Dear Editor,

We are very grateful to the two referees for their appropriate and constructive suggestions and for
their proposed corrections to improve the paper. We have addressed all issues raised and have mod-
ified the paper accordingly. If you and the referee agree on that, we are also ready to submit a re-
vised version of the paper where all these changes have been introduced. We believe that, thanks to
their precious inputs, the manuscript has now sensitively improved. Below is a summary of the
changes we made and our specific responses to the referees’ comments and recommendations.

Summary of the changes
(in black is the original comments of the referee and in red our responses)
Anonymous Referee #2

The manuscript fits within the journal scope, as assessing the optical and microphysical aerosol
properties is crucial to reducing the uncertainty in climate model temperature rise (for example).
Nevertheless, the proposed methodology is questionable, because the profile for aerosol backscat-
tering coefficient is not directly measured, but retrieved under assumptions. The result is then
compared with the aerosol backscattering profile obtained combining aircraft measurements of aer-
osol concentration and Mie scattering model. The simulated profiles come too many assumptions
(i.e., the aerosol type, size distribution and so on). It doesn’t make sufficient sense.

The authors are not sure they properly understand this comment from the referee as in fact the pur-
pose of the present paper, as stated from the first sentence of the Abstract, is to compare: “...vertical
profiles of particle backscattering coefficient at 355, 532 and 1064 nm measured by the lidar Ra-
man system BASIL ... with simulated particle backscatter profiles obtained through a Mie
scattering code based on the use of simultaneous and almost co-located profiles of optical and
microphysical aerosol properties measured by an air-borne optical particle counter. So, differently
from what stated above by the referee, the aerosol backscattering coefficient profile is directly
measured by the Raman lidar and compared simulated profiles.

We agree that simulated profiles implies a certain number of assumptions (primarily the aerosol
type and size distribution), but a certain number of constraints can be applied to the assumed pa-
rameters based on the additional information available, besides the Raman lidar and the air-borne
in-situ data. In this respect, it is to be specified that an assessment of the aerosol type and the differ-
ent possible components in it is supported and verified based on the use of back-trajectory analyses,
which allow to identify aerosol origin and its specific path. This is true for both proposed approach-
es. The possibility to verify aerosol typing through back-trajectory analyses has been considered by
a variety of authors in the past (among others, Man and Shih, 2001; Methven et al., 2001; Estellés et
al., 2007; Toledano et al., 2009). In this regard, the following sentence was introduced in the text:
“Back-trajectory analyses from a Lagrangian model ((HYSPLIT)) are used in support of the as-
sessment of aerosol types (Man and Shih, 2001; Methven et al., 2001; Estellés et al., 2007; Tole-
dano et al., 2009).” Nevertheless, we tried to further support and strengthen the considered assump-
tions based on additional arguments and a specific sensitivity analysis (see specific comments be-
low).

I would instead suggest to retrieve the aerosol particle concentration using the three lidar wave-
lengths (as showed in Veselovskii et al.) and compare with OPC direct measurements.

We agree that the use of the particle size and microphysical retrieval approach by Veselovskii et al.
Authors had a specific interaction with Dr. Igor Veselovskii on this issue during the drafting phase
of the paper. However, an appropriate application of this approach imposes the use of particle



backscatter and extinction profiles characterized by very small statistical uncertainties (5-10 %),
otherwise the retrieval leads to unstable results. In this respect, it is to be specified that, due to the
limited aerosol loading present in the atmosphere for these case studies when simultaneous ground-
based Raman lidar and aircraft in-situ measurements were available, the uncertainty affecting the
measured particle backscatter and extinction profiles is not sufficiently low to allow an effective
application of this approach. This is primarily true for the particle backscatter measurements at
1064 nm. This aspect is now clearly specified in the text, where the following sentences have been
introduced: “The possibility to retrieve the particle size and microphysical properties from multi-
wavelength measurements of the particle backscattering and extinction coefficient has been demon-
strated by several authors (among others, Miiller et al., 2001, and Veselovskii et al., 2002) based on
the application of a retrieval scheme employing Tikhonov’s inversion with regularization, which
apply Mie scattering theory to ensemble of particles with spherical shape. However, an appropriate
and effective application of this approach imposes the use of particle backscatter and extinction pro-
files with a statistical uncertainty not exceeding 5-10 %. Multi-wavelength Raman lidar measure-
ments of the particle backscattering and extinction coefficient for the considered case studies were
not characterized by such low level of uncertainty, this being especially true for the particle
backscatter measurements at 1064 nm.”

In line 141 is stated that the air masses over the measurement site at higher altitude contain marine
aerosol. This kind of analysis is way too simple, as the presence of upper air marine salt is rather
sporadic and under very specific characteristics (e.g. hurricanes). Upper atmosphere marine aerosols
were detected occasionally and just for very specific meteorological conditions (e.g. hurricanes,
Sassen, 2003).

