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NCERTAINTY BEDEVILS COMPONENTS OF THE SCIENC

OF CLIMATE CHANGE. IT WILL NOT BE ELIMINATED
EROM MANY ASPECTS ANY TIME SOON, SO THE BEST WAY
TO HELP POLICY-MAKERS IS TO TRY AND FORGE A
CONSENSUS ABOUT THE DEGREE OF CONFIDENCE THAT.
CAN BE ASSESSED FOR EACH IMPORTANT CONCLUSION:
STEPHEN SCHNEIDER EXPLAINS THE LONG STRUGGLE TO
UNDERSTAND HOW TO DO THAT EFFECTIVELY.

Human activities are changing the climate. Buc how large and how fast will
these changes be? What systems will be only partly disturbed and what
other systems seriously disrupted? And how can our policy choices reduce
the threat they pose to natural and social systems?

The policy problem is hard because the global scale of climate change and-
its subtly intensifying impaces contrast uneasily with the short-term, local-to- -
national scales of most management systems. Furthermore, significant uncer- -
tainties plague projections of climate change and its consequences.

Such projections stretch the rraditional scientific method of directly.'_

testing hypotheses because there can be no data for the furure before the

fact. Any prognostication into that unknown territory is, by definition, a-




model of the factors that are believed to determine how the future will
evolve. But even though we can never fully solve the climate prediction
problem, we can go a long way toward bracketing probable outcomes, and
even defining possible outliers.

Progréss here depends on an international community of scholars, who
repeat what others have done with different computer models, make

comparisons across ﬂ'lOdElS ofvarious dCSigDS, compar< relevant Q.SPECIS 05

simulations to existing observational data to test model performance from

‘retrodiction’ of past changes, and pioneer new models as data and theory
advance. Back in the carly 1970s, when a reporter asked how long this
model-building and validation process would take to achieve high confi-
dence, 1 said that our models were ‘like dirty crystal balls, but the tough
choice is how long we clean the glass before we act on what we can make
out inside’. Thar is still the issue, even as models become more sophisticated
and simulate the Earth’s condidons increasingly well. What constirutes
‘enough’ credibility to act is not science per se, bur a subjective value judg-

ment on how to gauge risks and weigh costs.

MODELLING FUTURE CLIMATE

How large are the scientific uncertainties, though? People often say thar
mereorologists’ inability to predict weather credibly beyond about ten days
bodes ill for climate projection over decades. This misses a key difference
berween the instantaneous state of the atmosphere — weather — versus its
time and space averages — climate. Even though the evolution of atmos-
pheric conditions is inherentdy chaotic and the slighrest percurbation today
can make a huge difference in the weather a thousand miles away and
weeks hence, large-scale climate shows little rendency to exhibit chaotic
behaviour (at least on timescales longer than a decade). Good models can
thus make reasonable climate projections decades or even centuries ahead

if the processes forcing change are large enough to detect above the




background ‘noise’ of the climate system — the unpredictable part. Th
Intergovernmental Panel on Climate Change (IPCC)’s laboriously
compiled projections combine such modelling with scenarios for green:
house gas emissions based on different assumptions about economi

growth, technological developments, and population increase.'

These scenarios, despite major differences in emissions, show paths for’

global remperature increase that do not diverge dramarically until after the
mid twenty-first century. This has led some to declare that there is very
litele difference in climate change across scenarios, and therefore, emissions '
reductions can be delayed many decades. Thar is a big mistake. It rakes
many decades to replace current polluting energy systems. There is also
delay berween emissions and temperature change due to the thermal inertia
in rhe climate system caused by the large heat capacity of the oceans. After
the mid twenty-first century, there are large differences based on emissions -
over the next few decades in the projected temperature increases — and the
risks of assoctated dangers — for the late tweney-first century and beyond.
Some of these risks imply irreversible changes.

Much of the uncertainty contributing to the ranges of projected future
temperature increase derives from the so-called climate sensitivity. How
much warming can we expect a given amount of greenhouse gas to cause? -
It is often estimared as the equilibrium global mean surface temperature
increase due ro 2 doubling of atmospheric CO, from pre-industrial levels of
about 280 parts per million. The IPCC estimates that it is ‘likely’ (there is
2 66-90 per cent chance) that the climare sensitivity is between 2 and 4.5 °C
and roughly a 5-17 per cent chance that it is above 4.5 °C (with the
remainder being the chance it is less than 2 °C). They also offered a ‘best
guess” of 3 °C climate sensitivity.

