Response to referee 1 report.

We would like to thank referee 1 for all his constructive suggestions and comments. They have
been quite useful to improve the paper.

We include as additional information the .pdf file of the discussion paper with all changes
highlighted.

Pag. 1 Line 3: Replace "its" by "the determination of the lidar ratio of the Saharan....”
The sentence is changed:

“Of particular importance is the determination of the lidar ratio of the Saharan Air Layer
mineral dust transported into the free troposphere over the North Atlantic region.”

Pag. 1 Line 21: “We found a lack of..."

The sentence is changed:

“We found a lack of correlation between lidar ratio and Angstrém exponent (a), which indicates
that the dust lidar ratio can be considered independent of dust size distribution in this region.”

Pag. 2 Line 4: Add here more references, like Boesenberg et al. 2003 (MPI report), 2007;
papers from Asianet, Lalinet, USA etc.

Two new references have been added: Kovalev and Eichinger (2005) and Rocadenbosch et al.
(2010).

Pag. 2 Line 5: “...like the Raman lidars.”
The sentence is changed:
“in comparison to other more complex systems, like the Raman lidars.”

Pag. 2 Line 7: Provide here some reference (e.g. Klett, 1985)
Two new references have been added: Klett (1985) and Fernland (1985).

Pag. 2 Line 7: “as the aerosol...”
The sentence is changed:
“This ratio is known as the aerosol extinction-to-backscatter ratio or lidar ratio,”

Pag. 2 Line 8: omit "it" & "..on the.."
The sentence is changed:
“and depends on the microphysical aerosol properties”

Pag. 2 Line 12: “...ratio retrieval...” & ".. extinction and backscattering profiles."
The sentence has been changed:



“The uncertainty of the lidar ratio retrieval determines the accuracy of the retrieved extinction
and backscattering profiles.”

Pag. 3 Line 3: Provide here several references

“Given that desert dust is one of the most prominent and widespread atmospheric aerosols,
there are a number of publications concerning the reliable determination of mineral dust optical
properties with the ‘Saharan Mineral Dust Experiment’ (SAMUM) field campaign as the
most comprehensive dust closure experiment in pure dust (Heintzenberg (2009), Tesche
et a. (2009), Wiegner et al. (2009), Ansmann et al. (2011) among others).

Pag. 3 Line 20: please cite here the relevant work of landulfo et al.,
https://doi.org/10.1175/2007JTECHA984.1

The reference has been added together with others : (Marenco et al., 1997; Takamura et al.,
1994; Landulfo et al., 2008; Kovalev and Eichinger, 2005)

Pag. 5 Line 10: "has”
The sentence has been changed:
“The lidar signal inversion has been applied to the MPL profiles”

Pag. 6 Line 24: "the lidar ratio has...”
The sentence has been changed:
“the lidar ratio has been calculated”

Pag. 8 Line 7: In order this equation is valid you have to refer/specify to the type of
detection system (photon counting or analog)

The sentence has been changed:

“This magnitude is defined for the photon counting mode as follows”

Pag. 8 Line 18: cite Klett, 1985 here
Reference added.

Pag. 15 Line 8: This sentence should clearly stated that is true for the mean lidar ratio
values. The authors should stress that their technique gives better results concerning
the aerosol extinction profile (than other techniques, e,.g. Klett's). However, they have to
stress that their technique is applicable when 2 sun photometers are located in different
altitudes (as in this paper), in the absence of the Raman or the HSRL technique, which
are the only ones capable of retrieving the aerosol extinction and backscatter profiles,
independently.

They should also stress that their technique needs validation through inter-comparison
to Raman or HSRL in situ lidars.

The sentence has been changed as follows:


https://doi.org/10.1175/2007JTECHA984.1
https://doi.org/10.1175/2007JTECHA984.1

“This results in more reliable extinction vertical profiles. Although it is important to emphasize
that the Two-Layer method proposed in this paper is only applicable provided
information from two photometers in different atmospheric layers is included. Further
validation on the aerosol extinction coefficient against that provided by Raman or HSRL
techniques will be required to assess the reliability of this technique.”




