Referee Comment #2

We would like to thank the anonymous referee for taking the time to carefully read the submitted paper
and for commenting it. The comments were very useful for improving the readability and effectiveness
of our paper. In the following, answers to comments are reported in italics, just below each related
comment. The comments are underlined and numbered to ease the process. When needed, the part
of the manuscript we modified or added to the old version is reported in bold. Moreover, the references
are given in the end of the document.

1. Section 2.2.1 to 2.2.5: You show an extensive overview of the intensive optical properties for the different
aerosol types. However, it would be valuable if you could provide further information if the different
intensive properties have been derived from the same studies. For using those in the classification the
influence of miss-classifications and mixtures should be minimized and the measurements providing a
multitude of intensive optical properties should have a larger weight. Additionally you overview mainly
focuses on the information presented by Burton et al. or from EARLINET measurements. It would be also
valuable to include further measurements (e.g. closer to source regions or after long-range transport) to
better differentiate between possible influences of transport or mixture.

The proposed methodology aims to be an EARLINET stand-alone typing methodology. EARLINET collected
observations, since 2000, provide an insight of the aerosol types occurring over Europe. Therefore, the
methodology is set up and the aerosol classes defined. The aerosol properties are shown to vary with location
and aerosol type. For example, as reported also in the paper, desert dust can have different properties depending
on the source region (Arabian versus Saharan dust particles). This means that the automatic typing can be more
efficient if set up at regional/continental level.

On this basis, Section 2.2 gives an overview of the characteristics of each aerosol type along with intensive optical
properties from various literature references. The goal of this section is to introduce the aerosol classes that the
automatic typing is based upon and to provide typical values of the intensive parameters. These intensive
parameters correspond to the selected classifying parameters and act as a reference to our training dataset.
Besides, the majority of the literature references come from EARLINET observations and reflect the variability of
the aerosol properties over Europe. The overall performance of the automatic typing is based on the quality of
the reference dataset and the definition of coherent aerosol classes. For the reference dataset, well-characterized
EARLINET data from Pappalardo et al. (2013), Papagiannopoulos et al. (2016), and Schwarz (2016) were used.
The aerosol classification follows the procedure described in Section 2.1. The aerosol classes coincide with the
typical values of the Section 2.2 (see Page 27 — Table 2).

The algorithm has been shown to be versatile and can be adjusted to the needs of each study. The reference
dataset can be enlarged with well-characterized observations and increase the number of instances of under-
represented aerosol classes. In addition, new aerosol classes can be added to describe other aerosol mixtures or
the aerosol classes can be redefined. For example, an aerosol class Arabian dust can be inserted in the reference
dataset in order to take into account of the different characteristics of the generating desert source.

The next paragraph is inserted in Section 2.2:

As an additional consideration, the defined aerosol types presented in Sect. 2.2 may not be representative of
the entire aerosol load and, furthermore, apart from the dust mixtures they do not consider other aerosol
mixtures. For example, this aspect can be observed in the definition of the volcanic category where the
particles have different characteristics depending the transport pattern. The particles near the source have



optical properties similar to desert dust whereas long-range transported volcanic plumes have the altered
properties due to the sedimentation of the coarser particles. Therefore, it is important to further include a
more exhaustive aerosol class analysis.

2. Figure 2: Why do you show profiles below the full overlap of the lidar when you do not use them for your
analysis? How trustworthy are the values in these height levels? What is meant by the statement ‘the
layers present the same behavior’? Looking at the profiles at different wavelengths | would suggest having
different behaviors at different height levels, e.g. the wavelength dependence of the backscatter
coefficient, the lidar ratio and the shape of the lidar ratio between 1.8 and 2 km is different to the height
range between 2 and 3.6 km, above 3.6 km the Angstroem exponent of the extinction coefficient shows a
different values than below.

The overlap height is at around 1,15 km a.s.l. for 1064 nm (Madonna et al., 2015). Values below the overlap
region are not shown. We do not take into account values below the full overlap and the constructed database
does not suffer from overlap issues whatsoever.

In the revised version of the paper we rephrased the sentence because it is actually misleading. The referee is
right that three different layers are observed as reported in P5L19-20. The layer mean intensive parameters are
given in Table A. The Angstrém exponent for the 3 layers maintains a rather stable character with values around
0 suggesting large particles over Potenza. Regarding the lidar ratio, the values decrease with height and confirm
the comment that we should not consider a single aerosol type throughout the range.

