
Response to Reviewer 1

We thank the reviewer for the careful reading of our manuscript and for the constructive comments.
The revised manuscript has been substantially improved in response to these comments. In particu-
lar, we clarified the methodological choices, better identified the limitations associated with the use
of one flight and with the radar-derived IWC product, expanded the discussion of the visible and
near-infrared discrepancies, and corrected the language, figure captions and terminology throughout
the manuscript.

Major concerns

Major concern 1

Reviewer comment: The study is based on a single flight. However, there were 11 flights during the
Megha-Tropiques campaign, so the restriction to just one flight requires a much stronger justification
than is currently provided. Why this flight over the other 10? Were the other flights deemed
unsuitable for the analysis? If so, why? The authors acknowledge in the conclusions that the results
should not be generalised, but the study would be substantially strengthened by including some of
the other flights to assess the consistency of the findings in the conclusions.

Response: We agree with the reviewer that including several flights would provide a more robust
basis for general conclusions. This point is now stated more explicitly in the manuscript. The present
work was carried out within the time constraints of a PhD project, and the aim of this paper is to
present the methodology and first results on one well-documented case rather than a full statistical
analysis of all Megha-Tropiques flights.

The selected flight was chosen because it provides a particularly relevant test case for the objective
of this study: a deep convective ice cloud observed by the RASTA W-band radar and collocated with
MSG/SEVIRI observations. This configuration allows us to test the radiative-transfer sensitivity to
ice optical and microphysical assumptions in a challenging but physically relevant situation. Other
flights sampled different cloud regimes or were less suitable for this specific objective.

Major concern 2

Reviewer comment: The retrieval of IWC from a single-frequency radar at 94 GHz is subject
to significant ambiguity because it depends strongly on the assumed particle model to predict the
volume backscattering coefficient and the mass–diameter relationship of the assumed particle model
and PSD. None of these assumptions were discussed in the paper, please elaborate on these. More-
over, are the assumptions used in the retrieval of IWC consistent with the model radiative transfer
assumptions as far as the PSDs and mass–diameter relationships are concerned? If not, what are the
sensitivities of these to the retrieval of IWC? Do the authors need to take into account ice crystal
attenuation of the radar beam for this deep tropical case?

Response: We agree that the radar retrieval assumptions are important and that they were not
sufficiently discussed in the original manuscript. In this study, we did not perform a new IWC
retrieval from the RASTA measurements. We used the existing RASTA IWC retrievals based on
the method of Delanoe et al. (2014). The microphysical assumptions involved in the radar retrieval,
including the assumed particle model, PSD and mass–diameter relationship, are therefore those of
the original retrieval product.
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These assumptions are not necessarily identical to the microphysical assumptions tested later in the
RTTOV simulations. We have now clarified this point in the revised manuscript. The radar-derived
IWC profiles are used here as an observational constraint, whereas the sensitivity analysis focuses
on how different RTTOV optical-property assumptions affect the simulated SEVIRI radiances for a
given IWC profile. This distinction is important: the study does not isolate the uncertainty of the
radar retrieval itself, but evaluates the radiative impact of changing the optical and microphysical
assumptions in the forward model.

We also added a discussion of the consequences of this limitation. In particular, an inconsistency
between the radar retrieval assumptions and the radiative-transfer assumptions may contribute to
the remaining simulation-observation differences. Moreover, for a deep tropical convective case,
attenuation of the W-band radar signal and reduced sensitivity near cloud top can lead to an
underestimation of upper-level IWC. This point is central to the paper and is now discussed more
explicitly as one of the reasons why supplementing the radar-derived cloud top improves the infrared
simulations.

Delanoë, J.M.E., Heymsfield, A.J., Protat, A., Bansemer, A., Hogan, R.J., 2014. Normalized particle
size distribution for remote sensing application. Journal of Geophysical Research: Atmospheres 119,
4204–4227. https://doi.org/10.1002/2013JD020700

Major concern 3

Reviewer comment: The authors note that only 27% of the retrieved IWCs fall within the Baum
parametrization validity range, yet this is still used as a reference scheme throughout the study. How
can this be justified when 73% of the data fall outside the validity range of this parametrization?

