Reply to the anonymous referee #2 review on Comparison of diurnal aerosol products
retrieved from combinations of micro-pulse lidar and sun-photometer over KAUST
observation site” by Lopatin et al.

Authors would like to express our gratitude for the time and effort reviewers had dedicated to reviewing the
article. We believe that the suggestions made have significantly helped us to improve the quality of the
manuscript

Below we provide detailed answers to the specific comments of the reviewers:

1. Throughout the manuscript the authors refer to the use of the “AERONET data”, however it is never mentioned
which level or version of AERONET datasets is utilized. Although for MPLNET retrievals it is implied that Level 2
AERONET data are used (since it is stated that Level 2 MPLNET retrievals are produced after Level 2 AERONET
data are available), this is not obvious for GRASP. | believe it would be helpful for the reader if the authors provide
a few more details on the Level of data used in GRASP but also specific files names, list of parameters, units (if
applicable) etc.

Answer 1: “RAW almucantar” AERONET data, available at https://aeronet.gsfc.nasa.gov/cgi-bin/webtoolinv v3
In combination with “Total Optical Depth based on AOD Level” available at https://aeronet.gsfc.nasa.gov/cgi-
bin/webtool_aod_v3 both of Levell.5 were used. Clarifications were added to the text:

Lines 165-168: “We have processed almost three consecutive years of data starting from march 2019 till
December 2022 collected over KAUST observation site including vertical profiles of volume depolarization
provided by MPLNET lidar in combination with co-located AERONET observations, notably the L1.5 total optical
thickness and raw almucantars available at (https://aeronet.gsfc.nasa.gov/cgi-bin/webtool aod v3 and
https://aeronet.gsfc.nasa.gov/cgi-bin/webtool inv_v3 correspondingly) using the version 1.1.1 of GRASP
software.”

2. It is mentioned in several cases in the manuscript that the use of VLDR data in GRASP results in worse
comparison with MPLNET predominantly during daytime observations when AERONET data are also included in
the retrieval. The authors argue that this could be a result of several reasons including the assumption of a single
aerosol mode in the atmospheric column when VLDR data are not utilized. Is it possible that this result for daytime
retrievals, could also be related with the non-spherical particles treatment in GRASP? More specifically, could the
fact that VLDR is used as an input, highlight the shortcomings of the spheroid assumption for dust particles shape
in this case when the algorithm tries to balance the fitting of both AOD and VLDR?

Answer 2: Authors would like to thank the reviewer on pointing out the lack of discussion of such important
subject. Nonetheless it should be outlined that, unfortunately, this issue is not very straightforward to address
within the scope of the study, and definitely an additional study should be conducted in order to properly address
the issue. Below, we have provided detailed explanations, together with additions to the article text, that were
also linked with question 7.

Indeed, while the Inclusion of VLDR data results in the more realistic lidar ratio retrievals it also causes the
appearance of larger differences between extinction and backscatter obtained by GRASP and MPLNET
approaches. The authors consider that most probably both of these effects can be explained by the fact that
adding VLDR increases overall the information content of inverted data and helps to improve the overall retrieval.
At the same time, this positive impact can only be expected if newly added VLDR data are interpreted correctly.
In this regard choice of particle shape models is critical for interpretation VLDR data. The randomly oriented
spheroids model used here is the most popular model used in many aerosol retrieval algorithms (see the text
below), because of two reasons. First, it captures well many features of scattering by non-spherical particles.
Second, it essentially is the only model that can be used in quantitative retrieval. On the other hand, the accuracy
of this model is often questioned because spheroid is the simplest non-spherical particle that doesn’t have some
realistic features inherent for real dust particles, e.g. sharp edges. Therefore, questioning the potential
drawbacks of this model in our studies is fully reasonable. In these regards, full verification of spheroid model
accuracy is clearly out the scope of current paper, while the analysis of the possible manifestations of spheroid
model is evidently desirable and it has been done. Specifically, we can highlight that both AOD and sky-radiances
in Almucantar obtained from passive measurements together with VLDR and attenuated backscatter
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observations obtained from active lidar observation are fitted within the expected accuracy levels within a wide
angular and spectral range. Such good reproduction of all inverted data could hardly be achieved if seriously
erroneous scattering model would be used.

