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Abstract. The first EMEP intensive measurement periods intensive measurement periods along with EMEP model re-
were held in June 2006 and January 2007. The measuremersslts from the updated model version to characterise aerosol
aimed to characterize the aerosol chemical compositions, ineomposition. We investigated how the PM chemical compo-
cluding the gas/aerosol partitioning of inorganic compounds sition varies between the summer and the winter month and
The measurement program during these periods includedeographically.

daily or hourly measurements of the secondary inorganic The observation and model data are in general agreement
components, with additional measurements of elementalregarding the main features of Ryand PM.5 composition

and organic carbon (EC and OC) and mineral dust im PM and the relative contribution of different components, though
PM2s and PMgo. These measurements have provided ex-the EMEP model tends to give slightly lower estimates of
tended knowledge regarding the composition of particulatePM;g and PMy 5 compared to measurements. The intensive
matter and the temporal and spatial variability of PM, asmeasurement data has identified areas where improvements
well as an extended database for the assessment of chendfre needed. Hourly concurrent measurements of gaseous and
cal transport models. This paper summarise the first experiparticulate components for the first time facilitated testing of
ences of making use of measurements from the first EMERmodelled diurnal variability of the gas/aerosol partitioning of
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8074 W. Aas et al.: Lessons learnt from the first EMEP intensive measurement periods

nitrogen species. In general, the modelled diurnal cycles oftoring program, shorter intensive measurement periods are
nitrate and ammonium aerosols are in fair agreement witha good compromise to generate datasets for model evalua-
the measurements, but the diurnal variability of ammonia istion with acceptable geographical coverage. EMEP has pre-
not well captured. The largest differences between model andiously arranged a number of campaigns to provide data for
observations of aerosol mass are seen in Italy during winterparameters for which the monitoring technology is too ex-
which to a large extent may be explained by an underestimapensive or demanding to be a part of the regular programme,
tion of residential wood burning sources. It should be notede.g. pilot measurements of nitrogen containing species in
that both primary and secondary OC has been included irair in 1993-1994 (Semb et al., 1998) and the EC/OC cam-
the calculations for the first time, showing promising results. paign during 2002—2003 (Yttri et al., 2007). These cam-
Mineral dust is important, especially in southern Europe, andpaigns provide useful insight to atmospheric composition
the model seems to capture the dust episodes well. The lacknd processes, and are a necessary complement to the contin-
of measurements of mineral dust hampers the possibility fouous measurements. Thus in the EMEP Monitoring Strategy
model evaluation for this highly uncertain PM component. for 2004-2009 (UNECE, 2004), campaign measurements,

There are also lessons learnt regarding improved measurelefined as intensive measurements periods (IMPs) were in-
ments for future intensive periods. There is a need for in-cluded as a part of the EMEP monitoring programme. IMPs
creased comparability between the measurements at diffelare also incorporated in the strategy for the present period
ent sites. For the nitrogen compounds it is clear that morg2010-2019) (UNECE, 2009).
measurements using artefact free methods based on continu-In the EMEP Monitoring Strategy it is stated that full
ous measurement methods and/or denuders are needed. Fadremical speciation of particles and gas/particle distribution
EC/OC, a reference methodology (both in field and labora-should be conducted at EMEP super sites (Level-2 sites)
tory) was lacking during these periods giving problems with whereas more advanced measurements (Level-3) with vari-
comparability, though measurement protocols have recentlypus research focus could be carried out in shorter periods.
been established and these should be followed by the Paffo assist the implementation of the monitoring strategy, the
ties to the EMEP Protocol. For measurements with no deEEMEP Task Force on Measurements and Modelling (TFMM)
fined protocols, it might be a good solution to use centralisedrecommended conducting co-ordinated intensive measure-
laboratories to ensure comparability across the network. Tanents between the Level-2 sites, and the first two sam-
cope with the introduction of these new measurements, newpling periods were set for June 2006 and January 2007 (UN-
reporting guidelines have been developed to ensure that aECE, 2005). Furthermore, additional research groups were
proper information about the methodologies and data qualityinvolved with more advanced research activities (Level 3
is given. measurements) at the same sites, i.e. with continuous mea-
surements using aerosol mass spectrometer (AMS) or wet-
chemistry techniques.

There were two main objectives for these first IMPs: (1)
1 Introduction aerosol chemical speciation measurements to obtain a full

mass closure for PM in several size fractions and (2) uti-

The “Cooperative programme for monitoring and evalua-lizing continuous online measurements to obtain high res-
tion of long-range transmission of air pollutants in Europe” olution, size-resolved and near artefact free measurements of
(EMEP) was launched in 1977, and since 1979 EMEP hagjas/aerosol partitioning of inorganic species. An important
been an integral component of the Convention on Long-rangenotivation for these intensive measurement periods was to
Transboundary Air Pollution (LTRAP). The programme has obtain new insight in the spatial and temporal variation in
continuously been evolving as new environmental topics and®M chemical composition in order to facilitate further de-
priorities in air pollution control policies have entered the velopment of the EMEP model as well as other chemical
arena (Tgrseth et al., 2012). This creates new challenges amansport models used in Europe. The measurements pro-
the monitoring programme, both for the number of param-vided data on mass closure of both coarse and fine particles
eters to be monitored and for an increased density of siteg(i.e. in PMyg, PM2 5 and PM), and this information can help
The growing demand for advanced monitoring, not least forexplaining the existing discrepancies between modelled and
obtaining new data for the EMEP model and other chemi-observed mass of P and PM 5. Furthermore, measure-
cal transport models evaluation, is however, difficult to meetments of gas/aerosol partitioning, in particular for nitrogen
for the Parties to the EMEP Protocol, especially since thesespecies, and its diurnal variation pattern are essential for im-
increased needs are not necessarily coupled to correspongrovement of our process understanding and its description
ing increase in national funding. Furthermore, to facilitate in chemical transport models.
data comparability across the network, it is recommended to In this paper, we summarise the first experiences of mak-
establish standard or reference methods for the new paraméag use of measurements from the first IMPs (June 2006
ters and/or measurement methods. In an intermediate phasand January 2007), along with model results from the
before full implementation of the continuous extended mon-EMEP/MSC-W chemical transport model (Simpson et al.,
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Table 1. Measurements being conducted during the EMEP intensive periods in June 2006 and January 2007.

Sites Mass Daily Hourly
Inorg. EC/OC Dust Inorg EC/OC
Jun 06 Jan 07 Jun Jan Jun Jan Jun Jan Jun Jan Jun Jan
ATO2 llimitz PM10, PM2 5, PM1 PM10, PMg2 5, PM1 FP FP SQ PM2 5
CHO02 Payerne Pib, PM2 5, PMg PM10, PMg2 5, PM1 X X AMS AMS PMjs5 PMos
Cz03 Kdsetice PMo, PMo 5 PM3p, PM2 5 PMig PMjpp
DEO02 Langenkigge  PMg, PMy 5, PMy PM10, PMg 5, PM1 FP
DEO3 Schauinsland PN, PMy 5 PM1g, PM2 5 FP
DEO7 Neuglobsow Piyy, PMy 5 PM1g, PM2 5 FP
DE44 Melpitz PMo, PMz 5, PMg X X X X AMS AMS
DK41 Lille Valby PMyo, PMa 5, PM1 PMzo, PMy 5, PMy
ES1778  Montseny P, PM2 5, PMy PM10, PMg 5, PM1 X X X X X X
FI17 Virolahti Il PM10, PMz 5, PMg PMi0, PMg 5, PM1 X X
GB33 Bush AMS
GB36 Harwell PMo, PM2 5 IC PM10
GB48 Auch. Moss IC IC
IE31 Mace Head PWl5 AMS AMS
ITO1 Montelibretti PMo, PMy 5 PMjo, PM2 5 X X X X X X
ITO4 Ispra PMo, PM2 5 PM10, PMo 5 PMos PMos PMys PMys IC IC
NL11 Cabauw PMo, PMo 5 PM3p, PM2 5 IC IC
NOO1 Birkenes PMo, PM2 5, PM PMzo, PM2 5, PMg X X X X

FP: Filterpack; X:. Speciation in two or three sizes size fractions; AMS: Aerodyne Mass Spectrometer; IC: SJAC/MARGA/GREAGEOR (water soluble inorganic ions);
OM: Organic mass.

2 Methodology

2.1 Measurement programme, sites and methods

The first EMEP IMPs lasted from 1 to 30 of June 2006 and
from 8 of January to 4 of February 2007. The measurement
programme at the various sites is described in Table 1, and
the locations of the sites are shown in Fig. 1. Several sites
measured aerosol mass concentrations in three size fractions,
PMi, PMz 5, and PMg, though not all of them provided the

full chemical speciation. Only data from sites with PM chem-
ical composition including at least both secondary inorganic
aerosols and carbonaceous matter are selected for compari-
son with the EMEP model results for chemical composition.
In addition, some of the continuous measurements are used
to evaluate model calculated diurnal variation of gaseous
and aerosol nitrogen compounds. For a more comprehensive
analysis of the hourly data, the reader is referred to Nemitz
et al. (2012). The measurements are compared with the av-
Eig. 1_. Sites that took part in the EMEP intensive measurement Peerage concentrations predicted by the EMEP model for the
riods in June 2006 and/or January 2007. model grid cell, within which the site is located. Although
EMEP measurement sites are selected to represent the rural

. . regional background, it is recognised that in some cases the
2012, here we use version 184 to characterise aerosolcom- =2 . . .
site is not always representative for the whole grid cell, i.e.

position. We investigated how the PM chemical comp05|t|on|_|_04 which is situated close to the south eastern border of

varies between the summer and the winter month and ge; : . . i
. ) . . .~ “the cell, is more influenced by regional pollution from the Po
ographically. The main results of comparison of intensive )
i . .valley compared to the grid cell on average.
measurements with model calculations are presented and dis- : . .
All the data reported from these intensive periods are

cussed, along .W'th the con3|derat|on of encountered prObélvailable from the EMEP data base (http://ebas.nilu.no). An
lems and data inconsistencies.

overview of the methods used for chemical composition mea-

surements is provided in Table 2. The methods, as well as
some known artefacts and data inconsistencies are briefly de-
scribed below.

@ Speciation and hourly
Hourly measurements
Chemiical speciation
PM size distribution
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Table 2. Methods in field and laboratory for sites with chemical composition of daily measurements (manual method), ian@NPNp 5
of inorganic and organic components.

Site Field methods Analytical method
Sampler Mass Inorganic EC/OC Mineral dust

CHO02 Digitel DHA80. Quartz Gravimetric, IC (from quartz Sunset Monitor, denuder,
filters (QMA). EN 12341 filters) TOA//NIOSH 5040

DE44 Digitel DHA80. Quartz Gravimetric IC (from quartz VDI 2465 -part 2
filters (MK360). Filter EN 12341 filters)
face velocity: 54 cm
S

ES1778 Digitel DHA80 Quartz Gravimetric, IC and ammo- Sunsetanalyzer ICP-AES and
filters (Schleicher and EN 12341 nium selective TOT technique, NIOSH ICP-MS from
Schuell, QF20). Simul- electrode (from protocol total acidic
taneously PMg, PMs 5 quartz filters) digestion of
and PM, mass concen- quartz filters
tration  continuously
with optical particle
counters, corrected
with factors obtained
by the gravimetric data.