Many studies have produced probability distributions for climarte
sensitivity with a long right-hand tail, meaning that high climate sensitivi-
ty values, while relatively unlikely, still register a probability of a few per

cent or more. One example is displayed in figure 1, which shows a very
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uncomfortable 10 per cent chance that the climate sensicivity is higher than
6.8 °C. The median resulr — that is, the value that climate sensitivity is as
likely to be above as below — is 2.0 °C, while there is a 10 per cent chance
the climate sensitivity will be 1.1 °C or less. Like all model dependent stud-
ies, the derailed numerical values should not be taken literally, but the over-
all message must be taken seriously.

Our uncertainty goes beyond scientific understanding of the scale and
distribution of climate changes from any single scenario of increasing
greenhouse gases to include the trajectory of human development and our
adaptive capacity. Moreover, future greenhouse gas emissions are heavily
dependent on policy choices worldwide. But we do know that if we wait to
act until an increase in undesirable impacts occurs, the inertia in the
climate system and in the socioeconomic systems thar produce greenhouse
gas emissions will have commirted us to even moxe severe impacts stretched
out over many decades to centuries.

We cannot eliminate all of the important scientific uncertainties, but we
can be more precise about their extent. That, however, is only part of the

scientists’ job. We also have a responsibility to communicate all of this as well
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as we can. Communicating this complex systems science [0 policy-m

and the public is difficult. Too often, confusion reigns when an advocaté
strong policy cites a well-established severe outcome as the most impo
consideration, and another advocare from some enterprise institute dislike
public control of private decisions cites speculative components of
systems analysis as if that is A1l there were. Not surprisingly, politici
media, and juse plain folks get frustrated by this ‘duelling scientists’ mode
presentation, an unfortunate staple of the mainstream media.

Professional training also leads too many scientists to ‘bury our leads
as American journalists would put it, rather than finding effective ways
communnicate complex ideas. Being straightforward and understandable
a challenge given the strong scientific tradition of full disclosure, which
makes us lead with our caveats, not our conclusions. But what I call ¢
‘double ethical bind’ — be effective in public communication even if th
means there isn’'t enough space or time o present all of the caveats ~ is no
unbridgeable. It calls for the scientist to develop a hierarchy of produc
ranging from sound-bites on the evening news to get ouf findings head=
lined on the agenda, to short but meatier articles in semi-popular journal
like Scientific American, 1O mMOte in-depth websites, 10 full-length books i
which thar smaller fraction of the public or policy worlds that actually want
the derails about the nature of the processes and how che state of the art has
evolved can find them. Yes, it is very time-consuming to produce websites
or long books with the details, bue it is also necessary for those in complex |
systems science fields like climate science to simultaneously be effective in
public messaging, where all the derails are not feasible to communicate, but
the longer backup materials can honestly separate the components of the
science that are well established from those best characterised as competing
explanations and from those which are still speculative.

The Royal Society and my own National Academy of Sciences (if less
boldly, 1 think) bave moved jnto this realm with clear statements of the

potential risks of climate change. An evolving series of pronouncements




include the joint statement of 2001 of the Royal Society with fifreen other
national science academies on the science of climate change.® The statement
of June 2005 on global response to climate change by the science acadernies

of the G8 nations and of China, India and Brazil stressed that the scientific

understanding of climate change is now sufficiently clear to justify prompe

action.’ There followed the May 2007 statement on sustainability, energy

efficiency and climate protection of the national science academies of the

same countries plus Mexico and South Africa’ and most recently the June
2009 joint statement calling for the transformation of the G8+5 nations’
energy strategies.® In addition, 1 always push at our annual US National
Academy membership meetings for us to be more publicly oriented, bur it
comes slowly. 1 am glad that our new NAS President, Ralph Cicerone, is
committed to communicating quality science in the public interest. Itis also
encouraging that President Obama’s new science adviser, John Holdren, is
more in the mould of former UK government adviser and Royal Sociery
President Lord May than some previous science advisers in the US who
tended to carry the administration’s message to the science community,
rather than the other way around, as in the case of May or Holdren.

