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Abstract. The paper presents some results of the study on The comparison of the AOT derived by standard al-
aerosol variability in the period from 2003 to 2011 over the gorithm POLDER/PARASOL with those recomputed from
Eastern Europe region, with latitude ranging fron? 80to AERONET inversions for fine mode particles with radius
60° N and longitude from 20E to 50 E. The analysis was < 0.3 um was performed over several AERONET sites. The
based on the POLDER/PARASOL and POLDER-2/ADEOS correlation coefficients for the POLDER/AERONET AOT
satellites and AERONET (AErosol RObotic NETwork) retrieval comparisons are equal: 0.78 for Moscow site, 0.76
ground-based sun photometer observations. The aerosol op-Minsk, 0.86 — Belsk, 0.81 — Moldova (period 2005-2009),
tical thickness (AOT) of the studied area is characterized by0.93 — Kyiv and 0.63 for Sevastopol sites (2008—-2009).
values (referenced to 870 nm wavelength) ranging from 0.05The deviations are explained by the spatial inhomogene-
to 0.2, except for in the period of July—August 2010 with ity of the surface polarization that has a stronger effect on
strong forest and peat wildfires when the AOT typical valuesaerosol retrieval for clear atmospheric conditions with low
range from 0.3 to 0.5 according to both retrievals. The analy-aerosol loading when surface impact on satellite observa-
sis of seasonal dynamics of aerosol loading has revealed twtions is more pronounced. In addition, the preliminary anal-
AOT high value peaks. The spring peak observed in April-ysis of the detailed aerosol properties derived by a new gen-
May is the result of solitary transportation of Saharan dust ineration PARASOL algorithm was evaluated. The compari-
the atmosphere over Eastern Europe, infrequent agriculturadon of AOT and single scattering albedo retrieved from the
fires, transportation of sea salt aerosols by southern winds t®OLDER/PARASOL observations over Kyiv with the clos-
Ukraine and Moldova from the Black and Azov seas. Theest AERONET retrievals within 30 min of satellite overpass
autumn peak in August-September is associated with fortime and with a cloudless day shows acceptable agreement
est and peat wildfires, considerable transportation of Sahaef the aerosol dynamics. The correspondence of those data
ran dust and the presence of soil dust aerosols due to hais observed even for extreme AOT440 value 1.14, which was
vesting activity. The maximum values of AOT are observed caused by the forest and peat fires in August 2010.