ITO1 Tandem quartz filter beta attenuation IC (from Teflon Sunset TOA NIOSH ED-XRF
(QBQ) Filter face method (OPSIS filters and de- 5040.Corrected for (Teflon filters)
velocity: 54 cm 51 SM200) nuders) positive artefact in June

ITO4 Single quartz filter, de- Gravimetric, IC (from quartz Sunset .TOA, EUSAAR-
nuder. Filter face veloc- quartz filter, not filters) 1. Corrected for positive
ity: 24 cm s conditioned artefacts

NOO1 Tandem quartz filter Gravimetric, IC (from quartz Sunset. TOT, EUSAAR-

(QBQ). Filter face quartz filter, not filters) 1. Corrected for positive
velocity: 54 cm 51 conditioned artefact in June

2.1.1 Aerosol mass simultaneous gravimetric analyses. RMand PM 5 filter

sampling was performed for gravimetric and chemical anal-
sis at a rate of two filters per week. Quality assurance is a

The reference method for mass measurements based %/rllnallenge with mass measurements because the required val-

gravimetry in accordance to EN 12341 (CEN, 1999) WET€;gation in accordance to EN12341 (CEN, 1999) of alternative

useg ?ht rr;)oi,t S|:tes, th?ugh the;e W(e)rs ss|osmse|\/|ezx(§§ pt'O;S'I\IATO easurements to the reference method is often done in urban
used the beta attenuation monitor ( ) angl$> areas and thus not necessarily representative for the EMEP

'?I_ggi/lsur?del\gianpgrBesd;Emem odscpl’llatmg m|crobalanc%ites_ Furthermore, regular laboratory intercomparison of the
( ) a ' » PMo and Ph5 were mea- weighing procedures has not yet been established. Work is

sured with TEOM m_para}lel with Pl graV|rr_1etr|c mea- i, progress to better assess the quality of the mass measure-
surements. The gravimetric data are substantially higher thapnents in EMEP

the TEOM measurements at this site, i.e./2\h June 2006

is 13.5 ug 3 and 23.5 ug m2 for TEOM and the gravimet-

ric method, respectively. The TEOM instruments had a tem-2-1.2  Water soluble inorganic ions

perature of 50C and it is expected a loss of volatile com-

pounds. The difference is therefore probably partly due to theThe daily aerosol chemical speciation measurements were
inherent problems of measuring semi-volatile aerosols withperformed through water extraction of the aerosol filters and
the TEOM and problems to define an appropriate correctioranalysis by ion chromatography, except at ES1778 where
factor (e.g. Hauck et al., 2004). For comparability betweenNHI was analysed with a selective electrode, Table 2. The
fine and coarse fraction, the TEOM data from GB36 havefilters were either of Teflon®or quartz using the regular fil-
however been used, though as shown above, these shoutdrpack measurements with no size cut-off and/or the wa-
be considered as lower estimates. For ES17788RNM; 5 ter extracts from the gravimetric measurements of1PM
and PM mass concentrations were derived from continuousand PM 5. These measurements are typically biased with
measurements with an optical particle counter (OPC, Grimmpossible evaporation of ammonium nitrate aerosol (negative
dust monitor 1107) using conversion factors obtained fromartefact) and potential absorption of gaseous nitric acid and

Atmos. Chem. Phys., 12, 8078094 2012 www.atmos-chem-phys.net/12/8073/2012/



W. Aas et al.: Lessons learnt from the first EMEP intensive measurement periods 8077

ammonia on the aerosol filter (positive artefact). The only ¢

exception is ITO1, which used the reference denuder/filter Bsummer AMS
method where one would expect only little, if any, biasinthe 5 ™o emmee
gas/particle separation. For the filterpack method, the evapo- B winter AMS

ration of NHy;NO3 from the aerosol front filter will lead to the 4| mwinter PM1 gravimetric

capture of additional HN@and NH; on the impregnated fil-
ters and an overestimation of the gas-to-aerosol ratio, while
capture of NH and HNG; on the front aerosol filter will
give an underestimated ratio. The sum of nitrate and sum
of ammonium in the filter pack measurements are unbiased
(EMEP, 2001)

The hourly inorganic measurements were either performed ol
using an aerosol mass spectrometer (AMS) (Jayne et al. S04 NO3 NH4
2000; DeCarlo et al., 2006) or wet-chemistry techniques. _ ) o _
These couple sequential sampling with a wet annular de-F'g' 2. Co_mparlson of chemlgal speciation measurements using
nuder (WAD) and steam jet aerosol collector (SJAC) to On_AMS and filters from gravimetric Psampler at Payerne, CHO2.
line ion chromatograph (IC), here deployed in three differ-
ent incarnations (MARGA, GRAEGOR, WAD-SJAC; see
Thomas et al., 2009). The wet chemistry techniques meahave therefore used these as a proxy for the nitrate and am-
sure both gaseous and particulate species with a specific cugaonium in PMo.
off size (PMyg and/or PM ). The cut-off of the AMS is
characterised by 100 % transmission for 70-600 nm particle®.1.3 Carbonaceous matter
and some transmission up to beyond 1 um and down to 30
nm. Thus, the size of measured MN¥Os3, (NH4)2SO4 and Measurement of elemental carbon (EC), organic carbon (OC)
NH4Cl aerosols approximately corresponds toPWhile and total carbon (TC) in PM and PM 5 were conducted at
the wet-chemistry instruments detect any water soluble comsix sites. The quartz fibre filters used were preheated for 3 h
ponents (much like the filter extractions), the AMS detectsat 900°C to minimize blank values of OC. Various protocols
only aerosol components that volatilise at 6a0 i.e. usu-  were applied for analysis (Table 2), thus hampering the com-
ally KCI, KoSQqy, NaCl, NaNQ@ and CaNOz in PMy are not  parability of these data.
detected. Although the analytical approaches vary, it is generally

Some of the components, which were measured in parallehccepted that the total carbon (TC) should be comparable.
with different methodologies, gave inconsistent results. AtPutaud et al. (2010) estimates that the discrepancies of TC
CHO02, PM. chemical speciation was determined from par- across the European measurements is smaller th2i%
allel filters and continuous AMS measurements. The differ-whilst the split between EC and OC is more site specific de-
ence was especially large for NQOwhich hardly could be pending on methodology. The thermal optical analysis cor-
detected from the PMfilters during June 2002 (Fig. 2). In rects for charring of OC during analysis, however different
January 2007, the difference was 40 %, similar as for amtemperature programs are used (i.e. EUSARRBnd NIOSH
monium. The ammonium concentrations from filter samples(Table 2), which impact the split between EC/OC. Further,
were 30 % lower compared with the AMS data in summer.the VDI 2449 method provides TC levels comparable to the
Sulphate were similar for the two type of measurementsthermal optical methods, but overestimates EC as it does not
somewhat underestimated by the AMS in June possibly dueccount for charring of OC (Schmid et al., 2001; Cavalli and
to not detectable sulphate species (i.e. C§S0 small dif- Putaud, 2011).
ferences in the transmission curves of the inlets. For mass The collection of filter samples for subsequent analysis
closure of PM 5 at CHO2 in this work, we combine the inor- of OC is associated with positive and negative sampling
ganic components in PMfrom filter (SG;~, sea salts) and  artefacts. ITO1 and NOO1 used tandem filter set-ups (Mc-
AMS (NH4 and NQ), and the carbonaceous matter mea- Dow and Huntzicker, 1990) operating according to the QBQ-
sured in PM s using monitor. It is expected that most of the approach (quartz-fibre filter behind quartz fibre filter) to ac-
fine particle secondary inorganic aerosols (SIA) resided incount for the positive artefact of OC. The positive artefact of
the PM, fraction resemble what is expected in P OC at these two sites accounts for 30-50% of OC in June.

At NOOL1 the data is considered unreliable for the SIA The backup filter was not analysed in January at either of
components in both size fractions in January 2007. The conthese sites, in Norway, due to very low level of OC. Thus the
centration levels were very low, especially for nitrate and am-OC data at ITO1, NOO1 in January 2007 were not corrected
monium, dropping below the detection limit of the IC anal- for positive artefacts. IT0O4 and CHO2 used a denuder to re-
ysis in many days. The regular filterpack data (with no sizemove the gaseous organic compounds before they reach the
cut) from the same period seems more reasonable, and widter. Neither of those four sites, which used denuders or the

Aerosol Mass (ug/m?)
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QBQ-approach, accounted for negative artefacts, thus thejn the daytime and in summer, N@xidation occurs mainly
provided a low estimate of OC. through reaction with OH, while in the night time and in win-
For chemical mass closure of Ryand PM 5 the amount  ter its oxidation is predominantly by ozone on deliquescent
of organic matter mass (OM) is usually calculated applyingaerosols. An important source of nitrate in the troposphere
a conversion factor to OC to account for non-C componentsis the reaction of BOs on deliqguescent aerosols, producing
However, in this paper we have chosen not to apply any conHNO3, which further takes part in the formation of ammo-
version factor for OC nor EC, since the conversion factornium nitrate and/or coarse nitrate on sea salt and dust par-
may vary considerably between the sites (Yttri et al., 2007;ticles. Ammonium sulphate is formed instantaneously from
Putaud et al., 2010), adding uncertainties to the comparisotNHsz and HSO4. The MARS equilibrium model (Binkowski
between model and measurements. The non-carbonaceoasd Shankar, 1995) is used to calculate the partitioning of
OM is included in what is defined as “other”, and compari- inorganic species (HN§NO; and NH;/NHI) between the
son with model focuses on the OC component only. The cargas and aerosol phase as a function of relative humidity
bonaceous fraction in the PM composition should thereforeand temperature. Coarse nitrate formation from HN®

be considered generally underestimated. presently assumed to take place at a rate which depends on
) relative humidity.
2.1.4 Mineral dust The EMEP model combines the calculated aerosol chem-

ical components treated by the model to predict the mass

The measurements of mineral compounds were performegl,cantration of two size fractions for aerosols, fine aerosol
using XRF at ITO1 and ICP-AES and ICP-MS from solu- (PMy5) and coarse aerosol (Ril2s). The aerosol com-

tions obtained by totgl acidic digestion of the filterat_ E51778ponents included in the model are squhatef(S)Onitrate
(Pey et al., 2010). Mlngral dust mass (DU) was derived from NO3), ammonium (NITIL), anthropogenic elemental (EC)
measurement data, using the formula suggested by Chan éﬂﬁd organic aerosol (primary and secondary from both an-
al. (1997): thropogenic and biogenic sources), sea salt and mineral dust
(from anthropogenic sources and windblown).