For improving the clarity of the paper, the following discussion was added to Section 4.1:

lines: 421-436: “It should be outlined, that it is expected for all methods to demonstrate better agreement in
daytime extinction profiles. Indeed, all methods are constrained by AOD observations both for GRASP and
MPLNET. At the same time, backscatter profiles comparison results will rely on how close the estimations of
columnar lidar ratios provided by these methods are. The differences in LR estimations observed in Fig. 3 could
have different origins. For example, GRASP S2 used VLDR data that provide additional information that is
expected to improve the retrievals. However, the accurate interpretation of VLDR requires the reliable model of
non-spherical aerosol scattering properties. The approach of randomly oriented spheroids developed by Dubovik
et al., (2006) has been used in all four methods (GRASP S1 and S2, MPLNET and AERONET). While spheroids
mixture is evidently an idealistic model, it had shown to be efficient in many applications for quantitative
characterisation of intensity and polarization scattering properties of non-spherical particles in wide angular and
spectral ranges. Indeed, spheroids have been successfully employed in passive AERONET ground-based (Dubovik
et al., 2006) and spaceborne multi-angular polarimeters (Dubovik et al., 2011, 2021; Hasekamp et al., 2024); to
extensive complex data sets of observations including in-situ (Espinosa et al, 2017, 2019; Bazo et al., 2024), as
well as to active measurements (e.g., Lopatin et al., 2021) and to various combinations of active and passive
remote sensing observations both ground-based (e.g., Lopatin et al., 2013, 2021) and spaceborne (Xu et al.,
2021). At the same time, MPLNET products used in this study do not rely on volume depolarisation observations,
and hence provide extinction and backscatter profiles together with columnar lidar ratio without any relation to
spheroid model.”

3. Assuming an operational use of GRASP for long-term lidar/sun-photometer measurements’ processing (i.e. for
any MPLNET site), could there be a threshold for the VLDR values to differentiate between cases when it is useful
for this parameter to be included in the retrieval or not? The results for the specific site mostly refer to desert dust
dominated cases and indeed the use of VLDR seems to ‘push’ the retrieval of LR at 532nm closer to the values
expected form the literature. However, when the amount of depolarizing aerosols in the atmospheric column is
very low, would the use of VLDR still be beneficial?

Answer3: For the inversion procedure low or close to 0 VLDR provides as much useful information as elevated
values, assuming that VLDR is provided with the claimed accuracy. On the other hand, if VLDR values are not
reliable due to the low signal-to-noise ratio, no useful information could be extracted. Indeed, such situation may
require establishing some thresholds for filtering out the low-quality data. In fact, such operations are already
performed by the MPLNET team providing L15 data. Such filtering is one of the main reasons why Scenario 1 and
2 retrievals deal with the different number of quality assured observations available for inversions within the
given periods.

For improving clarity of the paper, the following passage was added to the manuscript:

Lines 245 254: "Indeed, inclusion of additional observations into the retrieval can bring additional benefits only
in the cases when there is sufficient information on aerosol properties. In these regards, both high and low
volume depolarisation ratios could be useful providing either information on properties of coarse non-spherical
particles or spherical particles (both fine and coarse) correspondingly. However, low volume depolarisation ratio
lidar observations can suffer from a significantly lower signal to noise ratios for the values of VLDR close to 0.
Therefore, quality assurance on volume depolarisation provided by MPLNET L15 NRB data allows exclusion of
such cases from the retrieval, assuring high quality extended retrievals even in cases without significant dust
loads.”

lines 363-365: “The slight differences between Scenarios 1 and 2 are most likely related to the differences in the
dataset used for the comparison, as additional requirements to the volume depolarization profiles exclude some
of the data from processing using scenario 2 which nonetheless could be present in Scenario 1, 4380 against
6450 correspondingly.”

4. Line 324: “lidar” instead of “liar



Answer 4: corrected

5. Line 360: It | not clear to me here and in other places in the manuscript what you mean with ‘a bigger, and
therefore, more flexible set of parameters during the retrievals, allowing to perform them more accurately’.
Wouldn’t scenario 2 predominately benefit the retrieval of the coarse mode non-spherical fraction? However, the
comparisons shown are between total LR, AOD, ap and bp values.

Answer 5: Scenario 2 effectively doubles the number of parameters that describe aerosol vertical distribution,
this as compared to the scenario 1 increases the flexibility to fit lidar observations more accurately. Indeed, the
backscatter and VLDR at each altitude are modelled by two values (one for each fine and coarse modes), instead
of one (total) in S1, which makes it easier to find out a combination that fits observation data than in the case
with the model that depends only on one parameter. Comparisons of fits are performed for all approaches, while
only GRASP S2 distinguishes between fine and coarse modes.