Response: We agree that this point must be clearly stated. The Baum parametrization is not used
because we consider it fully valid over the whole IWC range encountered in this deep convective case.
On the contrary, the fact that a large fraction of the retrieved IWC values lies outside its nominal
validity range is an important element of the discussion. It illustrates the difficulty of applying
standard bulk optical-property parametrizations to very high-IWC convective clouds.

We nevertheless retained Baum as a reference because it is one of the standard ice optical-property
parametrizations available in RTTOV and has been used in previous ice-cloud radiative-transfer
studies, including Vidot et al. (2015). The comparison with Baum and Baran therefore provides a
useful benchmark against commonly used RTTOV configurations. We also use this limitation as an
entry point to discuss the impact of IWC upper bounds and the need for parametrizations better
adapted to high-IWC convective ice clouds.

Major concern 4

Reviewer comment: The addition of a uniform IWC of 0.1 g m−3 at cloud top as determined by
the 10.8 µm brightness temperature seems somewhat ad hoc, but as presented, this uniform addition
is not well justified. The authors need to clarify more about how they came to determine the value
of 0.1 g m−3 more precisely. It would also be worth discussing what other ancillary products might
have been used to aid this correction such as the ERA5 re-analysis product.

Response: We agree that the original manuscript did not justify this value sufficiently. The revised
manuscript now explains that the added value of 0.1 g m−3 was selected because it is sufficient
to make the corrected cloud top behave as an optically thick layer at 10.8 µm. Sensitivity tests
were performed by increasing the imposed cloud-top IWC up to 1 g m−3. These tests showed
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that increasing the imposed IWC above 0.1 g m−3 produces only a small additional impact on the
simulated infrared brightness temperatures. This indicates that, for the thermal window channels,
the key factor is primarily to restore the missing optically thick cloud-top layer rather than to
precisely tune the IWC value once the blackbody-like regime is reached.

The chosen value also remains consistent with observed IWC magnitudes and with radar-derived
cloud-top profiles. We deliberately kept the correction constrained by radar and satellite observations
rather than using model fields such as ERA5 to add cloud ice. ERA5 is used for the environmental
thermodynamic profiles required by RTTOV, but using it to define the missing cloud-top IWC would
introduce an additional model-dependent cloud representation. This choice and its limitations have
been made clearer in the revised manuscript.

Major concern 5

Reviewer comment: The failure of models at the solar wavelengths is interesting and warrants
further discussion. Just leaving it as an open question is somewhat unsatisfactory. The reviewer
suggests that, for a semi-infinite cloud, cloud-top reflection is mainly controlled by the asymmetry
parameter and the single-scattering albedo. At 0.8 µm, the single-scattering albedo can be assumed
close to 1, so the reflection is mainly governed by g. At 1.6 and 3.9 µm, both g and the single-
scattering albedo are important. The reviewer also asks whether RTTOV considers both thermal
emission and reflection at 3.9 µm.

Response: We agree with the reviewer that the discussion of the solar channels was too limited.
The revised manuscript now contains a more detailed interpretation of the visible and near-infrared
discrepancies. In particular, we discuss the fact that, for an optically thick or semi-infinite ice cloud,
the cloud-top reflected signal is controlled by the combined effects of the asymmetry parameter, the
single-scattering albedo and the extinction coefficient. At 0.8 µm, where absorption is weak and the
single-scattering albedo is close to unity, differences in the asymmetry parameter can strongly affect
the reflected radiance. At 1.6 and 3.9 µm, absorption by ice becomes more important and both the
single-scattering albedo and the asymmetry parameter must be considered.

