Response to RC2

General comments:

This is an interesting study, with a substantial contribution to scientific progress within
the scope of AMT. It is based on ground-based lidar observations from Wuhan and
provides regionally-tailored parameterizations for dust and cloud-relevant lidar-
retrievals. The new methodology proposed, could be applied to different regions to
provide regionally-tailored parameterizations for dust and cloud-relevant
concentration retrievals. The paper is well written and the overall presentation is well
structured and clear. It is recommended for publication in AMT after a few revisions.
The specific comments are given below. The more important comments are
connected with the discussion of the associated uncertainties of the retrieved
products from the presented methodology.

Response: We appreciate the reviewer’s thoughtful review and constructive
comments. All of the comments have been addressed in the revised manuscript, and
the responses to the individual comments are given below. In particular, the
associated uncertainties of the retrieved products have been added in the revised
manuscript. Moreover, c2s04 Value has been modified due to a programming mistake.

Specific Comments
Comments: Page 2, line 38: “...except for the occurrence of ice multiplication
mechanism (also named Hallett-Mossop process) at temperatures of -3 to -8 °C
[Hallett and Mossop, 1974]”. As more secondary ice production mechanisms have
been proposed in the literature (see for example Field et al., 2017), consider revising
this sentence accordingly.
Response: Thank you for providing this newer literature regarding the secondary ice
production effect. We have added it into the revised manuscript as follow (please see
line 42-43)

‘..., which can rapidly enhance the number concentration of the ice population
following initial primary ice nucleation events (Field et al., 2017).’
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Comments: Page 2, line 38: “This agreement was substantially verified by a closure
study ...”. the same agreement was found in Marinou et al., (2019) paper using
spaceborne lidar-radar retrievals. Consider including their findings in the reference
also.
Response: We have added the following sentence that introduces the same
comparison between INPs (derived by CALIPSO) and ICNCs (derived by DARDAR) in
Marinou et al. (2019). (please see line 46-48)

‘Moreover, good agreement between INPC derived by the measurements of
CALIPSO spaceborne lidar and ICNC derived by the synergistic measurements of
spaceborne raDAR and liDAR (DARDAR) was also found by Marinou et al. (2019).’

Comments: Page 3, line 65: “Urban air pollution generally cannot affect the
atmospheric INPC [Chen et al., 2018]”. Consider including also the recent references
of Kanji et al. (2020) and Schill et al. (2020) which found out that soot in a bad
immersion freezing INP (at temperatures > -30 C) with < 10% contribution to the total
INPC.



Response: Thank you for providing these two relevant papers. We have added them
into the revised manuscript as follow (please see line 73-74)

‘Similarly, Kanji et al. (2020) and Schill et al. (2020) found that soot also is not an
effective aerosol type serving as INP.’

Comments: Page 4, line 104: “The fine mode fraction (FMF) of 500 nm...”. Till this point
you provided the uncertainties of all the other products discussed. Consider including
in the text the uncertainty on this product also.

Response: Details of error expressions are given in Appendix A of O’Neill et al. (2003).

There are assumptions of the coarse-mode Angstrom exponent, spectral derivative

coarse-mode Angstrom exponent, and relationship between the fine-mode Angstrom

exponent and spectral derivative fine-mode Angstrom exponent (O’Neill et al., 2001)

included in FMF calculation. The uncertainties of these assumptions depend on the

actual atmospheric condition. Therefore, it is not easy to provide a specific value of
uncertainty in FMF. Considering FMF values just qualitatively assess the presence of
dust plume and are not involved in conversion factor derivation, it would be
acceptable not to give a specific uncertainty in FMF. To address the reviewer’s concern,
we have added the following statements in the revised manuscript (please see line

115-118)

‘The uncertainty in FMF mainly depends on the assumptions of the coarse-mode
Angstrom exponent, spectral derivative coarse-mode Angstrém exponent, and
relationship between the fine-mode Angstrom exponent and spectral derivative
fine-mode Angstrom exponent (O’Neill et al., 2001), which are related to the actual
atmospheric condition.’

Reference:

O’Neill, N., Dubovik, O., and Eck, T. F.: A modified Angstrb’m coefficient for the
characterization of sub-micron aerosols, Appl. Optics, 40(14), 2368-2375,
doi.org/10.1364/A0.40.002368, 2001.

O’Neill, N., Eck, T., Smirnov, A., Holben, B., and Thulasiraman, S.: Spectral
discrimination of coarse and fine mode optical depth, J. Geophys. Res., 108(D17),
4559. doi.org/10.1029/2002jd002975, 2003.

Comments: Page 5, line 130: “In this study, the CALIOP Level-2 vertical feature mask
(VFM) product was used to validate the presence of dust layers over Wuhan”. As this
validation could be done with the depolarization measurements of the ground-based
system only, consider rephrasing to highlight the synergy of the two measurements,
from ground and space, to provide the 3D dust presence.

