of producers chose ‘other’ as their response to the type of climate
information they produce. The majority of these responses related to production of
regional (downscaled) climate information as shown in Figure 11. It is interesting to
note that the same response was not given for end users in that they did not
specifically list ‘downscaled’ climate information in their free text responses for ‘other’
types of information. End users may have grouped regional information under “climate
change scenarios” or ‘GCM output’ or they may not require regional information to
make decisions about climate change in their role (this idea will be explored in later
sections of the report).
The following two questions of the survey were aimed at determining if climate change
information needs to be accurate (i.e. free from error) to make informed decisions
(Figure 12) and also how useful existing climate change information is to end users in
their role as a decision maker (Figure 13).
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%
Not important

Somewhat
important

Important
PROVIDER

Very important

Crucial

END USER

Figure 12 Provider and end user perspectives on how important it is for end
users to have accurate information when making informed decisions
(percentages indicate the proportion of respondents who identified as providers
and end users not as a proportion of total respondents).
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END USER

Figure 13 Provider and end user perspectives on how useful existing climate
information is, for example whether existing information helps end users make
informed decisions (percentages indicate the proportion of respondents who
identified as providers and end users not as a proportion of total respondents).
Most end users and providers surveyed were in agreement that accuracy of climate
information is important/very important (as shown by Figure 12). However their
opinions were polarised at the more extreme ends of the scale, in that more end users
felt that accuracy is crucial compared to providers, while more providers felt that
accuracy is only somewhat important. Interestingly some of the survey respondents
(including providers) responded that it is not important at all to have accurate
information to make informed decisions.
Figure 13 shows that the providers of climate information consider the existing
information to be less useful than the end users (as shown by disparity between
responses for “useful” and “very useful” and “not useful”). This is clear evidence of the
gap as it indicates that end users do not understand (or have not received successful
communication about) the limitations of the information and consider it to be more
useful than the providers. Also, providers do not understand what end users use the
information for, and perhaps end users are using it for something it is not intended for.

3.2.3

Important variables of climate information: spatial and time scales

Respondents were asked to select up to three variables that they felt were most
important to have reliable information on (Figure 14) and to select which spatial and
time scales are most useful in decision making in relation to these variables (Figure
15). The following points should be considered when interpreting the results from this
set of questions:
• Participants could choose up to three variables (i.e. not all participants chose
three variables) and up to three temporal and spatial scales (again not all
participants chose three) that they believe are most useful for the given
variable.
• A number of respondents chose the option “other”, particularly providers. When
analysed these ‘other’ responses were predominantly comments on the design
of the question or their unwillingness to choose ‘important’ variable/s as needs
differ due to context and this was not captured in the question.
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Precipitation
Temperature
Frost
Bushfire
Wind speed
Heatwaves
Sea level rise
Relative humidity
Soil moisture
Stream flow
Storm surge
Surface pressure
Surface evaporation
Snow amount
Sea surface temperature
Other
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Percentage of responses (%)
PROVIDER

END USER

Figure 14 Important variables of climate information for use in decision making
(percentages indicate the proportion of respondents who identified as providers
and end users not as a proportion of total respondents).
By far the two most highly rated variables (i.e. frequently needed by decision makers)
are precipitation and temperature as shown in Figure 14. This was a result consistent
between the end user and provider groups. The third most popular variable among
providers and end users was sea level rise (noting that more end users see this as
important than providers). Other sources of disparity in ‘actual needs’ versus ‘perceived
needs’ are shown in Figure 14 for the variables bushfire (where end users require this
information more often than producers believe they do) and surface evaporation (where
end users actually use this less than producers perceive). Again this highlights that the
gap exists between what end users actually need to make effective decisions (from the
perspective of providers) and what end users think they need and/or what providers
see as feasible to produce.
Both producers and end users were consistent in their beliefs that precipitation data is
most useful at the catchment or subcatchment scale (with the majority of respondents
in both groups choosing this option). Similarly both groups agreed that temperature
data was most useful at the catchment or State level. However the two groups differed
in their choice of temporal scale, with only 15% of end users requiring precipitation
information at a temporal resolution of monthly or finer, yet almost 50% of producers
believe that precipitation data needs to be provided at monthly scale or finer for use in
decision making. This disparity in temporal scale of information can also be seen for
temperature, where more than 30% of producers reported that they believe daily
information is required for decision making, yet less than 10% of end users believe this
to be the case.
The largest difference between producer and end user beliefs around scale were for
the variable sea level rise where producers felt that large-scale information was
sufficient (e.g. State or continent scale), whereas end users would prefer catchment
scale information (noting that catchment scale in this case would refer to coastal
catchments only, such as Lake Macquarie for example).
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Figure 15 Spatial and temporal scale of information required for the three most
commonly selected variables (precipitation, temperature and sea level rise)
based on provider and end user feedback (percentages indicate the proportion
of respondents who identified as providers and end users not as a proportion of
total respondents).

32 Decision making under uncertainty

3.2.4

Strengths and weaknesses of available information

The following section contains word clouds Figure 16 and Figure 17 created from the
free text responses of survey respondents when asked about the strengths and
weaknesses of existing information about climate change.

Ability Accessible

Climate Exists Extremely

Frequency Future Global Grid

Models Numerical Physics Presented
Projections Reality

Research Rise

Scale

Scenarios Spatial

Adaptation Clear Climate Communities

Consistent Decisions Excellent Global

Improving

Information Available IPCC Level

Models

Natural

Picture

Predictions

Processes

Scale Scenarios
Science Scientific Temperature Term
Readily Available Records

Figure 16 Word cloud generated from the free text responses of providers
(green) and end users (purple) when asked about the strengths of existing
information about climate change.
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Spatial Specific

Uncertainty
Accessibility
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Decision Difficulty Easily
Level
Local Media Modelling Not Localised Period
Inaccurate

Potential Impacts Predictions

Regional Areas

Results Scale
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Tracking

Trends

Uncertain Uncertainty Weather

Figure 17 Word cloud generated from the free text responses of providers
(green) and end users (purple) when asked about the weaknesses of existing
information about climate change.
The information contained in the free text responses showed that providers felt the
primary strengths of existing information were the accessibility, presentation/format,
spatial scale and the ability to represent global scale processes. While end users felt
the greatest strengths were the availability, clarity, consistency, scale and the
underlying science of the information. They also believe that temperature is a variable
that is reliable, whereas rainfall information was listed as a weakness. Providers
commented that the greatest weaknesses of the existing information were the
disagreement between models, inadequate representation of regional climate
phenomena, relevance of the output and the uncertainty of the output. Interestingly
spatial scale was listed as both a strength and a weakness among producers. End
users also listed scale (both temporal and spatial) as a weakness of current
information, along with trends (i.e. how do we get from here to there) and uncertainty.
Another important point to note is the clear difference in terminology among producers
and end users around projections (producer preferred term) versus predictions (end
user preferred term). This misuse and misinterpretation of terminology was identified in
the literature review as a key contributor to the gap (see Section 2.1.3) and is a
common theme throughout the survey.
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3.2.5

What respondents know about climate information

Following Austin (2011) and Kiem and Austin (2012b), respondents were asked to rate
nine characteristics of climate information:
• the AVAILABILITY of climate information in terms of what end users require.
• end users level of knowledge of what climate information actually EXISTS.
• end users level of UNDERSTANDING of the available climate information.
• end users AWARENESS of where to find available climate information.
• how well the FORMAT of available climate information meets end user needs.
• how well available climate information matches the level of DETAIL end users
require.
• the RELEVANCE of available climate information to end user needs.
• the CREDIBILITY of available climate information. For the purpose of this study,
credibility refers to the scientific adequacy of the evidence and arguments
presented.
• the LEGITIMACY of available climate information. For the purpose of this study,
legitimacy refers to the production of information and whether that information
represents and satisfies the needs of all stakeholders.
Figure 18 shows the ratings given to these characteristics by both provider and end
user survey respondents.
Out of the nine characteristics the question that resulted in the greatest gap between
providers and end users was around ‘understanding’ as shown in Figure 18. In
particular, end users rate their level of ‘understanding’ about climate information much
higher than providers did. This is consistent with the previous results showing that
some end users are more highly educated about climate change and obtain their
information from higher level sources than producers give them credit for. On the other
hand it may also be the case that end users think they have a better ‘understanding’ of
climate information than they do in reality (since we are only testing here for perceived
understanding). Either way there is a clear gap in perceived ‘understanding’ of end
users between producers and end users themselves.
Figure 18 also shows that there is a bias in the responses around the question relating
to end users knowledge of what climate information ‘exists’ and the ‘credibility’ of that
information, whereby end users rate their understanding of what information exists
higher than the producers and end users also believe the information is more credible
than the actual producers of that information.
A common theme among both end users and producers is the problem that available
climate information does not match the ‘format’, level of ‘detail’ and ‘relevance’ that end
users require, with both groups rating these aspects as low/fair. Lack of ‘relevance’ was
also identified by end users in Section 3.2.2.
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Figure 18 Survey respondents views on available climate information
(percentages indicate the proportion of respondents who identified as providers
and end users not as a proportion of total respondents).
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3.2.6

How respondents deal with uncertainty in climate information

One of the key focuses of this survey was to determine how producers and end users
deal with uncertainty. The first question aimed to assess what exactly respondents
understood uncertainty to mean (in relation to climate information). Word clouds
produced from the free text responses are shown in Figure 19.
Accuracy

Climate Change Errors Future

Model Predictions Projections Range
Amount Climate Change
Confidence Deals Extent Future Going

Happen Increasing Models Potential

Predictions

Quality

Range

Respond Spread

Tipping Points True Uncertainty

Variability Variance

Means

Figure 19 Understanding of what uncertainty means in terms of climate
information as reported by providers (green) and end users (purple).
There were clear commonalities between the two groups in their definition of
uncertainty with the words “models”, “future” and “range” featuring in both sets of
answers as shown in Figure 19. However, there is also a clear distinction between the
two groups terminology in terms of the word projections versus predictions (a theme
highlighted earlier). Providers also used the terms accuracy and error when describing
uncertainty, whereas these words were not commonly used by end users. Rather, end
users favoured terms such as confidence, quality, variability/variance and spread. It
appears that producers mainly think of uncertainty in terms of the ability of the model to
accurately simulate reality; however end users think about uncertainty in a broader
sense encompassing the range of model projections and variability between
simulations. This is clear evidence of the difference in terminology used by different
sectors/groups that is known to contribute to the gap as discussed in Section 2.1.3.
The respondents were then asked what aspects of climate models/modelling they
thought contributed the greatest amount to this uncertainty (Figure 20, free text
response for ‘other’ shown in Figure 21). Note that respondents could choose more
than one option.
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Figure 20 Provider and end user opinions on what are the greatest contributors
to uncertainty in available climate information (percentages indicate the
proportion of respondents who identified as providers and end users
respectively not as a proportion of total respondents).
Misinformation
Internal variability even when the downscaled GCMs have had model errors or
bias removed
Inability of models to resolve all relevant parameters or processes
Understanding of what drives current climate conditions
Social science information on sensitivity and adaptive capacity
This depends on what scale. Different for a GCM as opposed to an RCM
The political response of nations individually or at a collective level
What lag effect exists between actions and resulting effects of those actions.
Our inability to accurately predict the future with our current knowledge and
data sets
Uncertainty misunderstood as "un likely"
I am not really able to answer this adequately i.e. I don't know enough about
each of these areas.
Disagreement by some scientists of the rate and causes.
Scientists who don’t believe it is likely to occur!
The experts?
Sea level rise
Sceptics

Figure 21 ‘Other’ responses for what contributes the greatest amount to
uncertainty from providers (green) and end users (purple).
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Both providers and end users believe that emission scenarios and the general
circulation (global climate) models themselves are the greatest contributors to the
overall uncertainty in climate information, however providers rank these aspects even
higher than end users. It is also clear from Figure 20 that some end users may not be
aware of the added uncertainty involved in the downscaling process (as shown by the
different magnitude of responses by providers versus end users). Interestingly, end
users perceive that there is a higher degree of uncertainty in the carbon cycle
response, regional climate scenarios (which contradicts the response to downscaling)
and range of possible impacts. There is also a clear difference between end user and
provider concepts of uncertainty in communication of the science. That is, end users
feel this contributes a greater source of uncertainty than providers perceive it to. All of
these disparities can be tracked back to a lack of communication which was identified
as a key contributor to the gap in Section 2.1.4 (see also Pielke Jr 2007; Kiem and
Verdon-Kidd, 2011; Stephens et al. 2012).
The question around communication of the science was further analysed by asking
participants how well uncertainty in climate information is communicated by the
providers of that information (Figure 22). Further, the capability of end users to deal
with uncertainty was also examined (Figure 23).

Decision making under uncertainty 39

60%
50%
40%
30%
20%
10%
0%
Very
poorly

Poorly

Fairly
Provider

Well

Very
well

End user

Figure 22 Provider and end user perspectives on how well uncertainty in climate
information is communicated by the providers of that information.
50%
45%
40%
35%
30%
25%
20%
15%
10%
5%
0%
Very
low

Low

Fair

High

Very
high

Provider
End user
Figure 23 Provider and end user perspectives on the capabilities of end users to
deal with uncertainty in climate information.

There is general consensus that uncertainty in climate science is not well
communicated to end users (supporting the literature summarised in Section 2.1.4),
with most respondents choosing “poor” or “fair” for this category. Indeed the majority of
providers (50%) believe that uncertainty is actually poorly communicated, while the
majority of end users ranked this aspect as fair.
Figure 23 highlights the gap between provider and end user perceptions around
capabilities of end users to deal with uncertainty climate information, whereby providers
appear to underestimate end users capacity to deal with uncertainty, or end users
overestimate their ability in this area.
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The final survey questions on dealing with uncertainty in climate information aimed to
determine what providers believed the major advances in climate change would be
over the next five to ten years and if they thought these advances would reduce
uncertainty. End users were also asked if they expected uncertainty in climate
projections to reduce over the same time period. Finally both parties were asked if they
thought it was necessary to reduce uncertainty to make effective decisions about
adapting to climate change.
Cycle
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Feedback

GCM
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Incorporation Knowledge

Models

Resolution Scale Trends

Uncertainty Understanding

Figure 24 Word cloud of provider opinions on what the major advances in
climate modelling will be over the next five to ten years.
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Figure 25 Provider and end user views on advances in climate information.
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Figure 26 Provider and end user opinions on whether it is necessary to reduce
current uncertainty to enable effective decisions and adaptation to climate
change.
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Providers listed models, resolution, downscaling, understanding and uncertainty as
major areas of advancement in climate information of the next five to ten years.
Interestingly only 50% of providers believe that these advances in science will lead to a
reduction in uncertainty, while 70% of end users have expectations that uncertainty in
climate information will reduce over this timeframe (Figure 25). This result shows that
there is a significant lack of communication around what end users should realistically
expect over the next five to ten years in terms of improvements in the science. Perhaps
the most striking result is the differing opinions among providers and end users about
the need to reduce current uncertainty, with over 67% of end users seeing this as
necessary to make effective decisions, while less than 32% of producers believe this to
be the case. This is an important result given that some end users may delay long term
adaptation planning while they wait for more certain climate projections that may never
eventuate. The question over whether uncertainty needs to be reduced in order to
make effective decisions was further explored in the workshop (Section 4).

3.2.7

The use of climate information to inform adaptation

Participants were asked to comment on the strengths (Figure 27) and weaknesses
(Figure 28) of the ways end users utilise existing information about future climate
change impacts. The responses were then analysed for providers and end users
separately to see if there were any common themes or clear differences.
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Figure 27 Opinions on the strengths of the ways end users utilise existing
information about future climate change impacts (providers green, end users
purple).
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Figure 28 Opinions on the weaknesses of the ways end users utilise existing
information about future climate change impacts (providers green, end users
purple).
Figure 27 shows that end users believe that they are good at using climate information
to inform planning, policy and develop strategies to deal with risk, while providers think
that end users are good at using the broad climate information to assess impacts and
risk and make decisions around this. This demonstrates that end users actually utilise
the information at a higher level of practice than providers realise (e.g. at the policy and
strategic planning level). Providers are also of the opinion that end users currently do a
poor job of understanding uncertainty and end users seem to be in agreement with this,
along with issues associated with communication (both communication and uncertainty
have been identified as common themes and contributors to the gap throughout this
report).
End users were asked if they used climate information in a reactive (i.e. during or after
the event that triggered the study) or proactive (i.e. in planning and risk management)
response (Figure 29). Almost all end users (90%) replied that they use climate
information in a proactive response, with an additional 10% using the information in
both a reactive and proactive sense.
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Figure 29 End user responses on whether they use climate information in a
reactive or proactive approach.

3.2.8
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Providers of climate information were asked what they thought they need to provide to
end users to improve their decision making (Figure 30) and likewise end users were
asked what they believed they required (Figure 31). They were then asked how
feasible these improvements were now, within the next 5, 20 and 50 years, or if indeed
they were not feasible at all (Figure 32). Finally end users were asked what they most
needed from the providers of climate information to improve their decision making.
16%

29%

56%

More confidence in general climate prediction information to support decision making
More specific information about climate impacts in specific locations
The information they need already exists
They just want more, more, more! Too much is never enough!

Figure 30 What providers think they need to provide to end users to improve
their decision making process (percentages indicate the proportion of
respondents who identified as providers). Note no respondents selected the
fourth option “They just want more, more, more! Too much is never enough!”.
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6%
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19%

68%

More confidence in general climate prediction information to support decision making
More specific information about climate impacts in the location where my decisions apply
I don't need more information
I want more, more, more! Too much is never enough!

Figure 31 End user responses when asked what they most need from the
providers of climate information to improve their decision making processes.
It can been seen from Figure 30 that the majority of providers surveyed believe that the
greatest contribution they could make to improve decision making around climate
change is more specific information for specific locations (i.e. regional information).
Approximately 30% believe that more confidence in future projections is required, while
only 16% reported that they feel that end users already have all the information they
need. Figure 31 shows that this result was echoed by end users with 68% of end users
reporting that they need more specific information for locations where their decisions
apply but as discovered at the workshop (Section 4) this should not necessarily be
interpreted as a need for more downscaling.
8%
31%
31%

31%

This is feasible now
This is feasible within the next 5 years
This is feasible within the next 20 years
This is feasible within the next 50 years
It is unlikely a higher level of confidence will ever be achieved

Figure 32 Providers who think they need to provide more confidence in general
prediction information and how feasible this is (percentages indicate the
proportion of respondents who identified as providers).

46 Decision making under uncertainty

12%

4%
40%

44%

This is feasible now
This is feasible within the next 5 years
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Figure 33 Providers who think they need to provide more specific information
about climate impacts in specific locations and how feasible this is (percentages
indicate proportion of respondents identifying as providers).
The responses displayed in Figure 32 show that there is little consensus among
climate scientists/providers around when there may be significant improvement in the
confidence (i.e. accuracy) of climate information. Some providers felt that this was
feasible now, while an equal amount felt this was a long term goal (i.e. the next 20
years or more). This is a finding that is at odds with the expectation of end users (see
Figure 25). If the providers of this information cannot agree on this issue, how can end
users take the likelihood of future improvements in climate information into account in
their planning? On the other hand, when asked about the feasibility of improving
climate information for specific locations, producers were more in agreement that this is
a feasible short term goal (with the majority answering now or within 5 years as shown
in Figure 33). This is likely to be a reflection of the increased investment (both
academically and financially) in downscaling of climate models in Australia and indeed
around the world.
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Figure 34 Percentage of respondents who agreed to be contacted to obtain
further information.
When asked if they agreed to be contacted for further information 64% of providers and
49.5% of end users said yes they were happy to be contacted (
Figure 34). It is important to note that these results only represent the 146 respondents
who completed the survey all the way through as this was the last question. These
results therefore do not include those respondents who discontinued the survey earlier
or, more importantly, those respondents who chose not to take the survey at all.
Previous research suggests one reason that end users (and in this case providers also)
do not wish to be engaged in further research is ‘research fatigue’ (Kiem et al. 2010a;
Rickards 2012) and that this is becoming a significant contributor to the gap (i.e. in a
perverse outcome research investigating the gap or attempting to bridge the gap is
actually making the gap wider).
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4. CLIMATE SCIENTIST AND END USER WORKSHOP
4.1

Aim of the workshop

Climate scientists and high level decision makers (i.e. end users) were brought
together over a two day workshop in Canberra (12-13 April 2012) to discuss the gap
and how to bridge it. This section includes details of the workshop and summarises the
outcomes from the event.
The objective of the workshop was to give both providers of climate information and
end users ‘a voice’ where long held concerns, issues and beliefs could be raised and
challenged in an organised forum. Specifically the workshop aimed to improve:
•
•

Climate scientists’ understanding about what climate information is required by
decision makers and what format the information needs to be provided in.
End users’ understanding of what information climate science can currently
provide, the limitations of the science and the uncertainties associated with the
outputs.

