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1. INTRODUCTION / OVERVIEW

This document describes the work performed in the frame oE#mthCARE preparation
campagn (A-CARE). It covers the tasks in response to the Statement of Work (SoW) from
ESA EORSM/3114/DSdsof 30 October2017). Thedescription of thaircraftdata and the
analysisused in this activity are described in the DAR (Data Acquisition Repwbith is given

in annex |

The main scientific objectives oA-CARE are derived from the scientific objectives of
EarthCARE. The EarthCARE mission will advance our understanding of the role that clouds

and aerosols play in reflecting incident solar radiation back into space and trapping infrared
radiation emitted from Ea&rh 6 s surface by providing vert.
information in connection with collocated broadband solar and thermal radiance measurements
(lingworth et al. 2015).

In the context of general ESA campaign objectivBsCARE addresses diregtl the
programmatic needs of EarthCARE Mission Development, particularly relating to the
development and refinement of Geophysical Product Algorithms.

The main objectives dA-CARE project are as follows:

I.  to acquire and process high quality airbornsito datasets for microphysical
particle characteristics in conjunction with extended correlative data
ii. to perform initial analyses of data quality and generate first estimates for the
EarthCARE aerosetloud discrimination and classification schemes
iii.  to ddiver a set of products available for EarthCARE validation as demonstration
for planned EarthCARE cal/val activities.

EarthCARE aims at improving our understanding of aerosol/cloud interactions on the
global scale by providing accurate vertidadtributions of key aerosol and cloud properties,

i n order t o assess t heir i mpact on t he Ea
properties needed for radiatiransfer calculations are mainly related to the particle load
and its vertical distribitn (extinction coefficient) as well as the particle type (indicative of
radiative properties as singdeattering albedo, asymmetry parameter, extinction spectral
dependencies). In order to retrieve the required information from EarthCARE
observations, # Hybrid EndTo-End Aerosol Classification (HETEAC) model is being
developed for common use in the Level 2 (L2) algorithms. It will allow aerosol typing based
on measurements of extinction coefficient, lidar ratio and particle linear depolarization
ratio @ 355 nm with ATLID and provides related radiative properties of the detected
aerosol types for radiativieansfer models and closure studies. This novel approach
necessitates highly reliable input, from both the instrument and the underlying aerosol
mode| and thus requires extensive verification and validation efforts under vatroaspheric
conditions

Measurements performed duringLAFE, CyCARE and PRHECT provide a unique
opportunity to support the EarthCARE developments. The Eastern Mediterrenesam
optimum testbed for investigating atmospheric mixtures of dust, pollution, smoke, and
marine particles. Moreover, because of the enhanceduideating ability of mineratlust
particles, ice formation often occurs in the aerosol layers.



To achiee theseabovementionedbjectives the following work has been performed:

1 Design plan and conductr@search flights withitheto the existingA-LIFE
experiment

1 Performcontinuouggroundbased remote sensing measurements at Limassol and
Finokalia

1 Derive the optical profiles from lidar measuremeamsiselect the layers
corresponding to the airborne observations

1 Apply the optimal estimation technique to derive the best mixture of basic aerosol
components

1 Use the prescribed microphysical propertieagosol components to calculate size
distributions and effective radii of the complex aerosol mixture and compare these
guantities to the airborne-gitu measurements

2. A-CARE PROJECT AND DATA
2.1 A-LIFE/A-CARE
2.2 Ground-based measurement

2.2.1 Limassol /TROPOS

The Leipzig Aerosol and Cloud Remote Observations System (LACROS) is operating on the
premises of the Cyprus University of Technology from October 2016 Matich 2018
LACROS is composed of different remegensing instruments. A Raman polarization liofar

type PollyXT(Engelmann et al, AMT 201@mits a lasepulsesin order to studyhe vertical

profile of aerosolpropertiesThebackscatter coefficient is measured at 355, 532 and 1064 nm,
the extinction coefficient (Raman method) and the depolarization ratio at 355 and 532 nm. This
configuration is ideally suited to test future EarthCARE algorithms as it operates at the same
wawelength (355 nm). Additionally, a comparison with CALIPSO products is possible (532 and
1064 nm).

A 35-GHz cloud radar is used to study cloud properties using microwave radiation. Different
other measurement systems are deployed to measure the propfethiesprecipitation on
ground (disdrometer), aerosol and cloud dynamics (Doppler lidar) and water vapor and liquid
waterpath(microwave radiometer). An overview about the station and its instruments is given
in Fig. 1.