in May 2006 (0.1-0.15), April 2009 (0.07-0.15) and August

2010 (0.2-0.5). Furthermore, the study has identified a dis-

tinct pattern of anthropogenic aerosols over the industrial ar-

eas, especially in central Ukraine and eastern Belarus as well

as Moscow region in Russia.
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1 Introduction et al, 2002k 2011, Kokhanovsky and de Leey009. The
extreme complexity and variability of earth’s atmosphere-
Aerosols in the terrestrial atmosphere arise as particular matsurface system are the main source of errors when retriev-
ter entering the atmosphere from sources on the earth’s suing aerosol parameters from satellite data. Therefore, the re-
face (primary aerosols) and are being generated in the atrievals of aerosol parameters from satellite remote measure-
mosphere by gas-to-particle conversion processes (secondaments are more complicated than those from ground-based
aerosols) $einfeld and Pandi006. Aerosol mass in the observations, so extensive validation of satellite retrievals is
atmosphere comprises about 20of all air mass, but the required. As a rule, the data of the ground-based sun pho-
role of aerosols in the radiative balance of terrestrial atmo-tometers network AERONET are used as references for val-
sphere on the regional and global scales can be very imporidation (Lee et al, 2009 Li et al., 2009 Mishchenko et aJ.
tant, firstly because of solar radiation scattering by aerosoP01Q Schuster et al2012).
particles, and secondary because of aerosols interaction with The field of interest in this work is the Eastern Europe
water vapor and the formation of cloudSginfeld and Pan- region with latitudes from 40N to 6(° N and longitudes
dis, 2006 Chin et al, 2009. Moreover aerosols influence not from 20° E to 5¢° E. Authors of the preceding analys€&les
only the radiative balance of atmosphere, but also have conet al, 2012 considered this region as a source of urban-
siderable impact on air quality. Almost at all optical wave- industrial aerosols in concordance with general aerosol types
lengths (from near UV to near IR), the coefficients of aerosolclassification Dubovik et al, 20023. Indeed, there are many
extinction, scattering and absorption are approximately orexisting and potential aerosol pollution sources here: trans-
the same order as for all atmospheric gases, but aerosol coport, intensive agriculture, heavy industry, metallurgy, as
tent in the atmosphere and particles optical properties arevell as exploitation of open mines. Furthermore, this region
much more variable both in time and space. Primary aerosois characterized by numerous forest, grassland and peat fires,
particles are produced both from natural sources, such as foend we can sometimes also consider the region as source of
est wildfires, sea spray, desert sandstorms and volcanic erufiomass burning aerosditfp://www.ceip.al). For example,
tions, and from human activities, such as industry, fossil fuelthe forest and peat wildfires in Moscow Region in Septem-
and biomass burning, deforestation, etehif et al, 2009. ber 2002 caused increase of aerosol optical thickness (AOT)
This is the reason why aerosol particles are diverse in sizeand transportation of aerosols by air masses to Moldova
shape and chemical composition, and depending on physithrough Belarus and UkrainéA¢ulinin et al, 2004 Eck
cal and chemical properties aerosols can cause an increase al, 2003. Moreover, ten cases of very high AOT values
or decrease in the planet's temperati8eififeld and Pandis  during 2001-2005 (mainly in August) were observed with
2006 Chin et al, 2009. Therefore, aerosols effect on the UV-Raman lidar over Thessaloniki, Greedaniridis et al,
earth’s energy budget is determined with large uncertaintie009. These events were identified by authors as agricultural
(IPCC, 20079). burning across Russia in the latitudinal belt betweehNI5
Spatial and temporal variation of aerosol physical andand 53 N, as well as in Eastern Europe (Baltic countries,
chemical properties and their impact on the climate are studBelarus and Ukraine). Numerous biomass burning events af-
ied by using the ground-based measurements by sun phdect, to a considerable degree, aerosol amounts and properties
tometers and lidars networks, e.g., AERONED([ben et al, over the region of interest annually for spring, summer and
1998, SKYNET (Takamura et al2004, GLOBE (Finarellj, autumn. Many authors note regular increase of aerosol load-
1998 Boersma and de Vroo2006, EARLINET (Amodeo  ing to atmosphere in April-May and July—August associated
et al, 2006, MPLNET (Welton et al, 2006, and satellite  with croplands, peats and forest firé&(ontzi et al, 2006
observations of optical radiation scattered by the earth’s atJaroslawski and PietruczuR01Q Amiridis et al, 201Q
mosphere and surface. The satellite techniques enable Sciare et a].2008 Pietruczuk and Chaikovsk012. Stohl
to derive the aerosol distribution over the globe by scan-et al.(2007) observed emissions from agricultural fires in the
ning the atmosphere and surface along and across satdBaltic countries, Belarus, Ukraine and Russia at the end of
lite ground tracks at specific overpass time. There are sevApril and beginning of May 2006 that caused the most severe
eral data sets of global aerosol properties over land andir pollution episode over the recorded period at research sta-
oceans available from various satellite sensors, e.g., MODIStions in Svalbardl{und Myhre et al.2007). The contribution
MERIS, MISR, AVHRR, POLDER, TOMS and OMI, that of wildfires and agricultural fires in this region to the Euro-
cover rather long time spans from months to decall@sy(  pean fine fraction aerosol optical thickness are estimated to
et al, 1999 Mishchenko et a).2007 Kaufman et al.2002. be 20-35% in April and 28 % in August through the period
The ground-based technique also allows the continuous adrom 2002 to 2007RBarnaba et al2011).
cumulation of data over long periods of time (years and Considerable amounts of dust aerosols are also observed
decades) but only at specific observational locations. Fronsometimes over the region, both local origination and trans-
data collected by both ground-based and satellite techniqueported from distant sources. For instance, an incidental
aerosol properties are estimated as the parameters of modeil dust event was observed in Europe in 23-25 March
els solving the inverse problerKihg et al, 1999 Dubovik 2007. It originated in southern Ukraine (Kherson, Mykolaiv,
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Zaporizhia regions) known for its erodible landBirt Table 1. AERONET sites selected for analysis.
mili et al., 2008 Bessagnet et al2008. This soil dust

plume with dominant particle size 1-5um was transported Site Coordinates Date of setup
through Ukraine, Moldova, Slovakia, Czech Republic, Aus-  yoscow, Russia 55.7000, 37.5100 E  August 2001
tria, Poland and Germany to Belgium, North France and the Minsk, Belarus 53.9200N, 27.6010 E  July 2002
UK. The Sahara is the major source of mineral dust that of- Belsk, Poland 51.836MW, 20.7917 E  April 2002

ten spreads across the Mediterranean to Europe. Saharan dusKyiv, Ukraine 50.3636N, 30.4966 E  April 2008

