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Preface

We are pleased to invite you to the 3rd edition of the European Lidar Conference (ELC), which will take place in
Granada (Spain) from the 16th to the 18th of November 2021, hosted by the University of Granada, in a hybrid
format.

The European Lidar Conference is settling down in the lidar community after two successful editions. This
conference is intended to be organized each two years in between ILRCs, in five different sessions covering a wid
e range of state-of-the-art lidar-related topics. Each session is structured in oral and poster
presentations, as well as a time slot dedicated to open discussion led by the session chairs.

ELC aims to be a friendly environment where lidarists can have a deep and open discussion. During 2.5 days,
experts will have the opportunity to network, find new collaborations and develop longstanding ones, exchange
ideas, create novel ones, and be inspired by top-level keynote lectures, to further improve the field of lidar
research... A place where we can meet and discuss the very technical aspects of our work.

The amazing city of Granada, home of the encharming Alhambra, will be the scenery of ELC2021 that brings
European groups active in lidar research, as well as researchers from many other countries worldwide. As in the
previous edition, the participation of young researchers is especially encouraged.

Note that there is no board or established committee behind ELC, just a group of scientists who mobilized their
resources for this experiment. As such, the involvement of the community for the continuation of this event will
be needed. The whole idea is to “keep it simple” and “make it useful”.

This edition we are really looking forward to welcome you in Granada after the difficult time we all have been
through.
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The organizers wish to acknowledge the support offered by the following sponsors, who made possible the
“Participation Grants” for young researchers:

EUMETSAT (https://www.eumetsat.int/)

Raymetrics (https://www.raymetrics.com/)

GRASP (https://www.grasp-sas.com/)

IMAP (https://informaticaimap.es/)
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Atmospheric Physics Group, University of Granada (https://atmosphere.ugr.es/)

Faculty of Sciencies, University of Granada (https://fciencias.ugr.es/)
Andalusian Institute for Earth System Research (IISTA) (https://www.iista.es/)
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And the following companies participating with a stand:
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Conference Program
ELC2021 - 3rd European Lidar Conference
Duration Time 16-11-2021 17-11-2021 18-11-2021
08:30 08:45
00:45 08:45 09:00 Registration
09:00 09:15
00:15 09:15 09:30 Welcome and logistics
09:30 09:45 . Session 3 -oral 1 Session 5-oral 1
00:30 09:45 10:00 Invited talk Session 3 - oral 2 Session 5 -oral 2
10:00 10:15 Session 1-oral 1 Session 3 - oral 3 Session 5-oral 3
10:15 10:30 Session 1-oral 2 Session 3 - oral 4 Session 5-oral 4
01:15 10:30 10:45 Session 1-oral 3 Session 3 - oral 5 Session 5 -oral 5
10:45 11:00 Session 1-oral 4 Session 3 - oral 6 Session 5 -oral 6
11:00 11:15 Session 1-oral 5
11:15 11:30 Coffee Break
11:30 11:45
01:15 Egg Egg Session 1&2 - posters
12:15 12:30
12:30 12:45 Open forum: companies and users Session 5 - Discussion
00:45 12:45 13:00 Session 1 - Discussion
13:00 13:15 Concluding remarks & next conference
13:15 13:30
13:30 | 13:45 Sessions
S1
01:30 1233 1:22 Lunch Break Lunch Break LidarTZc:nology
14:15 14:30 Lidar Algorithms and Data Products
14:30 14:45 s3
14:45 15:00 Session 2-oral 1 Session 4 - oral 1 ”darapsTcatio”s
15:00 15:15 Session 2 - oral 2 Session 4 - oral 2 ABL and low altitude profiling
01:15 15:15 15:30 Session 2 -oral 3 Session 4 - oral 3 55
15:30 15:45 Session 2 - oral 4 Session 4 - oral 4 Open topic— Synergies
15:45 16:00 Session 2 -oral 5 Session 4 - oral 5 56
16:00 16:15 Coffee Break Open forum — companies and users
16:15 16:30
01:15 16:30 16:45 .
16:45 17:00 Session 3&4 - posters
17:00 17:15
17:15 17:30
00:45 17:30 17:45 Session 2 - Discussion Session 3&4 - Discussion
17:45 18:00
20:00 - Social dinner
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Invited Talk

A wind, temperature, H,O and CO; scanning lidars mobile observatory to study surface-
atmosphere interaction. Application in temperate and semi-arid region.

F. Gibert', D. Edouart®, P. Monnier, C. Cénac’, J. Lopez', J. Collignan®
gibert@Imd.polytechnique.fr
(1) Laboratoire de Météorologie Dynamique (LMD/IPSL), Ecole polytechnique, Institut polytechnique de Paris,
Sorbonne Université, Ecole normale supérieure, PSL Research University, CNRS, Ecole des Ponts, Palaiseau, France

Introduction

The motivation for this work is to provide
advanced observations of the main variables that
characterize the land-atmosphere exchanges:
momentum, temperature, water vapor and carbon
dioxide.

There are multiple goals: (i) to address the
representativeness of in situ measurements in
heterogeneous landscape, especially for surface
fluxes (Wulfmeyer et al. 2018) (ii) to assess the
relevance of Monin-Obukhov similarity theory
(MOST) which links gradient and flux close to the
surface (iii) to address the issue of dissimilarity of
scalar transport such as heat and water vapor or
CO; in inhomogeneous landscape (Huang et al.
2009) (iv) to help to find advanced model
parameterizations of land-surface exchange and
transport processes, for both convective and stable
planetary boundary layers, especially during the
late afternoon transition (Lothon et al. 2014).

To do so, new observations are needed that can
provide, first, a 3-D view of the atmosphere and
second, that have turbulence-scale temporal and
spatial resolutions in order to investigate flux-
gradient relationships and estimate higher-order
moments. The observations will also have to be
made in different climate zones in order to study
the robustness of advanced parameterizations.

In this paper we present the first measurements of
two scanning lidars that were developed at
Laboratoire de Météorologie Dynamique, Ecole
Polytechnique during the last years (Fig.1).

First one is a temperature and water vapor Raman
lidar at 355 nm (TERA). This lidar uses a diode-
pumped and seeded tripled Nd :YAG laser that
provides 200 mJ pulses at 100 Hz and a 50 cm
diameter telescope and scanning device (Fig. 1a).
The detection set-up is similar to the one
developped in Radlach et al. (2008).

Second is a prototype DIAL and Doppler lidar at
2051 nm (COWI). This lidar makes use of a fiber-
pumped dual wavelength seeded Ho :YLF MOPA
emitter that provides 10 mJ pulses at 2 kHz (Gibert
et al. 2018). The lidar has a coherent detection for
wind speed measurement and a direct detection

using a new HgCdTe APD and a 20 cm diameter
telescope for differential absorption measurement
of CO, (Dumas et al. 2017).
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Figure 1. (a) Temperature and H,O Raman lidar at 355
nm (b) CO, and wind, DIAL and Doppler lidar at 2 pm
as deployed at SIRTA observatory, Palaiseau, France.

The mobile lidar observatory is completed by two
in situ flux stations with sonic anemometers and
gas analyzers to assess the precision of lidar data
of wind speed, temperature, H;O and CO, mixing
ratios and to serve as a reference for flux estimates.

After a test field experiment in a temperate region
at SIRTA observatory, Palaiseau, France, the
mobile lidar observatory moved to the semi-arid
area of Lleida, Spain in the framework of LIAISE
experiment, Land surface Interactions with the

Atmosphere  over the Iberian  Semi-arid
Environment, July 2021 (Fig. 2).
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Figure 2. LTAISE experimental site (41.587, 1.0299)
and lidar operation modes. EC: eddy-covariance station,
RHI: range-height indicator, PPI: plane polar indicator

Main objectives are (i) to study the key natural and
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anthropogenic semi-arid surface processes that
modulate and govern turbulent fluxes and spatial
heterogeneity (ii) to study the impact of highly
heterogeneous surface (natural and anthropized
due to irrigation) on boundary layer development
and mesoscale circulation. To do so, the lidar is
operated sequentially in three different modes:

1- wvertical : troposphere characteristics, scalar
profiles and moments, vertical and horizontal
integral scales, vertical profiles for sensible, latent
heat and CO, fluxes using the eddy-correlation
method (Gibert et al. 2011).

2- RHI, range-height indicator: low altitude
vertical profiles to test MOST method for surface
fluxes estimates over the dry and irrigated area
(Eichinger et al. 2000).

3- PPI, plan polar indicator: scalar field
heterogeneity, low altitude wind field speed and
direction an spatial integral scales for wind,
temperature, H,O and CO,, local friction velocity
u* and Moni-Obukhov length estimates (Cooper et
al. 2007).

Results and discussion

Figure 3 shows the results of TERA and
COWI simultaneous measurements during the
morning transition of the boundary layer at SIRTA

observatory, June 9, 2021.
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Figure 3. Lidar reflectivity and radial wind speed from
COWI lidar at 2 um and water vapor specific humidity
and temperature from TERA Raman lidar.

The time serie starts with 20 minutes of RHI
and PPI scanning modes. Then there is 40 min of
vertical measurements. The radial wind speed RHI
and PPI scans showed the emergence of turbulent

Invited Talk

strutures that becomes larger as the convective
boundary layer develops. These structures are
correlated with lidar reflectivity (which accounts

for both particles and relative humidity
flutuations), water vapor and temperature
fluctuations.
Challenges

In this paper we will present preliminary analysis
of the data that were collected at SIRTA
observatory and during the LIAISE experiment.
This may be discussed during the conference.
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Picosecond Short-Range Elastic Backscatter Lidar Technique
for Measuring Ultrafine Particles including Smoke

Romain Ceolato, Andres Bedoya-Velasquez, Frederic Fossard, Vincent Mouysset, Lucas
Paulien, Sidonie Lefebvre, Claudio Mazzoleni, Christopher Sorensen, Matthew Berg, Jerome Yo
Romain.Ceolato@onera.fr

(1) ONERA, The French Aerospace Lab, Toulouse

Introduction

A bi-static short-range elastic backscatter micro-
lidar, named Colibri, has been developed for
quantitative aerosol profiling with high range and
temporal resolution within the first hundred meters.
The geometric (i.e., overlap) and radiometric (i.e.,
lidar constant) calibrations were performed along
with dark current and background noise
characterizations. Results of a measurement
campaign have demonstrated the capability of our
system to characterize aerosol plumes with high
range-resolution (<10 c¢m) in the short-range close
to their emission sources (from 10 m). To this aim,
fog-oil aerosol plumes were generated in a tunnel
and characterized by using an optical particle
counter. A forward inverse method without
boundary conditions is presented for inverting
short-range lidar profiles when no reference
molecular zone is available. Lastly, we report the
different retrieved lidar products, namely the
distribution of aerosol layers, radiative properties
(i.e., backscatter profiles), and the microphysical
properties (i.e., number concentration profiles). For
the validation of the proposed methodology, the
lidar products were compared with measurements
from the optical particle counter. Finally, the impact
of calibration errors on the lidar products is
determined through an uncertainty analysis.

Results and discussion

The Colibri micro-lidar is a forward-pointing
elastic-backscatter lidar designed to characterize
acrosols plumes (e.g., cloud, fog, soot). The
function of this instrument is to perform remote
measurements of particulate media in the short-
range within the first hundred meters with high
range-resolution of 10 cm along the line of sight and
high-temporal resolution up to 1 measurement per
millisecond. The micro-lidar architecture is bi-
static and multi-axial with scanning capability in
order to ensure measurements in the short-range.
The system is lightweight, compact, and suitable
for a mobile platform. The instrument optical layout
is depicted in Figure 1.

M : mirror

M' : tilting mirror

T : cassegrain telescope

L FS L FS : field-stop

Nd:YaG
I M AD : achromatic doublet
[ =
rrryeed [] IF : interference filter
32 nm b, -
fy f

NBF : neutral-band filter

Y APD : avalanche photo-diode
ADC : analog-to-digital converter

AD

Figure 1. Optical diagram of the Colibri lidar used to measure
backscatter profiles. A Nd:YaG laser along with a collimator
emits a laser beam in the direction of the aerosol plume. The
backscattered light is collected by a compact Cassegrain
telescope then relayed by another achromatic lens to the Si-
APD sensor.

Here, we report some experimental results obtained
during an experimental campaign located in
Toulouse (Occitanie, France) at ONERA. In this
particular work, the experiments took place in a
tunnel with 80 m length by 3 m height,
approximately. The measurements were performed
on 12 and 13 February 2020 and the same
configuration was kept for both days. A fog-oil
generator was located inside the tunnel to create a
controlled aerosol environment for the system
characterization. Fog-oil plumes are obscurant
smoke screens produced by the heating of a glycol
solution and are disseminated in the air as an
electromagnetic obscurant for military applications,
entertainments, or fire simulation. A fog-oil plume
is disseminated by vaporization using a generator
and then is condensed as the vapors cool in the
atmosphere beyond the exhaust pipe. The
efficiency of fog-oil plumes depends on the aerosol
concentration and particle size distribution, which
are characterized in this experiment using an optical
particle counter (Palas, Fidas 200). This instrument
is based on polychromatic light-scattering and
provides particle size and number concentrations of
aerosol particles in the size range from 0.18 to 18
pm.
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One objective of the Colibri micro-lidar is to
monitor the evolution and dispersion of the aerosol
plumes, here fog-oil smoke particles, in the short-
range with high range-resolution and temporal-
resolution. Figure 2 shows an example of the
Colibri micro-lidar measurements carried out on
13th February at ONERA center. The glycol fog-oil
emission event was remotely and horizontally
characterized from 0 to 60 m during 60 s. It was
possible to study the structural properties and
spatio-temporal variability of the aerosol layers in
the short-range with high range and temporal
resolution. Note that all range levels given in this
section are meant as the horizontal distance from
the lidar system. The range-corrected signal RCS
measurements were converted to attenuated
backscatter profiles by applying the geometric and
radiometric calibration procedure. The aerosol
backscatter profiles Paer(r) are retrieved from the
attenuated backscatter profiles according to a
forward inverse method without boundary
conditions presented fully explained elsewhere [1].
The aerosol number concentration Np(r) can be
retrieved from aerosol backscatter signal using
ancillary information provided by the optical
particle counter (Fidas 200) and reported in Ceolato
et. al 2020. The backscattering cross-section and
lidar ration are the key physical quantities to be
evaluated using light-scattering models (e.g. Mie
theory for spheres, or Rayleigh-Debye-Gans for
aggregates for spheres).

Figure 2. Spatio-temporal (left panel) and 60 s time-averaged
(right panel) aerosol number concentration profiles with high
range and temporal resolution of fog-oil plumes derived from
aerosol backscatter profiles measured by the Colibri micro-
lidar.

Figure 2 shows an example of the retrieved aerosol
number concentration profiles of the fog-oil smoke
event in false color. From the measurements, a high
number concentration of particles was detected in
the first 30 s of the measurement, reaching values
up to 5.0 10° part cm ™3, and then evidencing the
rapid decrease of the number of aerosol
concentration over time, reaching values lower than
10° part cm™ in less than 30 s. The time-averaged
aerosol number concentration (Np) measured

during the first 60 s of the event is represented in
the right panel of Figure 3.

The present work has demonstrated the feasibility
of our self-designed short-range elastic backscatter
micro-lidar to provide relevant properties of aerosol
plumes, including radiative and microphysical
properties. An indoor measurement campaign was
carried out to assess the performances of the micro-
lidar under controlled environment conditions. This
campaign allowed us to monitor the dynamics of
aerosol plumes and to retrieve quantitative micro-
lidar products, including aerosol backscatter and
number concentration profiles as a result of a
rigorous calibration and a dedicated inverse method
without any boundary condition. In a nutshell, the
following highlights can be drawn from our in-door
measurement campaign using the Colibri micro-
lidar: (i) short-range elastic backscatter lidar
measurements ~ were proved to  measure
backscattering from aerosol plumes in the short-
range (within the first tens of meters) with a high
range-resolution (<10 cm) and a high-temporal-
resolution (1 ms); (ii) the inversion of micro-lidar
signals was made possible using a forward inverse
method without boundary conditions; (iii) aerosol
backscatter and number concentration profiles
could be retrieved using lidar-relevant parameters
derived from light-scattering models and ancillary
in-situ instruments.
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Identification of Atmospheric Aerosol Composition from Raman-Scattering and
Fluorescence Spectra: Results from Laboratory Investigations

B. Tatarov * and D. Milller *
f b.tatarov@herts.ac.uk
(1) Department of Physics, Astronomy and Mathematics, School of Physics, Engineering and Computer Science,
University of Hertfordshire, College Lane, Hatfield, United Kingdom

Atmospheric aerosols such as mineral dust, bio-
aerosols and volcanic ash can be transported over
tens of thousands of kilometers from its source
regions. Despite an abundance of observations and
modelling studies, large gaps remain in our
understanding of the effect of mineral dust on air
quality, human health, and climate. The aim of this
work is to use a Raman/fluorescence microscope to

collect “optical fingerprints” of acrosol samples (i.e.

pure materials and atmospheric samples collected
from different source regions) in the form of Raman
and fluorescence spectra. In the present work we
have been mapping peaks in Raman spectra of
mineral dust. Goal of this work is to see if such
peaks can be used for determining the composition
of mineral dust in the atmosphere from light
detection and ranging (lidar) measurements (Inaba
and Kobayasi, 1972).

Raman spectroscopy represents a particularly
powerful tool for laser remote sensing because it
allows us to both identify and quantify the chemical
constituents in a complex aerosol mixture - as is
often the case for atmospheric aerosol pollution.
Nowadays, Raman lidar allows for an independent
quantitative measurement of aerosol backscatter
and extinction coefficient profiles with the use of
Raman scattering from nitrogen or oxygen
molecules. Previous works (Miiller et al. 2010;
Tatarov et al. 2012) have shown that the detection
of Raman scattering by silicone dioxide in a lidar
receiver can be used to infer the concentration of
mineral dust in the atmosphere. In recent years we
have been developing a novel multi-channel
spectrometric lidar system (Tatarov and Miiller
2021). This new system will be used for detecting
characteristic features of Raman spectra, which
subsequently can be used for inferring chemical
signatures of aerosol particles. To achieve this goal,
we need currently unavailable information on the
Raman spectra of aerosol species commonly found
in the atmosphere.

A complex inelastic lidar spectrometer has been
developed at the University of Hertfordshire
(Tatarov and Miiller 2021). In this contribution we
present experimental results of Raman and
fluorescence spectra of a collection of 30 different
aerosol samples. These samples are well

characterized in terms of their chemical
composition. The samples include, mineral dust
(quartz, hematite, kaolinite, barite, calcite etc.), and
bio- aerosols. We investigated these samples under
laboratory conditions with a Raman microscope.
The setup includes an Olympus BXS51TRF-6
microscope with objective-lens magnifications x5,
x10, x20, x50, and x100.The setup allow for a
spatial resolution better that 1um. The Raman and
fluorescence spectra are obtained with a HORIBA
1250M Research Spectrometer that uses four
different gratings. The spectral resolution thus is
better that 1cm-1. Data acquisition is done by a PI-
MAX4 ICCD camera, an ANDOR iXon 3 EMCCD
camera, photo multiplier tubes, and Si and InGaAs
detectors.

We will discuss potential applications of the
data collected in this work in the context of lidar
observations of atmospheric aerosols and their
chemical composition. The calibration methods and
quality assurance of the results will be presented.
For that purpose, we compare our results to spectra
that can be found in Raman- scattering databases

Acknowledgements

This work has been supported by the University of
Hertfordshire through capital investment. Boyan Tatarov
was supported by a Marie-Sktodowska-Curie Action
Fellowship of the European Commission (CAPABLE,
H2020-MSCA- IF-2015). Detlef Miiller was supported by
Royal Society (WM120052).

References

Inaba and Kobayasi. Laser-Raman radar -Laser-Raman
scattering methods for remote detection and analysis of
atmospheric pollution, Opto-electronics, 4, 101-123, 1972.

Miiller et al., Mineral quartz concentration measurements
of mixed mineral dust/urban haze pollution plumes over
Korea with multiwavelength aerosol Raman-quartz lidar,
Geophys. Res. Lett., 37, 2010GL044633,2010.

Tatarov et al., Record heavy mineral dust outbreaks over
Korea in 2010: Two cases observed with multiwavelength
aerosol/depolarization/Raman-quartz lidar, Geophys. Res.
Lett. 39,2012GL051972, 2012.

Tatarov and Miiller, LITES: Rotational Raman Spectra of
Air  Molecules Measured by High-Resolution-
Spectroscopy  Lidar, Opt. Letters, 2021, DOI:
10.1364/0L.420070, accepted 25 Mar 2021.



ELC
2021

Development of a satellite altimeter for the planetary defence program HERA

L. Belegante’, A. Nemuc’, T. Sousa?, V. Granadeiro? P. Gordo®
((1) National Institute of Research and Development for Optoelectronics, INOE,409 Atomistilor Str, Magurele,
Romania, belegantelivio@inoe.ro
(2) Efacec Power Solutions, Apartado 1018 - 4466-952 S. Mamede de Infesta - Portugal
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Introduction

Hera is an European project contributing to an
international ~ double-spacecraft  collaboration
between NASA and ESA: AIDA: The Asteroid
Impact Deflection Assessment cooperation, is the
first planetary defence mission [ESA website].

The Hera mission aims to deploy a satellite to a
binary asteroid system — the Didymos pair of near-
Earth asteroids. The 780 m-diameter mountain-
sized main body is orbited by a 160 m moon,
called ‘Didymoon’. NASA will first perform a
kinetic impact on the smaller of the two bodies —
called DART collision — then, two years later,
Hera will follow-up with a detailed post-impact
survey that will turn this grand-scale experiment
into a well-understood and repeatable planetary
defence technique, transforming this large-scale
experiment into a technique that will divert
asteroids whenever required [ESA website].
During the mission, Hera will demonstrate
multiple novel technologies, such as autonomous
navigation around the asteroid and gather crucial
scientific data, to help scientists and future mission
planners better understand asteroid compositions
and structures. One of the instruments used for this
task is a state-of-the-art altimeter used to collect
information about the new orbit of the body after
the impact.

The altimeter (PALT) developed by the current
consortium will make it possible to study the
asteroid orbit precisely measuring the distance to
the asteroid [link]. PALT will be one of the
fundamental tools for achieving Hera’s objectives:
the LIDAR (Light Detection And Ranging)
altimeter, capable of measuring distances of up to
20 km with an accuracy of 10 cm.

The consortium of the project is composed of two
Portuguese companies (EFACEC and Synopsis
Planet), two Romanian members (Efacec-Romania
and INOE) and a Latvian company (Eventech).
The challenges of the project rely in the size,
weight and power consumption limitations —
typical for all space missions. The concept design
of the altimeter was based on a singular telescope
and a bi-axial setup.

Optical design
Receiver:

One of the factors influencing the optical design is
the size of the optical length. This length is limited
by the size of the instrument. Roughly, the
dimension of the altimeter enclosure will be
around 100 x 120 x 100 mm. The size of the
enclosure will limit both the optical length but also
the size of the telescope. The initial optical design
was focused on a 100 mm diameter primary mirror
and optical length of 80 mm inside the altimeter
box. The length of the optical path was increased
to ~200 mm due to difficulties in designing an
optical setup that should be able to focus the 100
mm image of the primary mirror to the sensitive
area of the detector (200 microns). The design
should be able to resolve an extended dynamic
range: 100 m to 20 km. After several simulations
and the power budget and the required overlap, the
final design was based on a 70 mm telescope and a
total optical path of 240 mm — Figure 1.

|
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30 Layout

Palt optical design
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Figure 1: Overall optical design of PALT

The optical design employs a Cassegrain telescope
and a condenser lens able to focus the entire image
of the primary to the 200 microns detector for all
distances required during the mission — Figure 2.

The main optical parameters of the altimeter
Laser divergence (after 10x expansion): 1,1 mrad
Laser diameter (after 10x expansion): 10 mm
Separation between laser and telescope: 35 mm
Telescope FoV: 1,3 mrad

Emission wavelength: 1532 nm
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Primary
Concave mirror

Primary mirror diameter: 70 mm
Primary mirror interior diameter: 13 mm
Primary mirror radius = -550 mm
Secondary

Convex mirror

Secondary mirror diameter: 13 mm
Secondary mirror radius = -111 mm

200.00

200.00

Figure 2: Field spot diagram for the 200 microns

sensitive area of the detector. Left: light collected from
15 km; Right: light collected from 200 m.

In the current design, the overlap of the instrument
starts around 70 m reaching the 90% limit to 500
m. The full overlap of the instrument is reached at
1280 m — Figure 3.

PALT overlap function
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Figure 3. Overlap function of the PALT altimeter in the
current design: 70 mm telescope, 1.3 mrad telescope
FoV, 1.1 mrad laser divergence - full width and a 90 mm
separation between emission and receiver axes.

Emission:

The emission design is based on a Galilean design
made of one bi-concave lens and a plano convex
lens placed 90.51 mm apart — Figure 4. The
emission will expand the laser beam spot 10x,
reducing the laser divergence to 1 mrad. The field
spot diagram of the emitted light indicates an
additional divergence of 0.1 mrad.

) Maximum zoom has been reached
3D Layout
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Figure 4. Emission design of PALT

11000.00

Figure 5. Field spot diagram for image
Left: 1 m and Right: 10 km

Current status

Currently the first prototype of the altimeter is
assembled. The altimeter will be subject to a series
of quality assurance tests designed to validate the
nominal performance of the unit. By the end of
next year, a second space qualified prototype will
be developed. This prototype will be designed to
accommodate space qualified materials. The new
unit will operate over a wide temperature domain
(-40, 70 °C) and will include an additional baffle
designed to protect the instrument for stray light
and direct sun illumination.

Challenges

Main challenges of the design are related to the
size, weight limitations but also to the detector size
and operating range. Additional baffles were
required to protect the instrument from unwanted
light. Thermal constrains were also considered in
the design.

Conclusions

The paper will present the current developments
and test results of the first PALT prototype
altimeter. The experience gained during the design
and manufacturing of the PALT units will help the
team develop the space qualified unit used in the
HERA mission.
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Introduction

Lidar remote sensing observations of mineral dust,
soot particles or pollens particles is an important
topic worldwide and in the lidar European
community especially [Haarig et al. 2018; Bravo-
Aranda and Guerrero-Rascado 2015; Bohlmann et
al. 2021]. This task is however challenging at least
as the measured particles depolarization ratio
(PDR) is nevertheless that of a particles mixture
especially far from the source regions which is the
most frequent observed situation. To face such a
complexity, lidar partitioning algorithms have been
developed allowing to retrieve the backscattering
coefficient specific to mineral dust among two or
three-component particle external mixtures (Tesche
et al.,2009; David et al., 2013) and the algorithm by
Tesche et al. is nowadays successfully widely
applied. Despite this major advance, the intrinsic
depolarization of mineral dust, soot or pollen
particles still needs to be revealed. This task is
render complicated by the complexity itself of the
studied particle samples as mineral dust, soot and
pollens indeed exhibit a wide range of sizes, shapes
and mineralogy. For example, mineral dust is
composed of highly-irregular nonspherical particles,
sometimes with sharp edges. Likewise, soot
particles are mostly fractal aggregates and the shape
of pollen particles is itself nonspherical and even
exhibits spikes or / and holes. As a result, no
analytical solution of the Maxwell’s equations
exists for such complex-shaped particles allowing
to numerically evaluate the lidar PDR of such
aerosols. Numerical approximations have then been
applied but the underlying assumptions must be
carefully checked and for that a laboratory
experiment at 180.0° lidar backscattering angle is
coveted. Such an experiment is also coveted in
laboratory where, up to now to our knowledge, the
lidar PDR could only be obtained in limited
scattering regions, ranging from 3° to 177°,
different from 180°, as underscored in Huang et al.,
2015. Moreover, existing interpolations to the 180°-
lidar backscattering angle must be discussed, as
recently underlined (Videen et al., 2018).

Results and discussion
In this context, a controlled-laboratory Pi-
polarimeter at 180.0° lidar exact backscattering

angle has been built at Lyon University to provide
precise evaluations of the lidar PDR of aerosols at
lidar exact backscattering angle (Miffre et al., 2016).
The Pi-polarimeter is based on the scattering matrix
formalism and the lidar PDR is measured at both
355 and 532 nm lidar wavelengths simultaneously.
Hence, for the first time to our knowledge, the lidar
PDR of various mineral dust samples could be
accurately measured in laboratory at 180.0° lidar
angle. Results concerning silica, hematite but also
Arizona or Asian dust will be presented. Likewise,
the lidar PDR of freshly-emitted soot aggregates
could be evaluated in laboratory (Paulien et al.,
2021) and more recently that of a core-shell organic
sulfate (Dubois et al.,, 2021). Interestingly, the
involved organics being among the most important
secondary organic aerosol precursors in the
atmosphere, this laboratory finding may be key for
quantifying the direct radiative forcing of sulfates
in the presence of organic compounds, thus more
clearly resolving the impact of such aerosol
particles on the Earth’s climate.

The oral presentation will present our laboratory Pi-
polarimeter at 180.0° lidar backscattering angle and
details the methodology to retrieve accurate
evaluations of the lidar PDR of various mineral dust
samples, then soot-fractal aggregates or core-shell
organic sulfates. The link between the laboratory
measured intrinsic depolarization and the lidar-
observed field lidar PDR will be discussed. If time
is left, the lidar PDR of pollens will also be
presented to go on the discussion that we had during
the 2020 ELC conference. We hence believe this
work may interest the European Lidar community
as it may be applied to help better understanding 2A-
polarization lidars which are operated worldwide
every day.
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Introduction

Between November 2018 and November 2021, the
Atmospheric Raman Temperature and Humidity
Sounder (ARTHUS) took part in several
measurement campaigns and collected about one
year of data, including temperature and water vapor
mixing ratio with a high temporal and range
resolution.

Very stable 24/7 operations on ground-based and
shipborne platforms were achieved during several
field campaigns and at the Land Atmosphere
Feedback Observatory (LAFO, see https://lafo.uni-
hohenheim.de/en) accumulating to almost a year of
data and covering a huge variety of weather
conditions (snow, haze, heavy rain, etc.) including
seaborne operation during the EUREC4A
campaign (Bony, 2017, Stevens, 2021).

ARTHUS demonstrated that is capable to observe
the atmospheric boundary layer and lower free
troposphere during daytime and nighttime with
very high resolution up to the turbulence scale, high
accuracy and precision, and very short latency.
ARTHUS measurements resolve the strength of the
inversion layer at the planetary boundary layer top,
elevated lids in the free troposphere, and turbulent
fluctuations in water vapor and temperature,
simultaneously (Lange, 2019, Wulfmeyer, 2015).
In addition to thermodynamic variables, ARTHUS
provides also independent profiles of the particle
backscatter coefficient and the particle extinction
coefficient from the rotational Raman signals at 355
nm with much better resolution than a conventional
vibrational Raman lidar.

We also faced different technical challenges,
including operating a Nd:YAG laser 24/7 and
keeping the housing conditions (temperature and
humidity) under control, so they do not affect the
measurements.

During the European Lidar Conference, we will
focus on the technical challenges in our lidar
operation, mainly the reliability of the laser
performance over time and the stabilization of the
system during the EUREC4A field campaign in the
Atlantic Ocean.
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Introduction
We present the results of a comparison trial
between a Vaisala CL61 and a Raymetrics

depolarisation Raman lidar. The campaign was 14 ‘;‘;;me'tr'ics‘ LR111—D300' ”’3“ dar g ;‘;2
carried out at Cardington, Bedfordshire, UK. 12 " 32
The CL61 is a novel dual polarisation ceilometer s 28 _
with good potential for 24/7 aerosol monitoring and @ 2 20 2
possibly even classification and quantification. The S 4 i:g
Raymetrics lidar with intermittent measurement 2 08
schedule (to preserve the flashlamps) is more 000:00 0300 0600 P g:g
powerful and has the additional Raman capability. Log 10 VDR Glued

The Vaisala CL61 operates at a wavelength of B

910.55 £ 0.05 nm. The transmitter is pulsing at 9.5 12 :g:g
kHz with an average laser power of 38 mW. The £10 0.7
depolarisation measurement is done with single = 8 1.0
avalanche photodiode detector (APD) on the g 12 2
coaxial optical path. The cross- and parallel = : 7
polarised signals are measured by mechanically 0 -2.0
switching flat polarising filters in alternating Oﬁgz - 09:00
sequence with the same analogue receiver. Cross- i " o’
talk is minimized with a specified contrast ratio of :‘2‘ _ Cardington CL61 20200328 s
1:10000 of the polarisation filters. The correct 10 2 e A ' 55
angular position of the filters is aligned at E g -5.75
production. However, some uncertainty in respect g 6| 0 =
to the polarisation calibration remains, as e.g. the S 4 :2:25 E
laser polarisation purity is non-ideal (99%). The § } 6.75
attenuated backscatter profile has been liquid water 7
cloud calibrated according to the O’Connor et. al 0.0
method (2004). The depolarisation Raman LR111- s
300s lidars are developed and manufactured to meet _ )
the Met Office and London volcanic ash advisory £ 1.0
centre (VAAC) needs by Raymetrics. The ) 15 2
instruments emit at 355nm and have polar and &

cross-polar depolarisation detection channels at % s
355nm and a N> Raman channel at 387 nm. The 00:00 03:00 06:00 09:00 25

systems use Quantel CFR 200 Q-switch-pulsed
Nd:YAG lasers, with nominal pulse energies of
50 mJ at 20 Hz. Data are acquired in both analogue
and photon-counting modes and glued together
during data processing. Polarisation discrimination
is done via a polarisation beam splitter cube (PBS).
Additional clean sheet filters are placed after the
cube to eliminate crosstalk. The lidar needs to be
calibrated regularly using the +45¢ procedure
(Freudenthaler, 2016; Buxmann et al., 2020).
Aerosol optical properties are calculated using code
developed at the Met Office (Osborne et al., 2019)
which has been tested against the EARLINET

Single Calculus Chain (e.g. Mattis et al., 2016).

Log ;o RCS Glued

Time [UTC]

Figure 1. From top to bottom: range corrected signal
(RCS) and volume depolarisation ratio (VDR) from the
Raymetrics lidar; attenuated backscatter and VDR from

the CL61; profiles from 28th March 2020.

Results and discussion

The signal-to-noise ratio (SNR) can be used to
characterize a ceilometers ability to determine
acrosol layers at different altitudes quantitatively.
Photons detected in analog-mode with the CL61 do
not strictly obey the Poisson statistic. Instead the
highest 500 gates (at 15-15.7 km) are used to
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calculate the SNR (Kotthaus et al. 2016).

The SNR of the CL61 is >1 for heights up to 6.1
km on a clear day with little aerosol content and up
to 12 km for a day with cirrus clouds averaging over
2 hours. The SNR behaviour is comparable to
instruments like the CHM 15K (Strachlewska et. al.
2012). However, the Raymetrics lidar shows much
better SNR of >10 up to 10 km for clear day and
night for parallel as well as perpendicular channel.

In Figure 1 we present an example of aerosol
depolarisation measurements from the CL61 and
the co-located Raymetrics lidar. The Raymetrics
lidar reports a range corrected signal (RCS) rather
than the attenuated backscatter from the CL61.

S —_ —
—— Raymetrics VDRsss |
—— Raymetrics PDR3ss
—— CL61 VDRg1o

PDR3;5 = 15.0% Layer 2
VDRg), = 18.5%

PDR3ss = 5.5% I
VDRajo = 3,29 -averl

0 10 20 30 40 50 60
PDR or VDR [%]

Figure 2. PDR and VDR profiles from 28th March 2020.
Data is an average from midninght to 03:30 indicated by
the red box in figure 1.

Figure 2 shows a comparison between vertical
depolarisation ratio (VDR) and particle linear
depolarisation ratio (PDR) from the Raymetrics vs
VDR from the CL61. The CL61 VDR is more
similar to the Raymetrics PDR, due to the lower
molecular contribution in the 910 nm channel of the
CL61. According to HYSPLIT backtrajectories
(not shown here) the air mass corresponding to
layer two has come from near the north coast of
Africa and then travelled over Europe to the UK.
The average PDR ~15% (weighted by backscatter)
suggests some dust content in this aerosol layer.
The air mass corresponding to layer one has come
from Eastern Europe and has crossed much of the
Balkans in the mixing layer.

Challenges & Conclusion The CL61 is capable of
identifying aerosol with higher VDR such as dust
shown in the example. Although PDR and VDR
cannot be compared directly, their relationship at

two different wavelengths may be useful for aerosol
identification in the future. However, the lower
power and the lack of Raman channel provide some
challenges, such as lower SNR and higher
uncertainties for quantitative retrievals. In addition
polarisation calibration using GHK parameters
(Freudenthaler, 2016) has not been applied yet.
Possible calibration checks include e.g. rotation of
a half wave plate and/or liquid water cloud
depolarisation calibration. Overall the CL61
provides reliable attenuated backscatter and
polarisation information. Lower cost and 24/7
capability is a huge benefit for the operational
observing community. A longer time period of
collocated CL61 and high power lidar would be
beneficial in order to assess the full capacity of the
instrument.
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Introduction

High spectral resolution lidars (HSRL) provide
independent measurements of aerosol optical
properties, namely extinction (0,er) and backscatter
coeffiecients (Baer). Unlike to simple backscatter
technique, this is done without prior assumptions
about the scattering properties of the atmosphere,
since HSRL readings are calibrated by reference to
molecular scattering, which is measured at each
height bin of the lidar profile (Eloranta et al., 2005).

Key-design features of such an instrument
require: (a) strong rejection of the aerosol
contribution to the molecular channel (aerosol
suppression, calculated here as the ratio of the
photons transmitted through each channel, namely
Tr Rayleigh / Tr Mie), (b) narrow laser linewidth
and (c) accurate laser locking to a specific
wavelength (the 1, absorption line 1109 is
considered here). These requirements are
acomplished by utilizing atomic filters (I filter
vapor cell) both at the emission and detection units
(Piironen, et al., 1994).

Nevertheless, depending on the scientific
objective (aerosol and/or cloud studies) these
requirements may vary significantly, depending on
the relative magnitude of the Baer O Beioud tO Prmot, at
various operation wavelengths. As an example here,
we determine the effect of cross-talk reduction and
laser linewidth to the retrieval accuracy of aerosol
and cloud optical properties at 532.26 nm. Our
simulations will reveal the requirements of the
optical components needed for the integration &
development (to be done by Raymetrics SA), of an
HSRL capable of measuring aerosol and cloud
optical properties (Ctaer, Bacr)-

Results and discussion
In our analysis we assumed two atmospheric
scenes, namely (a) a lofted dust acrosol layer at 3
km with max. Baer =4.5x10° m™! sr'!'and (b) a dense
liquid water cloud (LWC) at 5 km, with max. Bcioud
=5.5x10* m! sr'!. The Rayleigh and Mie detection
channels considered to be noise-free signals.
Iodine absorption spectrum is composed by a
set of discrete absorption lines and an absorption

continuum. The length of the vapor filter affects the
transmission of the detected light around the central
line (Forkey et al., 1996), and consequently the
aerosol suppression. For the aerosol case, even a
short-length saturated 1, filter, operating at
moderate temperature of 30 °C (P=95.69 Pa), can
lead to a suppression order of ~103, for a 60 MHz
laser linewidth (Figure 1). For high B values
(LWC), such suppression order can be achieved

only with longer filter, at that temperature.
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Figure 1. Suppression order achieved as a function of
laser linewidth and the I cell length, for (a) aerosol and
(b) LWC case.

The laser linewidth deviation affects the
suppression uncertainty, especially for higher
linewidths (Figure 2). According to our monte carlo
simulations, a laser linewidth of 60 MHz with 50%
uncertainty is enough to keep the suppression
uncertainty below 5%. Moreover, the laser locking
line at 1109 line should be achieved with less than
2 MHz stability.
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Figure 2. Suppression uncertainty as a function of: (a)
laser linewidth uncertainty, and (b) frequency shift from
cental line 1109, for various laser linewidths.
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Finally, we estimate the cross-talk reduction
that is needed to achieve 0gaer & Paer With accuracy
less than 1-2% (Figure 3). For both aerosol and
LWC cases we calculate the retrieval error based in
the entire vertical extension of the layer. For the
extinction retrieval a Savitzky-Golay filter of 110-
m equivalent smoothing length, is applied.

Extinction Coefficient - Aerosol Case Backscatter Coefficient - Aerosol Case
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Figure 3. Retrieval error of er & Pacras a function of
suppression order for various uncertainties for (a) aerosol
and (b) LWC case.

The final product uncertainty depends on the
accuracy of the determined suppression order. A
10% estimation accuracy of the aerosol
supppression can be easily achieved, while 1% is
still realistic but harder to be reached. For high
enough suppression (> 6000) for the LWC, the
product accuracy of 1% can be achieved even if the
suppression is known with 10% uncertainty. For the
aerosol case, even for high suppression uncertainty
of 10%, the 1% retrieval error can be achieved with
suppression order of ~250.

Overall, from our study we identified the
requirements of the laser and the I, filter, needed for
aerosol and cloud studies. Namely, for 3 to 4 orders
of magnitude aerosol suppression with 5%
uncertainty, a 30 to 35-cm length of I, cell can be
installed at the Rayleigh channel, maintained at 30
+ 1 °C. A 60-MHz laser linewidth should have less
than 35% jittering and the locking deviation around
the 1109 I, absorption line should be less than 1
MHz.

Challenges

The challenges will appear during the experimental

phase and the set-up period of the instrument.

Briefly here, we note that the main points that will

affect the complexity and concequently the cost of

the instrument, are related to the following:

1. For cloud studies, a narrow optical filter
(etalon) will be mandatory for sufficient solar
background rejection during day-time
operation (Hayman et al., 2017).

2. The laser line should be actively controlled
and stabilized, by means of a feedback loop, to
the minimum of the 1109 absorption I, line
and its efficiency is crucial to the achieved
suppression level. Although slow drifts can be
easily compensated, the control bandwidth is
limited by the laser pulse build-up time. An
experimental effort will be needed in order to
optimize the loop and characterize the laser
frequency stability within the experimental
limitations. (Hair et al., 2008)

3. The development of a calibration-scan module
for the accurate estimation of the suppression
order (Sroga et al., 1983).
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Introduction

The use of lidar in the domain of acronautics,
namely in airborne operation, has been one of the
earliest fields of application, endeavored shortly
after the invention of the laser itself (Franken,
Jenney and Rank, 1966). Such efforts, in particular
aiming at turbulence in cruise flight (clear air
turbulence CAT), have long been pioneered by the
US (cited in Vrancken, 2016), but achievements
have also been made in Japan (Inokuchi, Akiyama
and Sasaki, 2018) and in Europe (AWIATOR, cf.
Schmitt et al., 2007; Rabadan et al., 2010) where
efforts have come to a halt in the early 2000s.

At DLR however, these activities have been
continuously pursued. In a recently started project,
we aim for the use of a Doppler Wind Lidar (DWL)
as the central wind speed sensor for a real-time
control scheme aboard civil passenger aircraft. This
control loop shall use the wind information ahead
for derivation of significant turbulent gusts and
their counteraction with fast feed-forward actuation
of'the aircraft’s control surfaces (elevators, ailerons,
spoilers etc.). An exemplary maneuver could be a
subtle ‘nose down’ pitch when detecting a vertical
gust ahead. This scheme could significantly
decrease the loads associated with cruise-flight
turbulence encounter. Previous simulations (Fezans
and Joos, 2017; Fezans, Joos and Deiler, 2019)
show that the loads in the wing and fuselage
structures may be reduced to a level where such a
system is becoming economically attractive.

Evidently, a future commercially viable system
for this type, and likewise its prior full airborne
demonstration (in an R&D context), poses strong
requirements on each of the ingredients of this
control scheme: on the DWL laser transmitter and
receiver as well as the gust identification and
control function. In the presentation/poster, we give
insights to the current status, latest achievements
and potential of each of these crucial elements.

Activities and status

At the ELC2020 we have introduced (Vrancken
and Herbst, 2020) a concept and prototype of a
direct-detection DWL based on a fringe-imaging
technique based on a skewed Michelson
interferometer. The requirements of the described

control scheme, sub-m/s precision, high data
repetition rate (few to several tens of Hz), high
spatial resolution (20 to 50 m), close measurement
ranges (50 to 300 m) as well as sensitivity to both
mixed molecular/acrosol and pure molecular
backscatter (without knowledge on the ratio thereof
in terms of backscatter ratio) are all adequately
addressed by our design. After the general
demonstration of the lidar’s functionality
(Vrancken and Herbst, 2019/2020) we now have
identified the main drivers for absolute and relative
(in terms of photon budget) improvement of the
systems wind speed measurement dispersion as
well as for its residual bias. The first deduced
technical improvements are currently (summer
2021) counter-checked in ground-based wind
measurements.

In parallel, simulation models (both a
simplified analytical and a more physical end-to-
end) of a realistic evolution of the lidar are used
within an iterative simulation setup particularly
including gust identification and the aircraft (rudder
command generating) controller.

Notably, it is the module “wind reconstruction
algorithm” (WRA) that significantly lowers the
requirements on the lidar in a way that (direct-
detection) DWL altogether may come into play
with significant impact. The WRA analyzes the
line-of-sight wind measurements (taken at some
angle from the flight direction axis) in a maximum-
likelihood estimation using a matching wind (gust)
field continuously being updated. The algorithm
integrates smoothing parameters in form of
Tikhonov regularization terms for reducing the
impact of lidar measurement noise.

The third block within the simulation ensemble
is the feedforward gust load alleviation (GLA)
controller itself, which is currently matched to a
“generic business jet” aircraft aero-elastic model,
envisioning a future demonstration on a European
flight test aircraft (such as the DLR ISTAR
Falcon 2000 LX or similar). The controller design
is based on a new multi-channel structured discrete
time Hs formulation (Khalil and Fezans, 2021).

The iterative analysis of this model covers the
four main components of the overall system:
including the lidar model, the WRA, the
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feedforward GLA controller and the aircraft
acroservoelastic model. It is deemed to allow
identifying a reasonable set of requirements, in
particular on the lidar (with receiver, laser and
scan /beam director system), all based on a
reasonable and useful level of load alleviation
(Fezans et al.,, 2020). In other words, over-
specification of any sub-component is thus avoided.

Among the set of requirements, many crucial
ones concern the laser transmitter. As pointed out at
ELC2020, within our current ground prototype
DWL we employ an existing powerful Nd:YAG
UV-source (Vrancken et al., 2016), however not
adapted to a future GLA scenario. Previous (Herbst
and Vrancken, 2016) and latest simulation results
hint at low kHz laser systems as the optimum design
point. For this reason, a dedicated laser
development effort has been started, taking a master
oscillator power amplifier (MOPA) scheme as a
workhorse basis for the envisioned future airborne
demonstration of the whole GLA loop. In parallel,
further technology routes with lower technology
readiness level (TRL), but possibly higher
industrialization capability, such as fiber and
semiconductor laser technology, shall be kept track
of.

Challenges and discussion

Evidently, the development of such an advanced
DWL system comes with many challenges and thus
the authors will be pleased and eager to discuss the
details, pitfalls and known unknowns of the whole
scheme, in particular concerning laser, spectral
analyzing receiver and scanning system. We also
embrace potential future cooperations to tackle this
European aeronautics domain subject.
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Introduction

Hera is an European project contributing to an
international ~ double-spacecraft  collaboration
between NASA and ESA: AIDA: The Asteroid
Impact Deflection Assessment cooperation, is the
first planetary defence mission [ESA website].

The Hera mission aims to deploy a satellite to a
binary asteroid system — the Didymos pair of near-
Earth asteroids. The 780 m-diameter mountain-
sized main body is orbited by a 160 m moon,
called ‘Didymoon’. NASA will first perform a
kinetic impact on the smaller of the two bodies —
called DART collision — then, two years later,
Hera will follow-up with a detailed post-impact
survey that will turn this grand-scale experiment
into a well-understood and repeatable planetary
defence technique, transforming this large-scale
experiment into a technique that will divert
asteroids whenever required [ESA website].
During the mission, Hera will demonstrate
multiple novel technologies, such as autonomous
navigation around the asteroid and gather crucial
scientific data, to help scientists and future mission
planners better understand asteroid compositions
and structures. One of the instruments used for this
task is a state-of-the-art altimeter used to collect
information about the new orbit of the body after
the impact.

The altimeter (PALT) developed by the current
consortium will make it possible to study the
asteroid orbit precisely measuring the distance to
the asteroid [link]. PALT will be one of the
fundamental tools for achieving Hera’s objectives:
the LIDAR (Light Detection And Ranging)
altimeter, capable of measuring distances of up to
20 km with an accuracy of 10 cm.

The consortium of the project is composed of two
Portuguese companies (EFACEC and Synopsis
Planet), two Romanian members (Efacec-Romania
and INOE) and a Latvian company (Eventech).
The challenges of the project rely in the size,
weight and power consumption limitations —
typical for all space missions. The concept design
of the altimeter was based on a singular telescope
and a bi-axial setup.

Optical design
Receiver:

One of the factors influencing the optical design is
the size of the optical length. This length is limited
by the size of the instrument. Roughly, the
dimension of the altimeter enclosure will be
around 100 x 120 x 100 mm. The size of the
enclosure will limit both the optical length but also
the size of the telescope. The initial optical design
was focused on a 100 mm diameter primary mirror
and optical length of 80 mm inside the altimeter
box. The length of the optical path was increased
to ~200 mm due to difficulties in designing an
optical setup that should be able to focus the 100
mm image of the primary mirror to the sensitive
area of the detector (200 microns). The design
should be able to resolve an extended dynamic
range: 100 m to 20 km. After several simulations
and the power budget and the required overlap, the
final design was based on a 70 mm telescope and a
total optical path of 240 mm — Figure 1.

|

———————————— 100 mm

30 Layout

Palt optical design
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Zemax OpticStudic 16 SPL

Figure 1: Overall optical design of PALT

The optical design employs a Cassegrain telescope
and a condenser lens able to focus the entire image
of the primary to the 200 microns detector for all
distances required during the mission — Figure 2.

The main optical parameters of the altimeter
Laser divergence (after 10x expansion): 1,1 mrad
Laser diameter (after 10x expansion): 10 mm
Separation between laser and telescope: 35 mm
Telescope FoV: 1,3 mrad

Emission wavelength: 1532 nm
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Primary mirror diameter: 70 mm
Primary mirror interior diameter: 13 mm
Primary mirror radius = -550 mm
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Secondary mirror radius = -111 mm
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Figure 2: Field spot diagram for the 200 microns

sensitive area of the detector. Left: light collected from
15 km; Right: light collected from 200 m.

In the current design, the overlap of the instrument
starts around 70 m reaching the 90% limit to 500
m. The full overlap of the instrument is reached at
1280 m — Figure 3.

PALT overlap function

1.0

0.8
0.6
0.4

Overlap function

0.2

0.0 T T T T T T T
0 200 400 600 800 1000 1200 1400

Altitude [m]

Figure 3. Overlap function of the PALT altimeter in the
current design: 70 mm telescope, 1.3 mrad telescope
FoV, 1.1 mrad laser divergence - full width and a 90 mm
separation between emission and receiver axes.

Emission:

The emission design is based on a Galilean design
made of one bi-concave lens and a plano convex
lens placed 90.51 mm apart — Figure 4. The
emission will expand the laser beam spot 10x,
reducing the laser divergence to 1 mrad. The field
spot diagram of the emitted light indicates an
additional divergence of 0.1 mrad.
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Figure 4. Emission design of PALT

11000.00

Figure 5. Field spot diagram for image
Left: 1 m and Right: 10 km

Current status

Currently the first prototype of the altimeter is
assembled. The altimeter will be subject to a series
of quality assurance tests designed to validate the
nominal performance of the unit. By the end of
next year, a second space qualified prototype will
be developed. This prototype will be designed to
accommodate space qualified materials. The new
unit will operate over a wide temperature domain
(-40, 70 °C) and will include an additional baffle
designed to protect the instrument for stray light
and direct sun illumination.

Challenges

Main challenges of the design are related to the
size, weight limitations but also to the detector size
and operating range. Additional baffles were
required to protect the instrument from unwanted
light. Thermal constrains were also considered in
the design.

Conclusions

The paper will present the current developments
and test results of the first PALT prototype
altimeter. The experience gained during the design
and manufacturing of the PALT units will help the
team develop the space qualified unit used in the
HERA mission.
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Introduction

The aerosol profile component of the ACTRIS
(Aerosol clouds and Trace Gases Research
infrastructure) has been built around the
EARLINET (European Aerosol Research Lidar
Network) network, the first lidar network for
aerosol studies on a continental scale. Starting
from very heterogeneous lidar stations in terms of
system set-up and data processing, large efforts
were done over the years for gaining in
harmonization of the data processing and
provision (1,2). Nowadays, ACTRIS/EARLINET
has reached a degree of maturity that makes it
suitable for near real time data provision.

The functionality of ACTRIS is based on a large
number of National Facilities (NFs) distributed
over Europe.

National Facilities within ACTRIS consist of
Observational ~and  Exploratory  Platforms.
Observational Platforms are fixed ground-based
stations that heave regular measurement schedule
and deliver long-term data.

Exploratory Platforms are platform laboratory,
atmospheric simulation chambers, and mobile
platforms that aim at investigating processes
related to aerosols, clouds and reactive trace gases
in dedicated experiments in specific regions, with
a focus on particular scientific questions.

ACTRIS Observational Platforms must support at
least one of the observational components, aerosol
remote sensing, cloud remote sensing, reactive
trace gases remote sensing, aerosol in situ
measurements, cloud in situ measurements, and
reactive trace gases in situ measurements.

The minimum setup of an ACTRIS aerosol
remote-sensing  station consists of a one-
wavelength Raman or HSR lidar with polarization

discrimination capability and a sun/sky photometer.

The IMAA CNR has recently installed two lidar
systems, one fixed and one mobile. The first will
be an ACTRIS Observational Platforms and the
second an Exploratory Platforms available even in

combination with cloud remote sensing equipment.

Both the lidars are capable of carrying out

continuous measurements going well beyond the
required ACTRIS/EARLINET standards.

The mobile system has the characteristics to be
part of the central facility CARS (Center for
Aerosol Remote Sensing), AHL-aerosol high
power lidar.(3)

Furthermore the fixed system is equipped with
additional measurement channels to carry out
water vapour measurements, of interest for
investigating the impact of water vapour on
aerosol properties,

Systems overview

The fixed lidar is hosted in a thermally insulated
container and is also equipped with a dedicated
weather station. The systems can be controlled by
remote access via Internet. Measurements are
automatically stopped in case of rain events and
restart after 10 minutes.

The fixed lidar, shown in figure 1, is based of two
laser sources. One laser emits only at 1064 nm,
allowing to optimize the aerosol depolarization
measurement at this wavelegth.

The energy is 150 mJ with a repetition frequency
of 10 Hz and a divergence < 1.2 mrad.

The second has an energy of 200 mJ at 355 and at
532 nm of 100 mJ. The repetition frequency is 10
Hz and the divergence is < 1.2 mrad for all
wavelengths. The system includes two Cassegrain
telescopes, one with a larger diameter (400mm)
for the far range and one for the near range with a
diameter of 200 mm allowing to reach a full
overlap altitude at 200 m .

The calibration and the telecover measurements
are motorized and therefore remotely controllable .
It is present also a CCD camera to test the
alignment of all laser beams sent into the
atmosphere.

This lidar has technical characteristics better than
those required by ACTRIS for being a National
Facility (NF).

It will be able to provide continuous measurements
of aerosol backscattering at 355, 532 and 1064,
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aerosol extinction coefficients at 355 and 532 nm,
volume and particle depolarization ratio at 355,
532 and 1064 nm and water vapour mixing ratio in
the planetary boundary layer region and in the
free troposphere.

Figure 1. Fixed lidar sysrem

The mobile lidar is hosted in a container similar to
the previous one, but smaller and easier to be
transported. The mobile system (Fig.2) has been
developed for continuous, stand-alone operation in
remote environments. Also this system has two
laser source. One laser emits only at 1064 nm,
allowing to optimize the aerosol depolarization
measurement at this wavelegth.

The first laser has an energy at 1064 nm grater
than 150 mJ with a repetition frequency of 10 Hz
and a divergence < 1.2 mrad. The second has an
energy > of 90 mJ at 355 and at 532 nm > of 80
mJ. The repetition frequency is 10 Hz and the
divergence is < 1.2 mrad for all wavelengths. The
receiver is built around a telescope in
Cassegrain configuration (30-cm diameter).

It will be able to provide continuous measurements
of backscattering at 355, 532 and 1064 nm,
extinction coefficients at 355 and 532 nm,

depolarization coefficient at 355, 532 and 1064 nm.

Figure 2. Mobile lidar sysrem

In the next months, the systems will become fully
operational and the fixed measurements will be
integrated within the ACTRIS aerosol profile
provision to CAMS. In December 2019, a contract
between CNR and ECMWF was signed for a pilot
ACTRIS/EARLINET data provision to the
Copernicus  Atmosphere  Monitoring  Service
(CAMS). Such pilot contract (CAMS21b) aims to
put in place a first data provision for a set of
selected stations with the aim to demonstrate the

feasibility of fully traceable and quality-controlled
data provision for the whole network.

The data provision started in October 2020 at the
test site of Potenza with the lidar MUSA and in
January 2021 for a group of 9 stations with
encouraging results.

The continuous measurements made by the
described new systems will be important to
improve the assimilation, near real time evaluation
and re-analysis evaluation of several CAMS
products, including the aerosol load over Europe
for air quality issues, atmospheric composition,
climate forcing and solar and UV products.

Continuous  measurements allow to better
understand the evolution of meteorological
phenomena.

The two systems are in optimization phase and
during the conference first measurements will be
shown highlighting the capability of this
instrument to perform continuous high-resolution
measurements of aerosols and atmospheric water
vapour , both in daytime and nighttime,
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Development and Validation of a Scanning Depolarization Lidar System for Studying
Urban Aerosols in a Tropical Valley
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Introduction

The Aburra Valley, the second-largest urban
agglomeration in Colombia in terms of population
and economy, is located in the Colombian Central
Andes between geographic coordinates 6°30'25" to
6°172" N and 75°40'5" to 75°13'30" W. The
altitudes of the Valley vary between 1,300 and
3,100 m above sea level. The Valley is 60 km long,
being the city of Medellin its wider part with 810
km (See Figure 1). Temperature oscillates between
16 and 29 °C, and relative humidity is about 70%.
Thus, the region is characterized by a humid,
tropical climate (Posada and Cadavid, 2018).

Aburra Valley
(Colombia)

Figure 1. Measurement site location.

Due to its large population (near 4 million
ihabitants), complex topographic and
meteorological conditions, and the high pollution
levels coming from industries and vehicle fleet, the
Aburra Valley has a severe air quality problem. In
fact, air pollution caused 22,922 deaths from
pollution-related acute respiratory diseases in
Medellin between 2012 and 2016 (Comptroller
General of Medellin and Universidad Nacional de
Colombia, 2019). For this reason, real-time
monitoring of particulate matter to identify
pollution sources is one of the main directions for
environmental improvement issued by government
authorities.

Lidar is an adequate technique to study these
highly variable atmospheric constituents (Rascado,
2008). In addition, the depolarization lidar
technique allows for retrieving the linear
depolarization ratio, a primary parameter to
differentiate between spherical and non-spherical
particles, which, combined with other aerosol

optical properties, allows aerosol-typing studies.
Although there are currently existing lidars in the
region, these only perform vertical measurements at
ground level; the volumetric or three-dimensional
information, which reflects the dynamic nature of
pollution, remains a question to answer.

In this work, we have designed, developed,
calibrated, and validated a scanning depolarization
lidar system, which we will use to analyze the three-
dimensional spatial distribution and identify fixed
sources of urban pollution in the Aburra Valley by
determining the optical properties of local aerosols.

Results and discussion

The developed scanning depolarization lidar
system is shown in Figure 2. It can take horizontal,
vertical, and volume scans of the atmosphere using
elevation and azimuth stepper motors (NEMA 23,
2.8 A, 18 kg-cm) and gearboxes (1:80 for elevation
and 1:30 for azimuth movement). To achieve a
complete atmospheric mapping the lidar system
takes 360.00 £ 0.35° azimuth and 90.00 + 0.82°
elevation scanning.

Figure 2. Photo of the developed scanning lidar.

The technical specifications of the lidar system
are presented in Table 1. Our lidar system's robust
and modular setup required that optical, electronic,
and mechanical components were carefully selected.
As a result, most parts of the mechanics and
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optomechanics were produced by manual and CNC
machining. This allows for cost-effective and
flexible modifications of the mechanical
components and mountings of optical subsystems if
the system needs to be adjusted or upgraded to new
scientific requirements.

Table 1. Technical specifications of the scanning
depolarization lidar system.

Characteristic Value
Laser Q-switched Nd:YAG
Repetition rate 20 Hz
Enery per pulse 200 mJ (@532)
Pulse length 6 ns (@1064)
Divergence <0.5 mrad
Receiver
Telescope Schmidt-Cassegrain
(9.25")
Detectors PMT (300 — 900 nm)
Interference filter ~ 2.00 nm FWHM
(@532)
Polarization Polarizing beam
separator splitter (PBS)

LICEL, 16 bit and 40
MHz A/D converter
3.75m

Data acquisition

Range Resolution

The lidar system is being tested under field
conditions performing quality assurance tests to
characterize the performance of the hardware and to
provide quality-assured data sets of products for the
characterization of aerosols not only as a function
of height but also of the spherical coordinates. The
next results will show the scanning lidar
measurements in a horizontal view at different
increasing elevation angles using range corrected
signals and the first result of the relative attenuated
aerosol backscatter coefficient profiles at parallel
and perpendicular channels, as well as linear
depolarization ratio profiles, during the middle of
the local dry season (July and August).

Challenges

In the upcoming months, the challenge will be to
perform volume scans of the local atmosphere to
analyze the three-dimensional spatial distribution
and identify fixed sources of urban pollution in the
Aburra Valley by determining the backscattering
coefficient and linear depolarization ratio at several
different spherical coordinates of local aerosols.
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Introduction

Pollens are incriminated for their impact on the
Earth’s climate and on public health with socio-
economical costs reaching 150 billion euros per
year in Europe (Lake et al.,, 2017). Still, the
detection and identification of the involved pollens
taxa remains challenging, mainly due to the
complexity in size and shape of these grains.

Studies have been achieved to investigate
pollens using lidar remote sensing (Sassen, 2008;
Noh et al., 2013; Bohlmann et al., 2019; Sicard et
al., 2021), by evaluating the depolarization ratio of
particle mixtures containing pollen grains. Current
methods are based on assuming a zero value for the
backscattering Angstrém exponent of pure pollens
(Shang et al.,, 2020) to deduce the Ilidar
depolarization ratio of pure pollens.

In this context, a laboratory polarimeter at lidar
backscattering angle has been developed which
precisely evaluates the lidar depolarization ratio of
several pure pollen (Cholleton et al., 2020).

Experimental set-up

The evaluation of the depolarization ratio relies
on a unique laboratory polarimeter, as shown in
Figure 1. The polarization state of the backscattered
radiation is analysed in the framework of'the Muller
matrices and Stokes vectors formalism, which
allows precise evaluation of the depolarization
ratio, in the percent range, as detailed (Miffre et al.,
2016).

& [@..mam

Figure 1. UV-VIS laboratory polarimeter for addressing
the depolarization ratio of pure pollen grains embedded in
ambient air.

The particle depolarization ratio of the following
pollen taxa have hence been measured in
laboratory: ragweed (ambrosia artemisiifolia), ash

(fraxinus americana), birch (betula pendula), pine
(pinus strobus), cypress (cupressur sempervirens)
and spruce (picea abies), which are either amongst
the most allergenic pollens.

Results

Figure 2 shows the backscattered (UV, VIS)
intensity by ragweed pollen grains in ambient air
when varying the angle of the polarization analyser.
By precisely adjusting the datapoints with the
scattering ~ matrix ~ formalism, the lidar
depolarization ratio of these pollens can be
retrieved. Interestingly, this methodology allows
revealing the intrinsic depolarization of pure
pollens and moreover their spectral dependence.

w modulation angle [*] v modulation angle [*]

Figure 2. Detected scattered intensity by ragweed pollen
grains as a function of the rotation angle of the
polarization analyser at wavelength UV (left) and VIS
(right). The evaluation relies on 180 measurement points,
hence ensuring a precise evaluation of the particle
depolarization ratio.

Following the methodology detailed in (Miffre et
al., 2016), the particle depolarization ratio of
ragweed pollen grains is evaluated to

PDR(Ay,;5) = (32,5 + 1.5)%

Similarly, the depolarization ratio of the other
considered pollen taxa have been evaluated in
laboratory and will be presented in the poster. The
retrieved  depolarization ratio at  specific
backscattering angle may be applied to invert multi-
wavelength  polarization  remote sensing
measurements.
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Dual Comb Spectroscopy (DCS) for Atmospheric Trace Gas Detection
Towards DCS in the UV range.
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Introduction

The development of more sensitive and robust
instruments and new methodologies are essential to
improve our understanding of the Earth’s climate
and air pollution. In this context, Dual comb
spectroscopy method has been successfully
demonstrated as a remote laser-based instrument to
probe infrared absorbing species (H20, CO2 and
CH4) [Oudin2019-Rieker2014].

We here present a simulation study on the
expected sensitivity of Dual-Comb spectroscopy in
the UV range and an original instrumental
development for Dual Comb spectroscopy in a view
to monitoring the highest reactive species of the
atmosphere in the UV range. The DCS
methodology is presented in Figure 1. DCS is a
Fourier transform spectroscopy method that takes
advantage of the coherent mixing of mutually
coherent two femtosecond trains of pulses. The
DCS allows the acquisition of a wide spectrum
(several tens of THz in the IR) with a high
acquisition rate (=1kHz), which makes it possible
in particular to drastically reduce the impact of
atmospheric turbulence on the sensitivity of the
instrument. As demonstrated in the IR range
[Rieker14], the extremely fast acquisition rate of
DCS makes it particularly suitable for remote
detection in the turbulent outdoor atmosphere.
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Figure 1. UV-DCS principle

Result and discussion 1: Simulation study on
expected sensitivity of UV-DCS

A theoretical and numerical work has been
realized to assess the feasibility of the DCS method
in real atmospheric conditions [Galtier2020]. We
showed that a suitable UV-DCS spectrometer must
be based on Titanium:sapphire frequency combs
which would provide the requested relative
coherence and high enough power for an
atmospheric remote application in the UV range.

The propagation of the UV femtosecond pulses
into the atmosphere was assessed. The amplitude
and phase fluctuations induced by atmospheric
turbulence on the pulse trains were determined to
be negligible for acquisition rates higher than 130
Hz, which can be easily achieved using DCS.

The minimum absorption sensitivity (MAS) of
atmospheric molecules of interest OH, BrO, NO»,
OCIO, HONO, CH20, SO, defined as (q,L)mins
accessible by UV-DCS were estimated in two case
studies (see Table 1). Case study 1 is centred at 308
nm (Inm wide) and case study 2 is centred at 350
nm (10 nm wide).

Table 1. Estimated sensitivity of UV-DCS.

Quality factor Q : SNR per spectral element at 1 second
and corresponding to a minimum absorption sensitivity
(MAS) using optimised parameters frep and Afrep.

Molecular Free-
Induction Decay

Case- (frep ;

study Q Afrep vres) MAS
(100 MHz; 0.0021

1(308nm) 106 200Hz 2.5 *(OH:
GHz) 0.001)
(200 MHz;

2.10¢ 200 Hz; 5 0.031
(350 nm) GHz)

The concentration detection limit for 2 km light
path and 200 s averaging time using the UV-DCS
were determined for these molecules and are given
in Table 2.