‘ .
= e Cloud radar
et Microwave )
radiometer

Disdrometer

B J “

aman

M

I|dar
’"lu
e

Figurel The measurement systems of LACROS. Different measurement systems are used to measure aerosol
(Raman lidar), cloud particles (cloud radar), air motions (Doppler lidar), rain (disdrometer) and water vapor

(microwave radiometer).

2.2.2 Finokalia
The Adlife experiment was clustered with the PT&CT experiment of the National

Observatory of Athens (NOA). RfEECT location was on the North coast of Crete, at the
Finokalia ACTRIS station (3534 N, 2 &, 6293 m asl ). The I nstru
PreTECT consist of the PollyXT lidar system of NOA (Engelmann et al, AMT 2016; similar

lidar as the one described from TROPOS above) part of the EARLINET network, a CIMEL

sunphotometer part of the AERONET taerk, a 35GHz cloud radar from CNFRMAA, and

other auxiliary instruments (e.g. microwave radiometer from INOE, Doppler lidar from FMI).

An overview of the station and its instruments is given in EBignd all the measurement
quicklooks can be found in

During daytime,due to strong background radiation, the use of only PollyXT elastic
backscattering channels is imposed and the particle backscatter coefficient can be determined
at 355, 532 ath1064 nm, the particle linear depolarization ratio (PLDR) at 355 and 532 nm and
the Angstrom exponent at 355/532 and 532/1064 nm. During nighttime operation, the available

Raman channels allow for determination of particle extinction coefficient, thel@éidar ratio

(LR) at 355 and 532 nm and the water vapour mixing ratio. PollyXT employs two different

telescopes for aerosol profiling and characterization in theafage (i.e. > 800 m above the
ground, up to 186km) and nearange (> 200m above tlggound up to 2.5km). The near
range channels are only available for the 355, 378, 532 and 607 nm.

AERONET products from the CIMEL syphotometer were also used herein to provide

information on the columnar aerosol properties by means of AOD (at 8 wagthedeB340i

1640nm) and sky radiance (at 4 wavelengths; 440, 670, 870 and 1020nm). The full set of these
observations is used to derive the columnar particle size distribution, the complex spectral
refractive index, the single scattering albedo and theghaction. For the purposes of this
study, AODs were used to constrain the daytime lidar retrievals, while the derived columnar
size distributions acted complementary to lidar profiles as indication on the aerosol types

present.
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Figure2 The Measurement systems of PFECT experiment: PollyXT Raman Lidar, cloud radar, Doppler Lidar,
microwave radiometer (left) and CIMEL spimotometer (right), at the Finokalia Observatory.

2.3 Auxiliary data

2.3.1 Finokalia

We usedatmospheric models to assist the interpretation of the grbased and airborne
measurements above Finokalia. Specifically, the DREMMM dust model (Nickovic et al.,
2001) and the FLEXPART Lagrangian model, driven by the forecasting fields of ATRR¥F
at12x12 km resolutionStohl et al., 2005)

Dust forecasts are provided by DREANMM model. Its meteorological core is the NCEP
Nonhydrostatic Mesoscale Model onrgid (NCEP/NMME) (Janjic et al., 2001). Surface
properties are defined using the USGS gldblain land cover data and the USDA globdirh

soil. The model is configured at 0.2°x0.2° resolution and includes 8 dust size bins with effective
radi i of 0.15, 0.25 0.45, 0.78, 1.3, 2.2, 3
conditions of tke simulations on a 0.5° by 0.5° latitude longitude grid, the NCEP Global
Forecast System (GFS) analysis is used.

Sourcereceptor sensitivity study is carried out with the atmospheric dispersion FLEXPART
WRFmodelFLEXPART (AFLEXi ble PARTicle dispersior
and dispersion model suitable for the simulation of a large range of atmospheric transport
processes. Apart from transport and turbulent diffusion, it is able to simulate dry and wet
deposition, decay, linear chemistry; It is used to simulate air parcel trajectories and particle
positions in backward mode (48 hours) driven by the hourly ¥XRWV forecasting fields at

12x12 km resolution. A total of 10000 tracer particles were releatséidferent heights over

the Finokalia station, t@omplement the characterization of the examined aerosol layers
presented herein.

3. DATA PROCESSING AND STRUCTURE
3.1 Airborne data

The description of the data, information on data quality and processingnsyadibration, as
well as on data products can be found in the Data Acquisition Report in Annex | (DAR).