Along with climate projections, scientists also have to explain how systems
science gets done. We cannot usually do traditional ‘falsification’ controlled
experiments. What we can do is assess where the preponderance of evidence
lies, and assign confidence levels to various conclusions. Over decades, the
community as a whole can ‘falsify’ earlier collective conclusions like the
sporadic suggestions in the early 1970s that the world would cool. But in
systems science it sometimes takes a score of years to even discover that certain
data were not collected or analysed correctly, as well as continuing to identify
new data, and such discoveries are rarely by individuals but by teams and even

assessment groups.
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THE SCIENCE OF CLIMATE CHANGE

A joint statement issued by the Australian Academy of Scences, Royal Flemish Academy of Belgium for
Sciences and the Arts, Brazifan Academy of Sciences, Royal Society of Canaca, Carbbean Academy of
Sciences, Chinese Academy of Sciences, french Academy of Sciences, German Academy of Natural Scientists
teopoiding, Indian National Sclence Academy, indonesian Academy of Sciences, Roval Irish Academy,
Accademia Nazionale dei Lincei (Raly), Academy of Sciences Malaysia, Academy Council of the Rayal Society
of New Zealand, Royal Swedish Academy of Scierces, and Royal Sodiety (UK.

The work of the Intergovemmenal Panel on Climate Change (PCC) represents the CONsensus of the
international scientific community on cimate change sdence. We recognise IPCC as the world's most
raliable source of information on dimate change and its causes, and we endorse its methad of achieving this
consensus, Despite increasing CONsensus on the sdence underpinning predictions of giobal climate change,
doubts have been expressed recenty about the need to mitigate the risks posed by global climate chenge.
We to not consider such doubts justified.

There will always be some uncertainty surrounding the prediction of changes in such a complex system a5
the world’s climate. Nevertheless, we suppont the IPCC's conciusion that it is at least 90% certain that
temperatures will continue to rise, with average global surface temperature projected to increase by
petwean 1.4 and 5.8 above 1990 levels by 2100, This increase will be accomparied by rising 583 levels,
more intense precipitation events in SOME courtries, increased risk of drought in others, and adverse affects
6n agricuiture, health and water resources.

in May 2000, at the InterAcadeny Panel (AP} mesting in Tokyo, 63 academies of sciance from all parts of
the world issued a staternent on sustainabiity in which they noted that "giebal trends in climate change ...
are growing concerns” and pledged themselves to work for sustainabifity — mesting current human needs
while preserving the environment and natural resources needed by fuiure generations’. it is now evident
that hurman activities are aready contributing adversely o global dirate change. Business as usual i§ 1O
tonger a viable option.

We urge sveryone - individuals, businesses and governments - 1o take prompt action to reduce emissions of
greenhouse gases. Ore rundred and eighty-one governments are Parties to the 1992 UN Framework
Torvention on Climate Change, demonstrating a giobal commitment 10 “stabilising  atmospheric
concentrations of greenhouse gases at safe fevels . Eighty-four countries have signed the subsequent 1937
Kyoto Protocol, committing developed couniries to reducing their annual aggregate emissions by 5.2% from
1990 levels by 2008-2012,

The ratification of this Protocol represents a srall but essential first siep towards stabilising atrnospheric
concentrations of greenhouse gases. 1t will help create a hase on which to bulld an equitable agreement
hotween all countries in the developed and developing worlds for the more substantial reductions that will
be necessary by the middle of the century.

There is much that can be dore now to reduce the emissions of greenhouse gases without excessive COst.
We balieve that there is aiso aneed for a rajor co-ordinated research effort focusing on the scence and
technology that underpin mitigation and adeptation strategies related to climate change. This effort shoutd
be funded prindipally by the developed countries and should invohve sdertists from throughout the world.

Mbamofmemntﬁkevidemedmmndse{hcﬁvesmpsmwmaveﬂdmaghgmmgesm
the earth's dimate.




BACK TO BAYES

When 1 first got involved in discussing the range of outcomes in climate
change, | didn’t understand Bayesian versus frequentist statistics, but in
fact that was the heart of the matter ~ how to deal with objectivity and
subjectivity in modelling and in projections.

