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Abstract. As climate scientists seek to deliver actionable
science for adaptation planning, there are risks in using
novel results to inform decision-making. Premature accep-
tance may lead to maladaptation, practitioner confusion, and
“whiplash”. We propose that scientific claims should be
considered actionable (i.e., sufficiently accepted to support
near-term adaptation action) only after meeting a confidence
threshold based on the strength of evidence as evaluated by
a diverse group of scientific experts. We discuss an influen-
tial study that projected rapid sea-level rise from Antarctic
ice-sheet retreat but in our view was not actionable. We rec-
ommend regular, transparent communications between sci-
entists and practitioners to support the use of actionable sci-
ence.

1 Introduction

Increasingly, climate research published in scientific jour-
nals is guiding adaptation planning and public discourse.
Many communities are evaluating their vulnerability to cli-
mate change and identifying the actions needed to adapt.
The stakes are high, since adaptation solutions can be ex-
pensive, politically difficult, socially inequitable, and ecolog-
ically disruptive. As sea levels rise, some communities may
even be told to abandon their neighborhoods under “man-
aged retreat”. Meanwhile, scientific understanding of the im-
pacts of climate change on humans and ecosystems is ever-
changing, driven by advances in climate models, observa-
tions, and computing. Progress can be slow because of the
complexity of interactions among the atmosphere, ocean,
land, and cryosphere. Understanding comes in fits and starts,

as replication of novel results leads to wider agreement. All
predictions carry some uncertainty, which cannot always be
quantified.

It is unsurprising, then, that interactions between scientists
and practitioners1 have been fraught with difficulties. For
example, a recent global survey of practitioners (Hirschfeld
et al., 2023) revealed widely varying approaches to identify-
ing sea-level projections for planning, showing confusion in
translating science into action. Practitioners are eager to use
the best available science, but not all published research is
useful and relevant for adaptation planning and action. Act-
ing hastily on novel claims can lead to costly maladaptation
and policy chaos. Scientists can lose credibility by too fre-
quently modifying the information sought by practitioners;
this is known as the “whiplash effect” (Revkin, 2008).

Actionable science was first defined in the climate context
in 2009 by members of the Water Utility Climate Alliance
(WUCA) to explain to the scientific community the impor-
tance of distinguishing speculative claims in the research
literature from claims backed by robust evidence. They de-
fined actionable science as “data, analysis, and forecasts

1We define practitioners as employees of governments and other
entities that are responsible – legally or otherwise – for developing,
implementing, and managing adaptation measures to protect peo-
ple, infrastructure, assets, and communities. Practitioners include
staff charged with evaluating and developing solutions to climate-
related risks, who work for local, state/provincial, and national gov-
ernments; land managers; corporations; and other public- or private-
sector entities. This term would also include policy advisors – those
who analyze complex issues and develop options, given a defined
policy. We distinguish practitioners from policymakers – the legis-
lators and other government officials who create laws and regula-
tions.
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that are sufficiently predictive, accepted, and understand-
able to support decision-making, including capital invest-
ment decision-making” (Behar, 2009). This term has been
widely adopted in the science, government, and adaptation
communities (e.g., U.S. Army Corps of Engineers, 2012; Ex-
ecutive Office of the President, 2013; WCRP Joint Scientific
Committee (JSC), 2019). The WUCA definition hints at the
kind of knowledge appropriate for driving adaptation action
(“sufficiently accepted”) but does not guide practitioners in
identifying this knowledge. Similarly, Cash et al. (2003) ar-
gued that scientific information can motivate action if it is
seen as credible, salient, and legitimate, but they did not of-
fer criteria for credibility.

Here, we will say that a claim is actionable when it is suffi-
ciently accepted to justify adaptation action in the near term
(assuming that other requirements for actionability, such as
salience and legitimacy, have also been met). Near-term ac-
tions – for example, physical measures such as building sea-
walls and levees, as well as financial investments such as ac-
quiring land – may be needed not only to address short-term
vulnerability but also to prepare for long-term climate im-
pacts. Thus, uncertainties about the rate of climate change
in the next several decades (to 2100 and sometimes beyond)
must be factored into near-term decisions. The longer the ex-
pected lifetime of an adaptation measure, the greater the un-
certainty about how much the Earth system will change dur-
ing its lifetime and whether expensive or disruptive measures
are justified.

Researchers and practitioners have developed frameworks
for decision-making under deep uncertainty (DMDU) (Mar-
chau et al., 2019a). Deep uncertainty arises when experts
are unable to “specify the appropriate models to describe
interactions among the system’s variables, select the prob-
ability distributions to represent uncertainty about key pa-
rameters in the models, and/or value the desirability of al-
ternative outcomes” (Lempert et al., 2003; Marchau et al.,
2019b). DMDU frameworks support a shift from a “predict
then act” paradigm to a “monitor and adapt” paradigm (Mar-
chau et al., 2019b). In the new paradigm, the focus is on ex-
ploring a wide range of plausible futures and committing to
short-term actions while keeping open long-term options that
might be triggered by new evidence. Ideally, costly actions
are deferred until they are necessary. In practice, however,
deeply uncertain claims can lead to inappropriate actions if
not carefully communicated to practitioners.