3.2Ground-based data

A short overview about the groutidised lidar measurements will be provided. Jdmes were
carefully selected in close cooperatioithithe airborne in situ measurements to cover various
aerosol scenarios. In this section the tinegght displays of the signal are shown to



characterized the scene. The profiles measured by the lidar provide the optical properties for
the next steps. THelar ratio and the particle linear depolarization ratio are the key parameters
for the aerosol type separation. At daytime, the sky background often hampecalkedo
Raman evaluation of the lidar data to provide the extinction coefficient indepgndedtto

derive the extinctiotio-backscatter ratio (lidar ratio). In these cases, the lidar ratio was derived
with the closest nighime observation in the same aerosol layer. This lidar ratio was then used
to analyse the lidar data recorded simultanaiasthe Falcon flights.

Case 1 & 2 Saharan and Arabian Dust 6 April 20177 Cyprus
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Figure3 6 April 2011 Cyprus) Timeheight display of the 1064 nm range corrected sigAdhyer of mixed
Saharan dust was observed on top of an Arabian dust |&acon measurements 86:00- 08:00 UTGvere
used Nighttime Raman lidar measurements (00:008:00 UTC)ere usedo derive the lidar ratio used for
simultaneous observation®tFalcon aircraft.
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Figure4 Optical properties measured with lidar on 6 April 2017, 00:08:00 UTC: Backscatter coefficient,
extinction coefficient, lidar ratio (used for simultaneous observations to Falcon aircraft), Amgskigonent,
particle linear depolarization ratio.



Case3 Pollution T 11 April 2017 7 Cyprus

Range corrected signal @1064nm
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Figure5 11 April 2017(Cyprus) Timeheight display of the 1064 nm range corrected sigAgbolluted dust
layer was observed at@4 km height. For the comparison the pollution layer below 1.5 km height was used.
Falcon measurements 86:00 UTCwere used.
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Case 4 Dust and Pollutiori 14 April 20177 Crete

The temporal development of the attemdabackscatter coefficierand the volumdinear
depolarizabn ratioon 13 and 14 April 2017 ishown in Fig. 7. Multiple lowdepolarizing

aerosol layers are observed up to 4 km, with low extinction coefficient values (< 30aMm

355 nm) while significantly higher extinction coefficient values are observed below 2 km inside
the boundary layer. The lidaerived profiles are shown in Fig. 8. In order to derive the
appropriate lidar ratio values needed for the daytime inversiolhscated with the Falcon
overpass, we used the closest nighttime lidar measurements. Good homogeneity of the scene
between the night and daytime retrievals (marked by the purple rectangles on the attenuated
backscatter coefficient tirAeeight plot) suppds this kind of analysisA-Life collected
measurements at 0.6, 2.2 and 2.5 km a.s.l. between 07:07 to 07:46 UTC (marked by the red
rectangles in Fig. 7b).

Attenuated backscatter coefficient at 1064nm, Finokalia, Greece
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Figure7 13 to 14 April 2017 (Crete): Tinmeight display of the 106¥m total attenuated backscatter coefficient
(up) and the 532nm volume linear depolarization ratio (down). Nighe Raman measurements averaged
between 13 April 2017, 22:00 UTC and 14 April 2017, 04:00 UTC were used to derive the lidar ratio values
neededfor the daytime inversions during the Falcon overflight (14 April 2017, 6400 UTC). Red box: the
time period that Falcon overpass Crete.
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Figure8 Optical properties measured with lidar on 13 April 2017, 22:00 ¢JT4April, 04:00 UTC (up) and 14
April 2017, 4:00 10:00 UTC (down). The upper panel displays the ttigtd retrievals of the backscatter and
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day-time, Falcon collocated, retrievals of the backscatter and extinatwefficient, the particle linear
depolarization ratio and the Angstrom exponent. Smoothing window here is 158 m.

Raman retrievals were carried out in order to derive the lidar ratio values needed to perform the
Klett analysis for the time intervals cotlated with the Falcon overflights on 14 April 2017.

The layermean intensive optical properties betweeni0.b km during the nightime and
between 0.% 1 km and 1.9 3.5 km during the Falcon flights are provided in Table 1. For the
Klett retrievals dung the daytime overpass, the LRs derived in the previous night are used.
The overall uncertainty of the assumed lidar ratio is estimated to béM@¥hann et al., 1992;

Hanel et al., 2012). Thencertaintieof the LR and depolarization layers meanspamvided
throughthe Pollynet algorithm (using error propagation assuming a backscatter coefficient error
of 10%).Additionally, for the depolarization layer means, the standard deviation of the values
in the layer are included in thumcertainties



TaHde 1.Lidar layermean intensive optical propertieend their uncertainties aB55and532nm inblueand
greenon 13 and 14 April 2017. The aerosol sources are provided in the Raman cases by the modeled sources
(Fig. 9) and in the Klett cases by tedcon typing (Fig. 11).

