
Response to the Reviewer #1 

Dear Editor, 

 We sincerely thank the Reviewer #1 for their insightful and constructive comments, which 

have greatly contributed to the improvement of our work. In particular, the comments regarding the 

figures were especially helpful in enhancing the reader's understanding of the Results section.  

Some minor changes are visible in Fig. B, due to a recent improvement of the radar calibration 

concerning the antenna correction. This updated calibration aims to enhance data acquisition but 

does not affect the interpretation of case studies. The specific layers are more accurately defined due 

to the application of the new grid to Fig. B and the updated radar calibration.   

The comments and suggestions provided by reviewer #1 and reviewer #2 have been thoroughly 

addressed in the updated manuscript. Consequently, we would like to submit the revised manuscript 

and the diff-version of the revised manuscript together with our responses to all the comments 

provided by reviewer #1 and reviewer #2. In our replies, all references to modified lines are given with 

respect to the diff-version of the manuscript. 

Thank you for considering our work, 

Best regards, 

Audrey Teisseire, Anne-Claire Billault-Roux, Teresa Vogl and Patric Seifert. 

 

Comments: 

1. Each case study uses three figures illustrating: (Figure A) the time-series of zenith-

pointing radar and lidar measurements, overlaid with temperature contours from the 

ECMWF analysis; (Figure B) RHI scans of SLDR and vertical distribution of the 

polarizability ratio from a short period within the case study, and (Figure C) Doppler 

spectra and profiles of reflectivity from a selected profile during the period relating to 

Figure B.  

 

The detailed discussion of the results requires frequent references to all of these 

figures, including specific height and temperature ranges, across the multiple figures, 

which each may have different ranges in the height axis.  

 

A few additional touches to the figures would greatly assist the reader in this cross-

referencing and interpretation:  

o Please annotate on Figure A the time period of the RHI scans and profiles used 

in Figures B and C 

→ We included dashed rectangles in Figs. A to highlight the time periods during 

which RHI scans and SLDR/Ze profiles were measured. We added this description 

to Fig. A: “A dashed black rectangle in (a), (c) and (d) identifies the time period of 

RHI scans provided in Fig. B, and profiles used in Fig. C.”. 

o On Figures B and C, please include information about the critical temperature 

ranges which help us to interpret which processes are most likely: I leave it to 



you to decide how to show this (e.g. duplicate y-axes, or an additional profile 

added to panel b) in both figures or an additional panel, or simply annotating 

selected height levels with the corresponding temperature) 

→ We added a duplicate of the y-axis on the right side of the VDPS plot to display 

the corresponding temperature range. 

o When specific layers are frequently referred to in the text, consider annotating 

these layers in Figures B and C 

→ We included dashed black lines to Figures B and C which indicate the specific 

layers where the shift of the polarizability ratio toward isometric particles is 

observed. 

o Please also consider adding subtitles to the panels of each figure to assist the 

reader when jumping back-and-forth between figures.  

→ We added subtitles to all the figures presented in the Results section (section 4). 

2. Some aspects of the interpretation of the case studies could be clarified and expanded 

upon: 

1. In Section 4.1.2 the lowest layer is interpreted as “large aggregates…falling into a 

layer of supercooled liquid droplets and… forming smaller but more dense and 

isometric particles such as graupel”. The possible mechanisms for a decrease in the 

size of the particles are not commented on. Are the low-density aggregates breaking 

up during the riming process? Does the turbulence near cloud-base indicate mixing 

with sub-saturated air leading to sublimation-driven breakup? 

→ Thank you for the hint. In our opinion the more plausible scenario would be the 

transition of fluffy low-density aggregates to compact and high-density graupel. Indeed, 

the aggregated structure can be broken during the riming process, caused by impacts or 

subsequent freezing. The small parts of the initial porous aggregate collect efficiently 

supercooled liquid water drops, and are transformed into dense spherical graupel particles. 

In this case, the thermodynamic conditions presented for this case study are favorable for 

riming processes which is occurring fast and allow this transformation.  

