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Abstract. A novel procedure has been developed to retrieve found thatres was 0.14—-0.4£0.14) um,» was 0.63—-0.88
simultaneously, the optical, microphysical and chemical(£0.08) (at 532 nm) and: ranged from 1.4440.10) +0.01
properties of tropospheric aerosols with a multi-wavelength(£0.01) to 1.55 @0.12) + 0.06 ¢0.02), in good agreement
Raman lidar system in the troposphere over an urban sitéonly for thees values) with in situ aircraft measurements.
(Athens, Greece: 372N, 23.6 E, 200ma.s.l.) using data The water vapor and temperature profiles were incorporated
obtained during the European Space Agency (ESA) THER-into the ISORROPIA Il model to propose a possible in situ
MOPOLIS project, which took place between 15-31 July aerosol composition consistent with the retrievedand w
2009 over the Greater Athens Area (GAA). We selected tovalues. The retrieved aerosol chemical composition in the
apply our procedure for a case study of intense aerosol lay2—-3 km height region gave a variable range of sulfate (0—
ers that occurred on 20-21 July 2009. The National Technicab0 %) and organic carbon (OC) content (0-50 %), although
University of Athens (NTUA) EOLE 6-wavelength Raman the OC content increased (up to 50 %) and the sulfate con-
lidar system has been used to provide the vertical profiles ofent dropped (up to 30 %) around 3 km height; the retrieved
the optical properties of aerosols (extinction and backscattelow » value (0.63), indicates the presence of absorbing
coefficients, lidar ratio) and the water vapor mixing ratio. An biomass burning smoke mixed with urban haze. Finally, the
inversion algorithm was used to derive the mean aerosol miretrieved aerosol microphysical properties were compared
crophysical properties (mean effective radiugs), single-  with column-integrated sun photometer CIMEL data.
scattering albedo«() and mean complex refractive index

(m)) at selected heights in the 2-3km height region. We
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1 Introduction al., 1999a, b; Veselovskii et al., 2001; Osterloh et al., 2011).
Our work goes a step further, which is the main goal of this
Atmospheric aerosols have large influence on Earth’s radipaper: using a novel procedure, we combine 6-wavelength
ation budget. Recent estimations on the possible impact oRaman lidar data, inversion models and an aerosol thermody-
aerosols (both direct and indirect effects) on the radiativenamic model to retrieve simultaneously the vertical profiles
forcing (cooling effect) in a global average show that they of optical, microphysical and (propose) chemical properties
may be of the same order of magnitude as they@fect  of aerosol particles, consistent with the retrieved refractive
(warming effect) (Kirkevag et al., 2008; Quaas et al., 2009;index and single scattering albedo values. Our results (shown
Ramanathan and Feng, 2009; Lohmann et al., 2010; Kelekfor selected days) are then compared to airborne in situ data
tsoglou et al., 2011, 2012; Kelektsoglou and Rapsomanikispbtained in the frame of the European Space Agency (ESA)
2011), in addition to having direct impact on precipitation THERMOPOLIS research project carried out between 15
(Levin and Cotton, 2009; Lee, 2011; Wulfmeyer et al., 2011).and 31 July 2009.
However, medium to high uncertainties still exist concern- Measurements results of the properties of highly absorbing
ing the indirect and direct effects, which are connected withsmoke/urban particles have been reported in previous stud-
the aerosol influence on climate. Moreover, the total directies. A summary for different regions on the globe (South
aerosol radiative forcing combined across all aerosol types i\merica, South India) is given by Mler et al. (2000, 2003
—0.5WnT2, with a 5 to 95% confidence range 0.1 to and 2005), where real parts af ranged from 1.5 to 1.66 at
—0.9Wn12 (IPCC, 2007) and with a medium-low level of visible wavelengths and imaginary parts ranged from 0.01
scientific understanding. This is especially true for the Eastto 0.0%. However, the imaginary part values af reported
ern Mediterranean region (Stock et al., 2011), where insuf4in these references do not show a clear pattern relative to
ficient knowledge of the microphysical properties of aerosolthe aerosol transport time. Murayama et al. (2004) reported
particles as well as their spatial distribution remains a keyvalues ofw of the order of 0.95 0.06 at 532 nm around
issue to evaluate their effect on global climate. the peak of a Siberian forest-fire smoke event over Japan,
Therefore, experimental data in our area are stronglywhile O’'Neill et al. (2002) retrieved values af in the rang-
needed as input parameters for global climate models, whicling 0.97 to 0.99, a distance of 32 km from biomass burning
assess the role of aerosols in future scenarios of globaherosol sources. Wandinger et al. (2002) found valuesasf
change. Currently, very little is known about the vertical dis- 0.7640.06 and 0.8% 0.05 at 355 and 532 nm, respectively,
tribution of the aerosol microphysical properties in the East-for transport of forest-fire smoke from western Canada, in ac-
ern Mediterranean region in connection to the air quality im-cordance with Niller et al. (2006). Later, Alados Arboledas
pairment (Formenti et al., 2002; Dulac and Chazette, 2003gt al. (2007) obtained values af ranging from 0.80-0.87
Papayannis et al., 2012). Furthermore, knowledge on th€440-1020 nm) for a lofted smoke plume monitored at a high
combined optical-microphysical-chemical properties of free-mountain station with sun photometer. Recently, Alados Ar-
tropospheric aerosol particles of different origin (i.e. Sahararboledas et al. (2011) measured valuesvwof0.76-0.9) de-
dust, forest fires and urban activities, long-range transportedpending on the measurement wavelength for the case of fresh
etc.) over Greece is particularly sparse, at least in the verticakmoke pollution over Granada.iMer et al. (2005, 2006) and
scale (Papayannis etal., 2010, 2012). However, several in sithloh et al. (2007, 2011) reported egx values of the order
aerosol samplings in urban areas of Greece have revealed that 0.3-0.4 um for the case of mixed biomass burning and ur-
coarse aerosols in the city of Athens usually contain predomban haze particles over Germany and Korea. Finaligil&f
inant ions such as GaNOs, Na and ClI, while S@, Ca and et al. (2007) reported o& and LR values of 1.35-1.51 and
NH4 were the major ionic components of the fine fraction 65—78 sr, respectively, for the case of biomass burning and
(Mihalopoulos et al., 1997; Karageorgos and Rapsomanikisurban haze particles based on a 10-yr database of Raman li-
2007), and aluminosilicates and also calcium, which was dis-dar observations carried out in Europe, Asia and Africa.
tributed between calcite, dolomite, gypsum and Ca-Si parti- Section 2 of this paper presents the methodology applied
cles, were mostly observed during Saharan dust outbreakand the instrumentation involved; we first provide a short
(Remoundaki et al., 2011). description of the National Technical University of Athens
The Raman laser remote sensing technique is a unique togNTUA) Raman lidar system (range-resolved measurements)
able to provide the vertical distribution of the aerosol opti- and the CIMEL sun photometer (columnar measurements)
cal properties (aerosol backscattering and extinction coeffiused for the retrieval of the aerosol optical and microphys-
cients, lidar ratio-LR andingstrt")m exponentd)) and the ical properties. The third part of this section provides the
water vapor content, expressed in terms of mixing ratio ofcharacteristics of the in situ (airborne) instrumentation used
water vapor in dry air (Bsenberg et al., 2003;d@kmann et  to measure the aerosol optical and microphysical properties.
al., 2004; Weitkmap, 2005; Mamouri et al., 2007; PapayannisThe fourth part of this section gives a short description of the
et al., 2005). It is well known that, when multi-wavelength inversion models to retrieve the aerosol microphysical and
lidar data are used, the main microphysical aerosol properehemical properties. Section 3 gives a short description of
ties can be obtained using inversion techniquesili®i et the THERMOPOLIS campaign, while Sect. 4 presents a case
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= the returned lidar signals. The lidar signals detected at 355,
adiosonde IN SITU .
- SR Airborne data 387, 532, 607 and 1064 nm were used to derive the aerosol
backscatter (at 355, 532 and 10064 nm), the extinction (at 355
Bt Bl B oI O and 532 nm) coefficient and t#egstiom exponent profiles,
Aasst Agap & Us50q while the 407 nm channel was used to derive the water va-
por mixing ratio (Mamouri et al., 2007; Papayannis et al.,
|SORROPIA I 2012) (Plate 1). Th.e NT_UA I.idar system .has been quality-
model assured by performing direct inter-comparisons, both at hard-
Aerosal type ware (Matthias et al., 2004a) and software levelgdBnann