Ammonium nitrate is assumed to be all associated with

where all concentrations are in pg# For the other sites, PMzs. While all ammonium is assumed to be solely in the
water soluble calcium may be used as an indicator of min-fine fraction (as ammonium nitrate or ammonium sulphates),
eral dust; however, that has not been applied here for th&alculated coarse NDis assumed to be evenly split between
model measurement intercomparison since the model doe8Mzs and PMo-25 so that half of the coarse NOmass

not calculate the individual mineral components. Neverthe-is attributed to each size fraction. In the model, coarse ni-
less, modelled dust is included in the chemical speciatiorirate represents nitrate aerosol formed on sea salt and min-

DU = (1.89- Al +2.14- Si+1.4-Ca+1.2-K + 1.36- Fe) - 1.12 (1)

calculations even at sites with no dust measurements. eral dust. When comparing calculated Pdvwith observa-
tions, the model accounts that a portion of the nitrate associ-
2.2 Model description ated with sea salt and dust resides on aerosols with diameters

smaller than 2.5 um, and thus contributes toJRNhass. In

The EMEP MSC-W chemical transport model, versiondv4  this rv48 model version, the Mass Median Diameter (MMD)
has been used for the calculations. The full description Ofof coarse nitrate is assumed to be 2.5 pum (Whereas fine ni-
the model is given in Simpson et al. (2012) (for version rv4, trate has MMD of 0.33 um), and we assume that 50 % of
we will note differences where relevant). The model CalCU'thiS is in the fine (PMS) This treatment reflects an assump-
lation domain covers the whole of Europe, and includes atjon that most coarse nitrate is being formed on sea-salt, with
large part of the North-Atlantic and the Arctic areas. The condensation occurring at the lower end of the coarse parti-
model resolves 20 vertical layers, reaching a height of 10Qc|e mode, which has highest surface-area (see e.g. Pakkanen
hPa. The lowest model layer is approximately 90 m thick. Inet al., 1996, Simpson et al., 2012). On the other hand, coarse
the present calculations, the horizontal resolution of approXnitrate formed on dust particles may have MMD larger than
imately 50<50 kn¥ was used. sea salt associated nitrate (e.g. 3.8 ug as in data by Pakkanen

The EMEP model describes the emissions, chemical transet al., 1996). Thus, in the areas of large influence of mineral
formations, transport and dry and wet removal of gaseousjust, the EMEP model will probably overestimate nitrate in
and particulate air pollutants. The basic EMEP photo-oxidanlpMz.S_ This split between PMs and PMs_10 for nitrate is
and inorganic aerosol scheme uses about 140 reactions bgtearly rather uncertain, and currently work is in progress to
tween 70 species (AnderssonéBk and Simpson, 1999; jmplement an explicit formation of nitrate on sea salt and
Hayman et al., 2012, Simpson et al., 2012), and in additionjust aerosols, which in principal should lead to a sounder
a scheme for secondary organic aerosol (SOA), derived fronprocess description. (In version rv4, a larger MMD of 3 pm

Bergstom et al. (2012) has been implemented. In the modelyas assumed for coarse nitrate, giving a lower fraction of
S, is oxidised to sulphate in the form 0f;804 inthe gas  coarse N@in the PMb 5 range).

phase by OH and in the aqueous phase b@Hand G.

Atmos. Chem. Phys., 12, 8078094 2012 www.atmos-chem-phys.net/12/8073/2012/



W. Aas et al.: Lessons learnt from the first EMEP intensive measurement periods 8079

Aerosol water is calculated as function of the ambient rel- o June 2006
ative humidity and temperature based on PM chemical com- ‘ mPM10-PM2.5  mPM2.5(-PM1) PM1
position. For consistent comparison with observations, the
model also estimates the water content in{gind PM s .
gravimetric mass determined according to the EN 12341;%20 1
standard (CEN, 1999), i.e. at 2Q temperature and 50 % rel- = I I I
ative humidity (Tsyro, 2005). Aerosol water is necessary to  '* | T[
estimate the total mass, but in the model the water content

calculated is not influencing the partitioning between fine  * wy o o s oz oses om0y e e o ser i noc
and coarse particles, nor the deposition processes. Dry de
position parameterisations for aerosols are calculated as ir
Simpson et al. (2012), accounting for aerodynamic and lam- 4
inar sub-layer resistances and also for gravitational settling ‘ mPM10-PM2.5 W PM2.5(-PMI) R
of larger particles. Meteorology and land-use dependent dry
deposition velocities are calculated for the different aerosol
size fractions. Wet scavenging is treated with simple scav-
enging ratios, taking into account in-cloud and below-cloud ,; |

processes. The scavenging ratios for aerosols reflect the corr

ponent’s solubility, and size differentiated collection efficien- 0 - . - I - IJ_I : I =

CIeS are employed |n bE|OW-C|OUd aerosol Washout ES1778 ITO1 CZ03 AT02 CHO2 DE44 DEO7 DE02 DEO3 GB36 DK41 FI17 NOO1

The model calculations presented in this work weregig 3 size distribution of the aerosol mass during the EMEP in-
performed using emission data from the EMEP emissionensive measurement periods. Note that not all the sites haye PM
databasehttp://www.ceip.at/emission-data-webdaylabhe measurements. PM;(PM;) is the difference between P\ and
split of primary fine PM emissions to carbonaceous and inor-PM; for those sites having both these measurement, otherwise it is
ganic mass, and the remaining primary component was madeepresenting the P4 fraction.
based on the estimates by Kupiainen and Klimont (2007) and
Z. Klimont (personal communications, 2010).

Three-hourly meteorological fields from the ECMWF-IFS model calculated PMy and PM 5 concentrations are mostly
model http://www.ecmwf.int/recearch/ifsdogsivere used  within 30 % of observed values. The model gives somewhat
to drive the calculations of pollutant atmospheric transport. lower PM 5 and PM o mass compared to measurements, but

the bias is in general quite small (between 4% and 19 %).
The exception is Pl in January 2007, where the model

January 2007

30

n

£
oy
=,

3 Results and discussion estimates 34 % less than the measurements. The spatial dis-
tribution of both PM 5 and PMy is better reproduced by the
3.1 Aerosol mass and chemical composition model in June 2006 compared to January 2007 (as shown by

correlation coefficients in Fig. 4), though different number of

All the sites with mass measurements in two or three sizesites are included in the scatter-plots and statistics.
fractions have been compared to assess the variations in size The fine/coarse ratio is quite similar for the two periods.
distribution, Fig. 3. For all size fractions, the lowest con- On average PMand PM 5 are about 50% and 70% of
centrations of PM are seen in the Nordic countries and théPMy, respectively for both seasons. However, there are large
highest in Italy. The aerosol mass was in general somewhatariations between the sites, Rvanging from 30—75 % of
higher in June compared to January for all size fractions, exPM;g in winter (less spread in summer), while the PM
cept at AT02, CHO2 and ITO1, and at ITO4 for By where  fraction of PMyg range from about 40 % to almost 100 %
the winter concentrations are somewhat higher. At the Ital-in both periods. Most sites have larger fractions of coarse
ian sites, the high PM concentrations in winter comparedparticles in summer than winter probably due to bigger con-
to summer are mainly attributed to the high carbonaceougentrations of coarse particles like mineral dust and primary
aerosol loading in winter (chapter 3.1.2). At ITO4 and CHO2 biological aerosols particles (PBAP) in summer (e.g. Yttri et
also enhanced ammonium nitrate was observed in Januargl., 2011; Querol et al., 2009). The measurements presented
2007. Such differences were already documented by Lanz diere are limited in time and space, and thus it is difficult to
al. (2007, 2008) for an urban background station in Switzer-draw general conclusions from them. For further details on
land. It should be noted that the during winter the increasethe regional mass and chemical composition measurements,
pollution episodes are often due to worse pollution disper-the reader is referred to the EMEP PM reports and assess-
sion in winter, thus bad vertical mixing. ments (e.g. Tsyro et al., 2011a; EMEP, 2007) and the assess-

Measured PNp and PM s mass have been compared with ments of the European aerosol phenomenology by Putaud
the EMEP model, and scattered plots are seen in Fig. 4. Thet al. (2004, 2010). In the regular EMEP data (Tsyro et al.,
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Fig. 4. Scattered plot of model and measuredNnd PM.5 mass during the EMEP intensive measurement periods.

2011a), the highest PM/PM1g is commonly seen for cen- heights of the bars correspond to the measured or calculated
tral European sites, which are relatively more influenced byPM concentration.
anthropogenic sources. In contrast, mineral dust in the south The observation and model data are in general agreement
of Europe and PBAP in northern Europe contribute relativelyregarding the main features of Ryand PM 5 composition
more to the coarse fraction of Rl in different geographical locations and the relative contribu-
In order to explain the discrepancies between calculatedion of the individual aerosol components. The results are
and observed PM masses, we look closer at the individuafairly consistent with respect to the specifics of PM compo-
aerosol components forming PM. The chemical compositionsition in the summer and winter month, and different size
of PM calculated with the EMEP model has been comparedractions. Organic carbon, together with sulphates in sum-
with PM mass closure data from the intensive periods former and nitrate in winter, appear the most important PM
the sites reporting both inorganic and carbonaceous compazonstituents. Mineral dust becomes dominating in1 it
nents, in total six sites. Figure 5 compares observed and cathe southern sites in June 2006. It should be noted that there
culated chemical composition of Riand PM s, averaged are fundamental limitations in how well the model (on a
over each of the measurement periods, and displayed in fou0x50 kn? grid) and measurements (from one point) can be
panels. Each panel shows a pairs of bar-diagrams for eacbxpected to compare, due to the large temporal and spatial
of the sites: observations (left) and model results (right). Thevariability of atmospheric aerosols, their size distributions,
chemical and physical properties, chemical formations and
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Fig. 5. Observed and modelled chemical composition of{gibottom) and PM 5 (top) for June 2006 (left) and January 2007 (right), from
observations and model results. “Other” denotes not determined PM mass in measurements, and parti¢lenigsieg carbonaceous
matter (OM-OC) in calculations. Note: (1) Full mineral composition was measured only at ITO1 and ES17, (2) Very few days (1-6) with data
at ES1778, besides different coverage for different components; (3) measugegdpiriation at CHO2 is based on daily SIA in Pkind

hourly EC/OC in PM 5 data; (4) measured nitrate and ammonium in;gslt NOO1 in January 2007 are from filterpack.

transformations, etc. More detail discussions of PM individ- PM components, with the exception of nitrate and in some
ual components are given in the next sections. cases ammonium. At ES1778 (both periods), the model gives

As seen for all the sites with mass measurements dishigher concentrations of all PM components compared to
cussed above (Fig. 4), the model tends to predict lower conmeasurements, and consequently e KFig. 5). Regarding
centrations of PNy and PM s compared to measurements the performance for Plk, the model gives lower estimates
for most of these sites except from Montseny (ES1778) forof PM2 5 than measurements, and the difference is typically
both June 2006 and January 2007 and Payerne (CHO02) itarger for the winter month than for June 2006, Fig. 5. This is
June 2006 (Fig. 5 and Tables 3—4). Comparison of these reconsistent with the general pattern shown in Fig. 4. The high-
sults with the PM scatter-plots in Fig. 4 reveals that the es-est differences for January 2007 are seen at the Italian sites,
timated PMp is lower by the model somewhat more for the 1TO1 and IT04 (Figs. 4 and 5; Tables 3 and 4). One possible
smaller selection of sites with chemical composition mea-reason for this might be problems in resolving wintertime
surements (Table 3) compared to the average for a largedispersion (e.g. very low mixing heights), but Bergstr
selection of sites (Fig. 4). Table 3 and Figure 5 show thatet al. (2012) and Denier van der Gon et al. (2012) con-
the low model PMg concentrations compared to measure- cluded that there are also major uncertainties in the emission
ments are due to its underestimation of most of the individual
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Fig. 6. Daily chemical speciation in PM at Melpitz (DE44) in June 2006 from measurements (black) and EMEP model (red).

inventory, likely the biomass burning component, for winter range transport and measurements show significantly higher
emissions in the areas around these. particle mass concentrations compared with the other days.
The quality of the model output is certainly very depen- Chemical transport models have generally shown too low
dent on good emission data. The emission estimates maparticle mass concentrations for long-range transport from
have different quality depending on region. The Melpitz site eastern directions in Central Europe compared to measure-
(DE44) typically experiences significant higher concentra-ments at DE44 (Renner and Wolke, 2006; Stern et al., 2008)
tion levels of PMg and PM s during easterly winds com- indicating problems with the emissions from this region.
pared to westerly (Spindler et al., 2010). In June 2006, aboutWhen investigating the measurements from the EMEP IMP
seven days at Melpitz were influenced from this type of long-in more detail, one can see that the EMEP model captures the
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Table 3. Comparison statistics between model calculations and observations fgrdekhponent.

