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ABSTRACT
In order to document and study airborne pollen in
the Mediterranean region, a pollen measurement
campaign was performed during February-May
2018, at the Finokalia station in Crete. A groundbased multi-wavelength Raman polarization lidar
PollyXT performed continuous measurements,
together with a Hirst-type Burkard pollen sampler.
The optical properties of pollen layers with
presence of airborne pollen are retrieved and
presented. Dust-free condition is applied for pollen
study, using the dust models.
1. INTRODUCTION
Airborne pollen is recognized as one of the major
agents of allergy-related diseases such as asthma,
rhinitis, and atopic eczema. Pollen is also a form of
biogenic air pollutant which affects both the solar
radiation reaching the Earth and cloud optical
properties [1]. Various networks are built to
monitor pollen concentrations at ground level using
in situ instruments [2]. One of the most allergenic
tree pollen is produced by birch (Betula) in north,
central, and Eastern Europe. In the Mediterranean
region, olive (Olea europaea) pollen is considered
as one of the most important causes of respiratory
allergic disease, whereas cypress (Cupressus)
releases an enormous amount of anemophilous
pollen and has been recognized to be responsible
for a large part of total annual amount of airborne
pollen [3].
Recently an increasing interest in pollen has arisen
in the aerosol lidar community. It has been
observed that the non-spherical pollen grains
generate strong depolarization [4][5]. Our previous
study on pollen shows that lidar measurements can
detect the presence of pollen grains in the
atmosphere, and lidar derived parameters (e.g.

depolarization ratio and Ångström) provide the
possibility to identify different pollen types (e.g.
birch and pine pollen) [6]. In order to get more
information on the distribution of different pollen
types in the atmosphere, Finokalia station, located
at a remote coastal site in the Eastern
Mediterranean Sea, was selected for the pollen
campaign. Marine and dust aerosols in this area
make the pollen detection and separation more
challenging.
2. METHODOLOGY
2.1 Measurement site
A pollen measurement campaign was performed
during February-May 2018, at the Finokalia station
(35°20’N, 25°40’E) on the north coast of Crete,
Greece. The Finokalia station is located at the top
of a hilly elevation (238 m above sea level) facing
the sea within a sector 270° to 90°. The site is ideal
for studying natural aerosols such as mineral dust,
marine aerosols, and airborne pollen, since it is not
affected by anthropogenic emissions [7]. The
nearest large urban center, to the station, is
Heraklion with 150 000 inhabitants located 70 km
west of Finokalia.
2.2 Instruments
The pollen concentration, for two periods between
23 February and 26 March, and 10 April to 12 May
2018, was retrieved by the Burkard 7-Day
Recording Volumetric Spore Sampler [8], placed
4 meters above ground level (agl). This Hirst-type
pollen
sampler
enables
microscopical
identification of pollen types and their
concentration with a 2-hour time resolution.
A ground-based multi-wavelength Raman
polarization lidar PollyXT [9] performed continuous
measurements. The lidar is equipped with three
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elastic channels (355 nm, 532 nm and 1064 nm),
two rotational vibrational Raman channels (387 nm
and 607 nm), two linear depolarization channels
(355 nm and 532 nm), and one water vapor channel
at 407 nm. The combined use of near and far field
telescopes provides reliable vertical profiles of
aerosol optical properties from 0.25 km to 10 km
agl [10].

albedo and backscatter phase function, and is thus
a function of size distribution and chemical
composition.
The volumetric depolarization ratio (VDR) and
linear particle depolarization ratio (PDR) at 355 nm
and 532 nm are retrieved [17]. The PDR provides
information on the shape of the scattering particles.
Multi-wavelength measurements allow the
retrieval of Ångström exponents (Å), which is
related to the particle nature, mostly the size.

2.3 Dust models
The island of Crete is very often affected by
windblown dust originating from the Sahara, due to
its proximity to the African coastline. In order to
avoid the dust effects on pollen properties retrieval,
only dust-free periods are considered in this study.
The periods are defined using two models.

A temporal averaging of 2 hours is used to increase
the signal-to-noise ratio and to match the Hirst-type
pollen sampler data.
3. RESULTS
3.1 Airborne pollen

The
NMMB/BSC-Dust
(Non-hydrostatic
Multiscale Model / Barcelona Supercomputing
Center) [11] is an online multi-scale atmospheric
dust model designed to accurately describe the dust
cycle in the atmosphere, and intended to provide
short to medium-range dust forecasts for both
regional and global domains. It provides vertical
profiles (from 0 to 12 km agl) of dust concentration
every 6 hours, with a horizontal resolution of
0.3°×0.3°.

During the campaign, 30 types of pollen were
measured by Burkard Sampler. The five most
abundant airborne pollen types were: Olea (Olive),
Cupressus (Cypress), Platanus (plane trees),
Quercus (Oak), and Ulmus (Elm), their
microphotographs are shown in Figure 1. Their
shapes are almost spherical, with size ranging from
~15 to ~30 µm. Sensitisation rates to olive and
cypress pollen in Greece are 31.8% and 12.7%,
compared to 8.2% to plane pollen and 7.6% to oak
pollen. Elm pollen appears in the air in fairly small
quantities [18]. The pollination periods for several
pollen types were often overlapped, thus a mixture
of pollen types were always observed in the
atmosphere.

