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I am a great devotee of cross country skiing, so tuning in on these events during the
Winter Olympics is one of my favorite pastimes. In the 2010 Olympics, the final of
the women’s 30 K Classic Race was a real cliff hanger and a joy to behold. It had been
forecast (and this certainly is a forecast in the sense that it would be readily verifiable
on a short timescale) that the battle for the Gold would be between one of the
Norwegian and one of the Polish competitors. This turned out to be a very accurate
forecast. They were neck-and-neck (or ski tip-to-ski tip) for the last 200 m, with the
lead switching back and forth by centimeters. In the end the Polish contestant inched
(or “centimetered”) out the Norwegian, and it was declared a photo finish. This event
brought to mind some of the issues surrounding the topic of uncertainty and how
people cope with it in relation to decision making.

One of the interesting things about uncertainty is its absolute necessity for
the entertainment value of competitive sporting events. If the outcomes were not
uncertain, there would be no competitive sporting events. The uncertainty provides
the drama that makes events so compelling. This is well understood. However, the
types of decisions that are attached to the outcomes of sporting events are not
very momentous compared to those related to climate change. Personal wealth and
prestige of individual countries on the world stage can be affected by the final
outcomes of the Olympic Games, as well as returns on bets made. But it is more the
uncertainties regarding best strategies in the course of sporting events that illustrates
a case of decision making under uncertainty.

In this cross country classic event, one crucial decision to be made by the
competitors was whether to change out skis at certain points in the race. Each
competitor was allowed to change skis as many as three times. This was a new feature
of this event, and skiers had little experience with making this kind of decision
during a competition. Each ski changeover would of course result in loss of time,
usually about 10 seconds’ worth. Hence, a careful benefit/cost analysis on the fly was
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necessary. Given the difficult and rapidly changing conditions of the snow (it rained
during most of the event), this opportunity was particularly important. Amazingly
enough one of the Finnish athletes in a very good position to win Bronze but with stiff
competition at her heels opted to change skis when only 5 km remained in the race.
This decision seemed questionable, given the closeness of her nearest competition
(or so opined the commentators). This, however, proved to be the correct decision,
and she won the Bronze medal, even after falling behind by more than 10 seconds
with the change. I cannot pretend to know the information she had available for
making that decision—the condition of the snow, the differences among her sets of
skis, the strength and stamina of her nearest competitor compared to her own—
but her decision was clearly a risky one. Of course many strategic decisions are
made in many sporting events that contribute to winning or losing, but this one was
strikingly clear cut and counterintuitive. So what does this have to do with the issue
of uncertainty and decisions in the climate change arena?

We do know that when communicating about uncertainty about climate change
with lay people it is useful to employ analogies to familiar events, such as referring
to the odds on a race horse or rolling of dice. S. H. Schneider is fond of referring
to climate change as a situation of “loading the dice,” meaning that the likelihood
of extreme events, for example, would be shifted from what it is under current
conditions. We also cheerfully relate the concept of uncertainty to people’s everyday
lives asserting that everyone makes decisions under uncertainty all the time, from
deciding to go to graduate school to getting married. In fact it might be said that
without any uncertainty there is no true decision making.

There are clearly many differences in the investigation of making decisions re-
garding climate change compared to decision making while cross country skiing, and
these differences can perhaps be best distilled by framing climate change as a wicked
problem, or even a “super wicked” problem (Lazarus 2009), while the cross country
skiing example can be viewed as a very “tame” problem. Super wicked problems are
unique, are characterized by deep uncertainties, have many interdependencies and
causes that interact, the problem evolves in a dynamic social context, and posited
solutions lead to new unintended consequences and are difficult to test. Defining
climate change as super wicked underscores how different a problem it is from
other complex problems we face, and it emphasizes the complexity of the deep
uncertainties involved.