As Bill Bryson mentions in the Introduction, the English clergyman
and mathemarician Thomas Bayes {circa 1702-61) formulated an approach
to probability now called Bayesian inference. His key theorem was
published posthumously in 1764. In essence, it expresses how our knowl-
edge base — and prejudices — establish an  priori probability for something
(that is, a prior belief in what will happen based on as much data and theory
as is available). As we further study the system, obtaining more dara and

devising better theories, we amend our prior belief and establish a new, 4

posteriori probability — after the fact. This is called Bayesian updating. Over

time, we keep revising our prior assumptions until eventually the faces
converge on the real probabiliry.

Since we cannot do experiments on the future, prediction is wholly a
Bayesian exercise. This is precisely why the Intergovernmental Panel on
Climate Change produces new assessments every six years OI 80, since new
data and improved theory allow us o updare our prior assumptions and
increase our confidence in the projected conclusions.

That confidence still falls short of certainty for most aspects of the prob-
lem. For example, there is only maybe a fifty-fifty chance of sea levels rising
many metres in centuries to come. The conclusion cannot be objective,
since the future is yet to come. However, we can use current measurements
of ice sheet melting. We can compare them with 125,000 years ago, when
the Earth was a degree or two warmer than now and sea levels were four to
six metres (thirteen to twenty feet) higher. Because that ancient natural
warming had a different cause (changed orbital dynamics of Earth around
the Sun) from recent and near future warming caused primarily from

current anthropogenic greenhouse gas increases, we can’t say with high




confidence that a few degrees of warming from greenhouse gases will
cause a four-to-six-metre rise in sea levels. But it undoubtedly indicates
uncomfortable Bayesian probability of something similar to that happe
i the next few centuries. This indeed was the conclusion of the Synthe
Report of the IPCC’s Fourth Assessment in 2007, for exactly those reasos
Some statisticians and scientists are leery of Bayesian methods. They péé
to stick only with empitical data and well-validated models. But what do y;
do when you don’t have such data? One example is found in clinical crials
cancer treatments, a subject in which I have had a very personal interest. Th
‘gold standard’ is a double-blind trial where half the patients receive a place
and the other half receive the drug being tested, and neither the patients no
the researchers know who got what, After five or ten years, if chere isa statisti:
cally significanc difference between the recovery rate of drug and placebo, the
irial is declared successful. The wial isn’t designed to pinpoint individual
differences. Even if we knew the odds of recovery for the average petson froni:
different treatments, there is a wide spread in individual responses. So medi-
cine should try to tailor treatments to the individual’s idiosyncrasies. That:
makes some doctors — and many insurance companies - nervous. Likewise,.
some scientists and many policy-makers are nervous about Bayesian inferences
based on the best assessment of experts, preferring hard statistics. But as there
are no hard statistics on the future, Bayesian methods are all we have. They are '
certainly better than no assessment at all and hoping that everything will work
out fine with no treacment. [f we care about the future, we have to learn w0
engage with subjective analyses and updating ~ there is no alternative other
than to wait for Laboratory Barth to perform the experiment for us, with all
living things on the planer along for the ride.

CHANGING THE CULTURE OF SCIENCE

While we have refined our models, it has also taken decades to develop the- .

right approach to these scientific realities, and to find the language to




convey them properly to policy-makers. In the global climate policy discus-
sion, the most important assessments have been produced by the
Intergovernmental Panel on Climare Change, in an extraordinary exercise
which involves thousands of scientists reviewing the latest evidence. Ever
since the TPCC was founded in 1988, 1 have pushed hard for a cultural
change in the assessments. As 1 have said, overcoming uncertainties, the
traditional approach of what the philosopher Thomas Kuhn' called
‘normal science’, will take an unforeseeably long time. Climate systems
science demands a shift to managing uncertainties instead.

That means we scientists, and policy-makers, grappling with climate
change impacts are dealing with risk management. As the sea level rise
example indicates, outcomes cannot be assessed with high confidence in

many important cases, but the probable range can often be estimated.

Risk-management framing is a judgment about acceptable and unac-
ceptable risks. That makes it a value judgment. As with the Bayestan
approach to probability, many traditional scientists are uncomfortable with
that. I am one of them, but I am more uncomfortable ignoring the prob-
lems attogether because they don’t fit neatly into our paradigm of ‘objec-
tive falsifiable research based on already known empirical dara.

