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This paper addresses the important and until-now under studied impact of changing
time-stepping and physics-dynamics coupling methodologies within numerical models
of the atmosphere. In this work, the Energy Exascale Earth System Model is used to
investigate the impact of a factor of 6 shortening in the time step for 10-year duration
simulation of the present (year 2000) climate. The shortening of the time step reduces
errors associated with truncation errors in time and also allows a tighter coupling of
the physical processes which are parameterized separately within the model (such as
dynamics, clouds, convection, and radiation). These changes have a small to mod-
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erate impact on the overall radiative balance of the model resulting in a warming of
the lower troposphere (+0.5K), cooling of the upper troposphere/lower stratosphere (-
0.5K), a decrease in low level relative humidity (1%, locally up to 10%) and a reduction
of low level clouds, particluarly in subtropical stratocumulus & shallow-cumulus regions.
These changes were determined to result from local thermodynamics changes rather
than changed to the circulation.

The authors then further investigate which part of the coupling is responsible for these
changes through a series of experiments where only a subset of the model’s param-
eterizations use a shortened timestep. The conclusion of these experiments is that
differences come from the calculation of the cloud marcophysics+microphysics, but
are not caused by sensitivities within the cloud microphysics+microphysics calcula-
tions; rather they are caused by changes to the input values to the cloud macro-
physics+microphysics parameterization, which result from changing time step length
in other parts of the model physics (e.g. larger temperature increments due to longer
radiation or dynamics time steps). In an attempt to study this effect, they briefly intro-
duce the "dribble" method of substepping the cloud microphysics with a shorter time
step and providing partial updates of the model prognostic variables to each substep
based on their change since the last time step.

-

I find the study to be well constructed, the paper well written and the figures generally
clear and justifying inclusion in the paper. I find the results convincing and have no
significant concerns regarding the method nor the scientific conclusions of the paper.
However, I have a few suggestions for making the paper clearer and improving the
clarity of the messages within it. In my opinion the paper is already worthy of publication
and my suggestions are intended to improve the clarity of some parts of the paper.

-

1) I suggest including quantification of the changes to temperature, RH and clouds in
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both the abstract and conclusions so that the scale of the time step sensitivity is easily
findable.

2) I do not see the value of including information about EAMv0 model output in the
paper. The authors should think about whether it is really important to include the
description of this model version and the changes in biases between v0 and v1. I didn’t
find that this information added (or detracted) from my understanding of the time step
sensitivity.

3) I found the schematic figure 2 incredibly valuable - showing which sets of simula-
tions I should compare to see what effect. However, the text-based descriptions of
the different time-stepping (coupling) strategies I found confusing and made my own
notes/sketches when reading the paper. Only at the end of reading the paper did I
find the schematics in figures A1 & A2. In this case the figures are much easier to
compare than long sections of text and I would therefore suggest adding more explicit
references to the explanatory figures at the beginning of each block of text, rather than
at the end. (a specific example: more the reference to Figure A2b from line 322 to line
314 (perhaps moving the whole sentence)).

4) The sections 4.3.2 (dribble method) and 4.3.3 (shorter tau in convective param.) are
confusing to me. The method is introduced, the results are very briefly summarized
and a summary sentence is reached. However, I do not follow which figures should
be compared to reach the same conclusions as the authors. Furthermore, the authors
do not include any information from these two subsections in their conclusions and
therefore I think the meaning of these sections is lost. Either these sections (and the
conclusions) should be expanded to include the logic and comparison of the relevant
figures, or could be omitted from the paper completely without losing impact (as they
are currently difficult to understand - at least by me). You already mention that an
additional paper is being prepared about the dribble method, so perhaps that would be
the place for a more expansive discussion.
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5) The authors state that the cause of the time step sensitivity coming from outside,
rather than within, the subcycled physics is "counter-intuitive" (abstract and line 279).
However, this is exactly the mechanism for time step sensitivity that I reported in Barrett
et al. (2019) from cloud-resolving model simulations (with time step ranges from 1-15
seconds). I agree that it was initially counter intuitive, but is related to the requirement
for the cloud parameterizations to react to a large push away from equilibrium by con-
densation (resulting from cooling imposed by the dynamics and radiation tendencies).
I therefore suggest:

5.1) Adding a sentence that this is potentially caused by condensation/cloud formation
in the model and the sensitivity does not get removed even with time steps of only a
few seconds (which are not achievable in climate simulations), strengthening the argu-
ment for the importance of finding a good numerical solution to this problem (perhaps
dribbling...)

5.2) Including information in the model description about which part of the model diag-
noses the cloud fraction and condensation (i.e. whether this occurs inside or outside
of the microphysics+macrophysics and how it is treated within the subcycling setups)

Typos found:

Line 90: this *is* tied to

Line 440: The mechanisms *under* -> *behind*
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