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Like any science marked by high uncertainty, climate science is characterized by a widespread use of expert
judgment. In this paper, we first show that, in climate science, expert judgment is used to overcome uncertainty,
thus playing a crucial role in the domain and even at times supplanting models. One is left to wonder to what
extent it is legitimate to assign expert judgment such a status as an epistemic superiority in the climate context,
especially as the production of expert judgment is particularly opaque. To begin answering this question, we
highlight the key components of expert judgment. We then argue that the justification for the status and use of
expert judgment depends on the competence and the individual subjective features of the expert producing the
judgment since expert judgment involves not only the expert's theoretical knowledge and tacit knowledge, but

also their intuition and values. This goes against the objective ideal in science and the criteria from social epis-
temology which largely attempt to remove subjectivity from expertise.

1. Introduction

Climate science is a complex scientific domain characterized by high
uncertainty and a strong reliance on numerical modeling and data min-
ing; such characterizations are akin to the similar scientific domains of
epidemiology, aerospace and the nuclear industries. A result of this high
uncertainty in climate science has been the proliferation of expert
judgment throughout the scientific process, i.e. in model design, model
evaluation, data interpretation, and ultimately in the quantification and
communication of uncertainties to policy-makers. The ubiquitous use of
expert judgment requires review and, while climate models and climate
data have been widely evaluated by philosophers with respect to their
adequacy in providing understanding of the past and present climate and
projections of climate change, the use of expert judgment in climate
science has received less philosophical attention.

The concept of expert judgment can, however, be found within
several philosophical domains, like decision and social choice theory;
with social epistemology being the domain generally used to evaluate
expert judgment and expertise more broadly. State-of-the-art social
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epistemology focuses on the relationship between expert(s) and the
community employing them for further decision-making. Thus, social
epistemology puts forward evaluative criteria for laypeople or decision-
makers to arbitrate between (sometimes divergent) opinions of experts.
Those criteria are varied and can include validity of evidence, soundness
of arguments, the track record and unbiasedness of experts, the degree of
agreement among experts, as well as other criteria (Goldman, 2001;
Martini, 2014, 2015, 2020); overall, these evaluative criteria aim to
ensure that expert judgment is grounded in objective arguments and not
in mere subjective beliefs or expressions of interests from experts.
However, state-of-the-art social epistemology falls short in providing
guidance to evaluate expert judgment in climate science since, here,
expert judgment is in large part produced by and for climate scientists
themselves, where the aspects of individual subjectivity, that are usually
dismissed by social epistemology, are vital for the production of an expert
judgment in climate science.

Thus, we first examine how expert judgment is used in climate
science, along with model projections, empirical measurements, and
other data analyses. In this context, experts are climate scientists
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(including climate modelers) who can be considered as equally qual-
ified and informed agents and who contribute in the different steps of
climate expertise, starting with model building and concluding with
the quantification and interpretation of uncertainty. We argue that
expert judgment is used in practice as if it is epistemically equal to or
superior to models, insofar as it is employed to design models and
quantify uncertainty by going beyond the projections that the
(necessarily imperfect) models provide (Section 2). From this, we
explicate the ingredients for the production of expert judgment (Sec-
tion 3), suggesting that expert judgment can extend models and
quantify uncertainty because a judgment is the result of connecting
multiple lines of evidence at once, going beyond any particular model.
But, as we will highlight, how this connection is made in practice is
difficult to document since the production of expert judgment is
epistemically opaque, and probably even more opaque than computer
simulations (Section 4). We finally argue that the specific status of
expert judgment over models can be justified based on how much one
can trust the expert(s) and on what makes an expert judgment
particular to its individual producer. This justification is based, on the
one hand, on the ability of an expert, given their education and
experience, to connect the existing lines of evidence, ultimately
extending beyond the current state of knowledge to produce a judg-
ment which overcomes the uncertainty. While most epistemological
approaches attempt to counteract subjectivity in expert judgment, we
will show, on the other hand, that subjective intuition and to some
extent expert's values bestow particularly high epistemic interest on
expert judgment (Section 5). Thus, we conclude that, in climate sci-
ence, the role of expertise necessarily requires the recognition of the
individual, their education and abilities including the often-maligned
subjective features of the individual.