Moldova, Moldova  47.00071N, 28.8156 E  September 1999

aerosols over the northeastern Mediterranean that lies on the
Sevastopol, Ukraine  44.61%8|, 33.5173E May 2006

way for aerosol to the Eastern Europe region is well studied
in Papayannis et a{2005, Papayannis et a{2008, Kalivi-
tis et al.(2007), andGerasopoulos et a{2007). According
to Israelevich et al(2012, whose research is based on data et al, 2000. The aerosol particles properties, such as vol-
from MODIS for the period from 2001 to 2010, the Saha- ume size distribution, the real and imaginary part of refrac-
ran dust is transported to the Eastern Europe region mostlyive index, spectral single scattering albedo (SSA), phase
in autumn (August—September) and in spring (April). function and its asymmetry factor and some others are re-
In the paper we analyze and compare the results of thérieved from sky spectral radiance and polarization measure-
aerosol distribution and variability over the Eastern Eu- ments by inverse procedures describe®ubovik and King
rope region obtained by ground-based sun photometers an@000, Dubovik et al.(2000, Dubovik et al.(2006, andEck
satellite data collected in 2003-2011 by POLDER-2 andet al. (1999, and in technical and quality assurance doc-
POLDER-3 instrument. The paper is organized as follows.uments available on the AERONET official websit&tp:
In Sect. 2, we present the analysis of aerosol characterisfaeronet.gsfc.nasa.gowor classification of aerosol types,
tics and dynamics obtained by ground-based sun photomethe,&ngstrbm exponent curvature related to the aerosol size
ters. Section 3 gives an overview of the monthly mean AOT distribution can be used¢€k et al, 1999 Giles et al, 2012.
received from satellite POLDER/PARASOL data and de- According to Yoon et al. (2012 using theAngstom ex-
scribes aerosol loading in the atmosphere. In Sect. 4, wgonent AE) and Angstiom exponent differencéAED) can
present the comparison of the POLDER/AERONET AOT re- minimize the data loss in the classification process because
trievals over several AERONET sites. Finally, we draw con- the volume size distribution is only valid for solar zenith an-
clusions and outline future works in Sect. 5. gle (SZA)> 50° and SSA needs an additional criterion: AOT
at 440 nm> 0.4 Dubovik et al, 2000.
We have analyzed the cloud-screened and quality-assured
2 Analysis of aerosol properties using ground-based data (Level 2.0)Kolben et al. 1998 Smirnov et al. 2000
data obtained in the region under study. The chosen sites, coor-
dinates and date of setup are shown in Tablén order to
In this section we analyze shortly the data obtained bycharacterize aerosol pollution, the monthly average AOT and
ground-based network AERONET (AErosol RObotic NET- Angstr'c')m exponent over the entire observation period are
work). The network provides continuous time series datagiven in Fig.1. The standard deviations of monthly aver-
with a high temporal resolution obtained for a site of mea-age values are bigger in August and September which corre-
surements during many yearbldlben et al. 1999. The  sponds to strong forest and peat wildfires in September 2002
main instruments used by AERONET to study aerosol prop-(Aculinin et al, 2004 Eck et al, 1999 Amiridis et al, 2009
erties are the automatic sun tracking and sky scanning suand August 2010Konovalov et al. 2011, Chubarova et al.
photometers CIMEL CE-318 (CIMEL Electronique, France; 2012 Witte et al, 2011J). It should be noted that the measure-
http://www.cimel.fr). Several modifications of the CE-318 ments were distributed non-uniformly through the year, e.g.,
sun photometers are used for measurements of spectral AOif winter the number of observational days was significantly
in spectral range 340-1650 nm with erra6.01 to +0.02 smaller than in other seasons. Detailed figures of AOT and
in visible and IR and with the highest uncertainty in the Angstdm exponent dependences on time during 2001-2011
UV; in addition, the&ngstr‘dm exponent and precipitable wa- years are presented in the Supplement.
ter vapor thickness are determined from the AOT measure- The two peaks of aerosol amount seen in Higshow
ments. Also the sun photometers measure sky spectral radhe increase in AOT which was observed in each site. The
diance scanning along the almucantar and in the principakpring peak (April-May) is partially explained by agricul-
plane of the sun (i.e., along the sun’s circle of the height).tural fires that were started by farmers who burn their fields
Also some of the sun photometers models can measure pdefore a new growing season (this practice is banned in the
larization of the sky in principal plane. The technical spec- European Union but is still widely used in Eastern Europe
ifications of the sun photometers, calibration and measurefor crop rotation and controlling insects). Correspondingly,
ment procedures, data processing and the accuracy of me#se values of thd’\ngstrbm exponent are increased in April—
surements are described iHdlben et al. 1998 Smirnov May which could be explained by the increase in fine fraction
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Fig. 1. Monthly average AOT at 440 (red), 870 nm (blue) ahagstvm exponent computed from 440 to 870 nm (black) from Moscow,
Minsk, Belsk, Kyiv, Moldova and Sevastopol sun photometers.

aerosols such as smoke particles. Moreover, Saharan dust gonstituted predominantly in May 2003 (629 of all measure-
the atmospheric layer over Eastern Europe can also increagaents) over Moldova.

