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Abstract. Particulate matter and photo-oxidant processesl Introduction
in the Eastern Mediterranean have been studied using th

UAM-AERO mesoscale air quality model in conjunction Xirborne particulate matter and photo-oxidants are important

with the NILU-CTM regional model. Meteorological data aspects of alrpollu_tlon with very dlvers_e effects ranging from
human health to climate forcing. A major part of the aerosol

were obtained from the RAMS prognostic meteorological . d ticulat tter in the f f sulphat
model. The modeling domain includes the eastern Mediter 1SS IS Secondary particulate matter in the form ot sulphate,

ranean area between the Greek mainland and the island (Er‘_;]trate, ammonium and organic aerosol particles formed by

Crete. The modeling system is applied to study the atmo- e oxidation Qf sulphur dioxide, nitrogen'oxides and organic

spheric processes in three periods, i.e. 13-16 July 2000, 263aS€0Us SPECIEs. It IS appare_nt that partlc_ulate matter is n(_)t a

30 July 2000 and 7—14 January 2001. The spatial and ternpos_mgle pollutant and its mass includes a size dependent mix-
ture of many pollutants.

ral distributions of both gaseous and particulate matter pol-
lutants have been extensively studied together with the iden- N Southern Europe large changes have occurred over the

tification of major emission sources in the area. The mod-Past few decades linked to the increase in population, and
eling results were compared with field data obtained in the!@nd-use alterations, impacting on atmospheric composition,
same period. The objective of the current modeling workWater availability and consequently on quality of life, includ-

was mainly to apply the UAM-AERO mesoscale model in "9 human h_ealth. For i_nstance, most chemi_stry-transport
the eastern Mediterranean in order to assess the performdg@dels predict that the high ozone concentrations observed
field campaigns and determine that the applied mesoscallft SUmmer over Europe have a maximum around the Mediter-
model is fit for this purpose. Comparison of the modeling "@n€an sea, and in particular in its Eastern part, very often
results with measured data was performed for a number ofXc€€ding the air quality standards. Often high concentra-
gaseous and aerosol species. The UAM-AERO model undertions of fine particles are observed together with high ozone
estimates the P\ measured concentrations during summer concentrations (Lelieveld et al., 2002; Sikot al., 2003).

and winter campaigns. Discrepancies between modeled angere natural emissions of highly reactive unsaturated hydro-

measured data are attributed to unresolved particulate matt&2r20ns (including isoprene) and continuing high emissions
emissions. Particulate matter in the area is mainly compose8' @nthropogenic gaseous and aerosol pollutants in Southern

by sulphate, sea salt and crustal materials, and with signif EUroPe contribute (Hgffme_an etal., 1997; Pandis et al., 1992;
icant amounts of nitrate, ammonium and organics. DuringKavouras etal., 1998; Sotiropoulou et al., 2004). Experimen-

winter the particulate matter and oxidant concentrations werd2! measurements and estimates (Pandis et al., 1992) also in-
lower than the summer values. dicate that there are highly nonlinear aspects involved in the

production of organic aerosols, e.g. in the aerosol yields from
monoterpenes. In addition, pressures from anthropogenic ac-
tivity on the Mediterranean area have complex consequences
Correspondence tayl. Lazaridis for the quality of life and the regional radiative forcing of
(lazaridi@mred.tuc.gr) climate.
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Fig. 1. Simulation results of théa) ozone andb) nitrogen oxides surface mixing ratio for an extended grid using the CTM-NILU regional
model (unit in ppb) on 13 July 2000 (12:00 h, level 18, surface layer). Compare Fig. 4a.

From this follows that there is a need to study the physico-pling for the aerosol mass on a daily basis with subse-
chemical processes which control the dynamics of aerosolgjuent analysis for ionic species, crustal and trace elements.
and photo-oxidants in the Mediterranean area combiningn addition, total aerosol mass, equilibrium trace gases, as
modeling and field studies. Information is still scarce to sup-well as detailed size-distribution measurements in terms of
port measurement and modelling studies in a consistent wagerosol number by optical and differential mobility methods
across the regional, mesoscale and local spatial scales to réor the fine aerosol fraction were undertaken. Other comple-
veal the atmospheric composition and variability of particu- mentary measurements included black carbon concentration
late matter (PM) (Ackermann et al., 1998; Lurmann et al., by optical transmission methods, aerosol optical properties,
1997; Seigneur, 2001; Russell and Dennis, 2000; Pilinis andand thermal analysis of selected samples. Relevant photo-
Seinfeld, 1987). oxidants and inorganic trace gases were monitored by proto-