2. The superior status of expert judgment over models

In this section, we examine how expert judgment is used throughout
climate science and show that it is used in two key ways, i.e. to design
models and to quantify uncertainty. From this we argue that in the
context of climate science, expert judgment can be seen as having a su-
perior status over models.

2.1. Design of models

In climate modeling, there is not a uniquely most adequate model
of the climate system; we mean “adequate” in the sense of Parker's
“adequacy for purpose” view of model evaluation (Parker, 2009,
2020). Instead, several, and at a given point in time valid, methodo-
logical choices can be made to represent the climate system and tune
the model equally well. Facing this form of underdetermination,
expert judgment provides the avenue for making these methodological
choices.

Within model building, idealizations and parameterizations are
necessary for the mathematical formalization and the numerical resolu-
tion of the models. There are a variety of idealizations and parameteri-
zations that can represent the system under investigation, and choosing
among them requires expert judgment (see Thompson, 2022 about the
co-dependence between mathematical models and expert judgment in
climate science; see also Jebeile & Crucifix, 2020). In practice, modelers
have to select the relevant processes to integrate in the models under the
mathematical and computational limitations, and to assess to what extent
the representations of these processes are sufficiently accurate for the
given purpose. Expert judgment is particularly important in the design of
parameterization, where parameterization is a method of idealizing, with
a simplified sub-model, the physical processes that are either too small in
scale to be represented in the model or are not well known. In this case
experts must weigh or balance the computational cost of a given
parameterization with the accuracy of the model output (e.g. Pincus &
Stevens, 2013).
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After the first version of a model is constructed, model tuning aims to
assign values to key model parameters for emergent properties to match
certain observations. Since the exact values of the key parameters are not
all known, and because these parameters act as surrogates for the pro-
cesses that modelers haven't been able to describe explicitly in the model,
expert judgment is necessary to make the decision of which parameters to
tune and more specifically on which targets to tune for (Jebeile et al.,
2023). The priorities of this decision-making process vary across research
teams or modeling groups, and can have a genuine impact on the
emergent responses, and notably the model's sensitivity, i.e. the way a
model's output can vary with relatively small changes in the model's
inputs (Mauritsen et al., 2012; Schmidt et al., 2017; Hourdin et al., 2017).
Expert judgment is also utilized to prevent overtuning; this issue arises
when models match the data too well, in a way that makes them inca-
pable of providing genuinely novel predictions outside the range of the
data.

Expert judgment is also utilized in model evaluation, which con-
cerns the adequacy of models for the purpose of understanding the
past and present climate and of projecting future possible climate
states. This assessment is made on the basis of model performance
and model agreement. Model performance is often evaluated based on
certain variables that climate experts deem relevant, which include,
among other things, global distributions of temperature, precipita-
tion, and radiation. The simulated variables are compared to the
available past and present observations, where agreement among
models is often used as an indicator of robust results. Model perfor-
mance is measured quantitatively and statistically via performance
metrics whose definition is left to the judgment of experts as well
(Reichler & Kim, 2008). The assessment of model performance is
done through utilizing “expert judgment based on the agreement with
observations of the multi-model mean and distribution of individual
models around the mean, taking into account internal climate vari-
ability” (IPCC, 2013, p. 822).

2.2. Quantification of uncertainty

Expert judgment is also used as an alternative cognitive resource for
estimating model uncertainty because the available scientific models are
not considered to provide, individually, sufficient enough or reliable
enough projections, or to yield, collectively, exact estimates of uncer-
tainty associated with projections.

Uncertainty quantification results from ensemble-based approaches.
Those approaches take multiple climate models or versions of models and
run each one in an attempt to obtain a range of possible projections (Flato
et al., 2013). Experts sometimes weigh the ensemble models depending
on their performance scores, i.e. on their individual ability to simulate
specific observed phenomena or geographical locations, instead of
treating each model as equal (see e.g. Brunner et al., 2020). From that
weighing, they calculate multi-model weighted means “based on how
processes are implemented or based on expert judgment” (Knutti et al.,
2010, p. 3). In addition, expert judgment is utilized to re-assess uncer-
tainty ranges spanned by the spread of the multiple projections of the
ensemble (Katzav et al., 2021).! In this context, ensembles are “ensem-
bles of opportunity”, meaning that the ensemble members are just the
available models that research teams are willing to provide and that
comply with the standards defined, for instance, by the Coupled Model
Intercomparison Project (CMIP). Therefore, the limited sample of avail-
able models is insufficient to properly span uncertainty ranges, and
additional re-assessment of those ranges requires expert judgment
(Oppenheimer et al., 2016; Thompson et al., 2016).