The relative intensity noise (RIN) of the laser
source has been identified as the main limiting
source of noise of UV-DCS. We showed that UV-
DCS could offer a novel remote-sensing instrument
for in situ detection of UV absorbing trace gases,
addressing the issue of the current lack of
broadband remote-sensing instrument in the UV
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range. We believe that this study provides a first
framework for future experimental demonstrations
of trace-gas remote detection in the UV range using
DCS.

Table 2. Estimated concentration detection limit for 2 km
light path and 200 s averaging time using UV-DCS.

Det limit
Case-study Molecule (ppt)
SO2 260
1 CH20 210
C10HS8 20
OH 0.08
NO2 1600
) HONO 1000
BrO 38
OCIO 38

Result and discussion 2: The light source:
Bidirectionnal TiSa laser

A homemade bidirectional Ti:sa mode-locked laser
cavity was realised in our laboratory in a view to
performing DCS measurements in the atmosphere
in the UV range. A schema of the cavity is given in
Figure 2. The main advantage of the use of a single
cavity is the generation of two trains of pulses that
are intrinsically mutually coherent with no need of
active stabilization, as previously demonstrated
[Idegushi2016]. 300 mW of averaged mode- locked
output power laser was obtained in each direction
(total of 600 mW) using a laser pump power of 5.5

)

Acquisition card

P2 g P3

Figure 2. Home-made bidirectional Ti:sa laser cavity

and DCS acquisition setup (OC: output coupler, BS:
beam splitter)

Several successive interferograms were measured
(Figure 3a) from the detection of the two
superposed laser combs. The spectrum obtained
from the FFT of one interferogram reproduces with
high accuracy the spectrum obtained with a grating
spectrometer (figure 3b). The spectrum obtained
from the Fourier Transform of a time windows of
330 ms (composed of eight interferograms) shows
the RF comb structure, which would indicate a high
relative coherence of the laser source over such a

R

duration. To our knowledge, this coherence over
this length of time has never been reached with a
similar Ti:sa free-running system.
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Figure 3. a) Temporal trace representing eight
interferograms measured. b) Spectrum (green curve)
retrieved from the FFT of one interferogram circled in
panel a compared with a spectrum obtained with a grating
spectrometer (red curve)

Challenges

The next challenges lie in improving the sensitivity
of the home-made DCS spectrometer. Improvement
of the SNR can be obtained via a dedicated laser
housing, balanced detection and using a posteriori
or direct correction of the residual phase noises
between the two trains of pulses.

Conversion into the UV range via second harmonic
and third harmonic generation in the non-linear
crystal will be then realised in a view to measure
atmospheric trace gas concentration in the UV
range for a new UV-DCS remote-sensing
instrument.
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Introduction

The Arctic is currently warming twice as fast as the
rest of the globe. This phenomenon is called “Arctic
Amplification”. The role of aerosol to this warming
is still unclear. The annual maximum of aerosol
extinction occurs in spring time; this is called the
“Arctic Haze” (Quinn et. al 2007). Even if over
decades the Arctic Haze may decrease (Grafl,
Ritter 2019) it is still important, as in spring due to
high surface albedo and solar zenith angles the
aerosol may produce a warming in the Arctic, even
if the same aerosol produce a cooling at lower
altitudes.

The international Arctic MOSAIC campaign
(2019/20) should allow, thanks to numerous
additional measurements of aerosol properties and
meteorology in the central Arctic, a better
understanding of aerosol composition and pollution
pathways into the Arctic.

Raman Signals 21-Feb-2020
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Figure 1. Lidar elastic and Raman signals from Ny-
Alesund (Spitsbergen, 78.9N, 11.9E).

Observation

In this work we report an Arctic Haze event,
observed over the international research village of
Ny-Alesund on 21. Feb 2020 by the “3+2+2”
Raman lidar KARL. The system consists of a
spectra 290/50 laser, a 70cm telescope with about
2mrad fov and Licel electronics. It has been
described by Hoffmann (2011).

The data was evaluated with 7.5m / 10min
resolution according to Ansmann et al. (1992).
High backscatter was found in the lowest 2km of
the atmosphere. To allow a proper evaluation of the
extinction (daylight conditions) the data was
averaged over 1.5h. The first time refers to UT
13h40 — 15h10, while the second time is from UT

15h30 — 17h00. We selected the altitude between
1320m and 1580m a.s.l., as neither the color ratio
nor the depolarization indicated any variability.
Further, a local radiosonde measured moist
conditions below 1km altitude, which may have led
to hygroscopic growth.

Results and discussion

The lidar profiles for time 1 are shown in Figure 1.
Due to the long temporal integration, the
uncertainties of the extinction decreased to about
10% for 532nm and 5% for 355nm. We obtained
lidar ratios (355nm / 532nm) of 38sr / 39sr for time
1 and 40sr / 45sr for time 2.
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Figure 2. Layer 1 (UT 15h30 - 17h00) Left: Refractive
index (RI) grid. Right: Inverted mean PVSD (blue line)
mean of thin black lines, which are selected from a

diagonal cluster of suitable complex RI grid points.
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Figure 3. Layer 1(UT 15h30 - 17h00) and 2(UT 13h40 -
15h10) both same height (1320-1580m a.s.1.).

Unrestricted inverted mean PVSD (blue line) and mono-
modal log-normal fitted distribution (green line).

Next, the 5 independent coefficients of aerosol
backscatter (355nm, 532nm, 1064nm) and
extinction (355nm, 532nm) served as an input for a
regularized inversion of the aerosol microphysical
properties via truncated singular value decom-
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position (Bockmann, 2001; Samaras et al., 2015;
Miiller et al., 2016).

Table 1. Retrieved microphysical parameters.”

Layer 1) 1(F) 2()  2(F)
1.51 1.52

RI +0.03 +0.03

real

RI 0.014 0.012

imag +0.01 +0.01
5.13 4.7

vt £0.21 +0.29

s 70 67

t +1.9 +1.1

ng 267 172
0.22 0.21

Teff/Tmod £0.01 0.087 +£00] 0.114

c 1.92 1.68

SSA 0.905 0.921

355 +0.06 +0.04

SSA 0.921 0.933

532 +0.05 +0.04

(D) Inverted, (F) Fitted .

The inversion of microphysical properties yielded a
mono-modal particle size distribution, see Figures
2, 3, with refractive index values, and see Table 1,
similar to previous long-range transported pollution
and biomass-burning plumes (Stock et al., 2011;
Nakoudi et al., 2020). The microphysical properties
are as follows: total volume concentration v
[um’cm™], total surface area concentration s
[um?cm™], total number concentration n; [cm~] and
effective radius resr [m] as well as single scattering
albedo (SSA), see Table 1. Additionally, the
median radius rmed [im] and the width ¢ (geometric
standard deviation) of the mono-modal log-
normal fits are given in Table 1. The very tiny
coarse mode in layer 2 (with only n=0.034 cm™) is
negligible and seems to be a mathematical artificial
inversion effect.

In the following, we compare this event, to a case
study of Arctic aerosol by Nakoudi et al (2020). In
our example total volume, surface-area and number
concentrations are smaller. Moreover, the fine
mode particles are smaller with effective radius
0.22 and 0.21 um against the different cases (0.19
um to 0.49 pm) of Nakoudi et al. (2020).
However, the index of refraction of Arctic acrosol,
which is generally difficult to be determined
precisely, is very similar, around m= 1.5+0.011.

As the single scattering albedo depends on m and
size, this quantity is still only poorly defined —

especially if possible hygroscopic
shrinking acts on the aerosol.

growth/

Conclusion

Even if the inversion of lidar data is an ill-posed
problem, so far we have observed stable results for
Arctic Haze: the dominance of mono-modal
distributions with m = 1.5 +0.01i and refr~ 0.2um.
Therefore, lidar data should more regularly
compared to in-situ measurements. Moreover,
contemporary measurements between radiosondes
and lidar (with strong gradients of relative
humidity) may reveal any hygroscopic growth of
the particles.
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Introduction

Since 2018 the European Space Agency (ESA) is
developing the Aeolus satellite mission, based on
the ALADIN (Atmospheric Laser Doppler
Instrument) wind lidar, encouraging large-scale
dynamic studies through near real-time wind
retrievals at global scale.

Besides wind profiles (L2B products), aerosol
optical properties, known as L2A, are retrieved as
spin-off products, such as particle backscatter and
extinction coefficient profiles. Measurements are
generated under specific data processing, called
baselines, which are constantly being updated, and
through different algorithms separately, such as
SCA (Standard Correct Algorithm) and SCAmb
(Standard Correct Algorithm middle bin), which
differ in the way SCAmb bins are obtained (from
two adjacent SCA bins, aiming to reduce noise).
ALADIN emits circular-polarized radiation at 355
nm and receives the co-polar component of the
signal, what will cause an underestimation of
backscatter coefficients. A complete description of
the instrument and the L2A products is given by
Flamant et al. (2020).

In this work, we perform an intercomparison of
Aeolus reprocessed B10 (baseline 10) SCA and
SCAmb co-polar backscatter coefficients (ﬁ}{’:;l;s)
with analogous ground-based measurements from
the ACTRIS/EARLINET stations of Granada
(Spain, 24 matching overpasses), Evora (Portugal,
15 overpasses) and Barcelona (Spain, 16
overpasses). Ground-based total particle
backscatter coefficient is converted into Aeolus-
like profiles ( grart ) through the linear

Aeolus like,355
particle depolarization ratio at 355 nm (511;2;;’355)
and a thorough bibliographic review of dual-
polarization measurements for relevant aerosol
types. A relation for the spectral conversion of

§Part is proposed.

linear

Results and discussion
Relevant results were obtained regarding the
bibliographic review. A modest, but significant,
dataset of dual-polarization measurements 1is
obtained for different aerosol types, including
mineral dust (fresh, aged, mixed), marine, mixed
anthropogenic, smoke, volcanic and bioaerosol
particles. For these aerosol types a linear fit is
applied to estimate 55;‘12;‘355 from 552:;'532 though
a factor Kj, called the depolarization spectral
conversion factor (Table 1). However, mainly
mineral dust, marine and mixed anthropogenic
particles are detected during Aeolus selected
overpasses, so the factor Ks = 0.82 £ 0.02 is
implemented in the calculation of the Aeolus-like
profiles. Additionally, bibliographic results are
endorsed with analogous measurements from
Barcelona (Table 1) at dust and non-dust (a mixture
of marine and anthropogenic particles) conditions.
The derived Ks aims to serve as a look-up table for
other stations where a depolarization channel is
available only at 532 nm, which is a frequent
handicap worldwide. A further explanation of the
dataset used is given by Abril-Gago et al. (2021).
The statistical validation of the satellite
products showed that Aeolus SCAmb retrievals
presented lower RMSE values than the SCA with
respect to ground-based measurements (Figure 1).
SCAmb RMSE profiles are fairly similar for the
three stations, providing consistency to the results.
Additionally, Aeolus measurements presented a
critical surface-related effect that caused the
satellite to drastically overestimate the co-polar
backscatter coefficients in the lowermost range.
This effect was more present in the SCA retrievals
than in the SCAmb. Depending on the station and
the orography of the region, this effect could extend
to higher altitudes.
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Aceolus quality flags (QF) application entailed a
strong reduction of the number of measurements
available. Approximately 20 % of all the data is
flagged as wvalid, which affected the statistical
significance of the results. In addition, the statistical
intercomparison was not improved after the QF
application, e.g. the surface effect was not mitigated
and a RMSE increase (between 40 and 65 %) was
observed. Finally, SCA tends to retrieve negative
and meaningless backscatter coefficient values in
the free troposphere, where the concentration of
aerosol is expected to be low. These negative values
are avoided with the quality flag filtering.

The statistical results show the ability of the
satellite to detect and characterize aerosol layers
under cloud free conditions. However, a case study
presented by Abril-Gago et al. (2021) shows that
Aecolus is able to characterize thin cirrus clouds
with an acceptable agreement. Despite the distance
between the stations and the overpasses, and the
fact that the products are generated by averaging
horizontally over 87 km, a good agreement was
found between Aeolus retrievals and ground-based
lidar measurements, demonstrating its potential for
the characterization of the aerosol distributions.

Challenges
A further exploration of Kj is encouraged, as a
greater dataset of dual-polarization measurements
will entaill interesting and usefull results.
Regarding Aeolus cal/val activities, more
stations should join in order to achieve a fully
operational version of Aeolus products. In addition,
Aceolus products could be improved via the quality
flags application, although the surface-related
effect seems to be unavoidable.
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Table 1. Factor Ks for the different aerosol types
and their Pearson correlation coefficient R

Aerosol type Ks R

mineral dust,

marine and 0.82 + 0.02 0.99
mixed anthrop.
biomass 1.36 4+ 0.08 0.97
volcanic 0.82+0.13 0.98
bioaerosol 046+ 0.13 091
Barcelona dust 0.76 + 0.01 0.99

and non-dust

SCA no quality flagged
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Figure 1. Statistical results for the intercomparison of
Aeolus SCA and SCAmb with Barcelona ground-based
measurements. The right-hand axis indicates the number
of available data points included in each vertical range out
of the total number of measures within that vertical range.
(a) and (c) present the bias profiles calculated as

i — prart _ ppart .(b) and (d) present
bias = Aeolus,355 Aeolus like,355 ( ) ( )p

the RMSE profiles. No quality flags are considered in
these figures.
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Introduction

The inversion of height-resolved aerosol properties,
such as particle size distribution (PSD), complex
refractive index (CRI) and particle shape, is an
important task in aerosol remote sensing. The
motivation of this study is to develop an operational
inversion algorithm for multi-wavelength Mie-
Raman lidar systems, among which lidar LILAS (a
Mie-Raman-Polarized-Fluorescent lidar (Hu et al.,
2020) operated in LOA, France, in the frame of
ACTRIS-EARLINET) is a good example. In the
last two decades, the prevalent and well-discussed
method for inverting 3f+2a measurements is the
regularization method (Miiller et al., 2019). Here,
however, we explore the feasibility of the
Maximum Likelihood Estimation (MLE) method
for lidar inversion. Comparing to the regularization
method, the MLE simultaneously retrieving PSD
and CRI by making non-linear least-square fit,
avoiding look-up tables (LUTs). By incorporating a
prior information, retrieval parameters could be
constrained and weighted properly. Besides, it
could invert a variety of measurements with
different sources and uncertainties by considering
their variance-covariance matrix.

The MLE has been developed as the standard
algorithm in the AERONET inversion scheme
(Dubovik and King, 2000) and has also been used
in collaborated photometer-lidar measurements
(Lopatin et al., 2013). However, few studies have
explored its applications to lidar stand-alone data.

The general idea of the MLE is to maximize the
probability of measurements under certain state to
be retrieved, which is equivalent to minimize the
following cost function

2 = Zl[yl —£,601"S, " Iy, — £,(x)]

where x is the vector of parameters to be retrieved,
fi(x) represents the quantity simulated by the
forward model corresponding to the [-th
measurements y;, and S, is the covariance matrix of
y;. The MLE regards a prior information as virtual
measurements. In our cases, there are 4 independent
sets of measurements: y; - the real measurements
made by the lidar system; y, — the virtual
measurements of smooth constraints on PSD; y;
and y, — the virtual measurements of a prior
information on CRI.

The minimization is achieved using the Levenberg-
Marquardt method (Marquardt, 1963). Because our
system is underdetermined (and so are the lidar
inversions in most cases), the retrieval is performed
on a reduced grids instead of a fully resolved grids
used in the forward model (resampling). And for the
same reason, the range of retrieval radii (the
inversion window) should be chosen properly.

Results and discussion

We simulated 3p+2a optical data based on
predefined aerosol properties and invert them with
our algorithm. At this preliminary stage, we assume
the aerosol assemble consists of spherical particles
with a single wavelength-independent CRI. The
volume size of the particles conforms the multi-
modal log-normal distribution:

av _ 2 Vi exp[_(lnr—lnrw)z]
dinr i:fc’/zm"i 20,2

where V;, o; and ry; are the volume concentration,
geometric standard deviation, and volume median
radius of each mode (the subscript ¢ for the coarse
mode and ffor the fine mode). The optical data are
computed with the forward model proposed by
Dubovik et al. (2006). Here we present the results
of retrieving 4 aerosol types for which the only
different quantity is the ratio of the fine mode
volume to the coarse mode volume (see Table 1 for
more detail, note that V¢/Vc = 0 means only coarse
mode and V¢/Vc = ©© means only fine mode). The
original integral parameters (¢ — effective radius,
N, — total number concentration, V; — total volume
concentration) and the retrieved ones (together with
retrieved CRIs) are listed in Table 2 and Table 3,
respectively. We have not introduced measurement
noise yet (error-free optical data). The retrieved
PSD for 2 bimodal types (type-1 and type-2) are
shown in Figure 1.

Table 1. Parameters of the PSDs used in our test.?
Vi/V_ for each type
A R TR B
015 04 17 06 2 0.2 0 o
2The CRI is m=1.45 —i0.015 for all the cases.

Table 2. Integral parameters calculated from Table 1.

Type 1 11 111 v
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rgg 078 172 203 0.16
N, 2975 1565 0.7 1479
v, 239 1046 206 0.16

Table 3. Retrieved integral parameters and CRI, with
relative errors (shown in parentheses) for each type.*

Type 1 11 111 v
0.63 .16 224  0.156
T ((19%)  (-32%)  (10%)  (-4%)
N 2398 1166 028 12,05
fC19%)  (25%)  (64%)  (-18%)
» 1.75 5.51 241 0.162
C(26%)  (47%)  (17%)  (1%)
or 146 146 1458 1466
(0.7%)  (0.7%)  (0.5%) (1.1%)
Ly 00155 00158 00158 0.0144
(3%) (5%) 5%)  (4%)

“mR and ml represent the real and imaginary parts of
CRI, respectively.

dv / dinr

0.5

00l -=
1672 1o~ 10° 10!

r r
Figure 1. Volume size distribution (VSD) retrieval
results for type-1 (left) and type-2 (right), along with the
original VSDs in dash lines. The retrieval for the coarse
mode behaves worse than that for the fine mode.

Figure 1 shows that although the two modes of
bimodal aerosol could be retrieved properly, limit
lidar wavelengths and error in resampling reduce
the accuracy in retrieving the coarse mode. Table 3
shows the maximum error occurs in type-3, where
relative AN, reaches 64%. For the monomodal
retrievals, AN, is much larger than AV, while the
situation reverses for the bimodal retrievals. We
suspect it is due to the different sensitivities of the
measurements to different particle sizes. The
monomodal retrievals have smaller errors in
effective radius than the bimodal retrievals. For
monomodal aerosols retrieved from error-free
optical data, our errors are comparable to those
reported by Miiller et al. (2019) in retrieving the N,
V; and 7.4, but are smaller in retrieving mR and m/
thanks to the help of the a prior information.

Challenges

One main uncertainty of the MLE results from the
ambiguity of a prior information, which refers to
not only a prior mean and standard deviation of
CRI, but also the information about the particle
radius range related to the inversion window and

resampling points. Improper choice of these
parameters makes the cost function converges to an
unrealistic local minimum.

Another challenge is the difficulty in retrieving
CRI accurately, which is commonly faced in lidar
inversion. In the cases above, CRIs are retrieved
with good accuracy when they are close to the a
prior value. However, in other simulation tests (not
shown here) we found errors in mR and m/ increase
rapidly as the true mR and m/ get away from their a
prior values.

Up to now we already have several perspectives
to address these challenges. We consider
conducting type classification using intensive lidar
parameters to provide more reliable a prior
constraints for the retrieval. The attempt to retrieve
the parameters of PSD under the assumption of
bimodal log-normal distribution is also ongoing. At
present, we are applying the algorithm to LILAS
measurements to test its performance on real
measurements with random noise.

Our inversion strategy will be implemented in the
AUSTRAL (AUtomated Server for the TReatment
of Atmospheric Lidars) inversion framework under
development at LOA.
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Introduction

Fibre-optic based Doppler wind lidars (DL) are
widely used for both meteorological research and in
the wind energy sector. These compact systems are
able to obtain vertical profiles of the mean
horizontal wind vector in the atmospheric boundary
layer as well as in optically thin cloud layers in the
free troposphere with high spatio-temporal
resolution. It is therefore likely that especially
short-term  forecasting would benefit from
assimilating their data.

Nevertheless, a basic prerequisite for the
retrieval of atmospheric quantities from Doppler
lidar measurements is the robust detection of
atmospheric return signals in the presence of
instrumental noise. The most common approach
filters the data via a fixed signal-to-noise-ratio
(SNR) threshold (Pearson et al., 2009; Paschke et
al. 2015). However, a conservative threshold
reduces the data availability while a low threshold
degrades the retrieval quality with noise. Therefore,
the choice of a threshold level influences the
retrieval performance (Gryning and Floors, 2019).

One way to overcome this issue is to consider a
filter method, which is independent of the SNR. A
well-established method that is used operationally
in the mean wind retrieval of radar wind profilers is
called the consensus method (CNS) (Fischler and
Bolles, 1981; Frehlich and Yadlowsky, 1994).
Here, we measure Doppler velocities with a
velocity azimuth display (VAD) scan (Browning
and Wexler, 1968). This scan geometry ensures that
the atmospheric returns form a sine wave as long as
the wind speed is sufficiently large and the wind
field is homogenous for the measurement period of
interest. Noisy data is then distributed randomly
across the bandwidth of detection (Figure 1).

The CNS filter: For a measurement point (a, V)
the CNS-algorithm (1) counts the number of points
inside the neighbourhood (Aa, AV) and compares it
to the total number of points in the given azimuth
region Aa. The higher this quotient, the greater the
likelihood of the measurement to be an actual
atmospheric signal (Figure 1). (2) all measurements
within Aa that surpass a specified consensus
threshold, e.g. 60%, are included in the CNS and
averaged. Thus, the CNS filter can be viewed as a
density based clustering method that effectively
reduces noise. But it produces satisfactory results
only if the noise characteristic is approximately

white and if the signal is sufficiently pronounced.

Figure 1. Schematic of the VAD scan geometry (top left,
taken from Piaschke et al. [2015]) and a corresponding
sinusoidal distribution of radial velocities. The consensus
value relates single measurement points (e.g., center of
the red box) to the number of neighboring points found
in a specified Aa-AV region (red box).

Whenever non-white noise is present, e.g.,
introduced through inhomogeneity of the wind field
or through detector deficits, noise can pass the CNS
filter.

Therefore, we introduce a new filter method
based on the regular CNS that separates signal and
noise, even in the presence of non-white noise. This
more sensitive CNS (sCNS) is also independent of
the SNR. The sCNS filter estimates the background
noise, assuming that this component is independent
of the azimuth direction. The necessary calculations
are not considerably more expensive than the ones
needed for the CNS filter.

Results and discussion

Figure 2 (top) compares the different filter
methods using 30 min of measurement data from a
single range gate with a large noise component
around 0 ms™ (ng). The data clearly show that
atmospheric returns lie on a sine wave, but the noise
component has approximately the same point
density.

The SNR filter performs well only for the
evenly distributed random noise, but signal and no
pass this filter with equal amounts. Concerning the
CNS filter, only a small fraction of the
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measurements pass the filter and most of them are
in the region, where the sine wave and no overlap.
On the contrary, the sCNS filter captures the signal
best, even though near the 0 ms™' crossing, signal
and noise are indistinguishable. The histograms
emphasize the improved performance of the SCNS
filter compared with the other two. It reduces no
most effectively and keeps most of the reliable data
(Figure 2, bottom).

Further, we observe that ng lowers the wind
speed retrieved via least-square regression of the
filtered data. The reduction is consistent with the
amount of noise that passes the filter (Figure 2, top,
solid lines). Additionally, the influence on the wind
direction appears to be small.

Hence, the presented sCNS filter shows
potential for operational use. It performs better than
the SNR filter and the regular CNS filter and it is
approximately as computationally expensive as the
CNS filter. Through this approach, we hope to
maximize the data availability of the mean winds
while maintaining a high retrieval quality.
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Figure 2. Example of Doppler lidar signal mixed with
noise. Note that both, the SNR filter (green, -18 dB) and
the regular CNS filter (blue, 60%), perform poorly, while
the sCNS filter (orange, 75%) adequately captures the sine
wave (top). The corresponding solid lines show the least-
square fit of the filtered data points. The histogram
(bottom) emphasizes that the noise around zero is most
suppressed by the sCNS filter.

Challenges

It remains to show that the performance gain from
the new filter approach results in a significant
impact on the data availability and quality.
Especially, inhomogeneous, non-stationary wind
fields might still create unforeseen issues that
cannot be accounted for with the presented filter
method.

In addition, the authors still need to consider the
benefits of this method for other scan strategies,
such as continuous scanning modes (CSM) used for
the retrieval of turbulence quantities or wind gusts.

For the latter scan mode, the computational
efficiency is key for a near real-time retrieval and
we might have to rely on computational geometry
methods to achieve the desired performance.

Acknowledgements

The authors want to thank the DWD colleagues for their
support in maintaining the instruments and the data
archives.

References

Guy Pearson et al., An analysis of the performance of the
UFAM pulsed Doppler lidar for observing the boundary
layer, Journal of Atmospheric and Oceanic Technology,
26(2):240-250, 2009.

E. Pdschke et al., An assessment of the performance of a
1.5um Doppler lidar for operational vertical wind
profiling based on a l-year trial, Atmospheric
Measurement Techniques, 8(6):2251-2266, 2015.

Fischler, and Bolles, Random Sample Consensus: A
Paradigm for Model Fitting with Applications to Image
Analysis and Automated Cartography, Commun. Assoc.
Comput. Mach., 24, 381-395, 1981.

Frehlich, and Yadlowsky, Performance of Mean-
Frequency Estimators for Doppler Radar and Lidar, J.
Atmos. Oceanic Technol., 11, 1217-1230, 1994.

Browning and Wexler, The Determination of Kinematic
Properties of a Wind Field Using Doppler Radar, Journal
of Applied Meteorology — J. Appl. Meteorol. 7. 105-113,
1968.

Gryning and Floors, Carrier-to-Noise-Threshold Filtering
on Off-Shore Wind Lidar Measurements, Sensors 2019,
19, 592.



ELC
2021

Statistical Analysis Applied to Doppler Lidar Wind Profiles: Weibull, Von Misses
Distributions and Complex Principal Components

P. Ortiz-Amezcua®?, A. Martinez-Herrera®, J.L. Guerrero-Rascado?*, L. Alados-Arboledas**
pablo.ortiz@fuw.edu.pl
(1) Institute of Geophysics, Faculty of Physics, University of Warsaw, Warsaw, Poland
(2) Andalusian Institute for Earth System Research (IISTA-CEAMA), Granada, Spain
(3) Department of Statistics, University Carlos 111, Madrid, Spain
(4) Department of Applied Physics, University of Granada, Granada, Spain

Introduction

Wind field is a key variable in understanding
atmospheric processes. High resolution numerical
weather forecast models require measured wind
speed and direction profiles. The study of pollutant
dispersion in the atmosphere is also an important
field where the knowledge of wind profiles is
crucial. Finally, wind power is a growing industry
demanding statistical information of wind profiles,
not only for determining plant location but also for
determining the wind turbine power curve and,
therefore, the electricity generation capability.

In this context the Doppler lidar technique
represents a powerful tool to retrieve the 3D wind
field with high temporal and vertical resolution. In
this work we used measurements obtained with a
Doppler lidar Streamline (Halo Photonics), which
consists of a solid-state pulsed laser emitting at 1.5
um and a heterodyne detector using fibre-optic
technology. The signal acquisition provides a range
resolution of 30 m. For this work, the instrument
was operated performing conical scans in azimuth
at a constant elevation of 75° every 10 min.

Wind field retrieved from Doppler lidar scans
is a three dimensional quantity that is usually
decomposed into zonal, meridional and vertical
components. Horizontal wind vector (U_H’, formed

by zonal and meridional components) can also be
defined by wind speed (i.e., the vector modulus)
and wind direction, which are linear and circular
scalar quantities, respectively. Therefore, the
statistical analysis of this vector requires a different
approach for the components.

Scalar values of wind speed are experimentally
observed to follow a Weibull distribution at any
location (Stull, 2016). This distribution is
commonly used in wind power industry to
characterize wind regimes or to predict the
production of a wind turbine. The probability
density function described by the Weibull
distribution with respect to wind speed depends on
a scale parameter (g), proportional to mean wind
speed, and a shape parameter () such that smaller
values are given by wider spread of winds around
the mean wind speed.

Wind direction measurements cannot be

analyzed using linear statistics, because they are so-
called circular data. However, they can also be
fitted to certain probability distributions from
circular statistics (Jammalamadaka and Sengupta,
2001). The most commonly used is the von Misses
distribution, also called Circular Normal, a function
of the mean direction ; and the dispersion
parameter y that measures the concentration of
unimodal circular data around the mean.

Fitting wind speed and direction datasets to
density distributions corresponds to a descriptive
analysis of the whole time series. However, those
general distributions can be the result of the
combination of different wind modes or patterns,
i.e.,, certain wind profiles that dominate the
behaviour of the measurements during certain
periods (e.g., seasonal pattern, diurnal pattern, etc.).
In order to find such patterns, we apply here the
Principal Component Analysis (PCA). This
technique is commonly used in meteorology and
climatology, usually to analyze single scalar fields
such as temperature or pressure. To our knowledge,
this is the first time that PCA is applied to wind
vector profiles from Doppler lidar data. We used an
adaptation of the generalized PCA method (e.g.
Hardy and Walton, 1978), based on the treatment of
two-dimensonal observations of horizontal wind
vector as complex numbers.

With the procedures mentioned before, an
interdisciplinary approach of lidar technique and
data science is the primary purpose of this study.

Results and discussion
We have applied the linear and circular approaches
to horizontal wind vector retrieved from Doppler
lidar at the experimental observatory AGORA
(Andalusian ~ Global  Observatory of the
Atmosphere). In particular, the measurements were
performed at the ACTRIS Granada station, at the
Andalusian Institute for Earth System Research
(ISTA-CEAMA) in Granada (37.16° N, 3.61° W,
680 m a.s.l.). Granada is a medium-size city in
south-eastern Spain located in a natural basin
delimited by Sierra Nevada mountain range, which
reaches more than 3000 m a.s.l.

The whole dataset consists of two complete
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years of wind measurements, from May 2016 to
May 2018. The data were cleaned considering their
associated signal-to-noise ratio, with a threshold of
-22.2dB (Manninen et al., 2016).

The distribution of wind speeds was
represented as density histograms for daytime and
nighttime observations, respectively. The shape of
both distributions corresponded to Weibull function
(not shown here) and, therefore, a fit could be
performed. From the values of o and  given by the
fit the expected value (mean) and standard
deviation could be computed, finding 4.4 + 3.3 m/s
for daytime and 3.3 + 3.0 m/s for nighttime using
all the available heights. It can be observed that the
mean speeds are higher during daytime with also
higher standard deviation.

Wind directions were analyzed and fitted to von
Misses distributions for day and nighttime (Fig. 1).
The circular histograms do clearly not follow
unimodal von Mises distributions, and therefore a
mixture of several von Mises modes was used as
approach to these data. For daytime, three modes
were observed with a predominance of NW wind,
whereas for nighttime four equally important
modes were found.

Davtime Nighttime
@ N
04 NW
0.3
0.2
£ 01
§ 00 W E
~— von Misses fit|
SW

s S
Figure 1. Density circular histograms of wind directions
and fitted von Misses distributions for (a) daytime
observations and (b) nighttime observations, using all
available lengths.

Finally, complex PCA technique was applied to
vertical profiles of horizontal wind vector. It was
found that more that 95 % of the total variance was
explained with the three first PCs, that are shown in
Fig. 2.
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Figure 2. 1st (pink), 2nd (green) and 3rd (blue) PCs for
the complete dataset. Lengths (left panel) and directions
(right panel) of the vectors are plotted against height.

Challenges

Different approaches and interpretations are needed
for linear, circular and vector treatment of wind data,
and none of them is complete enough. By only
analyzing wind speeds with linear statistics, the
information about the general strenght of the wind
over the measuring site is obtained, but directional
behaviour is lost. On the contrary, circular analysis
provides useful knowledge on clustering of wind
around certain predominant directions, but light
winds are considered with the same importance as
strong winds.

On the other hand, the acquired experience of
working with complex PCA highlighted the
importance of the careful interpretation of the
results. In most of the literature, the PCs are directly
interpreted as the most relevant physical modes in
the dataset. However, from this work it seems to be
clear that the PCs do not represent any meaningful,
realistic physical mode of variation in the data.
Moreover, the eigenvectors obtained from complex
PCA are not unique, but can be arbitrarily rotated
with a constant phase shift that could be chosen,
e.g., agreement with the topography of the study
area. To enhance physical interpretation, a rotation
of the PCs will be tested in the future.
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stations, belonging to either MPLNET or
ACTRIS/EARLINET networks, covering thus

Introduction

Dust particles play an important role in the frame of
Earth’s radiative budget and climate forcing, also
affected by their interaction with clouds by acting
as cloud condensation nuclei (CCN) and ice
nucleating particles (INP). The retrieval of their
vertically-resolved optical and microphysical
properties is crucial to evaluate the aerosol radiative
impact in the atmosphere (i.e., Cordoba-Jabonero et
al., 2021).

Inspring 2021 an intense Saharan dust outbreak
reached the Iberian Peninsula (IP), lasting from 26
March until 5 April. It was monitored at six lidar
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almost all the IP extension. Polarized Micro-Pulse
Lidar measurements were carried out at El
Arenosillo/Huelva (ARN, Spain; 37.1°N, 6.7°W, 40
m a.s.l.), Torrejon de Ardoz (TRJ, Spain; 40.5° N,
3.5° W, 568 ma.s.l, which is not within M PLNET
yet), and Barcelona (BCN, Spain; 41.4°N, 2.1°E,
125 m a.s.l); and multi-wavelength Raman lidars
measurements were performed at Granada (GRA,
Spain; 37.1°N, 3.6°W, 680 m a.s.l.), Evora (EVO,
Portugal; 38.6°N, 7.9° W, 293 m a.s.l.), and M adrid
(M AD, Spain; 40.5°N, 3.7°W, 680 m a.s.l.).
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Figure 1. BSC-DREAMSD forecast images. Dust optical depth at 550 nm and 700 hPa wind field for the Saharan dust
outbreak (25 March to 3 April 202 1) overthe IP. The six lidar stations are marked by coloured stars (see the legend).

Both particle backscatter coefficient (Bp) and
particle linear depolarization ratio (dp) profiles at
532 nm are retrieved for all the stations under
cloud-free conditions. The optical properties
(backscatter and extinction coefficients at 532 nm)
for both the fine (Df) and coarse (Dc) dust
components are separately derived by applyingthe
POLIPHON (POlarisation LIdar PHOtometer
Networking; Mamouri and Ansmann, 2014)

approach, using a lidar ratio (LR) of 55 srand 50 sr
for dust and non-dust particles, respectively.
Additionally, the mass concentration profiles, the
mass extinction efficiency and the height of the
centre-of-mass for both fine and coarse-modes are
also calculated for the overall period. Results are
compared along with the evolution of the dust
intrusion as it crosses the IP.
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Figure 2. Vertical optical properties on 31 March at 04
UTC, as retrieved at (top) ARN, (middle) TRJ and
(bottom) BCN: total Bpr (black), Df/DD extinction ratio
(orange), and 8" (green) and &p (magenta). AERONET
AOD values at 500 nm.

Results and discussion
The dust transport is analysed by combining BSC-
DREAMS8b and HYSPLIT modelling. Figure 1
illustrates a brief overview of the dust intrusion.
The dust plume reached the South-west (SW) IP
(ARN, EVO) on 26 March; a few hours later,
arrived at the central IP (M AD, TRJ) and South-east
(SE) IP (GRA). Finally, on 28 March, it arrived at
North-east (NE) IP (BCN). The dust occurrence
was below 6 km height at the southern stations,
increasing the altitude as it moved northwards in the
IP, reaching around 9 km height over BCN. This
intense dust outbreak reached the highest incidence
between 27 and 31 March, when AERONET
acrosol optical depth (AOD) at 500 nm was higher
than 1 at several times over the southern and central
IP. The overall dust event was specially affected by
the presence of clouds at altitudes just above or
coincident with the dust layer, preventing the
optical retrieval and generating gaps in the datasets.
In order to illustrate the dust progression from
SW to NE IP, Figure 2 shows the vertical profiles
of Bp, dp, and the volume linear depolarization ratio
(8V) together with the Df-to-total dust (DD)
extinction ratio for ARN (SW), TRJ (central) and
BCN (NE) on 31 March at 04:00 UTC. Bp profiles

show a vertical increase of the dust plume together

with a decrease of the Bp values (and then also of
dust extinction) along with the dust movement from
ARN (SW IP) to BCN (NE IP). In addition, op is
slightly higher at ARN and TRJ with values greater
than 0.3 (values of 0.4 are even found, which are
rarely observed for dust, but they are within the
error uncertainty in the dp retrieval), representing a
dominance (even complete at particular layers) of
coarse dust particles, whereas in BCN, dpis around
or lower than 0.3 (fine dust contribution
enhancement). Df/DD extinction ratio is height-
varying at ARN and TRJ (0-35%), being almost
constant (~ 30%) at BCN.

Challenges

The extreme incidence and duration of the dust
outbreak provide a relevant study of dust ageing,
finding a decrease of coarse dust particles during
the transport of the dust plume along the Iberian
Peninsula. The changes occurred in the dust optical
properties due to ageing processes are expected to
affect the radiative forcing. For a future work, we
are interested in analysing the short-wave and long-
wave radiative impact as induced by this extreme
dust outbreak, as the first is modulated by the fine
dust particles, and the second by the coarse dust
ones. In addition, due to the high cloud coverage
during this dust event, it is also specially
challenging to study the cloud nucleation impact of
dust by acting as CCN and/or INP. These results
can be of interest for the next ESA EarthCARE
validation mission.
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Introduction

The arrival of Saharan dust intrusions over Europe
is frequently observed in springtime and
summertime in southern and south-eastern Europe;
only in very few cases these intrusions are able to
reach northern Europe. Mineral dust particles play
an important role in the frame of climate forcing
due to their direct effect on scattering and
absorption of solar radiation as well as their indirect
effect by acting as cloud condensation nuclei
(CCN) and ice-nucleating particles (INP).

The aim of this work is to present the evolution
of the dust direct radiative effect (DRE) during the
summer 2019 heatwave over Europe. For that
purpose, a case study associated with a dust
intrusion observed in June 2019 is examined over
two European distant stations: Barcelona (BCN,
Spain; 41.4°N, 2.1°E, 125 m a.s.l.), where the dust
plume was firstly observed on 23 June, lasting for 8
days, arriving later at Leipzig (LPZ, Germany;
51.4°N, 12.4°E, 125 m a.s.l.) on 29 June until 30
June. The individual short-wave (SW) and long-
wave (LW) radiative contributions of both the fine
and coarse dust particles is examined, as well as
their net (SW+LW) DRE.

Results and discussion

Continuous polarized Micro-Pulse Lidar (P-MPL)
measurements were performed in BCN and LPZ
stations in order to obtain the optical and
microphysical ~— properties and the  mass
concentration of dust particles, separated in their
fine (Df) and coarse (Dc) modes, by using the
combination of P-MPL observations and
POLIPHON retrievals (Cordoba-Jabonero et al.,
2018). The DRE is simulated with GAME (Global
Atmospheric Model) radiative transfer (RT) model
(Dubuisson et al., 2004). GAME-derived radiative
fluxes are calculated in several layers distributed
between the surface (SRF) and the top-of-the-
atmosphere (TOA). In particular, the vertical dust

extinction distribution using POLIPHON outputs
for both Dc and Df components is used as input
parameters in the RT simulations. Results are
presented in terms of instantaneous and daily DRE
in both SW and LW spectral ranges in order to
highlight the dominant effect of one dust mode over
the other in relation with their SW, LW and net
DRE. More details can be found in Coérdoba-
Jabonero et al. (2021) and Sicard et al. (2021).

Figures 1 and 2 show, respectively, the SW and
LW DRE evolution of the particular dusty events
observed at BCN (23-30 June 2019) and LPZ (29-
30 June 2019) on SRF and at TOA, and in the
overall atmospheric column (ATM) together with
the daily-averaged Dust Optical Depth (DOD).

Despite the predominance of Dc particles under
dusty conditions, the SW radiative impact of Df
particles (DRESWY(Df)) can be comparable to, even
higher than, that induced by the Dc ones. However,
the daily DRELY(Df) is small (< 6 % of
DRESY(Df)), which makes the DRELY(Dc) the
main driver of the total dust (DftDc) net DRE. The
DRELY(Dc) starts exceeding (in absolute values)
the SW component in the middle of the event,
which produces positive net DRE(Dc) at both SRF
and TOA. Such an unusual tendency is attributed to
increasing coarse-mode size and  surface
temperature along the dusty event. By adding the
LW component, the total dust SW radiative
efficiency is reduced by a factor 1.6 at both SRF
and TOA. A sensitivity study performed on the
surface temperature and the air temperature in the
dust layer, both linked to the heatwave and upon
which the DREMY strongly depends, shows that the
heatwave contributed to reduce the dust net cooling
effect on surface, and that it had nearly no effect at
TOA. Its subsequent effect was thus to reduce the
heating of the atmosphere produced by the dust
particles.
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Figure 1. Instantaneous SW dust DRE (DRESY) on SRF
(blue), TOA (green), and in the atmosphere (ATM, red)
in (a) BCN and (b) LPZ. (¢) Fine-to-total (Df/DD) ratio
of DRE on SRF and at TOA in BCN. The mean values

and best linear fit between 24 and 30 June were
calculated. The absolute increase in DffDD DRESW ratio
on SRF (TOA) of +0.10 (+0.12) % h! is equivalent to an
increase of +2.4 (+2.9) % d'. UT stands for UTC. The
daily-averaged DOD is also shown at the top of the

figure.
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Figure 2. The same as Fig. 1, but for the instantaneous
LW dust DRE (DRELVY). The absolute decrease of
Df/DD DRELVY ratio on SRF (TOA) is -0.2 (-0.1) % d-'.

Results obtained in this work are especially
relevant for the next ESA EarthCARE mission
(launch planned in 2022), which is focused on
radiation-aerosol-cloud interactions, in relation to
the dust indirect radiative effect.

Challenges

Our findings show that the increase of land surface
temperature (LST) and air temperature in the dust
layer caused by the heatwave 1) provoked a
reduction of the dust net cooling effect at SRF, 2)
left unchanged the dust net cooling effect at TOA,
and 3) consequently reduced the dust net heating of
the atmosphere. The situation at the surface is a
vicious circle: the heatwave reduces the dust
cooling effect which, in turn, may increase some
critical variables associated to the heatwave (e.g.,
LST and air temperature). The effect of the
heatwave on the dust radiative effect is reverse as it
contributes to cool down the atmosphere. Since

recent studies have warned that mega-heatwaves
such as the one studied in this work might become
more frequent in the future, the novel results
presented in this paper call for more research on the
subject.
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Introduction

Atmospheric aerosols play a crucial role in
atmospheric dynamics and the energy balance of
the Earth. The main impact of the aerosols related-
interactions is (i) the aerosol-radiation interaction
(ARI), affecting the radiative fluxes of the Earth
by absorbing and scattering solar and thermal
radiation, and (ii) aerosol-cloud interaction (ACI)
which is mainly associated with the modification
of cloud properties and precipitation caused by
aerosols. To quantify these impacts, the optical
and microphysical properties of these atmospheric
agents must be determined. In this way, different
studies have been carried out over the past four
decades involving in-situ and remote sensing
techniques. Lidar became one of the most
powerful remote sensing techniques, since aerosol
properties can be obtained as height-resolved
profiles.

In the lidar community, there is a latent necessity
to keep testing different methods to retrieve optical
and microphysical properties. Due to the nature of
the atmospheric phenomena, most of the inversion
approaches are ill-posed problems. In lidar, for
more than two decades, the inversion problem has
been mainly tackled by applying the Klett
inversion method (Klett, 1985), which opened the
door for having other approaches such as those
presented in Bedoya-Velasquez et al. (2021a). On
the other hand, non-linear regression methods have
been also applied, for example Rodgers (2000),
Lopatin et al., (2013), Bedoya-Velasquez et al.,
(2021b). In this work, we present two scenarios of
the inversion problem. On one hand, a modified-
Klett approach with a synergy of different
instruments is presented, where some of the
common assumptions to retrieve aerosol optical
properties were minimized. On the other hand, we
present a non-parametric nonlinear regression
method, i.e. Optimal Estimation Method (OEM).
The lidar instrument involved in this study is a
ceilometer Vaisala CL51, highlighting the
necessity to increase the use of high-level products
that can be retrieved from these low-cost and
widely spread instruments.

Methodology

Figure 1 shows a block diagram to clarify the
procedures proposed to tackle the lidar inversion
problem in two different scenarios.

| Data pre-processing |

. MWR |
: Sunphotometer |

1 Modified Klett| |OEM &

B
Figure 1, Block diagram of the methodology.

Since lidar instruments involved different sub-
systems (i.e. emission, collection, and detection),
data pre-processing is mandatory, especially in
such ceilometer systems that operate in continuous
mode 24/7 in most of the stations. Thus, the first
block presented in Fig.1 is associated with the
signal-cleaning procedure. From there, signals are
split into two inversion paths, one for the Klett-
like solution and the other one for the non-linear
regression. Both methods need as input the range-
corrected lidar signal (rcs). The block dedicated to
modified Klett inversion takes atmospheric
profiles from a co-located microwave radiometer
(MWR) and data from the sunphotometer
available at Toulouse (France); these data feed the
iterative algorithm for the retrieval of the best
solution of the lidar equation obtaining the
backscatter and extinction coefficients, § and o,
respectively, as outputs. Detailed description can
be found in Bedoya-Velasquez et al. (2021a). The
core of the OEM inversion block is the Forward
Model (FM) and priors selected to find a Bayesian
solution (Rodgers, 2000). The FM maps the state
variables from the state space to measurement
space, considering state and measured variables
and their covariance as Gaussian distributed. A
full method description is explained in Bedoya-
Velasquez et al. (2021b). Nevertheless for the sake
of clarity; here the state variables are the [
coefficients that are used as prior information and

" Forward model
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the rcs profiles are taken as measurement vectors.
Results and discussion

This work centers the attention on comparing the
use of different approaches to solving an ill-posed
problem to retrieve aerosol optical properties. The
result of applying both methods is presented here
to analyze qualitative and quantitative aspects such
as the inputs for the algorithms and constrains
requirements, error estimation, among others.

11" October 11 UTC

DOF=50.3

-

Height (km agl)

— Bgb:  —— rCSops —— error B
¢ res(FMass:
ggr ( ’BW’} _ Bias(B”{.’ﬁ—B“"i)
— x, — rcs(FMgZh) par ea

Figure 2. Example case on 11" October 2019 at 11 UTC,
Toulouse. a) are presented the truth profile in black line,
the optimized profile in orange, and the prior in red. In
the panel b) is presented the error of the optimized
profile in gray solid line, and in dotted red line, the bias
between the truth and the optimized profile. In ¢) are
presented the forward model bias results, where the blue
line refers to the measured rcs profile (rcseys), in cyan is
presented the rcs obtained from feeding the forward
model with the truth B, and the magenta line is the rcs
obtained from feeding the forward model with the
optimized Bpa. In the bottom of the figure, the rcs
averaging kernels (Ak) are shown.

Figure 2 shows an example case where the
ceilometer detected the atmospheric boundary
layer transition up to 0.5 km agl and a particular
aerosol accumulation from 1.2 to 1.5 km agl
referred to a mixture of urban and dust particles.
The black line refers to the g retrieved by using
the modified Klett algorithm mentioned in the
previous section. Particularly with Vaisala
ceilometer signals, the water vapor contamination
must be removed, thus atmospheric data of relative
humidity and temperature were used from a co-
located Microwave Radiometer (MWR). Lastly
the atmospheric variables from the MWR were
used for having accurate Rayleigh profiles, since
the backward Klett inversion needs the molecular

reference. The iterative algorithm allows to the
automatic detection of these references based on
the normalized rcs and Rayleigh profiles, and then
the B calculation is performed until the algorithm
converges to an aerosol optical depth (AOD) value
close to the sunphotometer. To find the best result,
the algorithm tries over a large number of lidar
ratios and look after differences between AODs be
lower than 0.001. The OEM retrieval presented in
solid orange line in Fig. 2a has a good agreement
with the Klett results mainly above 0.5 km (up to
15 %) and slightly larger errors in the first meters,
reaching 25% in the worst scenario for our study
cases. The red solid line in Fig. 2a indicates the
prior profile used in the retrievals, nevertheless we
tested with different prior configurations for
evaluating the impact on the retrievals, including
constant values and Gaussian profiles based on
OPAC datasets. The panel’s b and ¢ in Fig.2
shows the bias profile between Klett and OEM in
the red dotted line and the error of the OEM
retrieval in a gray solid line, while in ¢ the bias of
the FM was calculated. In the last panel (Fig.2d),
we present the averaging kernels for evaluating the
model sensibility. In a nutshell, we present two
ways to obtain lidar optical products allowing us
to benchmark the advantages and disadvantages of
facing the problem from different points of view.
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Introduction
The Aeolus satellite from the European Space
Agency was launched on 22 August 2018, after a
long development phase. Carrying a single
instrument, the Doppler lidar ALADIN
(Atmospheric LAser Doppler INstrument), Aeolus
is the first satellitethat can measure vertical
profiles of wind at the global scale, from the
surface of the Earth up to the lower stratosphere
(20 km to 25 km of altitude depending on the
settings). The lidar operates in the UV at the
wavelength A= 354.8 nm. This short wavelength
was chosen in order to enhance the molecular
backscatter and allow measurements at high
altitudes where aerosols and clouds are scarce and
cannot serve as wind tracers. ALADIN
implements two detection channels, a narrow-band
one for the analysis of the UV light back-scattered
by the particles (hydro-meteors and aerosols) that
display a narrow spectrum (the full-width at half-
maximum is of the order of a few tens of MHz),
and a wide-band channel for the light back-
scattered by the air molecules with a large
spectrum (the full-width at half-maximum is
several GHz) (Dabas et al., 2008). The former is
called the Mie channel, and the latter the Rayleigh
channel. The lidar was designed and optimized for
the measurementof the wind. With its two
channels, it is also what is usually called a high-
spectral resolution lidar (Shipley et al., 1983).
Both channels detect a mix of photons
backscattered by particles and molecules, but their
sensitivity to both contributions is different. In the
Rayleigh channel, the detection efficiency of
molecular photons is about two-times better than
for particle-backscattered photons while the Mie
channel does the inverse with a sensitivity 30%
better for particulate photons. With a precise
calibration of the instrument, the number of
photons backscattered by both types of target can
thus be separated. This allows the independent
measurement of the backscatter and extinction
coefficients of aerosols or clouds (Flamant et
al.,2008), and thus provides a direct measurement
of the extinction to backscatter ratio called the
"lidar ratio". This ratio gives an additional piece of
information on the type of particle (Ackermann,

1998; Noh et al.,, 2007; Yorks et al., 2011;
[lingworthet al., 2015; Shen et al., 2021).

Results and discussion

A first presentation of the L2A principles can be
found in Flamant et al. (2008) and further detailed
in Flament et al. (2021). The L2A original
algorithm, called the Standard Correct Algorithm
(SCA), does a direct retrieval of extinction and
backscatter coefficient. The extinction is retrieved
iteratively based on the intensity of the molecular
signal. In each bin, the actual measured signal is
compared to the estimated signal, based on
molecular backscatter simulation and attenuation
from the overlying layers. This algorithm is very
sensitive to noise and an error on extinction in one
bin propagates to the bins below. More precisely,
the error propagates with a -1 factor from one bin
to the next. If extinction is overestimated in one
bin, it will be underestimated in the next one. To
prevent this oscillation, the average of two
adjacent bins is written into a so called ,,middle
bin* product. Users are advised to use this middle
bin extinction product rather than the standard one.
Since 12th July 2021, the L2A products described
above has been released to the public.

Extinction for particles mid-bin a (m™)

—Altitude of DEM intersection
~Saharan Ar Layer

R
¥ ‘Il:‘elyl |‘|'yl’ | kl‘l’l‘llﬂl;ﬁ']lhul

Wl i

)\ | o i) I
I‘ﬂu‘ |'v|',"| \I‘} L LA ;
|

Altitude [km]

1 50 1 % 250 (0 300
SZIN 574N 18N 26N 6032 T6N 189N 0.5 10N W
116.2F 336E 1268 JUEY: 306.4E TIE WMSE  1361E  1280E 106.2E

Figure 1. Middle bin extintinction from the SCA, the
Saharan dust plume is visible around profile number 90
to 120, below 5 km, in the red box. Orbit file starting at

07:51 on 19 June

In the future, it is planned to implement new
algorithms  in the L2A. Currently, another
approach is being implemented in the prototype
version of the L2A (Ehlers et al. 2021). It uses a
Maximum Likelihood Estimation (MLE) to
determine a profile that optimally fits the signals
while still checking physical contraints:



ELC
2021

o The extinction is not allowed to be negative.
e The lidar ratio is bounded between 2 and 200
steradians.

Bounding the values for the lidar ratio ensures
that backscatter and extinction occur in the same
levels of the profile, but still allow the algorithm to
determine an independant lidar ratio.

Example cases are given in Figure 1 and 2,
during a Saharan dust emission event. The plume
crossed the Altlantic in June 2020 and was well
visible in Aeolus data for days.

Extinction for particles o (m™) 10

—Altitude of DEM intersection
—Saharan Air Layer 145

Altitude [km]

Figure 2. Extinction on the same orbit from the MLE.
Observe how the noise is reduced by constraining the
lidar ratio.

Finally, upcoming L2A versions will include data
using the Earthcare algorithms adapted for Aeolus:
AEL PRO and AEL FM, develloped by the
KNMI.

Challenges

Aeolus was designed as a wind lidar. Thus, its
characteristics are not optimized for aerosol
retrieval. The high level of crosstalk between the
channels and the relatively low signal to noise
ratio make it more challenging to accurately
retrieve particle optical properties. Yet, we show
that several algorithm offer useful estimates of
optical properties, either by using direct solutions
as with the Standard Correct Algorithm, or by
trying to compensate for the noisy signals with a
maximum likelihood estimation technique. We
now have to refine the algorithtms further, and
promote the data towards the user community!
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Introduction

In the framework of the FEuropean Project
THUNDERR (Solari et al., 2020), a scanning
Doppler lidar was installed in 2018 in the Port of
Genoa with the aim of detecting and measuring
downbursts and thunderstorm outflows that
approach the Italian coast from the Ligurian Sea. As
the lidar measures only the radial wind component,
a procedure was needed to retrieve the two-
dimensional (2D) wind fields from the raw
scanning lidar data. In this work, the SingleDop
software is wused for the 2D wind field
reconstruction and the results are compared with
ultrasonic anemometric measurements. SingleDop
is a software module based on the theoretical work
described in Xu et al. (2006), which is intended to
retrieve 2D low-level winds from either real or
simulated Doppler radar data.

Instrumentation and methodology

We used the measurements of the ground-based
instrumentation located at the Port of Genoa (Italy).
The scanning Doppler lidar used is a WindCube
400S (Leosphere Inc.,) which scans the azimuthal
range of 100° — 250°, up to a maximum distance of
14 km in the radial direction, for 4 elevations
corresponding to 2.5°, 5°, 7.5° and 10° from the
horizontal. The anemometer used for comparison is
located about 1.3 km to the southeast of the Doppler
lidar and provides the wind velocity with a
sampling rate of 1 Hz. The wind speed and direction
precision of the anemometer are 0.01 m/s and 1°,
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respectively.

The radial velocities measured by the Doppler
lidar are used to retrieve 2D wind fields by the
SingleDop software. The lidar dataset analyzed in
this study ranges from November 2019 to July
2020. We analyzed each scan for three different de-
correlation lengths (L =1, 5 and 10 km) to evaluate
the best value of L for wind field retrieval. L is a
tuning parameter in the wind retrieval method.
Larger values of L provide more smooth wind field,
whereas the smaller values of L introduce small-
scale features into the wind flow. The number of
measurements available for the comparison is
approximately 420 scans per day x 180 days x 4
elevations x 3 L, which results in nearly 10°
processing cases .

Results and discussion

Figure 1 shows normalized number density plots of
wind speeds retrieved by SingleDop using the lidar
scans at 2.5° and compares the values to
anemometer measurements. The anemometer data
are averages of wind measurements over a period
of + 30 s from the lidar scanning time. Overall, the
retrieved wind speeds have good correlation with
anemometer measurements. The linear correlation
coefficient (R) is higher than 0.9 for all values of L.
The linear fit for L1 shows that SingleDop
overestimates the anemometer data at high wind
speeds. For L5 and L10 the linear fits are closer to
1:1 line. The RMSE for L1, L5 and L10 retrievals
are 2.4, 1.6 and 1.8 m/s, respectively.
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Figure 1. Wind speed retrieved by SingleDop using the Doppler lidar scans at 2.5° as a function of the anemometer
measurements. Three de-correlation lengths (L) are shown: 1 km, 5 km and 10 km. The colour of points represents the

relative density of points.
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Figure 2. Distribution of wind direction measured by SingleDop and anemometer, in rectangular coordinates.

In terms of wind direction, we only considered
the wind directions for which both retrieved and
anemometer velocities were >3 m/s (~55% of data).
This was done to avoid high variances in wind
direction at low wind speeds. Figure 2 shows the
distribution of retrieved wind direction and
anemometer  measurements.  The  circular
correlation coefficient (p) obtained for all L’s is
~0.9, thus indicating a good agreement between the
retrievals and anemometer measurements. There is
a predominant wind direction from NW-N with a
mean value of 344 + 12° and 330 + 30° in both
cases. The second most common wind direction
was from SE (130 £ 50°).

Table 1. Regression results for wind speed and
direction comparison between SingleDop L5 for 2.5°,
5°,7.5° and 10° scans and anemometer measurements.

Because the value of L5 provides the best
overall correlation with anemometer
measurements, Table 1 details the comparison
between the L5 retrievals and anemometer data for
all elevation scans The slopes are around 1 for both
wind speed and direction. For wind speed, R ranges
between 0.85 and 0.92, while for the wind direction
p is higher than 0.8. The decrease of R with the
elevation and the slight increase of RMSE for the
values of wind speed and direction below 2.2 m/s
and 37° are expected given that the difference of the
altitude between the anemometer and retrievals is
larger for higher scanning angles.
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Introduction
Lidar  observations are fundamental to
quantitatively study the vertical distribution of
atmospheric  aerosols. In particular, some
applications (e.g., air quality monitoring) need the
description of the particulate from the ground up to
the top of the atmospheric boundary layer. To
correctly interpret the received lidar signal in the
lowermost range, where the overlap between the
telescope field of view and the laser beam is
incomplete, an optimized alignment and the
knowledge of the overlap function are required.

In this study we propose a new procedure as a
possible solution for these two problems.

Results and discussion

The multi-wavelength multi-telescope Rayleigh-
Mie-Raman “9-eyes” lidar system in Rome Tor
Vergata (Congeduti et al., 1999) has the capability
to move, through electronically controlled stepper
motors, the orientation of the laser beams and the
3D position of the diaphragm of the receiving
optical system around the focal point of the
telescopes (Figure 1).

Ty
>
X
Z
Figure 1. Receiving optical system with the 3 axis
stepper motors.
Taking advantage of these instrumental

characteristics, a set of semi-automated tools (the
mapping procedure) was developed for the
optimization of the telescope/beam alignment and
the estimation of the overlap function. Figure 2
shows an example of results from the mapping
procedure showing the signal at 2625 m,
normalized for the maximum, as a function of a set
of 9x9 discretized positions in the x-y receiving
optical system plane.

By analysing the signal at different ranges as a
function of the 3D position of the receiving system
it is possible to optimize the position considering
the specific scientific objectives of the intended
measurements.

In this study the results of the mapping applied
to a single combination of telescope (15 cm) and
laser beam (532 nm) are discussed. The
effectiveness of the procedure was verified by
comparing the profiles of the acquired signal as
well as the corresponding outcome of the telecover
tests (Freudenthaler et al., 2018) before and after
the mapping-based alignment optimization.
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0.4
0.2

0.0

Figure 2. Example of results from the mapping
procedure showing the signal at 2625 m, normalized for
the maximum, as a function of the x-y receiving optical

system position.

The additional capability, offered by the system,
to also control the zenith and azimuth angles of the
mirrors used to orient the laser beams, allows to
implement a procedure, similar to the one described
for the alignment optimization, to estimate the
overlap function. Figure 3 shows the estimated
overlap function using analog and photon counting
data compared to the overlap function calculated
from models with the assumption of a
uniform/gaussian beam, diaphragm in the focal
plane and tilted beam (0.3 mrad).
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Figure 3. Estimated overlap function using analog (A)
and photon counting (PC) data compared to the overlap
function calculated from models with the assumption of a
uniform/gaussian beam, diaphragm in the focal plane and
tilted beam (0.3 mrad).

Challenges

This study applied the developed mapping
procedure to a single combination of telescope and
laser beam. As a next step, the procedure will be
applied to the other available channels and the
overlap function retrieval method will be validated
comparing corrected middle range profiles to low
range profiles.

For the “9-eyes” multi-wavelength multi-
telescope system, the overall optimal alignment
among telescopes and laser beams, and the resulting
overlap functions, should account for the specific
scientific objective(s) of the measurement sessions.
This implies to introduce somehow a hierarchy
among the single transmitter-receiver combinations
that are not fully independent. A challenge is to
translate such hierarchy in objective criteria that
should, as much as possible, be valid for the
relatively wide range of applications that a similar
system offers.

The mapping procedure requires time for the
movements as well as for the data acquisition. Even
if movements are optimized and strategies of
sampling have been implemented, to compare
different measurements of a mapping it is necessary
to account for the temporal variability of the
atmosphere. Beside performing the mapping in the
most favourable atmospheric conditions, the
acquisition of a ‘reference’ signal, i.e., not affected
by the on-going movements, has been put in place
to monitor for atmospheric and emission variability.
Strategies to monitor (and correct) for variability of
the acquired signal should be designed for all the
required mapping combinations.

Finally, applying the presented procedure to
other lidar systems, different design characteristics
could pose additional challenges. For example,
inhomogeneities in the photomultiplier sensitivity

will have to be considered in lidar systems that do
not use optical fibers. Moreover, for non-motorized
lidar systems simplified versions of the presented
procedure (e.g., scan on a single axis) could be
developed. With such a reduced procedure, further
assumptions or controls will have to be
implemented in order to compensate for the limited
amount of information provided.

References
Congeduti et al., The multiple-mirror lidar “9-eyes”,
J. Opt. Pure Appl. Opt., 1(2), 185-191, 1999.

Freudenthaler et al., EARLINET lidar quality assurance
tools, Atmospheric Meas. Tech. Discuss., 1-35, 2018.



ELC
2021

Aerosol Monitoring at High Mountains Remote Station: An Example from The Yunnan
Campaign At 3200 m Altitude Above Sea Level

A. Sannino?, A. Boselliz, X. Wang?, S. Amoruso*
alessia.sannino@unina.it
(1) Dipartimento di Fisica “E. Pancini”, Universita degli Studi di Napoli Federico II, Napoli, Italy
(2) Istituto di Metodologie per I’Analisi Ambientale (IMAA) - CNR, Potenza, Italy
(3) School of Remote Sensing and Information Engineering Wuhan University, P.R. China.

Introduction

On January 2016, a monthly measurement
campaign was carried out in the Chinese province
of Yunnan by setting up a ground based station on
the Yulong Naxi Autonomous County plateau
located at an altitude of 3200 m above sea level
(a.s.L.). This place is located at the ending part of a
natural geographical corridor between the
Himalayan chain to the North and the Indian
highlands to the South. This natural corridor acts as
main gate for the very long transport aerosols
injection in the internal regions of China (Uno et al.,
2009). The campaign was carried out within the
frame of a scientific collaboration between the
China Meteorological Administration (CMA), the
Beijing Research Institute of Telemetry (BRIT) and
the Physics Department of the University of Naples
"Federico II". Among others, the primary purpose
of the measurement campaign was the study of air
quality at high altitudes by remote sensing lidar
techniques. During the measurement campaign,
various aerosol stratifications at low altitude were
observed over several days. In particular, here we
report the data relating to the evening of January 16
between 12.00 and 00.00 UTC when the lower
aerosol layers persisted throughout the night time of
acquisition.

Results and discussion

The observing station was equipped with the
lidar AMPLE (A new Multi-wavelength Raman
Polarization Lidar), an innovative lidar system
designed and built within the homonymous
program, by the “China-Italy Laser Remote Sensing
Joint Research Center” between CNISM
(Consorzio Nazionale Interuniversitario per le
Scienze Fisiche della Materia, Italy) and BRIT
(Beijing Research Institute for Telemetry, PRC).

AMPLE is a mobile lidar equipped with fast a
scanning system (up to 20°/s) allowing to follow
aerosol dynamics in the scanning range from -10°
to 100° in the Zenith direction and from -100° to
110° in the Azimuth, with an angle accuracy
of < 0.2°. Moreover, the laser source operates at a
repetition rate of 1 kHz thus allowing to enhance
the signal dynamic range and perform
measurements of high density aerosol layers.

(X.Wang et al, 2015; A.Sannino, 2017). AMPLE,
in its full configuration, is able to acquire elastic
channels at 355 nm (UV), 532 nm (VIS) (both with
double depolarization channels) and 1064 nm (IR),
as well as Raman channels at 387 (Nz), 407 nm
(H20) and 607 nm (N3), providing the following
parameters: aerosol backscattering coefficients at
355 nm, 532 nm and 1064 nm, aerosol extinction
coefficients at 355nm and 532 nm, aerosol
depolarization ratio at 355 nm and 532 nm and
water vapour mixing ratio. Among collected data,
we consider particularly interesting those referring
to January 16, when the LIDAR profiles evidence
the presence of stratifications up to 4000 m from the
base in an observational site where clean air is
indeed expected. Figures 1 and 2 report the data
acquired from 12:00 to 00:00 UTC on 16/01/16 in
the form of RCS log of the lidar signal and the linear
depolarization ratio, respectively, at a wavelength
of 532 nm. The observed stratifications are
characterized by very small values of the aerosol
backscattering coefficient, with a maximum
average value as high as (4.6 £0.5) x 107 m'sr”!,
and large depolarization ratio, which reaches a
maximum value of (43 +3)%. Moreover, these
parameters display different values from layer to
layer, suggesting different aerosol contributions.

1500 600 1700 100 1900 2000 2100 2200 2300 GO0
Time

Figure 1. Log RSC of Lidar signal at 532 nm between
12:00 and 00:00 UTC on 16/01/16. Several layers and
their evolution in time are visible below 6000 m. Color-
scale refers to the relative variability in arbitrary units.

In order to highlight the source of these aerosols,
back trajectories provided by NOAA HYSPLIT
MODEL were analysed. This analysis showed that
in the hours preceding the start of the acquisition,
the air masses arriving at 4000 m a.s.l. (see Figure
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3 a) and those at 5000 m and above, originate in two
different places.

Quote a.s.L (km)

1200 300 1400 SO0 1600 TO0 1800 B0 2000 2100 2200 FAC CoLe
Time

Figure 2. Lidar volume depolarization ratio signal at
532 nm between 12:00 and 00:00 UTC on 16/01/16.
Several layers and their evolution in time are visible below
6000 m. Color-scale refers to the relative variability in
arbitrary units.

