
Review of “ExploiƟng airborne far-infrared measurements to opƟmise an ice cloud 
retrieval” by Panditharatne et al.  

General comments 

Retrievals using the far- and mid-infrared have been carried out using syntheƟc data (e.g. Saito et al. 
2020). This study provides the first retrievals (to the knowledge of the authors and this reviewer) of ice 
cloud properƟes using an observaƟon of coincident upwelling far- and mid-infrared radiances taken 
during the CIRCCREX campaign. Since the study is in the frame of the FORUM mission, the observed 
radiances are adapted to mimic what would be observed by FSI (Forum Sounding Instrument), the so 
called FORUM-aircraŌ observaƟons.   

This work aims to explore if adding the far-infrared benefits the retrievals, especially regarding the 
disƟncƟon of ice crystal habits, and to assess the limitaƟons of two bulk cloud opƟcal property models 
(Solid Column and General Habit Mix) on the retrievals. The authors perform simultaneous retrievals of 
cloud opƟcal thickness, cloud effecƟve radius, cloud top height, temperature and water vapor and 
compare the results to in-situ measurements.  

The current study expands the work done in Panditharatne et al. 2025, which describes the method to 
create the FORUM-aircraŌ observaƟons and the retrieval of temperature and water vapor. Comments 
regarding this methodology have been assessed by the reviewers of the menƟoned paper.  

In general, I find it an interesƟng arƟcle that is well structured, although there are a few points that get 
confusing (see comments below). I consider it can be published aŌer assessing the following specific 
and technical comments:  

We thank the reviewer for their overall posiƟve review, comments and recommendaƟons. A number of 
changes have been made to the paper to improve clarity. We have parƟcularly focused on descripƟons 
relaƟng to the in-situ measurements of the PSDs, and the discussion surrounding the FORUM-aircraŌ 
simulaƟon. 

Specific comments 

Line 126: what bimodal funcƟon has been fiƩed to the PSDs?  

Gaussian bimodal – added. 

Line 127: is the habit of parƟcles smaller than 50 um. assumed spherical? What is the range of sizes 
from the in-situ measurements?  

In O’Shea et al. (2016), parƟcles smaller than 50 microns are not used in the habit determinaƟon. In 
this work, it is assumed that parƟcles smaller than 50 microns are not spherical and have ice crystal 
habits that can be modelled using the General Habit Mix. 

This sentence has been rewriƩen for clarity: 



The ice crystal habits within the cloud were determined from CPI images of crystals larger than 50 
microns using an automaƟc habit recogniƟon algorithm outlined in O’Shea et al 2016. 

Line 128: is the distribuƟon of habits similar for each of the sampled alƟtudes or are there significant 
differences?  

Added:  

ParƟcles were found to be a mix of predominantly aggregates (∼ 30 %) and droxtals (∼ 25 %), with 
some roseƩes (∼ 15 %) and columns (∼ 10 %) throughout the cloud. 

Line 150: how is the quality of the fit of the PSD evaluated? 

The original phrasing has been replaced with: 

The uncertainty presented here for the CER is calculated using the relaƟve standard deviaƟon of the 
fiƫng parameters and so represents one standard deviaƟon in the fiƫng of the bimodal Gaussian 
distribuƟon to the PSD. 

The fiƩed PSDs and a table of the relaƟve standard deviaƟon in each value has also been included in 
the Supplementary informaƟon (Figure S1 and Table S1). 

Line 152: “some work suggesƟng that the smaller mode of the distribuƟon is an artefact of the 
instrumentaƟon” If the bimodality of the PSDs is real or an artefact is indeed sƟll a maƩer of debate. 
There is a lot of work done to correct and avoid the shaƩering of ice parƟcles to provide a database of 
PSDs of ice crystals where bimodality is not associated to shaƩering. I would suggest having a look at, 
e.g. Krämer et al., 2020 and references therein.  

It is unlikely that the smaller mode of the PSDs in this work is due to shaƩering of the ice crystals. The 
probes were fiƩed with anƟ-shaƩer Ɵps to prevent ice breakup on their leading edges. Furthermore, 
the crystals were filtered based on the interarrival Ɵmes (described in O’Shea et al, 2016) and it was 
found that the ‘shaƩering mode’ could be separated from the data, removing the effect of shaƩered 
parƟcles on the distribuƟons used in this work. 