Our goal is to guide scientists and practitioners in iden-
tifying scientific claims that are sufficiently accepted to be
actionable. We hope to reduce the likelihood of financial,
aesthetic, social, and environmental harm from the misin-
terpretation of novel scientific findings. We first discuss sci-
ence and epistemology – the study of how we know what
we know. Drawing on ideas from the philosophy of science,
we describe the creation of knowledge as a community pro-
cess of which peer review is only one element. We propose
an epistemic criterion for actionable scientific claims. We

then present a case study, describing sea-level projections
that were communicated to practitioners in ways that led to
their misuse. We conclude with recommendations for scien-
tists and practitioners.

2 Science and epistemology

How do scientists create knowledge? Popular accounts some-
times focus on the contributions of lone geniuses. This is
an inaccurate description of scientific practice, especially
since the emergence of large-scale, publicly funded science
in the second half of the 20th century. Furthermore, many
philosophers of science – including Helen Longino, from
whose work we draw here – have argued that the organiza-
tion of scientists in communities leads to greater understand-
ing and more reliable predictions. Longino (1990) empha-
sizes that scientific knowledge is social knowledge; it is cre-
ated by many people working together through a “clashing
and meshing of a variety of points of view” (p. 69). Publi-
cation in a peer-reviewed journal does not make an idea “a
brick in the edifice of knowledge” (p. 69). The critical treat-
ment of ideas after publication is equally important because
it allows other scientists to challenge background assump-
tions, assess how well the current evidence supports a given
claim, and gather new evidence that can confirm or refute it.
This critical treatment requires cognitive diversity – that is, a
wide range of disciplinary backgrounds, research skills, and
problem-solving strategies (Rolin et al., 2023). As different
points of view are offered and heard, the community can sift
out individual biases and reach a more objective consensus.

Longino asserts that this process is essential to building
knowledge but is “de-emphasized in a context that rewards
novelty and originality” (p. 80). In other words, the profes-
sional rewards for publishing bold claims often exceed the re-
wards for determining whether those claims are justified. She
argues that “critical activities should receive equal or nearly
equal weight to ‘original research’ in career advancement”
(p. 76). Without critical review, novel claims may be used
prematurely to support decisions.

Although space does not allow us to defend these argu-
ments in detail, they are consistent with recent work in the
philosophy of science (see, e.g., the overviews by Longino,
2019, and Rolin et al., 2023) and with our own experience
of doing science, observing scientists, and using science in
planning. We think Longino’s analysis is especially relevant
for climate science and adaptation planning.

The peer-reviewed journals that publish leading-edge cli-
mate research can be roughly divided into two groups. First
are the disciplinary journals overseen by geoscience orga-
nizations such as the European Geosciences Union and the
American Geophysical Union. Second are the “high-impact”
multidisciplinary journals, including Nature and Science.
Both sets of journals prioritize substantial, original research.
There are greater professional rewards, however, for publish-

The Cryosphere, 19, 793–803, 2025 https://doi.org/10.5194/tc-19-793-2025



W. H. Lipscomb et al.: Brief communication 795

ing in high-impact journals, which have wider audiences and
favor work that is seen as novel and newsworthy. These jour-
nals are less likely to publish negative results – for exam-
ple, the finding that a certain climate feedback is insignifi-
cant – even when the results are scientifically important and
methodologically sound (Mehta, 2019).

When practitioners learn about climate research through
media reports, they are likely to give disproportionate atten-
tion to a small number of studies in high-impact journals,
focused on 21st century global-scale threats (Perga et al.,
2023). Press releases from journals and universities often cast
the work in a dramatic light, and media stories with attention-
seeking headlines heighten the drama. This creates risks for
practitioners. If they rely on media accounts to alert them
to the “best available science”, they may give undue weight
to worst-case scenarios. If they regard high-impact claims as
immediately actionable, they short-circuit the critical process
needed to transform novel claims into accepted knowledge.

For adaptation planning, the scientific assessments of the
Intergovernmental Panel on Climate Change (IPCC) are
more reliable than single studies. These assessments are di-
rected mainly to policymakers but are read by practitioners
with an eye toward what is actionable (Boyle et al., 2022).
IPCC policies and procedures (IPCC, 2013) have evolved
over several assessment cycles to describe the state of knowl-
edge on climate science as accurately as possible. In particu-
lar, the IPCC assembles author teams with a range of scien-
tific expertise, incorporating geographic diversity and gender
balance. These teams carry out open, transparent reviews of
all available literature. As a result, it is less likely that ques-
tionable assumptions will go unchallenged or pertinent evi-
dence overlooked.

The IPCC has developed consistent ways to describe sci-
entific uncertainty. The guidance note of Mastrandrea et al.
(2010) sets forth two metrics for communicating uncer-
tainty: (1) quantified measures, expressed probabilistically,
and (2) “confidence in the validity of a finding”, expressed
using the qualitative descriptions “high”, “medium”, and
“low”. Confidence derives from the “type, amount, quality,
and consistency of evidence (e.g., mechanistic understand-
ing, theory, data, models, expert judgment) and the degree of
agreement”2. Evidence is most robust, according to this guid-
ance note, when there are “multiple, consistent independent
lines of high-quality evidence” – e.g., evidence from a com-
bination of global climate models, detailed process models,

2Unlike Mastrandrea et al. (2010), we will refer to evidence but
not agreement as a source of confidence. As Rehg and Staley (2017)
have pointed out, “agreement” could refer either to a social consen-
sus among scientists or to the degree to which different research
findings converge in supporting a scientific claim. These authors
argued that social consensus is neither necessary nor sufficient for
confidence and that in practice, the IPCC defines agreement in the
second sense. For this reason, we have taken “consistency of evi-
dence” to imply the kind of agreement leading to confidence instead
of treating agreement as separate from evidence.

paleoclimate proxy data, and historical observations. To il-
lustrate the importance of independent evidence, Winsberg
(2018) gives the example of equilibrium climate sensitiv-
ity (ECS). Two climate models computing a similar ECS
might not be independent; they might agree, for example,
because they have similar but erroneous cloud feedbacks.
In this case, paleoclimate data and instrumental records are
valuable independent constraints because their uncertainties
are distinct from model uncertainties. If three independent
methods agree that ECS is within a certain range, it is hard
to explain why all three would have large errors in the same
direction.