Two extensive measurement campaigns were performed/P€ and conventional instruments.
to examine the characteristics and dynamics of photochemi- Photochemical modeling is a necessary component in the
cal pollutants and fine particles in the Eastern Mediterranearstudy of the dynamics of gaseous pollutants and particulate
area between the Greek mainland and the island of Cretenatter, providing a platform for the understanding of the
(Smolk et al., 2003). Sampling took place during 4 weeks variability and spatial-temporal patterns of these pollutants
in July 2000 and 1 week in January 2001 at the Finokalia(Pilinis and Seinfeld, 1987; Binkowski and Shankar, 1995;
station and onboard the research vessel “Aigeaion”. The FiLurmann et al., 1997; Ackermann et al., 1998; Pai et al.,
nokalia station (3519 N, 25°40 E) is a remote coastal site  2000; Jacobson, 1997). A combined intensive modelling
eastward of Herakleion (the largest city of the island) atop astudy and comparison with available experimental data for
hill (elevation 130 m) facing the sea within the sector from ozone/fine particles in the Mediterranean area should offer
27 to 9C° (Mihalopoulos et al., 1997). valuable information for characterizing their dynamics and

Mihalopoulos et al. (1997) describe the Finokalia site in @SSociation. The current modelling work covers short peri-
detail and report concentrations of the major soluble ionsdS in summer and winter and the findings of this work have
collected over a one-year period. Ozone concentrations g be seen in perspective and in relation with previous works
Finokalia exhibit a well-defined seasonal cycle with a max-in the region (Zerefos et al., 2002; Bardouki et al., 2003;
imum during the summer months and elevated levels (up to>ciare et al., 2003; Kouvarakis et al., 2000).
80 ppbv) during daytime (summer) and over time periods of The objective of the current modeling work is mainly
several days (summer) (Kouvarakis et al., 2000). Furtherto apply the UAM-AERO mesoscale model in the eastern
more, ozone levels in the Eastern Mediterranean seem to bilediterranean in order to assess the performed field cam-
dominated by long range transport (Kouvarakis et al., 2000) paigns and determine that the applied mesoscale model is fit
In addition, non sea salt sulphate (Nssz$@nd the SQlev- for this purpose.
e!s in Eastern Medit_erranean were strongly influenced by re- A detailed modeling study has been performed using the
gional transport (Sciare et al., 2003). UAM-AERO mesoscale air quality model (Lurmann et al.,

During the measurement campaigns an extensive set af997). Meteorological input data were provided by the
instrumentation was employed to determine the physico-RAMS (Pielke et al., 1992) prognostic meteorological model
chemical characteristics of aerosol and gaseous pollutantsvhereas gaseous regional data on background concentration
In particular, measurements focused on size-resolved sanwere obtained from the NILU-CTM model (Flatgy et al.,
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2000) and on particulate matter from the EMEP model (Ap- The modelling results are compared with extensive mea-
Simon et al., 2001). The present study represents one asurements performed at Finokalia which is a remote coastal
the first applications of a modified UAM-AERO model com- site, situated on the top of a hill (elevation 130 m), on the NE
bined with the prognostic meteorological model (RAMS) for part of the island (Smdk et al., 2003). In addition, the mod-
the southern Mediterranean and comparison between mocklling results were compared with measurements performed
eled and measured data for particulate matter. In addition, then board a research vessel during July 2000 and with some
current modeling application is one of the first ones to studydata from the city of Herakleion on Crete, 70 km to the west
combined aerosol and photo-oxidant processes together withf Finokalia.
extensive comparisons with field data. The emissions inputs, except for R§obtained from
Predicted concentrations patterns of aerosols and gaseoddVO (Berdowski et al., 1998), are from the EMEP database,
species in the eastern Mediterranean area show that lonfjom the CTM-NILU regional model (initial and back-
range transport and natural emission sources are importanground concentrations) and from detailed emission inven-
The term “long range transport” in the discussion of the mod-tories for biogenic species (isoprene and terpenes), resus-
elling results refers to transport from outside the modellingpended dust and sea salt (Aleksandropoulou and Lazaridis,
UAM-AERO domain. As in previous studies (Lurmann et 2004; Lazaridis et al., 2003). The concentrations for the
al., 1997), the model results depend mainly on the charac24 gaseous species considered in the NILU-CTM regional
teristics of the particulate matter emissions. Determinationmodel were used for the simulations performed with the
of the wind driven resuspension of aerosols is required totJAM-AERO model as the background and initial concentra-
evaluate the crustal material contribution to the aerosol masgons (Flatgy et al., 2000). However, the NILU-CTM model
size distribution. Poor agreement mainly during the summerdoes not implement particulate matter emissions.
period for specific particulate matter chemical components The spatial distribution of the emissions of CO, ,SO
reflects the uncertainty in the emission inventory data. NOx, NMVOC, NHz and PM was improved on the basis of
the allocation of emissions as given by EMEP/CORINAIR,
2002, landuse and population density data. Particular focus
was on the estimation of natural emissions and especially
NMVOC (isoprene, terpene) emitted by vegetation, sea salt
particles and resuspended soil dust (Andreae, 1995; Aleksan-
dropoulou and Lazaridis, 2004).
. . . Emission estimates were compiled using the methodology
The _model domain (5874 gf'd pomts_), covers SE Gree_ce given in “Atmospheric Emissions Inventory Guidebook”,
(the inner black rectangular included in Fig. 1). Five v.ert|c.al CORINAIR (EMEP/CORINAIR, 2002). A bottom-up ap-
layers were u;ed: two 'F’e'OW. and three abovg the dlfoSIOrbroach based on land use and meteorology data is followed
break. The grid was defined in the UTM (;OQ'rdlnate syste.m.in the evaluation of biogenic and natural emissions (Simpson
The UTM zone 34 was used for the definition of the grid et al., 1995, 1999). Natural emissions were calculated with