Response to referee 2 report

We appreciate the constructive suggestions and comments of Referee 2. They have been quite
useful to improve the paper.

We include as additional information the .pdf file of the discussion paper with all changes
highlighted.

Pag. 1 Line 3: please rephrase the sentence

The sentence has been changed:

“Of particular importance is the determination of the lidar ratio of the Saharan Air Layer
mineral dust transported into the free troposphere over the North Atlantic region.”

Pag. 1 Line 22: it is possible, but it can also indicate that there are several types and the
retrieved lidar ratio is not attributed to a certain aerosol type

It could indeed be the case pointed out by the referee. However, there are already previous
works, cited in section 4, that have studied this question with different techniques. To clarify this
point we modify the sentence:

“This finding suggests that dust is, in most of atmospheric conditions, the predominant aerosol
in the North Atlantic free troposphere, which is in agreement with previous studies
conducted at the Izafha Observatory”

Pag. 2 Line 7: “Klett 81, Klett-Fernland 85”
Two references have been added: Klett (1985) and Fernland (1985).

Pag. 2 Line 13: To which wavelength? The error depends also on the lidar instrument.
Please give a reference or estimation of the error in the certain micrupulse lidar used in
this study.

Bdsenberg and Hoff, 2007 stated out that the laser wavelength (short versus long wavelength)
does no longer play a role in this second step of the retrieval (extinction estimation), so this
information has been omitted in the text. We include some more references:

“The uncertainty of the lidar ratio determines the accuracy of the retrieved profiles. Typical
relative errors in the retrieved backscatter and extinction profiles of 10 % and 20 %,
respectively, are assumed for the combined elastic lidar/photometer technique, low enough for
climate impact studies (Bdsenberg and Hoff, 2007). However, these errors have been
estimated not considering overlap. Typical MPL overlap distances are between 5 — 6 km
(Welton et al. 2002) and overlap uncertainties ranges from 3% in the short range to 4% at
3 km. Also the presence of different aerosol layering may affect the final uncertainty. As
Pelon et al., (2002), Ansmann (2006), Ansmann et al. (2013), and Miiller et al. (2007) have
pointed out, errors considerably higher may be expected in the case of complex aerosol
distributions such as different aerosol layer in the vertical, horizontal inhomogeneous
aerosol layers or even in case of well-mixed layers because of the effect of the relative
humidity, which may produces a change in size distributions and refractive indices
(Ackermann, 1998).”




Pag. 2 Line 34: Please, also refer to Amiridis et al 2013

We have included information from Amiridis et al 2013 with the following sentence:

“An even higher lidar ratio, 58 sr, has been proposed for the retrieval of CALIOP by
Amiridis et al. (2013).”

Pag. 4 Line 14:1 dont think that Figure 1 is really necessary

Certainly the aerosol structure in the North Atlantic is a known fact for those researches have
worked in this region. However, we believe that Figure 1 might help to those readers non
familiarized with the vertical structure of the subtropical North Atlantic region to understand the
need of a two layer analysis approach. For this reason, we prefer to keep figure 1.

Pag. 5 Line 16: please provide the range where we trust the MPL prfiles

As it is known, full overlap for MPL systems is around 5km (information added on page. 2), and
the low range lidar signal is strongly affected. For this reason overlap correction is needed. In
our study the low lidar ratio retrieved for the MBL can be due to this effect. However,
considering the good results obtained in the FT layer, we believe that corrected overlap profiles
are credible at least over 2km. A special attention has been taken to this aspect at our site. We
include the following sentence to stress this point:

“A quality control of the overlap calibration has been done based on comparison with the
molecular lidar return calculated from temperature profiles during clean conditions
nights (Kovalev, 2015). In addition, the installation of the instruments in a temperature
controlled room allow to minimise thermal effects on the system (Rodriguez-Gonzalez et
al., 2002).”

Pag. 2 Line 7: it is provided in Level 3.

In this work version 2 data has been used. Therefore we reformulate the sentence:

“Lidar ratio can be calculated from the single scattering albedo, w, and the phase function at
180°”

Pag. 7 Line 1: general comment. Minimize this section, giving only the references, there
is no need to give so much detail information on the theory
The general theoretical introduction has been removed.

