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Uncertainties, Values, and Climate Targets
Mathias Frisch*

Using climate policy debates as a case study, I argue that a certain response to the argu-
ment from inductive risk, the hedging defense, runs afoul of a reasonable ethical prin-
ciple: the no-passing-the-buck principle according to which scientists ought to offer their
scientific judgment when such judgment is both possible and needed in public policy
debates.
1. Introduction. Can nonepistemic values play a legitimate role in sci-
ence? The influential argument from inductive risk (Rudner 1953; Douglas
2000) gives an affirmative answer to this question. According to this argu-
ment, decisions whether to accept or reject a scientific hypothesis under con-
ditions of uncertainty are influenced by nonepistemic values, since such
decisions require value-laden judgments on acceptable standards of evi-
dence. At least in the case of scientific hypotheses with implications for pub-
lic policy, judgments on acceptable standards of evidence will reflect non-
epistemic values.

Defenders of the value-free ideal have replied that scientists ought not to
accept or reject hypotheses under conditions of uncertainty but instead should
report to what extent the evidence supports the hypotheses under consider-
ation (Jeffrey 1956; Betz 2013; Parker 2014). I want to call this reply the
hedging defense. According to the hedging defense, it is always possible
for scientists to hedge their commitments to hypotheses in ways that do not
require value-laden judgments.

In this article I argue that the hedging defense fails as a general reply to
the argument from inductive risk, since it is incompatible with what I take to
be a reasonable demand on scientists’ involvement in public policy debates:
the no-buck-passing principle (Elliott 2011; Steel 2014) according to which
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scientists ought to offer their scientific judgment on hypotheses, when such
judgments are needed to reach scientifically informed policy decisions and
such judgments are possible.

In the next section, I briefly review the argument from inductive risk and
the hedging defense. In section 3, I introduce the no-passing-the-buck prin-
ciple and argue that this principle requires that it is possible to pair different
types of putatively value-free hedged scientific hypotheses with decision-
theoretic frameworks in a manner that allows policy makers to reach deci-
sions even in the case of strongly hedged inputs by scientific experts. I then
turn to climate policy as a case study. In light of the deep uncertainties gov-
erning precise, quantitative predictions of changes to the climate system
and associated damages, many authors advocate a broadly precautionary
approach to climate policy. Since precautionary reasoning appears to re-
quire as scientific input no more than a range of scientifically plausible fu-
tures, invoking a precautionary principle seems to allow us to satisfy both
the value-free ideal and the no-passing-the-buck principle even in situations
of deep uncertainty. Yet while precautionary reasoning arguably can under-
write a qualitative argument for the general need for climate action, it can-
not support any specific climate policy target, at least not in a way compat-
ible with the hedging defense. Deciding on a specific climate target requires
scientists to stick out their necks and make precisely the kinds of value-laden
judgments on what constitutes sufficient evidential support that lie at the
heart of the argument from inductive risk. Thus, the hedging defense fails.