We agree with the referee that typically the presence of upper air marine salt is rather sporadic and
under very specific characteristics (e.g. hurricanes). In this specific case the presence of marine salt
at upper levels affected by the occurrence of nearby hurricanes cannot be excluded. In this regard, it
is to be specified that during the field campaign a very intense hurricane (hurricane Nadine) took
place in the area near Azores, covering a long time period between 10 September and 04 October
2012, with the two selected case studies considered in this paper being on 13 September and 02 Oc-
tober 2012. More specifically, the back-trajectory analysis carried out with a Lagrangian model
(HYSPLIT) reveals that the air mass overpassing the lidar site at an altitude of 4000 m on 2 October
2012 was overpassing few days earlier (29-30 September 2012) an area approximately 1000 km
North of the Nadine hurricane. However, in the revised version of the paper we removed from the
interpretation of the observations the specific reference to marine aerosols in the upper troposphere,
aiming to investigate further on this point in a future research effort. Additionally, the hypothesis of
observing an internal mixture of continental polluted aerosols with marine salt, i.e. an aerosol com-
ing from a marine polluted environment, has been removed from the analysis and the simulations.
In this respect, it is to be also specified that the paper has been heavily reshuffled and now both case
studies are analyzed with the same approach previously used for the second case study. This ap-
proach is not using back-trajectory analysis to make preliminary assumption of the aerosol
type, but is using back-trajectory analysis only afterward as a verification tool. The text of the paper
was modified accordingly. Consequently, the sentence pointed by the referee in former line 161
(“““Based on the involved air masses, we formulate the hypothesis that ...””) was removed.

Summary is pretty confusing. Line 330: the two approaches are not slightly different, but very
different! Then the two approaches don’t allow to infer the aerosol types. For the first case study ,
the aerosol species are assumed from Hysplit back-trajectories analysis.

We agree with the referee that the two considered approaches are quite different. Therefore in the
modified version of the paper we decided to use a single approach throughout the paper. For this
purpose we selected the second approach, as in fact this approach is not using back-trajectory



analysis to make preliminary assumption of the aerosol type. This approach allows to infer the
aerosol types and verify and to verify likelihood of the hypothesis and assumptions considered for
aerosol types and size/microphysical properties. For both case studies, back-trajectory analysis
carried out with the Lagrangian model HYSPLIT are used to verify aerosol typing and confirm
measurement/simulation results. For both case studies, literature values of the refractive index are
considered at different altitudes in combination with concentration measurements by the OPC to
simulate “synthetic” backscattering profiles through a Mie scattering model; then, particle
backscattering coefficient measured by the lidar Raman are compared with the synthetic profiles.

The sentence on line 333 is immediately contradicted by line 334.

The two sentences have been modified in order to remove the contradiction. Now the text reads:
“Again, the typology analysis suggests the Continental/Urban component to be possible. Sounded
aerosol particles at 3000 and 4000 m are compatible with continental polluted aerosols, this
possibility being confirmed by the back-trajectory analysis at 3000 and 4000 m.”

Line 36: “smaller” is not the right word . Please rather use “shorter”

The sentence has been modified and now reads: “Any experiment aimed at characterizing the
temporal evolution of aerosol microphysical properties would require several consecutive balloon
launches or flights, with the time lag between two consecutive launches/flights unlikely being
shorter than 1 hour, with a consequent detriment of the temporal resolution.”

Line 59: please consider using “ from.. to. . .”

The sentence has been modified and now reads: “The system was deployed in Candillargues
(Southern France) in the period from August to November 2012, in the frame of the Hydrological
cycle in the Mediterranean Experiment (HyMeX) Special Observation Period 1 (SOP1).”

Line 122: how the particle backscattering coefficient is retrieved ? Raman channel?
Please specify.

The method to determine the particle backscattering coefficient was illustrated in section 5.1 and
has now been moved to the Methodology section (section 4), where the following paragrath - slight-
ly different from the previous one - is present: “Measured profiles of the particle backscattering co-
efficient profiles at 355 and 532 nm are obtained from the Raman lidar signals through the applica-
tion of the Raman techniques, which relies on the ratio between the 355/532 nm elastic signal and
the simultaneous molecular nitrogen roto-vibrational Raman signal. The two signals are character-
ized by an almost identical overlap function, and therefore the overlap effect cancel out when rati-
oing the signals. Conversely, particle backscattering coefficient profiles at 1064 nm are obtained
through the application of a Klett-modified inversion approach (Di Girolamo et al., 1995, 1999).
The specific approach used in the present analysis considers a height-dependent lidar ratio profile
and iterative procedure converging to a final particle backscattering profile Di Girolamo et al.
(1995, 1995). It is to be specified that potential effects on our measurements associated with the in-
complete overlap of the laser beam and field of view are negligible. In fact, the particle backscatter-
ing coefficient at both 355 and 532 nm are obtained through the Raman lidar technique, which con-
siders the ratio of the elastic echoes over the corresponding N, Raman lidar echoes, with the overlap
function for the elastic channel and the corresponding N, Raman channel being substantially identi-
cal. Additionally, the elastic backscatter signal at 1064 nm and an additional elastic backscatter sig-
nal at 532 nm are collected with two small telescopes, developed around two 50 mm-diameter 200
mm-focal length lenses, with overlap regions not extending above 3-400 m.” However, for the pur-
pose of clarity this information is now also partially anticipated in an earlier stage of the paper. In



this regard, the sentence in former line 76, has been modified as follows. “Elastic backscattering
echoes from aerosol and molecular species at 355, 532 and 1064 nm, in combination with the Ra-
man scattering echoes from molecular nitrogen, are used to measure the vertical profiles of the aer-
osol backscattering coefficient at these three wavelengths. More details of the considered approach-
es are given in section 4.”