The first (in blue colour in Figure 3 a) passes near
ground in the neighbouring regions of northern
Myanmar, Arunachal Pradesh and Assam typically
characterized by high pollution conditions
(B.Pathak et al., 2016) and reaches ground
measurement point at 10.00 UTC. whereas the
green line in refers to long transported air masses
over the North Atlantic. Although apparently high
this trajectory should be considered on its last day
and a half of the whole trajectory, when happens the
passage in the natural corridor created by the
Himalaya mountain, whose height over the soil
mountains reaches the peaks of 8800 m. During the
data acquisition, as shown in Figure 3 b), the
trajectories pass over the Southwest Europe and
travel at same height, above 7500 m, passing also
in this case in the natural corridor. They reach
different altitude level only upon arrival at 16.00
UTC.

NORA HYSPLIT MODEL
Backward trajeciories ending at 1000 UTC 16 Jan 16
GDAS Meteorologics! Data

NOAA HYSPLIT MODEL
Backward trajectories ending at 1600 UTC 16 Jan 16
GDAS Metecrological Data

o A

Source # 8 26.52N 100.13E
Gurce & 81 052N TO0TIE

Masters AGL
TAEteTE AGL

Figure 3. Models by HYSPLIT NOAA show back-
trajectories referring to 16 January 2016 at a) 10:00 UTC
and b) 16:00 UTC. In a) trajectory up to 4000 m a.s.l. is
from north of Myanmar while those above 5000 m are
long range transported over North Atlantic. In b) both
trajectories are long range transport.

In this perspective, in the first half hour of
acquisition the lower layers in Figures 1 and 2 can

S02P07

be ascribed to local particulates coming from the
northern Myanmar regions, while the upper layers
should contain a complex mix of mostly natural
aerosols acquired during the passage in the corridor.
During all time of acquisition, the upper layer
continues to receive aerosols of this type. Starting
from 16.00 UTC only natural aerosol continue to
persist, whereas the contribution of local aerosol
progressively reduces being removed from the
atmosphere by relapse toward the ground. From
19.00 UTC, the lower layers are largely affected by
a progressive intake of aerosols coming from higher
altitudes that mix with local one as in Figures 1 and
2. In-depth analysis is currently in progress in order
to give a more detailed description and an accurate
optical characterization of aerosol properties.

Challenges

The observed phenomenon can be considered as an
interesting case study of aerosols in high mountain,
in a region that is of increasing interest due to its
proximity to glaciers and their erosion due to
pollutants (Rai et al,.2018) but where monitoring
stations are still few and a very few are equipped
with lidar systems. These systems allow
coordinated and interesting characterizations of
atmospheric aerosols given their portability,
possibility of scanning and real-time data, an
example of which has been illustrated in the present
report.
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Introduction

Over the last decades, the rate of near-surface
warming in the Arctic has been at least double than
elsewhere on our planet (Arctic amplification,
Serreze and Barry, 2011). However, the relative
contribution of different feedback processes to
Arctic amplification is a topic of ongoing research,
including the role of cirrus clouds. Cirrus is the only
cloud type capable of inducing daytime cooling or
heating at the top of the atmosphere (TOA, Lolli et
al., 2017). In order to improve the estimates of
cirrus cloud radiative effect (CRE), reliable
characterization of their geometrical and optical
properties is needed. Over the Arctic, however, the
properties of cirrus clouds are under-explored. In
this work, we present the long-term properties of
cirrus clouds over the research site of Ny-Alesund,
Svalbard, as derived by Raman lidar. To this end, a
newly developed cirrus retrieval scheme was
employed as presented in Nakoudi et al. (2021).

Cirrus retrievals with a newly developed scheme
An accurate and precise detection of cirrus cloud
boundaries is of high significance as the cloud
geometrical thickness (GT) is useful for the
parameterization of the cirrus cloud optical depth
(COD, e.g. Sassen and Comstock, 2001).
Additionally, the detection of sub-visible cirrus is
of special importance. More specifically, the total
CRE can be negatively biased, if the contribution of
sub-visible cirrus is neglected (Campbell et al.,
2021).

In this work, the retrieval of cirrus geometrical and
optical properties is based on a newly developed
scheme, which proved sensitive to thin and faint
cirrus layers (Nakoudi et al., 2021). The cirrus
detection scheme extended the Wavelet Covariance
Transform (WCT) method (Gamage and
Hagelberg, 1993) by dynamic thresholds (dynamic
WCT). The optical characterization scheme
extended the Klett—Fernald retrieval (Klett, 1981;
Fernald, 1984) by an iterative lidar ratio (LR)
determination (constrained Klett). The iterative
process was constrained by a reference value,
which indicated the aerosol concentration beneath
the cirrus cloud. Contrary to existing approaches,
the aerosol-free assumption was not adopted, but
the aerosol conditions were approximated by an

initial guess. The retrieval scheme is publicly
available (Nakoudi and Ritter, 2020).

Before applying the constrained Klett on the
observations of Koldewey Aerosol Raman Lidar
(KARL), a comparison to established retrievals was
performed (Fig. 1). More specifically, the LR was
derived from the double-ended Klett and Raman
retrievals (Ansmann et al., 1992). Two reference
value scenarios were applied to the double-ended
Klett; one representing aerosol-free conditions
(gray line) and one that approximated the aerosol
conditions by an initial guess (green line) as in the
constrained Klett (blue line).

The apparent LR values from the different retrievals
displayed agreement within the range of statistical
uncertainties (legend of Fig. 1). The uncertainties
were higher for the Raman retrievals (applied only
during night-time). When aerosol-free conditions
were assumed beneath the cirrus layers, the LR was
systematically overestimated because the neglected
extinction was instead attributed to the cirrus layers.

250 Apparent LR at 355 nm from different retrievals
T T T T T T T T

[_Jconstrained Klett, 28+10 sr
[_Jdouble-ended Klett, 30£8 sr

double-ended Klett (BSRref=1), 51121 sr
[——JRaman, 23189 sr

Absolute Occurence

MEsusiin

0 10 20 30 40 50 60 70 80 90
apparent LR (sr)

Figure 1. Distribution of apparent LR at 355 nm as
derived from different retrievals.

As a next step, the LR and COD were corrected for
the effect of multiple-scattering (MS). To this end,
the analytical model of Eloranta (1998) was
employed and it was compared to the simplified
approach of Platt (1973). The latter approach (using
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the assumption that the MS effect is only dependent
on the COD) underestimated the MS effect in sub-
visible and optically-thin layers, while an
overestimation was found in opaque layers (Fig. 2).
Finally, the Eloranta approach revealed that the MS
correction (MSC) for the LR was equally important
in all cirrus regimes.

LR 355 nm

(o2}
o

w
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(=]
T
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3
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o : . —1:1 :
0 10 20 30 40 50 60
MSC LR (sr)

Figure 2. Simplified versus Eloranta MSC LR for
different cirrus regimes.

Overview of cirrus properties: first results
Using KARL observations from 2011 to 2020, the
cirrus layer geometrical properties were obtained
from the dynamic WCT and the optical ones were
retrieved from the constrained Klett. Collocated
radiosoundings with 2 h temporal difference were
used for deriving the ambient temperature. The
majority of the layers fell into the optically-thin
regime (73%), followed by the sub-visible one
(20%). However, we should bear in mind that lidar
systems have limited capabilities in probing highly
opaque cirrus layers due to partial or complete
attenuation of the laser beam. The properties of
cirrus layers are summarized in Tab. 1.

Table 1. Median cirrus layer properties over Ny-Alesund.

GT (km) Chase (km) Ciop (km)
1.9+£0.6 73+12 9.6+1.2
LR3ss (sr) COD23ss Temp (°C)
33+9 0.07£0.24 -57+6

Summary and Outlook

For the first time, the properties of cirrus clouds
were derived over an Arctic site on a long-term
basis. To this end, a newly developed scheme was
employed. As a next step, the seasonality and inter-
relations of the different properties will be
explored.
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The European Space Agency (ESA) wind
mission, Aeolus, hosts the first space-based
Doppler Wind Lidar (DWL) world-wide. The
primary mission objective is to demonstrate
the DWL technique for measuring wind
profiles from space, intended for assimilation
in Numerical Weather Prediction (NWP)
models. Mission spin-off products are profiles
of cloud and aerosol optical properties. Aeolus
was launched on 22 August 2018, and the
Atmospheric LAser Doppler INstrument
(Aladin) switch-on was completed with first
high-energy output in wind mode on 4
September 2018.

The on-ground data processing facility
worked excellent, allowing L2 product
output in near-real-time from the start of the
mission. Results from the early wind profile
product (L2B) assessment showed that the
winds were of very high quality, with
random errors in the free Troposphere
slightly larger than the requirements, but still
allowing significant positive impact in
NWP, which remains positive while the
Rayleigh SNR has decreased due to a
negative trend in the return signal, observed
throughout the (so far) 2 years of operation of
the second laser (FM-B).

During commissioning phase and early
operation phase using FM-A ESA, industry
and the Aeolus Data Innovation Science
Cluster (DISC) monitored particularly closely
anomalies of the performance in order

to prepare and support associated reactions.
The DISC scientific partners from DLR,
DoRIT, ECMWF, KNMI and MétéoFrance,
were tasked to investigate the instrument
calibration and perform product verification
and validation implementing a number of
corrective measures in the on-ground data
processing. ESA and DISC investigations
included e.g. analysis of the instrument
output energy and alignment drifts, elevated
dark currents on individual CCD pixels, etc.

Related monitoring, performance optimization
and processor improvement activities have
remained on a high level throughout the 3
years since launch in order to maximize the
Aeolus impact.

The product validation has also been
performed by the world-wide Aeolus
Scientific  CAL/VAL  Team (ACVT),
performing collocated measurements from
ground and airborne platforms around the
globe and including a number of NWP
centers performing impact experiment and
NWP monitoring of the Aecolus winds, with
several meanwhile assimilating Aeolus L2B
winds operationally. After 10 months in-
flight, the output energy of the first flight
laser was approaching the lowest acceptable
level w.r.t. instrument safety and data quality,
and the redundant laser was switched on.
The second flight laser has been providing a
high output energy for 2 years now,
interrupted by one shutdown period which
did not originate from the laser.
Investigations by ECMWF, which also hosts
the Aeolus L2B processing facility, revealed
that the Aecolus telescope thermal behavior
accounts for the bulk of the -currently
observed wind biases. Corrections for this
and other major L2B wind bias contributors
have been implemented successfully in the
on-ground data processing. Public release of
the Aeolus L2B data product was performed
in Spring 2020, while L2A follows in
Summer 2021. The mission has been
extended by a year to the end of 2022.

In this presentation, the latest status of the
Aeolus mission and its data products will be
presented together with results from the
mission CAL/VAL activities and a status of
the 2021 Aeolus A-TAC tropical

validation campaign activities, as

well as an overview of current and

planned Science activities.
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Introduction

Cirrus clouds are the object of active research
by both contact and remote sensing methods.
Scientific interest in cirrus clouds caused by, on
the one hand, to their significant influence on the
climate of our planet and on the other, to the need
to take them into account when interpreting data
from remote sensing (Liou, K. N., 1972). Despite the
long history, the problem of light scattering on ice
crystals of cirrus clouds, despite of liquid-drop
clouds, has not yet been solved.

In solving the problem of light scattering by
cirrus crystals, two opposite cases can be
distinguished: regular hexagonal particles and
particles of arbitrary shape. But these two models
cannot fully describe the experimental data. More
reliable results can be obtained if we assume that
the cloud consists of a mixture of particles with
different shapes.

Model of arbitrary oriented hexagonal
particles was used to solve the problem of light
scattering. The problem is solved within both the
physical and geometric optics approximation, as
well as by exact numerical methods. In this paper,
we will focus on irregularly shaped particles. It has
been proven that particles of irregular shape and
particles with a rough surface are optically
equivalent (Liu C. et al., 2014). This made it
possible to use the physical optics method based
on the beam-splitting algorithm to study the
optical properties of irregular crystals using the
model of arbitrarily shaped ice particles. However,
the main difficulty in solving this problem is the
fact that it still requires colossal computational
resources (Borovoi, A. et al., 2014).

The paper presents the results of solving the
light scattering problem for three types of
particles: hexagonal plates, columns and arbitrarily
shaped particle. The size of particles varies from
10 to 100 microns.

In the problems of laser sensing of cirrus
clouds, the most often used laser wavelengths (L)
are 0.355, 0.532, and 1.064 pm. For such
problems, the first data bank of the backscattering
matrices of the IAO SB RAS was built
(ftp://ftp.ia0.ru/pub/GWDT/Physical_optics/Backscatteri
ng). However, recently the results of remote
sensing of cirrus clouds in the IR region have

appeared, so there is a need to fulfill the data bank
with calculations at the A of 1.55, 2, and 2.15 pm.
The light scattering matrix for the case of arbitrary
oriented crystals can be interpreted by two
variables: the first element of the light scattering
matrix (M) and the depolarization ratio (DR).

At the moment, a bank of calculations has
been created for the interval 10-100 microns. This
study was carried out for several reasons, firstly, to
fulfill the already existing databank, and secondly,
to find out the value of interference effect. The
interference effect can be described by the value of
the amplitude and the period of the oscillations.

Results and discussion

The results of calculations for hexagonal
columns showed that for A of 0.355, 0.532, and
1.064, the interference of M11 can be neglected
since the oscillations are less than 1% of the
amplitude, in the entire range of particle sizes for A
of 0.355 pm, at sizes greater than 30 pm for A of
0.532 pum, and at sizes greater than 50 um for A of
1.064 pum. It is also seen that taking into account
the absorption at the A of 1.064 um does not have
a valuable effect in the entire range of particle
size. The color ratio of these three wavelengths is
0.6 and 0.5. As for the solutions in the near-IR
region (A of 1.55, 2, and 2.15 um), the oscillations
become more significant (up to 5% of the
amplitude for A of 2 um). Moreover, the influence
of absorption is more noticeable, especially at A of
2 pm.

The increase of the real part of refractive index
cause a significant increase of the value of M11,
but does not cause a change of the power-law
dependence, which is observed for A of 0.532 and
1.064 um when the real part of the refractive index
n changes from 1.3116 to 1.48 and from 1.3004 to
1.6, respectively. However, an increase in the
imaginary part of the refractive index to 0.002i
(dust aerosol) leads to a change in the size
dependence of M;; over the entire calculation
range. The DR shows that it more sensitive to the
real part of the refractive index than to the
wavelength of the incident radiation. In particular,
for A 0f 0.532 and 1.064 um with refractive indices
of = 1.3, the DR is approximately 0.23 over the
entire size range. In this case, an increase in the
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real part of the refractive index from 1.3 to 1.48
and to 1.6 cause a significant increase in the DR to
0.27 and 0.31, respectively. However, an increase
in the imaginary part of the refractive index cause
an insignificant increase in the DR for small
columns and to a significant decrease in the DR
for large particles. This is caused by the absorption
of the corner component of the scattered light and
the dominance of the specular component.

An analysis of the calculation results for the
plates shows that, on the one hand, for A of 0.355
and 0.532 pm, high-frequency oscillations caused
by interference effects can be neglected (their
value does not exceed 1.8% in amplitude), but the
oscillations caused by the waveguide effect are
about 15% and have a long period, which is well
traced in the depolarization relation. Moreover, all
calculations, in which absorption does not have a
significant effect, have a common power-law
trend. It is important to note that the new refined
calculations resulted in an increase in M;; for
columns by about 10%. The value of the
depolarization ratio did not change, in general.

Analysis of the results obtained for particles of
arbitrary shape showed that there are no
interference oscillations in the solution, since the
particle has no plane-parallel faces. For
wavelengths, at which there is no absorption, the
power-law dependences are smooth. The color
ratios for such a particle are close to 0.8 for
wavelengths, at which there is no absorption. They
also have a strong downtrend for wavelengths
where the imaginary part of the refractive index is
greater than 0.001. It is important to note that the
color ratio for particles of arbitrary shape depends
on the ratio of the real parts of the corresponding
refractive index, rather than on the wavelength, in
general. The DR is also a fairly smooth function
due to the absence of interference oscillations and
the waveguide effect for such particles. For
wavelengths with n = 1.3 + 01, the depolarization
ratio lies in the range 0.5-0.55 for all calculated
particle sizes. In this case, an increase in the real
part of the refractive index to 1.48 and 1.6 cause a
decrease in the depolarization ratio to 0.4 and 0.35
in the entire size range. Taking into account the
influence of absorption leads to a significant
decrease in the depolarization ratio, down to zero,
when the value of the imaginary part of the
refractive index is more than 0.002i in particle
sizes of more than 100 pm. This clearly indicates
the predominance of the external mirror
component in the scattered radiation. Therefore, it
can be concluded that the value of the
depolarization ratio can be used as a criterion for

creating algorithms for reconstructing the size of
dust aerosol particles from the data of polarization
laser sensing.

Challenges

This paper presents a solution to the problem of
light scattering by arbitrarily oriented hexagonal
plates and columns, as well as arbitrarily shaped
particles in the size range from 10 to 100 um for A
of 0.355; 0.532; 1.064; 1.55; 2; 2.15 pm. At A of
0.532 and 1.064 um, in addition to the refractive
index of ice, the refractive index of the dust
aerosol was used: 1.48 + 0.002i and 1.6 + 0.0021,
respectively. It was found that for arbitrarily
oriented hexagonal columns larger than 50 pm and
arbitrarily shaped particles for A of 0.355; 0.532
and 1.064 um in the solution, the influence of
interference oscillations can be neglected, since
their value does not exceed 1%. However, for
hexagonal plates, interference oscillations can
exceed 5%, especially for wavelengths over 1 um.
It is shown that for particles up to 100 um in size
with an imaginary part of the refractive index
greater than 0.0044, significant deviations from the
power law are observed.
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Introduction

In recent study [1] we developed mathematical
model and general equations describing the
relationships between intensive parameters of pure
aerosol components in a mixture and total intensive
parameters of that mixture. The intensive
parameters are characterized by particle lidar ratios,
Angstrom exponents and linear depolarization
ratios that can be measured with Raman lidar. Here
we consider particular case in which aerosol
mixture may consist of 1, 2 or 3 components and
apply the general equations to estimate the portions
of each component from Raman lidar
measurements of particle linear depolarization ratio
(o), extinction () and backscatter (/) coefficients
(ftato dataset) at 532 nm carried out in West
Africa, December 2015.

Methodology
We assume aerosol external mixture may consist of
1-3 components, for example, dust (d), smoke (s)
and marine (m) particles. Each component is
described by unknown, non-negative, portion, or
fraction gpd, ¢gps or ggm of mixture backscatter
coefficient B at 532 nm respectively. For that
particular case the general equations developed in
[1] can be simplified so that the fractions fulfill the
following system of linear algebraic equations

dpd Ad + Pps As + Ppm Am= A,

@pd 0d' +Pps &' + Ppm Oom' =5, (1)

fpa T dps +dpm =1,
where mixture lidar ratio A=/ and depolarization
potential 5'=&1+¢)"! are measured with lidar at 532
nm and Ap, &' are respective intensive parameters
of each component (p=d, s or m) we know a priori.
In this study we consider, in particular, the intensive
parameters of “pure” aerosol components shown in
Table 1 as one of the possible scenarios [2]. Solving
the system (1) permits us to express the unknown
fractions in explicit form
(A8, —ASHAS — A5 = AL +A S

Ppa = NS — ASHAS, — A, S~ ASL+A, 6!
A8 - A8~ A+ ASHASL - A (2)
A, ASFAS] ~ 4,6, - A5, +A,6]
AS! = A8+ A8 = A" = A5+,

A — AN — A S, — AL +A 6!

s m

¢ﬁ.s

A

¢ﬂ,m =
-

Component extinction fractions can be found as [1]
fur=gpp oA’ p=dsm (3)

Results and discussion

We use Eqgs (2)-(3) and intensive parameters of pure
aerosol types (see Table 1) to separate aerosol
mixture from rotation Mie-Raman lidar
measurements of g+q+¢§ profiles at 532 nm carried
out on 24 Dec 2015, 19:00-23:00, in West Africa.
Detailed description of the measurement case is in
Ref. [3].

Results of separation in basic scenario (at smoke
lidar ratio As = 70 sr) are shown in Fig. 1. We
observe that dust particles (magenta) dominate in
the lower aerosol layer below 2 km whereas portion
of smoke particles (gray) is largest in the upper
aerosol layer above 2.5 km. Fraction of marine
particles is smallest in the both aerosol layers and
does not exceed gzpm=10 % in terms of backscatter
coefficient if we consider the heights below 4 km.
Lidar ratio at 532 nm (red, right panel) degrades
from 75 sr below 4 km down to 30 sr above 4 km.
As result the marine part in profile becomes
prevalent in terms of backscatter coefficient at 4.25
km.

We investigate how far separation results are
sensitive to the intensive parameters of pure aerosol
types shown in table 1? In this regard we vary these
parameters and compare derived results with basic
scenario results shown in Fig. 1.

Table 1. Intensive parameters of pure aerosol types

Type Denotation Lidar Ratio, sr Depolariz.

Dust p=d Ad =58 &=0.35
Smoke p=s As =70...80 &»=0.07
Marine p=m Am =20 om=0.15

Measurements of dust intensive parameters are
most robust [2-4]. Moreover, dust particles are not
hygroscopic and their intensive parameters do not
depend on relative humidity. In this measurement
case we can admit that the lowest part of profile is
represented only by dust particles because
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Figure 1. Separation of dust (magenta), smoke (gray)
and marine (cyan) particle profiles with intensive
parameters shown in Table 1 and Asmoke =70 sr from
lidar measurements of backscatter (black, left panel),
extinction (black, right panel) and depolarization ratio
(red, left panel) at 532 nm in Senegal, 24 Dec 2015,
19:00-23:00

depolarization ratio is close to §~0.35 at 532 nm on
750 m [2, 3]. Simultaneously, lidar ratio is
A(532)~58 sr on that height. We keep the dust
intensive parameters Ad =58 sr and & =0.35 fixed
in our sensitive analysis (see Table 1).

Marine lidar and depolarization ratios usually are
low and does not exceed Am <30 sr and sm<0.05 at
532 nm respectively. However marine particles are
hygroscopic. Moreover shape of these particles
becomes aspheric at dry ambient conditions and
parameters sm may reach 0.2 and more. Therefore
we considered the variation intervals Ame[10;30] sr
and Sme[0;0.2] in our sensitive analysis. Results
derived over these intervals and in the basic
scenario do not differ significantly (not shown).
Gyroscopic properties of smoke and marine
particles are similar. Variation of smoke
depolarization ratio on interval &e[0;0.1] nm does
not yield new solutions, too (not shown) but results
of separation are sensitive to variation of smoke
lidar ratio at 532 nm. Increasing the profile lidar
ratio to peak values of A=75 sr is caused by smoke
particles. Therefore we consider interval from
As=70 sr in basic scenario to As=80 sr that is quite
possible for smoke particles (see Table 1). Results
of separation at 4s=80 sr are shown in Fig. 2. We
see that portion of marine particles is doubled and
reach dpm=20 % in terms of backscatter coefficient
at 3 km.
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Marine { 4
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»
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Backscattering, km'sr”  Extinction, Mm'
Figure 2. Same as Fig. 1 but smoke lidar ratio is equal
to _Asmoke =80 sr at 532 nm.

Challenges

Separation of complex aerosol mixture consisting
of three and more components from Raman lidar
data is knotty problem. The problem becomes even
more complicated when the components from the
mixture are characterized by high depolarization
properties. So far the explicit expressions were
derived just for 2 component aerosol mixture [4].
We solve this problem for arbitrary aerosol mixture
that can simultaneously consist of Nat=3 and even

more aerosol components up to [1]
Nart < 3(8)+2(a)+3(5) = 8
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Introduction
The ceilometers were originally designed for cloud
base height estimation (CBH) in order to assist the
aviation. National ceilometer networks are in place,
usually belonging to the national meteorological
services such as Met Office and DWD (e.g., Adam
et al., 2016). Over the last 10-15 years or so, the
ceilometers were taken into account for scientific
research and were involved in estimation of the
planetary boundary layer (PBL) (e.g., Stachlewska
et al., 2012; Lotteraner and Piringer, 2016; Lee et
al., 2019), determination of the particles backscatter
coefficient (Heese et al., 2010; Wiegner et al., 2014;
Cazorla et al., 2017) or pollution monitoring (e.g.,
Marcos et al., 2018; Adam et al., 2020). Recently,
the European automatic lidar and ceilometer
network, EPROFILE, was established (https://e-
profile.eu/#/cm_profile, last access 20210528)
where attenuated backscatter profiles are available
in near real time for 499 lidars and ceilometers.
Two Nimbus ceilometers from Lufft
(https://www.lufft.com/products/cloud-height-
snow-depth-sensors-288/lufft-ceilometer-chm8k-
2405/, last access 20210528) were installed at
INOE in 2018 and are part of EPROFILE network
while one of them is part of CLOUDNET as well
(https://cloudnet.fmi.fi/, last access 20210528).
The present research topic refers to the
development of an algorithm, capable to estimate
the tropospheric aerosol layers from ceilometer’s
RCS (range corrected signal). The script is written
in Matlab (https://www.mathworks.com/, last
access 20210528).
The main steps of the algorithm are:
* The input RCS profiles are averaged over 1 h
and 60 m
 Additional smoothing is performed over 9 bins
* RCS for which SNR < 3 are dismissed
* The variance of the cumulative signal (RCS) is
calculated (VCS)
* A new vector is defined as: NV=VCS(1:2:end-
1).*VCS(2:2:end)
 Calculate the local maxima (islocalmax in
Matlab) of NV which gives the location of the
inflection points in NV
 Calculate the local minima (islocalmin in
Matlab) of NV which gives the location of the
minima and maxima in NV
The data for which the prominence of the

inflection points and the corresponding NV
values are smaller than 0.01 is dismissed

» Few other criteria are involved in order to retain
the optimum number of inflection points and
local minima or maxima

* The first and last 60 m from the bottom and top
of the layer are dismissed.

Currently, we apply the algorithm for the
profiles which do not have clouds, based on CBH
information given in the raw data. However, it can
be applied for clouds as well. Once mature, the
algorithm will be implemented for the study on near
real time alert system. We also plan to adjust it for
the lidar profiles used in our research on biomass
burning. See the other two presentations by Adam
et al., at the conference.

Results and discussion
Figure 1 shows the layers determined on 20210410.
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Figure 1. (upper) RCS versus altitude, (middle) RCS
versus time and altitude and superimposed layers,
(lower) same as middle but with RCS in log scale. Data
are from 10 April 2021.
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Clouds were observed between 16:00 and 18:00
UTC. We visually observe the presence of several
aerosol layers. Thin layers at ~ 5 km altitude (a.s.l.)
are observed at 00:00 which descend towards ~ 3.5
km at 24:00. Other layers are observed between
00:00 and 09:00 UTC around 1.5 — 2 km and
between 15:00 and 24:00 around 2 km.

Figure 2 shows the profile for 05:00-06:00 UTC
and the four layers detected. At a glance, the layers’
delimitation looks ok. Figure 3 shown the profile
for 11:00-12:00 UTC. Visually, the layers are not
accurate. The first layer does not catch the whole
PBL while the IInd and the IIIrd layer might have
other borders.

A large variety of delicate situations will be
discussed during conference while comparisons
with the gradient method will be shown.
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Figure 2. RCS profile for 05:00-06:00 UTC, 10 April
2021 and the estimated layers.
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Figure 3. RCS profile for 11:00-12:00 UTC, 10 April
2021 and the estimated layers.

Challenges

The main challenges for pollution layers estimation

are the following:

* Layer definition.

* How to proceed with multiple adjacent thin
layers?

* Low SNR in ceilometer profiles
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Introduction

Atmospheric lidar systems are some of the most
important data sources when it comes to the study
of aerosols and their effect on the environment. The
difficulty in using them is the huge amount of data
they produce and the lack of experts that can find
all the interesting events lidars capture.

In this work we focus on developing an
unsupervised method to extract features from the
attenuated backscatter profiles obtained from lidar
and ceilometer measurements by using a deep fully-
convolutional neural network architecture (Xia et
al., 2017). This method will be used to select
automatically interesting events that can be further
analyzed by experts.

The study is performed at the Romanian
Atmospheric 3D Observatory — RADO, Magurele,
Romania, covering three years (2018 - 2020) of
aerosol remote sensing measurements. From this
period, days with different atmospheric conditions
are considered, if there were simultancous
ceilometer and lidar measurements. The attenuated
backscatter  profiles are computed from
measurements averaged at 5 minutes and with a
spatial resolution of 15 m, covering the altitude
range from 0.2 km to 15.0 km.

The architecture selected makes use of un-
annotated data sources and is generally used in
learning image segmentations in an unsupervised
manner. In this use case the architecture has two
task that it is trying to learn. The first task is a
segmentation of the initial four attenuated
backscatter profiles (3 lidar + 1 ceilometer). The
second task is to reconstruct the original input using
the information stored in the segmentation. This
secondary task having a regularizing effect for the
first task.

In the following sections some initial results are
presented and in the final section the challenges
facing this approach are discussed.

Results and discussion
In Figure 1 the architecture of the neural network

model is shown. It can be seen that the architecture
has multiples losses that are used to train both tasks
simultaneously.
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aerosol layer detection.

The neural network is trained only using attenuated
backscatter profiles. In Figure 2. the input signals,
the reconstructions and the layer segmentations are
presented. The model is trained to group together
similar values that are close together in height into
segmentations that minimize a normalized cut loss
(Tang et al., 2018). The normalized cut loss is
composed of a distance metric for the lidar bins and
an intensity metric calculated from the normalized
intensity of the lidar + ceilometer profiles. This type
of segmentations is generally used for images but
can be applied to vertical profiles with minimal
modification.

The reconstruction task starts from the middle of
the W-net and uses as inputs the segmentation. The
network tries to recreate the original inputs using
only the low dimensional segmentation made by the
first part of the network. This task forces the
network to learn a segmentation that keeps as much
of the original information as possible.

2018-04-12
12:19 11:54 17:41 18:52 15:18

w

355 lidar |8
— 532lidar [§

1064 lidar [3
H— ceilometre

o T T T T
000 025 05000 025 05000 025 05000 025 05000 025 05000 025 050



Epoch 30: Output
1224 1219 1291 1306 1702 2603

@

o

IS

0 T T T T T T
000 025 05000 025 05000 025 05000 025 05000 025 05000 025 050

2018-04-12

2

%00 035 o000 0 05000 05 05000 035 05000 0% 0.
Figure 2. The top panel is a random selection of
attenuated backscatter signals used as input for the
network in the middle the reconstructed signals are
shown and in the bottom panel the segmentation of
layers made by the network.

Challenges

Previous methods for layer identification such as
the gradient method (Belegante et al. 2014) and
wavelet method (Cohn et al., 2000) relied on some
parameters that are selected by the user. Our
method allows a model to learn directly from the
data without introducing human biases.

The difficult part of this study is making a correct
validation of the output of neural networks.
Without a database of input-output pairs the
evaluation of the task is difficult. If previously
developed methods are used to obtain an output
for a certain input than the network will
approximate that method. As such, in the near
future we will create a database of input-output
pairs that are identified by humans to test the
algorithm against.
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Introduction

MERLIN (MEthane Remote Lldar missioN) is a
French-German space mission to monitor the
atmospheric methane content (Ehret et al., 2017)
using an Integrated Path Differential Absorption
(IPDA) lidar (Nikolov et al., 2019). Awaiting actual
space-based measurements in the second half of the
decade, LIDSIM (LIDar SIMulator) simulates the

digitised lidar signal. From this, PROLID
(PROcessor LIDar) estimates the Differential
Atmospheric  Optical Depth (DAOD), the

Scattering Surface FElevation (SSE) and the
atmospheric methane column (XCH,4) (Cassé et al.,
2021).
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Figure 1. Flowcharts: (a) LIDSIM and (b) PROLID.

Results and discussion

Based on the atmospheric and ground properties,
LIDSIM first determines the relative energy
returned by the ground targets. The optical
thicknesses are computed from the GEISA
spectroscopic database (Jacquinet-Husson et al.,
2016) including results from specific works
(Delahaye et al., 2016 and 2019). Figure 2 shows
the molar absorption cross sections in the passband
of the filter in front of the detector.

Absorption cross section (m/mal)

" — TeorE “¢o8"
Figure 2. The molar absorption cross sections (m*/mol)
for CHs, H>O and COx. Bold curves for P=1013.25 hPa
(thin for 500 hPa), red/blue/green for T =300 K (280 K)

and magenta/cyan/brown for T =250 K (220 K).

The detection chain that transforms the optical
signal into an electrical signal is modelled, with
speckle, shot and electronic noise simulated by
random draws. The digitisation is done explicitly.
Figure 3 shows the signals sampled at 75 MHz.
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Figure 3. Simulated signals: On (blue) and Off (red).

An academic test is performed: for one
atmosphere 14,000 signals are simulated with
different random realisations of the noise. With a
mean bias of 21 ppb and a standard deviation of 303
ppb, the shot-by-shot methane column is not
useable (Figure 4). This highlights the need to
average over several shots to achieve the desired
accuracy (Tellier et al., 2018).

Figure 4. Error histograms for DAOD (re

d, with a
sampling of 3.5 10-4 no unit) and methane column XCHa4
(green, with a sampling of 1 ppb).
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Finally, an orbit was simulated with realistic
methane, but without aerosols or clouds. The
methane retrieval for each shot is almost perfect
without instrumental noise, but becomes very noisy
with it (Figure 5) as already seen with the academic
test.
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Figure 5. Retrieved XCH4 per shot with instrumental
noise (in black) compared to its reference (in red).

Table 1 provides for 113 400 individual shots
and for 810 cells of 50 km grouping 140
consecutive shots: the % of points for which the
methane column is retrievable (sufficient
reflectivity) and the corresponding SSE and XCH4
statistics. Figure 6 shows the results per cell along
the ground track.

Table 1. Mean bias and mean standard deviation.

SSE (in m) XCHys (in ppb)
Per Per Per Per
shot cell shot cell

Noise without with with without with with

Points 100 % 85% 83% 100% 85% 83%

Bias  0.02 0. 0. 0.07 113 1.2

Sigma 0.03 1.7 0.1 0.10 2503 16.0

AAltitude SSE-DEM (meters)
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Figure 6. SSE and XCH4 averaged over about 50 km:
mean (black curve) and standard deviations (blue area).

These first full orbit simulations confirm that
the MERLIN instrument design meets the required
performance (Figure 7).
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Figure 7. Results of the academic test (cyan dots) and
the orbit simulation (orange dots) compared to the three
performance levels set for MERLIN.

Challenges

The inclusion of aerosols and clouds will both
decrease the number of cases where the methane
inversion is possible and increase its uncertainty. A
study is underway to quantify these effects and to
confirm that they do not introduce regional biases,
which are a priori lesser with active remote sensing
methods.

Performance varies at first order with the square
root of the averaging time. A trade-off must be
made between horizontal resolution and accuracy,
depending on the geophysical variability of
methane and other quantities such as ground
reflectance and relief.
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Introduction

Unique for Eastern Europe record of high
temperatures during wintertime combined with
clear sky conditions gave an opportunity to
investigate Saharan dust aerosol inflow between
noon of 24.02.2021 and sunrise on 26.02.2021
over Warsaw (52.21 N, 20.98 E, 112 m a.s.l.).
Measurements were taken at the Remote Sensing
Laboratory, of the Faculty of Physics at the
University of Warsaw with the PollyXT lidar
(Engelmann et al. 2016), operated within
European Aerosol Research Lldar NETwork
(EARLINET, Pappalardo et al. 2014) and
the CE318 sunphotometer within Aerosol Robotic
NETwork (AERONET, Holben et al., 1998). Our
work aims at analysing the aerosol optical and
microphysical properties of the fully developed
mineral dust plume observed on 25.02.2021, when
aerosol formed a very wide (in the vertical
direction) layer at an altitude range of 1.0-3.5 km,
with evidence of a strong depolarization

(Figure 1).
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Figure 1. Volume Depolarization Ratio at 532 nm from
PollyXT lidar measurements as well as diurnal cycle of
air temperature (red line) at the EARLINET-ACTRIS
station in Warsaw on 25.02.2021. Yellow strips denote
times of depolarization calibration, while dark blue lack
of data due to technical issues.

Results and discussion

Between 23-26.02.2021, unexpectedly high
(nighttime minimum of 7.0°C and daytime
maximum of 18.5°C) air temperatures for winter

conditions were observed in Warsaw and
throughout Poland. On 25.02.2021 (see Figure 1,
in red), the mean temperature of +12 °C was
recorded, which compared to the 20-year (2000-
2020) average February temperature for Warsaw
(- 0.2 ° C) indicates uniqueness of meteorological
conditions. During this period the lidar data
showed a high Volume Depolarization Ratio
(VDR) within the boundary layer, as well as in the
free troposphere, reaching the altitudes of even
3.5 km (Figure 1).

The aforementioned meteorological conditions and
high VDR measured by lidar (Figure 1) together
with the analyses of the backward trajectories
calculated with the Hybrid Single Particle
Lagrangian  Integrated  Trajectory = model
(HYSPLIT; Stein et al. 2015) depicted in Figure 2,
indicate possible inflow of warm tropical air
masses carrying desert dust from the Sahara.
During the day, the air masses were advected from
Northern Africa following stable high pressure
system (meteo-maps not shown for brevity) and
unlikely mixed with other aerosol sources.
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Figure 2. HYSPLIT 120h-backward trajectories ending
at 12:00 UTC, 25.02.2021, calculated at 1.0, 1.5, and
2.0 km, using GDAS Meteorological Data.

Clear sky conditions allowed for obtaining
18 vertical profiles of optical properties of the
atmospheric aerosol, with one hour averaging,
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using the EARLINET-ACTRIS Single Calculus
Chain tool (SCC, D'Amico et al. 2015, Mattis et
al. 2016). Moreover, 9 almucantar scans of
sunphotometer allowed to obtain the aerosol size
distribution using AERONET NASA retrieval
algorithm (Figure 3).

The mean values of optical properties calculated
between 2.0-3.0 km from the lidar profiles
coinciding in time with the sunphotometer scans
are shown in Table 1. Note that the high values of
Particle Depolarization Ratio & (mean o of
21 + 3 %) indicate aspherical shape of the aerosol
particles. Mean Lidar Ratio (LR=0/B) differs for
each profile between 21 +5 and 66 =+ 8 sr, with
mean value of 39 + 12 sr, which was reported for
mineral dust mixtures within Warsaw boundary
layer (Szczepanik et al. 2021).

Table 1. Mean lidar-derived optical properites within
the Saharan dust layer at 2-3 km for periods
coinciding with the sunphotometer measurements.

Time P 532 nm 0532 nm 6532 nm
UTC [Mm'sr!'] [x10“m’] [%]
08:00 1.8+0.5 0.84+02 20+4
09:00 2.1+0.5 0.8+0.2 19+4
10:00  1.5+03 1.0+£0.3 2442
11:00 33+04 1.1£0.1 20+ 3
12:00 4.4+0.38 09+0.1 18+2
13:00 23+03 09+0.2 15+1
14:00 3.6+0.3 1.0£0.4 20+2
The sunphotometer derived aerosol size

distribution on 25.02.2021 was tri-modal with the
coarse mode strongly dominating the inversion
(see Figure 3). The difference between fine and
coarse modes was increasing with time, whereby
asupreme change in the values increase was
observed between 9:52 and 10:52. In the previous
and following periods to this time, the inversions
were highly similar. The presence of middle mode
of particle sizes (Figure 3, r of 0.6-0.7 um)
combined with mean value of LR (39 =+ 12 sr)
indicate that observed mineral dust might have
been mixed with other typ of aerosol e.g. marine,
pollution.

Summary

The main aim of this work was to demonstrate a
first ever measured mineral dust episode during
wintertime over Warsaw. The originality of this
case is based on the meteorological conditions —
the exceptionally high temperatures and clear sky
conditions. The first results of optical properties
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Figure 3: Acrosol size distribution obtained from the
almucantar sunphotometer scans via Version 3 Inversion
algorythm on 25.02.2021 calculated by the AERONET-
NASA with level 1.5 data.
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Introduction

Wildfires release large amounts of aerosols into the
atmosphere, contributing significantly to direct
radiative forcing and affecting cloud optical
properties by acting as cloud condensation nuclei or
ice nuclei. Long-range transport of particles
originating from biomass burning has been
recognized as a significant source of tropospheric
aerosols at northern latitudes (Generoso et al.,
2003), with the most common being smoke from
Russia or North America.

Several studies have investigated the properties
of smoke plumes transported from Canadian
wildfires to Europe (e.g., Ansmann et al., 2018),
showing that biomass burning aerosols are
medium- to high-absorbing particles with an almost
spherical shape and small particle size, producing
medium to high lidar ratios, low depolarization
ratios and high Angstrém exponents.

Similar observational records over Northern
Europe are more scarce in the literature. On 4-6
June 2019, biomass burning aerosol layers were
observed in the lower troposphere over Kuopio,
Finland. These smoke particles originated from a
Canadian wildfire event. In this study (Shang et al.,
2021), we present observations of the smoke plume
from a multi-wavelength Raman polarization lidar
PollyXT and a Vaisala CL51 ceilometer. A
combined lidar—photometer approach is presented
for estimating mass concentration.

Results and discussion

On 4-6 June 2019, aerosol layers arising from
biomass burning were observed in the lower
troposphere, at ~2—-6 km height over Kuopio,
Finland. Enhanced backscattered signals were
detected by both a multi-wavelength Raman
polarization lidar Polly*T and a Vaisala CL51
ceilometer at the Vehmasmaéki station in Kuopio
(62°44'N, 27°33'E; 190 m above sea level) (Fig.1).
These long-range-transported smoke particles
originated from a Canadian wildfire event. An
AERONET sun-photometer located in Kuopio
observed enhanced AOD values in concert with

high Angstrém exponents (with fine-mode AOD
fraction higher than 93 %), indicating the presence
of fine-mode dominant aerosols in the atmospheric
column.

The most pronounced smoke plume, defined as
SPol (Smoke Plume of Interest) was intensively
investigated (Fig.1). Lidar ratios were derived from
the Raman lidar, as 47 + 5 sr at 355 nm and 71 £ 5
sr at 532 nm, showing that the aerosols of biomass
burning origin in the SPol were medium- to high-
absorbing particles. Particle linear depolarization
ratios (PDR) in this layer were measured as 0.08 +
0.02 at 355 nm and 0.05 + 0.01 at 532 nm.
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Figure 1. Range-corrected signal (RCS) (a) at 1064 nm
of Polly*T lidar, and (b) at 910 nm of CL51 ceilometer,
on 5 June 2019 over Kuopio, Finland. The SPol (Smoke
Plume of Interest) is inside the black box with dashed
lines.
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A complete ceilometer data processing for a
Vaisala CL51 is presented from sensor provided
attenuated backscatter coefficient to particle mass
concentration (including the water vapor correction
for high latitude for the first time). Aerosol
backscatter coefficients (BSCs) were measured at
four wavelengths (355, 532, 1064 nm from Polly*T,
and 910 nm from CL51). Two methods, based on a
combined lidar and sun-photometer approach, were
applied for estimating mass concentrations: method
#1, measured BSCs were converted to BSCs at
532 nm by corresponding measured backscatter-
related Angstrdm exponent, and then be applied to
estimate the mass concentrations; method #2, mass
concentrations were estimated from measured
BSCs at each wavelength independently. A
difference of ~12 % or ~36 % was found between
Polly*T and CL51 estimated mass concentrations
using method #1 or #2, showing that ceilometers are
potential tools for mass concentration retrievals
with ~50 % uncertainty, but with great spatial
coverage. The mass retrievals were compared with
the Modern-Era Retrospective analysis for
Research and Applications, version 2 (MERRA-2)
meteorological and aerosol reanalysis, where we
considered and analysed two scenarios in the SPol
— 1) only smoke particles and 2) mixture of fine dust
and smoke aerosols, and reported with the
corresponding uncertainties.

Challenges

The retrieval methods for deriving the backscatter
coefficient from ceilometers are quite mature
(Wiegner and Geil3, 2012, Wiegner et al., 2014).
However, the accuracy in deriving extinction
coefficients (e.g. for further mass concentration
estimates) is limited due to the unknown lidar ratio
at 910 or 1064 nm. Characteristic lidar ratio values
for aerosol types are often measured at 355 or 532
nm; it is only recently that Haarig et al. (2016)
measured the lidar ratio at 1064 nm, and reported
values of 80-95 sr for aged biomass burning smoke
(Haarig et al., 2018). A value of 82 sr for lidar ratio,
as measured at 1064 nm, was assumed as being
appropriate for use at 910 nm in this study.
Uncertainties in the lidar ratio at ceilometer
wavelengths are much larger, compared to Raman
lidars, which results in higher uncertainties in
derived extinction coefficients.

An interesting feature in the MERRA-2
simulation results is the presence of dust in the
SPol. The POLIPHON (Polarization lidar
photometer networking) method (Mamouri and
Ansmann, 2014, 2017) was applied to separate fine
dust and biomass burning aerosols for the SPol,

S02P16

based on Polly*" lidar data (BSC and PDR at
532 nm were used in this study). The inclusion of a
dust mixture results in slightly higher estimated
mass concentration values, with a difference
negligible considering the uncertainties. It is not
possible to perform the aerosol separation using
ceilometer data alone, as no depolarization
information is available at this wavelength
(910 nm). For this instrument, only one aerosol type
should always be assumed in the layer of interest,
which then imparts an additional bias when
estimating the mass concentration.
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Introduction

An end-to-end model has been developed in order
to simulate the expected performance of a space-
borne Raman Lidar, with a specific focus on the
Atmospheric Thermodynamics LidAr in Space —
ATLAS proposed as a “mission concept” to the
ESA in the frame of the “Earth Explorer-11
Mission Ideas” Call.

The simulator consists of a forward module and a
retrieval module. The forward module simulates
the interaction mechanisms of laser radiation with
the atmospheric constituents and the behaviour of
all the devices present in the experimental system
(telescope, optical reflecting and transmitting
components, avalanche photodiodes, ACCDs),
which ultimatelly allows to simulate the signals
collected by a space-borne Raman Lidar. The
simulated signals are then fed into the retrieval
module to obtain vertical profiles of water vapour
mixing ratio and temperature.

The simulator finally provides statistical (RMS)
and systematic (bias) uncertainties. Estimates are
provided in terms of percentage (%) and absolute
(g/kg) uncertainty for water vapour mixing ratio
measurements and in terms of absolute uncertainty
(K) for temperature measurements.

Results and discussion

The expected performance of the space-borne
Raman Lidar have been analyzed under different
atmospheric conditions, considering
thermodynamic and optical parameters from a
variety of atmospheric models (Tropical,
MidLatitude ~ Summer/Winter, Sub  Arctic
Summer/Winter, US Standard).

An analytical expression of the lidar equation for
the water vapour and molecular nitrogen roto-
vibrational Raman signals and the pure rotational
Raman signals from molecular oxygen and
nitrogen is used. The analytically computed
signals are perturbed by simulating their shot-
noise through Poisson statistics. Perturbed signals
thus take into account the fluctuations in the
number of photons reaching the detector over a
certain time interval.

The simulator also provides an estimation of the
background due to the solar contribution. Daylight

background includes three distinct terms: a cloud-
free  atmospheric  contribution, a  surface
contribution and a cloud contribution [1].
Background is calculated as a function of the solar
zenith angle. In order to better estimate the
background contribution, an integration on slant
path is performed instead of a classical parallel-
planes approximation. The proposed numerical
model allows to better simulate solar background
for high solar zenith angles, even higher than 90
degrees. Different light conditions are considered,
so as to analyze the performances with both high
and low background.

Based on the application of the roto-vibrational
Raman lidar technique, vertical profiles of
atmospheric water vapour mixing ratio are
obtained from the power ratio of the water vapour
to a reference signal, such as the molecular
nitrogen roto-vibrational Raman signal or an
alternative  temperature-independent  reference
signal.

Vertical profiles of atmospheric temperature are
then obtained from the ratio of high-to-low
quantum number rotational Raman signals through
the application of the pure rotational Raman lidar
technique.

A background subtraction scheme is used to
remove the solar contribution and vertical
averaging is applied to smooth the signals.

Both atmospheric water vapour mixing ratio and
temperature measurements require the
determination of calibration constants, which can
be obtained from the comparison with
simultaneous and co-located measurements from a
different sensor [2].

The simulations show that the statistical
percentage error of water vapour mixing ratio is
below 30% up to 2.5km for middle latitudes in
Summer and below 20% up to Skm in Winter,
thanks to better background conditions.

For the tropical region, the error is below 30% up
to 3km with high background, while with low
background conditions is below 10% up to 3km
and below 30% up to Skm. In the Sub-Arctic
region the statistical error is below 15% up to 3km
and below 30% up to Skm in the winter period
with low background.
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Figure 1. Statistical Error (%) of Water Vapour Mixing
Ratio — Mid Latitude Summer/Winter, Tropical and Sub-
Arctic Winter

The absolute error (K) for temperature
measurements is below 1K for all the latitude and
background conditions up to 15km.

The next step in this research effort will be
represented by the simulation of complete orbital
scenes based on the use of Nasa’s GEOS-5 dataset
to verify the performances on a dawn-dusk orbit,
with the aim to realize an OSSE to quantify the
real impact of a space-borne Raman Lidar on
forecasting. These encouraging results are a good
starting point that could bring us to fill a gap in the
observation capabilities from the surface to lower
troposphere, providing measurements with high
temporal and spatial resolution.
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Introduction

Gravity waves (GW) studies are significant for
investigating the middle large-scale circulation.
According to the superior temporal and spatial
resolutions of Na LIDAR which reach to 3min and
100m, it is recognized as an excellent tracer of the
sodium layer to study GW perturbations in the
mesopause region.

And for GW seasonal distribution study, the
result at different observing site are usually
different due to the complex geography factor,
such as Senft and Gardner and Yang et.al.
reported the different GW perturbation at north
America and Brazil respectively.

Despite great deal of works have focus the
measurements of GW variances and their spectra,
however, comprehensive comparison of seasonal
variation GW spectra study at different latitudes
over China are still rare until now. And due to the
complex geography factor such as large dessert,
ocean and mountains etc.,from north to south
China it exhibits diverse geography environments,
to discuss the GW source of China Main land is a
considerably attracting topic indeed. Moreover,
vertical detection study of mesospause of China
mainland is also seldom, the OH airglow detection

only cover the flat region which cannot provide

the detail information of GW in vertical dimension.

As a result for further understanding of generation
mechanisms, resulting GW characteristics and the

GW source position, starting the joint observation

at different latitude will provide a long term
comparable research which are necessary and full
of scientific meaning.
Results and discussion

Seasonal variations of the RMS atmospheric
density perturbations with their MMSE fit at
Beijing (top),Hefei (middle) and Hainan (bottom)
near 120°E China all indicates that the annual
maxima perturbations are near the solstices while
the minima are around the equinoxes as Figure 1

shows.

RIS Atomsphere Desnity Perubation {%)

FMS Atomsphere Density Perfubration (%)

RMIS Atamsphere Densety Pertubation ()

Figure 1. Seasonal variations of the RMS atmospheric
density perturbations with their MMSE fit at Beijing

(top), Hefei (middle) and Hainan (bottom).
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The seasonal variation RMS value of
atmospheric density curves at low-middle (Hefei)
and low latitude (Hainan) are also calculated as
maxima are near the solstices while minimum
equinox as Beijing which indicate that RMS
perturbations at middle and low-middle latitude
have the similar result seasonally, which could be
generated from the same GW source as Tibet
Plateau as the main GW source according to the
previous reports.

However, obviously, at low latitude region,
the atmosphere density perturbation in winter
has a relative stronger activity comparing with
the middle latitude region’s regularity.This
indicated that the perturbation in winter is still
quite active at low latitude (Hainan) which means
there is another abnormal GW activity. As
indicated by Li et al, in winter, the GWs
propagation directions at China-Qujing station
(located at the strait line of Haikou and TP) are
southeastward with a strong maximum value of the
wind shear intensity and momentum fluxes around
the southeastern edge of the TP based on
(ECMWF) reanalysis wind data which may be the

possible GW source at Hainan in winter.

Table 1. The calculated distances between observed
site and wave source.

Distance to Hainan Beijing  Hefei
wave source
km 1098 1132 1200
The GW source positions are roughly

calculated at a distance of 1200km westward to the
120°E observing chain which the Tibet Pleau edge
exist as shown in Table 1.

The vertical wave number spectral amplitudes
at special frequency of three observatory shows

the same annual regulations as RMS atomshpere

S02P18

density, and this was analyzed with mean zonal
wind diagram for Northern China by open
HWM93 mode (http://modelweb.gsfc.nasa.gov/)

as figure 2 shows.

300

Figure 2. Seasonal variations of ertical wave number
spectra with their MMSE fit at Beijing (a),Hefei (b) and
Hainan (c) and Northern China zonal wind diagram (d).
Challenges

Referring to the low latitude GW source in winter ,
and the position of the GW source it is still need

further discussed.
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Introduction

The numerous ground-based, aero-borne, and
space-borne lidars are widely used for studying the
optical and microphysical properties of cirrus
clouds.

Optical properties of cirrus clouds are usually
considered under the assumption that ice crystals
constituting these clouds are randomly oriented.
However the large ice crystals, especially if they
are of plate-like habits, often reveal their quasi-
horizontal ~ orientation. Such  orientations
essentially change optical properties of cirrus
clouds that should be taken into account in both
light scattering and remote sensing problems.
Well-known manifestations of the quasi-horizontal
orientation of ice crystals in cirrus clouds are arcs
and some halo phenomena, such as parhelion.

Earlier it is shown that the corner reflection
effect inherent to the pristine hexagonal ice
crystals results in sharp peaks of both the
backscattering cross section and depolarization
ratio at the lidar tilts of about 30° off zenith
(Borovoi A.G. et al., 2018). A comparison of the
theoretical data and experimental results obtained
recently (Veselovskii L et al., 2017) at the lidar tilt
of 43° a partial manifestation of the corner
reflection effect has been observed. It is
worthwhile noting that the experimental data of
(Veselovskii 1. et al., 2017) obtained at the lidar
tilt of 43° were not optimal for retrieving the
microphysics of cirrus clouds. As was shown
earlier (Borovoi A.G. et al., 2018), the optimal
lidar tilt would be about 32°.

Results and discussion

Figure 1 shows the depolarization ratio for
quasi-horizontally oriented hexagonal ice plates
have been calculated within the framework of the
physical optics approximation (Konoshonkin A.V.,
et al., 2016) for the case of a vertical scanning
lidar. Figure 1 shows that in the calculated
depolarization ratio (DR) there is a sharp increase
when the lidar is tilted at an angle large than 32°.

Figure 2 shows the results of observation of
the corner reflection effect on May 21, 2021
(09:45 - 09:50 local time), in location: IAO SB
RAS (Tomsk). The vertical scanning of the
atmosphere was conducted with the LOSA-M3
scanning polarization lidar (Kokhanenko G.P., et

al., 2020), lidar wavelength was 1064 nm. The
lidar tilt angle Y is shown in Fig. 2b, the scale is in
arc. minutes. The angle is measured from the
vertical position of radiation beam, which was set
with an error of +£10 arc minutes. The scanning
was carried out with the lidar axis passing through
the zenith (ranging from -2° to +48°), which made
it possible to control the accuracy of the lidar
vertical setting. Three scan cycles were done in 10
minutes.

|

T

0,01 LA Ly B B B it e |
0 10 20 30 40 50 60 70 80 90
Lidar tilt & (deg)

Figure 1. Linear depolarization ratios (DR) versus
the lidar tilt. Index 0 and m/2 correspond to the parallel
and perpendicular components. A wavelength of the
incident light — 532 nm.
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Figure 2. Dependence of the depolarization ratio
vertical profile on lidar scanning angle. The upper profile
(2a) is plotted according to the distance to the cloud, the
lower one (2c¢), for convenience, according to the height
of the cloud. 2b is a tilt angle in arc minutes.

Figures 2a,b demonstrates the vertical profile
of the depolarization ratio (DR), the DR value is
presented in a color scale as a percentage. Black
vertical lines in Fig. 2a limit the range of tilt
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angles to more than 32° where a sharp increase in
depolarization should be observed according to
Fig. 1.

When the lidar is oriented vertically (Y = 0)
specular reflection areas are observed. This
indicates a cloud layers consisting of quasi-
horizontally oriented ice hexagonal particles. This
ice cloud exhibits vertical inhomogeneity. Within
the most specular cloud layer, which observed at
altitudes of 4800-5800 m, DR does not change
much when scanning the lidar. The cloud layer at
altitudes of 6800-7200 m demonstrates the
behavior of quasi-horizontally oriented particles,
and DR increases with the angle of the lidar tilt.
The most pronounced increase of DR is observed
at the last scanning cycle, but a high level of the
noise is also observed here.

The highest value of DR - more than 200% - is
observed during the first cycle at altitudes of 7200-
8000 m, although this layer is not characterized by
minimum values of DR in the vertical position.

These results suggest a high probability of the
presence of corner reflections in ice clouds.
Nevertheless, it is too early to announce
unambiguously the presence of this effect. It can
be seen from the figures that the structure of the
clouds changes during scanning. Unfortunately,
the density of clouds observed at large tilt angles is
significantly less than that of clouds above the
lidar. Therefore, the signal-to-noise ratio is too
small for reliable diagnostics of the angular
dependence of backscattering. We plan to continue
these observations this year.
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Introduction

Knowledge of the spatiotemporal variability of the
different aerosol types present in the atmosphere
can improve our understanding of the direct and
indirect aerosol effect on climate. Vertically
resolved aerosol classification is of great
importance for improved measurement retrievals,
quantification of the anthropogenic and the natural
radiative effect, radiative closure and aerosol-cloud
interaction studies, as well as data assimilation and
validation purposes. Since lidars are the best
available instruments for vertically resolved aerosol
profile measurements, an automatic typing
algorithm applicable to both ground-based and
spaceborne lidar systems has been developed.

The novel retrieval scheme presented here
applies the optimal estimation method (OEM,
Rodgers, 2000) to a combination of lidar-derived
intensive aerosol properties (i.e. concentration-
independent), to determine the statistically most-
likely contribution per aerosol component in terms
of relative volume, weighted against a priori
(Wandinger et al., 2016) knowledge of the system
(e.g. optical and microphysical properties of the
aerosol components).

The four aerosol components considered to
contribute to an aerosol mixture are two fine modes
(absorbing and non-absorbing) and two coarse
modes (spherical and non-spherical). These four
components and their optical properties have been
identified and selected from lidar-based
experimental bases at 355 and 532 nm. Using an
initial guess, the lidar ratio, particle linear
depolarization ratio and  extinction-related
Angstrom  exponent are calculated (forward
modelling for the wavelengths 355 nm, or 532 nm
or both simultaneously) and then compared with the
lidar measurements. If they match within an
acceptable range the process stops, otherwise the
iterative process continues (Levenberg — Marquardt
method), adjusting the solution at each step until
convergence is met. The general structure of the
algorithm is presented in Fig. 1. The final product
is the contribution of the four aerosol components
to an aerosol mixture in terms of relative volume.
Once this product meets certain quality assurance
flags (Pearson’s chi-squared test) it can be used to
provide additional products: (a) acrosol component
separated backscatter and extinction profiles, (b)
aerosol optical depth per aerosol component, (c)

volume concentration per component, (d) number
concentration per component, (e) effective radius of
the observed mixture and (f) refractive index of the
mixture.

F" State vectorx | | Measurements y ‘

Forward modeling of the
measurements
y=Fixb)+&

o

Beree N2 X' Convergence?
Yes
Optimal state
vector

Figure 1. Generalized concept of the optimal estimation
method, here used for aerosol typing.

Results and discussion
In order to demonstrate the algorithm’s capabilities
we have applied the OEM-based typing scheme to
lidar measurements from Limassol, Cyprus. To be
more specific, on 20 April 2017 a PollyXT lidar
(Baars et al., 2016, Engelmann et al., 2016) (part of
LACROS, Biihl et al.,, 2013) was located in
Limassol and measured thick (optically and
geometrically) dust layers. These layers originated
directly from the Sahara region as indicated by the
HYSPLIT backward trajectories (not shown here).
The lidar-derived optical parameters are
presented in Fig. 2. Maximum extinction
coefficient values of approx. 120 Mm™' occurred
between 3.5 and 4 km. Extinction and backscatter-
related Angstrom exponents of around 0.1 and 0.0,
respectively were observed for this aerosol layer
between 3 and 5 km height. The lidar ratio appears
rather stable at the same altitudes, with values of
approx. 49 sr and 44 sr for 355 and 532 nm,
respectively. The particle linear depolarization ratio,
is overall high, exceeding 20% above 3 km.

Table 1. Optical properties at 355 nm used as input to
the OEM scheme.

Layer
(km)

3-5 49 8 20.6 2

Uncertainty

SGN  (sr) 3 (%) +- (%)




Height (km)
-~ m @ e ;B u

1 L L 1
2 30 50 100 1500 20 40 60 80 100-1 o 1 20 1 !I.Z 0:3
Backsc. cf. (Mm*! sr1) Ext.cf. (Mm™')  Lidarratio(sr)  Angstrém exp, Depolarization ratio

0

Figure 2. Vertical profiles of the particle backscatter and
extinction coefficients, particle lidar ratio, Angstrom
exponents and particle depolarization ratio measured on
20 April 2017, over Limassol, Cyprus, between 17:00-
19:00 UTC.

Layer averaged (3—5 km) lidar ratio (S) and
particle linear depolarization ratio (§) at 355 nm
were used as input to the OEM scheme (Tab. 1), and
aretrieval based on the 355 nm channel information
was performed. The optimal solution, which was
statistically significant at 95% confidence interval,
confirmed the domination of the coarse, non-
spherical (CNS) aerosol component to the aerosol
mixture. In particular, in terms of relative volume
contribution, the CNS component occupied
86+22% of the total mixture volume. The
contributions of the remaining components were
small and almost negligible: 10£11% of fine,
spherical non-absorbing (FSNA), 4+£18% of coarse,
spherical (CS), and 0+8% fine, spherical absorbing
(FSA) aerosol particles.

In the conference, the OEM typing scheme will
be presented in detail, and in addition to the dust
case presented here, another non-dust case study
will be presented.

Challenges

The rather general representation of the aerosol
components is in some cases restrictive, and
therefore some types cannot be identified by the
typing scheme at its present form (e.g. aged
biomass burning aerosols). In addition, the
selection of the optical and microphysical
properties of these predefined aerosol components
(a priori information) is challenging since modelled
properties can vary significantly compared to the
observed ones. For this reason, we created
experimental bases, which were based on ground-
based lidar measurements at 355, 532 and 1064 nm.
These bases served as the source of the optical a
priori  information. Last but not Ileast,
meteorological conditions such as relative
humidity, as well as the geographical location of the
measurements should be utilised in the form of
solution space constraints, leading thus to more
accurate solutions.
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Introduction

Pollen particles have an impact on air quality and
play an important role in environmental and public
health. Their concentrations are normally measured
with the so-called Burkard-collectors which give
the possibility to determine the pollen species and
concentration with a 2-hour time resolution
(Aulirantio-Lehtimiki et al., 1991). An increasing
interest in pollen has arisen in the aerosol lidar
community (Sassen et al., 2008). Since 2006 Cloud-
Aerosol Lidar and Infrared Pathfinder Satellite
Observation (CALIPSO) has been capable of
providing continuous vertical profiles.

In this study we recognized a case study of
pollen aerosols using a ground based Hirst-type
volumetric air sampler. Next to the air sampler,
ground-based multiwavelength Raman polarization
lidar PollyXT performed continuous measurements
and CALIPSO data was selected, to investigate the
aerosol classification scheme attributed to the
observed pollen type.

Methodology

Pollen collector:
sampler

A Hirst-type volumetric air sampler located next to
the lidar, 4 m above ground, monitored the pollen
concentration and type. The sampling principle is
based on the design described by Hirst (1952). The
pollen type was determined using characteristic
features of the examined pollen grains.

Hirst-type volumetric air

Lidar: PollyXT

Lidar measurements were conducted with the
multiwavelength Raman polarization lidar PollyXT
(Bohlmann et al.,, 2021). PollyXT has three
emission wavelengths (355, 532 and 1064 nm) and
seven detection channels. In addition to the three
emitted wavelengths, the backscattered signals at
the inelastic Raman-shifted wavelengths (387, 407
and 607 nm) and the cross-polarized signal at 532
nm are detected.

CALIPSO

CALIOP provides information on the vertical
distribution of aerosols and clouds and their optical
and physical properties. The CALIPSO Aerosol

Profile Products report profiles of particle
extinction (532 Mm-1), backscatter 532 nm and
1064 nm), depolarization ratio (532 nm), color ratio
while the fundamental data product provided by the
layer products is the vertical location of cloud and
aerosol layer boundaries.

Results and Discussion

Our experimental campaign took place at
Vehmasmaki, Kuopio between May and August
2016. During the campaign the largest pollen
concentration with a value of 2333.76 no/m*® was
observed on 6th of May 2016 and was attributed to
Birch pollen type. Ground based lidar observations
were performed with a PollyXT system at the same
day between 00:00 and 02:00 UTC, while
CALIPSO overpassed the station at a distance of
64.60 km, at 00:01 UTC.

The Wavelet Covariance method (Whitcher et
al., 2000) has been used to identify the geometrical
boundaries for the lower layer. This layer was
attributed to pollen aerosols. Backward trajectory
analysis, MODIS fire data and Dust model were
used to exclude other possible sources of aerosols.
Geometrical analysis was performed both for
PollyXT lidar measurements and CALIOP using
the backscatter profile. For comparison, the
geometrical boundaries of CALIOP measurements
were also taken from the Aerosol Layer Product.
The layer was extended from 0.17 km to 1.6 km
according to the CALIOP profile, while the ground
based lidar layer identification resulted in a slightly
thinner layer (0.63 km to 1.99 km), basically
because of a higher base. This is due to the overlap
problem of the ground-based system and the
weakness to retrieve reliable optical properties in
heights lower than 600 m.

The optical properties (Backscatter coefficient,
Depolarization Ratio, extinction coefficient and
Color Ratio) on this layer are calculated and
presented in Table 1, where depolarization ratio at
532 nm of pollen particles was assessed, resulting
in 24 £ 3 % for birch pollen.
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Figure 1. a) Backscatter coefficient 532 nm, b) Backscatter coefficient 532 nm focused between the first layer and the
second layer, ¢) Backscatter coefficient 1064 nm, d) Backscatter coefficient 1064 nm focused between the first layer. e)
Extinction coefficient 532nm, f) Extinction coefficient 1064 nm, g) Depolarization Ratio, h) Color Ratio.

Table 1. Mean value of space borne and ground-based lidar derived pollen aerosol properties on 6th of May 2016.

Parameter CALIOP (profile) CALIOP (layer) FMI
Base (km) 0.172 0.172 0.636
Top (km) 1.60 1.60 1.68

Bsc. Coef. 532 nm 8.5¢-07 % 8.03¢-09

6.9e-07 + 23.56¢-08 2.83e-07 £ 4.33¢-08

(Mm! st
Bsc Coef. lgﬁ‘)‘ nen (M 275¢07+468¢09  398¢-07+7324¢-08  220e-07+ 1.1691 7e-08
Ext. Coef. 532 nm (Mm™) 59.6+ 1.07 - 1.54+ 1.16e-08
Depolarization ratio 532 nm 0.052 +3.1e-04 0.043+0.015 0.095 +0.022
Color ratio 03481 + 1.7¢-03 0416 +0.022 0.7911 +0.095
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Introduction

The Deutscher Wetterdinest (DWD) operates a
network of Lufft CHM 15k ceilometers at about 170
synoptic stations all over Germany, see Figure 1.
Those instruments provide measurements of up to
three simultaneous cloud layers with temporal and
vertical resolution of 15seconds and 15meters,
respectively. Cloud layers are reported up to 15 km
above ground. They are characterized in terms of
cloud base height and cloud depth (in case of
transparent clouds) or vertical optical range (in case
of non-transparent clouds). Nevertheless, this very
detailed information is typically compressed into
only three values (degree of coverage of low level,
mid level, and high level clouds) with a temporal
resolution of 30 minutes in SYNOP messages for
weather forecast and climatological applications.