gt\)/\(;ve Greece, V(\j/.h'Ch me?r;]s a c_((ejntral r;?el;ldlllan _©E2]]' he q hourly temporal resolution, anthropogenic data as annual av-
corner coordinates of the grid are the following (accor “erages. The emissions were allocated orxa kn? grid.

ing to the WGS84 system) Easting: 692089 and Northing: An example of the surface background concentrations of

3868 229. This corresponds to the geographical coordinates; . S . i
3405608’ latitude and 230602” longitude. 0zone and nitrogen dioxide calculated with the CTM-NILU

) i ] i model is presented in Fig. 1. High ozone and,Nf@ncen-
The region of interest includes marine (the Aegean andyaiions are calculated downwind of the Athens metropoli-

Cretan Seas), island (Cyclades, Crete) and continental (Atgan area. The above initial concentrations, representing 3-D
tica and Peloponnesus) parts of southern Greece. A COMyq 1y values (in ppb) were used as background concentra-

plicated topography (high mountains, deep sea and scattergghns of the domain which is modeled with the UAM-AERO
small islands), combined with the long sunny and humid pe-,qdel.

riods, strong winds and one of the most polluted European

cities (Athens) to the NW, inhabited by almost half of the 2 2 The three-dimensional photochemical modeling and
country’s population, characterize the region. prognostic meteorological tools
In the southern part of the modeling domain is the is-

land of Crete, mid-distance between Athens and the northerfhe UAM-AERO mesoscale model is a gas/aerosol air qual-
African coast. It is mainly mountainous, with all major cities ity model that is based on the model UAM version IV (Lur-
located at the north coast. The total population rises up tanann et al., 1997). Several modifications have been intro-
600 000, while at summer periods this number can increaseluced in the UAM-AERO mesoscale model compared to
significantly, due to high load of tourism, part of which is the standard UAM-IV model, including new preprocessors
scattered all over the island, but the majority is mainly con-for biogenic and natural emissions, new deposition routines
centrated along the northern coast. and inorganic equilibrium chemistry module. In addition,