2. TheArgument from InductiveRisk and theHedgingDefense. Rudner
(1953) famously argued that “the scientist qua scientist” needs to make value
judgments. Rudner points out that any decision to accept or reject a hypothesis
involves a nonnegligible risk of error. Thus, scientists need to decide what
constitutes sufficient evidence for accepting or rejecting a hypothesis, and
these decisions can have ethically relevant consequences. Moreover, as El-
liott (2011) and Steel (2016) have argued, when a scientific decision can have
ethically relevant consequences, scientists have a moral responsibility to take
these consequences into account (see also Douglas 2009). This, Steel argues,
is just an instance of the general human responsibility to take foreseeable
harmful consequences of our actions into account in decision making. The
demand that scientists ought to take the ethically significant consequences
of their scientific decisions into account results in a normative version of
the argument from inductive risk: since decisions about sufficient evidence
can have ethically significant consequences, there are cases in which ethical
considerations should influence scientific standards on what counts as suffi-
cient evidence to accept or reject a hypothesis. And, hence, there are circum-
stances in which scientists qua scientists ought to make value judgments.
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Rudner’s argument was criticized by Jeffrey (1956), who argued that sci-
entists are not in the business of accepting or rejecting hypotheses but should
instead report the probabilities of hypotheses given the available evidence.
And it is these probabilities that scientists should then report to policy mak-
ers. I here want to focus on just one line of response to this criticism that
was initiated by Rudner himself (and in fact was already discussed in Rud-
ner’s original paper before Jeffrey’s criticism). Rudner points out that reports
of probabilities can themselves be uncertain with a nonnegligible risk of er-
ror. And accepting or rejecting a certain probability distribution for a cer-
tain quantity can also have ethically significant consequences. For example,
which probability distribution we accept for the equilibrium climate sensi-
tivity, ECS (the amount of warming that results from a doubling of atmo-
spheric CO2 concentrations), has ethically significant effects on the social
cost of carbon recommended by climate-economy integrated assessment
models (Weitzman 2009; Frisch 2013). Thus, the argument from inductive
risk reemerges at the level of second-order uncertainties (see also Steel
2016). This does not, however, settle the issue, since Jeffrey’s reply can
be generalized into a broader hedging defense: when there is a significant
chance of error scientists ought to hedge their hypotheses sufficiently to re-
port only claims about which no significant uncertainties remain.1

Hedging can occur along different dimensions and can take several differ-
ent forms. First, hypotheses may be coarse-grained. Thus, instead of making
precise predictions for future temperature increases, climate scientists might
report temperature bands or intervals, within which future increases are ex-
pected to lie, or theymight report only a sign for future temperature changes.
Predictions may also be coarse-grained spatially in that scientists might only
predict global average temperature changes rather than local temperatures.

Second, hypotheses can bemodally weakened. Instead of accepting a spe-
cific value for a certain parameter, we can accept a probability distribution over
different values of the parameter.When these probability distributions are them-
selves uncertain, scientists could report second-order probabilities by assign-
ing them to different first-order probability distributions, or scientists could
commit merely to probability bands instead of precise probabilities, or they
might endorse merely “possibilistic” (see Betz 2013) claims and report only
which predictions are scientifically possible.

Proponents of the argument from inductive risk state that the hedging
defense fails, since nonnegligible risks of error can remain even for higher-
order claims. Advocates of the hedging defense, by contrast, argue that any
1. Havstad and Brown (2017) call this defense the “deferred decision response.” Their
criticism focuses mainly on the fact that decisions carrying inductive risks occur at many
different stages in the scientific process.
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uncertainty can be made explicit until the claims scientists commit to “are ac-
tually as well-confirmed as [scientifically widely accepted] benchmark state-
ments” (Betz 2013, 215). How do we adjudicate this disagreement? As Steel
points out, not all weakening is acceptable as hedging, since in the limit we
reach tautologies, which while not uncertain are not the kind of statements
scientists are expected to make. Steel proposes that we limit the scope of dis-
cussion to scientifically informative statements and argues that advocates
of the hedging defense have not been able to establish that such statements
cannot be infected by nonnegligible uncertainties.

3. No Buck Passing and Climate Policy Decisions. How do we deter-
mine whether a statement is sufficiently informative? Steel maintains that
both the possibilistically hedged statements discussed by Betz and the state-
ments of probability bands discussed byParker (2014) remain uncertain enough
to provide a purchase for the argument from inductive risk. Yet his argument
appeals to the assumption that even broadly accepted background theories
can be less certain than scientific truisms such as ‘coal burns’, and one might
question the normative import of the very general observation that science
often falls short of (almost) complete certainty. Instead I here want to appeal
to a richer, context-dependent criterion of informativeness: whether a claim
is sufficiently informative partly depends on its normative implications in a
given decision context.

In addition to the risks of falsely accepting and of falsely rejecting a hy-
pothesis, there is a third risk scientists face: that of suspending judgment,
which also can have significant ethical consequences. In the case of founda-
tional research in physics, there may be no ethically significant consequences
associated with suspending judgment on the truth of a hypothesis. The situ-
ation is different in the case of applied research. Suspending judgment on
whether a drug is safe and effective may cost lives, as the controversy sur-
rounding the approval of the AIDS medication AZT illustrates.