Methodology

This study is based on the data of the DWD
ceilometer network of the years 2015 - 2020. The
climatology of cloud occurences is retrieved from

1
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Figure 1. DWD ceilometer network. Red circles indicate
stations Hamburg, Leipzig, and Hohenpeilenberg; red
dots are Liibeck, Wittenberg, Augsburg, and
OberschleifBheim (all from north to south).
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Figure 2. Schematics of cloud coverage retrieval.

cloud base height provided by the firmware
algorithm (0.719 to 1.040).

We obtain the cloud coverage with a temporal
and vertical resolution of 1hour and 500m,
respectively. Figure 2 illustrates the retrieval
procedure. Only the lowermost cloud layer of each
15-seconds profile is considered. Any data above a
cloud are omitted (grey shaded areas). Hours with
precipitation or missing raw data are excluded. If a
cloud layer with less than 100% coverage is present
below a second cloud, the coverage of this second
cloud layer is calculated relative to the time fraction
of the hour without any cloud underneath. E.g. in
hour 4, the cloud in levell lasts 30 minutes wich
corresponds to 50%. If all data above this cloud are
omitted, the second cloud in level5 can be seen for
7.5 minutes which corresponds to 25% of the time
without a cloud underneath level5.

Climatology of cloud base heights
The year 2019 and stations Hamburg, Leipzig,
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Figure 3. Mean cloud coverage at Hohenpeiflenberg in
2019. Orange a blue bars correspond to measurements
between 10 and 16 UTC and between sunset and sunrise,
respectively.
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Figure 4. Regional differences of cloud coverages.
Shown are the  data of 2019 at Hohenpeiflenberg,
Leipzig, and Hamburg.

and Hohenpeiflenberg have been analyzed for
general features of cloud base height statistics.

Figure 3 shows a comparison between
observations around noon and during nighttime.
Noon is considered to be the six hours around 12
local time (It). In Germany, 121t +£3h corresponds to
10-16 UTC. More low and high clouds are observed
around noon and during night, respectively. This
pattern pattern occurs at other stations and in other
years as well. It could be assumed that optically thin
cirrus clouds at high altitudes might be below
detection limit in daytime conditions due to higher
solar background signal. But, the signal-to-noise
ratio and maximum detection heights do not show
significant differences between noon and night-
time periods.

Figure 4 shows a comparison between the three
sites HohenpeiBlenberg, Leipzig, and Hamburg.
Hamburg, which is characterized by a maritime
climate has the maximum of cloud occurrence
below lkm whereas the maximum of cloud
occurrence at the more continental stations
Hohenpeiflenberg and Leipzig is in the 1-1.5km
level. The latter two sites have also more clouds at
altitudes above 6km than Hamburg. The reason for
this behavior needs to be investigated in more
detail.
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Figure 5. Total frequency of overall cloud coverage (all
heights) from ceilometer (orange) vs. eye observations
(yellow) in Hohenpeiflenberg 2009-2018, in octa.

11500-12000 ® mean 2020

11000-11500 — std 2015-19
10500-11000

10000-10500 ——

9500-10000 e
9000-9500 e——
8500-9000 e
8000-8500 .

g 7500-8000 e ——

c  7000-7500 eee—

S, 6500-7000 e ———

% 6000-6500 —ee————

' 5500-6000 e

S, 5000-5500 =

‘T 4500-5000 e

< 4000-4500 ————
3500-4000 ——
3000-3500
2500-3000 e e —
2000-2500 e
1500-2000 — —— R ————————
1000-1500 e —
500-1000

0-500

T T T T
6.0 8.0 10.0 12.0 14.
mean coverage in %

Figure 6. Vertically resolved frequency of cloud
coverages at Hohenpeiflenberg. Average and standard
deviation spring moths of 2015-2019 (blue bars and
black lines) vs. spring 2020 (red dots).

Figure 5 illustrates the challenge of combining
time series of cloud coverages obtained from
traditional eye observations which integrate the
whole hemisphere with those from measurements
with vertically pointing ceilometers and lidars.
Parallel observations with both methods at
HohenpeiBlenberg show a significantly higher
frequency of cloud free (0 octa) and overcast (8
octa) conditions in ceilometer data. The reason for
the discrepancy lies in different observations
strategies.

Covid-19 induced anomaly in cloud occurrence

Figure 6 shows a comparison between cloud
frequency at Hohenpeif3enberg in spring 2020 and
spring months (March, April, May) of 2015-2019.
There are clearly less clouds above 5.5.km in 2020
than the year-to-year variability of 2015-2019. Air
traffic over Germany was reduced due to the Covid-
19 pandemy by about 70% in the beginning of
March 2020 (LIZ Bulletin 30/2020). The altitude of
strongest reduction corresponds to cruising
altitudes of regional and long-distance flights. A
similar behavior was found at several other sites,
e.g. OberschleiBheim and Augsburg (close to
HohenpeiBenberg) and Hamburg. The reduction of
cloud coverage at Leipzig and nearby Wittenberg is
not as strong as in the other areas, but air traffic at
Leipzig airport was reduced by only 20% because it
is used mainly by cargo flights.
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Atmospheric aerosol particles scatter and absorb
solar radiation, thus exerting significant impacts on
the atmospheric environment and climate change.
The swelling of aerosols due to water vapor uptake
enhances their ability to scatter solar radiation, and
is strongly dependent on the ambient relative
humidity (RH). In this way, aerosol hygroscopic
growth plays an important role in the earth's
radiation budget. The understanding of aerosol
hygroscopic processes and its quantification is
crucial to improve weather and climate predictions.
Despite its importance, aerosol hygroscopic
properties have not been properly characterized yet
using remote sensing techniques (non-invasive
method). The major limitation comes from the lack
of simultaneous observations of vertically resolved
profiles of RH and aerosol properties.

The Swiss RAman Lidar for Meteorological
Observations (Ralmo) operated at the aerological
station of MeteoSwiss at Payerne (Switzerland)
provides continuous profiles of aerosol properties
(backscatter and extinction) and RH. These
measurements allow us to monitor any change in
aerosol properties that could occur as result of the
water uptake by the particle under high RH (aerosol
hygroscopic growth). Ralmo has shown its
capability to monitor aerosol hygroscopic processes
in time and in altitude for different aerosol types
(Navas-Guzman et al., 2019).

In this study, a unique statistical analysis of
aerosol hygroscopic properties based on 3-year data
set of Ralmo lidar has been addressed. A total of
401 layers were identified as layers that underwent
hygroscopic growth following the criteria presented
in Navas-Guzman et al. (2019). Backscatter
enhancement factors (f) at 355 nm and hygroscopic
growth parameters (y) from Hénel model (Hénel,
1976) were obtained to characterize the aerosol
hygroscopicity. Figure 1 shows the occurrence
distribution of y for all the layers. In average, the
layers are characterized with values of y = 0.6+£0.3
and fB (85%) = 2.4 + 1.4, evidencing a relatively

strong hygroscopic behavior of the predominant
aerosol over Payerne.
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Figure 1. Occurrence distribution of the hygroscopic
growth parameter (y) for all the layers.

In-situ and remote sensing instrumentation
along with model information (Flextra, CAMS,
NAAPS) has allowed to identify the aerosol
properties and types and the air mass origin of the
hygroscopic layers. The analysis of the vertical
information from the lidar showed that, in general,
the aerosol present within the Planetary Boundary
Layer (PBL) was less hygroscopic than in the Free
Trosposhere (FT) (y”B-= 0.5+0.2; y"T=0.7£0.3). A
weak anti-correlation was also found between the
hygroscopic parameter and the aerosol size.
Different hygroscopic behaviour were observed
depending on the air mass origin, in which the
Atlantic air masses presented the most hygroscopic
aerosol. Finally, the hygroscopic parameters were
also characterized for several aerosol types, being
the layers with high concentration of sulphates the
most hygroscopic (y = 0.8+0.3; fz (85%) = 2.7£1.6).
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Introduction

Aerosol particles in high troposphere (HT) play
important role in ice clouds formation. The main
sources of aerosol in HT include volcanic eruption
as well as intensive wildfires. Today it is well
accepted that products of the fires can reach the
tropopause due to self-lifting processes caused by
absorption of solar radiation and heating. The
smoke particles are capable to act as ice nucleating
particles (INP) if the temperature is low enough,
however the influence of smoke on the process of
ice formation is not well understood (Ansmann et
al., 2020).

Fluorescence technique provides unique
opportunity to monitor smoke particles inside the
cirrus clouds. Smoke possesses high fluorescence
cross section, allowing to discriminate it from
other types of aerosol. In our presentation we
demonstrate that combining the fluorescence
measurements with capabilities of
multiwavelength Raman lidar observations, it is
possible to estimate the key smoke characteristics,
such as volume, surface and number density in
cirrus clouds. The results reported were obtained
during 2020 - 2021 period at Laboratoire
d’Optique Atmospherique, University of Lille.

The measurements were performed with
multiwavelength Mie-Raman lidar (LILAS), based
on a tripled Nd:YAG laser of a 20 Hz repetition
rate and pulse energy of 70 mJ at 355 nm. The
backscattered light is collected by a 40 cm
aperture Newtonian telescope. The system allows
detection of so called 3p+2a+3§ data set. A part of
fluorescence spectrum is selected by an
interference filter of 44 nm width, centered at 466
nm (Veselovskii et al., 2020). The fluorescence
backscattering coefficient fr is calculated from the
ratio of fluorescence and nitrogen Raman
backscattering, as described in Veselovskii et al.
(2020). Efficiency of the fluorescence in respect to
elastic scattering is characterized by the
fluorescence capacity GF=pr/ffs32, where fis32 is the
particle backscattering coefficient at 532 nm.
Sensitivity of the fluorescence technique can be
limited by the fluorescence of optical elements in a
lidar receiver. The minimal value of G obtained
during clouds sounding was 1.2x10% thus

observations with Gr exceeding this value should
be free of optics fluorescence contribution.

Results and discussion

Fig.1. shows results of the measurements on the
night 4-5 November 2020. After the midnight the
smoke layer provides strong fluorescence at
approximately 12 km height. The fluorescence
capacity Gr in the center of this layer for this
episode was 5.3x10*. The value of Gg in our
observations for different episodes in HT varied in
(4.0-6.0)x10** range, thus fluorescence properties
of smoke particles in UT for different episodes are
quite similar. If value of Gg is known, the
contribution of smoke backscattering at 532 nm
(Bs) to the total backscattering of aerosol mixture
can be estimated. Moreover, it allows to estimate

the smoke backscattering inside the cirrus clouds.
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Fig.1. Range corrected lidar signal at 1064 nm, volume
depolarization ratio at 1064 nm and fluorescence
backscattering coefficient on 4-5 November 2020.

Results of the measurements in the presence of
clouds are shown in Fig.2. Cirrus clouds were
observed during the whole night. The fluorescence
backscattering (plot a) was about 0.05x10* Mm"
Isr'! at 9 km and it increased up to 0.3x10* Mm-
Isr'! above the tropopause. The tropopause height
was determined from the radiosonde temperature
profile (Herstmonceux, UK). Plot b in Fig.2 shows
smoke backscattering at 532 nm, calculated as

1
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= pFIGF. The value GF=5.0x10* was used in all
computations. Above the tropopause (~11 km) the
Ps32 and  fs coincide, indicating that smoke
particles are predominant.

Several examples of evaluation of smoke
backscattering S inside the cirrus clouds and
above the tropopause are shown in Fig.3.
Comparing fs32 and g5 we conclude, that on 22
October 2020 the smoke is predominant in 4 km —
6 km range and above the tropopause, while on
February 3 2021, in 8 km — 10 km range the
particles other than smoke may significantly
contribute to Bs3z.

Range Corrected Lidar Signal, a.u. 200

22 00 02 04 06
UTC Time, H 00

EE]
By 10° Mmsr” Bgay B MM st
00 02 04 06 00 01 02 03 04

T T T
-80 -60 -40 -20 0

Temperature, C

Fig.2. Height temporal distribution of the range corrected
lidar signal at 1064 nm on 24-25 November 2020 (upper
panel). (a) Profiles of elastic fBs32 and fluorescence fjr
backscattering. (b) Profiles of S and s together with
temperature profile from radiosonse.

The 3B+2a observations can be inverted to the
particle microphysical parameters, such as number
(N), surface (S) and volume (V) density
(Veselovskii et al., 2002). Thus conversion factors
(Cn, Cs, Cyv) allowing estimation of N, S, V from
fluorescence  backscattering as  N=Cnxf,
S=Csxfr, V=Cvxf. In June - September 2020 we
observed several strong smoke layers in HT, from
which we estimated conversion factors as:
Gn=100x10* cm™/Mm'sr!, Cs=30x10* pum’cm
3SMmlsr!, Cy=1.9x10* pm3cm>/Mmsr!. These
values were used to estimate the particles
concentration  inside the cirrus  clouds.
Corresponding results are summarized in Table.1.
Concentration of smoke particles in the cirrus
clouds is low (N is below 10 cm™), still it is
detectable with fluorescence technique. As follows

from Table 1, Gr is about two orders higher than

possible contribution of optics fluorescence.
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Fig.3. Vertical profiles of fs32 and smoke backscattering
[ together with temperature profiles from radiosonde on
22-23 October (18:00-03:30), 6 December (17:30-21:00)
2020 and 3-4 February (19:00-06:00) 2021.

Table 1. Backscatterings /%32 and S together with smoke
number and volume density inside cirrus clouds.

Date H, 3532 Mm'! Gr N V, ],Ll’l’l3
km |sr! %10 | cm? cm?
22 Oct 90 | 1.7 2.1 34 0.07
24Nov | 9.0 | 8.0 0.6 4.9 0.1
6 Dec 81 | 14 5.7 7.8 0.15
3 Feb 6.0 | 3.0 0.3 1.0 0.02
Conclusions

In our study we have demonstrated that synergy of
Mie-Raman and fluorescence lidar measurements
allows to monitor content of smoke particles up to
the tropopause and to estimate the concentration of
smoke inside the cirrus clouds.
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Introduction

Cirrus clouds have a wide global coverage and
influence on the Earth’s radiation budget. Overall,
they are supposed to have a warming effect, but
their radiative effect is strongly determined by their
microphysical properties, e.g. size and shape of the
ice particles as well as the ice particle
concentration. Those properties, however, depend
on the environmental conditions (Heymsfield and
Miloshevich, 1995) as well as on the stage of
evolution of the ice cloud. The forming mechanism
as well as the presence of aerosols might further
affect the ice cloud properties. Condensation trails
induced by air traffic may, under favorable
conditions, add to the natural coverage of cirrus
clouds. They can furthermore cause a significant
increase in cirrus cloud optical thickness (Tesche et
al., 2016). Besides the effect caused by contrails,
also an indirect effect was discussed over the last
years. For the first time, Urbanek et al. (2018)
showed an observational indication that enhanced
aerosol load caused by air traffic might has an
influence on naturally formed cirrus cloud
properties in the European mid-latitudes. Cirrus
clouds formed in regions influenced by air traffic
showed significantly larger particle linear
depolarization ratios (PLDR) than those cirrus
clouds formed in rather pristine regions.

In spring 2020 air traffic over the European
mid-latitudes were reduced by about 80% due to the
COVID-19 pandemic. This reduction offers the
unique opportunity to study cirrus clouds in
situations that are less affected by air traffic, and
how their properties change compared to former
years. We use CALIPSO satellite lidar observations
In addition, we are looking at the occurrence
frequency of cirrus clouds with defined geometrical
thicknesses. We find a clear reduction in the OR for
thin cirrus clouds with a vertical extend of up to 1.0
km. Those shallow cirrus clouds might have a
contribution from condensation trails that form,
under favorable conditions, into persistent cirrus
clouds. However, comparing with the OR in 2016
one can see, that not only the aviation effects but
also the meteorological conditions have a large
influence on the cirrus cloud coverage.

(Winker et al., 2010) to study changes in the
cirrus cloud occurrence as well as optical properties

over the European mid-latitudes. For this study we
use a similar region as was used in the study by
Urbanek et al. (2017) where a first indication of this
indirect effect could be shown.

Results and discussion

To exclude possible influences on the ice cloud
occurrence and properties caused by different
meteorological conditions we analyzed the
meteorological data for the different considered
years to verify that 2020 was well within the year-
to-year variability. As an indication of the
meteorological situation the climate composites of
the geopotential height at 500 hPa is shown in
Figure 1 for 2020 and for a multi-year mean of
2014-2019. Although differences are found for the
year to year variability of the meteorological
conditions. Those analyses show that the conditions
for 2020 are well with in the overall variability.
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Figure 1. 500 hPa geopotential height composite over
Europe for March and April for 2020 (right) and for
2014-2019 (left). The plots are reproduced based on

NCEP/NCAR Reanalysis provided by Physical Sciences
Laboratory, NOAA, Boulder (https://psl.noaa.gov/).

Looking at the cirrus cloud occurrence for the
different years (Figure 2) we find that 2020 showed
a reduced cirrus cloud occurrence rate (OR) in the
temperature range between about -45°C and -55°C
compared to the former years. Only 2016 showed
an even lower OR due to exceptional
meteorological conditions in spring 2016 (warmer
and less humid). While the OR in the former,
reference years was about 11% to 12% in this
temperature range, the OR in 2020 was only about
8% at about -55°C and about 10% at about -45°C.
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Figure 2. Mean profiles of cirrus cloud occurrence rate
derived from CALIPSO lidar for April 2014-2020 (left)
and histograms of cirrus cloud occurrence ratios for
clouds with defined geometrical thicknesses (right).

Urbanek et al. (2018) have shown, however,
that aviation might not only influence the
occurrence rate of cirrus clouds by adding e.g.
persistent contrail cirrus to the natural cirrus cloud
cover, but they might also affect the optical and
microphysical properties by acting as ice nuclei.
Following their example, we analyze the particle
linear depolarization ratio (PLDR) of the cirrus
clouds observed over the European mid-latitudes
(Figure 3).

Altitude [km]

0.1 02 03 04 05 06 07
Depolarization ratio of cirrus, T < -38°C

Figure 3. Profiles of the median cirrus PLDR (solid
lines) and their corresponding 20th and 80th percentiles
derived from CALIPSO observations for April.

The profiles of the PLDR show a well-known
increase of the PLDR with increasing altitude
(Urbanek et al., 2018) for all considered years.
However, the median values of the PLDR for 2020
are about 0.03 smaller throughout all height ranges
compared to the former years considered in this
study. The higher values are an indication of more
heterogeneous ice formation due to enhanced
aerosol caused by aviation exhaust (Urbanek et al.,
2018), which might also have an effect of the

microphysical properties of the cirrus cloud
particles (Grof8 et al., 2020).

Challenges

The reduction of aviation due to the COVID-19
pandemic in spring 2020 offered a wunique
opportunity to study aviation effects on cirrus cloud
occurrence and cirrus cloud properties. Changes in
the frequency as well as in the intense optical
properties of the cirrus clouds over the European
mid-latitudes were found from CALIPSO lidar
observations in March and April 2020.

Changes of the occurrence rate of cirrus clouds as
well as on the intensive optical (and thus
microphysical) properties might have a large
impact on the radiative effect. However, this study
only shows a limited time period in which the
largest changes in the frequency of civil aviation
occurred. Long-term analysis is needed to
investigate how this effect depends on the general
aviation frequency, which has increased over the
last years, and if the different meteorological
conditions within one year might have an effect as
well. And finally those measurements have to be
connected to the microphysical properties which is
crucial to estimate the radiative impact of the
indirect aviation effect on cirrus clouds.
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Introduction

Recent aircraft campaigns reported high
number concentration of ultrafine particles in the
Amazon rainforest upper troposphere (UT). These
particles have diameters ranging from 20 to 90 nm
and their number concentration is 1 or 2 orders of
magnitude larger than in the atmospheric boundary
layer (ABL), as reported by Andreae et al., 2018.
These measurements suggest that biogenic volatile
organic compounds, produced by the rainforest
biosphere, are carried by clouds into the UT,
where they condense due low temperatures
forming new organic particles. These particles
grow as they are transported downwards to the
ABL, by large-scale subsidence or downdrafts,
reaching a size range where they can act as cloud
condensation nuclei. This process finally explains
how the Amazon boundary layer, where new
particle formation is rarely observed, can sustain
the particle population necessary to feed the "green
ocean" clouds. However, aircraft measurements
are only available in short-term campaigns, and
hence cannot provide systematic observations of
these UT aerosols. Continuous measurements from
the ground could fill this gap. In this work, we use
numerical simulations to evaluate whether a
tropospheric elastic lidar at 355 nm could detect
the presence of ultrafine particles in the UT. We
perform simulations of the lidar signal for different
amounts of aerosol and increasing system
efficiency.

Methods

Intrinsic optical properties of UT aerosols
were simulated using a Mie code assuming
spherical particles with refractive indexes based on
AERONET measurements in the Amazon region,
and an Aitken log-normal size distribution (Dg =
47 nm and o = 1.6). Intensive optical properties,
namely extinction and backscatter, are then
calculated for a range of different aerosol number
concentrations in the UT (Nj, 4Ny and 16N,
where Ny=1.25x10° cm™ is the median value
reported by the Andreac et al.,, 2018). For
simplicity, we assume a layer of constant

concentration from 9-15 km, as shown in Figure 1.
The elastic backscatter signal was computed for
each profile of optical properties, corresponding to
a different aerosol optical depth (AOD), by direct
application of the lidar equation and by adding
Poisson noise. The simulation was calibrated to
give a similar number of photons from aerosols in
the ABL as measured by our ground-based lidar
(Barbosa et al., 2014). The simulation was then
repeated for increasing system efficiencies. This
could be achieved by either improving the
instrument (i.e. laser power) or the acquisition (i.e.
time-averaging), as both increase the number of
detected photons and the signal-to-noise ratio
(S/N) in an undistinguishable manner.

For each simulated signal, the aerosol
extinction profile was obtained with the Klett-
Fernanld-Sasano method as implemented for
Lalinet (Barbosa et al., 2014b). The molecular
reference is chosen between 20 and 25 km. It is
important to mention that the inversion assumes
the gas profiles and lidar-ratio used for the
simulations. For each aerosol amount, we
determined how the probability of detecting the
UT aerosol layer varies with system efficiency.

Results and discussion

Even at high concentrations, the small size of
the newly formed particles in the UT makes them
hard to measure with a ground-based lidar
optimized for measurements in the lower
troposphere. Our system has a S/N of about 2-4 at
the altitudes of the UT aerosol layer, which has an
AOD of 10™. To understand how much S/N ratio
we need to detect this thin layer confidently, we
performed simulations of our lidar signal varying
the aerosol and instrument properties.

Figure 1 shows the extinction profile obtained
by the inversion algorithm (in magenta) and it’s
true value (in black) for k¥ = 1, 100 and 10,000, a
factor that multiplies the efficiency of our system.
In these simulations we used a mean lidar signal
profile of 50 min (with 100 profiles of 30 s, each
one with Poisson noise) and the number
concentration in the UT was fixed at Nyp=16N.
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We can say our system detected the aerosol layer
between 9 and 15 km if the extinction is not null,
with statistical significance. For k = 1, the noise in
the extinction profile, due to the low S/N, allows
for positive and negative values, in and out of the
aerosol layer. Moreover, the retrieved optical
depth (t =0.015) is different from its true value (t,
= 0.013). However, as the efficiency grows by a
factor of 100 and 10,000, the S/N grows by a
factor of 10 and 100. As a result, the aerosol layer
stands out (with <o>/c, ~ 10, 100 for x=100,
10,000), and the layer was clearly detected. The
retrieved optical depth is equal to the true value.
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Figure 1. Retrieved (magenta) and true (black)
extinction profiles for a system efficiency of x = 1, 100
and 10,000 as indicated, and aerosol concentration of
Nur=16Ny. The legend gives the retrieved and true
optical depths in each case.

The same analysis was made but now
considering changes in the number concentration
in the UT, for a fixed k=100. Figure 2 shows the
results for NUT=N0=1.25xlO3 cm”, the median
values reported by Andreae et a., 2018, and for
4Ny, and 16N,. This result shows that even for a
system efficiency 100 times larger than ours, the
ultrafine aerosols in the UT are still difficult to be
detected. For Nyt=N,, the noise in the extinction
profiles does not allow discarding the null
hypothesis. The retrieved optical depth is also
different from its true value. However, for larger
concentrations, the number of backscattered
photons increases, and so does the S/N. One
clearly see the aerosol layer in the middle and right
panels, and the retrieved optical depths agree with
the true values.

Our analysis reveals two important parameters
to detect ultrafine particle layers in the UT, the
system efficiency and the aerosol optical depth.
Both increases the number of photons detected by
the lidar system, increasing significantly the S/N.
Next steps are: (1) estimating the errors of the
retrieved extinction profiles; (2) applying an

objective method to determine whether the layer is
detected or not; (3) varying the AOD and system
efficiency in finer steps; and (4) including the
ABL accumulation mode aerosol. With that, we
will calculate the probability of detection as a
function of AOD and efficiency, to establish how
much we need to improve our lidar to actually
measure these UT aerosols.
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Figure 2. As figure 1, but for an aerosol concentration of
No, 4Ny and 16Ny, as indicated, and fixed system
efficiency of k=100.

Challenges

Detecting Aitken mode particles in the UT is
not an easy task, especially for a lidar instrument
optimized for detecting lower tropospheric
aerosols. Our simulation approach allows
estimating how we could improve our detection
probability. However, we still need to access how
the uncertainty in the lidar ratio and gases profiles
could limit our detection skill.

Moreover, once we have defined the necessary
increase in the system’s efficiency to allow
detecting these tiny particles, the question is what
could be changed in our lidar system to achieve
the required efficiency?
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Introduction

Saharan mineral dust particles represent a major
contributor to the global aerosol mass burden. They
are emitted into the atmosphere throughout the
whole year and can be transported far away from
their source regions. The main transportation route
of the dust particles leads westwards over the

Atlantic Ocean towards America and the Caribbean.

Transatlantic dust transportation routes are
known to vary throughout the year. During the
summer months the particles are usually
transported in elevated Saharan Air Layers (SALs;
Carlson and Prospero, 1972) in altitudes of up to 6
km. By analyzing lidar measurements in 2016 we
found that SALs over the Caribbean come along
with an enhanced amount of water vapor
(= 4 gkg'') compared to the dry free troposphere.
We could also show that not the aerosol itself, but
the water vapor is the main driver for radiative
heating. As a consequence, water vapor has the
potential to modify the atmospheric stability and
the evolution of clouds in the dust-laden trades.
This can explain why SALs are neutrally stratified
in their interior and are confined by two inversions
at the top and at the bottom. It should facilitate a
turbulent regime that helps particles to stay aloft
during their transport over the Atlantic Ocean.

Water vapor advection in wintertime dust
plumes has never been investigated. During that
time of the year dust advection is known to occur at
lower altitudes (<3.5 km) and lower latitudes. As a
consequence of the low altitudinal and latitudinal
transportation, the dust particles are often mixed
with other aerosol types, e.g. marine aerosol or
biomass burning aerosol. In this study we
investigate, if water vapor advection in dust plumes
is also evident during winter time and whether this
would have a similar radiative impact as during
summer. We also study the potential of water vapor
radiative heating for inducing mixing processes and
turbulence inside the dust plumes and for helping
the dust particles to stay aloft during transport.

Methods

To do so, airborne lidar measurements from the
combined water vapor differential absorption and
polarization-sensitive high spectral resolution lidar
instrument WALES (Water Vapor Lidar

Experiment in Space; Wirth, 2009) during the
NARVAL-Il field campaign (Next-Generation
Aircraft Remote Sensing for Validation Studies II)
in August 2016 and the EUREC*A project
(Elucidating the Role of Cloud-Circulation
Coupling in Climate) in January/February 2020 are
analyzed in detail.

During both campaigns WALES measurements
of 532 nm backscatter ratio, particle linear
depolarization ratio and lidar ratio as well as water
vapor mixing ratio were conducted aboard the high-
flying German research aircraft HALO east the
Caribbean island of Barbados. In the course of these
research flights several long-range-transported
Saharan mineral dust plumes, both in winter and
summer, were observed.

Results

Figure 1 shows a representative lidar-measurement
example of a mineral dust plume observed during
summer 2016. The elevated SAL with typical
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Figure 1. a) Exemplary measurement of an elevated
SAL during NARVAL-II (left: backscatter ratio Rssy;
right: mean profiles with standard deviation of particle
linear depolarization ratio dys3z) (solid) and water vapor
mass mixing ratio rm (dashed)). b) Vertical profiles of
radiative heating (blue: long-wave; red: short-wave,
black: net; adapted from Gutleben et al. 2020). The
dashed lines indicate the contributions of aerosol to the
heating rate profile. ¢) Power spectrum derived from
backscatter data in a) at 3.35 km altitude. The red line
indicates the -5/3 slope for reference.
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Figure 2. a) Exemplary lidar curtains of a dust plume
observed in the winter season 2020 (top: particle linear
depolarization ratio dpssz; bottom: water vapor mass
mixing ratio r,). b) Distribution of measured ry in a
space of lidar ratio (S) vs. dps3z) for measured wintertime
dust plumes. Solid rectangles mark the typical positions
of the pure aerosol regimes: marine aerosol (blue),
transported Saharan mineral dust (orange) and biomass
burning aerosol (green). Grey lines indicate the calculated
mixing lines between biomass burning aerosols with
transported Saharan dust aerosols (BB-DU) as well as
marine aerosols (MA-DU).

particle linear depolarization ratios of 30% can
clearly be detected in altitudes from 3 to 5 km. The
vertical water vapor profile indicates that the SAL
comes along with water vapor concentrations of
approximately 4 gkg'!. This has an impact on the
calculated radiative heating profile (Figure 1 (b)).
SAL-water vapor induces a net radiative cooling
with altitude, which can be associated with the
production of mixing processes inside the SAL.
When looking at the derived power spectrum of
measured lidar backscatter inside the SAL (Figure
1 (¢)), one can identify that the derived mesoscale
turbulence cascades (using the Lomb-Scargle
Algorithm (Lomb, 1976)) follow the predicted
slope for turbulence of -5/3 (Lilly, 1983). This
promotes the hypothesis that the radiative effect of
water vapor in SALs helps to maintain the turbulent
characteristics of the SAL as well as to counteract
gravitational settling of dust particles along the
transportation route. Small Richardson numbers
from dropsonde measurements (not shown) also
point towards turbulence and a well-mixed regime.
During the EUREC*A project embedded water
vapor in wintertime dust plumes could be recorded.

Already when looking at the exemplary lidar
curtain of a wintertime dust-measurement during
EUREC*A (Figure 2 (a)), one can identify regions
of slightly enhanced water vapor in altitudes from 2
to 3 km. However, no clear separation of the dust
layer from the even moister subjacent marine
boundary layer is observed. During the campaign,
mineral dust was never observed in altitudes greater
than 3 km. As a consequence, it was always mixed
with biomass burning and marine aerosol (Figure 2
(b)). The joint distribution of measured lidar ratios
and particle linear depolarization ratios follows the
mixing lines between marine aerosol, mineral dust
and biomass burning aerosol that can be calculated
from theory.

Discussion and Challenges

Similar to dust transport in the summer season, also
during the winter season water vapor was observed
to be transported within the dust plume. However,
no clear separation between the moist dust plume
and the moist marine boundary layer could be
identified.

In contrast to the radiative effect of elevated
SALs, the radiative effect of wintertime dust
plumes could lead to high reaching convection, as
the well-mixed marine boundary layer would be
topped by another well mixed dust-regime.
Additionally, the low-level winter-transport of the
aerosol particles (i.e. biomass burning aerosol and
mineral dust aerosol) may impact the evolution of
clouds, since the particles can act as cloud
condensation nuclei or ice nucleating particles.
Future studies should investigate the radiative
effect of wintertime dust plumes together with their
impact on cloud development, using for example a
combination of radiative transport models with
lidar and radar techniques.
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Introduction

In recent years, the striking wildfires in Canada
(2017), Australia (2020) and California (2020) have
given the media and scientific community an
impression that large-scale wildfires are growing in
both the intensity and occurrence. Large quantities
of wildfire emissions cause increasingly concerns
about the climatic and health-related impacts.
Wildfire smoke is a mixture of gases and aerosol
particles. Black carbon (BC) and Brown carbon
(BrC) which is composed of various organic
compounds, ex. hydrocarbon species, are two
important aerosol components in smoke. Because
of the variety of burning materials, combustion
conditions and aging process, the observed smoke
particles are ranging in different sizes, shapes,
morphologies and properties. The characterization
of smoke optical, microphysical and chemical
properties, especially aged smoke after long-
transport, is very limited and requires more
attention of the scientific community.

From July 2020, record-breaking wildfires started
in California, USA and emitted tremendous smoke
plumes over the northern hemisphere. In
September-November 2020, the smoke plumes
originated from California wildfires were detected
by lidar LILAS operated in Lille France. The most
intense plumes are observed in September. LILAS
is a multiwavelength Mie-Raman-polarization lidar
equipped with an experimental fluorescence
channel and affiliated to the ACTRIS/EARLINET
(Hu et al., 2019). During the smoke episodes,
LILAS was updated by replacing the water vapor
channel at 408 nm by a fluorescence channel
centered at 466 nm (Veselovskii et al., 2021). The
fluorescence channel provides us 2 extra
parameters: the fluorescence backscattering
coefficient 3 r and the fluorescence capacity Gr. Gr
represents the capacity of the aerosols in producing
fluorescence signals and it is linked to the
concentration of fluorophores in aerosols. The
optical parameters (20+3p+35+9, ¢: fluorescence
properties) in California smoke event help to better
characterize smoke properties and to study the
interaction of smoke and ice clouds.

Results and discussion
The lidar observations of smoke episodes during

10-18 Sep are shown in Figure 1. According to the
back trajectory, the smoke on 11 Sep 2020 was
originated from the Creek fire, which started on 04
September and that on 17 Sep was from Oregon
fire, which started on 08 September.

Figure 1. Lidar observations (range corrected lidar signal
at 1064 nm) on 10-18 Sep 2020. Layers in yellow and
green represent Californian smoke.

In Figure 2, the extinction coefficients peak at
6000 m with 200 Mm-! at 355 nm and 150 Mm! at
532 nm. The linear particle depolarization ratios
(PLDRs) increase versus height, with ~0.02 at 5500
nm and ~0.05 above 7000 m for 532 nm. The PLDR
at 1064 nm stays at about 0.01 throughout the whole
layer. The lidar ratio (LR) is about 35 sr at 355 nm
and 55-75 sr at 532 nm. The fluorescence capacity
is about 3.8x104.

Ge* 1074
2

o 4

— || =08 | | —— =l e || [— 5 3
—_ 532 — X5 I— 532
1 — 1068

IS

— G

Height(m]
g
-

IR

[}

0 0 2 00 01 G20 23 I
aiMm-l]  BMm s LR[sr] EAEIBAE PLOR &0t

Figure 2. Casel: Averaged profiles of optical parameters
at 22:00, 11 Sep--02:00, 12 Sep, 2020. The panels from
left to right represent extinction, backscatter coefficient,
LR, extinction and backscatter related Angstrom exponent
(EAE/BAE), PLDR, fr and Gg.

Observations on 17-18 Sep (Figure 3) show a
weaker spectral dependence of extinction
(EAE~0.0), lower lidar ratios (25 sr at 355 and 50
sr at 532 nm) and increased depolarization ratios at
355 and 532 nm. The depolarization ratio at 1064
nm is low and comparable in both cases. Grin Case
2 is 20-40% lower than in Case 1, but still stronger
than other typical aerosols (Veselovskii et al.,
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2021). Variations of Gr are expectable even in the
same smoke plume, because in aging process, the
oxidation, evaporation and coagulation are complex
and not geometrically homogenous through the
smoke layer. In highly diluted smoke or at the edge
of smoke, Gr could decrease due to the
enhancement of evaporation of (semi)versatile
organic compounds (Hodshire et al., 2021).
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Figure 3. Cése 2: Same plots with Figure 2 but at 22:00,
17 Sep-03:00, 18 Sep, 2020. Ice formation (possibly
through deposition freezing) observed at 8000-9000 m.
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Figure 4. The change of size distribution (left) and SSA
(right) when smoke from Oregon fire arrived at site PNNL
on 11 Sep 2020. Results for other sites are not shown.

AERONET observations (and retrievals) near the
fire places reveal similar features: when Oregon
smoke coming after Creek smoke in a site, AE and
LR decreases, PLDR increases and single scattering
albedo (SSA) becomes dust-like. For example,
Oregon smoke of 1-3 days old reached site PNNL
(Figure 4) on 11 September at about 21:00 UTC, the
mean radius of fine mode shifts to bigger sizes and

the SSA increases, especially at longer wavelengths.

CALIPSO observations also show that smoke
plumes from Oregon fire and Creek fire with
similar age have different PLDRs, giving 0.02-0.05
for Creek smoke and 0.10-0.15 for Oregon smoke
at 532 nm, which are close to the observations
LILAS. Such characteristics indicated aerosols
from Oregon might be bigger in size and contain
more BrC components compared to Creek smoke
after 1-3 days aging, which could be resulted from

the combustion process or aging in the first 1-3 days.

Figure 3 shows the presence of ice crystals at in
smoke layer, which is likely a demonstration of ice
nucleating (IN) upon smoke particles. The profiles
of Brand PLDR confirm the simultaneous existence
of smoke and ice crystals. The impacts of burning
materials, conditions and aging process on the
propensity of IN and how they impact the IN

regimes are not yet well revealed. Studies reported
that aging process could increase the abilities of
smoke in IN. Apart from the growth of particle size,
oxidation of soot and OC components, the
amorphous morphology of organic matter, recent
study claim that the uncovering of minerals
preexisting in the biomass during aging could also
facilitate IN (Knopf et al., 2018, Jahl et al., 2021).

Challenges

The physical and chemical processes in smoke
aging, especially during long transport, are not
adequately understood and characterized, as well as
their impacts on light scattering behaviors and IN
abilities. Such work requires more observations and
laboratory simulations with extended datasets.

Conclusions

In this study, we reported the optical characteristics
204+3B+38+¢ and their variations in transported
California smoke based on Mie-Raman-
polarization-fluorescence lidar data in LOA. The
results reveal that the wvariations of smoke
properties, such as size, PLDRs, fluorescence
capacity and IN abilities, are strongly correlated to
the combustion and aging process. Additionally,
the fluorescence channel in lidar brings new
information for aerosol characterization,
classification and cloud study. A new lidar (LIFE:
Laser Induced Fluorescence Explorer) dedicated to
fluorescence measurements, will be built and
operated at LOA in the near future, in the frame of
OBS4CLIM project and will be companion of
LILAS for enhancing aerosol characterization in
various situation.

Acknowledgements

We thank Labex CaPPA, SNO PHOTONS (ACTRIS-
FRANCE), ESA/IDEAS+ and GPI RAS (Russia) for their
support.

References

Hu et al.: Long-range-transported Canadian smoke
plumes in the lower stratosphere over northern France,
Atmos. Chem. Phys., 19, 1173-1193, 2019.

Veselovskii et al.: Mie—Raman—fluorescence lidar
observations of aerosols during pollen season in the north
of France. Atmospheric Measurement Techniques, 14(7),
4773-4786, 2021.

Hodshire et al.: Dilution impacts on smoke aging:
evidence in Biomass Burning Observation Project (BBOP)
data. Atmos. Chem. Phys, 21(9), 6839-6855, 2021.

Jahl et al.: Atmospheric aging enhances the ice nucleation
ability of biomass-burning aerosol. Science Advances,
7(9), eabd3440, 2021.

Knopf et al.: The role of organic aerosol in atmospheric
ice nucleation: a review. ACS Earth and Space Chemistry,
2(3), 168-202, 2018.



ELC
2021

COLOR: CDOM-proxy retrieval from aeOLus ObseRvations

D. Dionisit, S. Bucci?, C. Cesarinit, S. Colellat, D. D’Alimonte?, L. Di Ciolo?, P. Di Girolamo*, M. Di Paolantonio?, N.
Franco*, G. Gostinicchi?, T. Kajiyama®, G. L. Liberti, E. Organelli, R. Santoleri*
davide.dionisi@cnr.it
(1) Institute of Marine Sciences, Italian National Research Council,Rome, Italy
(2) Serco ltalia S.p.A., Frascati, Italy
(3) AEQUORA, Lishon, Portugal
(4) School of Engineering, University of Basilicata, Potenza, Italy

Introduction

The ESA Earth Explorer Wind Mission ADM-
Aeolus (Atmospheric Dynamics Mission, ESA,
2008), successfully launched on 22 August 2018,
has the aim to provide global observations of wind
profiles, demonstrating the impact of wind profile
data on operational weather forecasting and on
climate research. Within the Aeolus+ Innovation
program, ESA has launched an Invitation To
Tender (ITT, ESA AO/1-9544/20/I/NS) to carry out
studies aimed at exploring, developing and
validating innovative products and applications and
exploiting the novel nature of Aeolus data.

Although Aeolus’s mission primary objectives
and subsequent instrumental and sampling
characteristics are not ideal for monitoring ocean
sub-surface properties, the unprecedented type of
measurements from this mission are expected to
contain important and original information in terms
of optical properties of the sensed ocean volume.
Being the first HSRL (High Spectral Resolution
Lidar) launched in space, ALADIN (Atmospheric
LAser Doppler Instrument) of ADM-Aeolus gives
an unprecedented new opportunity to investigate
the information content of the 355 nm signal
backscattered by the ocean  sub-surface
components.

Based on the above considerations, COLOR
(CDOM-proxy retrieval from aeOLus
ObseRvations), a selected Aeolus+ Innovation ITT
project, aims to evaluate and document the
feasibility of deriving an in-water AEOLUS
prototype product from the analysis of the ocean
sub-surface backscattered component of the 355 nm
signal acquired by the ALADIN. An overview of
the project and some preliminary results are
presented.

Proposed approach

COLOR project, which started on the 10th of
March 2021, focuses on the AEOLUS potential
retrieval of the ocean optical properties at 355 nm:
diffuse attenuation coefficient for downwelling
irradiance, Kq [m-1], and sub-surface hemispheric
particulate backscatter coefficient, by, [m-1]. In
particular, being dominated by the absorption due

to CDOM (Chromophoric Dissolved Organic
Matter), Kq coefficient at 355 nm, Kq(355), can be
used as a proxy to describe spatial and temporal
variability of this variable, which contributes to
regulating the Earth’s climate.

To reach COLOR objectives, the work is
organized in three phases: Consolidation of the
scientific requirements; Implementation and
assessment of AEOLUS COLOR prototype
product; Scientific roadmap.

The core activity of the project is the
characterization of the signal from the AEOLUS
ground bin (Argd). In principle, the ground bin
backscattered radiation signal is generated by the
interaction of the emitted laser pulse radiation with
two media (atmosphere and ocean, Bgd am and
Bgrd wat, respectively) and their interface (Bgd surf,
see Figure 1).
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Figure 1. Schematic geometry description of the
AEOLUS ground bin.

To evaluate the feasibility of an AEOLUS in-
water product, COLOR proposes to develop a
retrieval algorithm that is structured in three
independent and consecutive phases:

1) Pre-processing analysis: aimed to identify
suitable measurements to be inverted;

2) Estimation of the in-water ground bin signal
contribution: aimed to remove contributions to
the measured signal from variables other that
the in-water ones;

3) Retrieval of in-water ground bin optical
properties: aimed to estimate the targeted in-
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water optical properties.

Two parallel and strongly interacting activities
are associated with each step of these phases:

a) Radiative transfer numerical modelling. This
tool will be essential to simulate the relevant
radiative processes expected to be responsible
for the generation of AEOLUS surface bin
signal.

b) AEOLUS data analysis. The objective of this
activity will be to verify the information
content of the AEOLUS ground bin signals
and the assumptions for data product retrieval.

The potential AEOLUS in-water product will be
then validated through the comparison of statistical
properties obtained by analyzing the whole set of
data from AEOLUS (at least one year of processed
measurements) and the selected reference datasets:
Biogeochemical-Argo  floats,  oceanographic
cruises and ocean-colour satellites.

The preliminary results about the above-mentioned
activities will be here presented. In particular, the
sea-surface backscattering and the in-water
contribution of the AEOLUS ground bin have been
estimated  through  numerical = modeling.
Furthermore, the preliminary experimental data
analysis suggests that the observed excess of signal
in the AEOLUS ground bin could be related to the
signal coming from the marine layers. Further
analyses are planned in the second phase of these
activities to disentangle atmospheric and oceanic
signal contribution in the AEOLUS ground bin.

Challenges

Recently, new applications using CALIOP
(Cloud-Aerosol Lidar with Orthogonal
Polarization) instrument on-board CALIPSO

(Cloud-Aerosol Lidar and Infrared Pathfinder
Satellite Observation) demonstrated that satellite-
borne lidar can give valuable information about
ocean optical properties (Behrenfeld et al., 2019;
Dionisi et al., 2020). Similarly, the potential
application of AEOLUS observations to ocean
color studies could bring benefits to the
oceanographic community. In principle, through
these observations, it will be possible to study the
diurnal variability of CDOM light absorption
properties, the knowledge of which is up to now
very scarce. However, this capability is limited
partly by the spatio-temporal sampling of AEOLUS
and by the actual accuracy of the AEOLUS
products, which, in turn, depends on the signal-to-
noise ratio that is a function of the solar illumination
conditions.

A future challenge is the definition of improved
instrumental requirements for satellite missions
designed to optimally provide information both on
relevant atmospheric and oceanic variables. Within
this frame, a strong interaction between ocean color
and lidar communities needs to be developed.
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Introduction

The non-spherical shape of mineral dust particles
challenges a correct representation in scattering
models. By extending the observation space
towards the near infrared (NIR) in terms of
depolarization and extinction measurements, a
better characterization of the coarse-mode
dominated dust layers will be possible. The
measurements of the depolarization ratio at 1064
nm showed already, that this wavelength is
sensitive to the size of the dust particles (e.g.,
Haarig et al., 2017). In contrast, non-spherical
stratospheric smoke particles, which are fine-mode
dominated show a completely different spectral
slope of the particle linear depolarization ratio
(Haarig et al., 2018, Hu et al., 2019). To obtain even
more information about the mineral dust particles,
we present the first measurements of lidar ratio at
1064 nm to cover the wavelength range from UV
till NIR. The lidar ratio conveys information about
the absorption linked to mineralogy and the size of
the dust particles. The rotational Raman technique
applied to 1064 nm allows us to measure directly
the extinction as demonstrated already in Haarig et
al., 2016.

From our 3+3+3 measurements (3 backscatter, 3
extinction coefficients, 3 depolarization ratios) of
Saharan dust, we present one case study and
compare the results to the AERONET v3 inversions
(Sinyuk et al., 2020), which deliver lidar ratios and
particle linear depolarization ratios at 440, 675, 870
and 1020 nm.

Results and discussion

On 22 February 2021, an enormous Saharan dust
outbreak reached central Europe. The dust layer
extended from the ground up to 8 km height above
Leipzig, Germany. The fast transport (< 36 hours)
prevented mixing-in of pollution aerosol and led to
rather pure dust conditions.

Two lidar systems were operated: BERTHA
(Backscatter, Extinction, lidar-Ratio, Temperature,
Humidity profiling Apparatus, Haarig et al., 2017)
and the Polly*T Arielle (Engelmann et al., 2016).
BERTHA provided the measurements at 532 and
1064 nm and Arielle at 355 nm, because the
BERTHA’ s signal at 355 nm was very weak that
night. The depolarization ratio at 1064 nm was
measured during the first 20 minutes, then the setup
was changed to extinction measurement at 1064 nm

during the next 2h15min. The time-height plot of
the measurements is shown in Fig. 1, where the
strong dust layer is clearly visible. The intensive
optical properties of the main dust layer are
summarized in Table 1.

0532nm-FF-CR elog of RC Signal on 20210222
22:12-01:02 UTCRes.: 7.50m- 30

Height a.g., km

22:12 22:46 2320 23:54 00:28 01:02
Time, UTC
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ACGHH RO
1500 16 2n 17 R0 1920 2N &0 27 00

Figure 1. 22 February 2021, 22:12 — 01:02 UTC: Time-
height plot of the range-corrected cross-polarized signal
at 532 nm. The dust layer up to 8 km height is clearly
visible.

The spectral slope of the particle linear
depolarization ratio shows a typical behaviour for
dust with a maximum at 532 nm and a decrease
towards the UV and the NIR (see Haarig et al.,
2017, Burton et al., 2015).

The spectral slope of the lidar ratio shows very
similar values at 355 and 532 nm and an increase
towards the 1064 nm. The lidar ratio at 1064 nm
was measured for the first time for Saharan dust and
was found to around 26% higher than at 532 nm.

Table 1. Optical properties of the strongest layer
(3 — 4 km height) at all three wavelengths.

Wvl. (nm) S (sr) 0 (%)

355 47 38 256 £2.5
532 50 %5 298 +1.7
1064 63 +13 214 £2.5

The intensive optical properties could be compared
to AERONET v3 inversions performed in the same
dust layer on the next morning. The results are
shown in Fig. 2 and 3.

AERONET v3 inversions are available at 440, 675.
870 and 1020 nm. The increase of the lidar ratio
from the VIS towards the NIR is well covered by
the AERONET inversions (Fig. 2). Towards the
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UV AERONET tends to overestimate the lidar
ratio. However, AERONET measures columnar
values including the polluted boundary layer and
not just the pure dust layer.

100 T T T . .
Lidar
-@- Leipzig 2021-02-22

(22:45 - 01:02 UTC)

80 | Aeronet A o
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Figure 2. The spectral slope of the lidar ratio of the
Saharan dust layer observed on 22 February 2021
compared to AERONET sun photometer retrievals of the
lidar ratio on 23 February 2021 (5 scans at indicated
times).

The spectral slope of the particle linear
depolarization ratio (Fig. 3) could not be
reproduced with AERONET inversions, which
show a monotonic increase with wavelength. The
maximum in the range around 532 nm is missing in
the AERONET results and the depolarization ratio
at 1064 nm is overestimated.
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Figure 3. The spectral slope of the particle linear
depolarization ratio of the Saharan dust layer observed
on 22 February 2021 compared to AERONET sun
photometer retrievals of the particle linear depolarization
ratio on 23 February 2021 (5 scans at indicated times).

Conclusion

We present the first measurements of the lidar
ratio at 1064 nm for dust particles and provide the
complete 3+3+3 data set for a selected pure Saharan
dust event.

The comparison to AERONET v3 inversion
results show an acceptable agreement for the lidar
ratio in the VIS — NIR wavelength range. The
spectral slope of the particle linear depolarization
ratio could not be reproduced by AERONET
inversions. A similar result has been found by Shin
et al., 2018 comparing lidar and sun photometer
observations. In case of non-spherical dust
particles, it is probably not advised to use the
spheroidal  particle shape implemented in
AERONET inversions (Dubovik et al., 2006) for
the retrieval of the linear depolarization ratio. A
more complicated particle shape model would be
needed to calculate the depolarization ratio at 180°
backscatter direction.

We are on the way to perform more observations
of the lidar ratio and depolarization ratio at all three
wavelengths in Saharan dust layers.
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Introduction

Pollen is an essential part of plant reproduction as
they store and transport genetic information of the
plant. Because of the immobility of plants, pollen
grains need to be transferred by other means for
example wind or animals. Most grasses (Poaceae),
conifers and around 10-20 % of flowering plants are
wind-pollinated (Ackerman, 2000). Typical sizes of
such pollen grains range from 20-60 um (Shukla et
al., 1998), but also large pollen grains like pine
(Pinus) or spruce (Picea) pollen with diameters
around 100 pm are transported by wind. Pollen has
various effects on climate and human health.

Pollen can be lifted up to several kilometers by
turbulent mixing within the boundary layer
(Mandrioli et al., 1984) and can be transported by
wind over thousands of kilometers (e.g. Rousseau
et al., 2008). While dispersed in the atmosphere,
they can also promote the formation of clouds by
acting as ice nucleating particle (e.g. von Blohn et
al., 2005). Furthermore, pollen grains can rupture
and lead to a high number of smaller particles,
which are efficient cloud condensation nuclei
(Steiner et al., 2015). An enhanced number of ice
and cloud condensation nuclei can furthermore
increase the cloud albedo and cloud lifetime and
reduce precipitation.

It is of high importance to study the pollen
distribution and transport mechanisms in the
atmosphere. To further improve pollen transport
and forecast models, validation measurements are
needed. Previously, we have shown that in the
absence of other non-spherical particles, lidar
measurements and especially the particle
depolarization ratio (PDR) can be used to
investigate pollen grains in the atmosphere
(Bohlmann et al., 2019). We have estimated the
PDR at 532 nm for pure birch (Betula) and pine
pollen under certain assumptions as 0.24 +0.01 and
0.36 £ 0.01, respectively (Shang et al., 2020).

In this study, we operated a multiwavelength
Raman lidar PollyXT (Engelmann et al., 2016) with
four newly added near-range channels and

depolarization measurements at two wavelenghts
(355 and 532 nm). To further improve the
investigation of pollen depolarization properties,
we assessed the depolarization measurements of a
co-located Halo Doppler lidar, which provides
information at 1565 nm (Vakkari et al., 2021). The
measurement of the depolarization ratio at multiple
wavelengths allows us to investigate its wavelength
dependence. This could enable the distinction of
pollen from other depolarizing aerosols, as the
depolarization ratio at single wavelengths can be
similar for different aerosol types.

Results and discussion

During the pollen campaign in 2019 at the
EARLINET station in Vehmasmaiki (Kuopio),
Finland, we were able to expand the dataset of birch
and spruce pollen observations with improved lidar
measurements down to around 350 m. Very high
depolarization ratios were detected during a 4-day
period (16-20 May 2019) of birch and spruce pollen
with an increasing amount of spruce pollen towards
the end (Figure 1).

In-situ aerosol measurements and
meteorological data have been considered to
characterize the aerosol load and the air masses at
the site. Ruptured pollen could affect the observed
depolarization ratio as the smaller fragments of
ruptured pollen are highly non-spherical. We
detected a slightly higher number of particles in the
diameter range from 3-10 um on the day with high
depolarization, which could be partly caused by
pollen fragments. However, more research on the
impact of pollen fragments is needed and the
amount of pollen fragments should be recorded in
future studies. Also the possible impact of the
pollen surface structure on the measured
depolarization ratios needs to be investigated, as the
rough type-specific surface of certain pollen types
can cause higher depolarization ratios.

The investigation of lidar-retrieved optical
properties in detected pollen layers revealed a
wavelength dependence of the depolarization ratio
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especially in the presence of spruce pollen. On a
day with a spruce pollen share of the total pollen
number concentration of about 22%, high PDR
values 0f 0.46 £0.26 and 0.30 + 0.09 were detected
at 532 and 1565 nm, respectively, in pollen layers
down to around 350 m. The PDR at 355 nm could
only be detected down to 900 m. In those layers,
mean PDR values were 0.10 £0.02, 0.38 £0.23 and
0.29 + 0.10 at 355, 532 and 1565 nm, respectively.
The wavelength dependency could be explained
with the higher sensitivity of the longer lidar
wavelengths to big pollen particles (~ 100 um) and
characteristic surface pattern of those pollen. This
wavelength dependence could be characteristic for
large, non-spherical spruce pollen. Furthermore,
negative backscatter-related Angstrdm exponents
have been detected when the spruce pollen share
was high. Negative Angstrom exponents have
previously been detected for dust but could also be
a characteristic feature of spruce pollen. A novel
method introduced by Shang et al. (2020) was
applied to the measurement data and pollen
depolarization ratio values of 0.44 at 532 nm and
0.16 at 355 nm were determined for the birch-
spruce pollen mixture. Furthermore, a limitation of
the Angstrdm exponent at the lidar wavelengths
355/532 nm for the characterization of very large
pollen particles like spruce was found.

Height fiem|

=4
5
5
E]

%‘z‘ 3
5
2 --Ill"l -II-IIIII||||I|--nuu|hllll.ll|||l|.|\

N 1

7.00 0.00 12:00 00:00 12.00 00.0¢ 17.00 9000
131S 160319 1708A9 170515 180S0 140879 180919 15018 200819
Date [UTC]

Figure 1. Overview of the 16-20 May 2019 period. Pollen
concentration detect by Hirst-type spore trap at 4 m height
(a), range-corrected signal at 1064 nm (b), linear volume
depolarization ratio at 355 (c¢) and 532 nm (d) by PollyXT
Raman polarization lidar, Halo Doppler lidar
depolarization ratio at 1565 nm (e) and automatic layer
detection (f).

To determine values and characteristics of pure
pollen, more cases with high concentrations of only
one pollen type are necessary. Nevertheless, our
study shows the spectral dependence of the

depolarization ratio for pollen, especially spruce, in
the atmosphere.

Challenges

Optical properties of pure pollen types in
atmospheric conditions are needed. The share
ruptured pollen and their effect on optical properties
need to be explored.
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Introduction

The permanent PollyXT lidar system started the
continuous operation on 27" of October 2020, at
Limassol, Cyprus. The lidar system will become a
key component within the EXCELSIOR H2020 EU
Teaming project. The mission of the EXCELSIOR
project is to upgrade the Remote Sensing & Geo-
Environment Lab, established within the Faculty of
Engineering & Technology of the Cyprus
University of Technology, into a sustainable, viable
and autonomous Centre of Excellence, called the
ERATOSTHENES Center of Excellence (ECoE).
The  PollyXT-CYP is hosted by the
ERATOSTHENES CoE aiming to link the Centre
to ACTRIS and PollyNet. Its task will document the
complex mixture of the different aerosol species
and clouds over the Eastern Mediterranean. The
system is continuously running and since the first
observations in Limassol, PollyXT-CYP (fig. 1)
demostrates the complex aerosol conditions over
Cyprus.

The PollyXT-CYP will be a key research
infrastructure of the Cyprus Atmospheric Remote
Sensing Observatory (CARO). CARO will consist
of two high-tech containers housing the PollyXT-
CYP lidar and state-of-the art doppler lidar, cloud
radar and radiometric equipment which will be used
to measure the air quality, the dust transport, and
the cloud properties over Cyprus. The CARO is
planned to become National Facility of the
Republic of Cyprus for Aerosol and Cloud Remote
Sensing Observations participating to the ACTRIS
Aerosol and Cloud Remote Sensing Platforms.

In this study we present selected cases of the
unique atmospheric structure from the first months
of continuous operation over Cyprus as well as
optical and geometrical properties of the aerosol
layers.

Figure 1. PollyXT-CYP, Limassol, Cyprus

Results and discussion

Through the analysis of PollyXT-CYP data
since October 2020 we have selected three case
studies.

Between the 27" of October to the 1% of
November 2020, the lidar observed smoke plumes
from the extreme wildfires on the west coast of the
U.S. The smoke travelled over the Atlantic Ocean
and triggered the heterogenous ice formation at the
height of 10km. Saharan dust was also detected
between 2-5km and liquid clouds were formed on
the top of the dust layer.

On 13% of March 2021 the Etna volcanic ash
layer detected between 6 and 7km, with the
characteristic value of mean lidar ratio at 71+ 17sr
and 65+ 19 sr at 355 and 532nm respectively. The
532 nm layer-integrated particulate depolarization
ratios observed for the Etna layer (PDLR=
0.24 +0.02) were much larger than those found for
the volcanic aerosol layers produced by other
eruptions (Prata et al., 2017).

On 9% of March 2021 an extreme Saharan dust
event influenced the atmosphere of Limassol up to
Skm (fig. 2). A well-structured dust layer from 2.5
to 4km depicts the typical values of optical
properties for the Saharan dust observed in Cyprus
(Nisantzi et al., 2015). The LR values for 355 and
532 nm are 59+2sr and 50+2sr and the PDLR and
the PDLR are 0.30£0.01 and 0.26+0.01
respectively (fig. 3).
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Figure 3. Vertical profiles of aerosol optical properties

Figure 2. Smoke, Volcanic ash and Saharan dust layers for California fires (upper panel), Etna volcano ash
observed over Polly-NET station of Limassol on 1% (middle panel) and Sahara dust desert (lower panel),

November 2020. 13" March 2021 and 9™ March 2021 Limassol, Cyprus, (a) Backscatter coefficient at 532 nm,
respectively. Ti’me-height cross section of the range- (b) Extinction coefficient, (c) Lidar ratio, (d) Angstrom

corrected 1064 nm backscatter signals (log-scale, a.u.) exponent (e) Particle Depolarization Ratio, the frames
are shown. identify the aerosol layers
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Introduction

During the first quarter of 2020, the coronavirus
disease (COVID-19) spread around the world. The
intense respiratory syndrome outbreak severely
impacted a number of European countries, leading
to fully imposed restrictions of the population
movements and strict stay-at-home mandates,
starting from March 2020 till end of May 2020.
The question about possible changes of the aerosol
components during the lockdown period arose,
leading to coordinated network activities i.e., an
intensive observation campaign during May 2020
(1 - 31 May 2020) organized within the European
Aerosol Research Lidar Network (EARLINET),
part of the ACTRIS (Aerosols, Clouds and Trace
gases Research Infrastructure). The initiative was
to study the aerosol type changes in the atmosphere
during the COVID-19 lockdown
(https://www.earlinet.org/index.php?id=covid-19).
In a community effort, coordinated by CARS and
ARES, demonstrated the near-real time capability
of the EARLINET-ACTRIS contribution,
providing comprehensive information on the
atmospheric structure, its dynamics, and its optical
properties. The scope of this campaign was
primarily to monitor the atmosphere’s structure
during the lockdown and early relaxation period
within European countries and secondly to identify
possible changes due to decreased emissions, by
comparison with the existing aerosol climatology.
The aim of the current work is part of an extended
study related to the potential changes of the aerosol
load over Europe, due to the COVID-19 lockdown
and relaxation period, relative to a reference period
(2015-2019).

Methodology — Results from the near-real time
campaign in May 2020

The 21 participating EARLINET stations
performed measurements at least twice per day
(minimum two hours at noon, and minimum two
hours after sunset) from 1st of May till 31 of May.
These stations are located in regions where a
complete or a partial lockdown was imposed.

Out of the 1302 scheduled observations, 693 were
performed (53%). In 27% of the cases,
measurements could not be performed due to
meteorological conditions (rain/very low clouds).
Access to the laboratory and lack of personnel
made the measurements impossible in 12% of the
cases, whilst only 8% of the measurements could
not be performed due to technical issues, or
instrument setting and check-ups.

All measurements were processed in a centralized
way using the Single Calculus Chain [1], with
specific configurations and settings, and were
made publicly available in the near-real time
(NRT). After the closure of the campaign, a re-
analysis was made in order to improve the quality
of the final products (Level 2), taking into
consideration the results of the quality assurance
tests and the model reanalysis. The re-analyzed
data are  publicly available on  the
EARLINET/ACTRIS database
(https://www.earlinet.org/index.php?id=125).

In this paper, the goal is the identification of the
predominant aerosol type during the COVID-19
lockdown and relaxation period, from the
combination of the mean-intensive optical
parameters within an identified layer in the
measured aerosol backscatter (), extinction
coefficient profiles (a) and linear particle
depolarization ratio (§). The nighttime 3b+2a+1s
were selected to be analyzed and processed with
the Neural Network Aerosol Typing Algorithm
Based on Lidar Data automatic algorithm -
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NATALI [2]. The predominant aerosol type for
each detected aerosol layer (in total 223 layers)
from the set of multispectral lidar information
(e.g., Angstrém exponent, color ratios, color
indexes, and lidar ratios) was derived. For
statistical representativeness of the aerosol content
in the lower troposphere over the European
continent, the investigation was done at
geographical cluster level. Five clusters were
identified: (i) Western Mediterranean (WM), (ii)
Eastern Mediterranean (EM), (iii) Central Europe
(CE), (iv) Eastern Europe (EE) and (v) Northern
Europe (NE). Figure 2 shows the pie charts with
the predominant aerosol types percentages for each
geographical cluster for the period May 2020 for
the low troposphere (up to 3 km altitude) (Fig. 1a)
and for the upper troposphere (from 3 km up to 7
km) (Fig. 1b) from the NRT campaign results.

Dust B Continenta _patuted Bl smoke Il Continental Bl Marine/Cloud_Contaminazod Il Uninown

(a)

Dt Continertal Polluted Ml Smoke Ml Contnental Bl Marinc/Cloud_Contamina ced Il Uninawn

Figure 2. Pie charts with the predominant aerosol types

percentages for each geographical cluster for the period

May 2020 for the low troposphere (a) and for the upper
troposphere (b).

Generally, WM and CE show a prevalence of clean
continental aerosols below 3km. Clean continental
percentages are also significant for EE and EM.
Biomass burning percentages are significant above
3km for most of the geographical clusters.
Marine/Cloud Contaminated percentages above
3km are expected to be lower after finalizing the
dataset. Note that pollen and dust particles were
not separated and are indicated in the same
category.

Conclusions — Challenges

The EARLINET community demonstrated it’s
near-real time capability and the coordinated
activity during the COVID-19 lockdown and
relaxation period, providing a comprehensive
information on the atmospheric structure. This
work is the following work of a statistical paper
focused on optical and intensive properties for
EARLINET products (climatology vs May 2020).
The finalized dataset (Level 2) and the layering
properties from the above analysis, will be used for
the aerosol typing and characterization in this
work. Comparison on the predominant types
within the period May 2020 with (i) the aerosol
types derived the period January - May 2020 and
(ii) the aerosol types derived the reference period
between 2015 and 2019 (avoiding the inclusion of
potential trends in the pollution content on the long
term) is planned, with different typing schemes
developed within EARLINET [2-3].

Since the restrictive measures were imposed at
different time periods within Europe, the effect of
the lock-down (if any) has manifested at different
times in the different regions. For example, in
Eastern Mediterranean lower values of the aerosol
backscatter coefficient at 532 nm were observed
starting in February, while in Central and Eastern
Europe such decrease started in March. The
amplitude is also different in various regions, being
related to the intensity of the activity that was
affected by the lockdown. Thus, the interpretation
of the overall aerosol scene should be made in
correlation with meteorological conditions, past
observations and models.
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Introduction

In this paper we present case studies regarding
desert dust intrusions over Central and Eastern
Europe in spring of 2021, observed using a multi-
wavelength Raman and depolarization LIDAR
system operated in Cluj-Napoca, Romania
(Stefanie et al, 2019). This type of system meets
the requirements of the European Aerosol
Research Lidar Network — EARLINET and is
suitable to provide reliable data on optical
parameters for aerosol characterization. These
findings were supported by Cloud-Aerosol LIDAR
Infrared  Pathfinder  Satellite  Observations
(CALIPSO) aerosol products.

While mineral aerosols are the second largest
source of aerosol and are the subject of long range
transport, their observations are of utmost
importance for improving the understanding of
climate, weather, particle transport and air quality.
Other studies focusing on dust intrusions over the
territory of Romania have been published in the
past years (Cazacu et al., 2016) however these
studies were limited to southern and eastern part of
the country. Recent studies such as (Ajtai et al.,
2020) suggest a cyclical pattern of Saharan dust
intrusions in the first quarter of the year. The first
episode presented in this study was observed
earlier than the previous years, as early as
February. The second episode of dust intrusion
was observed in early April.

Instruments and method

We analyzed data measured in Cluj-Napoca,
Romania using a series of ground based remote
sensing instruments like multi-wavelength Raman
depolarization lidar, part of the EARLINET and a
sun-photometer, part of the Aerosol Robotic
Network (AERONET). Currently, the two
networks are part of the Aerosols, Clouds, and
Trace gases Research InfraStructure (ACTRIS).

