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How uncertainty interacts with ethical
values in climate change research

Casey Helgeson'®, Wendy Parker?, and Nancy Tuana?®

Much climate change research aims to inform decision making in one way or another. A
common vision of how science and ethics work together in this decision making has science
spelling out the (probable) consequences of different policy options, while ethical judgments
determine which option’s consequences are most desirable. For example, climate projections
and impact studies may suggest the likely consequences of different mitigation pathways, but
ethical judgments are required to evaluate how good or bad those consequences are and how
preferrable one possible future is over another.

While correct as far as it goes, this standard picture can encourage an overly sharp distinction
between scientific activities and ethical deliberation. Far from entering only at the policy-making
stage, ethical judgments often shape scientific research itself. This is most obvious in the choice
of research questions. The choice of what to study ultimately affects what knowledge can be
brought to bear in real-world decisions, including consequences for which (and whose)
decisions can be made with the benefit of scientific insight. Such considerations are routinely
referenced when motivating funding proposals and research articles. Of course, more purely
scientific motivations such as fundamental discovery and filling gaps in knowledge are also
critical in choosing research questions. In this way, a researcher’s choice of what to investigate
illustrates a central concept of this chapter: coupled ethical-epistemic choices (Tuana 2018).

A little terminology is needed to unpack this jargon. We use the word values as a general term
for the reasons or perspectives from which one evaluates something as good or bad. Applying
this notion of values very broadly, any goal judged worthy of pursuit will be done so on the basis
of values. Sometimes these will be ethical values such as concern for justice, human welfare, or
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environmental protection. (The overlapping concept of social values includes things valued by
communities or individuals—like greenspaces or social services—even if these may not be
recognizably ethical in nature. Here we use “ethical values” broadly to also include these social
values.) In contrast, scientific findings can be valued for how they advance understanding, and
scientific methods or models can be valued for their accuracy, reliability, or generality. These
aspects of research are valued because they are thought to promote (or constitute) a central
aim of science: gaining knowledge. Such values are often called epistemic values.

Many decisions made in the course of scientific research are coupled ethical-epistemic choices
in the sense that their consequences can be judged both from the perspective of epistemic
values (i.e., what are the contributions to scientific knowledge) as well from the perspective of
ethical values (i.e., what are the upshots for policy, society, and the environment). Coupled
ethical-epistemic choices can be found at any spot along the continuum of research-design
choices from the broad end of choosing and refining research questions to narrower decisions
regarding approaches to answering those questions, specific methods, and interpretation of
results.

Scientific training tends to focus on epistemic values—especially when it comes to the narrower,
finer-grained research choices. In this chapter, we draw attention to the ethical values that are
often linked to the same choices. Our aim is to encourage more deliberate and more reflective
engagement with the ethical components of these choices. The topic of this volume is
uncertainty in climate change research, and decisions about how to address sources of
uncertainty in research provide a particularly rich arena for interaction between epistemic and
ethical values. We present a series of examples of such interaction followed by a short list of
recommendations on how to approach coupled ethical-epistemic choices in research.

ATTRIBUTION METHODS AND PUBLIC COMMUNICATION

Our first example concerns extreme event attribution (National Academies of Sciences,
Engineering, and Medicine 2016). Increasingly, climate scientists are investigating the extent to
which particular extreme weather events, such as floods, droughts and heat waves, can be
linked to anthropogenic climate change. Depending on the choice of method, different pictures
can emerge regarding what can and cannot be attributed to climate change, with implications for
public communication and litigation for damages.

The standard “risk-based” approach has been adapted from epidemiology (Allen 2003; Haustein
et al. 2016; Stott et al. 2016). Researchers attempt to quantify the change in likelihood of a
weather event like the one observed, given rising greenhouse gas concentrations. This is done
via climate modeling studies that compare the frequency of such event types across simulations
driven by different greenhouse gas concentrations. In one set of simulations, historical (i.e.,
increasing) greenhouse gas concentrations are used; in the other, concentrations are held
(counterfactually) at pre-industrial levels.
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For a variety of reasons, studies following the risk-based approach can be inconclusive. These
reasons include the difficulties and uncertainties in simulating the atmospheric circulation driving
some types of extreme events (Shepherd 2014), use of null-hypothesis significance testing to
interpret simulation results, and use of “no change in likelihood” as a null hypothesis (Shepherd
2014; Lloyd and Oreskes 2018). Failure to reject such a null hypothesis means that the
possibility of no change in likelihood cannot be excluded at the chosen significance level, given
available evidence. But careful and cautious statements such as this are sometimes
misinterpreted in public discourse as saying something stronger and more conclusive, namely
that there is no connection between anthropogenic climate change and the weather event in
question.

Uncertainties about circulation notwithstanding, broad thermodynamic changes in the climate
system such as rising sea surface temperature and increased moisture content are well
understood as anthropogenic. Moreover, it is very plausible that these thermodynamic changes
can make weather events, when they do occur, more intense than they would otherwise be.
Critics thus worry that the (often inconclusive) risk-based approach to attribution will miss some
valuable opportunities to communicate to the public, via salient events such as extreme floods,
that climate change is already having negative impacts (Trenberth 2011; Trenberth et al. 2015).
This line of thought has led to a second approach to attribution, sometimes referred to as the
“storyline” approach. (Though note that the storyline concept is also used more broadly for
communication, uncertainty characterization, and risk management beyond the context of
attribution science (Shepherd et al. 2018; Sillmann et al. 2021).)

