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Abstract

In this reply, we address a comment on our paper “Combining probability with qualita-
tive degree-of-certainty metrics in assessment” (Helgeson et al. Clim Change 149(3):517—
525, 2018). Our original paper proposes an incremental systematization of confidence and
likelihood language used by the Intergovernmental Panel on Climate Change (IPCC). Our
goals were to improve consistency across findings and support use of confidence judg-
ments in decision making. The comment critiques our proposal and recommends against
its adoption. We argue that this recommendation is based on two misunderstandings. The
first concerns trading off confidence against the precision of a finding (our proposal en-
dorses and systematizes the practice). We defend this practice and attribute opposition to
an overzealous Bayesianism inapt for the IPCC context. The second misunderstanding
concerns our purported commitment to a specific procedure for producing confidence
judgements. We clarify that our proposal makes no such commitment. We also note, con-
trary to the comment’s claim, that a version of the procedure in question has been used in
the IPCC’s Sixth Assessment Report.
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The starting point of our paper “Combining probability with qualitative degree-of-certainty
metrics in assessment” (Helgeson et al. 2018) is the framework for consistent treatment of
uncertainties used in the fifth and sixth assessment reports (ARS and AR6) of the Intergov-
ernmental Panel on Climate Change (IPCC). That framework employs both interval-valued
likelihood judgements and ordinal confidence judgements. On some well-studied, policy-
relevant topics — and primarily in Working Group I (WGI)— the two are combined, with con-
fidence levels qualifying statements of likelihood. Our aim was to interpret and clarify the
relationship between likelihood and confidence when combined in this way. We proposed a
formal model of the confidence—likelihood relationship that provides support for consistent
usage in uncertainty communication, downstream modelling, and decision making.

The comment builds a complex argument against our proposal. The argument begins
with the question of whether we interpret likelihood judgements as subjective or objective
claims. Interesting though this question of interpretation may be, it is not one we attempted
to address in our paper, and, as we shall explain, we are not persuaded that the answer to it
makes a good deal of difference to our model of confidence. Consistent with guidance for
IPCC authors (Mastrandrea et al. 2010, 2011), we are deliberately agnostic on this interpre-
tive question. The comment finds this agnosticism untenable but for reasons that derive
from two key misunderstandings. The first concerns the propriety of the confidence trade-
offs sanctioned by our proposal; the second whether it rests on a specific procedure for
producing confidence judgements. We respond to both of these below. First, however, we
briefly reiterate the logic of our original proposal.

IPCC confidence levels primarily qualify claims or findings. Our approach begins from
the observation that more precise (i.e., logically stronger) claims should not be held with
greater confidence than less precise ones. For example, AR6 reports medium confidence that
“the Atlantic Meridional Overturning Circulation will not collapse abruptly before 2100”
(B.3.3, IPCC 2023). It would be incoherent, we claim, to also report only low confidence
in no collapse before 2050 (although one could coherently report higher confidence in this
event). In addition to being highly intuitive, this confidence—precision constraint also fol-
lows from the assessment of confidence in terms of underlying evidence and agreement
(Mastrandrea et al. 2010): evidence for lasting past 2100 is also evidence for lasting past
2050, and weakening a claim (from>2100 to>2050) makes agreement on that claim easier.
Moreover, the two comprehensive reviews of uncertainty language in IPCC reports both
find evidence that authors implicitly recognise such a confidence—precision trade-off and do
their best to navigate it appropriately (Janzwood 2020; Mach et al. 2017).

