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Review of “Impact of Ice Microphysical Assumptions on RTTOV simulations of MSG/SEVIRI 
Visible and Infrared Observations using W-band Radar Retrieved IWC”  

By R. Joseph et al., for AMT  

Summary 

This is a nice sensitivity study that investigates the impacts of differing optical/microphysics 
assumptions on the radiative transfer simulations of MSG-SEVIRI solar and infrared 
observations for one single case of a tropical deep convective, which occurred during the 
Megha-Tropiques campaign in 2010. The authors further constrain the radiative transfer by using 
the RASTA 94 GHz airborne radar to retrieve the vertical profiles of IWC to use as input to the fast 
RTTOV model. The authors evaluate several bulk optical property schemes, including the RTTOV 
default Baran and Baum parametrizations, and new shape distributions of optical properties 
that the authors derived from the Yang et al. (2013) single-scattering database, with particle 
habits selected to match an appropriate convective-derived mass–diameter relationship 
sourced from the literature. This latter development being the more novel aspect of this paper. 
The study identifies that radar sensitivity at cloud top as a key source of IWC underestimation 
and demonstrates that supplementing the retrieved IWC profiles with a constant cloud-top IWC 
significantly improves the agreement between the simulations and the observed infrared 
brightness temperatures, but not the observed solar reflectivities.  

The authors provide a very useful test bed for testing current and for developing new bulk ice 
optical properties using existing aircraft data, the methodology is broadly okay, but there are 
further improvements that the authors could include. The paper is marred by too many typos, 
inconsistencies and errors. The figures are good, but with other typos and errors in the captions. 
The paper seems to have been through very little proof reading before submitting to the journal – 
The most fundamental concern is the restriction to a single flight case, which limits the 
generality of any conclusions. Additional major and minor issues are detailed below. In general, 
the paper requires major revision, and careful language editing before re-submission.  

Major concerns: 

1. The study is based on a single flight. However, there were 11 flights during the Megha-
Tropiques campaign, so the 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.  

2. 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. Moreover, 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?  
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3. 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?  

4. The addition of a uniform IWC of 0.1 g m-3 at cloud top as determined by the 10.8 m 
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 ERA-5 
re-analysis product. 

5. The failure of models at the solar wavelengths is interesting and warrants further 
discussion. Just leaving it as an open question is somewhat unsatisfactory. Here, the 
others have missed the point, because this cloud can be treated as a semi-infinite 
cloud, where the cloud top reflection, assuming a semi-infinite cloud is determined by 
the asymmetry value and single-scattering albedo. At the visible channel, we can 
assume that the single-scattering albedo =1, and so for this wavelength, the cloud top 
reflection is governed by g. So, could it not be that the g-parameters need further 
investigation as well as the single-scattering albedo, because at 1.6 and 3.9 m both g 
and the single-scattering albedo are responsible for determining the cloud-top 
reflection in the case of a semi-infinite cloud. A further point here is that does RTTOV 
consider the thermal emission as well as reflection at 3.9 m? 

6. The authors miss the opportunity of using the X- and C-band radars – why are these not 
used? Were they scanning in mounted in Zenith view? Do they reveal the presence of a 
melting layer? If so, then the retrievals could have been restricted to altitudes above the 
melting layer altitude.  These radars could also have been used to help constrain the 
mass–diameter relationship – were the utilisation of these radars considered to help 
constrain the microphysics? What would be the limitations to their use? 

7. The R2 values found from Figure 12 at 0.8 m are low – even after the IWC correction. 
Could this not also be due to spatial co-location or temporal matching between the 
RASTA profiles and the SEVIRI pixels? Does this not mean that the ±7.5 min temporal 
mismatch needs to be re-considered for such a rapidly evolving convective cloud 
system. How do the correlations change if this mismatch time were to be changed? 

Minor comments 

1. With reference to Figure 2, the text states (lines 102 – 103) 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 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 – these gives a clearer picture of the time difference between the two aircraft 
positions.  

2. 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? 

3. The scattering methods outlined in Table 2, the methods used for the Baum and new 
methods from the Yang et al. (2013) database compute the SSPs using the ‘discrete 
dipole approximation plus geometric optics.’ The abstract of Yang et al. (2013) states 
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“The properties are computed based on a combination of the Amsterdam discrete 
dipole approximation (ADDA), the T-matrix method, and the improved geometric optics 
method (IGOM).” Please correct your descriptions of the scattering methods used in 
Table 2.  

