Reply to Christopher Weaver

We thank the reviewer, Christopher Weaver, for his thoughtful comments on our manuscript.
Below, his comments are in black font and our replies are in blue.

skskoskokok

I appreciate the opportunity to comment, since I would like to point out, and help correct, an
error in the paper.

Specifically, on page 6, the authors have made the following statement about the influence of
DeConto and Pollard (2016) on the U.S. interagency sea level rise scenarios report of Sweet et
al. (2017) (my emphasis):

“To be consistent with “recent updates to the peer-reviewed scientific literature”, they issued an
“Extreme” global mean sea-level 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). Their Extreme projection relied on
a large AIS contribution, based primarily on DP16. [Footnote 4]

[Footnote 4] The 2.0 m upper bound of Pfeffer et al. (2008) assumed large contributions from
both ice sheets: 0.54 m from the GrIS and 0.62 m from the AIS. In ARS, Church et al. (2013)
estimated a likely upper bound of just 0.21 m for the GrIS, since process models do not support
“the order of magnitude increase in flow” in Pfeffer et al. (2008). To reach an upper bound of 2.0
m or more, S17 therefore needed an increased AIS contribution of ~1.0 m or more. To support
this increase, they cited DP16 along with the expert-judgment assessment of Bamber and
Aspinall (2013). However, the latter study gave a high-end (95th percentile) estimate of 0.84 m
SLR from the two ice sheets, less than Pfeffer et al. (2008). Other studies cited by S17 did not
give independent evidence of a large AIS contribution. Thus, both the “High” projection of 2.0 m
and the “Extreme” projection of 2.5 m in S17 relied on DP16’s claim that the AIS could
contribute at least a meter of SLR by 2100."

The highlighted statement is a misstatement of fact. The accompanying footnote is also
erroneous, as well as the part of the statement, on page 7, that references DeConto and Pollard
(2016) in the context of Sweet et al. (2017), i.e., “(2) S17 and other reports that were published
in 20162020 and relied on DP16 for the AIS contribution.”

Here is the relevant paragraph from page 14 in Sweet et al. (2017):

“The growing evidence of accelerated ice loss from Antarctica and Greenland only strengthens
an argument for considering worst-case scenarios in coastal risk management. Miller et al.
(2013) and Kopp et al. (2014) discuss several lines of arguments that support a plausible
worst-case GMSL rise scenario in the range of 2.0 m to 2.7 m by 2100: (1) The Pfeffer et al.



(2008) worst-case scenario assumes a 30-cm GMSL contribution from thermal expansion.
However, Sriver et al. (2012) find a physically plausible upper bound from thermal expansion
exceeding 50 cm (an additional ~20-cm increase). (2) The ~60 cm maximum contribution by
2100 from Antarctica in Pfeffer et al. (2008) could be exceeded by ~30 cm, assuming the 95th
percentile for Antarctic melt rate (~22 mm/year) of the Bamber and Aspinall (2013) expert
elicitation study is achieved by 2100 through a linear growth in melt rate. (3) The Pfeffer et al.
(2008) study did not include the possibility of a net decrease in land-water storage due to
groundwater withdrawal; Church et al. (2013) find a likely land-water storage contribution to
21st century GMSL rise of -1cm to +11 cm. Thus, to ensure consistency with the growing
number of studies supporting upper GMSL bounds exceeding Pfeffer et al. (2008)’s estimate of
2.0 m by 2100 (Sriver et al., 2012; Bamber and Aspinall, 2013; Miller et al., 2013; Rohling et al.,
2013; Jevrejeva et al., 2014; Grinsted et al., 2015; Jackson and Jevrejeva, 2016; Kopp et al.,
2014) and the potential for continued acceleration of mass loss and associated additional rise
contributions now being modeled for Antarctica (e.g., DeConto and Pollard, 2016), this report
recommends a revised worst-case (Extreme) GMSL rise scenario of 2.5 m by 2100.”