Pag. 7 Line 6: Do you correct for Overlap effect? Which method do you use? What is the
range you trust?

As it is written in section “3.2 LIDAR data”, the determination of the overlap function has been
obtained from horizontal profiles by night made at the Izana Observatory in stable atmosphere
conditions. These calibrations were on an annual basis. More information about QC of overlap
calibrations has been added in pag. 5



Pag. 7 Line 18: please give reference
Klett (1985) and Fernald (1984) References have been added.

Pag. 8 Line 2: What about the overlap effect? How do you consider the profile until the
ground?

The overlap correction is applied to all ranges, down to 300m. Overlap is an important source of
uncertainty at low ranges. Looking to the consistency during the 10 years of data (Figures 10
and 11) we are quite confident on the quality of the applied overlaps above 2km. The MBL
results we show are not so satisfying, as the LR we obtained is very low compared to those from
previous works. The overlap for low ranges is very low, so small bias in the determination may
have a high effect. More comments added latter.

Pag. 8 Line 19: please give reference
As no similar recommendation is found in the literature and we don’t give any data to support
this statement, we decide to remove the last two sentences of the paragraph.

Pag. 9 Line 3: What steps means in terms of meters?
We include the value in meters:
“...is two or more steps (at least 150 m) above the first estimated value”.

Pag. 10 Line 17: The Y axis of Figure 7 is the Frequency (%) or the number of events
(measurements)

In order to avoid confusions, the relative frequency is plotted and Y-Axis and named "Relative
frequency [%]".

Pag. 10 Line 21: This is in constrast with the Figure 76, under clean condition (low AOD),
we have a variation in LR values

We agree with the referee. We have corrected the mistake rephrasing the sentence as follows:
“Retrieved lidar ratios increase when AODg, increases due to the presence of the SAL”

Pag. 10 Line 22: You can attribute a value to an aerosol type (eg Mueller et al 2007) after
backtrajectory analysis etc. You shouldnt attriute a mean value to a specific type.

In this section we want to show the differences between One-layer and Two-layer retrievals, and
which of the two methods is more appropriate to analyze dust events in our site. We have
rephrased the sentence in order to clarify this point:

“Under clean conditions the lidar ratio remains low, and it increases as AODsco increases due
to the presence of the SAL. However, the mean lidar ratio obtained using this method is 24+10
sr, which is close to the typical marine lidar ratio but far from dust lidar ratio (Mller et al.,
2007; Bréon, 2013).”

Pag. 11 Line 1: Is 51sr describing clean conditions? Please give references



The value used here, 51sr, is the mean value we retrieved in first instance with the Two-Layer
method for FT in low AOD,,, conditions (see Table 2). What we propose is just to replace the
lidar ratio retrieval in low AOD,,, conditions, which produced very dispersed results (see Fig.
9a), by its mean value, to avoid that a wrong lidar ratio in the upper layer affect the retrieval in
the lower layer (due to the difference betweenr,_, .. andr, . ). Here we consider that dispersion
in Fig. 9a is, to a large extent, due to the uncertainty of the retrieval, as the dispersion in Fig. 9a
is higher than the dispersion in fig. 7a. To clarify this point we have rephrased the sentence as
follows:

“This higher dispersion in Fig. 9 (a) should be, to a large extent, due to the uncertainty of
the retrieval, as dispersion in Fig. 17 (a) is very much lower. This uncertainty in the lidar
ratio of the top layer for low AOD,, may affect the retrieval of the aerosol properties in the
MBL since, as discussed in Section 5.3, it is used in the inversion of the lower layer between

N max @Nd 1. In order to avoid this undesired effect, S_ (FT) is fixed to 51 sr for clean conditions
(AOD,,, < 0.1) and the inversion is repeated for the lower layer.”

Pag. 11 Line 14: Grof et al. studied selected cases to provide a value for LR for marine
aerosols. The value of 16sr in this study is refered to 10 years of statistics, and is far
away from the other values of this study (Table 2). Please expain this differences.