My interest here is uncertainty about future climate as it relates to decision
making. I hope to bring greater nuance to the discussion of the relative importance
of reducing uncertainty about future regional climate change, by providing different
perspectives on its importance and suggesting where I think we need to go from
where we are. I also wish to point out how the journal Climatic Change has fostered
and nurtured the kind of broad-based interdisciplinarity that is needed in order to
place this issue in its proper context.

1 Characterizing and quantifying uncertainties

There are three main uncertainties concerning future climate from a physical system
point of view: the natural internal variability of the climate system, the trajectories
of future emissions of greenhouse gases and aerosols, and the response of the
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global climate system to any given set of future emissions/concentrations (Cox and
Stephenson 2007). Each of these is highly complex. The three main uncertainties also
vary in their relative importance based on the prediction lead time of interest. For
nearer time scales of one or two decades, internal variability dominates, whereas at
longer time scales, model uncertainty and emissions scenario uncertainty dominate
(Hawkins and Sutton 2009). The uncertainty in emissions is the dominant contributor
to uncertainty by the end of the 21st century and it is also the one least likely to be
reduced over time (CCSP 2009). All these uncertainties are relevant at various spatial
scales of climate change, from global to regional.

Now consider the uncertainty in the climate system in response to climate forcing,
and its exploration through the use of climate models. Different global climate
models (GCMs) respond differently to the same radiative forcing, and produce
different patterns of climate change. These models provide information at relatively
coarse spatial resolutions (on the order of hundreds of kilometers). The application
of downscaling methods, such as regional climate models and statistical downscaling,
yields higher resolution projections but presents another source of uncertainty: the
uncertainty associated with the spatial scale of the simulations. This last uncertainty
can be particularly important in the context of adaptation planning, since adaptation
studies or plans may require higher resolution information than studies or plans
regarding mitigation.

Knutti et al. (2008), establish that there is now increased confidence in measures
of uncertainty of global climate change and better separation of the uncertainties
emanating from different aspects of the climate change problem, such as emissions
scenarios, physical feedbacks, the carbon cycle, and structural uncertainty. In other
words, we have made progress in characterizing the uncertainties at least on a global
scale. There has been much activity on quantifying uncertainties using probabilistic
methods on both global and regional scales using multi-model ensembles (e.g.,
Tebaldi and Knutti 2007) and physics permutation experiments (Murphy et al. 2007),
although the limitations of some of these methods are also recognized (e.g. Hall
2007).

2 The issue of uncertainty reduction

While there has been substantial progress in characterizing and quantifying uncer-
tainties about future climate change, we have made much less progress in the arena
of reducing uncertainty. This is one of the more interesting controversies surrounding
climate change and uncertainty, since there is less agreement about what reduction
of uncertainty even means and what kind of priority it should have in current and
future efforts to manage climate change and establish research portfolios. Important
considerations in this discussion are the meaning of uncertainty, what metrics of
uncertainty are relevant to a given context, which aspects of the climate change
problem are considered as well as the decision-making context.

In the strategic plan of the US Climate Change Science Program (CCSP), one of
the overarching goals was to “reduce uncertainty in projections of how the Earth’s
climate and related systems may change in the future” (CCSP 2003). This goal
was soundly criticized by the NRC panel set up to review appropriate metrics for
evaluating the program’s success (NRC 2005). The plan was rife with statements
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about reducing uncertainty, the panel noted, without always being clear about how
uncertainty was being defined. It also points out a number of pitfalls about the use
of reducing uncertainty as a means of defining program success when uncertainty
will likely increase further before ever decreasing in some contexts based on certain
metrics. Yet this increase in uncertainty could still indicate progress in obtaining
certain scientific goals: It could indicate better understanding of how a process works
under climate change, for example.

While there are many different ways of viewing the issue of uncertainty reduction,
I am restricting my discussion to a few iconic examples of climatic uncertainty, partic-
ularly focusing on uncertainty regarding regional climate change with multi-decadal
lead times in between context of adaptation research and planning. However, climate
change is a multi-scale problem and global scale uncertainty informs regional scale
uncertainty.

