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The manuscript presents microphysical inversions of lidar data for two dust measurement cases during SALTRACE, using a non-spherical inversion scheme. Some qualitative comparisons are made with other retrieval methods.
I have three major concerns about the manuscript. First, it is rather difficult to understand its purpose. It is apparently more about the retrieval than about the characterization of the dust (in which case maybe better in AMT?); however, there is insufficient
methodology to understand the retrieval and the comparisons are rather poor. A critical
problem with the submission is that the retrieval seems to have serious flaws including
at least two that the authors already believe contribute to the poor results, related to
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the limitations in the LUT. I wonder if the severe underdeterminedness of the inversion is an even more fundamental problem with the retrieval, but I was unable to find
a clear explanation of how the retrieval constrains the solution so I can’t be sure. An
exploration of this topic should also be undertaken. Finally, I am disappointed that the
discussion of the results is not more candid. Quite significant differences in the comparisons are repeatedly dismissed as unimportant and described in vague but positive
terms as "reasonable" or "qualitatively good", or more than once even "remarkable".
Such lack of forthrightness does not serve science well. I encourage the authors to
follow up on their findings about the shortcomings of the retrieval by trying to address
them and improve the results, or, if that proves impossible, then learn why this retrieval
approach is not working and write a thoughtful and candid report characterizing the
issues and the lessons learned by the attempt.
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Since I believe both the retrieval and manuscript need a significant overhaul before
being resubmitted, I will pass over some details and focus mainly on more general
points that might be helpful for a followup manuscript.
In the abstract (line 7) and elsewhere, since spheroidal particle databases have been
used for dust microphysical retrievals for some time now, and since they do not use
Mie theory, it would be better not to call this a new extension of Mie, but rather a new
variation of a spheroidal particle retrieval with a different set of assumptions.
Repeatedly you refer to "the optical properties" (e.g. page 3, lines 6 and 9; page 10,
line 24, and many other places). Please be more specific. What optical properties or
measurements are you talking about?
In the abstract (line 16) and elsewhere, "qualitatively good agreement" is very vague
and it’s hard to actually agree that it is good, based on looking at your figures (e.g. Figs
7,11,13). Better to replace these vague statements with more precise description of
the comparisons, whether good or poor, and then try to learn something from them.
Even poor comparisons can be instructive and informative. Indeed you say on line 17
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that this is a "fruitful" exercise. Be specific: what are the fruits of the exercise?
In the introduction (line 2-3, page 4) you discuss that the motivation for the new inversion is to eliminate the assumption of a fixed relationship between the aspect ratio of
spheroids and their size that is employed by Dubovik et al (2006). The usual reason for
making simplifying assumptions for an underconstrained retrieval is to add information
to the system to enable making a retrieval. Doing this explicitly allows for assessing
and making a judgement about the appropriateness of the assumptions. Without any
assumed relationship between the shape and size, your retrieval must now retrieve
an enormous amount of additional information. Since you have actually produced answers, you must have some other constraints or assumptions, either explicit or hidden.
I could not determine from your methodology section what those additional constraints
are, which leaves me unable to make an opinion about whether they are justified or
not, but feeling somewhat pessimistic.
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In section 2, the methodology, you describe the LUT with it’s limited resolution and
range, whose limitations you later hypothesize contribute to the inability of the retrieval
to reproduce the results of other methods. Can extensions of the LUT be calculated?
If that is impractical for some reason, are there other tests you can do to characterize
the sensitivities to these limitations? For instance, forward calculations to understand
how much error in the calculated observables is generated by interpolation in the RI
grid? Experimenting with leaving out 355 nm measurements to extend the range of the
particle radius?
I find the explanation at lines 5-15 of page 9 to be not enough information about the
methodology of the retrieval. You have described a severely underdetermined problem with many more unknowns than measurements, but have not explained what constraints are used to "counteract the ill-posedness" (quoting from line 6). The three
jargon-rich phrases at lines 8-10 are not very informative and the statement that you
chose the Pade method because of its "superior behavior" is too vague and uninformative.
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This section also contains quite a long passage relating to the much more specific
question of how to compare with AERONET, accompanied by a flowchart. The text
description is somewhat hard to follow. The flowchart does not help me at all, partly
because there is no clear indication how the different boxes are meant to relate to
each other. Please give, in the text, the actual equations that explicitly describe the
relationships between the quantities of interest and which you used in the comparison.
This would be more direct and universally understandable. (Furthermore, the flow
would be improved if the retrieval methodology came before the methodology relating
to the much more specific question of how to compare with AERONET.)
