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Abstract. In this study, aerosol optical depth (AOD) mea- dicated that the effect of the boundary layer anthropogenic
surements, from a MFR sun photometer operating in Athenscontribution to columnar dust loadings is amplified near the
were compared with columnar dust loading estimations,ground.
from the BSC-DREAM model, during identified dust events, Keywords. Atmospheric composition and  structure
in order to extract the typical specific extinction cross- (Aerosols and particles; Pollution — urban and regional;
section for dust over the area. The selected urban enVironl'nstruments and techniq[Jes) ’
ment of Athens provided us with the opportunity to inves-
tigate the mixing of dust and urban pollution and to esti-
mate the contribution of the latter. The specific extinction ]
cross-section for dust at 500 nm was found to be equal tot Introduction

. . . .
0300=0.64£0.04 F g, typical for medium to large distances Mineral dust mobilized over desert areas is injected into the

from dust sources, with weak wavelength dependence in the .
visible and near infrared band (0.4-@). The model atmosphere and travels large distances under favourable syn-

showed a tendency to underpredict AOD levels for increas_opt|c conditions. Dust particles modulate the Earth’s radia-

ing values of théAngstidm exponent, indicative of fine par- tion ba!ance and therm.al _:structure _mainly via absorp_tio_n "’“?d
ticles of anthropogenic origin inside the boundary layer. Onscattenng of solar rad.|apon, causing large uncertainties |n-
average we found an AOD under-prediction of 10-15% forthe assessment of radiative forC|'ng by aeroso!s (IECC, 2007;
,&ngstrbm exponents in the range of 0 to 1 and 30-40% in Forster et al., 2007). Ap_art fr_om impacts on climatic factors,_
the range of 1 to 2. Additionally, modelled surface Concen_dust also represents a high risk for human health due to parti-

trations were evaluated against surface;pMeasurements. cle inhalation (e.g., Yin et al., 2005) and for the air-transport

Model values were lower than measured surface concentraiggtg r'\ju?mto r:gdgcedz\gggmhty (e.gi.,”St?:]m;eIdi inanap?;]s,
tions by 30% which, in conjunction with large scatter, in- » Vaim & ay, ). especially in regions near the

dust sources.
During the last decades, dust distribution and properties
have been measured by many space- and ground-based tech-

Correspondence tdE. Gerasopoulos niques and also from aircrafts (e.g. Formenti et al., 2001a, b;
BY (egera@meteo.noa.gr) Tanre et al., 2001; Diaz et al., 2001; Haywood et al., 2001;
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Di lorio et al., 2003; Kubilay et al., 2003). However, none appropriate dust extinction cross-sections, from observation-
alone is sufficient to fully describe the interrelations betweenbased parameters used in models, which refer to different
its physical, chemical, and optical properties, and thereforedistances from dust sources and complicated aerosol mixing
the use of models has proven critical in integrating all the states.
various measurements. Indeed, several regional models have In this study, we use AOD from ground-based measure-
been developed to simulate and predict, on an operationahents in Athens, Greece, to evaluate model derived predic-
basis, the atmospheric dust cycle and processes (e.g., Nickions of dust transport over the region from neighbouring arid
ovic and Dobricic, 1996; Kallos et al., 1997, Nickovic et al., regions of North Africa and calculate appropriate extinction
2001), as well as global models that simulate dust amongross-sections for dust, from a number of selected dust cases.
major aerosol types (e.g. Chin et al., 2002; Tsigaridis et al.,The urban environment of the megacity of Athens, in a loose
2006). definition of the term megacity, provides an excellent exam-
However, before models can be used as operational preple for studying the contribution of Saharan dust aerosols
dicting tools, they need to be evaluated using observations tto the overall aerosol burden of polluted Eastern Mediter-
increase confidence in their products and to reveal associate@nean cities, which have an already elevated background of
problems. Aerosol optical depth, being a standard and comboth particulate and gaseous pollutants due to transport, local
mon product of satellite retrievals and ground-based remotemissions, or photochemical production under high temper-
sensing measurements, serves as a suitable variable to lirdkures and insolation (e.g. Lelieveld et al., 2002; Kouvarakis
models with observations. From the modeling point of view, et al., 2002; Gerasopoulos et al., 2005, 2006a). The avail-
the columnar burden of aerosols is given by the mass loadability of columnar and surface measurements of particulate
ing M (gm~2), or dust loading in the case of dust, which is matter gives us the opportunity to deduce model performance
related to aerosol optical depth (AOD) as follows (e.g. Lacisconcerning both horizontal transport and vertical settlement
and Mishchenko, 1994): of particles and optimise the calculation of extinction cross-
section for dust over urban environments with strong mix-
oM (1) tures of aerosol types (Fig. Al).