The artefact of the instrumentaƟon referenced here is outlined in the study cited on Line 152 (O’Shea 
et al, 2021). This study analysed the PSDs measured during another CIRCCREX flight that used the 
same instrumentaƟon as the B895 flight. This study found that a diffracƟon paƩern surrounding the 
‘real’ ice crystals was observed that could contribute to the smaller mode in the PSDs. The authors use 
a similar method (as is used for the PSDs analysed in this work) of filtering by interarrival Ɵmes 
between the two stereo probes to reduce this smaller mode. However, there are sƟll artefacts 
observed in the PSDs. 

This sentence has been adjusted for clarity: 



We note that larger uncertainƟes are expected in the PSDs themselves, with some work suggesƟng 
that the smaller mode of the distribuƟon is linked to diffracƟon effects from the instrumentaƟon 
(O’Shea et al., 2021). 

Line 154: can you explain why the uncertainty in CER is larger the closer to the boƩom of the cloud? 

The uncertainty in the CER is derived from the fiƫng of the bimodal Gaussian to the PSDs measured 
by the Cloud 2-DS probe. There is a larger number of ‘mid-size’ crystals at the lower alƟtudes (see 
Figure S1 in the Supplement) which weakens the fiƫng and results in a larger uncertainty. 

Line 173: why were 6 scans chosen?  

Six scans were chosen to equate ARIES (0.25s) and TAFTS (1.5s) scan Ɵmes. A correcƟon was made to 
line 173 ‘Due to the faster scan Ɵme of TAFTS’->’Due to the faster scan Ɵme of ARIES’ and to TAFTS 
where the scan Ɵme was corrected from 2s->1.5s. 

Line 184: “…  the simulated FSI and FORUM-aircraŌ spectra produced similar results, suggesƟng a 
retrieval from an FORUM-aircraŌ observaƟon is indicaƟve of its FSI counterpart given a homogeneous 
scene”.  I would recommend to add a few sentences explaining why the selected cloud is 
homogeneous and therefore the method is applicable to the studied case.  

We are only saying that the results from this study will likely be representaƟve of the FSI retrievals if 
the FSI sees a homogenous scene over it’s footprint. The field of view of the aircraŌ-based 
instruments is significantly smaller than the FSI (TAFTS is approx. 250m and ARIES is approx. 400m) 
butand a persistent cirrus was measured by the lidar at the Ɵme of the radiance observaƟons. 

We have rewriƩen line 184 as follows to clarify: 

“…the simulated FSI and FORUM-aircraŌ spectra produced similar results.  This suggests that the 
retrievals from the FORUM-aircraŌ observaƟons invesƟgated here will be indicaƟve of what can be 
expected from the FSI if the laƩer is viewing homogeneous thin cirrus over its significantly larger 
footprint”. 

 

Figure 7: any comments on the pick of the uncertainty at around 750 cm-1  and the BT residual for 35 
um being consistently lower than for the rest of CRE?  

Added to Figure 7 capƟon: The peak in uncertainty at ∼730 cm−1 can be aƩributed to the FORUM-
aircraŌ apodisaƟon described in SecƟon 2.3.2 

The BT residuals in Figure 7 come from a combinaƟon of the difference between the General Habit 
Mix and Solid Columns models and the impact of the Chou approximaƟon at each CER. To our 
knowledge, there are no explicit studies evaluaƟng the BT difference between these two models for 
different ice clouds and atmospheres. While the BT residual for 35 microns is slightly lower than the 



other CER cases, the qualitaƟve trend between the actual BT and CER for either habit model is as 
expected. 

Line 325: “When the correct (GHM) bulk opƟcal... ”, what do you mean here by correct?  

The GHM model is used to create the simulaƟon and so is the correct model that the retrieval should 
infer. See the response to the Technical comment regarding Line 205 for further clarity about the 
FORUM-aircraŌ simulaƟon. 

Line 335: “This is an incorrect result as the GHM model was used in the simulaƟon”. I don’t 
understand this sentence. 

This result is inconsistent with the use of the GHM model in the simulaƟon as described in SecƟon 
2.3.2. See response to Line 205 for addiƟonal clarificaƟon provided around the simulaƟon. 