2 Material and methods

2.1 Description of the domain

www.atmos-chem-phys.org/acp/5/927/ Atmos. Chem. Phys., 598®72005
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gas-to-particle conversion routines are included for treatingDardanelles Gap. As a result, a westerly flow was evident
secondary formed inorganic and organic aerosols. The emisen the 15th and 16th while on the following seven days the
sion inventories are based on EMEP data (EMEP, 2003)Etesians were established. During the summer period a char-
whereas more detailed inputs for biogenic emission, resusacteristic flow pattern, the Etesians, appears over the Aegean
pended dust, sodium and chlorine were calculated usingsea. This is a regional scale northerly flow with significant
newly developed methodologies combined with the UAM- diurnal variation (Kallos et al., 1993). The Etesians are the
AERO model (Aleksandropoulou and Lazaridis, 2004). Theresult of the interaction of two major semi-stationary weather
model simulations were initiated 24 h before the beginningsystems: the easterly extensions of the Azores anticyclone
of each modeling period. This procedure was introduced toand the low pressure system over the Anatolian Plateau. This
reduce the effect of not well defined initial conditions on the formation has as a result the development of a pressure gra-
model results. dient, which favors the transport of air masses from North to
The UAM-AERO model allows the use of various alter- South. The Etesians are acting as a carrier for the transport
native chemical mechanisms. The one employed for thisof air pollutants from Eastern Europe towards the Eastern
case study is the Carbon Bond-IV (CB-IV), where speciesMediterranean region.
are lumped according to the type of their C-C bonds. A Between 18-28 July 2000 the air flow over Finokalia was
large number of reactions, involving 47 species are taken intdrom the north and had earlier passed over the western coast
account. The CB-IV chemical scheme has a limitation of of the Black Sea region and during the last three days of
not considering the ambient temperature and the backgrounthis period, where peak mass concentrations were observed,
aerosol concentration in the calculations of the secondary orever the Aegean Sea. On the last two days, trajectories to
ganic aerosols. This has also an effect on the productiorFinokalia came from the southeast after having passed over
of secondary gaseous pollutants as the ozone (Griffin et alnorth Africa and the Mediterranean Sea.
1999). During the winter period the meteorological conditions
The meteorological inputs were obtained using the RAMSwere characterised by a low pressure system over the eastern
(version 4.29) prognostic meteorological model (Pielke etpart of the Mediterranean on 6 January 2001. There was a
al., 1992). RAMS combines a non-hydrostatic cloud modelrelatively strong northerly flow over the NE Mediterranean,
(Tripoli and Cotton, 1982) and a hydrostatic mesoscalewhich dissipated throughout the following 24-hours as the
model (Mahrer and Pielke, 1977). It was developed for simu-depression moved away towards the Middle East. To the
lating atmospheric phenomena with resolutions ranging fromwest, a deep and extended Atlantic depression covered Cen-
tens of kilometres to a few metres. There is no lower limit tral and Southern Europe. This system reached the Central
to the domain size or to the grid cell size. A general de-Mediterranean on 8 January and then moved north-eastward
scription of the model and its capabilities is given in Pielke through the Balkans towards the Black Sea region. From 8
etal. (1992). to 9 January a southerly synoptic flow was established over
the area of interest. As the depression moved away towards
2.3 Application of the modeling system in the Easternthe Black Sea region, a high-pressure system progressively
Mediterranean developed over the Central Mediterranean. On 10 January a
relatively strong north-westerly synoptic flow was apparent
The combined UAM-AERO and RAMS modelling frame- over the Central and NE part of the Mediterranean. This
work has been applied to model the summer and winter camflow dissipated throughout the following 24-h. On 11 to
paigns of the EU project SUB-AERO held on the Finokalia 12 January, the synoptic flow over the area under consid-
station on Crete and aboard the research vessel “Aigeaion’gration was relatively weak. The wind field over the land
which cruised across the Eastern Mediterranean area bavas modified by the landscape. Over the Aegean maritime
tween the Greek mainland and Crete. Sampling took placerea a weak northerly current was established while over the
during 4 weeks in July 2000 and at Finokalia for 1 week in Central Mediterranean and the lonian Sea the synoptic flow
January 2001. was westerly. On 13 January a new depression from the
The simulations were conducted for these two to investi-west reached the Central Mediterranean while a strong anti-
gate seasonal differences in the fate of the pollutants. Twayclonic circulation dominated over Central and Eastern Eu-
sub-periods were examined for the summer period: 13-1Gope. These synoptic conditions favoured the development of
and 26-30 of July, the second one chosen to coincide witha strong pressure gradient over the NE Mediterranean region.
the marine part of the campaign. A strong southerly flow was evident over the lonian Sea and
The synoptic conditions over Central and Eastern Mediter-the southern part of the Aegean while a strong easterly-north-
ranean in July 2000 were characterized by a high-pressureasterly flow prevailed to the north.
system over the Central and Eastern Mediterranean and The calculated spatial distribution of the concentration of
north Africa. The passage of relatively shallow disturbancesozone, nitrogen dioxide, sulphur dioxide, sodium, ammo-
over south Europe towards the Balkans and the Black Seaium in the aerosol phase, carbon monoxide, resuspended
strengthened the pressure gradient over NW Turkey and thdust and total Plyh are presented in Fig. 2 for 30 July 2000.

