
Review of the manuscript „Impact of the temperature-cloud
phase relationship on the simulatedArctic warming during

the last interglacial“ by Arima and Yoshimori et al.

Overview
In their study Arima and Yoshimori et al. address the problem that many climate
models are too insensitive to the radiative forcing of the Last Interglacial (LIG) to
reproduce current inferences on the state of the Arctic Cryosphere. The literature
has addressed many hypotheses and studied how retuning parameterizations of
climate models optimized for current climate could reduce some of the biases of
models with regard to inferences from the geologic record. In their study Arima
and Yoshimori et al. shortly refer to previous work that aims at explaining
potential causes for limited model sensitivity when simulationg LIG climate
(including vegetation dynamics and melt-pond scheme). Based on this motivation
the authors focus on another aspect of climate model formulation and
demonstrate, how changes in cloud parameter sets, in combination with and
without dynamic vegetation, can lead to differences in simulated climates. The
authors find that increasing the availability of supercooled liquid water warms the
Arctic and reduces LIG summer sea ice via different behavior of low-level clouds.

The research presented by Arima and Yoshimori et al. presents a prime example
of study that a) employs paleoclimate as a laboratory to understand potential
reasons for model biases with respect to our inference from the geologic record, b)
applies that understanding towards developing a modified climate model, and c)
critically evaluates the changes in the context of other uncertainties in the model.
I find the presented research both important and generally very well written. I
recommend it for publication in Climate of the Past after addressing or rebutting a
number of comments (mostly minor) that I suggest for consideration by the
authors when creating a revised manuscript. Please refer to details below.

Overarching comments

The relevant mechanism that is the focus of this study is explained in detail in the
introduction and mostly supported by referenced relevant literature, contributing
to the comprehension of the presented research. Exceptions to this rule are, in my
humble opinion, the explanation of the technical details in Section 2. From
statements on pages 4 and 5 I interpret that the actual relevant model parameter
to change is T_ice, and that the other two parameters are merely modified to
retune the simulated climate to maintain sufficient model skill for some observed
modern climate patterns. Presenting this information further up in Section 2.2
may simplify comprehension on the side of your readership. Highlighting T_ice as
the relevant change (maybe even in Table 1) would make this even clearer. Lots
of parameters are referenced („α�, β �, g� and C_c�" are constants“; „�V_0 and δ � are
constants“). Please make clear in the text whether these are the same as those
that you specifically target in your simulation, and also describe what the other
symbols refer to (unless they are not of interest to this study, which would then
pose the question why they are mentioned here).

Some formulations and text sections remain unclear to me and are (in my
personal opinion) overly complicated. Examples:



line 103: „We note that the parameter set “B” referred to the parameter set A
applied to a different model version in their study as well as in Sherriff-Tadano
and Abe-Ouchi (2020), and we retain the names “A” and “C” in this study.“ Here a
reader, who does not already know details of the model parameter sets, may feel
overwhelmed. Given that the research presented here should be relevant well
beyond the MIROC community I suggest to aim for easier comprehension. The
whole paragraph seems to be providing very detailed technical information
without providing an explanation at a higher flight level.
The authors provide a clear description of the expected impact of changes in
selected parameter values (line 140f). I think that highlighting this aspect more,
maybe even further up, may simplify reading the various technical details (that
are important nonetheless). Ideally, one could add in the discussion section later
on whether there were any surprises found in the modelled results; i.e., where
there any simulated changes in climate characteristics that differed from what the
authors initially expected?

It may be a personal limitation on my side, but I was sometimes a bit confused on
the parameter set names „A“ and „C“. The relationship of the other parameter set,
„B“, to „A“, and what its difference and relevance to the work at hand might be,
remains unclear. If there is no good reason to keep the names as they are (maybe
„A“ and „C“ carry a specific meaning in the MIROC community that must be
maintained for clarity) then I would maybe come up with clearer names that aim
for simplicity and comprehension within this current manuscript.