One pivotal uncertainty concerns climate sensitivity, defined as the equilibrium
global temperature response of the climate system (as represented by climate
models) to a doubling of CO2. In the last IPCC Assessment (IPCC 2007), a formal
probability density function (pdf) of climate sensitivity was presented. This marked
a substantial improvement over earlier assessments in the way this uncertainty was
characterized and quantified. However, it also revealed how large the uncertainty
is. Roe and Baker (2007) point out that there has been little progress in reducing
uncertainty in projections of climate change (i.e., climate sensitivity) over the past
30 years and specifically examine why this is so from the point of view of the relevant
uncertainties. They demonstrate that improvements in modeling physical processes
and quantitative estimations of their effects will not result in large decreases in the
long right tail of the climate sensitivity probability distribution. They project that the
estimation of climate sensitivity (i.e., the pdf ) will not be substantially reduced (i.e.,
narrowed) in the next IPCC cycle from that of the 2007 report. It is difficult (but
not necessarily impossible) to reduce uncertainty regarding regional climate change
without reducing uncertainty in climate sensitivity.

One of the most important, clearest, and most successful reductions in uncertainty
that has occurred over the lifetime of the Intergovernmental Panel on Climate
Change (IPCC) is that associated with the detection and attribution of climate
change in our recent historical period. The first IPCC Report (IPCC 1990) states that
“The observed increase (in temperatures) could be largely due to natural variability;
alternatively this variability and other man-made factors could have offset a still
larger man-made greenhouse warming,” whereas by the Fourth IPCC Report (IPCC
2007) it is stated that “Most of the observed increase in global temperatures since the
mid-20th century is very likely (90%) due to the observed increase in greenhouse gas
concentrations.” This dramatic reduction in uncertainty has been pivotal in putting
the potential dangers of climate change on center stage and in galvanizing efforts to
reduce and manage the problem.

3 Deep uncertainty about regional-scale uncertainty

There remains deep uncertainty regarding when and at what spatial scales uncer-
tainty about regional climate change might be reduced. We have made much more
progress on characterizing and analyzing uncertainty than we have in reducing it in
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particular ways. If we take uncertainty to mean in the very broad sense ignorance
or lack of knowledge, then progress in reducing regional-scale uncertainties has
been made (NRC 2009), based on improved understanding of climate processes
affecting regions, complex feedbacks among different processes, and the example
provided above regarding detection and attribution, which is manifested globally and
on large regional scales. Moreover, in the most recent IPCC Report in the Chapter
on Regional Projections, likelihood statements were made for some regions of the
world regarding, for example, the expected future direction of change of seasonal
precipitation (e.g., decreased precipitation in the southwest US) (Christensen et al.
2007).

But if we mean by uncertainty a specific metric, such as the width of a range or
probability distribution of regional climate change (e.g. change in summer precip-
itation in the southwest USA in the mid twenty-first century) then we have not.
Some aspects of this uncertainty on long lead times (i.e. decades) are not likely
to ever be reduced, such as the emissions pathways leading to concentrations of
greenhouse gases that force the climate system. “In some cases, all the research in
the world may not eliminate key uncertainties on the timescales of decisions we must
make” (CCSP 2009). The question then becomes a strategic one, a matter of, under
deep uncertainty, how much effort to dedicate to reducing regional climate change
uncertainty versus developing more robust measures of regional uncertainty and the
development of decision making protocols that are robust against the uncertainty
that is potentially irreducible. This brings the wicked problem of climate change
home to federal and state research pocketbooks.

The NRC (2009) established six priorities for a new (post-CCSP) climate change
research program in the USA. Among these are: “develop the science base and
infrastructure to support a new generation of coupled earth system models to
improve attribution and prediction of high impact regional weather and climate”
and “strengthen research on adaptation, mitigation, and vulnerability.” Interestingly
enough, however, in the discussion of the budget implications of these recommenda-
tions, it is assumed that the latter activity would not cost that much since its funding is
currently low and “significant increases would not adversely affect the natural science
program” (p. 118). The implication here is that the natural science program would
still receive the lion’s share of the funding.