Atmos. Chem. Phys., 5, 92940, 2005 www.atmos-chem-phys.org/acp/5/927/
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Fig. 2. Surface spatial distribution &) Oz (b) NO5 (c) SO, (d) Nat (e) NHjlr (f) CO, (g) resuspended dust arfd) PM;g at 30 July
12:00h.

There are higher concentrations of particulate matter, carbonf the domain, as shown in Fig. 2 forONO,, SO, PM and
monoxide, nitrogen dioxide and ozone downwind of Athens CO. Also natural emissions such as sea salt and resuspended
and the transport of pollutants from outside the modellingdust are correlated with the meteorological fields in the mod-
domain is also important. The regional transport is relatedelling domain (Fig. 2d, g). The spatial distribution of PM

to the prevailing meteorological conditions. The predictedreflects where sea salt is produced and agrees well with the
pattern of @ shows a band of high concentrations extend- primary PM emission patterns. The spatial pattern of sodium
ing from the Athens metropolitan area to the middle of theis high over the Aegean sea (average value of@/n° on-
Aegean Sea and lower concentrations in a narrow area in thkoard the research vessel “Aigeaion” between 26—-29 July
western part of the domain and above Crete. 2000) and lower onshore (average value ofigm® during

The concentration of aerosol and gaseous pollutants in théhe summer measuremgnt period), d_ecreasmg further with
distance from the coastline. The spatial pattern agrees well

area depends on the prevailing meteorological conditions, th the ori PM emissi it
and it takes only a few hours for the boundary conditions to"V! € primary emission patterns.
have a significant impact on the concentrations at the centre
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Fig. 2. Continued.

A diurnal variation of the Pl concentration is shown in  responsible for the dynamics of the pollutant concentrations
Fig. 3. Figure 3 depicts the dynamic change in the concenin the area and the consequent human exposure. Elevated
tration of pollutants in the eastern Mediterranean due to meparticulate matter concentrations are expected both when the
teorological changes and emissions from local areas. In thair masses come from the west/north-west (western Europe
morning of 14 July (Fig. 3b) strong northwest winds bring and continental Greece) and from the south. The former
in particulate matter from Athens to the southern part of thewould carry anthropogenic aerosols (with size distributions
Aegean Sea at the same time as the sea salt emissions ar&inly in the fine sector), while the latter contributes to in-
considerable. The same meteorological conditions prevaitreases of coarse PM, transporting dust from North Africa
until 10:00 h. At this time the wind changes to the northerly and the Saharan Desert. The Black Sea region is expected
direction; Fig. 3b. From 17:00h there is a decrease in theto contribute to anthropogenic aerosols (combustion etc.) as
wind velocity with more stagnant meteorological conditions well, while during easterlies contribution both to fine and
while at 21:00 h the wind direction is from the west. It is ev- coarse modes can be expected, depending on whether the air-
ident that the meteorological conditions to a large extent aregparcel crosses urban areas or deserts.
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The regional transport for ozone and particulate matter carparticulate matter and other gaseous pollutants contributes
be also depicted in Fig. 4 where we present the surface conto the pollutant levels in the area studied. An average calcu-
centration for the period 13—16 July 2000 at 12:00 h. A northlated vertical profiles for ozone during January 2001 and July
westerly flow during this period is shown in Fig. 4 where el- 2000 are shown in Fig. 5 for Finokalia, Herakleion and for
evated concentrations of ozone and particulate matter (e.cqan average profile over the sea. Ozone values range between
Fig. 4c, d) infiltrating in the modelling domain. The same 29 and 36 ppb for January 2001 whereas values between 34
behaviour is also depicted for several chemical componentsnd 38 have been calculated for July 2000. Surface ozone
such as carbon monoxide, nitrogen oxides, sulphur dioxidehas a diurnal profile, determined by mixing height fluctua-
and volatile organic components. tions. Downward flux of ozone from the free troposphere to