The value we found for lidar ratio in the MBL is certainly lower than other values found in the
literature. We think this could be related with overlap at low ranges. We stress this point adding
the following sentence:

“‘But comparing with other lidar ratios found in the literature for marine aerosol (Miiller et
al., 2007; Haarig et al., 2017; Kim et al., 2018; Cattrall et al., 2005), the mean lidar ratio we
obtain for the MBL is lower than expected. This could be related to higher uncertainties
at low ranges due to overlap. Further analysis are needed to verify these lidar ratios”

Pag. 11 Line 16: but for a case by case study, not statistic analysis

The sentence has been changed:

“Cordoba-Jabonero et al. (2011) used the same MPL system at Santa Cruz de Tenerife in a
case study, finding a columnar lidar ratio of 24 sr for non-dust conditions”

Pag. 12 Line 16: This is a day with 3 layer structure..

Figure 12 is an example of a moderate dust outbreak in August. It is well known that the
Saharan is the major source of mineral dust arriving to the Canary Islands within the SAL, which
dominates the aerosol climatology in the North Atlantic subtropical FT in summertime. This
layer, commonly characterized by its vertically-homogeneous properties from its base to about
5-6 km, but different vertical layering can be observed in test cases. However, this fact does not
contradict the basic principle of the Two-Layer methodology, because the dominant aerosol type
in the second layer is dust. However, we have included the following information in the text to
clarify this fact:

“Figure 12 shows B,.(r) and o_.(r) profiles for a moderate Saharan dust outbreak (AODg, =
0.46 and AOD,, = 0.28 at 523nm), retrieved on August 5, 2013, with the One- and the
Two-Layer methods. This is an example of a moderate dust outbreak in which dust is
vertically distributed up to 6 km.”



Pag. 12 Line 29: in this particularly case

We modify the sentence to clarify this:

“We can conclude from this preliminary comparison analysis that the classical One-Layer
approach, in conditions like those studied in this work, underestimates the aerosol
extinction profile in the FT for clean conditions and moderate Saharan dust outbreaks, while
overestimating aerosol extinction in the MBL.”

Pag. 13 Line 28: What does the literature says about that? Please compare with other
studies

Limited literature was found addressing this issue for pure dust. Two works have been already
cited. We include a third one from Mona et al. and modify the following sentence in this way:
“...while Mona et al. (2014) and Balis et al. (2004) found anticorrelations between them for
lofted Saharan dust plumes using Raman lidar measurements at Potenza and Thessaloniki,
respectively. This latter results were attributed to a probable mixture of different aerosols”
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Abstract.

Particle extinction-to-backscatter ratio (lidar ratio) is a key parameter for a correct interpretation of elastic lidar measure-
ments. Of particular importance is its-determination—for-the determination of the lidar ratio of the Saharan Air Layer mineral
dust transported into the free troposphere over the North Atlantic region. The location of the two sun photometer stations man-
aged by the Izafia Atmospheric Research Centre (IARC) on the island of Tenerife, and a decade of available micropulse lidar
(MPL) data allows us to determine the lidar ratio under almost pure dust conditions. This result can be considered representative
of the Saharan dust transported westward over the North Atlantic in the subtropical belt.

Three different methods to calculate the lidar ratio have been used in this work: (1) using the inversion of sky radiance
measurements from a sun/sky photometer installed at the Izafia Observatory (2373 m a.s.l.) in free troposphere conditions; (2)
the One-Layer method, a joint determination using a micro-pulse lidar sited at Santa Cruz de Tenerife sea-level station and
photometric information considering a one layer of aerosol characterized by a single lidar ratio; (3) the Two-Layer method,
a joint determination using the micro-pulse lidar and photometric information considering two layers of aerosol with two
different lidar ratios. The One-Layer method uses data from a co-located photometer only at Santa Cruz de Tenerife, while
the Two-Layer conceptual approach incorporates photometric information at two heights from the observatories of Izafa and
Santa Cruz de Tenerife. The almost pure dust lidar ratio retrieval from the sun/sky photometer and from the Two-Layer method
give similar results, with lidar ratios at 523 nm of 49 4 6 sr and 50 &£ 11 sr, respectively. These values obtained from a decade
of data records are coincident with other studies in the literature reporting campaigns in the subtropical North Atlantic region.
This result shows that the Two-Layer method is an improved conceptual approach compared to the single layer approach, that
matches well the real lower troposphere structure. The Two-layer method is able to retrieve reliable lidar ratios and therefore
aerosol extinction profiles, despite the inherent limitations of the elastic lidar technique.