The Cluj-Napoca ACTRIS station is
considered  representative  for the  whole
Transylvanian territory and also for the Pannonia
basin given the limited coverage of AERONET
and EARLINET in Hungary, Austria and south-
western Ukraine. Ground-based observations from
research sites located in Slovakia and Poland were
also used to determine and better characterize the

optical and microphysical properties of the same
Saharan dust outbreak. Besides the ground based
instruments, remote sensing data from Moderate
Resolution Imaging Spectroradiometer (MODIS)
sensors on Terra and Aqua satellites were used in
this analysis. CALIPSO aerosol data was used for
feature detection and layer height estimations
while also aiding in aerosol typing.

In order to estimate the source of the long-
range transported aerosol we used the Hybrid
Single-Particle Lagrangian Integrated Trajectory
(HYSPLIT) and Barcelona Supercomputing
Center (BSC DREAM) models.

Results

Preliminary results processed using Single
Calculus Chain (SCC) (D'Amico et al., 2015)
indicate the presence of dust particles in the upper
troposphere (between 5500 — 8000 m) as seen in
Figure 1.

EARLINET clj 2021-02-23 532.0nm

sa00 {1}

3000
2000
1000

0.0 05 10 15 20 25 30
—— 14:36  Backscatter coefficient [sr1m-1] 1e-6

Altitude a.s.l. [m]

EARLINET clj 2021-02-23 532.0nm

8000

7000

6000

5000

4000

Altitude a.s.1. [m]

2000

1000

o 1 2 3 4 5 & 7
— 14:36 Velume linear depolarization ratio le-2

Figure 1. Backscatter coefficient and volume
depolarization ratio at 532nm from Cluj Napoca lidar
system (CLOP) on February 23™, 2021, processed using
Single Calculus Chain (SCC)

This dust layer was detected at higher altitudes
in comparison with the CALIPSO observations
due to different sampling time intervals and slight
collocation mismatch, as suggested in figure 2.
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Calipso profile, 11:20 24.02.2021,
65 km from Clui-Napoca
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Figure 2. Backscatter coefficient at 532nm from
CALIPSO on February 24", 2021, at 65 km from Cluj-
Napoca

The HYSPLIT modelled data is in good
agreement with the MODIS observations,
displaying the dust intrusion, with saharan desert
origin, in a recognizable trajectory circulating over
the Eastern parts of Europe, as shown in Figure 3.

The results, based on the synergy of multiple
ground-based and satellite sensors, confirmed the
presence of a Saharan dust intrusion over the
mentioned area.
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Figure 3. HYSPLIT backwards trajectories model
depicting the possible origin of dust particles in the upper
atmospheric layers
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Introduction

Atmospheric aerosols and water vapor are
important components of the Earth's atmosphere
and can affect Earth’s energy balance by means of
direct, semi-direct, and indirect effects. Some of
these effects are a consequence of the increase in
aerosol size by the water uptake, hence, modifying
also their optical properties (Héanel, 1976)
(Granados-Muioz et al.,, 2015). This growth

process is called hygroscopic growth (Hénel, 1976).

The enhancement factor is an aerosol response
to the hygroscopic growth (Carrico et al., 2013). In
this study, it is calculated for the particle
backscatter coefficient, Baer, retrieved with a multi-
wavelength lidar system in a coastal, humid area
(Barcelona, Spain), and so-called particle
backscatter coefficient enhancement factor, fg, and
calculated by the following equation:

fp (RH) = B(RH)/ B(RHmin) &)
where [ increases from a reference relative
humidity, RHmin, to RH in the analyzed layer.

To identify the hygroscopic growth cases, the
first criterion of our methodology was analyzing a
simultaneous increase between the profiles of f
derived from lidar together with profiles of relative
humidity from radiosoundings. These profiles were
treated as potential cases of hygroscopic growth.
After that, a series of conditions were applied on the
profiles such as monotonicity of the profiles,
potential temperature (+ 2° K), wind speed (£ 2
m/s), wind direction (15 deg.), water vapor mixing
ratio (£ 1 g/kg) that are indicative of a well-mixed
condition inside the layer. Such criteria have been
applied by other authors (Granados-Mufioz et al.,
2015; Navas-Guzman et al.,, 2019). Back
trajectories are also used to check whether the
aerosols are of the same type, that means, the base
and top of the layers have the same origin.
Subsequently, the potential cases were selected as
hygroscopic growth at three wavelengths (355, 532,
and 1064 nm).

The database consists of measurements made
between 2010 and 2018 with the Barcelona

European Aerosol Lidar Network (EARLINET)
lidar. Then, the Hénel parametrization (Hénel,
1976) was chosen and applied to obtain the
indicator of the hygroscopicity, y. The particle
backscatter enhancement factor chosen here as fp
(RH = 85%) to compare with other studies, forcing
all cases to RHrer=40%, i.e., fp (RH =40%) =1 in
order to homogenize the relationship for all cases.
f5 (RHier) = fp (RHumin)((1-RHmin/100)/(1- RH,e/100))Y

()
Note that the term on the right-hand side
multiplying fp (RHwmin) allows to convert fp (RHmin)
into fp (RHrep).

Results and discussion

Figure 1 shows the resulting spectral Hanel fits and
enhancement factors at 355, 532, and 1064 nm.
They are those scaled in order to start at RH,.=40%.
In all those plots the Hénel fits are calculated
considering all points. The spectral values of fp
(RH = 85%) and y are summed up in Tab. 1 which
also includes the correlation coefficient of the
Hinel fit. The particle backscatter coefficient
enhancement factor has a clear spectral behavior, fp
(RH = 85%) (y) is 3.08 (0.73 £ 0.05), 2.65 (0.69 +
0.03) and 2.00 (0.49 + 0.03) at 355, 532 and 1064
nm, respectively. This singular behavior implies
that the water uptake by the particles modifies the
particle backscatter coefficient more strongly at
shorter wavelengths than at larger wavelengths,
suggesting a stronger increase in backscattered
radiation at shorter wavelengths when RH increases
for small particles, and it was reported by Navas-
Guzman et al. (2019) and Pérez-Ramirez et al.
(2021). Based on these hygroscopic characteristics,
Navas-Guzman et al. (2019) classified the acrosols
as a mixture of rural aerosol and smoke particles.
Despite their aerosols are less hygroscopic than
ours, low fp and vy values, Pérez-Ramirez et al.
(2021) explained the large effect of aerosol
hygroscopicity on aerosol properties by the aerosol
total mass in which sulfate and water-soluble
organic are the hydrophilic predominant species.
Qualitatively and in order to demonstrate the
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influence of marine aerosol in Barcelona as well,
we compared our results with the following studies,
Granados-Munoz et al.  (2015)  found
fp(RH=80%)=3.0+ 1.0 and fp(RH=85%)=3.9+ 1.5
at 532 nm, Titos at al. (2014) which values of
fp(RH=80%) are from 1.4 to 3.4 with influence of
marine aerosol, and our results also agree with
Haarig et al. (2017) that found fp(RH=80%)=3.01
at 355 nm. It is important to mention that the results
of Haarig et al. (2017) have a different spectral
dependence when analyzing the other wavelengths,
i.e. shorter wavelengths are less hygroscopic than
larger ones, however we have only compared 355
nm.

Hanel fit OffJ(RHre!=4O%) at 355 nm
Hanel fit OffJ(RHre!:4O%) at 532 nm
Hénel fit of fﬁ(RHre'=40%) at 1064 nm

x f (RH=85%)

05 : : : :
40 50 60 70 80 90
Relative Humidity (%)

Figure 1. Particle backscatter coefficient enhancement
factors with RH,.=40% and Hinel fits by Eq. (4) at 355,
532, and 1064 nm. Blue, green, and red curves
correspond to fiss, fs3, and foes, respectively. Black Xs
are fg (RH = 85%) at each wavelength.

Table 1. The outputs from Hénel parametrization
calculated by Eq. (4), and their statistical parameters

) £ (RH = 85%) yto R?

355 3.08 0.73£0.05  0.57
532 2.65 0.69+0.03  0.74
1064 2.00 0.49+0.03  0.61

The analysis of back trajectories modelled by
HYSPLIT model (Stein et al. 2015) confirmed that
more than half of the air mass origins come from
continental zones followed by the Atlantic and
Mediterrancan contribution, and there are three
episodes of dust with origins from Sahara. In
agreement with the air masses, the wind directions
coming most often between north-northwest and
south-southwest, Spain inland, blowing stronger
from west. There is also a contribution between
northeast and east-northeast directions,
Mediterranean influence.

The hygroscopic growth cases in Barcelona
have higher values of fp and y for shorter
wavelengths. This singular behavior is attributed to
small particles from a mixture of continental and
polluted aerosol with a slightly contribution of
marine aerosol and mineral dust. These aerosol
types agree with the aerosol sources from air
masses and wind directions.
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Introduction

Operational monitoring of aerosol properties
are performed routinely at the Laboratory of
Atmospheric Physics (LAP) in Thessaloniki
(40.63°, 22.95°, 60m asl), Greece. A combination
of different ground-based instruments are
measuring including both a single and double
Brewer spectrophotometer, a multiwavelength
depolarization Raman Lidar, and a CIMEL
photometer, among others. During the two
PANACEA campaigns (PANhellenic infrastructure
for Atmospheric Composition and climatE chAnge,
https://panacea-ri.gr/), LAP was further equipped
with in situ instruments, including an
Aethalometer, a GRIMM, a PurpleAir sensor and a
TE-1000 PUF Poly-Urethane Foam High Volume
Air Sampler and a Leckel Sampler (Figure 1).
Taking advantage of the multispectral information
and the high temporal and vertical resolution
acquired with all the instrumentation, synergetic
techniques that deploy spectrophotometer data,
lidar data and sunphotometer data are applied, in
order to provide the characterization of the aerosol
load over Thessaloniki, including the aerosol
typing. The results are analyzed along with the in-
situ observations for the common measuring
period.

Figure 1. Instrumentation deployed routinely and during
the two PANACEA campaigns in Thessaloniki station.

Methodology and Results

The aerosol typing technique used in this study, is
based on the Mahalanobis distance metric [1], a
common approach in cluster analysis. This metric
has already been applied for the classification of
columnar aerosol data acquired by sunphotometers
and spectrophotometer [2], and of aerosol layers
derived by lidar systems, based on the lidar-
derived aerosol-intensive properties [3]. By
providing a training dataset that consists of pre-
classified lidar/Brewer cases, any case can be
assigned to one of these clusters based on a
number of threshold criteria applied. Full
description of the above procedure can be found in
[2, 3].

The identification of the most probable aerosol
type from the lidar measurements is made using a
combination of mean-layer-intensive optical
parameters (i.e., lidar ratio at 532nm, backscatter
Angstrém exponent at 355/1064, ratio of lidar
ratios) from the provided aerosol backscatter and
extinction coefficient profiles. From the lidar
analysis, four main aerosol types have been
discriminated corresponding to: (i) large particles
with medium lidar ratios (Dust), (ii) large particles
with low lidar ratios (i.e., Maritime), (iii) small
particles with high lidar ratios (PollutedSmoke -
PSmoke) and (iv) small particles with medium
lidar ratios (i.e., Clean Continental - Ccontinental).
Whilst the identification of the aerosol type in
individual layers is possible with lidars, this is not
the case for spectrophotometric measurements that
see the whole atmospheric column. However, the
predominant aerosol type in the whole column can
be derived. The selected intensive aerosol optical
properties for typing from the Brewer
spectrophotometer, are the Extinction Angstrém
Exponent at 320/360 nm and the Single Scattering
Albedo at 340 nm. By applying the Mahalanobis
distance algorithm to the Brewer timeseries,
measurements were automatically assigned in one
of the following clusters: Fine Non Absorbing
Mixtures (FNA), Black Carbon Mixtures (BC),
Dust Mixtures (DUST) and Mixed type aerosols.
The aerosol typing from the columnar analysis,
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showed that the FNA cluster is encountered far
more often (87.5%) in Thessaloniki, during the
summer campaign (10 July to 10 August, 2019).
The BC cluster comes next with occurrence ratio
6.2%, followed by Dust (3.1%) and Mixtures
(3.1%). During the winter period (10 January to 10
February, 2020), the occurrence ratio of BC
particles is generally higher (50%), probably
associated with the increased emissions from
domestic heating. The prevalence of the black
carbon (BC) dominated particles is in agreement
with the Aethalometer and the lidar observations,
where the biomass burning particles have
occurrence ratio of 54%. From the other hand, pure
dust cases are the most rare (4.5%) since mixing
with urban particles usually takes place, while
FNA and Mixtures correspond to 27.3% and 18.2%
respectively.

The majority of the detected layers from the lidar
system during the summer campaign are attributed
to biomass burning aerosols (Smoke category,
highly absorbing particles) from remote sources
(e.g. wildfires and agricultural fires). Dust particles
come next with occurrence ratio 36%, followed by
Clean Continental particles (14%). The biomass
burning category is the most predominant one
during the winter campaign, mainly attributed to
the increasing use of wood.

Generally, the biomass burning aerosols are also
confirmed by the high percentage of wood burning
particles measured by the Aethalometer (>15%),
while the Clean Continental category is linked to
lower percentages.

Figure 2 presents the common observations typed
from the lidar system and the BREWER during the
PANACEA summer campaign. The lidar profiles
were typed per observed layer, whilst typing from
Brewer corresponds to the total column. The
typing scores (per cent) are calculated with respect
to the total number of cases.
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Figure 2. Percentages of matches per aerosol type
derived by BREWER (x-axis) and LIDAR measurements
(y-axis) for the common days of measurement during the
summer PANACEA campaign (23 layers).

Figure 2 shows that, FNA cases from BREWER
tend to correspond to PSmoke and DUST layers
typed from lidar. Generally, isolating FNA cases
(FNA columnar cluster) is quite challenging as
black carbon can still be present to a certain degree
in continental profiles. It is worthwhile mentioning
that the particle linear depolarization ratio could
effectively ~discriminate spherical and non-
spherical particles. However, this quantity was not
available in the aerosol typing presented here.

Conclusions

This is the first time that a number of collocated in
situ and remote sensing instruments are deployed
in Thessaloniki. In this work we identified the
shortcomings of columnar instruments to provide
aerosol typing especially when aerosol layers of
different origin and type are observed with a
collocated lidar instrument. This aerosol typing
will be further analyzed and discussed, taking into
account the intensive and extensive aerosol optical
properties from the lidar determined aerosol layers.
Thessaloniki is a coastal metropolitan area, with
urban aerosols affecting the lower layers and
desert dust and biomass burning particles
transported from remote sources (and affecting
mainly higher layers in the troposphere). In situ
measurements, show that BC is linked mainly to
trafficc while the domestic wood burning
percentages to the total BC are higher during the
winter period.
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Introduction

In the last decades, the atmospheric models have
achieved a high degree of sophistication and
realism, and are powerful tools to examine the
physical and dynamic mechanisms involved in the
development of extreme atmospheric phenomena.
The Meso-NH (Lac et al., 2018) is one of these
models and it is used in the study. It is implemented
with a rather complete parametrization package of
sub-grid scale physical processes in the atmosphere,
such as convection, cloud microphysics, cloud
electricity, turbulence, surface processes, among
others. In Portugal, it has been successfully used in
several research fields, in particular in the
understanding of fire weather conditions (Couto et
al., 2020, 2021a) and dynamics of dust outbreaks
(Couto et al., 2021b). However, forecasting the
atmospheric conditions associated with large
wildfires and dust outbreaks is still an operational
problem worldwide.

The present study concentrates on the efforts to
understand the meteorological environments that
favour the evolution of significantly large wildfires,
namely in the context of the Iberian Centre for
Research and Forest Firefighting (CILIFO,
www.cilifo.eu). Moreover, the main factors
associated with a desert dust outbreak that occurred
in the same period are also examined.

Methodology

The observations available from the Cloud-Aerosol
LIdar with Orthogonal Polarization (CALIOP), a
space-borne two-wavelength polarization lidar on
board CALIPSO satellite are used. The CALIPSO's
orbit track was identified crossing the Southern
Portugal on 7" August 2018, where the Monchique
wildfires burned an area of about 27000 ha. Figure
la shows the presence of a forest fire smoke layer
in southern Portugal, below 2 km altitude, and
mineral dust southward extending up to the middle
troposphere. Such a lidar observation was crucial
for the development of the study by confirming the
presence of the different types of aerosols.

Furthermore, the dust episode is also identified
through the satellite observation on 2™ August
2018 (Figure 1b). The AERONET aerosol
columnar properties measured at the ACTRIS
Evora (38.5°N, 7.91°W, 293 m above sea level)
confirmed the dust outbreak in early August (not
shown) and helped to design the numerical
experiment.

In order to explore the large mesoscale
environment associated with the dust episode and
the fire weather in Southern Portugal, the Meso-NH
model was configured in a single domain at 10 km
horizontal resolution and 270%x360 grid points
(Figure 1c). The vertical grid was configured with
50 stretched levels following the terrain. The
simulation was initialized and forced with the
European Centre for Medium-Range Weather
Forecasts (ECMWF) analysis, updated every 6
hours. The physical configuration is quite similar to
those used by Couto et al. (2021b), with dust
emission computed using the Dust Entrainment
And Deposition — DEAD model, which was
incorporated in SURFEX and modified to better
account for the size distribution of erodible
material. On the other hand, the interactions
between the wildfire and the atmosphere were not
taken into account in the simulation. The
experiment started on 28" July 2018 at 0000 UTC
and finished at 0000 UTC on August 10, 2018.

Results and discussion

The Monchique wildfire started on 3™ August and
burned up to August 10, 2018. In the first day of the
episode, the model simulated air temperature values
above 35°C, relative humidity below 20 %, and
wind gusts around 10 m/s (not shown), factors that
favoured wildfire occurrence and propagation.

The simulation that included dust emission
allowed to understand how the atmospheric
dynamics affects the mobilization of Saharan dust
and its transport outward from North Africa. The
simulation showed that the dust observed in Evora
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had origin over the Sahara Desert and was
mobilized in late July. The dust transport was
favoured by the circulation at around 2 km altitude
from the western side of the Atlas Mountains and
over the Atlantic Ocean (Figure 1¢). The simulation
is qualitatively in good agreement with the satellite
observation (Figure 1b).

Observational and numerical approaches have
been extensively used to study extreme events.
Here, a wildfire event and a dust outbreak were
selected and analysed thanks to the lidar
observations and numerical simulations. The
present study is ongoing, but already demonstrates
the importance of the use of atmospheric models to
complement the observations in order to better
understand large scale atmospheric processes
behind them. Remote sensing was used as a
baseline for detecting the wildfire smoke in
Southern Portugal and dust outbreak. The next steps
of the study include exploring the main
characteristics of the smoke and dust identified by
the lidar, as well as validating the model results.

Challenges

The scientific challenges are also related to better
represent this event numerically, improving the
simulation, aiming to explore and understand the
interactions of smoke and dust and their effects in
the atmosphere.
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Introduction
Marine and dust aerosols are two of the most
abundant types of natural aerosols in the

atmosphere. They interact with light either by
scattering or absorption, leading to changes in the
Earth-Atmosphere radiative balance. This is
important to investigate in order to quantify the
contribution of natural aerosols to their total
(natural & anthropogenic) radiative forcing and its
climate implications. Many related studies have
been conducted (Kok et al., 2017; Gutleben et al.,
2020) in order to understand whether these
aerosols have warming or cooling efects on the
planet.

Methodology and Data

In this study, radiative transfer simulations are
performed with the vector radiative transfer code
“Monte carlo code for the phYSically correct
Tracing of photons In Cloudy atmospheres”
(MYSTIC), (Mayer and Kylling, 2005). MYSTIC
simulates the photon's random path through the
atmosphere and calculates the spectral irradiances
and the polarization of the light at any given height,
along with the heating rates associated with its
absorption.

The optical properties of the aerosol particles
that are used as input to MYSTIC are provided by
the sun-photometer and lidar measurements at the
Panhellenic ~ Observatory of  Antikythera
(PANGEA) of the National Observatory of Athens
(NOA). The CIMEL sun-photometer is part of the
Aerosol Robotic Network (AERONET) and the
Polly*" lidar of NOA is part of the European
Aerosol Research Lidar Network (EARLINET).
The sun-photometer provides products of the size
distribution and refractive index, which are used to
derive the optical properties of the marine and dust
particles, using the “Modeled optical properties of
ensembles of aerosol particles” scattering database
(MOPSMAP),(Gasteiger and Wiegner, 2018). The

lidar measurements provide the profile of the
aerosol extinction coefficient. In order to separate
the marine and dust components we used the
“polarization-lidar photometer networking
(POLIPHON) method” (Mamouri and Ansmann,
2017). Moreover, the concentration profiles of the
dust and marine particles can be provided by the
combination of the sun-photometer and lidar
measurements, using the Lidar-Radiometer
Inversion Code (LIRIC) algorithm (Chaikovskii et
al, 2016, Tsekeri at el., 2017).

For this work we use measurements of dust
and marine particles above the PANGEA
observatory during the summer of 2020. Figure 1
shows an example, with marine and dust aerosols.
The source of the particles in the atmospheric
column is investigated with air mass back-
trajectory analysis (Fig. 1).
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Figure 1. (top-panel) Attenuated backscatter at 1064 nm
from PANGEA Polly-XT lidar measurements, at 6:00-
12:00 UTC, on 2 September 2020. (bottom-panel) 96-
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hour backward trajectories ending at PANGEA
observatory, at 5:00 UTC, on 2 September 2020.

Results

Spectral (Fig.2) and integrated irradiances and
heating rates (Fig.3) are calculated in order to
quantify the impact of the marine and dust
particles to the atmospheric equilibrium in the
PANGEA observatory, at a region which is
representative of the eastern Mediterranean. The
figures below indicate that dust particles for
example, absorb the solar radiation causing
heating in the atmosphere.
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Figure 2. (top-panel) Diffuse upward spectral irradiance
calculated at the top of the atmosphere for clear-sky
(blue line) and dust aerosol conditions (red line).
(bottom-panel) Percentage difference of clear minus dust
aerosol MYSTIC spectra.
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Figure 3. Integrated solar heating rate profiles of clear-
sky (black line) and dust aerosol conditions (green line).

Challenges

The challenges of this work include the
derivation of the optical and microphysical
properties for the marine and dust particles in the
environment of the PANGEA observatory, where

these components co-exist. As  described
extensively in Tsekeri et al. (2017), this is not an
easy task, mainly due to their similar sizes for their
larger particles.

Moreover, the calculation of the optical
properties of the dust particles is an ongoing
research, with many challenging aspects, as for
example the irregular shape and size of the dust
particles (e.g. Gasteiger et al., 2011). In our work,
we use the spheroidal shape for the particles, used
in the MOPSMAP scattering database for the size
range considered. This aerosol shape assumption
can introduce uncertainties, related especially with
the reproduction of the backscattered light
measured by the lidar instrument.
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Introduction

Atmospheric aerosols play a central role in
influencing the Earth’s climate by direct, indirect,
and semi-direct effects. In attempts to quantify
these effects, the main difficulties arise from the
very high variability in time and space of the
aerosol concentration and related physical, optical,
and chemical properties.

The Angstrom exponent that is calculated from
the spectral dependence of the aerosol optical
thickness (AOT) is commonly used as a good
indicator of the dominant size of the atmospheric
particles determining the AOT. Values of &<l
indicate size distributions dominated by coarse-
mode aerosols (radii>0.5um) that are typically
associated with dust and sea salt particles, and
values of &>1.5 indicate size distributions
dominated by fine-mode aerosols (radii<0.5pm)
that are usually associated with urban pollution and
biomass burning particles.

A simple graphical method to visually convert &
and its spectral curvature (14) to both the fine-mode
aerosol radius and the contribution of the fine-mode
aerosol to the AOT was proposed by Gobbi 1. In
this study AERONET level 3 data of depolarazation
and lidar ratio to investigate the potential of aerosol
typing through this simply graphical method. Seven
AERONET stations were used and the case of
Thessaloniki were selected for demonstration of the
method. In the future we will apply the graphical
method to lidar derived data.

Methodology
Measurement sites and Data-
The graphical method was applied in seven stations
as presented in Table 1.

Thessaloniki ~ station ~ was  selected  for
demonstration since is well suited for aerosol typing
studies and for the investigation of the

performances of different aerosol typing algorithms.

The CIMEL multiband sun-sky photometer was
installed in Thessaloniki in 2003 as part of the
AERONET Global Network. It performs direct
solar irradiance and sky radiance measurements at
340, 380, 440, 500, 670, 870, and 1020nm
automatically during the day. Measurements are
automatically performed every 15 minutes or less,
depending on the sun’s zenith anglePH®l, The

AERONET inversion algorithms!®""] are applied
automatically to the raw data.

Table 1. AERONET stations used for graphical
representation

Station Start End N
Beijing 2/2010  3/2019 1734
Tamanrasset  10/2006  6/2018 1072
Thessaloniki  1/2010 112018 762
Kanpur 1/2010  9/2019 7283
?ll(i‘es o 71993 102018 597
Mongu 6/1997  10/2009 1568
Ispra 7/1997  9/2018 1128

Quality assured direct-sun data in the 440—-870nm
wavelength range retrieved from sun photometers
operating within AERONET were used by Gobbi 2!
to demonstrate the feasibility of the introduced
classification scheme. Considering the operating
wavelengths of AERONET sun photometers, & was
derived for the wavelength pairs of 440-870nm,
and its spectral curvature was represented by the
difference 1a=4a(440, 675) — &(675, 870). The
graphical method was applied by Gobbi 2! to the
analysis of daily records. The version 3 inversion
products were also used that provide the spectral
particle linear depolarization ratios and lidar ratios.

Results

In the first attemp the data were devided in classes
of different AOT. Different colours are used for
intervals of 0.05 AOT (Figure 1, top). The different
AQOTs are occupy different part of the plot,
indicating that the same Aerosol Optical Depth
could be result of different aerosol size and
different fraction of fine to coarse aerosols. Thus,
we use clusters of single scattering albedo (SSA) of
0.1 intervals for the graphical display. In this
second attempt it is more clear that different colors
occupy certain areas of the figure. This indicate that
the smaller the SSA the lower the percentage that
fine particles contributes to AOT.
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Figure 1. Gobbi graphical display of Thessaloniki
AERONET data for different classes of AOT, SSA, LR
and Depolarazation ratio

In the third attempt the classification is performed
using the lidar ratio (LR) parameter in intervals of
10 sr. The different colors again are not attributed
in certain areas of the graph. Thus the contribution
of fine particles to the total optical depth is not
directly correlated to the LR parameter.

In the fourth and last attempt we use different
intervals of the depolarization ratio parameter. The
contribution of fine particles to the total optical
depth is directly correlated with different values of
depolarization values. The more unspherical the
particles are, the larger the depolarization ratio and
the lower the contribution of fine particles to the
total optical depth but with larger fine particles.

Future plans include the use of pure and mixed
AERONET stations with capabilities of Lidar-
depolarization measurements.
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Introduction

After the industrial revolution, aerosol
concentrations have been significantly increasing
and the response of the Earth’s climatic system to
this sharp increase of anthropogenic emissions is
still not well assessed and needs to be further
investigated (IPPC, 2013). Consequently, we need
to improve our understanding of the role of aerosols
and cloud droplets in the climate system (both
direct and indirect effects).

According to IPCC (IPCC, 2013), the total direct
aerosol radiative forcing combined across all
aerosol types is —0.5 Wm™2 , with a 5 to 95 %
confidence range of 0.1 to —0.9 Wm™ and with a
medium-low level of scientific understanding. This
is especially true for the Eastern Mediterranean
region, where insufficient knowledge of the
microphysical properties of aerosol particles as well
as their spatial distribution remains a key issue to
evaluate their effect on global climate.

To further understand the effects of aerosols on
the Earth’s climate, the vertical profiles of their
optical and microphysical properties are required
with high spatio-temporal resolution. The light
detection and ranging (lidar) technique is the ideal
tool for such studies from which the vertical
profiles of the aerosol backscatter (baer), and
extinction coefficients (a.r), as well as the lidar
ratio (LR), the Angstrdm exponent (AE) and the
particle linear depolarization ratio (pldr) can be
extracted.

The aim of this study, is to present the optical
properties of the various aerosol types and their
mixtures observed over the city of Athens by the
EOLE lidar system during in the time period 2020-
2021. The aerosol characterization was based on the
airmass trajectory analysis provided by the Hybrid
Single-Particle Lagrangian Integrated Trajectory
model (HYSPLIT; Draxler, 1998) and the
corresponding fire spots information was provided
by the Fire Information for Resource Management
System (FIRMS).

The vertical profiles of the aerosol optical
properties were retrieved by using the Single
Calculus Chain (SCC) described by D’Amico et al.
(2016) and Mattis et al. (2016). The aerosol
stratifications (layering) were derived by a recently

published method based on image processing of
lidar signals (Maroufidis et al., 2020).

Results and discussion

In total, we studied 24 cases of aerosol layers of
which we present, here, the case of 12" of April
2021, which was characterized by a Saharan dust
transport over Athens. Figure 1 presents the air
mass 192-hours back-trajectories arriving over
Athens on 12 April 2021 (16:00 UTC). The red dots
refer to fire hot spots derived from MODIS data.
We see that the air masses originating from the
Saharan desert, overpassed the Mediterranean Sea
and arrived over Athens through Italy and Albania,
where fire hot spots were detected.
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Figure 1. 192-hours airmass backward trajectories
arriving over Athens at 2, 2.5 and 3 km asl. on 12.04.21
(16:00 UTC). The red dots represent active fires retrieved
by MODIS (confidence level>80%).

In Figure 2 (top) we present the spatio-temporal
evolution of the range-corrected lidar signal
obtained at 1064 nm on 12 April 2021 (09:00-18:10
UTC). In this case a discrete aerosol layer was
observed in the height region ~2.5-3.5 km (09:00-
10:00 UTC) which extended later from 1.9-3.3 km
height, finally, showing 4 discrete aerosol layers at
2,2.4,2.9 and 3.3 km height amsl. (17:22-18:10
UTC).

The retrieved optical properties of baer, AE, pldr
and baer, aaer, LR, AE, are shown in Fig. 2 (bottom-
left: 16:00-17:00 UTC and bottom-right: 17:22-
18:10 UTC, respectively). The high value of the
pldr (~20-23%) inside the aerosol layer (2-2.5 km
height) corroborates the presence of dust particles,
probably mixed with biomass burning (BB) ones
through their passage over Italy and Albania.



Table 1 summarizes the mean values of
Au3ss/s32, Abszioss, LR3ss and LRs3y for 3 detected
aerosol layers (daytime L, Ly; nighttime L3).

EOLE, ATHENS,12/04/2021 -RCS@1064 nm
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Figure 2. (top) Spatio-temporal evolution of the range-
corrected lidar signal obtained by the EOLE lidar at 1064
nm (09:00-18:10 UTC); retrieved aerosol optical
properties (bottom left: 16:00-17:00 UTC and bottom
right: 17:22-18:10 UTC ) on 12 April 2021.

Table 1. Mean value and standard deviation for 3
observed aerosol layers (L) detected by the EOLE lidar
over Athens on 12 April 2021 (daytime L;, L,; nighttime

L3).
L Avb3ssmssz Absszbioss LRiass  LRssa
[sr] [sr]
1 0.04+0.08  0.97+0.03 - -
2 0.45+0.12  1.12+0.08 - -
3 -0.21£0.09 0.76+£0.07 45+11 40+7

The next step, regarding the analyzed aerosol
layers, will be to calculate their relevant
microphysical and radiative properties and estimate
their climatic contribution in our area.
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Introduction

The interaction between atmospheric aerosols and
the climate system is nowadays the dominant
source of uncertainty in radiative forcing and
climate studies (IPCC, 2013). Therefore many
questions remain unanswered about their physical,
chemical or optical properties, as well as the
vertical distribution of aerosols in the atmosphere.
The latter constitutes valuable information to assess
their radiative effect (Myhre et al., 2013) since
aerosol vertical distribution may certainly influence

the Earth's radiation budget in a rather complex way.

Dust is one of the most important atmospheric
aerosol, representing about 75% of the global
aerosols injected into the atmosphere (Kinne et al,
2006; Mona et al., 2012), with half of these global
dust emissions coming from the Sahara and
surrounding regions (IPCC, 2013).

Many studies in the literature confirm that mineral
dust plays an important role significantly affecting
the solar and terrestrial radiative balance mainly by
means of massive dust ejections (IPCC, 2013) or
affecting the properties of clouds and their impact
on climate (Sassen et al., 2003).

While African desert dust is transported westwards
to the North Atlantic throughout the year, most of
the descriptions of the Saharan layer published in
the literature are restricted to summer, when dust
outbreaks are mostly confined to an elevated mixed
layer, often called the Saharan Air Layer (SAL)
(Prospero and Carlson, 1980). Comparatively very
few studies have been conducted on the long-term
description of the different seasonal features this
prevalent westward transport of dust experiments in
the North Atlantic region (Prospero and Carlson,
1980, among others). Since the altitude at which
aerosols are lifted and therefore transported have a
strong influence on the aerosol lifetime and
radiative effect (Generoso et al., 2008), systematic

ground-based mineral dust observations by lidar
and thermodynamic soundings in key regions are
critical to enhancing our understanding of the dust
climatology and the radiative role played by desert
dust.

The radiative effect that the small amount of water
vapour carried on the elevated SAL in summer is
also under study. This amount, although really
small, is significantly higher than that present in the
clean free troposphere (FT). Therefore, as shown by
other authors in some case studies (Gutleben et al.,
2019, 2020), this low amount of water vapour could
represent an important radiative driver for the dust
layer in summer.

In this study, the long-term seasonal evolution of
the vertical atmospheric parameters and aerosol
distribution over a subtropical region located in the
North Atlantic (Tenerife, Canary Island), is carried
out by means of 12-years of observations (2007-
2018) from two types of instruments: Micropulse
Lidar (MPL-3) data to analyze the vertical
distribution of aerosols, and vertical information
from radiosondes to characterize the vertical
thermodynamical structure of the atmosphere. The
synergy of lidar/sunphotometer has been used to
minimize the uncertainties involved in aerosol
extinction retrieval using such elastic backscatter
system (Berjon et al., 2019).

Results and discussion

In this work, the summer-SAL appears as a well-
stratified layer, relatively dry at lower levels but
more humid at higher levels. Aerosol extinction (o)
peaks at ~ 2.5 km, but dust can be observed up to
~ 6.0 km. This altitude has been defined as the
SAL’s top or STI (SAL’s temperature inversion),
according to the temperature inversion from
thermodynamic soundings. The winter-SAL layer
appears as a confined dust layer, compressed in the
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first 2 km. The most significant features of this
layer in winter are the dry anomaly observed at
lower levels, the o peak at ~ 1.3 km height, and the
STI observed at 2.3 km. Clean FT (CFT) conditions
were found above this level.

The SAL radiative impact of the summer-SAL
has been also studied in this work, revealing that
both dust and water vapour play an important role
in the radiative balance. Our results revealed the
dominant dust-induced shortwave (SW) radiative
warming in summer (heating rates up to 0.7 K day
1) below the dust peak. A net SW warming within
the SAL (3.5 K day™'), as well as a strong cold
anomaly due to longwave (LW) adiabatic cooling
near the SAL’s top (-0.6 K day™!) are observed as a
result of the combined effect of dust and water
vapour. Radiative processes are found to dominate
in the marine boundary layer (heating), between 2.5
km and 6 km (heating), and above 6 km (cooling),
while thermal advection processes play a dominant
role in summer from 800 m to 2.5 km height.

Finally, a higher occurrence of moderately
supercooled mid-level clouds near its top (5-7 km)
under the presence of the summer-SAL could point
to a possible impact of the SAL on heterogeneous
ice nucleation.
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Introduction

Biomass Burning (BB) aerosols are estimated to
contribute ~62 % to the global particulate Organic
Carbon (OC) and ~27 % to the Black Carbon (BC)
emissions annually (Wiedinmyer et al., 2011). In
fact, BC and OC aerosols, when embedded in
permanent ice, can reduce its reflectance leading
to the glacial melting (Mahowald et al., 2011) and
affect the cloud formation, acting as Cloud
Condensation Nuclei (CCN) or Ice Nuclei (IN)
and changing their optical properties and lifetime
(Rosenfeld et al., 2014).

The total industrial era climate forcing of BC
is estimated to be +1.1 Wm? with ~90%
uncertainty bounds of 0.11 Wm™ to 2.1 Wm2. Of
the total estimate of 1.1 Wm™2, up to 0.18 Wm2
(with a large uncertainty range) is derived from
effects on cloud thermodynamic phase alone.
Towards the elimination of this uncertainty range,
it is important the enhancement of the existing
literature with relative studies.

Thus, to better understand the BB aerosol
effects on the Earth’s climate, their optical -
Backscatter ~ Coefficient  (bar),  Extinction
Coefficient (aqer), Lidar Ratio (LR) and Angstrom
Exponent (AE) - and microphysical properties -
Effective Radius (reff), Volume Density (vd), real
part (mR) and imaginary part (ml) of the
Refractive Index and Single Scattering Albedo
(SSA) - are urgently needed to be measured with
the LIght Detection and Ranging (lidar) technique
from which vertical profiles of the aerosol
properties can be extracted.

In this paper, we present for the first time a
comprehensive study of 9-years multi-wavelength
Raman lidar measurements, obtained over Athens,
Greece. We retrieved the vertical profiles of the
optical and the microphysical properties of aged
BB aerosols and mixtures, providing a narrower
range of mean values for the 3 aerosol categories.
On top of that, we propose a new method of how
to distinguish between the pure smoke and layers
mixed with continental polluted aerosols. These
aerosol layers are frequently observed over Europe
due to the presence of anthropogenic pollution and

are difficult to be discriminated due to their
aerosol optical properties overlapping values.
Finally, the results derived from this study provide
typical values of the BB aerosol properties over
Europe, which may be useful in global climatic
models, in reducing the currently large uncertainty
in climate forcing due to this kind of aerosols.

Results and discussion

In total, we studied 34 aerosol layers which were
characterized as: 1) smoke (s), 2) smoke +
continental polluted (s+cp) and 3) smoke + mixed
dust (stmd). The resident time (i.e. number of
hours) of a HYSPLIT backward trajectory above a
burned area versus the variable LR532/LR355 for
each aerosol layer of s and s+cp categories is
presented in Figure 1.
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Figure 1. Correlation between the variables
LR532/LR355 and Number of hours over burned areas
for a) the s aerosol layers, b) the s+cp aerosol layers.

Concerning the s aerosol category, the
LR532/LR355 variable increases as the number of
hours over the burned areas increase, resulting in a
high correlation between these two variables
(correlation coefficient R?>=0.82). On the other
hand, the corresponding correlation coefficient for
the s+cp category is extremely low (equal to 0.01),
thus, showing no correlation at all between the two
variables for this aerosol category.

Table 1. Mean values along with their standard deviation
of's, stcp and s+md aerosol categories for acrosol optical
and microphysical properties presented in this study.

Aerosol category
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the corresponding mean val-ues for the s and stmd
categories (8.6+3.2 um=3cm™ and 9.7+6.1 um=cm,

respectively). On the other hand, the mean value
of reff was found to be 0.24+0.14 pm for all
aerosol categories, the mean value of mR ranged

between 1.49+0.06 and 1.53+0.07, while the ml
value ranged between 0.0108i+0.00481 and
0.0126i+0.0043i. Finally, the mean value of SSA

(at all 3 wavelengths 355, 532, 1064 nm) ranged
between 0.915+0.045 and 0.936+0.024.
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s step s+md
Optical properties
this study 57410 S145% 3945
LR 355 nm [sr]
literature 21-67 35-92
this study 73+11 59+10% 62+12
LR 532 nm [s1]
literature 26-80 32-75
this study 0.90+£0.52 1.13+044* 0.49+0.88
AE ext 355/532
literature 0.64-2.3 0.50-1.70
this study 1.43£027 1.35+0.09* 1.56+021
AE bsc 355/532
literature ~1.90 0.44-1.50
this study 1.67+0.15 1.70+0.09* 1.58+0.14
AE bsc 532/1064
literature ~1.90 0.44-1.50
LR532/LR355 this stud 1.27+0.36 1.17+0.34* 1.39+0.57
literature 0.9-14 0.7-1.0
Microphysical properties
this study 0.2440.14 0.2440.13% 0.2420.11
reff [ym]
literature 0.13-0.44 0.17-0.45
this study 1.49+0.06 1.50+0.07* 1.53+0.07
mR
literature 1.37-1.6 1.37-1.50
this study 0.013+0.0041 0.0110.005i* 0.01140.0051
ml
literature 0.001i-0.053i 0.004i-0.007i
this study 8.643.2 20.7+14.1% 9.746.1
vd [umem?]
literature 8-50 7.4-24.0
this stud: 0.91640.042 0.92940.036* 0.928+0.037
SSA 355nm
literature 0.760-0.890 0.948-0.964
this study 0.93240.023 0.93640.024* 0.933+0.025
SSA 532nm
literature 0.790-0.997 0.937-0.958
this stud: 0.9180.008 0.9234+0.031* 0.91540.045*
SSA 1064 nm

provided by NASA Headquarters. Develop-ment of lidar

literature 0.740-0.980

retrieval algorithm was supported by Russian Science
Foundation under project 21-17-00114.

*introduced in the literature within this study.

Mean LR values of 57+10 sr and 73£11 are
observed for the s category, at 355 nm and 532 nm,
respectively. The corresponding LR values of the
stcp category is S51x5 sr and 59+10 s,
respectively while for the s+md category they are
equal to 39+5 sr and 62+12 sr, respectively. The
AE backscatter-related mean values are all higher
than 1.4. On the other hand, the AE extinction-
related especially of s+md category has significant
low mean value (0.49+0.88). The ratio of the LRs
(LR532/LR355) was found >1 for all cases.

The mean values of the aerosol microphysical
properties have no noticeable difference between
the various aerosol categories, except the vd
property (20.7+14.1 pm>cm>) for the s+cp
category which found to be ~100% greater than
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Introduction

The detection of the aerosol pollution layers in near
real time is beneficial for society in order to prevent
various undesirable implications which vary from
human health to airspace safety.

In the current research, we employ the use of
low-cost  instruments which can operate
continuously and unattended, i.e., a Lufft
ceilometer (https://www.lufft.com/products/cloud-
height-snow-depth-sensors-288/lufft-ceilometer-
chm8k-2405/, last access 20/05/2021) and a Cimel
solar/sky/lunar photometer
(https://www.cimel. fr/?instrument=sun-sky-lunar-
multiband-photometer, last access 20/05/2021), to
detect aerosol pollution layers in the free
troposphere and generate a near real time alert
system (Adam et al., 2020). In addition, in order to
identify the aerosol pollution source, the HY SPLIT
backtrajectory is used (Stein et al, 2015).

This alert system was initiated by February
2018 (when two Lufft ceilometers were acquired by
INOE) and became operational in May 2018. The
method was described by Adam et al. (2020) while
examples were shown. Briefly, the main steps are
the following. A quick look of RCS (range
corrected signal) is updated each 15 min
(http://liverali.inoe.ro/Ceilometer/). We search for
aerosol layers by identifying the ALH (aerosol layer
height) for the second (ALH2) and third (ALH3)
layers detected by ceilometer and provided by
manufacturer’s algorithm in the raw data file. Once
these ALH are identified, the HYSPLIT
backtrajectory is performed for these altitudes.
Next, we look for available Aeronet data for our
photometer (Holben et al, 2011). The current values
are compared with the climatological monthly
values (Carstea et al, 2019). If one of the current
values for aerosol optical depth (AOD), Angstrom
Exponent (AE), fine mode fraction (FMF) and
associated AOD are outside the 90th percentile or
AE is below 10th percentile we label the pollution
event as “outside climatological limits”. The alert
sent by email (at all times when we find an ALH)
specifies in this case this label. This alert is meant
to warn the scientists and take further actions such

as the start of the non-operational instruments (e.g.,
multi-wavelength Raman lidar and in-situ
instruments when the pollution reaches the PBL
and the ground) which can bring additional
information about the aerosol pollution. All the
alerts are also saved in a logfile.

Results and discussion

Over three years period (11/05/2018 — 11/05/2021)
we recorded a number of 5167 alerts (ALH2 and
ALH3 detected above 2500 m a.g.l.). Note that the
Lufft’s algorithm detects three layers from the
surface up to 4000-5000 m altitude. Thus, upper
tropospheric layers are not considered. For 4036
events, Aeronet data was available. For the other
1131 events with Aeronet data, we have 556 events
labelled as “within climatological limits” while the
rest 575 were labelled “outside climatological
limits”. The most common errors which occur and
thus we fail to get information about lofted aerosol
layers are:

» Aeronet data is not available. Most of the cases
occur due to unfavourable weather.
Sporadically we encountered technical issues
such as failure to transmit the data from
photometer towards Photons (Lille, France).

e The HYSPLIT backtrajectory could not be
performed. In most cases, error messages
indicate the lack of the meteorological fields.

* Local issues with power failures or internet
disruptions.

The source is considered where the distance
between terrain altitude and airmass trajectory
altitude is minimum. The pollution sources for the
5167 events are shown in Figure 1. A simple
classification of the sources assumes three groups
as: dust, marine and continental aerosol (including
biomass burning, urban, industrial). We counted the
following numbers: 1208 cases of marine aerosol,
389 dust (Africa and Arabian Desert) and 3570
continental aerosol. From the latter, 175 events
represent long range transport from America. Most
of the sources are located close to the measurement
site, in the southern part of Romania. The
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histograms of the travel time and travel distance are
shown in Figures 2 and 3. The highest number of
occurrences is for travel time within 0.5 days and
within 100 km travel distance. The number of
events (ALH2 and ALH3) recorded by month is
shown in Figure 4. The lower plot represents a
normalization to the total number of 15 min
intervals over the three years of measurements.
There is a limited number of events during winter
time as the most of the aerosol pollution events
occur during summer (e.g., biomass burning or
dust). On the other hand, most of the ALH2 and
ALH3 provided are recorded below 2500 m.

End Backirajectorios for Magurola (% grid coll, log 10 scale)

¥ . o
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Figure 1. The aerosol pollution sources for 5167
pollution events detected over May 2018 — May 2021.
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Figure 2. The histogram of the travel time of the air
mass from the measurement site to the source.
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Figure 3. The histogram of the travel distance of the air
mass from the measurement site to the source.

Latest edit: the aerosol pollution source was
reconsidered following Radenz et al (2021). More
results will be presented during conference.
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Figure 4. The number of events (ALH2+ALH3)
recorded by month, in absolute values (upper) and
normalized to the total number of 15 min intervals over
the three years of measurements (lower).

Challenges

To be discussed:

* The accuracy of detecting aerosol layers in the
ceilometer RCS profile (low SNR).

* The accuracy of estimating the source of the
aerosol pollution.

* The methodology does not work when no
photometer data is available.

» New criteria in defining the degree of pollution
in the layer as compared with the whole
atmospheric column.
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Introduction

The present study lays on the project named
“Development of an innovative operational 3D
Scanning  LIDAR  system for real-time
meteorological and atmospheric measurements in
order to increase safety and efficiency in the
aviation and transportation industry (SAFE-
TRANS)”. In this project, the innovative lidar
system will be able to provide critical information
on the state of the atmosphere in the surrounding
area of an airport and to provide measurements
and data in three dimensions of the cloud base,
Slant Visual Range Vertical Optical Range
Runway Visibility (Werner et al., 2005), as well as
an early warning data for incoming phenomena
such as fog, rain, etc.

Within the frame of the present study we will
focus on the use of the advanced lidar system
developed in the frame of SAFETRAN to estimate
the cloud base and top height, not only in vertical
but also in slant configuration. Herewith, we
present the methodology and basic results of the
field measurements performed in a test airport site.

Instrumentation

Table 1 presents the basic technical
characteristics of the 3D Lidar, developed by
Raymetrics S.A. in the frame of the SAFE-
TRANS project. Moreover, a SKYVUETMS
[CS136] lidar ceilometer was additionally
operating and its data were used for a
measurement intercomparison.

Table 1. 3D Lidar technical specifications
Description of the 3D Lidar:

Wavelength 355 nm
Repetition rate 20 Hz
Detection wavelength 355p /355s
Spatial resolution 375m

Zenith: 6° to -90°
Azimuth: 0° to 360°

12 km

Scanning range angle

Max reporting range
(vetrically)

A SKYVUE™S [CS136] lidar ceilometer was
additionally operating and its data were used for a
measurement  comparison and its  basic
specification characteristics are shown in Table 2.

Table 2. Ceilometer technical specifications

Description of the SKYVUE™S:
Wavelength 912 nm
Pulse frequency 10 kHz
Spatial resolution Sm
Max'reportmg range 2 km
(vetrically)

The working procedure of the ceilometer s
automatic cloud algorithm is to investigate the
shape of the backscattered profile, discard maxima

originating from signal noise or falling
precipitation, and generate a data message
provifing the cloud base height(s) and the
instrument  status  information.  Additional
parameters  reported include the vertical
meteorological visibility and the amount of
precipitation.

Methodology

Our cloud detection algorithm is based on the
method presented by Zhao et al., (2014). In this
methodology, the key point is how to minimize the
impact of noise from the scatterer (cloud or
aerosols) so that aerosol and cloud signatures can
be distinguished. By using Mie thoery, we
calculate the mean value and the standard
deviation of the lidar signals in the farest signal
range and we apply the atmospheric background
correction, as well as moving average filtering
techniques for a further denoising of the lidar
signals. Then, a Value Distribution Equalization
(VDE) process is applied. The main idea of the
VDE process is the calculation of a reference
baseline. Afterwards, the lidar signals are
reordered based on the signal intensity and are
placed in descending order into a slant line in
agreement with the baseline. In this way, the peaks
of the lidar returns due cloud or aerosol layers
cause signals to move away from this line.

In this way, the SAFETRANS system is able
to identify cloud layers, having a vertical growth
of at least 45 m (empirically estimated threshold
value) up to 12 km heights. Consecutive loud
layers having a vertical distance equal or smaller
than 45 km (empirically estimated) are merged and
considered as one continuous layer.
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Airport filed measurements

In the case of SAFETRANS three airports
were selected to deploy our instrument, in the
folloing locations in Greece (cf. Fig. 1): Chania
(Crete), Elefsina (Athens) and Thessaloniki, under
different time periods of the year: spring, summer
and winter under different meteorological
conditions: for example during spring, several dust
transport events usually occur over south Greece
affecting visibility and air quality (Soupiona et al.,
2020). During spring, except dust trasnport events,
cloud formation and early morning fog are usual
events in the seaside airport of Elefsina, while
during winter, heavy fog events and rain are the
main problems of visibility reduction at
Thessaloniki airport.

THESSALONIKI

ELEFSINA

CHANIA

21 22 23 24 25 26 27 28
LONG (deg)

Figure 1: Locations of field measurements.

Results and discussion

A typical example of a cloudy case was
observed at 10/05/2020, over the Chania airport,
where scattered clouds in the free wupper
troposphere were present.
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Figure 2: Spatio-temporal evolution (vertical
direction) of the RCS at 355 nm observed by the 3D
lidar over Chania (10 May 2020, 13:12-19:12 UTC).

Figure 2 presents the spatio-temporal evolu-
tion of the range-corrected lidar signal (RCS) at
355 nm, (vertical direction, 90°). In the period
13:12-19:12 UTC, clouds are present between 6
and 10 km. For this case, the cloud identification
technique was applied and the results are depicted
in Fig. 3. The clouds bottom (green points) as well
as clouds top (red points) are successfully

recorded, even for clouds with several layers. For
the same day, ceilometer data were also available
(blue points) and therefore an interocomparison
between the two measurements was performed.
However, it is important to mention here that the
two instruments technical specifications differ and
such comparison should be handled with care.

Through this comparison it becomes clear that
the 3D Lidar can give estimations not only for the
base, but also for the top of each cloud layer, even
up to heights greater than 8 km, which is the
maximum reporting range of the ceilometer. For
altitudes lower than 8 km, the 3D Ilidar has
identified existing clouds that have been ignored
by the ceilometer due to non fullfillment of the
applied cretiria by the latter. On the other hand, we
notice that the clouds identified by the ceilometer
(blue dots) also appear in the SAFETRANS time
series and the results are in good agreement after
16:50 UTC (Fig. 3), where the cloud base and top
are shown by the green and red points,
respectively.

19'ID5I7020. Chania, cloud detection
T TR

Height [m]

®  callometer base

5000 Y
13:12 14:24 15:36 16:48 18:00 1912
Time [UTC]

Figure 3: Cloud identification technique from the 3D
Lidar (Chania airport 10/05/2020). The Ceilometer
data for cloud base heights are presented with blue
points.
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Introduction

The long-range transport of atmospheric
aerosols can influence the air quality worldwide in
local, regional or even intercontinental levels. It
presents long residence times in the atmosphere
and may contribute to the increase of air pollution
(Martins et al., 2018).

For instance, aerosols produced in wildfires in
North America once they are embedded in the free
troposphere or stratosphere, can travel over great
distances and reach Europe (Ortiz-Amezcua et al.,
2017; Baars et al., 2019; Papanikolaou et al.,
2020). Under specific meteorological conditions
their optical and chemical properties can be kept
unaltered throughout their joutney, or they can be
changed through mixing processes with other
aerosol types, for instance desert dust, especially
during lower free tropospheric transport
(Papanikolaou et al., 2020).

Greece is an important cross-road of
tropospheric aerosols originating from natural
sources (deserts, volcanoes, wildfires, etc.) mostly
within the European and the African continent
(Soupiona et al., 2020; Mylonaki et al., 2021),
while the intercontinental transport (e.g. North
America) of aerosols over our area has not been
studied in a systematic way. In this work we
present  three cases of intercontinental
transportation of aerosols reaching Athens based
on the DEPOLarization lidar systEm (DEPOLE)
(Papayannis et al., 2020) located at the Laser
Remote Sensing Unit (LRSU of National
Technical University of Athens (NTUA, (37.97°
N, 23.78° E, elev. 212 m a.s.l.), in terms of aerosol
backscatter coefficient (bair) and particle linear
depolarization ratio (PLDR) at 355 nm.

Results and discussion

The cases presented here concern long-range
aerosol transport which occurred on 14 and 30
September and on 1 October 2020. The first case
(14 September 2020) concerns a long-range
transport of biomass burning aerosols over Athens.
In Figure 1 (a) we present the spatio-temporal

evolution of the range-corrected lidar signal at 355
nm between 17:00 and 18:22 UTC. In that figure
we can see the presence of a free tropospheric
filamented aerosol layer located at 8.13+0.18 km
height. The vertical profiles of the aerosol optical
properties (baer, PLDR) were retrieved by using the
Single Calculus Chain (SCC; D ’amico et al.,
2015) in the time period 17:19-18:19 UTC (Fig.
la, orange rectangle) and are shown in Figure 1b.
Regarding the optical properties of that layer (blue
colored) we found a mean value of by of
0.40+0.16 Mm!sr'! and of PLDR of 0.19+0.01.
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Figure 1. (a) Spatio-temporal evolution of the range-
corrected lidar signal at 355 nm; (b) vertical distribution
of baer [Mm'sr'!] and PLDR at 355 nm, as observed by
the DEPOLE lidar system on 14 September 2020 (17:19
—18:19 UTC) over Athens. The blue-shadowed rectangle
represents the geometrical boundaries of the studied
aerosol layer.
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In Figure 2 we present the air mass backward
trajectory ending after 144 hours over the city of
Athens at 17:00 UTC, based on the results of the
HYSPLIT model along with the active fires
obtained by MODIS. In this case the air mass
originated over the North American continent on
9-10 September, while at the same time period an
extreme wildfire event was taking place in the
State of California.
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Figure 2. The HYSPLIT air mass backward trajectory
for the aerosols arriving over Athens between 7.86-8.40
km a.s.l. along with the MODIS active fires (red spots).

In total 6 aerosol layers were observed and are
presented in Table 1 along with the mean values of
the aerosol optical properties: one layer on 14
September 2020, 2 layers on 30 September 2020
and 3 layers on 1 October 2020.

Table 1. Geometrical (top, bottom, mean altitude) and
optical (mean b,r and PLDR) properties of the studied
aerosol layers, as observed by the DEPOLE lidar system
at 355 nm over Athens on 14 and 30 September 2020 and
01 October 2020.

Date [dd/mm/yy]

Parameter  14/09/20  30/09/20  01/10/20
2.88
Bkottom 736 4.08 396
[km] 4.86 4.92
3.96
1;("1’ 8.40 450 4.50
[km] 522 6.18
Mean 3.42+0.34
altitude 813018 F2HEOIS o508
[km] 5.0440.13  5.55+0.39
0.8340.19
E{‘g iy 0404016 0.56£0.31 ) 66+0.19
st 0.54+0.20  0.58+0.20
0.07+0.03
PLDR 0194001  O16F005  50e 001
02240.02  0.06+0.01
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Introduction

This study presents an intercomparison of the
water vapour mixing ratio (WVMR) derived from a
multi-wavelength Raman lidar and the reanalysis
5 generation meteorological reanalysis dataset
(ERAS), as provided by the European Centre for
Medium-range Weather Forecasts (ECMWF).

The WVMR profiles were obrtained by the
EOLE Raman lidar system of the National
Technical University of Athens (NTUA), for the
case study of 18 May 2014, within the European
Aerosol Research LIdar NETwork (EARLINET).

The water vapour is the most important variable
constituent of the atmosphere (Ambaum, 2010),
which has a major key role on the Earth’s radiation
budget, as it has the ability to absorb and transfer
huge amounts of energy throught the atmosphere.
For this reason, it is essential to improve and
validate the current water vapour mixing ratio
(WVMR) measurement techniques.

Results and discussion

The water vapour can be derived by the use of
a multi-wavelength Raman lidar, providing vertical
profiles with great accuracy during nighttime under
cloud-free conditions. The vertical profiles of the
water vapour can be expressed as mass mixing ratio

profiles of water vapour to dry air masses (WVMR).

The retrieving algorithm of water vapour mixing
ratio (WVMR) (cf. Eq. 1) is based on the ratio of
the inelastic backscattered lidar signals of 407 and
387nm channels, respectively (Whiteman, 2003).
Also, the ambient temperature (Tamb) and pressure
(Pamb) has to be considered to estimate the relevant
extinction of the lidar signals.

_(z Pamp(@)
WYMR() = Gy pagy (2) o Tamst ™ 8652) (5
0 Fair 2 P i RCS(A,,2)

=JgC
e 0 "2, Tamb(l)

where Cp=23.99 is the Raman lidar calibration
constant, pair is the atmospheric density, 41 = 387 nm
and 22= 407 nm, c;; = 1.1202 107 and c;o = 1.3942
107 the molecular extinction constants, z is the
reference height, while range corrected signal
(RCS) is the range-corrected background
subtracted lidar signal at each channel, respectively
(Freudenthaler et al., 2016).

The tropospheric water vapour profiles were
also provided by the Copernicus site through the
specific humidity product of ERAS, expressed at
pressure levels in a hourly base
(https://cds.climate.copernicus.eu/cdsapp#!/dataset
/reanalysis-era5-pressure-levels?tab=overview).

Moreover, the Pamp and Tamp, as well as the
ambient relative humidity (RH) vertical profiles,
were also provided by ERAS model and were used
to estimate the ambient air density profile.

The Co value has been validated during the
Hygroscopic Aerosols to Cloud Droplets (HygrA-
CD) experimental campaign which took place in the
Greater Athens Area (Papayannis et al., 2017,
Labzovskii et al., 2018).

Water Vapour Mixing Ratio, 18-05-2014
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Fig. 1: The spatio-temporal evolution of water vapour
mixing ratio (WVMR) as observed by the EOLE lidar on
18" May 2014 (19:08-20:37 UTC) over Athens, Greece.
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Fig. 2: The retrieved water vapour mixing ratio (WVMR)
vertical profile by the EOLE lidar system for the 18 May
2014 (19:08-20:37 UTC) compared to ERAS specific
humidity profile (20:00 UTC), of the same day.

In this study, we will show how the use of ERAS
data can improve the retrieval algorithm of the
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vertical profiles of water vapour mixing ratio
(WVMR) including the profiles of Pamb and Tamp.

As an example we show the water vapour vertical
profile (cf. Fig. 1) obtained over Athens by EOLE
on the 18" May 2014 (19:08-22:48 UTC). The
water vapour mixing ratio (WVMR) has been
retrieved based on the Eq. 1. In this Figure we see a
nearly dry water vapor layer between 3 and 5.5 km
height. More humid air masses are observed below
2 km height, with even more humid layers inside
the PBL height ranging from ground to 1.8 km
height. Between between 5.5-7.5 km asl. a well-
stratified humid layer is observed.

In Fig. 2 we present the water vapor profiles
retrieved from both methods from 1 to 10 km height
asl. In general, we observe a good agreement
between the two methods, mainly over 1.5 km
height. We observe within the PBL (below 1.8 km
height) increased values of water vapour mixing
ratio (WVMR) mainly over 5 gr/kg dry air, while
between 6 and 8 km we observe a wet layer, which
is linked to cirrus presence observed during the
measurement.

In Fig. 3 we show the difference (%) of the vertical
profile of the lidar-based water vapour mixing ratio
(WVMR) on the 18" May 2014 (19:08-20:37
UTC) compared to the derived one from the ERAS
(20:00 UTC), in the height range 0.8-10 km (cf.

color bar in Fig. 3).
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Fig. 3: The percentage difference of the lidar-based
WVMR vertical profile on 18 May 2014 (19:08-20:37
UTC) compared to ERAS specific humidity profile
(20:00 UTC).

The percentage difference of the water vapour
mixing ratio (WVMR) compared to ERAS specific

humidity profile presented in Fig. 3 showed that the
difference remains below +£25% under 3 km height,
while the best fit between the two methods is
strongest for WVMRs ranging between 2.5 and 4

g/kg.

As a conclusion, we showed that both
techniques are almost equivalent and are able to
retrieve similar water vapor patterns, while the
Raman lidar presents an additional of much higher
spatio-temporal resolution against the ERA 5
assimilation model.

In future work, we are going to collect more case
studies for further investigation on the performance
of ERAS against real measurements.

Acknowledgements

We acknowledge support by the project “PANhellenic
infrastructure for Atmospheric Composition and climatE
change” (MIS 5021516) which is implemented under the
Action “Reinforcement of the Research and Innovation
Infrastructure”, funded by the Operational Programme
"Competitiveness, Entrepreneurship and Innovation"
(NSRF 2014-2020) and co-financed by Greece and the
European Union (European Regional Development
Fund).

References

Ambaum, M. H. P.: Water in the Atmosphere, in thermal
physics of the atmosphere, pp. 93—107, John Wiley and
Sons, Ltd., 2010.

Freudenthaler, V. About the effects of polarising optics on
lidar signals and the A90 calibration. Atmos. Meas. Techn.,
9, 4181-4255. https://doi.org/10.5194/amt - 9 - 4181 -
2016.

Labzovskii, L. D., Papayannis, A., Binietoglou, 1., Banks,
R. F., Baldasano, J. M., Toanca, F., Tzanis, C. G. and
Christodoulakis, J.: Relative humidity vertical profiling
using lidar-based synergistic methods in the framework of
the Hygra-CD campaign. Ann. Geophys, 36, 213-229,
doi:10.5194/angeo-36-213-2018, 2018.

Papayannis, A., Argyrouli, A., Bougiatioti, A.,
Remoundaki, E., Vratolis, S., Nenes, A., Solomos, S.,
Komppula, M., Giannakaki, E., Kalogiros, J., Banks, R.,
Eleftheriadis, K., Mantas, E., Diapouli, E., Tzanis, C. G.,
Kazadzis, S., Binietoglou, 1., Labzovskii, L., Vande Hey,
J. and Zerefos, C. S.: From hygroscopic aerosols to cloud
droplets: The HygrA-CD campaign in the Athens basin -
An overview. Sci. Total Environ., 574, 216-233,
doi:10.1016/j.scitotenv.2016.09.054, 2017.

Whiteman, D. N.: Examination of the traditional Raman
lidar technique. II. Evaluating the ratios for water vapor
and  aerosols. Appl. Opt, 42, 2593-2608,
doi:10.1364/20.42.002593, 2003.



ELC
2021

Long-term lidar measurements of Australian wildfire smoke layer in the stratosphere over
southern South America in 2020-2021: Potential influence on ozone reduction?

K. Ohneiser?, A. Ansmann®, B. Kaifler*, A. Chudnovsky®, B. Barja®, H. Baars', P. Seifert, C. Jimenez*, M. Radenz*, R.
Engelmann®
ohneiser@tropos.de
(1) Leibniz Institute for Tropospheric Research, Leipzig, Germany
(2) Deutsches Zentrum fur Luft- und Raumfahrt, Institut fir Physik der Atmosphére, Oberpfaffenhofen, Germany
(3) Tel Aviv University, Porter School of Earth Sciences and Environment, Tel Aviv, Israel
(4) Atmospheric Research Laboratory, University of Magallanes, Punta Arenas, Chile

Introduction

Record-breaking wildfires with an unprecedentedly
strong pyroconvection series were raging in
Australia in late December 2019 and early January
2020. These fires injected never observed amounts
of biomass burning smoke into the stratosphere
(Kablick et al., GRL, 2020; Khaykin et al., Nature,
2020; Ohneiser et al.,, ACP, 2020). We show
multiwavelength  polarization =~ Raman  lidar
measurements performed at Punta Arenas (53.2°S,
70.9°W), Chile, at the southernmost tip of South
America, over 18 months from January 2020 to
June 2021. The decay of the stratospheric
perturbation is discussed based on optical
properties such as the smoke extinction coefficient,
optical thickness, Angstrom exponent, extinction-
to-backscatter ratio (lidar ratio), and particle linear
depolarization ratio as well as the smoke fraction
and layer geometrical properties (top and base
heights). The maximum smoke optical thickness
was almost two orders of magnitude above
stratospheric background level. Lidar ratios of 69sr,
91sr, and 120sr were obtained at 355nm, 532nm,
and 1064nm, respectively.

During the decay phase of the stratospheric
aerosol perturbation a record-breaking ozone hole
occurred in the southern hemispheric spring of
2020. We will discuss the potential link between the
smoke and the strong ozone depletion based on our
long-term smoke observations and ozone profiles
downloaded from the NDACC network web page
(NDACC, 2021).

Results and discussion

Lidar observations in Punta Arenas (53.2°S,
70.9°W; 9m above sea level, a.s.l.), Chile, were
conducted in the framework of the long-term
DACAPO-PESO (Dynamics, Aerosol, Cloud And
Precipitation ~ Observations in the Pristine
Environment of the Southern Ocean) campaign
lasting from November 2018 to the end of 2021
(Radenz et al., ACPD, 2021). A multiwavelength
polarization Raman lidar (Polly-XT, Engelmann et
al., AMT 2016) was run continuously (with some
short irregular measurement gaps) at the University

of Magallanes (UMAG) in Punta Arenas and
observed the upper tropospheric and lower
stratospheric (UTLS) biomass burning smoke layer
originating from the strong Australian bushfires
since January 2020.

Results in Fig. 1 provide an overview of the
lidar measurements of the UTLS smoke layer over
southern South America. The first smoke plumes
arrived at Punta Arenas on 5 Jan 2020. Initial smoke
layers were optically thick and showed ascending
features. After some months, smoke layers
appeared blurrier and were usually found between
7-26 km height. UTLS layer mean extinction
coefficients decreased exponentially with time.
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Figure 1. (a) Overview of Polly lidar observations of
UTLS smoke layers (colored bars from bottom to top,
one bar per day) from January 2020 to June 2021. The
colors in each bar indicate different extinction coefficient
levels (see legend in the panel). (b) Layer mean 355 and
532 nm particle extinction coefficient (layer mean
particle backscatter coefficient values multiplied by a
lidar ratio of 60sr and 95sr).