Line 151: In the equation is missing a bracket (please use square brackets). Moreover, some terms
are poorly or not at all described.

We believe the referee is referring here to the equation 5 in line 131 and not in line 151. Here we
could not find where a bracket was missing, but we introduced the term In» —Inr,, within square
brackets instead of round brackets and we also squared the term within the square brackets ([Inr —
In7,,]?). Additionally, we specified that n(r) represents the number of particle within the size interval
dr, Ny represents the particle integral concentration, r,, represents the median radius of the distribu-
tion, S is the standard deviation of the distribution, which is a measure of the particle polydispersity.
The portion of sentence following equation 5 has been modified as follows: “where n(r)=dN/dr is
the number of particles within the size interval dr, with N(r) representing the cumulative particle
number distribution for particles larger than R, 7, is the median radius of the distribution, S is the
standard deviation of the distribution and N is the particle integral concentration for the considered
mode”. The following sentence was also introduced: “S is a measure of the particle polydispersity,
with InS being equal to 1 for monodisperse particles”.

Lines 156-158: the sentence is not clear at all, please rephrase.

There is no sentence starting in line 156 and ending in line 158. If the referee refers to the sentence
starting in line 155 and ending in line 157, this sentence has been modified as follows:
“Specifically, figure 4 illustrates back-trajectories computed with the NOAA HYSPLIT model of
the air masses overpassing the lidar site at 20 UTC on 13 September 2012 at the altitudes of 600 m
(red line), 4000 m (blue line) and 6000 m (green line). The trajectories extend back in time for 5
days, thus illustrating the air masses path since 20 UTC on 8 September 2012.”

Line 186, again, smaller is not a good choice. Use rather “poorer”

The term “smaller” is not present in line 186. If the referee refers to the term “smaller” present in
line 203, this sentence has been modified as follows: “In this case, the agreement between measured
and simulated profiles is poorer, but still acceptable up to 3000 m.”

Fig. 16 X-axis label is missing

The X-axis label was added, which is “Quadratic sum of deviations at 355 nm and 532 nm”.
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Anonymous Referee #3

This paper deals with the combined analysis of an optical particle counter deployed on airplane and
lidar with the objective of providing aerosol typing at different altitudes.

The topic is sounds and deserve a publication. The paper is also generally well-written and
structured, although eventually lack of consistent scientific conclusions about the method proposed.

The paper has been expanded and partially re-written with the aim of providing consistent scientific
conclusions concerning the proposed methods and their applicability. The paper has been heavily
reshuffled and now both case studies are analyzed with the same approach previously used for the
second case study. This approach is not using back-trajectory analysis to make preliminary
assumption of the aerosol type, but is using back-trajectory analysis only afterward as a verification
tool. In addition to a variety of other integrations throughout the manuscript, the conclusions have
been largely expanded proving scientific consistency to the proposed method and the achieved
results.

Before recommending the manuscript publication I have several issues that needs to be addressed.
MAJOR CONCERNS

My main concern is about the conclusions obtained in both studies cases when aerosol loads is very
low, which is observed in the free troposphere for your study cases. Authors should address this
limitation of their methodology by for example doing sensitivity tests using synthetic data. Such
analysis will help to better understand the differences you obtain in your analyses.

We agree with the referee that the applicability of the considered methodology in those cases when
the aerosol loads is very low, typically in the free troposphere, has to be assessed through a specific
sensitivity analysis based on the use of synthetic data. In this regard, synthetic profiles for the
particle backscattering coefficient at the three wavelengths have been determined considering a
certain range of variability for specific parameters. In what follows, for example, we discuss the
sensitivity of the particle backscattering coefficient at 355 nm to variable values of the real part of
the refractive index. We considered the second case study, i.e. the time interval 19:43-20:27 UTC on
02 October 2012. Specifically, the left panel of figure 1 below shows the variability of particle
backscattering coefficient at 355 nm for a +£ 5 % variability of the real part of the refractive index
for urban aerosols. These aerosols include a soot and pollution fine mode component, with a the real
part of the refractive index of 1.75 (which was varied between 1,66 and 1,84), a water soluble
accumulation mode, with a the real part of the refractive index of 1.53 (varied between 1,45 and
1,61), and component and dust-like coarse mode component, also with a the real part of the
refractive index of 1.53 (also varied between 1,45 and 1,61). The right panel of figure 1 shows the
variability of deviations between measured and simulated particle backscattering profiles at 355 nm.
Results in this figure reveal that, as a result of the a + 5 % variability of the real part of the
refractive index for all three modes the deviations between measured and simulated particle
backscattering profiles typically increase by approx. 20 % from ~ 10 to ~ 30 %, which is not
compromising the correct application of the algorithm. A comparable increase is observed for the