) ) , e surface contributes to enhanced concentration levels. No

Regional transportin the Mediterranean area of ozone an bservations of the vertical profiles of pollutants have been

other pollutants is also occurring at higher altitudes and in thetaken in the area and therefore the modelling results cannot
free troposphere as shown by others (Kouvarakis et al., 2000[5e validated

Lelieveld et al., 2002). Here regional transport of ozone,

www.atmos-chem-phys.org/acp/5/927/ Atmos. Chem. Phys., 598®72005
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The importance of regional transport of RMinto the showed the importance of the long range transport of pollu-
area of interest was further examined using the UAM-AEROtants in the Mediterranean area (Sciare et al., 2003; Zerefos
model and setting the particulate emissions in the modellinget al., 2002).
domain to zero. The average reduction in the;gkbncen-

tration inside the modelling domain ranged from 60% to 45% Comparison with the experimental field data from the Fi-
for the summer and winter modelling periods, respectively.n()ka“a station, Herakleion and onboard AIGEAION during

The results here reflect the prevailing meteorological con-the summer and winter periods is shown in Fig. 6 fgr The
ditions during the modelling period. Forest fire emissions variations of the modeled results both with the EMEP and the

and Saharan dust input were not accounted for, and sinc& TM-NILU models follow those of the measured data. Also,
the modelling period corresponds to only a few days no certhe diurnal variation of the predicted concentrations was in
tain conclusions can be drawn for longer periods. Howeverdualitative agreement with the measured data. Tables 3-5

the current results are supported by previous studies whic§"OW @ quantitative comparison between modeled and mea-
sured gaseous species components for the measured periods.
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Fig. 4. Continued.

Average summer Oz vertical profiles at various

Average winter Oz vertical profiles at various environments
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Fig. 5. Average vertical profile of ozone durin@) January 2001b) July 2000 for three different environments using the UAM-AERO
model. The CTM-NILU model was used for obtaining the initial and background ozone concentration.
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Measured vs predicted O; values at Finokalia,
13-16 July, 2000
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Fig. 6. Comparison between modeled (EMEP and NILU-CTM) and measured ozone mixing ratio for the (p¢r@d-16 July 2000 at
Finokalia(b) 26—30 July 2000 at Finokalig) 26—30 July 2000 onboard the research vessel Aiggaiprn-15 January 2001 at Finokalie)

7-15 January 2001 at Herakleion.
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Fig. 7. Chemical averaged resolved R§ymass between during the
measurement periodg) 13-16 July 2000 at Finokaligh) 26—-30
July 2000 at Finokaligc) 26—29 July onboard the research vessel
Agaion(d) 7-14 January 2001 at Finokalia.

Figure 7 shows the average modelled average daily pro

file of the chemical composition of P}g for the period 13—

Atmos. Chem. Phys., 5, 92940, 2005

16, 26-30 July 2000 and 7-14 January 2001 at Finokalia
and between 26-29 July onboard the research vessel Aigeon.
Crustal material due to the resuspension from the soil surface
dominates in the summer period. Elemental carbon is prob-
ably underestimated, since there were mainy fires in Greece
during this period, and these were not accounted for in the
model. Other important species are ammonium, sulphur, ni-
trates and sea-salt particles. From thejgMomposition
data it is important to note the significant natural contribution
(crustal oxides, sodium, chlorine) to the particulate matter
mass during the summer period (close to 54%); and close to
31% in winter. It must be noted that the model period is short
and certain conclusions can not be drawn for longer periods.
The average PM concentration during the research vessel
campaign is also shown in Fig. 7. Elevated concentration has
been calculated compared to the Finokalia station mainly due
to elevated crustal materials. The meteorological conditions
favour the regional transport during the period of the boat
measurements. The average fgMoncentration during the

winter campaign for Finokalia (January, 2001) shows that the

www.atmos-chem-phys.org/acp/5/927/
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Table 1. Comparison between experimental field data and mod-Table 3. Comparison between experimental field data and mod-
elling results (particulate matter chemical components) for the 13-elling results (gaseous species) for the 13-16 and 25-30 July 2000
16 and 25-30 July 2000 periods at the Finokalia station. periods at the Finokalia station.

ng/m3 Model Results Experimental Parameter Finokalia (Summer) Model Results
(Arith. Mean) (ppbv) (ppbv)
July 2000 period  July 2000 period O3 60+12.02 5@t4.25
(Average) (Average) NO2 2.25%** (10-20/7}0.85 0.2:0.09
NO <0.054+0.08 0.03t0.026