Where confidence qualifies statements of likelihood, the preceding logic applies to the
precision of probability intervals. This opens the door to reporting likelihood for the same
quantity or event at multiple confidence levels—e.g., medium confidence that event A is very
likely (90—100%) and high confidence it is more likely than not (50—100%). Here confidence
trades off with the precision of the likelihood assessment. As above, the idea is that the same
underlying body of science (observations, studies, theories, etc.) may sometimes support
the validity of cautious, less informative claims more than that of sharper, stronger claims.
One way for a claim to be less informative is to assign a broader probability range—i.e., to
put weaker constraints on the probability of a given outcome. Our proposed model captures
such trade-offs using nested sets of probability distributions—one for each confidence level
(see Bradley et al. 2017; Helgeson et al. 2018 for details).
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The commentary denies that different confidence levels can be intelligibly applied to
multiple likelihood statements on the same quantity or event, saying that this interpretation
of confidence is “unconvincing, as the agent can increase confidence by lowering the preci-
sion of their credal judgments without any change in the underlying evidence” (footnote 8).
Whilst no defence is provided for the “unconvincing” verdict, a clue may come from the
earlier argument that, if the probability density functions (pdfs) grouped into our nested sets
are interpreted as Bayesian posteriors, then:

“... any subset of pdfs whatsoever is based on the available evidence, and hence
the very same evidence. So if we interpret confidence as expressing something like
Keynes’ “weight of evidence”, then any subset of pdfs would have to be assigned the
same confidence level.”

The worries expressed in this argument are unfounded. At the risk of repeating points from
above, even if the evidence underlying multiple sets of pdfs is the same, the confidence war-
ranted in the wider probability intervals corresponding to the superset can be greater than
that warranted in the more precise intervals corresponding to a subset. This could be, for
example, in virtue of greater agreement underpinning the former. The contrary view in the
comment may reflect a confusion surrounding how likelihood claims and the confidence
judgements qualifying them can be based on the same evidence and yet be different. The
answer is that they reflect different aspects of the evidence. Likelihood judgements track the
balance of evidence for or against an empirical claim; confidence reflects the type, amount,
quality, and consistency of the evidence (its weight) that can be brought to bear and which
underpins the balancing exercise.

Underlying this argument could be the commentary’s adoption of a philosophical view
— dubbed Bayesianism — on which statements of probability by definition comprehensively
wrap in all available evidential considerations. On this view, there can be no space for char-
acteristics of underlying evidence to play any additional role, and elevating any probability
estimate over another in terms of validity or trustworthiness becomes a theoretical non-
starter. But there are well known reasons why this view cannot do justice to the IPCC’s two-
dimensional uncertainty language (documented in Bradley et al. 2017). Indeed, distilled to
its core, the central dilemma proposed by the comment in terms of objective vs subjective
probabilities is a rehearsal of these arguments. No surprise, then, that problems arise when
trying to fit our proposal into a strict Bayesian schema, for that schema cannot support any
interpretation of the IPCC uncertainty language.

Our interpretation of confidence and likelihood fits into an alternative framework for
uncertainty representation and decision making, set out and defended in Hill (2013, 2019a)
and Bradley (2017). It is explicitly aimed at overcoming the weaknesses of the Bayesian
vision of uncertainty representation and rational decision when it comes to ambiguity or
deep uncertainty and is, we claim, the appropriate normative replacement for Bayesian-
ism in such cases. The framework makes no use of the distinction between objective and
subjective probabilities underlying the dilemma outlined in Section 3.1 of the comment and
need not commit to a single interpretation. Indeed, since the sets of probabilities are simply
a representation of the likelihood judgements — not something that is conceptually prior to
them — they inherit whatever interpretation is given to those likelihood judgements.

@ Springer



106 Page 4 of 6 Climatic Change (2025) 178:106

Our second key point concerns the comment’s assertion (Section 3.2) that we prescribe
a procedure for determining confidence-qualified likelihood judgements. This is a misin-
terpretation. We propose no specific procedure for attributing confidence and are largely
neutral on how authors should arrive at likelihood judgements. Indeed, it is an advantage
of a formally grounded interpretation of the kind we propose that it supports a variety of
procedures suitable for different contexts. For instance, traditional approaches to assigning
probabilities include expert elicitation, aggregation of expert judgements, and (Bayesian)
updating on new information; corresponding approaches are available for confidence as
well (Hill 2019b, 2022, 2024). Where useful, IPCC authors could draw on these or other
procedures to help implement confidence reporting consistent with our proposal.