quadratic sum of deviations at 355 nm and 532 nm (Ayo; = +/A355 + AZ;,), with values of increase
by approx. 20 % from ~ 25 to ~ 45 % (figure 2). In this respect, it is to be pointed out that a + 5 %
variability of the real part of the refractive index, while appearing as a fairly limited variability, may
correspond to a substantial change in aerosol composition. In this regard, it is to be underlined that
values of real part of the refractive index for most aerosol components are within &+ 5 % of the value
of Sulphate aerosols (1,45): Sea-salt (1,39) Dust-like (1,53) Mineral (1,53), Water soluble (1.53)
and Sulphate (1.45).
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Figure 1. left panel: particle backscattering coefficient at 355nm for the time interval 19:43-20:27 UTC on 02 October
2012, variability for a = 5 % variability of the real part of the refractive index for urban aerosols; right panel: variability
of deviations between measured and simulated particle backscattering profiles at 355 nm.
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Figure 2: Variability of the quadratic sum of deviations at 355 nm and 532 nm, A, again for the time interval 19:43-
20:27 UTC on 02 October 2012.

The text has been integrated with the introduction of the following text:
“A sensitivity study has been also carried out to assess the sensitivity of the results to changes of
specific size and microphysical parameters’ values. The sensitivity study reveals that the considered



methodology for aerosol typing is successfully applicable in the altitude region up to 3900 m, as in
fact above this altitude the statistical uncertainty affecting the lidar signals is high and this severely
reduces the sensitively of the aerosol typing methodology. The sensitivity analysis also reveals that
in the lower levels, typically within the boundary layer where aerosol loading is larger, deviations
between measured and simulated particle backscattering coefficient at the three wavelengths may
vary by up to 20 % as a result of a £ 5 % variability of specific size and microphysical parameters
(for example, the real part of the refractive index), which certainly reduces confidence in the aerosol
type assessment, but is not compromising its outcome. Based on the results from this study we may
conclude that the use of particle backscattering measurements at two wavelengths in combination
with OPC measurements allow to get a sufficiently reliable assessment of the aerosol types, which
can be verified and refined based on the use of back-trajectory analyses.”

It is necessary to improve the methodology section about how you obtain different aerosol types
from the fitting procedure you propose.

As also indicated to the other referee, in the revised version of paper we have aligned the analysis of
the first and second case studies, using the same approach (the approach formerly applied to the
second case study) to both case studies. The methodology section has now been completely
rewritten in the direction to include a detail description of how different aerosol types are
obtained through the fitting procedure. More specifically, the following new text has been
introduced:

“For the purposes of this research effort, particle concentration N, is obtained by minimizing
differences between the size distribution measured by the OPC and the simulated distribution, while
the values of 7, and S are those identified in the following section based on literature results.
Simulated backscatter profiles BL(z)are the obtained through the application expression (1) for all

altitudes covered by the OPC, considering different refractive index and size parameters’ values for
the three distribution modes, in dependence of the aerosol type, and integrating the expression over
the three distribution modes. To perform these computations a specific Mie scattering code was
developed by the authors in IDL environment. The possibility to retrieve the particle size and
microphysical properties from multi-wavelength measurements of the particle backscattering and
extinction coefficient has been demonstrated by several authors (among others, Miiller et al., 2001,
and Veselovskii et al., 2002) based on the application of a retrieval scheme employing Tikhonov’s
inversion with regularization, which apply Mie scattering theory to ensemble of particles with
spherical shape. However, an appropriate and effective application of this approach imposes the use
of particle backscatter and extinction profiles with a statistical uncertainty not exceeding 5-10 %.
Multi-wavelength Raman lidar measurements of the particle backscattering and extinction
coefficient for the considered case studies were not characterized by such low level of uncertainty,
this being especially true for the particle backscatter measurements at 1064 nm.

In order to determine aerosol typology, deviations between measured and simulated particle
backscattering profiles at 355 nm and 532 nm were minimized. Initial values in terms of modal
radius, 7, standard deviation, o, and refractive index for the different aerosol components were
taken from d’Almeida et al. (1991). At each altitude, the particle size distribution measured by the
optical particle counter is compared with the five aerosol typologies listed in d’Almeida et al.
(1991), which for the sake of clarity are reproduced below:

* Average continental (continental environment influenced by anthropic pollution),

* Urban (continental environment heavy influenced by anthropic pollution),

* Maritime-polluted (environment polluted as Mediterranean Sea or Northern Atlantic),

* Clean-polar (Artic environment during summer period),

* Clean continental-rural (rural continental environment without pollution).