Systems science also alerts us to the possibility of ‘surprises’ in future
global climate — perhaps extreme outcomes or tipping points which lead to
unusually rapid changes of state. By definition, very little in climate science
is more uncertain than the possibility of ‘surprises’. But it is nevertheless a
real one. Even so, it took several long rounds of assessment just to get IPCC
to mention surprises, let alone discuss formal subjective probabilistic treat-
ment of such potentially irreversible, large changes.

john Houghton, former direcror of the UK Meteorological Office and
the IPCC Working Group 1 leader for the first three assessment reports,

was initially very reluctant to get into the surprises tangle. I recall a very

clear exchange at a climate meeting in Oxford University in 1993

Houghton thought the public discussion about ‘surprises’ was t00 speculative

- Kuba, The Strucrre of Sciensific Bevabuions (Chicago, Universicy of O
viord Environment Conference: "Climare Change: Potential for Interactions and Surprise’ Ox Sniversity. {xford,
fand, 1516 fuly 1993,




Wm

and would be abused by the media. ‘Aren’t you just a lirdle bit worried that
some will take this surprises/abrupt change issue and take it too far?” he
asked. ‘T am, John; we have to frame it very carefully,” T replied. ‘But [ am -
at least equally worried that if we don't tell the political world the full range
of what might happen that could materialty affece them, we have not done
our jobs fully and are substituting our values on how to take risks for those
of society — the right level to decide such questions.”

In the end, despite the worry that discussions of surprises and non-
linearities could be taken out of context by extreme elements in the press
and NGOs, we were able to include a small section on the need for both
more formal and subjective treatments of uncertainties and outright
surprises in the [IPCC Second Assessment Report (SAR) in 1995." Chapter
11, ‘Advancing Our Understanding’, was about whart to do larer, and so
was not directly assessed in the more politically sensitive conclusions of the
report. Thus, John did not object to the few sentences on those topics in
that chapter. As a result, the very last sentence of the IPCC Working
Group [ 1995 Summary for Policy Makers (SPM)"" addresses the abrupt
non-linearity issue. This made much more in-depth assessment in subse-
quent [PCC reports possible, simply by noting that “When rapidly forced,

non-linear systems are especially subject to unexpected behaviour.”

A LANGUAGE FOR RISK

Now we had licence to pursue risk assessment of uncertain probability but
high consequence possibilities in more depth; but how should we go about
> The basics are that scientists can help policy-makers by laying out the

elements of risk, classically defined as consequence x probability. In other
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words, whar can happen and whar are the odds of it happening?

The plethora of uncertainties inherent in climarte change projecrions
clearly makes risk assessment difficule. The inertia in the climate and socio-
economic systems and the fact that greenhouse gases emissions will contin-
ue to rise, given the absence of strong mitigation policies (or unexpected
events like a prolonged recession), indicate that globally most policy-makers
have been reluctant to make long-term investments beyond their expected
terms in office. But that is changing both in some regions like the EU and
even in the US. These kinds of decision-makers are increasingly wary of
making what is known as a Type II error — fiddling while the Earth burns.
A Type 1 error is a false positive, which in this case would mean taking
action against climate change which subsequently proved relatively needless.

Scientists are often leery of making a Type I error when data are scarce for

fear of misleading sociery into unnecessary actions and being blamed for

undue alarm. The other kind, a Type I error, is a false negative, and in this
case would mean assuming it is preferable to do little or nothing until there
is less uncertainty, and subsequendy finding that serious climarte change
ensues unabated with much more damage than if precautionary policies had
been undertaken to adapt to and midgate the effects. So it appears that many
scientists are often Type I and our future-oriented decision-makers Type 1
error avoiders. A less charitable interpreration of those reluctant to invest in
precautionary adaprtation and mitigation measures is thar they know that
the really adverse outcomes will likely occur in the future when current deci-
sion-makers are not in office and not likely to be held accountable. The
short-term incentives are to delay action and pass the risks and the recrimi-
nations on to the next generation. None of this is scientific risk assessment,
but value judgments on where and how to take risks and make investments
in policy hedges — in short, risk management. But risk management is put
on a much firmer scientific basis when the managers are schooled in the best
risk assessments that state-of-the-art science can produce.