In general terms, the storyline approach to event attribution offers descriptive narratives of
specific past events, with emphasis on understanding the driving factors that were involved in
those events and that may shape future events as well (Shepherd et al. 2018). Such an
approach would typically ask: how did “known” thermodynamic changes in climate make a
difference to the intensity of this particular weather event? To address this question, the first
step is to simulate the extreme event as it occurred. The second step is to re-simulate the event
removing the human-caused thermodynamic changes, e.g., making the nearby sea surface
temperature cooler by a specified amount in the simulations. These studies very often do find a
link between anthropogenic climate change and an extreme event of interest—specifically, an
increase in intensity. For example, the conclusion might be that rising greenhouse gas
concentrations, via their effects on sea surface temperature, increased a flood-causing storm’s
precipitation by at least 30% (see e.g., Meredith et al. 2015; Hoerling et al. 2013).

The risk-based and storyline approaches ask different questions (Lloyd and Oreskes 2018). One
asks whether increasing greenhouse gas concentrations have, all things considered, changed
the probability of a given event type. The other brackets anthropogenic circulation changes and
asks whether the thermodynamic consequences of increasing concentrations affected the
intensity of a specific event, holding fixed the actual circulation that led up to the event. When
applied to the same case, the two methods can give different answers (e.g., “no” and “yes”
respectively) with no logical contradiction.
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Given limited time and resources, which approach should attribution researchers prioritize? The
considerations that have been aired in discussions contrasting the two approaches include not
only aspects subject to epistemic values (different kinds of insights; different degrees of
uncertainty in results) but also consequences judged by ethical values. The latter include
purported differences in: messaging to the public regarding “links” from climate change to
extreme weather; potential for misinterpretation of results; relevance of results for climate risk
management; long-term effects on public trust in science; and potential for reputational damage
to individual scientists (Otto et al. 2016; Lloyd and Oreskes 2018).

Each approach to attribution thus comes with a bundle of features and consequences, some of
which are important for epistemic reasons and some of which are important for ethical reasons.
The ethical and epistemic merits of an approach can be judged separately, yet they are bound
together in the same scientific choice. In this way, attribution methods illustrate the concept of
coupled ethical-epistemic choices in research.

PARAMETER CHOICES AND THE CONSEQUENCES OF ERROR

A second example concerns the way in which method choices can affect the balance of
inductive risk: the risk of erring in one’s scientific conclusions (Douglas 2000). The errors at
issue could be Type | (“false positives”) versus Type Il (“false negatives”) or could concern
overestimating versus underestimating a quantity of interest. A classic example is the choice of
significance level used in null-hypothesis significance testing. This significance level (often fixed
conventionally at .05) affects the balance between the relative risks of Type | and Type Il errors.
More broadly, choices between alternative datasets, modeling assumptions, or statistical
algorithms can have analogous consequences for the risk of different types of error in the
findings of a study (see e.g., Fujiwara et al. 2017; Flato et al. 2013).

As an example, consider the assignment of numerical values to uncertain parameters in a
climate or impacts model (i.e., model calibration). When model output is compared to
observations across a suite of performance metrics, some parameter assignments result in
better model performance on some important metrics, while other assignments result in better
performance on others (Mauritsen et al. 2012). A number of different model versions might fit
the observations reasonably well and yet differ substantially in their projections. With different
projections come different inductive risk profiles: for a given quantity of interest (e.g.,
precipitation extremes, heat stress, or crop loss), higher projections come with greater risk of
overestimating that quantity while lower projections risk underestimation to a greater degree.

One approach to managing inductive risk is to make one’s method choices while giving some
consideration to the potential consequences of erring in one way versus another. Would
overestimating future precipitation extremes or crop losses be worse than underestimating
them? If so, this could be factored in as the researcher chooses among the scientifically
reasonable approaches to addressing the research question. Indeed, it has been argued that
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doing so helps the researcher fulfill her obligations as a moral agent, which include taking due
care to avoid errors with particularly bad consequences (Douglas 2000, 2009). Of course, the
question of which consequences are particularly bad is informed by ethical values, not epistemic
ones. In this way, consideration of the risks of error can generate coupled ethical-epistemic
choices. (Approaches to transparently incorporating ethical values in the model-calibration
example include risk-based calibration (e.g., Pappenberger et al. 2007) and careful definition of
loss functions (Jaynes 2003) when comparing model performance with observations.)

When facing research design choices, instead of choosing a single approach, sometimes
several options can be tried, producing a range of results. Ensemble modeling studies, for
instance, involve multiple simulations that incorporate different options for modeling equations,
parameter assignments, or initial conditions. But ensemble studies can still involve uncertain
method choices, such as specifying the boundaries of the “plausible” ranges for the parameters
(or model structures) to be sampled. For these choices too, there may be a range of
scientifically reasonable options with different associated risks of error. Indeed, it seems likely
that almost every modeling study in the climate-change context will involve uncertain method
choices with potentially different risks of error.

This does not mean, however, that ethical values ought to influence method choices in every
modeling study, even if one is persuaded by the reasoning above. The inductive risk
implications of some choices will be unforeseeable in practice (Undorf et al. in press; Betz
2017). And there might be overriding reasons for making choices on other grounds. For
example, researchers might stick with “default” parameter assignments for the sake of more
meaningful model intercomparisons, tractability, or to avoid upsetting an existing “balance of
approximations” among model components. The case for ethical values influencing method
choices seems most compelling when modeling is done in support of particular decision-making
tasks, and where some method options have clear inductive risk implications that align better
with the aims and values of stakeholders or clients. Such situations may arise, for instance, in
the context of climate services (Adams et al. 2015; Parker and Lusk 2019). In any case,
whenever such precautionary thinking does lead to ethical values shaping method choices, this
should be communicated clearly and transparently (Adams et al. 2015; Baldissera Pacchetti et
al. 2022).