The IPCC guidance states that the presentation of low-
confidence findings “should be reserved for areas of major
concern, and the reasons for their presentation should be
carefully explained”. One reason to present a low-confidence
claim might be that it has gained currency in the scientific
community despite a lack of high-quality evidence. It is bet-
ter to discuss such a claim, including the gaps in the evidence,
than to disregard it. Also, low confidence is often a source of
deep uncertainty, reflecting the inability of experts to agree
on a modeling approach or assign meaningful probabilities
to future events. Presenting low-confidence claims to practi-
tioners can support stress testing and the design of adaptive
pathways in DMDU frameworks while signaling that acting
immediately on such claims would be risky.

These philosophical accounts of knowledge creation, com-
bined with IPCC practices, point the way toward an epis-
temic criterion for actionable science. We propose the fol-
lowing: a scientific claim is sufficiently accepted to justify
adaptation action (i.e., near-term physical measures and fi-
nancial investments) when it is supported by multiple, con-
sistent independent lines of high-quality evidence leading to
high or medium confidence, as determined by a diverse group
of experts in an open, transparent process. This criterion re-
flects Longino’s view that scientific knowledge is created by
communities and that peer-reviewed claims must be scruti-
nized by a diverse group of scientists before they can be con-
sidered robust. It is based on existing practices and does not
require scientists to learn new ways to assess the literature.

We urge that low-confidence claims be treated with cau-
tion. These claims can be used for planning and stress testing
in DMDU frameworks (Marchau et al., 2019a) but should be
treated differently from claims with wider support and should
not determine near-term actions. Otherwise, adaptation prac-
tices will fluctuate as the science evolves, defeating the goal
of having robust strategies over a range of possible futures
(Lempert et al., 2003).

The boundary between planning and action can be fuzzy.
For example, suppose that coastal practitioners are design-
ing a levee with an expected lifetime of 75 years, based on
a medium-confidence projection with a likely upper bound
of 1.0 m of sea-level rise (SLR) by 2100 and a small but
nonzero probability of 1.5 m. They might choose a design
based on the 1.0 m projection, with an option for reinforce-
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ment if future evidence points toward a 1.5 m rise. If a new
(low-confidence) paper claims that SLR could reach 3 m by
2100, and if preparing for 3 m has a similar cost to preparing
for 1.5 m, then it may be sensible to revise the contingency
plan to allow for further reinforcement. But if the new plan
requires expanding the footprint for levee expansion, with a
high near-term cost, then incorporating the low-confidence
projection in the levee design probably would not be justi-
fied.

Next, we discuss an example of sea-level projections that
were deemed actionable for practitioners in the absence of
community confidence, resulting in confusion and whiplash.

3 Ice-sheet and sea-level projections

Global mean sea level (GMSL) is rising by about
3.7 mm yr−1, mainly because of ocean thermal expansion
and the loss of ice from the Greenland and Antarctic ice
sheets (GrIS and AIS) and mountain glaciers (Fox-Kemper
et al., 2021). Uncertainty in long-term sea-level projections
is dominated by the AIS, which contains a large mass of ice
that is grounded below sea level and is vulnerable to retreat
under climate warming. If melted, this Antarctic ice could
raise sea level by several meters.

The IPCC Fifth Assessment Report (AR5; Church et al.,
2013) projected GMSL rise of 0.52–0.98 m by 2100 in a sce-
nario with high greenhouse gas emissions (RCP8.5). The au-
thors cautioned that the high end of this range was not an
upper bound because it excluded the possible collapse of
marine-based sectors of the AIS. They cited the structured
expert judgment (SEJ) study of Bamber and Aspinall (2013)
(hereafter BA13), which found that “expert estimates of the
contribution from this source have a wide spread, indicating
a lack of consensus on the probability for such a collapse”.

A few years later, DeConto and Pollard (2016) (hereafter
DP16) published a study in Nature arguing that AIS mass
loss alone could raise global sea level by more than 1 m be-
fore 2100 and more than 15 m by 2500. They were motivated
by paleoclimate records showing that GMSL during the mid-
Pliocene (3 × 106 years ago, when temperatures were up to
3 °C above present-day values) was 5–20 m higher than to-
day (Fox-Kemper et al., 2021). They proposed mechanisms
that could account for Pliocene SLR and possibly drive future
SLR: atmospheric warming leading to hydrofracture of float-
ing ice shelves, followed by the failure of marine-terminating
ice cliffs (also known as marine ice cliff instability or MICI).
In simulations of the past and future3, they found large-
scale, rapid ice loss in runs with MICI but not without. In

3In addition to the Pliocene, DP16 simulated the AIS during the
Last Interglacial (LIG), when global mean air temperatures were
similar to today and GMSL was about 6–9 m higher. Since the LIG
atmosphere was too cool to trigger shelf collapse, these simulations
required Southern Ocean warming of at least 3 °C to drive WAIS
retreat. DP16 suggested that ocean warming might have led to re-

high-warming scenarios with MICI, the rate of GMSL rise
due to West Antarctic Ice Sheet (WAIS) collapse reaches
20 mm yr−1 by 2100 and more than 40 mm yr−1 by 2150. In
runs with ocean warming only – i.e., without strong atmo-
spheric warming to drive MICI – the rate of WAIS retreat
and GMSL rise is more than an order of magnitude lower.