Specifically, both urban and continental aerosols include a soot and pollution fine mode component
(as both aerosol types include the same aerosol components, they are treated in what follows as a
single aerosol type), a water soluble accumulation mode component and dust-like coarse mode



component; the maritime polluted aerosol type includes a soot and pollution fine mode component,
a water soluble accumulation mode component and a sea-salt coarse mode component; the summer-
time Artic aerosol type includes a sulphate fine mode component and a sea salt and mineral
accumulation mode component; the rural aerosol type includes a water soluble accumulation mode
component and a dust-like coarse mode component.
d’Almeida et al. (1991), Junge and Jaenicke (1971) and Junge (1972) suggested the use of a tri-
modal log-normal size distribution (see expression 5), indicating specific values for the two primary
size distribution parameters, i.e. the modal radius, I, and standard deviation, ¢ . Values of the modal
radius, the standard deviation and the real, n,, and imaginary part, n;, of refractive index at the three
lidar wavelengths (355, 532 and 1064 nm) for the three different aecrosol components considered in
the present computations are inferred from different literature papers (d’Almeida et al., 1991;
Shettle and Fenn, 1976; Shettle and Fenn, 1979; WCP-112, 1986) and are listed in Table 1.
The log-normal size distribution has been computed considering the OPC data in the dimensional
range 0.25 - 2.5 um, with a 300 m vertical integration window. Results are illustrated in figure 2
(bold black line). In this same figure the size distribution computed from the OPC data is compared
with the theoretical distributions for the three different modes (fine mode - red line, accumulation
mode - violet line, coarse mode - light blue line).
For each of the three modes, the number of particles has been varied in order to have the total
theoretical distribution (thin black line) matching the experimental distribution computed with the
OPC data. The matching between the experimental and theoretical distributions has been optimized
based on the application of a best fit procedure. This approach was applied to each altitude level. In
figure 2, we are considering experimental and theoretical distributions at an altitude of 1529 m, this
being the lowest altitude where aerosols larger than 0.7 — 0.8 pm were measured by the OPC.
The vertical profiles of the particle backscattering coefficient at 355, 532 and 1064 nm have been
simulated through the above mentioned Mie scattering code from the OPC data, considering values
of 7 and ¢ for the different aerosol components. Measured profiles of the particle backscattering
coefficient profiles at 355 and 532 nm are obtained from the Raman lidar signals through the
application of the Raman techniques, which relies on the ratio between the 355/532 nm elastic
signal and the simultaneous molecular nitrogen roto-vibrational Raman signal. The two signals are
characterized by an almost identical overlap function, and therefore the overlap effect cancel out
when ratioing the signals. Conversely, particle backscattering coefficient profiles at 1064 nm are
obtained through the application of a Klett-modified inversion approach (Di Girolamo ef al., 1995,
1999). The specific approach used in the present analysis considers a height-dependent lidar ratio
profile and iterative procedure converging to a final particle backscattering profile Di Girolamo et
al. (1995, 1995). It is to be specified that potential effects on our measurements associated with the
incomplete overlap of the laser beam and field of view are negligible. In fact, the particle
backscattering coefficient at both 355 and 532 nm are obtained through the Raman lidar technique,
which considers the ratio of the elastic echoes over the corresponding N, Raman lidar echoes, with
the overlap function for the elastic channel and the corresponding N, Raman channel being
substantially identical. Additionally, the elastic backscatter signal at 1064 nm and an additional
elastic backscatter signal at 532 nm are collected with two small telescopes, developed around two
50 mm-diameter 200 mm-focal length lenses, with overlap regions not extending above 3-400 m.
A modified version of the approach defined by Di lorio et al. (2003) was applied in order to
determine the sounded aerosol typology. This approach is based on the minimization of the relative
deviation between the measured and the simulated particle backscattering coefficient, i.e.:

A= 1 Np |B/1(simulated)(Zk)_ﬁk(measured)(zk)| (6)

b

Np k=1 B/I(measured)(zk)
where zy 1s the altitude.
In the attempt to simultaneously minimize deviations between measured and simulated particle
backscattering profiles at 355, 532 and 1064 nm, a total deviation can be computed as the root sum
square of the single deviations at the two wavelengths, which can be expressed as:

Apor = \/Agss + A532 + A%oezxa (7).




Finally, the possibility of having continental instead of marine aerosol at high levels for the case
study on 13th September 2012 has been tested using for the first case study the same methodology
considered for the second test case.

It is not clear to me what aerosol parameters you are obtaining.

The aerosol parameters that are obtained through the application of the first approach are the
particle concentration Ny; for the three different aerosol modes. Particle concentration N is
obtained by minimizing differences between the size distribution measured by the OPC and the
simulated distribution, while the values of r,, and S are those identified based on literature results.
Based on this information, the simulated profiles of the particle backscatter coefficient at 355, 532
and 1064 nm are obtained. This is now better specified in the text (see previous answer).

I would recommend adding references to Table 1.

Former Table 1 has been removed, while former Table 2 (now Table 1) has been modified to include
information previously present in former Table 1.Specific references to table 1 have now been
introduced in the text.