assumptions
e

et al., 2004; Pappalardo et al., 2004).

More precisely, to obtain reliable and quantitative lidar
aerosol retrievals, several techniques and methods have to be
combined. The standard backscatter lidar technique is appro-

@ Aerosol

o @0, Complex Refractive Indexes priate to retrieve aerosol parameters mostly for small aerosol
effr == b fordifferent chemical composit < r w m H H e
Voo Scon SOMHS0;. HNONOy, GO, duet 140 _optlcal depths (AO_D) (AOD< 0.2-0.3inthe V|s_|ble), assum-
ing a reference height in an aerosol-free region (e.g. the up-
Instrurnents Measured ndels ssumptions etrieve ompare H™ i i
] i .M ! .AMMSLS .pfra‘mi's .En'i.” per troposphere). Under such conditions, the Klett inversion

technique (Klett, 1985) is used to retrieve the vertical pro-
Plate 1.Methodology procedure diagram (input data and output ~ file of the aerosol backscatter coefficiehid) at the respec-
results). tive wavelengths. The resulting average uncertainty on the
retrievedbaer Values (including both statistical and system-
atic errors corresponding to a 30—60 min averaging time) in
) ) i . the troposphere is of the order of 20—-30 %&&@nberg et al.,
study analysis where we compare the retrieved with the iny 997y 15 gyercome the large uncertainty associated with this
situ measured aerosol optical and microphysical prOpert'estechnique, the Raman,Nidar technique was adopted using
as well as the e;timated aerosol chemical composition alofty, o methodology of Ansmann et al. (1992). Since the Ra-
for a 2-day period (20-21 June 2009). Section 5 Presentsyan lidar signals are quite weak, the Raman technique is

c_olumnar retrievals of the aerosol_ properties using Ramarfnostly used during nighttime when the atmospheric back-
lidar and sun photometer data. Finally, Sect. 6 presents round is rather low. In the case of the Raman technique,

summary and our _concludmg remark_s. The procedure aN%he measurement of the elastic backscatter signals at 355 and
methodolqu described and followed in the present study 532 nm, as well as that of the,Nnelastic-backscatter sig-
illustrated in Plate 1. nals at 387 and 607 nm, respectively, permits the determina-
tion of the aerosol extinctionge) andbaercoefficients inde-
pendently of each other (Ansmann et al., 1992), and thus of
the extinction-to-backscatter ratio (the so-called LR) at both
2.1 Raman lidar system for the retrieval of the wavelengths (355 and 532 nm).

aerosol optical properties In the case of the Raman technique, the uncertainties as-

sociated with the retrieved,er andbyer vertical profiles are

At NTUA a compact 6-wavelength Raman lidar system of the order of 10-15% and 10-20 %, respectively (Ans-
(EOLE) is used to perform continuous measurements of susmann et al., 1992; Mattis et al., 2002). The vertical profiles
pended aerosol particles in the Planetary Boundary Layeof baerreferring to measurements performed before the local
(PBL) and the lower troposphere. The system is based orsunset time (around 19:00 UT) were retrieved by using the
a pulsed Nd:YAG laser emitting simultaneously at 355, 532Klett technique, using a LR value derived for the aerosols
and 1064 nm. The respective emitted output energies peby the Raman technique (Ansmann et al., 1992) from the
pulse are 75, 130 and 140 mJ, with a 10 Hz repetition ratesame day’s nighttime lidar measurements, in case of homo-
The optical receiver is a Cassegrainian reflecting telescopgeneous atmospheric conditions during daytime and night-
with a primary mirror of 300 mm diameter and a focal length time measurements. In case of a large aerosol variability be-
of f =600 mm directly coupled, through an optical fiber, to tween the daytime and nighttime measurements, air mass
the lidar signal six-channel filter spectrometer. The full over- back-trajectory analysis is used for the proper characteriza-
lap of the system is of the order of 500 m. The elastically tion of the aerosol type and finally for the selection of repre-
backscattered lidar signals (at 355, 532 and 1064 nm), as welientative LR values (usually provided by the literature and/or
as those generated by Raman scattering by atmosphgric Noy a climatological database available by long-term Raman
and R0 (at 387, 607 and 407 nm, respectively) are simulta-lidar observations over Athens).
neously recorded by photomultipliers (PMTs) and avalanche
photodiode systems (APD), after the spectral separation of