The DP16 argument can be summarized as follows: hy-
drofracture and MICI can explain large Pliocene SLR; there-
fore we can expect large, rapid SLR in a future climate that
resembles the Pliocene. Several background assumptions are
at work here: that other processes do not explain Pliocene
SLR, that the DP16 ice-sheet model accurately simulates hy-
drofracture and MICI, and that ice shelves could collapse be-
fore 2100 in a warming climate.

Each assumption has come under scrutiny. MICI has not
been observed for present-day Antarctic ice shelves, and thus
the collapse rate in the model is poorly constrained. Reese
et al. (2018) argued that the model’s treatment of the ground-
ing line (the boundary between grounded and floating ice) is
inaccurate for most ice shelves. Edwards et al. (2019) showed
that for Pliocene SLR up to 15 m – within the uncertainty
range – processes other than MICI could explain the pale-
orecord. Bassis et al. (2021) developed a mechanistic model
in which cliffs collapse catastrophically only over a restricted
range of ice configurations. In a follow-up to DP16, DeConto
et al. (2021) revised the atmospheric forcing, delaying hy-
drofracture and lowering the projected 21st century AIS sea-
level contribution to 0.5 m or less, even if MICI is active.
Recently, Morlighem et al. (2024) implemented a physically
based cliff parameterization in three different ice-sheet mod-
els and found that ice acceleration and thinning tend to sta-
bilize cliffs, even after several decades of forced grounding-
line retreat. These results suggest that the WAIS is not vul-
nerable to MICI before 2100, although it is vulnerable in the
longer term to marine ice-sheet instability (MISI) (Seroussi
et al., 2024).

In our view, the DP16 claims of rapid Antarctic ice loss
and GMSL rise did not justify adaptation action, since they
were not supported (either in real time or in retrospect)
by multiple, independent lines of high-quality evidence.
Nonetheless, DP16 has figured prominently in adaptation
planning, as described in the next section.

4 Communicating sea-level projections to practitioners

DP16 has been highly influential. It received more news and
social media attention in 2016 than any other climate paper
published that year (McSweeney, 2017) and has been cited
more than 1200 times in peer-reviewed journals. Initial me-
dia reports glossed over the scientific uncertainties, with dra-
matic headlines such as “Climate Catastrophe, Coming Even
Sooner?” (Kolbert, 2016) and “Scientists nearly double sea

gional atmospheric warming that amplified the ice loss, but the at-
mosphere was not the primary driver.
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level rise projections for 2100, because of Antarctica” (Den-
nis and Mooney, 2016). The latter headline is misleadingly
ambiguous, since “scientists” could refer either (correctly) to
the authors of the paper or (incorrectly) to the broader scien-
tific community. The New York Times compared the results
to “the plot device of a Hollywood disaster movie” (Gillis,
2016). The general message was that a new peer-reviewed
study had overturned the community consensus.

Publications aimed at coastal adaptation planners high-
lighted the DP16 projections. Perhaps the most influential
was Sweet et al. (2017) (hereafter S17), a multi-agency US
government report on future SLR. S17 sought to “support
a wide range of assessment, planning, and decision-making
processes”, signaling the aim to influence practitioners. To be
consistent with “recent updates to the peer-reviewed scien-
tific literature”, they issued an “Extreme” GMSL projection
of 2.5 m by 2100 for RCP8.5, exceeding the previous upper
bound of 2.0 m based on Pfeffer et al. (2008). To support
this projection, S17 cited several studies, most prominently
Kopp et al. (2014) (hereafter K14) and DP16. Based on pro-
cess modeling and expert assessments and elicitation, K14
presented a very likely (90 % probability) range of 0.5–1.2 m
GMSL rise by 2100 under RCP8.5. By fitting a log-normal
distribution to AR5 results and the BA13 Antarctic projec-
tions, they estimated a 0.1 % probability of GMSL exceeding
2.45 m. This value was the source of the Extreme scenario.
S17 stated further that the processes modeled by DP16 could
“significantly increase the probability of the Intermediate-
High, High, and Extreme scenarios” – i.e., that the likeli-
hood of 2.5 m GMSL rise by 2100 might be much greater
than 0.1 % because of MICI. By our criterion, the Extreme
scenario was not actionable, since it was based on probabil-
ities extrapolated from BA13 without reference to physical
processes that were understood with at least medium confi-
dence.

Projections based on DP16 and S17 were included in sev-
eral reports commissioned by local and state jurisdictions
for use by adaptation planners: “Climate Ready Boston”
(Boston Research Advisory Group, 2016); “Rising Seas in
California” (Griggs et al., 2017); and the “Unified Sea Level
Rise Projection: Southeast Florida, 2019 Update” (Southeast
Florida Regional Climate Change Compact Sea Level Rise
Work Group (Compact), 2020). The Boston report relied on
DP16 – published just a few months earlier – for its “max-
imum possible” regional projection of 3.2 m SLR by 2100
under RCP8.5. In the recent global survey of more than 250
jurisdictions (Hirschfeld et al., 2023), this was the highest
figure recommended for planning. The California report rec-
ommended the use of a 2100 high-end projection of 3.1 m
for San Francisco, based on 2.5 m of GMSL rise (as in S17)
plus regional factors driven by the DP16 Antarctic estimates.
This projection was incorporated a year later in official guid-
ance (California Ocean Protection Council, 2018); the high-
end estimate was to be applied to any assets whose failure
“would have considerable public health, public safety, or en-

vironmental impacts”. The Southeast Florida report did not
cite DP16 but relied on S17 to develop its high-end, 2100
SLR projection of 2.61 m, calling S17 “a reliable source of
data from the national effort on sea level rise projections”.