Ultimately, even if one remains unpersuaded that ethical judgments about potential errors ought
to influence method choices, there is a crucial insight here that should not be overlooked:
method choices that are not directly influenced by ethical values can nevertheless affect the
balance of inductive risk in ways that serve the needs and interests of some stakeholders better
than others. That is, even method choices that are not value-influenced can in an important
sense fail to be value-neutral.

MODEL COMPLEXITY AND HIGH-IMPACT EVENTS
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High-impact, low-probability events provide another example of interaction between ethical
values and the treatment of uncertainties in research. By definition, high-impact events are
those that are particularly dangerous or concerning—a judgment based on ethical values.
Because they are of such concern, learning about the likelihood of high-impact events can be
particularly important for understanding climate change impacts and assessing risk
management strategies. (In the terms of specific decision-support frameworks, the probability of
extreme, high-impact outcomes can, for example, have an outsize impact on expected damage
calculations (Weitzman 2009) and can shape the range of possibilities across which satisficing
strategies are sought in robustness-based frameworks (Quinn et al. 2020).)

The highest-impact events also tend to be low-probability occurrences, which can complicate
uncertainty assessment (Keller et al. 2021). For example, where uncertainty in projections is
characterized through an ensemble of simulations, use of computationally expensive models
can limit ensemble size and impede estimation of the small probabilities associated with
high-impact outcomes (Lee et al. 2020; Sriver et al. 2012; Wong and Keller 2017). A
state-of-the-art Earth System Model may be the richest and most complete encapsulation of
knowledge relevant to, e.g., sea-level rise by century's end. Yet the large number of model runs
needed for ensemble-based uncertainty quantification of extreme sea-level rise may be feasible
only using faster, more idealized models (Bakker et al. 2016; Helgeson et al. 2021; Wong et al.
2017). In this way, some of the scientific or epistemic merits of models can, in practice, trade off
against the relevance of the questions that can be addressed using those models, where
relevance is a question of ethical values.

DISAGGREGATION AND DISTRIBUTIVE JUSTICE

So far, we have discussed examples that specifically concern the treatment of uncertainties.
Here we relax this focus somewhat in order to provide an indication of the broader character of
coupled ethical-epistemic research choices in climate change research (which need not always
link directly to the treatment of uncertainties).

There is a particularly rich and explicit role for ethical values when it comes to designing and
assessing climate risk management strategies. To be relevant for decision makers and
stakeholders, such analyses should characterize potential futures in terms that allow those
actors to apply their own values to the decision problem (Helgeson et al. 2022). What are these
values? Climate change impacts people in many ways, and people care about those impacts
from many different perspectives (Tschakert et al. 2017; O’'Brien and Wolf 2010). To give just
one example, an interview-based study with community members in the city of New Orleans
found that stakeholder views on coastal flood risk encompassed values such as concern for
personal safety, property damage, broader economic impacts, sense of place, perception of
safety, non-human welfare, distributive justice, intergenerational justice, and having a say in risk
management decisions (Bessette et al. 2017). Each of these concerns provides a perspective
from which projected outcomes and impacts can be evaluated (except for the last one, which is
about process rather than outcomes).
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Consider one specific concern mentioned above: distributive justice. In the context of local flood
risk management, distributive justice addresses the fairness of how flood risk, or related costs
and benefits, are distributed across communities and populations. Analysis of adaptation
strategies (such as levees, evacuation planning, or funding programs for home elevation) that
estimates costs and benefits only in the aggregate—e.g., for a whole city or region—will be blind
to differences in the way that alternative strategies distribute risk across smaller units such as
neighborhoods or households. For stakeholders who care about distributive justice, a
distribution-blind analysis will fail to provide relevant decision support because those
stakeholders will be unable to apply their values to the evaluation of the adaptation strategies
(Jafino et al. 2021; Vezér et al. 2018). (For related illustrations, see Khosrowi (2019); Parker and
Winsberg (2018).)

Estimating the effectiveness of adaptation measures with attention to distributive justice may
require a more complex or disaggregated modeling framework that resolves neighborhoods or
even households (Jafino et al. 2021). For example, Vezer et al. (2018) contrasts two specific
models used for coastal flood risk analysis in the state of Louisiana, including the city of New
Orleans. Both models take flood hazards and adaptation measures as inputs and project the
success of those measures as outputs. But one model (Groves et al. 2014) includes detailed
and disaggregated spatial information while the other (Jonkman et al. 2009) works with a
simplified and highly aggregate representation of the study system. The models also differ in
their usability, adaptability, and transparency (Vezér et al. 2018). At the same time, model choice
is, as always, subject to a range of epistemic considerations concerning the accuracy and
trustworthiness of a model’s representations and projections. Like previous examples, here a
single choice in the design of a study can have consequences both for the epistemic or purely
scientific side of a study (including but not limited to the treatment of uncertainties) and also for
the treatment of ethical values in the analysis.

CONCLUSION

We have presented a series of examples illustrating how choices made during the conduct of
research can carry implicit value judgments or create side effects and consequences with
ethical import. These consequences include what (and whose) questions receive scientific
attention, how mitigation and adaptation strategies are evaluated, which impacts are prioritized,
how science is communicated, and what kinds of errors are avoided. We have focussed on
examples in which the research choices in question also shape how uncertainties are
addressed: alternative attribution methods can subtly recast the research question and shift the
burden of proof; model complexity can enable or constrain the characterization of ethically
important uncertainties, and model calibration plays a key role in determining which
uncertainties and which types of futures are characterized and how.