AQOT value in spring ksraelevich et a).2012. According The AOT peak in August—September is associated with the
to model simulations presented Bgegé et al.(2011), the  fires in croplands, as well as forest and peat wildfires. Fur-
lifetime of sea salt aerosols with particle size up to 4 umthermore, harvesting causes an increase in soil dust amount
is 12-25h. The sea salt aerosols are transported to Ukrain@ the atmosphereSterk and Goossen2007 Hinz and

and Moldova from the Black and Azov seddgnders eta).  Funk 2007 and the particles of 1-5 um in size can be trans-
201Q Aan de Brugh et al.2011, Novikova 2009 by the  ferred hundreds kilometers in strong surface wind weather
southern wind in spring (see Fig. S2 in the Supplement).conditions Gross and Barring2003 Bessagnet et al2008
Therefore, monthly mean volume size distributions (B)g. Ginoux et al, 2001). Also imported Saharan dust can be
show the presence of 0.5-4 um particles over Sevastopol anadded to aerosol content over the region of interssaéle-
Moldova sites in April-May. In order to confirm the pres- vich et al, 2012. The,&ngstlt')m exponent values are higher
ence of sea salt aerosols the follow classification have beem August than in September which was observed in each
applied based on results presentedMopn et al.(2012. site.

The dependence dngstdm exponent differencedE(440—- The maximum AOT values were revealed in July—August
675 nm)-AE(675-870 nm)) fromAngstiom exponent (440— 2010 (see Fig. S1 in the Supplement) that correspond to wild-
870 nm) is presented in Figb for the Moldova site during fires in the centre of western Russkiofovalov et al. 2011,
April-May 2003. To avoid large errors i&ngstrt')m exponent Chubarova et al2012 Witte et al, 2011). Using the classi-
and its difference from low AOTSs, only AERONET Level 2.0 fication of aerosol types proposed Wgon et al.(2012), the
data with AOT440> 0.15 were used in this analysis. Ac- biomass burning and urban aerosols are constituted in the at-
cording to classification proposed bpon et al.(2012 the mosphere in July (788 of all measurements) and August (232
biomass burning, industrial, sea salt and sometimes dustf all measurements) over Moscow (F&d). The increase
aerosols are presented in the atmosphere in April (446 ofn AOT values is observed in all considered stations mainly
all measurements). However, sea salt and dust aerosols are
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due to transportation of aerosols from wildfires region (see 10 | Minsk, 2002
Fig. S1 in the Supplement). ' August (black), N = 809 (a)

The volume size distribution is one of the significant prop- September (red), N = 359
erties of aerosol particles in the atmosphere column over an
observational site because it provides insight into aerosol par-
ticles nature and origination. The standard AERONET in-
version algorithm Dubovik and King 200Q Dubovik et al,
200Q 20086 Eck et al, 1999 provides these data under the
assumption of a two-modal log-normal distribution law us-
ing sky radiance measurements along almucantar of the sun
for SZA ranging from 75 to 50°. Hence the majority of the
size distribution data is obtained during period from April to 05 00 05 10 15 20 25
September. 10 | Moldova, 2003

The monthly mean volume size distributions for April, ' April (black), N = 446 (b)
May, August and September during 2000-2011 are shown May (red), N = 629
in Figs.3 and4 with the exception of months when less than ;
5 retrievals are obtained. The figures display significant vari-
ability of the particle size distributions for each observational
site in the same season from year to year. Some features of
the size distributions under study have to be noted. The fine
modes particles modal radius ranges from 0.1 to 0.2 um only,
and the range of fine mode dispersions excepting some spe-
cial events are rather close. It corresponds to homogeneous
aerosols particles properties that are disturbed by events of 05 00 05 10 15 20 25
intensive loading of aerosols to atmosphere. The coarse mode Sevastopol, 2007
of the size distributions has a rather wide range of modal ra- April (black), N = 526 (c)
dius and dispersion. It corresponds to more various sources May (red), N = 843
of coarse mode particles and their properties as mentioned
above. Some special events responsible for the significant in-
crease of relative contents of fine or coarse particles over the
region of interest should be note.

The fine mode of particles relative content increased sig-
nificantly in the Moscow region in April 2002, May 2006,
August 2010 and September 2002. The coarse fraction parti-
cles maximum was observed in April 2009, May 2007, Au-
gust 2010 and September 2003. These events may be ex-
plained by agricultural and forest wildfires in Russia since
according tdRemer et al(1999 the biomass burning aerosol
size distribution consists of accumulation and coarse mode.
In addition, the volume fraction of coarse particles was larger
than that of fine particles in May 2007 and 2011 that can be
explained by the presence of soil dust in the atmosphere due
to agricultural activity Sterk and Goossen2007 Hinz and
Funk 2007).