The workshop was designed to bring end users up to date on what science is currently
available (and what will be available in the future) while increasing providers’
awareness of the ways in which end users utilise (or would like to use) climate
information in their decision making. The idea being, that improving this
communication, will ultimately assist in focusing future research efforts on the scientific
questions that would have the biggest impact on the adaptation community.
Additionally, it will aid scientists in providing research outputs that are most useful for
end users. Further, through the workshop decision makers were provided the
opportunity to develop a better understanding of what climate science can realistically
be expected to provide over the next five to ten years and what probably will never be
possible.

4.2

Development of workshop

Workshop presenters and participants were carefully considered and selected so as to
provide a comprehensive background on the state of current climate science, whilst
also providing a succinct summary of the perspective of end users (see APPENDIX B
for the list of workshop participants). Participants were selected because of their
prominence in their particular field of climate science, their specific role as a decision
maker (e.g. representing a particular sector or level of government) or their
representation of one of three case study regions:
1. The City of Melbourne – representing a highly developed urban city with
recent experience in water shortages and large expenditure on climate change
adaptation (e.g. the Wonthaggi desalination plant);
2. The Hunter Region – representing a rapidly growing coastal region with
potential water shortages in the future, issues relating to sea level rise for
established development and appropriate infrastructure planning around climate
change.
3. The Central West Catchment of the Murray-Darling Basin (MDB) –
representing a diverse region west of the Great Divide that supports a variety of
towns, cities and industries. The catchment area also has a number of natural
resource assets such as national parks, culturally significant areas and the
internationally recognised Macquarie Marshes.
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Prior to the workshop participants were supplied with a pre-workshop package
containing abstracts from presenters (refer to APPENDIX C for a list of speakers and
copies of all abstracts submitted). The program also included several activities to
stimulate participants and encourage discussion between providers and end users. To
aid this, participants were divided into eight groups (see Table 3 and Figure B.1 in
APPENDIX B), with four groups consisting of end users only, two groups climate
scientist only, one group climate scientists/economists from the University of Sydney
and one group representing a mixture of both climate scientists and end users. Groups
were also determined based on people with expertise relevant to the case study
regions. The groups were intentionally set out in this manner so as to compare and
contrast the beliefs and thinking processes of scientists and end users.
Table 3 Participant groupings by group number.
Group
Number

End user/scientist

1

End user (NCCARF representatives)

2

Scientist

3

End user

4

Mixed

5

End user

6

Scientist/University of Sydney

7

End user

8

Scientist

Case Study Represented

Central West CMA/ MDB
City of Melbourne
Hunter Region

To ensure independence and remove any potential biases, the workshop was
conducted primarily by professional and experienced facilitators from Global Learning
(for more information see www.globallearning.com.au/) rather than members of the
project team. Members of the project team led discussions and provided a recap of the
sessions from a technical standpoint. This style of facilitation ensured all participants
were given the opportunity to voice their concerns but had the added benefit of
preventing discussion being dominated by a limited number of individuals. The
computer software iMEET! (www.imeet.com.au/public/) was used at the workshop to
increase productivity and to increase the efficient use of time during the workshop and
afterwards when reporting. The iMEET! collaborative process is an innovative process
developed by Global Learning to support meetings, forums and conferences. iMEET!
captures discussions and allows groups to quickly analyse, organise and evaluate
ideas — leading to rapid problem-solving and decision making. All data was captured
and available immediately. This method of collecting and collating data allowed the
outcomes from the workshop to be effectively incorporated into the final reporting
process.
The first day of the workshop and the first session of the second day covered both end
users’ experience in using climate information and the ‘state of the science’ (see
APPENDIX B for the full workshop program). A hypothetical case study was performed
on the second day (for further details see Section 4.3.5) which required all participants
to engage in an interactive exercise that highlighted the information required and
different methods end users rely on when forced to make decisions under uncertainty.
The final session of the second day was devoted to decision making under uncertainty
followed by a wrap-up session where the key themes emerging from the workshop
were discussed and given priority rankings. The six workshop sessions are outlined in
Table 4 (see Table B.1 in APPENDIX B for the full workshop program).
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Table 4 Workshop sessions.
DAY 1 Thursday 12 April 2012
10:15-12:00

SESSION 1 – Using climate change information in practice – the decision
maker’s experience

12:35 – 14:55

SESSION 2 – The current state of climate science

15:10 – 17:30

SESSION 3 – Uncertainties in climate modelling

DAY 2 Friday 13 April 2012
8:30 – 10:10

SESSION 4 – The future of climate science and adaptation

10:25 – 12:00

SESSION 5 – Hypothetical case study activity

12:45 – 15:10

SESSION 6 – Decision making frameworks

At the start of the workshop, after the initial welcome and introduction, participants
were asked three specific questions that would be revisited at the end of the workshop
so as to determine the effectiveness of the event:
1. What will make this workshop valuable?
2. What do you currently understand uncertainty to mean?
3. Do you think it is possible to effectively adapt and manage climate risk under
uncertainty given the current tools and information available? If so why, if not
why not?
After each speaker and at the end of each session participants were asked to provide
verbal feedback and ask questions. In particular, after each speaker participants were
asked to consider the following five key questions:
• Did you just hear anything new? If so, what?
• Do you agree with what the presenter said? Why?
• Do you disagree with anything the presenter said? Why?
• Will what you just heard influence you in your day-to-day role? Why and how?
• Additional comments and questions?
This was followed by a discussion at their table and final thoughts were captured by
entries into iMEET!. The following section provides a discussion of the key outcomes
from each session.

4.2.1

Pre-workshop questions

The responses to the three pre-workshop questions are shown in Table 5. It was clear
that the majority of participants, regardless of which group/region they belonged to,
were keen to “interact”, “participate”, “discuss”, “listen” and “share”. They were looking
for an interactive experience rather than a passive experience which matched the
objectives of the workshop. In terms of participants’ understanding of uncertainty,
perhaps one participant said it best with “uncertainty means different things to different
people” and this was clear from the variety of responses. The majority of participants
also believed that it was possible to effectively adapt and manage climate risk under
uncertainty given the current tools and information available and that “uncertainty
should not be an excuse not to act since uncertainty will always be there”. These
questions were revisited at the end of the two days (see Section 4.4)

Decision making under uncertainty 51

Table 5: Pre-workshop questions for participants.

What do you currently understand uncertainty to
mean?

What will make this workshop valuable?

Group

Response

1

A useful conversation between providers and end-users that promotes
appreciation of differences between what end-users think they need and
what scientists can deliver.

2

Participation and interaction.

2

Better understanding of who an end user is.

3

Increased clarity about who is doing what in the field of climate change
and adaptation, and managing and decision making around uncertainty.

3

Integrating expert knowledge across paradigms/fields into decision
making, and techniques for dealing with paradigm conflicts.

4

Bringing researchers and practitioners together to discuss appropriate
levels of detail.

5

A understanding that climate change can't be properly considered without
reference to climate variability on inter-annual and inter-decadal scales.

5

An appreciation that climate change adaptation is based on more than
just climate science.

6

An understanding of the systems that people are trying to manage.

7

Sharing ideas between climate scientists and end users.

7

Hearing responses from other parts of Australia who may have different
approaches.

8

Active listening between providers and users.

1

Unresolvable, inherent unpredictability.

2

Uncertainty in future regional climate change.

3

In terms of climate change it means we do not know what might happen.
eg. whether water supply reliability to urban consumers will rise or fall.

4

The future will be one of several plausible outcomes.

5

Recognition that there are many possible outcomes.

5

It means different things to different people.

6

"We were certainly uncertain, least I'm pretty sure I am".

6

"There are known knowns, known unknowns - the things we know that we
don't know - but there are also unknown unknowns" (approx.).

6

Common usage = uncertainty is variability and risk is variability with
possible negative consequences.

6

Classical uncertainty is when you know the outcomes but you don't know
the probabilities. We should be so lucky.

7

Difference between model result and reality.

7

Range of potential futures.

8

Uncertainty is not the same thing as precision and accuracy.
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Do you think it is possible to effectively adapt and
manage climate risk under uncertainty given the
current tools and information available?

Table 5 Pre-workshop questions for participants (continued).

4.3

Group

Response

1

Yes because understanding vulnerability and sensitivity is a sound basis
for adaptation under uncertainty.

2

There is enough information to make effective adaptation possible, but
there are barriers (e.g. social, behavioural) that may be difficult or
impossible to overcome.

3

To some degree yes, because even without climate change, we do
manage for large climate variability already.

4

A bit: depends on the context and the technical and socioeconomic
implications of the decision to be made.

5

Yes. Uncertainty should not be an excuse not to act. Uncertainty will
always be there.

6

Yes, because people already are. Adaptation is a messy business and we
can be messy.

7

Current information allows risks to be identified but problematic for
making investment decisions.

7

Current uncertainty generally drives us toward robust solutions that may
not be optimal for what actually eventuates.

8

Yes, but it depends on the climate variable & the system in question.

Summary of workshop presentations and discussions

4.3.1 Session 1: Utilising climate change information in practice – the
decision maker’s experience
This session consisted of presentations from end users/decision makers representing
the three case study regions (City of Melbourne, Hunter Region and Central West
Catchment/MDB) and presenters in this session were asked to express their particular
experience/thoughts on the following:
• the types of decisions their organisation makes relating to climate change;
• how climate change information/data is currently used in their decision making
process;
• how they currently deal with uncertainty in climate change information;
• lessons learnt from past experience;
• Expectations for future use of climate information.
Abstracts from this session are included in APPENDIX C and highlights from each
presentation are shown in Figure 35 (City of Melbourne), Figure 36 (Hunter Region)
and Figure 37 (Central West Catchment/MDB).
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Figure 35 Highlights from City of Melbourne case study presentation (top row
courtesy of Bruce Rhodes, Melbourne Water, bottom row courtesy of Rae Moran,
Victorian Department of Sustainability and Environment).
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Figure 36 Highlights from Hunter Region case study presentation (top row
courtesy of Brendan Berghout, Hunter Water, bottom panels courtesy of Alice
Howe, Lake Macquarie City Council).

Figure 37 Highlights from Central West Catchment, MDB case study presentation
(courtesy of Jane Chrystal, Central West Catchment Management Authority).
It was clear that the presenters from each case study region had different levels of
experience, methods and ideas about dealing with uncertainty in climate change
projections. Even within the case study regions, the approach varied between
representative organisations. However, there was clear consistency around the
approach of planning for a wide range of plausible futures by developing robust and
adaptive responses that are consistently reviewed moving forward in time.
The presenters’ expectations for the future use of climate information were insightful
and they were united in their belief that uncertainty would remain no matter how good
the science is or becomes. This is somewhat different to the results of the survey
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where the majority of end users expect uncertainty to reduce over the next five to ten
years, however the particular end users involved in this workshop already had a sound
understanding of the issues of uncertainty and therefore may not represent the
‘majority’ in this respect. The speakers commented that the uncertainty may be
reduced by model improvements (e.g. in their ability to replicate large-scale climate
modes that drive Australian climatic variability). However the major advances are likely
to be in ways to better define plausible scenarios that holistically capture drivers and
impacts associated with both climate variability and change and the development of
decision support systems to enable interpretation of uncertainty and non-stationarity
and low probability-high consequence events (i.e. the ‘black swans’). This is also
somewhat different to the survey results that identified more specific information at
specific locations as the most likely major advancement in the science.
At the end of each case study presentation workshop participants discussed the
session and provided feedback in iMEET! on the ‘five key questions’ (Section 4.2). Of
particular interest in this session was the impact of the presentations from decisions
makers on a) other decision makers who may be grappling with the same problems
and b) climate science providers who may have been unaware/misinformed about the
way end users use their information. Some interesting quotes from participants
reflecting on these questions include:
“Climate scientists have not done a good job in communicating the differences/linkages
between climate variability and change”
“Do we always resolve uncertainty by overbuilding?”
“Need more understanding of climate variability, not just projections”
“Focus should be on robust solutions rather than certainty in projections”
“The speaker mentioned that uncertainty of predictions was a problem when
communicating with the community, and seemed to infer that it was scientists' problem.
I am wondering if it is because as a community we are unaware of the level of
uncertainty in which we exist? And as part of climate change conversations, we need to
be educated as a community about uncertainty.”

4.3.2

Session 2: The current state of climate science

The second workshop session aimed to provide participants with an up to date account
of the ‘state of climate science’. The session had a particular focus on science
advances that had been achieved during the South Eastern Australian Climate Initiative
(SEACI) program (see Section 2.2.9 for a description of the program) and the most
recent advances in regional climate change projections and downscaling techniques.
Abstracts from each presenter can be found in APPENDIX C, with highlights from each
presentation shown in Figure 38.
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Figure 38 Highlights from Session 2, the current state of the science (top left
panel courtesy of David Post, SEACI, top right and bottom left panel courtesy of
Bertrand Timbal, Centre for Australian Weather and Climate Research, bottom
right courtesy of Jason Evans, University of New South Wales).
David Post provided an overview of the SEACI science program across the three
themes of SEACI: understanding hydroclimate drivers, hydroclimate projections, and
seasonal forecasts. Post also commented that “while the ability of any research
initiative to answer questions posed by funding bodies relies on many factors, the
governance structure of SEACI has facilitated the ability of the program to achieve its
outcomes. It may form a useful structure for other programs to emulate.”
Jason Evans updated workshop participants on advances in dynamical downscaling in
the NARCliM project (see Section 2.2.12), along with an international initiative called
the COordinated Regional climate Downscaling EXperiment (CORDEX). The goal of
the initiative is to provide regionally downscaled climate projections for most land
regions of the globe, as a compliment to the new generation of GCM simulations
performed to inform the Intergovernmental Panel on Climate Change (IPCC) process.
Evans reported that “It is hoped that through CORDEX, many modelling groups
throughout the world will contribute to a large standardised regional climate projection
ensemble”.
Bertrand Timbal also provided information on advances in regional climate projections
for Australia. Timbal advised that a “Statistical Downscaling Model (SDM) developed at
the Bureau of Meteorology has now reached a stage where high resolution climate
change projections of critical surface variables (rainfall and daily temperature), at a
daily time scale, can be generated for the entire Australian continent”. However, it was
also mentioned that the downscaling process (either dynamical or statistical) adds
another layer of uncertainty (e.g. What downscaling model or method? What spatial
and temporal resolution to downscale to? Which GCM do you use to set boundary
conditions? etc.).
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At the end of each sesssionworkshop participants discussed the session and provided
feedback in iMEET! on the ‘five key questions’ (Section 4.2). The responses for “Did
you hear anything new?” and “Will what you just heard influence you in your day-to-day
role” are shown in Table 6.

Will what you just heard influence you in
your day-to-day role? Why and how will it
influence you?

Did you just hear anything
new? If so, what?

Table 6 Comments from workshop participants after reflecting on Session 2.

4.3.3

Group

Response

1

Very high resolution runs useful for updating Australian rainfall runoff
handbook

4

Changes in the interarrival times between rainfall events can also
influence runoff volumes, and changes in rainfall intensity on wet days
rather than average intensities over weeks, months, seasons, etc.

5

Scale/rate of arctic melting compared to modelled predictions, nature of
Antarctic warming tipping point for Greenland ice melt, and the
anthropocene

7

End user interaction needs to go beyond funding partners

1

Awareness of NARCliM project

2

It would be great if the SEACI approach was rolled out across the country.
e.g. to give the same degree of focus on tropical rainfall and its causes

3

A real change for climate scientists and others is getting a clear message
to end users and the public versus media interpretation. E.g. media
statements about drought being a result of climate change when, as
discussed, this was not accurate reflection of scientists' conclusions. This
reduced credibility of science with farmers.

3

Water utilities may need predictions around location of rainfall/inflow
rather than the amount as the former informs effective water storage
investment and demand forecasting.

6

Presentations are confirming that there really is a gap between climate
scientists and end users

7

Ensure model predictions are continually validated by observations, investment in monitoring and evaluation

7

Useful information to answer sceptics

Session 3: Uncertainties in climate modelling

The third session of the workshop was focused on sources of uncertainty in climate
modelling (with uncertainty identified as a major barrier to bridging the gap in Section
2.1.1) through a series of five key presentations discussing:
• Uncertainty in the hydrological modelling process;
• Emission uncertainty;
• Uncertainty in projections of extreme events;
• The evaporation paradox;
• Baseline uncertainty and natural variability.
This group of presenters provided a powerful session (see Figure 39 for highlights of
the session and APPENDIX C for abstracts). Both end users and climate scientists
admitted that they were exposed to ideas they had not considered, facts they were not
aware of and in some cases realised that beliefs they held were misguided. Comments
provided by participants on the session are shown in Table 7.
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Figure 39 Highlights from Session 2, Uncertainties in climate modelling (top row
courtesy of Francis Chiew, CSIRO, second row courtesy of James Ward,
University of South Australia, third row left panel courtesy of Neville Nichols,
Monash University, third row right panel courtesy of Michael Roderick,
Australian National University, bottom row courtesy of Anthony Kiem, University
of Newcastle).
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Will what you just heard influence
you in your day-to-day role? Why
and how will it influence you?

Did you just hear anything new? If
so, what?

Table 7 Comments from workshop participants after reflecting on Session 3.

4.3.4

Group

Response

1

Potential for significant feedbacks between CO2, vegetation, streamflow
etc.

1

May be an example of information delivery in a useful format! (referring to
Nicholls’ presentation on extremes)

3

Clarified thinking around climate change & evaporation.

3

Demand and supply response, including price changes needed.

4

Also need to consider the impact of changes in bushfire risk on surface
water quality as well as quantity

4

Why not look at changes in the entire flow-duration curve rather than a
few statistics at either end?

5

The concept of ’stilling’. The decrease in wind speeds and the effect that
has on evaporation

3

Highlighted his leadership in taking on this task, in an environment of
divergent views. (referring to Nicholls’ presentation on extremes)

3

The question of baselines is important. The appropriate baseline really
depends upon the decisions which are trying to be made. If there is a
short term decision (about water resource management) then the current
ENSO state might be relevant. If it’s a question about water infrastructure
for the next 30 years, then a different baseline is required.

3

The baseline scenarios should include (e.g. in respect to water use)
demand responses to scarcity as well as supply responses.

5

Government can't make policy based on individual studies

6

One step closer to what decision makers might actually be able to use.
(referring to Chiew’s presentation)

7

Challenge of taking the broad global/regional over view and applying to
local scales

Session 4: The future of climate science and adaptation

The fourth session of the workshop involved two key note presentations from leaders
within the climate science and adaption field (see Figure 40 for highlights of the
presentations). Penny Whetton outlined what can be expected in terms of
advancements in climate change projections over the next five to ten years. In
particular, Whetton discussed the upcoming release of CMIP5 results, the latest
modelling results from the Climate Modelling Intercomparison Project.
Bryson Bates spoke about adaptation under climate uncertainty, advocating that
“increasing preparedness entails risk mitigation planning through the development and
implementation of climate adaptation strategies that:
• enhance opportunities and reduce threats;
• articulate trigger points for action and contingency plans;
• are socially and economically acceptable;
• are robust to a small number of carefully-selected, alternate, plausible futures
('storylines');
• involve continuous monitoring, planning and evaluation.
Such an approach can reduce or eliminate the element of surprise that can distort
operational rules and practices and frustrate development efforts.”
Bates also spoke about the pitfalls regarding the misuse of key terminology (in
particular projections versus forecast versus scenario (see bottom left panel of Figure
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40)). This misuse or misinterpretation of terminology in the adaptation space was also
identified as a key issue in the literature review that contributes to the gap (see Section
2.1.3). This session proved to be thought provoking as captured by participant’s
comments (Table 8).

Figure 40 Highlights from Session 4, the future of climate science and adaptation
(top panels courtesy of Penny Whetton, CSIRO, bottom panels courtesy of
Bryson Bates, CSIRO).
Table 8 Comments from workshop participants after reflecting on Session 4.
Did you just hear anything
new?
If so, what?

Group

Response

1

Water is important and more information will be necessary capacity to develop this knowledge will be harder to achieve due to
resource constraints.

1

Downscaling rainfall and stream flow for biodiversity impact studies.

2

Dams are only supplementary water nowadays.

