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1. Introduction
Evidence is starting to accumulate for the possible beginnings of
rapid climate change or at least more rapid change of systems that
may affect the climate, than had been assumed (NSIDC, 2005;
NASA, 2006; Walter et al., 2006; ESA, 2008, 2009; cf. Pearce, 2006).
It can reasonably be argued that the climate and climate related
systems are already rapidly changing. Schellnhuber et al. (2006)
does not robustly dispel this possibility. This is not evidence of
runaway climate change, but might be seen as an indication that a
rapid cascade of climate change may become evident more quickly
than has previously been ‘assumed’ (cf. IPCCWG2, 2001, p. 129).
In this situation crucial questions are (1) how should society
and policy respond to current indications of rapid climate change?
(2) What should human responses be if the evidence becomes
clearer? These questions are already being addressed in the
seminal scholarship and highly inﬂuential policy documents
(Hulme, 2003, 2008; Stern Report, 2006). However, extant
approaches appear to embody critical assumptions that might
lead to the development of grossly inadequate policies; or at a
minimum should be subject to global public debate.
These assumptions relate ﬁrstly, to the idea that humans can or
will soon be able to predict the climate system including tipping
points for its period of inertia—perhaps thousands of years. And,
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secondly that utilitarian economic assumptions can capture the
range of human preferences over these periods. This article
explores the origin of the predictive paradigm and questions the
validity of this and closely related ideas as a basis for national and
global climate policy-making. To end, we draw from theories of
discursive democracy and virtue ethics to offer brief suggestions
for complimentary or alternative approaches. Given the wide
acknowledgement that climate change might be the most
important challenge ever faced by humanity, we share with
Achterberg (2001, p. 183) that the ethical basis for climate policy
and indeed the governance of global environmental change be
urgently held up for scrutiny.
2. Existing policy responses to rapid climate change
The possibility of ‘rapid’ or ‘abrupt’ climate change had been
mooted at least as long ago as 1992 (Mintzer, 1992, pp. 55–64; cf.
Mercer, 1978, pp. 321–325). However, signiﬁcant discussions of
policy implications have only recently begun to emerge in the
literature and policy circles (Rahmstorf, 1994, 1995; Schellnhuber,
1998, 2001; Schneider et al., 2002; Hulme, 2003, 2006, 2007, 2008;
Schneider, 2003; POST, 2005; US Congressional Budget Ofﬁce,
2005; Stern Report, 2006; Lowe, 2006). Existing policy or policy
theory responses to rapid climate change tend to make the
following key epistemological and ethical assumptions (cf.
IPCCWG2, 2001, p. 124; Lenton et al., 2008; Pielke et al., 2000,
pp. 385–386; Smith, 2003, pp. 29–51; Stern Review, 2006). The
assumptions about knowledge of the Earth System appear to be (1)
we need more knowledge so that we can know just how far we can
push the climate (earth) system. (2) Humans can know what level
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of stress we can cause to the Earth System before the climate
(earth) system changes state. (3) ‘Experts’ can tell us this. (4) All
tipping points will be imagined and identiﬁed. (5) Levels of stress
before tipping points are reached can be identiﬁed and ‘measured’
robustly enough and soon enough to allow avoidance of tipping
points in the Earth System despite signiﬁcant inertia.
The dominant implicit ethical assumptions appear to be (1)
humans could and should get as much material beneﬁt from the
Earth System as possible within legal and Earth System limits. (2)
Economic cost–beneﬁt analysis captures the range of human
values and preferences within and between cultures. The above
two groups of assumptions can be gathered together under two
key terms: prediction and economic utilitarianism. Both are
equally important in understanding the underlying philosophy
and prevailing direction of climate policy-making in the Western
democracies. However in this article we shall focus on the issue of
epistemology.
2.1. Climate prediction and policy for rapid climate change
Climate prediction and projections have become without a
doubt the bedrock of climate policy at least in the developed world.
To a more or less degree, all the targets and policy responses for
climate change both at national and continental levels derive from
projections made available by climate scientists. Indeed, accordingly to Alan Thorpe, former director of UK Hadley centre in the
met Ofﬁce and a leading scientists in climate science in the UK, the
ability of scientists to predict climate for seasons and years into the
future is precisely what makes science ‘‘crucial in determining
government and international policy’’ (Thorpe, 2005, p. 3). To be
sure, predictions of future climate change based on numerical
global models and probabilistic analysis are certainly important
outputs of climate science. There is also the need to be clear that
climate monitoring and projections, including the estimation of
possible impacts on society and the environment ‘‘have been
crucial in the emergence of climate change as a global problem for
public policy and decision making’’ (Dessai et al., 2009a).
What is intriguing however is that while many of those
adopting a predictive approach to climate policy admit the
possibility of abrupt climate change, they have consistently failed
to consider what the policy options should be if rapid climate
might or should start to happen. For example, in one of the seminal
papers on the topic entitled ‘‘Abrupt climate change: can the society
cope?’’, Hulme (2003) clearly notes rapid change in climate is a
distinctive possibility but then he suggests ‘‘it is premature to
argue that abrupt climate change . . . constitutes a dangerous
change in climate that should therefore be avoided at all
reasonable cost’’ (p. 16). Later Hulme (2003, p. 16) goes on to
imply that more probabilistic estimates of abrupt climate change
are needed before signiﬁcant decisions can be made—a conclusion
that appears to assume that the climate system will not change
abruptly until humans have done some (robustly predictive)
studies. Hulme does call for the assumptions of these estimates to
be transparent. Whether he means purely scientiﬁc assumptions or
epistemological, ethical, political, faith in the robustness of the
Earth System, etc. is not clear.