2 Methodology and experimental set up
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2.2 The CIMEL sun photometer diameters of 0.3-0.5, 0.5-1, 1-2, 2-3, 3-5, 5-10, 10-25, and
> 25 um. Aerosol scattering coefficient measurements were
The sun photometric observations reported in this papecarried out using a model M903 integrating nephelometer
were performed by a CIMEL sun-sky radiometer (Holben (Radiance Research Operation, Seattle, USA) measuring at
et al., 1998), which is part of the Aerosol Robotic Network 530 nm and at 1 Hz. The aerosol light absorption coefficient
(AERONET) Global Networklttp://aeronet.gsfc.nasa.gov  was also determined at 1 Hz and at 565 nm by means of a Ra-
The instrument is located on the roof of the Research Centediance Research filter-based Particle Soot/Absorption Pho-
for Atmospheric Physics and Climatology of the Academy tometer. The data from the PSAP were corrected according
of Athens (37.99N, 23.78 E, elevation: 130m). The site to Bond etal. (1999). A GPSMAP 195 (Garmin International
is located in the city center and 10km from the sea. Thisinv, USA) was used in order to provide 3-dimensional loca-
sun-photometric station is operated by the Institute for Spaceion information (latitude, longitude, altitude, World Geode-
Applications and Remote Sensing (ISARS) of the Nationaltic System 84) of the aircraft at 1 Hz sampling frequency.
Observatory of Athens (NOA). The CIMEL sky-sun pho- The aerosol refractive index values were retrieved using the
tometer is an automatic ground based radiometer measuringiethodology described by Kelektsoglou et al. (2011). The
both direct solar irradiance and diffuse sky radiance for al-OPC and all other instruments aboard the aircraft sampled
mucantar and principal solar planes with a 1.2 degrees fieldub isokinetically from the same onboard plenum. The tried
of view. The standard measuring schedule for this instru-and tested (wind tunnel) inlet had a 50 % cut off of 5 um ge-
ment broadly consists of direct sun triplets every 15 min, ometric (optical equivalent to spherical) diameter, which at
and sky diffuse almucantar or principal plane scenarios evthe altitude of the measurements is equivalent to the aerosol
ery 30 min. The channel wavelength configuration dependsaerodynamic diameters (density taken as 1 gmA source
on the instrument version, but filters at 440, 675, 870, 940of error here may arise from the fact that the relative effi-
and 1020 nm wavelengths are always present. The CIMELciency of the OPC connected to the inlet, in particle counting,
data used in this study are level 2.0 and will provide infor- only becomes ca. 100 % at around 3-2.5 pm.
mation about the columnar AOD, aerosol size distribution, The particleres values (Wyser, 1998) were calculated us-
aerosol microphysical properties, and the An@ystrexpo-  ing the particle size-distribution obtained with the above-
nent (Holben et al., 1998). The AERONET data productsmentioned OPC data taking into account only data for aero-
along with the technical specifications and the uncertain-dynamic diametersdge) < 5pm. The corresponding value
ties of the CIMEL instrument are given in detail in Holben of ref was calculated using the particle size-distribution ob-
et al. (1998). More specifically, the total uncertainty of the tained via an OPC (Wyser, 1998) (LASAIR Il 525, Particle
AOD and theAngstiom exponent is influenced by various in- Measuring Systems, USA). The instrument counts particles
strumental, calibration, atmospheric and methodological facseparated into five bins with diameters ranging from 0.5 um
tors; foran AERONET field instrument, the AOD uncertainty to above 25um. The “fine” fractiores corresponds to the
is < +0.01 for wavelengths higher than 440 nm and-0.02 smallest size bin, while the “total” refers to particles up to
for UV wavelengths (Eck et al., 1999), or about 10 % for a 5 um in diameter. The values of the single-scattering albedo
nominal aerosol optical depth of 0.1. The uncertainty of the(w) (Goody, 1996) were derived using from in situ measure-
sky radiance data and the resulting aerosol size distributionments with a Particle Soot/Absorption Photometer (PSAP)
are determined based on the calibration uncertainty that isneasuring the optical extinction coefficient for absorption
assumedk £5 % at all four wavelength channels (Holben et (commonly referred to asap) and an M903 nephelometer

al., 1998). (both by Radiance Research) measuring the light scattering
extinction coefficient (commonly referred to agp). Both
2.3 Insitu (airborne) aerosol measurements: instruments measure on a continuous basis; the PSAP mea-
instrumentation and methodology sures at 565 nm and the nephelometer at 530 nm.

The airborne measurements of the THERMOPOLIS cam-2.4 Retrieval of the microphysical and chemical aerosol
paign were carried out with the modified “Cessna 310" air- properties profiles using models