For improving clarity of the paper, the following clarifications was added to the manuscript:

lines 371-377: “Another possibility is the use of the aerosol model with higher flexibility in Scenario 2 that
distinguishes the properties of fine and coarse aerosol particles has a doubled number of parameters that can
be used to reproduce observations compared to Scenario 1. Specifically, in Scenario 2 the properties of aerosol
at each layer depends on the concentrations of fine and coarse particles, while LR is fixed for each fraction for
the entire column, at the same time LRs for fine and coarse are different. In Scenario 1 lidar signal is fit by the
model that retrieve LR and values of total aerosol at each layer. Therefore, Scenario 2 operates with a more
flexible aerosol model and allows us to fit lidar observations more accurately under the same total AOD
constraints.”

6. Line 385: ‘LR at ~40+10 Sr which is within the ranges typical for desert dust’. | believe here you mean at 532nm.
Answer 6: wavelength was added to the passage, line 396.

7. Line 533: ‘scenario 2 for the case on 21 September demonstrates better accordance with MPLNET provided
profile’. | believe it seems from figures 7, 8 and 9 that this is mostly true for ap and not bp. In relation to question
2, do you think that this could be also related with the spheroidal assumption which would mostly affect the bp?

Answer 7: In the additional discussion provided in answer 2 we would like to emphasize that use of spheroidal
model is not the only factor that may affect the observed differences between the result obtained by MPLNET
and by both GRASP S1 and S2. For example, the following procedures may introduce the differences: the vertical
profile extrapolation above and below lidar observation range, the restrictions on temporal variability of
columnar aerosol properties used in GRASP S1 and S2, the separation of vertical profiles of fine and coarse
aerosol modes in GARSP S2, etc. Thus, it is very challenging to isolate the possible impact of spheroid model
limitations on the retrievals. Additional study, that includes supplemental model-independent data, e.g. lidar
ratios estimated by Raman lidar retrievals, may be conducted in the future to properly address this question.

The following discussion was added to the text:

Lines 548-567:

“Comparing Figs. 8 and 4., representing the estimations of total columnar lidar ratio by 4 different methods
(AERONET, MPLNET, GARSP S1 and S2), it is clearly seen that once the extinction is constrained by AOD, the main
difference in profiles originates from total columnar LR estimation difference, propagating into the backscatter
profiles. As discussed in Section 4.1 there are several differences in the modelling approach between the four
methods. Three of them (AERONET, GARSP S1 and S2) utilise the same spheroidal particle assumption to model
non-spherical scattering, which provides a rather broad range of total columnar lidar ratios to reproduce diverse
observations (Dubovik et al., 2006, Lopatin et al., 2021). For example, same as in similar studies by Lopatin et al.,
2021 spheroid model had demonstrated ability to provide adequate fits all available observations data on 21
September 2022 within the expected accuracy of each observation (see Table 1). Those included: - spectral AOD
(daily average residual 0.0018 and 0.0035 for S1 and S2 correspondingly), - sky-radiances in almucantars (daily
average residual 4.44% and 4.46% for S1 and S2 correspondingly), - attenuated backscatter (daily average residual
1.32% and 3.42% for S1 and S2 correspondingly) and volume depolarisation at 532 nm (daily average residual



0.9% for S2) and derived LR 532 values closer to literature expectations for desert dust as compared to the LR
used in MPNET retrievals. In addition, it should be noted, that the impact of utilising the spheroidal aerosol
model could not be isolated from other factors that significantly influence the retrievals. Namely, in difference
with MPLNET approach, GRASP accounts for aerosol in total atmospheric column, not only in the part observed
by lidar (e.g., see inconsistencies in profile estimations above 6000m in Fig. 8), and in GRASP Scenario 2 aerosol
is represented by two aerosol modes. In addition, the temporal restrictions on variability of aerosol columnar
properties do not allow sharp temporal variations of LR in both GARSP retrievals, that, in a contrast, could be
observed in MPLNET retrievals (see e.g., ~6:00 and ~12:00 values in the right panel of Fig. 4). Such analysis
remains out of the scope of this study, and could be performed in the future should additional data (e.g.,
coincident LR retrievals from Raman lidars) become available.”