Turbulences observed around 8:15 UTC and 8:30 UTC visible in the variable vertical wind 

in Fig. 4c can favorize a riming event, promoting interactions between ice particle and 

supercooled liquid droplets. This interaction increases the collision frequency (which 

increases the likelihood of a transformation of porous aggregates to small high-density 

graupel, as described above). In Figure 4b, the decrease in Ze around 2.1 km height is 

initiated by the apparition of turbulences shown by the red to white colors related to MDV. 

In this case the turbulences can be responsible to the formation of small and high-density 

graupel derived by the VDPS method (Fig. 5b).  

We added to lines 330-333: “Indeed, this transformation is favoured by the presence of 

turbulence at cloud base (Fig. 4c), promoting interactions between ice particles and 

supercooled liquid droplets, and increasing the collision frequency. The small parts of the 



initial porous aggregate collect efficiently supercooled liquid water drops, and are 

transformed into dense spherical graupel particles.” 

2. In Section 4.2.1 the lowest layer, apparently containing spheroidal/low-density 

aggregates according to VDPS method (Figure 8b), is mostly discussed in terms of 

ruling out the presence of supercooled liquid and therefore of riming; however, the 

other observations characterising this layer include a very broad Doppler spectrum 

(Figure 9a) and indications of turbulence in the Doppler velocity (Figure 7c), as well 

as a rapid reduction of radar reflectivity (Figure 9b) toward cloud-base. Please 

comment on the interpretation of these features.  

→ The broadening of the Doppler spectra is attributed to turbulence observed in the Mean 

Doppler Velocity (MDV) depicted in Fig. 7c in red. The decrease in Ze observed below 3 

km height could be caused by the sublimation of aggregates making them smaller. Indeed, 

turbulence and shear zones are able to accelerate sublimation processes by increasing the 

exchange of heat and water vapor between ice surfaces and the environment. As discussed 

in Teisseire et al. (2024), the broadening of the Doppler spectra is negligible regarding 

polarimetric parameters such as SLDR (Matrosov et al, 2021). Therefore, VDPS is not 

impacted by this effect and derives isometric particles which sublimate quickly due to the 

strong turbulence located at the cloud base. 

We propose to add this interpretation to lines 365-368: “The decrease in Ze observed below 

3 km height could be caused by the sublimation and associated shrinking of aggregates. 

Indeed, the Doppler spectrograms shown in Fig. 9a and Fig. 9c below 3 km height are 

broadened due to turbulence, potentially favoring the sublimation of ice particles. 

However, the broadening of Doppler spectrograms does not impact polarimetric 

parameters such as SLDR (Matrosov et al., 2021).” 

Typos and minor comments: 

• L4: “harsh atmospheric conditions such as the presence of orographic gravity waves”. 

Not sure if “harsh conditions” is the right word here; perhaps “adverse” with respect 

to Doppler-velocity based methods. 

→ “Harsh” is changed to “adverse” in line 4. 

• L5-6: “Core of the approach…” could be either “At the core of the approach…” or 

“Core to the approach…” 

→ “Core of the approach“ is changed in lines 6-7 to “The core of the approach is to use 

profiles of the Vertical Distribution of Particle Shape (VDPS) method that serve as a proxy 

for identifying the presence of columnar, isometric, or prolate cloud particles”. 

• L39: “low” instead of “small density” 

→ “small density“ is changed in line 39 to “low density”. 

• L46: “...by a lack of a efficient ice nucleating particles…” may have a missing word 

or a typo here. 



→ The sentence is modified in line 46: “…by a lack of efficient ice nucleating 

particles…”. 

• L118: “...94-GHz radar and operates at 3.2-millimeter wavelength.” This is already 

implicit in the 94-GHz frequency, so could read more like “...94-GHz radar (3.2-

millimeter wavelength).” 

→ Corrected as suggested in line 118. 

• L269: “...by the presence low values of…” missing “of” 

→ Corrected in line 275. 

• L300: should be “...provide evidence of…” 

→ Corrected in line 305. 

 