1 As highlighted by an anonymous reviewer this use of expert judgment,
where a model estimate is adjusted by an expert, is in line with the concept of
‘selective defection’, which has been recognized as a fallible strategy for
expertise (see chapter 2 of Bishop & Trout, 2005 for more on this concept).
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In situations where physical understanding is very low, with not only
many known unknowns but also many unknown unknowns, experts
make claims under high uncertainty, about, e.g., tipping points and extreme
events. Thus “some of the most important uncertainties — such as the
projected surface warming — are still based on expert judgment” (Knutti
et al., 2002). Expert judgment is also used for estimating the collapse of
marine-based sectors of the Antarctic ice sheet (IPCC, 2013, p. 1186) and
estimating effective radiative forcing due to the high levels of uncertainty
surrounding effective radiative forcing because of aerosols (IPCC, 2013,
p- 574). Additionally, the use of expert judgment can be seen in the
ranking of tipping points’ sensitivity to global warming and the associ-
ated uncertainty surrounding the underlying physical mechanisms of
these tipping points (Lenton et al., 2008). This process of identifying and
ranking tipping points has been done using structured elicitation pro-
tocols, where a group of experts are asked to elicit individual judgments
on a set of questions according to a formalized methodology. This
methodology allows each individual expert to pull from different sources
of information like relevant literature or mathematical considerations in
producing their individual judgment, which are then aggregated using a
specific aggregation rule. What remains clear is that under high uncer-
tainty, like in the tipping point context, experts extrapolate claims about
the system under consideration or investigation from prior knowledge
about well-known systems as well as mathematical considerations (Lam
& Majszak, 2022). In turn, these judgments often assist in the supple-
mentation of knowledge gained through models and measurements.

Expert judgment is not only used to quantify the uncertainty estimates
of the scientific claims, but also to communicate the degree of confidence in
these assessments. This kind of use is quite evident in the Intergovern-
mental Panel on Climate Change's (IPCC) reports. In the Summary for
Policy Makers, it is stated that “human activities are estimated to have
caused approximately 1.0 °C of global warming above pre-industrial
levels, with a likely range of 0.8 °C-1.2 °C. Global warming is likely to
reach 1.5 °C between 2030 and 2052 if it continues to increase at the
current rate. (high confidence)” (IPCC, 2018, p. 3). Within this sentence,
one comes across the two metrics the IPCC uses to assess uncertainty,
through the calibrated language of “likelihood”, seen throughout the
statement in italics, and a level of confidence, provided at the end of the
statement in parentheses. The likelihoods can be based on, among other
things, the “elicitation of expert views” to express a probabilistic estimate
of a predicted outcome in a common and well-defined language (Mas-
trandrea et al., 2010). Similar to the likelihoods, the confidence metric
utilizes a calibrated language of five phrases, from very low to very high
confidence, and is based on the synthesis of the authors' judgment about
the validity of the findings in the entire statement under consideration
(Mastrandrea et al., 2010). The ultimate goal of this summary is for the
communication of uncertainties, in the form of these likelihoods and
confidence metrics, to non-expert decision makers (Drouet et al., 2021).
This calibrated language allows the complex and dense information, that
comes from expertise, and is generally only privy to experts, to be
accessible and understandable for policy makers and the general public at
large, to assist in their decision making.

In sum, there is a strong intertwined connection between expert
judgment and climate models, and the former often supplants the latter.
Thus, the choices of idealizations and parameterizations in models or the
re-assessment of the uncertainty quantification are done with expert
judgment, where this judgment provides a check on the quantified model
uncertainty and the calculated probabilities.