Figure 2 provides an impression of the ozone
conditions over the southern part of the southern
hemisphere. The shown deviation of the ozone
partial pressure from the long-term mean is strongly
negative in spring 2020 (especially in October
2020). The record-breaking ozone depletion
occurred in the smoke layer. Base (grey) and top
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(black) heights of the smoke layer are indicated in
Figure 2.

There are two pathways to influence ozone
depletion by aerosol pollution. The smoke particles
can influence the nucleation of particles of polar
stratospheric clouds (PSCs) and therefore the
number and size of the PSC particles (and particle
surface area  concentration available for
heterogeneous chemical reactions). PSCs are a
major factor in chlorine activation and ozone
depletion. Furthermore, the smoke particles can be
directly involved in heterogeneous chemical
processes that convert nonreactive chlorine
components into reactive forms. Lidar is able to
provide valuable information on the optical and
microphysical characteristics of these smoke layers
(Ansmann, et al., 2020) in which strong ozone
depletion was found.
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Figure 2. Ozone partial pressure deviation (with respect
to 2000-2020) at Neumayer (data from NDACC (2021))
with smoke layer boundary data from Punta Arenas lidar.
The gray dots show the smoke layer bottom, the black
dots show the smoke layer top.
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Figure 3 shows these microphysical
characteristics of the smoke layers above Punta
Arenas in terms of estimated surface area (SA)
concentration using the retrieval method in
Ansmann et al. (ACPD, 2020). Between
approximately 8 and 25 km clearly increased SA
conc. values were found in the range between 0.3
and 8.0 um-2 cm3. In the same height range
negative relative ozone partial pressure deviations
were found at all heights. The data shown are
averaged ozone sonde data of Lauder, Neumayer,
and South Pole (NDACC, 2021) between
September 2020 and November 2020 with respect
to the mean values of September to November
between 2000-2020. Especially between 14 and 22
km height the negative deviations were in the range
between 15 and 25%. To what extent the enhanced
Australian smoke aerosol burden influenced the
record-breaking southern hemispheric ozone hole

will have to be further investigated. Sophisticated
lab studies and modelling efforts are needed to
clarify the detailed influence of the organic wildfire
particles on ozone depletion.
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Figure 3. Blue: Ozone partial pressure relative deviation
September to November 2020 (with respect to 2000-
2020) at Neumayer (data from NDACC (2021)). Red:
Estimated surface area (SA) concentration of the biomass
burning aerosol between August and November 2020.
Gray: Estimated surface area (SA) concentration of the
background aerosol 1996-2008 found in Sakai 2016.
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Introduction

Aeolus constitutes a core satellite mission of the
European Space Agency (ESA) Earth Explorers,
flying in a polar orbit since August 2018 (Reitebuch,
2012). The only payload onboard the platform is the
Atmospheric Laser Doppler Instrument (ALADIN),
a Doppler Wind Lidar (Lolli et al., 2013) providing
vertical profiles of the Horizontal Line-of-Sight
(HLOS) wind component at global scale (Stoffelen
et al., 2006). ALADIN is also a High Spectral
Resolution Lidar (Shipley et al., 1983) that provides
as Level-2A (L2A) products the particle backscatter
coefficient, the particle extinction coefficient and
backscatter-to-extinction ratio (Flamant et al., 2007,
2008). The system emits circularly polarised light
at 355 nm, 350 off nadir in a transceiver
configuration and detects only the co-polar
component of the backscattered lidar signal
(Flamant et al., 2007). When the undetected cross-
polar component of the backscattered signal is not
negligible under the presence of depolarising non-
spherical particles such as volcanic ash, desert dust,
or stratospheric smoke (Ansmann et al., 2010;
Freudenthaler et al., 2009; Gialitaki et al., 2020),
the measured particle backscatter coefficient from
Aecolus is underestimated (Flamant et al., 2007). A
first attempt to assess the performance of Aeolus
and validate the L2A products will take place in the
framework of the forthcoming ASKOS campaign
(https://askos.space.noa.gr/). ASKOS is an Aeolus
calibration and wvalidation (Cal/Val) tropical
campaign which is held on Mindelo, Cape Verde
between 2021 to 2022 with 3 intense phases on July
and September 2021 and May/June 2022.

The ground-based lidar

The ground based lidar system that will be used in
the ASKOS campaign as reference for the Aeolus
L2A products is a novel polarisation lidar system,
the Enhancement and Validation of ESA products
(eVe) lidar system (Figure 1). The eVe lidar is a
combined linear/circular polarisation lidar system
with Raman and scanning capabilities that utilises a
dual-laser/dual-telescope configuration. This dual
configuration enables the system to mimic the

performance of both ALADIN and the polarisation
lidar systems with linearly polarised emission.
Two Nd-Yag lasers are used for the interleaved
emission of linearly and circularly polarised light at
355 nm with a repetition rate of 20 Hz for each laser.
In the receiver unit, the backscattered signals are
collected from two Dall-Kirkham type telescopes.
At the first telescope, the collected elastically
backscattered signal from the linearly polarised
emission is optically separated with a linear
polarisation analyser in parallel and cross polarised
components which are measured in two channels.
An additional channel is deployed for the
interleaved detection of the inelastic backscattering
at 387 nm from both linearly and circularly
polarised emission. At the second telescope, the
collected elastically backscattered signal from the
circularly polarised emission is optically separated
with a circular polarisation analyser in co- and
cross-polar polarised components which are
measured in two channels. Thus, the system
retrieves the particle backscatter and extinction
coefficients from linear and circular emission, the
volume and particle linear depolarisation ratios, and
the volume and particle circular depolarisation
ratios at 355 nm.
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Figure 1. The eVe lidar
The system was developed to support Acolus
Cal/Val via the acquisition of well characterized
reference measurements of particles (aerosol and
cloud particles) optical properties from ground. In
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Figure 2, a first attempt to validate the Aecolus
backscatter coefficient against the eVe lidar is
presented as an example. The collocated
measurement was performed on 1st July 2020 when
Acolus flew near Athens (~85 km northwest from
the eVe position). The presented Aeolus profile of
the particle backscatter coefficient and its error was
retrieved using the standard correct algorithm
(Flamant et al., 2007). The retrieved eVe profile of
particle backscatter coefficient using the circularly
polarised emission was converted to the profile that
the Aeolus would measure from ground (Mimic
Aeolus) in order to be comparable with the Aeolus
profile. The two days backward trajectories
analysis (not shown here) indicate that different air
masses were sampled by the two systems
highlighting the need of eVe measurements closer
to the Aeolus overpass.

Athens, Greece
2020-07-01, 04:38:34UTC
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Figure 2. Profiles of the particle backscatter coefficients
retrieved from Aeolus (black) and eVe lidar (green and
orange) on 01-07-2020 over Athens.The eVe profiles
were retrieved using the Klett inversion method and the
assumed aerosol-free reference height was selected at 4
km. After the inversion the eVe profiles were resampled
with the Aeolus vertical resolution.

Methodology

During the ASKOS campaign the eVe lidar will be
located in Mindelo, Cape Verde and it will perform
collocated measurements with Aeolus every Friday
afternoon during the closest Aeolus overpass over
the site (~5 km). The measurement angle of the eVe
lidar will be 35° off-zenith and the measurement
interval will be 1.5 hour before and after the
overpass time in order to fulfil the Cal/Val
requirements for the L2A products. First results
from this comparison will be presented in the ELC
conference.

Acknowledgements

eVe lidar was developed under an ESA project (No.
4000127438/19/I-BG) by Raymetrics S.A. in
collaboration with the National Observatory of Athens
and the Ludwig-Maximilians University. The work is
supported by the European Space Agency project ASKOS
(4000131861/20/NL/TA); the European Research Council
under the European Community's Horizon 2020 research
and innovation frame-work program/ERC Grant
Agreement 725698 (D-TECT); the project “PANhellenic
infrastructure for Atmospheric Composition and climatE
change” (MIS 5021516), implemented under the Action
“Reinforcement of the Research and Innovation
Infrastructure”, funded by the Operational Programme
"Competitiveness, Entrepreneurship and Innovation"
(NSRF 2014-2020) and co-financed by Greece and the
European Union (Euro-pean Regional Development
Fund), and the Stavros Niarchos Foundation.

References

Ansmann et al., The 16 April 2010 major volcanic ash
plume over central Europe: EARLINET lidar and
AERONET photometer observations at Leipzig and
Munich, Germany, Geophys. Res. Lett., 37 (13),2010.
Flamant et al., ADM-Aeolus L2A Algorithm Theoretical
Available
https://earth.esa.int/pi/esa?type=file&table=aotarget&cm
d=image&alias=Aeolus L2A Algorithm TBD, 2007.
Flamant et al., ADM-Aeolus retrieval algorithms for
aerosol and cloud products, Tellus A, 60 (2), 273-288,
2008.

Freudenthaler et al., Depolarization ratio profiling at

Baseline  Document, [online] from:

several wavelengths in pure Saharan dust during SAMUM
2006, Tellus B, 61 (1), 165-179, 2009.

Gialitaki et al., I's the near-spherical shape the “new black”
for smoke?, Atmos. Chem. Phys., 20 (22), 2020.

Lolli et al., 0.355-micrometer direct detection wind lidar
under testing during a field campaign in consideration of
ESA’s ADM-Aceolus mission, Atmos. Meas. Tech., 6(12),
3349-3358,2013.

Reitebuch, The Spaceborne Wind Lidar Mission ADM-
Acolus, edited by U. Schumann, pp. 815-827, Springer
Berlin Heidelberg, Berlin, Heidelberg., 2012.

Shipley et al., High spectral resolution lidar to measure
optical scattering properties of atmospheric aerosols 1:
Theory and instrumentation, Appl. Opt., 22(23), 3716,
1983.

Stoffelen et al., ADM-Aeolus Doppler wind lidar
Observing System Simulation Experiment, Q. J. R.
Meteorol. Soc., 132(619), 1927-1947, 2006.



ELC
2021

Optical properties of fresh smoke: a case study from PANGEA observatory

A. Gialitaki'?, A. Tsekeri*, A. Kampouri® 3, M. Tsichla'*, I. Tsikoudi*®, E. Marinou?, V. Amiridis* and D. Balis?
Contact: togialitaki@noa.gr
(1) National Observatory of Athens, Athens, Greece
(2) Laboratory of Atmospheric Physics, Aristotle University of Thessaloniki, Thessaloniki, Greece
(3) Department of Meteorology and Climatology, School of Geology, Aristotle University of Thessaloniki,
Thessaloniki, Greece
(4) Department of Environmental Physics and Meteorology, National and Kapodistrian of Athens, Athens, Greece
(5) Environmental Chemical Processes Laboratory, Department of Chemistry, University of Crete, Heraklion, Greece

Introduction

Biomass burning particles tend to alter their
properties significantly as they evolve with time in
the atmoshere. This particularity originates from
their hydrophylic nature, as the complex shaped
soot aggregates originally emitted, gather weakly
absording materials around them (i.e. sulfates)
during what we call atmospheric aging. The
coatings formed onto the particles modify their
shape and composition and subsequently their
optical properties (i.e. Amiridis et al. 2009,
Ishimoto et al., 2019). A property that is mostly
sensitive to the particle morphhology is the particle
linear depolarization ratio (PLDR) which can be
measured by a polarization lidar. However, ground-
based lidar measurements are usually performed
away from the fire source and correspond to aged
smoke, which has been observed to differentiate
from freshly emitted smoke in terms of PLDR (i.e.
Burton et al., 2012). This finding is also supported
by scattering models simulating smoke optical
properties (Ishimoto et al., 2019). What is more,
multiwavength polarization lidar measurements for
smoke were not so frequently reported in lidar
literature up to recently. Thus, the investigation on
smoke PLDR spectral dependence is still a subject
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Figure 1. Time-height displays of the (a) attenuated

backscatter coefficient at 1064nm, (b) volume linear

depolarization ratio at 355nm and (c¢) at 532nm on 23
July, 2020. Measurement gap during 02:35 — 02:45 UTC

corresponds to the time interval used for the A90
depolarization calibration (Freudenthaler, 2016).

Herein, we present a case study of freshly emitted

(less than a day old) smoke originating from
wildfires in the area of Korinth (37.85N, 22.93E,
Peloponesse, Greece), and measured with the
PollyXT-NOA multi-wavelength polarization lidar
in PANGEA observatory (Antikythera; 35.86N,
23.31E, 193m a.s.l.). Over the course of two days,
optically thick smoke layers were observed
between 2 and 3km above the station (Fig. 1).
Trajectory analysis and atmosheric models (Fig. 2)
indicate that below 4km there is no contribution of
known depolarizing aerosols (i.e. dust particles),
and yet PLDR values exceed 13% at 355nm for the
fresh smoke layer, while there is a steep decrease
towards 532nm.
Optical properties

To derive the smoke optical properties lidar
profiles were averaged between 00:00 and
02:30UTC. During this time a distinct smoke layer
was located between 2.5 and 3km above
Antikythera station as shown in Fig.1. The bottom
and top smoke layer heights were determined from
the gradient of the particle backscatter coefficient at
1064nm. Lidar profiles are shown in Fig. 3 and the
layer-integrated mean values of smoke intensive
optical properties

Figure 2. (a) 2-day Backward trajectory analysis for the
air masses above Antikythera and (b) dust load from
BSC-DREAM model on 23 July, 2020.

Results and Discussion

The lidar ratio (S) varies between ~80-109sr at
355nm and between ~65-89sr at 532nm, indicating
the absording nature of the particles. This has
already been observed in the past for fresh smoke,
while the opposite behavior is reported for aged
smoke (i.e. Burton et al., 2012; Illingworth et al.,
2015). The large Angstrom exponent values could
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be also characterized as typical for smoke particles
which are expected to be quite small.
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Figure 3. Lidar profiles of (left to right) particle
backscatter and particle extinction coefficient, lidar ratio
(S), PLDR, Angstrom exponent and gradient of particle
backscatter coefficient at 1064nm.

Table 1. Lidar derived optical properties for the layer
between 2.5 and 3km.

Mean value + standard
deviation (max value)

S3ss (sr) 94.5+14.2

Ss32 (s1) 76.9+11.6
PLDR3s5 (%) 12.3 £0.01 (13.7)
PLDRs3: (%)  5.9+0.1(6.5)
Ang. exp. 1.45+0.05

The key finding of our analysis lies in PLDR
values: while at 532nm PLDR does not exceed 7%,
at 355nm it reaches almost 14%. The latter is
already large, in terms of absolute values, compared
to what is usually observed for smoke in the lower
troposphere. Recent findings utilizing
multiwavelenght polarization lidar measurements
have shown that PLDR of smoke particles found in
the upper troposphere/lower stratosphere (UTLS)
may reach up to ~25% and ~20% at 355 and 532nm
respectively, and thus exhibiting a noticeable
spectral dependence (Haarig et al., 2018; Hu et al.,
2019; Gialitaki et al., 2020; Ohneiser et al., 2020).
In our case the decrease in PLDR is more prominent
with the increasing wavelength, and to the best of
our knowledge, has not been reported before for

smoke found in the lower troposphere.
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Figure 4. PLDR spectral dependence for recent case
studies found in the literature.

Figure 4 presents an overview of multi-
wavelength PLDR measurements from Leipzig

(LE; Canadian stratospheric smoke), Lille (LI;
Canadian stratospheric smoke), Punta Arenas (PA;
Australian  stratospheric  smoke), PANGEA
observatory (GR; Peloponnese lower tropospheric
smoke) and airborne lidar measurements above
Denver, Colorado (DC; Canadian upper
tropospheric smoke). The spectral dependence of
PLDR for the case of GR is more closely
resembling those of DC and of PA. This may be
related to the type of burning material (PA and GR)
or the fact that smoke is found in the troposphere
(DC and GR) and is part of our ongoing research.
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Introduction

In this study, we identify systematic and statistical
uncertainties in the L2A aerosol product of the
AEOLUS satellite. AEOLUS, a core mission of
the European Space Agency, was launched on
August 2018 and is operating since in a polar orbit
(Reitebuch et al., 2012). The system is capable of
measuring aerosol optical properties such as the
co-polar backscatter and the extinction coefficient
profiles (Flamant et al., 2008). Prior to launch,
ESA encouraged multiple networks to contribute
to the validation of the satellite products (Straume
et al.,, 2019). The European Aerosol Research
Lidar Network (EARLINET) (Papalardo et al.,
2004), part the European Research Infrastructure
for the observation of Aerosol, Clouds and Trace
Gases (ACTRIS) that numbers 29 active European
lidar stations, actively participated in the Cal/Val
activities since the beginning of the mission. The
collected lidar profiles have been analyzed in order
to quantify the discrepancies between AEOLUS
and the European ground based systems.

Methodology

While AEOLUS was launched in 2018, the
timeseries deployed here covers the period
06/2019 - 05/2021 that correspond to the best
available versions of the satellite L2A processing
algorithms (baseline 10 and baseline 11 products).
We harvest the collocations using the following
spacio-temporal criteria. Only overpasses that fall
within a radius less than 100km around the station
are included. To isolate collocated data we reject
all AEOLUS data with a time interval between the
overpass and the central time of the ground-based
measurement that is greater than 3 hours.
Furthermore, we handle multiple AEOLUS
profiles within the overpass as follows. The closest
overpass (Clo) is identified as the AEOLUS
profiles closest to the station. The average
overpass (Avg) is also calculated by averaging all
available AEOLUS profiles. Moreover, the
EARLINET data are also re-scaled to match the
AEOLUS bins. This conversion is performed case-
wise as the altitude limits of each bin slightly
change per profile.

AEOLUS L2A products include the aerosol

extinction and co-polar backscatter coefficient
profiles at 355nm from circularly polarized light
emission. While the extinction profiles are directly
comparable with the ground-based lidars, this is
not the case for the backscatter profiles since
AEOLUS cannot measure the cross polar
component of the aerosol backscatter (Flamant et
al., 2008). The co-polar backscatter is close to the
total backscatter only in the absence of highly
depolarizing scatterers such as dust, pollen,
volcanic ash, and cirrus ice crystals. Ground-based
measurements are divided in two categories for the
evaluation depending on whether aerosol
depolarization = measurements  have  been
performed. If the particle linear depolarization
ratio (PLDR) is available, it can be applied to
convert the lidar total backscatter to an AOLUS-
like co-polar backscatter coefficient. This category
is applied for the direct evaluation of the satellite
product, the number of such data is however
limited as the majority of the EARLINET stations
do not perform PLDR measurements at 355nm.
Cases that lack PLDR information assist to
quantify the uncertainties introduced by using the
AEOLUS co-polar backscatter as a substitute for
the total backscatter.

The optical profiles calculated from the Standard
Correct Aglorithm (SCA) come in two different
vertical scales. The Rayleigh bin scale (Ray Bin)
maintains the original bins of the Rayleigh
channels. The middle bin scale is designed to
compensate an error propagation in the extinction.
The products are derived from the average over
two vertical bins. The value is affected to a mid-
bin ranging from the middle of the upper bin to the
middle of the lower one (Stieglitz et al., 2020).

Results and discussion

In the analysis below we will have focused on the
backscatter product. The comparison between the
co-polar backscatter values of EARLINET and
AEOLUS is presented in Fig. 1. More information
is summarized in Tables 1 and 2. Apart from the
correlation coefficients, statistical metrics of the
bias distribution (AEOLUS — EARLINET) of the
total and co-polar backscatter profiles are included
in two atmospheric region, below 2km (near
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range) and above 2km (far range). The correlation
generally increases when switching to the co-polar
backscatter but the number of bins decreases due
to the lower data availability. Higher values are
observed for the Mid rather than the Ray Bin
products and also for the closest rather than the
average overpass. Absolute mean biases are
generally below 0.6 Mm™' sr'. Bias spread
(standard deviation) values are lower for the Mid
rather than the Ray bin product. In addition, the

bias spread is generally larger in the near range.

EARLINET Overpasses - Co-Polar Backscatter Coefficient
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Figure 1. Scatterplot of the EARLINET total vs
AEOLUS co-polar backscatter values per vertical bin.
The total number of bins (N) and Person‘s r are also
displayed.

Table 1. EARLINET vs AEOLUS bin wise
comparison — Backscatter Coefficient

Product pnr onr pfr ofr r

Mid Bin Clo 004 159 -0.08 037 049

Mid Bin Avg 0.01 1.61 -0.09 040 046

Ray Bin Clo -0.30 230 -0.18 052 047

Ray BinAvg  -0.55 2.04 -020 051 041

* Where p is the mean bias, ¢ the standard deviation,
and r the Pearson‘s r, while nr and fr stand for near
(<2km) and far range (>2km), respectively.

Table 2. EARLINET vs AEOLUS bin wise
comparison — Co-polar Backscatter Coefficient

Product pnr onr pfr ofr r

Mid Bin Clo -0.04 1.74 -027 036 0.61

Mid Bin Avg -0.15 1.79 -033 042 0.56

Ray Bin Clo 0.02 258 -032 044 055

Ray Bin Avg 057 200 -034 045 0.39

* Where p is the mean bias, ¢ the standard deviation,
and r the Pearson‘s r, while nr and fr stand for near
(<2km) and far range (>2km), respectively.

Challenges and future Work

An underestimation when using the total
EARLINET backscatter is visible only for the
Rayleigh bin products. When switching to the co-
polar backscatter there is mno unanimous
improvement for all four products. The reduced
number of bins certainly affects the co-polar
metrics. Enriching the current dataset is rather
important for the statistical analysis. AEOLUS
overpass measurements are still ongoing within
EARLINET so the representativity of these
metrics is expected to improve in the future.

In addition, most EARLINET stations are located
in  European urban areas, where highly
depolarizing aerosols are rare with the exception
of transported events. In the future we will apply
an aerosol classification scheme to isolate dust
cases. by utilizing both the lidar PLDR and also
sunphotometer fine mode fraction measurements
when they are available. A total against co-polar
backscatter comparison for dust cases will give us
a clearer image of the decree of systematic biases
introduced due to AEOLUS relying on the co-
polar instead of the total aerosol backscatter
coefficient.
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Introduction

Atmospheric aerosols consist of small solid or
liquid particles floating in the air. Public analysis
released by the Intergovernmental Panel on Climate
Change (IPCC) point out that, nowadays,
atmospheric aerosols are the biggest source of
uncertainty in the assessment of Climate Change. In
addition, the presence of aerosols in polar regions
could possibly be more significant due to the
extreme sensibility presented by these regions to
external changes.

Polar regions, in addition, represent a difficult
area to be monitored because of the high reflectance
of the surface, but also due to the difficult access to
these remote places.

In this context, lidar instrumentation can
provide a strong support to aerosol analysis and
characterization. The vertically-resolved data
provided by lidar technology determine the vertical
distribution of aerosols, along with some of their
properties. In addition, lidar is capable to provide
data also during polar night, when other instruments
like sun-photometers cannot take measurements.
Hence, the aim of this work is to use lidar
instrumentation to detect aerosol plumes in polar
regions and to identify their origin.

Results and discussion

In the case of study of this work, several types of
lidar instruments were employed to assess the
presence of an aerosol plume in the super-site of
Ny-Alesund (78.92°N, 11.92°E), Svalbard, in the
Norwegian region of the Arctic Circle. The
different types of lidar employed in the study
included two ground-based instruments: a multi-
wavelength Raman lidar (KARL) and a Multi-Pulse
Lidar (MPL). In addition, Cloud-Aerosol Lldar
with Orthogonal Polarization (CALIOP), onboard
the CALIPSO satellite, has also been used.

The backscatter signal provided by these
instruments (at 532 nm for the MPL, 532 and 1064
nm for CALIOP, and 355 nm in addition to these
two wavelengths for KARL) supplied information
about the vertical profile of the atmosphere. Also,
the study of the depolarization of the backscattered
laser beam and the color ratio allowed to retrieve
some properties of the aerosols suspended in the
atmosphere.

Finally, the lidar CALIOP was employed in
conjunction with the airmass trajectory model
HYSPLIT (Hybrid Single-Particle Lagrangian
Integrated Trajectory model) to identify the
possible origin of the detected aerosol plume.
Because CALIOP is on board a satellite platform, it
was possible to follow the aerosol plume trajectory
along the globe.

532 um Tokal Afenusted Backscatter, km ' o' UTC: 2030-08-00 16:30:00.7 fo H30-08-00 10:32:089  Vorslon: 4.10 Standard Duyliee
' h

Figure 1. Backscatter profile at 532 nm from CALIOP
lidar the 3rd of May 2020.

An aerosol outbreak was initially detected with
a sun-photometer belonging to the Aerosol Robotic
Network (AERONET), which registered an unusual
load of aerosol in the atmosphere on the 3rd and 5th
of May 2020.

Data collected from ground-based instruments
(MPL and KARL) showed that the aerosol outbreak
took place at about 8-9 km asl. This information
was in line with the information provided by
CALIOP (see Figure 1). The study of the
depolarization and the color ratio indicated that the
aerosol was composed mainly of non-spherical big
particles.

Then, the combination of the HY SPLIT model
with the observations taken from CALIOP traced
the aerosol origin back to the Gobi and Taklamakan
deserts. Hence, the present case of study has, as
source area, the tropical parts of the Earth.
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Challenges

Lidar technology can be used to retrieve aerosol
properties also in the North Pole and to identify its
origin. Moreover, the good correlation between
different instruments was tested throughout this
study.

This work shows the effectiveness of lidar
instruments in the study of atmospheric aerosols.
Then, the implementation of this kind of instrument
around the globe or on board satellites would
represent an improvement in the study of aerosols.
For a better understanding about the properties of
aerosols, more aerosol plumes should be monitored
to stablish typical values for different parameters
retrieved by lidars.
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Introduction

The impact of clouds on the climate is one of the
most important research fields in atmospheric
sciences, since their radiative forcing is still
estimated with large uncertainties (Myhre et al.,
2013). In particular, the indirect radiative forcing
produced by aerosol-cloud interactions (ACI) is
still poorly characterized. In fact, the next ESA
EarthCARE mission (planned launch in 2023) has
as a primary objective the study of the aerosol-
cloud-radiation interactions to determine their
effect on the energy balance of the atmosphere, and
therefore their impact on the climate.

Atmospheric aerosol can influence the
formation and evolution of clouds, their lifetime
and precipitation ability, and their microphysical
properties in two ways. First, it is the particle
reservoir that favours the formation of ice clouds
through heterogeneous nucleation processes (INP,
Ice-Nucleating Particles). Second, they can serve as
the reservoir of cloud condensation nuclei (CCN)
for liquid droplet nucleation (water clouds
formation). Among the diverse aerosol types,
mineral dust is one of the most active particles
efficiently acting as INP (DeMott et al., 2003) and
CCN (Karydis et al., 2011).

Polarized lidar observations are used to
determine cloud-relevant parameters: 1) profiles of
dust-induced INP and/or CCN concentrations (e.g.
Mamouri and Ansmann, 2016), by separating the
dust contribution from the total aerosol extinction
(e.g. Cordoba-Jabonero et al., 2018), and 2) the
thermodynamic phase (ice, mixed, liquid) of
homogeneous clouds using the cloud phase
diagnosis (CPD) method (Lewis et al., 2020). These
two methodologies are used in this work to
investigate the evolution of clouds under actual
homogeneous and heterogeneous nucleation
conditions.

For that purpose, a case study of high (cirrus)
and middle clouds and dust-induced CCN
concentrations is selected for illustration. This case
study is observed at the MPLNET/AERONET El
Arenosillo station near the Huelva city
(Huelva/ARN, 37.1°N 3.7°W, 40 m asl) on 26-27

May 2021. A polarized Micro-Pulse Lidar (P-
MPL) is used for cloud and aerosol monitoring. P-
MPL measurements are used for deriving: 1) the
dust extinction coefficient as required to derive
CCN concentrations (Mamouri and Ansmann,
2016); and 2) the volume linear depolarization ratio
(VLDR), together with the temperature field, for
determining the thermodynamic phase of clouds
(CPD, Lewis et al., 2020) and the nucleation
signature. Temperature and relative humidity
profiles are obtained from the Global Data
Assimilation System (GDAS).

The aim of this work is to show the potential of
P-MPL observations under real aerosol-cloud
scenarios to determine both the thermodynamic
phase of homogeneous clouds and the CCN (or
INP) concentration related to dust-induced
nucleation processes.

Results and discussion
26 May
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Figure 1. Aerosol-cloud scenario as observed at
Huelva/ARN site during 26-27 May 2021 in terms of the
P-MPL measurements: (Top panel) RCS, and (Bottom
panel) VLDR.

The aerosol-cloud scenario observed along 26-27
May 2021 at the Huelva/ARN station is illustrated
in terms of P-MPL measurements in Figure 1: the
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range-corrected signal (RCS) (top panel) and the
VLDR (bottom panel).

Several features are highlighted along the two-
day scenario: high ice clouds (cirrus), the arrival of
dust particles and potential water cloud nucleation.
On 26 May, cirrus clouds are observed almost all
day long between 7 and 13 km height. They are
totally decoupled from the dust intrusion coming at
around 22UTC. On 27 May, middle clouds appear
at lower altitudes, spreading down to 4 km height,
where the top of the dust layer is found. The dust-
induced nucleation begins at around 05UTC (no
aerosol inversion possible). Dust optical depths of
0.2-0.3 were derived.

26 May

27 May

Altitude (km asl)

Altitude (knn asl)
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Figure 2. (Top) Aerosol/cloud discrimination:
background aerosol (1, grey), mixed-dust/non-dust (2,
dark green) and pure dust (3, brown), together with cloud
signature (4, white). (Bottom) The CPD where the cloud
signature was detected (in white at the top panel): ice
(blue) and mixed (magenta), no liquid; the potential
cloud nucleation region is also shown (undetermined, in
white). Isotherms are also marked by yellow lines (that
for -37°C in orange).

8

Figure 2 (top) shows the aerosol typing: pure
dust, ‘mixed’ dust/non-dust (differing from pure
dust), and background aerosol, as discriminated
from the clouds. The temperature field is also
shown as isotherm yellow lines, highlighting the -
37°C-isotherm (homogeneous ice nucleation
threshold) in orange. The CPD for clouds is
included Fig. 2 (bottom panel), where the potential
cloud nucleation signature (as an additional phase)
is also shown.

Clouds are recognised in this particular aerosol-
cloud scenario as ice and mixed (no liquid), in the
basis of the VLDR and its uncertainty, and the
temperature (at the top of the cloud) (Lewis et al.,
2020). Looking at the temperatures regimes in the

nucleation region, the dust particles could be most
likely acting as CCN. Vertical CCN concentrations
were also estimated from the dust extinction
profiles (when inversion possible), deriving values
of 200-250 cm™.

Challenges

The reliable potential of the P-MPL observations
for cloud and aerosol monitoring and
characterization is revealed. The synergetic use of
the different P-MPL-based methodologies used in
this work shows the suitable determination of the
cloud thermodynamic phase, the aerosol typing and
the nucleation region, in addition to the retrieval of
the dust-induced CCN concentrations. Moreover, it
will be especially interesting to study the cloud
nucleation impact of dust by also acting as INP.
Therefore, the challenge is addressed to the
application of the same methodologies in other real
aerosol-cloud interaction scenarios. All these
results can be of interest for the next ESA
EarthCARE mission.
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Introduction

In early September 2020, massive smoke plumes
from Californian wildfires were transported east
accross the United States and observed by various
instruments such as NASA Suomi NPP VIIRS 330
(Jakson et al, 2013), NASA CALIPSO CALIOP
(Winker et al, 2009) or Copernicus Sentinel-5p
TROPOMI (Zweers and al, 2018). Smoke
residuals were also compared to ground based
lidar above West of Europe (Baars et al, 2021),
confirming the long range transport above the
Atlantic. The Aeolus satellite from the European
Space Agency is operating since 2018 a Doppler
lidar instrument ALADIN (Atmospheric LAser
Doppler Instrument). It is the first High Spectral
Resolution Lidar (HSRL) operating in Ultraviolet
(UV) in space and it observed directly the
Californian smoke through several orbits. Despite
being designed for wind profile measurement the
Rayleigh and Mie channels of ALADIN can be
used to directly retrieve the particle only co-polar
extinction to backscatter ratio (Flamant et al,
2008). Using UV Aecrosol Index (Al) from
TROPOMI L2 pre-operational data, multiple
Aeolus orbits colocated with the biomass burning
(BB) smoke layer over time have been selected to
illustrate the observing capabilities of Aeolus with
L2A Aerosol Optical Properties Product.

Aeolus ground tracks crossing the Californian wildfire smoke plume

o =

= September 07

September 08

wn =+ September 09

= September 10
R

Figure 1. Aeolus orbits crossing two distinct smoke
plumes transported over the Atlantic and overlaid with
Al and Worldmap (ESRI, 2021)

The poster study will show the output of the main
L2A algorithms and underline observations made
on the smoke plume optical characteristics. The
particle extinction and backscatter coefficients
calculated by the Standard Correct Algorithm
(SCA) (Flament et al, 2021), are then compared
with denoised signals (e.g., Figure 2) given by a
newly developed scheme based on physically
constrained minimization named Maximum
Likelihood Estimation (MLE) (Ehlers et al, 2021).

Results and discussion

Aerosol index products such as TROPOMI L2 and
OMPS-NPP L2 NM (Omar et al, 2019) have been
used to proxy the UV absorbing particles
following Californian wildfires. Multiple Aeolus
descending and ascending orbits crossing two
distinct BB layers have been selected (e.g., Figure
1). Co-polar extinction to backscatter ratio are
illustrated and allowed the following observations:
- A relatively constant SCA co-polar lidar ratio
~80-120sr is observed for the plume.

- The MLE co-polar lidar ratio produces closer
values to total lidar ratio measured by other
instruments for such smoke (i.e., ~40-70sr).

- The highest SCA and MLE co-polar lidar ratio
correspond to smoke filaments far from the
emission source. A direct role of black carbon
(BC) particles in « fresh smoke » could then be
highlighted waiting for further analysis.

- The plume is reaching rapidly the low
stratosphere up to 10-12km and appears to be
staying at this altitude over a very large distance
before colapsing. This provides further evidence of
the tropopause limit, i.e. the elevated aerosol layer
being locked at the corresponding altitude and
partially injected into the stratosphere.

- Additional work using Auxiliary Meteorological
Data showed an increasing cloud contamination
for the aging plume, illustrating the Ice Nucleating
Particles (INP) role in cloud formation.

- A first look at CALIOP depolarization ratio
showed an increase of depolarizing particles for
the core plume. This is in line with Aeolus
retrievals, i.e. observing increasing lidar ratio.
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Figure 2. SCA and MLE co-polar lidar ratio with
applied quality flag showing smoke plume evidence in
red box above United States on September 14, 2020

Challenges

The complex role of aerosols and BC in climate
and cloud chemistry is still a major unknown,
especially during aging of smoke plumes. The
tendency of localized aerosol layers to collapse
and the cloud contamination make ground based
measurements difficult. The present case study
focuses on two BB smoke generated from
Californian wildfires. The smoke layers have
drifted from South West United States to East
Atlantic Ocean allowing week-long observations
by Aeolus satellite. Due to sufficient heat the
smoke convection column riched the top
troposphere hence the smoke plumes were
observable with an accepetable Signal to Noise
Ratio (SNR). Therefore this has offered an
opportunity to analyze the optical properties of
such BB aerosols and their evolution in time.
Useful estimates of the co-polar lidar ratio for
particles measured by ALADIN have been seen
increasing as the plumes rise and get far from
emission source. The use of external informations
also helped assess the wvalidity of Aeolus
observations, e.g., showing higher depolarization
ratio for mature layer.
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Introduction

Cirrus clouds, which predominantly consist of ice
crystals, are challenging components in
atmospheric and global climatological research as
they affect the global radiation budget [1]. Their
formation highly depends on the presence of
aerosol particles which are efficient ice-nucleating
particles (INPs). Knowledge about the interaction
of aerosol particles with clouds as well as the
formation of cirrus clouds due to aerosol particles
is crucial for improving our current understanding
of the climate system. This study uses a novel
dataset of cirrus clouds observations at a sub-
arctic station to investigate possible connections
between the amount and type of aerosols and the
formation of cirrus clouds.

Instrumentation and methods

Aerosol and cloud measurements were performed
with the ‘tropospheric’ lidar system situated at
Andgya (69.2780 N, 16.0080 E, 380m), Northern
Norway. The lidar is part of the Arctic Lidar
Observatory for Middle Atmosphere Research
(ALOMAR), operating since 2005, and member of
the European Aerosol Research Lidar Network
(EARLINET, [3]). If weather conditions allow
measurements are performed both for the
climatological weekly EARLINET schedule as
well as for validation activities for satellite
missions such as the Atmospheric Dynamics
Mission Aeolus (ADM-Aeolus).

The lidar configuration is a monostatic, biaxial
system, operating with a pulsed Nd:YAG solid
state laser. The first (1064 nm), second (532 nm),
and third harmonic (355 nm) frequency are emitted
with a 30 Hz repetition rate. The laser beam is
pointed into the atmosphere at an off-zenith angle
of 3° so that the impact of the specular reflection

by ice crystals into cirrus layers on the
backscattered signals is negligible.

The set-up of the system includes three elastic
channels at 355, 532 and 1064nm, one Raman
channel at 387 nm and one depolarization channel
at 532 nm. The vertical resolution of the signal
profiles is equal to 7.5 m and the temporal
resolution is 67 s. A detailed technical description
of the instrument can be found in Frioud et al. [4].

In the following case study, the EARLINET Single
Calculus Chain (SCC) algorithm was used for the
processing of the optical products. All products are

publicly available at https://www.earlinet.org/.

Case Study: 1 April 2011

On 1 April 2011, the lidar system observed a cirrus
cloud layer between 9.7 and 11.5 km altitude
between 09:53 to 11:20 UTC. On that day, the
coast in Northern-Norway was located between a
low-pressure system west of Iceland and a high-
pressure center over Svalbard. The observed cirrus
clouds were located in a region between a warm
front to the north, which passed Andgya a day
before, and a vanishing occluded front that
spanned over the Atlantic from east of Greenland
to Southern Norway [5].

The range corrected signal at 1064 nm from the
ground based lidar is shown in Figure 1. The
temperature  values  (http://weather.uwyo.edu)
between the cloud base and the cloud top ranged
between -62.5°C to -69.5°C. The linear volume
depolarization ratio (not shown here) ranged from
0.2 to 0.3 within the cloud layer, indicating the
presence of non — spherical ice particles.
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Figure 1. Range corrected signal from the
ALOMAR lidar at 1064nm on 1 April 2011. The
vertical and temporal resolution of the ALOMAR

lidar are 7.5 m and 67 s, respectively.

The optical product analysis revealed an aerosol
layers below the cirrus clouds, at altitudes between
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6.5 and 7.5 km (Figure 2). The temperature values
within this altitude range varied between -33°C

and -48°C (http://weather.uwyo.edu).
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Figure 2. Backscatter coefficient profiles at 532
and 1064 nm from the ALOMAR lidar on 1 April
2011. Temperature values are marked along with
the height of the aerosol layer underlying the cirrus
cloud.

As mineral aerosols and non-spherical smoke
particles can act as effective ice nuclei particles
(INPs) in low temperatures, the source of the
aerosol particles below the cirus cloud layer was
further investigated. For this purpose, air mass
backward trajectories were calculated using the
Hybrid Single- Particle Lagrangian Integrated
Trajectory model (HYSPLIT, [6]).
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GDAS Meteorological Data
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Figure 3. 4-day backward trajectories arriving at
ALOMAR at height altitudes below the cirrus
cloud.

In this case study, the aerosol particles were found
to have been transported from North America and
the North Atlantic at altitudes below the cirrus
cloud layer. Further investigation on the origin of
these particles and their link to biomass burning
eventsand/or the Eyjafjallajokull volcano activity
is going to be discussed.

Additionally, the spectral dependence of the cirrus
optical properties in terms of the ice particles shape
is also addressed

Conclusions — Challenges

The potential of soot particles to serve as INPs and
the potential impact on ice formation on a cirrus
cloud formed above ALOMAR station is going to
be analyzed.
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Introduction

In this study we compare the dust extinction
coefficient (DEC) profiles produced by the
MONARCH dust regional reanalysis (Di Tomaso et
al., 2021a), against dust profiles retrieved from
particle backscatter measurements provided by the
EARLINET network, in order to evaluate the
ability of the reanalysis to reproduce desert dust
intrusions over specific locations, at a sub-daily
temporal scale. The regional dust reanalysis used in
this study is based on the MONARCH chemical
weather system (Klose et al., 2021) and covers the
region of Northern Africa, the Middle East and
Europe (NAMEE) for a 10-year period from 2007
to 2016 (Di Tomaso et al., 2021b). The vertical
distribution of dust in the atmosphere is represented
by three-dimensional dust mass concentrations as
well as by DEC profiles at 550 nm, provided at a 3-
hour temporal resolution and 40 hybrid pressure-
sigma vertical levels from the surface up to ~20 km.

In a companion work (Mytilinaios et al., 2021)
we provide a thorough evaluation of the reanalysis
DEC profiles over the NAMEE region using lidar
observations from CALIPSO and EARLINET. In
such study, the comparison is performed at annual
and seasonal scales, because of the coarse temporal
resolution of the observations, which additionally
differs from site to site (e.g. there are 1-3 CALIPSO
measurements available on a monthly basis,
depending on the grid cell). Here instead, we
provide an insight into the reanalysis performance
at the shortest temporal scale the reanalysis
resolution allows (i.e. 3 hours), using a special
EARLINET dataset which provides 1-hourly lidar
products for 72 consecutive hours, produced during
the EARLINET 72h campaign. In particular, the
EARLINET 72h dataset provides coordinated and
continuous measurements performed by eleven
EARLINET stations in the Mediterranean area,
between 9 July 2012 at 06:00 UTC and 12 July at
06:00 UTC.

The EARLINET dust profiles at 532 nm were
obtained by separating the pure dust from the total
aerosol backscatter coefficient, using the particle
depolarization ratio to distinguish dust from
spherical particles (Tesche et al., 2009). Then the
DEC profiles were retrieved by assuming a typical

lidar ratio at 532 nm equal to 55 sr referring to pure
dust particles observed by EARLINET in the past
(Papagiannopoulos et al., 2018). Finally, the
EARLINET DEC profiles were averaged around
the 40 vertical levels of the reanalysis and within +
1.5 hour from the 3-hourly output times, in order to
achieve the spatio-temporal collocation of the two
datasets.

The EARLINET DEC were produced over
three stations which provide simultaneous particle
backscatter coefficient and depolarization ratio
measurements at 532 nm during the campaign:
Granada (latitude: 37.2°N, longitude: -3.6°E),
Potenza (latitude: 40.6°N, longitude: 15.7°E) and
Bucharest (latitude: 44.3°N, longitude: 26.0°E). In
this manuscript we present the results obtained over
Potenza EARLINET station, while the overall
results from the three stations will be presented in
the poster session of the ELC2021 conference.
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Figure 1. Sequence of the 3-hourly MONARCH (up)
and EARLINET (down) DEC profiles between 9/7/2012
at 6 UTC and 12/7/2012 at 6 UTC, over Potenza station.

Results and discussion
Figure 1 depicts the sequence of the simulated and
the observed DEC profiles over Potenza station.
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MONARCH identifies quite well the spatio-
temporal evolution of the dust layer, i.e. in terms of
altitude and of time, although the model
overestimates the observed DEC values. As Figure
2 shows, both mean profiles locate a dust layer
between 2 and 6 km, while the spatial correlation
(SC) between the two profiles along the height axis
is significantly high (0.87); however, the mean bias
(MB) profile, defined as the difference between the
two mean DEC profiles, indicates that MONARCH
overestimates DEC by more than 10 Mm™! between
3 and 7 km. Lastly, the temporal correlation (TC)
between modelled and observed DEC at different
altitude levels, shows a near zero TC between 2 and
4 km, whereas TC increases constantly above that
and up to 7.5 km.
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Figure 2. Mean 72-hour MONARCH and EARLINET
DEC profiles (left), MB (middle) and TC profile (left).

Moreover, for each 3-hourly DEC profile we
computed the altitude of the center of mass (COM)
of the dust layer (Equation 1 of Mona et al., 2006)
and the dust optical depth (DOD) by integrating the
DEC profiles over the altitude, obtaining a time-
series for each parameter (Fig. 3). Comparison
scores presented in Table 1 show that the reanalysis
reproduces very well the temporal evolution of the
COM with high TC (0.79) and a relatively low
mean overestimation (MB = 280 m) compared to
the COM values which are resulted higher than 2.5
km, in most cases (Fig. 3), while the vertical
resolution of the reanalysis profiles exceeds 400 m
around those levels. Similarly, the DOD
comparison shows a high TC (0.74) since the
reanalysis reproduces correctly the temporal
changes of DOD during the study period, and a
relatively low mean overestimation (MB = 0.06).

In conclusion, the MONARCH reanalysis
captures very well the spatio-temporal evolution of
the dust wvertical distribution; however,
overestimates the intensity of the dust event
observed over Potenza during the EARLINET 72h
campaign.

Challenges

The present work demonstrates the lidars’
capability to provide dust profiles and their
application for model and reanalysis evaluation. It
highlights the importance for such studies to be
conducted more often and in various sites. This
calls for more open data of lidar measurements,
including depolarization ratio, at more locations,
and potentially their use for NRT evaluation
purposes.

Height .51, [om]
T

poD

o '
Jul 09, 0000 Jul 08, 12:00  Jul 10,0000 Jul 10, 1200 Jul 11, 00:00  Jul 11,1200 Jul 12, 0000 Jul 12, 12:00
DateTime [UTC) (e

Figure 3. MONARCH (blue line) and EARLINET
(orange line) COM (up) and DOD (down) time-series.

Table 1. MB and TC of COM and DOD

Parameter MB TC

COM 0.28 km 0.79

DOD 0.06 0.74
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Introduction

It is well known that anthrop ogenic aerosols are one
ofthe main factors that contribute to poor air quality,
constituting a public health risk and therefore, their
characterization is a priority. However, this
characterization is hampered by the fact that

aerosols present a heterogeneous distribution in the
atmosphere, being mostly concentrated within the
atmospheric boundary layer (ABL). The ABL
extends from ground level up to a variable height

that usually coincides with the presence of a
temperature inversion, limiting the vertical mixing
ofair pollutants emitted near the surface. Therefore,

it can be assumed that the ABL is directly affected
by the radiation emitted by the surface and its
variability throughout the day.

In order to study the ABL, the main instrument used
in this work is a ceilometer Lufft CHM 15k-Nimbus
(Heese et al., 2010), which operates at 1064nm
providing datarelated to atmospheric aerosols, with
a repetition frequency of 6.5 kHz and a maximum

height of 15.36 km a.g.l. The ceilometer is deployed
next to the MDR-CIEMAT ACTRIS station
(40.4565°N, 3.7257°W, 669 m a.s.l.) (Moleroet al.,

2014), which is located in the North-West outskirts
of the city of Madrid. This city is located in the
center of the Iberian Peninsula and its metropolitan
area has a population of nearly 6 million inhabitants
and a car fleet of almost 3 million vehicles. All the
available ceilometer profiles, retrieved every 15
seconds for a total of 344 days of the year 2020,
stored in the Madrid database, covering different

synoptic situations, such as long-range transport of
aerosols or clean atmospheric conditions are used
in the present work

Since typical techniques, such as the wavelet and
the gradient methods are unable to detect the ABL
in cases with presence of low clouds or residual

layers, the STRAT finder algorithm (Kotthaus et al.,
2020) is used in the present work. By means of this
algorithm, the ABL height is estimated together
with the mixing layer height (MLH), which is
defined as the lowest atmospheric layer in which
aerosols and moisture are dispersed by recent

mixing processes. The STRATfinder algorithm
tracks M L and ABL heights to provide values every
10 minutes during a 24-hour period. These heights

were compared with the values obtained from two

ruben.barragan@ciemat.es

different atmosp heric models: ECM WF-IFS (three-
hourly interpolated to hourly) and WRF (hourly).
Outputs from the IFS model (Integrated Forecasting
System, European Centre for Medium-Range
Weather Forecasts (ECM WF); www.ecmwf.int)
were obtained from the MARS archive (access
facilitated by AEMET for research projects). In
particular, the high resolution product, HRES, was
used, with a horizontal resolution of approximately
0.1° (or 9km) and 137 vertical levels. The Weather
Research and Forecasting model (WREF;
Skamarock et al., 2005) was executed for the whole
year of 2020 for 2 “two-way” nested domains. The
coarser domain covers a large area of Europe with
a horizontal spatial resolution of 15 x 15 km?® and
the finer one was centered on Spain at a resolution
of 5 x 5 km® Information for the initial and
boundary conditions was taken from the global
GFS (Global Forecast System) model. The
Bougeault-Lacarrere Scheme was chosen for the
PBL parameterization.

The main objective of this research is the
assessment of the MLH by means of the
STRATfinder algorithm using ceilometer signals,
during the whole 2020 and the comparison of the
results with different model estimations in order to
establish  the  similarities for  different
meteorological conditions.

Results and discussion

Our very preliminary results show that the M LH
estimated by the IFS and WRF models are in good
agreement with the heights estimated by
STRATfinder during summer months, reaching
correlation coefficients (R?) about 0.92. The mean
R? found for winter and fall months are about 0.37
and 0.38 respectively, while for spring and summer
months the mean R? values are larger (about 0.55
and 0.63). The presence of low clouds coupled to
the ML and the low surface temperatures during
winter and fall may be reason for the lower
correlation. A more detailed study was made by
selecting 46 cases throughout 2020, covering
different synoptic situations, such as Saharan dust
intrusions. Fig la shows one of the 46 selected
cases, specifically July 4", The presence of the
ABL is evident, above 2km height, from 00 to 12
UTC, when the estimations MLH and ABLH
coincide. Then from 12 to 20 UTC the presence of
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a convective boundary layer is clear, reaching a
height of approximately 2.5 km. However, between
18 and 20 UTC the MLHs estimated by both,
models and STRAT finder, suddenly decrease. This
behavior shows that the estimates depend strongly
on solar radiation. It is clear, therefore, that the solar
radiation needs to be parameterized correctly in the
models to provide reliable estimates of the M LH.
Figs 1b and lc, monthly and hourly normalized

S04001

mean bias (NM B), clearly show the aforementioned
relation between the solar radiation and the
estimation of the M LH. During summer months and
central hours of the day the differences between the
values estimated by the models and STRAT finder
are lower than in months and hours with less solar
radiation.
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Figure 1. Ceilometer range-corrected backscatter signal (a) for July 4", where orange circles and green crosses
represent the ABLH and MLH, both estimated by the ST RATfinder algorithm and red and blue crosses represent the
MLH estimated by theIFSand WRF models, respectively . Monthly (b) and hourly (¢) normalized mean bias, red and

blue bars represent the IFS and WRF models, respectively.
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Introduction

As part of the Cevennes-Vivarais site, the
University of Basilicata Raman lidar system
BASIL (Di Girolamo et al., 2009, 2012, 2916) was
deployed in Candillargues (Cévennes-Vivarais
Southern France Lat: 43°37" N; Long: 04°04’ E;
Elev: 1 m) and operated throughout the duration of
HyMeX-SOP 1 (September-November 2region,
012, Ducrocq et al.,, 2014), providing high-
resolution and accurate measurements, both in
daytime and night-time, of atmospheric
temperature, water vapour mixing ratio and
particle backscattering and extinction coefficient at
three wavelengths.

Measurements carried out by BASIL on 28
September 2012 reveal a water vapour field
characterized by a quite complex vertical structure.
Reported measurements were run in the time
interval between two consecutive heavy
precipitation events, from 15:30 UTC on 28
September to 03:30 UTC on 29 September 2012.
Throughout most of this observation period, lidar
measurements reveal the presence of four distinct
humidity layers.

In this research work we try to identify the
presence of dry layers and cold pools and assess
their role in the genesis of the mesoscale
convective systems and the heavy precipitation
events (HPEs) observed on 29 September 2012
based on the combined use of water vapour mixing
ratio and temperature profile measurements from
BASIL and water vapour mixing ratio profile
measurements from LEANDRE 2, supported by
MESO-NH simulations. LEANDRE 2, which
stands for ,Lidar Embarque pour 1’’ctude des
Aerosols et des Nuages, de [I’interaction
Dynamique—Rayonnement et du cycle de I’Eau®,
is an airborne differential absorption lidar (DIAL)
system capable to measure nadir profiles of water
vapour number density and particle backscattering
at 730 nm.

Results and discussion
Figure 1 illustrates the time evolution of the water
vapour mixing ratio as measured by BASIL (upper

panel) and simulated by the Mesoscale Non-
Hydrostatic model (MESO-NH, lower panel) over
the 6-hour time interval from 15:30 to 23:30 UTC
on 28 September 2012. MESO-NH is non-
hydrostatic ~ cloud-resolving research  model
developed by Laboratoire d’Aérologie and
CNRM-GAME (Lafore et al., 1998).

Based on the combined wuse of BASIL and
LEANDRE 2 observations and MESO-NH back-
trajectory analyses, we determined that humid air
masses feeding the precipitation system were
originated in the North Atlantic (2-3 days earlier),
Tropical Atlantic (4-5 days earlier) and Tropical
Africa (10 days earlier) and were transported in
the lower troposphere for 3-4 days, finally
subsiding upon reaching the Mediterranean 12-40
hours before HPEs.
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Figure 1: Time evolution of the water vapour
mixing ratio as measured by BASIL (upper panel)
and simulated by MESO-NH (lower panel) over
the 6-hour time interval from 15:30 to 23:30 UTC
on 28 September 2012.

Low-level cold pools are found to play a
fundamental role in the genesis and development
of deep convection and heavy precipitation events,
especially in the north-western Mediterranean
coasts especially in autumn (Ducrocq et al., 2008).
Two different prognostic variables are typically
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used to identify cold pools (Bouin et al., 2017),
namely virtual potential temperature and
equivalent potential temperature. Virtual potential
temperature, directly related to the air masses
density, is defined as (e.g. Ducrocq et al., 2008;
Bresson et al., 2012):

R/cp

6,(2) =T@) () " (1= 20 ()

with p(z) and T(z) being the atmospheric pressure,
temperature and water vapour mixing ratio,
respectively, po being the reference pressure, and R
and c, being the dry air gas constant and the
specific heat at constant pressure, respectively.
Equivalent  potential ~ temperature, = which
characterizes the heat and moisture content of the
inflow, is defined as:

6.(2) = T(2) (25)

with L and w; being the latent heat of condensation
and the saturation mixing ratio, respectively. Cold
pools are identified by virtual potential
temperature values below 23 °C (or 296 K) and
equivalent potential temperature values below 52
°C (or 325 K). Figure 2 illustrates the time
evolution of the virtual potential temperature as
measured by BASIL over the 12-hour time interval
from 15:30 to 03:30 UTC on 28-29 September
2012. The red ellipse within the figure identifies
an elevated cold pool, characterized by virtual
potential temperature values lower than 296 K.
More results from this study, including
comparisons with mesoscale modeling, will be
illustrated and discussed at the Conference.
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Figure 2: Time evolution of the virtual potential
temperature as measured by BASIL over the 12-
hour time interval from 15:30 to 03:30 UTC on
28-29 September 2012
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Introduction

The notion of the structure function of a parameter
in a turbulent flow can be expanded so as to connect
various equations regarding the structure and
inhomogeneity of that parameter field in a turbulent
flow; central to this theory is the notion that many
of these parameters are conservative passive
additives. This assumption is found to be
reasonable for reduced spatial shifts and small
fluctuations (Tatarski, 1961; Rosu et al., 2019).

In order to connect equations regarding the
evolution of the mean and the fluctuations of the
chosen additives, the inhomogeneity of the additive
field is considered to be stationary, thus the
production and dissipation of inhomogeneity in the
given atmospheric column are considered to be
equal and of opposite sign. This balance of
production and dissipation shall be named the
“Tatarski hypothesis® (Tatarski, 1961). The
atmospheric refractive index n and atmospheric
temperature T can then be connected through a
series of equations and equation systems. These
formulas can be solved with RCS data obtained via
ceilometer or elastic lidar data.

Finally, it is possible to approximate a
temperature profile in a limited altitude interval
using this data. The advantages and disadvantages
of this method are discussed, including certain
theoretical limits. Suggestions towards improving
the method in the future are given — many
improvements would have to be of a technical
nature, given the theoretical limits of this method,
and would be useful with calculating other
atmospheric turbulence characteristics as well. The
results are compared with a standard lapse-rate
temperature profile, a novel temperature profile
employing an approximation of the connection
between  atmospheric ~ multifractality  and
temperature, and aerosonde profiles (Rosu et al.,
2021).

Results and discussion

From a technical perspective, the platform utilized
in this study is a CHM15k ceilometer platform
operating at a wavelegth of 1064nm - it is
positioned in Bucharest, Romania, at the ,,Magurele

Center for Atmosphere and Radiation Studies”,
which is a part of the National Institute for Research
and Development in Optoelectronics “INOE 20007,
at an altitude of 93m ASL (Stachlewska et al.,
2014). The aerosonde profiles were obtained
through nearby profiling.

First, standard timeseries profiles of RCS and
the coefficient of the refractive index structure
function C2N are exemplified (Figs. 1, 2). A
relatively-calm cold-season scenario was chosen
for the analysis, one in which the PBL is visible and
the temperature evolution at higher altitudes
throughout time can be observed (Fig. 3). The
necessary calculations are performed through
software developed in Python 3.6.
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Figure 1. RCS timeseries, 2018/02/06.
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Figure 2. C2N timeseries, 2018/02/06.

Figure 3. T timeseries (Tatarski hypothesis method),
2018/02/06.
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It is found that multifractal dimension of atmospheric
turbulent entities is proportional to the inverse of the
square root of temperature; this is then used to
approximate temperature profiles at low altitudes in what
is named the “multifractal method” (Fig. 4). At higher
altitudes, the previously-presented Tatarski hypothesis is
used to construct temperature profiles (Fig. 5). While the
first method is only effective at low altitudes because it is
inferred and calibrated by ground-level temperature
measurement, the second method is only effective at
higher altitudes because of its approximative nature and
because of its high sensitivity to aerosol variation. These
methods are then compared with a standard lapse-rate
temperature profile and aerosonde temperature profile
(Figs. 4, 5).
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Figure 5. T profile (Tatarski hypothesis method),
2018/02/02, 12:00.

Challenges

The obtained results are strongly influenced by the
conditions employed in the theory; at the forefront
of these conditions lies the fact that additive
inhomogeneity is considered to be constant
throughout the measurement intervals used in the
calculations. The theoretical consequences of this
assumption must be considered.

It is possible to infer a connection between
homogeneity and entropy from the very definition
of entropy itself — this connection, combined with
the Kolmogorov-Sinai interpretation of chaos and
entropy, implies that the Tatarski hypothesis is fully
valid, instead of approximately valid, only for
temporal scales short enough that the various
turbulent transport phenomena taking place in the
given atmospheric profile are no longer chaotic and
irreversible (Rodewald, 1990).

This troubling conclusion means that, in order
to avoid any and all errors associated with this
method, data profiled at Lyapunov time increments
must be used — thus, one should ideally employ data
taken at intervals of approximately a hundreth of a
second. Unfortunately, this data collecting
frequency is beyond what most telemetric platforms
can reasonably achieve, although this frequency is
feasible for some meteorological instruments —
however, if this technical and theoretical avenue is
explored, the benefits of temperature profiling with
elastic lidar data would be tremendous.
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Introduction

The Planetary boundary layer (PBL), is directly
affected and formed by the interaction of the Earth
surface-atmosphere  system. Frictional drag,
evaporation and transpiration, vertical fluxes of
latent and sensible heat have a strong impact on the
formation of the boundary layer. Therefore,
estimation of the PBL top height, provide useful
information on the available air volume above the
Earth’s surface into which emitted air pollutants are
diluted and thus constitutes a fundamental
parameter regarding air quality and weather or
dispersion forecasting models.

In this study, active remote sensing of
meteorological parameters and aerosols by means
of Lidars, are used to detect PBL height. The
measurements were collected in the frame of the
Pre-TECT Campaign that took place in Finokalia
(35.34°N, 25.67°E, 250 m a.s.l.), Crete, during the
period 1-30 April 2017, organized by the National
Observatory of Athens (NOA). Moreover,
continuous ground-based lidar observations from
an experimental campaign (1-30 April 2016) at
Nicosia Cyprus (35.08°N, 33.22°E, 181 m a.s.l.),
are presented.

For the retrievals of PBL Height (PBLH),
wavelet covariance transform method is applied on
backscatter and water vapor mixing ratio profiles
acquired with a Raman Lidar the type of Polly-XT.
Water Vapor Mixing ratio retrievals are only
available during Raman Scattering times (00:00-
04:00UTC and 18:00-24:00UTC). Collocated Halo
Wind Doppler Lidar provides wind speed-direction
and PBLH, using flat threshold method from 15-
min averaged turbulent dissipation rate.

Results and discussion
In Figure 1, a case-study from Nicosia (02 April

2016) is presented. The diurnal evolution of the
PBLH is well-captured by the WCT method
implied on the backscatter 15-minute averaged
profiles (cyan triangles). The well-mixed,
convective layer during local noon reaches the
height of 2.25km and the nocturnal stable layer,
ranges from 400 to 700m. On the other hand, WCT
on the water vapor mixing ratio (purple circles),
results in a lower values of PBLH, which possibly
corresponds to a surface layer rich in water vapor,
reserving a significant difference between the two
parameters.
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Figure 1. Time-height plot of the Overlap Corrected
Attenuated backscatter from Polly-XT Lidar and PBLH:
from WCT applied on 15-minute averaged profiles of
backscatter (cyan triangles) and water vapor mixing ratio
(purple circles) — 02 April 2016 Nicosia, Cyprus
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In Figure 2, a case-study from the PreTECT
Campaign (02 April 2017), includes measurements
from PollyXT Raman Lidar (cyan and purple
points) and Halo Wind Doppler Lidar (red
hexagons). In this case, the diurnal evolution is not
well represented, possibly due to the presence of
dust aerosols. However, there is a good accordance
between the water vapor and the backscatter
retrievals, that detect a well-mixed aerosol residual
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(0-4UTC) and nocturnal (18-24UTC) layer.
Finally, concerning the layer detected by using
threshold method from 15-min averaged Turbulent
Kinetic Energy dissipation rate, it is noteworthy
that Halo Wind Doppler Lidar and PollyXT Raman
Lidar are in good agreement during 6:00-9:00UTC,
when turbulent air motion starts, and a mixing layer
begins to be formed. The lower mixing layers that
Halo estimates, represent low turbulence during
afternoon and night (16:00- 24:00), in the absence

of powerful winds.
Roundary Laycr Height at Tinokalia 02 April 2017
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Figure 2. Time-height plot of the Overlap Corrected
Attenuated backscatter from Polly-XT Lidar and PBLH:
from WCT applied on 15-minute averaged profiles of
backscatter (cyan triangles) and water vapor mixing ratio
(purple circles). The red hexagons correspond to the
PBLH from Halo Doppler Wind Lidar threshold method
— 02 April 2017 Finokalia, Crete.

Concerning the weather conditions, the wind speed
and direction measured from Halo Wind Lidar, is
presented in Figure 3. The first half of the day,
strong north winds occured, resulting in an almost
stable layer (00:00-09:00UTC). After 12:00UTC,
south winds contribute to the change of the
atmospheric circulation with calm south winds that
are possibly related with dust aerosols transport,
and low TKE values.
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Figure 3. Top: Wind Speed from Halo Wind Doppler
Lidar, Bottom: Wind Direction from Halo Wind Doppler
Lidar — 02 April 2017, Finokalia, Crete.

Challenges

Wavelet covariance transform method is a
multidimensional topic for the detection of PBL
Height. The right choice of the dillation and
threshold, as well as the atmospheric conditions
(wind, aerosol concentration) constitute a
challenging procedure and directly affects the
reliability of the results. Furthermore, each
parameter (e.g. backscatter, water vapor, TKE),
might represent different layer (convective,
redisual, nocturnal). The combination of these
information can describe adequately the diurnal
evolution of the PBL Height.

Acknowledgements

We acknowledge support of this work by the project
“PANhellenic infrastructure for Atmospheric
Composition and climatE change” (MIS 5021516) which
is implemented under the Action “Reinforcement of the
Research and Innovation Infrastructure”, funded by the
Operational Programme "Competitiveness,
Entrepreneurship and Innovation" (NSRF 2014-2020) and
co-financed by Greece and the European Union (European
Regional Development Fund).

References
Stull Ronald B., An Introduction to Boundary Layer
Meteorology, Springer, (1988).

Baars Holger et al., Continuous monitoring of the
boundary-layer top with lidar, Atmos. Chem. Phys. 8,
7281-7296, 2008.

Brooks, Ian M., Finding boundary layer top: Application
of a wavelet covariance transform to lidar backscatter
profiles, Journal of Atmospheric and Oceanic Technology,
20.8, 1092-1105, 2003.

Vakkari Ville et al., Low-level mixing height detection in
coastal locations with a scanning Doppler lidar, Atmos.
Meas. Tech., 8, 1875-1885, 2015.



ELC
2021

S04005

The characteristics of planetary boundary layer over Miagurele, Romania investigated
using a synergy between Doppler wind lidar, cloud radar, and radiometer

R. Pirloaga’, F. Toancd', S. Andrei', C. Marin®, D. Ene', B. Antonescu’, D. Nicolag"
razvan.pirloaga@inoe.ro
(1) Remote Sensing Department, National Institute of Research and Development for Optoelectronics INOE 2000,
Str. Atomistilor 409, Mdagurele, RO077125 lIfov, Romania

Introduction

The air pollution costs in Bucharest the capital of
Romania is one of the highest in Europe. A study
published in 2020 estimated that the air pollution
cost (mainly due to PM 2.5 and PM10) per in 2018
in Bucharest were of approximately 3,000 euro
being the highest in Europe (CE Delft 2020).

To better understand the mechanisms that enhance
the pollution in Bucharest and surrounding areas it
is necessary to understand both local characteristics
of the planetary boundary layer (PBL) and the
large-scale circulation. Thus, the aim of this
research i1s two folds. First, to characterize the
dynamic and thermodynamic structure of the PBL
using a synergy between Doppler wind lidar, cloud
radar, and radiometer. Second, to study the synoptic
scale circulation in which the PBL evolves. This
will provide a detailed understanding of the local
and large-scale circulations in the transport,
accumulation, and the dispersion of pollutants.

Data and methods

The remote sensing instruments used in this study
are a Doppler lidar scanning system, a 94 GHz
cloud radar and a radiometer, located at a newly
developed Magurele Center for Atmosphere and
Radiation Studies (MARS). MARS is a research
infrastructure that provides detailed observations
for the study of clouds, precipitation, aerosols, and
radiation. It is situated at Magurele (44.34°N,
26.01°E, 71 m MSL) approximately 12.5 km from
the centre Bucharest, Romania (Figure 1). MARS is
situated in the Romanian Plain, a region
characterized by hot summer and humid continental
climate with no significant difference in
precipitation between seasons. The data were
collected between Dec 2019 and May 2021.

The Doppler-Lidar scanning system (manufactured
by Metek, Germany in association with Halo, UK)
measures both the optical characteristics of the
constituents in the atmosphere layers, their
direction and speed. The instrument is operated
continuously in vertical Stare mode (400 gates with
a 30m gate length) and every 15 minutes 2
consecutive VAD scans are scheduled (30° and 70°

fixed elevations, and 12 azimuthal beams-30°

difference).

The 94 GHz frequency modulated continuous-wave
Doppler cloud radar (manufactured by RPG,
Germany) is an essential instrument for
characterizing  micro- and  macrophysiscal
properties of clouds (Figure 1). The radar operates
on a 4-chirp sequence in the 100—15,000 m height
interval. Profiles of reflectivity and radial Doppler
speed are produced continuously with a 2.97 s
temporal resolution and a variable spatial resolution
from 27.1 m between 100-1,100 to 51.1 m between
10000-15,000.