Many research choices are like these examples. On the one hand, they have consequences
that might be judged from the perspective of ethical values, and on the other hand, they have


https://paperpile.com/c/UbDfcN/EniZ+Mg62C
https://paperpile.com/c/UbDfcN/dDEi/?noauthor=1
https://paperpile.com/c/UbDfcN/k9aj/?noauthor=1
https://paperpile.com/c/UbDfcN/EniZ
https://paperpile.com/c/UbDfcN/Mg62C/?noauthor=1
https://paperpile.com/c/UbDfcN/tREAL
https://paperpile.com/c/UbDfcN/Rh8gC
https://paperpile.com/c/UbDfcN/Mg62C

consequences—regarding, e.g., the depth of insight or reliability of findings—that can be judged
by scientific standards that express epistemic values. In other words, many research choices
(perhaps even most) are coupled ethical—epistemic choices (see (Beck and Krueger 2016) and
(Deitrick et al. 2021) for further illustrations). Scientific training naturally focuses on the
epistemic side. Here we have highlighted the ethical side and the coupling of the two sides.

Once this coupling is recognized, many further questions arise, such as: whose or which values
should be considered? How should we balance epistemic and ethical considerations when they
are in tension? What are the best approaches for representing the tradeoffs between value
considerations? How should the connections between epistemic and ethical considerations be
discussed in scientific publications? For views on some of these questions, readers can consult
(Adams et al. 2015; Elliott 2017; Hicks 2014; Baldissera Pacchetti et al. 2022). Here, we close
with some brief recommendations on first steps toward engaging with coupled ethical-epistemic
choices (see (Pulkkinen et al. 2022) for related, complementary recommendations).

e Develop an eye for the ethical side of research choices. Make a habit of thinking
through how your findings might be used and by whom. Ask questions like: Whose
information needs does my research design serve? What value system does my
policy-evaluation framework assume? Whose vulnerabilities does my approach to
hazard mapping prioritize? Who might be disadvantaged by my research findings? What
kinds of errors have | been most/least careful to avoid?

e Discuss ethical values explicitly in research outputs. Answers to questions like
those listed under suggestion (1) can help readers to contextualize your findings and
assess whether they are useful for a given purpose. Be transparent about your explicit
and implicit working assumptions. Briefly explain how your research design balances
relevant ethical and epistemic values. Note any tradeoffs between value considerations.
Declare any motivating ethical priorities and, especially if the rationale for these priorities
is not obvious, defend them.

e Engage with end users and/or boundary organizations. While there are many
reasons to engage with decision makers, stakeholders, and boundary organizations, one
important reason is to facilitate the alignment of research with stakeholder values and
priorities (Adams et al. 2015; Helgeson et al. 2022).

REFERENCES

Adams, P, E. Eitland, B. Hewitson, C. Vaughan, R. Wilby, and S. Zebiak, 2015: Toward an
ethical framework for climate services: A white paper of the climate services partnership
working group on climate services ethics. Climate Services Partnership, 12 pp.
https://hdl.handle.net/10568/68833.


https://paperpile.com/c/UbDfcN/FU3X
https://paperpile.com/c/UbDfcN/bDyZ
https://paperpile.com/c/UbDfcN/ghW0Z+zYMdo+DuXzU+fuMY
https://paperpile.com/c/UbDfcN/eJbW
https://paperpile.com/c/UbDfcN/ghW0Z+jS0g
http://paperpile.com/b/UbDfcN/ghW0Z
http://paperpile.com/b/UbDfcN/ghW0Z
http://paperpile.com/b/UbDfcN/ghW0Z
https://hdl.handle.net/10568/68833
http://paperpile.com/b/UbDfcN/ghW0Z

Allen, M., 2003: Liability for climate change. Nature, 421, 891-892,
https://doi.org/10.1038/421891a.

Bakker, A. M. R., P. J. Applegate, and K. Keller, 2016: A simple, physically motivated model of
sea-level contributions from the Greenland ice sheet in response to temperature changes.
Environmental Modelling & Software, 83, 27-35,
https://doi.org/10.1016/j.envsoft.2016.05.003.

Baldissera Pacchetti, M., J. Schacher, S. Dessai, M. Bruno Soares, R. Lawlor, and J. Daron,
2022: Toward a UK climate service code of ethics. Bulletin of the American Meteorological
Society, 103, E25-E32, https://doi.org/10.1175/BAMS-D-21-0137.1.

Beck, M., and T. Krueger, 2016: The epistemic, ethical, and political dimensions of uncertainty in
integrated assessment modeling. Wiley Interdisciplinary Reviews. Climate Change, 7,
627-645, https://doi.org/10.1002/wcc.415.

Bessette, D. L., L. A. Mayer, B. Cwik, M. Vezér, K. Keller, R. J. Lempert, and N. Tuana, 2017:
Building a values-informed mental model for New Orleans climate risk management. Risk
Analysis, 37, 1993-2004, https://doi.org/10.1111/risa.12743.

Betz, G., 2017: Why the argument from inductive risk doesn’t justify incorporating non-epistemic
values in scientific reasoning. Current Controversies in Values and Science, K.C. Elliott and
D. Steel, Eds., Routledge, 94-110.

Deitrick, A. R., S. A. Torhan, and C. A. Grady, 2021: Investigating the influence of ethical and
epistemic values on decisions in the watershed modeling process. Water Resour. Res., 57,
€2021WR030481, https://doi.org/10.1029/2021wr030481.

Douglas, H., 2000: Inductive Risk and Values in Science. Philosophy of Science, 67, 559-579,
https://doi.org/10.1086/392855.