PMip SO;- NO; NHj EC  OC Na& Miner.
ITOl 2006 Bias -28  -45 42 27 61 26 58 22
R 092 073 07 08 03 04l 072 09
2007 Bias —66 -58 31 —49 -42 -8 -17 -81
R 059 046 034 04 055 059 058 061
DE44 2006 Bias —35 -28 101 -10 76 23 7
R 058 07 018 052 054 077 0.79
2007 Bias —11 9 -2 13 53 17 53
R 047 055 067 052 076 061 075
NOO1 2006 Bias —42 53 28  -42 8 4 23
R 075 081 052 066 08l 069 055
2007 Bias 18 25 -89 0O 20 62 11
R 042 036 002 006 034 009 0.5
ES1778 2006 Bias 36 14 176 188 281 89 4 40
R 072 055 -045 077 -024 015 067 0.84
2007 Bias 76 21 174 290 147 9
R 08 070 083 054 051 0.22

Temporal data coverage: roman font cells — 90-100 % coverage, italic font cells — about 30-50 % coverage.
* Filterpack measurements were used (see details in the text).

Table 4. Comparison statistics between model calculations and observations fog 8dhponents

PMps SO NO; NHf EC  OC N& Miner
ITOL 2006 Bias -7 42 161 27 59 -8 71 44
R 085 089 067 08 031 051 058 0.77
2007 Bias —67 -59 32 52 32 90 -41 —69
R 061 041 029 043 03 056 03 044
ITo4 2006 Bias 3 -39 112 -27 -14 12 -82
R 062 066 047 050 087 078 0.23
2007 Bias -75 -57 67 -71 -77 87 -55
R 025 022 047 042 -028 044 0.24
DE44 2006 Bias —29 -23 154 10 -89 64  —60
R 057 071 022 043 027 065 0.79
2007 Bias -23 25 3 21 -3 71 -62
R 042 059 057 055 083 06 068
NOO1 2006 Bias —38 50 64  —45 22 25 67
R 072 084 046 069 083 078 054
2007 Bias -3 36  —* * 50 100 -89
R 002 032 * * 019 035 0.34

ES1778 not included due to low data capture, CHO2 not included due to non concurrent measurements.
* Data problems at NOO1.

SIA and sea salt components very well, except for one majo.1.1 Secondary inorganic aerosols (SIA)
nitrate episode on 17 June (Fig. 6). The major PM episodes

(ie. 12‘];:”(9) have larg de kc):on';]ributiodnsl ochr:]aronga}ceolus ma.mi'he SIA concentrations increase from the northern European
ter, V\:j It;: ﬁre cagttljre y thelmo eh eh beve SdeSt'l'site (NOO01) to the central (DE44) and southern (ES1778) Eu-
mated by the model are much lower than the observed va ropean sites; with even higher values found at ITO1 (semi-

ue%é‘ifough as not'ed in Sect. ﬁl?’h the EC gneasuremerggral) and ITO4 (polluted Po Valley). This is in accordance
at are overestimates, as they have not been correctegy, onservations from the regular EMEP network where the

for charring of OC (Sect. 2.1.3; Schmid et al., 2001; Cavalli SIA contribute on average (from 17 sites)-843 % to the

and Putaud, 2011). These examples also illustrate the imporF—,IvI10 mass in 2009, with the highest contribution in central

tance of daily or higher resolution measurements for studyingEumIOe (Aas and Tsyro, 2011) $Oand Nl-[f seasonal vari-
sources and comparison with model. ation reflects enhanced photo-oxidation rates of sulphur and
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greater abundance of ammonia in summer, whereas lower For all sites except ES1778, the modelledj\liﬁ PMjois
temperatures and higher relative humidity favours formationby between 10 and 42 % lower compared to observations in
of nitrate aerosol in winter. The relative contribution of SIA June 2006, similarly for Nljﬂ in PM2s. It is more scattered
and the seasonal variations are comparable in the model argicture in January 2007 with both higher and lower bias in
measurements. both size fractions (Table 3 and 4). Modelled }Sll'rh PMio
Modelled sulphate concentrations in both nd P\ 5 is much higher than observations at ES1778 in both months.
tend to give 23 and 53 % lower than observations in summer It should be noted that in the measurement data oIfNH
at all sites (Tables 3 and 4). The situation changes in win-and NQ; can easily be biased. Ammonium nitrate deposited
ter, when S@* is even more lower than observations (57- on filter samples may be prone to losses or gains due to
59 %) in the southern (ltalian) sites, but higher than observachanging equilibrium conditions during or after sampling.
tions by 9-36 % at the sites in central and northern EuropeSuch changes cannot be captured in models which treats in-
(DE44 and NOO1). At the Spanish site ES1778, the modektantaneous ammonium nitrate equilibrium. This measure-
is slightly higher than observed §0in PMyg both in June  ment bias can clearly be illustrated with data from Mon-
2006 and January 2007, though too few days wittbBMata  telibretti (IT01) where NH in PMs is somewhat larger
were available at this site. The results are in general similathan NI—Q in PMyg in June 2006. This is caused by, $H
fohr ?024_ in P':Alfo an((jj P“:th&;{"hi‘;h ist_as e|>_<|pected S:”CG sul- piased filter measurements of fiHh PMyo due to evapora-
phate is mainly found in the fine fraction. However, larger un- .. ; + ; ;
derestimation and smaller overestimatizon by the model Comgz?]uo(;‘el\rlIf-:;;tl:ropzcvlrgllestl;lrl:é,ralr?dF;l\élé_skljsbrgeuansgji;i(l; .Sgc?rr?par-
pared to measurements are found for,Sa PMuo COM- 54 of denuder filterpack and plain filter measurements at
pared to PMs at DE44 and NOOL, as only fine $Ois cal- |71 showed that the difference in total nitrate concentration
culated by the model. Those results are in line with comparyetween denuder and filter measurements was 31 % and 59 %
ison of model with standard EMEP Observations, althoughin summer and winter, respective|y (F|g 7) For ammonium
the bias seen here is larger (Fagerli et al., 2011). The EMERne difference was 27 % and 64 % in the fine fraction. Also
model generally represents sulphate better than e.g. the ngt ES1778, the ammonium is higher in PMthan PMg and
trogen species when looking at a larger dataset than whajs is not due to difference in methodology since both size
is the case for the limited numbers in this study (Fagerli etfractions are un-denuded. These relatively high ammonium
al., 2011). However, the difference in performance betweeneyels in PM 5 with respect to PN has been widely docu-
the different aerosol components (at leastsSRO3, NHa)  mented before in Spain (Querol et al., 2001; Alastuey et al.,
is rather small, Tables 3 and 4. This can probably at leasppp4), and the differences have been attributed to the inter-
partly be attributed to uncertainties in modelling of dry and gction between NENO3 and NaCl on the Pi filters, given
wet depOSitionS of the aerOSOIS, which is difficult for all of rise to the formation of NaNghnd volatilization of NH and
the species. Furthermore, although emission inventories ofC|. This reaction does not take place in Pl at least in
SQ; are well known, information of the temporal distribu- 3 similar degree, given that NaCl prevails in the coarse frac-
tion (e.g. the summer to winter ratio) is not so well known. tjon.
Model performance for SP has recently been considerably — As the split between gas and particles are biased, the sum
improved due to improved description of cloud water acidity of nitrate (HNG and NG} ) and ammonium (Ngland N"ﬁ)
and also changed the temporal profile ofyS#nissions. are usually used for model evaluation (Fagerli et al., 2011).
Nitrate tends to be lower in the model compared to obser-For the four sites considered here, the model bias for total ni-
vations, especially ND in PM s in June 2006. The excep- trate is 32 % for June 2006 and 39 % for January 2007, while
tions are ITO1 and ITO4 in January 2007, where the mOdeueqhe average bias for sum nitrate for 45 EMEP sites %
NO; in PMzs is 32% and 67 % lower than observations, and 16 % respectively (data not shown), indicating that the
respectively. These results are in general better than earlie§ma]| selection of sites in this work is not necessary giving
model calculations, which considerably underestimated ni-3 robust evaluation of the model performance. For further

trate (Fagerli et al., 2011). Recent improvements have beegjscussion of the comparison between modelled and hourly
achieved by Changing to the use of the MARS equilibrium measured nitrogen Species see Section 3.2.1

model (Binkowski and Shankar, 1995) for ammonium nitrate

formation, and by accounting for a part of coarse]\aithin 3.1.2 Carbonaceous matter

PM, 5 mass (Sect. 2.2). Reasons for the overestimation might

include incorrect size-distribution assumptions, uncertaintiesThe observed ambient concentration of carbonaceous mate-

in the formation rates of HN§or coarse nitrate, and a host rial in PMig and PM 5 increased from North to South for

of factors. Explicit modelling of the sea-salt and dust reac-both of the measurement periods. The difference in EC and

tions will be introduced in future in order to address some of OC concentrations between sites is larger in January than

these factors. in June. This is a typical observation as the concentrations
generally increase during winter compared to summer for
all continental sites, whereas the opposite was observed for
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Fig. 7. Filter and denuder measurements of sulphate, nitrate and ammonium concentrations at Montelibretti, ITO1. Denuder total denotes