In developing the report, we wished to provide a number of scenarios that could be used to fully
bracket the evidence base for the physically possible 21st century sea level rise, as well as
providing expert judgment about the central tendency/best guess trajectory. These ranged from
0.3 m at the lowest of the lower bounds to 2.5 m at the uppermost of the upper bounds. Briefly,
the motivation was to support as wide a possible range of decision contexts as existed at the time
in coastal risk planning and management (e.g., see Hinkel et al., 2015, Nature Climate Change,
and many others), including long-term adaptation pathways approaches and “stress test” type
applications, both of which often use a “not-to-be-exceeded,” upper bound metric of
performance.

As described in the quoted paragraph from Sweet et al. (2017), above, we arrived at the 2.5 m
upper bound by synthesizing a number of lines of evidence from numerous studies, as well as the
IPCC ARS, to individually interrogate the physically possible ranges of the contributing
components to global-mean sea level rise. This was new evidence, and/or new synthesis of that
evidence, since Pfeffer et al. (2008), the study that helped define the physically possible upper
bound for a preceding U.S. interagency sea level rise scenarios report (Parris et al., 2012).

All of these studies predated the publication of DeConto and Pollard (2016); we had already
decided on the 2.5 m upper bound, and completed most of the work of developing the global and
regional scenarios, before that paper was published. As just one example, Kopp et al. (2014)
estimated 2.45 m as the 99.9 percentile outcome for global-mean sea level rise in 2100 under
RCPS8.5. Once DeConto and Pollard (2016) was published, we added it to our citation list as
another piece of evidence, but the conclusions of that paper had no influence on our choice of 2.5
m as the upper bounding scenario. The successor report to Sweet et al. (2017), i.e., Sweet et al.
(2022), stated this clearly, as well (e.g., see page 11): “In Sweet et al. (2017), these scenarios



were developed to span a range of 21st-century GMSL rise from 0.3 m to 2.5 m. Sweet et al.
(2017) built these scenarios upon the probabilistic emissions scenario—driven projections of
Kopp et al. (2014).”

The bottom line is that, if DeConto and Pollard (2016) had never been published, we would have
written exactly the same report at the time that we wrote it.

We thank the reviewer (CW) for clarifying the reasoning that led to the 2.5 m “Extreme”
projection in Sweet et al. (2017; hereafter S17). As he requests, we will remove language
“stating or implying a reliance of Sweet et al. (2017) on DeConto and Pollard (2016)”.

We would also like to respond to the statement that “if DeConto and Pollard (2016) had never
been published, we would have written exactly the same report at the time that we wrote it”. We
think that DP16 plays an important role in the main arguments of S17, even if it was not the
source of the 2.5 m projection. S17 cited DP16 nine times by our count, often in support of
important claims. For example:

e S17 cited DP16 (p. 3) to support the following statement: “Sea level science has
advanced significantly over the last few years, especially improving understanding of the
complex behaviors of the large, land-based ice sheets in Greenland and Antarctica under
global warming, and the correspondingly larger range of possible 21* century rise in
GMSL than previously thought.” The Extreme projection relies on the long tail in Kopp
et al. (2014; hereafter K14), which was based on the expert elicitation study of Bamber
and Aspinall (2013; hereafter BA13) but did not specify mechanisms that could make the
long tail physically possible. By exploring the mechanisms of hydrofracture and MICI,
DP16 aimed to provide a physical foundation for a large Antarctic sea-level contribution.
To the extent that the mechanisms described in DP16 were thought to be plausible, the
Extreme projection was more credible to practitioners than would have been the case
based on BA13 and K14 alone.

e S17 stated (p. 13) that “additional GMSL rise upwards of 0.6—1.1 m to median estimates
under RCP8.5 are possible by 2100 (DeConto and Pollard, 2016), potentially raising
median GMSL projections for RCP8.5 of Kopp et al. (2014) as high as 1.9 m by 2100.”
Without DP16, a practitioner reading S17 might have minimized the relevance of the 2.5
m projection for decision-making, given the low 0.1% probability. However, the addition
of ~1 m to median estimates would suggest that under RCP8.5, the Extreme scenario is
much more likely than 0.1% and therefore should be taken seriously in planning.