Recent community assessments have given less promi-
nence to DP16 in light of subsequent research. The IPCC
Sixth Assessment Report (AR6; Fox-Kemper et al., 2021)
presented one set of high-end sea-level projections based on
models with physical processes that are understood with at
least medium confidence (e.g., Levermann et al., 2020; Ed-
wards et al., 2021) and another set including low-confidence
processes such as MICI (Bamber et al., 2019; DeConto et al.,
2021). By offering two sets of projections, the IPCC aimed to
alert readers to uncertainty and ambiguity without overshad-
owing projections for which there is more confidence (Kopp
et al., 2023). AR6 classified MICI as a deeply uncertain,
low-confidence process because there is no accepted the-
ory of its exact mechanism and limited evidence that MICI
has taken place in the past or present. Similarly, AR6 as-
cribed low confidence to the SEJ study of Bamber et al.
(2019) because it was unknown how many experts included
low-confidence processes in their estimates. The low- and
medium-confidence projections differ considerably. Under a
high-emissions scenario (SSP5-8.5), the 95th percentile up-
per bounds of GMSL by 2100 are 1.6 and 2.4 m for medium-
confidence and low-confidence processes, respectively. The
gap between medium and low confidence widens by 2150,
with respective 83rd percentile upper bounds of 1.9 and
4.8 m.

Sweet et al. (2022) (hereafter S22), the successor report to
S17, removed the Extreme projection of 2.5 m because it is
now “less plausible”. This prompted backtracking in the re-
vised California guidance (California Sea Level Rise Guid-
ance, 2024). S22 retained a High projection of 2.0 m, which
includes a large Antarctic contribution based mainly on Bam-
ber et al. (2019) and DeConto et al. (2021). In our view, the
High projection is not actionable because it relies heavily
on low-confidence science. S22 also kept an Intermediate–
High scenario of 1.5 m, in which “deeply uncertain ice-sheet
processes play important roles” late in the century. Since
S22 did not quantify the role of low-confidence processes
in a transparent way, it would be difficult to say whether the
Intermediate–High scenario is actionable without appealing
to medium-confidence projections of similar magnitude (e.g.,
in AR6). A clear separation of medium- and low-confidence
science, as in AR6, would have been more useful for practi-
tioners.

AR6 and S22 did not assign likelihoods to deeply uncer-
tain mechanisms such as MICI, implying that the likelihood
attached to the low-confidence projections is unknown. The
study of van de Wal et al. (2022) (hereafter V22) made a
stronger claim: under 5 °C of warming, as might occur un-
der SSP5-8.5, there are no physically plausible processes, in-
cluding MICI, that would raise sea level by more than 1.27–
1.55 m before 2100. The 1.55 m value is the sum of contri-
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butions from thermal expansion (0.36 m), glaciers (0.27 m),
the GrIS (0.29 m), the AIS (0.59 m), and land water stor-
age (0.04 m), assuming perfect correlation between all con-
tributions, while the lower value assumes independent con-
tributions. These estimates were based on a variety of phys-
ical arguments, including a judgment that large ice shelves
are unlikely to collapse during this century, and therefore
widespread MICI before 2100 is implausible. The authors
drew on multiple lines of evidence suggesting medium con-
fidence.

The V22 projections, combined with recent model simu-
lations showing at most a minor role for MICI through 2100
(Morlighem et al., 2024), suggest an emerging scientific con-
sensus that a GMSL rise of more than 1.5 m by 2100 can be
ruled out, at least with medium confidence. Thus, the highest
estimates (∼ 3 m) of a few years ago were twice as high as
current knowledge would justify. Lempert et al. (2024) noted
that AR5 and AR6 “opened the aperture” to provide a wider
range of possible futures by discussing low-confidence sci-
ence in detail. Consistent with V22, we argue that practition-
ers should embrace widening uncertainty in designing adap-
tation action only when justified by scientific confidence.

Figure 1 shows the recent history of high-end sea-
level projections from scientific community assessments and
practitioner-oriented reports. “High-end” does not have the
same meaning in all cases but typically refers to scenarios
judged to be physically plausible (though not likely) and/or
with an estimated probability of ∼ 1 %–5 %, assuming high
emissions and warming (e.g., RCP8.5 or SSP5-8.5). The pro-
jections are shown in three groups: (1) assessments and re-
ports published during 2012–2016; (2) S17 and other reports
published in 2016–2020, soon after DP16; and (3) reports
and assessments since 2020. Group 2 stands out with projec-
tions of well over 2 m, which were excursions from a rela-
tively stable base of projections of 2 m or less. For example,
the two broad surveys by Horton et al. (2014, 2020) gave sim-
ilar high-end projections of 1.5 and 1.65 m. The lower pro-
jections in Group 3 reflect the removal of DP16-based MICI
contributions after community review, along with a desire (in
V22) to reduce chaos for practitioners by basing high-end es-
timates on physical plausibility supported by multiple lines
of evidence. Within Group 3, the highest values (2.0 m) are
from S22 and California Sea Level Rise Guidance (2024),
which include a reduced but still sizable MICI contribution
based on DeConto et al. (2021). The three lower values, clus-
tered around 1.6 m, exclude low-confidence processes. By
our criterion, only the lower projections in Group 3 are ac-
tionable.