——, 2009: Science, Policy, and the Value-Free Ideal. University of Pittsburgh Press, 256 pp.

Elliott, K. C., 2017: A Tapestry of Values: An Introduction to Values in Science. Oxford University
Press, 208 pp.

Flato, G., and Coauthors, 2013: Evaluation of Climate Models. Climate Change 2013: The
Physical Science Basis. Contribution of Working Group I to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change, T.F. Stocker et al., Eds., Cambridge
University Press.

Fujiwara, M., and Coauthors, 2017: Introduction to the SPARC Reanalysis Intercomparison
Project (S-RIP) and overview of the reanalysis systems. Atmos. Chem. Phys., 17,
1417-1452, https://doi.org/10.5194/acp-17-1417-2017.

Groves, D. G., J. R. Fischbach, D. Knopman, D. R. Johnson, and K. Giglio, 2014: Strengthening
Coastal Planning: How Coastal Regions Could Benefit from Louisiana’s Planning and
Analysis Framework. Rand Corporation,.

Haustein, K., and Coauthors, 2016: Real-time extreme weather event attribution with forecast


http://paperpile.com/b/UbDfcN/sE98
http://paperpile.com/b/UbDfcN/sE98
http://dx.doi.org/10.1038/421891a
http://paperpile.com/b/UbDfcN/sE98
http://paperpile.com/b/UbDfcN/uvKLS
http://paperpile.com/b/UbDfcN/uvKLS
http://paperpile.com/b/UbDfcN/uvKLS
http://paperpile.com/b/UbDfcN/uvKLS
http://dx.doi.org/10.1016/j.envsoft.2016.05.003
http://paperpile.com/b/UbDfcN/uvKLS
http://paperpile.com/b/UbDfcN/fuMY
http://paperpile.com/b/UbDfcN/fuMY
http://paperpile.com/b/UbDfcN/fuMY
http://dx.doi.org/10.1175/BAMS-D-21-0137.1
http://paperpile.com/b/UbDfcN/fuMY
http://paperpile.com/b/UbDfcN/FU3X
http://paperpile.com/b/UbDfcN/FU3X
http://paperpile.com/b/UbDfcN/FU3X
http://dx.doi.org/10.1002/wcc.415
http://paperpile.com/b/UbDfcN/FU3X
http://paperpile.com/b/UbDfcN/0wzo
http://paperpile.com/b/UbDfcN/0wzo
http://paperpile.com/b/UbDfcN/0wzo
http://dx.doi.org/10.1111/risa.12743
http://paperpile.com/b/UbDfcN/0wzo
http://paperpile.com/b/UbDfcN/sUfT
http://paperpile.com/b/UbDfcN/sUfT
http://paperpile.com/b/UbDfcN/sUfT
http://paperpile.com/b/UbDfcN/bDyZ
http://paperpile.com/b/UbDfcN/bDyZ
http://paperpile.com/b/UbDfcN/bDyZ
http://dx.doi.org/10.1029/2021wr030481
http://paperpile.com/b/UbDfcN/bDyZ
http://paperpile.com/b/UbDfcN/ey4v
http://paperpile.com/b/UbDfcN/ey4v
http://dx.doi.org/10.1086/392855
http://paperpile.com/b/UbDfcN/ey4v
http://paperpile.com/b/UbDfcN/IkJUb
http://paperpile.com/b/UbDfcN/zYMdo
http://paperpile.com/b/UbDfcN/zYMdo
http://paperpile.com/b/UbDfcN/Qe856
http://paperpile.com/b/UbDfcN/Qe856
http://paperpile.com/b/UbDfcN/Qe856
http://paperpile.com/b/UbDfcN/Qe856
http://paperpile.com/b/UbDfcN/RTpLG
http://paperpile.com/b/UbDfcN/RTpLG
http://paperpile.com/b/UbDfcN/RTpLG
http://dx.doi.org/10.5194/acp-17-1417-2017
http://paperpile.com/b/UbDfcN/RTpLG
http://paperpile.com/b/UbDfcN/tREAL
http://paperpile.com/b/UbDfcN/tREAL
http://paperpile.com/b/UbDfcN/tREAL
http://paperpile.com/b/UbDfcN/GmQg

seasonal SSTs. Environmental Research Letters, 11, 064006,
https://doi.org/10.1088/1748-9326/11/6/064006.

Helgeson, C., V. Srikrishnan, K. Keller, and N. Tuana, 2021: Why simpler computer simulation
models can be epistemically better for informing decisions. Philosophy of Science, 88,
213-233, https://doi.org/10.1086/711501.

——, K. Keller, R. E. Nicholas, V. Srikrishnan, C. Cooper, E. A. H. Smithwick, and N. Tuana,
2022: Integrating values to improve the relevance and inclusiveness of climate-risk
research. submitted manuscript, https://doi.org/10.31235/osf.io/c4k7d.

Hicks, D. J., 2014: A new direction for science and values. Synthese, 191, 3271-3295,
https://doi.org/10.1007/s11229-014-0447-9.

Hoerling, M., and Coauthors, 2013: Anatomy of an Extreme Event. Journal of Climate, 26,
2811-2832, https://doi.org/10.1175/jcli-d-12-00270.1.

Jafino, B. A., J. H. Kwakkel, and B. Taebi, 2021: Enabling assessment of distributive justice
through models for climate change planning: A review of recent advances and a research
agenda. Wiley Interdisciplinary Reviews. Climate Change, 12,
https://doi.org/10.1002/wcc.721.

Jaynes, E. T., 2003: Probability theory: The logic of science. Cambridge University Press,.