It is not clear to me the capabilities of BASIL and what you are actually using. You say that they are
capable of obtaining independent extinction and backscattering at 355 and 532 nm by Raman
technique. But at some points in the manuscript you mention that you use only elastic signals at 532
nm. If this is true, it means that you are using the classical Klett method for obtaining
backscattering method that imply constant lidar ratios and thus homogenous aerosol in the entire
column. What is then the sense of applying your methodology for aerosol typing? This question is
also applicable for backscttering at 1064 nm.

The system is in principle capable to independently measure extinction and backscattering
coefficient profiles at 355 and 532 nm. Extinction coefficient profiles at 355 and 532 nm are
obtained from the molecular nitrogen Raman lidar echoes at 386,7 and 607 nm, respectively,
through the application of the approach proposed by Ansmann et al. (1990). This approach is based
on the application of a derivative operator to the two N, Raman lidar echoes and provides accurate
results only in case the two N, Raman lidar echoes are characterized by very limited statistical
fluctuations. Conversely, backscattering coefficient profiles at 355 and 532 nm are obtained from
the elastic echoes at these two wavelengths in combination with the molecular nitrogen Raman lidar
echoes at 386,7 and 607 nm, respectively, through the application of the approach by Ansmann et al.
(1992). This approach considers the ratio of the elastic echoes over the corresponding N, Raman
lidar echoes. It is to be specified that, for the specific case studies considered in this manuscript, N
Raman lidar echoes at 386,7 and 607 nm are sufficiently intense, and consequently affected by
sufficiently low statistical fluctuations, to allow the determination of particle backscattering
coefficient profiles through the Raman technique (Ansmann et al., 1992), but their intensity is not
sufficiently high, and consequently statistical fluctuations are too high, to allow the determination
of particle extinction coefficient profiles through the application of the above mentioned derivative
approach (Ansmann et al., 1990).

The application of the Klett approach is considered only for the determination of the particle
backscattering coefficient at 1064 nm. In this regard, however, we need to specify that the approach
used in the present analysis refers to a modified version of the traditional Klett approach, proposed
by Di Girolamo et al. (1995, 1995), which considers a height-dependent lidar ratio profile and
iterative procedure converging to a final profile. Thus, the considered analysis methodology does
not imply a homogenous aerosol layer throughout the entire column and its application does not
alter its value for aerosol typing. This is now clearly specified in the paper, where the following



sentences have been introduced: “The specific approach used in the present analysis considers a
height-dependent lidar ratio profile and iterative procedure converging to a final particle
backscattering profile Di Girolamo et al. (1995, 1995).”

The two study cases are not very different. The area is usually affected by Saharan dust transport.
The paper will definitely gain more interest if an study case affected by dust transport is included.

While we agree with the referee on the importance and potential impact for this research effort of
considering Raman lidar measurements in the presence of Saharan dust particles, we have to specify
that simultaneous and co-located measurements of the Raman lidar and the air-craft sensors (the
OPC being one of these) are available only during four specific days (i.e. 13 September, 02 and 29
October and 05 November 2012), when flights hours of the French research aircraft ATR42
dedicated to the 7™ FP “WALiTemp” project were carried out. Unfortunately, during these days no
Saharan dust outbreak event took place and consequently no evidence of Saharan dust layers could
be identified in the lidar echoes. Indeed the two considered case studies are not very different, but
none of the other potential candidate cases (29 October and 05 November 2012) reveals any more
significant peculiarity (on these latter two days, winds are from N-NO and a very limited aerosol
loading is observed).

MINOR CONCERNS

Why using HYSPLIT at different altitudes between the two examples? Please unify criterion. There
should not be dramatical changes in your interpretation.

We agree with the referee that it was confusing and not logical to consider in the HYSPLIT back-
trajectory analysis different altitudes for the two case studies. We modified the paper in the direction
to consider the same altitudes for the two case studies. We are presently considering for both case
studies the following altitude levels: 600 m, 4000 m and 6000 m.

I agree with the previous referee about the interpretation of marine aerosol at high levels for the
case study on 13th September 2012. See my previous comments about the applicability of your
methodology for very low aerosol loads.

This point has been already extensively addressed above (see specific replies to referee # 2 in the
initial part of the response letter to him/her). Additionally, as we also illustrated in our reply to
referee # 2, it is to be specified that during the field campaign a very intense hurricane (hurricane
Nadine) took place in the area near Azores, covering a long time period between 10 September and
04 October 2012, with the two selected case studies considered in this paper being on 13 September
and 02 October 2012, i.e. within this period. More specifically, the back-trajectory analysis carried
out with a Lagrangian model (HYSPLIT) reveals that the air mass overpassing the lidar site at an
altitude of 4000 m on 2 October 2012 was overpassing few days earlier (29-30 September 2012) an
area approximately 1000 km North of the Nadine hurricane. This information provides some
confidence on the possible presence of marine aerosol in the upper troposphere. Nevertheless, we
removed from the interpretation of the observations references to the presence of marine aerosols in
the upper troposphere.

Lines 30-35: Please provide references.