We suggest that California coastal planners have been ill-
served by shifting targets in state guidance: from 1.4 m in
2013 to 3.1 m in 2018 and back to 2.0 m in 2024 (Fig. 1).
The main reason for this case of whiplash was the decision in
2018 to adopt low-confidence high-end projections. A con-
sistent application of actionable science criteria would have
migrated high-end projections from 1.4 to about 1.5 m over

those 12 years, reflecting a more constrained reading of the
scientific landscape based on practitioner needs.

Finally, we would like to give two examples of practitioner
guidance that avoided the pitfalls described above. First, the
most recent sea-level guidance from the Met Office Hadley
Centre (Palmer et al., 2018) retained high-end projections
adopted in 2009. Citing DP16, the authors noted that “marine
ice cliff instability has been proposed as an important poten-
tial feedback” but added that “further research is required to
strengthen the observational evidence for, and prevalence of,
this mechanism”. Second, the 2017 Aotearoa / New Zealand
coastal adaptation guidance (Ministry for the Environment,
2017) proposed a high-end (“H+”) scenario of 1.05 m GMSL
by 2100, based on AR5, as part of a dynamic adaptive policy
pathways (DAPP) planning strategy. The updated guidance
(Ministry for the Environment, 2024) retained the DAPP ap-
proach and used the AR6 medium-confidence projections
for SSP5-8.5 to design an H+ scenario with 1.1 m GMSL
by 2100. The new projection was described as a “plausible
upper range” for SLR and was recommended for “high-end
stress testing of adaptation options and pathways”. The AR6
low-confidence projections were assigned a limited role for
“further stress testing” related to long-lived coastal develop-
ment and managed-retreat options. Since the core recommen-
dations in the Aotearoa / New Zealand guidance have not re-
lied on low-confidence science, there has been no whiplash.

5 Recommendations

We have proposed an epistemic criterion for actionable sci-
ence: a scientific claim is sufficiently accepted to justify
adaptation action (i.e., near-term physical measures and fi-
nancial investments) when it is supported by multiple, con-
sistent independent lines of high-quality evidence leading to
high or medium confidence, as determined by a diverse group
of experts in an open, transparent process. This criterion is
informed by IPCC practices, by philosophical arguments that
scientific knowledge is social knowledge, and by the DP16
case study.

We recommend that practitioners view novel peer-
reviewed claims with caution, especially those that chal-
lenge the scientific consensus. They should be aware of these
claims but not treat them as actionable before they are evalu-
ated by the scientific community. Practitioners can reduce the
risk of maladaptation and whiplash through careful reading
of IPCC reports and other community assessments, focus-
ing on findings that are affirmed with confidence after crit-
ical review. If incorporating low-confidence claims in plan-
ning, they should use decision-making frameworks designed
to deal with deep uncertainty, so as not to act prematurely
based on speculative science that is likely to evolve. Since
IPCC reports are infrequent, we recommend new structures
that regularly bring together scientific experts to assess ongo-
ing research on sea-level rise and other fast-evolving topics.
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Figure 1. High-end projections for sea-level rise (m) by 2100, arranged chronologically: (1) community assessments and practitioner-oriented
reports published before 2016 (blue), (2) reports and assessments published in 2016–2020 (red), and (3) recent reports and assessments
(green). The recent reports gave less weight to DP16 and MICI than the 2016–2020 reports; Sweet et al. (2022) and California Sea Level
Rise Guidance (2024) included MICI but at a reduced rate, while the other three recent assessments excluded MICI. Most projections are
for global sea-level rise, although some jurisdictional reports (e.g., the 2016 Boston and 2018 California reports) include regional effects.
The California OPC (2018) value is for the San Francisco tide gauge. The AR6 value is the 95th percentile upper bound based on medium-
confidence processes. The van de Wal et al. (2022) value is the upper value in their high-end range, assuming perfect correlation between
components. Baseline dates vary but typically are around the year 2000. All reports are cited in the text except for National Research Council
(2012), Coastal and Ocean Working Group of the California Climate Action Team (CO-CAT) (2013), and Southeast Florida Regional Climate
Change Compact Sea Level Rise Work Group (Compact) (2015).

We think that scientists have a professional duty, when
presenting new results, to put them in the context of well-
established science and to acknowledge uncertainties. When
reporting on new results, journalists should seek a range
of opinions to identify what remains unsettled. Journalists
should also be mindful that not all breakthroughs are commu-
nicated through single studies in high-impact journals with
bold press releases. Some breakthroughs emerge from multi-
ple independent studies that support one another. Others are
not evident at the time of publication but only in hindsight
with community corroboration of novel results.

We seek to make the sea-level assessment process as ob-
jective as possible, insulated from social or political pressure
to make projections that are higher or lower than justified
by scientific knowledge. There may be pressures to reduce
sea-level projections to minimize adaptation costs and po-
litical difficulties. We have also observed pressures to adopt

extremely high projections, perhaps to motivate mitigation
action or get practitioner attention. Divorcing the develop-
ment of actionable science from both of these dynamics can
prevent multiple risks, including maladaptation, loss of sci-
entific credibility, and undermining of the adaptation enter-
prise.