e The last sentence in the paragraph quoted by CW (p. 14) cites DP16—with its “potential
for continued acceleration of mass loss and associated additional rise contributions now
being modeled for Antarctica” —in support of the Extreme scenario.

e S17 stated (p. 21) that “as discussed in Section 3, new evidence regarding the Antarctic
ice sheet, if sustained, may significantly increase the probability of the



Intermediate-High, High, and Extreme scenarios, particularly for RCP8.5 projections
based upon Kopp et al. (2014).” The context indicates that “new evidence” refers to
DP16.

e Figure 8 (p. 22) shows the study’s six representative SLR scenarios in relation to
historical GMSL reconstructions. The Extreme scenario is shown with a red curve that
reaches 2.5 m in 2100. To the right side of the graph, three boxes illustrate the 5"-95™
percentile ranges of RCP-based GMSL projections from recent studies. The range is
0.5-1.3 m for the RCP8.5 scenario, shown in red. Appended to these boxes are dashed
lines described as “the difference between the median Antarctic contribution of the Kopp
et al. (2014) probabilistic GMSL/RSL study and the median Antarctic projections of
DeConto and Pollard (2016)”. For RCP8.5, the red dashed line representing the DP16
contribution extends from 1.3 m to about 2.4 m, i.e. nearly to the top of the Extreme
curve. Thus, the figure suggests that the DP16 Antarctic projections for RCP8.5 are able
to bridge the gap between the 95™ percentile RCP8.5 projection and the Extreme
scenario, lifting the probability of the Extreme scenario from 0.1% (the value from K14)
to a value many times greater, perhaps ~5%.

Thus, S17 without DP16 would not have been “exactly the same report” and likely would not
have been as influential for adaptation planners. As our manuscript states, the reports developed
by practitioners and practitioner advisors in the science community (e.g., Boston Research
Advisory Group, 2016; California OPC, 2018; and the Griggs et al. “Rising Seas in California”
2017 report underpinning the OPC report) refer prominently to DP16 as a key driver (perhaps the
key driver) of high-end projections recommended for planning. We would submit that the signal
sent by the multiple citations of DP16 in S17 was highly influential.

For example, Griggs et al. (2017) highlighted DP16 as the most important driver of the 3.1 m
high-end estimate later adopted in California OPC (2018), while also pointing out the many
unanswered questions associated with DP16 in an appendix substantially devoted to these
uncertainties. This focus on DP16 became concrete when the OPC (2018) report instructed
practitioners to use the 3.1 m “H++" projection in planning for any project that “would have
considerable public health, public safety, or environmental impacts should this level of sea-level
rise occur.” A core goal of our Commentary is to advocate for a stronger underpinning for
actionable science, as regulators and practitioners struggle to adjust to the realization that the
high-end estimates in OPC (2018) were based on what is now understood to be low-confidence
science.

In closing, I wanted to note that, on the initiative of one of the authors of this brief
communication (DB), he and a number of others of us (including myself and Kopp, as well as
DeConto) spent substantial time in productive discussions of the very points I have just
summarized, and related topics, in the broader context of the nuances of using cutting-edge sea
level rise science to support decision-making. These extensive discussions following the



publication of Sweet et al. (2017) resulted in an AGU presentation in December 2017 by DB (see
https://par.nsf.gov/servlets/purl/10066643), and a written summary of our engagement (see
https://acwi.gov/climate_wkg/minutes/nal_agu consensus_statement probabilisitic_projections
dec 2017.pdf), both of which reflected a useful integration of our diversity of perspectives as
scientists and practitioners.