The fine mode of particles relative contents increased pre-
dominantly in Minsk and Belsk in April and May 2006
particularly due to forest, peat, grass and shrubbery wild-
fires described irstohl et al.(2007) andLund Myhre et al.
(2007. Moreover, agricultural burn event&drontzi et al,

2006 were the basis for increasing of fine and coarse frac-
tion aerosols in August and September 2002. Using a clasgig. 2. The dependence of thdngstm exponent difference
sification proposed byoon et al.(2012), the biomass burn-  (AE(440-675 nm)AE(675-870 nm)) from thngstdm exponent
ing, industrial and mixed aerosols are suspended in the at440-870nm) for Minsk(a), Moldova (b), Sevastopol(c) and
mosphere during this period (Figa). The coarse mode of Moscow (d) according to classification proposed bgon et al.
particles content increasing was registered in May 2007 dué2012.
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Fig. 3. Monthly mean volume aerosol particle size distribution and number of observations in April and May through 2000-2011 period.
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to regional soil dust and transportation of Saharan dsst (  The POLDER-1 instrument was launched on board ADEOS
raelevich et al.2012 Papayannis et al2008. High aerosol  satellite in August 1996 with operation time till June 1997.
loading was observed in Minsk, Belsk and Kyiv stations dur- The POLDER-2 instrument flew aboard ADEOS-2 from
ing strong wildfires in Russia in August 2010 (see Fig. S1 April to October 2003. The POLDER-3 was launched aboard
and S2 in the Supplement). The shifting of coarse mode ofrench microsatellite PARASOL (part of the A-Train satel-
particles maximum was observed that probably can be exlite constellation) in December 2004 and has been collecting
plained by the decrease in size of biomass burning aerosoldata since March 2005.
due to the distance of transportation. The spectral distribution of scattered light intensity allows
The fine mode of particles prevailed mainly in Moldova us to estimate aerosol particle sizes and thus their scattering
during agricultural fires in August 2001, 2002 and Septem-phase function, as well as the AOT. The polarization provides
ber 2004. The coarse mode of particles growth was observethformation on aerosol refractive index and shape (spherical
predominantly in April and May 2003 due to transportation or non-spherical), which improves the precision of the scat-
of Saharan dust, sea salt and mixed aerosols as seen frotaring phase function. The current standard aerosol inversion
Fig. 2b. Unfortunately, the sun photometer was calibratedstrategy detailed iDeuz et al.(2001J) is based on the look-
during the wildfires in Russia in August 2010. As for the up tables approach, where the reflected radiances are simu-
Sevastopol site, the biomass burning and urban aerosols atated for 10 aerosol models with log-normal size distributions
prevailed in April 2007 but dust and salt — in May 2007 of particles with effective radius from 0.075 to 0.225 um, re-
(Fig. 2c). This indicates that different particles can be dom- fractive indexn = 1.47—0.01; which corresponds to a mean
inate in spring for the same location. Moreover, the increasevalue for aerosols resulting from biomass burning or pollu-
of the coarse mode of particles was observed in August otion events Dubovik et al, 20023 and the,&ngstrbm expo-
each considered year. nent calculated for 670 and 865 nm between 1.8 and 3. The
In summary the different aerosol types are presented in th@erosol parameters are adjusted to give the best agreement
atmosphere over the Eastern Europe region during the yeahetween the measured and simulated multidirectional polar-
Using the classification of aerosol types discusseddyn ized radiances at 670 nm and 865 nm wavelengths. The sur-
et al. (2012 and analysis of the volume size distribution, face contribution to the polarized reflectance is based on a
the special events were analyzed to show patrticles variabilitypriori values (as a function of observation geometry and sur-
in the period from 2003 to 2011. Additionally, near-surface face type) derived from statistical analysis of POLDER data
wind speed is known to cause the increase in amounts of se\Nadal and Beon 1999.
eral aerosols types, e.g., sea salt, dust, primary organic parti- The characteristics of earth’s surface are taken into ac-
cles, and burn particle$RCC, 2007). Therefore, in order to  count in the form of empirical coefficients which are chosen
qualify the possible reasons of AOT change the data from thdor different classes of land surface according to the main
NCEP reanalysis/ljttp://esrl.noaa.goy/at the NCAR Cli- International Geosphere-Biosphere Programme (IGBP) bio-
mate Data littps://climatedataguide.ucar.gduere used to types and the normalized difference vegetation index (NDVI)
characterize 925 hPa wind fields over Eastern Europe for théNadal and Beon 1999. Moreover, the polarized light re-
period 2001-2011 (see Fig. S2 in the Supplement). These rdlected by the surface is wavelength independent. It should be
sults are essential when analyzing satellite data. noted that larger particles, such as dust and sea salt, almost do
not polarize sunlight and are therefore hardly detected from
polarization measurements.
3 Analysis of aerosols in the atmosphere using The spectroradiometer POLDER data were processed and
satellite data were described ahttp://www.icare.univ-lillel.fr/parasal/
earth’s surface reflection coefficients are obtained from max-
The experience of satellite remote sensing has showed thamum 16 directions for POLDER/PARASOL and from 14
only multi-spectral, multi-directional and polarized measure-directions for POLDER-1, -2 with resolution 6 ka6 km,
ments provide the robust aerosol properties retrieval ovemwhile aerosol parameters are estimated with resolutien 3
land because radiance reflected from earth’s surface ha3 pixels, i.e., approximately 18 km18 km. The spectral po-
small polarization, while fine aerosol particles polarize light larized radiances (Level 1 data) performed at 670 nm and
substantially, and thereby the polarized satellite measure865 nm wavelengths are used to derive AOT over cloud-free
ments are adequate only for aerosol studies over land. Theegions (Level 2 data).
POLDER (POLarization and Directionality of the Earth Re-  The monthly mean (Level 3 data) AOT values at 865 nm
flectance) instrumentDeschamps et al1994 meets these for April, May, August and September from POLDER-2
features because it carries out multi-spectral (443, 490, 565and POLDER/PARASOL through 2003-2011 period except
670, 763, 765, 865, 910 and 1020 nm), multi-directional (as2004 (measurements were not performed) are used to analyze
many as 16 directions within the scope of 1Gfpproxi-  aerosol loading in the atmosphere over Eastern Europe. The
mately along ground trace) measurements of intensity andesults are presented in Fig. The territory is characterized
linear polarization degree of back-scattered solar radiation.
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Fig. 5. Maps of monthly average AOT at 865 nm received from POLDER-2/ADEOS-2 and POLDER/PARASOL for April, May, August and
September through 2003 — 2011. Note bottom AOT scale with maximum value 0.5 only for August 2010 map.