Thus, Steel proposes a generalized version of the argument from induc-
tive risk that begins from the premises that scientists must make decisions
whether to accept, reject, or suspend judgment about hypotheses and that
such decisions involve a nonnegligible risk of ignorance (see also Wilholt
2009). According to Steel, a person is ignorant with respect to a hypothesis
P if and only if either she is in error with respect to the truth of P or she sus-
pends judgment with respect to P. Note that a person also is ignorant with
respect to a hypothesis P if she accepts only a hedged claim V that is the re-
sult of coarse-graining or modally weakening P but suspends judgment with
respect to P itself.

For scientists to suspend judgment can run afoul of what I take to be two
reasonable normative principles proposed by Kevin Elliott: the ethics prin-
ciple states that scientists have an ethical responsibility to consider major
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societal consequences of their decisions, and the no-passing-the-buck prin-
ciple states that it may be “socially harmful . . . for scientists to respond to
uncertainties by withholding their judgment or providing uninterpreted data
to decision makers” (2011, 55). One way in which scientists may violate the
no-passing-the-buck principle is to commit only to a strongly hedged var-
iant of a hypothesis P while withholding judgment on P itself.

Obviously, there are situations in which, considering the available evi-
dence and the normative consequences at stake, a relatively strongly hedged
variantV ofPmay be appropriate for scientists to pass on to decisionmakers.
Thus, I am not arguing here that scientists always have to make definitive
unhedged judgments or that such judgments are always needed for policy
decisions. What an appropriate level of hedging is depends on the evidence
available in support of a hypothesis but also on the context of the decision
problem at issue. Depending on the context, suitably hedged claims may
be sufficient. Passing on only a strongly hedged variantV ofP to policymak-
ers may be appropriate, when there exist significant uncertainties concerning
the adequacy of P and there is a decision procedure available that uses V as
its input and, given our preferences and normative commitments, provides
a ranking of different actions as output. But if (i) there is no decision proce-
dure available that can use V as its input, (ii) the stakes are high enough, and
(iii) there is additional scientific evidence available concerning P or a variant
of P less hedged than V, then scientists may need to ‘stick out their necks’
and provide decision makers with predictions that may meet only a lower
standard of evidence than a more fully hedged prediction does.

What do I mean by a decision procedure being available? According to
the value-free ideal, there exists a sharp division of labor between scientists,
on the one hand, and policy makers or stakeholders, on the other: scientists
provide policy makers with value-free scientific expertise on an issue, and
policy makers combine this scientific input with normative and other eval-
uative considerations to reach policy decisions. Different types of scientific
input need to be paired with different types of decision procedures. If the
hedging defense is to be compatible with the no-passing-the-buck principle,
there have to be decision procedures available that take suitably hedged pre-
dictions as their input. Conversely, if a given policy issue requires a certain
type of decision procedure, then scientific advice, if possible, has to be as
fine-grained and modally committed as that decision procedure requires.

What type of ethical or decision frameworks are appropriate in a given
context is itself a difficult issue. For ease of exposition I here restrict myself
to broadly consequentialist frameworks, yet I do not intend this restriction
to imply that I do not take considerations of justice to be important as well.
The most fine-grained and least hedged predictions are predictions that a
decision-relevant quantity will definitely take on a specific value given spe-
cific policy decisions. If deterministic predictions are possible without
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significant uncertainties, then decision makers can use these as input in a
cost-benefit analysis and choose the action that, given their utility function,
maximizes overall utility or welfare.

If all that scientists can commit to with certainty are probabilistic predic-
tions, then expected utility theory provides an appropriate decision frame-
work. In fact, expected utility theory plays a particularly prominent role in
climate policy discussions. It provides the framework for economy-climate
optimization integrated assessment models (IAMs; see, e.g., Nordhaus and
Boyer 2003), which are used to predict optimal emission pathways. Differ-
ent IAMs recommend dramatically different pathways, and there is a sizable
literature criticizing several of the central assumptions made by prominent
IAMs. One overarching lesson to be gleaned from these discussions is that
various probabilistic inputs into IAMs are infected by often quite large un-
certainties (Frisch 2017, 2018).