2.3. Explanation

In climate science, expert judgment maintains a specific status since it
is used to design models and to quantify uncertainty, this status requires
an explanation. We suggest that expert judgment can supplant models in
practice simply because the judgments result from considerations that go
beyond the content and outputs of a particular model (Mach et al., 2017).
In the design of models, the choice of idealizations and parameterizations
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is made based on the expert's knowledge of the scope of validity and of
the computational cost of a variety of considered idealizations and pa-
rameterizations (Jebeile et al., 2023). The choice of the relevant pa-
rameters to tune and the observational variables to match depend on the
defined priorities and purposes — themselves influenced by the values of
the modelers (Intemann, 2015; Winsberg, 2018; Parker and Winsberg,
2018). The same is true for the evaluation of models and ensembles
where the choice of performance metrics and the weighing of ensemble
members in order to optimize the calculation of probabilities (or means)
depend on what variables are prioritized (e.g. temperature, precipitation,
wind) and which geographical locations are probed more accurately.

In the quantification of uncertainty, making claims under high un-
certainty requires the expert's knowledge about the likely tipping points
and considerations from thermodynamics for theorizing potential effects
of tipping points. There is a limited and incomplete set of data about
tipping points, as a result much of the information remains disjointed
without clear avenues to explain how different pieces of information
should fit together, resulting in high uncertainty throughout the domain.
In this context, experts routinely are asked in expert elicitation protocols
to bring together these different lines of evidence, i.e. model results,
paleo-climate data and theoretical/mathematical considerations to
overcome the epistemic gap and produce a holistic picture (Kriegler
et al., 2009, p. 5044). When specifically discussing the Atlantic Meridi-
onal Overturning Circulation it has been argued that the expert elicita-
tions are “based on the experts' synthesis of published literature and
knowledge that is not explicit in the formal literature” (Zickfeld et al.,
2007, p. 237). For the communication of degrees of confidence within
the IPCC reports, experts evaluate the type, amount, quality, and con-
sistency of evidence as well as the degree of agreement between the
different pieces of evidence; for example, they seek the number of pub-
lications in the peer-reviewed scientific literature endorsing a given key
finding. In a nutshell, one can see that in practice, experts are utilizing
multiple and diverse lines of evidence to inform their judgment. Thus,
expert judgment can supplant models because they are based on a
broader set of background information, which the expert exploits and on
which they form their judgment. Let us now try to precisely explicate the
different components involved in the production of expert judgment.

3. Components of expert judgment

This section is an attempt at explicating the ingredients for the pro-
duction of expert judgment, synthetized in Table 1. First, of course, an
expert judgment is based on the theoretical knowledge the expert pos-
sesses on the subject matter (e.g. the Navier-Stokes equations to describe
fluid dynamics in oceans and atmosphere). However, we are discussing
an expert's judgment and not an expert's knowledge, thus there is more
involved. An expert judgment results from an epistemic decision-making
regarding, for example, whether such or such parameterization is suit-
able, or whether such or such uncertainty range is an adequate estimate.
The formation of an expert judgment is therefore based not only on the
available model outputs and empirical data, not only on the theoretical
knowledge that the expert has on the subject matter, but also on unar-
ticulated background information that enables the expert to transform
their knowledge into a judgment, with that unarticulated background
information being tacit knowledge and intuition (Soler et al., 2014).

Tacit knowledge is the know-how that experts have gained and keep
maintaining through the long immersion and apprenticeship in their
epistemic community (Collins & Evans, 2007, p. 6). Within science, it
enables them to conduct an experiment, to make a calculation, to draw
a data analysis, or to write and publish a scientific paper; in this context
it is the set of an expert's skills that demarcates mere interactional
expertise, i.e. the ability to converse about a technical matter as sci-
entific journalists do, from contributory expertise, i.e. the ability to
make genuine research contributions as researchers do (Collins &
Evans, 2007). In the case of climate expertise, the required tacit
knowledge should provide additionally and importantly the skill to
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Table 1
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Components of expert judgment. The location of the term indicates the origin of the production of the individual
components. The arrow then indicates the breath of where those components can be disseminated. When the arrow is
full, the dissemination is homogenous. When the arrow is dashed, the dissemination is unequally distributed.

