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ABSTRACT

Four years (2014-2017) of observations of
depolarization Raman Lidar systems of four
EARLINET (European Aerosol research Lidar
Network) stations [from West to East: Granada
(Spain), Potenza (Italy), Athens (Greece) and
Limassol (Cyprus)] were collected and used to a
statistical analysis of Saharan dust events over
Mediterranean basin.

In this study, emphasis is given to the consistency of
the particle linear depolarization ratio (8ys3), the
extinction-to-backscatter ratio mentioned as Lidar
Ratio (LRs3;) and the Aerosol Optical Thickness
(AOTs3,) within the observed Saharan dust layers,
corresponding to the visible range (532 nm).
Geometrical properties and clusters of aerosol
mixtures are also presented. Our clustering was
based on previous classification by airborne High
Spectral Resolution Lidar (HSRL) observations and
was further supported by backward trajectory
analysis. We found mean 8,53, values of 0.24+0.05,
0.26+0.06, 0.28+0.05 and 0.28+0.04, mean LRs3,
values of 5248 sr, 5149 sr, 5249 sr and 49+6 sr,
mean AOTs;, values of 0.40+0.31, 0.11+0.07,
0.12+0.10 and 0.32+0.17 and mean layer thicknesses
of 339241458 m, 215041082 m, 1872+816 m and
1716567 m for Granada, Potenza, Athens and
Limassol respectively.

This work could assist in bridging the existing gaps
related to the extensive and intensive dust aerosol
properties over the Mediterranean and enriching the
bibliography about mixed aerosol layers from
different sources (e.g. dust and biomass burning (BB)
aerosols, dust and urban/ industrial aerosols).

1. INTRODUCTION

The Mediterranean basin plays a crucial role in
different origin air mass cross paths and
transitions since it covers portions of three

continents: Europe, Asia and Africa. Depending on

the season and the area of the observation, dust can
originate from different places of the Saharan and
Asian region. Desert dust is one of the major natural
aerosol sources while Sahara is one of the biggest
deserts all over the world.

Saharan dust advections to Mediterranean countries
are modulated by meteorology along rather regular
seasonal patterns. In the Western Mediterranean
(Granada), the African dust occurrence is higher in
summer [1]. In Central Mediterranean (Potenza),
spring and summer are associated to dust aerosol
loads extending up to altitudes of 3—4 km [2]. In
Eastern Mediterranean (Athens and Limassol), the
main dust transport occurs from spring to autumn |[3,
4, 5] as a result of the high cyclonic activity over
northern Africa during this period [6].

Mineral dust may highly influence the atmospheric
radiation balance as well as the cloud nucleation,
formation and lifetime, through scattering and
absorption processes [7]. Considerable uncertainties
in quantifying the global direct radiative effects of
aerosols arise from the variability of aerosols’ spatial
distribution and aging/mixing processes that can
affect their optical and microphysical properties.
Light detection and ranging (Lidar) instruments are
among the most powerful and suitable tools for
retrieving vertically the aerosol optical properties
with high temporal and spatial resolution [8, 9, 10].
Up to now, there are a lot of studies about Saharan
dust optical properties [3, 4, 10, 11, 12], however
many Lidar stations did not have depolarization
sensitive channels until a few years ago, for long-
term statistical analysis.

In this study, we introduce the four EARLINET
stations and present the data selection and
methodology in Section 2. In section 3, we present
our results, while in Section 4 our conclusions are
shortly presented.

2. METHODOLOGY
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2.1 The four EARLINET Lidar systems

Four EARLINET stations have been considered in
this study, as representative of mineral dust events
over the Northern Mediterranean basin, due to their
location close to the African continent. The
corresponding institutes, along with their location
and Lidar setup, are presented in Table 1. In order to
provide homogeneous Lidar data and results we used
a common study period (2014-2017) and the vertical
profiles of the 532 nm backscatter (B), extinction (o)
and depolarization (8) signals, only. Raman-Lidar
(nighttime) observations were used in order to
provide the LRs3,, and depolarization (daytime or
nighttime) observations were used to provide the
6]:)532-

2.2. Data selection and analysis

The total number of dust cases per station for the
period 2014-2017 used here are 15 (Granada), 18
(Potenza), 12 (Athens) and 6 (Limassol). For the
region of Cyprus the situation is more complex since
Middle East dust outbreaks occur frequently [13, 14].
Taking that into account, the selection of the Saharan
dust events over Limassol should be handled with
care.

Since pure dust layers (6,s3,=0.31+0.02, [15]) are
rare over urban Mediterranean cities due to urban,
polluted or even marine aerosols and their mixtures,
a sufficiently lower 8,s3, threshold value should be
considered for long-range transported dust aerosol
layers in our data set. The LRs3, values are expected
to range between 40 and 60 sr with some
exceptions/deviations.

Consequently, for the total set of dust events over
each station, we considered for further analysis only
cases that meet two basic criteria: i) the J,s3 to
exceed 0.15 in the free troposphere and ii) the
thickness of the detected layer to be 500 m, at least.
The critical height (in meters asl) in which the first
criteria was met, was considered to be the base of the
layer. This assumption was deemed necessary to be
made since usually, the lofted dust layers cannot be
distinguished from the top of the Atmospheric
Boundary layer (ABL), while the presence of urban
haze takes low 8, values (0.03-0.10). The top of the

dust layer was estimated as the height where the
signals were similar to the molecular scattering in the
free troposphere. For some cases of Athens station,
where only Raman-Lidar measurements were
available, the values of the base and top were
calculated from the Lidar signals, following the
procedure proposed by [11]. Thus, the number of the
total cases of each station that fulfills the
aforementioned criteria per optical property may
differ (see Fig.2). For each case, mean J,s3, mean
LRs3, and mean AOTs;, values were calculated inside
the layers. The corresponding standard deviation (sd)
values give an indication of the variability of these
parameters from base to top within the layer.
Moreover, we performed a careful investigation of
the air mass origin and long-range dust aerosol
transport by means of backward trajectory analysis.
This analysis was carried out using the HYbrid
Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT) model (http://www.arl.noaa.gov
/HYSPLIT.php).