Now, the philosopher John Broome argues that these uncertainties are no
reason to abandon the framework of expected utility theory: “The lack of
firm probabilities is not a reason to give up expected value theory. . . . Stick
with expected value theory, since it is very well founded, and do your best
with probabilities and values” (2012, 129). The hedging defense, by contrast,
would recommend that scientists should not commit to specific probability
distributions and instead hedge their hypotheses even further, requiring us
to adjust our decision framework accordingly. Indeed, in light of the deep
uncertainties plaguing probabilistic climate predictions, one might argue
that climate scientists should only commit to specifying ranges of scientifi-
cally plausible outcomes. There are a number of decision frameworks avail-
able that require as input only a set or range of possible outcomes, such as
maximin or minimax regret, which requires only a matrix of possible out-
comes over a set of decision options.

Arguably even further hedging is possible, if possible outcomes cannot
be specified precisely numerically. Steel (2014) articulates and defends a
qualitative precautionary approach to decision making under deep uncer-
tainty, using climate change as one of his paradigm examples. One version
of a precautionary principle states that “if a scientifically plausible mecha-
nism exists whereby an activity can lead to a catastrophe, then that activity
should be phased out or significantly restricted” (28). Like maximin or re-
lated rules, Steel’s precautionary approach proceeds by evaluating a matrix
of possible actions versus possible states of the world, but unlike the former,
the precautionary principle requires no quantitatively precise inputs. In par-
ticular, the principle is insensitive to small differences between states and
asks us to look only at possible worlds or states of affairs in which the pre-
cautionary measures would make a sizable difference. In the case of climate
change, the principle requires us to evaluate decision matrix 1 (table 1; see
Steel 2014, 60). In trying to decide whether to reduce emissions, we are
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asked to consider three kinds of possible worlds: “good world” in which
climate change will be much less severe than feared with only minimal neg-
ative impacts, even if we do not undertake any meaningful mitigation mea-
sures; “bad world” in which doing nothing would result in catastrophic out-
comes but mitigation would allow us to prevent most of the negative effects
of climate change; and “ugly world” in which it is already too late to pre-
vent catastrophic climate change. Since mitigation measures only make an
appreciable difference in a bad world, we need only to consider this kind of
world, and since mitigating would prevent a catastrophe in this world while
doing nothing would not, the precautionary principle says that we should
engage in mitigation measures.

What particular version of a precautionary principle may be defensible or
plausible is not important for the argument I want to develop here. What is
important for the dialectics of the argument is that there is some such deci-
sion strategy available that will allow scientists to retreat to reasonably cer-
tain strongly hedged claims without violating the no-passing-the-buck prin-
ciple—that is, that there are decision procedures that will allow policy
makers to reach decisions on issues of vital importance, even with the highly
hedged inputs that scientists clinging to the value-free ideal can at best pro-
vide. In response to Steel and Elliott’s worry that sometimes scientists
cannot withhold judgment on an issue, even when significant uncertainties
remain, because the social or moral risks of ignorance are too high, the de-
fender of the value-free ideal will have to point to something akin to the pre-
cautionary strategy to maintain that even relatively weak, severely hedged
claims can provide sufficient input for policy makers to act.

Yet, as I want to argue now, the scope of precautionary reasoning is some-
what limited and, pace Steel, even in the context of the climate problem needs
to be supplemented by other decision strategies that require less hedged sci-
entific inputs. Consider one of the central aims of climate policy discus-
sions: policy makers are looking for guidance on not only whether we should
reduce our greenhouse gas emissions but also what appropriate mitigation
pathways are. Howmuch should we reduce emissions and how quickly?Will
the consequences of climate change be rather benign in the medium term, as
one of the developers of climate-economy IAMs (Tol 2002) has argued, or are
dramatic mitigation measures needed, as other economists and many climate
scientists insist (Stern 2013; Schellnhuber et al. 2016)? While the precau-
tionary argument we have considered so far may tell us that some mitigation
TABLE 1. DECISION MATRIX 1

Good World Bad World Ugly World

No mitigation Little costs Catastrophe Catastrophe
Mitigation Modest costs Modest costs Catastrophe
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measures are needed, it does not tell us what ought to be to done. It does not
provide us with a policy target—it does not, for example, tell us whether we
should aim to keep the rise in global temperatures to 27C or aim for a more
ambitious 1.57C goal.