Date, Time Height (Aerosol sources) Meathod Dep. Ratio | Lidar ratio
(%) (sn
14 April, 4:00- 10:00 UTC 197 3.5 km ase (organic matter | Klett 3.2+0.7% 55+22*
sulfates + marine + dust) 2.1+0.5% 39+17*
13 April, 22:00 UTCi 14 April, | 065 7 1.25 km ase (pollution + Raman 1.2+0.5% 5542**
04:00 UTC continental + marine) 3.5+£0.3% 39+17
14 April, 4:00- 10:00 UTC 0.771 1.0 km ase (Sea salt + organ| Klett 2.5+0.3%
matter + sulfate ) 3.1+0.5%

*Uncertaintiesof 40% on the assumed LR values as described in the text.
**Calculated for the heights 0.661.9 km ase.

The aerosol sources of the lidar retrievals are estimated using auxiliary data, as discussed herein.
Based on the meteorological analysis,ghesence of a trough, with its axis above West Turkey,

led to the prevailing North flow above Greece, that pushed away dust from the Island of Crete
towards East (Fig. 9a, b). The soureeeptor sensitivity study carried out with the atmospheric
dispersim FLEXPART-WRF model, revealed that the air masses arriving at lower altitudes (at
600 m and 2 km) are dominated by a mixture of marine particles mostly from the Aegean and
continental pollution from the Balkans (Fig. 9c, d).

Low dust concentration was deted above 2.5 km, causing an increase of the particle linear
depolarization ratio at both wavelengths. Dominance ofrfieee particles in the atmospheric
column is also evident from the sphotometer sizdistributions (Fig. 10pefore and after the
Fdcon overflight. Lower concentration of coarse mode aerosols (due to marine and dust
particles) is also observed.
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Figure9 (a) Geopotential Height in 500hPa, along with isobars and surface isotherms on 14 April 00:00UTC
(source:https://lwww.wetterzentrale.de)), (b) NMMEDream Dusioad and wind direction at 2km height on 14
April 06:00 UTC, (c,d) Fiday backward FLEXPA®RRF calculation of emission sensitivity for the particles
arriving at Finokalia on 14 April 2017 07:45 UTC, at heights 0.6 km (c) and 2 km (d) a.g.l., from source heights
between 0¢ 1 km a.g.l.
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Figure10 Volume size distribution derived from AERONET observations at Finokalia, on 14 April 2017 at 06:50
and 13:45 UTC. Fine mode particles prevail in the atmospheric column.
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In the samples collected with the Falcon, mainly orgaratien, sulfates, marine and low dust
concentrations is found at 2.2 and 2.5%amples (Fig. 11b, c). In the sample from 0.6 km, the
aerosols are rich in sesalt, organic matter and sulfates (Fig. 11a).
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Caseb Marine and Pollution i 14 April 2017 i Cyprus
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Figurel2 14 April 2017(Cyprus) Timeheight display of the 1064 nm range corrected sigAgbolluted dust

layer was observed atgZB km height. For the comparison the polluted marine layer below 1.0 km height was
used.Falcon measurements 42:19¢ 12:29UTCwere used.
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Case 6 Saharan Dust 20 April 201771 Crete

The temporal development of the attenuated backscatter coefficient and the volume linear
depolarization ratio on 19 and 20 April 2017slsown in Fig. 14. A strong dust outbreak is
observed with dust particles reaching up to 6 km and ice and water ctovaodsdg on top of

the layers (dark red colors on attenuated backscatter coefficient plot). Raman measurements on
19 April 2017, were averaged betweé&8:00and19:20 UTG in order tobe usedto derive the

particle lidar ratio needed for the daytime retrievan 20/4 {1:25- 12:00 UTQ close in time

to the Falcon overflight (12:16 13:19 UTC). Both measurements are conducted during the
intense dust episoddowever, fom the attenuated backscatter plot (and the profiles of Fig. 15)

we see slight differenda the intensity and vertical extend of the dust lapelditionally, from

the volume depolarization plot (and the particle depolarization plots in FiguelS¢e that the
aerosoldepolarizing component is more dominant duringtiime of the Falcon ovéight in
comparison to the nigtiime retrieval. Specifically, theLDR increases by 10% between night

time and daytime measurements, despite the fact that both observations correspond to the same
dust eventDue to the aforementioned inhomogeneitydadiratio of 45sr (at 355nm) and 40sr

(at 532nm), were considered to better fit the dust dominated scene during the Falcon overpass.
These values are typical for the dust events above Finokalia station during tieaone
operations of the system betwed12 and 2018.