Total PM10 20.8£3.77 33.54155 SO, 0.84%+0.72 0.6:0.34
S0o4= 2.04:0.49 6.88-0.96 HNO3 0.45* (20-30/7£0.41  0.10.16
NO3- 2.23t0.85 2.7%0.41 0.15%* (10-20/7):0.17
NHA+ 1.58+0.10 2.38:0.38 HONO  0.13* (10-20/7%40.13  0.05:0.001
Na+ 1.72£0.78 1.92+0.28
cl- 1.28£1.11 2.28:0.36 *: from annular denuder measurements
EC 0.17+0.01 0.4440.16 . e . .
oc 1.04L0.07 1374061 : _prototype V\_/et effluent diffusion denuder technique/chemi-
Crustal Oxides” ~ 8.13£3.75 7.56+3.50 luniscent detection

**: prototype chemiluminescence ozone and nitrogen dioxide de-
tectors

Table 4. Comparison between experimental field data and mod-
Table 2. Comparison between experimental field data and mod-elling results (gaseous species) for the period 26—29 July 2000 on-
elling results particulate matter chemical components) for 7-14 Janboard the research vessel “Aigeaion”.
uary 2001 at the Finokalia station.

Parameter Aegean sea (summer) Model Results
3 . (ppbv) (ppbv)
ng/m Model Results Experimental
(Arith. Mean) O3 59.4**413.25 52.6:6.9
NO» 7.1%* £7.59 3.5:0.77
7-14 January 2001  7-13 January 2001 SO, 1.56* 2.14-1.08
(Average) (Average) HNO3 0.33*+0.76 0.421.1
Total PM10 9.35+2.45 14.5%6.5 HONO ~ 0.127+0.36 0.05:0.01
SO4= 2.18+0.64 2.36:0.38
NO3- 2 504+0.91 1.53-0.23 *: from annular denuder measurements
NH4+ 0.77+0.18 0.72-0.086 *. prototype wet effluent diffusion denuder technique/chemi-
Na+ 1.11+0.46 1.20:0.18 luniscent detection
Cl- 0.59+0.74 2.06:0.30 **. prototype chemiluminescence ozone and nitrogen dioxide de-
EC 0.20+0.05 0.15+0.04 tectors
ocC ) 0.83£0.2 0.45+0.19 Table 5. Comparison between experimental field data and mod-
Crustal Oxides”  1.14+0.87 1.37+0.60

elling results (gaseous species) for 7-14 January 2001 at the Fi-
nokalia station.

* TSP (Total Suspended Particles). The EC/OC measurements were

performed for TSP ambient levels. Parameter Finokalia (Winter) Model Results
#1.16%(1.90*Al+2.15*Si+1.41*Ca+1.67*Ti+2.09*Fe) (ppbv) (ppbv)
O3 41.748.09 31.33.8
L . . . NO» 0.52***40.52 0.40.11
domm{;\tmg species are sulphate, nitrate, and crystal material. NO <0.05 0.02:0.04
Other important compounds are Nand CI, typical for a HNO3 0.04**+0.03 0.02:0.18
coastal site. HONO 0.07*£0.05 0.03:0.004

In Tables 1-2 we present average predicted and observed
chemical composition of particulate matter during the sum-+: from annular denuder measurements
mer and winter simulation periods for 24-h averages. Mod-*: prototype wet effluent diffusion denuder technique/chemi-
eled and observed P} agree better in the winter period luniscent detection
than in the summer. Ammonium sulphate and crustal ma-=*: prototype chemiluminescence ozone and nitrogen dioxide de-
terial dominate PNp mass, whereas nitrate and sea salt alsot€ctors
are important for the chemical mass closure. There is a dis-
crepancy between the gravimetric measured Fddncentra-
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Experimental vs. measured SO,4”, at Finokalia, July 2000 Experimental vs. measured Na* mass (PMy), at Finokalia,
January 2001
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Fig. 8. Comparison between modelling and observed, $@ss  Fig. 9. Comparison between modelling and observed Naass
concentration between 13-16 July 2000 at the Finokalia station. = concentration between 7—13 January 2001 at the Finokalia station.