AOD=
4pr,

where Q is the extinction coefficient calculated from the
Mie-scattering theoryp is the particle density, and is the 2 Dataand methods

effective radius. Equation (1) simplifies to:
2.1 BSC-DREAM model

AOD=0;M 2
BSC-DREAM (Dust Regional Atmospheric Modeling) is a

where o} is called “specific extinction cross-section” or regional model designed to simulate all major processes of
“mass extinction efficiency” expressed in3grt). Inthe  the atmospheric cycle of mineral dust aerosol by solving
case of dust, the dust loading is determined by source the Euler-type partial differential nonlinear equation for dust
distribution and strength, as well as transport and removamass continuity (Nickovic et al., 2001). The configuration of
processes and associated uncertainties. Equation (2) can ltlee model used in this study includes four dust particle size
used to estimate the extinction cross-section for each type oflasses (clay, small silt, large silt and sand) with patrticle size
aerosol via comparison between model-derived mass loadradii of 0.73, 6.1, 18 and 38m, respectively. For the anal-
ings and observations of AOD. ysis of long-range transport, only the first two dust classes

Extinction cross-sections are determined by the micro-are relevant since their atmospheric life time is greater than
physical and optical properties of aerosols, namely, size disabout 12h (see Perez et al., 2006, for details). The model
tribution, refractive index and hygroscopic growth factor, products utilised here are the columnar dust loadings for the
which all depend strongly on the chemical composition of first two dust classes, the overall dust loading ( M2 and
particles. In the case of dust, the composition is likely to M, respectively, in g m?) and the dust surface concentration
change considerably from one location to another, resultingCsurt, ©g m~3), evaluated every three hours. The model data
in significant changes in dust optical properties, which cancomes from a 48-year simulation produced on the Marenos-
range from highly absorbing to highly scattering (Sokolik trum Supercomputer of the Barcelona Supercomputing Cen-
and Toon, 1999). Apart from the identification and discrim- ter (Ferez et al., 2007). In this model long run, meteorologi-
ination of dust source region, the extinction cross-sectionsal fields were initialized every 24 h and boundary conditions
for dust also depend on the distance from the source, i.eupdated every 6 h with the NCEP/NCAR | global reanalysis
coarser particles are more efficiently deposited than finer par(2.5x2.5). The resolution used in this study is 03.3
ticles along their transport pathway (Formenti et al., 2001a).and 24 layers up to 15km in the vertical. Model data are
Finally, another significant difficulty arises from the treat- used for the time span 2005-2006 as far as it concerns
ment of aerosol mixing when more than one type of aerosolnalyses with AOD, and is extended to 2000—2006 when
is present. All the above point out the need for estimatingcompared to surface Pid concentrations. BSC-DREAM
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© data Angstroem>1