We also added a discussion of the volume extinction coefficient. A lower extinction coefficient in the
new methods would reduce the optical depth and could contribute to the underestimation of the
reflected signal, in addition to differences in angular scattering. Therefore, the revised discussion
no longer attributes the visible/NIR discrepancies to one parameter only, but presents them as the
result of combined uncertainties in PSD, habit-dependent scattering, single-scattering albedo and
extinction. We also clarified that RTTOV accounts for both reflected solar radiation and thermal
emission in the 3.9 µm channel.

Major concern 6

Reviewer comment: The authors miss the opportunity of using the X- and C-band radars. Why
are these not used? Were they scanning or mounted in zenith view? Do they reveal the presence of
a melting layer? Could they have been used to restrict the retrievals above the melting layer or to
constrain the mass–diameter relationship?

Response: We agree that additional radar frequencies could provide useful constraints. X- and
C-band measurements could potentially help identify the melting layer, separate ice-only regions
from mixed-phase or melting hydrometeors, and provide additional information on the microphysics
and mass–diameter relationship. However, these data were not available in the dataset used for
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the present study. We therefore restricted the analysis to the RASTA W-band retrievals and the
MSG/SEVIRI observations. The present paper remains focused on the sensitivity of RTTOV sim-
ulations to optical-property assumptions using the available W-band-radar-derived IWC profiles.
These references provide additional context on the impact of using different radar frequencies for
ice-cloud retrievals :

Drigeard, E., Fontaine, E., Wobrock, W., Schwarzenböck, A., Duroure, C., Williams, E.R., Rus-
sell, B., Protat, A., Delanoë, J., Cazenave, F., Gosset, M., 2015. A Comparison of Airborne
In Situ Cloud Microphysical Measurement with Ground-Based C-Band Radar Observations in
Deep Stratiform Regions of African Squall Lines. J. Appl. Meteor. Climatol. 54, 2461–2477.
https://doi.org/10.1175/JAMC-D-14-0262.1

Alcoba, M., Gosset, M., Kacou, M., Cazenave, F., Fontaine, E., 2015. Characterization of Hy-
drometeors in Sahelian Convective Systems with an X-Band Radar and Comparison with In Situ
Measurements. Part II: A Simple Brightband Method to Infer the Density of Icy Hydrometeors. J.
Appl. Meteor. Climatol. 55, 251–263. https://doi.org/10.1175/JAMC-D-15-0014.1

Cazenave, F., Gosset, M., Kacou, M., Alcoba, M., Fontaine, E., Duroure, C., Dolan, B., 2015. Char-
acterization of Hydrometeors in Sahelian Convective Systems with an X-Band Radar and Compari-
son with In Situ Measurements. Part I: Sensitivity of Polarimetric Radar Particle Identification Re-
trieval and Case Study Evaluation. J. Appl. Meteor. Climatol. 55, 231–249. https://doi.org/10.1175/JAMC-
D-15-0013.1

Major concern 7

Reviewer comment: The R2 values found from Figure 12 at 0.8 µm are low, even after the IWC
correction. Could this be due to spatial co-location or temporal matching between the RASTA
profiles and the SEVIRI pixels? Does the ±7.5 min temporal mismatch need to be reconsidered for
such a rapidly evolving convective system? How do the correlations change if this mismatch time is
changed?

Response: We agree that spatial and temporal collocation uncertainties are likely to contribute
to the weak correlations in the 0.8 µm channel. This is particularly critical for a rapidly evolving
convective system, where the cloud-top structure, local texture and illumination geometry can change
significantly within a few minutes. The comparison is also difficult because RASTA samples a narrow
airborne transect, whereas SEVIRI observes a finite satellite pixel.

A complete sensitivity analysis to the temporal matching window has not been performed in the
present study. We now explain that reducing the temporal window would improve temporal consis-
tency, but would also strongly reduce the number of RASTA profiles available within each SEVIRI
pixel and would make the statistics less robust. The ±7.5 min window was therefore retained as a
compromise between temporal consistency and sampling.