craft of the Democritus University of Thrace during three

flights: 20 July (14:00:19 UTC), 21 July (04:03:15UTC), and The microphysical particle properties of the spherical
21 July (23:00:17 UTC), which has an aerosol inlet with a aerosols inside various layers in the lower free troposphere
cut-off of 5 um diameter. Because instrumentation, method-were retrieved using inversion with regularization. A detailed
ology and measurements’ uncertainties are described in dedescription of the original version of the algorithm which as-
tail elsewhere (Kelektsoglou et al., 2011), only a short de-sumes spherical shape of the investigated particles in the re-
scription will be provided below. The size-distribution of the trieval procedure is given by Mler et al. (1999a, b). Modi-
aerosols was determined using an optical particle countefications concerning the optimum solution space were made
(hereafter referred to as OPC, PMS Systems, Lasair 5295) iby Veselovskii et al. (2001, 2002, 2005). Changes concerning
8 diameter ranges (bins) corresponding to the aerodynamithe minimum number of the needed measured wavelengths
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can be found in Mller et al. (2001). These models use of aerosol containing K, Ca, Mg, NgfNH4, Na, SQ/HSOy,
as input the mean values of the optical properties of theHNO3/NOs, HCI/Cl and HO. ISORROPIA-II can predict
aerosols calculated from the vertical profiles of elastic andcomposition for the “stable” (or deliquescent path) solution
Raman backscattered lidar signals (obtained at 5 differentvhere salts precipitate once the aqueous phase becomes sat-
wavelengths: 355-387-532-607-1064 nm). The aerosol miurated with respect to a salt, and a “metastable” solution
crophysical properties which were derived arerthgas well ~ where the aerosol is composed only of an aqueous phase
asw and the mean complex refractive index)(which is regardless of its saturation state. ISORROPIA-Il was ex-
given as wavelength independent quantity (Plate 1). In ourecuted in “reverse” mode where known quantities @re
case the uncertainty on the retrieved real and imaginary partRH and the concentrations of aerosol K, Ca, Mg,4\Na,
of m are of the order 0f£0.07 and+50 %, respectively; the SO, NOz and CI. The output provided by ISORROPIA-
corresponding uncertainty of the retrieved valuessgfand Il is the aerosol phase state (solid only, solid/aqueous mix-
w are of the order of£10-20 % andt10 %, respectively. We ture or aqueous only) and the speciation in the gas and
mention here that the uncertainties of the retriewedhlues  aerosol phases. The model has been evaluated with ambi-
arise from the uncertainties of the retrieved particle size dis-ent data from a wide range of environments (Moya et al.,
tributions and the complex refractive indices. 2001; Zhang et al., 2003; San Martini et al., 2006; Nowak
The inversion algorithm requires a predefined set of mini-et al., 2006; Metzger et al., 2006; Fountoukis et al., 2009),
mum and maximum values of particle radiugif andrmay) while its computational rigor and performance makes it suit-
within which the data inversion is carried out. A setrgfn able for use in large scale air quality and chemical trans-
and rmax defines a so-called inversion window. Values that port models. Some examples of such 3-D models that have
were used in the data analysis presented here are 10 nm fanplemented ISORROPIA-II are GISS, CMAQ, PMCAM
rmin @nd 5 um formax. Furthermore, we tested a grid of com- GEOS-Chem, and ECHAM/MESSy (Adams and Seinfeld,
plex refractive indices (real part and imaginary part) in data2002; Yu et al., 2005; Pye et al., 2009; Karydis et al., 2010;
inversion. This means that, for each value of the complexPringle et al., 2010).
refractive index and each inversion window (as defined by Inorderto use ISORROPIA Il in combination with the Ra-
the combination of values of,in andrmax) we invert each  man lidar data, an assumption concerning the aerosol compo-
optical data set. The respective values used in the preseition has to be done, mainly due to the absence of air mass
data analysis are given in the first paragraph of Sects. 4.3ample within the under study layers. In our procedure, Ini-
and 5. In this way we obtain a set of mathematical inversiontially a typical composition of sulfate, ammonium sulfate and
results (particle size distributions and complex refractive in-mineral dust aerosols was considered. ISORROPIA 1l was
dices) which then can be constrained to a set of physicallythen run forward for the computation of complex refractive
acceptable solutions. Each solution space that we obtain foindex for each aerosol composition, using as input the rel-
each lidar data set consists of a set of individual mathematicahtive humidity and the temperature within an aerosol layer
solutions. In the present case we obtained up to 10 000 indi¢Plate 1). Finally, a possible aerosol composition (a mixture
vidual solutions. The use of constraints results in a stronglyof sulfate, ammonium and mineral dust) with the closest re-
reduced set of individual physical solutions. The procedurefractive index (both real and imaginary part) value to the one
of reducing the mathematical solution space to the physicakstimated by the inversion model is provided as the most
solution space can be found in, e.gulMr et al. (1999a, b).  plausible composition value.
Note that the aerosol number concentration is not yet a stan-
dard output of the inversion algorithm, as error for this pa-
rameter still may exceed 100 %. This set of individual micro-
physical solutions then is averaged, which then provides u$8 The THERMOPOLIS campaign
with the final solution space. This means we obtain for each
optical data set given the following microphysical parame- In the framework of its Earth Observation Programs, the Eu-
ters: mean particle size distribution including standard devia+opean Space Agency (ESA) carries out a number of ground-
tion, mean values and standard deviation of particle effectivdbased and airborne campaigns to support the geophysical
radius, number, surface-area and volume concentration thatlgorithm development, calibration/validation and the sim-
describe the particle size distribution, as well as mean valueilation of future space-borne Earth observation missions for
and standard deviation of the real and imaginary part of theapplications development related to land, oceans and atmo-
complex refractive index for each particle size distribution. sphere. The THERMOPOLIS 2009 campaign (Daglis et al.,
The water vapor profiles obtained by Raman lidar over2010) was part of the framework of proposed activities for
Athens and the temperatur€)(and relative humidity (RH) the “Urban Heat islands (UHI) and Urban Thermography
profiles obtained by radiosonde were incorporated into(UT) Project” for Athens, Greece. This campaign combined
the thermodynamic model ISORROPIA |l (Fountoukis and the collection of quality and coordinated airborne hyper-
Nenes, 2007) to provide a possible the particle chemicakpectral, space-borne and in situ measurements to generate
composition (Plate 1). The model treats the thermodynamicspectrally, geometrically and radiometrically representative
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Fig. 2. Top: Single scattering albeda); middle and lower panels,

respectively: real and imaginary part of refractive indey (mea-

Fig. 1. Upper panel: AOD (crosses) andingsbm exponent Sured by sun photometer at 440 nm over Athens for the time period

(triangles) derived by sun photometer over Athens from 15-15-27 July 2009.

27 July 2009; Lower panel: AOD below (squares) and above (open

dots) 2 km height derived by Raman lidar measurements in the pe-

riod 17-25 July 2009 (except on 19 July 2009) and the correspondtions of the AOD and the columnarretrieved by sun pho-

ing percentage of free troposphere (FT) aerosol contribution to théometer measurements are mainly attributed to the different

total aerosol optical depth (AOD). mixed aerosol types arriving over Athens. Furthermore, from

the analysis of the back-trajectories of the air masses end-
ing over Athens (not shown here) based on the HYSPLIT

datasets to address observational requirements of UHI for theode (Draxler and Rolph, 2003), we could identify variable

assessment of an operational system. aerosol sources for each day of July, which could play a sig-
The period 15 to 31 July 2009 was an optimal time win- hificant role in the values of the AOD and the columigar

dow with fair weather conditions prevailing over Athens, observed. For instance, the period 15-20 July was character-

where the campaign was carried out. The core measurgzed mainly by the presence of anthropogenically produced

ment period for the ground-based instrumentation was inaerosols over the Balkan Peninsula, whereas the period 20—

15-27 July 2009. During the campaign the aerosol load pre22 July was characterized by a mixture of anthropogenic and

sented a large variation connected with different meteorologsmoke aerosols which originated from the Balkan and the

ical conditions due to advected air masses from different ori-Black Sea greater areas, according to HYSPLIT simulations

gins. More precisely, the mean value of AOD (crosses) meaand ATSR satellite data. Finally, on 24-25 July Saharan dust

sured by the CIMEL varied between 0.07 and 0.35 at 500 nmaerosols were advected over the Mediterranean Sea toward

while that of theAngstiom exponent&-380/550 nm) (trian- ~ Greece.