Response: We have added the following statements to highlight the ability of CALIOP
measurement for providing the 3-D structure information of the dust plume. (please
see line 146-148)

‘...the CALIOP Level-2 vertical feature mask (VFM) product was used not only to
validate the presence of dust layers over Wuhan (Omar et al., 2009) but also to
provide the three-dimension structure information on the dust plume combining
simultaneous ground-based measurements (i.e., vertical distribution and horizontal
extension).’

Comments: Page 6, line 160: “The uncertainty for a_d is on the order of 20%



[Mamouri and Ansmann, 2014; Tesche et al., 2009]”. This uncertainty is provided in
relation to the total extinction coefficient and not in relation to the retrieved dust
extinction coefficient from the formula, and is representative for the uncertainty on
the a_d in case of dust dominated aerosol layer (with d_p approximatelly 30% or
higher, aka 100% presence of dust). When the pure dust component is less, the
uncertainty of the retrieved a_d is higher. Indicatively a_d uncertainty is reaching >90%
in layers with d_p = 10% (see for example section 3.2 in Marinou et al. 2019). | suggest
describing the uncertainties more accurately.

Response: Thank you very much for the comments. As discussed by Mamouri and

Ansmann, (2014) and Marinou et al., (2019), the uncertainty in a_d depends on the

contribution of pure dust component. Low dust contribution with 6 _p <0.1 can cause

a very large uncertainty of >94%. Since & _p values are mostly observed to be 0.14-

0.43 over Wuhan during the dust-related heterogeneous nucleation events (He et al.,

2021a), we only consider the well-detected desert dust layer (6 _p ~0.3) and less

pronounced aerosol layer (§_p ~0.2) when estimating the uncertainty. Mamouri and

Ansmann (2014) estimated the uncertainty in B_d to be 15-20% for well-detected

desert dust layers and 20-30% for less pronounced aerosol layers. Considering the

uncertainty of ~10% in dust lidar ratio (an updated value of 4744 sr for Asian dust is
obtained by pure rotational Raman lidar observation at our site, according to Peng et
al. (2021)), the uncertainty in a_d is estimated to be 18-32%, which is more
conservative than the value of 15-25% given by Ansmann et al. (2019b). We have

added the related discussions about the uncertainty in a_d. (please see line 179-186)

‘...The uncertainty in a; mainly depends on the contribution of dust component
within an aerosol layer. Very low dust contribution can cause a very large
uncertaintyin ay (Marinou et al., 2019). Since §,values are mostly observed to be
0.14-0.43 over Wuhan during the dust-related heterogeneous nucleation events (He
et al., 2021a), we only consider the well-detected desert dust layer (§,, ~ 0.3) and

less pronounced aerosol layer (6, ~ 0.2) when estimating the uncertainty in a,.

Mamouri and Ansmann (2014) estimated the uncertainty in ,; to be 15-20% for

well-detected desert dust layers and 20-30% for less pronounced aerosol layers.

Considering the uncertainty of ~10% in updated dust lidar ratio (Peng et al., 2021),

here the uncertainty in a, is estimated to be 18-32%, which is more conservative

than the values of 15-25% given by Ansmann et al. (2019b).’

Reference:

Ansmann, A., Mamouri, R.-E., Hofer, J., Baars, H., Althausen, D., and Abdullaev, S. F.:
Dust mass, cloud condensation nu-clei, and ice-nucleating particle profiling with
polarization lidar: updated POLIPHON conversion factors from global AERONET
analysis, Atmos. Meas. Tech., 12, 4849-4865. doi.org/10.5149/amt-12-4849-
2019, 2019b.

He, Y., Yi, F., Yi, Y., Liu, F., and Zhang, Y.: Heterogeneous nucleation of midlevel cloud
layer influenced by transported Asian dust over Wuhan (30.5°N, 114.4°E), China,
J. Geophys. Res.-Atmos., 126(2), €2020JD033394.
doi.org/10.1029/2020JD033394, 2021a.

Mamouri, R. E. and Ansmann, A.: Fine and Coarse dust separation with polarization
lidar, Atmos. Meas. Tech., 7, 3717-3735. doi.org/10.5194/amt-7-3717-2014,
2014.

Marinou, E., Tesche, M., Nenes, A., Ansmann, A., Schrod, J., Mamali, D., Tsekeri, A.,



Pikridas, M., Baars, H., Engelmann, R., Voudouri, K.-A., Solomos, S., Sciare, J.,
GroB, S., Ewald, F., and Amiridis, V.: Retrieval of ice-nucleating particle con-
centrations from lidar observations and comparison with UAV in situ
measurements, Atmos. Chem. Phys., 19, 11315-11342. doi.org/10.5194/acp-19-
11315-2019, 2019.