The 14-channels humidity and temperature
microwave profiler (HATPRO G5 series, RPG,
Germany) provides profiles of temperature,
humidity, integrated water vapor content (IWV)
and liquid water path (LWP) during the study
period. The profiles of temperature were obtained
with 10 min resolution and those of humidity with

1 min resolution. IWV and LWP are retrieved every
second. The vertical resolution ofthe profiles varies
from 30 m below 520 m to 300 m between 6,000—
10,000 m.

Magurele Center for Atmosphere
and Radiation Studies (MARS)

Figure 1. The Magurele Center for Atmosphere and
Radiation Studied (MARS) showing the position of the
remote sensing instruments used in this study.

Meteorological data for the characterization of
synoptic scale circulations were obtained from the
ERAS hourly dataset
(https://cds.climate.copernicus.eu, ie, wind,
divergence, vertical velocity) and from surface
weather stations.
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These data were used to understand the impact of
synoptic scale circulation on pollution over
Bucharest. The circulations were classified using
the Lamb—Jenkinson (Lamb, 1972; Jenkinson and
Collison, 1977) weather types. This type of analysis
was recently applied by Jiang et al. (2021) to
dynamic-thermal structures of the PBL dominated
by synoptic circulations and the regular effect on air
pollution in Beijing.

The hourly PM10 concentrations in the Bucharest-
Ilfov area are acquired from the National Air
Quality Monitoring Network Platform
(https://www calitateaer.ro/), under the
coordination of the National Environmental
Agency. Bucharest- Ilfov area has eight air quality
monitoring stations from which 1 for urban
background, 3 industrial, 1 suburban, 2 traffic, and
one rural background. PM 2.5 is measured just in
three of these locations.

Results and discussion

The results show (1) the dynamic and
thermodynamic characteristics of PBL observed at
MARS under different Lamb—Jenkinson weather
types and (2) the distribution of pollutants (i.e.,
PM2.5 and PM10) in the Bucharest area.

Challenges

Current challenges that we are trying to address:

- Can we establish the characteristics of PBL using
a synergy of remote sensing instruments?

- What are the mechanisms that enhance the
pollution in Bucharest and surrounding areas?
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Introduction

Smog is considered one of the most
significant anthropogenic pollution types. To
monitor smog conditions in the cities
typically in-situ surface measurements are
used. In our study we aim at exploring the
use of the near-range lidar signals for smog
monitoring within boundary layer. We reckon
this method could be well exploited within
the EARLINET-ACTRIS community in the
future, especially for the lidars capable of
near-range quasi-continuous observations.

Methodology

EARLINET/ACTRIS site located in city-
center of Warsaw, performs 24/7 lidar
observations with PollyXT and NARLa
lidars. The 12—channel NeXT Generation
PollyXT Lidar [7] uses a single Nd-YAG
laser as a light source that is sending
simultaneously and co-axially into the
atmosphere  high-power  laser  pulses
(180/110/60 mJ) at 1064/532/355 nm emitted
with 20 Hz frequency. The backward
scattered light 1is collected onto two
Newtonian—type telescopes. The large
telescope measures the elastic Mie and
Rayleigh scattering at 355, 532 and 1064 nm,
the elastic cross—polarized scattering at 355
and 532 nm, and the Raman scattering at
three wavelengths (for N2 at 387 and 607
nm, for H20 at 407 nm). The small telescope
measures backward elastic scattering at 532
and 355 nm and N2 Raman scattering at 607
and 387 nm. With the large telescope we can
obtain signals that can be evaluated from an
altitude of about 300-500 m above the
ground. The NARLa is designed to enhance
the lowermost range of signals from an
altitude of about 30—50 m above the ground.
An incomplete geometrical overlap range
between the emitted laser beam and the full
field of view of the telescope affects the
measured signals and can be partly corrected
using the combination of the signals.

Both lidars applied together, comprise unique
capabilities allowing for daytime near-range
wavelength-dependent Raman polarization and
water vapor retrieval. It is a first report on added
value of such lidar combination for low-
troposphere sensing, as demonstrated on a case
study for an urban smog episode, which occurred
on 20-22 February 2018 in Warsaw, Poland.

From lidar signals we derived sets of optical
properties that captured the evolution of the
spatio-temporal variability of smog on a scale of 3
days. Lidar products were compared with
particulate matter measurements of particulate
matter (PM, ; and PM, ) measured by the Warsaw

WIOS monitoring network (data available via
http://powietrze.gios.gov.pl/pjp/archives).

Results

An example of the results obtained is given in
Figure 1. It has been found, that fine particle
fraction (size < 2.5 um) during smog episode was
significant, whereby the fine-to-coarse mass ratio
(FCR of 1.3-3.5) obtained for the dry-smog (40-
70%) was indicating less domination of fine
particles than for the wet-smog (65-85%)
measured on 09-11 January 2017.

In general, the highly and positively correlated
RH and FCR at the surface was observed; the
higher the fine particle fraction (FCR) the higher
the relative humidity (RH). No clear relationship
between the RH nor FCR and the AE, (355/532)

nor LR (at 355 and 532 nm) was found. The
higher the AODy (at 355 and 532 nm) the higher

the FCR and RH but no clear relation with
AE_ (355/532). For the higher AE (355/532) the

lower LR were obtained (at both corresponding
wavelengths).

In the FCR, the fine particle fraction dominated
but it was constrained with AE values of 1-2,
which means that the smaller in size of particles
(< 500 nm) derived within boundary layer must
have significantly contributed to the fine particle
fraction.
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Figure 1 Evolution of AOD along with AE, RH and FCR on 20-22 February 2017 over Wrasaw; in general,
decrease/increase of FCR (blue dots) occurred with decrease/increase of AE (yellow dots).

Conclusions

Smog was observed by the means of lidar and
in-situ sensors. Meteorological measurements
indicated prevailing conditions of dry-smog
(RH < 80%) for which PMio 120, PM2s 70,
AE 1.740.3 was observed and some
indication of wet-smog (RH 80-95%) for
which PMio 160, PM25s 120 and AE 1.5+0.4
was observed.

For both smog types higher AOD was related
to higher AE and lower LRs within boundary
layer, as related to higher RH and FCR at
surface. This means that more humid
particles tend to have smaller size (< 2.5 um)
at surface, and smaller size also in boundary
layer (< 500 nm), what could explain higher
optical depth and lower visibility in such
conditions.

FCR and RH follow similar trends of diurnal
changes, with characteristic increase at
nighttime. However, for the wet-smog FCR
and AE seem to be strongly anti-correlated,
which mean that very high humidity
contributes significantly to dominating fine-
particles fraction at surface but the effect is
weaker within boundary layer. Moreover the
diurnal cycle of FCR and RH is disappearing
in wet-smog.
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Introduction

The distribution and temporal evolution of
atmospheric aerosol particles has great impact on
human health and climate. To investigate the
horizontal and vertical distribution within and
above boundary layer, we collected a
comprehensive dataset by remote sensing and in
situ measurements combining measurements with a
scanning LIDAR, an optical particle counter (OPC)
on an unmanned aerial vehicle (UAV) and a
backscatter-sonde on a balloon. The UAV
measurements provide vertical profiles of
atmospheric parameters from ground to around 1.2
km above ground level whereas the balloon reached
an altitude of 30 km. These datasets contain
information on particle backscatter and size but also
on atmospheric temperature, pressure and
humidity. In this work, we will discuss the
uncertainties and advantages of the different
methods as well as the evolution of the atmospheric
boundary layer.

Results and discussion

The measurements were conducted at the Jiilich
Research Center (FZJ) (6.4131 °E, 50.9084 °N, 110
m above sea level) near the city of Jiilich with
support of the Modular Observation Solution for
Earth System (MOSES) project. A 3-D scanning
LIDAR (LR111-ESS-D200, Raymetrics Inc.), a
UAV platform (eBee, sensefly) carrying
meteorological sensors and an OPC (N3,
alphasense), as well as a radiosonde carrying the
Compact Optical Backscatter Aerosol Detector
(COBALD, ETH Zirich) and meteorological
sensors were used to study the vertical distribution
and evolution of aerosol particles.

The UAV was launched from early morning to the
late afternoon to study the evolution of the
boundary layer. Figure 1 shows an example

measured at 8:30, on July 9%, 2018. The backscatter
coefficients and particulate matter (PM;)
concentrations calculated from the OPC size
distributions are shown. The LIDAR performed
scanning measurements using elevation angles
from 90° to 5° with steps of 5°. The thin gray line
shows the backscatter coefficients for each
scanning angle and the thick red line is the average
of them. The vertical distribution of the aerosol
particles in the well-mixed boundary layer is
reflected well in both, LIDAR and OPC
measurements. Furthermore, the backscatter
coefficients from both methods seem to agree as
well. In addition, the vertical layered number size
distribution is shown at the right side of Figure 1.
Larger particles were detected only below 300 m
altitude.
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Figure 1. LIDAR backscatter coefficients and backscatter
coefficients, mass concentration, and particle size
distribution calculated from UAV-borne OPC on July 9™,

2018.

The balloon-borne COBALD sensor provided
backscatter ratios from ground to around 30 km at
two wavelengths (455 nm & 940 nm).
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Figure 2. Backscatter coefficients measured by balloon-borne COBALD and LIDAR (left) as well as aerosol volume and
particle depolarization ratio measured by LIDAR. (right) on night time of July 12" of 2018.

Figure 2 shows the backscatter coefficients from
COBALD and LIDAR measurement for a LIDAR
integration time of 1 hour. Here the backscatter
coefficients from COBALD have been corrected
for the field of view (Brunamonti et al., 2020) and
by wavelength conversion. We find a good
agreement between backscatter coefficients from
LIDAR and COBALD measurement except for the
attitudes below 2 km. This discrepancy is due to the
temporal evolution of aerosol particles in the
boundary layer as can be seen from LIDAR data
with higher temporal resolution (e.g. 5 min). In
addition, the volume and particle depolarization
ratios measured by LIDAR are shown in the right
side of Figure 2. The low depolarization ratios
support our assumption that the particles are
spherical and that we can use Mie calculations for
the field of view correction.

Conclusions

The evolution of the spatial distribution of aerosol
particles was investigated using a scanning LIDAR,
an UAV platform, and balloon measurements.
UAV-borne OPC measurements and LIDAR
measurements show similar vertical aerosol
distributions and a good aerosol mixing within the
boundary layer. The Balloon-borne COBALD
backscatter coefficients show good agreement with
LIDAR measurement. Both types of in suit
measurements confirm our LIDAR analysis. At the
conference, more details of the uncertainties and
advantages of the different measurement methods
will be discussed.
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Introduction

The atmospheric planetary boundary layer
(ABL) is the lower region of the atmosphere
directly in contact with the earth’s surface and
strongly influenced by this surface. In this layer
physical quantities such as flow velocity,
temperature and moisture  display  rapid
fluctuations associated with turbulent motion and
vertical mixing.

The characterization of the planetary boundary
layer is of primary importance in a variety of fields
such as weather forecasting, climate change
modeling and air quality prediction .

The structure of the PBL can be complex and
highly variable. The PBL height is commonly used
to characterize the vertical extent of mixing within
the boundary layer and the height at which
exchange with the free troposphere takes place
(Seibert et al., 2000).

An alternative lidar approach is based on the
application of a Haar wavelet -covariance
transform to the lidar backscatter signals. Based on
this approach the boundary layer top is
automatically detected by locating the covariance
maximum. In this paper we compare different
independent methods for the determination of the
ABL height. Retrievals are obtained with different
techniques applied to different instruments
operating during used during HyMeX-SOPI,
Wind Profiler, the Raman lidars system BASIL,
and from different models, the ECMWF global
model and the MESO-MH mesoscale model. In
the present work we compute the ABL in the
period of measurements from 16™ to 21™ october
2012.

Results and discussion

The lidar system BASIL makes use of a Nd:YAG
laser source, equipped with second and third
harmonic generation crystals, capable to emit
pulses at 1064, 532 and 355 nm. Laser pulses at
these three wavelengths are simultaneously
transmitted in the atmosphere along the zenith.
The shortest of these wavelengths (355 nm) is
used to stimulate vibrational and rotational Raman
scattering from water vapour, nitrogen and oxygen
molecules. These scattering processes, and the
corresponding lidar echoes, are exploited to

ultimately measure the vertical profiles of water
vapour temperature and multi-wavelength particle
backscatter and extinction. The use of the 355 nm
wavelength maximizes lidar performance, as in
fact Rayleigh and Raman scattering cross-sections
are proportional to the fourth negative power of
the wavelength.

For the specific operation of HyMeX-SOP1, the
laser source was upgraded to generate a single
pulse energy power at 355 nm of 500 mJ
(corresponding to an average power of 10 W at a
pulse repetition frequency of 20Hz). The received
is developed around a Newtonian telescope, with a
primary mirror diameter of 0.45 m. The receiver
also includes two small lenses, with a diameter of
0.05 m, these latter two used for the collection of
the 532 and 1064 nm elastic signals. The key
feature of BASIL is represented by its capability to
perform daytime and night-time high-resolution
and accurate measurements of atmospheric
temperature and water vapour based on the
application of the rotational and vibrational Raman
lidar technique, respectively.(Di Girolamo et al.,
2016)

o

Go gle

Figure 1 Supersite in Candillargues, Southern France
were was located Basil system (Maps Data: Google,
@2021)

Throughout the duration of HyMeX-SOPI, the
University of BASILicata ground-based Raman
Lidar system (BASIL) was deployed in the
Ceveninnes-Vivres site (Candillargues, Southern
France, Lat: 43°37' N, Long: 4° 4' E, Elev: 1 m,
see figure 1) and operated between 5 September



ELC
2021

and 5 November 2012, collecting more than 600
hours of measurements, distributed over 51
measurement days and 19 intensive observation
periods (IOPs).

Rotational Raman signals can potentially be used
to infer both the mixed layer and the residual layer
height. In this respect, we need to recall that
temperature measurements are performed by
BASIL through the application of the rotational
Raman lidar technique in the UV. These same
rotational signals can be used to determine the
ABL height (Summa et al., 2013).

Rotational lines fall within two narrow spectral
bands in the proximity of the laser wavelength:
one including lines characterized by low quantum
rotational numbers, P,y (z), and the other
including lines characterized by high quantum
rotational numbers, Puj; (z). In this case we
consider the ratio between two signals

R(2)= Phis (2)/ PLos (2)

The ratio R(z) is characterized by a strong
sensitivity to temperature variations, therefore we
can analyze minimum of the derivative for the
range corrected signals RCS(z)=R(z)z* in the
follow algorithm to determine the height of the
ABL:

d
ABL = —
e {log RCS(2)}

The results from the Raman lidar are compared
with a Wind Profiler, with ECMWF-ERAS
reanalysis, with MESO-MH mesoscale forecasts,
and also with the MIPA methodology (Vivone et
al.2021) (see Figure 2), while figure 3 reports the
percentage deviations between BASIL and the
other methodologies/sensors/models, which are
found to always be within +50%.
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Figure 2. ABL Comparison in terms of ABL estimates
from different approach during the period 16-21
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Figure 3. Percentage deviations between BASIL and the
other methodologies/sensors/models during the
period16-21 October 2012

Other result will be presented and discuss during
the conference.
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Introduction

The Atmospheric Boundary Layer (ABL) is the
region of the troposphere directly influenced by the
presence of the Earth’s surface, and responds to
surface forcings with a timescale of about an hour
or less (Stull, 1988). The characteristics of the ABL,
and particularly, the ABL height (ABLH), play a
fundamental role in numerous atmospheric areas
such as weather forecasting, air quality and/or
numerical modeling.

The estimation of the ABLH with high
temporal resolution is not an easy task, due mainly
to the variability of its daily cycle. In the last years
numerous remote sensing systems, such as elastic
lidars, ceilometers, Doppler lidars and microwave
radiometers have been widely used to characterize
the ABLH. Ceilometers have the advantage to be a
low-cost and low-maintenance systems that

monitors aerosol and clouds layers. Such
characteristics have favored the creation of
numerous worldwide networks, such as E-

PROFILE and ICENET, and the use of ceilometer
for ABLH detection.

However, there are important limitations in the
use of ceilometers for ABLH monitoring,
particularly in complex cases such as rainy
situations, presence of low clouds, and dust
outbreaks. In these situations, the abrupt changes of
the aerosol vertical profile notably affect to the
gradient method used to estimate the ABLH with
the ceilometer. Another drawback in the application
of ceilometers to obtain ABLH is the difficulty for
discriminating between the RL top height (RLH)
and SBL height (SBLH) during stable periods.

Recent studies have applied Machine Learning
Techniques to estimate the ABLH. Thus, Jiang et
al. (2021) applied Machine Learning combined
GPS radio occultation technology to build a
simulation model to estimate the ABLH, while
Krishnamurthy et al. (2021) proposes a method
based on Random Forest algorithm to estimate the
ABLH from meteorological and Doppler lidar data.
In this framework, the main objective of this study
is to propose a Machine Learning algorithm to
improve the ABLH estimations obtained from

the combination of a ceilometer and
meteorological data, i.e. the typical dataset available
at common ceilometer stations worldwide.

surface

Model and dataset

The Gradient Boosting Regression Trees (GBRT)
is a supervised non-parametric Machine Learning
technique widely applied in classification and
regression problems. The idea behind boosting is to
sequentially fit multiple ‘weak learners’, that is,
simple models that perform relatively poorly with
low accuracy (Fig. 1). In each iteration, a new
model is proposed using information from the
previous model trying to learn from its mistakes and
improving iteration by iteration. In the case of
GBRT, the ‘weak learners’ are decision tree models
with very few branches.
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Figure 1. Example of GBRT algorithm

The GBRT algorithm proposed in this study
uses as features (independent variables) estimations
of the ABLH derived applying the gradient method
to a ceilometer signal (ABLHcei) and several
surface meteorological variables, while the target
(reference) ABLH values in this study have been
those estimated from a microwave radiometer
(ABLHmwr). A detailed study of the features and
the hyperparameters involved in the model set-up
have been developed in order to avoid the model
overfitting and guarantee its good performance
during the training stage. The GBRT have been
trained and tested using the entire years of 2015 and
2016.

The measurements analyzed in this study were
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recorded at the ACTRIS Granada station located on
the roof of the Andalusian Institute of Earth System
Research (IISTA-CEAMA) at Granada (37.164 °N,
3.605 °W, 680 m a.s.l.). The analysis has been
performed in terms of the Mean Relative Error
(MRE) estimated as:

ABLHgprr — ABLHypy

ABLHygw

MREGBRT(%) = Su-m( ).100

Results and discussion

The new algorithm has been validated using the
entire year 2017. The model performance analysis
has shown a daily pattern in the MREGBrT values
(Fig. 2), with their highest values during the night-
time (stable situations) and their lower values along
the day-time (convective situations). Minimum
differences between ABLHcerr and ABLHwmwr
appears, during the central hours of the day and first
hours in the afternoon, when the ABL presents is
higher height. This pattern has been observed for all
seasons with MREgsrT ranging between -5% and
35%. A remarkable improvement is observed with
respect to the MREcEw values, which show similar
daily patterns but range between 36% and 190%.
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Figure 2. MRE for all cases

The proposed model has been analyzed under
different atmospheric conditions revealing no
dependence on cloudiness conditions. Small
differences have been observed between stable and
convective situations. Thus, while MREGsrT is
around 11% in convective situations, these values
increase up to 28% in the case of stable situations.
Nevertheless, for both cases R? values are above
0.75 for stable and convective atmospheres and take
a value of 0.91 when all conditions are considered.
These results confirm the robustness of the GBRT
algorithm presented in this study.

Three particular cases: 1) a clear-sky day, 2) a
day with presence of low-clouds (Fig. 3A), and 3) a
dust outbreak event (Fig. 3B), have been chosen to
deeply analyze the GBRT. In general, in these three
particular situations ABLHcgrT shows very similar
values and behaviour than the ABLHwmwrg,
confirming the good model performance and a
remarkable improvement with respect to the

ABLHcri. in  these complex  situations.
Additionally, the new model allows enables the
detection of SBLH, CBLH and RLH from
ceilometer data and surface meteorological
information.
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Figure 3. GBRT performance in cloudy (A) and Sahara
dust outbreak (B) situations.

Challenges

Although this algorithm has been generated good
results and made possible an expansion in the
ABLH studies from ceilometer data, a great
challenge will be the propagation of it to other
ceilometer stations and networks. Although the
necessary database is not complex, adaptations will
probably be necessary to the peculiarities of each
station.
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Introduction

Continuous monitoring of aerosol vertical
distribution is necessary for many applications:
detection of aerosols intrusions in the altitude,
clouds and rain occurrence and aerosols dynamics
in the Planetary Boundary Layer (PBL).
Continuous lidar data is thus important for both
aerosols and clouds research community and helps
better understand the processes that impact the
surface and air quality. An automatic lidar system
is useful for monitoring the atmospheric events
that can be missed by other systems that operate
only on defined schedules. During unexpected
situations like the Covid-19 lockdowns, such
automatic lidar instruments that do not require any
human intervention are especially valuable. The
CIMEL CE376 micro-pulse lidar provides long
time series of continuous lidar data from which the
PBL variability can be derived and allows to study
the impact of such exceptional events like the
Covid-19 lockdowns on air quality.

CE376 Lidar system

The Cimel CE376 lidar (Figure 1) is a biaxial
system with small FOV for emission (50 pyrad) and
reception (120 yrad) making it suitable for aerosol
profiling in the lowest altitude range. The
technical characteristics are described in Table 1.
The CE376 is suitable for continuous
measurements in an aerosol observation network,
as standardized lidars of same model are
preferable for a network. Several sites with a
CE376 lidar are part of ACTRIS-FR (Lille, Paris,
OHP) and four new will be setup on challenging
environments, such as a high altitude site at 5230
m in Chacaltaya, Bolivia, a high temperature site
on Ivory Coast (Lamto, Africa) and one remote,
difficult to reach, marine environment site on
Amsterdam Island. All these sites highlight the
difficulty of maintenance, so an automatic system
is the best candidate for such network operation.
This work will be done in the frame of the
OBS4CLIM (Observation for Climate) national

project contributing to ACTRIS-FR and ICOS
infrastructures.

Figure 1. CIMEL CE376 micro-pulse LIDAR set up at
Observatoire de Haute Provence (OHP), France

The CE376 lidar was deployed in two field
campaigns, for stationary measurements of
background and transported aerosols at a rural site
during COBIACC (Campagne d’Observation
Intensive des Aérosols et précurseurs a Caillouél-
Crépigny), a joint CLIMIBIO/CaPPA campaign in
June-July 2019 in France, and for mobile on-road
measurements of wildfires smoke at the sources
during the FIREX-AQ (Fire Influence on Regional
to Global Environments and Air Quality) July-
August 2019 in the northwestern US (Popovici et
al., 2020)

Table 1. Technical specifications of the CE376 lidar

A 532 nm (G) Detector | APD
808 nm (NIR)
Laser Nd:YAG (G) Config. Biaxial
s¢ laser diode (NIR)
Pulse 6 /12 1 (G) Eye-safe | Yes/No
energy | 2-4 uJ (NIR)
Rep. 47 kHz Weight 40 kg
rate
Performances

The typical maximum range for a standard CE376
lidar is 5-6 km altitude by day and 18-20 km by
night for 532 nm and 2-3 km by day and 10-12 km
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by night for 808 nm (Figure 2; example for
maximum AOD of 0.4 at 532 nm and 0.2 at 808
nm). The full overlap of the 532 nm and 808 nm
channels is 1300 m and 700 m, respectively.
Below this altitude we correct the incomplete lidar
signal by the overlap function (Kunz and de
Leeuw, 1993). We check the performances of the
CE376 lidar by following the standard
EARLINET procedures (Freudenthaler et al.,
2018), namely the Rayleigh fit (5-10% relative
deviations from molecular) and we perform
telecover measurements using a 3D-printed
telecover system. For the polarization calibration,
we use the +45° method. The results of both
Rayleigh fit and depolarization are very
comparable to the LILAS Raman multi-
wavelength lidar in operation, at Lille, in
ACTRIS/EARLINET (Hu et al., 2019) (Figure 2).

Rayleigh fit 13-14 km, RS Trappes

Lille, 01/04/2021, 19:50-20:00 UTC
LILAS -

——METIS
LILAS

16000

~——METIS
14000 3 — Rayleigh

12000

:

8000 4

Altitude, m AGL

g

4000 4 j 1

2000 A

000 005 010 0.15 020 025 0.30
Normalized RCS VDR
Figure 2. Rayleigh fit and Volume Depolarization Ratio
(VDR) profiles at 532 nm of CE376 METIS lidar and
LILAS ACTRIS/EARLINET lidar at Lille, 1 April 2021

Results

Figure 3 shows continuous time series of lidar
Range Corrected Signals (RCS) at 532 nm and 808
nm measured during a heat wave event at a rural
site in France, end of June 2019, during the
COBIACC campaign. The PBL height was
determined using the 808 nm channel, which has a
low complete overlap (700 m). The profiles are
corrected for the overlap function, describing the
aerosol variability as close to the surface. The PBL
height from the lidar is used in synergy with the
anemometer data, to deduce the mixing time scale
and complement the in-situ data and understand
the chemical processes at the surface. The
depolarization measurements allowed identifying a
Saharan dust event coinciding with the heat wave,
event which transported mineral dust into the PBL.

S04P05

2 6
Figure 3. Lidar Range Corrected Signal (RCS) at (a) 532
nm, (b) 808 nm and (c) zoom at 808 nm with the PBL
top overlaid; COBIACC campaign, Caillouel, France.

Evolution and perspectives

The evolutions of the CE376 lidar consist in the
automation of the polarization calibration
procedure using a motorized mount, adding linear
polarizers to clean the cross-talk and optimizing
the stability, robustness and temperature control of
the lidar system. Also, we plan to evaluate the
CE376 lidar by the CARS ACTRIS Facility.
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Introduction

Aerosols play an important role in air pollution and
climate change. Many instruments were developed
to measure ground level aerosol physical and
chemical properties under dry state conditions.
However, the vertical distribution of ambient
aerosols might be of higher importance for the
assessment of their climate impacts. A charged
couple device camera-laser atmospheric detection
system (CLADS) was developed to measure the
vertical  distribution  of  aerosol  optical
characteristics, especially under 1 km altitude,
however, lacking direct measurements of ambient
aerosol phase function, which is an important
parameter in the CLADS retrieval algorithm.

(a) Top view (b) Side view

Laser2

cCb1 ccpl cco2

Laser2

Figure 1. Sketch map of the geometric structure of
modified CLADS: a. top view of the CLADS; b. side
view of the CLADS.

In this work, a modified CLADS based on the
camera imaging principle and the optical structure
of the fisheye lens is developed to measure ambient
scattering aerosol phase functions simultaneously
with aerosol extinction coefficient vertical profiles
(Figure 1). An improved retrieval method was setup
to obtain the vertical profiles of aerosol extinction
coefficients using simultaneously obtained phase
functions, highly lowering afore-mentioned
uncertainties of assumed phase functions,
improving the accuracy of retrieved results. The
advantage of this modified CLADS is that it can
accomplish  these aerosol  measurements
independent of other supplementary instruments.
Benefiting from its low cost and high spatial

resolution (~1 m on average) in the boundary layer,
this measurement system can play an important role
in the research of aerosol vertical distributions and
its impacts on environmental and climatic studies.

Results and discussion

During January 2016, a comprehensive field
campaign focused on wintertime air pollution in the
North China Plain (NCP) was conducted on the
Yanqi campus of the University of Chinese
Academy of Sciences (UCAS, 40° 24" N, 116°
40" E, 91 m as.l.) located in Huairou district,
Beijing, China. This site is 60 km northeast of
downtown Beijing and is at the edge of the NCP,
which makes it suitable for the study of regional
pollution properties. In this campaign,
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(@) 3
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Case 3 - Residual, N=58
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Figure 2. Acrosol extinction coefficient profiles
retrieved with three different aerosol phase functions.

Following the methodology, the aerosol
extinction coefficient profile can be retrieved with
aerosol scattering function profile and aerosol
phase function. To evaluate the influence of aerosol
phase function to the retrieval results, three kinds of
aerosol phase functions from CALIPSO aerosol
classification were used to retrieve the aerosol
extinction coefficient.

Results are displayed in Figure 2, which shows the
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retrieved aerosol extinction coefficient profiles
(gray lines) and the average extinction coefficients
profiles and their standard deviation at various
altitudes. In all the three cases, significant
differences were detected in the vertical profiles
retrieved with different aerosol phase functions,
especially in case 2. Differences were typically
larger in the near surface layer. The relative
differences between the results using these two
assumptions are 20.07% and 15.45% near the
ground, 44.25% and 39.52% at 100m altitude for
Case 1 and Case 3, respectively. For the “polluted”
case, even the vertical distribution pattern changed
remarkably with aerosol phase function. This
sensitivity study shows that, if ambient aerosol
phase function changed from CALIPSO “biomass
burning” to “dust” aerosol phase function, using a
constant aerosol phase function would result in
large uncertainties.

To further evaluate the retrieval method of modified
CLADS, a comparison between remote sensing
retrieved and in-situ measured aerosol extinction
coefficients was made. Note that these instruments
measured dry state aerosol properties in the
laboratory. However, due to the relatively low
ambient relative humidity in this campaign, the in-
situ measurement can be used to compare with
ambient aerosol observations.

. S " _—
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coefficients measured by CLADS and in-situ instruments
with different aerosol phase functions.

Figure 3 shows the comparison results. Here,
aerosol phase function retrieved with real time
modified CLADS, aerosol phase function of
“biomass burning” aerosol introduced in the
CALIPSO aerosol classification and aerosol phase
function simulated with Mie model and aerosol size
distribution measurements are used to retrieve the
aerosol extinction coefficient profiles and
compared to in-situ measurements. The slope of the
fitting lines reached 0.99, 0.85 and 0.97,
respectively. Results obtained using measured and
modelled aerosol phase function were closer to in-
situ measurements than those retrieved using
“biomass burning” aerosol phase function. The
coefficients of determination (R? in Figure 3) were
0.87, 0.89 and 0.90, respectively. However, the
modelled aerosol phase function was only

applicable because the relative humidity during this
campaign remained mostly below 50%.
Performance of the improved retrieval method with
modified CLADS was evaluated in a
comprehensive field campaign on wintertime air
pollution in the North China Plain during January
2016. 522 aerosol scattering function profiles were
obtained by the vertical CLADS, which were
classified into three case categories (“clean”,
“polluted” and “residual”) according to their
vertical distribution characteristics. Different
aerosol phase functions provided in the CALIPSO
aerosol classification were used to retrieve aerosol
extinction coefficient profiles. Results show that
time-resolved aerosol phase functions are necessary
in retrieval of aerosol extinction coefficient
profiles. Assuming constant aerosol phase
functions would lead to significant uncertainties.
Real-time measured ambient aerosol phase function
by the horizontal CLADS and Mie code modelled
ones were also used to retrieve the aerosol
extinction coefficient profiles, which both agreed
better with in-situ measurements than those
retrieved with a constant CALIPSO aerosol phase
function assumption, again emphasizing the
importance to use time-resolved phase functions.
However, the Mie model approach is only
applicable to low humidity conditions and depends
on aerosol size distribution and aerosol absorption
property measurements, whereas the modified
CLADS can derive ambient aerosol phase functions
with relatively high accuracy and use them to
simultaneously retrieve vertical profiles of aerosol
extinction coefficients with low uncertainties and
independent of other measurement instruments.
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Introduction

The aim of this study is to find a suitable method of
validation for the satellite product ALH (Aerosol
Layer Height) derived from passive remote sensing
observation from S5P/TROPOMI, using ground
based ceilometer measurements.

At present, daily global observations of aerosol
height are not available on an operational basis.
However, passive sensors on board satellites can
scan the entire earth in a single day. On 13 October
2017 the Copernicus Sentinel 5 Precursor (S5P), the
first of the European Sentinel satellites dedicated to
monitoring of atmospheric composition, was
launched with a single payload of TROPOspheric
Monitoring Instrument (TROPOMI), a nadir
viewing shortwave spectrometer that measures in
the UV-visible wavelength range (270 — 500 nm),
the near infrared (710 — 770 nm) and the shortwave
infrared (2314 — 2382 nm). The ALH product is
derived from measurements of the oxygen A-band
in the near infrared region between 758 nm and 770
nm. It is focused on retrieval of vertically localized
aerosol layers in the free troposphere, such as desert
dust, biomass burning aerosol, or volcanic ash
plumes (Nanda et al., 2020). Pixel size before
August 2019 is 7 km x 3.5 km while after is 5.5 km
x 3.5 km. Data are available through Copernicus
hub (s5phub.copernicus.eu). S5P overpasses daily
at around 12 UTC over mid latitude locations.
Satellite data were selected based on quality flags
of the available Level 2 data.

Active remote sensing techniques (such as
ceilometers) can provide vertical profiles of the
aerosol attenuated backscatter with vertical
resolution of a few meters from ground up to 15 km.
They are part of the coordinated European Network

e-profile:
(https://www.eumetnet.eu/activities/observations-
programme/current-activities/e-profile/) and

provide continuous vertical information for the
aerosol load over Europe, but an operational
algorithm for aerosol layer height assessment hasn’t
been implemented at the network level.

First ground based validation of satellite ALH but
retrieved from GOME-2/MetOp observations was
done using EARLINET lidar observations by
Michailidis et al., 2021. They applied wavelet
covariance transform to the lidar data in order

extract geometrical characteristics (lofted layers

and clouds). The method was able to obtain a
significant number of collocated and coincident
ground and satellite measurements due to long term
satellite data based (12 years). S5P is orbiting only
since 2017, therefore our study is focused on
ceilometer measurements due to their continuous
operation, near real time data availability and
spread across Europe. Two methods were tested for
aerosol layer detection: gradient method (Nicolae et
al., 2018), and local minimum/maximum method
(Adam et al.2020). The target requirement on the
accuracy and precision of retrieved ALH is 0.5 km.

Results and discussion

Preliminary results of about 15 overpass-
coincidences of S5P over Magurele, Romania
(44.35N, 26.03E) during October 2017- April 2021
showed high variability of altitudes of the layers
detected in a 50 km circle above Magurele for some
scenes. The ALH retrieval algorithm implements a
pixel selection scheme before committing to
retrieving ALH satellite’s estimates. The number of
pixels varies from 10 to 127 for a particular scene.
Similar results were obtained when applying the
two abovementioned methods to ceilometer data for
aerosol heights, but there is a wide range of feature
locations and backscatter intensities that can be
encountered during a single day of measurements.
Figure 1 is an example: three aerosol layer heights
derived from ceilometer measurements in Magurele
(blue, yellow, green) during 2 hours before and
after the satellite overpass on 30.08.2018. The
spatially averaged (in a 50 km circle above
Magurele) SSP ALH is represented in black, with
the error bar indicating the variability of the values.
The question is now how to interpret this scene. Are
these layers dust, biomass burning or volcanic ash?
Using Hysplit backtrajectories
(https://www.arl.noaa.gov/hysplit), dust modelling
DREAM BSC (https://ess.bsc.es/bsc-dust-daily-
forecast) and FIRMS
(https://firms.modaps.eosdis.nasa.gov/) we were
not able to specifically determine the source of
these layers.
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Figure 1. Aerosol layer heights derived from ceilometer
measurements in Magurele (blue, yellow, green) during
30.08.2018 and derived from S5P(black)-spatially
averaged (in a 50 km circle above Magurele)

On other days with similar scenes, we could
identify that some layers were long range
transported from Africa (e.g. a layer at 3.8 km on
5.10.2020; layers represented in Figure 2) and we
could confirm as a validation case. When there is a
well-developed and spatially well-spread aerosol
layer then only questions related to how to average
the satellite data are taken into account. On
5.10.2020 there were two satellite overpasses
represented in Figure 2 in black, with error bars
highlighting the variability of the satellite data.
The averaged satellite value for the first overpass it
is very close the one derived from ceilometer and
confirmed to be long range transported dust. For the
second overpass only one pixel got a close value
(3838m).
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Figure 2. Aerosol layer heights derived from ceilometer
measurements in Magurele (blue, yellow, green) during
05.10.2020 and derived from S5P(black)-spatially
averaged (in a 50 km circle above Magurele)

The difference between the satellite pixel size and
the point view of the ground-based observations is
definitely a challenging issue in top of the ones
related to different retrieving techniques. Several
sensitivity studies have been performed but a lot of
questions still remains:

e What is the best way to temporally
average the ceilometer information to
compare with a satellite overpassing once
or twice per day?

e How to better choose which layer to take
into consideration for comparison in a
complex scene? Can this be done
unsupervised by an automated algorithm?

° Can the satellite scene be considered as a
proven case of existing layer?

Challenges

The reported satellite ALH is the height of a single
aerosol layer (Dust, Biomass burning or volcanic
ash) for the entire atmospheric column within the
scene measured by TROPOMI. During our study
we have encountered several cases where distinctly
separated elevated and boundary layer aerosols are
present in the same scene.

Open questions: What could be the best approach
in comparing aerosol layer heights from satellite
passive remote sensing measurements and the ones
from ground based active remote sensing data?
Several specific cases will be brought to the
community attention during the conference.
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Introduction

Atmospheric aerosol have a major impact on the
Earth’s climate. According to the Fifth Assesment
(ARS5) of the Intergovernnamental Panel on Climate
Change (IPCC, 2013) atmospheric aerosols and its
interactions with both radiation and clouds are the
principal source of uncertainty in the quantification
of the total anthropogenic radiative forcing. In order
to properly quantify the effects of the aerosol in the
Earth’s climate, not only it is necessary to estimate
the radiative effects in the shortwave (SW) range,
but also in the longwave (LW). The LW range has
an important contribution; however it is usually
neglected.

It is for this purpose that in the present work, we
examine the radiative properties, in the SW and LW
spectra, of the atmospheric aerosol in the city of
Granada (37.2°N, 3.6°W, 680 m a.s.l.) in 2017.

The optical and microphysical properties, both
vertical and column-integrated, are necessary to
obtain the radiative properties. These properties
have been obtained in this work using the GRASP
(Generalized Retrieval of Aerosol and Surface
Properties) algorithm (Duvobik et al.,, 2014;
Benavent-Oltra et al., 2017), following the method
proposed by Roman et al. (2018), based on the use
of data measured by a sun-sky photometer and by a
ceilometer as input. These instrumentation is
available at the Andalusian Institute for Earth
System Research (IISTA-CEAMA), where the sun-
sky photometer belongs to AERONET (Aerosol
Robotic NETwork; Holben et al., 1996) and the
ceilometer is part of the ICENET (Iberian
CEilometer NETwork; Cazorla et al., 2017).

To calculate the radiative forcing (RF) of the
aerosols we have used the GAME (Global
Atmospheric Model) radiative transfer model
(Dubuisson, 2004), which allows to calculate
upward and downward fluxes at different vertical
levels. Specifically, in this study we have
established 80 vertical levels with decreasing
vertical resolution, covering altitudes from the
surface up to 20 km. The solar and thermal fluxes
have been calculated in two adjustable spectral
ranges, 0.297-3.1 um for the SW and 4.5-100 um

for the LW.

Results and discussion

The aerosol RF profiles obtained with GAME are
presented in Fig. 1. On the left, the annual mean
profiles of the RF in SW and in LW are shown,
along with the standard deviation as errorbars.
Time series of the RF profiles, AOD at 1064nm,
the RF at the surface level and the fine mode
fracion (FMF) are represented on the right pannels.

In the SW spectral range, the annual mean RF
on the surface is -20 Wm™, showing decreasing
values (in absolute value) with height. It is also
noticeable that the main values in which the RFsw
ranges, for most of the data, along the year are 0 and
-30 Wm™. The maximum values of the RFsw are
found in February and July. In the first case, the
RFsw reaches up to -150 Wm™ along the entire
vertical profile, whereas in July the RFsw is around
-100 Wm™. The RFsw on the surface correlates very
well with the time series of the AOD in 1064 nm,
with a correlation coefficent for of 0.84 (note that
the absolute value of RFsw has been used),
indicating a strong dependence of the RFsw with the
aerosol load. This dependence has been confirmed
in previous studies (e.g. Granados-Mufioz et al.,
2019).

The extreme events observed in February and
July correspond to an extreme dust event in the city
of Granada in February, which is described in
Fernandez et al. (2019), and a biomass burning
transport event from Portugal in July. The dust
event in February presented high AOD, being
around 1.5, while the AOD in July it is only is 0.24,
but particles observed are much more absorbing
increasing the RFsw values. An additional dust
event in April is observed, with the RFsw on the
surface reaching up to -80 Wm2, for an AOD of
1.33. Aditionally, the entire month of August
presents high values of the RFsw along the vertical
profile, with its maximum in the end of the month:
-50 Wm, caused by high concentrations of mineral
dust particles.
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(down). Annual mean profile of RFsw with its standard deviation as errorbars (left). b) Time series of the FMF (top). Time
series of the vertical profiles of RF_w (down). Annual mean profile of RFLw with its standard deviation as errorbars (left).

In the LW spectral range, the RF is positive.
The annual mean RFrw on the surface is 2 Wm?2,
showing decreasing values with height. The range
of the RFLw is smaller than in the SW regime, the
majority of the data being in the range 0-5 Wm™.
The maximum values are found in February, when
the dust outbreak took place. The radiative effects
of the aerosol in the LW regime are stronger for
large particles, thus, when the FMF is close to 0. It
is clear that in the events of February and April,
where the values of RFpw are large, the FMF is very
small: the aerosol type is mineral dust. In case of
mineral dust, the RFLw is about 20% of the RFgsw
(Granados-Muioz et al., 2019). In February, the
RFLw is 20 Wm™ on the surface, decreasing up to 5
Wm2 at 4 km a.s.l. This RFpw represents a 13% of
the SW component. Aditionally on April a RFpw of
7 Wm is found at heights near the surface, which
is a 9% of the RFsw. On the other hand, the RFLw
of the events in July is small, of about 3.5 Wm?,
agreeing with the large values of FMF, close to 1.
Thus, the aerosol in July belongs to the fine mode.

In this work, we have examined the radiative
properties of the aerosol in the city of Granada,
during 2017. We have developed a method that
allows to obtain the aerosol radiative effects
automatically from the GRASP output data. This
methodology can easily be applied to different
stations and in the near future research it is planned
to to determine the radiative properties in different
stations of ICENET performing a multiyear
analysis.

Challenges

The main challenge found in the development of
this work was the lack of aerosol data available in
the LW, which implies the use of a Mie code to
retrieve optical properties, thus amplifying the
errors in the calculations of the radiative forcings.
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Introduction

In the last decades, extreme wildfire seasons and
isolated wildfire events have hit North America.
Particularly in the Northwest states of US, air
quality is getting worse in contrast to other states of
the country. Hence, an extensive field campaign
FIREX-AQ (Fire Influence on Regional to Global
Environments and Air Quality) has been organized
over this specific region. The campaign was focused
on investigating the chemistry and transport of
smoke from wildfires and agricultural burning
(FIREX White Paper, 2019).

One of the broad scientific targets of the FIREX-AQ
campaign was to evaluate and study smoke
properties at the source and its transport on a local
and regional scale. Remote sensing instruments
such as LIDAR systems and photometers are
suitable to asses this particular target. Nevertheless,
measurements of both ground-based instruments are
limited by their location with respect to the fire
source and wind patterns. Thus, two mobile
platforms called DMU-1 and DMU-2 (Dragon
Mobile Unit) equipped with remote sensing
instruments performed on-road mobile
measurements. The mobile component made
possible to follow the smoke plumes closer to their
source. The installation of remote sensing
instruments in both DMUs followed the design of
MAMS (Mobile Aerosol Monitoring System)
platform (Popovici et al., 2018) and were equipped
with CIMEL micro-pulse LIDARs (CE376 and
CE370 systems) and automatic photometers
(CIMEL CE318-T and PLASMA). With the
synergetic mobile measurements, we were able to
obtain height resolved and column integrated
optical properties of smoke aerosols at different
ageing states.

Results and discussion

During the campaign, the DMUs were performing
mobile measurements all day, at night mostly at a
fixed location. During the day along the roads
around the major fire sources with occasionally
stationary = measurements in between. The
continuous measurements performed by CIMEL

CE318-T photometer in DMU-1 and PLASMA sun-
photometer in DMU-2 provided us a general
overview of the column-integrated optical
properties during the campaign. With Angstrom
Exponent (AE) values always higher than 1.4, we
confirmed the strong presence of fine mode aerosols
(expected for fresh smoke) at a regional level. The
measured AOD showed a non-homogeneous
distribution of aerosols in the fire areas, where the
complexity of the mountainous terrain plays an
important role in the local to regional transport of
smoke.

We have measurements from the CIMEL CE376
micro-pulse LIDAR (532 and 808 nm, polarized) on
DMU-1 and CIMEL CE370 micro-pulse LIDAR
(532 nm, unpolarized) on DMU-2. The LIDAR data
coupled with the photometer allow us to apply the
AOD constrained Klett inversion method using
BASIC code (Mortier, 2013). We obtained
extinction profiles and column-integrated Lidar
Ratio (LR) at 532 nm with both systems and also at
808 nm with CE376 LIDAR. Therefore, we could
calculate the AE.

In addition, we derived Volume Depolarization
Ratio (VDR) profiles, providing qualitative
information of the shape and type of acrosols thanks
to the depolarization channels at 532 and 808 nm of
CE376 LIDAR. Especially for night-time
measurements when the signal to noise ratio (SNR)
in all 4 channels is higher.

With the data obtained during the campaign and
retrieved aerosol properties, we saw the limitations
and capabilities of both systems. The laser was
attenuated by thick smoke layers, and the harsh
environmental (topography and high temperatures)
played a role in these limits. However, both lidars
were able to retrieve aerosols information close to
the source of smoke, which has never been done
before.

In order to show the ongoing investigation on
aerosols properties during the FIREX-AQ campaign
we present a case study of mobile measurements
performed by DMU-1. We illustrate the temporal
variability of some of the retrieved optical
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properties from CIMEL CE376 LIDAR and CIMEL
CE318-T photometer.
DMU-1 case study: August 5th, 2019

For this particular day, DMU-1 performed mobile
measurements around William Flats Fire during
daytime. The quicklook in Figure 1 shows the
temporal variability of PR2 (RCS) profiles at 532
nm for DMU-1 approaching the fire (14 — 20 h
UTC). Below the RCS, the temporal variation of
column integrated LR retrieved at 532 and 808 nm
are shown, as well as AOD at 532 and 808 nm, and

AE (532/808) retrieved from the coupled
photometer.
5.5 am FIREX-AQ Campaign, 2019-08-05 8E13
5
—45 4E+13
E 4
= 2E+13
=35
(]
@ 3 1E+13
g25 6E+12
3 2
=15
< 2E+12
b 1E+12
0
90|
ol
& 60
% 30
0 i
04  gomemammns b S5 i o
203 . 1.2 W
9:0-2 — &N ° . oEK
a
Ot —— - Ol = 0.4
ol—— =
14 15 16 17 18 19 20
UTC time (Local time +7h)
¢ LRy, + LRyyg o AOD,,, = AODg,, « AE (532/808)

Figure 1. PR2 Quicklook at 532 nm from DMU-1 with
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We observe LR varying from 30 to 90 sr at 532 nm
and 808 nm, with lower values (20-40 sr) when the
smoke plume is thicker. Previous studies of fresh
smoke transported one day far from source reported
LR of 60-85 sr for 532 nm (Alados-Arboledas,
2011; Tesche et al., 2011).

Even though the SNR for 808 nm is low by day, we
were able to get some extinction profiles and
calculate the AE vertical variation (Figure 2) inside
and outside the smoke plume. We observe the
decrease of AE (from 1.5 to 0.8) in the thick smoke
layer at ~2 km, indicating a higher presence of
coarse particles. For both cases VDR values at 532
nm are below 0.04.

Challenges and Future Work

The selection of an adequate reference zone for the
inversion of LIDAR signals turns out to be difficult
in presence of thick smoke layers, which is a
common scenario close to their source. Also, the LR
values for smoke at different ageing states are
influenced by a wide-range of parameters, including
the type of soil, fuel, state of the fire and chemical
mixing (Nicolae et al., 2013). Simply assuming a
LR based on literature can lead to inaccurate results.
Additional investigation and validation of the
retrievals obtained is needed. For future studies we
plan to introduce the 2-wavelength joint inversion
looking for improvements on LIDAR retrievals.
Throughout the campaign we also detected during
night-time high-altitude aerosol plumes (~17 km
a.s.l.) injected by the Raikoke and Ulawun volcanic
eruptions (Vaughan et al., 2021) which are
interesting to investigate.

References

Alados-Arboledas et al., Optical and microphysical properties
of fresh biomass burning aerosol retrieved by Raman lidar, and
star-and sun-photometry. Geophys. Res. Letters, 38 (1), 2011.

FIREX-AQ White Paper, 2019, available at
www.esrl.noaa.gov/csl/projects/firex-ag/whitepaper.pdf

Mortier, Tendances et variabilites de 1’aerosol atmospherique a
I’aide du couplage Lidar/Photometer sur les sites de Lille et Dakar
(Doctoral dissertation, Lille 1,2013).

Nicolae et al., Characterization of fresh and aged biomass
burning events using multiwavelength Raman lidar and mass
spectrometry, J. Geophys. Res.: Atmos., 118(7), 2956-2965, 2013.

Popovici et al., Description and applications of a mobile system
performing on-road aerosol remote sensing and in situ
measurements. Atmos. Meas. Techniques, 11(8),4671-4691,2018.

Tesche et al., Profiling of Saharan dust and biomass-burning

smoke with multiwavelength polarization Raman lidar at Cape
Verde. Tellus B: Chem. and Phys. Meteo., 63(4), 649-676, 2011.

Vaughan et al., Measurement Report: Lidar measurements of

stratospheric aerosol following the 2019 Raikoke and Ulawun
volcanic eruptions, Atmos. Chem. Phys., 21, 5597-5604, 2021.




ELC
2021

Synergy processing of diverse ground-based remote sensing and in situ data using the
GRASP algorithm: applications to radiometer, lidar and radiosonde observations

A. Lopatin®, O. Dubovik? D. Fuertes?, G. Stenchikov®, T. Lapyonok?, I. Veselovskii*, F. G. Wienhold®, I.

Shevchenko®, Q. Hu?, S. Parajuli®
Anton.lopatin@grasp-sas.com
(1) GRASP SAS, Villeneuve-d'Ascq, 59650, France
(2) Laboratoire d'Optique Atmosphérique, CNRS/Université de Lille, Villeneuve-d'Ascq, 59650, France
(3) Physical Science and Engineering Division, King Abdullah University of Science and Technology, Thuwal, 23955-

6900, Kingdom of Saudi Arabia

(4) Prokhorov General Physics Institute of the Russian Academy of Sciences, Moscow, 117942, Russia

(5) Eidgendssische Technische Hochschule, Zurich, 8092, Switzerland

Introduction

Ground-based remote sensing is widely
recognized as a valuable source of information
about the details of the optical properties of
atmospheric aerosols. The passive ground-based
remote sensing including spectral observations of
the direct- and multi-angular diffuse Sun radiation
have significant sensitivity to the atmospheric
aerosol amount, its particles size, shape and
morphology; but almost no sensitivity to its vertical
variability. On the other hand, the active lidar
observation techniques that are usually used to
obtain the information about vertical distribution of
aerosol are lacking information content with respect
to the detailed properties of aerosols. Therefore,
information ~ from  collocated  photometric
measurements is always desirable for the
interpretation of lidar observations and the
complementarity of the passive and active
measurement remains important even if the
advanced lidar systems that include inelastic and
depolarisation observations are used.

There are many suggestions for joint processing
of coincident photometric and lidar ground-based
observations, which provide complementary
information. For example, Lidar and Radiometer
Inversion Code (LiRIC) (Chaikovsky et al., 2016)
and Generalized Aerosol Retrieval from
Radiometer and Lidar Combination/Generalized
Retrieval of Atmosphere and Surface Properties
(GARRLIC/GRASP) (Lopatin et al., 2013, 2021)
algorithms use the joint data from a multi-
wavelength lidar and an Aerosol Robotic Network
(AERONET) Sun-sky-scanning radiometer to
derive vertical profiles of fine and coarse aerosol
components as well as extra parameters of the
column-integrated properties of aerosols. Here we
discuss the evolution of GRASP (Dubovik et al.,
2011, 2014) approach and demonstrate a wide
spectrum of the possibilities for realizing the
processing ground-based observations. Several
potentially fruitful aspects of observation synergy
were considered.

First, a set of passive and active ground-based
observations collected during both day- and
nighttime was inverted simultaneously under the
assumption of temporal continuity of aerosol
properties. Such an approach explores the
complementarity of the information in different
observations and results in robust and consistent
processing of all observations. For example, the
interpretation of the nighttime active observations
usually suffers from the lack of information about
aerosol particles sizes, shapes and complex
refractive index. In the realized synergy retrievals,
the information propagating from the nearby Sun-
photometric  observations provides sufficient
constraints for reliable interpretation of both day-
and nighttime lidar observations.
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Figure 1. Aerosol volume size distributions (top) and
complex refractive indices (bottom) for fine (dashed) and
coarse (solid) aerosol components retrieved on 15-16
April 2015. Distributions retrieved before and after the
advanced lidar observation in a combination with Sun-
photometer data are shown in blue, and those retrieved

by AERONET are in dark and light green, respectively.

Second, the synergetic processing of such
complementary observations with enhanced
information content allows for optimizing the
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aerosol model used in the retrieval. Specifically, the
external mixture of several aerosol components
with predetermined sizes, shapes and composition
has been identified as an efficient approach for
achieving reliable retrieval of aerosol properties in
several situations. This approach allows for
achieving consistent and accurate aerosol retrievals
from processing stand-alone advanced lidar
observations with reduced information content
about aerosol columnar properties. The
observations of Lllle Lidar AtmosphereS (LILAS)
— an advanced lidar system with multi-wavelength
volume depolarization observations and several
Raman channels (Veselovskii et al., 2015) were
used for demonstration of such approach.
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Figure 2. Aerosol vertical distributions retrieved
from for fine (dashed) and coarse (solid) aerosol
components retrieved on 15-16 April 2015 from multi-
temporal (left) and stand-alone (right) LILAS
observations. Distributions retrieved before and after the
LILAS observation in combination with photometer data

are shown in blue and red, respectively.
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Third, the potential of synergy processing of the
ground-based  Sun-photometric ~ and  lidar
observations, with the in-situ backscatter sonde
measurements was explored using the data from
KAUST.15 and KAUST.16 field campaigns held at
King Abdullah University of Science and
Technology (KAUST) in the August of 2015 and

2016. The inclusion of the Compact Optical
Backscatter Aerosol Detector (COBALD, Vernier
etal., 2015) radiosonde data has been demonstrated
to provide significant additional constraints to
validate and improve the accuracy and scope of
aerosol profiling.
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Figure 4. Aerosol extinction profiles at 455 nm (left)
and 940 nm (right) estimated from COBALD profiles
acquired on 11 August 2015 using a stand-alone (black)
and multi-temporal (red) retrieval schemes.
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Introduction

In this study, the concept of a synergistic
algorithm to retrieve the vertical concentration
profiles of individual aerosol species is presented
based on lidar and  spectrophotometer
measurements  from  the  Laboratory  of
Atmospheric Physics (LAP) in Thessaloniki,
Greece. The optical properties per species is
provided by the raw species of the Optical
Properties of Aecrosols and Clouds (OPAC,
Koepke et al., 2018). Currently, a lookup table of
mixtures is compiled and an ensemble of
mixture/mass concentration combinations that best
describe the lidar attenuated backscatter profiles
are identified. In the next step, we will import
these profiles to a radiative transfer model in order
to isolate the combination that best reproduces
ratios between the direct solar radiance, sky
radiance, and global irradiance spectra measured
by the spectrophotometers.

The Data

The proposed technique for the retrieval of aerosol
species profiles relies on vertically resolved lidar
signals and columnar spectrophotomer data from
the LAP (40.5°N, 22.9°E; 50 m). Synergies among
the following instruments will be deployed: a
multiwavelength depolarization Raman lidar, a
double  monochromator Brewer and a
DOAS/MAX-DOAS spectrophotometer. LAP is a
member station of the PANhellenic infrastructure
for Atmospheric Composition and climatE chAnge
(PANACEA, https://panacea-ri.gr/). The testing
dataset is based on 14 collocated lidar and
spectrophotometer measurements that were
performed in the station during the first
PANACEA summer campaign (10th of July - 10th
of August 2019).

Methodology

The Aerosol Species Separation Algorithm
(ASSA) relies on a lookup table (LUT) of
mixtures generated from pure aerosol species
modeled by the OPAC database (Hess et al. 1998,

Koepke et al. 2015). We produce 792 external
mixtures for up to eight aerosol modes: water
solubles, insolubles, soot, accumulation and coarse
mode sea salt, and nucleation, accumulation and
coarse mode mineral dust. Mineral dust species
are modeled as spheroids (Koepke et al. 2015) and
depolarize the backscattered light accordingly. The
other species are assumed to be spherical. A
depolarization ratio value of 0.01 at 532nm is used
instead of 0 (perfect spheres) similar to Hara et al.
2018 in order to get more realistic retrievals.
Hygroscopic growth calculations are included in
OPAC for 8 relative humidity classes (0%, 50%,
70%, 80%, 90%, 95%, 98%, 99%) for the water
soluble and sea salt species. Modification of the
sea salt depolarization based on humidity
according to Haarig et al., 2018 is planned but not
yet applied.

By iterating over a number of predefined mass
concentration levels and mixture entry of the LUT,
the algorithm reconstructs the available lidar
attenuated backscatter and volume depolarization
profiles. Currently, 200 equidistant levels are
assumed in a logarithmic scale ranging from 10~
to 10° ugr m>. Reconstruction begins from the end
of the profile (reference height) and proceeds
downwards by forward-modeling the elastic lidar
equation (e.g. Weitkamp et al., 2005). All
molecular profiles are calculated using radiosonde
temperature and pressure profiles. The residuals of
the constructed versus measured lidar values are
calculated for each vertical level per
concentration-mixture combination. The
combinations are sorted in ascending residual
order and the first N (currently 20) are marked as
the most probable solutions.

Results and discussion

An sample case on 29™ of July 2019 is presented
below. Fig. 1 depicts the constructed attenuated
backscatter and volume depolarization profiles of
ASSA that correspond to the first 20 mixtures per
vertical level that show the best agreement with
the measured profiles.
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Figure 1: Measured (blue) and fitted (orange) attenuated
backscatter values. The respective molecular attenuated
backscatter profiles are also included (green).

Fig. 2 includes the respective solutions, that is, the
mass concentration values per vertical level
species that correspond to the minimum residuals.
For this specific case, ASSA indicates mixing
among water solubles, accumulation mode sea
salt, soot, and/or fine dust.
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Accumulation Mode Sea Salt

Black Carbon Coarse Sea Salt

Coarse Dust

Fine Dust
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g [l - .
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Figure 2: Ensemble potential mass concentration
solutions per aerosol species and per vertical level. The
first 20 solutions that best reproduced the measured
profiles are displayed.

LAP is an urban station less than 1km away from
the sea. Mixing polluted continental aerosols with
local marine salt is rather common. A small
quantity of fine dust is also retrieved but it is
probably an artifact as ASSA tries to reconstruct
volume depolarization values above 0.01
(spherical species). We expect this to change after
implementing the sea salt depolarization
modification scheme of Haarig et al. 2018.

We highlight here that no final solution profile is
yet retrieved. From Fig. 1, it is obvious that four
independent lidar optical properties are not
sufficient to for a certain retrieval as some
combinations can produce similar results. They
can provide, however, indications of the aerosol
mixing state and the concentration level margins
per aerosol species. In the next step, the potential
solutions from ASSA will be imported in a
radiative transfer model to compare the forward
modeled radiance spectra with the ones measured
from the spectrophotometers. Then, the profile that
corresponds to the lowermost residuals will be
selected as the final solution that best satisfies both
the lidar and the spectrophotomer measurements.
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Introduction

Urban areas present high number of pollutants
continuously emitted into the atmosphere, with
great chemical variety of compounds and complex
atmospheric processes. This situation could be
aggravated by the meteorological conditions and
the geographical situations of this urban areas. The
urban agglomerations located in mountainous areas
are affected by local meteorological situations
influenced by the elevation, constraining the
dispersion of air pollutants, and therefore having a
negative influence in air quality. In addition to these
local factors, the urban areas could be also affected
by external emissions, as natural emissions, that
constrain the atmospheric situation. Both, local and
external emissions, have impact in the particulate
matter (PM) concentrations at surface level,
increasing their concentrations. The differences
could be observed in the vertical profile of the
troposphere. Whereas along the local pollution
events, the PM concentration is observed in the low
troposphere, during the dust events, high PM
concentration could be observed from few metres
to several kilometres in the vertical.

The city of Granada (south eastern Spain, 680 m
a.s.l.) is located in a wvalley surrounded by
mountains with high elevations ranging from 1000
to more than 3300 m.a.s.l. The location and the
position of the city favour marked seasonal
meteorological conditions, with a winter period
characterized by low temperatures, frequently
stagnation episodes due to high pressure systems
located in Western Europe and North Africa, and
the dominance of very weak wind speeds and a dry
summer period with elevated temperatures. In both
periods, large diurnal temperature variations are
typical. The mountainous topography of Granada
favours, mostly in winter, the development of
thermal inversions (Lyamani et al., 2010). These
situations affect the atmospheric boundary layer
growth, making the height of this layer (ABLH) an
important factor controlling the dilution of
pollutants emitted near the surface. On the other
hand, the city, due to its geographical position close
to Sahara Desert, is around the 35% of the days
under African dust air masses influence. These

events increase the PM levels in the city exceeding
the annual and daily limit values of PM10.

In this context, the main objective of the present
work is the multi-instrumental and synergetic
analysis, at surface level and in the vertical, of an
extreme local pollution event registered in Granada
in January 2021. The concentration of PM10 have
been obtained from the air quality monitoring
station Palacio de Congresos (PAL, urban
background station) located in Granada, belonging
to the Andalusian government
(http://juntadeandalucia.es/medioambiente).  The
rest of information, both fron in-situ measurements
and remote sensing, have been gathered at AGORA
station, that operates in the framework of ACTRIS
and will be proposed as one of the future National
Facilities in the frame of ACTRIS-ERIC.

Results and discussion

We focus our attention on the day 18" of January.
In this sense, Figure 1 evidences de evolution of
PM10 over the daily evolution of the 532nm
backscattered signal gathered by MULHACEN,
multispectral Raman Lidar and the Atmospheric
Boundary Layer Height, ABLH, retrieved from
Halo Streamline wind Doppler Lidar by the
algorithm described in Moreira et al. (2018; 2019)
and Manninen et al. (2018).

Figure 1 suggest an anticorrelation between PM10
and ABLH while the 532nm backscattered signal
offers some insight on the evolution of the aerosol
load on the vertical column.

Figure 2, showing the Klett-Fernald retrieval of the
aecrosol backscttering coefficient at 532nm
evidences that along the day the load of scatterers
in the low troposphere presents a clear evolution
related to the decrease of aerosol load at surface
level. This aspect has been investigated using
GRASP code (Lopatin et al., 2013) for the retrieval
of aerosol volume concentration profiles, from the
combinaion of MULHACEN lidar three channels
and the use of the CIMEL radiometer operated at
AGORA, in the framework of AERONET. This
procedure has been succesfully applied at our
station in previous studies. The results evidence that
the combination of Remote Sensing measuremenst
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with GRASP code contributes to offer information
on the vertical profile during the extreme episode,
although it is clear that there is room for improving
the retrieval close to the surface, for example by
improving the overlap features of the lidar,
something that will be acomplished in brief.
Additionaly to this approach, we have used the
scheme proposed by Roman et al, (2018), where
GRASP is used with backscattered signal provided
by a NIMBUS ceilometer in combination with the
CIMEL radiometer data, to retieve the volume
concentration profiles, without splitting it in fine
and coarse particles. The retieval offers promising
results that could be useful taking advantages of
extended networks of ceilomters collocated with
CIMEL radiometers.

MULHACEN 532xta
20210118
s 20,25

w 2
T, luTe ]

Figure 1. Extreme pollution event showing: PMI10
evolution, clearly exceeding the EU AQ threshold; 532nm
backscattered signal from Mulhacen and ABLH derived
from wind Doppler lidar. The colour slots are related to
Figure 2 retrieved backscatter coefficient profiles.
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Figure 2. Vertical backscatter coefficient profiles at 532
nm retrieved at the different times of the day marked in
figure 1.

Challenges

The results shown in this work evidence the
potenciality of ground based active and passive
remote sensing for the generation of vertical
information during severe pollution events.
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Nevertheles, the main challenge is improving the
retieval of information in the lower part of the
profile, something that requires improving the
overlap of the lidar systems, for example by the
inclusion of close range telescopes. Another
relevant issue for pollution events is the
concentration of pollutant gases, in that case the
vertical profile could be retieved by DOAS
systems, thus, providing a 3D information on these
events by synergetically combining in-situ and
remote sensing techniques in the core of ACTRIS.
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Introduction

A very strong Saharan dust episode hit Europe
between 16th February and 10th March, 2021,
presenting several specific days with high values in
PMI10 concentration. Due to its proximity to the
African continent, this dust outbreak affected
mainly Southern and Central Europe but it reached
as far as Scandinavia.

In the Andalusian Institute for Earth System
Research (ISTA-CEAMA, ACTRIS-UGR
station), located in Granada (37,164° N, -3,605° E,
680 m a.s.l.), a medium size city in the south-
eastern of Spain, remote sensing instruments such
as the lidar system MULHACEN measured
vertically-resolved aerosol optical properties for
this specific episode. These profiles were analysed
together with in situ aerosol observations carried
out at the same experimental station, being able to
quantify the PM10 concentration by gravimetric
method as in EN1234-1 reference method, as well
as with data obtained at the Andalusia Government
air quality monitoring stations at various locations
in Granada
(http://juntadeandalucia.es/medioambiente).

Saharan dust intrusions can cause brownish
skies, limited wvisibility and a significant
deterioration in the air quality in the affected
regions. The direct input of dust over the area
typically increases the concentrations of coarse
particulate matter (PM10) (Alastuey et al., 2005)
causing also a higher value for the aerosol optical
depth (AOD) (Cazorla et al., 2017). On the other
hand, sharp decreases in the Angstrom exponent
(AE), used tipically as a indicative for particles
sizes, also correspond with the arrival of the dust
plumes (Guerrero-Rascado et al., 2008).

In this context, the main objective of the present
work is the multi-instrumental and synergetic
analysis of this extreme Saharan dust event over
Granada.

Results and discussion

Values of AOD and AE Between 12th February and
10th March, 2021, obtained from the Aerosol
Robotic Network - AERONET retrieval (Version 3,
level 1.5 at 500 nm), in consecutive days for
Granada, are given in Table 1. The increase of the

AOD values with a maximum on 1st to 4th March
can be seen, as well as the decrease of columnar
AE, presenting a minimum for the same period.

Table 1. Mean and standard deviation of AOD at 500 nm
and AE (440-870nm) over Granada obtained from
AERONET (level 1.5) during Saharan dust event.

Date AOD(500) AE (440-870)
mean S.D. mean S.D.
12-15  0.048  0.015 1.271  0.138
16-19  0.065 0.023 1.198  0.048
Feb
20-23  0.081 0.037 1.003  0.471
24-28 0307  0.075 0385 0.171
1-4 0.633  0.150 0336 0.105
Mar 5-8 0268 0.023  0.875 0.191

9-10 0.153  0.018 1477 0.238
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Figure 1. a) CAMS global AOD (550nm) forecast from
19th to 21st February 2021 b) CAMS PM dust
concentrations from 19th to 21st, February 2021. c¢)
Backwards trajectories obtained with the HYSPLIT
model for 21st February 2021.