To help decision-makers, the IPCC produced a Guidance Paper on




Uncertainties in 2000 which was a foundation for the 2007 Fou
Assessment Report.** | prepared the original draft with Richard Moss, nog
a Senior Scientist, Joint Global Change Research Institute, after convenin
a meeting in 1996 in which about two dozen IPCC lead authors met wi

decision analysts to fashion a better way to treat uncertainties in scientifi

assessments. The final guidance eventually agreed to within the IPCC w:
a quantitative scale. We would define ‘low confidence’ as a less than one
in-three chance; ‘medium confidence’, one-in-three to two-in-three; ‘high
confidence’, above two-thirds; ‘very high confidence’, above 95 per cen
and ‘very low confidence’, below 5 per cent.

It took a long time to negotiate those numbers and those words in the
Third Assessment Report cycle. There were some people who still felt thar
they could not apply a quantitative scale o issues that were oo speculative
or ‘too subjective’ for real scientists to indulge in ‘speculating on probabili-
ties not directly measured’. One critic said, ‘Assigning confidence by group
discussions, even if informed by the available evidence, was like doing scat-
of-the-pants statistics over a good beer.” He never answered my response:
"Would you and your colleagues think you’d do that subjective estimation
less credibly than your Minister of the Treasury or the President of the US
Chamber of Commerce?’

So we had two things we wanted everyone to use — a set of numbers
defining the probability ranges for words such as ‘likely’, and a set of qual-
itative phrases for our confidence in the results, going from ‘well estab-
lished” if there were a lot of data and a lot of agreement becween theory and
data, ro ‘speculative’ without much data and when there wasn’t much
agreement. We had ‘established but incomplete’ and ‘competing explana-
tions’ for the intermediate cases.

And then for the next two years Richard and 1 became what a journalist
later called ‘the uncertainty cops’. I read three thousand pages of draft
material for the IPCC’s Third Assessment Report. People did not always

G b e




use uncertainty terms according to our simple rules. For instance, they
would say that because of uncertainties, we can't be ‘definitive’. 1 wrote
back, “What is the probability of a “definjtive”? Farly drafts would put the
range of outcomes anywhere from a one to five degrees Celsius change in

tremperature. And then they would say in parentheses ‘medium confi-

dence’. That was completely incorrect. It was “very high confidence’,

because they were talking about the fact that between one and five degrees
was a very, very likely place to arrive. But people didn’t want to say ‘very
high confidence’ because nobody felt very confident about the state of the

science at the level of pinning it down to, say, one degree. So Richard or 1




would help them to rewrite, and say that we have ‘low confidence |
specific forecasts to a precision of a half degree, but we have ‘high coi
dence’ that the range is one to five degrees. Simple things like that w:
needed to achieve consistency of message.

Meanwhile the political chicanery of ideologists and special interey
was shamelessly exploiting systems uncertainty by misframing the clima
debare as bipolar — ‘the end of the world’ versus ‘it's good for you'. I H
media compliantly carried it in that frame much of the time, too. But those
were and still are, in my view, the two lowest ?robabiiity outcomes. The
confusion that bipolar framing has engendered creates in the public at large
4 sense that if the experts don’t know the answers, how can [, a mere lay
citizen, fathom this complex situation?” To this, industry-funded pressurt

groups added the old trick of recruiting non climate scientists who are scep~

tical of anthropogenic climarte change to serve as counterweights to main

stream climate scientists. This spreads doubt and confusion among thosé
who don’t look up the credentials of the apparently contending scientists —
and that, unfortunately, includes most of the public and too much of the
media. The framing of the climate problem as ‘unproved’, ‘lacking a
consensus’, and ‘too uncertain for preventive policy’ has been advanced
strategically by the defenders of the status quo. This is very similar to the
cactics of the Tobacco Instituce and its three-decade record of distortion
that helped stall policy actions against the tobacco industry, despite the
horrendous healch consequences and eventually billions of dollars in
successful lawsuits against big tobacco.

In the face of such tactics, the IPCC assessment reports are intended to
be the best achievable statement of current scientific consensus. But
‘consensus’ is not necessarily built over conclusions but the confidence we
have in a host of possible conclusions. With that kind of information policy-
makers can make risk-management decisions by weighing both the possi-
ble outcomes and the assessed levels of confidence — we know it well, sort

of know it, or hardly know it at all. Scientists should just say what we do




Lnow and don’t, and not leave something out because it isn’t a well-estab-
Jished consensus yet. It is the job of society, through its officials, to make
the risk-management decisions informed by our conclusions and accompany-
ing confidence estimates.