total mass of S@, NO3 and NH; without size cut off.
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the Scandinavian site Birkenes (NOO1). This variation inthe The lowest EC concentrations were observed in Norway
seasonal pattern observed for Scandinavia compared to coiNOO01), while the levels were somewhat higher in Italy (es-
tinental Europe, has previously been described (Yttri et al.,pecially at ITO4). EC data from DE44 is not included in this
2007; Simpson et al., 2007; Bergst et al., 2012). discussion due to the biased measurement (Section 2.1.3). At
The relatively high OC concentrations observed in Scan-ITO1 the model gives lower concentrations of EC compared
dinavia during summer is likely due to contributions from to observations more in summer (about 60 %) than in winter
biogenic secondary organic aerosols (BSOA) and primary bi{about 40 %). However, at ITO4 the bias was higher in win-
ological aerosol particles (PBAP), (Yttri et al., 2007; 2011; ter than summer. Further, at NOO1, the model gives 8 % less
Genberg et al., 2011). The very high OC levels in winter EC than observations in Pid by in June and 20 % less EC
seen in Italy and Switzerland are most likely attributed to in January, whereas for EC in P the bias is somewhat
increased emissions from residential heating in winter (espehigher (Tables 3 and 4). These results support the geographi-
cially wood burning), and emissions from traffic combined cal differences in the model performance based on the EMEP
with unfavourable dispersion conditions, suppressing the diEC/OC campaign data reported by Tsyro et al. (2007). In
lution of particulate emissions (Szidat et al., 2007; Lanz etthat study, the model was found to considerably underesti-
al., 2008, 2010). There are indications that the wood burningnate EC in central and southern Europe, especially in sum-
emissions are probably underestimated in the emission dataer, while it overestimated EC in northern Europe in winter
used in the model (Simpson et al., 2007; Tsyro et al., 2007compared to observations. The results in Tsyro et al. (2007)
Bergstbm et al., 2012). In addition, the emission inventory suggested that the large model underestimation of EC was
did not provide emissions of coarse OC from any source. probably due to uncertainties in traffic emissions and miss-
For both PMg and PM s, the model tends to give less ing EC sources in summer. Sensitivity tests (not shown here)
OC compared to observations at southern sites (ITO1, ITO4showed that the model EC underestimation remains at those
ES1778), but higher than observations at the northern sitsites even if EC removal processes were “turned off”, thus
NOO1. A bit more scattered picture in central Europe, repre-supporting the suggestion about emission underestimations.
sented by DE44. The biases, both positive and negative, aréhe model indications of overestimations of wood burning
in general larger in January 2007 compared to June 2006. emissions of EC in northern Europe proved reasonable and
Possible reasons for model OC under-prediction com-the emission estimates were decreased in the later invento-
pared to what the observations show, could be too low emisries.
sions from e.g. residential wood burning in winter (except As a consequence of large uncertainties and missing
in Norway) (Simpson et al., 2007; Tsyro et al., 2007) and sources of coarse EC in the emission data, the model fails
from BVOC or PBAP. There could also be missing agedto reproduce the presence of EC in the coarse fraction of
primary OA contributions (“OPOA"). For in-depth analysis PM;ig, as apparent from the measurements. The model pre-
of the EMEP model performance for OC see Bei@stret  dicts that the fraction of EC residing in the coarse mode
al. (2012). is mostly smaller than 10 %, while that of the observations
There is also increasing evidence that combustion pri-range between 10 and 50 %. It should be noted that some dif-
mary OC emissions are not completely non-volatile but con-ferences in the results can be due to using FINN forest fire
sists of organic compounds with greatly varying volatilities emissions (Wiedinmyer et al., 2011) in the present calcula-
(e.g. Robinson et al., 2007). Large fractions of the emissiongions, whereas the GFED database was used earlier.
are likely to be semi and intermediate volatility compounds
(SVOC and IVOC), which are partly or completely in the gas
phase at emission. These primary SVOC and IVOC specieg'l'3 Sea salt
may be oxidised in the atmosphere to less volatile com-
pounds that partition into the particulate phase and contributé\s expected, the concentrations of sea salt components
to the observed OC. The IVOC part of the primary OC emis-(Nat, Mg and CI") show large gradients with the distance
sions are currently not captured in the POC or VOC emissiorfrom sea. The highest sea salt sodium{INievels were ob-
inventories and are not included in the EMEP model versionserved at NOO1, and the levels were higher in the January
used in this study. This is expected to lead to underestimatior2007 than in the June 2006 due to winter storms. In Ger-
of OC on the regional scaleFor estimates of the potential many (DE44), the westerly winds were highly pronounced
contributions from the effects of aging of primary S/IVOC in the relatively warm January 2007, which is reflected in en-
emissions see Bergétn et al. (2012). hanced levels of sodium ions in model and observations. It
can be noted that inland sites may measure ions found in sea
salt also from other (not marine) sources. For instance, the
10n the other hand, close to large emission sources the assump¥&" Observed at IT04 in the Po Valley most probably does
tion of non-volatile POA emissions may lead to an overestimationnot originate from the sea, but from other sources, like dust
of OC. For a regional scale model, such as EMEP, this is not likelyand wood burning and de-icing salt on streets, which is not
to be a major problem. explicitly specified in the emissions inventory for primary
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PM. However the sodium level in ITO4 is relatively low, June 2006, a Saharan dust transport episode reached central
0.1pgnt3. Italy caused an increase of crustal components in the mea-
Sodium (N&) concentrations from the model are taken as surements at Montelibrretti (IT01), also an increase of the
30.6 % of calculated sea salt mass*Na PM,5 is mostly ~ unaccounted mass was registered probably due to high water
lower for model compared to observations, Table 4, and thecontent in the air masses. This event is nicely captured by
bias is in general greater in the summer (60-80 %) than in thehe model, though slightly higher estimates of the dust load
winter (40-60 %) period, with the exception of NOO1. The (data not shown) than the observations. The higher estimates
results are mixed for Nain PM1q: the model result is lower by the model might be due to too high boundary conditions
than observations at ITO1 and at NOO1 in June 2006, andor Saharan dust. At ES1778, the dust concentrations is also
higher otherwise (Table 3). The results are not very conclusomewhat higher by the model than observations, greater so
sive regarding the model performance for coastal and inlandn June 2006. Regarding the size fractionation of mineral dust
sites. (measured only at ITO1), the results indicate that the model
The comparison with observations suggests that the modedver-predicts dust mass in the coarse fraction for that site.
distributes too little of sea salt into the fine fraction (mostly At the sites with no mineral dust measurements it is espe-
below 15 %) compared to 20—40 % in the observations. Thecially at Payerne (CH02) the model results indicate that this
exception is measurements data for January 2007 at NOOX,omponent could be of significant importance (Fig. 5). The
suggesting that 80 % of sodium is in the fine fraction (80 %), measurements of Ca and K confirm that there are important
whereas only about 40% of Cl and Mg are in fine seadust episodes at CHO2, but it is necessary to measure other

salt aerosols. This clearly indicates some problems with themineral components to get significant mass contribution.

sodium measurements at NOO1 in January 2007. Indeed,

Na®, CI~ and M¢?™ have similar relative PMs/PM;g ra- 3.1.5 Not-determined PM mass

tios (30%) in summer at NOO1. For more detailed analy-

sis of EMEP model performance for sea salt see Tsyro efAs seen in Fig. 5, a large portion of BN, and particularly

al. (2011b). PMjo mass, remains not determined (denoted as “other” in
We have not included chloride in the present statisticalFig. 5) in the measurement data. The undetermined PM mass

calculations as we suspected that the chloride measuremenisthe difference between the gravimetric PM mass and the

were artefact-biased due to evaporation ofJ@Hand some  sum of masses of all identified components. The most impor-

analytical problems measuring chloride from quartz filter. tant contributor to the fraction “other”, is unaccounted non-C

Further, it is expected that Clis lost when sea salt travels atoms (e.g. H, O, N) associated with the aerosol organic mat-

over continents and reacts with H§Creleasing HCI (e.g. ter, thus carbonaceous matter is an important part of the non-

Pio and Lopes, 1998), and possible continental sources likeletermined mass at most of the sites. In addition, there are

domestic waste burning (e.g. PVC), and brown coal burningother factors like non determined species like mineral dust,

in e.g. Poland is not accounted for in the EMEP model. Anwhich as mentioned above could be especially important at

indicator of these problems is the fact that the Na/Cl ratio isCHO2. Further there is non determined: water, present on the

often much greater compared to the typical ratio in sea waterparticles at 20C and 50 % relative humidity (which are the

equilibration conditions of PM samples as well as measure-
3.1.4 Mineral dust ment errors (e.g. Putaud et al., 2004, 2010). In the model
results “other” includes water and unaccounted non-C atoms

Calculated mineral dust concentrations have only been comfe.g. H, O, N)

pared with measurements at two of the sites, namely ES1778 The not-determined mass in measured PM is larger in the

and ITO1, where all main mineral components were mea-summer month of June 2006 than in January 2007 for all

sured. Both observations and model show significant contrisites.

butions of mineral dust to P4, and especially to PM,

at those south-European sites (Fig. 5). The concentration8.2 Gas/aerosol partitioning and diurnal variation of

of mineral dust are much higher in the summer (32-42% nitrogen species

dust in PMg from observations and 42-50 % from calcula-

tions) than in the winter month (the corresponded values aré\ccurate description of nitrogen chemistry is one of the main

9-14 % and 2—-3 %). challenges in modelling the atmospheric chemistry. In partic-
The average concentrations of mineral dust calculated bylar, partitioning of nitrogen components between gas and

the model are mainly withig: 45 % of observed values (the aerosol phases still needs improvement (Fagerli and Aas,

largest bias 0f-81 % is for mineral dust in Ph) in Jan-  2008; Schaap et al., 2011). The equilibrium between gaseous

uary 2007 at ITO1). At ITO1, the model shows a tendency tonitric acid and ammonia on one side and ammonium nitrate

give lower concentrations compared to observations of min-aerosol on the other side is determined by the concentrations

eral dust in the winter period, while higher than observationsof HNO3 and NH; (Seinfeld and Pandis, 2006). The emis-

in June 2006. It should be worth noticing that 20th to 30th sions of ammonia vary from night to daytime, and so do the
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precursors of nitric acid and its formation rate. Furthermore,values during night (i.e. at DE44, CH02 and NL11). The ex-
the partitioning of nitrogen species between gas and aerosaleption is Auchencorth Moss (GB48), where the observed
depends on meteorology, namely, temperature and relativaitrate in PM 5 peaks during day, but the concentration level
humidity, and thus should be subject to diurnal variability. is low and the nitrate in PhM shows slightly higher levels at
Therefore, it is clear that simultaneous measurements of thaight (data not shown). The model reproduces well the diur-
relevant nitrogen components, and in particular their diur-nal profile of PM 5 nitrate at GB48, though lower than ob-
nal variability, are crucial for understanding and adequate deservations, similar bias at IT04 in January 2007 (Fig. 8). The
scription of the chemical processes. modelled and measured diurnal cycle for nitrate during June

The hourly measurement data represent a unique datas2006 agree well for NL11, ITO4 and GB36 and reasonable at
for studying the diurnal variation of gaseous and aerosol pol-GB48.
lutants and for evaluation of the model ability to reproduce As discussed above, the model tends to somewhat over-
it, in particular important for the gas/particle distribution of predict nitric acid concentrations in June 2006 compared to
nitrogen components. Here, we present some results for corsbservations, while it under-predicts concentrations in Jan-
centrations in air of gaseous ammonia and nitric acid as welliary 2007. During June 2006, nitrate is in general lower in
as aerosol ammonium and nitrate. the model results compared to hourly data, though less so

Our results reveal that, in some cases the model has diffiat GB36. However, when all intensive data is considered,
culties to accurately reproduce the observed daily concentrathe model is in general higher than observations for nitrate
tions of nitrogen species. Given the arguments above, it caim June 2006 (Fig. 9; Tables 2 and 3). There is a tendency
be difficult to explain the model performance based only onthat nitrate in PM is less biased, and the model even show
the daily measurements. Therefore seeking for explanatioower concentrations than observations (Fig. 9), indicating
of the model results compared to observations, we look at thehat there is a somewhat too high formation rate of nitrate di-
average diurnal variation of N species at the sites with hourlyrectly from HNG; (supposed to account for the reaction on
measurements. For illustration, the diurnal variations of con-sea salt and dust). In the winter, the modelled and measured
centrations of HN@, NHz, and NG, and NI—;{ are shownin levels of nitrate are in good agreement. These results are in
Fig. 8 for Cabauw (NL11), Harwell (GB36) and Ispra (IT0O4). agreement with what is found when the EMEP model results
These are chosen since all the stations were equipped witare compared to the 'standard’ EMEP measurements (Fagerli
both gaseous and particulate nitrogen components and regt al., 2011).
resent different regions in Europe. Comparison at the other
sites with continuous measurements (Table 1) has also bee®2.2 Ammonia and ammonium
done and is used in the discussion.

