
Response to Reviewer 2

We thank the reviewer for the careful reading of our manuscript and for the constructive comments.
We are pleased that the reviewer found the topic and the testing of new parametrization schemes
interesting. Following these comments, the manuscript has been revised to improve the clarity of
the methodology, strengthen the interpretation of the differences between parametrizations, expand
the discussion of the visible and near-infrared channels, and reduce repetitions throughout the text.

General comments

General comment 1

Reviewer comment: The manuscript needs careful language editing. There are many typos, and
the phrasing should be revised in large parts of the manuscript. For instance, carefully revise the use
of fill-words like “hence”, “therefore”, “indeed” or “then”, which are often used in a confusing way. In
parts, things are repeated several times over different paragraphs or sections, and the structure/order
of arguments is sometimes confusing. Overall, the manuscript would benefit from making it more
concise.

Response: The manuscript has been carefully revised to improve the English, the structure and
the conciseness of the text.

General comment 2

Reviewer comment: I share the concerns of Reviewer 1 about the study being based only on one
flight.

Response: This point has been addressed in detail in our response to Major concern 1 of Reviewer
1.

General comment 3

Reviewer comment: The results showing the differences between different parametrization schemes
are interesting. It could benefit from a bit more discussion/interpretation where differences come
from. What can we learn in the end from this comparison? Can we understand better why some
parametrizations work better than others? Any ideas why the visible and NIR channels could not
be reproduced?

Response: The results show that the infrared simulations are strongly controlled by the representa-
tion of the cloud top. Once missing cloud-top ice is added, the differences between the parametriza-
tions become smaller in the thermal infrared, suggesting that the cloud-top altitude and optical
thickness dominate the thermal signal for this optically thick convective case.

Second, the comparison between the new methods indicates that the particle size distribution has a
larger impact than the choice of habit alone in this case. This is especially visible when comparing
Method 1 and Method 1-bis, where the change in PSD leads to stronger differences than the habit-
selection differences between the other new methods.

Third, the visible and near-infrared channels remain difficult to reproduce, especially with the new
methods. We now discuss this issue in terms of the combined effects of extinction coefficient, asym-
metry parameter and single-scattering albedo. At visible wavelengths, absorption is weak and the
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reflected signal is strongly affected by the angular scattering properties. At 1.6 and 3.9 µm, ab-
sorption by ice becomes more important, so both scattering and absorption properties must be
considered. Therefore, the poor reproduction of these channels cannot be attributed to a single
parameter. It likely reflects remaining uncertainties in the representation of PSD, habit-dependent
scattering, optical depth and possibly the spatial/temporal collocation. We also state that deter-
mining which parametrization is the most robust would require additional cases, although Method
1-bis appears promising.

General comment 4

Reviewer comment: It is mentioned that the size distribution is found to be an important param-
eter. It would be worth expanding a bit more on your findings which parameters are most important
(size distribution vs habit vs ...).

Response: The comparison performed in the paper suggests that, for the present case, the PSD is
one of the most influential microphysical assumptions. This conclusion comes from the comparison
between Method 1 and Method 1-bis, which use different PSD assumptions while keeping similar
habit information. The resulting differences are larger than those obtained when only the habit-
selection strategy is modified.

We nevertheless do not conclude that habit is unimportant. Ice crystal habit affects the phase func-
tion, the asymmetry parameter and the spectral dependence of scattering and absorption. However,
in the set of simulations presented here, the sensitivity to habit alone appears smaller than the sen-
sitivity to the PSD. The revised manuscript now presents this result more carefully: PSD appears
to be dominant for this specific case and set of methods, while a broader conclusion would require
additional cases and a more systematic separation of PSD, habit, mass–diameter relationship and
optical-property effects.

Specific comments

Specific comment 1

Reviewer comment: I stumbled across the last sentence of the abstract: “Hence, the necessary
knowledge on condition to perform simulations with these two channels stay an open question.”
Please phrase differently to explain what you mean here. Also, you could think about adding an
additional sentence to the abstract, summarizing e.g. the impact of this research.

Response: The last sentence of the abstract has been rewritten to make the meaning clearer. We
now state that the 1.6 µm and 3.9 µm channels remain poorly reproduced, indicating the need
for a better characterization of the microphysical and optical properties controlling the reflected
solar signal in these channels. We also added a sentence summarizing the impact of the study: the
paper provides a framework for evaluating ice optical-property parametrizations in RTTOV using
collocated airborne radar retrievals and geostationary satellite observations, while highlighting the
importance of cloud-top IWC and ice microphysical assumptions for deep convective clouds.