Peng, L., Yi, F., Liu, F., Yin, Z. and He, Y.: Optical properties of aerosol and cloud
particles measured by a single-line-extracted pure rotational Raman lidar. Opt.
Express, 29(14), 21947-21964, doi.org/10.1364/0E.427864, 2021.

Comments: Page 6, line 165 and line 171: “The uncertainty of M_d is £ 60% [Mamouri
and Ansmann, 2014]” ... “The overall uncertainty for &_250, is estimated to be on the
order of 30% [Mamouri and Ansmann, 2015]”. Similarly with the above comment,
these uncertainties are representative for a dust dominated case (100% dust
presence). Please rephrase accordingly.

Response: According to the response above, we have updated these two uncertainties
to be 29-64% for M_d and 27-40% for n_(250,d). As a comparison, these two values
are also more conservative than the values of 20-30% for M_d and 25-35% for
n_(250,d) given by Ansmann et al. (2019b). (please see line 191 and 196)

Comments: Page 8, line 1, and Figure 3 and 4: The AE of the first time period this day
(09:00-11:00) is even lower than the time used (12:00-16:00). Why is only the second
time period considered dust relevant and is used? Could the authors provide
additionally the size distribution of the first period in Figure 4? Or the first period is
not included in this methodology due to some criteria it cannot fulfill?

Response: Thank you very much for pointing out this issue. The selection of time
period is based on whether a dust aerosol layer is observed by the polarization lidar
simultaneously. Ground-based lidar began to operate at 1000 LT this day and the thick
dust layer was observed all day long. Therefore, we should also take the sun
photometer datasets during 1000-1100 LT into consideration. Figure 5 has been
updated in the revised manuscript. It should be mentioned that although the shape of
particle volume size distribution shows a slight change (see figure 5a), n2so.q4is almost
unaltered compared with the original value. Thus, we can conclude that this
modification has neglectable impact on the obtained conversion factors. (please see
line 249, 252, and figure 5)

Comments: Figure 2: As the 6 and a_d profiles from this case are discussed in the
manuscript to demonstrate the methodology, it is advised that the authors include in
this figure these profiles also, during the period used. It would be good, for
completeness, also if the authors mention the D selected for the demonstration case
(which height region is averaged for the mean a_d in this case).
Response: According to the reviewer’s suggestion, to demonstrate the identification
of dust occurrence by mean of polarization lidar observation, we have provided the
profiles of volume depolarization ratio during four cloud-free periods in the updated
figure 3 and have also added the related expressions as follow (please see line 239-
242)

‘...Besides, four cloud-free periods (1000-1030 LT, 1220-1250 LT, 1400-1430 LT,
and 1530-1600 LT) were selected to show the vertical distributions of 6 as seen in



Fig. 4c, 4d, 4e, and 4f. The 6 values were larger than 0.06 throughout the whole
lower troposphere (from surface to around 5.5 km). Considering the thresholds of 6
and thickness that we defined, all these periods can be identified as ‘dust
occurrence.’

Comments: Page 8, line 228: “In total, we screened 32 dust-intrusion days from the
sun photometer observation during 2011-2013.” Shouldn’t this be rephrased as: “In
total, we used 32 dust-intrusion days from joint lidar and sun photometer
observations during 2011-2013.” ?
Response: We have rephrased this sentence as follow (please see line 263-264)

‘In total, we used 32 dust-intrusion days from joint lidar and sun photometer
observations during 2011-2013.’

Comments: Figure 5: You should skip “by sun photometer” in the end of the sentence.
See also the above question.
Response: The caption has been revised and ‘by sun photometer’ is removed.

Comments: Page 8, line 234: Please also provide the uncertainty or, if not possible,
the standard deviation of the proposed conversion factor.

Response: The standard deviations for the retrieved conversion factors have been
added throughout the revised manuscript.

Comments: Page 8, line 239: “Moreover, two other AERONET sites were reported to
also have...”. Consider rephrasing as: “These results are in line with conversion factors
reported in two other AERONET sites....”

Response: Considering the value of conversion factor are updated, we have
completely rewritten this paragraph, including new conclusions as well as the related
discussions.

Comments: Page 9, line 249: “Each point in Figure 6 ..” please comment in the
manuscript if these points are from the same set of lidar layers and AERONET retrievals
as the ones in Figure 5.
Response: We have added the following statement

‘Note that these points represent the same dataset (i.e., the same 33 dust-
intrusion days) as those green points in Figure 6.’

Comments: Page 9, line 253: Please also provide the error or, if not possible, the
standard deviation of this conversion factor.