4 What priority should be given to reducing uncertainty about future regional-scale
climate?

I believe that all climate change researchers and stakeholder/decision makers con-
sider reducing uncertainty about future regional climate to be desirable. But there
are different perspectives on how essential this reduction is for making decisions
about how to manage climate change. Here I am thinking specifically about decisions
regarding adaptation to climate change, which are generally more concerned with
regional to local scales of activity. There are indications in the scientific literature
that physical climate scientists tend to consider reducing uncertainty on regional
scales to be essential. Shukla et al. (2008), reporting on the World Modeling
Summit for Climate Prediction, state that “Adapting to climate change. . . will require
accurate and reliable predictions of changes in regional weather systems, especially
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extremes.” Hawkins and Sutton (2009) also seem to fall into the necessity-of-
reducing-uncertainty camp: “Decision makers require predictions of the regional
and local changes in climate” and the “potential to narrow uncertainty is real,
and the need is urgent”. Hulme and Dessai (2008), however, in a letter to Nature
referring to the World Modeling Summit state that “Effective and robust adaptation
strategies are not significantly limited by lack of accurate and precise regional climate
predictions.” Lemos and Rood (2010) refer to the “uncertainty fallacy” which they
describe as the questionable assumption that adaptation planning requires reduction
in uncertainty of regional projections. They also subscribe to a robust decision
making framework (see below).

Minimally, then, there are two camps on this subject. More researchers in decision
making and social science tend to view reducing uncertainty on regional scales as
less important than physical climate scientists. Yet there are a growing number
of researchers, many of whom I refer to in this editorial, who embrace broad
interdisciplinary perspectives and are capable of understanding the broader contexts
of this issue and may be able to help narrow the gap in perspectives.

5 The influence of approaches to decision making in the uncertainty reduction
debate

What priority one gives to reducing uncertainty about future regional climate is
partially related to how one’s approach to decision making is framed.

Lempert et al. (2004) lay out an approach to decision making that focuses on
making decisions that are robust against the uncertainties that currently are known,
rather than focusing on reducing the uncertainties so that a predict-then-act mode
of decision making can be used. Lempert and Collins (2007) analyze an example
comparing various decision making approaches in a lake eutrophication example.
Dessai et al. (2009) lay out more clearly these different perspectives and conclude
that more accurate and precise predictions of future regional climate will not be
as beneficial to society for adapting to climate change as some have claimed (e.g.,
Shukla et al. 2008). Hallegate (2009) underscores the need for decision frameworks to
become more flexible given the potentially irreducible uncertainty regarding climate
change. Essentially if one favors a robust decision making frame, then reducing
uncertainty about regional climate change is going to have a lower priority than if
one favors a predict-then-act frame.

There is also the issue of where one’s focus lies within a complex problem such
as adaptation to climate change. There are myriad uncertainties in planning and
implementing adaptation strategies, many of which have nothing to do with un-
certainty about climate change, such as uncertainties regarding adaptive capacities,
vulnerability, and whether a particular adaptation strategy will be successful (Adger
et al. 2005). In various major works concerning adaptation, uncertainties regarding
climate change do not receive much attention (Adger et al. 2007, 2009).

We do not know how all stakeholders would categorize themselves between the
two camps. This in and of itself would be a useful research investigation. While the
robust decision making frame is gaining traction among some stakeholders (e.g.,
water resource managers in southern California, Groves et al. 2008) there are a
myriad of perspectives even within one resource sector. The Water Utilities Climate
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Alliance (WUCA), for example, commissioned a white paper on climate model
improvements needed to support the needs for managing water utilities in the future
(Barsugli et al. 2009). They emphasize the desire for: resolving inconsistencies across
climate model responses to forcings, narrowing the range of climate model outputs
(i.e. uncertainty), and improving climate model spatial resolutions (including the
use of downscaling) to match the needs of running hydrological models. The paper
emphasizes the need for “actionable science”. From WUCA’s point of view the
current state of climate modeling and climate model simulations is not adequate for
their decision-making needs. WUCA’s leadership has been proactive in discussing
with US Government agencies how their needs as documented in the white paper
can influence the direction and pacing of further climate model development and
use in the USA.