Table A: the mean intensive parameters for the 3 layers observed.

Layer[km]  ks(355,532) ks(532,1064)  ks(355,1064)  K«(355,532) S3ss [sr] Ss32 [sr]
1.6-2.0 0.4540.03 0.3240.03 0.3740.02 -0.2140.2 53+8 5748
2.0-3.5 -0.0240.12 0.4240.06 0.26140.04 -0.310.2 4844 53#4
3.5-5.0 0.1240.26 0.4240.18 0.3140.13 0.440.2 4618 41+5

Besides, we investigated the backward trajectories for the layers of Table A using the HYSPLIT model (Stein et al.,
2015). We initiated the model for a 7-day backward analysis and starting height levels the midpoints of the layers
and the results are shown in Figure A. The layers 2.0-3.5 km and 3.5-5 km show a similar pattern with the air-
masses flying over 2 km and originate from the Saharan desert. The layer 1.6-2.0 km follows a different pathway,
the air-masses circulate over the Mediterranean Sea and Algeria and the uptake of marine particles is very likely.
This information combined with the information of Table A suggests dust particles for the 2 elevated layers.

However, it is right to mention here that this case is reported for showing how the identification is done using
intensive properties and backward trajectory analysis. All the intensive properties used for setting up the training
and testing datasets are related to elevated layers separated from the planetary boundary layer and the local
influence.
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Figure A: HYSPLIT backward trajectories for the aerosol layers observed over Potenza, on 14 July 2011, 19:20-22:10 UTC.

In synthesis, the 3 layers with the synergistic use of intensive properties and backward trajectory analysis allows
us to distinguish the different characteristics of the mixed dust layer in the range 1.6-2.0 km and the desert dust
higher in the atmosphere (2.0-5.0 km). The intensive properties are measured with good level of uncertainty only
in the layer 2.0-3.5 km. In order to avoid confusion, we will focus our comments in the range 2.0-3.5 km where
the intensive property analysis is coherent and confirms the existence of a dust layer. The text implemented in
P5L22-24 is given below:

The layer 2.0-3.5 km has a constant behavior with the range for the intensive optical profiles indicating the
presence of the same type of particles. The mean values of all optical parameters in the range are calculated:
lidar ratios of 48+4 sr at 355 nm and 534 sr at 532 nm and Angstrém exponents of -0.3-0.4 were found.

3. Figure 3: Looking at the FLEXPART footprint, can you exclude a contribution from marine aerosols?

The manual typing as described in Section 2.1 is not a simple issue and, of course, leaves room to questionable
type assignment. The backward trajectory analysis is used synergistically with the lidar optical properties and the
model outputs suffer from the high error on the path (increasing with the path itself) and the source term
assignment. Therefore, the model simulations have to be used together with the observed lidar optical properties
for providing a reasonable aerosol typing.

The FLEXPART seems to indicate the possibility of marine influence in the identified layer, however the lidar ratio
values being over 50 sr indicates low or no presence of maritime aerosol particles. Furthermore, for this specific
case, particle linear depolarization ratio measurements are available, however these measurements are not
included in the database and therefore not reported in the submitted manuscript. Figure B shows the particle



linear depolarization ratio where the values are over 0.2 and, thus, confirming our hypothesis of aspherical
particles.
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Figure B: Particle (blue line) and Volume (red line) linear depolarization ratio at 532 nm for the MUSA system in Potenza on 14/07/2011,
19:20-22:10 UTC.

In order to avoid confusion, we rephrased the sentence following the referee’s comment in P5L30-31 and moved
P5L24-25 to the end of it:

The dust-prone area of northern Africa (Morocco and northern Algeria) along with the Mediterranean Sea are
most likely the sources of the observed layer and suggest a mixture of dust and marine particles. The combined
information of the backward trajectory analysis and the intensive properties values indicate the presence of
dust particles and they are in accordance with the typical dust values observed over Potenza (Mona et al.,
2014).

4, Figure 5: An additional Figure also including the information of the depolarization ratio for the different
classes would be valuable.