DB confirms that he led a group process including himself, CW, Robert Kopp, Rob DeConto,
representatives from the US Army Corps, and others. We suggest that interested readers access
this document at

https://www.wucaonline.org/assets/pdf/pubs-sfpuc-agu-consensus-statement.pdf. (Neither
location provided by CW appears to link to this document.)

The outcome of this process, “Consensus Statements: Planning for Sea Level Rise: An AGU
Talk in the Form of a Co-Production Experiment Exploring Recent Science” (Behar et al., 2017;
hereafter Consensus Statements) reports two goals for the process. The first was to address the
increased appearance of Bayesian probabilistic projections intended for practitioner use,
particularly K14, in documents intended for use by practitioners developing plans to address
rising seas. Research led by DB indicated confusion among practitioners about the nature and
meaning of Bayseian probabilistic projections. The authors of the Consensus Statements
observed that these estimates “in many instances. . . are arriving on the desks of planners,
engineers, and decision makers who have little background in the methodologies used...and do
not provide sufficient guidance on how to use them in planning, decision making, or adaptation
design context.” While the Consensus Statements list a number of opportunities and limitations
associated with Bayesian probabilities, it is worth repeating one that relates to the conversation
here (emphasis added): “There is no consensus on how to meaningfully assign quantitative
probabilities for the upper extreme range of potential future global SLR; therefore, a given set of
Bayesian probabilistic projects may underestimate or overestimate the SLR contributions due to
rapid ice sheet loss after 2050.” The Consensus Statements go on to recommend that, to properly
represent uncertainty, multiple analyses and PDFs, rather than a single Bayesian PDF, should
underpin adaptation planning.

We think it was unfortunate that the California OPC (2018) guidance included the following
statement: “Probabilistic projections represent consensus on the best available science for
sea-level rise projections through 2150.” This statement is neither true nor consistent with the
Consensus Statements drafted by DB, CW, and Dr. Kopp, among others.

The second goal of this group was to address DP16 which, according to the Consensus
Statements, “suggested the potential for significantly higher upper end projections for Antarctic
ice sheet melt, which increase both global and regional SLR above most previously assumed
upper limits.” However, the group did not achieve this goal. “The group did not completely
fulfill one of its two objectives,” the Consensus Statements said, “the consideration of how
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DeConto and Pollard (2016), as a defining example of cutting-edge science leading to new upper
end SLR estimates, can or should be incorporated into planning.” Considering the chaos and
confusion prevalent in the uptake of high-end projections into planning, as reported in our
submitted manuscript and other sources (e.g., Stammer et al., 2019; Boyle et al 2022; van de Wal
et al., 2022; Hirschfeld et al., 2023; Hirschfeld et al., 2024), DB wishes to express his regret that
he failed to lead the authors of the Consensus Statements into this next round of conversations in
2018. Perhaps the authors, working together, could have helped mitigate the confusion that
persists today about high-end projections, including how to treat modeling studies that project
catastrophic Antarctic ice melt on an adaptation time scale but are not widely accepted in the
science community (including DP16 and DeConto et al., 2021).

The authors should remove language stating or implying a reliance of Sweet et al. (2017) on
DeConto and Pollard (2016). That would be a good first step in helping the paper be considered
for publication.

We will remove this language.

Note that I do not, in any way, have any objection to the authors disagreeing with the decision in
Sweet et al. (2017) to use 2.5 m globally by 2100 as the top-end, bounding scenario on other
grounds. Such a disagreement would simply have to be justified in terms of the totality of
references and lines of evidence summarized above, absent any reliance on DeConto and Pollard,
as well as the stated purpose of the use of a limiting upper-bound scenario in that report - in other
words, the choice to include 2.5 m not because it is at all likely, but precisely because it is very,
very unlikely.