The second aerosol product was the Copernicus
Atmosphere Monitoring Service (CAMS) nearreal-time dust mass mixing ratio forecast [12][13].
The model is based on the global ECMWF-IFS
NWP model, and is extended with CAMS
atmospheric composition features including data
assimilation from satellites and other observational
data. The 3-hourly short range dust forecast data
used in this study are provided at 25 pressure levels
in a 0.4° regular grid.
2.4. Lidar data processing
During cloud-free day-time, the aerosol optical
depth derived from the AERONET sun-photometer
station of Finokalia (http://aeronet.gsfc.nasa.gov/)
is used as a constraint to retrieve the altitudeindependent lidar ratio (LR). The Klett method [14]
is then applied to retrieve the vertical profiles of
aerosol extinction coefficient and backscatter
coefficient. During night-time, the standard Raman
inversion algorithm is used, which provides
additional LR profile [15][16]. LR is considered an
important criterion to analyse atmospheric
aerosols, as it depends on their single scattering

Figure 1. Microphotographs of pollen grains: Olea
(Olive), Cupressus (Cypress), Platanus (plane tree),
Quercus (Oak), Ulmus (Elm). Source:
http://www.microlabgallery.com/ and
https://pollen.tstebler.ch/.
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LR at 532 nm are shown in Figure 2. LR in both
wavelengths ranged between 20 and 80 sr, with a
mean value of 47.1 ±13.0 sr at 355 nm and
48.1 ±13.9 sr at 532 nm. Unlike our previous study
of pine pollen in Finland with high depolarization,
the maximum PDR was found to be ~15%, with a
mean value of 6.5 ±3.5%. This indicates that pollen
observed during our campaign in this
Mediterranean area are almost spherical. The
backscatter-related Ångström exponent (Å) at
355/532 nm is 1.0 ±0.4, which indicates relatively
small pollen particles.

3.2 Aerosol optical properties
A “pollen layer” is defined as the lowest observed
layer; we assume that pollen grains are distributed
in this layer, and that anthropogenic emissions
were not present. “Clean atmosphere” and “nontyped aerosols” were removed from our analysis
following the criteria of aerosol typing given in
[19]. The top heights of pollen layers during the
campaign ranged from 0.4 to 3 km agl. Mean
values of the optical properties in the pollen layer
within 2 hours were used.

Figure 2. (a) Lidar ratio (LR) at 355 nm, and (b) linear
particle depolarization ratio (PDR) against LR at
532 nm for night-time measurements. Mean values
within 2 hours in the defined “pollen layer” are used.
The size of the symbols is relative to the total pollen
concentration measured by the Burkard sampler, the
main pollen types are shown by colors, UNID means
unidentified pollen.

Figure 3. Lidar-derived linear particle depolarization
ratio (PDR) at 532 nm against backscatter-related
Ångström exponents (355 nm/532 nm), for the periods
of (a) 23 Feb to 26 Mar., and (b) 10 Apr. to 12 May,
2018. Mean values within 2 hours in the defined
“pollen layer” are used. Legend is same as in
Figure 2.

3.2.2 All-day observations.

3.2.1 Night-time observations

The cypress tree shed profuse amounts of pollen 67 months of the year. Cupressus is observed for the
whole campaign, with the highest pollination
period at the beginning of March. Olive flowers

Night observations were obtained and analyzed
during the period. Mean values in the pollen layers
of (a) LR at 355 nm, and (b) PDR at 532 nm against
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from mid spring to early summer. Olea pollen was
observed from April to May in this campaign, with
highest pollination period at the end of April. Two
periods are considered separately in this study: (i)
23 Feb. to 26 Mar. 2018, Cupressus is the dominant
pollen; (ii) 10 Apr. to 12 May. 2018, Olea is
dominant. Mean values in the pollen layers of the
backscatter-related Ångström exponent (Å) at
355 / 532nm and PDR at 532 m are shown in
Figure 3. For the period (i), PDR values for the
pollen layers range from very small to about 15%,
with a mean value of 5.6 ±3.9%. The Å is found to
be 1.0 ±0.3. For the period (ii), PDR values are
more concentrated at 7.3 ±1.6%, and Å is bigger
compared to the period (i), with the mean value of
1.3 ±0.4. The smaller Å of period (i) is related to
the bigger size of the dominate pollen grain
(Cupressus). With these retrieved values of optical
properties, the conventional classification
algorithms will always identify these particle as
marine mixtures, pollution mixtures, or dust
mixtures [20].
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CONCLUSION
We characterized the optical properties of airborne
pollen in a remotely located site in the
Mediterranean region, using a multi-wavelength
Raman polarization lidar and a Hirst-type Burkard
pollen sampler. We found that the linear particle
depolarization ratio of pollen layer was relatively
small, with a maximum value of ~15%, since the
shape of the majority of pollen types in this region
is quasi-spherical. Optical properties of airborne
pollen retrieved in this study are classified as
“mixture” using conventional classification
algorithms in literature. Future work will be
focused on the aerosol separation of dust, pollen
and marine aerosols.
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