gles) was found between 0.75 and 1.75 (Fig. 1-upper panel). In Fig. 2 we present the mean columnar daily values of
In order to estimate the free tropospheric contribution of @ and the real and imaginary part af for 14-28 July, as

the particles, the AODs at 532 nm obtained by the lidar pro-retrieved by CIMEL. Columnar values of (0.87-0.9) and

files for 17—25 July 2009 (Fig. 1-bottom) were calculated in of the imaginary part ofn (0.01-0.02) measured on 21—

the height range below (squares) and above 2 km (open dots®3 July show the presence of absorptive particles. During

which is the mean PBL height for July over Athens (Matthias THERMOPOLIS concurrent Raman lidar and in situ air-

etal., 2004b). For the calculation of the integrated aerosol exborne measurements of aerosol properties were performed

tinction from daily profiles of the particle backscatter coeffi- between 20 and 25 July (except on 23 July) 2009 over the

cient, we calculated the column integrated particle backscatGAA. In this paper we focus only on the analysis of a case

ter coefficient above and below 2 km, and multiplied, whenstudy of nighttime measurements performed in the period

available, with the LR values estimated by the Raman lidar20-21 July, which corresponds, as discussed previously, to

nighttime measurements of the same day or with LR valuesa mixture of anthropogenic and biomass burning aerosols.

estimated from a climatological database obtained from Ra-

man lidar data over Athens, which mainly depended on the

origin of the air masses observed. From this figure we can

see that the free tropospheric contribution was quite variable,

ranging from 0.01to 0.21, while those within the PBL (al-

titudes < 2km) ranged between 0.06 and 0.11. The varia-

DAY OF JULY 2009
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4 Case study 20-21 July 2009 ues at 355 and 532 nm ranged between 60 and 90sr, from
1.5 to 3.5km height. As previously discussed, the air mass
4.1 Lidar aerosol profiling back-trajectory analysis based on the HYSPLIT model (not

shown here) indicated that the aerosol-rich air masses sam-
During the day of 20 July up to early morning hours of 21 pled between 2 and 3km height stagnated over the Balkan
July, several distinct aerosol layers were observed over thand the Black Sea areas for the last 2 days prior to our obser-
GAA area, as shown in Fig. 3, where the temporal evolu-vations and overpassed biomass burning areas (identified as
tion of the vertical profile of the range-corrected lidar signal hot spot areas by ATSR data, not shown here) where they
(in arbitrary units-AU) obtained by EOLE at 1064 nm in the were probably enriched by locally produced and biomass
0.3-7-km height range above sea level (asl.) from 08:02 UTCburning aerosols. This is corroborated by the rather high LR
(20 July) to 02:42 UTC (21 July) is presented. We observe(~58-75 sr) and values (between 1 and 1.6) found between
that the aerosols are mainly confined from ground up to 3.5-2—-3 km height (cf. Fig. 4), indicating the presence of mixed
4 km height, while the PBL reaches 2.3km height during rather polluted and small urban-like particles, as similarly
daytime on 20 July (around 12:45 UTC). The yellow parts of observed by Wandinger et al. (2002)uNer et al. (2007),
Fig. 3 (e.g. from 1 km at 08:02 UTC to 2.3km at 12:45UTC Noh et al. (2007, 2008), Amiridis et al. (2009), and Tesche et
down to 1.4 km height between 16:30-20:00 UTC; and alsoal. (2009, 2011).
aloft from 2.5 to 3.5km height from 20:00 UTC on 20 July
to 02:00 UTC on 21 July) delineate the atmospheric region#4.3 Aerosol microphysical inversion results
with high aerosol backscatter (and hence high aerosol con-
centrations). Filaments of aerosols are also seen over the dajurthermore, the optical data obtained from the Raman li-
time PBL on 20 July and over the nocturnal PBL during the dar measurements were used to retrieve the aerosol micro-
late evening hours of 20 July and early morning hours ofphysical properties by using an inversion algorithmii{r
21 July, from 2 to 3.5km height. The two coincident time et al., 1999a, 2001; Veselovskii et al., 2002, 2005). The
windows of the Raman lidar and the airborne in situ aerosolaerosol profiles were separated into five layers of about
measurements obtained over Athens were: 11:00-13:00 UTQ00 m thickness (in the height range between 1.9 and 3.2 km)
and 01:00-03:00 UTC (delineated by the two grey rectanglebased on the relatively stable optical properties within each

in Fig. 3). height range. In our case the required homogeneity of the
aerosol layer is corroborated by the stability of the LR and
4.2 Aerosol optical properties the & values within each selected layer. For the retrieval

of the aerosol microphysical properties, we used the mean
We selected to focus on the lidar data obtained within theaerosol backscatter and extinction coefficients within the
above mentioned two time windows, not only due to the co-five layers [ayer 1: 1.9+ 0.10km,layer 2 2.1+ 0.06 km,
incidence with the airborne in situ measurements, but alsdayer 3 2.4+ 0.16 km, layer 4 2.840.12km andlayer
due to the aerosols homogeneous mixing, thus delineating=3.1+0.10km). The derived particle size and val-
two distinct and intense aerosol layers (one between 2.5 andes have been used for the computationvofvith a Mie-
3.1km height a.s.l. at the first time window and the other scattering algorithm, assuming that the mixed smoke and an-
between 2.2 and 3.2 km height a.s.l. at the second time winthropogenic particles can be described as equivalent spheres.
dow). Since the second time window is referring to RamanThe uncertainty of the aerosol microphysical properties re-
lidar nighttime measurements, this period has been selectetieved arises from the errors of the optical input data used
for the retrieval of the aerosol optical and microphysical as input, as well as those generated by the inversion algo-
properties, such ager, baer LR, &, m reff andw, using the  rithm used. A search grid of complex refractive indices was
inversion algorithm of Niller et al. (1999a), as well as for applied (ranging from 1.2-1.8 in real part and-0.08 in
the application of the ISORROPIA model to propose a pos-imaginary part) and particle size parameters (ranging from
sible aerosol chemical composition that is consistent with thelO nm to 5 um particle radius), which automatically cause ap-
retrievedm andw values. proximation errors (Mller et al., 1999a, b, 2001; Veselovskii

Thus, in Fig. 4 we show the nighttime (01:00-02:42 UTC) et al., 2002, 2005).