Jonkman, S. N., M. Kok, M. van Ledden, and J. K. Vrijling, 2009: Risk-based design of flood
defence systems: A preliminary analysis of the optimal protection level for the New Orleans
metropolitan area. Journal of Flood Risk Management, 2, 170-181,
https://doi.org/10.1111/j.1753-318x.2009.01036..x.

Keller, K., C. Helgeson, and V. Srikrishnan, 2021: Climate risk management. Annual Review of
Earth and Planetary Sciences, 49, https://doi.org/10.1146/annurev-earth-080320-055847.

Khosrowi, D., 2019: Trade-offs between epistemic and moral values in evidence-based policy.
Economics & Philosophy, 35, 49-78, https://doi.org/10.1017/S0266267118000159.

Lee, B. S., M. Haran, R. W. Fuller, D. Pollard, and K. Keller, 2020: A fast particle-based
approach for calibrating a 3-D model of the Antarctic ice sheet. Ann. Appl. Stat., 14,
605—634, https://doi.org/10.1214/19-a0as1305.

Lloyd, E. A., and N. Oreskes, 2018: Climate change attribution: When is it appropriate to accept
new methods? Earth’s Future, 6, 311-325, https://doi.org/10.1002/2017EF000665.

Mauritsen, T., and Coauthors, 2012: Tuning the climate of a global model. Journal of Advances
in Modeling Earth Systems, 4, https://doi.org/10.1029/2012ms000154.

Meredith, E. P., V. A. Semenov, D. Maraun, W. Park, and A. V. Chernokulsky, 2015: Crucial role
of Black Sea warming in amplifying the 2012 Krymsk precipitation extreme. Nature
Geoscience, 8, 615-619, https://doi.org/10.1038/nge02483.

National Academies of Sciences, Engineering, and Medicine, 2016: Attribution of Extreme
Weather Events in the Context of Climate Change. Washington, DC: The National

10


http://paperpile.com/b/UbDfcN/GmQg
http://paperpile.com/b/UbDfcN/GmQg
http://dx.doi.org/10.1088/1748-9326/11/6/064006
http://paperpile.com/b/UbDfcN/GmQg
http://paperpile.com/b/UbDfcN/gYZZh
http://paperpile.com/b/UbDfcN/gYZZh
http://paperpile.com/b/UbDfcN/gYZZh
http://dx.doi.org/10.1086/711501
http://paperpile.com/b/UbDfcN/gYZZh
http://paperpile.com/b/UbDfcN/jS0g
http://paperpile.com/b/UbDfcN/jS0g
http://paperpile.com/b/UbDfcN/jS0g
http://dx.doi.org/10.31235/osf.io/c4k7d
http://paperpile.com/b/UbDfcN/jS0g
http://paperpile.com/b/UbDfcN/DuXzU
http://paperpile.com/b/UbDfcN/DuXzU
http://dx.doi.org/10.1007/s11229-014-0447-9
http://paperpile.com/b/UbDfcN/DuXzU
http://paperpile.com/b/UbDfcN/muqef
http://paperpile.com/b/UbDfcN/muqef
http://dx.doi.org/10.1175/jcli-d-12-00270.1
http://paperpile.com/b/UbDfcN/muqef
http://paperpile.com/b/UbDfcN/EniZ
http://paperpile.com/b/UbDfcN/EniZ
http://paperpile.com/b/UbDfcN/EniZ
http://paperpile.com/b/UbDfcN/EniZ
http://dx.doi.org/10.1002/wcc.721
http://paperpile.com/b/UbDfcN/EniZ
http://paperpile.com/b/UbDfcN/UDso
http://paperpile.com/b/UbDfcN/Rh8gC
http://paperpile.com/b/UbDfcN/Rh8gC
http://paperpile.com/b/UbDfcN/Rh8gC
http://paperpile.com/b/UbDfcN/Rh8gC
http://dx.doi.org/10.1111/j.1753-318x.2009.01036.x
http://paperpile.com/b/UbDfcN/Rh8gC
http://paperpile.com/b/UbDfcN/6EfMr
http://paperpile.com/b/UbDfcN/6EfMr
http://dx.doi.org/10.1146/annurev-earth-080320-055847
http://paperpile.com/b/UbDfcN/6EfMr
http://paperpile.com/b/UbDfcN/dDEi
http://paperpile.com/b/UbDfcN/dDEi
http://dx.doi.org/10.1017/S0266267118000159
http://paperpile.com/b/UbDfcN/dDEi
http://paperpile.com/b/UbDfcN/gi2g7
http://paperpile.com/b/UbDfcN/gi2g7
http://paperpile.com/b/UbDfcN/gi2g7
http://dx.doi.org/10.1214/19-aoas1305
http://paperpile.com/b/UbDfcN/gi2g7
http://paperpile.com/b/UbDfcN/auFuc
http://paperpile.com/b/UbDfcN/auFuc
http://dx.doi.org/10.1002/2017EF000665
http://paperpile.com/b/UbDfcN/auFuc
http://paperpile.com/b/UbDfcN/II9e4
http://paperpile.com/b/UbDfcN/II9e4
http://dx.doi.org/10.1029/2012ms000154
http://paperpile.com/b/UbDfcN/II9e4
http://paperpile.com/b/UbDfcN/wcvfh
http://paperpile.com/b/UbDfcN/wcvfh
http://paperpile.com/b/UbDfcN/wcvfh
http://dx.doi.org/10.1038/ngeo2483
http://paperpile.com/b/UbDfcN/wcvfh
http://paperpile.com/b/UbDfcN/7d3n
http://paperpile.com/b/UbDfcN/7d3n

Academies Press, 186 pp.