7

require understanding of specific scenarios to enable scenario
planning

8

Good to have some rough numbers on climatic and non-climate
drivers of observed inflows - i.e. direct climate impact (about 50%),
forest management (about 25%) and increased tree water use due
to climate (about 25%).
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Will what you just
heard influence you in
your day-to-day role?
Why and how will it
influence you?

Table 8 Comments from workshop participants after reflecting on Session 4
(continued).
Group

Response

1

User demand driven modelling and projections will inform end-user
implementation and planning.

5

Presentations on climate work areas does not bridge the gap. There
is a need to improve multi-discipline and organisation collaboration
to bridge the gap? Need for discussion on how you take climate
information and make resilient decisions.

5

Unclear as to where end users will get the greatest benefit from
investing in climate change research.

This session marked the end of the series of presentations that provided participants
with technical information. As such it was considered a timely point in the workshop to
ask participants to reflect on the gap, in particular did they feel that it was getting
smaller, wider, more defined, more ambiguous etc. The reflections were captured again
in iMEET!, as shown in Table 9.
Table 9 Comments from participants after being asked to reflect on the gap after
the first four sessions.

Session 4 summary?

Group

Response

2

Many more players at both ends (some increase for science providers) many
more end users and not a lot of effort in developing capacities in between.
The knowledge is there to bridge the gap but the capacity isn't. We need a
major effort.

3

The gap has narrowed, because I now have a clearer understanding of the
issues that the climate scientists are grappling with and thus have a greater
understanding of how I might interpret what they say.

3

With the better understanding I've gained of climate science research, my
concern that some of this work is not easily adapted to end user needs has
increased.

4

I don't think the gap has widened. I think that people's awareness of the
size of the gap has improved.

6

Gap has widened

6

Gap cannot be bridged by making climate scientists talk to end-users directly
- this is what hydrologists, agronomists, etc are for!

7

gap seems to be about the same size, but the opportunity to better
understand each other's perspective is appreciated

7

Seems to be a role for knowledge-brokers to help bridge the gap
(government agencies?)

7

Would be useful to have heard more about the policy framework, particularly
at Commonwealth level, as end users will often need a policy driver to enable
adaptation

8

There is a difference between the REAL and PERCEIVED gap. The
outcome of a meeting such as this must be a narrowing of the real gap;
However, depending on one's starting point, the perceived gap may
appear wider as more complex information comes to light!!
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There was some disagreement between tables as to whether the gap had widened or
narrowed. Tables that were predominantly end user (e.g. Table 3) actually commented
that they felt the gap had narrowed due to their improved understanding of the scientific
issues. Two comments (highlighted in red in Table 9) reflect the overall consensus of
the participants that the workshop had helped to improved people’s awareness of the
gap and therefore resulted in changes to the ‘perceived’ gap (depending on the starting
position of the participants).

4.3.5

Session 5: Hypothetical Case Study

The objectives of the hypothetical case study were to:
• Explore how people make decisions;
• Discover what information people need (or think they need) to make decisions;
• Determine if people’s decisions change given different circumstances or
information and if so what are the implications of this?
• Investigate, both after an event or as time passes, how people assess whether
the decision made was a success or failure;
• Highlight strengths and weaknesses of current or traditional decision making
approaches.
Groups (i.e. tables as per the participant list in Appendix B) were told to consider
themselves as decision makers belonging to an urban coastal water authority in the
year 2012. They were told that the best information strongly indicated that population
and associated demand on water resources were projected to increase and annual
average rainfall (and water availability) was projected to decrease such that supply
probably will not meet demand 20 years from now (see Figure 41). Given this
information participants were then asked:
• What information do you need to come up with decision options?
• What are your options for ensuring the region does not run out of water (or at
least prolonging or decreasing the chance of that situation occurring)?
• Of the available options what extra information do you need in order to make a
decision as to what to do?
• If you have to make a decision now what would it be and how did you use the
information available to you?
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Upper bound

Best estimate

Lower bound

Figure 41 Hypothetical case study – historical, current and projected water
availability for a theoretical urban coastal water authority (blue line = historical
water availability, the blue, red and black squares represent upper bound, lower
bound and best estimate for 2030 water availability based on General Circulation
Model (GCM) projections.
Table 10 summarises the participant responses to the hypothetical situation described
above and illustrated in Figure 41. The key insights to emerge from this were that
despite the limited and vague information given all groups were able to identify options
to address the situation and all groups were able to make a decision. Also important to
note is that when asked what extra information was required to (a) determine plausible
options or (b) make a decision (or make a better decision) the majority of responses did
not indicate a need for more climate scenario information. Rather, the emphasis was
on the need for improved translation and packaging of the existing climate science
information into sector and location specific impacts (e.g. hydrological interpretation of
GCM rainfall projections), attribution of historical and future hydroclimatic changes (e.g.
not just what has happened or is going to happen but why and the confidence and
likelihoods surrounding that), the costs and benefits of any decision, and understanding
of the social, political, and environmental contexts and level of acceptance associated
with any decision.
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Table 10 Responses at 2012 to hypothetical situation illustrated in Figure 41.
What information do you need to come
up with options?
•
•
•

•
•

•

•

Need to know what options exist for supply
augmentation and/or demand reduction, and the
lead-time required
Cost of decision options (both to implement and
if we get it wrong)
What is the support within the local community
for "action"? Does the community take the water
supply/climate change issue seriously? Are any
particular options preferred or likely to be
rejected by the community? How price-sensitive
is the community with respect to paying more
for water? What options are socially and
politically acceptable?
Interim risks over the 20 years (i.e. the pathway
to 2030). Also what is the confidence and
likelihood in each of the three future scenarios.
Inflow projections from a hydrologist interpreting
GCM rainfall projections, further info on
population and demand projections, baseline for
projections and attribution of recent decline,
social and political context, short and long term
options, costs and environmental obligations
What water saving options are available
(considering population growth, technology,
social and behavioural change)? Can we limit
population growth and water demand?
Need a water demand curve for the present and
projected future. Also, need the economics of
planning for the upper, lower and best estimate

Extra information needed?
SEE “INFORMATION NEEDED TO DECIDE
OPTIONS” PLUS THE FOLLOWING:
• Cost benefit analysis of the various options
• Canvass societal and political acceptance of
various options
• Environmental assessment of various options
• What is our budget? What is political context?
• What is the public opinion regarding social and
environmental impacts of various options?
• More information on hydroclimatic
characteristics (e.g. streamflow, evaporation) &
how they will change (including uncertainties)

What is your decision and how did you
use existing information?
•

•

What are your options?
•
•
•
•
•
•
•
•
•
•
•
•

•

restrictions
community engagement
using (more) groundwater
new dam or enlarge existing dam(s)
recycled water/stormwater harvest
demand management
importation of water (pipe/ship)
desalination
review network/storage integrity and look at
interconnection with nearby systems
education/marketing on water scarcity
increase the price of water
control expansion of city/population
cloud seeding

•

•

•

1) Stall or employ no regrets/cheap options (e.g.
demand management) while buying time for
staged plan to be drawn up, based on cost
benefit analysis. 2) Establish ongoing project to
monitor progress of actions taken and to assess
trigger points for a staged series of actions. 3)
Carry out review of planning regulations and
develop standards to incorporate water
efficiency into new infrastructure
1) commence approval process for desalination
plant. 2) commence water importation planning.
3) implement staged restrictions. 4) IPART for
increase in price to reduce demand. 5) continue
network integrity management and customer
water efficiency initiatives. 6) review/update
climate scenarios to determine if climatedependent solution is viable (eg dam) for long
term. 7) define contingency plan storage
triggers for implementation of water importation
and desalinisation. 8) implement community
engagement program to achieve buy-in to
restrictions and acceptability of contingency
plans, triggers and price increases. 9)
implement importation plan if short term trigger
reached. 10) implement desalinisation plant if
medium term trigger reached. 11) implement
new/expanded dam if viable for long-term
Not enough info on characteristics of location
and water system to make an informed
decision. However, suggest mix of short term
water conservation and restrictions until long
term augmentation can be completed. Need for
early public consultation and understanding of
community preferences. Revisit water plans
post drought and each 5 years
Establish community consultation to: 1)
Communicate options, risks, costs & lead-times
of options. 2) Gauge level of acceptance of
options. 3) Enforce ownership of the decision
(e.g. referendum at council election). 4) Develop
staged action plan with low cost, reversible, high
acceptance options engaged first
Insufficient information but would seriously
consider desalination given coastal setting and
the lower bound approaches zero. Energy and
infrastructure costs (plant, pipelines etc), and
environmental impacts need to be considered
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Phase 2 of the hypothetical case study required participants to imagine that it was now
2020 (i.e. almost a decade after the previous decisions were made) and the following
extra information was now available:
• whatever option you decided on in 2012 is now well on the way to being
implemented;
• except if it was a new dam – there was an election in 2013 and the budget cuts
and ministerial reshuffling associated with the change of government and
increased mining in potential dam sites meant the new dam never got started;
• also eight of the last 10 years have seen above average rainfall and extensive
flooding in your region and people are beginning to question the need for
recycled water or desalination plants;
• population and water demand are still projected to increase as in 2012 but the
climate projection is now for a climate ten years from now (i.e. 2030) that looks
much the same as the 1990-2010 climate – so there is still a chance of running
out of water (due to increasing demand) but not as much chance as when you
previously decided what to do back in 2012;
Participants were then asked to consider the same questions posed previously and
describe how their response would or would not change and why, given this new
information. Table 11 summarises the participant responses to the hypothetical
situation described above (i.e. at 2020). The key insights to emerge from this were that
even with the minimal information given, the decisions made in 2012 were still valid
and relevant in 2020. The extra information seen as necessary to determine options or
make a decision in 2020 was mostly the same as it was in 2012 (e.g. more information
on climate drivers and attribution of recent and historical events, better quantification
and understanding of the uncertainty associated with the future scenarios (climatic and
other wise), more information on derived climate variables (i.e. not just the information
coming out of a climate model but the secondary impacts of those projected changes
on things like streamflow, evaporation, water demand, hydrological conditions,
vegetation etc.)).
An interesting response worth exploring is the need for information on public
perceptions and acceptance of climate science, and any proposed adaptation
strategies based on that science, if the climate scientists are thought to have ‘got it
wrong’. This emphasises the need for clarification on terminology associated with
issues like uncertainty and risk, and improved communication and education aimed at
explaining that projected scenarios are possible futures as opposed to what will happen
(these themes were all identified in the literature review as contributors to the gap and
again were issues repeatedly expressed in the survey in Section 3). As indicated in
many responses in the hypothetical case study, very little climate change adaptation is
going to happen unless it is politically and socially acceptable, and this can only
happen when concepts of natural variability and uncertainty within broader scale
climatic changes are fully understood (e.g. the need for a new dam does not
necessarily disappear just because above average rainfall is received for a few years,
the dangers of building on a floodplain do not disappear just because it has not flooded
there for 30 years etc.).
The decisions made at 2020 were mostly a continuation of the decisions made at 2012,
despite the changed climate outlook and recent wet conditions. Interestingly, despite
the recent wetter than average conditions (i.e. full water storages) the main factor
driving participant’s decisions was to make sure they were prepared for the worst case
scenario (e.g. running out of water). People seemed to anticipate that the recent wet
conditions were just a short term excursion from what they still perceived as an overall
drying trend (i.e. they put more weight in the future climate projection than the recent or
current conditions). This is in line with the comment made at the end of Section 4.3.1:
“Do we always resolve uncertainty by overbuilding?”
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Table 11 Responses at 2020 to hypothetical case study.
What information do you need to come
up with options?
•
•

•

•
•

•

•
•

•

Need info on the climate drivers for the wet
period (i.e. is this part of natural variability or
was original baseline for the projections low?)
Update on rainfall, evaporation, flow forecasts.
Re-evaluate demand forecasts and reassess
long term options and performance of demand
management and integrated water management
1) Updated information about the climate history
(10,000 year time series would be nice!). 2)
Costs of options, salvage values, etc. 3)
Stochastic processes for demand and climate.
4) Relevant economics. 5) Political landscape?
Same as before plus: Assess community
attitudes; how successful previous measures
have been; current storage levels and inflows?
Continue ongoing process of community
consultation to determine level of community
"buy in" into possibility of rapid decline in water
availability (probably low)
Need 1990-2010 climate information, and using
this, recalculate water yield from the now
augmented storages. Evaluation of demand
management performance during Part 1 of case
study. Explore the cultural factors behind people
voluntarily paying for sustainable options (e.g.
water tank retrofits)
Determine the level of public support for a
moratorium on population/demand growth
How has water demand changed, and is likely
to change, due to population change and other
causative factors? Redo economics and socialpolitical acceptability of remaining options
Find out if these are the same climate scientists
who "got it wrong" (public perception) last time,
and if so, why can public believe them this time?

Extra information needed?
SEE “INFORMATION NEEDED TO DECIDE
OPTIONS” PLUS THE FOLLOWING:
• as before, but add change in political
environment
• Revise climate change projections and
implications for supply/demand and update
understanding of community preferences and
continue with community education on multiple
benefits of options rather than on justifying
climate change scenario
• Continue with previous actions plus: 1) Renew
cost benefit analysis. 2) Reassess community
attitudes. 3) Investigate how positive behaviours
can be maintained. 4) new technologies?
• Information may need to be updated (e.g. using
new projections based on CMIP6(?) runs)
• More information on in-house water recycling
options, particularly that a portion of community
may take on voluntarily at their own cost
• Has confidence in climate science improved in
the last decade? Especially our understanding
of wet/dry epochs, i.e. can we reliably say the
recent "wet" is coming to an end and the future
"dry" is likely to be really bad?)

What is your decision and how did you
use existing information?
•
•

What are your options?
•

•

•

•

•

Stop importing water and increase community
engagement around need for desalinisation
when trigger reached (if/when drought occurs),
put the dam plan in the bottom drawer, firm up
storage triggers for desalinisation
Develop scenarios and options for optimising
supply/demand around expected short term
climate variability. Continue with long term
conservation, integrated water management
and water sensitive urban design. Review
planning assumptions as per 5 year review
All previous options are valid with the possible
exception of new dams. Structure market to
incentivise water savings rather than water
usage (should have been in case 1 options)
1) Maintain option for desal. 2) Maintain option
for manufactured water. 3) Demand
management. 4) Technology will have redefined
many of the options over 20 years
Further augmentation of existing dams (only
new dams blocked) sized to match re-estimated
demand based. Continue with demand
management program including pricing, rejig
education on revised water availability situation.

•
•

•

•

•

Happy with 2012 plan and processes.
1) retain staged restrictions. 2) continue
network/storage integrity management and
customer water efficiency initiatives. 3) continue
to review and update climate change scenarios
to determine if a climate-dependent solution is
viable (e.g. dam). 4) further define contingency
plan storage triggers for implementation of
water importation and desalinisation. 5)
continue community engagement program to
achieve buy-in to restrictions and acceptability
of contingency plans, triggers and price
increases. 6) cease importation plan and other
options until pre-identified triggers reached.
Continue staged plan plus: 1. Manage
community expectations that water is now
limitless (educate them in climate variability)
Encourage voluntary action with a clear
education program, price signals for water
scarcity and modest augmentation of existing
dam sites for the remaining deficit
"Softly softly", because the combination of a
recent wet period and less dire projections gives
us some breathing space (and in any case,
there would be no community support for any
drastic action). Main option is water restrictions
applied as needed
Try to build a strategy which combines: (a)
short-term: cheap fixes, demand management
(b) long-term: waiting for further resolution of
uncertainties and infrastructure planning, also
demand management
Accept that there are limits to how big your city
can grow, and learn to live within these limits
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The final stage of the hypothetical case study required participants imagining that it
was now 2030 and they were presented with Figure 42 which illustrates the ‘reality’ (i.e.
what actually happened from the time they were first required to make a decision
through to the time horizon they were making their decision about).

Figure 42 Hypothetical case study – water availability for a theoretical urban
coastal water authority 1990-2030.
Participants were then asked to comment on their original and subsequent decisions:
• What would they have done differently if they knew the information in Figure 42
broadly in 2012? That is, what would they have done at 2012 if they were told
that the period 2010 to 2030 would be characterised by a wet 2010s,
short/intense drought in the early 2020s, followed by a wet 2025/26 and rapid
drying from 2027 on?
• What would they have done differently if they knew the information in Figure 42
exactly in 2012?
• In hindsight what could you have done differently without knowing anything
more but which would have left you better prepared for what eventuated?
• Of the information you thought you needed, if it had of been provided would you
have actually been able to make a better decision?
• Rate your decisions at the two points in time as you would if you were at 2030
and looking back.
Table 12 suggests that most were happy with their decisions made at 2012 and would
not have made a very different decision if they knew broadly what was going to happen
out to 2030. However, some minor improvements that would have been made include:
improved community engagement (since it is easier dealing with the community when
you have confidence you know roughly what is going to happen); holding off on
expensive plans (e.g. desalination, new dam); and concentration on demand
management. This result is consistent with the outcomes of Session 1 of the workshop
where decisions makers all expressed a similar approach to climate change adaption
of planning for a wide range of plausible futures by developing robust and adaptive
responses that are consistently reviewed moving forward in time.
Surprisingly, given repeated calls for more precise and more accurate information by
decision makers when asked what they need to enable robust climate change
adaptation (e.g. Figure 12), participants found that having more exact information
would not actually alter their decisions (at least in the hypothetical situation used here).
The implications of this are significant given the large amounts of time and money
being spent on downscaling products and also given the number of end users waiting
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for more specific information before they alter from business as usual adaptation
approaches (e.g. Figure 15, Figure 26, Figure 31). That is, more exact information will
not necessarily enable better or easier decisions, nor will it necessarily lead to climate
change adaptation beyond what is already being done.
It was an interesting finding that groups were able to make a decision on water
availability based on the limited information provided to them and that many felt no
additional information was required to make the decisions. One possible reason for this
is that the authority to make the decision was granted in the hypothetical scenario.
However, in reality many decision-makers feel that more detailed climate science
information will provide them with the justification or mandate required to make
decisions. This situation is not reflected in the hypothetical case study and is something
that should be investigated in follow up studies. Also, for the single sector hypothetical
case study it may be the case that more exact information would not alter decisions.
However, many practitioners are seen as the vehicle to provide adequate information
for all sectors, where downscaled products are required by many decision-makers and
as such this single sector hypothetical case study should be followed up with
consideration across multiple sectors to see if similar results are obtained.
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Table 12 Responses at 2030 to hypothetical case study.
What would be done differently if future In hindsight, what could you have done
was known broadly in 2012?
better without knowing anything more?
•

•
•
•

•

•

•

With strong community engagement public
perception coming into a predominantly wet
period would be to hold off expensive plans like
desalination and apply demand management as
needed, both in the form of water restrictions
and a moratorium on population and tourism
growth/development ("enough is enough")
Decision plan worked well
Hindsight is always 20:20, but would consider
low cost capacity expansion options and/or
more severe measures to control demand
Actions would have been broadly the same
thing but with greater refinement and the ability
to implement longer term measures (e.g. would
have had ten years of Water Sensitive Urban
Design which would have alleviated need for
augmentation)
Would probably have maintained water
conservation, commenced planning of desal
and reviewed other options. However would
continued with increasing uptake of integrated
water management over the period
approach is fine, but if the hindsight stretched
back a further 10 years to 2000 would have built
dam if site available and climate scenarios
indicated it was viable in long term. Would have
progressed desalinisation planning but probably
not importation planning
Our demand management was encouraged by
price signals and adaptive to changes in rainfall,
so no difference there. However, our limited
augmentation would have been unwarranted at
2012, but could have been expanded in 2020

•
•

•

•

•

Of the information you thought you
needed, if it had of been provided
would you have actually been able to
make a better decision?
•

What would be done differently if future
•
was known exactly in 2012?
•
•
•
•
•

•

•

Provide information to the public and wait for out
migration to take care of problem
See answer to #1
See our response to the first question
as above
As per q1, but with more confidence, and
commenced communications on justifying why
we weren't going with original climate change
projections explaining why they are subject to
uncertainty.
Assuming the community and policymakers
accepted the information long term plans could
have been much more detailed, longer term
measures could have been implemented and
you could implement measures in anticipation of
reductions in supply. However, there would still
be uncertainty about all the other variables,
(e.g., population, industry mix, agriculture
changes etc.) so would still have needed a
range of options
Strategy largely unchanged, but more accurate
information might have led to more refinement.
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In our current social-political setting (2012),
nobody could hope to have the new dam option
accepted without a fight
We have assumed that the community
engagement process did NOT result in large
infrastructure, fuelled by the entry into a wet
epoch shortly after 2012. Therefore the
piecemeal demand management approach has
been ideal. The moratorium on growth is a noregrets option. Now that the climate has
returned to 1990-2010 "dryness" it is clear that
allowing growth and development over the last
20 years would not have been prudent
Nil. The opportunity for alternative actions
passed in around the year 2000. After 2012 the
options became constrained to contingency
actions and then the no dams policy
Knowing supply was going to increase would
have allowed better long term measures to be
implemented but overall approach would not
have been different due to uncertainties in other
variables (i.e. flow, evap, non-climatic issues)
Stronger emphasis to the community that
variability is a certainty, and that they need to
prepare for drought and flood.