Public Epistemic community

Research group Individual expert

¢ Theoretical knowledge

Tacit knowledge

Scientific
sphere

Values

Private
sphere

i

o Intuition

<= ======Scientific perspectives

compare and connect together model outputs, empirical data and
theoretical considerations; this reflects on how much one knows the
domain literature in depth and in breadth. In practice, this tacit
knowledge allows the expert to build on the existing knowledge base,
knowing how to extend beyond the existing set of information, by
making additional connections to ultimately produce a judgment which
can overcome the epistemic uncertainty. Albeit incommunicable to the
outside world, tacit knowledge is assumed to be shared by all the
practitioners belonging to the same epistemic community and thereby
having a common scientific culture. This is akin to sharing the same
natural language, where there can be multiple languages across the
varied scientific domains but all those working within the same com-
munity share this common language (Collins & Evans, 2007, p. 7). Itisa
kind of “things you just know how to do without being able to explain
the rules for how you do them” (Collins & Evans, 2007, p. 13).

On top of tacit knowledge, intuition is also necessary to form a
judgment, giving the idiosyncratic dimension of the judgments produced
by the individual person. Intuition is a concept that is hard to grasp
(although it is an old one in the history of philosophy, see for example the
Regulae of Descartes, 1628) as it refers to an inner mental process. It is a
skill of someone that can be measured by the relevant and interesting
insights or opinions a person can provide on a subject matter, but whose
justification is particularly opaque. The concept of intuition is often
referred to as the ability of an individual to make good judgments,
however one must be careful that this intuition is “wisdom based on
experience” and “can be gained through practice and socialization™ since
“this is mysterious enough” (Collins, 2010, p. 149). Like tacit knowledge,
intuition is hardly communicable. Unlike tacit knowledge, this seems not
something one can easily share with a group, but instead something that
is very personal and individual.

Values are preferences, interests, and priorities that a scientist may
have on social, political or moral matters. Examples of possible intru-
sion of values in climate science include focusing on scientific models
that better document issues related to social injustice, or biodiversity
loss. They can also be economical models including considerations
related to economic growth that can influence the type of scenarios
chosen for climate models runs. Additionally, they can be manifested in
the choice of research topics or the locations/regions of the world
which are to be investigated. The importance of values has been
increasingly recognized by the philosophers of climate science and is
now scrutinized by the climate science community. In the latest IPCC
assessment report (AR6), it is stated that “[s]ocial values are implicit in
many choices made during the construction, assessment, and commu-
nication of climate science information” (IPCC, 2021, §1.2.3.2). A
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person can share values with their epistemic community, but not
necessarily; members of a climate science group can have different
political opinions and can have different understanding on how to best
serve the society regarding the values they prioritized (e.g. social jus-
tice, biodiversity, economic growth).

In turn, experts having their own intuition and values often orientate
their research in accordance to their vision on what their scientific
domain can and should do. Thus, theoretical knowledge, tacit knowl-
edge, values and intuition can together ground a (new) choice of scien-
tific perspective. Differences in these features and experiences of the
expert would then result in differences in perspectives and in turn
apparent disagreement among experts. However, the mere presence of
disagreement should not warrant concerns of biases in individual judg-
ments, rather we may even value these differences in perspectives for
addressing some of the more complex problems within the domain
(Douglas, 2008, p. 11). People privy to the climate science community
know that there are prominent researchers in the field promoting
different research programs and avenues which are themselves based on
different scientific perspectives, promotion of, e.g., high resolution,
model complexity, possibilities over probabilities, storylines, or histori-
cal approach to name just a few examples. One knows that those people
do have incredibly valuable expertise on their specific perspectives,
making the evaluation of their expertise a task based on the identity of
experts, as individuals and unique scientific minds.

4. The production of expert judgment and opacity

How experts operate, in practice, to generate these judgments is hard
to document as the production of expert judgment is partly epistemically
opaque.? This is a strikingly common feature between expert judgment,
model outputs and empirical data as they are all usually the outcome of
an opaque production process. Roughly, this opaque production process
means that there is no clear set of arguments or explanations available
which relates the output of the process to the initial assumptions and
considerations.