Minor comments

Minor comment 1

Reviewer comment: With reference to Figure 2, the text states that the aircraft flew in the cloud
tops in the temperature range between 200–220 K, yet the lower panel shows what appears to be the
aircraft track at temperatures no colder than 250 K. Is this the aircraft track taken during in-situ
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sampling? If so, please be more precise about the times the aircraft flew in the cloud tops and the
time when the aircraft began in-situ sampling.

Response: Yes, the trajectory shown corresponds to the aircraft trajectory during the in-situ
sampling period. We agree that the original text was not sufficiently precise and could lead to
confusion between the different flight phases. The revised manuscript now clarifies the timing of the
aircraft measurements and states that the measurements used in this study were collected between
08:45 and 11:30 UTC. The description of the temperature range and the corresponding aircraft
position has also been revised to avoid ambiguity.

Minor comment 2

Reviewer comment: Please state that all particles used in the RT simulations are assumed to be
randomly oriented in 3-D space. Is this also true for the retrieval of IWC or is a specific orientation
assumed there?

Response: This assumption has been explicitly stated in the revised manuscript, in the section
describing the optical properties and particle habits. In all radiative-transfer simulations, the ice
optical properties correspond to particles assumed to be randomly oriented in three-dimensional
space. For the IWC retrieval, we used the existing RASTA product and did not impose any additional
particle-orientation assumption in this study. We now make the distinction clearer between the
assumptions of the external retrieval product and those used in our RTTOV simulations.

Minor comment 3

Reviewer comment: The scattering methods outlined in Table 2 should be corrected. Yang et
al. (2013) used a combination of ADDA, T-matrix and IGOM, rather than only discrete dipole
approximation plus geometric optics.

Response: Corrected. The description of the scattering methods in Table 2 has been revised to
mention the combination of ADDA, T-matrix and IGOM used in the Yang et al. (2013) database.

Minor comment 4

Reviewer comment: Line 29: “weather prediction systems (Geer et al.)” – citation date is missing.

Response: Corrected.

Minor comment 5

Reviewer comment: Line 31: Duncan and Eriksson (2018) has since been updated by Eriksson
et al. (2026). Please consider citing this more recent update.

Response: The citation has been added.

Minor comment 6

Reviewer comment: Lines 128–131 / Figure 3: Please state within what percentage the standard
deviation represents the IWC variability, and what this implies for the magnitude of the sub-pixel
heterogeneity error relative to the retrieval uncertainty.
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Response: The interpretation of the standard deviation has been clarified. We now distinguish
between the absolute standard deviation, which tends to increase with IWC, and the relative vari-
ability, expressed as the ratio between the standard deviation and the mean IWC. This distinction
is important because a small absolute variability at low IWC can correspond to a large relative
variability, whereas larger absolute standard deviations at high IWC can represent a more moderate
relative fraction.

We also revised the discussion to avoid presenting this diagnostic as a complete uncertainty estimate
for the radar retrieval. The standard deviation shown in the figure provides information on sub-pixel
heterogeneity within MSG pixels, whereas the retrieval uncertainty also depends on radar sensitivity,
attenuation and microphysical assumptions. The revised manuscript therefore presents the standard
deviation as a diagnostic of spatial heterogeneity, not as a replacement for the retrieval uncertainty.

Minor comment 7

Reviewer comment: Lines 128–131 / Figure 3: The figure of 10% is only true at the larger end of
the IWC, whereas at the lower end of IWC it can be factors greater. Suggest re-phrasing this part
of the discussion.

Response: This discussion has been rephrased. The manuscript no longer generalizes the 10%
value to the full IWC range. We now state that the standard deviation represents about 10% of the
mean IWC only for the largest IWC values. For lower IWC values, the relative variability can be
much larger, and radar sensitivity is also reduced.

Minor comment 8

Reviewer comment: Lines 160: ‘The distribution of different types of ice crystals’. In the case
of the Baran parametrization is this correct? The different contributions of each ensemble member
change with respect to IWC and temperature, in the case of narrow PSDs (i.e low IWCs and very cold
temperatures), the simplest ensemble members contribute the most to the bulk optical properties.
For broader PSDs (i.e., larger IWCs and warmer temperatures) the more complex members of the
ensemble will contribute. In what sense do the authors mean there is no change in habit contributions
with IWC and temperature?