•

•

•

We have assumed that community DID engage
in consultation process, and that their decision
to avoid costly infrastructure was enacted, and
was the right decision. Good for us.
No, because of uncertainties in other variables integrated planning for all risks of which climate
change is just one
Yes. Assumptions were made that groundwater
in a coastal setting would already be stressed
but more information would have allowed better
assessment of this resource. Assumptions were
made that desalination was feasible with
respect to energy availability, social acceptance
and site availability. Similar for water
transportation option - may or may not be
feasible.
The driver for the decision was the magnitude of
the anticipate reduction. However, the mix of
short and long term options depends on the size
of the town and ratio of inflow to storage
capacity, so we assumed it was a city where
running out of water was not option. We would
definitely have altered the decision if we had
known it was going to be wetter for a period as
we would have been able to defer the capital
and operational expenditure.
Knowing the plausible scenarios including
extremes is useful, but also need to know how
much scope we have to adapt as events unfold

Table 12 Responses at 2030 to hypothetical case study (continued).
Rate your decisions as if you were at 2030 and looking back
•
•

•

•

•
•
•

Good decisions were made, these were: keeping options open; minimising large premature
commitments; maintaining alertness to both demand and supply side management
We had done well as we had made a reasonably robust and defendable decision on information at the
time and provided for long term resilience through integrated water management and climate
independent options in addition to increasing liveability and improving aquatic eco system health :-) ;-)
However, just because we think it is the right decision(s) does not necessarily mean it is the 'best'
decision. For example, the most efficient decision would have been to ride it out, but this would have
promoted a wait and see response to climate that would not lead to efficient longer term decisions and
would not have gained other benefits of integrated water management.
2012: A bit risky to leave it to the community, especially as they might take the "soft option" of avoiding
costly infrastructure (in this case it would have paid off but that is just luck). Perhaps some small-scale
infrastructure investment would have been more sensible. 2020: Lucky again that, despite persistent
high rainfall for 8/10 recent years, the community accepted a moratorium on growth/development to
preserve the town's water supply.
We were unable to make any decisions due to the scant information provided relating to derived
climate variables (e.g. no water demand curve) and socio-political-economic context. However, the
relatively low cost of a small but expandable desalination plant would have been a favoured option
throughout unless mitigating factors (e.g. a lack of public/political support) had been found.
The decisions made would not have been perfect but the decision making process would rate highly.
We did not run out of water so we get our annual bonus!!
Satisfactory at both points in time.
From the 2030 perspective our decision making process was good at 2012 and 2020. It allowed
contingency plans to be activated only if required and prevented investment too early.

The responses to the questions asking participants to determine if they would have
made a better decision if provided the information they say they needed indicates again
that it is not so much a need for more climate information as it is about needing to
improve the packaging of available information and the communication surrounding it
(a sentiment also expressed in the survey, see Figure 22). Also important, and
currently lacking, is information on how the projected changes to primary climate
variables translates into changes in the things that actually matter to decision makers
(note this issue of relevance is also highlighted in Figure 18 of the survey). That is
derived climate variables (e.g. flood risk, drought risk, reservoir inflows, bushfire risk,
vegetation changes, water demand, ecological and environmental impacts) and nonclimatic influences such as population growth, social acceptance, political contexts, and
economics. This is similar to findings from previous projects (e.g. Kiem et al. 2010a;
Rickards 2012) which demonstrate that successful adaptation to climate change is
more than just dealing with climate impacts.
The comments in Table 12 also highlight that no matter how good the science is or how
good the climate change adaptation decision seems to be, unless the decision is robust
and takes into account all climatic and non-climatic factors, implementation will be
difficult (e.g. controversy and debate surrounding the proposed Murray-Darling Basin
Plan (www.mdba.gov.au/proposed-basin-plan); the proposed and subsequently
rejected
Tillegra
Dam
near
Newcastle,
New
South
Wales
(http://majorprojects.planning.nsw.gov.au/index.pl?action=view_job&job_id=1687).

4.3.6

Session 6: Decision making under uncertainty

This session was focused on how to make effective decisions in the face of uncertainty.
Peter Hayman (from the South Australian Research and Development Institute,
SARDI) spoke about communication of uncertainty and probabilities to end users (in
particular the agricultural sector). Hayman’s presentation (see Figure 43 for highlights
and APPENDIX C for abstract) was particularly enlightening due to his extensive
experience in the field of communicating science to end users and the insights gained
from this experience.
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Figure 43 Highlights from Peter Hayman’s (SARDI) talk on ‘Linking climate
science and decision makers using time series and probability wheels’.
Hayman’s take home message was particularly interesting – in his opinion “the lack of
certainty in GCM output has led to a richer and more inclusive discussion”, in that we
no longer just talk about GCM projections, rather spatial and temporal analogues are
considered alongside sensitivity analysis. This in turn results in more robust decision
making, as a wide range of possibilities are considered. Two comments from
participants about Hayman’s presentation are included below, illustrating the positive
impact he had on the session.
“Effective communication that is appropriate to the audience without being patronising,
and which recognises the two-way flow of meaning/information.”
“A brilliant example of engaging with landholders who are already sophisticated
decision makers, and aiding them in the decision making process without wanting to
make the decisions for them (which would certainly never work)”
As part of the hypothetical case study described in Section 4.2.5 participants were also
asked the following questions:
• Do you use any formal decision making tools?
o If so please describe (e.g. top down, bottom up, cost-benefit analysis,
multi-criteria analysis etc.);
o If not please explain how you make decisions (e.g. based on instinct and
experience, based on what someone else is doing etc.);
• How does your existing decision making deal with uncertainty?
Participants were aware of formal decision making tools and some used them in
practice (especially cost-benefit analysis) but more to structure thinking rather than to
make an actual decision. Similarly, combinations of top down and bottom up
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approaches were used (e.g. top down for scenario planning and bottom up for
community consultation or multi-criteria assessment of supply/demand options) rather
than one or the other. Experience and general instinct were repeatedly identified as the
main factors influencing both the options considered and the decisions made (i.e. even
if formal decision making tools were used the decision arrived at via that formal
process is accepted or rejected in favour of something else based on experience and
instinct, which in turn is often heavily influenced by what is happening politically or
economically at the time). In essence while decision makers are aware of formal
decision making tools their use in actually making decisions is not widespread and ad
hoc approaches are common. One reason for this is that ad hoc approaches are
usually well informed as they are based on extensive practical experience and
reasonable levels of success in the past. However, there are also major weaknesses
with these informal decision making approaches (e.g. lack of consistency, lack of
transparency, lessons and experience from the past may not be applicable given
issues associated with non-stationarity and uncertainty). These issues are further
explored in the parallel project being conducted by the University of Sydney on
“Understanding end-user decisions and the value of climate information under the risks
and uncertainties of future climates” (refer to www.adaptation-decisions.com and
www.nccarf.edu.au/content/uncertainty-i-understanding-end-user-decisions-and-valueclimate-information-under-risks-and for further information).
Overall, the responses indicated that uncertainty is dealt with in decision making by
considering a range of adaptation or management options, with particular emphasis on
the worst case scenario (e.g. short and long term, demand management through
pricing and education plus augmentation of existing water sources, climate-dependant
and climate-independent options, expensive solutions that may be politically/socially
unacceptable versus short-term interim measures that ‘buy time’ while educating and
convincing the community or waiting for ‘better information’). This conservative
approach (i.e. whatever it takes to avoid the worst case scenario) is understandable but
also could be improved with better understanding and quantification of the inherent
uncertainties and focus on providing the extra information decision makers identified as
necessary in Table 10, Table 11, and Table 12. In particular, improved understanding
into the impact of climate change on climate variability (or vice versa), the interplay
between climate impacts and social-political-environmental-economical, and translation
of uncertainty into risk were all identified as necessary for ensuring robust decisions
and successful climate change adaptation.

4.4

Key insights and recommendations from the workshop

At the conclusion of the workshop, participants were asked to carry out two final tasks.
The first was to revisit the pre-workshop questions and consider:
1. If the workshop had met their expectations?
2. What do you now understand uncertainty to mean?
3. Do you think it is possible to effectively adapt and manage climate risk under
uncertainty given the current tools and information available? If so why, if not
why not?
4. The take-home message(s) from the workshop.
Participant responses to these questions are shown in Table 13.
In the pre-workshop responses, end users referred to uncertainty in terms of a range of
possible outcomes and potential futures, highlighting the existence of the gap with the
recognition that “uncertainty means different things to different people”. Responses
from the scientists stressed the difference between uncertainty, precision and
accuracy. Scientist and end user understanding of uncertainty did not significantly
change due to the workshop, however one table of end users felt they had gained
“better clarity through technical definitions”. From a scientist or provider perspective,
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while views on uncertainty did not necessarily change, the importance of non-climate
related uncertainty was reinforced. This is a very satisfactory result as in the preworkshop questions end users said that one thing that would make the workshop
valuable is “an appreciation that climate change adaptation is based on more than just
climate” (see also Section 2.1.5). Comments given by scientists after the workshop
suggest this was achieved, as seen in the following comments:
“The hypothetical case study exercise exceeded expectations. It was thought provoking
and led to a better understanding of the issues facing decision makers, especially that
the uncertainties are not just in the science.” (Scientist)
“The workshop reinforced my view on uncertainty and reinforced that climate change
uncertainty is not the only uncertainty and not always the most important.” (Scientist)
“I still tend to view uncertainty the same as before the workshop with respect to climate
change projections, however I now recognise that there are political, social and
demographic issues affecting decision makers that may be of equal or greater
magnitude than scientific uncertainty.” (Scientist)

Participants were asked prior to the workshop if they thought it is possible to effectively
adapt and manage climate risk under uncertainty given the current tools and
information available (Section 4.2). The typical response was yes, evidenced by the
fact that people already are. Scientists thought that “there is enough information to
make effective adaptation possible” however, it was identified that effective adaptation
and management of risk is exposed to barriers (e.g. “social and behavioural”) and that
success is dependent on the “climate variable and the system in question”. The group
that included a mix of scientists and end users identified that “the context and the
technical and socioeconomic implications of the decision to be made” influences the
effectiveness of current tools and information. When asked the same question at the
conclusion of the workshop, responses were consistent with pre-workshop opinions.
End users felt that although a range of information, processes and tools are already in
use to inform decisions under current levels of uncertainty, these tools require
improvement. Responses from scientists reiterated that the effectiveness of current
information and tools is situation dependent indicating again that a more holistic
approach is required.
The overwhelming take-home message from the workshop for both scientists and end
users was the need for clear, two way communication between climate scientists and
end users. Workshop participants identified the need for continued dialogue between
scientists and end users, with scientists delivering practical information in a format that
makes sense to end users (and “which doesn’t ‘dumb down’ nuances and
uncertainties”) and end users being given the opportunity to provide scientists with
feedback regarding their needs and be informed about what is feasible and what is not
with respect to climate science now and into the future. One group of scientists
identified that it is an “extremely complex, time consuming and resource intensive
task”, with a wide diversity of end users, each of which need a different approach, and
that the science community does not have the capacity to deliver on this need. End
users identified the need for “knowledge brokers” and “technical/discipline translators”
to facilitate the communication process between climate scientists and end users. In
addition, it was recognised by end users and scientists that there is and always will be
irreducible uncertainty and that effective climate change adaptation must be able to
prepare for and manage the variable climate in which we live.
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Table 13 Participant reflections at the conclusion of the workshop

What do you now understand
uncertainty to mean?

Did the workshop meet your expectation? Why or why not?

Group

Response

1

Would like to have seen more solutions. But have heard state of
understanding

2

Didn't have well-formed expectations. Would have liked to have had a
wider representation from other NCCARF projects.

3

With regard to climate science, modelling and information expectations
were more than fully met, but there could have been more exploration
and analysis of decision frameworks.

4

Yes, I feel that we (SEACI) have good interactions between scientists
and end users (clients), but this did help me in thinking further how to
reach other end users (stakeholders such as state governments, NRM
groups and city councils).

5

Don't think it met the expectations. The question of directions/needs to
bridge the gap was not fundamentally addressed. Has emphasised that
we will require knowledge brokers and 'technical/discipline translators'.

7

Yes, provided an opportunity for end users and scientists to exchange
ideas. Could have provided some more specific case studies/examples
to build a bridge.

8

There were lots of interesting talks. However, some were essentially
delivered like conference presentations without being directed towards
the workshop theme (i.e. how to make climate science more useful to
end users). Case study exercise exceeded expectations - did not expect
it to be particularly useful, yet it turned out to be thought-provoking and
led to a better understanding of the issues facing decision-makers
(especially that the uncertainties are not just in the science).

2

View on uncertainty has not changed, but it has reinforced how carefully
and rigorously climate change uncertainty needs to be communicated.
Reinforced that climate change uncertainty is not the only uncertainty
and not always the most important.

3

My view is pretty much unchanged, but interesting to hear some
technical analyses

5

Better clarity through technical definitions. Generally had appreciation of
the capabilities of climate change projections and the uncertainties.

7

Similar to pre-session, with better understanding of climate mitigation
and adaptation scenario uncertainty.

8

Still tend to view uncertainty the same way as before with respect to
climate change projections, however I now recognise that there are
political / social / demographic issues affecting decision-makers that may
be of equal or greater magnitude than scientific uncertainty.

Decision making under uncertainty 75

Do you think it is possible to effectively
adapt and manage climate risk under
uncertainty given the current tools and
information available? If so why, if not why
not?

Table 13 Participant reflections at the conclusion of the workshop (continued).
Group

1

Yes because many options (no regrets) for dealing with variability
which can also help in dealing with climate change.

2

Continue to feel that have the information to adapt, but there are a
range of barriers that may be difficult or impossible to overcome for
many users.

5

Tools can be improved, but already are using a range of information,
processes and tools to inform decisions with current levels of
uncertainty. Some areas may need further attention to adaptation to
climate change, e.g. drainage, environmental management,
biodiveristy.

7

Yes, but likely to deliver and learn from sub-optimal solutions (adaptive
management approach).

8

2

What is you key ‘take-home’ message?

Response

3

4

5

7

8

It is situation-dependent! Variables include: - the climate variable under
consideration - the sensitivity of the system to climate versus nonclimate drivers - geography / demography - availability of quality data
and modelled results - politics around the decision.
It has reinforced the requirement for dialogue between providers and
end users to bridge the gap effectively, however this is an extremely
complex, time-consuming and resource intensive task. This has not
been factored into any plans or strategies. There is a wide diversity of
end-users each of which need a different approach and the science
community has no capacity to deliver this. Climate change must be
viewed within an integrated risk management framework.
My take home message is emphasise that we live in a variable climate
and we must prepare for that. Plausible scenarios are a useful way to
go. Knowledge brokers similarly are a useful way to go, but I fear that
putting our faith in that approach may detract from the need for us as
professionals to maintain open clear communications across
disciplines.
There is a level of irreducible uncertainty, and we just need to get on
and make use of what we've got.
There are known knowns, and known unknowns and we now know
more about the unknowns. But we still need to make decisions. The
climate science community must consider end user needs in respect to
the outputs of research, e.g. making projections available in a form that
can be used by end users. Penny Whetton's climate futures approach
which aims to synthesis and integrate and present data in an
accessible and useable form is needed and supported.
Benefit of continued dialogue between decision-makers, policy makers
and scientists. Support robust peer-review of climate science, including
emissions scenarios. All is not as it seems regarding temperature and
evaporation. Knowledge brokers required.
There is a desperate need for better communication of climate science
- not just better PowerPoint slides or glossy brochures, but delivery of
practical information in a format that makes sense to end users, but
which doesn't "dumb down" nuances and uncertainties. Also
communication should allow feedback to climate scientists regarding
the end user needs.

The second task that participants were asked to carry out at the conclusion of the
workshop was to vote on a range of issues that had been raised during the two days
(throughout individual speaker’s presentations and subsequent discussion).
Participants were presented with the list (shown in Table 14) and asked to vote on what
they felt were the most important issues that needed to be addressed in order to
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‘bridge the gap’. This was completed at an individual level rather than a table
consensus and the list in Table 14 has been sorted to indicate the most popular (i.e.
highest priority) issues at the top.
Table 14 List of key issues arising from the workshop ranked according to
number of votes.
Number
of votes

Key issue to arise from workshop

12

The need for ‘knowledge broker’ to fill the space between developers of climate
science information application of that information by end users

8

The requirement for dialogue between providers and end users to bridge the gap
effectively. This is an extremely complex, time-consuming and resource intensive
task which has not been factored into any plans or strategies

7

Greater consideration of baseline risk and accounting for non-stationarity when
developing climate projections

7

Improved packaging of climate projections (e.g. climate futures)

6

Improved understanding of natural variability drivers and impacts and how that
might change in future

6

More focus on tools and methods to integrate between projections and decision
making.

6

Continue open and frank dialogue between scientists and end users in all climate
projects

5

Better communication of climate science - not just better PowerPoint slides or
glossy brochures, but delivery of practical information to end users and
feedback to climate scientists regarding the end user needs.

5

To better understand how decisions are made

4

Improved capacity to deal with wide diversity of end-users (each of which need
a different approach and the science community has no capacity to deliver this).

3

More focus ($$) on attribution of current/recent/historical extremes

2

Focus on plausible scenarios rather than more precise information

2

Black swans...what to do? Ignore and hope for best?

2

Accept the gap is real and unrealistic to expect that to close....what now??

1

More focus ($$) on downscaling

1

More focus($$) on next round of GCM outputs (e.g. CMIP6)

1

Identification of plausible regional adaptation options

0

More focus($$) on GCM/RCM model selection/evaluation

0

More focus($$) on emission scenarios

0

Insights/quantification of relative importance of different sorts of uncertainties
(including non-climatic)

As can be seen in Table 14, there were three primary issues that participants felt were
the most important to address in order to bridge the gap:
1. Improved communication and packaging of climate information (note
comments related to this are highlighted in red in Table 14). Participants
commented that this was not just more glossy brochures and presentations by
climate scientists, rather the role of a ‘knowledge broker’ was identified that
could operate in the space between the two parties. The role of the ‘knowledge
broker’ would be to package, translate (both ways) and transform climate
information and is in line with findings in the literature review (e.g. Section
2.1.4).
Decision making under uncertainty 77

2. A better understanding and quantification of baseline risk, natural
variability and non-stationarity (note comments related to this are highlighted
in green in Table 14). This issue arose on multiple occasions throughout the
workshop and it is clear that guidance needs to be developed in order for end
users to integrate this into their climate impact assessment and adaption
processes – in particular how the natural variability might change.
3. Development of tools and methods to integrate between projections and
decision making. This issue is the focus of a parallel project funded by
NCCARF “Understanding end-user decisions and the value of climate
information under the risks and uncertainties of future climates” (refer to
www.adaptation-decisions.com
and
www.nccarf.edu.au/content/decisionsunder-climate-risks for further information).
Advances towards solving the first problem listed above may be achieved via a
collaborative effort between end users and scientists to first define a model for this
‘knowledge broker’ (in particular define the role, form and communication methods of
this entity) and then move forward in applying this model (through attracting funding,
setting up committees etc.). This concept is further explored in Section 5. The second
issue relating to baseline risk, non-stationarity and variability requires advances both in
the research and the translation of the research into practical guidelines. At this point in
time we still do not completely understand what causes hyroclimatic variability in
Australia or indeed the full range of variability that we can expect (Verdon-Kidd and
Kiem 2010; Kiem and Verdon Kidd 2011; Gallant et al. 2012). Further, in order to better
define the baseline, additional research needs to be conducted into multi-decadal
variability (which must include extension of the instrumental record via palaeoclimate
information). Finally this information needs to be translated into a series of
recommendations that can be transferred to climate risk/impact studies (e.g. flooding,
drought planning, infrastructure design etc.). It is clear that this issue needs to be
addressed via an emphasis on research in this field followed by the development of
tools/methods to apply this knowledge and that funding should be directed in such a
way. At present a large amount of climate related funding is being focused towards
generating regional projections and the next round of GCMs, however only one
participant at the workshop actually voted that these were a critical issue compared to
the other problems listed (an outcome reinforced by the hypothetical case study
discussed in Section 4.3.5). Perhaps it is time that the issues of greatest impact and
the end user questions and needs are addressed (i.e. funded) even if they are
particularly difficult to tackle.
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5. FOCUS GROUP
The objectives for the focus group were based on the feedback from the workshop and
survey. What stood out from the analysis of these two information sources, and also
highlighted in Section 2.1.4, was the need for an intermediary role between providers
and end users that better packaged, translated and transformed climate information to
targeted end user needs. The term ‘knowledge broker’ was coined at the workshop
(Section 4) and the focus group further investigated what this role might look like. The
following questions were considered and discussed at the focus group:
• Is it agreed that a ‘knowledge broker’ is needed or would be useful in bridging
the gap?
• What would the knowledge broker look like (e.g. a series of reports, a database,
an organisation)?
• Who should fill the role of knowledge broker (e.g. private, government,
university)? Is a new entity required or could existing organisations be utilised
or leveraged from to meet the objectives of the knowledge broker?
• What methods should the knowledge broker use to communicate climate
information to end users?
• What methods should the knowledge broker use to communicate end user
needs to climate science providers?
• How would you define and measure success? How to ensure practically useful
outcomes?
The discussion around these and other topics are outlined below.

