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We thank again the reviewers for reading our revised paper and for their positive feedback; in
particular we would like to thank James Done, who entered the review process only for this 2
round. Below we explain how we addressed the points raised by the reviewers during the 2
review round. The reviewers’ comments are in black and our replies in blue.

Reviewer 2 — Osamu Miyawaki

The authors have adequately addressed my previous comments. I recommend the manuscript
be accepted for publication on the condition that they address the minor follow-up comments
below.

Specific comments:

Line 200 and Appendix A: Please quantify the impact of using the modified definition of t
instead of describing it as “marginal.” Because tg sets the lower integration bound for all
decomposition terms, it would be useful to provide a numerical estimate of the effect on T',
advective T', adiabatic T', and diabatic T', or at least on resl.

Unfortunately, exactly quantifying the effect of the modified definition of t; (the one used with
CESM2) on the ERAS analysis would require recomputing the complete analysis with ERAS —
an effort of several month of computation on our systems. We trust that the reviewer and future
readers have confidence that when we made the slight modification of tg;, we checked (for
selected events) that the effect of this modification is indeed “marginal”. Furthermore, the
following two arguments support this conclusion:

First, note that the modified definition of t; (the one used in CESM2) leads to a smaller residual
resl than the original definition of t;. Consequently, had we used the modified definition of t,
already in the ERAS analysis, then at best, the residual res/ would have reduced to zero. A
numerical upper bound of the effect of the modified definition of t; is thus given by the
magnitude of the residual res/ itself (Extended Data Figure 8b in Ré&thlisberger & Papritz,
2023). Consider that res/ is 0.2 — 0.8 K in most land regions on Earth (Extended Data Figure
8b in Rothlisberger & Papritz, 2023), while TX1day T’ is roughly an order of magnitude larger
(5 K when averaging across all land regions below 1500m.a.s.1, Fig. 3a in this study).



Second, the typical age of the T anomalies during TX1day events is about 60 h (Fig. 4) and
employing the modified definition of t, also in ERAS would introduce statistically for 50% of
the trajectories no change and for 50% a change of 3 h (see again the detailed explanations in
Appendix A). That is, the integration time typically changes by less than an order of magnitude.
Therefore, we feel it is justified to consider the effect of this modified definition as “marginal”
and refrain from recomputing the entire ERAS analysis with this modified definition of tg. Note,
however, that employing the modified definition of t, is beneficial in the CESM2 analysis —
there we work with 6-hourly data (as opposed to 3-hourly data in ERAS), which means that
when employing the original definition of tg in the CESM2 analysis, the residual res/ would
have approximately doubled compared to the ERAS analysis.

Line 429: The text still refers to “Oklahoma” for Fig. 10b, while the figure caption now refers
to Kansas City. Please make this consistent.

Many thanks for spotting this typo! Corrected to “Kansas City”.

Lines 134-137 and Table 1: Please clarify whether CESM2 has 30 or 32 vertical/model levels.
Again, many thanks for spotting this. CESM2 has 32 vertical levels, this was corrected in L134.
Minor corrections:

Line 127: “a state-of-the-art global climate models” should be “a state-of-the-art global climate
model” or “state-of-the-art global climate models.”

Thanks, corrected to “a state-of-the-art global climate model”.

Line 137: “the model are thus able” should be “the model and are thus able”.

Thanks, corrected as suggested.

Line 153: “LAGRANTO is versatile tool” should be “LAGRANTO is a versatile tool.”
Thanks, corrected as suggested.

Code and data availability: “Data and python code to to apply...” has a duplicated “to.”

Thanks, one “to” deleted.



Reviewer 3 — James Done

Summary:

Our confidence in climate model projections of extreme events is rooted in the climate model’s
ability to capture the driving processes. This study evaluating extreme heat processes in models
is therefore critically important to understand our confidence in extreme heat projections.

The authors present a well justified methodology that breaks down the key contributing
processes to annual temperature maxima in CESM2 and evaluates each in turn against
ERAS(IFS) using an air-parcel tracking technique. These processes include circulation, land
surface fluxes, and compressional warming. A global evaluation finds that heat extremes in
CESM2 and ERAS evolve in physically similar ways by region and by dominant weather type.
Yet, they also uncover compensating differences between CESM2 and ERAS.

This is an important study that has revealed differences in the processes driving heat extremes
in CESM2 compared to a reanalysis product. This new information is critical for the
interpretation of heat extreme projections and to inform model development priorities.

Many thanks for your positive overall assessment of our work.
Main Comment:

My main comment responds to a key concern of the reviewers of the original manuscript. They
questioned the validity of comparing processes between CESM2 and ERAS (IFS) when the two
modelling systems operate at different horizontal, vertical, and temporal resolutions and have
different dynamical cores and physical parameterizations.

I agree with the authors that the primary research goal of the paper is to compare heat extremes
in a climate model that is used to make projections (CESM2 contributing to CMIP6) with heat
extremes in another model (IFS) despite their different resolutions, dynamical core and physics.

I can understand the concern of Reviewer 1 that it is not a fair comparison between CESM2
and ERAS. But the goal of the paper is not to fairly compare models but rather to understand
the ability of CESM2 - as it is used in making projections - in capturing the drivers of heat
extremes. This means comparing CESM2 with the highest resolution ERAS as computationally
feasible (.5deg) to get best reanalysed estimate of mechanisms. Moreover, the use of ERAS to
evaluate processes in climate models is widespread and justified in the published literature. See,
for example, the multitude of studies on the 2021 Pacific Northwest heatwave.

We agree with this assessment.

The paper includes a repeated comparison with ERAS coarsened to similar resolution as
CESM2 (Section 3.4.1). I welcome this inclusion that confirms that most of the differences are
not due to different resolutions. I note, however, that coarsening ERAS5 to the CESM2 resolution
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is not the same as ERAS solving equations at the CESM2 resolution. In addition, while the
resolution differences are stated, what really matters are the effective resolutions (i.e., the
resolvable scales) and these are not reported. But this sensitivity study is still useful.

Again, we fully agree, changing grid spacing is only one (very technical aspect) and our
comparisons cannot quantify effects of the differing dynamical cores and parameterizations (as
we mention in L117).

The authors state that they regard ERAS as truth and frame departures of CESM2 from ERAS
as ‘bias’. Given that ERAS itself is a numerical model-based product (albeit with heavy data
assimilation) it also likely has inherent biases relative to other observational products. One way
to further respond to the concern of the original reviewers is to reframe differences between
CESM2 and ERAS as just that — differences — rather than bias. Differences and bias are already
used interchangeably in the manuscript so it wouldn’t be too much effort to consistently talk in
terms of differences.

Fine, we changed “bias/es” to “difference/s” in the most places across the manuscript.

Minor Comments:
1) Line 128 sounds defensive. Instead of ‘we are fully aware’, I suggest ‘evaluation performed
in the context of the differences’.

We are not sure about the formulation “in the context of the differences”, but we deleted “fully”
to make our formulation less defensive.

2) Line 543 sounds conversational. Rather than declaring your personal appreciation for Mayer
(2025), I suggest stating the scientific reason why you appreciate it. Or simply remove this
phrasing because you already discuss, at-length, the scientific value above.

This refers most likely to L524. We agree with your comment and removed the short paragraph
in L.424-427.