by low AOT in comparison with industrial regions of East the total of 4223 fires took place with 26 Rnburnt areas.
Asia and African dust events. The number of fires had been decreasing since 2005 and re-
The high value of AOT in Apri-May and August— duced to 1780 events with 6 Knburnt area in 2011. The
September is generally explained by agricultural fires, pol-most extensive wildfire events were observed in May 2006
lution of uncontrollable forest and peat wildfires, as well when aerosol amount in the atmosphere increased due to
as transportation of Saharan dust over the Mediterranean ttvansportation of aerosols from the wildfires in Belarasfl
Eastern Europe in April and August—September. Accordinget al, 2007 Lund Myhre et al. 2007 and in western Rus-
to the National report on technological and natural safetysia in April 2009. The AOT values registered at 865nm
(2011) by the Ministry of Ecology and Natural Resources ranged from 0.1 to 0.15 in the first event and 0.07 to 0.15
of Ukraine the number of forest, peat and agricultural firesin the second event. The aerosol transboundary transporta-
and burnt areas has decreased over the last 5yr. In 200%5ion from western Russia and north Ukraine strong forest
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and peat fires in the mid-July—August of 20Ibfiovalov  data, we adopted a methodology similar to that use&by
et al, 2011 Chubarova et al2012 Witte et al, 2011) pro- et al. (2010. Consequently, the AOT values correspond to
duced increased AOT values to 0.2-0.5 (F). Sea salt particles withr < 0.3 um have been computed for all the data
aerosols are usually transported to Ukraine and MoldovaLevel 2.0). We selected the AOTs that were measured within
from the Black and Azov seas by south winds in April-May +30 min of the satellite overpass times and on condition that
(Fig. 2b) but the particles with size 0.5—4 um are hardly de- AOT variation in this lapse of time did not exceed 25 % of
tected from polarization measurements due to sensitivity ofthe daily mean. Furthermore, we excluded AOT zero val-
POLDER/PARASOL retrievals to the smaller fraction of fine ues received by POLDER (lack of phase angles or cloudi-
particles Fan et al.2008 Su et al, 2010 Gu et al, 2011). ness) from our analysis as well. After selecting the required
According to our research the values of AOT are higherdata, we compared POLDER AOT derived from the central
over the central Ukraine and Belarus, the whole territory of pixel and recomputed AERONET AOT which satisfied the
Moldova and over Moscow region in Russia. However, theabove requirements. The results of the comparison for Kyiv
amount of aerosols has decreased since 2009 which is causedd Sevastopol sites over the period from 2008 to 2009 and
particularly by reduction of burnt areas. Moreover, a smallfor Moscow, Minsk, Belsk and Moldova sites over the period
decrease of anthropogenic aerosols in industrial regions cafrom 2005 to 2009 are presented in Fig.
be observed from May 2009 to August 2011 in the result of In general, there is a good agreement between the
global economic crisis when many factories and plants re-AERONET fine mode AOT and the POLDER AOT over all
duced their output. sites except Sevastopol. The correlation coefficients are 0.78
for Moscow, 0.76 for Minsk, 0.86 for Belsk, 0.93 for Kyiv,
0.81 for Moldova and 0.63 for Sevastopol sites with STD less