For June 2006, both the modelled and measured diurnal cy-
3.2.1 Nitrate and nitric acid cle of NH; have a usually a maximum in early morning, and
in general somewhat higher NHoncentrations during day

For the summer measurement period (June 2006), the oltime than night time, except at Ispra (IT0O1) where the mod-
served diurnal variation of HN©concentrations has a pro- elled NH; show little diurnal variation. The same pattern can
nounced maximum around noon, while the minimum is atbe found for January 2007, although the diurnal variation is
night. This is fairly well reproduced by the EMEP model, somewhat weaker in the measurements, and somewhat more
though the noon peaks are often given higher by the modepronounced in the model results. The diurnal cycle of ammo-
(Fig. 8). In the winter month of January 2007, the HN®n-  nia is governed by several factors like (1) the diurnal cycle of
centrations are very low and the diurnal variation is less pro-the emissions, (2) the conversion to ammonium (ammonium
nounced compared to summer. It is interesting to note thahitrate and ammonium sulphate) and (3) dry deposition and
the variation of daily concentration throughout the month is atmospheric stability. Agricultural sources tend to emit more
larger than the diurnal variation, indicating the importance ofammonia during day time (due to e.g. higher temperatures,
pollution episodes. more wind/mixing), thus for sites that are close to source ar-

For nitrate in PM s, two model curves are shown in Fig. 8 eas, the stronger source during day time may outcompete the
for NL11 and GB36: one curve represents ammonium nitratdarger boundary layer mixing. This is not exactly reflected
aerosol (NHNOg), which is mostly smaller than 1 um, and by the variation of NH in NL11, as the average highest con-
the other one represents nitrate in RMwhich is the sum of  centrations are seen at night and most pronounced in June.
NH4NO3 and coarse N©. As explained in section 2.2, ni- This may be due to nearby farms with forced ventilation,
trate in PM 5 is presently calculated as the sum of M3 which emit the same quantity at day and night. With a thinner
and half of coarse ND mass, though the uncertainty of this mixing layer at nighttimes the regional concentration will be
approximation is well recognized. Thus, modelled N higher. However, it should be noted that a strongsNtéak
PMa 5 concentration should be lying somewhere between theduring a single night (from 19 to 20 June), caused these high
two model curves in Fig. 8. In general, the diurnal profile of average concentration during night, whereas the median diur-
nitrate aerosol in January 2007 is modelled well, with highernal cycle of NH shows the expected peak in early morning
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hours at NL11 (as in the model results) as seen when avethers, the intensive measurement data has identified im-
eraging for a complete year (Schaap et al., 2011). In theprovements needed for increasing the accuracy of the EMEP
EMEP model, we assume that emissions during day time arenodel aerosol calculations. In particular, size-distribution
a roughly a factor of two higher than at night time throughout and formation rates of HN®and coarse nitrate. Explicit
the whole year. In reality, the day-night variation might be modelling of the sea-salt and dust reactions will be intro-
very different from site to site, depending e.g. on the type ofduced in future in order to address some of these factors,
agricultural sources and the meteorology. In order to provideand more size-resolved measurements of nitrate and other
a better diurnal variation of ammonia emissions (and thuscompounds is needed to evaluate such changes properly. Fur-
also for ammonia concentrations) the EMEP model could bethermore, the diurnal variation of ammonia would proba-
coupled to a dynamic, mechanistic ammonia emission modebly improve if the EMEP model is coupled to a dynamic,
where the diurnal variation of emissions would depend onmechanistic ammonia emission module. The model results
temperature, wind and type of agricultural activity. Such anfor sulphate aerosol have been significantly improved; still
emission module has already been implemented for Denmarks tendency to underestimate sulphate should be further in-
and the extension to a European module is on its way (Skjgtlvestigated, making also use of hourly measurements. Part of
etal., 2011). Similarly, the introduction of a bi-directional ex- model underestimation of EC, at central and south European
change module (Massad et al., 2010) would result in highessites is probably due to emission uncertainties. Similarly, OC
NH3 concentrations during the day when deposition is re-tends to be underestimated at southern sites, suggesting that
duced due to elevated compensation points. residential wood burning source is underestimated in winter
The modelled diurnal cycle of ammonium at Cabauw (Bergstbm et al., 2012; Denier van der Gon et al., 2012).
(NL11) and Harwell agrees well with measurements with thelt should be noted that both primary and secondary OC has
highest values found at night (similarly as nitrate) (Fig. 8). been included in the calculations for the first time, showing
At Auchencorth Moss (GB48), June 2006, measured ammogpromising results (Bergsim et al., 2012). The lack of mea-
nium is found to peak in early afternoon at the same timesurements of mineral dust hamper the possibility for model
as NH; peaks. In the model however, ammonium peaks inevaluation for this highly uncertain PM component, and it is
early morning. The failure to describe ammonium at this sitestrongly recommended that more sites measure the full set of
is probably due to the failure to describe the N&mmonia  mineral components (Querol et al., 2011).
emission diurnal variability. In January 2007, however, the It is well known that chemical speciation measurements
diurnal cycle of modelled and measured ammonium agreean be biased, especially for nitrogen and organic species,
well, although the level of ammonium is somewhat over- and the intensive measurements clearly showed that the lack
predicted by the model compared to observations. Both meaef comparability between datasets makes it difficult for re-
surements and model results show a peak in the early morrgional assessments and comparison with models. Artefact
ing. At Ispra (ITO4) the model on the other hand is lower free methods like continuous measurements and denuders
than the measurements and the diurnal variation is less prashould be applied especially during campaigns like this. It
nounced that at the other sites, similar as the general tens also apparent that a standardized method is needed to get
dency as discussed for the filter measurements (Table 3 ancbmparable data for EC and OC, either by using a centralised
4). lab or by agreeing upon a common protocol, even though not
perfect. These issues were taken into account during the sec-
ond intensive measurement period, which was conducted in
4 Conclusion October 2008 and March 2009. l.e. these periods included
centralised laboratories for levoglucosan aie, and all
EMEP 2006 and 2007 IMPs have produced a set of valuabléabs measuring EC/OC followed the same protocol (Yttri et
data which has given new insights and improved our underal., 2012; Cavalli et al., 2010).
standing regarding composition of particulate matter in dif- There are relatively large uncertainties in both measured
ferent size fractions, seasonal and geographical differencesnd modelled estimates, but to quantify this is very dif-
gas/aerosol partitioning and diurnal variations. The size segficult. The main reasons for model uncertainty are uncer-
regated and chemically resolved PM measurements and thainties in input data (e.g. emissions, meteorology, landuse,
hourly measurements of gaseous and aerosol species whi@tc.) and uncertainties in processes descriptions in the model.
is not part of the regular EMEP measurement program haghe accuracy of model calculations varies a lot for differ-
led to new possibilities for validation of the EMEP model.  ent PM components, with SIA aerosols being better under-
In general, the model has been shown able to reproducstood (though still far from being perfectly represented by the
the main features of PM composition, spatial and tempo-model), while SOA and windblown dust being rather uncer-
ral (summer-winter) variation, though discrepancies betweenain. In the measurements, the uncertainties are both related
measured and calculated PM have also been found. The®o measurement method itself and the performance of the
availability of PM chemical composition measurements hasanalysis. For further details on the uncertainty in assessment
facilitated a more profound analysis of PM results. Among
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of PM in Europe the reader is referred to the EMEP PM Sta- with application of different assumptions regarding the forma-

tus report in 2011 (Tsyro et al., 2011c). tion of secondary organic aerosol, Atmos. Chem. Phys. Discuss.,
Several of the measurements conducted during the IMPs 12, 5425-54850i:10.5194/acpd-12-5425-2012012.

are relatively new to the EMEP community and there wereBinkowski, F. S. and Shgnkar, U. The' regional particulate matter

not established reporting routines for data and metadata, cre- M°Jel. 1: model description and preliminary results. J. Geophys.

ating challenges regarding reporting of correct units, method- Res., 100, 26191-26209, 1995.

ology, correction factors, etc. This new suit of measurementscava”i’ F. Viana, M., Yuri, K. E., Genberg, J., and Putaud, J.-P:
9, ’ ’ Toward a standardised thermal-optical protocol for measuring

has forced_ EMEP to develop new re_portlng_ guidelines, as atmospheric organic and elemental carbon: the EUSAAR proto-
well as defining reference methodologies, which was also ad- .o Atmos. Meas. Tech., 3, 79-880i:10.5194/amt-3-79-2010

dressed especially within the EU FP6 infrastructure project 2010.

EUSAAR (Philippin et al., 2009) and will be followed up in  Cavalli, F. and Putaud, J.-P.: Chapter 3. Results of the 2010 inter-
the EU FP7 project ACTRIS (www.actris.net). Further, itis  comparison of TC, OC and EC analytical methods. In: Trans-
recognized that it is essential to get support from ongoing re- boundary Particulate Matter in Europe: Status Report 2009, Nor-
search projects to coordinate efforts, i.e. with the EU project Wwegian Institute for Air Research, Kjeller, Norway. EMEP Status
EUCAARI (Kulmala et al., 2011) which was partner in the  Report4/2011,2011. _

follow up intensive periods in 2008 and 2009 (Kulmala et al., CEN: Air quality — Determination of the PM10 fraction of sus-

2011; Poulain et al., 2011: Yttri et al., 2012) and ACTRIS for pended particulate matter. Reference method and field test proce-
the néxt intensive p.)'eriodsyin 2012 a.rlld 2013 dure to demonstrate reference equivalence of measurement meth-

ods, EN12341:1999, 1999.
Chan, Y. C., Simpson, R. W., MCtainsh, G. H., Vowles, P. D., Cohen

) D. D., and Baily, G. M.: Characterisation of chemical species in
AcknowledgementsThis work was supported by EMEP under  pp, 5 and PM aerosols in Brisbane, Australia. Atmos. Envi-
UNECE. Important updates to the EMEP model were made as ron., 31, 3773-3785, 1997.

part of the EU 6th Framwork programmes EUCAARI (Contract DeCarlo, P. F., Kimmel, J. R., Trimborn, A., Northway, M. J., Jayne,
No. 34684) and Nitro-Europe (FP6-2004-No. 017841-2). Several J.T., Aiken, A. C., Gonin, M., Fuhrer, K., Horvath, T., Docherty,
additional people have contributed in the intensive periods, special Worsnop, D. R. and Jimenez, J. L.: Field-Deployable, High-
thanks to Gyula Kiss, Martin Ferm, H. C. Hansson, Christian  Resolution, Time-of-Flight Aerosol Mass Spectrometer. Anal.
Pla3-Oilmer, Rami Alfarra, Andres Alastuey, Xavier Querol, Erika Chem., 78, 8281-8289, 2006.
Briiggemann, Thomas Gnauk and Hugh Coe. Mark A. Sutton ispenjer van der Gon, H. A. C., Visschedijk, A. Pandis, S. Fountoukis
also greatly acknowledged for being one of the main architects C., Bergstom, R. Simpson, D., and Johansson, C.: Particulate
of the concept of EMEP intensive measurement periods (IMP).  emjssions from residential wood combustion in Europe — revised
National or institutional funding has been essential to conduct ggtimates and an evaluation, in preparation, 2012.
these intensive periods and this is certainly greatly appreciatedgniep: EMEP Manual for sampling and chemical analysis. Norwe-
RB’s contribution was funded by the Swedish Clean Air Research gian Institute for Air Research, Kjeller, Norway, EMEP/CCC-
Programme (SCARP). EN’s contribution was funded by the UK Report 1/1995, last revision in 2001.
Department for Environment, Food and Rural Affairs (Defra). fT’s gmep: EMEP particulate matter assessment report. Aas, W.,
contribution was supported from the Umweltbundesamt (UBA) Bruckmann, P., Derwent, D., Poisson, N., Putaud, J.-P., Rouil,.
research foundation. L. Vidic, S., and Yttri, K. E. (Eds): Norwegian Institute for Air
Research, Kjeller, Norway. EMEP/CCC-Report 8/2007, 2007.
Edited by: H. C. Hansson Fagerli, H. and Aas, W. Trends of nitrogen in air and
precipitation: Model results and observations at EMEP
sites in Europe, 1980-2003, Environ. Poll., 154, 448-461,
References doi:10.1016/j.envpol.2008.01.022008.
Fagerli, H., Gauss, M., Benedictow, A. C., Steensen, B. M.,
Aas, W. and Tsyro, S.: Chapter 2.2. Contribution of primary par- and Hijellbrekke, A.-G.: Acidifying and eutrophying compo-
ticles, secondary inorganic aerosols (SIA), sea salt and base nents: validation and combined maps, Supplementary material
cations to PM mass. In Transboundary Particulate Matter in Eu- to EMEP status report 1/2011, available online at www.emep.int,
rope: Status Report 2009, Norwegian Institute for Air Research, The Norwegian Meteorological Institute, Oslo, Norway, 2011.