retrieved vertical profiles of the aerosol optical properties For each layer, we applied the inversion algorithm to the
(aaen baer LR and&-extinction- anda-backscatter-related) mean values of our optical data to estimate the effective ra-
obtained by EOLE on 21 July. The error bars in Fig. 4 rep-dius from the whole size distribution, the effective radius
resent the uncertainty at the optical properties values due téor the fine mode (particles smaller than 1 mm in radius),
the statistical error on lidar measurements. For the retrievathe real and imaginary part of the refractive index, and the
of the backscatter and extinction coefficients, the lidar sig-single scattering albedo at 532 nm. The retrieved profiles are
nals were smoothed with a window length of 275 m. Basedshown in Fig. 5. In that figure (second panel) the mean cal-
on theager profiles, the retrieved AOD values at 355 nm and culated values of thé-extinction-related are given together
532 nm were 0.82 and 0.43, respectively, while the LR val-with the mean water vapor mixing ratio retrieved by Raman
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Fig. 3. Temporal evolution of the range-corrected lidar signal (RCS) in arbitrary units (AU) obtained over Athens at 1064 nm, between
08:02 UTC (20 July 2009) and 02:42 UTC (21 July 2009). The grey panels refer to the aircraft flight periods.
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Fig. 4. Vertical profiles of the aerosol optical parameters (extinction and backscatter coefficients, lidakmgtiodm exponent) retrieved
from Raman lidar measurements on 21 July 2009 (01:20-02:42 UTC).
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21 JULY 2009, 01:00:20- 02:42:50 UTC
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Fig. 5. Vertical profiles of the aerosol backscatter (at 355, 532 and 1064 nm), the extinction-#‘ial@stdjm exponent (355/532 nm), and

the mean water vapor mixing ratio, as estimated from Raman lidar measurements; the corresponding vertical profiles of the aerosol effective
radius, refractive index, and the single scattering albedo, as estimated by the inversion algorithm using the aerosol optical properties derivec
from Raman lidar measurements at 532 nm on 21 July 2009 (01:00-02:42 UTC).

lidar. Figure 5 (third panel, left) indicates vertical homoge- et al. (2002), Miller et al. (2000, 2003, 2007), Murayama

neous conditions concerning the effective radius of the fineet al. (2004), O’Neill et al. (2002), Wandinger et al. (2002),

mode and the absence of a coarse mode in the inversion esdados Arboledas et al. (2007, 2011), and Papayannis et

timates at 1 and 2.5 km around 2 km (first, second and thirdal. (2012).

layers, respectively). However, there are two above 2.3km

layers at around 1.5 and 3km where the inversion estimated-4 Airborne in situ measurements

a significant contribution from coarse mode particles. ) ) . _ :
The main aerosol microphysical propertiesi( m anda) As discussed previously, a detailed description of the air-

are derived at the five specific layers on 21 July and presenteBorne In Situ Instrumentation qnd me_thodology used in air-
in Fig. 5 (third, fourth and fifth panels). In this figure we see borne aerosol measurements is provided by Kelek.tsoglou et
thatres; remains below 0.46 0.14 um. The retrieved refrac- al. (2011,)' TW,O simple mixing rules were usgd tp infer the
tive indexm values ranging from 1.4440.10)-1.554 0.12) real gnd imaginary part of thg aerosol refraqtlye index. Cal-
(real part) and from 0.010.01)—0.06 &0.02) (imag- culation of the refractive indices by both mixing rules en-

inary part) indicate the presence of strongly absorbingta'le(;j afgﬂp'e cl_o§ure ap%r_oac_h. Some lonic ra?ohs were
particles, in full accordance with the retrieved values used as “diagnostic” tests aiding in assumptions of the most

of  (ranging between 0.850.10 at 2.1km down to likely origin or the chemical forms of most salts. The mo-

0.63+0.11 at 2.8km height). Taking into account the de- lar ratio of Na"/Cl~ was used as an indication of whether
rived aerosol microphysical properties of the air mc":lssesc?hlonde d_epl_etlo_n occurs and the respectlvejmsoﬁ fa-
ending around 3km height between 01:00-02:42 UTCt'O as an indication of whether secondary M3 exists
(reft = 0.14+ 0.02 pmyn = 1.43 @ 0.07) +0.03 0.02) and (Seinfeld and Pandis, 1998, and references therein). lonic
®=0.871+0.08), the available ATSR data and the air massCI_ was considered to be primarily associated to"Nes

origin based on the HYSPLIT model, we have strong indi- Nagl, W:"I\/ngv_vkhenl'\;] ecxc%ss r']t \;]vas c0n|5|dhered to b.? assocl-
cations of mixing of biomass burning aerosols with anthro- ated wit » as MgC}. Both these salts have maritime air

pogenic ones, resulting in strong absorbing particles, whichor'lg'n' All alr\lnmogum W":‘js clonsumec_j Ifor sulfate forming
is in accordance with similar findings observed by Formenti sa ts [e.9. (NH)250y] and only p_oten'ua Excesses were at-
tributed to NHNO3. Additional nitrate, where existent, was
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attributed to N& as NaNQ and Mg(NQ)2, while similarly,
additional sulfate was attributed to Mg®(Based on this
simple approach, the following classes of aerosol were as-
sumed: “marine”, “secondary”, “crustal/dust” (with &g
where existent attributed to this class). Only major compo-
nents with mass fractions exceeding 0.5 % were used in the
calculations.

Elemental carbon is assumed to have a refractive index—
of 1.91+0.52 at 550 nm (Schkolnik et al., 2007), ammo-
nium sulfate 1.53 + 107i (Seinfeld and Pandis 1998), while
a value of 1.4 +PDwas used for organic carbon (Schkolnik
etal., 2007), 1.53+5.5 10~3; for dust, 1.5+ 108; for sea
salt (Erlick, 2005), 1.55 +{0for ammonium nitrate, 1.51 +0
for sodium nitrate, and 1.34 + @or magnesium sulfate (Stel-
son, 1990). The following values were assumed for the densi-
ties in the calculations in order to convert the measured mass
fraction into a volume fraction for each aerosol type: ammo-
nium sulfate 1.77 g ¢, ammonium nitrate 1.72 g cm,
magnesium sulfate 1.7 gcm, sodium nitrate 2.3 g crT?,
OC 1.1gcnT3, EC 1.8 gcmi?, sea-salt 2.2 g ¢ and min-
eral dust 2.5g cmd.