4 Comparison of AERONET and POLDER data than 0.02 for AOT values variation between 0.01 and 0.25
that is not exceed the accuracy assessédisihchenko et al.
4.1 Current standard aerosol inversion (2009 where over land the measurement accuracy should be

better than 0.04. As seen from Figjthe slopes are approxi-
The significant correlation (0.84) between satellite andmately 1 for Minsk (0.97), Kyiv (0.99) and Moldova (1.01),
ground-based measurements has been obtained over lathd equal 0.83 for Moscow, 1.13 for Belsk and 0.74 for Sev-
surface Bréon et al. 2011 where POLDER algorithm astopol. It should be noted that the number of data increased
only retrieves the “fine mode” optical depth. However, for the sites at smaller latitude and greater quantity of sun-
some discrepancy in the definition of “fine mode” leads to shine days, i.e., Moldova and Sevastopol. The high deviation
underestimation of the satellite retrieval results comparedn Sevastopol site may be explained by the spatial variation
to AERONET data. In the regions where dust-loaded at-of surface polarization at the coastal land. The surface im-
mospheres are excluded, i.e., in the regions affected byact on polarization is relatively greater when the amount
biomass burning or pollution aerosols, the comparison withof aerosol in the atmosphere is small. The underlying sur-
AERONET measurements shows better results with smalface in the investigated region varies highly in spring and au-
bias Bréon et al.2011, Tané et al, 2011). A specific com-  tumn due to snow and vegetative cover. The deviation could
parison studyKan et al.2008 Su et al, 2010 of AERONET  also be explained by the same cutoff of fine mode particles
data over East Asia with POLDER/PARASOL observations (r < 0.3 um) while the presence of different aerosol types
demonstrates the POLDER instrument capability to deter-over each site can lead to changing this limit. For instance,
mine the anthropogenic contribution € 0.3 um, wherer AERONET station in Sevastopol is a coastal site where sea
— particle radius) to regional aerosol load. AdditionaBuy salt particles are presemlanders et a).201Q Aan de Brugh
et al.(2011) have showed that the sensitive radius for polar- et al, 2011 Novikova 2009 throughout the year (for April—
ized aerosol retrieval is 0.35 um for all seasons in 2005-200%ay 2003 shown in Fig2b).
for Beijing (China) and Kanpur (India).

The PARASOL satellite overpass time for the investigated4.2 Potential of new generation algorithms for

territory is 10:00-11:30 UT depending on the orbit. The do- retrieving enhanced aerosol properties from space
mains with 3x 3 pixels of Level 2 (54 knx 54 km) were se-
lected so that the central pixel covered the site equipped byinally, we have analyzed a limited data set of aerosol prop-
sun photometer. Moreover, we chose the days when minierties derived over AERONET sites by the new genera-
mum 6 pixels from the domain were retrieved on condition tion of PARASOL aerosol retrieval algorithm which pro-
that measurements were collected at least at 9 different anvides information about all size particles. In contrast to
gles. Since POLDER derived AOTSs are sensitive to the finemost satellite retrieval approaches the new state-of-art al-
aerosol mass concentratidra et al. 2008 Su et al, 2010 gorithm Dubovik et al, 2011 does not use a look-up ta-
in our research we used all the retrieved parameters fronble. Instead, it implements all the radiative transfer calcu-
AERONET to recompute this integral over the size distribu- lations on line and searches for the solution in continu-
tion and stop integration at 0.3 um. In analyzing AERONET ous space of aerosol solutions. This algorithm is an attempt
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Fig. 6. Comparison of POLDER/PARASOL AOT865 and AERONET fine mode: (0.3 um) AOT870 for Moscow, Minsk, Belsk, Kyiv,
Moldova and Sevastopol sites.

to enhance aerosol retrieval by emphasizing statistical optiregime where the inversion of satellite data is performed si-
mization using the positive data redundanbylbovik, 2004 multaneously for a large group of pixels. The approach al-
Dubovik et al, 2011) available from advanced multi-angular lows for applying additional a priori constraints on tempo-
polarimetric satellite spectral observations such as those byal variability of surface reflectance and spatial variability of
POLDER/PARASOL. Based on this strategy, the algorithm aerosol properties. The first applications of the algorithm to
aims at retrieving an extended set of aerosol parameters irreal PARASOL data bjpubovik et al.(2011) show a promis-
cluding particle size distribution, complex refractive index, ing agreement of the retrieved values of POLDER AOT with
as well as some parameters characterizing aerosol particlBERONET data with correlation coefficient of 0.9 for
shape and vertical distribution. The high potential of this ap-Banizoumbou (Niger) and 0.87 for Mongu (Zambia).
proach is confirmed by “blind test” intercomparison of satel- In comparison with the PARASOL standard algorithm,
lite retrievals over dark surface §okhanovsky et a2010. the new algorithm provides more aerosol parameters and de-
The results of these tests showed that new PARASOL rescribes the surface reflectance with higher robustness. How-
trieval algorithm provides the most accurate and completesver, since the algorithm performs all radiation computation
aerosol retrieval from synthetic data. on line, the time required to implement the algorithm is sig-
In addition, the approach allows for retrieving not only nificantly longer compared to the conventional look-up table
optical properties of aerosol but also underlying surface re-algorithms. This limitation is expected to be addressed in the
flectance over land. In order to achieve a robust retrieval ofnear future by parallel programming and implementing the
both, the algorithm uses a so-called “multi-pixel” retrieval
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Fig. 7. Comparison of AOT44@a), SSA440(b) and AOT870(c), SSA870(b) retrieved from POLDER/PARASOL and AERONET obser-
vations over Kyiv through 2008-2011 period.