5.1

Development of the focus group

Participants were recruited from the workshop to participate in the focus group session
to expand the concept of a ‘knowledge broker’ that was identified as a key objective in
bridging the gap. One extra participant who did not attend the workshop, but was
considered to be in an existing role with potential similarities to the proposed
knowledge broker was also asked to attend. Refer to APPENDIX D for the list of focus
group participants.
The focus group was held at a Qantas meeting room at the Sydney airport on the 24
May 2012. This venue allowed interstate participants to attend the workshop and return
home within one day. This arrangement was made in recognition of the primary
resource identified as lacking for end users – time.

5.2

Outcomes from the focus group

The focus group participants were presented a draft ‘knowledge broker model’ shown
in Figure 44, which was developed by the project team after reflecting on the survey
and workshop results. The model shows the pathways between the science and
research outputs, the knowledge broker and the end users. Focus group participants
agreed with the concept and stressed the point that the knowledge broker must have
regular communication between the other two parties to ensure that end user needs
and understanding match what is scientifically feasible and that scientists focus their
research efforts on the most crucial information required for decision making and
provide this information in the format needed. The key characteristics of the knowledge
broker, who and what the knowledge broker should be and what communication
methods they should use are discussed in the following sections.
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Figure 44 Conceptual model of the ‘knowledge broker’ domain.

5.2.1

Key characteristics of the knowledge broker

Characteristics of the knowledge broker were discussed in detail during the focus
group and the following key characteristics of the knowledge broker were agreed upon:
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Is NOT only science, only water resource policy, only end user, or only
communications
Is a science integrator (across sectors and disciplines) and educator
Has strong domain knowledge
Is caveat aware (i.e. has an in depth understanding of the current
limitations of the science)
Does not have ‘model baggage’ (i.e. is not a model sales person, “my
model is best”)
Does not simply ‘dumb down’ the science
Is aware of what climate change projections actually are (not predictions!)
Has an understanding of natural variability and baseline risk
Has a background in dealing with uncertainty
Is an excellent communicator, both oral and written
Is aware of the needs of key sectors (water, agriculture, built environment
etc.)
Has appropriate resourcing and people
Has trust and respect of key stakeholders
Provides information that is independent (i.e. based on science rather than
advocacy or politics) and is scientifically defensible
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5.2.2

Who should the knowledge broker be?

It became clear during discussion regarding the characteristics of the knowledge broker
that the role could not be filled by a single person, rather what is needed is a program
involving a group of people (a ‘community of knowledge brokers’). The ‘knowledge
broker’ group would need to be comprised of climate scientists, climate modellers,
impacts scientists (e.g. hydrologists, ecologists), end users and communications
experts. From here on 'knowledge broker' refers to a group or community of people.
The focus group recommended that the knowledge broker be located within
Government (or a University or collection of Universities similar to the Australian
Research Council Centre of Excellence model) because end users would not want to
pay individually for this information (which would be the case if it was a private
organisation). Overall the focus group agreed that the knowledge broker should be at
the Commonwealth level (to ensure consistency between States (which is currently
lacking) and provide economies of scale (e.g. avoid each State paying for their own
downscaling), but that it should be multi-tiered and be additionally resourced at State
level (to build capacity). A key problem with developing such a program at
Commonwealth level is that its existence could be vulnerable to changes in
Government, however the focus group felt this could be overcome if the program was
endorsed through the Council of Australian Governments (COAG), similar to the
Independent Pricing and Regulatory Tribunal (IPART) and Murray-Darling Basin
Authority (MDBA).
Generally it was agreed that the use of State borders to define domains was not
necessary or indeed beneficial in this space and programs such as the Grains
Research and Development Corporation (GRDC) and the Department of Agriculture,
Fisheries and Forestry (DAFF) were given as examples where there are no State
borders. The importance of having key sectors well represented along with the ability to
work across sectors was also strongly recommended. One participant commented that
there is not enough cross sector collaboration in the adaptation space at present and
this can actually lead to maladaptation. It is also important that the knowledge broker is
linked into (and therefore can leverage from) existing programs such as SEACI
(Section 2.2.9), Climate Futures for Tasmania (Section 2.2.11), NARCliM (Section
2.2.12) and others (Section 2.2.14).
A potential barrier to such a program was identified in terms of there currently being
little reward academically or financially to work in the knowledge broker space
(compared to other areas of climate science and adaptation). One participant stated
that it is hard to attract and retain intelligent young (and experienced) scientists in the
areas of expertise required of the ‘knowledge broker’. This issue was also discussed in
Section 2.1.2 where challenges associated with publishing application or participatory
type research that meets end user needs in high impact factor journals were
highlighted. To further support this, one focus group participant commented that “I think
we should publish more in this area and not use lack of reward as an excuse not to
publish but it is naïve to think you can publish in A journals and get a good h-index if
you work in this space” (Peter Hayman, pers. comm.). Hence, if capacity is to be
increased in the knowledge broker space significant changes to the way research and
researchers are judged is required (e.g. weighted less on the number of journal
publications and h-index and more towards whether end users’ questions are being
answered and practical needs are being met). It was also suggested that a reward
structure for young scientists working in the knowledge broker space may help
overcome this and that this should be further investigated as a matter of priority.
The source of funding for a knowledge broker was also discussed and participants
agreed that it would need to be funded by Government (with possible buy in from
others that get benefits from outcomes).
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5.2.3

What sort of information would the knowledge broker provide?

The knowledge broker role is to fill the gap between the providers of climate science
and the end users of this information. As such the knowledge broker would provide
information that is current (most recent), accurate (free from unnecessary errors),
easily transferable (i.e. model ready across locations and sectors), consistent (Australia
wide consistent set of information rather than ad hoc State by State) and associated
with the necessary caveats (quantification and clarification of uncertainty). End users
also need to be educated about what is realistic in terms of their expectations of future
information so that they can make decisions about long term planning. This concept is
directly in line with the sentiments of the World Resources 2010-2011 report discussed
in Section 2.2.2 that focuses on effective decision making in a changing climate by
national governments which maintains that for effective adaptation it is essential to
have “user-driven, sufficient, accurate, accessible, long-term, frequently updated, cost
effective and targeted information” (WRI 2011, p.4).
It is suggested that the ‘knowledge broker’ have a tiered structure as follows:
• Tier 1: provides regular overviews of existing climate science – what do we
know and what do we not know about the drivers and impacts of historical
climate variability and change? What do we know about where we are now (e.g.
how to differentiate between natural climate variability and anthropogenic
change)? What are the existing uncertainties, knowledge gaps and
recommendations for priority research areas?
• Tier 2: focused on climate futures – what are the plausible scenarios for the
future and likelihoods associated with them? Again, clear information needs to
be given on what we know, what we do not know, uncertainties, limitations and
knowledge gaps.
• Tier 3: access to data behind the scientific insights provided in Tier 1 and Tier 2.
For end-users that require access to the data (historical, modelled, downscaled
etc.) this is where they can find it along with information about the strengths,
weaknesses, uncertainties and how the information should and should not be
used.
• Tier 4: end-user applications. This tier is where the sector specific application
tools and frameworks should be available (e.g. hydrological models, decision
making tools, etc.).
It is envisaged that the interface between Tier 3 and Tier 4 should be the main focus of
the ‘knowledge broker’. However, there is also an important role in directing end users
to the information made available at Tier 1 and Tier 2 and, conversely, advising
producers of Tier 1 and Tier 2 information as to the relevance for end users (e.g. what
is important and what is not? How best to package the information? etc.). It is also
hoped that if structured appropriately the knowledge broker may assist in coordinating
surveys, workshops, and similar research efforts so as to overcome the growing
problem of ‘research and survey fatigue’ (e.g. Section 3.2 and Kiem et al. 2010).
A similar structure to that described above is being adopted by the NSW Office of
Environment and Heritage (OEH) for the NARCliM (Section 2.2.12) project and Eastern
Seaboard
Climate
Change
Initiative
(ESCCI)
–
see
www.environment.nsw.gov.au/research/Regionalclimate.htm for further information.
OEH developed this structure after an extensive series of workshops and discussion
sessions with end users to determine the best way of providing information about
climate change science and impacts. It is suggested that the lessons learned from the
NARCliM experience would be invaluable in developing an Australian wide ‘knowledge
broker’ program (such as that proposed here).
The focus group suggested that the Bureau of Meteorology (BOM)/Centre for
Australian Weather and Climate Research (CAWCR) may play a role in being a central
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repository for the data component of this information. It was suggested that one of the
first roles of the knowledge broker would be to facilitate the centralisation of the climate
data, both historical observations and modelled future scenarios (which is a large task
in itself). Data warehousing and formatting would be crucial to the success of such a
program and in overcoming the existing barriers associated with inconsistent climate
impacts datasets being used – and often, end users making decisions based on
summarised information obtained via third parties (e.g. consultants) without actually
being aware of what the underlying data source is.
Tier 1 briefly highlights that in addition to supplying data, the other crucial role of the
knowledge broker is to educate (i.e. provide regular synthesis reports/seminars on
recent advances in the science, information on uncertainty, guidelines/short courses on
baseline risk and how to deal with uncertainty when using the data provided). It may
also be helpful for the knowledge broker to provide updates on projects that are at the
forefront in adaptation science where data and uncertainty have been used in an
exemplary manner. A possible service role would be to provide guidance on how best
to use the model output for the particular application of the end user, similar to
PROVIAs Guidance on assessing vulnerability, impacts and adaptation (Activity 4) and
UK Climate Impacts Programme that were discussed in Section 2.2.1 and Section
2.2.7.

5.2.4

Communication methods

Participants at the focus group suggested that varied communication methods would
need to be employed by the knowledge broker given the diverse background of the end
users that would access the program. These methods would include the latest in terms
of technology and information delivery. The communicators themselves would need to
be people who can interact (especially in the agricultural sector) – this requirement
“shouldn’t be underestimated” commented one participant.
Some specific delivery methods suggested by the focus group included:
• Web data portal and website where people can access guidelines, examples,
information on uncertainty, provide feedback etc.;
• Running virtual workshops, online training and face to face workshops;
• A regular two page document on the latest advancements and activities of the
knowledge broking community and directions to additional information;
• Annual update reports of more substance than the two page document.
At all stages of communication it is important that the knowledge broker has an avenue
for feedback (from both climate scientists and end users). Divergent views should also
be identified and communicated (providing all aspects of the argument so that end
users are better informed).

5.2.5

How do we ensure practically useful outcomes?

A number of key indicators were identified that could be used to assess the success of
such a program including:
• Managing expectations – relates back to two way communication to ensure end
users understand current and future scientific capabilities;
• Measure success by the fact that the information provided by the knowledge
broker influences decision making (if people use it then that in itself would be
seen as a success);
• Tracking of subscriptions (e.g. web portal and website have login data that is
monitored).
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6. CONCLUSION AND RECOMMENDATIONS
This project aimed to bring decision makers and climate scientists together to develop
a dialogue and improve understanding about what climate information is required, what
information climate science can currently provide, and what can be expected to be
provided over the next five to ten years. Further this project aimed to elucidate how
uncertainty in climate information influences decision making and how well that
uncertainty is currently communicated.
The overarching objectives of this project were to determine the major contributing
factors to the gap and what can be done to help narrow the gap in order to aid effective
climate change adaptation in Australia. These objectives were achieved via a literature
review, online survey, workshop and focus group. The key findings based on all of the
sources of information were:
• Providers and end users have a different perspective on the available climate
information;
• Providers and end users use different terminology for the same purpose and
often the same terminology for a different purpose;
• End users do not have a good understanding of what is feasible and what
science is capable of;
• Providers do not have a good understanding of end user needs and the ways in
which end users utilise or obtain the information that they provide;
• Uncertainty is poorly communicated and packaged;
• Uncertainty is unlikely to significantly reduce in the near future (if at all),
however it is clear that effective decisions can still be made under uncertainty –
understanding the causes and structure of the uncertainty and making robust
decisions that can be reviewed and altered over time is the key;
• In order to help ‘bridge the gap’ there is a need for:
o Improved education, communication and packaging of climate
information (i.e. a ‘knowledge broker’) as opposed to simply more
information;
o A ‘terms of reference’ for key climate change related words that is
agreed upon by both climate science providers and end users to reduce
the misuse of terminology and confusion that arises from this;
o A better understanding and quantification of baseline risk, natural
variability and non-stationarity;
o New ways to better define plausible ‘whole of climate’ scenarios. That is,
how to best incorporate considerations of natural variability with climate
change projections (i.e. where is here (~1990), where is there, how do
we get there from here, what if variability in the future is different to
variability in the instrumental record?);
o Development of tools and methods to integrate between projections and
decision making. Note that while decision making support tools are
important they are just tools and will only be effective if produced in
conjunction with improved education and communication of climate
change science and climate change adaptation;
o Improved cross sector and cross institutional collaboration.
In addition to the wider project objectives, five specific objectives were also set for the
project. The key findings associated with the five specific project objectives are shown
in Table 15.
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Table 15 Summary of key findings relating to the five specific project objectives.
Objective
1. What information about future
climates do practitioners require
(e.g. what variables; what
format; how do they want
uncertainty to be dealt with?).

Key findings
•

•
•

•

•

2. Is some information more
important than others (e.g. short
duration rainfall rather than
changes to seasonal means)?

•

The results of the survey showed that end users most commonly utilise climate change scenarios based on GCM
output, followed by raw GCM output and climate analogues in their decision making. Storylines and short term
weather forecasts are currently less commonly used, however clearly make up an important component of the
climate information package.
According to the survey responses the two most highly rated variables by far (i.e. frequently needed by decision
makers) were precipitation and temperature. The third most popular variable among end users was sea level rise.
Also important, and currently lacking, is information on how the projected changes to primary climate variables
translates into changes in the things that actually matter to decision makers. That is derived climate variables (e.g.
flood risk, drought risk, reservoir inflows, bushfire risk, vegetation changes, water demand, ecological and
environmental impacts) and non-climatic influences such as population growth, social acceptance, political
contexts, and economics.
A common theme identified among both end users and producers is the problem that available climate information
does not match the ‘format’, level of ‘detail’ and ‘relevance’ that end users require, with both groups rating these
aspects as low/fair. It was also clear at the workshop that information needs to be provided in a format that makes
sense to end users but “which doesn’t ‘dumb down’ nuances and uncertainties”.
The literature review, survey and workshop identified a common theme that there is general consensus that
uncertainty in climate science is not well communicated to end users and this was highlighted to be a significant
area in which improvements could be made that would aid in narrowing the gap.
The survey question on the issue of which variables and time frames was highly criticised. There were so many
backgrounds covered by the survey respondents that the range of needs and priorities was so diverse that it was
not possible to establish any consensus. Further work is required to answer this question (e.g. via the Knowledge
Broker)
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Table 15 Summary of key findings relating to the five specific project objectives (continued).
Objective
3. What is the spatial and temporal
scale of the information that is
required? (e.g. is downscaled
information important?; at what
timeframes is information
needed - the next 10 years, 30
years, 100 years? Is the rate
and/or trajectory of change
important?)
4. How is climate change
information currently being
applied in decision making and
what are the lessons learned
from this experience?

Key findings
•
•
•

•
•

•

•

•
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The scale of information required is dependent on the variable being considered (e.g. end users reported that
precipitation data is most useful at the catchment or subcatchment scale, while temperature data is most useful at
the catchment or State level.).
The majority of end users reported that temporal resolution at the monthly scale (or greater) was sufficient.
At present a large amount of climate related funding is being focused towards generating regional projections (i.e.
downscaling) and the updating information to incorporate the latest GCM outputs (i.e. CMIP5), however only one
participant at the workshop actually voted that these were a critical issue compared to the other 20 problems
listed.
Broadly end users reported using climate information to inform planning, policy and develop strategies to deal with
risk.
Almost all end users surveyed reported that they use climate information in a proactive sense as opposed to
reactive. However, while decision makers are aware of formal decision making tools there use in actually making
decisions is not widespread and ad hoc approaches are common.
End users reported that although a range of information, processes and tools are already in use to inform
decisions under current levels of uncertainty, these tools require improvement. Responses from scientists
reiterated that the effectiveness of current information and tools is situation dependent indicating again that a
more holistic approach is required.
Overall, the survey responses indicated that uncertainty is dealt with in decision making by considering a range of
adaptation or management options, with particular emphasis on what is thought to be the worst case scenario.
This conservative approach (i.e. whatever it takes to avoid the worst case scenario) is understandable but also
could be improved with better understanding and quantification of the inherent uncertainties. In particular,
improved understanding into the impact of climate change on climate variability (or vice versa), the interplay
between climate impacts and social-political-environmental-economic, and translation of uncertainty into risk were
all identified as necessary for ensuring robust decisions and successful climate change adaptation.
A key message arising from this study is that climate science does not in fact need to be certain (or even close to
certain) in order to develop effective adaptation strategies, as long as the adaptation 'processes' are well placed,
robust and flexible in terms of their ability to respond to a changing climate.

Table 15 Summary of key findings relating to the five specific project objectives (continued).
Objective
5. How do end user needs align
with what is feasible now and in
the near term future (i.e. next 5
to 10 years) given the current
(and expected) state of climate
science? Can we expect
uncertainties in climate change
projections to reduce in the near
future?

Key findings
•

•

Providers surveyed listed models, resolution, downscaling, understanding and uncertainty as major areas of
advancement in climate information over the next five to ten years. Interestingly only 50% of providers believe that
these advances in science will lead to a reduction in uncertainty, while 70% of end users have expectations that
uncertainty in climate information will reduce over this timeframe. This result shows that there is a significant lack
of communication around what end users should realistically expect over the next five to ten years in terms of
improvements in the science.
There is little consensus among climate scientists/providers around when there may be significant improvement in
the confidence (i.e. accuracy as opposed to precision) of climate information. Some providers felt that this was
feasible now, while an equal amount felt this was a long term goal (i.e. the next 20 years). This is a finding that is
at odds with the expectation of end users. On the other hand, when asked about the feasibility of improving
climate information for specific locations, providers were more in agreement that this is a feasible short term goal
(with the majority answering now or within five years). This is likely to be a reflection of the increased investment
(both academically and financially) into downscaling of climate models in Australia and indeed around the world.
However, it again must be noted that improve spatial resolutions (i.e. precision) does not necessarily mean
reduced uncertainty or increased accuracy.
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In order to bridge the gap the following recommendations are provided based on the
key findings of this study:
• Improved education, communication and packaging of climate information via a
formalised ‘knowledge broker’ program at Commonwealth Government level is
required;
• Additional research needs to be conducted into natural variability (especially
multi-decadal variability) and how that variability has changed in the past and is
projected to change in the future. This information then needs to be translated
into a series of recommendations that can be transferred to climate risk/impact
studies (e.g. flooding, drought planning, infrastructure design etc.). It is clear
that this issue needs to be addressed via an emphasis on research in this field
(followed by the development of tools and methods to apply this knowledge)
and funding should be directed in such a way;
• Additional research into tools and methods to integrate between projections and
decision making (i.e. decision support tools) that deal explicitly with uncertainty.
In addition to research, end users need to be exposed to and educated on the
use of such tools such that their development (and associated funding) has
maximum impact at the ground level rather than simply being an academic
exercise.
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APPENDIX A

SURVEY QUESTIONS

ARE YOU AN END USER OR A PROVIDER OF CLIMATE INFORMATION?
I am a PROVIDER of climate information. For the purpose of this study, PROVIDER include people who are in a
position where they are directly involved in climate modelling (e.g. developing, running and/or testing climate
models) or they use climate modelling outputs to provide information on climate impacts and risks.
I am an END USER who uses or could use climate information in my role. For the purpose of this study, END
USER includes people who are in a position where it is necessary for them to make decisions
(business/operational or policy related) or recommendations to manage climate related risks. This may include
practitioners, decision makers, policy roles etc.
PERSONAL DETAILS - PROVIDER
Please complete the following questions about yourself. IF YOU ARE UNCLEAR ABOUT ANY OF THE
QUESTIONS OR TERMS USED, PLEASE COMMENT ON THIS IN THE SPACES PROVIDED.
Gender

Year of birth

Male
Female
Please select which organisation you work for:
CSIRO

Private

BOM

Other non-government organisation

Other government organisation

Self employed

University

Unemployed

Do you produce/provide information about:
Historical data sets

Long term climate change

Weather forecasts

Other, please specify

Seasonal forecasts
Please select which best describes you:
I am directly involved in climate modelling (i.e. developing, running, testing climate models)
I use climate modelling outputs to provide information on climate impacts and risks
PERSONAL DETAILS – END USER
Please complete the following questions about yourself. IF YOU ARE UNCLEAR ABOUT ANY OF THE
QUESTIONS OR TERMS USED, PLEASE COMMENT ON THIS IN THE SPACES PROVIDED.
If you DO NOT use climate information in your role, but you could, please tell us why you
choose not to.
Gender

Why?