Attenuated backscatter coefficient at 1064nm, Finokalia, Greece
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Figurel419 to 20 April 2017 (Crete): Tinmeight display of the 1064nm total attenuated backscatter coefficient
(up) and the 532nm volume linear depolarization ratio (down). Nighe Raman measurements on 2ril

2017, 18:0Q; 19:20 UTC were used to derive the lidar ratio values needed for the daytime inversions (20 April
2017, 11:25 12:00 UTC). Red box: the time period that Falcon overpass Crete.
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Figurel5 Optical properties measured with the lidar on 19 April 2017, 18:00:20 UTC (up) and 20 April

2017, 11:25;12:00 UTC (down). The upper panel displays the nighttime retrievals of the backscatter and
extinction coefficient, the lidar ratio, particle #ar depolarization ratio and the angstrom exponent. Lower

panel displays the closest to the Falcon overflight -tilae retrievals of the backscatter and extinction

coefficient, the LR assumptiqdust typicalvalues areconsidered instead of the precedimight-time lidar

ratios), the particle linear depolarization ratio and the Angstrom exponent. Vertical smoothing window used for
all optical properties is 533 and 383m for nigimhe and daytime retrievals respectively. The samples collected
with Falcoron that case was at 2.957 km, 2.945km and 2.012km ase. Alrzgan intensive optical

properties between 1.5 to 4.5km are summarized in Table 2.

Table 2.Layermean intensive optical propertieend their uncertainties at 355 and 532 nm in blue and gree
on 20 April 2017. The aerosol sources are provided in the Raman cases by the modeled Baurt§s0d in
the Klett cases by the Falcon typirkdad. 18.

Date, Time Height (Aerosol sources) Meathod Dep. Ratio | Lidar ratio
(%) (sn)

19 April, 18:007 19:20 UTC 1.57 4.7 km ase (dst particles) Klett 28+6% 45+18
29+5% 40+16

20 April, 11:25i 12:00 UTC 1.57 4.6 km asé (dust particle3 Raman 15+3% 366
17+3% 275

*For the Raman Lidar ratio mean the height between435 km is used.

Based on the meteorological analysis, a adefined trough in the upper atmosphere located
over the Central Mediterranean, associated with low pressures in the surface in Nar#) Sah
led to southern flow and the transport of dusty air masses above Greece and Crega,(b)g.



The FLEXPART-WRF sourcereceptor sensitivity study at the station revikbet the air
masses arriving at 2.5 km above the stat@iowed northnorthwesern directions carrying
marine particles mostly from the Aegean Sea, dust particles from the Sahara Desert along with
possible contribution of pollution and continental particles from the Balifags16c).
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Figurel6 (a) Geopotential Height in 500hPa, along with isobars and surface isotherms on 20 April 00:00UTC
(source:https://www.wetterzentrale.del), (b) NMMEDream Dustoad and winddirection at 2km height on 20

April 12:00 UTC, (c) Fiday backward FLEXPAWRF calculation of emission sensitivity for the particles

arriving at Finokalia on19 April 2017 19:00 UTC, at heights 1.9 to 2.3 km a.g.l., from source heights between 0
1 km ag.l. (c) and on 20 April 2017 11:30 UTC, at heights 2.5 km a.g.l., from source heights betvtdan 0

a.g.l

The dominance of coarseode particles (both dust and marine aerosols) in the atmospheric
column is also evident from the sphotometer sizeistribution (Fig. 17),8 hours before the
Falcon overflight. No other AERONET inversions are available on this day due to extensive
cloud cover.


https://www.wetterzentrale.de/
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Figurel7 Volume size distribution derived from AERONET observations at Finokali@,April 2017 at 06:14
UTC. A dominant coarse mode is observed.

In the samples collected with the Falcon at 3.15km asl (2.9 km ase) mainly dust particles was
found. With a small contribution of organic and sulfate component. In the sample from 2.2km
asl, again dust is the domant particlepbserved (Fig. 18).
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Figure18 Chemical composition derived from-#itu samples on board Falcon at 3.15km.