Similar tensions exist in a report by the Committee on Abrupt
Climate Change (CACC), a study of the science and potential
impacts of abrupt climate change. The report, on the one hand,
recognises the possibility of rapid climate change saying that
‘‘recent scientiﬁc evidence shows that major and widespread
climate changes have occurred with startling speed. . .’’ (CACC,
2003, p. 1). On the other hand, however, the report provides little
insight into policy-making in a context of a possible rapid climate
change other than a call for better science and a discussion of
potential impacts of abrupt climate change. Again, this is perhaps

because of an assumption that the prediction of abrupt climate
change (e.g. CACC, 2003, pp. 4–5), or even prediction of the
ﬁnancial costs of abrupt climate change (e.g. CACC, 2003, pp. 152,
157–159) is needed before policy can be made.
Another, equally telling example can be found in POST (2005),
which is a UK Parliament report that addresses rapid climate change.
Like the CACC document before it, the POST makes clear that, in spite
of signiﬁcant uncertainties, abrupt climate change remains an
important question that policy-making needs to consider. However,
the most concrete policy responses it offers is to ‘‘. . . instigate
coordinated research; install monitoring systems; implement winwin strategies to reduce vulnerabilities; and ultimately stabilise
atmospheric GHG concentrations at a level that would lower the risk
of rapid changes in the future’’ (POST, 2005, p. 4).
Other signiﬁcant sources which demonstrate similar lacunae
are the UK Stern Report on the Economics of Climate change and a
report by the US Congressional Budget Ofﬁce (2005). Both
documents explicitly consider abrupt or non-linear climate but
offer no detailed discussion on possible ways of responding to the
unprecedented levels of uncertainty in climate science (cf. Hof
et al., 2008). All of the above examples illustrate the difﬁculties of
predict-and-control2 approaches to policy where levels of stress to
the Earth System before tipping points are reached cannot be
robustly identiﬁed. These measures are largely based on the
assumptions that humans can predict the level of stress to the
Earth System before signiﬁcant harm to human societies is
inevitable (cf. Pilkey and Pilkey-Jarvis, 2007).
But given the uncertainties surrounding climate science, and
our knowledge of the Earth System in general, there may be
considerable risk attached to policy processes that simply assume
uncertainties can be removed. Schneider et al. (2002, pp. 53–87)
offer a useful discussion of ‘decision making under uncertainty’
with regard to the Earth System which effectively highlights the
problems with these approaches. They state clearly that ‘unwarranted complacency may result from the inability to foresee nonlinear events’ (p. 65) and suggest that ‘‘. . . in view of the wide range
of plausible climatic change scenarios available in the literature –
including a growing number of rapid non-linear change projections – it is important for costing analyses to consider many such
scenarios, including the implications of rapid changes in emissions
triggering non-linear climatic changes with potentially signiﬁcant
implications for costing’’ (p. 79). Similarly, in a separate report to
the OECD on the topic, (Schneider, 2003, p. 16) repeats the message
that approaches ‘‘which neglects surprises . . . of the earth system
. . . is indeed questionable, and should carry a clear warning to
users of the fundamental assumptions implicit in it.’’ The main
point here is quite simply that given the dependence of human
societies on the Earth System, the element of surprise which is well
recognised in Earth System science, should be emphasised in both
scholarship and decision-making circles and with clear considerations of implications and policy options. Indeed, one option, as
suggested by Rial et al. (2004, p. 31) is ‘‘not to rely on prediction as
the primary policy approach to assess the potential impact of
future regional and global climate change.’’
2.1.1. Predictability of the Earth System?
Given the emphasis on prediction in the climate policy
literature it is important to ask whether the uncertainties around
predicting future climate can be removed. A brief exploration of

2
See the later discussion of Bacon for an indication of the relationship of
prediction and control in the dominant Baconian policy paradigm. The relationship
between prediction and control is typically not made explicit; however, an implicit
aim of prediction is commonly control. This article is more concerned with
prediction to avoid rapid climate change than prediction to ‘control’ the climate—
i.e. geo-engineering.
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the literature on climate science and Earth System science will
provide useful insight. In 2001, the IPCC explicitly recognised that
non-linear climate change was a possibility with which policymakers ought to be concerned. The body stated that ‘‘. . . with a
rapidly changing external forcing, the non-linear climate system
may experience as yet unenvisionable, unexpected, rapid change’’
(IPCCWG1, 2001, p. 96, emphasis added). By their fourth
assessment IPCCWG1 (2007, pp. 123–124) felt the need to address
‘Frequently Asked Question 10.2: How Likely are Major or Abrupt
Climate Changes, such as Loss of Ice Sheets or Changes in Global
Ocean Circulation?’ Their answer can be summarised as—not very
likely, we cannot dismiss the possibility, but we do not really know.
Given the difﬁculties in prediction highlighted in this paper and
indicated in the detail of their reasoning, the tension between ‘not
very likely’ and ‘we do not really know’ is signiﬁcant. While it was
useful to summarise the research that has been complete since
2001 it would perhaps have been more helpful for policy-makers
for the IPCC to emphasise ‘we cannot dismiss the possibility but we
do not really know’ more. As stated, the IPCC admits to deep
epistemological issues with climate science:
The evaluation of uncertainty and the necessary precaution is
plagued with complex pitfalls. These include the global scale,
long time lags between forcing and response, the impossibility
to test experimentally before the facts arise, and the low
frequency variability with the periods involved being longer
than the length of most records. (IPCCWG3, 2001, 656)
Furthermore, it says:
Finally, a series of potential large-scale geophysical transformations . . . have been identiﬁed and examined more closely in
recent years. These imply thresholds that humanity might
decide not to cross because the potential impacts . . . are
considered to be unacceptably high. Little is know about these
thresholds today (IPCCWG3, 2001, 673, emphasis added)
However despite making these telling statements about abiding
uncertainty and ignorance, the IPCC still manages to ﬁnd enough
conﬁdence to make assurances that abrupt climate change is an
unlikely event. Meanwhile, it is important to be aware, as the IPCC
itself well recognises that the inertia implied in ‘long time lags’ may
be hundreds of years (IPCCWG1, 558) for some components of the
Earth System and conceivably thousands of years (IPCCSR, 2001, pp.