2 It should also be noted that in addition to the epistemic opacity in the
production of expert judgment there is additional institutional opacity, caused
by the practice of how expert judgments are currently being used in the climate
science domain. Given that there is not widespread use of structured elicitation
protocols, with the concept of tipping points being the notable exception, there
is then no concrete record of how the judgments are produced and under what
conditions these judgments are being used for decision making or evaluation.
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In scientific modeling, computer simulations stand as the relationship
between model inputs and outputs insofar as they depart from the initial
conditions and parameter values, and solve the equations encoded in the
computer program. But computer simulations are opaque in that human
agents cannot cognitively survey and master, from one end to the other,
the entire series of the mathematical operations (Beisbart, 2021; Duran &
Formanek, 2018; Humphreys, 2004, 2009). In measurements, experi-
ments are opaque in that human agents usually ignore the physical
processes or causes at work; this ignorance is often the very motivation
for the experimental inquiry (Guala, 2002; Jebeile, 2017). In expert
judgment, the production is opaque due to the fact that it utilizes tacit
knowledge, intuition and values, and that it implies picking and con-
necting multiple lines of evidence in a way that is difficult (but not
impossible) to explicate.

On the one hand, opacity is, in part, due to the nature of tacit
knowledge on which expert judgment bears down. While the theoretical
knowledge an expert possesses is explicable, as it can be found in text-
books or scientific papers for instance, tacit knowledge, on the contrary,
is incommunicable as it is a skill somehow embodied in the expert's body,
and thereby not reducible to epistemic propositions (Chang, 2014, p. 71;
Polanyi, 1958/1962; ch. 4; Polanyi, 1967). Thus, tacit knowledge is often
qualified as part of “the implicit, hidden, intuitive, and often partly un-
conscious dimensions of science” (Soler et al., 2014, p. 18). On the other
hand, experts make their judgments based, in part, on their intuition fed
by their unique experience as practitioners. This part of the judgment
production is particularly opaque. Indeed, the production of an intuition
is an internal, mental and thereby not entirely accessible process that
operates within the mind of the expert. Intuition is the part of the expert
judgment that remains non-explicable, non-reducible into proper argu-
ments, and is therefore difficult to communicate. Due to these internal
processes only being accessible to the individual expert, one cannot
provide an accurate and complete account of the expert judgment, as an
output, by appealing only to the scientific evidence and arguments of the
matter that were used as inputs. Thus, in cases when experts disagree
with each other, it might be due to them having different insights and
intuition. Making values explicit is a difficult task requiring reflexivity to
which scientists are usually not trained to do, and for this reason values
can also be part of the opacity surrounding the production of expert
judgment.

Finally, while computer simulations (or experiments) are generally
thought of as mirroring or mimicking (or reproducing in the matter) the
evolution or the behavior of the targeted phenomenon, the production of
expert judgment is a multitasking process that can be difficult to docu-
ment in detail. For instance, when re-assessing uncertainty ranges, the
production of expert judgment is about confronting the ensemble-based
projections with state-of-the-art understanding of future climate possi-
bilities, weighing their likelihood based on other available climate data,
or connecting unarticulated background knowledge. In a nutshell, ex-
perts are not computer programs or empirical instruments. Their inner
reasoning is not reducible to an automatic procedure implementable by a
machine, additionally it is not reducible to a mere physical process like a
measurement either. Their reasoning, being an interior process, is opaque
in that it involves theoretical knowledge, tacit knowledge, values but also
intuition and insight which depend on their unique professional training
and experience as scientists.

Interestingly, features of the evaluation of the opaque production
processes are common in each of the three cases discussed, computer
simulations, experimentation, and expert judgment. Examples of those
features are calibration and robustness. Because deduction and/or direct
perception cannot be warrants for the outcome of an opaque production
process, a methodology is instead adopted in which calibration and
robustness play an essential role. In models, parameters are tuned for the
model outputs to match a set of available empirical data. In experiments,
instruments are calibrated for the instrument to correctly provide well-
known observations or measurements. In expert judgment, the equiva-
lent is what is called the calibration score of experts in elicitation
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methods. “Calibration measures statistical likelihood, very loosely char-
acterized as ‘correspondence with reality’. In scoring calibration, each
expert is regarded as a statistical hypothesis” (Cooke & Goossens, 2000,
p. 12). The calibration process consists of rating the performance of an
expert in providing probabilistic assessments which are confirmed by
empirical data. Regarding robustness, when multiple models agree with
each other, provided the models are independent from each other, their
outputs are said to be robust and are often deemed reliable. The same
holds when different kinds of instruments yield similar observations. The
equivalence of robustness in expert judgment would be the majoritarian
principle. This principle states that the more experts agree on a particular
judgment, the more likely the judgment is supposed to be (Martini,
2014). Independence, in all contexts, is an important condition. If the
models share common biases, which some argue could be the case given
the common history of their creation and the subsequent building of
models based on common code across different modeling efforts (Len-
hard & Winsberg, 2010), the robustness reasoning could become invalid.
Additionally, if all of the measuring apparatuses used to calculate one
value were to share common biases, one would have little reason to trust
the conclusions of that observational study. Likewise, if experts are all
biased in the same way, there is no good reason to trust a given judgment
based on agreement by the majority.