In section 3, the microphysics results, P12 line 6 states that the variability in the results
between different parts of the retrievals is low, followed by a pair of sentences giving a
variety of different possible conclusions we could draw from this (1) there actually is a
small amount of variability in the aerosol (2) the data are of high quality (3) the smoothing on the input data reduced the apparent variability compared to the true variability of
the aerosol (4) the greater information content in the lidar measurements (8 lidar measurements at each level) somehow reduces the variability in the retrieved output. These
strike me as all very different explanations. While they all may in fact be true simultaneously, there is very little support for any of them and no further attempt to distinguish
between the hypothesis with other experiments (such as reducing the number of input
channels, reducing the smoothing, relaxing the assumptions in the retrieval), etc., so I
don’t know what’s being learned here. In general, hypothesis need some testing and
support, whether from actual experiments or "thought experiments". Also, given that
I could not find answers to my questions about the assumptions or constraints in the
retrieval methodology (and given the poor agreement with other methods) I worry that
another possible explanation for low variability in the output might be that the retrieval
is over-constrained. Can you demonstrate that this is not a problem?
P13, line 8-11 calls out what is described as "a shortcoming of our approach". This
should be addressed further by attempting to correct the approach, or if that is not
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possible, then design an experiment to quantify the sensitivity of the results to the
resolution of the refractive index grid.
Similarly P13, line 30 indicates that the inversion has a size cutoff that appears to be
significantly impacting the retrieval results such that it is unable to produce a good
comparison with the other methods. This seems likely to me, but critical followup is
missing. What kind of sensitivity study or other data is there to support your hypothesis
that this is the primary reason for the differences? What assurance do you have that
there are not other problems? And most importantly, if you already know what’s wrong
with the retrieval, probably it should be fixed before publication.
In section 3.1.3 discussing the comparisons, these comparisons are really rather poor,
but they are described as "reasonable agreement" "remarkable" and "same qualitative
behavior". These are all rather vague and even a bit misleading. What does "same
qualitative behavior" mean? Do you mean to say the vertical profile shapes are correlated? If so, go ahead and check it out using a regression. Perhaps you will indeed
find that even though the slope is far off the correlation is high. If so, you can make
that conclusion and then try to figure out what it tells you about your retrieval (i.e. why
would it produce the right shape but be biased so badly?) However, looking at it purely
visually, I don’t see the good correlation; except for the transition near 3 km, none of
the peaks in the two profiles appear to be at the same altitudes, for instance. Next,
you describe the fine mode difference as "only" 5.5 cubic microns per cubic cm. But
this is not a small difference; as a fraction of the fine mode volume concentration it’s
enormous. Also, it’s not a random difference averaging to to that value, it’s a systematic
difference across the whole profile, and with a distinct altitude dependence. In other
words, there’s really nothing to convince me that these two retrievals are describing
the same thing. You discuss a possible explanation for differences in the coarse mode,
but what could be the problem with the fine mode? If you have a hypothesis, state it
and test it (or even better, use it to fix the problem). I have similar concerns about the
comparisons in section 3.2.2.
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In section 3.2.3 (comparisons with FALCON), there is again a statement (or perhaps
implication) of an unsupported hypothesis that the differences after adjusting for the
cutoff are primarily due to space and time differences between the measurements.
But if that were so, wouldn’t the POLIPHON results be equally impacted and therefore
show poor agreement with the insitu measurements?
Figures 5 and 11 for the comparison with AERONET make it quite clear that the 2.2
micron cutoff is a severe handicap of the retrieval, a significant constraint which is not
in line with reality. It should be straightforward to do a forward calculation to determine
by what percentage of lidar backscatter and extinction are missing if the AERONET
distribution were cut off at 2.2 microns; it seems likely that this will be far more than the
discrepancy you have chosen to allow in the inversion.
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In the text of section 3.3 the statement that the volume concentrations are "within the
same order of magnitude" is mystifying to me. I agree that the calculations at lines 3031 (pg 15) as a way of estimating the column values from the profile are fine, but the
statement refers to the figures, where two different quantities with different dimensions
and units are shown. How can quantities with different dimensions be described as
"within the same order of magnitude"? Better to show the converted quantities on the
figures, with the AERONET dimensions of volume per volume times height, and in the
same units, so they can be directly compared.
The final statement in the section about good agreement between the sun-photometer
and POLIPHON is really very odd, since it completely leaves out the Sphinx retrieval
that this manuscript is about. It appears again that the authors are very shy about
describing less-than-desirable results of the comparisons.
One additional more specific point: On page 2, lines 3-14, even though it is properly put
into quotation marks and attributed, I’m not sure it’s appropriate to have a paragraphlong word-for-word quote from another source. Of course, that’s an editorial decision,
but in any case I think it would be better to extract from this quote your own view
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on what are the important points and paraphrase them in your own words (while still
referencing the original source, of course).
Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2020-459,
2020.
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