6 Learning and uncertainty

One approach to making decisions under uncertainty is to adopt an adaptive strategic
approach. In this approach it is assumed that we will learn more over time and we
can revisit our decisions. One makes decisions based on the information available
at time x but with the expectation that new information will become available at
time x + 1. Hence the key concept is making decisions that can be modified as new
information becomes available (CCSP 2009). This is also framed as an iterative risk
management approach. Such a strategy would obviously be attractive as we learn
more about regional climate change. But it could also provide resilience against the
case where there is no new information, where uncertainty is not reduced.

Another issue regarding learning and uncertainty concerns the rate of learning—
when will we know more? This topic can be a dangerous one since it can be used as
an argument for doing nothing to plan for climate change until we learn more, until
we know “enough”.

Nevertheless, 20 years ago, Schneider et al. (1990) boldly and perhaps naively
made a stab at determining what we knew then, and when we would know more
about different aspects of future climate change. We offered a set of “forecasts”
on various temporal and spatial scales of changes in important climate variables.
We also provided qualitative statements of confidence in the “forecasts” and some
measure of how much time might be necessary to reach widespread consensus on
the direction and magnitude of the change in the variables. These statements were
based on the scientific literature available at the time as well as our direct analysis
of various climate change simulations. All estimates were based on equivalent CO2

doubling. Our statements ranged from estimates of change in annual average global
temperature (2–5◦C) (high confidence) requiring 0 years to reach consensus; to
regional changes in average annual precipitation (−20% to +20%; low confidence)
requiring an additional 10 to 50 years to reach consensus. The fact that some
likelihood statements on regional change in precipitation were made in the 2007
IPCC Report indicates that we did at least partially reach this goal 17 years into our
range of time needed to reach consensus. We fall into deep uncertainty if we try now
to estimate how long into the 30 years left in our original time estimate it will take
before we can make specific quantitative estimates of, say, change in precipitation
(e.g., “it will decrease by 30% by 2050”). I believe that such a degree of accuracy
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30 years in advance will never be possible. It is worth noting that we never suggest in
our original discussion that policy makers sit and wait idly for “better” information.

7 Concluding remarks

We do not have consensus among stakeholders/decision makers, climate scientists,
and social scientists on the relative importance of reducing uncertainty about future
regional climate change for decision making. And we may never have such consen-
sus. In this regard we are faced with an instance of meta-deep uncertainty.

While it makes sense that there may be different perspectives on this issue based
on what aspect of regional adaptation to climate change one is considering, it is also
clear that perspectives are still too far apart. Looking at the problem of planning
for adaptation as a whole, the failure to arrive at a more unified perspective on the
issue of reducing climate change uncertainty indicates a failure to advance seamless
interdisciplinarity. The journal Climatic Change, perhaps more than any other, has
promoted the broad-based interdisciplinarity that is needed for us to move ahead on
this problem. It will continue to be instrumental as we move forward to create the
seamless interdisciplinarity that is needed.

Large amounts of computing power and funding likely will continue to be dedi-
cated to modeling future climate. The large number of climate simulations at higher
spatial resolutions planned for the IPCC Fifth Assessment Report attests to this, and
we will certainly learn from these results. But will we learn as much as we might if we
had a truly balanced research program that also provided sufficient funding for in-
depth vulnerability assessments and investment in improving or expanding decision
making protocols under deep uncertainty? Let us hope that such a balanced program
is still possible.
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