The burning question then becomes unavoidable: if the production of
expert judgment is to some extent even more opaque than computer
simulations and experimentation, how can we justify the critical role
expert judgment plays in designing models and quantifying uncertainty
in climate science? A pessimistic view would answer that expert judg-
ment is simply a last resort: facing high epistemic uncertainty, one has no
other choice than appealing to expert judgment because one would
otherwise be left with unarticulated and inconsistent data. Such a
pessimist view is somehow suggested by the “subsidiarity” principle in
social epistemology which states that “[s]ubjective expert judgment
should be invoked only to the extent that it cannot be substituted by other
kinds of evidence, or mechanical/actuarial rules” (Martini, 2015, p. 393).
Conversely, an optimistic view would certainly recognize that there is
some quality in this expert judgment that makes them precious cognitive
resources. This quality, which we will now argue for, has to be found in
the competence and intuition of the experts themselves.

5. Justification in competence and intuition

Expert judgment can go beyond models as the production of a judg-
ment involves a broader set of knowledge and know-how on the scientific
domain, knowledge and know-how that extend what is in or derived from
models. However, there is a clear epistemic difference between models or
experiments and expert judgment, and as such the justification of the
specific status of expert judgment in climate science cannot entirely rely
on an examination of its production as it is in part opaque. In this last
section, we argue that the justification for why expert judgment can
supplant models derives from the high epistemic interest of eliciting the
judgment of an expert as being exceptionally well-informed and having
developed a unique insight on the subject matter, i.e. on the competence
and intuition of an expert.

The scientific competence of an expert is the first important element
of justification for why expert judgment can legitimately supplant models
in climate science. The scientific competence begins with education, as
experts are required to understand the theoretical foundations of the
scientific domain which covers the subject matter at stake. This is the
theoretical knowledge, produced over years of scientific development
and discourse. But expert judgment is built on arguments that go beyond
what is contained within textbooks or scientific papers. An expert also
relies on their professional experience, providing them with a unique
overview on the state-of-the-art research regarding the subject matter.
The experts' access to and ability to understand the latest literature or the
current state of the field affords them the rare viewpoint of being able to
assess cutting edge research, theories and methodologies, a valuable
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addition to the set of theoretical knowledge an expert can utilize. The
experience of the expert can also be in a practical sense, in the exercise of
performing science within the domain. This results in tacit knowledge,
gained through specific experiences of working with their instruments of
investigation, whether that is a computer model or physical observa-
tional equipment. In a nutshell, these aspects of an expert's scientific
competence, their theoretical and tacit knowledge, provide a baseline for
the expert judgment as it relies on years of scientific discovery and sci-
entific methodological progress and are thus rigorously evaluated by the
scientific community. In practice, theoretical knowledge and tacit
knowledge place the physical limits on the judgment of an expert, not
allowing the judgment to be a wild guess or result in conclusions which
are known to be physically impossible by the scientific community.
However, in all cases of expert judgment there are varying levels of un-
certainty. Thus, experts must rely on some component of expert judgment
which goes beyond the existing set of knowledge, as there is a gap in the
existing knowledge which the expert must overcome with their judg-
ment. This is done in part by the expert's intuition, or inner reasoning; in
this scientific context, intuition is born out of education and experience
as an aspect of the expert's scientific competence which allows them to
build on the existing knowledge base, to produce a judgment which can
overcome the epistemic gap. This is also done with the expert's values
which can possibly raise a problem of trustworthiness; the use of values
facing epistemic uncertainty is now particularly well-documented where
values serve in the definition of purposes and priorities of models, with
the given underdetermination in the modeling assumptions (e.g. Jebeile
& Crucifix, 2021; Parker & Winsberg, 2018).