Line 333-342: here it is discussed that the results using the GHM model are beƩer, however, when 
looking at Table 3,  MIR+FIR (SC) is the combinaƟon that delivers the closest results to the considered 
true state. I would suggest expand the discussion about GHM vs SC. 

Added in: 

Table 3 shows that including the FIR leads to a closer agreement between all of the retrieved values 
and the known truth, as well as a significant reducƟon in the uncertainty associated with the CTH. The 
MIR+FIR GHM retrieval does show a slight posiƟve bias in the cloud retrieval targets that is not seen 
with the MIR+FIR SC retrieval, as a result of reducing the spectral residual caused by the Chou 
approximaƟon. However, it is important to recall that the retrieval is assessed using the measurement 
cost and spectral fit, and that the MIR+FIR GHM retrieval sƟll captures the true state within 2 ESD. 

Line 357-360: I would add a few lines about why the observaƟons exceed the uncertainty but not the 
simulaƟon. 

A clearer descripƟon has been included in the iniƟal descripƟon of the simulaƟons (see later response 
to comment for Line 205).  The following has been edited: 

However, the BT residuals within the FIR generally exceed the measurement uncertainty, parƟcularly 
between 450-500 cm−1, while there is liƩle change in the MIR residuals with and without the FIR. This 
was not seen in the retrieval from the FORUM-aircraŌ simulaƟon, which used the same bulk opƟcal 
property model as the retrieval scheme. This reaffirms the findings in Bantges et al. (2020),… 



Technical comments 

Line 79: this comment is a liƩle bit picky, but what do you understand as a well characterized cirrus 
cloud? 

A well characterized cirrus would have in-situ measurements of the cloud measuring the target 
properƟes (COT, CER, CTH etc.). 

We do not state that this case contains a well characterized cirrus cloud, it is simply included as it is a 
target of the flight. 

Figure 1: what is the difference between the conƟnuous blue line and the dashed blue lines? If the 
first line was changed to conƟnuous because of overlapping with the cloud extent, I would suggest 
marking the extent of the cloud with a conƟnuous line, so all the in-situ are dashed and picking two 
colors that contrast a liƩle bit more than blue and purple.   

Line style corrected and colour changed 

Line 33: add reference to some of the studies. 

Added 

Line 75: add reference to the website of CIRCCREX. 

Added 

Figure 2: I would add in the capƟon the alƟtude of the dashed blue lines so it is faster to idenƟfy which 
line corresponds to the the alƟtudes specified in Table 1.  “… have been characterised are shown in 
blue (6, 6.8, 7, 7.3, 7.5, 8., 8.3 km)” 

Changed 

Table 1: As a suggesƟon, I would add another column with the temperature. 

Changed 

Line 144: number distribuƟon of sizes → size number distribuƟon (?) 

Changed 

Line 147: I would recommend adding some references regarding the bimodality of cirrus clouds. For 
temperatures larger than approx. 210 K, bimodality starts playing a role. For lower temperatures, a fit 
to a monomodal PSD should be expected.  



References added – we note that O’Shea et al, 2016 is specifically referred to here as this is the paper 
that describes the PSDs originally. 

Line 179: for consistency, I would give the FOV of ARIES, TAFTS and FSI in the same units. 

Changed to:  

We note that the ground footprint for the FSI (15 km) is greater than for TAFTS (∼0.26 km) and ARIES 
(∼0.41 km). 

Line 180: although the acronyms of NEDT and ARA appear in the capƟon of Fig. 3, I would suggest to 
write ‘The apodised noise-equivalent-differenƟal-temperature (NEDT) and target absolute radiometric 
accuracy (ARA)’. 

Changed 

Line 205: here is menƟoned for the first Ɵme the “FORUM-aircraŌ simulaƟon”, but it passes a liƩle bit 
unnoƟced. For the rest of the manuscript it gets a bit confusing what the FORUM-aircraŌ observaƟon 
is and what the FORUM-aircraŌ simulaƟon is. I would suggest to rephrase this line to make clearer 
what the differences between the two are. Also in the capƟon of Fig. 4 is wriƩen “FORUM-aircraŌ 
LBLDIS simulaƟon”, is this the same as FORUM-aircraŌ simulaƟon? Same for capƟon in Fig. 8 and 
capƟon in Table 3 and in line 310 where is wriƩen “LBLDIS GHM FORUM-aircraŌ simulaƟon”. 