As requested by the referee, references have been provided in support of the argument that only a
limited number of remote sensing techniques can provide vertically resolved measurements of
aerosol microphysical properties. Specifically, the following references have been introduced:
Bellantone et al., 2008; Granados-Muioz et al., 2016; Mhawish et al., 2018.



Line 164: ‘particles at higher altitudes are internal mixtures of...” It is impossible to know if they
are internal or external mixtures with the instrumentation and methodology you used. Please
correct.

In the revised version of the paper this sentence has been removed, as well as any reference in the
interpretation to the internal mixture of continental polluted aerosols with marine salt. Additionally,
we agree with the referee that it is impossible to argue whether observed aerosols are internal or
external mixtures based on the instrumentation and methodology considered in the paper. Any
reference in the interpretation of the results to internal/external aerosol mixtures has been removed.

Figure 1 needs improvements as in its current form does not provide any information. Why not
include flight tracks?

The ideal flight track of the ATR 42 was already present in the previous version of the paper. This
was represented by the red line oblong circle, which indicates the footprint of the spirals
(hippodromes) up and down around a central location approximately 20 km eastward of the Raman
lidar site. In the new revised version of this figure we also included the flight track from the airport
to the spiraling position. Additionally, to improve the information content of this figure, we also
introduced a latitude-longitude grid. Now the figure caption reads: “ATR42 flight pattern in the
frame of the “WaLiTemp” project (red line). The light blue dot represents the position of
Montpellier Airport, where the ATR-42 was taking-off and landing, while the red dot represent the
position of the Raman lidar BASIL. The red curve represents the footprint of the aircraft pattern,
including the positions of the spirals (hippodromes) up and down and the ground track from the
airport to the spiraling position. The distance between the lidar site and the flight pattern is approx.
20 km.”

What are the effects of incomplete overlap in your methodology?

Effects of incomplete overlap are negligible in our methodology. In fact, the particle backscattering
coefficient at both 355 and 532 nm are carried out based on the application of the Raman lidar
technique (see more detail above), i.e. considering the ratio of the elastic echoes over the
corresponding N, Raman lidar echoes. The system received was conceived to be compact enough in
order to have almost identical overlap functions for the elastic signal at 355 nm and the
corresponding N, Raman lidar signal at 386,7 nm, as well as for the elastic signal at 532 nm and the
corresponding N, Raman lidar signal at 607 nm. For what concerns the particle backscattering
coefficient at 1064 nm, it is to be specified (and this is clearly described in the paper in section 2.1,
describing the system layout for the Raman lidar) that the corresponding signals are not collected
with the large aperture Newtonian telescope, but with a small telescope developed around a 50 mm-
diameter 200 mm-focal length lens. This receiver is located within 10 cm from the vertically
propagating laser beam and this determines the presence of a very shallow overlap region, not
extending above 3-400 m. Same is true for the elastic signals at 532 nm, which are collected with
the large aperture Newtonian telescope, but are also collected with a second small telescope (again a
50 mm-diameter 200 mm-focal length lens). This alternative 532 nm signal, used when the N,
Raman lidar signal at 607 nm is not strong enough to allow applying the Raman technique, is
characterized by the presence of a very shallow overlap region, as the one of the 1064 nm signal,
not extending above 3-400 m. This aspect is now better stressed in the paper, where the following
sentences have been introduced in the Methodology section of the paper: “It is to be specified that
potential effects on our measurements associated with the incomplete overlap of the laser beam and
field of view are negligible. In fact, the particle backscattering coefficient at both 355 and 532 nm
are obtained through the Raman lidar technique, which considers the ratio of the elastic echoes over
the corresponding N, Raman lidar echoes, with the overlap function for the elastic channel and the



corresponding N> Raman channel being substantially identical. Additionally, the elastic backscatter
signal at 1064 nm and an additional elastic backscatter signal at 532 nm are collected with two
small telescopes, developed around two 50 mm-diameter 200 mm-focal length lenses, with overlap
regions not extending above 3-400 m.”

Line 325-326. ‘decreasing number concentration of the same aerosol type (Continental/Urban) as a
result of the progressive attenuation of the underlying convective activity’ I do not understand this
sentence. Please clarify.

This unclear sentence was removed. The corresponding sentence has been changed as follows:
“Above the top of the boundary layer and up to ~2700 m (altitude 2), particle backscatter decreases
with altitude”.

Conclusions must be improved.

Conclusions have been sensitively improved. The following new text have been introduced:

“The added value of the reported methodology is represented by the possibility to infer the presence
of different aerosol types and their microphysical properties based on the use of multi-wavelength
Raman lidar measurement from a ground-based system in combination with an independent
measurement of the particle concentration profile (in our case we are using the one coming from an
optical particle counter mounted onboard an aircraft overpassing the lidar site). This methodology is
applicable when sounded particles are spherical or almost spherical, which allows for the Mie
scattering theory to be applied for the determination of the particle backscattering coefficient.