We recommend that scientists and practitioners work to-
gether to better manage the boundary between research and
decision-making. Regular and intentional communication
between these groups can reduce confusion and minimize
the risk of maladaptation. Organizations such as the Prac-
titioner Exchange for Effective Response to Sea Level Rise
(PEERS), formed in part to create practice-centered collabo-
ration with a diverse group of scientific experts, can promote
understanding of actionable science where that understand-
ing is most needed. There is a careful dance between research
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and practice that can succeed with clear ground rules and
open communication.

Data availability. No data sets were used in this article.

Author contributions. WHL and MAM conceived the study. All au-
thors contributed to discussing the ideas and writing the manuscript,
with WHL providing expertise in ice-sheet modeling, DB in prac-
titioners’ use of sea-level projections, and MAM in the philosophy
of science.

Competing interests. The contact author has declared that none of
the authors has any competing interests.

Disclaimer. Publisher’s note: Copernicus Publications remains
neutral with regard to jurisdictional claims made in the text, pub-
lished maps, institutional affiliations, or any other geographical rep-
resentation in this paper. While Copernicus Publications makes ev-
ery effort to include appropriate place names, the final responsibility
lies with the authors.

Acknowledgements. We thank Michael Mastrandrea for helpful
discussions during the early writing phase. We are grateful to Flo-
rence Colleoni, Rebecca Priestley, Chris Weaver, and one anony-
mous reviewer for their constructive comments. We also thank
Jeremy Bassis, Rajashree Datta, Marjolijn Haasnoot, Robert Kopp,
Robert Lampert, Judy Lawrence, and other colleagues in the cli-
mate modeling and practitioner communities for their reflections
and analysis. William H. Lipscomb would like to dedicate this pa-
per to the memory of William H. Newton-Smith.

Financial support. This research has been supported by the NSF
National Center for Atmospheric Research, which is a major fa-
cility sponsored by the National Science Foundation (cooperative
agreement no. 1852977).

Review statement. This paper was edited by Florence Colleoni and
reviewed by Chris P. Weaver, Rebecca Priestley, and one anony-
mous referee.

References

Bamber, J. L. and Aspinall, W. P.: An expert judgement assessment
of future sea level rise from the ice sheets, Nat. Clim. Change, 3,
424–427, https://doi.org/10.1038/NCLIMATE1778, 2013.

Bamber, J. L., Oppenheimer, M., Kopp, R. E., Aspinall, W. P., and
Cooke, R. M.: Ice sheet contributions to future sea-level rise
from structured expert judgment, P. Natl. Acad. Sci. USA, 116,
11195–11200, https://doi.org/10.1073/pnas.1817205116, 2019.

Bassis, J. N., Berg, B., Crawford, A. J., and Benn, D. I.:
Transition to marine ice cliff instability controlled by ice
thickness gradients and velocity, Science, 372, 1342–1344,
https://doi.org/10.1126/science.abf6271, 2021.

Behar, D.: Challenges and Opportunities in Adapting to Cli-
mate Change: Perspectives from Utilities, in: Proceedings
of the First National Expert and Stakeholder Workshop
on Water Infrastructure Sustainability and Adaptation to
Climate Change, 6–7 January 2009, EPA-600-R-09-010,
U.S. Environmental Protection Agency, Washington, DC,
5–6, https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=
NRMRL&dirEntryId=203725 (last access: 5 February 2025),
2009.

Boston Research Advisory Group: Climate Ready Boston:
Climate Change and Sea Level Projections for Boston,
https://www.boston.gov/sites/default/files/file/2023/03/2016_
climate_ready_boston_report.pdf (last access: 21 October 2024),
2016.

Boyle, R., Hirschfeld, D., and Behar, D.: Sea-Level Rise Practi-
tioner Workshop Report: Leading Practices and Current Chal-
lenges, From Practitioner-led Workshops to Advance Resilience
to Sea-Level Rise: Leading Practices and Current Challenges,
February 2022, https://doi.org/10.26077/npej-vw36, 2022.

California Ocean Protection Council: State of Califor-
nia Sea-Level Rise Guidance: 2018 Update, https:
//opc.ca.gov/webmaster/ftp/pdf/agenda_items/20180314/
Item3_Exhibit-A_OPC_SLR_Guidance-rd3.pdf, (last access:
21 October 2024), 2018.

California Sea Level Rise Guidance: 2024 Science and Pol-
icy Update, California Sea Level Rise Science Task Force,
California Ocean Protection Council, California Ocean Sci-
ence Trust, https://opc.ca.gov/wp-content/uploads/2024/05/
California-Sea-Level-Rise-Guidance-2024-508.pdf, (last
access: 21 October 2024), 2024.

Cash, D. W., Clark, W. C., Alcock, F., Dickson, N. M., Eckley, N.,
Guston, D. H., Jaäger, J., and Mitchell, R. B.: Knowledge sys-
tems for sustainable development, P. Natl. Acad. Sci. USA, 100,
8086–8091, https://doi.org/10.1073/pnas.1231332100, 2003.