retrievals at the network of computers that operate in paralcipal plane of the sun than in the direct sun during satellite
lel. overpass time (10:00-11:30 UT). For AOT comparison STD
The new algorithm was applied for POLDER/PARASOL values are in the range 0.04—0.06. That is not adequate in full
data obtained over Kyiv AERONET site for the period from from the standpoint of aerosol radiative forcing estimates and
2008 to 2011. According to the numerical tesBubovik needs to be betteMishchenko et a).2004). Large AOT440
et al, 2011) multi-pixel retrieval was selected for data pro- STD values can probably be explained by sky inhomogene-
cessing. The data were chosen in conditions when time difity in PARASOL observed pixels. Note that AOT440 reaches
ference between AERONET measurement (Level 2.0) andhe maximum value 1.14, which is caused by smoke aerosols
POLDER/PARASOL overpass did not exceed 30 min: 18 el-from the forest and peat fires in August 2010 and can increase
igible days in 2008, 14 days in 2009, 7 days in 2010 and inobtained STD value. It should be emphasized that we present
2011. It should be noted that the days with stable AOT valuepreliminary results from those that can be provided by the
and cloudless weather conditions according to AERONETnew PARASOL algorithm. We expected to achieve retrievals
measurements were compared. The time difference betweenf higher quality once the algorithm will be fully tuned and
satellite and ground-based data time acquisition is smaller irvalidated in operational PARASOL data processing.
spring and autumn and larger in summer (due to geometry of
measurements and satellite orbit) while in winter the eligible
measurements were not collected due to clouds and snow. © Conclusions
The comparison of AOT440 (Figa), SSA440 (Fig7b), . ) . N
AOT870 (Fig. 7c), and SSA870 (Fig7d). retrieved from The aim of this article was Fo study of aerosol variability
POLDER/PARASOL observations over Kyiv with the cor- V€l the Eastern Europe region (_LAT:_ from°4Q to 60° N,
responding values provided by AERONET in 2008-2011-ONG: 20°E to 50'E). This region is considered to be
are presented in Fig.. The variability SSA retrieved from & SOurce of both natural and anthropogenic aerosols. We have

PARASOL/AERONET data is in good agreement and Showsanalyzed aerosol distribution for the period of 2003-2011 us-

the STD value less than 0.02. It should be noted that comiNd Satellite POLDER/PARASOL and POLDER-2/ADEOS-

parison of SSA was accomplished only for 19 days due tO2 measurements of aerosol characteristics and AERONET

less frequent scanning along the almucantar and in the prindround-based sun photometer data. The typical aerosol load-
ing over these territories is characterized by the AOT values
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(at 870 nm) ranging from 0.05 to 0.2. Different methods of trievals from POLDER/PARASOL have preliminary char-
aerosol types classification have been applied to get more eracter, the presented analysis of the newly derived aerosol
hanced and improved results. characteristics is somewhat limited. The comparison of the
Seasonal variability of aerosol amount is characterized byderived aerosol properties with available observations by
two high peaks in April-May and August-September. The AERONET ground-based sun photometer indicates rather
spring peak is explained by incidental transportation of Sa-promising consistency of PARASOL derived optical thick-
haran dust in the atmospheric layer over Eastern Europe, inress and single scattering albedo with those obtained by
frequent agricultural fires, transportation of sea salt aerosol®\ERONET.
to Ukraine and Moldova from the Black and Azov seas by With the aim to provide possible explanations for the gen-
southern winds. Correspondingly, the valueé\ogstrbm ex-  eral agreement and differences between aerosol properties
ponent are higher in April-May which is explained by the retrieved from satellites and those observed at ground-based
increased amount of fine fraction particles. stations, future work should analyze in more details an ex-
The August—September peak is associated with forest antended set of aerosol parameters including particle size dis-
peat wildfires, and autumn season of transportation of Satribution, complex refractive index, as well as some parame-
haran dust. Moreover, the strong surface wind can causéers characterizing aerosol particle shape and vertical distri-
the transportation of the soil dust aeros@r¢ss and Bar-  bution. These studies should propose the extensive validation
ring, 2003 Bessagnet et al2008 Ginoux et al, 2001 on of satellite retrievals and combination of both data sets in or-
hundreds of kilometers during harvesting activiBtdrk and  der to decrease the uncertainties in determining of aerosol
Goossens2007 Hinz and Funk2007). characteristics.
The aerosols observed over industrial areas of the Eastern
Europe region are presumably of anthropogenic origin. Ac-
cording to the analysis of the AOT distribution, higher val- Supplementary material related to this article is
ues are observed over the central Ukraine and Belarus, thavailable online at: http://www.atmos-chem-phys.net/13/
whole territory of Moldova and over Moscow region in Rus- 6587/2013/acp-13-6587-2013-supplement.pdf
sia. A small anthropogenic aerosols decrease over industrial
regions can be observed from May 2009 to August 2011,
which is probably caused by the global economical crisis
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