We can try to model a decision process aimed at settling on a specific
climate policy target as a series of pairwise comparisons of two possible cli-
mate targets, to which we apply precautionary reasoning. In this case we
would have to evaluate decision matrix 2 (table 2), which allows us to com-
pare three policies—do nothing and two different climate targets—in four
different worlds: in addition to the good, bad, and ugly worlds, we now also
need to consider a world (‘worse world’) in which the weaker emission tar-
get would be insufficient to prevent a catastrophe but the stronger target
would be sufficient to prevent a catastrophe. If such a world is scientifically
plausible, then precautionary reasoning will recommend that we adopt the
stronger of the two emission targets.

The problem is that the process of comparing a given policy with a more
stringent competitor can be repeated for ever more stringent mitigation pol-
icies. We can imagine ordering policies P according to the stringency of
their target and in subsequent steps comparing ever more stringent neigh-
boring pairs of policies. At each step n of comparing the policy P(n 2 1)
recommended at step n 2 1 with its more stringent neighboring policy,
the precautionary approach will recommend that we adopt the more strin-
gent alternative, until one of two limiting conditions is satisfied: (i) the costs
of mitigation policies will become comparable to their benefits or (ii) we
have reached a mitigation policy so stringent that there are no plausible sce-
narios that allow us to discriminate it from a more stringent rival policy.

If the costs of mitigation policies become comparable to their benefits,
then one of the conditions of applicability of the precautionary principle is
no longer satisfied. Precautionary reasoning, as Steel understands it, only
applies when a consistency condition is satisfied, which “states that a pre-
caution should not be precluded by the same version of [a precautionary
principle] used to justify it” (Steel 2014, 28). But if the costs of mitiga-
tion policies became comparable to their benefits—that is, if dramatic, dis-
ruptivemitigationmeasures aimed at preventing environmental catastrophes
were themselves to result in catastrophic consequences—then precautionary
TABLE 2. DECISION MATRIX 2

Good World Bad World Worse World Ugly World

No mitigation Little costs Catastrophe Catastrophe Catastrophe
Weaker target Modest costs Modest costs Catastrophe Catastrophe
Stronger target Modest costs1 Modest costs1 Modest costs1 Catastrophe
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reasoning would both recommend these policies and recommend against
them (see also Gardiner 2006).

Both limiting conditions depend on an assessment of what scenarios are
scientifically plausible. It may be possible, for any mitigation policy we in-
vestigate, to imagine a scenario in which this policy leads to catastrophe. But
unless the scenario in question is scientifically plausible, it need not be con-
sidered in applications of precautionary reasoning. Similarly, it may be pos-
sible for each pair of mitigation policies to imagine a scenario in which the
more lenient but not its more stringent rival results in catastrophe.

Now, assessing either when there exist no more scientifically plausible
scenarios distinguishing between two ever more stringent mitigation poli-
cies or when mitigation policies become so severe that they themselves
could plausibly result in catastrophic costs may require precisely the kind
of more specific yet uncertain judgments that the hedging strategy aims to
avoid: When we compare different mitigation pathways and climate projec-
tions, which projections are plausible enough that they need to be included in
our assessment? Many of the probability distributions derived for the cli-
mate sensitivity ECS within different modeling frameworks are ‘fat-tailed’
distributions that go to zero more slowly than a normal distribution and as-
sign very high values of ECS small but nonnegligible probabilities (Weitz-
man 2009). When are mitigation policies stringent enough that catastrophic
scenarios resulting from high values of ECS become so implausible that they
no longer need to be taken seriously scientifically? How do we distinguish
intuitively improbable yet scientifically legitimate threats from those that are
scientifically implausible? Several climate threats exhibit tipping point be-
havior, but at which temperatures various tipping points will be reached is
deeply uncertain (Smith et al. 2009). At which point is a mitigation strategy
stringent enough that the threat of the climate system’s reaching catastrophic
tipping points is no longer scientifically plausible? While it is clearly not the
case that scientists are completely ignorant about answers to these questions,
plausible answers are infected by deep uncertainties.