A-We found a lack of correlation between lidar ratio and Angstrom exponent (a), which indicates that the dust lidar ratio can
be considered independent of dust size distribution in this region. This finding suggests that dust is, in most of atmospheric con-

ditions, the predominant aerosol in the North Atlantic free troposphere, which is in agreement with previous studies conducted
at the Izafla Observatory.
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1 Introduction

Lidars are the most widely used systems for continuous monitoring of the vertical structure of atmospheric aerosols. The

majority of the ground-based lidars used worldwide for aerosol monitoring are elastic backscatter lidars ;—as—reperted-by

MitHeret-al(2007H-and Meona-et-al+2042)(Kovalev and Eichinger, 2005; Miiller et al., 2007; Rocadenbosch et al., 2010; Mona et al., 201

. The main advantage of these systems is that they are relatively simple and low cost in comparison to other more complex
systems, like lidarRaman-the Raman lidars. However, the ratio between the aerosol extinction (o ,.,) and backscattering (Bqer)
coefficients should be considered constant throughout the atmospheric column in order to be able to estimate both magnitudes
(Klett, 1985; Fernald, 1984). This ratio is known as the aerosol extinction-to-backscatter ratio or lidar ratio, Syer = 0ger/Baer-
The lidar ratio is an intensive parameter characteristic of the type of aerosol present in the atmosphere, and it-depends—on
depends on the microphysical aerosol properties, such as the refractive index and size distribution, but not on the aerosol
load (Evans, 1988; Mona et al., 2006). This parameter is also required to convert the particle backscatter profiles into particle
extinction profiles, and therefore it is essential to estimate the aerosols’ radiative effect.

The uncertainty of the lidar ratio retrieval determines the accuracy of the retrieved extinction and backscattering pro-
files. Typical relative errors in the retrieved backscatter and extinction profiles of 10 % and 20 %, respectively, are as-
sumed for the combined elastic lidar/photometer technique, low enough for climate impact studies (Bosenberg and Hoff,

2007). However, sinee

wavelength-and-the-aerosol-properties(Ackermann;1998);-these errors have been estimated not considering overlap. Typical
MPL overlap distances are between 5 - 6 km (Welton and Campbell, 2002) and overlap uncertainties ranges from 3% in the

short range to 4% at 3 km. Also the presence of different ¢
range-independent value for-elastie lidars—Heneeaerosol layering may affect the final uncertainty. As Pelon etal. (2002),
Ansmann (2006), Ansmann et al. (2013) and Miiller et al. (2007) have pointed out, errors considerably higher may be expected
in the case of complex aerosol distributions such as Wﬂﬁ&%&ﬁmﬁmg@gmm r in the ver-

2

tical
{Ansmann;2006)-or even in the-case of well-mixed layers because of the effect of the relative humidity, which may preduee

produces a change in size distributions and refractive indices (Ackermann, 1998). Many authors have shown that significant er-

, horizontal inhomogeneous aerosol layers

rors in the aerosol extinction profile may appear in the case of an inaccurate assumption of the aerosol extinction-to-backscatter
ratio, more evident as the atmosphere becomes more inhomogeneous (e.g. Kovalev, 1995; Barnaba and Gobbi, 2001; Pel6n
et al., 2002; Ansmann, 2006). It occurs typically in the lower atmosphere (Barnaba and Gobbi, 2001), and more precisely
within the planetary boundary layer (PBL), where the atmospheric aerosol properties are range-dependent (Ackermann, 1998),
or in the presence of atmospheric layering such as the Sahara Air Layer (SAL) (Prospero and Carlson, 1972). Following these
authors, it is necessary to change the conventional approach of a single aerosol layer with a constant lidar ratio value as input.