Year of birth

Male
Female
Do your decisions impact on:
The City of Melbourne

The Murray Darling Basin

The Hunter Region/Newcastle

Other, please specify
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Do your decisions relate to:
Water availability and supply

Settlements and Infrastructure

Human Health

Social, Economic & Institutional Dimensions

Terrestrial Biodiversity

Emergency Management ◦

Marine Biodiversity & Resources

Primary Industries

Freshwater Biodiversity

Indigenous communities

Other, please specify
TELL US ABOUT AVAILABLE CLIMATE INFORMATION
Provider only Where do you think end users source information from (select more than one option if needed)?
End user only Where do you source information from (select more than one option if needed)?
International organisations (e.g. IPCC, FAO, UNDP, UNHCR, OECD, UKCIP)
BOM/CSIRO/www.climatechangeinaustralia.com.au
State government websites
Local government websites
Media
Journal papers and peer reviewed literature
Other, please specify
Provider only Which of the following do you produce (select more than one if needed)?
End user only Which of the following do you use in your decision making (select more than one if needed)?
Raw GCM output
Climate change scenarios (based on pre-processed GCM output)
Climate analogues – repeated sequences of the past that might be similar to the future
Storylines – fictional yet plausible representations of future climate
Short term weather forecast
Other
Provider and End user Please rank on a scale from 1 (not important) – 5 (crucial) how important it is to have
accurate information on future climate. For example, does it help end users to make informed decisions?
1

2

3

4

5

Provider and End user Please rate existing climate information on a scale from 1 (not useful) – 5 (extremely
useful). For example, does it help end users to make informed decisions?
1

2

3

4

5
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Provider and End user What is the MOST important variable for end users to have accurate information about
when making their decisions? You will be able to choose additional variables in the next questions.
Precipitation

Soil moisture

Temperature

Stream flow

Frost

Storm surge

Bushfire

Surface pressure

Wind speed

Surface evaporation

Heatwaves

Snow amount

Sea level rise

Sea surface temperature

Relative humidity

Other, please specify

Provider and End user In relation to the variable you selected above, which spatial scale of climate information
is MOST useful to end users?
Sub catchment/farm

Continent

Catchment

Global

State
Provider and End user In relation to the variable you selected above, which time frame of climate information is
MOST useful to end users?
Sub-daily

Yearly

Daily

5 years in the future

Monthly

20 years in the future

Seasonal

50 years in the future

Provider and End user What is the SECOND MOST important variable for end users to have accurate
information about when making their decisions? You will be able to choose additional variables in the next
questions.
Precipitation

Soil moisture

Temperature

Stream flow

Frost

Storm surge

Bushfire

Surface pressure

Wind speed

Surface evaporation

Heatwaves

Snow amount

Sea level rise

Sea surface temperature

Relative humidity

Other, please specify

Provider and End user In relation to the variable you selected above, which spatial scale of climate information
is MOST useful to end users?
Sub catchment/farm

Continent

Catchment

Global

State
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Provider and End user In relation to the variable you selected above, which time frame of climate information is
MOST useful to end users?
Sub-daily

Yearly

Daily

5 years in the future

Monthly

20 years in the future

Seasonal

50 years in the future

Provider and End user What is the THIRD MOST important variable for end users to have accurate information
about when making their decisions? You will be able to choose additional variables in the next questions.
Precipitation

Soil moisture

Temperature

Stream flow

Frost

Storm surge

Bushfire

Surface pressure

Wind speed

Surface evaporation

Heatwaves

Snow amount

Sea level rise

Sea surface temperature

Relative humidity

Other, please specify

Provider and End user In relation to the variable you selected above, which spatial scale of climate information
is MOST useful to end users?
Sub catchment/farm

Continent

Catchment

Global

State
Provider and End user In relation to the variable you selected above, which time frame of climate information is
MOST useful to end users?
Sub-daily

Yearly

Daily

5 years in the future

Monthly

20 years in the future

Seasonal

50 years in the future

Provider and End user What are the STRENGTHS of existing information about climate change?
Provider and End user What are the WEAKNESSES of existing information about climate change?
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TELL US WHAT YOU KNOW ABOUT CLIMATE INFORMATION
Provider and End user
Please rate the following questions in the table below:

1

2

3

4

5

Very
low

Low

Fair

High

Very
high

Please rate the AVAILABILITY of climate information in terms
of what you require.
Please rate your level of knowledge of what climate
information actually EXISTS.
Please rate your level of UNDERSTANDING of the available
climate information.
Please rate your AWARENESS of where to find available
climate information.
Please rate how well the FORMAT of available climate
information meets your needs.
Please rate how well available climate information matches
the level of DETAIL you require.
Please rate the RELEVANCE of available climate information.
Please rate the CREDIBILITY of available climate information.
For the purpose of this study, credibility refers to the scientific
adequacy of the evidence and arguments presented.
Please rate the LEGITIMACY of available climate information.
For the purpose of this study, legitimacy refers to the
production of information and whether that information
represents and satisfies the needs of all stakeholders.
DEALING WITH UNCERTAINTY IN CLIMATE INFORMATION
Provider and End user What do you understand uncertainty to mean in terms of climate change information?
What contributes to the greatest amount of uncertainty in available climate change information?
Emission scenarios

Land surface/atmosphere interactions

Models (GCMs)

Ocean/atmosphere interactions

Communication of possible impacts

Quantification of current (baseline) climate conditions

Carbon cycle response

Downscaling processes

Global climate sensitivity

Extreme event representation

Regional climate scenarios

Other

Range of possible impacts
Provider and End user Please rate how well uncertainty in climate information is COMMUNICATED by the
providers of that information. Please select one response only.
1 Very poorly

2 Poorly

3 Fair

4 Well

5 Very well

Provider and End user Please rate the CAPABILITIES of end users to deal with uncertainty in climate
information. Please select one response only.
1 Very poorly

2 Poorly

3 Fair

4 Well

5 Very well

Provider only What will be the major advances in climate modelling over the next five to ten years?
Provider only Will these advances reduce uncertainty?
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Yes

No

Provider only Is it necessary to reduce uncertainty to enable effective
decisions and adaptation to climate change?

Yes

No

End user only Describe the major barriers to decision making imposed by inadequate future climate
information.
End user only Is it necessary to reduce current uncertainty to enable
effective decisions and adaptation to climate change?

Yes

No

End user only Do you expect uncertainties in climate projections to reduce
in the next five to ten years?

Yes

No

USING CLIMATE INFORMATION TO INFORM ADAPTATION
Provider and End user What are the STRENGTHS of the ways end users and decision makers use existing
information about future climate change impacts?
Provider and End user What are the WEAKNESSES of the ways end users and decision makers use existing
information about future climate change impacts?
Provider only How do you think end users use the climate information you produce?
End user only How do you use climate information?
REACTIVE approach (i.e. I respond to the climate
as it happens)

PROACTIVE approach (i.e. I use climate
information in my planning)

End user only What are the lessons learnt from the ways in which you use, or have used, climate information?
Provider only Which ONE of the four choices below do you think you MOST need to provide to end users to
improve their decision making process?
More confidence in general prediction information
to support decision making

The information they need already exists

More specific information about climate impact sin
specific locations

They just want more, more, more! Too much is
never enough!

Provider only You said end users need more confidence in general climate prediction information to support
their decision making. How feasible is this?
This is feasible now

This is feasible within the next 50 years

This is feasible within the next 5 years

It is unlikely a higher level of confidence will ever
be achieved

This is feasible within the next 20 years
Provider only You said end users need more specific information about climate impacts in specific locations.
How feasible is this?
This is feasible now

This is feasible within the next 50 years

This is feasible within the next 5 years

It is unlikely more specific information will ever be
available

This is feasible within the next 20 years
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DECISION MAKING UNDER UNCERTAINTY – END USER ONLY
Do you use a decision support tool or framework to inform your decision making about climate change
adaptation?
Yes

No

If not, why not? What process do you currently use?
If YES, do you use one (or more) of the decision support tools in the below list? Please identify:
Cost-Benefit Analysis
Real Options
Investment Framework for Environmental Resources (INFFER)
Resilience Analysis
Multi-Criteria Analysis
Other, please specify
If you answered YES, how do you use the decision support tool(s) or framework(s)? Please select all that you
use.
To inform and/or support adaptation thinking only
As a formal quantitative and computational application to support decision making
Other, please specify
Do you use a decision support tool or framework to communicate with stakeholders? Please specify how you
use them and in what context.
Yes

No

Which ONE of the four choices below do you MOST need from the providers of climate information to improve
your decision making processes?
More confidence in general climate prediction information to support decision making
More specific information about climate impacts in the location where your decisions apply
I don’t need more information
I want more, more, more! Too much is never enough!
THANK YOU FOR PARTICIPATING PROVIDER AND END USER
Do you agree to a member of the research team from the University of Newcastle contacting you to obtain
further information?
Yes

No

If you agree to be contacted, please provide your name and email address. ALL INFORMATION AND
RESPONSES ARE KEPT CONFIDENTIAL.
Please provide feedback on the survey.
THANK YOU!
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APPENDIX B

WORKSHOP

Table B.1 Workshop Program: 12 - 13 April 2012, Hyatt Hotel, Canberra
DAY 1 - Thursday 12 April, 2012
9:30 – 9:45

Arrival tea and coffee

9:45 – 9:50

Welcome and introduction

9:50 – 9:55

NCCARF Synthesis and Integrative Research Program: Stage 3a –
Jean Palutikof (NCCARF)

9:55 – 10:00

Background to the project and outline of workshop proceedings –
Danielle Verdon-Kidd (UoN)

10:00 – 10:15

Introduction to using iMEET! software – Steve Colman (iMEET!)

10:15 – 12:00

SESSION 1 – Using climate change information in practice – the
decision maker’s experience

10:15 – 10:25

Case study: City of Melbourne – Rae Moran (Victorian DSE)

10:25 – 10:35

Case study: City of Melbourne – Bruce Rhodes (Melbourne Water)

10:35 – 10:45

Enter questions and comments into iMEET!

10:45 – 10:55

Case study: Hunter Region – Brendan Berghout (Hunter Water)

10:55 – 11:05

Case study: Hunter Region – Alice Howe (Lake Macquarie City Council)

11:05 – 11.15

Enter questions and comments into iMEET!

11:15 – 11:25

Case study: Murray Darling Basin – Jason Alexandra (MDBA)

11:25 – 11:35

Case study: Murray Darling Basin – Jane Chrystal (Central West CMA)

11:35 – 11:45

Enter questions and comments into iMEET!

11:45 – 12:00

Facilitated group discussion session using iMEET! results

12:00 – 12:35

Lunch

12:35 – 14:55

SESSION 2 – The current state of climate science

12:35 – 13:05

General overview of the current state of the science – David Griggs
(Monash University)

13:05 – 13:15

Enter questions and comments into iMEET!

13:15 – 13:35

Lessons learnt from South Eastern Australian Climate Initiative - how to
bridge the gap between climate science and end users – David Post
(SEACI)

13:35 – 13:45

Enter questions and comments into iMEET!

13:45 – 14:05

Regional climate change projections: Advances in dynamical downscaling
Jason Evans (UNSW)

14:05 – 14:15

Enter questions and comments into iMEET!

14:15 – 14:30

Regional climate change projections: Advances in statistical downscaling
Bertrand Timbal (CAWCR)

14:30 – 14:40

Enter questions and comments into iMEET!

14:40 – 14:55

Facilitated group discussion session using iMEET!

14:55 – 15:10

Afternoon tea
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15:10 – 17:30

SESSION 3 – Uncertainties in climate modelling

15:10 – 15:25

Climate change and hydrological modelling – Francis Chiew (CSIRO)

15:25 – 15:35

Enter questions and comments into iMEET!

15:35 – 15:50

Emission scenarios – James Ward (University of SA)

15:50 – 16:00

Enter questions and comments into iMEET!
SESSION 3 – Uncertainties in climate modelling continued

16:00 – 16:15

Extremes – Neville Nicholls (Monash University)

16:15 – 16:25

Enter questions and comments into iMEET!

16:25 – 16:40

Temperature and evaporation – Mike Roderick (ANU)

16:40 – 16:50

Enter questions and comments into iMEET!

16:50 – 17:05

Baseline climate and natural variability – Anthony Kiem (UoN)

17:05 – 17:15

Enter questions and comments into iMEET!

17:15 – 17:30

Facilitated group discussion session using iMEET!

17:30

Close of day

18:30

Drinks and canapés and dinner

DAY 2 – Friday 13 April, 2012
8:30 – 10:10

SESSION 4 – The future of climate science and adaptation

8:30 – 8:40

Recap Day 1 and follow-up iMEET! entries

8:40 – 9:00

Future advances in climate change science: what can we realistically
expect in the next five to ten years? – Penny Whetton (CSIRO)

9:00 – 9:10

Enter questions and comments into iMEET!

9:10 – 9:40

Adaptation under climate uncertainty: an update – Bryson Bates (CSIRO)

9:40 – 9:50

Enter questions and comments into iMEET!

9:50 – 10:10

Facilitated group discussion session using iMEET!

10:10 – 10:25

Morning tea

10:25 – 12:00

SESSION 5 – Hypothetical case study activity

10:25 – 11:45

Facilitated activity in small groups using iMEET!

11:45 – 12:00

Wrap up and discussion

12:00 – 12:45

Lunch

12:45 – 15:10

SESSION 6 – Decision making frameworks

12:45 – 13:00

Linking science and decision making: using time series and probability
wheels – Peter Hayman (SARDI)

13:00 – 13:10

Enter questions and comments into iMEET!

13:10 – 15:10

Decision support tools and frameworks University of Sydney

15:10 – 15:25

Afternoon tea

15:25 – 16:15

Wrap up: lessons learnt and knowledge gaps

15:25 – 16:15

Wrap up from the workshop and where to from here - UoN

16.15

Depart for airport
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Table B.2 Workshop participant list
Name

Organisation

Table

Alan Randall

Uni of Sydney

6

Alice Howe

LMCC

7

Andrew Davidson

NSW Office of Water

4

Anthony Kiem

UoN

Front

Anthony Swirepik

DCCEE

1

Bertrand Timbal

CAWCR

2

Brendan Berghout

Hunter Water

7

Bruce Rhodes

Melbourne Water

5

Bryson Bates

CSIRO

4

Chris Lee

OEH

7

Danielle Verdon-Kidd

UoN

Front

David Griggs

Monash Uni

2

David Post

SEACI

4

David Rissik

NCCARF

1

Eleanor McKeough

Melbourne Water

5

Francis Chiew

CSIRO - Land and Water

8

Frank Stadler

NCCARF

1

Greg Hertzler

Uni of Sydney

6

James Ward

Uni of SA

8

Jane Chrystal

Central West CMA

3

Jason Alexandra

MDBA

3

Jason Crean

NSW Department of Trade & Investment

3-

Jason Evans

UNSW

8

Jean Palutikof

NCCARF

1

Ken Day

Queensland Climate Change Centre of Excellence

5

Mike Roderick

ANU

2

Neville Nicholls

Monash University

8

Penny Whetton

CSIRO

2

Peter Hayman

SARDI

4

Rae Moran

Vic DSE

5

Rod McInnes

Sydney Catchment Authority

3

Sam Capon

NCCARF

1

Shahadat Chowdhury

NSW Office of Water

7

Tim Capon

Uni of Sydney

6

Todd Sanderson

Uni of Sydney

6
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1. End users
(NCCARF representatives)

8. Scientists

2. Scientists

7. End users

3. End users

6. Uni of Sydney

4. Mixed End users & scientists

5. End users

Figure B.1 Participant placement at tables (groups) for the workshop
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Questions participants were asked to respond to in iMEET!
Pre-workshop questions
• What will make this workshop valuable?
• What do you currently understand uncertainty to mean?
• Do you think it is possible to effectively adapt and manage climate risk under
uncertainty given the current tools and information available? If so why, if not
why not?
• Additional comments?
Questions for each presenter
• Did you just hear anything new? If so, what?
• Do you agree with what the presenter said? Why?
• Do you disagree with anything the presenter said? Why?
• Will what you just heard influence you in your day-to-day role? Why and how?
• Additional comments and questions?
Post workshop questions
• Did the workshop meet your expectations? Why or why not?
• What do you now understand uncertainty to mean?
• Do you think it is possible to effectively adapt and manage climate risk under
uncertainty given the current tools and information available? If so why, if not
why not?
• Was the content and format of this workshop something that you think would be
beneficial to roll out to other sectors?
• Would you be interested in attending a Master Class on
24 May at the University of Sydney? If you are interested in attending what
would you like to learn more about at the Masterclass, e.g. decision making
frameworks?
• What is the MAIN THING you will take away from this workshop?
• Additional comments?
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APPENDIX C

ABSTRACTS BY WORKSHOP PRESENTERS

Table C.1 List of abstracts in order of presentation at the workshop
Presented by
Title

Page

Rae Moran

Water Resources Planning and Management in Victoria

107

Bruce Rhodes

Climate Change Information and Melbourne Water Decisions made relating to climate change

109

Brendan Berghout

Climate Change and Hunter Water Corporation

110

Alice Howe

Adapting to Climate Change in Lake Macquarie City

110

Jane Chrystal

Central West Catchment Management Authority

110

David Griggs

Climate Change Science update

111

David Post

The South Eastern Australian Climate Initiative (SEACI):
Bridging the gap between climate science and end users

111

Jason Evans

Dynamically downscaled regional climate projections for
Australia

112

Bertrand Timbal

Advance in Statistical Downscaling

112

Francis Chiew

Predicting water availability in a changing climate

112

James Ward

In search of realistic emissions scenarios for long-term
climate risk assessment

113
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Rae Moran (Victorian Department of Sustainability and Environment)