Response: The standard deviations for the retrieved conversion factors have been
added throughout the revised manuscript. (please see line 20-21, 24, 267-271, 299,
305-208 and 381-385)

Comments: Page 9, line 255: “In particular, those more dispersed points below the
dashed line seem to be more affected by anthropogenic aerosols”. Would it make
sense to calculate one conversion factor for the elevated aerosol layers and a seperate
one for the PBL layers? Would the retrieved factors be better representative for the
different mixing conditions expected in the PBL and in the free troposphere?

Response: Thank you very much for the valuable suggestion. Obviously, as the



reviewer mentioned, it will be better if we can separately calculate the conversion
factors for the elevated aerosol layers in free troposphere and the aerosols within the
PBL; because the elevated aerosol layers usually contain purer dust particles and do
not suffer the mix with other aerosol sources. If this solution is feasible, a more
accurate conversion factor for dust over Wuhan can be expected. However, the core
thought of the POLIPHON method is using the sun-photometer-measured column-
integrated AOD spectrum (wavelength-depended AOD) to calculate the particle size
distributions and thereby fit the conversion factors. Therefore, we can hardly derive
the dust-related conversion factors by separating the respective AOD contribution
from PBL and free troposphere. This is also the reason why Ansmann et al. (2019b)
only calculate the dust-related conversion factors for those AERONET sites near the
dust desert regions or over the cities with relative clean atmospheric environment (to
diminish the impact of anthropogenic aerosols as much as possible). As for our study,
we also have to use the column-integrated AOD spectrum measured by sun
photometer to derive the dust-related conversion factors; hence the possible
influence of anthropogenic aerosols within the PBL cannot be completely avoided.

Comments: Page 9, line 263: “Another slight dust layer with an enhanced 6 of ~0.04
occurred up to ~8 km”. Please include the time of observation in the plot.
Response: The time ‘after ~0230 LT’ has been added.

Comments: Figure 8: Consider including additionally the CALIPSO feature type plot of
this case, for a complete overview of the scene. The elevated aerosol/cloud layer
above the station at 7-9 km is visible here also.
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Response: As the reviewer suggested, we have added the simultaneous CALIOP level-
2 vertical feature mask into the updated figure 10b so that the classification of cloud
and aerosol layer also can be indicated. (please see line 331, 334 and figure 10)

Comments: Figure 9 & 10: Please include also the error bars of the derived parameters.
Response: We have added the error bars of the derived parameters in the updated
figure 11 and 12.

Comments: Summary and conclusions: The authors could consider including in their
conclusions a comment on the evaluation approaches that could be used/followed to
validate the proposed methodology.
Response: We have added the following comment in section 5. (please see line 387-
389)

‘In the future, we expect to validate the obtained conversion factors by comparing



with unmanned aerial vehicles (UAVs) in situ measurements (Marinou et al., 2019).’

Technical corrections:
Comments: All manuscript: The reference brackets for ACP is () instead of [].
Response: All the reference brackets have been revised to ().

Comments: Page 2, line 47: “...Marinou et al...”
Response: The spelling mistake has been corrected.

Comments: Page 2, line 51: “...in situ...”
Response: The spelling mistake has been corrected.

Comments: Page 3, line 83 & 91: “...particle linear depolarization ratio...”
Response: The repression ‘particle depolarization ratio’ has been revised to ‘particle
linear depolarization ratio’.

Comments: Page 6, line 147: “...dy multiplying with a typical dust...”
Response: ‘multiplying the typical dust...’” has been revised to ‘multiplying with a
typical dust...".

Comments: Page 7, line 189: “...the filtered out all...” out should be deleted, as these
are the values kept.
Response: The word ‘out’ has been removed.

Comments: Page 7, line 190: “Considering the AERONET sites selected in Ansmann et
al. [2019b] mostly located in/near the desert regions, the pure dust cases following
the criteria given above can be found more easily (with adequate data sets >2500 for
each site”. Consider rephrasing to: The pure dust cases following the criteria given
above can be found more easily (with adequate data sets >2500 for each site) in/near
the desert regions, as presented in Ansmann et al. (2019b).

Response: According to your suggestion, this sentence has been revised to ‘The pure
dust cases following the criteria given above can be found more easily (with
adequate data sets >2500 for each site) in/near the desert regions, as presented in
Ansmann et al. (2019b).’

Comments: Page 7, line 195: “...observed here generally reflect a characteristic of
mixed dust (dust particles mix...”. Consider rephrasing to “...observed to generally
reflect characteristics of mixed dust (dust particles mixed...”.

Response: According to your suggestion, this sentence has been rephrased.
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Comments: Page 7, line 197, 198: “...properties above Wuhan...” “... different from
those in near-desert sites”.

Response: The first sentence has been revised to ‘...properties above Wuhan’. As for
the second sentence, we have rephrased it as follow ‘Thus, the dust-related

conversion factors differ from those of near-desert sites.’

Comments: Page 11, line 324 “is derived at 2.0 LA-1”



Response: ‘reached’ has been revised to ‘is derived at’.