16–21). This suggests that predictive efforts will need to be robust
for these lengths of time for predictive management of the climate
(and earth) systems to be effective.3 The IPCC’s evaluation of
limitation in human theories of knowledge is very instructive:
Some of these uncertainty aspects may be irreducible in
principle, and hence decision makers will have to continue to
take action under signiﬁcant uncertainty, so the problem of
climate change evolves as a subject of risk management in
which strategies are formulated as new knowledge arises.
(IPCCWG3, 2001, 656, emphasis added)
These quotations taken together are important because they
indicate the tensions but equally the stakes that may be involved in
the choice of how to respond to climate change. It is at least apparent
that, in assuming management as the correct response to
uncertainty (as opposed to for example precaution), the IPCC makes
a normative assumption with which a large section of the global
3
The 2001 IPCC third assessment reports put more effort into discussing inertia
in economic systems than they do into discussing inertia in the climate or Earth
System. This arguably implies a normative assumption in favour of economistic
utilitarian ethics by the 2001 IPCC reports.

3

population might not necessarily agree (cf. Jamieson, 1992; Padilla,
2004; Smith, 2003, pp. 29–51; Palmer and Finlay, 2003). It is
signiﬁcant that the IPCC themselves have still not made it clear to the
general public what these ‘large-scale geophysical transformations’
might be so that ‘humanity might decided [to try] not to cross’ them.
IPCCWG3 (2001, p. 677) appears to suggest these are events such as
the shutdown of the North Atlantic Thermohaline Conveyor or the
collapse of the West Antarctic Ice Sheet, which would almost
certainly have very detrimental effects to human societies.
IPCCWG2 (2001, p. 129) assumes that the assessment of the
‘low probability [of] . . . the occurrence of extreme climate
outcomes such as a ‘‘runaway greenhouse effect’’’ is known in
an objective sense from ‘subjective probabilities’ from ‘experts’. Of
course, this may well be the best process humanity has for making
this type of assessment, but it is hardly ‘objective science’4 and
appears to take no assessment of various factors that may affect the
judgement of these experts. Some of these factors could include (1)
commitment to: particular ontological assumptions, scientiﬁc
paradigms; scientiﬁc methods, ethical frameworks, economic and
political arrangements; (2) supra-rational beliefs about the
robustness or otherwise of the Earth System and the basis of
those beliefs and (3) level of expertise in the philosophy of science,
in particular any current limitations of science.5
A recent synthesis and assessment report on abrupt climate
change produced by the US Climate Change Science Program
(2008) supports the possibility of abrupt change. But like the IPCC,
the report, on the one hand, considers abrupt change unlikely in
the next few years, but on the other hand emphasises profound
ignorance and current limitations of predictive approaches. Again
like the IPCC and other high proﬁle reports before it, makes no
obvious attempt to address the profound philosophical questions
about persistent limitations of prediction that is acknowledged.
Indeed, the report takes a strongly reductive approach in the sense
that it considers individual examples of abrupt change, but makes
little effort to consider if one form of abrupt change should happen
then whether this could trigger further abrupt changes. One
example could be the rapid melting of the Greenland ice sheet that
then triggers a rapid reduction in the Gulf Stream (e.g. AMOC). This
limitation, in our view, underlines the difﬁculties of a predictive
approach more than a lack of effort on behalf of the authors (cf.
Allen and Frame, 2007; Stainforth et al., 2005).
The persistence of predictive approaches led Shackley and
Wynne (1995) to suggest that a conclusion of low probability of
extreme events might be as much conditioned by the answers
policy-makers would like as by what science on its own can justify.
The ingrained dislike of unpredictable events may largely stem
from the realisation that policy-makers standard tools, particularly
economic cost–beneﬁt analysis, ﬁnd it difﬁcult to respond to this
possibility.6 A number of different authors have also argued that
maintenance of a 1.5–4.5 8C climate sensitivity is as much a result
of its social convenience as of the science itself (Shackley and
Wynne, 1995; Morgan and Keith, 1995; Demeritt, 2006).
Similarly, Van der Sluijs et al. (1998, p. 318 emphasis added)
insist that abrupt climate change are not taken very seriously in
4
Compare this approach to the motto of the Royal Society ‘On the words of no
one’ (http://royalsociety.org/page.asp?id=6186 and http://www.royalsoc.ac.uk/
page.asp?id=1020).
5
Scientists may or may not need expertise in philosophy of science to operate as
scientists; however, to offer rational evaluation of the limits or otherwise of science
as it is applied to policy questions an understanding of philosophy of science seems
one essential skill.
6
Schimmelpfennig (1996) presents a good analysis of many of the types of
uncertainty in economic models of climate-change impacts and a range of
responses; however, this just serves to emphasise the difﬁculties of using
predictive, numeric and utilitarian approaches to climate change impacts as well
as the democratic opaqueness of any results and questionable nature of such
results.
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policy debate because such a course ‘‘. . . would upset the existing
commitment by most . . . policy actors and institutions to the idea
of smooth and manageable forms of anthropogenic climate change,
corresponding with the idea of its intellectual amenability to the
modern epistemic culture of prediction and control’’. This verdict
might be subjective, but what is incontrovertible is that previous
inaccurate predictions of climate change and existing evidence of
rapid change already strongly suggest the limitations of predictive
approaches. Moreover, inertia in the climate systems means that a
domino effect of imagined and unimagined climate feedbacks
producing barely imaginable temperature change cannot be ruled
out on the basis of science alone, though this is not yet clearly
evident.