We do, in fact, disagree with the decision in S17 to use 2.5 m as the top-end global scenario. To
support our disagreement, we will apply our actionable science criterion to the other studies cited
in S17, not including DP16. S17 cited eight papers as among the “growing number of studies
supporting upper GMSL bounds exceeding Pfeffer et al. (2008)’s estimate of 2.0 m by 2100
BA13, K14, Sriver et al. (2012), Rohling et al. (2013), Jevrejeva et al. (2014), Grinsted et al.
(2015), Jackson and Jevrejeva (2016), and Miller et al. (2013). We will comment on each study,
starting with BA13 and K14.

Table A1.1 in Sweet et al. (2022; hereafter S22) states that the Antarctic projections in S17 are
based on the “likely range from IPCC ARS5”, with the “shape of tails” for high-end projections
based on the structured expert judgment (SEJ) study of BA13, as interpreted by K14. BA13 gave
a 95™ percentile estimate of 0.84 m for the Greenland and Antarctic ice sheets together. K14
combined BA 13 with independent estimates for glaciers and ice caps, thermal expansion, and
land water storage to obtain a 95% upper bound of 1.21 m. This upper bound was based mainly
on processes that were understood at the time with at least medium confidence. To derive their
99.5% and 99.9% upper bounds (1.76 m and 2.45 m, respectively), K14 had to assume a
mathematical form for the tail probabilities. The Supporting Information in K14 states: “To



reconcile the AR5 and BA13 projections of ice sheet mass loss, we first fit log-normal
distributions to the rates of ice mass change in 2100 for AR5 and BA13.” They created hybrid
curves (see their Fig. S1) which were scaled to match the median and likely ranges of ARS, with
tails based on a log-normal fit to BA13. They did not try to justify the tails in terms of physical
processes.

We do not think the statistical analysis in K14 was robust enough to underpin decision-making
for adaptation planners. We refer to the quotations above from the Consensus Statements, in
particular the statement that “there is no consensus on how to meaningfully assign quantitative
probabilities for the upper extreme range of potential future global SLR”. We reiterate that more
robust efforts to display the significance and sources underpinning deep tails in Bayesian
probabilistic projections would improve clarity for practitioners who are considering these
outputs for adaptation planning.

Next, we will comment briefly on the other six studies.

Sriver et al. (2012) proposed an upper bound of 0.55 m for the thermal expansion (TE)
contribution to GMSL. This estimate was based on a perturbed physics ensemble applied to an
Earth system model of intermediate complexity (the UVic model) with a coarse-resolution ocean
component. AR5 cited this paper but gave a likely range of 0.21-0.33 m for TE under RCP8.5,
adding that “we have high confidence in the projections of thermal expansion using AOGCMs”
(p. 1151; emphasis in original). Similarly, AR6 gave an upper bound of 0.36 m for TE. We
conclude that the value of 0.55 m from Sriver et al. (2012) was an outlier based on a single
model. This high projection was discounted by the ARS authors prior to S17 and thus was not
appropriate for use in adaptation planning.

Rohling et al. (2013) used the geologic record to inform projections of future SLR. They
concluded that the geologic context supports SLR of up to 1.8 m by 2100 at 95% confidence.
This estimate was based on Monte Carlo—style sampling of the distributions of three parameters
in a logistic equation (their Eq. 1). They cautioned that their high-end estimate requires SLR
rates approaching 4 m/century, similar to those associated with Meltwater Pulse 1a during the
collapse of large Northern Hemisphere ice sheets about 14,000 years ago. This collapse might
not be an appropriate analog for the future (since these ice sheets no longer exist) and in any case
does not yield a projection as large as 2.5 m.

Jevrejeva et al. (2014), like K14, took the ARS likely range as a starting point and used BA13 to
estimate the additional ice-sheet contribution. They obtained a 95% upper bound of 1.8 m GMSL
rise by 2100—well below 2.5 m. They noted that “large uncertainties remain due to the lack of
scenario-dependent projections from ice sheet dynamical models, particularly for mass loss from
marine-based fast flowing outlet glaciers in Antarctica. This leads to an intrinsically hard to
quantify fat tail in the probability distribution for global mean sea level rise.” The studies of
Grinsted et al. (2015) and Jackson and Jevrejeva (2016) used similar methods and were broadly



consistent with Jevrejeva et al. (2014). None of these studies supports a 2.5 m projection.
Moreover, these studies do not provide evidence independent of K14. Like K14, they rely on
BA13, but they make different statistical inferences about the high end.