o data for regression

North.Africa—Europ_e—Mediterraneen (w_hich include North 453 e excluded data y=(0.76 + 0.03)
of Africa, the Mediterranean basin, Middle East and Eu- S I . 95% conf. level
rope) and Asia regions in the last yeahstjf://www.bsc.es/ 4.0
projects/earthscience/DREAM The model qualitative and 3.5 N
quantitative verification studies performed so far (e.g. Balis o 3.0 P
etal., 2006; Brez etal., 2006; Jigmez-Guerrero etal., 2008) ~ 25 L
using data from observation networks such as the Europeans’ 5 ] .', .,;”6 o °©
Lidar Network EARLINET, the AERONET/PHOTONS sun 3 15] o o 8
photometer network, satellite and ground-based PM levels § 1'0_- e o%gp& . % 8 oo OOO ° o
(EMEP), outline the good skills of the model concerning both g Ca (?gm wfb\ Po8R° o %00
the horizontal and vertical extent of the dust plume in the ge- 051 .07 %%50 > 9 ° O;oo o °
ographic region of application. Additionally, the model has 0.01 o
been validated and tested against measurements at source re- 0.5 L LA s —

-0.5 0.0 0.5 10 15 20
gions for SAMUM (Haustein et al., 2009) and BODEX cam-

Angstroem Coeff.

paigns (Todd et al., 2008).

Fig. 1. The ratio of AOD at 500 nm from measurements by the
MFR-7 radiometer in Athens to dust loading derived by the BSC-

In this studv. we have used measurements of Aerosol O DREAM model, as a function of thAngstrom exponent. The thick
Yi pred line is the regression line for a fixed slope equal to 1 and for

tical Depth (AOD) from a multi-filter rotating shadowband Angstom exponents lower than 1, and the dashed lines represent
radiometer (MFR-7 Yankee Env. System Inc., Turner Falls,ie standard error at the 95% confidence level. The dotted red
MA), located on the roof of the Research Center for Atmo- jines illustrate in a free hand format the larger scatter for increas-
spheric Physics and Climatology of the Academy of Athensing Angstiom exponents.

(37°97' N, 2379 E, 130m a.s.l.). The campus is located at

a distance of about 6.5km from the city centre and 10 km

from the sea. The MFR provides 1-min average AODs culation of dust extinction cross-sections at a certain distance
at five wavelengths (415, 500, 615, 675 and 867 nm) androm dust sources. To assure that the dust transport events
has been operated in the current location since Novemare correctly identified we have set threshold values in both
ber 2005. A description of the MFR operation principles modelled dust loadings and the measured AOD. In partic-
can be found in Harrison et al. (1994), and the methodol-ular, only dust loadings witi/ > 0.1 g m? were included

ogy for the retrieval of aerosol optical depth from measure-in the analysis, a threshold corresponding to the 20% upper
ments of the direct solar irradiance is described by Gerapercentile, above which distinct peaks are observed in the
sopoulos et al. (2003). The instrument makes valid mea<complete time series (not shown here). As for AOD, back-
surements during daytime and clear sky conditions and alground conditions at the area are encountered on a climato-
necessary corrections are taken into account (Sun-Earth digegical basis during winter and range from 0.1-0.15 (Gera-
tance, contribution of Rayleigh scattering and ozone ab-sopoulos et al., 2003; Fotiadi et al., 2006). The time series of
sorption from columnar ozone values taken frattp://lap.  AODsgg over Athens, limited to the period used in this study,
physics.auth.gr/ozonemapi2/ The difficulty of discrimi-  presents an average/median of 0.22/0.17 and an upper quar-
nating cloud induced increases in optical depth (thin cir-tile of 0.28 (unpublished data), in agreement with continental
rus or more dense clouds) from abrupt changes in aerosdlediterranean AOD levels reported in the past by Smirnov
loadings, e.g. dust outbreaks, is overcome by utilizing mapst al. (1995). Here we have selected a loose threshold of
of cloudiness and dust transpanttp://www.bsc.es/projects/ AODsqg> 0.2 as being representative of enhanced aerosol
earthscience/DREAM?cad=511, http://modis-atmos.gsfc. loadings, since a more strict discrimination of dust induced
nasa.gov/IMAGES/index.htil Data from the MFR are av- aerosol enhancement will be obtained via our third criterion,
eraged over a span of two hours centred on the model outthheAngstrbm exponent.