Concerning the in situ aircraft measurements used in ou
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Vertical profiles obtained from radiosonde data on 21 July 2009

analysis, the extinction coefficients were calculated for the(oo:oo UTC) (left) and water vapor mixing ratio derived from Ra-
flight altitude by integrating data 1 km around the NTUA cO- man lidar measurements on 21 July 2009 (01:20-02:42 UTC).
ordinates of 37.97N and 23.78 E. All particle size distribu-

tion measurements of the OPC were corrected for refractive

indexes and Shape, fOIIOWing the calibration method of PMS|ayer (W|th|n the error bar uncertainty); and the value of
Ltd (the instrument's manufacturing company). The trunca-,, (0.43+0.12 at 500 nm) from the in situ measurements
tion and Lambert error correction was incorporated automatgemonstrates the presence of highly absorbing aerosols. The
ically in the given results. No humidity correction was nec- corresponding retrieved mean value within the aerosol layer
essary because of the low measured RH during the flight$rom the Raman lidar data was of the order of 0463.11
(RH<35%). An initial assumption for sea-salt being the at 532 nm, which is quite different from the Raman li-
major origin of aerosols during the flights was not verified dar derived values. This could be attributed to the slightly
by the chemical composition data, excluding one case whergifferent wavelengths used and the possibility of different
marine influence is evident: 21 July at 2.62km. Secondaryair masses sampled. Moreover, refractive indexes measure-
salts and organics seem to play a fundamental role in thenents from the in situ airborne measurements are only avail-
other cases. All calculations have been made on the assumpple in the height range of 3.2 km. The measured value of
tion of homogeneity of the atmosphere over short periods,, (1.39 @ 0.07)+0.0140.001)) is in quite good agree-

of time. An error for scattering coefficiemtscat of the or-  ment with the retrieved mean value within the aerosol layer
der of £17 % and for extinction coefficiemte of the order (1,43 ¢-0.07) +0.03 ¢ 0.02)) (Table 1).

of £22 % calculated for the sampling condition of all flights.

The error ofw was of the order of=28 % and is calculated 4.5 Aerosol dry chemical composition using

from error propagation theory. An error of the order of 12 % ISPORROPIA Il model

for m arises from combined errors of the analyses of filters

concerning the ionic composition. The corresponding potential temperature and RH values de-
The in situ aircraft measurements of the aerosol micro-rived from local radiosounding at 00:00 UTC (Fig. 6-left) and

physical properties obtained during THERMOPOLIS, to- water vapor mixing ratio values obtained by the EOLE Ra-

gether with the corresponding mean optical and microphysi-man lidar (01:00-02:42 UTC) (Fig. 6-right) on 21 July 2009,

cal properties of aerosols derived from the Raman lidar andvere incorporated into the ISORROPIA 1l model (Foun-

the inversion algorithm data, at selected heights, are showtoukis and Nenes, 2007) to propose the dry chemical com-

in Table 1. Missing in situ data are denoted by (-). If we position of aerosols that is consistent with the retrieved

compare the in situ with the retrieved values of the aerosolandw values from the Raman lidar data (Table 1). The wa-

microphysical properties around 2.8 km height, we observeer vapor Raman lidar measurements could not be extended

that: the measured value ofx (0.37 um) was very close above 4 km because of low signal-to-noise ratios values. RH

to the retrieved mean value (0.400.14 um) in the aerosol values of the order of 45-50% were found between 1 and
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Table 1.Mean aerosol optical, microphysical and chemical properties derived from a synergy of Raman lidar and in situ aircraft data, as well
as inversion and thermodynamic models.

Chemical composition —
Relative humidity [%)]

Height  &[a3ss/ LR3s5 LRs532  reff [UM] reff [UM]  ws32 w500 m m Sulfate Organic Dust RH

a.s.l. as3g] [sr] [sr] lidar in situ lidar in situ lidar in situ Car-

[km] lidar lidar  lidar Total- Total- bon
Fine Fine

1.940.1 1514005 78+2 72+1 0.30+£0.15 - 0.88:0.08 - 1.4440.10) +0.0124 0.01)i - 38-60 0-20 0-10 60
0.204:0.04

2.1+0.06 1.38£0.01 72+1 66+1 0.33+0.15 - 0.85+0.1 - 1.46¢0.15)+0.0140.01) - 15-50 0-40 0-15 68
0.20+0.04

254+0.16 1.5#0.03 721 58+1 0.3+0.1 - 0.78+0.14 - 1.5140.12)+0.0340.01) - - - - 72
0.20+0.02

2.8+0.12 1.35£0.02 69+1 65+1 0.40+0.14 0.37 0.63+0.11 0.43:0.12 1.5540.12)+0.06 4 0.02) - 0-30 0-50 0-10 95
0.19+0.04 0.25

3.2+0.1 1.46+£0.02 74£1 70+1 0.144+0.02 0.33 0.87+0.08 - 1.434£0.07)+0.034£0.02)  1.39 & 0.16) - - - 92
0.14+0.02 0.25 +0.01 @& 0.001)

2km height (Fig. 6-left), while at the upper boundary of with those derived from the sun photometer inversion, we
the aerosol layer (around 3 km height) RH values raised uphave to assure that the aerosol variability between the af-
to 92%. The vertical profile of the potential temperature ternoon sun photometer data and the Raman lidar measure-
(Fig. 6-left) indicates a stable well mixed atmosphere upments during sunset is not significant. Four days air mass
to 3km height. In Table 1 we also present the mean chemback-trajectories ending over Athens at 12:00, 19:00 and
ical composition of aerosols proposed by the ISOROPIA24:00 UTC were used complementary with the RCS lidar
Il model at three selected layers on 21 July 2009 (01:00-data in order to conclude about the homogeneous mixing of
02:42UTC). aerosols throughout each day. On 18, 20 and 21 July the
For layer 1 (1.9t 0.1 km), we propose a chemical compo- air mass back-trajectories followed the some paths during
sition of about 38—60 % sulfate, 0—20 % organic carbon (OC)daytime (sun photometer measurements) and nighttime (Ra-
and very low content of mineral dust (0—10 %). For layer 2 man lidar measurements). Thus, in Fig. 7-bottom we present
(2.140.06 km), we propose a quite smaller concentration ofthe & exponent values derived by the sun photometer during
sulfates (15-50%), an important increase of OC (0—40 %)daytime, together with thé extinction-related exponent re-
and similar levels of the mineral dust content (0-15 %) in trieved by the Raman nighttime measurements at 355 nm and
comparison to layer 1. Finally, for layer 4 (2880.12km)we 532 nm. Figure 8-top shows the AOD obtained by the Raman
propose a quite smaller concentration of sulfates (0-30 %), #idar measurements at 532 nm and the AOD obtained by the
further increase of OC (0-50 %) and similar levels of min- sun photometer at 550 nm. For the three days studied, ac-
eral dust (0-10 %). Indeed, at this layer we found the biggestording to the latest sun photometer measurements (around
concentration values of the OC particles, which correlatesl6:00 UT), both parameters are in agreement with the lidar
well with the high values of the aerosol refractive index estimations after sunset. AOD Raman lidar-derived data were
(1.55 & 0.12) +0.054 0.02)), which reflect the tendency calculated by integrating the aerosol extinction coefficient at
of OC to partition to the aerosols phase under the cooler con532 nm over the atmospheric column, assuming that the cal-
ditions at higher altitudes (Seinfeld and Pandis, 2006). culated extinction value at the lowest height of the complete
Our findings for layer 4 are in full accordance with sim- overlap is representative for the incomplete overlap region
ilar m values corresponding to nearly pure biomass burning(from ground up to 500 m height).
particles (Wandinger et al., 2002; Schkolnik et al., 2007) or Furthermore, for selected days (18, 20 and 21 July 2009)
even better, biomass burning particles mixed with urban hazeluring the THERMOPOLIS project we retrieved the mean
(Mdller et al., 2000, 2006; Noh et al., 2011; Weinzierl et al., column values ofs (Fig. 8, open dots) over the GAA based
2011). This is corroborated even more by the smalblues  on the CIMEL data. We observe that the mean value.gf
(0.63+£0.11), the high LR values (65-69 sr) and the presenceaduring the selected period ranges from 0.25 to 0.35 um (with
of sulfate particles, as well as the fact that air masses from tha standard deviation of the order of 0.07). To compare the sun
lower part of the PBL (around 20:00 UTC in Fig. 3) are found photometer-derived mean column valuesrgf with those
convected up to 2—-3 km height (around 01:00 UTC). retrieved from the Raman lidar data for each of the three se-
lected days, we followed the same methodology as described
for 21 July concerning the retrieval af; values at selected
aerosol layers from near ground up to the free troposphere.
For these retrievals, model runs with a grid of complex re-