The HYSPLIT-NOAA back-trajectory model was used to verify the origin of the sounded aerosol
particles. Five different aerosol typologies are considered, i.e. Continental polluted, Clean
continental-rural, Urban, Maritime-polluted and Clean-polar, with their size and microphysical
properties taken from literature. The approach leads to an assessment of the predominant aerosol
component based on the application of a minimization approach applied to the deviations between
measured and the simulated particle backscattering profiles at 355 and 532 nm and for first test case
study also at 1064 nm, considering all five aerosol typologies.

The application of this approach to the case study on 13 September 2012 suggests the presence of
Urban and Maritime aerosols throughout the entire vertical extent of sounded column, except in the
altitude region 2600-2900 m and 4300-4500 m ranges, where the presence of a Rural component is
likely to be possible. The application of the approach to the case study on 02 October 2012 reveals
that Continental/Urban aerosols are likely to be the predominant components up to [ 11600 m, while
the two distinct aerosol layers located in the altitude regions 2700-3600 m (with max. at 3000 m)
and 3600-4600 m (with max. at 4000 m) are identified to likely consists of Continental/Urban
and/or Marine polluted aerosols, respectively. The correctness of the results has been verified based
on the application of the HYSPLIT-NOAA back-trajectory model, with the analysis extend backing
in time for 5 days and allowing to assess the origin of the sounded aerosol particles.

Finally, a sensitivity study has been carried out to assess the sensitivity of the aerosol typing
approach to varying size and microphysical parameters. The study reveals that the reported
approach is successfully applicable in the altitude region up to

~ 4 km, while above this altitude the sensitively of the approach is sensitively reduced by the high
statistical uncertainty affecting lidar signals. The sensitivity study also reveals that the within the
boundary layer deviations between measured and simulated particle backscattering coefficient at
355, 532 and 1064 nm may vary up to 20 % as a result of a + 5 % variability of specific size and
microphysical parameters. Such results reveal that application of the reported approach, based on
the use of particle backscattering measurements at two wavelengths in combination with OPC
measurements, allow to get a sufficiently reliable assessment of aerosol typing.”.

What is the added value of your methodology?



The added value of our methodology is represented by the possibility to infer the presence of
different aerosol types using two or three wavelength Raman lidar measurement from a ground-
based system in combination with an independent profile of particle concentration (in our case we
are using the one coming from an optical particle counter mounted onboard an aircraft overpassing
the lidar site). This aspect is now clearly specified in the Conclusions, where the following sentence
has been introduced: “The added value of the reported methodology is represented by the possibility
to infer the presence of different aerosol types and their microphysical properties based on the use
of multi-wavelength Raman lidar measurement from a ground-based system in combination with an
independent measurement of the particle concentration profile (in our case we are using the one
coming from an optical particle counter mounted onboard an aircraft overpassing the lidar site).”

Under which circunstances is applicable?

The circumstances under which the methodology is applicable are those when sounded particles are
spherical or almost spherical, which allows for the Mie scattering theory to be applied for the
determination of the particle backscattering coefficient. This aspect is now clearly specified in the
Conclusions, where the following sentence has been introduced: “This methodology is applicable
when sounded particles are spherical or almost spherical, which allows for the Mie scattering theory
to be applied for the determination of the particle backscattering coefficient”.

Which aerosol properties are you providing?

The proposed approach is not aimed at determining specific aerosol properties, but instead it is
aimed at inferring the different aerosol types present in the vertical column above the lidar site
based on the use of particle backscattering measurements at two wavelengths from the Raman lidar
in combination with OPC measurements. This aspect is now clearly specified in different parts of
the paper. In the Abstract, where the following sentence is present: “The reported good agreement
between measured and simulated multi-wavelength particle backscatter profiles testifies the ability
of multi-wavelength Raman lidar systems to infer aerosol types at different altitudes.” In the
Introduction, where the following sentence has been introduced: “Specifically, lidar systems with
aerosol measurement capability are characterized by high accuracies and temporal/vertical
resolutions, which makes them particularly suited for aerosol typing applications.” Further down in
the Introduction, where the following sentence has been introduced: “In the present manuscript,
measurements carried out by BASIL are illustrated with the purpose to characterize atmospheric
aerosol optical properties. These measurements, in combination with in-situ measurements from an
airborne optical particle counter and the application of a Mie scattering code, are used to infer
aerosol types.” In the Methodology section, where the following sentence has been introduced: “A
modified version of the approach defined by Di lorio et al. (2003) was applied in order to determine
the sounded aerosol typology. This approach is based on the minimization of the relative deviation
between the measured and the simulated particle backscattering coefficient ...”. In section 5.2,
where the following sentence has been introduced: “Based on the results from this study we may
conclude that the use of particle backscattering measurements at two wavelengths in combination
with OPC measurements allow to get a sufficiently reliable assessment of the aerosol types, which
can be verified and refined based on the use of back-trajectory analyses.” Finally, in the Summary,
where the following sentence has been introduced: “Such results reveal that application of the
reported approach, based on the use of particle backscattering measurements at two wavelengths in
combination with OPC measurements, allow to get a sufficiently reliable assessment of aerosol

typing.”
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