To evaluate the subjective aspects of an expert judgment in climate
science, i.e. the expert's intuition, values and scientific perspective, we
suggest following a framework in line with the logic of induction.
Within this logic there is an underlying assumption that a past instance
of success provides an indication of future success. If this is applied to
a judgment that is elicited from an expert, as is often done when
utilizing the track record criteria (see Martini, 2014), then an expert
who has a history of being correct, should be given a higher level of
likelihood that their future judgments are correct simply because this
judgment was elicited from that expert. However, we can take this
logic further and apply it directly to how an expert utilizes their
intuition, values and scientific perspective. Given that all elicited
expert judgments involve the overcoming of an epistemic gap, all
expert judgments would then have some subjective aspect as a
meaningful component of producing the judgment, as this was the
means for overcoming the gap. If an expert is continuously providing
successful judgments, then the expert would continuously be using
their scientific competencies, their knowledge and subjective aspects,
to at least in part guide these judgments. From this we argue that each
instance of a successful judgment provides reason to support an ex-
pert's ability and their trustworthiness.

Where by a successful judgment we do not mean that this judgment is
necessarily true in some objective sense. Rather, we argue that the unique
insight of experts on a subject matter constitutes the second part of the
justification as it makes their individual judgments particularly valuable.
In the context of expert judgment by and for climate experts, what
matters is not only that an expert is competent at providing right or
wrong answers (they are indeed usually asked to provide expertise in
virtue of their scientific competence), but also that the expert provides
adequate information relevant to a specific question. The relevance of an
expert judgment then often depends on the specific scientific perspective
the expert has adopted in their research career. Thus, an expert judgment
is successful in this context if the judgment overcomes the epistemic gap,
providing an answer to the specific question at hand based on the fea-
tures of the specific individual, in line with their current state of
knowledge on the topic. However, one may argue that the motivations
behind an expert's choice of scientific perspective and then the subse-
quent use of such a perspective may constitute a bias. We don't see this
type of bias as problematic, rather when one is eliciting a judgment from
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such an expert they need to be aware of the context within which the
perspective was created, thus identifying if the values behind the judg-
ment are legitimate or illegitimate. The criterion of demarcation between
legitimate and illegitimate values goes outside the scope of this paper
although it remains a very important subject; we here refer to Intemann
(2015) who defines legitimate values as those which are democratically
endorsed. By evaluating judgments as suggested, one can allow experts to
utilize those subjective aspects which make their judgments successful
while also recognizing that each expert may not be suited to provide a
successful judgment under all conditions or for all questions. Experts are
then indeed not interchangeable rational agents, rather their epistemic
advantage to provide judgment stems not only from their specific edu-
cation and professional experience, but also from the subjective features
of the individual, being the intuition, the values and the scientific per-
spectives they have adopted.

6. Conclusion

In sum, throughout all the instances of expert judgment we identified in
climate science, these judgments are used to overcome some type of un-
certainty or epistemic gap, whether that be in the creation of a model or the
identification of tipping points. From this we have highlighted that these
judgments supplant modeling and observational data efforts by extending
beyond what is captured by these processes. This then begged the question
of how experts can extend beyond modeling and data. To answer this
question, we turned to the production of expert judgment, illustrating that,
even though the production is an opaque process, what remains clear is that
experts bring together potentially disparate pieces of information and
synthesize it into a single judgment. This allows the expert to go beyond
what is included in a single model or a single line of observational data.

This is not where the story ends however, as we are left to answer the
question of why experts are able to do this while models and even other
non-experts cannot. We argued that the scientific competencies and
intuitional abilities of the expert provide the means to overcome the
epistemic gap and, converse to the objective ideal, the subjective ele-
ments play a vital role in this process. The individual subjective aspects of
the expert's scientific capacities provide the vital and unique process for
including tacit knowledge and intuition while eliciting each judgment.
Thus, each expert must then retain the status of a precious cognitive
resource. Ultimately, we conclude that, in climate science, experts must
be recognized and evaluated on an individual level as their scientific
competencies and intuitional abilities are subjective features of the in-
dividual expert which cannot be captured by evaluating the entire sci-
entific community.
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