One of the areas in which the lidar ratio has a more relevant role is satellite remote sensing. NASA’s CALIOP (Cloud-
Aerosol LIdar with Orthogonal Polarization), launched in April 2006, provides a global coverage of cloud and aerosol profiles

using a three-channel elastic backscatter lidar. This system needs an assumption about the lidar ratio to retrieve the extinction
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coefficient, which is done by means of an automated aerosol classification algorithm. The selection of the lidar ratio is one
of the largest sources of uncertainty in the CALIOP retrievals (Young et al., 2013). CALIOP data processing V4, released in
2016, contain a reassessment of the lidar ratio assigned to each aerosol type (Kim et al., 2018). CALIOP lidar ratio for mineral
dust at 532 nm in this new version has been increased from 40 * 20 sr to 44 + 9 sr. An even higher lidar ratio, 58 sr, has been

Given that desert dust is one of the most prominent and widespread atmospheric aerosols, there are a number of publi-

cations concerning the reliable determination of mineral dust optical properties with the ‘Saharan Mineral Dust Experiment’

SAMUM) field campaign as the most comprehensive dust closure experiment in pure dust (Heintzenberg (2009), Tesche et al. (2009

Wiegner et al. (2009) and Ansmann et al. (2011) among others). However, there is little consensus about what lidar ratio is

more appropriate for this aerosol type. Grof} et al. (2013) performed a comprehensive analysis on the different lidar ratios
reported in prior studies for pure desert Saharan dust. They found very different values, ranging between 40 sr and 70 sr and
set a value of 48 & 5 sr by means of airborne lidar observations. This variability may be due to different physical properties of
the mineral dust for different regions (Papayannis et al., 2008), and to the inevitable mix of aerosols of different nature present
in different layers, although it may also be due to the different techniques used to obtain this parameter. These results are in
agreement with other authors who proposed lidar ratios from about 40 sr (Omar et al., 2009) up to around 59 sr (Miiller et al.,
2007; Amiridis et al., 2013).

In this work, we present a lidar ratio assessment for mineral dust aerosol obtained from 10 years of lidar and photometric
measurements made in the island of Tenerife, which is strongly influenced by the Saharan Air Layer, especially in summer at
higher altitudes. The SAL has been extensively described as a well-mixed layer with a fairly constant potential temperature,
vapor mixing ratio and dust particles concentration with height (Prospero and Carlson, 1980; Prospero, 1996; Karyampudi
et al., 1999). Possible mixing and ageing processes are not expected to be relevant near the dust source in the free tropo-
sphere, as is the case of Tenerife, where mineral dust can be anticipated to be the dominant aerosol. Three different techniques
have been used to obtain the lidar ratio of mineral dust. Firstly, it has been determined using the inversion retrievals of sky
radiance measurements taken by a sun/sky photometer placed at a high-mountain station: the single-scattering albedo and
the particle phase function at 180°(Miiller et al., 2007). Secondly, the lidar ratio is determined by the classical Fernald-Klett
method (Fernald, 1984; Klett, 1985). Finally the Fernald-Klett method is extending considering two different aerosol lay-
ers. We will refer as the One-Layer method, the inversion using aerosol optical depth (AOD) measurements in a single layer
(the surface layer) (Marenco et al., 1997; Takamura et al., 1994; Landulfo et al., 2008; Kovalev and Eichinger, 2005), and as
the Two-Layer method when AOD measurements in two atmospheric layers are used. In the latter methodology we include
measurements at sea level and at a high mountain site (2373 m a.s.l), taking advantage of the singular orographic characteristics
of Tenerife. While the lower layer is typically affected by two types of aerosols (mix of marine aerosols and dust), the higher
layer is periodically affected by Saharan desert dust outbreaks (Cuevas et al., 2015a, 2017a) and the predominance of almost
pure desert dust conditions can be anticipated at these levels. In our case, the One-Layer method leads to an average S, that
will be closer to values characteristic of a mixture of marine and dust aerosols, meanwhile the Two-Layer method provides an

average S,., typical of almost pure dust.
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So far, no systematic long-term study of elastic lidar data considering two layers has been reported. Only Cordoba-Jabonero
et al. (2014) analyzed one year, 2009, of the lidar data presented in this work with a different methodology.