Kjeller, Norway, EMEP Status Report 4/2011, 2011. Genberg, J., Hyder, M., Stensin, K., Bergstom, R., Simpson,
Andersson-Sild, Y. and Simpson, D.: Comparison of the chemi-  D., Fors, E. O., dnsson, JA., and Swietlicki, E.: Source

cal schemes of the EMEP MSC-W and the IVL photochemical  apportionment of carbonaceous aerosol in southern Sweden,

trajectory models, Atmos. Environ., 33, 1111-1129, 1999. Atmos. Chem. Phys., 11, 11387-114GMi:10.5194/acp-11-

Alastuey, A, Querol, X., Rodguez, S., Plana F., Lopez-Soler, A., 11387-20112011
Ruiz, C., and Mantilla. E.: Monitoring of atmospheric particulate Hayman, G., Bergstm, R., Jenkin, M. and Simpson, D.: Modelling
matter around sources of secondary inorganic aerosol, Atmos. Photochemical Oxidants in Europe: benchmarking seven chemi-
Environ., 38/30, 4977-4992, 2004. cal mechanisms, in preparation, 2012.

Bergstdm, R., Denier van der Gon, H. A. C.,&6t, A. S. H., Yttri, Hauck, H., Berner, A., Gomiscek, B., Stopper, S., Puxbaum, H.,
K. E., and Simpson, D.: Modelling of organic aerosols over Eu-  Kundi, M., and Preining, O.: On the equivalence of gravimet-
rope (2002—-2007) using a volatility basis set (VBS) framework

www.atmos-chem-phys.net/12/8073/2012/ Atmos. Chem. Phys., 12, 8@U84 2012


http://dx.doi.org/10.5194/acpd-12-5425-2012
http://dx.doi.org/10.5194/amt-3-79-2010
http://dx.doi.org/10.1016/j.envpol.2008.01.024
http://dx.doi.org/10.5194/acp-11-11387-2011
http://dx.doi.org/10.5194/acp-11-11387-2011

8092

W. Aas et al.: Lessons learnt from the first EMEP intensive measurement periods

ric PM data with TEOM and beta-attenuation measurements. JMassad, R.-S., Tuzet A., Loubet B., Perrier A., and Cellier P.: Model

Aerosol Sci., 35, 1135-1149, 2004.
Jayne, J. T., Leard, D. C., Zhang, X., Davidovits, P., Smith, K. A.,
Kolb, C. E., and Worsnop, D. R.: Development of an Aerosol

of stomatal ammonia compensation point (STAMP) in relation
to the plant nitrogen and carbon metabolisms and environmental
conditions. Ecological modelling, 221, 479-494, 2010.

Mass Spectrometer for Size and Composition. Analysis of Sub-McDow, S. R. and Huntzicker, J. J.: Vapor adsorption artifact in the

micron Particles, Aerosol Sci. Technol., 33, 49-70, 2000.
Kulmala, M., Asmi, A., Lappalainen, H. K., Baltensperger, U.,

sampling of organic aerosol: face velocity effects, Atmos. Envi-
ron., 24A, 2563-2571, 1990.

Brenguier, J.-L., Facchini, M. C., Hansson, H.-C., Hov, @., Nemitz, E., Pevdt, A. S. H.,Aijala, M., Allan, J. D., Baltensperger,

O'Dowd, C. D., Bschl, U., Wiedensohler, A., Boers, R.,
Boucher, O., de Leeuw, G., Denier van der Gon, H. A. C., Fe-
ichter, J., Krejci, R., Laj, P., Lihavainen, H., Lohmann, U., Mc-
Figgans, G., Mentel, T., Pilinis, C., Riipinen, I., Schulz, M.,
Stohl, A., Swietlicki, E., Vignati, E., Alves, C., Amann, M.,
Ammann, M., Arabas, S., Artaxo, P., Baars, H., Beddows, D.
C. S., Bergsiim, R., Beukes, J. P., Bilde, M., Burkhart, J. F,,
Canonaco, F., Clegg, S. L., Coe, H., Crumeyrolle, S., D’Anna,
B., Decesari, S., Gilardoni, S., Fischer, M., Fjaeraa, A. M., Foun-
toukis, C., George, C., Gomes, L., Halloran, P., Hamburger, T.,
Harrison, R. M., Herrmann, H., Hoffmann, T., Hoose, C., Hu,
M., Hyvarinen, A., Horrak, U., linuma, Y., lversen, T., Josipovic,
M., Kanakidou, M., Kiendler-Scharr, A., Kirkég, A., Kiss, G.,
Klimont, Z., Kolmonen, P., Komppula, M., Krigtpsson, J.-E.,
Laakso, L., Laaksonen, A., Labonnote, L., Lanz, V. A., Lehtinen,
K. E. J., Rizzo, L. V., Makkonen, R., Manninen, H. E., McMeek-
ing, G., Merikanto, J., Minikin, A., Mirme, S., Morgan, W. T.,
Nemitz, E., O’'Donnell, D., Panwar, T. S., Pawlowska, H., Pet-
zold, A., Pienaar, J. J., Pio, C., Plass-Duelmer, Cevitr A.

S. H,, Pryor, S., Reddington, C. L., Roberts, G., Rosenfeld, D.,

U., Berresheim, H., Carbone, S., Canagaratna, M. R., Canonaco,
F., Capes, G., Ceburnis, D., Choularton, T., Coe, H., Cubison, M.
J., Dall'Osto, M., Di Marco, C. F., DeCarlo, P. F., Ehn, M., Eriks-
son, A., Freney, E., Herrmann, H., Jimenez, J. L., Hildebrandt,
L., Juninen, H., Kiendler-Scharr, A., Laaksonen, A., Lanz, V. A.,
McFiggans, G., Mensah, A., Mentel, T. F., Mohr, C., O’'Dowd,
C., Ortega, A., Ovadnevaite, J., Pagels, J., Pandis, S. N., Phillips,
G. J., Poulain, L., Raatikainen, T., Saarikoski, S., Sellegri, K.,
Spindler, G., Sueper, D., Swietlicki, E., Tiitta, P., and Worsnop,
D. R.: European submicron aerosol chemical composition de-
rived from a campaign-based Aerosol Mass Spectrometer net-
work, in preparation, 2012.

Pakkanen, T. A., Kerminen, V.-M., Hillamo, R. E.,a¥inen, M.,

Makehk T., and Virkkula, A.: Distribution of nitrate over sea-salt
and soil derived particles — Implications from a field study, J.
Atmos. Chem. 24, 189-205, 1996.

Pey, J., Brez, N., Querol, X., Alastuey, A., Cusack, M., and Reche,

C.: Intense winter atmospheric pollution episodes affecting the
Western Mediterranean. Sci. Total Environ., 408, 1951-1959,
2010.

Schwarz, J., Seland, @., Sellegri, K., Shen, X. J., Shiraiwa, M.,Philippin, S., Laj, P., Putaud, J.-P., Wiedensohler, A., de Leeuw, G.,

Siebert, H., Sierau, B., Simpson, D., Sun, J. Y., Topping, D.,
Tunved, P., Vaattovaara, P., Vakkari, V., Veefkind, J. P., Viss-
chedijk, A., Vuollekoski, H., Vuolo, R., Wehner, B., Wildt, J.,

Fjaeraa, A. M., Platt, U., Baltensperger, U., and Fiebig, M.: EU-
SAAR — An Unprecedented Network of Aerosol. Observation in
Europe, Earozoru Kenkyu, 24, 78-83, 2009.

Woodward, S., Worsnop, D. R., van Zadelhoff, G.-J., Zardini, Pio, C. A. and Lopes, D. A.: Chlorine loss from marine aerosol in a

A. A., Zhang, K., van Zyl, P. G., Kerminen, V.-M., S Carslaw,

coastal atmosphere. J. Geophys. Res., 103, 25263-25272, 1998.

K., and Pandis, S. N.: General overview: European IntegratedPoulain, L., Spindler, G., Birmili, W., Plassilbmer, C., Wieden-

project on Aerosol Cloud Climate and Air Quality interactions
(EUCAARYI) — integrating aerosol research from nano to global
scales, Atmos. Chem. Phys., 11, 13061-1314810.5194/acp-
11-13061-20112011.

sohler, A., and Herrmann, H.: Seasonal and diurnal varia-
tions of particulate nitrate and organic matter at the IfT re-
search station Melpitz, Atmos. Chem. Phys., 11, 12579-12599,
doi:10.5194/acp-11-12579-2012011.

Kupiainen, K. and Klimont, Z.: Primary emissions of fine carbona- Putaud, J.-P., Raes, F., Van Dingenen, R.ydgemann, E., Fac-

ceous particles in Europe. Atmos. Environ., 41/10, 2156-2170,
doi:10.1016/j.atmosenv.2006.10.0@607.

Lanz, V. A,, Alfarra, M. R., Baltensperger, U., Buchmann, B.,
Hueglin, C., and Fn0t, A. S. H.: Source apportionment of sub-
micron organic aerosols at an urban site by factor analytical mod-
elling of aerosol mass spectra, Atmos. Chem. Phys., 7, 1503-
1522,d0i:10.5194/acp-7-1503-200Z007.

chini, M.-C., Decesari, S., Fuzzi, S., Gehrig, Ridtin, C., Laj,

P., Lorbeer, G., Maenhaut, W., Mihalopoulos, N.{il\ér, K.,
Querol, X., Rodriguez, S., Schneider, J., Spindler, G., Ten Brink,
H., Tarseth, K., and Wiedensohler, A.: A European aerosol
phenomenology—2: chemical characteristics of particulate mat-
ter at kerbside, urban, rural and background sites in Europe. At-
mos. Environ.38, 2579-2595, 2004.

Lanz, V. A,, Alfarra, M. R., Baltensperger, U., Buchmann, B., Putaud, J.-P., Van Dingenen, R., Alastuey, A., Bauer, H., Birmili,

Hueglin, C., Szidat, S., Wehrli, M. N., Wacker, L., Weimer, S.,
Caseiro, A., Puxbaum, H., and&®t, A. S. H.: Source attribu-
tion of submicron organic aerosols during wintertime inversions

by advanced factor analysis of aerosol mass spectra, Environ.

Sci. Technol., 42, 214-220, 2008.

Lanz, V. A., Pewt, A. S. H., Alfarra, M. R., Weimer, S., Mohr,
C., DeCarlo, P. F.,, Gianini, M. F. D., Hueglin, C., Schneider, J.,
Favez, O., D'Anna, B., George, C., and Baltensperger, U.: Char-
acterization of aerosol chemical composition with aerosol mass
spectrometry in Central Europe: an overview, Atmos. Chem.
Phys., 10, 10453-1047d¢i:10.5194/acp-10-10453-2012010.