time. Fotiadi et al. (2006) and Kalivitis et al. (2007) associate
the presence of dust particles over Crete Island, Greece, with
Angstrbm exponents lower than 0.5-0.6. Perez et al. (2006)
state that foAngstidm exponent values larger than 0.6-0.8,
In urban environments, even under the intense and homogehe discrepancies between modelled and observed AOD are
nous influence of dust transport (see Kalivitis et al., 2007,significant, as a clear sign of the fact that anthropogenic
for Vertically Extended Transport (VET) cases), the contri- aerosols contribute significantly to the observed aerosol op-
bution of mainly local, anthropogenic aerosol sources cannotical properties. For the case of Athens, we have plotted the
be neglected. This limits the cases that are valid for the calratio AODggg/ M versus theAngstrom exponentA(415/867),

2.2 MFR data analysis

2.3 Data selection criteria
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2.59 Table 1. Results from linear regression analysis between AOD
AOD,,, = A*Dustload + B from the MFR at five wavelengths and dust loading from the BSC-
DREAM model, during dust events. The slope gives the extinction

2.0 =
= g - 8:%3;83 ° cross-section for dust and the intercept expresses the contribution of
< ° . anthropogenic AOD.
é 154 | R =082 <
o Linear regression
z 1.04 A (nm) o) +tstderror  AOTnthetstd error
< 415 0.62:0.04 0.19:0.04
0.5- 500 0.64:0.04 0.13:0.04
615 0.670.04 0.16:0.04
° 671 0.670.04 0.08:0.04
0.0 . ———— 867 0.69:0.05 0.06:0.04

00 05 10 15 20 25
DREAM - Dust loading (g m?)
icant at the 99% confidence leve®4=0.82), and the slope

Fig. 2. AOD at 500 nm from MFR versus dust loading from the yi*elds a dust extinction cross-section at 500nm equal to
BSC-DREAM model, during selected dust cases that meet the cri@50=0-64£0.04 m°-.g. ‘The intercept of this regression ex-
teria given in Sect. 2.3. The thick red line is the regression line andpresses the contribution to the AOD at 500 nm of all other
the dashed lines represent the standard error at the 95% confidenaithropogenic or natural, local or transported sources, which
level. are not related to the dust transport predicted by the model.

These could be fine anthropogenic particles from local ur-

, o . ban sources or transported along medium to long distances
to determine theAngstom exponent threshold values that ., yrhan conglomerations and/or industrialized areas, but
can be used to eliminate periods with anthropogenic contamz s, coarse particles like sea salt or dust once more either
|nat|o_n, bas_ed on the_ph_ysmal f:haracterl_stl_cs of the partlcle%m"y resuspended or transported from neighbouring loca-
(and in particular their size) (Fig. 1). This is necessary, be+jons other than the dust source regions taken into account by
cause the ratio AOEy/M only provides the dust extinction  yhe model. The chance of simultaneous transport from var-
cross-section as long as the AOD is due to dust only, whichy, s soyrces over Greece, at different vertical layers, is dis-
is not generally the case in our study. In Fig. 1, a thresholdy,sqeq py Kalivitis et al. (2007). However in this study, we
of A=1is revealed, with data points above this value present,qq;me that the major excess contribution in the urban envi-
mg_larger_dls_persm_n towar_ds h_|ghervalues of the Ay . ronment of Athens during dust events is from local anthro-
ratio, indicative of increasing influence from anthropogenic ,qenic particles. In this case, if the calculated intercept is
particles. For < 1, afixed slope (=1) linear regression anal- 54eq tars,, it agrees well with the biased extinction cross-
ysis provides an intercept of 0.26.03, which would be the  s¢ ion (0,76 at 500 nm) found in Fig. 1. Similar calculations
dust extinction cross-section at 500 nm, including a bias fromare repeated for the MFR's five wavelengths providing the
anthropogenic pollution or non-dust coarse particles in therespective extinction cross-sections (Table 1)
area, e.g. sea salt. The extinction cross-section represents the optical depth or

Overall, for the current ana]ysus and in order to select dUStextinction coefficient for unit mass loading or mass concen-
transport events from N. Africa for the calculation of dust