4. Line 29: 'weather prediction systems (Geer et al.)' — citation date is missing. 
5. Line 31: 'Duncan and Eriksson (2018)' — this paper has since been updated by Eriksson 

et al. (2026): 'Advancements and continued challenges in observations and global 
modelling of atmospheric ice mass', Atmos. Chem. Phys., 26, 2741–2768, 
https://doi.org/10.5194/acp-26-2741-2026. Please consider citing this more recent 
update. 

6. 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. 

7. 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. At the lower end, the radar 
sensitivity is much less where the retrieval uncertainty is greatest. Suggest re-phrasing 
this part of the discussion to reflect more balanced and accurately the reality of Figure 
3. 

8. 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?  

9.  Section 2.2.1 / Figure 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 of these meanings to aid the understanding of the reader.  

10. 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? 

11. Lines 319–326: The discussion of why the RTTOV parametrizations predict reflectances 
near the observed values while the new methods underestimate reflectance is 
somewhat unclear. The asymmetry parameter argument is relevant, but the authors 
should also consider whether the volume extinction coefficient (not just the asymmetry 
parameter) plays a role — specifically, whether a lower extinction coefficient in the new 
methods leads to a lower optical depth and thus lower reflectance. 

12. 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. 

Typos and phrasing 

1. Abstract, line 9: 'allowed us to observed' → 'allowed us to observe' 
2. Abstract, line 10: 'miss informations' → 'misinformation' 
3. Abstract, line 10: 'at the top in deep convective clouds' → 'at the top of deep convective 

clouds' 
4. Line 22: 'now-casting' → 'nowcasting' (one word, no hyphen). 
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5. Line 36: 'There is still work to be done on cloudy sky' → 'There is still work to be done on 
cloudy-sky radiances' 

6. Line 50: 'SEVIRI is a multispectral imager operating in the visible and infrared spectral 
regions' — a citation for SEVIRI should be provided here. 

7. Line 72: 'This diagram 1 shows…' → 'Fig. 1 shows…' (use AMT figure citation style 
throughout) 

8. Line 75: 'This database will be used to determine optical properties' — this sentence 
and the preceding one should be merged for clarity? 

9. Line 75: ‘the database Yang et al. (2013)’ → ‘the database of Yang et al. (2013)’ 
10. Lines 86–87: 'providing dedicated in-situ from airborne measurements' → 'providing 

dedicated in-situ measurements from an airborne platform' 
11. Line 115: 'Know that previous studies showed…' → 'Note that previous studies showed…' 
12. Line 114: 'on MSG grid' — on → ‘on an MSG grid’ 
13. Line 127: Figure 3 caption 'Ice water content' → 'ice water content' (lower case) and 

‘pixels in function’ → ‘pixels as a function’ and throughout some of the other captions. 
Please correct all these occurrences.  

14. Line 151: 'parametrization' → 'parametrizations' (plural, as multiple are described) 
15. Line 151: ‘simulations’  → ‘simulations in the visible…’ 
16. Line 158: 'the optical properties depends' → 'the optical properties depend' 
17. Line 186: 'compromised' → 'compromise' 
18. Line 191: 'Figure 6 illustrate' → 'Fig. 6 illustrates' 
19. Line 211: 'of the channel of the instrument' → 'of the instrument's channel' 
20. Table 2 header: 'make' → 'perform' 
21. Table 2 header:  'simulation' → 'simulations' 
22. Line 228: 'will be only take into account' → 'will only be taken into account' 
23. Figure 4 caption: 'mediane' → 'median' (French spelling used throughout. Please use 

English throughout) 
24. Line 269: 'its amplitude is smaller in the visible' → 'its amplitude is smaller than in the 

visible' 
25. Figure 10 caption: 'as a function of the temperature on y-axis and IWC on x-axis' — the 

axes appear to be transposed in the caption and correct (temperature should be on the 
x-axis and IWC on the y-axis). 

26. Figure 11 caption: 'observation of SEVIRI' → 'minus SEVIRI observations' 
27. Line 303: 'In other we are missing information' → 'In other words, we are missing 

information' 
28. Line 332: 'opac' → 'opaque' 
29. Line 375: 'In' → 'At' 
30. Line 399: 'informations' → 'information' 
31. Line 408: 'We shows that the particle shape and above all PSD' → 'We show that particle 

shape, and above all PSD….’ 

        