Furthermore, the problem with the limitations of climate
prediction is exacerbated when one notes that scholarship on
broader Earth System science make clear that changes in the earth
environment happen in ways that ‘‘are difﬁcult to understand and
often impossible to predict’’ (Steffen and Tyson, 2001, Foreword).
Steffen and Tyson (2001) go on to indicate more speciﬁcally that
the Earth’s dynamics are characterised by the possibility of abrupt
changes with catastrophic consequences which can be triggered by
human activities. They claim that ‘‘the nature of changes now
occurring simultaneously in the Earth System, their magnitudes and
rates of change are unprecedented’’ (p. 3). If then, as it seems, we
cannot conﬁdently rule of abrupt change, one would think it makes
sense to have serious discussion about what the response option
should be.
2.1.2. Thresholds and the epistemology of the Earth System7
Are there ideas that indicate that humans will be able to
predict-and-control (manage) the Earth System and what do
theories of knowledge tell us about this important question? There
are many areas of debate but the key argument centres on the
existence or otherwise of critical thresholds and possibility of
identifying and measuring these. Thus, Schellnhuber (1998, p. 21,
emphasis in original) captures the scene well when he said that
‘‘One of the most burning questions of modern environmental
research is. . .whether there is a possibility that critical thresholds
. . . exist in the . . . complex Earth System for certain global
conditions.’’
Majority of the leading scholars in the ﬁeld tend to think that
critical thresholds exists but that these can be imagined and
identiﬁed (Schellnhuber and Held, 2002; Schellnhuber, 1998,
2001; Schellnhuber et al., 2004; Steffen and Tyson, 2001; Steffen
et al., 2004). In answer to the question posed in his seminal
contribution, Schellnhuber (1998) suggests that while there are
epistemological difﬁculties relating to ‘‘irreducible cognitive and
voluntative uncertainties’’ (p. 181; our emphasis), thresholds can for
practical purposes be established and measured. Furthering his
thoughts on this topic later, Schellnhuber (2001, pp. 50–51)
suggests that the control and management of the Earth System
through the identiﬁcation and measurement of critical thresholds
is both possible and desirable. Schellnhuber et al. (2004, pp. 8–10,
17), recognise once again the inherent incompleteness and
consequent limitation of prediction but nonetheless proceed to
assert that developing a ‘‘comprehensive list’’ of critical thresholds
in the Earth System will help to ‘‘support global stewardship’’ and
avert run away climate change. Continuing, they express the
conﬁdence that ‘‘The S&T [Science & Technology] community could
7
Cohen et al. (1998) is a useful comparison of climate change and sustainable
development research noting the problems created by the separation of the two.
They also emphasise the signiﬁcance of ethical assumptions plus difﬁculties and
signiﬁcance of assumptions that prediction of the Earth System is required. On
p365, they suggest that policy-making tools ‘become less truth machines and more
heuristic tools that engage users’—implying the democratisation of policy, even is
there is no explicit call to directly engage citizens.

therefore signiﬁcantly improve the prospects for humanity
consciously managing a transition toward sustainability by
developing an understanding of the vulnerability and resilience
of the Earth’s life-support systems to ‘‘dangerous’’ disruption’’
(Schellnhuber et al., 2004, p. 18). They did not make clear the basis
of this assertion of the possibility of a comprehensive analysis
given especially the earlier admission of the limitations of
prediction. Similarly Steffen and Tyson (2001, p. 25) say:
There are now methods developed in biophysics that try to
anticipate when critical systems thresholds will be crossed by
detecting warning signs of the imminent phase transition. The
latter approach is particularly relevant to Earth System analysis
that attempts to identify the switch and choke points in the
planetary machinery that might be inadvertently activated by
human activities. In fact, science can even beneﬁt from the
existence of strong nonlinearities in the Earth System by
devising an inverse sustainability strategy that calculates the
critical anthropogenic perturbations to be avoided at all costs.
However, like Schellnhuber et al. (2004), they do not provide
details or references to how calculations of levels of these critical
perturbations may be achieved. One possible approach to critical
threshold measurement has been considered by Kleinen et al.
(2003). These authors suggest that this can be done by the means of
a ‘simple two-box model of the hemispheric thermohaline
circulation’ (Kleinen et al., 2003, p. 53). However, at the current
level of development the approach does not mean that robust
process can be assumed.
Authors such as von Bertalanffy (1971), Laszlo (1972) and
Jantsch (1980) discuss systems theory and systems science.
Speciﬁcally, Jantsch (1980) discusses systems that change state
at a speciﬁc or ‘critical’ level of disturbance, noting everyday
occurrences of this phenomenon. He does describe ways of ﬁnding
critical thresholds where switches in state will take place, but the
indication appear to be that this is possible only with laboratory
systems where repeatable experiments can be done. This difﬁculty
in identifying such ‘tipping points’ without the use of repetitive
experimental processes possible only with laboratory systems
continues to weigh heavily on Earth System science to this day
despite at least one journal devoted to ‘Nonlinear Processes in
Geophysics’ (Schellnhuber, 1998, 1999; Schellnhuber and Held,
2002; Steffen et al., 2004; Schellnhuber et al., 2004; Rial et al.,
2004; QUEST, 2005).