Water Resources Planning and Management in Victoria
Overview of the types of decisions made relating to climate change within the Water Group, Department of
Sustainability and Environment (DSE), Victoria
Plans and strategies to ensure the sustainable management of water resources in Victoria are underpinned by
assumptions about the current and likely future availability of water resources over a range of timescales (monthly,
seasonal, annual, interannual, decadal and multi-decadal).
These include:
•
drought response and seasonal water allocation strategies (monthly, seasonal, multi-seasonal outlooks);
•
water corporations annual Water Security Outlooks (one to five year outlooks);
•
water corporations Water Supply-Demand Strategies (WSDSs) (which aim to balance supply and demand
over 50 years and are reviewed every five years) and associated Water Plans;
•
Regional Sustainable Water Strategies (SWSs) (which are reviewed at least every 10 years);
•
strategies to protect river health and aquatic ecosystems; and
•
the Long Term Water Resources Assessment required under the Water Act (1989), which is aimed at
determining whether the resource base has changed and what the balance should be between environmental
and consumptive uses (first one due 2019).
Considerations about the impacts of climate change on water resources would logically appear to be limited to the
longer-term strategies (i.e. 10-50 years) listed above. However, the severe drought which affected Victoria from 19972009 has been shown to be at least partly linked to climate change. Streamflow reductions during this drought were
more severe than ‘dry’ climate change projections at 2060 across most of the State, with the exception of the Great
Dividing Range where the reductions were between the ‘median’ and ‘dry’ projections by 2060.
A key consideration in determining how to apply climate change projections is therefore the extent to which climate
change is already reflected in the recent climate and streamflow regime, and how to take that into account in applying
the projections. As they currently exist, climate change projections are assumed to be relatively uniform trends (i.e.
specified changes in temperature or rainfall per degree of global warming) over time relative to some defined “baseline”
and there is no accepted way of combining considerations of recent climate/climate variability with climate change.
Given the naturally high variability in rainfall and streamflow in Victoria, and the fact that climate change is considered
already to be having an impact, the definition of an appropriate “baseline” is not a trivial problem (the 30-year IPCC3
and IPCC4 baselines generally poorly characterise historical variability in rainfall, and particularly in streamflow). A
further difficulty is that Global Climate Models (GCMs) typically perform relatively poorly in reproducing the behaviour of
the key influences on the interannual variability of climate in Victoria – i.e. the state of the three major oceans (Indian,
Pacific and Southern Oceans) and the position and intensity of the sub-tropical ridge.
Key considerations in using climate change projections are therefore:
•
how do you get “ there” from “here”?;
•
where is “here”?
How climate change information/data is currently used in our decision making processes
Sources of information:
In order to improve our understanding of climate variability and climate change, and associated impacts on water
resources, as well as accessing published research, DSE has invested in a range of specific research projects,
including the South Eastern Australian Climate Initiative (SEACI). The focus of the research is on better understanding
the drivers of climate variability and climate change and their interactions over a range of timescales, with a view to
improving projections of future water availability for Victoria over a range of timescales. The SEACI research program
includes a specific Theme aimed at improving our projections of the impacts of climate change on future runoff (see
www.seaci.org).
How we use the information:
Based on the latest scientific understanding, DSE provides guidance to water corporations in terms of the future flow
scenarios they should consider in developing their Water Supply-Demand Strategies:
•
up until 2006, planning was based primarily based on the assumption of stationarity in climatic conditions.
While DSE had commissioned a range of research (from the mid-1990s) into the likely impacts of climate
change on water resources in Victoria, it was not formally built it into planning processes until 2006.
•
in 2006, a consistent approach was introduced across the State with a view to being able to consolidate plans
of individual corporations in a consistent manner into Regional Sustainable Water Strategies. To facilitate this
process, DSE provided water corporations with projections of changes in annual average streamflows out to
2050 on a river basin basis (Jones and Durack (CSIRO), 2005). At this time, water corporations were also
asked to consider the implications of a continuation of the dry conditions of 1997-2006.
•
in 2011/12 in developing future flow scenarios on which water corporations were to base their updated Water
Supply-Demand Strategies, we relied on more detailed rainfall/runoff projections developed by SEACI. These
were distilled into wet/median/and dry (annual) scenarios on a river basin basis for 1o and 2o global warming
(corresponding to a 1 and 2 degree warming at 2030 and 2060 respectively under the A1B emissions
scenario). In addition corporations were asked to consider the implications of a return to the dry conditions of
1997-2009 from 2012.
The Guidelines for Developing a Water Supply-Demand Strategy that DSE provided to water corporations, and the
associated Technical Supplement to Section 3.5 which detail the rationale/methodologies used in defining a range of
future flow scenarios to be considered can be found at: http://www.water.vic.gov.au/governance/watercorporations/water-supply-demand-strategy. See also Post and Moran (MODSIM, 2011) for a detailed description of the
climate change scenarios and their application.
How we currently deal with uncertainty in climate change information
There is a range of factors contributing to uncertainty in climate change projections. These factors include the choice of
emission scenarios, choice of GCMs, and the choice (or not) of downscaling technique. When it comes to evaluating
impacts on runoff/streamflows, there are further uncertainties associated with the choice of rainfall-runoff model and
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also with how these models are calibrated. Streamflow projections (and typically information about temperature and
evaporative losses) then have to be fed into water supply system models (which also involve a range of assumptions) to
determine projected system yields.
SEACI research has demonstrated that, in terms of future runoff outcomes, the largest source of uncertainty is
associated with GCMs (differences of around 30% in mean annual runoff); with the choice of downscaling technique
resulting in about half that uncertainty, and the choice of rainfall runoff model around 5%.
In developing the latest round of guidance for water corporations on future flow scenarios, climate change projections
were based on 1o and 2o warming by 2030 and 2060 (i.e. the A1B emission scenario). Given that we are currently
tracking between the A1B and A1F1 scenarios, the corporations were also asked to consider the implications of the
earlier attainment of 1o and 2o warming as per the A1F1 scenario.
In terms of the uncertainties associated with the selection of GCMs we provided SEACI-generated ‘wet’, ‘median’ and
‘dry’ runoff projections at 2030 and 2060 based on the 2nd, middle and 14th GCM results out of the 15 GCMs having
appropriate daily data (i.e. effectively 10th, 50th and 90th percentile outcomes). [SEACI research has evaluated these
GCMs for their ability to reproduce the key drivers influencing Victoria’s climate and, interestingly, selection of the “best”
models did not reduce the range of uncertainty]. Downscaling was done via a simple empirical daily scaling approach –
which has been shown to be adequate for most hydrological applications. Only a single rainfall/runoff model (SIMHYD)
was used.
Uncertainties in mean annul runoff associated with selection of an appropriate baseline to which to apply the projections
were shown to of the order of, or in some cases larger, than the uncertainties associated with GCM selection. Given
that attribution studies to date have not quantified the extent to which a climate change signal is present in recent data,
the full historical record was chosen as the baseline to which to apply the climate change projections.
Given the high level of uncertainty associated with the projections (and there was also considerable variability in
seasonal responses), it was considered appropriate to present projected annual changes in runoff for 1o and 2o warming
averaged at a river basin scale. While there was a demand for more “precise” information spatially and temporally, in
the light of all the uncertainties associated with the projections, it was considered that this effectively could amount to
“false precision” in the specification of likely futures.
Because the recent drought has been shown to be at least partly linked to climate change, water corporations were also
asked to consider the possibility of a return to the dry conditions of 1997-2009 in the short-term.
In the light of all these uncertainties about the future (i.e. there is no “most likely” outcome that can be specified), water
corporations were asked to focus on developing robust and adaptive strategies, (that are subject to regular review) for
maintaining a balance of supply and demand over the next 50 years.
Lessons learned from past experience
The lessons we have learned from past experience are effectively built into the Guidelines for Preparing Water SupplyDemand Strategies referenced above.
As discussed above, a major difficulty in considering the potential risks and impacts associated with climate change
stems from the way projections are currently expressed: i.e. as degree changes in temperature or % changes in rainfall,
per degree of global warming, relative to some defined historic “baseline”. This in turn, implies gradual changes over
time with warming, and does not allow for either:
the fact that a climate change signal is likely to be present in the recent observational record;
the possibility of “step-changes” in climate – for example, as may have occurred with late autumn/winter rainfall in
Victoria, as storm systems weaken and move southwards.
The ‘saving grace’ amidst all the uncertainties is that, as a result of the prolonged drought, we have introduced range of
changes that result in a more robust, flexible and adaptive water management and planning framework.
The focus in terms of improving the effectiveness of decision making is therefore not so much on waiting for the
uncertainties in climate change projections to be reduced. Rather it is on ensuring that water planning and management
processes are well-placed to respond to what is expected to be a drier and warmer future.
Expectations for future use of climate information
While the IPCC5 process is resulting in projections from more (and more sophisticated) GCMs, the range of uncertainty
in climate change projections is likely to continue to be large.
Improvements in our decision making processes are therefore likely to stem primarily from ensuring water resources
planning and management processes are robust and adaptive in the face of uncertainty.
In terms of climate information, the most useful developments would be improved information about “how to get ‘there’
from ‘here’”. This is likely to require:
•
an evaluation of the CMIP5 GCMs (c.f. the evaluation in SEACI2) to see whether they are any more capable
of capturing the behaviour of the key ‘drivers’ known to be important in influencing Victorias climate;
•
determining whether the transient runs from the new suite of GCMs provide useful information about the
interaction of processes influencing climate variability and climate change?
•
further attribution studies to provide improved estimates of the extent to which current climate exhibits a
greenhouse ‘signal’;
•
working the improved understanding from the above dot points into methodologies for developing improved
climate change projections. Can climate change projections (such as those proposed in the Climate Futures
approach) be presented in “absolute” terms that take into account (i) the extent to which a climate change
signal is already contained in the recent climate record and (ii) the interaction of processes influencing climate
variability and climate change?
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Bruce Rhodes, Eleanor McKeough, Dr K S Tan (Melbourne Water)

Climate Change Information and Melbourne Water
Decisions made relating to climate change
Between 1997 and 2009 Melbourne experienced around a 40% reduction in streamflow into the major water storages.
Several other severe climate events were also experienced during this period including the largest number of
consecutive days above 43oC (January 2009) and six 1 in 100 ARI flooding events in the Melbourne area.
The period 1997 to 2009, and previous climate change studies with CSIRO (2005) has shown that risks associated with
climate change have the potential to affect almost every aspect of Melbourne Water’s business activities. Climate
information therefore supports quantitative and qualitative assessments across a range of activities from water,
sewerage and drainage strategies to operational decisions including system operations, drought response and
environmental management.
In 2009 a risk identification process was undertaken and over 200 risks were identified and adaptation strategy
developed across the business covering:
•
Water supply
•
Wastewater removal, treatment and reuse
•
Stormwater quality and quantity management
•
Waterway health
•
Asset management
•
Emergency response planning and recovery.
However, our planning decisions are also influenced and affected by factors other than climate change information,
such as changes in customer expectations (e.g. perceptions of risk), financial considerations and consumer behaviour
(e.g. water use patterns). In this sense climate change information represents one component of a broader decision
process.
Climate Change Information Used
Climate change data is only one component of the information chain used in the decision process. For example, rainfall
information is used in estimating streamflow, which in turn is used in water supply models, and the results from such
models will be interpreted for decisions.
To this end planning processes are supported by a range of climate change projections such as rainfall, temperature
and streamflow projections, heat waves and extreme fire weather, floods, sea level rise and storm surge.
Uncertainty in climate change information and Approach
Uncertainty will always be present in climate change projections and water resources decisions have always been made
by also considering climate variability. In recent years there has been a research focus on refining climate change
science and impact assessment, however the challenge and gap exists in the development of decisions support
systems and processes to interpret uncertainty and non-stationarity to aid development of efficient and climate resilient
outcomes.
As a result of the multiple and cascading uncertainties in climate change science (e.g. emissions uncertainty, model
uncertainty, parameter uncertainty, etc), climate change projections are often used not as an absolutes, but as a range
of possible outcomes.
The approach to dealing with uncertainties depend on the type of climate information available and the study in which it
is used. For example, the Millenium drought across South East Australia has focused research efforts and outputs on
developing streamflow scenarios for key catchments to support scenario planning for water supply strategies. The
inherent uncertainties have supported strategies but necessitated the use of active, adaptive principles for water
management and the sensitivity testing of systems to a range of climate scenarios.
In contrast, where specific spatial points are being considered, or limited interpretation of climate change impacts has
been made, use has been made of qualitative risk assessments to identify the level of risk exposure and actions
necessary to address specific risks.
Expectations
There is a distinction between expectations and what additional information would support improved decision making.
Many practitioners understand what climate change projections are capable of, the uncertainties and the limitations and
use climate science information within that context. However there remain gaps in the climate related information that
would support further use of climate change into planning and design decisions. Areas include:
•
Better understanding of climate drivers, their interactions and regional influences (e.g. Southern Victoria)
•
Better information annual rainfall and streamflow forecasts/projections incorporating both climate change and
variability, appropriate climate baseline (including variability) and paleo-climate information
•
Annual and seasonal rainfall averages, and daily time series data sets (current and future climate) for spatial
points/gridded that are consistent and easily available
•
Ensembles of time series projection 1-10 years ahead, in addition to time-slice projections
•
Local sea level rise information, including joint probability with storm surge for 2030, 2050 and 2100
•
Expected rainfall frequencies (number of rain days per year)
•
Revised IFD curves that include effects of climate change and joint probability of coastal flooding
•
Expected frequency of extreme heat and fire weather risks
•
Further information on the nature and potential of extreme or ‘wild weather’ events likely to affect Melbourne.
•
Mode of climate shifts, that is, step and/or trend in climate characteristics.
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Brendan Berghout (Hunter Water Corporation)

Climate Change and Hunter Water Corporation
There is a high level of interest by the community, the government and management in the potential impacts of climate
change on Hunter Water Corporation operations, especially with regard to its potential impacts on water resources.
These are not trivial matters, however, and the science is generally found wanting when one attempts to provide
meaningful analysis of the situation.
Arguably some impacts are easy to assess, and these largely relate to the impacts that sea level rise will have on
Hunter Water operations. It is likely that these impacts will not be insignificant, with sea level rise expected to have a
major impact on near coast and near Lake Macquarie wastewater reticulation and treatment, and it is also expected to
have a significant impact on the dynamics of the Tomago Sandbeds, especially with regard to ecosystem changes.
The more difficult areas to assess are the potential changes in evapotranspiration rates from dams and groundwater
sources, and changes in the quantity and variability of rainfall. As with sea level rise, these changes could also have
significant impacts on Hunter Water operations. The difference, however, is that the data is so uncertain that it is
impossible to undertake meaningful analyses of the likely impacts. The main shortfall in the data is that it does not
provide quantitative guidance on the likely impacts of climate change on climate variability. Arguably this deficiency is
largely related to the inability of the climate models to replicate the underlying multi-year wet and dry cycles that are
experienced in Australia for present climate, let alone future climate.
At present the general approach for dealing with climate variability is to make the assumption that the best guide of
future variability is to look at historic variability, and this is clearly a major deviation from the aim of climate change
modelling which is to assess how things will change. Even if one adopts this approach, however, there is another major
hurdle in planning for the potential changes.
The assessment for the lower Hunter, and indeed it is common to many areas, is that based on ensemble type
approaches, the impact of climate change is predicted to be anything from an improvement in our ability to harvest
water through to a decrease. This range, in itself, presents a major challenge. From a risk management perspective one
cannot ignore the worst case bounds of such predictions, but when one goes to the public with long term plans that will
cover this eventuality they are met with strong resistance by folk who cite the same underlying information and question
why we haven’t adopted the “most likely” prediction.
From some perspectives it may be better to wait and watch while the science develops. The rate of change of climate
change predictions is much more rapid that the predicted rate of change of climate, and it is questionable how much
long term value is gained by scenario analyses that are completed along the way as each new set of projections is
produced. There is also considerable value in deferral of costs and not locking into infrastructure options too early so
that more appropriate adaption strategies can be developed to suit the conditions that actually eventuate. In terms of
water resource planning this type of approach is only possible if one can develop robust drought contingency strategies
to cover interim risks while the science and understanding of climate change becomes better understood.

Alice Howe (Manager Sustainability, Lake Macquarie City Council)

Adapting to Climate Change in Lake Macquarie City
Lake Macquarie City Council is responsible for a range of activities that are affected by climate change including
infrastructure and property services, recreational facilities, health services, planning and development, and natural
resource management. Climate predictions most relevant to our decision making are sea level rise, rainfall intensity and
temperature maxima. Uncertainty presents difficulties for local government because many of its decisions are long
lived, and involve multiple stakeholders with an expectation that decisions are generally irrevocable. The decision
making framework has not traditionally incorporated uncertainty about the future climate, but is used to dealing with
other uncertainties, such as in the political and legislative environments. LMCC’s response to climatic uncertainty is to
move towards a step-function model, particularly for land use planning, where climate adaptation responses such as
development controls are fixed for short periods (5-10 years), thresholds for particular types of development are
specified, and the area to which these controls are applied is periodically revised in response to developments in climate
science. Key information gaps are the relationships between specific long-term biophysical signals, such as flood
frequency, mean sea level, and temperature maxima; and appropriate adaptation responses i.e. what are the
biophysical thresholds at which we should start to act differently? The development of a consistent set of predictions
and monitoring data for coastal NSW, that is periodically updated, would aid LMCC’s decision making.

Jane Chrystal (Program Manager – Implementation, Central West CMA)

Central West Catchment Management Authority
The Central West Catchment Management Authority (CMA) covers the area that includes the Macquarie, Castlereagh
and Bogan river catchments, and covers a total area of 84,842 km2 (approximately 8.5 million hectares).
The area supports a variety of towns, cities and industries. It includes a number of natural resource assets such as
national parks, culturally significant areas and the internationally recognised Macquarie Marshes on the Macquarie
River.
The Central West CMA is one of 13 independent CMAs were established as statutory authorities under the NSW
Catchment Management Authorities Act 2003. The objects of this Act are as follows:
(a) to establish authorities for the purpose of devolving operational, investment and decision making natural resource
functions to catchment levels, (b) to provide for proper natural resource planning at a catchment level, (c) to ensure that
decisions about natural resources take into account appropriate catchment issues, (d) to require decisions taken at a
catchment level to take into account State-wide standards and to involve the NSW Natural Resources Commission in
catchment planning where appropriate, (e) to involve communities in each catchment in decision making and to make
best use of catchment knowledge and expertise, (f) to ensure the proper management of natural resources in the social,
economic and environmental interests of the State, (g) to apply sound scientific knowledge to achieve a fully functioning
and productive landscape, and (h) to provide a framework for financial assistance and incentives to landholders in
connection with natural resource management.
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All 13 CMAs are subject to the control and direction of the Minister for Primary Industries and are funded by the NSW
Government, with additional support from the Australian Government.
Each CMA is a community-driven organisation, directed by a Board that is appointed by, and reports directly to, the
Minister for Primary Industries. The Board is responsible for the overall control and direction of the CMA by setting
strategic direction and policies that allow it to support the development of the organisation’s vision of vibrant
communities and healthy landscapes.
CMAs were established to work with the community to provide a local approach to targeting investment in natural
resource management for each catchment area. The Central West CMA involves local communities and key
stakeholders to encourage the development of resilient landscapes. It aims to ensure that the knowledge and expertise
within the Catchment is used to help landscapes function in their most productive level, while maintaining their
environmental resilience.
Each CMA has a Catchment Action Plan (CAP). These are currently being revised. The revision process has been an
extensive and inclusive process that has seen the CMA work with its communities and key stakeholders to gain an
understanding of what our thresholds of potential concern are and how they impact our natural, social and economic
systems.

Prof Dave Griggs (Director Monash Sustainability Institute)

Climate Change Science update
This presentation will provide a brief update on the latest climate change science. It will begin by presenting the most up
to date information on the latest changes to the Earth’s climate, such as global temperature change, arctic sea ice, the
Greenland ice sheet etc. The presentation will highlight that Australia is not immune from these global trends. It will then
explain that the basic science of climate change has been know for over 150 years but will show that trends in
greenhouse gases are continuing to increase at an accelerating rate and that these increases are directly attributable to
human emissions of greenhouse gases.
The presentation will then spend some time explaining some common criticisms of climate change science and what the
consensus view of the climate science community is about these criticisms. Examples will include:
•
Climate change is a natural cycle
•
The climate was warmer during the medieval warm period
•
The world has been cooling since 1998
•
Climate change is due to changes in solar output
•
Antarctica is not warming.
The presentation will then explain that climate models are the only tools available for predicting future climate and how
global climate models are constructed and tested. Animations will provide projections of future global climate change out
to 2100, followed by projected arctic sea ice loss, which shows that arctic sea ice is likely to disappear during the 21st
century. The presentation will show that future temperature changes over the coming decades will be largely
independent of emissions due to residence times of greenhouse gases in the atmosphere.
Initial results will be presented from the recent IPCC Report on Extremes (SREX) showing reductions in return periods
for extreme temperatures and smaller reductions for extreme rainfall. Areas will be shown where climate models
consistently predict increased dryness and therefore increased risk of drought.
Finally the presentation will use the example of the 2003 European heat wave to show that what would have been a 1 in
1000 year event without climate change had already increased in probability to a 1 in 200 year event. However,
projecting forwards an event such as this could potentially be normal by the 2040s or unusually cool by the 2060s.
If time is available the presentation will go on to show new research indicating the level of greenhouse gas emissions
reductions necessary to give the world a chance of limiting warming to less than 2C globally.

