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Review of: "Impacts of cloud and precipitation processes on maritime shallow convec-
tion as simulated by an LES model with bin microphysics” by W.W. Grabowski, L.-P.
Wang, and T. V. Prabha

The authors present a study of microphysical choices on the macroscopic impact on
convective clouds in a set of large-eddy simulations applying warm-rain bin micro-
physics. The impact of the employed collision kernel as well as to the prescribed CCN
concentration is investigated. On the cloud scale the study documents a change in
the condensate offloading and cloud droplet evaporation. On the scale of the macro-
scopic cloud field impacts are minor. In addition, the authors discuss if effects of cloud
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turbulence on the formation of drizzle or rain could be observable from space.

While the work presents some interesting results, it is difficult to read the paper as a
self-contained study. In many parts it refers to the previous study of Wyszogrodzki et
al. (2013) and the reader gets the impression, that the current paper is an extension of
the previous work.

Moreover, the results presented show some deficiencies in originality. A comparison
between the traditional gravitational collision kernel and the turbulent kernel has been
presented in the Wyszogrodzki et al. (2013) study already. Concerning the question
on the macroscopic impacts of chosen CCN and the collision kernel, the authors would
need to work out more clearly, where they distance themselves from e.g. the Stevens
and Seifert (2008) study and what the new content of the current study is.

In addition, the study could benefit from being more precise at certain places. E.g.
in those places where cloud water evaporation is brought forward as a mechanism,
the evaporation is never shown explicitly. theta_d and theta_e are shown, but if the
authors presented output from the microphysics routine indicating the evaporation rates
(or recalculated evaporation rates from the output fields) this would strengthen your
results.

General Comments:

1. | suggest to include the word “Macroscopic” into the title ("Macroscopic impacts
of cloud and precipitation processes on maritime shallow convection..."). This would
emphasize the focus of the current study and contrast it to the Wyszogrodzki et al.
(2013) study.

2. Include some more explanations to important aspects of the study in order to make
the current study more independent of the other study. In section 2 (numerical model
and setup) indicate the domain size again. | also suggest including a figure showing
rain rate and/or cloud water content once more. Otherwise the discussion is hard to
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follow if the reader is not familiar with the Wyszogrodzki et al. (2013) study.

3. In most cases only the N30 and N240 cases are discussed, as these show the
most extreme results. As you state, the other cases are situated somewhere between
these extremes. You could consider discussing only these two simulations from the
beginning and to add a section termed something like “additional studies” in the end
which explains the intermediate simulations.

4. The authors investigate vertical profiles of potential temperature and water vapor
mixing ratio to show the macroscopic impacts of the microphysical choices. It would be
nice to see some more explanations later on in the paper, why the profiles look different
and how this is linked to cloud-droplet evaporation and condensate off-loading. The
temperature profiles in Figure 1 show a difference of ~0.8K at a height of 1.7 km,
where cloud fraction is roughly 2-5% (Figure 7). This would correspond to a difference
in the evaporated water of 0.016-0.0064 kg/kg. Is this about reasonable?

5. CAPE is used as a measure for the macroscopic impacts on clouds, but deeper
clouds for higher values of CAPE are not found. Maybe CAPE is not a good predictor
for cloud-top height in this case. As you show cloud depth is to a considerably larger
degree controlled by entrainment/detrainment, their size, and thereby degree of orga-
nization than to the profile. Add some more discussion on the usefulness of CAPE for
shallow clouds.

6. In section 4 the authors reason about the utilization of satellite data to confirm
the impact of small-scale turbulence on the warm-rain initiation. The purpose of this
section is not entirely clear to me. The collision kernel is a parameterization, where
one of the two formulations is reproducing nature more adequately than the other one.
In nature, only one realization of the experiment is performed and no second dataset
available for comparison. Work out more clearly, what you exactly want to compare
with which data. Is the aim to distinguish regimes in which turbulence collision is more
important than in other cases? Or is the aim to verify the effect by comparing modeling
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data to observation data?
Specific Comments

Page 19840: 3-5: the presented study shows the opposite, namely deeper clouds
for larger cloud droplets due to the condensate-offloading mechanism. Discuss these
results in the context of your work once more in the discussion section.

Page 19842: include the domain size into the description of the setup
Page 19842-19843: include a figure showing the rain rates

Page 19843: why are the theta profiles different? If you cannot answer the question
here, come back to it later.