L . . tration, respectively. In Fig. 3a we show the wavelength de-
extinction cross-sections, we have used the following com- P y g 9

bined criteria: dust loadingy > 0.1gm~2, AODspo > 0.2, pler)denrzl: eﬁ? f the“retrlevedldu§t ext|Qcﬂo;gcgzss-sc;cnons. Ap-

andAngstm exponentA a1zesn < 1 plying theAngstiom equatlonAngstmm,_ 964) to the spec-
(415867 = = tral distribution ofo;, we derive a negativAngsttom expo-

nent equal t)A=—0.15+0.02, manifesting coarse patrticles.

3 Results Typical values for coarse dust particles can be found below
0.5-0.6 (e.g. Eck et al., 1999; Fotiadi et al., 2006; Kalivitis

3.1 Wavelength dependent dust extinction et al., 2007) while negative values can be also encountered
cross-sectionsg;* during dust storm conditions (e.g. Cachorro et al., 1989; An-

dreae et al., 2002; Xin et al., 2005),. The wavelength de-
From a 13-month period of overlapping measurements anghendence of;", taking also into account the standard errors
model runs (November 2005-December 2006), 58 AgD  of their estimations, appears weak in the visible and near in-
M pairs that meet the afore-mentioned criteria were se-frared band (0.4-0.8m), in agreement with Mie theory for
lected, from about 15 distinct dust transport case studiegoarse particles and the observations of other authors (e.g.,
(Fig. 2). The correlation between dust loading from the Holben et al., 2001; Andreae et al., 2002; Anderson et al.,
BSC-DREAM model and AOEByo from the MFR is signif-  2003; Formenti et al., 2000).

Ann. Geophys., 27, 2902912 2009 www.ann-geophys.net/27/2903/2009/
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When the same regression is applied to the intercepts of  0.75-
AOD versus dust loading (see Table 1), then typical ur- _
ban conditions are obtained, dominated by fine particles «
(A:1.69i0.04). Thep coefficients in these two plots cor-
respond to the turbidity coefficient (in Fig. 3&,should be
first multiplied by an average dust loading — in our selected - > -
cases the average dust loading is 0.7 thus giving a turbidity 0.65 ’
coefficient of 0.5) and they show a 3.5 times higher loading L -
during the dust conditions. All the above demonstrate that © | ] o= BN
our data selection criteria were adequate for the calculation & 0.60 ‘ B = 07090008
of extinction cross-sections for dust, and that even though de- £ A = -0.15£0.02
rived from data over an urban area, they are not significantly W
biased by anthropogenic pollution, and thus can be used for  0.55 . .

(m°g

ction, o

" L

ross Se

the estimation of AOD due to dust from columnar dust load- 0.4 0.5 0.6 0.7 0.8 0.9

ings. a) Wavelength, A (um)
Additionally, we have investigated whether the individual 0.254

use of the first two dust classes instead of the overall dust 1 AOD, ...= B* M

loading, could serve as a better proxy for estimating AOD 0.20 l B = 0.143£0.004

at different wavelengths. The correlations betwaén M, [ A= 169004

andM with AOD,) has shown no significant difference (at 0.15 4 \\ l

the 95% confidence level). The only interesting feature is a % U

maximum correlation for AOByg, contrary to the expected 8 ] \ l

higher sensitivity to dust, or more correctly lower sensitiv- = 0.10 Q l

ity to fine particles, for increasing wavelengths (Perez et al., 1 J l

2006), however this cannot be statistically supported. 0.05 J - ~J

3.2 Comparison between BSC-DREAM derived AODs 0.00

and observations 04 05 06 07 08 09
Wavelength, A (um)

The extinction cross-sections for dust, calculated in this
study, were used to compute the model derived AODs, which
are compared here with the observed AODs. However, sinCeig. 3. Fitting of theAngstiom equation orfa) the extinction cross-
the calculation of the extinction cross-sections is based orsections calculated for different wavelengths as the slopes of re-
the same data set of observations, it should be pointed oujression analysis as in Fig. 2 afiD) the intercepts of the respective
that this comparison cannot serve as a complete and indepergegression analysis for different wavelengths (values are taken from
dent validation of the model. It is very useful, on the other Table 1). The error bars correspond to the standard error of each
hand, for evaluating the response of the model to differentPoint and the ;haded area denotes the limits of the 95% confidence
dust loadings during variable mixtures of aerosol types and€Ve! of each fitting process.
can provide information on the mixing of dust and anthro-
pogenic particles in urban environments.