tions and the measured chemical resolved composition. This

 due 1 organi mass, viter and experientalerrs. ThELTTY PO, The erence i e concentaton e
concentration of particulate organic matter (POM) was de- Y

termined by multiplying the OC concentration by 1.7, which ical fractions of the PM mass. There is an underestimation of

is the average ratio of the mass of carbon-containing specie%hl(;mne agd So?.'u”l. (seaf?ﬁ\lt) p?rﬂcijlate matte(rj em|sts||ons,
to carbon mass assumed to be distributed between the find o a1 Underestimation ot the sulphateé mass and crustal ma-

and coarse modes with a ratio of 7/3 (Quinn et al., 2000)_terlals from Saharan dust episodes. In addition, forest fires

This may be an uncertainty factor in the calculation of the!" July 2000 contributed to PM mass but were not included

organic mass present in the Ridconcentration. For exam- |r} me modellln% StUth' rL:rtherrtTtloreh, an |T%ortantr1:rac'§|or;l
ple Turpin et al. (2000) suggests a multiplication with 2.5 of the measured particulate matter has not been chemically

since the aerosol sampled was mainly of rural or backgrouné:haractenzed, so that the comparison between model results

origin plus aged aerosol from distant anthropogenic sourcesand measured data is uncertain. The N®IH,, OC and

; C concentrations are in good agreement with the measured
lus that elevated concentrations were observed due to for'—E .
P ata as shown in Tables 1-2. It has to be stressed that the

est fires (wood smoke). Furthermore, there is a discrepancgeteorolo cal conditions influence considerably the ambi-
between modelled and measured particulate matter. Several 09! - infiuen ! Y -
t particulate matter concentration and chemical composi-

factors such as forest fires and Saharan dust episodes whidf!

were observed during the summer period may be factors fofIon since for example NW winds at_ the Finokalia staﬂpn
this discrepancy (Smitl et al., 2003). ead to enhanced sea salt concentrations. Furthermore, it has

Tables 3-5 show the field concentration of trace gases, inEO be stressed that the modelled results are based on aver-

. . o . . . age values on a5 kn? grid whereas the measured data at
cluding those in equilibrium with aerosol species and their ) . .
. . . : . . the research station of Finokalia or the onboard the research
comparison with the modeling results for Finokalia during

the summer period and on the research vessel “Aigeaion” angessel Aigeaion and th.is may introduce a source of error in
at Finokalia during the winter period. The modeling data fol- g::;ormmg the comparison between modelled and measured
low the same general behaviour as the field observations. '

The comparison between calculated and measured daily Figure 8 presents a comparison between measured and
average PN levels for both the summer and winter peri- Predicted S@ levels, for Finokalia in July 2000. There
ods show that there is a considerable underestimation of thi Poor agreement between modelled and measured data
PMo mass during summer and better agreement in the win{modeled data: 2.640.49..g/m? 6.88+0.96..9/m°). The
ter. On 27 and 28 July Saharan dust episodes were idersources for S@ are mainly anthropogenic from the Greek
tified to contribute significantly to the ambient Ryicon- ~ Mainland and from long range transport. The;S@articles
centration. This is a reason for the significant discrepan-2ré mainly emitted from industrial sources. The existence of
cies between modeled and measured data. The Saharan dii¢ State Electricity Organization power plant at Herakleion,
episodes were identified based on satellite data, meteorologis Well as air-masses that originate from Athens can strongly
ical back trajectories and experimental field measurementdfluence the levels observed on Crete.
which identified elevated concentrations of crustal materials. Figure 9 shows the comparison between modeled and
Average total PMo from the modeling studies is 9&/m® measured concentrations for Na Sea salt particles are
for the winter simulation and 20,8g/m® for the summer  strongly affected by the wind and make an important con-
period. The corresponding value for the measured data i¢ribution at Finokalia. The modeling data are in general
14.6.g/me for the winter period and 33/&g/m?® for the in good agreement with the measured data (modeled data:
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1.1140.46,.9/m3; measured data: 1.24D.18ug/m°) except  monium ions, sea salt and Saharan dust, with the formation

on 9 January where the average measuredddmcentration  of (NH4)2SO4 among the most important secondary aerosol,

is around 3.Jug/m® whereas the modeled value is L.§/m?°. as also observed from measurements and supported by the
Although the simulation periods are too short to allow sea-modelling results (Kouvarakis et al., 2002).

sonal variability of the pollutants to be established, differ-

ences between the summer and winter periods are clear bothcknowledgementsThis work was supported by the European
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PAN, OH and other photooxidants, while the precursors |eV_S. Pandis (C;arnegle Mellon University) for his helpful comments
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