A bit more explanation regarding the model-data comparison and the analysis of
contributions of different actors in the energy balance to the overall temperature
change would be helpful. While at first sight it appears that the energy balance
analysis may be done based on results from the fully coupled atmosphere-ocean
simulation including sea surface, some statements in the text (subsurface heat
from the soil rather than from the ocean) and the selection of the proxy data base
may hint that the focus is on atmosphere model output (standalone atmosphere
model, see lines 169ff) alone. If so, what is the motivation? Please clarify the text
accordingly.

Terminology is not consistent across the manuscript, in particular Table 5 and
legends of various figures could be improved in this regard. Very important,
please make sure that each and every parameter on pages 7 and 8 is clearly
defined and explained, ideally also featuring the respective physical symbol in
Table 5. This is important in particular for alpha, since that parameter has
different meanings between pages 6/7 (albedo) and 4/5 (autoconversion rate).

When referring to the use of the model in previous studies, I suggest to provide a
bit of detail in how far the referenced previous work is specifically relevant to the
current work. If you did so, then the relevant statements would be a bit more
connected to your work. For example: line 99 „This vegetation-coupled climate
model has also been used in previous studies (e.g., Hirose et al., 2025; O’ishi et
al., 2021).“ and line 91 „This climate model runs computationally very efficiently
and has been used in many previous studies (e.g., Chan and Abe-Ouchi, 2020;
Kuniyoshi et al., 2022; Sherriff-Tadano et al., 2023).“ A bit more details may be
informative towards judging the specific value of this model for the research at
hand.

For some statements that are based on referenced literature more appropriate
references could be chosen. For example, statements on the state of the LIG
could be made based on primary literature from multi-model analysis in PMIP or
proxy-based inferences, many of which may be cited by Gulev et al. (2021),
rather than refering to Gulev et al. (2021) alone (choice is of course subjective
and this is merely a suggestion).



For the statement „given that the Arctic is currently warming much faster than
the rest of the world, and sea ice is decreasing dramatically.“ one could provide a
reference to observations or reanalyses (again, subjective point of view). Not sure
whether the statement „Arctic amplification reaches its peak“ (line 64) is covered
by the reference mentioned in the same line before. If applicable, one could add
more specific references here.

Specific comments:
line 41: add a comma after „assemblages“? (not sure)

line 69: capitalize Last Glacial Maximum?

line 72: Please address in your dicussion to which extend keeping the number of
ice-nucleating particles fixed could impact the results.

line 73: the meaning of the following statement remains unclear to me, please
check: „Additionally, we would like to discuss the magnitude of this effect against
a range of model spreads.“

line 96: grid -> grid cell?

line 155: „the most dominant vegetation type simulated by PIvA over the last 100
years for each grid is prescribed in both PIfA and LIGfA experiments“ - was this
done on grid cell level or at global scale? Does dominant refer to what is shown in
Figure 3? This is not clear to me.

line 185: „whose total sum amounts to the simulated surface temperature
change under an excellent approximation“ - Do you maybe mean here: „whose
total sum is an excellent approximation to the simulated surface temperature
change?“

line 190f: „and Q �is the heat storage rate in the subsurface (e.g., heat conduction
into the soil layers)“. Does this analysis only refer to the standalone atmosphere
simulation that you mention a bit further up? If not, then heat storage in the
ocean may be an at least equally relevant process to mention here?

line 198: type setting of parameters evap, sens and subsurf could be improved
(use one letter symbols instead)?

line 280: „It is important to note that the LIG temperature reconstruction by
Turney and Jones (2010) is compiled from the locally warmest time within a wide
period of approximately 13,000 years, from 129 to 116 kaBP. Thus, it tends to
overestimate the 127 kaBP warming rather than underestimate it“. In the text one
nearly overreads that you actually also make a data comparison with Capron et al.
(2017). You mention this only in the caption to Fig. 8. I suggest to make the use of
two different proxy data sets clearer at this location. Furthermore, you could
elaborate on arguments why the comparison to Capron et l. (2017) may be more
robust, and you could reflect on differences in the model-data comparison that
may arise from using any of those two data sources. Capron et al. (2017) provide
some arguments why Turney and Jones (2010) should (maybe) not be used for an
evaluation of 127k. If the authors see good reasons for comparing against Turney
and Jones (2010) (while they are aware of some of the drawbacks as explicitly
stated here), then it would be good to provide at a suitable location of the
manuscript a motivation / justification for that decision.