Case7 Saharan Dusti 20 April 2017 i Cyprus

Range corrected signal @1064nm
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Figure19 20 April 2017(Cyprus) Time-height display of the 1064 nm range corrected sigBaharan dust
layers were observed up to 9 km height. For the comparibercentre of the dust (35 km heightwas used.
Falcon measurements af:40¢ 18:30UTCwere used.
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Figure20 Optical properties measured with lidar @ April 2017,17:00- 19:00 UTC The main dust layer
between3 and 5 knmwas used for comparison with Falcon.



Case8 Saharan Dusti 21 April 20171 Cyprus
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Figure21 21 April 2017(Cyprus) Time-height display of the 1064 nm range corrected sigBaharan dust

layers were observed 6.5 km height. For the comparison the stronger dust lay@k height) was used.

Falcon measurements at1:50¢ 16:00UTCwere used.
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Figure22 Optical properties measured with lidar @1 April 2017,11:50- 16:00 UTC The main dust layer

between 4 and 6 km was used for comparison with Falcon. The lidas @itthe dust layer were determined

using nighitime Raman observations (17:0Q0:00 UTC).



Case9 Pollution from the North 7 25 April 2017 7 Cyprus

Range corrected signal @1064nm
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Figure2325 April 2017(Cyprus) Time-height display of the 1064 nm range corrected sigRallution
originating from the north (Turkey) were observed up to 2.0 km height. For the comparison the pollution layer
at 1¢ 2 km height was usedralcon measurements around 08:00UTCwere u®d.
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Figure24 Optical properties measured with lidar @ April 2017,00:00¢ 03:00UTC The pollution layer at 1.0
¢ 2.0 km height was usetllighttime Raman lidaobservations are shown, from which the lidar ratio was
derived to be used for theimultaneous observations to Falcon aircraft



Casel0Middle Eastern Dusti 27 April 2017 i Cyprus

Range corrected signal @1064nm
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Figure2527 April 2017(Cyprus) Time-heightdisplay of the 1064 nm range corrected sigral.optically thick

dust layer originating from the Middle East extended from 1.5 to 3.5 km hdigihton measurements at
around 07:15; 07:50 UrCwere used.
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Figure26 Optical properties measured with lidar @7 April 2017,07:15¢ 10:15UTC The strong dust layer
reached extinction values of up to 300 Mnheight from 1.5 to 3.8 km were used for comparison. The lidar
ratios of the dust layer were determined using imigime Raman observations.



Case 111 29 April 20177 Crete

The temporal development of the attenuated backscatter coefficient and the volume linear
depolarization ratio 089 April 2017 is shownn Fig. 27.A well stable aerosol layer bellow 2

km is observed all day. Elevated aerosol layers were observed above the station starting in the
up to 8 km. In the beginning of the day, the att. Bp. Coeff. and volume depolarization ratio of
these layers have low vas which are increased within the day. Clouds are observed above
8km from 06:00 onwardyhile cloud bottom reaches to about 4km by the end of theTdeay

time of the Falcon sampling was between 8i310:15 UTC, and collected five samples
between 2.2 kmat 6.6 km (Black boxes in the plot). Raman measurements 60 0@2:00

UTC were used to derive the particle lidar ratio needed for the daytime retrmval:55-

14:55 UTC close in time to the Falcon overfligh@oth the overflight and the daytimedkr
profiles are conductedn the presence othe thin elevated layersFrom te attenuated
backscatter plowve see slight difference in the intensity and vertical extend of thesldgrem

the volume depolarization plot we see that #erosoldepolarizhg component is more
dominant during théme of the lidar Klett retrieval in comparison to the time of the overflight

or the nighttime retrieval. Duringnighttime different lidar ratio values are observed for the
lower layer (~between 0.5 and 1.5 kmy@lahe upper layer (above 3.5km). Noisy signals at the
altitude of the upper layer, limit our confidence on the retrieved lidar ratio values at 532nm. For
the daytime retrievals, we used the literature valud€ti6 Sr at 532nm.

, Finokalia, Greece

Attenuated backscatter coefficient at 1064nm
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Figure27 29 April 2017 (Crete): Tirdeeight display of the 1064nm total attenuated backscatter coefficient
(up) and the 532nm volume linear depolarization ratio (down). Nighe Raman measurements on 00:0
02:00 UTC were used to degithe lidar ratio values needed for the daytime inversions close to the Falcon
overflight (29 April 2017, 12:5514:55 UTC).

























