O’Brien, K. L., and J. Wolf, 2010: A values-based approach to vulnerability and adaptation to
climate change: A values-based approach. Wiley Interdisciplinary Reviews. Climate
Change, 1, 232-242, https://doi.org/10.1002/wcc.30.

Otto, F. E. L., G. J. van Oldenborgh, J. Eden, P. A. Stott, D. J. Karoly, and M. R. Allen, 2016:
The attribution question. Nature Climate Change, 6, 813—816,
https://doi.org/10.1038/nclimate3089.

Pappenberger, F., K. Beven, K. Frodsham, R. Romanowicz, and P. Matgen, 2007: Grasping the
unavoidable subjectivity in calibration of flood inundation models: A vulnerability weighted
approach. Journal of Hydrology, 333, 275-287,
https://doi.org/10.1016/j.jhydrol.2006.08.017.

Parker, W. S., and E. Winsberg, 2018: Values and evidence: How models make a difference.
Eur. J. Philos. Sci., 8, 125-142, https://doi.org/10.1007/s13194-017-0180-6.

——, and G. Lusk, 2019: Incorporating user values into climate services. Bulletin of the
American Meteorological Society, 100, 1643—1650,
https://doi.org/10.1175/BAMS-D-17-0325.1.

Pulkkinen, K., and Coauthors, 2022: The value of values in climate science. Nature Climate
Change, 12, 4-6, https://doi.org/10.1038/s41558-021-01238-9.

Quinn, J. D., A. Hadjimichael, P. M. Reed, and S. Steinschneider, 2020: Can exploratory
modeling of water scarcity vulnerabilities and robustness be scenario neutral? Earth’s
Future, 8, 104,699, https://doi.org/10.1029/2020EF001650.

Shepherd, T. G., 2014: Atmospheric circulation as a source of uncertainty in climate change
projections. Nature Geoscience, 7, 703—708, https://doi.org/10.1038/nge02253.

——, and Coauthors, 2018: Storylines: An alternative approach to representing uncertainty in
physical aspects of climate change. Climatic Change, 151, 555-571,
https://doi.org/10.1007/s10584-018-2317-9.

Sillmann, J., T. G. Shepherd, B. van den Hurk, W. Hazeleger, O. Martius, J. Slingo, and J.
Zscheischler, 2021: Event-based storylines to address climate risk. Earth’s Future, 9,
https://doi.org/10.1029/2020ef001783.

Sriver, R. L., N. M. Urban, R. Olson, and K. Keller, 2012: Toward a physically plausible upper
bound of sea-level rise projections. Climatic Change, 115, 893-902,
https://doi.org/10.1007/s10584-012-0610-6.

Stott, P. A., and Coauthors, 2016: Attribution of extreme weather and climate-related events.
Wiley Interdisciplinary Reviews Climate Change, 7, 23—41, https://doi.org/10.1002/wcc.380.

Trenberth, K. E., 2011: Attribution of climate variations and trends to human influences and
natural variability. Wiley Interdisciplinary Reviews. Climate Change, 2, 925-930,
https://doi.org/10.1002/wcc.142.

11


http://paperpile.com/b/UbDfcN/7d3n
http://paperpile.com/b/UbDfcN/Wb0g
http://paperpile.com/b/UbDfcN/Wb0g
http://paperpile.com/b/UbDfcN/Wb0g
http://dx.doi.org/10.1002/wcc.30
http://paperpile.com/b/UbDfcN/Wb0g
http://paperpile.com/b/UbDfcN/tGGhX
http://paperpile.com/b/UbDfcN/tGGhX
http://paperpile.com/b/UbDfcN/tGGhX
http://dx.doi.org/10.1038/nclimate3089
http://paperpile.com/b/UbDfcN/tGGhX
http://paperpile.com/b/UbDfcN/0Epk
http://paperpile.com/b/UbDfcN/0Epk
http://paperpile.com/b/UbDfcN/0Epk
http://paperpile.com/b/UbDfcN/0Epk
http://dx.doi.org/10.1016/j.jhydrol.2006.08.017
http://paperpile.com/b/UbDfcN/0Epk
http://paperpile.com/b/UbDfcN/k9aj
http://paperpile.com/b/UbDfcN/k9aj
http://dx.doi.org/10.1007/s13194-017-0180-6
http://paperpile.com/b/UbDfcN/k9aj
http://paperpile.com/b/UbDfcN/N5ZbH
http://paperpile.com/b/UbDfcN/N5ZbH
http://paperpile.com/b/UbDfcN/N5ZbH
http://dx.doi.org/10.1175/BAMS-D-17-0325.1
http://paperpile.com/b/UbDfcN/N5ZbH
http://paperpile.com/b/UbDfcN/eJbW
http://paperpile.com/b/UbDfcN/eJbW
http://dx.doi.org/10.1038/s41558-021-01238-9
http://paperpile.com/b/UbDfcN/eJbW
http://paperpile.com/b/UbDfcN/1yv0N
http://paperpile.com/b/UbDfcN/1yv0N
http://paperpile.com/b/UbDfcN/1yv0N
http://dx.doi.org/10.1029/2020EF001650
http://paperpile.com/b/UbDfcN/1yv0N
http://paperpile.com/b/UbDfcN/3s8aG
http://paperpile.com/b/UbDfcN/3s8aG
http://dx.doi.org/10.1038/ngeo2253
http://paperpile.com/b/UbDfcN/3s8aG
http://paperpile.com/b/UbDfcN/BBnu3
http://paperpile.com/b/UbDfcN/BBnu3
http://paperpile.com/b/UbDfcN/BBnu3
http://dx.doi.org/10.1007/s10584-018-2317-9
http://paperpile.com/b/UbDfcN/BBnu3
http://paperpile.com/b/UbDfcN/lly1
http://paperpile.com/b/UbDfcN/lly1
http://paperpile.com/b/UbDfcN/lly1
http://dx.doi.org/10.1029/2020ef001783
http://paperpile.com/b/UbDfcN/lly1
http://paperpile.com/b/UbDfcN/pNZtQ
http://paperpile.com/b/UbDfcN/pNZtQ
http://paperpile.com/b/UbDfcN/pNZtQ
http://dx.doi.org/10.1007/s10584-012-0610-6
http://paperpile.com/b/UbDfcN/pNZtQ
http://paperpile.com/b/UbDfcN/8VQT7
http://paperpile.com/b/UbDfcN/8VQT7
http://dx.doi.org/10.1002/wcc.380
http://paperpile.com/b/UbDfcN/8VQT7
http://paperpile.com/b/UbDfcN/hKydm
http://paperpile.com/b/UbDfcN/hKydm
http://paperpile.com/b/UbDfcN/hKydm
http://dx.doi.org/10.1002/wcc.142
http://paperpile.com/b/UbDfcN/hKydm