3. RESULTS

Statistics of the dust aerosol optical properties

The backward trajectories from HY SPLIT per station
are shown in Fig.l revealing the origin of each
observed layer. In the majority of the cases, air
masses originate from the west and northwest Africa
(Morocco, Mauritania, Algeria and Tunisia).

Fig.2 shows the mean values of the optical (8532,
LRs3p, AOTs3,) and geometrical (base, top, thickness)
properties per station and per event. For all stations
no large variations in the mean values of each
parameter are observed with Granada to hold the
minimum values for base and the maximum for top
and layer’s thickness. The mean 9,53, for Athens and
Limassol is shifted a bit to higher values, while no
remarkable variations in LRs3;, values were observed
(511 sr) among the four stations.

Based on the HSRL classification by [16] we plotted
the intensive aerosol quantities, LRs3, versus d,s3»
(Fig. 3a), and we identified three of the six existing
clusters in our data. Our first cluster (green
marks/errorbars, green trajectories, Fig.3b) represents
a mixing state of Saharan dust and BB aerosols.

Table 1: Institute, location and Lidar setup of the selected EARLINET stations providing data for this study.

Station Abbreviation Location Lidar setup References
Andalusian Institute for Earth System IISTA-CEAMA, 37.16°N, -3.61° E, MULHACEN [17]
Research, University of Granada, Spain ~ Gr elev. 680 m 3B+2a+16(532 nm)

ansigliq Nazionale Qelle R'icercl}e.— CNR-IMAA, 40.60° N, 15.72° E, MUSA

Istituto di Metodologie per I'Analisi Po elev. 760 m 3B+20+15(532 nm) (18]
Ambientale, Potenza, Italy

Laser remote Sensing Unit, National LRSU-NTUA, 37.96° N, 23.78°E, EOLE/AIAS [19]
Technical University of Athens, Greece At elev. 212 m 3B+2a+15(532 nm)

Cyprus University of Technology, CUT, 34.67°N, 33.04°E, Polarisation Raman Lidar, [20]
Limassol, Cyprus Lm elev. 10 m 1B+10+196, (532 nm)
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Figure 2: Mean values of a) base and top, b) 6,532, ¢) LRs3; and d) AOTs3,, per station (text and banded lines) and
per case (symbols), along with their sd (error bars) inside the observed dust layers.
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Figure 3: a) LRs3; vs. 853, from HSRL observations
(colored dots) along with the selected datasets from
the four EARLINET stations (symbols and error
bars) b) backward trajectories for BB & Saharan
dust (green) cluster c¢) backward trajectories for
mixed Saharan dust (red) cluster and d) backward
trajectories for Saharan dust (orange) cluster.

The second cluster (red marks/errorbars, red trajec-
tories, Fig.3c¢) is attributed to mixed Saharan dust,
where dust aerosols are dominant, but BB, urban or
marine aerosols are also possibly present. The third
cluster (orange marks/errorbars, orange trajectories,
Fig.3d) is in good agreement with former findings
of pure Saharan dust layers [15, 16].

The 29 of the 42 datasets fulfill the specifications
of the mixed dust cluster, as air masses are usually
circulating over Mediterranean and Europe (and
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Turkey for Limassol cases) (Fig.3c), while the &
cases corresponding to the Saharan dust cluster seem
to travel shorter paths, in time and distance, before
reaching the observation stations. The rest 5 seem to
have a clear influence of BB aerosols not only from
Africa but also from Canada (Fig.3b, with inserted
fire information from MODIS, https://firms.modaps.
eosdis.nasa.gov). As expected, the air masses of the

Saharan dust cluster have higher mean 8,5, and
AQOTs3, values, larger layers’ vertical thickness (m)
and less mixing hours (26+13 h) after leaving
African continent in comparison with the mixed
Saharan dust cluster (66+41 h) and the BB &
mixtures cluster (41+26 h). No clear conclusions can
be extracted from the parameter LRs;, (see Fig.4).
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Figure 4: Mean values of a) 8,532, b) LRs3;, ¢) AOTs3,, d) thickness and e) mixing hours (after leaving African

continent) for the three identified clusters.
4. CONCLUSIONS

A total of 51 cases of Saharan dust events observed
over 4 southern Europe cities were studied with
regard to their optical and geometrical properties.
Backward trajectory analysis allowed for source
identification of the elevated Saharan dust layers
over the Mediterranean region. The dust layers are
usually observed between ~1.6 and ~5 km. 08,53,
and LRs3; values range from 0.16 to 0.35 and from
35 srto 73 srrespectively, depending on the mixing
state. Significantly high AOTs;, values were found
for Granada indicating that the dust outbreaks
occurred over this area are more intense. Results of
LRs3; vs. 0,53, are presented in order to elucidate
the difference of dust and dust with mixtures.
Layers with lower 0,3 (0.17£0.01), AOTss3;
(0.03+£0.02) and thicknesses (786+212 m) indicate
high mixing ratio, while the properties of the least
or no mixed dust layers (J,53,=0.32+0.02,
AOTs3,=0.31£0.23 and thickness=3158+1606 m)
are in a good agreement with literature findings for
pure Saharan dust. LR seems to be less effective in
extracting conclusions about the mixing state of a
layer, possibly due to the same absorption
efficiency of BB and dust.
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