An example of critical thresholds in relatively simple systems is
metal fatigue, where a crack propagates for months or years from a
small imperfection, until the material is sufﬁciently weakened for
it break in fractions of a second (Mann, 1967, p. 11). This can ‘take
place even though the peak stress is well below the ultimate tensile
stress’ (Cox and Tait, 1991, p. 42). It is also important to note that
many materials, once stressed to a certain level, cannot return to
their original state and will break even if the stress on them is
reduced (White, 1999, p. 288; Boyer, 1986). In fact metal fatigue
was only widely recognised after numerous fatal ‘real world
experiments’ and is still an issue that leads to fatalities in
industries such as aviation. This does not provide the conﬁdence to
presume that human beings can spot all thresholds in the Earth
System in time to prevent them from being crossed. Other wellknown examples of rapid change at critical thresholds include
avalanches, anaphylactic shock, heart attacks, multiple organ
failure, volcanoes, domino effects, economic crashes and political
revolutions.
The above considerations would appear to lead to the
conclusion that at present, there is no robust way of ﬁnding all
critical thresholds in global and more local ecological systems
without taking the risk of blowing up the ‘laboratory’ along with
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the experimenters. Faber et al. (1998, pp. 205–229) have argued
very strongly on the epistemological limitations of Earth System
science. In their detailed philosophical analysis of Earth System
knowledge theories, they argue among other things that imperfect
communication, inability to check all assumptions and the
emergence of novel ‘natural systems’ and technology constitute
nearly insuperable challenges for threshold predictions. One
popular example that throws some light to some the difﬁculty
associated with new technologies is the case of chloroﬂuorocarbons (CFCs) the devastating effect of which was not know until it
was almost too late. Indeed Crutzen (1996) suggests that if
bromine had originally been used rather than chlorine, ozone
depletion from ﬂuorocarbons would have been much worse than it
has been. Thus, it is not clear what basis the authors who believe in
the robust prediction and management of critical thresholds have
for assuming that all side effects of new technology can be
anticipated and ‘managed’. Although Steffen et al. (2004) appear to
embrace predict-to-control approaches, they also reﬂect on the
near insurmountable epistemological difﬁculties implicated in this
endeavour. They were prepared to admit that:
Systems theory suggests that complex systems can never be
managed; they can only be perturbed and the outcomes
observed. Furthermore many of these outcomes will be likely
unpredictable . . . This property of complex systems is manifest
in the Earth System . . . Humans . . . cannot be in a position to
manage the Earth System . . . (Steffen et al., 2004, 286 see also
295, 297-8)
In addition, further difﬁculties are raised by questions around
climate and Earth System models such as limitations of datasets,
difﬁculties providing robust predictions at a small enough scale
to be useful for local policy decisions, difﬁculties reconciling
models with paleoclimate data, and difﬁculties collecting
adequate paleoclimate data for comparisons at local levels.
Beyond this, there is the even more fundamental philosophical
issue of the ‘problem of induction’ (Hume, 1748/1975; Popper,
1972, pp. 27–30; Caws, 1965, pp. 256–265; Worrall, 1989;
Bostrom, 1996; Howson, 2000; Norgaard, 1989, p. 44; Lemons,
1996, pp. 18–19) as illustrated by Popper’s example of the
discovery of black swans when all swans had been assumed to
be white (cf. Taleb, 2007). Indeed, Popper (1966, 1989, pp. 336–
346) argues that the same problems that characterise the
‘natural’ component of the earth equally inhere in the human
social component of the Earth System. He argues that assumptions of predictability of the development of societies lead to
historicist totalitarianism implicated in some of the most
unpleasant regimes of the twentieth century. Like Popper,
many other notable authors on the philosophy of science such as
Kuhn (1970), Lakatos (1970) and Feyerabend (1970, 1975) also
suggest serious difﬁculties in the prediction of complex systems
such as the Earth System.
2.2. The quest to dominate nature
The preceding sections indicate that while prediction-andcontrol of the physical world is the dominant approach to national
and international climate policy, the method is nonetheless
fraught with grave ethical and epistemological difﬁculties. Before
considering possible alterative approaches, let us brieﬂy shed light
on the intellectual precursor of the predictive paradigm. The
origins of the assumption of predictive approaches are undoubtedly complex; however, one key articulation of prediction-andcontrol assumptions (or even ideology) that is paradigmatic for
most contemporary climate change policy comes from Francis
Bacon and can be captured in the phrase ‘knowledge is power’

5

(Bacon, Meditationes Sacrae, 1597).8 This knowledge and power
come from systematic observation and systematic repeatable
experiment organised by underlying reasonable theory (Milton,
1998, vol. 1, pp. 627–628). Milton goes on to write of Bacon: ‘‘. . . it
was the ability of a theory to endow its holders with power over
nature that provided the best, and indeed the only genuinely
satisfactory, evidence for its truth.’’ (Milton, 1998, vol. 1, p. 628,
emphasis added). Or in Bacon’s own words, ‘‘Human knowledge
and human power meet in one, for where the cause is not known
the effect cannot be produced. Nature to be commanded must be
obeyed; and that which in contemplation is as the cause is in
operation as the rule’’ (Bacon, Novum Organum, 1620, i 3; Quoted
in Milton, 1998, vol. 1, 628).
Bacon applied his perspective on ‘science’ to politics primarily
in a ‘utopian’ literary work9 New Atlantis (Bruce, 1999, xxviii).
According to Bruce (1999), the essence of this project, for Bacon,
was to envision an ideal society that has managed to bring nature
to subjection through breakthroughs in science and technology.
Given of course, Bacon’s epoch, it is unsurprising that no
consideration was given to ecological issues. Interestingly, Bacon’s
Atlantean society has an equivalent of today’s Royal Society the
purpose of which is to help enlarge ‘‘the bounds of human empire,
to the effecting of all things possible’’ (Bruce, 1999, p. 177). It is not
clear just how the above Baconian types of idea affect ‘modernity’
but commentators such as Jung (1993), Norgaard (1989, pp. 38,
53), Davidson (2000) and Simpson (2005) suggest they are
important. Milton (1998, vol. 1, p. 626) argues that New Atlantis
had a ‘profound inﬂuence . . . on the founders and early practice of
the Royal Society’ and Norgaard (1989, pp. 42–43) argues that they
provide key inspiration for current attitudes to international
environmental decision policy-making. Williams (1992, p. 132)
equally highlights the signiﬁcance of Bacon and also connects this
signiﬁcance to current dominant approaches to climate policymaking.