——, J. T. Fasullo, and T. G. Shepherd, 2015: Attribution of climate extreme events. Nature
Climate Change, 5, 725-730, https://doi.org/10.1038/nclimate2657.

Tschakert, P., and Coauthors, 2017: Climate change and loss, as if people mattered: Values,
places, and experiences. Wiley Interdisciplinary Reviews. Climate Change, 8, €476,
https://doi.org/10.1002/wcc.476.

Tuana, N., 2018: Understanding Coupled Ethical-Epistemic Issues Relevant to Climate
Modeling and Decision Support Science. Scientific Integrity and Ethics in the Geosciences,
L.C. Gundersen, Ed., American Geophysical Union and John Wiley & Sons, 155-173.

Undorf, S., K. Pulkkinen, P. Wikman-Svahn, and F. A.-M. Bender, in press: How do
value-judgments enter model-based assessments of climate sensitivity? Climatic Change,
https://doi.org/10.1007/s10584-022-03435-7.

Vezér, M., A. Bakker, K. Keller, and N. Tuana, 2018: Epistemic and ethical trade-offs in decision
analytical modelling. Climatic Change, 147, 1-10,
https://doi.org/10.1007/s10584-017-2123-9.

Weitzman, M. L., 2009: On modeling and interpreting the economics of catastrophic climate
change. The Review of Economics and Statistics, 91, 1-19,
https://doi.org/10.1162/rest.91.1.1.

Wong, T. E., and K. Keller, 2017: Deep uncertainty surrounding coastal flood risk projections: A
case study for New Orleans. Earth’s Future, 5, 1015-1026,
https://doi.org/10.1002/2017EF000607.

——, A. M. R. Bakker, K. Ruckert, P. Applegate, A. B. A. Slangen, and K. Keller, 2017: BRICK
v0.2, a simple, accessible, and transparent model framework for climate and regional
sea-level projections. Geoscientific Model Development, 10, 2741-2760,
https://doi.org/10.5194/gmd-10-2741-2017.

12


http://paperpile.com/b/UbDfcN/rsZkA
http://paperpile.com/b/UbDfcN/rsZkA
http://dx.doi.org/10.1038/nclimate2657
http://paperpile.com/b/UbDfcN/rsZkA
http://paperpile.com/b/UbDfcN/2ZrD
http://paperpile.com/b/UbDfcN/2ZrD
http://paperpile.com/b/UbDfcN/2ZrD
http://dx.doi.org/10.1002/wcc.476
http://paperpile.com/b/UbDfcN/2ZrD
http://paperpile.com/b/UbDfcN/8H9m9
http://paperpile.com/b/UbDfcN/8H9m9
http://paperpile.com/b/UbDfcN/8H9m9
http://paperpile.com/b/UbDfcN/BeA9
http://paperpile.com/b/UbDfcN/BeA9
http://paperpile.com/b/UbDfcN/BeA9
http://dx.doi.org/10.1007/s10584-022-03435-7
http://paperpile.com/b/UbDfcN/BeA9
http://paperpile.com/b/UbDfcN/Mg62C
http://paperpile.com/b/UbDfcN/Mg62C
http://paperpile.com/b/UbDfcN/Mg62C
http://dx.doi.org/10.1007/s10584-017-2123-9
http://paperpile.com/b/UbDfcN/Mg62C
http://paperpile.com/b/UbDfcN/yh2hs
http://paperpile.com/b/UbDfcN/yh2hs
http://paperpile.com/b/UbDfcN/yh2hs
http://dx.doi.org/10.1162/rest.91.1.1
http://paperpile.com/b/UbDfcN/yh2hs
http://paperpile.com/b/UbDfcN/m7iLs
http://paperpile.com/b/UbDfcN/m7iLs
http://paperpile.com/b/UbDfcN/m7iLs
http://dx.doi.org/10.1002/2017EF000607
http://paperpile.com/b/UbDfcN/m7iLs
http://paperpile.com/b/UbDfcN/YTcfH
http://paperpile.com/b/UbDfcN/YTcfH
http://paperpile.com/b/UbDfcN/YTcfH
http://paperpile.com/b/UbDfcN/YTcfH
http://dx.doi.org/10.5194/gmd-10-2741-2017
http://paperpile.com/b/UbDfcN/YTcfH