Specific comment 2

Reviewer comment: Line 115 and following: You write that a 7.5-minute time difference might
lead to significant discrepancies between in-situ and satellite measurements. Couldn’t you use only
the aircraft measurements in a smaller time window around the satellite measurement to avoid this
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uncertainty? An alternative idea would be to show somewhere how well the RTTOV simulations vs
satellite measurements match as a function of time difference, to check whether this is an important
factor.

Response: We agree that the temporal mismatch between the airborne measurements and the
SEVIRI observations is an important source of uncertainty, especially for a rapidly evolving con-
vective system. A smaller time window around each satellite acquisition would improve temporal
consistency, but it would also strongly reduce the number of available RASTA profiles within each
SEVIRI pixel. This would increase sampling noise and make the comparison less statistically robust.

For this reason, the ±7.5 min collocation window was kept as a compromise between temporal
consistency and the number of collocated profiles. The revised manuscript now explains this choice
more clearly. We also agree that analysing the simulation-observation differences as a function of the
time difference would be useful. This was not included in the present study, but it is now identified
as a limitation and as a perspective for future work.

Specific comment 3

Reviewer comment: Line 123 and following: “Figure 3 shows IWC profiles interpolated on the
model levels of ERA5, where a linear interpolation is applied. Hence, IWC profiles are re-gridded onto
the MSG grid using a nearest-neighbor approach in latitude–longitude space”. I am confused – isn’t
the measured resolution of IWC profiles higher than ERA5? Why does it need to be interpolated?
Also, instead of “Hence”, maybe use something like “In addition”, since the second sentence does not
follow from the first.

Response: The reviewer is correct: the native vertical resolution of the RASTA IWC profiles is
higher than that of the ERA5 atmospheric profiles. The interpolation onto ERA5 model levels was
not performed to increase the information content of the radar profile, but for consistency with the
RTTOV input structure. RTTOV requires atmospheric profiles, such as temperature and humidity,
which were taken from ERA5. Interpolating IWC onto the same vertical grid ensures that the cloud
and atmospheric variables are defined on a common set of levels.

This interpolation also reduces the computational cost of the bulk optical-property calculations,
which must be performed for each cloudy model layer. The revised manuscript now explains these
two reasons explicitly. We also replaced “Hence” by “In addition”, because the horizontal collocation
onto the MSG grid is a separate step and does not logically follow from the vertical interpolation.
The distinction between vertical interpolation and horizontal collocation is now clearer.

Specific comment 4

Reviewer comment: In Fig. 3, is the IWC and std(IWC) taken separately for each altitude
level of the profiles? Also, you can consider plotting std(IWC)/IWC as y-axis to directly show the
percentage-variation of IWC for each MSG pixel. It is stated that 10% of subpixel heterogeneity is
negligible compared to the measurement uncertainties – how large are these uncertainties?

Response: This part has been clarified. The IWC variability is estimated separately at each vertical
level using the RASTA profiles collocated within each MSG pixel. We now distinguish between the
absolute standard deviation and the relative variability, expressed as std(IWC)/IWC. The previous
statement that the variability is around 10% was too general. The revised manuscript now states
that this value is representative only of the largest IWC values, while the relative variability can be
much larger at lower IWC.
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We also revised the comparison with measurement uncertainty. The standard deviation shown in the
figure describes sub-pixel heterogeneity in the collocated profiles, whereas the radar retrieval uncer-
tainty depends on additional factors such as sensitivity, attenuation and microphysical assumptions.
We therefore no longer state that the sub-pixel variability is negligible over the full IWC range. In-
stead, we present it as a diagnostic of spatial heterogeneity that complements, but does not replace,
the discussion of retrieval uncertainty.

Specific comment 5

Reviewer comment: Does Fig. 4 show the average IWC over all profiles/time steps? Would it
make sense to show a couple of different average profiles, e.g. the ones corresponding to the different
SEVIRI times (a–f in Fig. 2), since at certain times the aircraft was sampling the clouds closer to
the center of the convective system and at other times the anvil?

Response: Figure 4 shows the median IWC profile computed from the collocated RASTA profiles,
not a detailed time-resolved description of the cloud evolution. We agree that showing separate
profiles for each SEVIRI acquisition time could provide additional information on the evolution of
the sampled convective system. However, even within one SEVIRI time slot, individual RASTA
profiles can differ strongly because the aircraft crosses different parts of the cloud system, including
regions closer to the convective core and regions closer to the anvil.