First, we investigate whether the transformation from athe selected dust events (due to the respective selection cri-
modelled mass quantity to an optical property reproducegerion), modelled AODs also have values within the lowest
the basic features of the observed AOD over urban terrainsPin (0—0.2). Moreover, the distribution of the modelled AOD
From the BSC-DREAM-estimated dust loadings we derivePresents lower skewness (1.4 instead of 1.7) than the distribu-
AODsqg values for the whole period. Then, only for the se- tion of observed AOD. Both possibly demonstrate the urban
lected dust cases that meet the criteria of Sect. 2.3, we calcipackground influence which, however, cannot be resolved
late their frequency distribution, which is direcﬂy Compared since it is not a Simple linear shift. The latter is evidenced in
with the respective frequency distribution from the MFR ob- Fig. 4 where the distribution for Mode, which includes the
servations (Fig. 4). Model 2 refers to the calculation of influence of anthropogenic aerosols and nearby dust sources,
AODs0 from the model taking also into account the inter- is displaced to the right and does not actually agree with the
cept of the regression. The comparison shows that the maifbserved distribution.
characteristics of the distribution are well reproduced, e.g. The model seems to underestimate AODs so far, most
the class of maximum frequency and the existence of secprobably because it does not account for the influence of an-
ondary peaks for AOB1. However, we see that while the thropogenic pollution. To qualitatively and quantitatively in-
observed distribution shows a cut-off threshold at 0.2 duringvestigate the reasons for this underestimation we have plotted

www.ann-geophys.net/27/2903/2009/ Ann. Geophys., 27, 2Z20132-2009
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30+ s 0.64
S o d(diff)
] o =
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Fig. 5. The difference between modelled and observed AOD ver-
Fig. 4. Frequency distributions of observed AOD at 500 nm and SUs theAngstidm exponent. Darker points represent those data that
modelled AODs calculated from BSC-DREAM dust loadings, ap- meet the criteria of intense dust events (Sect. 2.3). The thick red line

plying the extinction cross-section value obtained from our anal-is the regression line, the dashed lines represent the standard error
ysis. Modell and Model2 correspond to the non-inclusion and at the 95% confidence level, and the dotted lines correspond to the

inclusion, respectively, of the calculated intercept that reflects an-95% prediction level.
thropogenic and other local contributions.

