
 

Response to: 'Comment on amt-2022-28', Anonymous Referee #1 

We thank the reviewer for her or his comments, and for the honest severity of the judgment which 

highlights shortcomings in our presentation that were not evident to us in the first draft. We will try to 

remedy this in the hope of a more benevolent reconsideration of the manuscript by the reviewer. 

In fact, we would like to report under the consideration of the reviewer a result of the study that we think 

was not appreciated in full in the review and which we will therefore try to highlight below. 

The reviewer states that “Two empirical parameters are introduced to describe depolarization (X) and 

depression factor of solid particle backscattering (C).” The parameters are actually three: 1. The threshold 

radius Rth; 2. the depression factor C; and 3. the depolarization fraction X. While the former two are 

identified by an error minimizing procedure, the third is retrieved by assuming a common particle 

depolarization TA and estimating X by the procedure outlined in paragraph 2.3. It is the failure of that 

assumption on a common particle depolarization TA which, in our opinion, jeopardizes the method 

presented and discussed in our paper as to lead to poor results in reproducing the depolarization. We think 

this is a result not properly acknowledged in the review. 

We fully agree that “the optical models lacks the basic physics consideration of light scattering.” In fact, 

ours is an attempt, based on heuristic but reasonable considerations, to apply to the general case of 

particles of arbitrary shapes a method that gives exact results only in the case of spherical particles (or 

rather, of particles with an axis of symmetry along the direction of the incident radiation). We are 

comforted in this effort by the fact that Mie theory is still widely used – although improperly - for scattering 

modeling from aspheric particulate matter, probably also in view of the difficulty to find an appropriate 

shape representation for the aspherical particle habits. 

We propose to change line 55-56 to:  

“the use of Mie theory, notwithstanding its inability to reproduce depolarized backscattering, continues to 

be attractive and is used widely due to its convenient availability and simplicity (Yu et al., 2017;Yang et al., 

2020; Dusing et al., 2021), particularly in processing of Optical Particle Counter and Sizers (Keener et al., 

2007, Chalut et al., 2008; Mahrt et al., 2019), to treat non-spherical particles (especially those in random 

orientation), as if they were spheres to which, strictly, Mie theory is only applicable (Borrmann et al., 

2000).“ 

We understand the encouragement of the reviewer “to examine their work under the light of assuming true 

nonspherical particle contribution”. In fact this has been done in the past (Scarchilli et al., 2005) by some of 

the same authors of this paper, on a subset of the dataset here presented, but with the present work our 

aim was not  “to gain any knowledge about the microphysical and optical properties of PSC”. We rather 

tempted to define the limits of applicability of a – we grant – heuristic model. 

Finally, we must face what is in our opinion the most severe criticism of the reviewer: the accusation of 

“trying to fit the data with some arbitrary empirical parameters”. On the contrary, we think that the 

parameters chosen in our heuristic model are not chosen arbitrarily but rather have firm physical 

justifications: 

1. Threshold Radius Rth; It is known since long that solid NAT particles have sizes several times larger 

than liquid STS particles (Voigt et al., 2000; Zhu et al, 2017) so the choice of a threshold radius 

below which particles are considered liquid, and above which are solid seemed to us a natural, 

“physical” one. The minimizing procedure for the backscattering retrieval identifies Rth in the range 

expected and reported by studies in the literature. 



2. Depression factor C; Theoretical computations have largely shown that backscattering peak for 

aspherical, randomly oriented particles, is substantially depressed with respect to their Mie 

spherical counterpart. In general, aspherical particles tend to exhibit enhanced scattering at 

intermediate scattering angles and reduced backscattering, whereas phase function differences at 

forward-scattering angles are often negligibly small (Mishchenko et al., 2000). Again our choice is 

based on physical results. The minimizing procedure for the backscattering retrieval identifies C in 

the range expected and reported by studies in the literature (e.g. Mishchenko, 2009). 

3. depolarization fraction X; The assumption of a constant, common particle depolarization TA for 

relies on the fact that, for a specific shape, and above few size parameters, the TA is largely 

independent on particle dimension (e.g. Liu et al, 2001). Hence we deemed reasonable to assume 

that the procedure outlined in paragraph 2.3. could result in the identification of this parameter. 

We want to highlight the fact that this result is independent of the use of Mie theory. It is based 

solely on the assumption that if aspheric particles share an identical morphology then they share 

the sameTA  and that all the aspherical particles have an identical morphology. In our opinion, it is 

the violation of this assumption that leads to the failure of the method to reproduce the observed 

depolarization. We believe this is the significant result of our study. We point out that, if confirmed, 

it would prevent the application of aspheric particle diffusion computation codes based on 

hypothesis on identical particle morphology. 

We have thus tried to better justify the choice of parameterization of our model by adding the 

following to line 175:  

“In conclusion, although Mie theory lacks the capability of accounting for the two main causes of lidar 

depolarizations, i.e particle asphericity and multiple scattering, this latter can be neglected  on the basis 

of the relatively low particle density in PSC. Concerning the former, our heuristic model try to mimic the 

particle asphericity effect by i. depressing the Mie result by the factor C<1, as  nonspherical particles 

tend to exhibit reduced backscattering with respect to their spherical couterparts (Mishchenko et al., 

2000); ii. Assuming that aspherical particles of a specific shape attains constant TA , independent on 

particle dimension, as it has been demonstrated to be the case above few size parameters (Liu et al, 

2001). Hence we deem reasonable to assume that the procedure outlined in the following paragraph 

2.3. could result in the identification of such value.” 

We trust that these responses may induce the reviewer to change his or her opinion on our work. 
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