By contrast, the comment links our proposal to one specific procedure and then critiques
that procedure to undermine the proposal. The attributed procedure draws on an illustration of
our model of confidence used to interpret example findings from ARS (Bradley et al. (2017).
The illustration involves a set of probability distributions which are partitioned into tiers of
plausibility. Likelihood judgements consistent with all distributions (even less trusted ones)
are qualified with higher confidence while likelihood judgements consistent with only nar-
rower subsets of distributions are qualified with lower confidence. Although we did not intend
the illustration as a procedure, one could imagine arriving at confidence judgments by man-
ually assembling such a mathematical structure. For instance, the probability distributions
might come from different modelling studies, ordered by the plausibility of the assumptions
involved in the respective models. The comment reads a procedure like this into our proposal,
disparaging it as “significantly disconnected from current IPCC practices.”

While our proposal does not stand or fall with this or any specific procedure, we note that
something rather similar was in fact used in the AR6. As explained in Kopp et al. (2023),
authors of the chapter on Ocean, Cryosphere, and Sea Level Change (Fox-Kemper et al.
2021) examined collections of alternative pdfs for global mean sea level (GMSL) at future
points in time (e.g., 2100) under alternative shared socioeconomic pathways. These pdfs
came from studies that project sea-level rise using different methods, models, and assump-
tions. The chapter authors partitioned the pdfs into two groups based on confidence in the
approaches that produced them, leading to one group “incorporating only processes in
whose quantification there is at least medium confidence” and another group that “incorpo-
rated processes in whose quantification there is low confidence” (pp1295-6). Hinkel et al.
(2019) do something similar, both cases resulting in “tiered imprecise probability distribu-
tions of different levels of confidence” (Kopp et al. 2023).

Interpreting the resulting findings requires some care due to differences in the objects, so
to speak, of the confidence judgements. When discussing future sea level, the AR6 chapter
applies confidence language primarily to underlying methods rather than directly to resulting
GMSL ranges or their likelihood (pp1295-99). One example that does both is a key finding
for 2050. Across all scenarios, medium-confidence methods project GMSL falling “between
0.1 and 0.4 m (5th-95th percentile range)” (p1296). Including low-confidence methods raises
the upper end of this range to 0.6 m, but only under RCP8.5. “On the basis of these studies,”
the authors conclude, “we therefore have high confidence that GMSL in 2050 will be between
0.1 and 0.4 m higher than in 1995-2014 under low- and moderate-emissions scenarios, and
between 0.1 and 0.6 m under high-emissions scenarios.” In other words, the authors apply
high confidence to the broader outcome range that encompasses the results of both low- and
medium-confidence methods (consistent with the logic of our proposal).
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Here and elsewhere, the low-confidence methods produce a wider spread of pdfs than
medium-confidence methods. As a result, an inverse relationship can arise between confi-
dence levels applied to methods or models and those applied directly to associated outcome
or likelihood ranges. Where the chapter authors communicate confidence levels in meth-
ods, they use confidence language to signal that the broader estimate of likely outcomes
is tainted by low-confidence methods. In contrast, where they assess confidence directly
in the outcome or likelihood range (as above), they use confidence language to signal the
conservativeness of the broader range in the sense that it remains accurate even if the results
of low-confidence methods turn out correct. Both messages are valid and important and the
difference is one of emphasis.

Putting aside potential confusion arising from the disparate objects of confidence judge-
ments, the end result in terms of guidance for decision making is similar in spirit regard-
less of how confidence language is deployed to qualify reported likely ranges. The model
of decision making that partially motivates our proposal tells decision makers to use the
broader range of probability estimates (labelled as higher confidence on our proposal) where
the stakes of a decision are comparatively high (Bradley 2017; Hill 2013, 2019a). Hinkel
et al. (2019), Oppenheimer et al. (2019), and Kopp et al. (2023) arrive at a similar place,
endorsing use of the broader range of probability estimates (however confidence labels are
used) in cases of low risk tolerance (Oppenheimer et al., Kopp et al.) or uncertainty toler-
ance (Hinkel et al.). Clarifying how uncertainty assessments in the form of confidence-
qualified likelihood judgements could serve to support risk-sensitive decision making was
a key motivation for the development of our model. The comment gives no reason to think
that it cannot live up to this ambition.
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