Church, J. A., Clark, P. U., Cazenave, A., Gregory, J. M., Jevrejeva,
S., Levermann, A., Merrifield, M. A., Milne, G. A., Nerem, R. S.,
Nunn, P. D., Payne, A. J., Pfeffer, W. T., Stammer, D., and Un-
nikrishnan, A. S.: Sea Level Change, in: Climate Change 2013:
The Physical Science Basis. Contribution of Working Group I
to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change, edited by Stocker, T., Qin, D., Plattner, G.-
K., Tignor, M., Allen, S., Boschung, J., Nauels, A., Xia, Y.,
Bex, V., and Midgley, P., Cambridge University Press, Cam-
bridge, United Kingdom and New York, NY, USA, 1137–1216,
https://doi.org/10.1017/CBO9781107415324.026, 2013.

Coastal and Ocean Working Group of the California Cli-
mate Action Team (CO-CAT): State of California Sea-
Level Rise Guidance Document, Ocean Protection Coun-
cil’s Science Advisory Team and California Ocean Science
Trust, https://opc.ca.gov/webmaster/ftp/pdf/docs/2013_SLR_
Guidance_Update_FINAL1.pdf (last access: 21 October 2024),
2013.

DeConto, R. M. and Pollard, D.: Contribution of Antarctica
to past and future sea-level rise, Nature, 531, 591–597,
https://doi.org/10.1038/nature17145, 2016.

The Cryosphere, 19, 793–803, 2025 https://doi.org/10.5194/tc-19-793-2025

https://doi.org/10.1038/NCLIMATE1778
https://doi.org/10.1073/pnas.1817205116
https://doi.org/10.1126/science.abf6271
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=203725
https://cfpub.epa.gov/si/si_public_record_report.cfm?Lab=NRMRL&dirEntryId=203725
https://www.boston.gov/sites/default/files/file/2023/03/2016_climate_ready_boston_report.pdf
https://www.boston.gov/sites/default/files/file/2023/03/2016_climate_ready_boston_report.pdf
https://doi.org/10.26077/npej-vw36
https://opc.ca.gov/webmaster/ftp/pdf/agenda_items/20180314/Item3_Exhibit-A_OPC_SLR_Guidance-rd3.pdf
https://opc.ca.gov/webmaster/ftp/pdf/agenda_items/20180314/Item3_Exhibit-A_OPC_SLR_Guidance-rd3.pdf
https://opc.ca.gov/webmaster/ftp/pdf/agenda_items/20180314/Item3_Exhibit-A_OPC_SLR_Guidance-rd3.pdf
https://opc.ca.gov/wp-content/uploads/2024/05/California-Sea-Level-Rise-Guidance-2024-508.pdf
https://opc.ca.gov/wp-content/uploads/2024/05/California-Sea-Level-Rise-Guidance-2024-508.pdf
https://doi.org/10.1073/pnas.1231332100
https://doi.org/10.1017/CBO9781107415324.026
https://opc.ca.gov/webmaster/ftp/pdf/docs/2013_SLR_Guidance_Update_FINAL1.pdf
https://opc.ca.gov/webmaster/ftp/pdf/docs/2013_SLR_Guidance_Update_FINAL1.pdf
https://doi.org/10.1038/nature17145


W. H. Lipscomb et al.: Brief communication 801

DeConto, R. M., Pollard, D., Alley, R., Velicogna, I., Gasson,
E., Gomez, N., Sadai, S., Condron, A., Gilford, D., Ashe, E.,
Kopp, R., Li, D., and Dutton, A.: The Paris Climate Agreement
and future sea-level rise from Antarctica, Nature, 593, 83–89,
https://doi.org/10.1038/s41586-021-03427-0, 2021.

Dennis, B. and Mooney, C.: Scientists nearly double sea level
rise projections for 2100, because of Antarctica, Washing-
ton Post, https://www.washingtonpost.com/news/energy-
environment/wp/2016/03/30/antarctic-loss-could-double-
expected-sea-level-rise-by-2100-scientists-say/ (last access:
21 October 2024), 2016.

Edwards, T. L., Brandon, M. A., Durand, G., Edwards, N. R.,
Golledge, N. R., Holden, P. B., Nias, I. J., Payne, A. J.,
Ritz, C., and Wernecke, A.: Revisiting Antarctic ice loss
due to marine ice-cliff instability, Nature, 566, 58–64,
https://doi.org/10.1038/s41586-019-0901-4, 2019.

Edwards, T. L., Nowicki, S., Marzeion, B., Hock, R., Goelzer, H.,
Seroussi, H., Jourdain, N. C., Slater, D., Turner, F., Smith, C. J.,
McKenna, C. M., Simon, E., Abe-Ouchi, A., Gregory, J. M.,
Larour, E., Lipscomb, W. H., Payne, A. J., Shepherd, A., Agosta,
C., Alexander, P., Albrecht, T., Anderson, B., Asay-Davis, X.,
Aschwanden, A., Barthel, A., Bliss, A., Calov, R., Chambers, C.,
Champollion, N., Choi, Y., Cullather, R., Cuzzone, J., Dumas, C.,
Felikson, D., Fettweis, X., Fujita, K., Galton-Fenzi, B. K., Glad-
stone, R., Golledge, N. R., Greve, R., Hattermann, T., Hoffman,
M. J., Humbert, A., Huss, M., Huybrechts, P., Immerzeel, W.,
Kleiner, T., Kraaijenbrink, P., Le clec’h, S., Lee, V., Leguy, G. R.,
Little, C. M., Lowry, D. P., Malles, J.-H., Martin, D. F., Maus-
sion, F., Morlighem, M., O’Neill, J. F., Nias, I., Pattyn, F., Pelle,
T., Price, S., Quiquet, A., Radić, V., Reese, R., Rounce, D. R.,
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