The paper is structured as follows. Site description is done in Section 2, while the instruments used in this study are described
in Section 3. A description of the aerosol in the study region is provided in Section 4. The lidar ratio calculation from sun/sky
photometer measurements, and from the One- and the Two-Layer methods are explained in Section 5. An assessment of
the lidar ratio obtained for mineral dust using the different methodologies is presented in Section 6, which also includes an
assessment on the impact of considering a range-independent lidar ratio in the inversion method and an analysis on the lidar

ratio dependence with particle size. Finally, the main conclusions of this study are given in Section 7.

2 Site description

The Canary Islands weather is heavily influenced by the north-east trade winds and the Azores High, which are primarily
responsible for the existence of a near permanent temperature inversion over the area (Alonso-Pérez et al., 2011; Carrillo et al.,
2016) at a height generally between 800 and 1500 m.a.s.l. (Carrillo et al., 2016; Martin et al., 2012). This temperature inversion
caps a wet and relatively cold marine boundary layer (MBL) in which the marine aerosol dominates. Above the temperature
inversion, the air mass is generally representative of free troposphere (FT) conditions, with very low particle concentrations
during most of the year.

Due to its proximity to the African continent, this area is occasionally affected by the SAL, especially during the summer
months, with dust-laden air mass intrusions (Cuevas et al., 2013; Rodriguez et al., 2015). The SAL is considered a relatively
dry, warm and well-mixed layer characterized by a relative diurnal stability of Saharan dust optical properties (Prospero and
Carlson, 1980; Prospero, 1996; Karyampudi et al., 1999). Smirnov et al. (1998) and Barreto et al. (2014) reported high AOD
stability conditions during dust outbreaks at Izafia Observatory. SAL intrusions over Tenerife can affect the FT, the MBL or
both. Figure 1 shows an example of a SAL intrusion over the island of Tenerife on August 2014, where the dust layer is well
separated from the MBL.

The Izafia Atmospheric Research Centre (IARC) manages two atmospheric monitoring stations on the island of Tenerife
(Fig. 2). The Izafia Observatory (IZO) is the principal site. It is situated on the top of the [zafia mountain, (28.309°N, 16.499°W,
2373 m a.s.l.), and is one of the World Meteorological Organization Global Atmosphere Watch (GAW) stations (Cuevas et al.,
2015b, 2017b). This station is also a reference calibration site for worldwide aerosol monitoring networks such as the AErosol
RObotic NETwork (AERONET) (Toledano et al., 2018). The Santa Cruz Observatory (SCO) is located near the coastline in
the city of Santa Cruz de Tenerife (28.473°N, 16.247°W, 52 m a.s.1.). Both sites are separated by 30 km horizontally, but since
the Izafia Observatory is in the FT, and thus free from the influence of the ground surface, we assume that the measurements

made at the IZO are also representative of the atmosphere over the SCO.
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3 Instruments and measurements
3.1 Sun photometer data

Cimel sun photometers are used to retrieve both AOD and sky radiance at Santa Cruz Observatory (AODgco) and at Izafia
Observatory (AODjz0). The whole data series are available through the AERONET network (Holben et al., 1998). In this
work, we have used the cloud-screened Level 1.5 products (Smirnov et al., 2000) processed by AERONET (algorithm Version
2.0) despite AERONET quality assurance AOD Level 2.0 (Holben et al., 2006) generally being recommended for climato-
logical studies. Level 1.5 was chosen because some products like the single scattering albedo, which is used in this work, are
only rise to level 2.0 at AOD>0.4 for 440 nm, a condition that is rarely reached at the Izafa station. However, the requirements
applied in Level 2.0 have been established to guarantee the quality of the products in most of the sites through the entire
AERONET network. Izafia station together with Mauna Loa Observatory are calibration centers for AERONET reference pho-
tometers, which are later used for the calibration by intercomparison of AERONET’s field photometers. The capability for
Langley plot calibration at Izafia Observatory has been demonstrated by Toledano et al. (2018), which implies that the calibra-
tion of the photometers used in the Izafia data series is much more precise than in other sites. As a consequence, the restrictive

criteria of the AERONET Level 2.0 product has not been assumed in this work.

3.2 LIDAR data

The IARC, in collabor