Page 19844, Line 22-24: The sentence “the cloud top height ...” is not necessary to
understand the current study and can be removed.

Page 19844: concerning the calculation of the cloud-top height: one could also define
one single cloud-top height per cloud, either the maximum value for each cloud or some
different measure. Thereby you could also circumvent the problem of the increased
number of columns from rain which is stated on page 19845, lines 16-18.

Page 19845, Line 15, “the former...” explain the dynamical effect once more and the
condensate-offloading mechanisms. Any reader not familiar with the Wyszogrodzki et
al. (2013) may have difficulties following the arguing.

Page 19846: in my opinion some of the four groups are ill-defined and may lead to
misleading results. | agree with the definition of “cloud updrafts”, whereas both “cloud-
edge downdrafts” and “ascending strongly diluted volumes” could also be the signature
of gravity waves in the cloud-free environment and do not necessarily need to be con-
nected to clouds.

Page 19864: it would help the reader to understand the theta_e theta_d plots more
easily if you added a short description on what you would expect to see in these dia-
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grams.

Page 19864, Line 25-26: volumes with high values of theta_e could also be moistened
by evaporation from rain from above and thereby increase their theta_e value. It seems
a bit arbitrary to me to restrict high theta_e volumes to originating from the surface.
Show more evidence here.

Page 19847, line 3-4: what about the other differences between the simulations? e.g.
in Fig. 4, the scatterplot for w>1m/s, qc<0.1kg/kg: there are a number of points with
relatively low theta_e but considerable positive buoyancy? Which processes create
positive buoyancy in these points?

Page 19847, fourth paragraph: above, the authors discuss the impact of varied CCN,
then they quickly jump into differences between GRAV and TURB. For any reader who
has not read the WGWA13 study it would be beneficial if the main results from the
study concerning the histogram structure was explained.

Page 19848: In addition to showing the profiles of cloud fraction, it would be useful to
have a plot showing the vertical rain water distribution.

Page 19848, section 3.4: there is large overlap between the profile from the individual
time steps, in some cases the variation in time is larger than the differences between
the simulations. Even though you comment on the importance of the life-cycle of the
clouds, it would be good to have another comment on the issue in the context of the
figure.

Page 19849: section 3.5: the entire section is very qualitative and adds very little to the
paper. | suggest removing the section but keeping the sentence “Although small-scale

Page 19854, line 23-25: this sentence is hard to understand. Explain more clearly, why
these effects explain the differences in cloud-top height distribution.

Page 19855 second paragraph-19856, first paragraph. The authors hypothesize on the
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impacts of cloud and precipitation processes on the lifetime effect but do not back up
any of the statements by data. | suggest to remove the entire paragraph.

Page 19858, line 7-9: a variable that increases both with the cloud depth and droplet
size will still not yield a unique answer. One would need two separate variables, one
sensitive to cloud depth, the other one sensitive to droplet size.

Technical Comments

Page 19839: line 16: replace "contributions" by "contribution”

Page 19839: line 22: replace "a question” by "the question”

Page 19840: line 24: replace "development” by "the development"

Page 19841: line 20: replace "the second question" by "to the second question”
Page 19844, line 14: replace “terminate in” by “terminate in the”

Page 19846, line 4: replace “by next three figures” by “by the next three figures”
Page 19847, line 29: replace “need” by “needs”

Page 19848, line 13: replace “Figure 6” by “Figure 7”

Page 19848, line 15: insert “the” before “NOCOAL”

Page 19848, line 22: replace the slash between drizzle/rain with “or”, otherwise it is
confusing with the other usage of dashes.

Page 19848, line 24: insert “the” before “cloud layer”.

Page 19848, line 25: insert “a” before “strong inversion”.

Page 19851, line 1: insert “the” before “frequency”

Page 19851, line 4: insert “the” before “Frequency”

Page 19851, line 28: insert “the” before “cloud lifecycle”
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Page 19852, line 21: replace “van Zantem” by “van Zanten”
Page 19852, line 24: insert “the” before “onset”

Page 19852, line 27: insert “the” before “evolution”

Page 19853, line 10: insert “the” before “earlier formation”
Page 19853, line 14. insert “the” before “upper parts”

Page 19855, line 17: insert “the” before “turbulent kernel”
Page 19857, line 23: insert “a” before “limited set”
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