For a direct comparison of the “columnarl values re- fractive indices [1.2t(_) 1.8_(rea| part) Wit_h astep size_of0.025
trieved from our inversion algorithm (for 18, 20 and 21 July) @nd from G to 0.08(imaginary part) with a step width of

5 Intercomparison of aerosol columnar retrievals
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Day of July 2009 Fig. 9. M(_aan daily size distribution o!erived from sun photometer
data obtained over Athens for the period 18-27 July 2009. The cross
Fig. 7. Aerosol optical depth (AOD) at 550nm and extinction- Mark denotes the studied day (21 July 2009).
related Angstiom exponent (380/550 nm) from sun photometer
measurements (lines), as well as AOD (532nm) and extinction-
relatedAngstm exponent (355/532 nm) derived from Raman lidar cannot arithmetically retrieve the aerosol coarse modes based
measurements (stars) on 18, 19, 20 and 21 July 2009. on the Raman lidar data, it underestimates the retrieyed
values by about 40 %.
Finally, in Fig. 9 we present the corresponding colum-
THERMOPOLIS CAMPAIGN, G.A.A, 15-27 JULY 2009 : P : :
— nar mean size distribution as retrieved by sun-photometric
measurements over Athens for the period 16—27 July 2009.
We clearly see a bi-modal size distribution of particles hav-

18 July

0.5

) Sulnphétomleter '
A Raman-Lidar

Effective Radius [um]
» -
L
L

T ing radii around 0.15 pm (small particles) and around 1.5 um
I l 1 (large particles which are the dominant ones). In any case,
03+ . the columnar mean size distribution of particles on 20 July
I gives a large predominance of the large particles (centered on
ol J 1.5 um) versus the smaller ones (centered around 0.15 pm); in
between we find the lidar-derived particles diameters which
are of the order of 0.6-0.8 pm in the 2—3 km height region.
014 . We also see that the retrieved aerosol extinction-related
355/532 nm values ranging from 1.35to 1.57 (Table 1) are in
00 good agreement with the column mean values (1.45-1.51)
1400 160ul 18Jul 200ul  220ul  240ul  260ul  283ul derived from the CIMEL data during 20-21 July (Fig. 1-
Day of July 2009 upper panel).

Fig. 8. Total effective radius retrieved from sun photometer and

Raman lidar signal inversions. 6 Summary and concluding remarks

During THERMOPOLIS concurrent ground-based and air-
0.003] were performed. For these inversion runs we used allcraft measurements of the aerosol optical and microphysi-
acceptable values for the retrieval of the final solutions. Tocal properties were performed over GAA during July 2009.
obtain an equivalent “columnare value from ground up A novel procedure has been developed to retrieve, simul-
to the free troposphere, we averaged the retrieygdalues  taneously, the optical and microphysical properties and
with respect to the volume concentration within the aerosolto propose the chemical composition of aerosols, based
layer. on the vertical profiles of three aerosol backscatter, two
Thus, for the three days selected when both EOLE andaerosol extinction coefficients and water vapor mixing ra-
CIMEL inversions were concurrently available, the agree-tio, all obtained from a 6-wavelength Raman lidar system
ment between the fine mode effective radii is very good,in conjunction with inversion and thermodynamic models.
and the observed differences stay within 10 % for all 3 days,Our approach was applied during a case study of selected
independently of our assumptions for the homogeneity ofground-based Raman lidar data (biomass burning particles
aerosols throughout the day. As the lidar inversion algorithmmixed with haze) and was successfully compared, on a
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data, concerning basic aerosol microphysical propertigs ( (ESF) and the Greek State. Work at GIST was funded by the
w and m). We found that inside selected aerosol layers,Korean Meteorological Administration Research and Development
reff Was 0.14—0.4+ 0.14) um,» was 0.63-0.88£0.08) (at ~ Program under Grant CATER 2012-7080. REM acknowledges
532nm) andm ranged from 1.44+40.10)+0.01 £ 0.01) the fund_ing of the Greek State_SchoIarship Foundf':\tion: -|KY.
to 1.55¢0.12)+0.0640.02). The analysis was based The radiosonde data were provided by the Hellenic National

mainly to the cases of mixtures of anthropogenic and smoke'vIeteorologlcal Service (HNMS).

aerosols observations, as concluded from air mass back T T LT

trajectory analysis. This considerable spread in the observe - IR NSRF [+
optical and physical properties of smoke aerosols is related ti MANAGING AUT : E!m” nell
the transport time and additionally to the type of the biomass EIERSaD co- fnanced by Srses nd e Eurepe i iy

burning sources. The type of burned vegetation as well as

the flaming power have influence on the SSA values. TheEdited by: M. Wendisch

missing information of the fire condition does not always al-

low a direct comparison or a clear conclusion. As previously

stated, our derived aerosol microphysical properties are irfxeferences

very good agreement with previous observations (FormentAdams P. J. and Seinfeld, J. H.: Predicting global aerosol size dis-

etal., 2002; mllergt al., 2000, 2003, 20,05' 2007; Murayama tributions in general circulation models, J. Geophys. Res., 104,
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