I am not here arguing that scientists always have to provide policy makers
with definitive, unhedged judgments and that policy makers are helpless if
they do not receive guidance in the form of completely unhedged claims.
Rather, I am arguing that there are decision contexts, such as that of deciding
on a specific climate policy target, in which policy makers require informa-
tion that is less fully hedged than the hedging strategy would require and,
hence, that there are decision contexts in which scientists need to ‘stick out
their necks’ andmake judgments that go beyond what they can be reasonably
certain about.

As a matter of fact, climate scientists do not follow the recommendation
of the hedging strategy. Consider discussions of the two climate targets—
the 1.57C and 27C targets—of the Paris Agreement. On the one hand, some
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climate scientists have argued for the need of a target more stringent than
the 27C target, on the basis of our best scientific understanding of the climate
system. On the other hand, there are lively discussions of the uncertainties
and knowledge gaps concerning the effects of different targets, as is evident,
for example, from a recent special Intergovernmental Panel on Climate
Change (IPCC) report (Hoegh-Guldberg et al. 2018) that catalogs the fol-
lowing gaps in our knowledge and corresponding scientific needs: “Robust
probabilistic models which separate the relatively small signal between
1.57C versus 27C from background noise, and which handle the many un-
certainties associated with non-linearities, . . . local scales, latent or lagging
responses in climate” (sec. 3.7); a better understanding of ranges of un-
certainties under different pathways; an understanding of critical thresh-
olds for extreme events; and a better understanding of various tipping point
behaviors.

In fact, IPCC reports go to great lengths to catalog various uncertainties,
as good scientific methodology would recommend. Thus, one might take
the IPCC report as providing an example of the hedging defense, as Betz
does (2013, sec. 5). Yet while the IPCC report provides hedged judgments,
the resulting claims are not sufficiently hedged not to fall prey to consider-
ations of inductive risk. Many of the characterizations of uncertainties are
based on expert judgments and, pace Betz, are paradigm examples of eth-
ically responsible reactions to a situation of inductive risk. While trying to
communicate to policy makers that significant uncertainties concerning pre-
dictions of the future evolution of the climate system remain, the IPCC re-
port and other scientific publications try to give guidance that is detailed
enough to be useful in policy decisions.

4. Conclusion. In this article I argued that the hedging defense in response
to the argument from inductive risk fails and runs afoul of the no-passing-
the-buck principle. I developed my argument by considering a precaution-
ary approach to climate policy, arguing that a precautionary approach that
requires only strongly hedged and reasonably certain inputs cannot yield a
specific climate target. Climate scientists can only provide input on what
specific climate targets to pursue if they are willing to “stick out their necks”
and are willing to make judgments that go beyond what they can be reason-
ably certain about. Thus, climate policy decisions provide a case in which
the hedging defense runs afoul of the no-passing-the-buck principle.

What an appropriate decision framework is in this context remains, at
least as far as the current discussion is concerned, an open question. Defend-
ers of the hedging defense are right, I take it, in arguing that scientific integ-
rity demands that uncertainties not be swept under the rug and be made ex-
plicit as best we can. Thus, I would argue that Broome’s position that we
stick with expected utility theory even in the face of deep uncertainties is
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inadequate. By the same token, retreating to fully hedged claims leaves pol-
icy makers with less guidance than scientists reasonably could—and, I ar-
gue, ought to—provide. The question how these demands that to some
extent pull in different directions might be integrated into a decision frame-
work goes beyond the scope of this article.
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