3.3 Estimation of surface PMg concentrations
the difference between modelled and observed A§gDer-
sus theAngstdm exponent (Fig. 5). To bring out the role One of the main goals of an operational dust transport predic-
of urban pollution and estimate its contribution, we include tion is the correct estimation of surface dust concentrations,
in Fig. 5 all available data, without the constraint of the because of its importance for human health. Especially in the
selection criteria that were used for the calculation of theEastern Mediterranean, where PM levels can be extremely
dust extinction cross-sections, even though these data afdigh (e.g. Querol et al., 2009a, b) the contribution of dust
still highlighted in the plot. Overall, 70% of the data lies proves significant (e.g. Formenti et al., 2001b; Gerasopou-
in the model under-prediction area. Indeed, recent studie$os et al., 2006b; Mitsakou et al., 2008). For this reason, we
(Basart et al., 2009) confirm that AODs are generally under-have compared the BSC-DREAM model estimates for dust
estimated by the model. Overestimation appears mainly irsurface concentrations with the Rpdata from the mon-
spring when strong precipitation events occur in the Mediter-itoring stations of the Ministry of Environment of Greece.
ranean along the transport pathway of the dust plumes indiFrom all stations we have selected the one which is closest
cating the need for a more efficient wet scavenging scheméo the location of the MFR instrument (Zografou station), to
in the model. The regression line shows an increasing tenattain comparability of conditions with the AOD measure-
dency of under-prediction by the model for higifergstom ments also presented in this study. The specific station is
exponents, which exactly demonstrates the aforementionedharacterised as suburban, and thus the influence of local pol-
influence of fine particles from dominant local or nearby lution is reduced compared to stations located near the urban
sources. Even during the better defined intense dust eventsentre. Indeed, squared correlation coefficieRts between
(darker points) the under-prediction is still evidenced indica-daily PMo at the Zografou station, and urban traffic influ-
tive of the persistent mixing of dust with urban particles in- enced stations, are in the range 0.25-0.4, while for other sub-
side the boundary layer, without of course disregarding casesrban or urban background stations the range rises to 0.55—
of well structured elevated layers of dust. The rate of this0.75, indicating relatively good representation of suburban
under-prediction towards cases “contaminated” with anthro-conditions.
pogenic particles is 0.07 AOD units p.éngstrt')m exponent The analysis is based on daily-averaged values for the pe-
unit, which gives on average an AOD under-prediction of 10-riod of November 2000-December 2006 and is presented
15% for Angstiom exponents in the range of 0 tol and 30— in Fig. 6. As expected, we observe large scatter in the
40% in the range of 1 to 2. values, and thus need to set some selection criteria, as in
the case of AOD. In particular, it is evident that when the
model predicts dust concentrations near the surface lower
than 25ugm~3, there is no sign of correlation with ob-
servations due to the proportionally high influence of local

Ann. Geophys., 27, 2902912 2009 www.ann-geophys.net/27/2903/2009/
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contributions. Excluding these cases, there remains 35% that 450-
correspond to cases where even though the model presents ;. ] &
significant dust loadings near the surface, itis not reflected in &
the observations (we used a subjective criterion gig®n—3 350'_ S

difference between model and observations). For the rest of ~ 300+ R PMqg = (1.4 +0.1) * SurfCon
the cases, we calculated a regression line (intercept forced toE 250 R2 = 0.70
zero) and the resulting slope (#9.1) once more demon- 3

strates the still high influence of local sources to the levels of 2
PM;jo, even during dust events.

200- B

a

Fault model prediction/
over-prediction

4 Conclusions and discussion

a

a

In the current work we utilised aerosol optical depth (AOD) 0 50 100 150 200 250
measurements from a MFR radiometer operating in Athens DREAM - Surface Concentration (ug m®)
and dust loading from the BSC-DREAM model during iden-
tified dust events, in order to extract typical specific extinc- Fig. 6. PMigo measured at a ground station in Athens versus the sur-
tion cross-sections for dust over the area. The model-derivedfice concentration of dust particles derived from the BSC-DREAM
AOD was compared to the observations, giving information model. Crosses and triangles are cases of high local poIIutioh in-
about the mixing of dust with anthropogenic particles at ur- fluence and are not _conflrm_ed by observations or model predlct_ed
ban environments. This statistical approach gives results th gigS\:E?éf’trr]zsrzecrg\ézli)gni::gii?rrespond to the cases taken into
correspond to the typical chemical composition of dust pre- 9 yoIs.
vailing at our site, and average distances of our site from dust
sources. . )

We retrieved an extinction cross-section for dust at 500 anaIm and Day (2000, and references therein) have retrieved

—1
equal too;,,=0.64+0. 04nfg-l. Extinction cross-sections values in the range of 0.4-0.6g* (the contribution of