The introducƟon of the FORUM-aircraŌ simulaƟon at the start of SecƟon 2.3.2 has been expanded: 

This high-resoluƟon spectrum is treated in two ways. First, it has the FSI apodisaƟon directly applied to 
it, creaƟng an FSI simulated spectrum. Second, the high-resoluƟon spectrum is modified to look like 
TAFTS and ARIES before the FSI apodisaƟon is applied to emulate the process applied to the 
observaƟon. This creates a FORUM-aircraŌ simulated spectrum which will be used for later analysis in 
SecƟon 4.1. 

For clarity it has been briefly reintroduced at the start of SecƟon 4.1 (retrieval from the simulaƟon): 

The FORUM-aircraŌ simulaƟon described in 2.3.2 was simulated using the LBLDIS radiaƟve transfer 
model, based on the profiles in Figure 2 and assuming the GHM model. 

The references to the simulaƟon have all been changed to the FORUM-aircraŌ simulaƟon for 
consistency 

Line 216: … and in the presence of cloud → … and in the presence of clouds (?) 

Changed 

Line 245:  “the ice cloud is modelled as a Gaussian of 1 km thickness”. Is 1 km at full-width-
halfmaximum?  



Changed – 1km is the standard deviaƟon of the Gaussian 

Line 247, eq. 7: isn’t a dz missing? And are the limits from 0 to z or from CBH to CTH? Since the ice 
crystal is much larger than the wavelength, is <Qe,vis> assumed to be 2? 

Changed 

Line 278: for convenience for the reader, I would add also here the five CER and the number for the 
fixed IWP.   

Changed to: 

Figure 7 shows the brightness temperature (BT) residuals within these channels between the GHM and 
SC models for five different CER (25, 30, 35, 40, and 45 μm) and a fixed IWP of ∼28 gm−2 

Figure 7: in the capƟon I would specify again of what the black line is uncertainty of. 

Changed to: 

The black line represents the instrument and apodisaƟon uncertainty and is the square-root-diagonal 
of the covariance matrix in Figure 5. 

Line 372: “…, before SecƟon 5.3 evaluates the …” → “… and SecƟon 5.3…”  

Changed 

Line 379: verƟcle → verƟcal  

Changed 

Line 399: for those not familiar with the term, I would specify “DOFS (degrees of freedom)”. 

This term is introduced at the end of SecƟon 3.3. 

CapƟon of Fig. 9, lines 2-3: I would specify Figure 8b. Also I would add “:” aŌer “...as follows” and I 
would change the “.” for “,” in between SC(MIR): 0.33. GMH()...  

Changed 

Line 423: These have → It has (?) 

Changed to ‘The MODIS data have’ for clarity 

Line 431: do you mean from 0.9 to 1?  

Changed 



CapƟon of Fig. 11, in line 4: ‘… or CER. The error bars The measurements of the cloud taken…’ → 
delete ‘The error bars’. In line 5: … from lidar measurements between from 09:48:09 to 09:49:09 → 
delete ‘between’ or delete ‘from’ and change ‘to’ for ‘and’. 

‘The error bars’ removed and ‘from’ removed 

Line 454: “… 1600 cm-1” → cm-1 

Changed 

 

The following comments related to references have also been changed 

Line 484: hƩps://doi.org/10.24381/cds.bd0915 doesn’t work. 

Line 487: “The MODIS data is taken from” this sentence is not finished. 

Line 528: hƩps://doi.org/hƩps://doi.org/10.1016/j.jqsrt.2022 – delete the first hƩps://doi.org/ 

Line 530: ‘...Cycle Coopera-Ɵve’ → ‘...Cycle CooperaƟve’  

Line 548: hƩps://doi.org/hƩps://doi.org/10.1029/2022GL099394, e2022GL099394 2022GL099394, 
2022 → hƩps://doi.org/10.1029/2022GL099394, 2022 

Line 564: I don’t find the technical report. 

Line 601: hƩps://doi.org/hƩps://doi.org/10.1029/2021JD035733, e2021JD035733 2021JD035733, 
2022 →  hƩps://doi.org/10.1029/2021JD035733, 2022 

Line 631: add doi: hƩps://doi.org/10.1175/JAMC-D-11-067.1  

Line 638-639: Delete “ and add doi: hƩps://doi.org/10.1175/JAS-D-12-039.1  
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