Response: We agree that the original wording was ambiguous. What we meant was that the set
of ice particle habits included in the Baran ensemble remains fixed: the ice particle habit itself does
not change with temperature or IWC. The revised text now distinguishes between these two aspects.

Minor comment 9

Reviewer comment: Section 2.2.1 / Figures 5–6: The meanings of crystal habit labels “8 Column”,
“Plate 5”, and “Plate 10” in the Yang et al. (2013) database are not explained. Please add a brief
explanation.

Response: A short explanation has been added in the revised manuscript. We now explain that
the Yang et al. (2013) database contains both pristine ice crystals, such as droxtals, columns, plates
and bullet rosettes, and more complex ice aggregates referred to as snow habits. Labels such as
“8 Columns”, “5 Plates” and “10 Plates” correspond to aggregate particles composed of clusters of
columns or plates.
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Minor comment 10

Reviewer comment: Figure 8 / Section 2.2.3: Can the authors also show a plot of the mass–
diameter relations for the Baum parametrization alongside the Fontaine et al. (2020) and Cotton
et al. (2013) relations, to provide context for the comparisons?

Response: We agree that comparing the mass–diameter relationships can provide useful context for
interpreting differences between ice microphysical assumptions. However, the main objective of this
study is not to directly evaluate each individual mass–diameter relationship, but rather to assess
the impact of using different RTTOV ice optical-property parametrizations and newly developed
methods on SEVIRI radiative transfer simulations.

For this reason, we did not add a dedicated figure comparing all mass–diameter relationships. A
direct graphical comparison of all these relations would therefore require additional assumptions and
would shift the focus of the paper away from the radiative-transfer sensitivity analysis.

Nevertheless, we agree that the choice of the mass–diameter relationship is an important source of
uncertainty in ice-cloud retrievals and simulations. Studies specifically investigated the impact of
mass–diameter assumptions on retrieved ice microphysical properties, such as Ham et al. (2017).
This issue is therefore acknowledged as an important and complex topic, but a detailed evaluation
of the role of mass–diameter relationships in the computation of ice optical properties would require
a dedicated study and is beyond the scope of the present paper.

Minor comment 11

Reviewer comment: Lines 319–326: The discussion of why RTTOV parametrizations predict
reflectances near the observed values while the new methods underestimate reflectance is unclear.
The authors should also consider whether the volume extinction coefficient, not only the asymmetry
parameter, plays a role.

Response: This point has been added to the discussion and conclusion. The revised text now
explains that the underestimated reflectance in the new methods may be related not only to the
asymmetry parameter, but also to the volume extinction coefficient. A lower extinction coefficient
would reduce the optical depth for a given IWC profile and could therefore reduce the reflected solar
signal. We now discuss the visible/NIR differences in terms of a combined effect of optical depth,
angular scattering and absorption, rather than focusing only on the asymmetry parameter.

Minor comment 12

Reviewer comment: Lines 393–397: The saturation regime for visible reflectance is discussed but
without quantifying the optical depth threshold. It would be useful to give approximate optical
depth values at which this saturation occurs for the channels considered.

Response: The discussion of the visible saturation regime has been revised. We now describe the
saturation in terms of optical depth and clarify that, for optically thick clouds, the visible reflectance
becomes weakly sensitive to additional increases in IWC once the cloud approaches a semi-infinite
behaviour. The exact threshold depends on wavelength, viewing geometry and the optical properties
of the ice particles, so we avoided giving a single universal threshold.
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Typos and phrasing

We thank the reviewer for these detailed corrections. All listed typographical and grammatical
errors have been corrected. The manuscript has also been carefully revised. The wording has been
improved throughout, and the terminology has been made more consistent, especially for “scattering”,
“ice crystal habit”, and “particle shape”.
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