The only one of these six studies with a high-end GMSL projection exceeding 2.0 m is Miller et
al. (2013). Starting from a projection of 2.0 m based on Pfeffer et al. (2008), these authors argued
for additions of 0.1 m for land water storage (which Pfeffer et al. (2008) neglected), 0.25 m for
TE based on Sriver et al. (2012), and 0.3 m for the Antarctic ice sheet based on BA13. We would
challenge this projection on the following grounds:

e Pfeffer et al. (2008), which was taken as a starting point, assumed unrealistically high
GrIS discharge. AR5 (which appeared after Miller et al. (2013) was submitted for
publication) is a better starting point since it includes the land water storage term and has
a much lower GrIS contribution.

e Sriver et al. (2012), as discussed above, is an outlier. It does not provide robust evidence
for increasing the thermal expansion estimate.

e Miller et al. (2013) assumed an Antarctic contribution of 22 mm/yr by 2100 based on
BA13. This is larger than the 95" percentile upper bound of 17.6 mm/yr in BA13 for the
GrIS and AIS combined. To obtain a much higher Antarctic value than BA13, Miller et
al. (2013) assumed perfect correlation of the estimated 95" percentile contributions from
East and West Antarctica, without explaining why this assumption was justified. In our
view, BA13 does not support a 30-cm increase (from 0.62 m to 0.94 m) for the AIS
relative to Pfeffer et al. (2008).

We have proposed that actionable science should rest on multiple, consistent lines of high-quality
evidence, resulting in medium or high confidence as evaluated by a group of experts in a
transparent process. The eight studies above do not meet this criterion. Several of them (Miller et
al., 2013; K14, Jevrejeva et al., 2014; Grinsted et al., 2015; Jackson and Jevrejeva, 2016) depend
on BA13. In agreement with AR6, we would argue that SEJ studies like BA13 and Bamber et al.
(2019) do not meet a medium-confidence threshold, since the expert surveys can incorporate
low-confidence processes in a non-transparent way. Sriver et al. (2012) is an independent line of
evidence, but as early as 2013, this evidence was assessed as not being of high quality. Rohling
et al. (2013) added evidence from the geologic record but did not support a projection above 2 m.
Thus, the Extreme scenario did not meet our actionable science standard at the time S17 was
published.

The withdrawal of the Extreme scenario in S22 supports our argument for greater caution in
presenting low-confidence science. Furthermore, our actionable science criterion suggests that
the High scenario of 2.0 m by 2100 presented in S22 should not be regarded as actionable by
practitioners, since it relies in a non-transparent way on low-confidence studies.



We would also like to reply to CW’s statement that the Extreme scenario of 2.5 m was included
“not because it is at all likely, but precisely because it is very, very unlikely”. We do not object to
presenting unlikely scenarios when there is a scientific basis for estimating likelihood. Rather,
we object to presenting a single set of misleadingly precise probabilities, especially when these
probabilities lack a physical underpinning and draw from low-confidence analyses.

Finally, while my main concern is helping the authors correct this particular error, I do also
largely agree with the criticisms outlined in Community Comment 1 (CC1: ""Actionable" for
whom, in what decision context?', Robert Kopp, 15 Mar 2024). It would be good to see the
authors respond to and/or address those in their revision.

We have responded to Dr. Kopp’s criticisms in a separate document.

I appreciate the authors spending the time and effort to grapple with these issues in the literature.
I continue to be very supportive of having these types of issues and ideas discussed, and I believe
the continuation of the dialogue through this paper is valuable.

We thank Dr. Weaver for joining us in grappling with these issues.
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