David Post (CSIRO)

The South Eastern Australian Climate Initiative (SEACI): Bridging the gap between climate science and end
users
The South Eastern Australian Climate Initiative (SEACI) was established in 2006 to investigate the causes, impacts and
prediction of climate variability and climate change in south-eastern Australia. Phase 2 of SEACI commenced in July
2009. It is a three year, $9 million research partnership between CSIRO and the Bureau of Meteorology, and the
Murray-Darling Basin Authority, the Victorian Government Department of Sustainability and the Environment, and the
Commonwealth Department of Climate Change and Energy Efficiency.
CSIRO and the Bureau of Meteorology are the research providers for SEACI, with both organisations contributing
significant amounts of in-kind to the Initiative. Senior researchers from both research organisations support the aim of
delivering answers to the questions posed by the research funders, and in turn, research funders support innovative
scientific investigation as the underlying base to answering key questions. The governance structure of SEACI facilitates
the joint aims carrying out cutting edge research and delivering answers to ‘real world’ questions.
The SEACI Science Panel meets approximately bi-monthly to oversee research activities. The Panel comprises
representatives from each of the five partner organisations, and two independent experts. The funding partner
representatives monitor progress of the research against the key science questions, while the independent experts
ensure scientific quality. Science Panel meetings are also attended by the SEACI Director and three Theme Leaders, to
provide a direct channel of communication between the research projects and the Panel. Formal review and reporting of
project outcomes and plans occurs annually via a two-day workshop and an annual report, which is made public via the
SEACI website.
The strategic direction for SEACI is governed by a Steering Committee, consisting of one representative from each of
the five partner organisations. The Steering Committee’s responsibility for high-level governance of SEACI allows the
Science Panel to focus on achieving outcomes through quality science.
While the ability of any research initiative to answer questions posed by funding bodies relies on many factors, the
governance structure of SEACI has facilitated the ability of the program to achieve its outcomes. It may form a useful
structure for other programs to emulate.
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Jason Evans (University of New South Wales)

Dynamically downscaled regional climate projections for Australia
Regional climate models (RCMs) are used to dynamically downscale Global climate model (GCM) projections to
resolutions that capture the local influence of factors such as topography and land cover changes. RCMs are
computationally expensive and only recently has the computational capacity to preform RCM projection ensembles
become available. The first serious attempt at producing dynamically downscaled regional climate projections in
Australia was the “Climate Futures for Tasmania project”. This project used one RCM (CCAM) to downscale six CMIP3
GCMs at 14km resolution over Tasmania. Currently under-way is the NSW / ACT Regional Climate Modelling
(NARCliM) project. This project uses three RCMs (based on WRF) to downscale four CMIP3 GCMs at 10km resolution
over south-east Australia. The project methodology for NARCliM will be discussed.
The World Climate Research Programme (WCRP) is backing an international initiative called the COordinated Regional
climate Downscaling EXperiment (CORDEX). The goal of the initiative is to provide regionally downscaled climate
projections for most land regions of the globe, as a compliment to the new generation of GCM simulations performed to
inform the IPCC process, known as the fifth Coupled Model Intercomparison Project (CMIP5). CORDEX includes data
from both dynamical and statistical downscaling. It is hoped that through CORDEX, many modelling groups throughout
the world will contribute to a large standardised regional climate projection ensemble. Participation in CORDEX is open
and any researchers performing climate downscaling are encourage to engage with the initiative.

Bertrand Timbal (CAWCR)

Advance in Statistical Downscaling
A Statistical Downscaling Model (SDM) developed at the Bureau of Meteorology has now reached a stage where high
resolution climate change projections of critical surface variables (rainfall and daily temperature), at a daily time scales,
can be generated for the entire Australian continent. These projections are resolved onto on a horizontal grid of
approximately 5km by 5km, and are based on an existing international database of global climate model projections
(CMIP3) used for assessment of climate change impacts as defined by the Intergovernmental Panel on Climate Change
(IPCC).
The statistical linkage at the core of the SDM is based on the idea of daily meteorological analogues where optimal
matching synoptic weather patterns are searched for in a historical database. A combination of daily atmospheric
variables are used for regional and seasonal optimisation of the SDM (e.g. mean sea level pressure combined with an
upper air moisture variable to predict rainfall or an upper level measure of temperature and air flow to predict surface
temperatures) that describe a wide variety of Australian climates spanning from the tropical monsoon in the north to cool
and temperate in the south. The technique is applied to the latest surface gridded observations produced by the Bureau
of Meteorology as part of the Australian Water Availability Project (AWAP). The evaluation of the statistical technique
includes the ability of the technique to reproduce the mean and variance of the observed local series as well as the dayto-day variability, inter-annual variability and long-term trends. Finally, the technique, despite being based on a
univariate approach, was found able to reproduce the observed relationships amongst individual predictands (rainfall
and temperature).
Following the evaluation stage, individual SDMs were applied to two climate scenarios described by a suite of global
climate models from the CMIP3 dataset used as part of the 4th IPCC assessment. The flexibility and low cost of the
SDM makes for easy application to the large number of existing climate simulations, and to sample the uncertainties
attached to the plausible future emission trajectories as well as the possible response of the climate system as modelled
by the current climate models. In this regard, the SDM represents an essential ingredient for assessing future climate
change uncertainties at a scale relevant for local climate impact studies. Examples will be provided where the
applications of downscaled climate projections allow researchers to produce detailed climate change impact studies and
develop well informed climate change adaptation policies.
In the near future, the availability of new sets of model simulations (the CMIP5 dataset) will be exploited to provide a
new set of downscaled climate projections across Australia.

Francis Chiew (CSIRO)

Predicting water availability in a changing climate
Predictions of water availability are needed to guide planning to share the limited freshwater resources between people,
industry, agriculture and the environment. This presentation will describe methods that can be used to predict climate
change impact on future water availability and streamflow characteristics, ranging from simple rules of thumb for broad
scale water resources assessments to integrated climate and hydrological modelling for detailed planning
considerations and climate change assessment and adaptation across multiple sectors. The presentation will discuss
integrated climate-water considerations in the key modelling components (global and regional climate modelling,
downscaling modelling and hydrological modelling) and the main sources of uncertainty and research efforts to reduce
the large range of future scenarios. Issues like assessment and weighting of climate models for hydrological modelling,
downscaling for hydrological applications and understanding and modelling hydrology in a changing climate will be
discussed. The interpretations of modelling results and theoretical understanding of likely changes in large-scale
circulation and regional hydroclimate in a warmer world will also be discussed. The presentation will show examples of
how the future water availability projections are (and are not) used to guide the significant water reforms that are
currently happening across Australia.
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James D. Ward, Steve H. Mohr, Willem P. Nel and Baden R. Myers

In search of realistic emissions scenarios for long-term climate risk assessment
In climate change adaptation, policy and infrastructure planning often depends upon long-term (on the order of 50-100
years or more) modelled results of anthropogenic global warming. Most models tend to agree that impacts (e.g.
temperature rise, sea-level rise, and changes to rainfall patterns) become more severe and/or more unpredictable under
scenarios of higher greenhouse gas emissions. However, a very wide spread of modelled future climates still drives
significant uncertainty for long-term planning. For the purpose of risk assessment, further improvements to model
accuracy are required, primarily the refinement of (a) parameter sensitivities and (b) plausible future emissions
trajectories.
Greenhouse gas emissions are dominated by CO2 from burning fossil carbon resources. The fossil fuel resource and
production estimates that drive the current generation of greenhouse emissions scenarios for climate models pre-date
the extreme rise in fossil fuel prices observed post-2000, and do not consider physical, geological or economic limits to
the fossil fuel supply. A large body of literature now broadly supports the “Hubbert’s peak” phenomenon as applied to
oil, coal and natural gas, and suggests that the wide range of uncertainty seen in climate change model results can be
reduced by tempering our estimates of future fossil fuel production.
We have used a simple mathematical model of fossil fuel resource production in a stochastic framework to derive a
plausible envelope of emissions trajectories based on the most optimistic assumptions available for conventional and
non-conventional fossil fuel resources. The model is easy to operate and can be updated whenever new resource data
becomes available. Our results suggest that even under very optimistic resource assumptions, in the long-term the
current “high emissions” scenarios are shown to be unrealistic. Furthermore, we demonstrate a significant reduction in
uncertainty with emissions generally peaking around 2045 and cumulative emissions aligning to the IPCC’s “medium
emissions” marker scenario in the second half of the century. This significant finding provides much-needed guidance
on relevant emissions as inputs to global warming models. In the context of climate change adaptation, it allows
researchers to be more selective when it comes to greenhouse gas emissions scenarios, resulting in a lower spread of
modelled future climates.

Neville Nicholls (School of Geography & Environmental Science, Monash University )

Extremes
The full text of the Intergovernmental Panel on Climate Change (IPCC) Special Report on Managing the Risks of
Extreme Events and Disasters to Advance Climate Change Adaptation (aka “SREX”) has just been released (the
Summary for Policy Makers was approved and released in November last year). SREX aimed to assess the state of
knowledge about the possible role of climate change in altering the frequency and severity of extreme climate and
weather events, and to assess the options available to nations, organisations, and communities to reduce exposure and
vulnerability to climate extremes. In this presentation I will provide an overview of one chapter of SREX (Chapter 3:
“Changes in Climate Extremes and their Impacts on the Natural Physical Environment”) for which I was one of two
Coordinating Lead Authors (Dr Sonia Seneviratne from ETH, Zurich was the other CLA). We were assisted in writing
this chapter by 12 Lead Authors (from 11 countries), 28 Contributing Authors, and many reviewers (who contributed
about 5000 review comments on the various drafts of the Chapter). A structured approach was used to assess and
describe (using defined terminology such as “likely” and “low confidence”) the uncertainties associated with all
assessments of observed or projected changes in extremes.
The main conclusions from the Chapter regarding projected changes in climate and weather extremes include:
•“…a 1-in-20 year hottest day is likely to become a 1-in-2 year event by the end of the 21st century in most
regions…”
•“…a 1-in-20 year annual maximum daily precipitation amount is likely to become a 1-in-5 to 1-in-15-year event by
the end of the 21st century in many regions…”
•“Average tropical cyclone maximum wind speed is likely to increase…It is likely that the global frequency of tropical
cyclones will either decrease or remain essentially unchanged.”
•“It is very likely that mean sea level rise will contribute to upward trends in extreme coastal high water levels in the
future.”
•“There is low confidence in projections of small spatial-scale phenomena such as tornadoes and hail…”
•“There is medium confidence that there will be a reduction in the number of extra-tropical cyclones…there is
medium confidence in a projected poleward shift of extra-tropical storm tracks.”
•“There is medium confidence that droughts will intensify in the 21st century in some seasons and areas…Elsewhere
there is overall low confidence because of inconsistent projections of drought changes…”
•“Projected precipitation and temperature changes imply possible changes in floods, although overall there is low
confidence in projections of changes in fluvial floods…There is medium confidence…that projected increases in
heavy rainfall would contribute to increases in local flooding, in some catchments or regions.”
•“There is low confidence in projections of changes in large-scale patterns of natural climate variability” [eg., El Niño]
The Chapter cautions that: “Low confidence in observed or projected changes in a specific extreme neither implies
nor excludes the possibility of changes in this extreme.”
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Temperature & Evaporation: From Fallacy to Science
With global warming the atmosphere can hold more water and evaporation increases. This is a ‘made-up’ quote but one
can easily find similar quotes throughout the public record. Much of the public debate is based on this simple idea. It
may come as a surprise to know that the simple idea underlying the public debate is wrong.
This was demonstrated by the Scottish scientist, Joseph Black, around 250 years ago when he introduced the notion of
latent heat.
So 250 years later what can modern science say about changes in temperature and evaporation?
We show that climate models predict a globally averaged increase in evaporation of around 17 mm for every 1 K
warming. We show that this is about what one would expect based on the change in Bowen ratio.
We show that the predicted increase in evaporation is not directly coupled with the increase in atmospheric water
vapour. (This is one reason why the common public perception is wrong.)
We then summarise the science using global climate model output and observations to highlight what we do know about
changes in evaporation from open water surfaces (e.g. dams), soils and especially from vegetation. The vegetation
component is especially important because the increase in atmospheric CO2 will increase water use efficiency and this
is a direct biological feedback between the vegetation and the atmosphere.

Anthony S. Kiem and Danielle C. Verdon-Kidd (Environmental and Climate Change Research Group, University
of Newcastle)

Baseline climate and natural variability
Recent flooding over the last three years in various parts of eastern Australia, following more than a decade with very
little flooding, has reinforced previous work highlighting the fact that the risk of climate related emergencies (e.g. floods,
droughts, bushfires etc.) is not the same from one season, year, or decade to the next and that traditional assumptions
of hydroclimatic stationarity are invalid. Despite the development of rigorous frameworks to assess the uncertainty of
risk estimates, these techniques still do not acknowledge or account for the existence of distinct periods of elevated or
reduced climate related risk. Climatological insights into the mechanisms that drive climate variability also point to the
invalidity of purely empirical approaches to risk estimation. Indeed, numerous previous studies have shown that strong
relationships exist between Australia’s hydroclimate and global-scale ocean-atmospheric circulation processes such as
the El Niño/Southern Oscillation (ENSO), Inter-decadal Pacific Oscillation (IPO), Indian Ocean Dipole (IOD) and
Southern Annular Mode (SAM).
Compounding the existing flawed estimations of current (or baseline) hydroclimatic risk in Australia, due to the
stationary climate assumption, and inherent non-consideration of the role of natural climate variability, is the potential for
non-stationarity in risk due to projected impacts of anthropogenic climate change. That is, under projected global
warming the resulting changes to ocean-atmospheric circulation patterns are likely to lead to shifts in the location,
magnitude and frequency of climate impacts. Therefore it is clear that, whether the cause be natural or anthropogenic,
or a combination of the two, “stationarity is dead” (e.g. Milly et al., 2008) and that work is urgently required to (a) reevaluate current (or baseline) climate risk estimates to take into account the influences of natural climate variability, (b)
develop estimations of future climate risks that take into account both the role of natural climate variability and the
projected impacts of anthropogenic climate change, and (c) develop positive adaptation strategies and policy
frameworks based on these re-evaluated (and more realistic) climate risk estimates.
In order to achieve this, improved understanding, and model representations, of interactions between the various
climate drivers (both regional and global scale), combined with increased knowledge about the interactions between
climate processes and hydrological processes at the regional scale is necessary. This will enable improved attribution of
climate change impacts, forecasting at a range of temporal scales and extreme event risk profiling (e.g. flood, drought,
bushfire etc.) under past, current and future climate epochs. It is clear the science has a long way to go in closing these
research gaps, however, in the mean time natural resource managers require hydroclimatic projections (i.e. seasonal to
multi-decadal future scenarios) that are regionally-specific and, importantly, take into account the impacts, and
associated uncertainties, of both natural climate variability and anthropogenic change. The strengths and weaknesses
of various approaches for supplying this information will be discussed.

Penny Whetton (CSIRO)

Future advances in climate change science: what can we realistically expect in the next five to ten years?
No abstract provided.

Bryson C. Bates (CSIRO Climate Adaptation Flagship and CSIRO Marine and Atmospheric Research)

Adaptation under Climate Uncertainty: An Update
Discussions and debate about future climatic conditions often include terms such as predictions, forecasts, scenarios
and projections. In many cases they used interchangeably and are rarely carefully defined in practice. This has
subsequently led to confusion amongst scientists and policy makers about what climate change impact and vulnerability
assessments actually represent and how they should be carried out. The current emphasis on baselines (i.e. the
assumption of stationarity), use of ensembles of climate change projections and the resulting high levels of uncertainty
has meant that these assessments have had to date little or no impact on practice in Australian water resources
planning and management.
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This presentation will examine the climate change impact and vulnerability assessment process from the perspective of
water resources management. The topics to be covered include:
•
definitions of predictions, forecasts and scenarios
•
approaches to systems planning
•
the detection of non-stationarity
•
the sources and propagation of uncertainty
•
robust adaptation strategies
•
the need to include disciplinary perspectives beyond those of the climate and hydrologic sciences
•
prudent action under climate uncertainty
While the use of probabilistic scenarios is highly desirable for conventional risk assessment purposes, I will highlight and
discuss the many limitations of current approaches to their construction and the large number of knowledge gaps that
exist. I will argue that given the state-of-the-art of climate change impact assessment it should be used as a means of
increasing preparedness rather than securing a prediction or forecast. Increasing preparedness entails risk mitigation
planning through the development and implementation of climate adaptation strategies that:
•
enhance opportunities and reduce threats
•
articulate trigger points for action and contingency plans
•
are socially and economically acceptable
•
are robust to a small number of carefully-selected, alternate, plausible futures ('storylines')
•
involve continuous monitoring, planning and evaluation
Such an approach can reduce or eliminate the element of surprise that can distort operational rules and practices and
frustrate development efforts.

Peter Hayman (SARDI)

Linking science and decision making: using time series and probability wheels
This presentation will raise some of what we have learnt from communicating and using skilful but uncertain seasonal
climate forecasts in agricultural applications to the application of climate change information. This raises questions of
what some of the lessons for linking science and decision making for climate change from managing climate variability.
A common response to probabilistic seasonal climate forecasts from farmers and advisers is “it is all very well for you to
present probabilities, but don’t you realise that people have to make decisions”. Implicit in this statement is that decision
makers have to convert a probabilistic forecast into a categorical forecast before making a decision. This conversion of
information that is best understood as a revised probability distribution to a single outcome is problematic. If the end
point is better risk management, it is possible that a misunderstood forecast can do harm in that it takes a decision
maker who was planning for a range of future outcomes and encourages them to focus on a single future.
One of the costs of climate change is that it starts to erode the value of knowledge about climate variability developed
by farmers and farm advisers over decades. Paradoxically, this local contextualised knowledge of managing climate
variability is one of the most valuable assets in managing the coming decades of climate change. Rather than
encouraging farmers to ignore their experiential knowledge of climate, the challenge is to find appropriate ways to use
their understanding of climate variability to better manage climate change.
The Australian Bureau of Meteorology uses deciles to quantify and communicate climate variability. Farmers and their
advisers commonly use deciles to express the risk associated with climate variability. A decile 3 for growing season
rainfall communicates that in the historical record, 7 years have been wetter and two drier. Although not as common, the
same approach can be used for growing season temperature in viticulture. Climate change science tends to refer to
percent change in mean rainfall and change in average temperature. We show how we have used the revised
probability of deciles with dryland farmers and wine grape growers in South Australia to have a dialogue about impacts
and adaptation to climate change in coming decades.
References
Hayman PT, Crean J, Parton KA, Mullen JM (2007) How do seasonal climate forecasts compare to other innovations
that farmers are encouraged to adopt?Australian Journal of Agricultural Research 58 975-984.
Hayman PT, Alexander BM (2010) Wheat, wine and pie charts: advantages and limits to using current variability to think
about future change in South Australia’s climate. In 'Managing Climate Change. Papers from the GREENHOUSE 2009
Conference'. (Eds I Jubb, P Holper, W Cai) pp. 113-122. (CSIRO: Melbourne ).

Alan Randall, Gregory Hertzler, Tim Capon, and Todd Sanderson (University of Sydney)

Decision support frameworks and tools
Climate change alters the structure of decision problems in important areas of private and public life, by adding a new
form of uncertainty – in addition to the familiar uncertainties that arise from our incomplete understanding of natural
systems that we usually treat as stationary, climate introduces a likely non-stationarity that is itself uncertain. This
compounds uncertainty at every level, local/sectoral through global, and at every stage of the decision making process –
forecasting, modelling, and the construction and comparison of climate and impact scenarios to aid adaptation
decisions. The need for decision support frameworks and tools is heightened, even as uncertainty and complexity pose
serious challenges for decision frameworks, especially those that are structurally rigid and information-intensive.
We begin with a brief discussion of the nature of uncertainty about climate change and its impacts. Two metaframeworks, benefit cost analysis and adaptive management, are introduced to serve as platforms for a variety of more
specialised decision tools. Then we examine how operational decision tools might help decision-makers deal with the
uncertainties in the information available about climate change impacts and help them as they adapt to a changing
climate. Two decision tools representative of those meta-frameworks, Real Options for Adaptive Decisions (ROADs)
and Resilience Analysis and Management (RAM), will be discussed in the context of a hypothetical decision scenario.
Finally, their relative strengths and weaknesses in the decision making process will be examined.
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APPENDIX D

FOCUS GROUP

Figure D.1 Participants at focus group
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University of Newcastle
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