It is instructive, to the extent that these suggestions are valid,
that one of the intellectual precursors of the predictive approaches
to Earth System management is based on a project the explicit
intention of which is to dominate and control nature. This is
important not only because of the well-rehearsed problems with
unrestrained anthropocentrism but also because there are deep
epistemological problems as the discussions in previous sections
have shown. Many ecological discussion of Bacon have highlighted
the deep implications for ecological questions of Bacon’s ethical
assumptions especially as it relates to the domination of nature
(and women) (Attﬁeld, 1994, pp. 29–31, 48; Hay, 2002, pp. 75–76,
123; Merchant, 1983; Rodman, 1975). However, with the
exception of Jamieson (1996) the equally problematic epistemological assumptions have hardly been seriously discussed. That is,
they tend to be critical of an ethical assumption in favour of
exploiting ‘nature’ rather than questioning human ability to
sustain societies on the basis of controlling nature. More bluntly,
they ask whether we should control nature rather than whether we
can ultimately control nature or know the limits of our control.
Emerging discussion on geo-engineering illustrates this point.
So far, with attention focusing on the important issue of ethics—

8
cf. Attﬁeld (1994, 17, pp. 29–31). Also ‘For knowledge, too, is itself a power’,
(Bacon: Treatise De Hoeresiis‘) ‘Knowledge and human power are synonymous, since
the ignorance of the cause frustrates the effect’ (Bacon: Aphorism III). It is worth
noting that Bacon may have put the above into the ethical context of ‘The desire of
power in excess caused the angels to fall; the desire of knowledge in excess caused
man to fall; but in charity there is no excess, neither can angel or man come in
danger by it’ (Bacon: Essay—On goodness); as well as ‘Knowledge bloweth up, but
charity buildeth up’ (Bacon, Rendering of I Corinthians 8:1, http://www.worldofquotes.com/author/Francis-Bacon/2/index.html).
9
Bruce (1999, xxxi) notes that in the preface (Bruce, 1999, p. 151) to the ﬁrst
publication of New Atlantis, it was described as a fable.
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rightness or wrongness of this project and less attention devoted to
philosophical arguments on why engineering the climate cannot
be done robustly. One possible result of this oversight is that
Baconian attitudes and epistemological assumptions continue to
ﬁgure more or less prominently in national and globally inﬂuential
institutions such as the UK’s Royal Society, the US’s National
Science Board, IPCC and World Commission on Environment and
Development (WCED, 1987). This paper suggests that it is
currently a large leap of faith to assume that humans can
successfully control, manage or know the ‘tensile strength’ of
the Earth System as these institutions and their scientiﬁc
intelligentsia would seem to believe.
3. Prediction and inaction on climate change
While climate prediction has played an important role in
popularizing climate change as an issue, there is also evidence to
suggest that it also has given room for inaction. Cast broadly this is
at the heart of the ‘sound science’ debates that have particularly
characterised US climate politics (e.g. Edwards, 1999; Schellnhuber et al., 2004, p. 18). More speciﬁcally, Demeritt (2006, p. 496)
has argued that the fact that policymakers want prediction has had
very signiﬁcant implications on delaying urgent policy action. He
notes that the obsession with prediction has led to a situation
where all focus is on reducing the uncertainty of scientiﬁc
predictions about the scale and impacts of future climate change
with only a tiny fraction spent on the development of renewable
energy technologies needed to mitigate further climate changes
and even less on adaptation to cope with them.
Similarly, Brunner (1996) offers one highly relevant discussion
of how policymakers have required prediction for climate policy
and argues that this has led to inaction to reduce reasonable causes
of climate change (Brunner, 1996, pp. 121–127, 140–141). The
Economist (1994, 85), for example, warned that ‘‘A global change
science that prefers ﬁddling with ever more complex numbercrunching models to the fuzzier assessments of human risks and
impacts will eventually forget about saving the planet and lose its
political support.’’ (cited in Brunner, 1996, p. 124).
More recently Steve Rayner10 has compared the approach used
by governments to deal with the global economic crisis and the one
with which they deal with climate change. He noted that no
lengthy debilitating cost–beneﬁts analysis was done before the
nationalization of the Northern Rock (UK) and Fannie Mea and
Freddie Mac (US). However when it comes to climate change,
policy-makers appear bent on the search for accurate predictions
and pristine cost–beneﬁt analysis which serve as excuses for
inaction. Perhaps, however part of the reason for the lack of
progress on less prediction-focused models of policy is perhaps
that most of the authors critiquing predictive approaches have not
clearly articulated alternative epistemological and ethical frameworks for policy-making.
4. Alternative policy responses to rapid climate change
If predictive approaches, despite their role in popularizing
climate change have severe limitations as a basis for effective
policy response, what are the possible complementary approaches
or alternatives? We brieﬂy highlight the promise and limits of ﬁve
approaches.
The ﬁrst is the ‘‘modest’’ incremental adaptive model as
outlined by Brunner (1996). Brunner’s key idea is that policymakers should move away from long-term comprehensive-type
prediction of Earth System to a more piecemeal approach. Similarly
10
Professor Rayner made this comment in a public lecture on climate change at
the University of Oxford in April 2009.