The comparison of the AERONET AODs with the
maps of global AOD forecast (Figure 1a) and PM
concentrations (Figure 1b) of the Copernicus
Atmosphere Monitoring Service (CAMS) from
19th to 21st February, shows how the Saharan dust
plume reached the Iberian Peninsula. The backward
trayectories calculated with the HYSPLIT (Hybrid
Single-Particle Lagrangian Integrated Trajectory)
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model (Draxler and Rolph,

2003) show different back trajectories over
Granada between days 20th and 21st, February,
calculated with a difference of two hours between
each other. Figure 1c shows that all these air masses
are coming from the Sahara desert

Figure 2 shows lidar range corrected signals
(RCS) measured at ACTRIS-UGR station on 4th
March, carried out with the multi-wavelength
Raman lidar system MULHACEN (LR331-D400,
Raymetrics Inc.). It shows a persistent thick layer
of Saharan dust between 3-6 km altitude during the
whole day. Apart from this decoupled layer, a
significant signal increase was also observed within
the ABL. Thus, dust particles were likely mixed
with the other pollutants at the surface. This episode
presents a center of mass concentrated in the first
kilometer, which makes it different from most of
these types of events, where the center of mass is
usually much higher.

With the aim to characterize the intensity of this
Saharan dust event, PM10 concentrations, AOD
and columnar AE are represented between 12th
Febrary and 14th March (Figure 3).

Time. (UTC)

Figure 2. RCS at 532 nm obtained from MULHACEN
in the UGR station for 4th March, 2021.
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Figure 3. PM10 concentrations at the air quality
monitoring station Palacio de Congresos close to UGR
station (blue), and AOD (yellow) and AE (red) values at
UGR station from 12th February to 4th March 2021.

Regarding PM10 concentration, the first peak
is registered from 22nd to 23rd February. The

second period with high concentrations is registered
from 26th February to the beginning of March,
reaching PM10 concentration ~150 pg/m?, a
notable increase with respect to the first days of
February (~20 pug/m?). In the Figure it is possible to
see the opposite behaviour for AE values, as
expected.

Challenges

In this work we show how the combination of lidar
technique, providing information about optical
properties of aerosols above the full overlap height,
and in situ measurements at ground level leads to a
more complete understanding of Saharan dust
events. The next step of this work is to combine the
above mentioned techniques with an in situ
chemical analysis of the pollutants with the aim to
get an entire analysis of this episode.

The main challenge we face in this kind of
synergetic analysis is the comparison and
combination of lidar and insitu measurements at the
same heights, e.g., having information at different
heights within the dust layer using instrumentation
on board an aircraft or in a complementary high-
altitude station.

Finally, another challenging analysis would be
the effect of the dust layer in the radiative forcing,
depending on the optical properties, on the
measured PM, the chemical composition and the
altitdue and thickness of the layer
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Introduction

Methodology of combined lidar and radiometer
sounding of aerosol (LRS) has been successfully
tested for joint processing of collocated
observations by ground-based radiometers
(AERONET) and spaced-based lidar (CALIOP)
(Chaikovsky et al, 2018).

We present the latest versions of the algorithm
and software package that implement LRS
approach for spaced-based lidar. This version
(LIRIC-2) is based on the previously developed
code LIRIC (Chaikovsky et al, 2016) retaining the
main advantages of this code, namely, stable
solutions of incorrect inverse problems, which is of
importance at a low level of signal to noise ratio of
CALIOP daytime lidar data. The presentation
includes several case studies demonstrating the
potential of the LIRIC-2 code.

Algorithm background
Unlike basic ground based lidar systems, CALIOP
lacks a 355 nm channel. However, the absence of
lidar data at a wavelength of 355 nm does not
significantly affect the error in determining the
aerosol parameters. (Chaikovsky et al, 2016).
Similarly to LIRIC, atmospheric aerosol is
represented as a mixture of spherical particles and
randomly oriented spheroids. Aerosol model
consist of two or three modes, which use depending
on the specifics of studying object and the number
of well-recorded CALIOP signals: 2 modes when
the intensity of 2 backscatter signals (532 and 1064
nm) are processed, or 3 modes for additional
availability of the cross-polarized component.

Software package modification

Software package LIRIC-2 for the CALIOP lidar

data includes several procedures from previous

code version (LIRIC) for ground-based lidars:

e parametrization of the altitude-dependent
aerosol layer as well as development of a model
of the aerosol layer model;

“forward task’ formulation;

e retrievals of the target parameters of the aerosol

model.

However, the specificity of satellite lidar data
requires additional software products to provide of

the data samples that are collocated with available
radiometric observations (data selection); filtering
of the lidar data that are contaminated by the cloud
effects; preliminary signal averaging, interpolation
and smoothing. Figure 1 shows the flowchart of the
data selection algorithm.

User sets input
parameters

Time window,
station name radius

Time window,

The function, according to the The function, according to the

specified parameters, accesses Station given coordinates, determines
the database of the solar coordinates the satellite track, within a

photometer circle of the prescribed radius

Date and time of
radiometer satellite
measurements measurements

Selection of compatible data,
image formation of satellite

lidar data

Date and time of

Figure 1. Flowchart of the selection algorithm of
CALIOP lidar data.

The presented software package allows us to
retrieve the key optical and microphysical
parameters of atmospheric aerosol (scattering
matrices, scattering indices, attenuation indices,
absorption indices, forms of aerosol particles,
profiles of concentrations of aerosol fractions, the
number of aerosol fractions) parameters required
for the analysis of aerosol pollution of the
atmosphere, aerosol radiative forcing and other
practically important tasks.

Case studies
Algorithm and software package LIRIC-2 were
tested by processing combined lidar and radiometer
data, measured in different geographical regions to
evaluate the optimal setting parameters of code
LIRIC-2 for different types of aerosol events.
Dust event

When CALIOP sounds the aerosol layer with
an increased concentration of large non-spherical
particles, the signal-to-noise ratio of the recorded
backscatter signals, including the cross-polarized
component of the lidar signal, becomes relatively
large. A three-component aerosol model can be
used. Figure 2 (a) shows a diagram with
concentration profiles of fine, coarse spherical
(Coarse 1) and coarse non-spherical (Coarse 2)
particles retrieved from data of CALIOP and
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AERONET radiometer site “Dakar”. In this
example, the coarse spherical fraction is present in
trace concentrations.

Wildfires smoke event

Figure 2(b) shows the aerosol concentration
profiles with dominant fine mode in the region of
AERONET site “Yakutsk™, Siberia, Russia, 24-06-
2020, during fire smoke event.

Antarctic aerosol

Because of the satellite orbit inclination about
98 degree, the outer part of Antarctica is only
accessible to CALIOP observations. The main
problem is the low aerosol load of the cloudless
atmosphere in Antarctica and, as a consequence, the
low level of the signal-to-noise ratio. Increasing the
length of the satellite orbit segment observed,
spatial smoothing and special settings for the
software package are applied to obtain satisfactory
results.

Figure 2 (c) gives an example of aerosol
concentration profiles retrieved in the area of the
AERIONET site “Vechernaya Hill“; 67.660 S,
46.158 E.

Conclusions

Synergy of AERONET and CALIOP data enables
multipoint retrievals of aerosol optical and
microphysical parameters at =400 AERONET sites
all over the world. We have presented software
package LIRIC-2 to implement these retrievals.
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Introduction

Aerosols are a key component in the Earth’s climate
system due to its influence on the radiative balance
through the scattering and absorption of solar
and/or thermal radiation. Following the 5" IPCC
report, aerosol properties are known within a high
confidence level; however, more studies are needed
regarding its vertical distribution.

The place of study is an olive crop situated in
Jaén (Spain, 37° 54' 39.30"N, 3°13'42.4"W, 370 m
asl). This station is representative of the
Mediterranean drylands, in a rural area surrounded
by olive plantations with spontaneous weed cover,
remote from sources of industrial pollution.
Therefore, it is a station of special interest for
monitoring autochthonous aerosols (mainly pollen
grains, mineral dust from soil and aerosols from
fertilizers) and allochthonous aerosols from mid-
and long-range transport (such as those originated
in Iberian Forest fires, Saharan desert and North
American forest fires, among others).

In this work, we focus on the full dataset
acquired between the 14" January and 315 May
2021. The mentioned station is equipped by a
ceilometer Nimbus CHMI15K (Lufft) and an
AERONET Sun-sky photometer CE318 (Cimel
Electronique SAS). The vertical and columnar
acrosol properties in this area were obtained
combining the measurements of both instruments
following the method proposed by Roméan et al.
(2018), which uses the GRASP algorithm. For the
sake of completeness, a bioaerosol particle sampler
Lanzoni VPPS 1000, was used starting at noon (12-
14 h UTC) to sporadically acquire pollen samples
every 10-15 days. In addition, atmospheric models
such as HYSPLIT (air masses trajectory model),
BSCDream8b (dust), NAAPS (dust, smoke,
sulphates) and SILAM (pollen) were employed to
contextualize the atmospheric scenarios. Finally,
the aerosol classification proposed by Lee et al.
(2010), focusing on column integrated physical
properties, was used. This classification considers
thresholds based on the Fine Mode Fraction at 500

nm (FMFsg) and the Single Scattering Albedo at
440 nm (SSAuo), to distinguish among dust,
mixture, non-absorbing, slightly-absorbent,
moderately-absorbent  and  highly-absorbent
aerosols. In order to take into account pollen grains
in this classification, which are potentially
predominant during the main pollen season, and to
separate pollen particles from other aerosol types,
the Mann-Whitney U Test was performed to
identify the column-integrated aerosol properties
that can help us to distinguish between pollen and
other aerosols.

Results and discussion
Modified Lee’s classification
As the place of study is an olive orchard crop, the
presence of Olea pollen-type was expected mainly
from middle April to middle July. According to the
information given by the bioaerosol particle
sampler, the maximum pollen grain count was on
6" May 2021, with a concentration of 17187
grains/m?® in 1 hour at surface level. To guarantee
that the atmospheric scenario was dominated by
pollen grains, a data temporal window of +7 days
around the peak day was selected. This data-period
shows that pollen particles have a FMFsg slightly
above 0.6, overlapping with the absorbent aerosols
category in the traditional Lee’s classification.
From this statistical test, taking the period 30%
of April — 13" of May as a pollen dominated period,
we found that the SSA440, SSA 1020, FMFs0, real and
imaginary refraction index (at 440 and 1020 nm)
and columnar lidar ratio at 1020 nm have different
values for each aerosol type (pollen, dust,
absorption aerosols and mixture) during the whole
period analysed, i.e. 14" of January and 315 May
2021. Nevertheless, the second derivative of the
aerosol optical depth (AOD) with respect to the
wavelength (AOD’=d’LnAOD/dLnA?) is a good
columnar property to separate pollen particles from
absorbent aerosols. As a result, and as a
modification in the Lee’s classification, the AOD’’
was found a good columnar property to
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discriminate between pollen grains and absorbent
aerosols, with AOD’’ being generally negative for
pollen grains and positive for absorbent aerosols.
As a result, we proposed a modification in the Lee’s
classification, classifying pollen grains when
FMF500>0.60 and AOD’’ <0.

Case study: an intense Saharan dust event

As an illustration of the experimental design, an
intense Saharan mineral dust event, occurring on
26" March 2nd - April, 2021 is presented.
According to the HYSPLIT backtrajectories
analysis, the first days air masses came from the
South-West, near the Moroccan coast and as the
days went on, changed coming across the Northern
Sahara (Morocco and Algeria). BSC-Dream8b and
NAAPS models properly forecasted this dust
intrusion. Dust particles entered the Iberian
Peninsula by the South-West on the 26" March and
went across all of Spain between the 30" March and
the 2" April. AOD was large, especially between
29 March and 1 April with an AODa449 of 0.60-
0.70, low Ansgtrom Exponent (AE440.370) 0f 0.1-0.2
and FMFsyp below 0.40. Thus, according to
modified Lee’s classification it was a mineral dust
event. The columnar particle size distribution
presented a monomodal distribution  with
predominance of coarse mode particles. Figure 1
shows the mineral dust vertical profiles retrieved in
the morning of 31% March by GRASP. Aerosols
extended from surface up to 6 km asl, with a
maximum presence of particles between 2.0 and 3.5
km asl. Maximum values of particle extinction and
backscatter coefficients were 317 Mm™ and 4.6
Mmlsr! at 440 nm, respectively, registered at 2.3
km asl. At this altitude, volume concentrations
above 150 pm3/cm? were found.
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Figure 1. Vertical profiles for a case of mineral dust on
31% March 2021 at 09:15 UTC.

Statistical analysis

In addition to the characterization of specific events,
a statistical analysis in terms of their vertical
distribution considering the predominant aerosol
type was performed. Figure 2 shows the statistics
for the volume concentration for each aerosol type

within 500-m bins. Note the lack of pollen category,
because of low AODs and/or cloud presence
prevented the retrieval of pollen-related profiles.
Because absorbent and highly-absorbent particles
corresponds to fine mode, the influence on the total
volume concentrations is rather low. These
particles remained at low altitudes, mainly confined
below 2.5 km asl. Mixture particles are composed
by some dust and other particles, so the volume
concentration is larger compared to the absorbent
particle category and they can reach higher altitudes.
Finally, mineral dust particles have much more
larger volume concentration as they are coarse
mode particles and values remain nearly constant
from the surface to around 3 km asl, and with a
lesser concentration up to roughly 5 km asl.
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Figure 2. Volume concentration’s boxplots for
absorbent aerosol, highly absorbent, mixture and dust.

Challenges

Two challenges have been identified in this work.
On one hand, the need of long-term data series of
particle optical properties (both column-integrated
and  vertically-resolved) ~ with  co-located
aerobiological information, in order to precisely
characterize the pollen optical properties during the
main pollen season of the predominant taxa at a
given location. On the other hand, it is highly
encouraged to spread the use of ceilometers and
Sun-photometers with depolarization capabilities.
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Introduction
Babes-Bolyai University (UBB) started
developing  its  aerosol  remote  sensing

infrastructure in 2009 within several national

(ROLINET - ROLINET, Romanian Lidar
NETwork — PN Il — Partnership 31-002/2007,
MADECIP - Development of research

infrastructure for disaster management based on
high performance computing, POS CCE Funding,
ID 1862 / SMIS 48801) and international (RADO -
Romanian Atmospheric Research 3D Observatory,
Innovation Norway Research Programme, no.
115266/2008) projects.

A Cimel CE 318 sun photometer is operational
on site since 2010 with data available via the
NASA-AERONET  website  (https://aeronet.
gsfc.nasa.gov). A single wavelength (5320)
LIDAR prototype was operational since 2009, and
further upgraded in 2015 to a multiwavelegth
Raman and depolarization system (3a+2p+16)
followed by its integration in EARLINET
(www.earlinet.org) and it’s Single Calculus Chain
(SCC) processing system (D'Amico et al., 2015).
UBB was part of the Research Infrastructure (RI)
proposal submited and accepted for the 2016
ESFRI Roadmap, as part of the ACTRIS-RO
community (www.actris.ro) represented by the
National Institute for R&D in Optoelectronics
(INOE2000).  Duringthepreparatory and
implementation phases of the ACTRIS-RI
(www.actris.eu), UBB has made efforts to improve
its aerosol remote sensing infrastructure and to
extend its research interest and capacities on cloud
remote sensing (Ajtai et al., 2020).

In this context, UBB submitted in 2019 a
Large Research Infrastructures project proposal for
accessing EU regional development funds. The
contract was signed in 2020, completion and start
of operations is foreseen for 2024.

UBB plans to develop a high Ilevel
infrastructure ~ for  the  observation  and
characterization of the atmosphere, by using
advanced remote sensing techniques
complemented by in-situ methods, in order to
fulfil 2 national facility criteria for integration
within ACTRIS-RI.

UBB will develop an international level
atmospheric  observatory that will host the

ACTRIS-RI national facilities for aerosol and
cloud remote sensing (ARS & CRS) by acquiring
specific  equipment and R&D  software.
Furthermore, a data center will be developed, for
efficient and secure storage and pre-processing of
measurements made.

Results and discussion

A new atmospheric observatory (CARO - Cluj
Atmospheric Remote sensing Observatory) will be
built in Cluj-Napoca to house the ACTRIS aerosol
and clouds remote sensing national facilities. The
observatory will have dedicated laboratories,
offices, conference room, and housing capabilities
for campaigns. The rendering of the envisaged
building is shown in Figure 1.

- "

Figure 1. 3D rendering of the CARO facility

The equipment to be installed within CARO
was planned according to the labelling process
agreed within the ACTRIS Preparatory Phase
Project (ACTRIS-PPP).

1) For aerosol remote sensing (ARS NF):

. Multiwavelegth Raman and depolarization
LIDAR system (3a+2p+16) — fixed, not eye
safe, not continuous operation;

. Solar+lunar+polarized photometer;

. Van + 355nm with Raman and depolarization
LIDAR system (1p+lo+138) — mobile, eye
safe, continuous operation;

2) For cloud remote sensing (CRS NF):
. Dual-frequency microwave radiometer;
. Cloud radar with Doppler capability;
. Ceilometer;
. Doppler Wind profiling LIDAR.
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In-situ instrumentation:

. Aerosol Chemical Speciation = Monitor
(ACSM);

. Condensation Particle Counter (NF);

. Inductively coupled plasma mass spectrometer
— triple-qurdupole (ICPMS);

. Gas monitoring system (CO, NO, NOx, CO2,
CH4, 03, SO2, PM);

Added-value equipment:
. All-sky camera;

. Weather station;
. Radiation sensors.
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Introduction

The aim of this study is to investigate the potential
of the TROPOMI instrument, on board the
Sentinel5-P satellite platform, to deliver accurate
geometrical features of lofted aerosol layers over
the Mediterranean basin. For this purpose, we use
ground-based lidar data from lidar stations
belonging to the European Aerosol Research Lidar
Network (EARLINET). Knowledge of the aerosol
layer height (ALH) is essential for understanding
the impact of aerosols on the climate system.
Ground- based observations are important to
verify the accuracy and validity of satellite
observations as well as model-based results. We
present a dust case event originating from the
Sahara desert, on the 27% of March 2020, over
Cyprus. This dust event was well-captured by
multiple instruments with satisfactory co-location
points, namely the SSP/TROPOMI, the Limassol
EARLINET station (CUT-TEPAK) as well as with
the spaceborne lidar, CALIOP/CALIPSO.

Data and Methodology

EARLINET Data

Lidar instruments can provide aerosol profile
information, such as the backscatter and extinction
coefficients at different wavelengths, which are
representative of the aerosol load with a vertical
resolution of a few meters. The European Aerosol
Research Lidar Network (EARLINET) database
covers a large collection of ground-based data of
the vertical aerosol distribution on a continental
scale (Pappalardo et al, 2014). Moreover,
EARLINET consists of quite different lidar
systems regarding the number of measured
wavelengths and signal channels. The lidar station
of the Cyprus University of Technology (CUT) at
Limassol (33.04°E/34.67°N), part of EARLINET,
is equipped with a 532 nm polarization/Raman
lidar (additional channel at 1064 nm) and
measures the N, Raman signal profiles at 607 nm.

TROPOMI Data

TROPOMI is the single payload on the Copernicus
Sentinel-5P satellite that was launched on the 13"
of October 2017. TROPOMI maps the global
atmosphere daily with a spatial resolution of 7km
x 3.5km (5.5%3.5 after August 2019) with a local
overpass time of around 13:30 (Veefkind et al.,

2012). The TROPOMI Aerosol Layer Height
(ALH) product focuses on the retrieval of
vertically localised aerosol layers in the free
troposphere, such as desert dust, biomass burning
aerosol, or volcanic ash plumes. The height of
such layers is retrieved for cloud-free conditions.
The TROPOMI ALH algorithm was developed by
the Royal Netherlands Meteorological Institute
(KNMI) and utilizes the absorption in the oxygen
A band of the spectrum between 759-770 nm. A
detailed description of the TROPOMI aerosol
layer height product can be found in Nanda et al.,
2020.

Cyprus University of Technology, Limassol, Location: Limassal, Cyprus [33.04°E [ 34.67°N]
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Figure 1. Limassol lidar station (CUT-TEPAK): (left)
lidar backscatter profile at 1064 nm and (right) resulting
WCT profile on 27 March 2020. The horizontal dashed
red line represents the detected aerosol layer top
applying the WCT methodology.

Wavelet Transfoam

Validation methodology

Our analysis is based on the method of Baars et al.
(2008) that applies the wavelet covariance
transform (WCT) to lidar data in order to extract
aerosol layer features. The method detects
geometrical features in the lidar signal, such as the
planetary boundary layer (PBL), the lofted aerosol
and cloud boundaries. More details about the
methodology can be found in work of Michaildis
et al. (2020). An example of lidar backscatter
profile with resulting WCT profile from the
Limassol lidar station on March 27, 2020 is
presented in Figure 1. The optimum search radius
around the EARLINET station for TROPOMI,
considering the high spatial resolution of
instrument but also the low availability of S5P
observations is set to 150km. The lidar
measurements closest to the TROPOMI overpass



time within a 3h temporal
interval were selected. We highlight that the
satellite detects the centroid of aerosol layer, rather
than the geometric top of the aerosol layer. For
this, we calculate the aerosol profile center of mass
for each lidar backscatter profile.
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Figure 2. The outer map show the TROPOMI Aerosol
index at 354/388nm over Europe on the 27" of March
2020. The inset map illustrates the Suomi/NPP VIIRS
image on 27 March 2020, overlain with TROPOMI layer
height pixels in colour and the CALIPSO orbit in yellow.
VIIRS images are obtained from NASA Worldview,
https://wvs.earthdata.nasa.gov/.

Results and discussion

Over the eastern Mediterranean region, the 27" of
March 2020 was selected for as a case study for
examining the ALH from TROPOMI/S5P, the
Limassol (CUT-TEPAK) lidar observations and
the CALIOP/CALIPSO sensing. Figure 1 shows
the backscatter coefficient, derived from the Single
Calculus Chain algorithm (SCC), and calculated
WCT profile (right) at 1064nm observed from the
CUT-TEPAK Raymetrics lidar at Limassol. As
can be seen, a lofted thick layer is detected above
Limassol, ranging between 2 and 4km. In Figure 2,
the observed TROPOMI Aerosol layer height
ranging from 1.8-2.2km, in most of the region.
Also, The TROPOMI UV aerosol index is
illustrated, showing high positive values (>1.0)
corresponding to a heavy absorbing aerosol load.
The agreement between TROPOMI and Lidar
aerosol height is better than 0.5km for this strong
dust event. Comparing the retrieval to co-located
CALIPSO data in Figure 3, there are aerosols
observed up to the 4km altitude, possibly in a
two-layered structure. According to the CALIPSO
dataset, the predominant aerosol type is dust.
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Figure 3. CALIPSO total attenuated backscatter at
532nm, on 27 March 2020 between 11:18:16 and
11:31:45 UTC. The black dashed ellipse shows the
elevated aerosol plume. The inset maps illustrate the
CALIOP VFM and aerosol subtyping plots.

Challenges and Outlook

The biggest challenge of the TROPOMI’s ALH
validation is to find collocations both in time and space
for both instruments. The discussed methodology can be
applied to EARLINET stations with at least one
elastically resolved backscatter profile. The results of
this study encourages the operational usage of the WCT-
based algorithms in validation processes, providing
valuable validation results for the ALH.
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Introduction

The lockdown due to the COVID-19 pandemic
during spring 2020 in Europe, minimized
anthropogenic activities in the continent and thus,
possibly affected the load and characteristics of the
anthropogenic aerosol particles in the atmosphere.
Our work focuses on the characterization of the
anthropogenic aerosols during the relaxation period
after the lockdown (May 2020), using a
combination of active and passive ground-based
remote sensing measurements performed by the
European Aerosol Research Lidar Network
(EARLINET) and the Aerosol Robotic Network
(AERONET).

Data and methodology

We analyzed more than thirty cases along the wide
spatial coverage of the EARLINET sites
participating in the campaign, shown in Fig. 1. For
deriving the microphysical properties of the
particles we used the GARRLiIC/GRASP retrieval
algorithm (Lopatin et al., 2013), which combines
the lidar and sun-photometer measurements to
provide columnar size distribution and refractive
index for fine and coarse particles, along with their
concentration profiles (e.g., Fig. 2).

w SIS I 4
Figure 1. The spatial distribution of the active and
passive ground-based remote sensing measurements of
EARLINET and AERONET used in the study.

For this study, we consider that the anthropogenic
component is composed of fine particles only. Our
results are augmented by backward-trajectory
analysis (e.g. Fig. 3) for wverifying the
anthropogenic source of the fine particles, and thus,
excluding the measurements related to the long-
range transported smoke or fine dust particles.

Results and discussion
The retrievals were quite challenging due to the low
aerosol loads observed during the relaxation period,
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with AOD in the range of ~0.05-0.15 at 500nm for
the fine particles.

23 May 2020
24 May 2020
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Figure 2. The anthropogenic aerosol concentration at
Kuopio EARLINET station, on 23 and 24 May, 2020
(two days during the relaxation period of COVID-19
pandemic lockdown).
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Figure 3. The back-trajectory analysis for Kuopio
EARLINET station, on 23 (left) and 24 (right) May
2020, corresponding to the profiles shown in Fi. 2.

Overall, our analysis verifies the low concentrations
of the anthropogenic component. The particles are
found mainly up to 2-4km a.g.l. (e.g., as shown in
the example depicted in Fig. 2). Further
characterization (and typing) based on the derived
refractive index is challenging, due to the low AOD
and correspondingly high retrieval uncertainties.
This work shows the potential of combining the
lidar with sun-photometer measurements from the
EARLINET and AERONET networks, for the
derivation of the size, abundance and vertical
distribution of the anthropogenic aerosols in Europe,
even during a period with low aerosol loads, as the
lockdown and relaxation period of the COVID-19
pandemic.

Challenges

The microphysical retrievals presented in this work
are quite challenging, due to the low aerosol loads
(AOD of 0.05-0.15 at 500nm). Although the size,
abundance and vertical distribution of the
anthropogenic component are derived from the
combination of the lidar with the sun-photometer
measurements with sufficient accuracy, this is not

the case for the refractive index of the
anthropogenic component at these low loads.
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Introduction

Clouds play a vital role for our weather and climate,
affecting precipitation and the Earth’s radiation
budget. The processes governing their formation,
evolution,  geometrical and  microphysical
properties, as well as their radiative effects are far
from being well understood from the community.
The inability to correctly describe the ice content in
clouds globally is one of the main limitations in
Global Climate Models (GCMs) inducing climate
prediction uncertainties. The uncertainty is higher
for the quantification of ice and/or water content in
Mixed Phase Clouds (MPC; clouds consisting of
water vapor, ice particles, and supercooled liquid
droplets). These limitations affect significantly the
estimation of the cloud albedo in GCMs, altering
the equilibrium climate sensitivity up to 2°C (Tan
et al.,, 2016). High resolution/accuracy vertical
profiles of cloud microphysics in different regions
and aerosol conditions could help fill these gaps.
In this study, we use collocated lidar/radar
observations to retrieve high-resolution vertical
profiles of cloud properties above the Eastern
Mediterranean. Specific focus is given to clouds
formed in the presence of dust particles. The study
is based on measurements collected during the Pre-
TECT experiment (http://pre-tect.space.noa.gr/; 1 -
30 April 2017) at the Greek atmospheric
observatory of Finokalia, Crete (University of
Crete).

During Pre-TECT, continuous observations of
aerosols and clouds were performed with high
vertical and temporal resolution, using collocated
measurements from the PollyXT-NOA lidar system
(Engelmann et al., 2016) and the MIRA36 cloud
Doppler radar system of CNR-IMMA (Madonna et
al., 2011). The lidar and radar measurements were
processed with the target classification algorithm of
Cloudnet (https://cloudnet.fmi.fi/) (Hogan and
O’Connor, 2004). The algorithm combines the
vertical profiles of the lidar attenuated backscatter
coefficient at 1064 nm, the radar reflectivity and
Doppler velocity and ECMWF thermodynamic
variables (temperature, pressure, humidity and
horizontal wind) to provide information on the
phase of clouds (e.g. ice, cloud droplets only, ice

and supercooled droplets). The time evolution of
the clouds observed is inspected using the MSG-
Seviri cloud top temperature product over the
Mediterranean.

Results and discussion

On 19 and 20 of April 2017, the circulation due to
a deep low-pressure system over central Europe led
to Saharan advection from Africa towards
Finokalia. From the instantaneous MSG-Seviri
plots we see that clouds were formed on top of the
Saharan layers with the support of weakened frontal
activity (Fig. 1).

1SG.SEVIRI cloud top temperature 2017.04-19 14:30 UTC

Figure 1. MSG-Seviri cloud top temperature on 19th of
April 2017 at 14:30 UTC.

Figure 2 shows the observations above Finokalia
from the lidar and the radar, along with the outputs
of the Cloudnet algorithm, on 20" of April. The
time evolution of the dust advection above the
station and the characteristics of the clouds that
were formed on top of the dust layer can be seen.
At the beginning of the event, clouds formed at
altitudes between 3 and 6 km and at temperatures
from 0 °C to -20 °C. Later on, the cloud formation
continued, extending up to higher latitudes, above 6
km, and at temperatures lower than -20 °C. Some
rainfall in Finokalia was observed. Significant
presence of mixed phase layers is observed from the
cloud classification.

Analyzing the Cloudnet target classification
retrievals for this day , statistics for each modeled
temperature level (with vertical resolution of 1 °C)
was derived. The results are shown in Figure 3 (left
panel: number of observations for all-target
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categories, right panel: percentage of observations
for only-cloud categories).
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Figure 2. From top to bottom: Observations of the radar
reflectivity, the radar Doppler velocity, the lidar
attenuated backscatter coefficient and the lidar volume
depolarization ratio on 20 April 2017 above Finokalia,
Crete. Bottom plot: Cloudnet target classification
retrieval on the same day. The dotted lines in the
Cloudnet target classification plot are the modeled
temperature levels of 0, -10, -20, -30, -40 and -50°C.
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Figure 3. Cloudnet target classification statistics (left)
and statistics of the cloud phase (right) per 1 °C as
observed during the dust event on 20 April 2017 above
Finokalia.

We find that the clouds observed at altitudes with
temperatures below 0°C are dominated by pure ice
phase, with frequent observations of thin layers of
(a) ice coexisting with supercool droplets and (b)
supercool droplets. Hereon (a) and (b) are referred
as mixed phase layers/targets. The majority of
temperatures of the observed mixed phase layers
were between -8 to -17 °C, and up to -26 °C. The

S05P08

mixed phase targets represent the 21% (at — 16 °C)
of the total cloud observations in this day, with a
significant contribution (10% at -16 °C) of
“supercooled droplets”-only.

Analyzing all cloud observations during PreTECT,
we found that the ice coexisting with supercool
water layers had maximum abundance at
temperatures in the ranges [-10, 0] °C and [-20, -
10] °C, representing the 14% and 7% of the cloud
observations at -3 °C and -15 °C respectively.
During dusty cases, the abundance of the mixed
phase targets was by 4% higher to the mean
conditions observed.

Challenges

In order to quantify the effect of dust particles on
the clouds formed above the Eastern
Mediterranean, long-term lidar/radar collocated
observations, geostationary satellite observations
and models outputs are needed. The upcoming
cloudnet stations in the Pangea observatory
(PANGEA "PANhellenic GEophysical observatory
of Antikythera) and in Cyprus will fill this gap.
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Introduction

An improved approach of the aerosol typing
algorithm NATALI (Nicolae et al.,, 2018) was
developed in the frame of the ESA funded contract
4000121773/17/1-EF, DIVA. This version of the
typing algorithm is named NATALI+.

The typing process within the previous NATALI
software is based on artificial neural networks
(ANN), the intensive optical lidar parameters being
the ANN input and the aerosol types the outputs. A
comprehensive set of optical parameters are
presented to several ANNS, after the algorithms for
layering are applied and these intensive optical
products retrieved. NATALI algorithm requires as
input at least 3 backscatter and 2 extinction
coefficients in order to resolve 5 main aerosol types
(and up to 14 aerosol mixtures if the linear particle
depolarization ratio is provided). With the current
vibrational Raman technology, the extinction
coefficient profile cannot be accurately retrieved
during daytime, which makes the algorithm usable
only for nighttime measurements for most of the
EARLINET/ACTRIS operating stations.

The new algorithm NATALI+ also relies on ANNs
but it uses as input the full information (Angstrom
exponent, color ratios, lidar ratios and linear
particle depolarization ratio) provided by GRASP
(Generalized Retrieval of Aerosol and Surface
Properties) (Dubovik et al., 2011), taking advantage
of the synergy between the aerosol high-power lidar
and the photometer. GRASP was developed for
enhanced characterization of the properties of both
acrosol and land surface from diverse remote
sensing observations. It embeds but is not limited to
GARRLIC (Generalized Aerosol Retrieval from
Radiometer and Lidar Combined data) which was
developed by Lopatin et al. (2013) in the frame of
ACTRIS for inversion of coincident multi-spectral
lidar and radiometer observations. With this
approach, both nighttime (NATALI) and daytime
(NATALI+) measurements can be accommodated.
The NATALI+ code is developed in Python and
currently is embedded into the DIVA platform
(https://hub.grasp-cloud.com/diva) which also
accommodates the most recent version of GRASP.
When re-programming the ANNs in an open source
environment, we took the opportunity to also revise
the aerosol types provided initially by NATALL i.e.

we considered separately the fine and the coarse
dust. The mixture of 3 aerosol types was no longer
considered, being too difficult to differentiate from

a spectroscopically poor content of the data.

Table 1. Aerosol types retrieved by NATALI+ software

NATALI+  Aerosol Correspon-
retrieved mixture ding type in
type NATALI
Continental  Continental Continental
Marine Marine New, partially
in Marine /
Cloud
Corrupted
Smoke Smoke Smoke
Fine Dust Fine Dust New, partially
in Dust
Coarse Dust  Coarse Dust New, partially
in Dust and
Volcanic
Continental  Continental Continental
polluted Polluted Polluted
Marine Continental Coastal
Polluted Polluted + Polluted
Marine
Coastal Continental +  Coastal
Marine
Dust Fine Dust + Dust
Coarse Dust
Continental  Continental +  Continental
Smoke Smoke Smoke
Continental  Continental +  Continental
Dust Fine Dust + Dust
Coarse Dust
Marine Marine + Fine  Marine mineral
Dust Dust + Coarse
Dust
Smoke Smoke + Fine  Dust Polluted
Dust Dust + Coarse

Dust

Results and discussion

The model developed for aerosol classification is a
feed-forward neural network trained using a
synthetic database created while developing
NATALI. The main improvement is the use of an
open-source, platform  independent library
(Tensorflow) for developing and training the
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model. This allows the trained models to be ran on
any hardware. In figure 1 the performance of the
trained model can be evaluated by comparing the
label predicted by the network with the ground-
truth.
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Figure 1. Confusion matrix for the best model.

DIVA platform integrates the pre-trained
NATALI+ model, ready to be used by the users.
Within the DIVA platform, all collocated lidar /
photometer measurements are automatically
inverted using GRASP to produce aerosol
microphysical properties, and calculate optical

property  profiles  (extinction,  backscatter,
depolarization coefficients).
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Figure 2. Example NATALI+ retrieval based on INOE
measurements on 12th July 2017. Top: Input aerosol
properties profiles calculates through GRASP. Bottom
left: Profiles of class probabilities. Bottom right:
NATALI+ output of most probable aerosol class per
height
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NATALI+ uses these data to produce aerosol type
estimates for each altitude. The demonstration
script is implemented in a Jupyter notebook
environment, to allow easy interaction for new
users. Figure 2 shows an example retrieval for 12
July 2017.

The results indicate the presence of dust particles in
the lowest two kilometers and a transition first to
mixed smoke and then to pure smoke in higher
altitudes. Note that the GRAPS/NATALI+ retrieval
will assign an aerosol type even in altitudes with
low aerosol load.

Challenges

The presence of clouds in the averaged lidar
profiles has proven to be a difficulty in separating
Marine aerosols and sometime even large dust
particles. Broken clouds or very thin clouds may
still pass the SCC cloud masking automatic
procedure, and can be embedded in the average
inputs for GRASP. A general threshold to separate
aerosol and clouds has not been found. The most
efficient way to identify cloud corrupted profiles
and/or regions with activated aerosols relies on the
calculated intensive optical parameters, therefore
on GRASP output products which are used as
inputs for the aerosol typing. As such, in the near
future we will implement an algorithm based on
ratios of intensive optical lidar parameters to
differentiate Cloud corrupted and Smog from the
rest of aerosol types.
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Introduction
In a recent study by Adam et al. (2020a), the
biomass burning measurements at 13 stations in
EARLINET over 2008-2017 were analysed by the
means of intensive parameters, with focus on
biomass burning events measured by two stations,
long range transport from North America and
statistical analysis for four chosen geographical
regions (while the sources were roughly associated
with a continent). One of the outcomes of the
previous study was that we usually measure “mixed
smoke”, i.e., a mixture of smoke originating from
many different sources.

Currently, we focus on the lidar measurements
in Magurele (Romania, latitude 44.3448 N,
longitude 26.0123 E) over 2008-2020 period. The
data are reprocessed using the latest version of
Single Calculus Chain (SCC; v5.2.2) issued in May
2021. The main purpose of the study is to
investigate the relationships between the optical
properties retrieved from lidar measurements (in
particular, intensive parameters) and the vegetation
type of the biomass burning. Overall, the data
analysis follows the methodology presented by
Adam et al. (2020a). Briefly, the biomass burning

sources are identified based on the HYSPLIT
backtrajectory
(https://www.ready.noaa.gov/hypub-
bin/trajtype.pl?runtype=archive, last  access

20/05/2021), considering as a source the fire/s
found within 100 km and +/- 1 h from the airmass
trajectory. The fires’ locations are provided by
FIRMS (https://firms.modaps.cosdis.nasa.gov/, last
access 20/05/2021). However, a few improvements
have now been added. The most important one is
that the injection height is now computed based on
the fire radiative power provided by FIRMS,
following Amiridis et al. (2010) and Solomos et al.
(2019) in order to assess the altitude of the smoke
injected in the atmosphere and verify if it reaches
the airmass trajectory. As mentioned in a previous
presentation (Adam et al., 2020b), the land cover
data is provided by MODIS
(https://Ipdaac.usgs.gov/products/med12c1v006/,
last access 20/05/2021).

Results and discussion

During 2008 — 2020 a total number of 1702 files
were recorded over Magurele, representing 373
time stamps over 116 days. The EARLINET QC
rejected 17 files. From 373 time stamps (datasets)
we chose 108, representing 3+2+1 measurements.
For those, the first QC was visually performed. We
have chosen 38 datasets (35%) for which we have
64 layers. The second QC was performed over the
optical properties, following Adam et al. (2020).
There were 26 datasets (39 layers) passing the
criteria (24 % of initial set).

In Fig. 1 we show an example of ensemble
HYSPLIT backtrajectories along with the mean
trajectory (in red). The ensemble was computed
such that the input altitude ranges from bottom of
the layer to the top of the layer in discrete altitude
increase. The mean trajectory was computed using
the trajectory cluster analysis from HYSPLIT. In
this particular case, the input altitude ranges from
1323m to 2723m in 50m increments and thus, the
ensemble is made of 29 individual trajectories.

Altitude a.g.| {m)

21 0622 0823 06724 0625 06268 06727
Time [UTC]

Figure 1. HYSPLIT Ensemble trajectories along with
the mean trajectory in red arriving at Magurele at every
50 m between 1323 and 2723m height, 27 June 2016,
1800UTC. The lower plot shows the altitudes of the air
mass a.g.l. The location of the fires is shown in green.
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The mean trajectory was used to assess if the layers
are of biomass burning origin using FIRMS
database. The injection height for each fire was
computed following Amiridis et al. (2010). Thus,
two fires were found to reach the air-mass altitudes
(~ 96h back), where the injection heights were
2403m and 4118m, corresponding to air-mass
altitudes at 2365m and 2399m. The two fires were
detected three times. Thus, at 24 June 2016, 00:00
(air-mass coordinates at 41.048N, 52.708E), the
first fire was identified at 39.6375N and 52.5489E
where the time of the fire (according to MODIS)
was recorded at 23:58 on 23 June 2016
(FRP=53.7MW). One hour backwards (air-mass
coordinates at 40.903N and 52.873E), the same fire
is observed along with another (39.5806N,
52.5493E, FRP=13.5MW). The time of the fires
according to MODIS is 23:58 on 23 June 2016. The
land cover corresponding to the two fires are shown
in the following table. The preponderant
contributions to the fires are deciduous broadleaf
forest and evergreen needleleaf forest for the first
fire and urban for the second fire. The ‘predominant
vegetation type’ (PVT) is the one for which the
coverage percentage is > 50 %. Conversely, the
PVT is labelled as mixed. For the current example,
PVT is labelled as mixed. The overall predominant
vegetation (OPVT) type is taken as the most
frequent value of all PVTs. In this example, OPTV
is mixed. The lidar measurements were taken
around 18:34 on 27 June 2016 and the aerosol
pollution layer was between 1083m and 3243m.
The lidar intensive parameters are shown in Table
2. CRLR (LR@532/LR@355) is smaller than 1
while EAE=1.45. According to the values of CRLR
(<1) and EAE (>1.4), the smoke is labelled fresh
(Nicolae et al., 2018). PDR has a low value which
characterizes the smoke particles as almost
spherical.

Table 1. Vegetation type.
Firel Firell

#  Vegetation type % %
1 Water 0 0
2 Grasses or cereal 14 12
3 Shrubs 0 0
4 broadleaf crops 0 0
5 savannah 11 5
6  evergreen broadleaf forest 0 0
7 deciduous broadleaf forest 41 22
8  evergreen needleleaf forest 32 21
9 deciduous needleleaf forest 0 0
10 unvegetated 0 0
11 urban 2 40

Table 2. Lidar intensive parameters.

LR@355 [st] 63+0.6
LR@532 [sr] 4142.5
CRLR 0.65

EAE 1.45+0.15
BAE@355/532 0.37+0.04
BAE@532/1064 1.6+0.03
CRBAE 43
PDR@532 [%] 2.4+0.1

The results for entire dataset will be presented
during conference. It is expected to find some
relationships between [Ps, fires” FRP and
vegetation type..

Challenges

Current challenges we try to address:

o Do we have enough and reliable lidar data to draw
thorough conclusions?

e Which is the best method to compute the mean
trajectory for an ensemble trajectory? How do we
define the ensemble?

o Establish a method to characterize the “mixed
smoke” events and thus the main type of the burnt
vegetation.
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Introduction

Atmospheric aerosols and their interactions
with clouds persist as a primary source of
uncertainty in the Earth's radiative budget (IPCC,
2013). Lidar measurements of aerosol optical
properties provide valuable information for
improving our understanding of the global climate
system (Wu et al., 2020); specifically, the particle
linear depolarization ratio ( §,), defined by the
ratio of perpendicular to parallel backscattering
intensity with respect to the polarization plane of
the emitted laser, has been utilized to determine
the aerosol type because it is a measure of
nonsphericity of these particles (Belegante et al.
2018). Most common studies of aerosol
characterization by 6, use in situ or remote sensing
measurements; however, few works using
laboratory conditions whose data might be useful
as reference values for Lidar measurements have
been conducted (Jarvinen, et al., 2016; Sakai et al.,
2010).

In addition, due to the impact of aerosols on
the air quality of cities and the lack of specific
information from inter-Andean urban valleys as
Aburra valley (Gomez-Comba, 2017, Henao et al.,
2020), in this work, we present an implementation
of a laboratory instrument to measure 6, from
backscattered light under controlled laboratory
conditions of relative humidity (RH%), aerosol
concentration, particle size distribution (PSD) and
chemical composition. Two types of particles were
used to test the instrument: Calcium carbonate
(CaCQO:3) that is highly concentrated in the Aburra
Valley (AMVA, 2019), and Saharan dust as
reference aerosol. The experimental results of &,
were compared with theoretical results retrieved
by MOPSMAP software (Gasteiger et al., 2018).

Results and discussion

We designed and constructed the laboratory
instrument illustrated in Figure 1; every
component is described below:
1. Chamber, C: 15cmx15¢cmx20cm, 5 mm thick,
stainless steel vessel. The inside of the chamber
was painted matte black to avoid stray light
scattered by the wall.
2. Fluidizer, F: Generator of aerosols made of
glass of 1,5 mm thick. Its geometry allows

converting powder into aerosols (Ding et al.,
2015). Using clean and dry air (DAC) and air
pump (DH) at 13 L/min, the particles produced
have a modal radius less than 3,0 ym.

3. RH% control system: An On-Off closed-loop
control algorithm was carried out. Humidify
method was based on air transport from a water
vessel (H) using a  vacuum  pump;
dehumidification uses reverse way.

4. Optical system: For the emission of continuous
laser light at 532 nm to the chamber (45° mirror
M1) and the collection of backscattered light (two
lenses L1 and L2 as a refractive telescope
configured to focus light from the chamber
geometrical center). Collected light passes through
a polarized beam splitter (PBS) and, finally, PMT1
and PMT2 detect the signals.

5. Signal processing: PMT's signals (CH1 and
CH2, respectively) were sent to a processor
through an oscilloscope. Then, acquisition data,
filtering, and analysis codes were carried out.

Ard LCD

Processor

HF DH
C: Chamber DH: Dehumidifier (vacuum pump)
DAC: Dry Air Cylinder DA:Dry A_ll'_
V: Valve H: Hhumidifier
Ae:Aerosals PC: Peltier Cells
TS: Temperature sensor Al"d: -I‘"j uino ’
RHS: Relative Humidity Sensor P: Polarizing Filter

M: Mirror

AF: Aerosols Filter
OPC: Optical particle counter
HF: Humidity Filter

L: Lens
PMT: Photomultiplier Tube
PBS: Polarizing Beam Splitter

Figure 1. Experimental setup to measure backscatter
linear depolarization ratio

To calculate 6, from the instrument
measurements, first, clean and dry air is to put into
the  chamber to

measure  background

backscattering signals (namedBg,,Bg,), after,
aerosols are introduced into the chamber; thus, the
background plus aerosol backscattered light is
obtained:  fyowar = liae + B9y > Licotar =liae + BYu-
Finally, the particle linear depolarization ratio is

obtained:
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Fy _ Uiror=Bg)C _ Lige (1)

(ytotar—Bay) jae

where C=1 is the calibration parameter according
to the Delta90 calibration method (Volker, 2016).
Figure 2 shows PM2.5  concentration,
backscattering signals, and &, values during the
time of experiment for CaCOs at around fix RH%
value. A direct relationship between concentration
and intensity of backscattering signal is observed
when the concentration exceeds 200 pg/cm® from
t=50s. 8, high values were obtained (§average=0.76 +
0.13) for RH ranged between 50% and 54% due to
the birefringence property and the irregular shape
of the particles.
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Figure 2. Measurements results for CaCo,

Moreover, the Table 1 shows the relationship
between increasing RH%, particle size, and
8, values. These results suggest hygroscopic
particles due to modal radius increased whereas §,
decreased, indicating a close behavior to spherical
particles. For Saharan dust particles, an average
value ofs, of 0.30+0.04 was obtained even with
varying RH% values between 30% and 99%. This
value is comparable with values reported using
Lidar measurements 8,~0.32 (Liu, 2008).

Table 1. Relationship between air RH%, particle size
and 5p for CaCo,

Modal

RH% radius(yum) 8y
30<RH< 70 r= 20 0.65+0.17
~70 r=21 0.54 +0.13
~80 r=25 0.28 + 0.09
~90 r= 3.0 0.3+ 0.01
~99 r=15.0 0.1+ 0.01

Using MOSMAP software, we retrieved for
Saharan dust a value of 8,_simulatea = 0.29; it matches
the experimental value and provides an error of
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1.7%. For CaCOs- 8;_simuiatea = 0.532 Was obtained,
the difference of 12% is due to simulation assumes
a single refractive index and isotropic material,
while CaCO:s is birefringent and anisotropic.

Challenges

Could this experiment be reproducible,
uptaking aerosols directly from the atmosphere?
Could this instrument help characterize the
depolarizing property of a large number of know
aerosols under laboratory conditions?
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Introduction

Biomass burning aerosol particles highly influence
the Earth’s climate via both direct and indirect
radiative effects (Myhre et al.,, 2013). Wildfires
yearly emit to the atmosphere around 40-59% and
60-85% of the global emissions of black and
organic carbon aerosols, respectively. For the direct
effect of biomass burning, the total radiative forcing
is close to zero due to the opposite warming (light
absorption) and cooling (light scattering) effects
induced by black and organic carbon, respectively.
On the indirect effect, smoke particles can act as
both cloud condensation and ice nuclei. Moreover,
smoke plumes can travel thousands of kilometres
away from their sources, being their chemical,
physical and morphological properties modified. At
this point, lidar systems represent a valuable
instrumentation for monitoring and characterization
of the smoke plumes.

In this work, we combine polarized Micro-
Pulse Lidar (P-MPL) and Sun/sky photometer
measurements with the GRASP code (Dubovik et
al., 2014) to derive the columnar and vertical
aerosol optical and microphysical properties, and
their error estimates, of long-range transport for
smoke particles. Ten smoke cases are evaluated,
corresponding to the arrival of Canadian smoke
plumes over El Arenosillo/Huelva station (SW
Iberian Peninsula, 37.1°N 6.7°W, 59 m a.s.l) on 7-8
September 2017 (Sicard et al., 2019). This station is
both an AERONET and MPLNET site.

The GRASP columnar-derived microphysical
and optical properties, i.e. particle volume size
distribution (VSD, pm® pm?), total volume
concentration (VC, um® pm), effective radius
(Reff, pm), single scattering albedo (SSA) and real
and imaginary refractive index (RRI, IRI), are
compared with AERONET L2.0 V3 data. The
GRASP vertically-resolved particle backscatter
coefficients (Bp, Mm™' sr'!) and particle volume
concentrations (VC, um? ¢cm™) are compared with
those derived using other lidar-based methods. To
quantify the expected discrepancies between
different methodologies the following statistical

proxies are used (Lopez-Cayuela et al., 2021): both
the slope (m) and the correlation coefficient (r) of
the linear regression forced to zero, the mean
Fractional Bias (MFB), and the relative differences,
including the total occurrence (y, %) for both the
columnar and the vertically-resolved variables,
whose relative differences are within a particular
acceptable confidence interval.

Results and discussion

Figure la and 1b shows the columnar VC and
Reff, respectively, derived from GRASP and
AERONET, considering the ten smoke cases. For
both microphysical properties, the four proxies
fulfil the acceptable confidence conditions. A high
correlation is found, and the slope is close to 1 but
showing slight overestimation of Reff. For
illustration, Figure lc shows the VSD for one
particular case (marked with a red circle in Figs. 1a
and 1b).
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Figure 1. Comparison between GRASP and AERONET:
(a) the columnar total volume concentration (VC) and (b)
the total effective radius (Reff); (c) the volume size
distribution (VSD) for the selected particular case
(marked in red in (a) and (b)).Statistical proxies are
shown in each panel.

Overall GRASP-derived VSD are slightly
displaced towards larger size radii when compared
with  AERONET retrievals. Comparisons also
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reveal moderate y values (47+16%, on average) that
corroborate the discrepancies observed in Reff.
However, GRASP highlights the two particle
modes and shows a high correlation and low MFB
values for all cases, indicating an acceptable
confidence in the shape of the VSD (for instance,
see Fig. 1c¢).

For GRASP-derived optical properties, the
AERONET criterion for high-quality data is
fulfilled for only one case (not shown).
Nevertheless, both methodologies show retrieved
values typical for long-range transported smoke
particles and differences are within the uncertainty
intervals.

The height-resolved properties (B, and VC)
derived by GRASP and lidar-based methodology
for the selected smoke case (see Fig. 1¢) are shown
in Figure 2.
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Figure 2. Comparison between GRASP (red) and lidar-
derived (black) retrievals for the smoke case shown in
Fig. lc: (Left) the particle backscatter coefficient (B,),

and (Right) the total volume concentration (VC).

Overall all cases fulfil the confidence interval
for the four statistical proxies for the f, profiles.
Low absolute MFB and moderately high y values
(118+10|% and 60+17%, respectively, on average)
together with high correlations (> 0.98) indicate a
high confidence for the vertical B, profile.
Differences, although within the uncertainty
intervals, could be related to the different lidar
ratios obtained by both methodologies.

Regarding the VC profiles, good agreements
are again found. On average, the ten smoke cases
present low MFB and moderately high y values
(|26+15|% and 55+25%, respectively, on average).
These results, together with a high correlation
(>0.97), show a high confidence for the vertical VC
profiles. Differences obtained could be related to
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twofold causes: either discrepancies found in the
columnar VC wvalues, or the use of specific
extinction-to-volume conversion factors
(statistically AERONET-derived values for boreal
Canadian smoke particles), instead of those
retrieved by GRASP.

In general, a good agreement between GRASP
and AERONET/lidar-derived microphysical and
optical properties is found for aged smoke particles.

Challenges

In order to obtain AERONET high-quality data
(L2.0), it is necessary medium/high AOD values
(> 0.4 at 440 nm), which could be difficult to reach
in the case of long-range transported smoke plumes.
The synergy of GRASP methodology using
photometer/lidar measurements could serve to
obtain both optical and microphysical properties of
smoke particles for all AOD ranges with a high
degree of confidence. Future works will also
incorporate the use of depolarization measurements
to distinguish different aerosol types and determine
the predominance of non-spherical particles in
smoke plumes.
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Introduction

The knowledge and motinoring of the columnar,
but also vertically-resolved, atmospheric aerosol
properties is crucial for climate change studies and
for other fields like aviation or air quality, among
others. Moreover, the knowledge of these
properties in near-real-time is important to take
quick politic decisions regarding air quality and
pollution, and for the demand of information by the
general public.

Sun/sky photometers, measuring sky radiance
and solar irradiance at different wavelengths, are
frequently used to retrieve aerosol properties like
aerosol optical depth (AOD) in the atmospheric
column. These automatic instruments are used by
some worlwide networks, such as AERONET
(AErosol RObotic NETwork; Holben et al., 1998)
to provide advanced aerosol properties in column in
near-real-time. A part of the AERONET
photometers is managed by the Group of
Atmospheric Physics of the University of
Valladolid (GOA-UVa); to this end, CAELIS
software tool (Fuertes et al., 2018), which receives
photometer data and processes them to generate
products like AOD (Gonzalez et al., 2020), was
developed by GOA-UVa

On the other hand, lidars are generally used for
the retrieval of vertically-resolved profiles of
aerosol properties like aerosol backscattering. In
this sense, some networks like EARLINET
(Pappalardo et al., 2014) and PollyNET
(https://polly.tropos.de) manage multi-wavelength
lidar data to provide some aerosol products.
However, these lidars are usually expensive and not
full automatic, hence there is a scarce of this kind
of instruments. A cheaper alternative to lidars are
ceilometers and single-wavlelength lidars, which
are full automatic measuring continuosly, and the
amount of these instruments around the world is
much higher. ALC NETWORK (part of E-
PROFILE; https://ceilometer.e-profile.cu) and
ICENET (Cazorla et al., 2017) are networks
providing ceilometer products in near-real-time.

Recently, Roman et al. (2018) developed the
GRASPpac method, which combines sun/sky

photometer and ceilometer measurements into
GRASP code (Dubovik et al., 2014) to retrieve
sinergetically vertical and columnar aerosol
properties. This method can be applied to exploit
the high amount of data from collocated sun/sky
photometers and ceilometers.

In this framework, the main objective is to
develop and establish a system capable to assimilate
data from sun/sky photometer and ceilometer
networks to apply the GRASPp.. method and
provide in near-real-time vertically-resolved and
columnar aerosol properties. The databases used to
this end are from CAELIS for AOD and sky
radiances (photometer data) and from ICENET for
the ceilometer range corrected signal data. the
combination of both databases (CAELIS and
ICENET) is what gives the developed system its
name: CAECENET.

Results and discussion

CAECENET receives ceilometer data from
ICENET for different locations (nowadays 6
spanish locations but increasing). When these data
is received, CAECENET calls to CAELIS to look
for if any invertible sky scenario (almucantar or
hybrid scan) is available for the same time than the
ceilometer measurements. In addition, when a
photometer sky scenario is received on CAELIS,
CAECENET looks for the ceilometer data
available. If CAECENET matches the both
databases for a given date, and consideres that the
measurements were done without clouds (cloud-
screening algorithm), then CAECENET prepairs
the data and runs GRASP to retrieve aerosol
properties. The retrieved data is stored in a mysql
database to be accesible.

CAECENET also contains a graphical user
interface (CAECENET-viewer) to view and
download the data of the retrieved aerosol products.
An example of this tool is shown in three
screenshots in Figure 1. This tool allows to the user
to select one of the CAECENET sites and the time
period of interest. The shown example of Figure 1
is for the site of Granada, Spain, at 21st July 2016,
but a longer period could be chosen.
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The retrievals showing low convergence, with
a inversion residual above a threshold chosen by the
user as input (Max Residual, see Figure 1), are
rejected by CAECENET-viewer and not shown.
This tool allows the download of all data products
in a .txt file for the chosen period at the selected site
and avoiding the non-convergent retrievals; it is just
pushing the download data buttom at the bottom-
right corner (see Figure 1).

In addition, CAECENET-viewer allows to
represent on the screen the different retrieved
aerosol properties choosing between three
categories: Microphisical properties (upper panel),
optical column properties (middle panel) and
vertical profile properties (bottom panel).

The first category, Microphysical properties,
includes (chosing the tab) columnar volume size
distribution, aerosol sphere fraction, and the
parameters of the bilog-normal size distribution
(fine, coarse and total modes). The second one,
optical column, plots the AOD (fine, coarse and
total modes), the single scattering albedo, real and
imaginary parts of refractive indices, lidar ratio, and
asymetry parameter, all at several wavelengths
(Figure 1b). Last category, vertical profile, display
profiles of aerosol properties like volume
concentration, extinction, backscattering,
absorption and scattering, all for total, fine and
coarse modes (Figure 1c¢).

The shown example of Figure 1 indicates the
presence of coarse particles at Granada at 21st July
2021 that dissapeared at the afternoon, being the
AOD near to 1.0 in the morning. These coarse
particles reached Granada mainly in an aerosol
layer located from 2 km to 3 km asl, with a
maximum peak concetration above 350 pm?/cm?.

Challenges
CAECENET has been developed with the aim to
provide in near-real-time aerosol properties at
column but also with vertical resolution joining
different measurements from different networks. It
includes tools like CAECENET-viewer to
download and display the aerosol products.

It is expected to increase the number of sites and
instruments in CAECENET and we encourage to
other researchers to participate in this initiative.
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Figure 1. Screenshots of CAECENET-viewer tool
showing the retrieved Microphisical properties (upper
panel), optical column properties (middle panel) and

vertical profile properties (bottom panel) of the
CAECENET products for Granada along 21st July 2016.
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Introduction

The Cumbre-Vieja volcano, located at La Palma
Island (Canary Islands, Spain), erupted on
September 19, 2021. This kind of events usually
emits a big aerosol load to the atmosphere, mainly
sulfate particles. The height at which these aerosols
are injected is crucial, since they can reach the
stratosphere, which implies a long lifetime of these
particles in the atmosphere and a greater impact on
the climate. In addition, the amount and radiative
properties of these aerosols is also important, since
the impact of these aerosols over climate depend on
these properties.

The Group of Atmospheric Optics of the
University of Valladolid (GOA-UVa), in
collaboration with the Spanish Meteorology
Agency (AEMet), installed a sun/sky/moon
AERONET  photometer  (CE318-T  Cimel
Electronique) and a ceilometer (CHM15k Lufft)
near to the volcano (about 14-15 km at Southside).
The main objective of this joint effort between
AEMet and GOA-UVa was to be able to monitor
the column and vertically-resolved aerosol
properties derived from the Cumbre-Vieja volcano.

The photometer is within AERONET, and its
data is received and managed by CAELIS system
(Gonzalez et al.,, 2020), which processes the
measured data and provides aerosol optical depth
(AOD) and sky radiances at several wavelengths.
The ceilometer is within the Iberian Ceilometer
Network (ICENET; Cazorla et al., 2017),
measuring the range corrected signal (RCS) at 1064
nm with a vertical resolution of 15 m. All these data
(AOD, sky radiances and RCS) from CAELIS and
ICENET are assimilated by CAECENET (Romén
et al., 2021), a system that combines these
photometer and ceilometer data to retrieve
columnar and vertically-resolved aerosol properties
in near-real-time following the method proposed by
Roman et al. (2018) using GRASP code (Dubovik
etal., 2014).

The main objective of this work is to show the
profiles of some aerosol properties obtained by

CAECENET during the first weeks after the
Cumbre-Vieja eruption at La Palma.

Results and discussion

Photometer at La Palma started its measurements
on 21st September 2021, but the ceilometer arrives
the island on 30th September 2021, hence
CAECENET products are only available since this
last date.

Figure 1 shows the aerosol volume
concentration profiles at La Palma, from
CAECENET, until 16th October 2021. On the 1st
of October a thin aerosol layer can be observed,
centred at 5 km asl, in the only one retrieved profile
of that day. The Angstrom Exponent was about 0.4,
hence, it is likely that coarse volcanic ash was
emitted at this height. In the next two days (2nd and
3rd October) a thin aerosol layer, that was going
down from 5.5 to 4.5 km asl, was detected with
maximum volume concentrations close to 100
pm’/cm?® and to 200 pm’/cm? on 2nd and 3rd
October, respectively. Both days presented also low
Angstrom  Exponent values, indicating the
predominance of coarse particles.

Two aerosol layers centred around 3.5 and 1.5
km asl are observed for the afternoon on 6th
October, also with the predominance of coarse
particles but with volume concentrations below 40
pum?/cm?. In the next days, 7th and 8th October, two
aerosol layers can be identified between 1.0 and 3.5
km asl, but with low aerosol volume concetration
values (most of them below 30 pm?/cm?) and with
Angstrom values above 1.0 indicating no clear
predominance of coarse particles.

The volume concentration on 14th and 15th
October  presented high values, reaching
concentrations around 200 um?*/cm?® near to 1 km
asl; the mean volume concentration value was about
150 pm*/cm?® for both days at that layer. A couple
of thin aerosol layers around 2.5 and 3.5 km asl on
14th October, which origin could be the volcanic
eruption. Fine particles were predominant both
days, with high Angstrom Exponent values.
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Figure 1. Vertical profiles of aerosol volume
concentration (Vol. Conc.) at La Palma (Spain) for 10
days between 30th September 2021 and 16th October

2021. Blue line represents the daily average profile
obtained from all availables profiles in each day. Daily
average of AOD at 440 nm for each inversion is added in
each panel.
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Challenges

The aerosol layers observed in this work may
have their origin in sources other than those of the
volcano; for example, it is known that there were
intrusions of Saharan dust during the period
analyzed. A more detailed study based on
backtrajectories and additional instrumentation will
be done to better identification of the aerosol layers
of volcanic origin and thus characterize them
through the values obtained.

This work shows that a joint effort between
scientific groups and institutions can achieve
scientific results of interest in near-real-time under
extreme situations like a volcanic eruption. The
coordination between GOA-UVa and AEMet for
the deployment of the instrumentation has been
crucial as the coordination between CAELIS and
ICENET to provide the data to CAECENET.
Aerosol profiles monitoring will continue at least
until the eruption ends.
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Introduction

One type of biogenic particles is pollen, which
show a great diversity among its grains shapes and
sizes!'l. More than 1000 active pollen monitoring
stations in the world are built to monitor pollen
concentrations at ground level using in situ
instruments!?! .Recently an increasing interest in
pollen has arisen in the aerosol lidar community.
since non-spherical pollen grains can generate
strong depolarization and thus can be recognizable
by lidars. To our knowledge, AERONET data
have never been used to characterize the optical
properties of pollen.

In this study we investigate the potential of pollen
recognition using AERONET data.

Methodology

In this study lidar data will be compared with
AERONET observations during a four-month
pollen campaign from May to August 2016 at the
station in Vehmasmiki (62°44'N, 27°33'E), in
Eastern Finland. During the campaign a Hirst type
volumetric air sampler was used at ground level
which enables identification of pollen types and
concentration microscopically with a 2 h time
resolution. The Kuopio station is also equipped
with a ground-based multi-wavelength Raman
polarization lidar PollyXT Bl AERONET data
were available at Kuopio station nearby (62.892N,
27.634E).

In this study we utilize night-time profiles of
extinction and backscatter coefficients at 355 and
532 nm, which are derived independently using
elastic and inelastic Raman-shifted wavelengths
(387 and 607 nm), based on the Raman inversion
[41The ratio of extinction-to-backscatter coefficient
is called the lidar ratio (LR), which is considered
an important parameter to separate particle types.
Cross-polarization and total polarization channels
of the PollyXT allow the retrieval of the volume
linear depolarization ratio (VDR) and particle
linear depolarization ratio (PDR) at 532 nm, which
provide information on the shape of the scattering
particles

AERONET sun/sky radiometers measure direct
solar radiation and sky radiation. These
measurements allow the estimation of the elements
F11,Mr, n) and F22,A(r, n) of the Miiller scattering
matrix, from which aeronet lidar ratio can be
computed as:

_ 4m
"~ wFy;,(r,m,180°)
,where ), the single-scattering albedo.

The calculation of the particle linear
depolarization ratio is also possible using the
elements F11,A(r, n) and F22,A(r, n) as below:

14
S/l

p 1= F;,(r,n,180°)/F;; 3(r,n,180°)

A 14 Fyy4(r,n,180°) /F;1 ,(r, n, 180°)
Results and discussion
During the campaign twenty types of pollen were
observed. While the surrounding forest is mixed in
terms of the tree species, the pollination periods of
the four different dominant pollen types are
distinct, as can be seen from the Burkard-observed
number concentration of specific pollen types
shown in Fig. la. The dominant pollen types
identified are shown in Table 1, along with each
intense pollen period (IPP).
According to lidar studies during the campaign,
lidar ratios at both 355 and 532 nm ranged from 55
to 70 sr for all pollen types, while depolarization
ratio was found to be enhanced, ranging from 14-
25% when the most abundant pollen type where
less spherical (e.g. spruce or pine pollen). The
depolarization ratio at 532 nm of pure pollen
particles was assessed, resulting to 24 = 3 % and
36 £ 5 % for birch and pine pollen, respectively
with a depolarization ratio at 355 nm 17 % and
30% respectively3H6],
In the Figure 1 (b-f) we present the timeseries of
lidar ratio at 440nm (b), depolarization ratio at
440nm (c), aerosol optical depth at 440nm (d),
Angstrom Exponent between 440 and 870nm (e)
and single scattering albedo at 440 nm (f).
The highest values of depolarization ratio
(18%=3), indicating non spherical particles, was
found for the IPP3. According to Burkard
measurements this period is mostly referred to
pine pollen particles. Lidar ratio does not seem to
vary a lot among the different IPPs, with relatively
higher values during IPP2 and late IPP4. A large
variation of Angstrom exponent and single
scattering albedo was found within the same
pollen period indicating either the mixing of
absorbing urban particles or possible different
sizes and of pollen absorbance capability of the
same pollen type.
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Figure 1. the timeseries of the variation of Lidar ratio 440nm, Depolarization Ratio 440nm, AOD440nm, Angstrom
Exponent 440-870nm from AERONET products and pollen concentration (2-hour average) measured by the Burkard
sampler, throughout the 4 intense pollination periods (IPPs)
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