Again, the groups preparing IPCC reports had many hot, contentious
discussions on that issue. Working Group I, for example, initiafly balked at

the notion of including subjective estimarions, and then embraced it, but
then said thar they needed to have finer gradations, because they had real

data, not just subjective judgments, and they wanted to have a 99 per cent

and a 1 per cent. There were also interesting disciplinary differences. Linda
Mearns at the National Center for Atmospheric Research, one of the few lead
authors in two working groups, helped recongile the physical scientists in
Working Group I who were leery of subjectivity and risk management and
the ecologists and social scientists in Working Group 11 who felt that society,
not scientists, should choose how 1o take risks after 2/l the possible conclu-

sions were reported. It took us quite a long time to get both sides to first

B

understand and eventually respect the other point of view. My role was not C o way

to endorse one or the other, but rather to be sure all our reporting was explicir
about assumptions, so we could have a “traccable account’ of all underlying
processes behind important conclusions. That process is building, but is not

yet complete across the IPCC or the scientific community in general.”

WHERE NEXT?

As 've said, normally science strives o reduce uncertainty through data
collection, research, modelling, simulation, and so forth. The objective is to
overcome the uncertainty completely — to make known the unknown. Short
of that, new information may narrow the range of uncertainty. No doubt
further scientific research into the interacting processes that make up the
climate system can reduce uncertainty about the response to increasing

concentrations of greenhouse gases. This is very unlikely to happen quickly,

Schaeider. Sceience a5 @ Contaer Sport (Washingron 0, National Geographic Press, 200025, 295 pp.




however, given the complexity of the global climate and the many yeas
high quality data which will be needed. Meanwhile, even the most optim
‘business-as-usual’ emissions pathway is projected to result in drama

dangerous climate impacts. That means making policy decisions before t

uncertainty is resolved, rather than using it to justify delaying actiof.

Risk management also means understanding what is truly uncerta
and what is not. Sometimes critics claim that there should be no stron
climate policy until the science is ‘settled’ and major uncertainties resolv
whereas supporters of strong policies suggest the science is already ‘settled
enough’ and it is time to proceed with action to reduce risks. The scien
which demonstrates a significant warming trend over the past century:is
seccled: moreover, it is virtually settded that the past several decades o
warming have been largely caused by human activity and that much mor

is being built into the emissions pathways of the twenty-first century

Sounds like the ‘settled already’ side has won the debate: warming is occur

ring and human activities are the primary driver of recent changes.

That leaves the uncertainty about how severe warming and its impact

will be in the future, especially when projections for ‘likely’ warming by
2100 vary by a factor of six. The task then is to manage the uncertain
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rather than master it, to integrate uncertainty into climate research and policy-
making. This kind of risk-management framework is often practised in
defence, health, business and environmental decision-making. But the
thresholds for acrion often seem lower. The US has a military arm, of course,
and although T may not like everything we do with it, I dor’t know anybody
who says you should get rid of it because a nation has to have security
precautions, even against only very low probability - but potentially danger-
ous — threats. Well, the climate change threat is not 1 per cent. It’s more
than 50 per cent for many really significant troubles, and maybe 10 per cent
for absolutely catastrophic troubles.

In my personal value frame, it is already a few decades too late for
having implemented some policy measures against such risks. Had we
begun mitigation and adaptation investments decades ago, when a number
of us advocared them,™ the job of remaining safely below dangerous thresh-
olds would be easier and cheaper. Similasly, beyond a few degrees Celsius
of warming -~ at least an even bet if we remain anywhere near our current
course — it is likely that many ‘dangerous’ thresholds will be exceeded.

Strong action is long overdue, even if there is a small chance that by luck
climate sensitivity will be at the lower end of the uncertainty range and, at
the same time, some fortunate, soon-to-be-discovered low-cost, low
carbon-emitting energy systems will materialise. For me, that is a high-
stakes gamble not remotely worth taking with our planetary life-support
system. Despite the large uncertainties in many parts of the climate science

and policy assessments to dare, uncertainty is no longer a responsible justi-

fication for delay.

hange Risk'. Chaprer 13 in S5 Schneider, A. Rosencranz.
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