Lempert et al. (2004) and Dessai et al. (2009b) suggest a decisionmaking process that is based on plausible alternative future
climate states for which exact prediction is not attempted but
adaptation decisions are assessed to suggest their ‘robustness’ in
these various states. This is a useful approach; however, it still
relies to some extent on prediction, even if less exacting than
typically desired by climate policy processes. From the evidence
offered it is not clear that the detail of these processes are robust to
the possibility of unknown, unimagined tipping points that might
bring about local or global climate catastrophe. In addition, given
hundreds of years of inertia and tipping points in the Earth System
the detail of the proposals may be too reformist to bring about
radical reductions in stress to the Earth System that this paper
suggests may well be needed.
Second is to adopt technical solutions that are believed, on the
basis of a lifecycle assessment (ISO 14040) or similar, to reduce
stress to the Earth System. In comparison to system-wide
predictive approaches, this is arguably less ambitiously predictive
than cost–beneﬁt analysis (cf. Pacala and Socolow, 2004).11
Examples could range from organic agriculture to carbon capture
techniques (e.g. Read, 2008; Shackley et al., 2008) and even geoengineering (e.g. Crutzen, 2006). However, controversy around
environmental lifecycle assessment for technologies as well
understood as steel or aluminium for car production (ENDS
Report, 1994, No 233, 24) demonstrates the difﬁculties of this
approach. The previous analysis suggests that emphasis on
Baconian technical solutions may be prompted by ethical and
epistemological assumptions of ‘modernity’ rather than evidence
of the effectiveness of this approach; see Binswanger (2001) for an
illustration of the difﬁculties in predicting the environmental
effects of technology when mediated by society. Permaculture
(Mollison, 1988) as a technical system may be less affected by
these difﬁculties than more industrial approaches because it is, in
effect, a system where individuals (and communities) apply a
virtue of prudence (even wisdom) in order to minimise stress on
the earth, but maximise material welfare or even happiness
through a broader virtue scheme including moderation. That
permaculture is not industrial, and that it would be difﬁcult for
industry (rather than small businesses) to make proﬁts by
promoting it, is arguably one key reason for the lack of adoption
and awareness of permaculture.
The third is the precautionary principle. The precautionary
principle (PP) could readily suggest action to address climate
change including reduced consumption without the need for
perfect knowledge; however, the lack of an agreed philosophical
basis for the PP and a lack of agreement about what the
precautionary principle does in practice limit the effectiveness
of the PP in a policy context where cost–beneﬁt analysis is
dominant. Ahteensuu (2007) and Dupuy and Grinbaum (2004)
provide useful discussions of the PP as a possible basis for
alternative approaches and highlight some ethical implications
that arise. Essentially, they suggest the democratisation of policy
aims as one possible response to difﬁculties of prediction, but their
discussions do not do adequate justice to all the virtue schemes
they might have considered.
The fourth idea is virtue ethics and epistemology with emphasis
on moderation, prudence (wisdom) and hope. Jamieson (1992, pp.
139–146) (cf. Berkhout et al., 2003, pp. 22–33; Risbey, 2006),
argues for virtue ethics where there are difﬁculties in prediction.
Sandler and Cafaro (2005) indicate practical implications of broad
conceptions of ecological virtue perhaps particularly usefully the
virtue of moderation—consuming enough but not too much. From
a less theoretical perspective, Palmer and Finlay (2003) illustrate
that a range of cultures from across the globe respond to ecological
11

Moderation in the use of private cars is discussed in this report.
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and development questions with similar virtue ideas to those
described in Sandler and Cafaro (2005). Moderation is also implicit
in the ‘steady-state economics’ literature that includes Daly (1977)
and Jackson (2009).
Prudence as an intellectual virtue is broader and more clearly
theorised12 than the typical utilitarian notion of prudence, which
is closer to the shrewdness that is a component of some virtue
notions of prudence. Something of how a virtue of prudence
might be applied is illustrated by Brunner (1996). In this there is
no discussion of (economic) optimality; rather, the model is
similar to the intellectual virtue of prudence of Aquinas where
balance of evidence is weighed up, appropriate caution applied
and where all this is then combined with a virtue ethic
judgement about what the right approach is—considering the
consequences but not attempting to predict utility or welfare.13
As classic virtue theories suggest, hope may be a key idea if
humans are to avoid despair when they realise that humanity
cannot control nature. Hope can be deﬁned as ‘the object of hope
is a future good, difﬁcult but possible to obtain’ (Aquinas, Summa
Theologia), this may be a valuable orientation in the face of
unpredictable abrupt climate.
The last is discursive democracy. A key response to difﬁculties
in prediction by a number of authors already mentioned (Dupuy
and Grinbaum, 2004; Risbey, 2006; Demeritt, 2006; Cohen et al.,
1998) and others (Dryzek, 1987, 1990, 2000; Funtowicz and
Ravetz, 1991; Jasanoff, 2003; Wynne, 1996; Torgerson, 1999;
Swyngedouw, 2007) is democratising policy rather than leaving it
principally to economists and other experts who might not share
the same normative position as large groups even the majority of
citizens. This appears largely based not only on a (deontological)
notion of a right to involvement in decisions that may affect
individuals, but also on an implicit awareness of the argument of
Popper’s Open Society (1966): when experts cannot predict, then a
process of decision-making that is as open as possible to
knowledge and ideas from all sectors of society is most effective.
Something of this logic is already enshrined in international ‘soft
law’ such as Agenda 21 (cf. UNECE, 1998). Moves in the direction of
greater democratic participation in policy are justiﬁed for these
reasons. However, they may not aid actual decision-making in the
face of unpredictable abrupt change; in this situation, a virtue
notion of prudence as illustrated by Brunner (1996) may be more
helpful. Democratisation of policy could mean that decisions take
more time, although lack of action to address climate change over
the last 20 years suggests that economic methods are little better
at achieving action. Nonetheless, there is perhaps a need to focus
participation in climate policy on speciﬁc questions; Jamieson
(1992), Palmer and Finlay (2003) plus Sandler and Cafaro (2005)
suggest that the utilitarian assumptions on which dominant
notions of economics and current climate policy are based should
be a key focus for democratic scrutiny for analytical and
democratic reasons.