The aim of Fig. 4 is therefore to provide a representative vertical structure of the sampled cloud and
to emphasize its large IWC and vertical extent.

Specific comment 6

Reviewer comment: Line 180 and following: Add a reference here so that the reader knows that
it is later specified which particle size distribution is chosen in case of Method 1-bis.

Response: A reference has been added to Table 2, and the text has been clarified so that the PSD
used for Method 1-bis is explicitly identified. This avoids ambiguity and makes clear that Method
1-bis was designed to isolate the impact of changing the PSD assumption.

Specific comment 7

Reviewer comment: Fig. 5a: why are there sometimes relatively large white gaps between the
different choices of particle habits?

Response: The white gaps in Fig. 5a were due to a plotting issue in the Python script used to
generate the figure. They were not physical features of the particle-habit classification and should
not be interpreted as missing habit regimes. The figure has been corrected in the revised manuscript.

Specific comment 8

Reviewer comment: Line 201 and following: I suggest specifying a bit more how this integration
is done. Are the bulk optical properties computed for each altitude layer separately, and integrated
within the bounds of each SEVIRI pixel? However, was not the average IWC computed for each
SEVIRI pixel before? So which IWC is used to estimate particle habit and PSD – the one in original
resolution or the averaged one?

Response: We agree that this part was not sufficiently clear. For each SEVIRI pixel, the collo-
cated RASTA measurements are first used to define one vertical IWC profile on the RTTOV/ERA5
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vertical grid. This profile contains 137 model layers. The bulk optical properties are then computed
separately for each model layer in which IWC is present.

At each cloudy layer, the local IWC and temperature are used to determine the PSD and the ice
crystal habit according to the selected method. The single-scattering properties are then integrated
over the corresponding PSD at that layer. Thus, the integration is not performed once for a vertically
averaged cloud profile; it is performed independently at each vertical level where ice is present. This
produces layer-dependent bulk optical properties that are passed to RTTOV. The revised text now
describes this workflow explicitly.

Specific comment 10

Reviewer comment: It would be nice to show the mass-size relationship for all parametrizations
that are compared.

Response: The discussion of mass–size relationships has been expanded. We now provide additional
context for the relations used by the new methods and by the reference RTTOV parametrizations.
Where an explicit mass–diameter relation is used in our workflow, it is shown or described more
clearly. For parametrizations used directly through RTTOV optical-property tables, we clarify that
the corresponding mass–diameter assumptions are embedded in the parametrization and are not
implemented as an independent relation in our calculation.

This addition helps place the differences between methods in a more physical context. The mass–
diameter relationship affects the link between particle size, mass, PSD and optical properties, and
therefore contributes to the interpretation of the differences between the simulated radiances.

Specific comment 11

Reviewer comment: Line 268 and following: I stumbled over the description of the phase function
for thermal wavelengths – it does not seem to fit the figure. Isn’t the reason why the radiance is
more angularly uniform in the thermal that absorption dominates, and re-emission does not have a
large angular dependence, in contrast to the phase function being responsible?

Response: We agree with the reviewer. The previous wording was misleading because it could sug-
gest that the more uniform angular behaviour of the thermal infrared radiance was mainly controlled
by the scattering phase function. The revised text now clarifies that, around 10 µm, absorption and
thermal emission dominate over scattering. Since thermal emission is much less directional than
solar scattering, the outgoing infrared radiance is more angularly uniform and less sensitive to the
detailed scattering phase function than in the visible and near-infrared channels.

The discussion now distinguishes more clearly between the solar channels, where the phase function
and asymmetry parameter directly control the angular distribution of reflected sunlight, and the
thermal infrared channels, where absorption and emission are the dominant processes.

Specific comment 12

Reviewer comment: As several parts of the manuscript, the conclusions sometimes repeats itself.
It should be structured in a clearer way.

Response: The conclusion section has been rewritten to avoid repetitions and to improve clarity.
It is now organized around four elements: the methodological framework, the main results for
the infrared channels, the limitations and remaining discrepancies in the visible and near-infrared
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channels, and the perspectives for future work. This structure makes the final message of the paper
clearer and avoids repeating the same interpretation in different forms.

Technical corrections

We thank the reviewer for these detailed technical corrections. All listed typographical, grammatical
and terminology issues have been corrected. We also revised the manuscript to use “ice crystal habit”
and “particle shape” more consistently, corrected the figure and panel references, clarified ambiguous
sentences, and improved the wording of the Methods and Conclusions sections.
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