line 286: add a dot after the bracket; grids-> grid cells?



line 292: delete dot after „Figures.“

line 304: not sure whether the term „grossly“ is the best choice here, it has a very
negative conotation.

line 314: When reading this I already had forgotten the definition of the
abbrevation CRE (line 226). This term does not appear too often, one could
consider to write it out for clarity.

line 328: capitalize archipelago? (also line 404)

line 329ff: While the argumentation seems plausible, I am asking myself whether
the simulation and model output would allow a further test of this statement.
Maybe it would be already illustrative to extend Figure 11 by showing more
preceeding and subsequent months to illustrate when and where the relationship
breaks?

line 344: delete „The“? Use an em-dash (or similar) for the „range“-sign in
October - December?

line 348: keep minus sign directly in front of the value to avoid confusion

line 370: „We added four values of summer (July-September) sea ice area (LIGvA,
LIGvC, LIGfA, and LIGfC) to the multi-model data shown in Fig. 13.“ I suggest to
refer here to the original publication for clarity.

line 442: „for the future simulations“ - do you refer here to simulations of future
climate or to future (i.e. work in progress) simulations of LIG climate?

line 457: „importing the model to“ -> „deploying the model at“?

Figure 1: caption could be more informative. In particular, a description of the
meaning of the vertical gray dashed bars (relevant temperature ranges for co-
existence of solid and fluid cloud droplets in parameter sets A and C), and a
reference to relevant mathematical symbols (e.g. T_ice), would make information
in the figure more self-contained.

Figure 3: Are these the dominant vegetation types the text speaks of? I.e. are
there more vegetation types per grid cell, but you show here only the dominant
one? Please clarify the text accordingly.

Figure 4: „Please refer to Table 5 for a description of each component“ - I note
that keys in the legend differ from those used in Table 5. This could be
harmonized.

Figure 8: I am at a loss what is the difference between this figure and Fig. S4. The
modelled temperature anomalies shown for these two figures are obviously
different, but figure captions appear identical to me (except for a typo). Could it
be that the caption in S4 is wrong and should refer to LIGfA (=LIGfA–PIfA); (b)
LIGfC (=LIGfC–PIfC) (replace any „v“ with an „f“).

Figure 9: increasing font size may lead to easier readability.

Figure 10: Subfigure b seems to have a partial frame, I guess this is an artifact.

Figure 11: increase font size

Figure 12: increase font size



Figure 13: You use different abbreviations for Northern Hemisphere in x-axis label
and caption

Appendix:
Is there a good reason to have a rather short appendix rather than implementing
this information directly in the main text?

Figure A1: Increase font size

Figure A2: Increase font size

Supplement:

For those Figures that are similar to Figures in the main text it could be made
clearer in the captions what is the difference to the Figure in the main text. In one
case absence of such clear statements, in combination with a series of typos
(„v“ instead of „f“) left me clueless regarding the data shown.

Explain the abbreviations (PIvA, PIvC, LIGvA, LIGvC) used in Fig. S1 within the
supplement. While you refer to the main text for details, the location where you
reference Fig. S1 first (Section 2, line 139) does not directly provide these
definitions, which rather follow later in Section 3, thereby leading to unclarity of
their meaning at this place.

Not sure whether there is a more meaningful location for the data availability
disclaimer (currently in line 25ff). Please check whether it must be put here rather
than in the main manuscript‘s corresponding data availability and disclaimer
sections.

Fig. S4: potentially an error in the caption, see my remark at Fig. 8

line 15: remove brackets around the unit? grids -> grid cells?

line 22: not sure whether „crude“ is the right term here (it is also used at some
other locations at the manuscript, please also check there)