5. Conclusions
Natural science is and will remain absolutely essential to inform
policy about rapid climate and Earth System change. If rapid
changes in the Earth System become increasingly apparent, society
will almost certainly demand more natural science research to
better inform policy. However, it is not clear that natural science
will ever be able to tell policy-makers what the limits of stress to
the Earth System are before rapid changes take place or are
inevitable because of inertia in the Earth System.
12

At least by Aquinas, although contested.
Later discussions of science policy (Brunner, 1996, p. 140) also have strong
ﬂavour of Aquinas.
13
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It is typically assumed by policy-makers that science can tell us
what level of stress to the Earth System consumerism can ‘get away
with’. This appears connected to a desire by policy-makers to use
economic cost–beneﬁt analysis. The huge or even ‘inﬁnite’ possible
ranges of economic costs from rapid climate and Earth System
change, which current Earth System science suggests are plausible,
means that economic cost–beneﬁt analysis can be methodologically questioned. It can also be criticised for normatively favouring
a particular notion of utilitarian ethics that appears widely
contested or even globally undemocratic (cf. Palmer and Finlay,
2003). There are alternative rational epistemological and ethical
assumptions. These should be considered and debated by makers
of global policy and citizens worldwide. Natural scientists have a
responsibility as citizens and human beings with signiﬁcant
‘authority’ to promote and facilitate these debates (Tickner, 2003,
16, pp. 377–380), in particular by repeatedly making clear the
current limits of scientiﬁc prediction. Some may wish to become
involved in such debates.14
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Steffen, W., Sanderson, A., Tyson, P., Jäger, J., Matson, P., Moore III, B., Oldﬁeld, F.,
Richardson, K., Schellnhuber, H.-J., Turner, B.L., Wasson, R., 2004. Global Change
and the Earth System: A Planet Under Pressure. Springer-Verlag, Berlin Executive Summary: http://www.igbp.net/documents/IGBP_ExecSummary.pdf.
Stern Report, 2006. Stern Review on the Economics of Climate Change. http://
www.hm-treasury.gov.uk/independent_reviews/stern_review_economics_
climate_change/stern_review_report.cfm.
Stern Review, 2006. What is the Economics of Climate Change?—Discussion Paper—
31 January 2006. http://www.hm-treasury.gov.uk/media/213/42/What_is_the
_Economics_of_Climate_Change.pdf.

9

Swyngedouw, E., 2007. Impossible sustainability and the post-political condition.
In: Krueger, R., Gibbs, D. (Eds.), The Sustainable Development Paradox: Urban
Political Economy in the United States and Europe. The Guilford Press, London,
pp. 13–40.
Taleb, N., 2007. The Black Swan: The Impact of the Highly Improbable. Allen Lane,
London.
Thorpe, A., 2005. Climate Change Prediction: A Challenging Scientiﬁc Problem.
Institute of Physics, 1–16. http://www.iop.org/activity/policy/Publications/
ﬁle_4147.pdf.
Tickner, J. (Ed.), 2003. Precaution, Environmental Science and Preventative Public
Policy. Island Press, Washington.
Torgerson, D., 1999. The Promise of Green Politics Environmentalism and the Public
Sphere. Duke University Press, Durham.
UNECE, 1998. Convention On Access To Information, Public Participation In Decision-Making And Access To Justice In Environmental Matters—done at Aarhus,
Denmark, on 25 June 1998. United Nations Economic Commission for Europe
http://www.unece.org/env/pp/treatytext.htm.
US Climate Change Science Program, 2008. Abrupt Climate Change. U.S. Geological
Survey, Reston, VA http://www.climatescience.gov/Library/sap/sap3-4/ﬁnalreport/
US Congressional Budget Ofﬁce, 2005. Uncertainty in Analyzing Climate Change:
Policy Implications. The Congress of the United States. Congressional Budget
Ofﬁce http://www.cbo.gov/ftpdocs/60xx/doc6061/01-24-ClimateChange.pdf.
Van der Sluijs, V., van Eijndhoven, J., Shackley, S., Wynne, B., 1998. Anchoring
devices in science for policy: the case of consensus around climate sensitivity.
Social Studies of Science 28 (2), 291–323.
von Bertalanffy, L., 1971. General Systems Theory: Foundations Development
Applications. Penguin, London.
Walter, K., Zimov, S., Chanton, J., Verbyla, D., Chapin III, F., 2006. Methane bubbling
from Siberian thaw lakes as a positive feedback to climate warming. Nature 443,
71–75.
WCED, 1987. Our Common Future. Oxford University Press, Oxford.
White, M., 1999. Properties of Materials. Oxford University Press, New York.
Williams, R., 1992. Transformation of scientiﬁc data into policy relevant information. In: Lykke, E. (Ed.), Achieving Environmental Goals: The Concept and
Practice of Environmental Performance Review. Belhaven, London.
Worrall, J., 1989. Why both Popper and Watkins fail to solve the problem of
induction. In: D’Agostino, F., Jarvie, I. (Eds.), Freedom and Rationality: Essays
in Honor of John Watkins. Kluwer, London.
Wynne, B., 1996. ‘May the sheep safely graze? A reﬂexive view of the expert-lay
knowledge divide’. In: Szerszynski, B., Lash, S., Wynne, B. (Eds.), Risk, Environment and Modernity: Towards a New Ecology. Sage, London.

Please cite this article in press as: Charlesworth, M., Okereke, C., Policy responses to rapid climate change: An epistemological critique of
dominant approaches. Global Environ. Change (2009), doi:10.1016/j.gloenvcha.2009.09.001