0, -
were also calculated for additional wavelengths and th edUSt being as much as 50%), reporting a weak inverse re

wavelength dependence af was found to be weak in the lationship between scattering cross-sections and coarse mass
visible and near infrared band (0.4-Q.8). The value of ~concentration.
oy, from this study lies well within the range of values given Having estimated the extinction cross-section for dust over
for large distances from sources. In particular, Moulin etour study area, AOD values were next extracted from the
al. (1997) and Perez et al. (2006), in reviewing several ex-nodel. In general, the model demonstrated a tendency to
tinction cross-sections from dust models repsji, in the ~ underpredict AOD for increasing values of thagstm ex-
range of 0.12-0.23 near dust sources (e.g. Koepke and Hesgonent (on average we find an AOD under-prediction of 10—
1988; D'Almeida, 1987) and 0.4-0.8 at larger distances from15% for Angstibm exponents in the range of 0 tol and 30—
the source (e.g. Koepke and Hess, 1988; D’'Almeida, 198740% in the range of 1 to 2), confirming previous findings
Dulac et al., 1992; Perez et al., 2006). Average distance$€e.g. Perez et al., 2006) that propose the influence of an-
of Athens from typical dust sources in Northern Africa (e.g. thropogenic pollution inside the boundary layer as one of the
Engelstaedter and Washington, 2007) are in the range 1000:easons for the underprediction. Apart from the underpredic-
3000 km. tion of AOD values towards finer particles, the characteristics
While there are not many studies retrieving extinction of the AOD frequency distribution are relatively well repro-
cross-sections for the area, mass scattering cross-sections (@yced, however the effects of local pollution produces some
efficiencies) for dust of 0.21 and 0.96gr ! have been re- slight differences in cut-off thresholds and skewness of the
ported for two sites in the Eastern Mediterranean by Vrek- distributions that cannot be easily interpreted, since effects
oussis et al. (2005). These values reflect the effect only oftfé case-wise with no linear behaviour.
scattering, not total, extinction as in this study, but the au- The attempt to evaluate model surface concentrations from
thors show that scattering contributes about 90% of the exsurface PMp measurements proved to be more difficult.
tinction in the area. Andreae et al. (2002) estimate masd arge scatter of the values lead us to a number of assump-
scattering cross-sections for dust in the Negev desert, Istions in order to derive the regression line between mod-
rael, at 0.52rAg~! (0.71nf g1 after correction for non- elled and measured surface concentrations. The finding was
Lambertian behaviour and truncation errors of the neph-that BSC-DREAM surface concentrations are lower by 30%.
elometer) and provide a detailed review of mass scatterThis percentage expresses the average contribution of urban
ing cross-sections for different types of aerosols (their Ta-particles to surface concentrations when dust presence is pre-
ble 5). Scattering cross-sections for coarse particles are alsdicted over Athens by the model. The failure in represent-
given from measurements at desert areas in the United Stateifig surface concentrations at urban environments is expected
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since the effect of the boundary layer anthropogenic contri-

bution to dust loadings is amplified near ground.
Apart from the impact of boundary layer pollution, other

E. Gerasopoulos et al.: Dust specific extinction cross-sections over the Eastern Mediterranean

in the Negev desert, Israel, J. Geophys. Res., 107, 4008,
doi:10.1029/2001JD900252, 2002.
Angstidbm, A.: The parameters of atmospheric turbidity, Tellus

parameters are crucial for the correct estimation of dust load- XIVV, 14, 64-75,1964. . ,
ing and thus AODs over an area. These include, among othBalis, D.. Amiridis, V., Kazadzis, S., Papayannis, A., Tsaknakis,

ers, the treatment of source terms to adequately simulate the
production phase of the dust cycle and the fact that, since
sunphotometric observations are point measurements, they

G., Tzortzakis, S., Kalivitis, N., Vrekoussis, M., Kanakidou, M.,
Mihalopoulos, N., Chourdakis, G., Nickovic, Séfez, C., Bal-
dasano, J., and Drakakis, M.: Optical characteristics of desert
dust over the East Mediterranean during summer: a case study,

may not always be representative of the larger gridbox of & ann. Geophys., 24, 807-821, 2006,

model.

Appendix A

Example of Saharan dust and local air pollution
mixture over Athens, Greece

Fig. A1. Mixture of Saharan dust aerosols and local air pollution
over Athens, Greece. Photo taken on 31 March 2009.
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