Figure C shows the characteristics of the reference dataset in terms of the depolarization ratio when plotted
against the lidar ratio at 532 nm and the backscatter related Angstrém exponent (355,1064) for 8 aerosol classes.
The particle depolarization ratio values were assigned to the aerosol classes assuming that the intensive
properties are normally distributed and using literature values as reported in P29-Table 4. Therefore, the values
have no standard deviation. The figures highlight the discriminatory power of the classifying parameter among
the dust-like aerosol classes, however, the particle depolarization ratio seems to have no power to separate the
non-dust classes.
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Figure C: Colored pre-specified classes and 90 % confidence ellipses for 8 aerosol classes using the classifying parameters: 853z, Sssa,
k8(355,1064). The error bars correspond to the standard deviation of the selected mean intensive properties. CC stands for Clean
Continental, D stands for dust, MD stands for mixed dust, MM stands for mixed marine, PD stands for polluted dust, PC stands for polluted

continental, S stands for smoke, and V stands for volcanic particles.

In conjunction with the specific comment #9 of RC1, we inserted in the revised manuscript Figure D and the text
below in Section 3.2.4:
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Figure D: Bar plots show the median (horizontal line), 25-75 percentile (box) and 5-95 percentile (whisker) of the four classifying
parameters: 8s3;, kp(355;1064), S532, and Ss32/S3s5. CC stands for Clean Continental, D stands for dust, MD stands for mixed dust, MM
stands for mixed marine, PD stands for polluted dust, PC stands for polluted continental, S stands for smoke, and V stands for volcanic

particles.



Figure 7 presents cumulative barplots with the median (black dots), the 25-75 percentile (box), the 5-95
percentile (whiskers) for all 4 classifying parameters. The figure highlights the discriminatory power of 8s3;,
Kp(355,1064), and Ss3;, whereas the Ss3;/Ssss performs the worst. Furthermore, the figure depicts the
discriminatory power of the classifying parameter among the dust-like aerosol classes, however, the particle
depolarization ratio seems to have no power to separate the non-dust classes, as discussed above.

5. Figure 7: The shape of the backscatter coefficient and the extinction coefficient at 355 and at 532 nm show
different shapes, but the derived profile of the lidar ratio for both wavelengths shows the same shape.
What is the vertical resolution of the different profiles? Did the extinction and backscatter coefficient have
the same resolution for deriving the lidar ratio?

P34-Figure 2 and P39-Figure 7 in the submitted paper are reporting the profiles at their highest resolutions, i.e.
the particle backscatter coefficient profiles have a higher resolution when compared to the particle extinction
coefficient ones and typically ultraviolet profiles have a better resolution than visible profiles. The lidar ratio
profiles have the same resolution of the particle extinction coefficient profiles. Prior to the calculation of the lidar
ratio, the particle backscatter coefficient profiles are smoothed using a 2nd order Savitzky-Golay filter at an
effective vertical resolution that varies with height, for more details see larlori et al. (2015).

In particular, for P34-Figure 7, the vertical raw resolution of the particle backscatter coefficient profiles is 7.5 m
while for the extinction coefficient the resolution varies with height. The effective resolution for 355 nm (blue line)
and 532 nm (red line) is given in Figure E and follows the procedure described in Pappalardo et al. (2004). For the
height range 1.2-1.9 km, the highest resolution is 240 m for 355 nm while for 532 nm varies from 240 m to 480
m. Higher in the atmosphere, the resolution degrades with height (faster for 532 nm) and becomes constant at
4.7 km for 355 nm (3.8 km for 532 nm).
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Figure E: The effective resolution of the extinction coefficient at 355 nm (blue line) and 532 nm (red line) for the Athens lidar on 22/05/2014,
20:28-21:28 UTC.

Figure F shows the same panels as for P34-Figure 7 along with the smoothed backscatter profiles (panel b) that
were used for the calculation of the lidar ratio. The next sentence is implemented in the revised manuscript:

The particle extinction and backscatter coefficient are given with their full resolution. To calculate the lidar
ratio, the backscatter coefficient was smoothed in the same effective vertical resolution using a Savitzky-Golay



second order filter (larlori et al., 2015) and only the useful range of signals was kept; the effective resolution
of the resulting profiles varied from 240 m to 780 m using the method described in Pappalardo et al. (2004).
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Figure F: Optical profiles measured in Athens, on 22 May 2014, 20:28-21:28 UTC with a multiwavelength Raman lidar. From left to right,
(a) the backscatter coefficient with the full resolution, (b) the smoothed backscatter coefficient, (c) the extinction coefficient, and (d) the
lidar ratio. The error bars correspond to the standard deviation.
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