Atmos. Chem. Phys., 12, 80738094 2012

W., Cyrys, J., Flentje, H., Fuzzi, S., Gehrig, R., Hansson, H.C.,
Harrison, R.M., Herrmann, H., Hitzenberger, R., Huglin, C.,
Jones, A.M., Kasper-Giebl, A, Kiss, G., Kousa, A., Kuhlbusch,
T.AJ., Loschau, G., Maenhaut, W., Molnar, A., Moreno, T.,
Pekkanen, J., Perrino, C., Pitz, M., Puxbaum, H., Querol, X.,
Rodriguez, S., Salma, I., Schwarz, J., Smolik, J., Schneider, J.,
Spindler, G., ten Brink, H., Tursic, J., Viana, M., Wiedensohler,
A., and Raes, F.: A European aerosol phenomenology — 3: Phys-
ical and chemical characteristics of particulate matter from 60
rural, urban, and kerbside sites across Europe. Atmos. Environ.,
44, 1308-1320, 2010.

www.atmos-chem-phys.net/12/8073/2012/


http://dx.doi.org/10.5194/acp-11-13061-2011
http://dx.doi.org/10.5194/acp-11-13061-2011
http://dx.doi.org/10.1016/j.atmosenv.2006.10.066
http://dx.doi.org/10.5194/acp-7-1503-2007
http://dx.doi.org/10.5194/acp-10-10453-2010
http://dx.doi.org/10.5194/acp-11-12579-2011

W. Aas et al.: Lessons learnt from the first EMEP intensive measurement periods 8093

Querol, X., Alastuey, A., Rodriguez, S., Plana, F., Ruiz, C. R., Cots, 2011, 2011.
R., Massagé, G., and Puig. O.: PM and PM 5 source appor-  Spindler, G., Biiggemann, E., Gnauk, T., Grer, A., Miller,
tionment in the Barcelona Metropolitan area, Catalonia, Spain, K., Herrmann, H.: A four-year size-segregated Characteriza-
Atmos. Environ., 35, 6407—6419, 2001. tion Study of Particles Pkp, PMy 5 and PM1 depending on
Queroal, X., Alastuey, A., Pey, J., Cusack, MérBz, N., Mihalopou- Air Mass Origin at Melpitz. Atmos. Environ., 44, 164-173,
los, N., Theodosi, C., Gerasopoulos, E., Kubilay, N., and Ko- doi:10.1016/j.atmosenv.2009.10.02910.
cak, M.: Variability in regional background aerosols within the Stern, R., Builtjes, P., Schaap, M., Timmermans, R., Vautard, R.,

Mediterranean. Atmos. Chem. Phys., 9, 4575-4591, 2009, Hodzic, A., Memmersheimer, M., Feldmann, H., Renner, E.,
http://www.atmos-chem-phys.net/9/4575/2009/ Wolke, R. and Kerschbaumer, A.: A model inter-comparison
Querol, X., Amato, F., Alastuey, A., Cusack, M., Reche, C., Karana- study focussing on episodes with elevated PM10 concentrations.

siou, A. Viana, M., Moreno, T., Pey, J. anciez, N.: At- Atmos. Environ., 42, 4567-4588, 2008.

mospheric mineral dust in regional background sites. In Trans-Szidat, S., Revdt, A. S. H., Sandradewi, J., Alfarra, M. R.,

boundary Particulate Matter in Europe: Status Report 2009, Nor- Synal, H.-A., Wacker, L., and Baltensperger,U.: Dominant im-
wegian Institute for Air Research, Kjeller, Norway, EMEP Status  pact of residential wood burning on particulate matter in
Report 4/2011, 2011. alpine valleys during winter, Geophys. Res. Lett., 34, L05820,

Renner, E. and Wolke, R.: Simulationen zur Episode hoher Schweb- doi:10.1029/2006GL028322007.
staubkonzentrationen im Januar und Februar 2006, Immissionsskthomas, R., Trebs, I., Otjes, R. P., Jongejan, P. A. C., ten Brink,
chutz, 2008/1, 13-17, 2006. H., Phillips, G., Kortner, M., Meixner, F. X., and Nemitz,

Robinson, A. L., Donahue, N. M., Shrivastava, M. K., Weitkamp, E.: An automated analyzer to measure surface-atmosphere ex-
E. A., Sage, A. M., Grieshop, A. P., Lane, T. E., Pierce, J. R., change fluxes of water-soluble inorganic aerosol compounds
and Pandis, S. N.: Rethinking Organic Aerosols: Semivolatile and reactive trace gases. Environ. Sci. Technol., 43, 1412-1418,
Emissions and Photochemical Aging. Science, 315, 1259-1262, doi:10.1021/es8019402009.
doi:10.1126/science.1133062007. Tsyro, S. G.: To what extent can aerosol water explain the dis-

Schaap, M., Otjes, R. P., and Weijers, E. P.: lllustrating the benefit crepancy between model calculated and gravimetrig @&hd
of using hourly monitoring data on secondary inorganic aerosol PMy5?, Atmos. Chem. Phys., 5, 515-531i:10.5194/acp-5-
and its precursors for model evaluation. Atmos. Chem. Phys., 11, 515-2005 2005.
11041-11053¢0i:10.5194/acp-11-11041-2012011 Tsyro, S., Simpson, D., Tarrason, L., Klimont, Z., Kupi-

Schmid, H., Laskus, L., Abraham, H. J., Baltensperger, U., La- ainen, K., Pio, C., and Yttri, K. E..: Modelling of elemen-
vanchy, V., Bizjak, M., Burba, P., Cachier, H., Crow, D., Chow, tal carbon over Europe, J. Geophys. Res., 112, D23S19,
J., Gnauk, Th., Even, A., ten Brink, H. M., Giesen, K.-P., Hitzen-  do0i:10.1029/2006JD008162007.
berger, R., Hueglin, C., Maenhaut, W., Pio, C., Carvalho, A., Tsyro, S., Yitri, K. E., and Aas, W.: Chapter 2.1 PM mass concen-
Putaud, J.-P., Toom-Sauntry, D. and Puxbaum, H.: Results of trations. In Transboundary Particulate Matter in Europe: Status
the “carbon conference” international aerosol carbon round robin  Report 2009, Norwegian Institute for Air Research, Kjeller, Nor-
test stage I. Atmos. Environ. 35, 2111-2121, 2001. way, EMEP Status Report 4/2011, 2011a.

Seinfeld, J. H. and Pandis, S. N.: Chapter 9. Thermodynamics offsyro, S., Aas, W., Soares, J., Sofiev, M., Berge, H., and Spindler,
aerosols, in: Atmospheric Chemistry and Physics — From Air  G.: Modelling of sea salt concentrations over Europe: key uncer-
Pollution to Climate Change, 2nd Edition, John Wiley & Sons, tainties and comparison with observations. Atmos. Chem. Phys.,
New York, 491-543, 2006. 11, 10367-10388]0i:10.5194/acp-11-10367-2012011b.

Semb, A., Bartonova, A., Schaug, Jukewille, A., and Tarseth, K.:  Tsyro, S., Aas, W., Yttri, K. E., and Schultz, M.: Chapter 7. Main
Pilot measurements of nitrogen containing species in air. Nor- uncertainties in the assessment of transboundary PM. In Trans-
wegian Institute for Air Research, Kjeller, Norway, EMEP/CCC  boundary Particulate Matter in Europe: Status Report 2009, Nor-
report 5/1998, 1998. wegian Institute for Air Research, Kjeller, Norway, EMEP Status

Simpson, D., Yttri, K., Klimont, Z., Kupiainen, K., Caseiro, A., Report 4/2011, 2011c.

Gelencér, A., Pio, C., and Legrand, M.: Modeling carbona- Tarseth, K., Aas, W., Breivik, K., Fjeeraa, A. M., Fiebig, M.,
ceous aerosol over Europe. analysis of the CARBOSOL and Hjellbrekke, A. G., Lund Myhre, C., Solberg, S., and VYttri,
EMEP EC/OC campaigns. J. Geophys. Res., 112, D23S14, K. E.: Introduction to the European Monitoring and Evalua-
doi:10.1029/2006JD008153007. tion Programme (EMEP) and observed atmospheric composition

Simpson, D., Benedictow, A., Berge, H., Bergsir, R., Emberson, change during 1972-2009, Atmos. Chem. Phys., 12, 5447-5481,
L. D., Fagerli, H., Flechard, C. R., Hayman, G. D., Gauss, M.,  doi:10.5194/acp-12-5447-2012012.

Jonson, J. E., Jenkin, M. E., My A., Richter, C., Semeena, V. UNECE: The EMEP Monitoring Strategy and measurement

S., Tsyro, S., Tuovinen, J.-P., Valdebeni@o, and Wind, P.: The programme 2004-2009, EB.AIR/GE.1/2004/5, availablén#p:
EMEP MSC-W chemical transport model — technical descrip- //www.unece.org/env/Irtap/emep/MonitoringStratdgif.pdf

tion, Atmos. Chem. Phys., 12, 7825-786@6j:10.5194/acp-12- 2004.

7825-20122012. UNECE: Progress report prepared by the Co-Chairs of the Task

Skjath, C. A., Geels, C., Berge, H., Gyldenkaerne, S., Fagerli, H., Force on Measurements and Modelling in collaboration with
Ellermann, T., Frohn, L. M., Christensen, J., Hansen, K. M., the secretariat. Paragraph 10 and 11, EB.AIR/GE.1/2005/3,
Hansen, K. and Hertel, O.: Spatial and temporal variations in available at:http://www.unece.org/env/documents/2005/eb/gel/
ammonia emissions — a freely accessible model code for Europe. eb.air.ge.1.2005.3.e.pdf005.

Atmos. Chem. Phys., 11, 5221-528®j:10.5194/acp-11-5221-

www.atmos-chem-phys.net/12/8073/2012/ Atmos. Chem. Phys., 12, 8@U34 2012


http://www.atmos-chem-phys.net/9/4575/2009/
http://dx.doi.org/10.1126/science.1133061
http://dx.doi.org/10.5194/acp-11-11041-2011
http://dx.doi.org/10.1029/2006JD008158
http://dx.doi.org/10.5194/acp-12-7825-2012
http://dx.doi.org/10.5194/acp-12-7825-2012
http://dx.doi.org/10.5194/acp-11-5221-2011
http://dx.doi.org/10.5194/acp-11-5221-2011
http://dx.doi.org/10.1016/j.atmosenv.2009.10.015
http://dx.doi.org/10.1029/2006GL028325
http://dx.doi.org/10.1021/es8019403
http://dx.doi.org/10.5194/acp-5-515-2005
http://dx.doi.org/10.5194/acp-5-515-2005
http://dx.doi.org/10.1029/2006JD008164
http://dx.doi.org/10.5194/acp-11-10367-2011
http://dx.doi.org/10.5194/acp-12-5447-2012
http://www.unece.org/env/lrtap/emep/Monitoring Strategy_full.pdf
http://www.unece.org/env/lrtap/emep/Monitoring Strategy_full.pdf
http://www.unece.org/env/documents/2005/eb/ge1/eb.air.ge.1.2005.3.e.pdf
http://www.unece.org/env/documents/2005/eb/ge1/eb.air.ge.1.2005.3.e.pdf

8094 W. Aas et al.: Lessons learnt from the first EMEP intensive measurement periods

UNECE: The EMEP Monitoring Strategy and measurement Yitri, K. E., Simpson, D., Ngjgaard, J. K., Kristensen, K., Genberg,
programme 2010-2019, ECE/EB.AIR/GE.1/2009/15, available J., Stenstim, K., Swietlicki, E., Hillamo, R., Aurela, M., Bauer,
at:  http://www.unece.org/env/documents/2009/EB/gel/ece.eb. H., Offenberg, J. H., Jaoui, M., Dye, C., Eckhardt, S., Burkhart,
air.ge.1.2009.15.e.pd2009. J. F., Stohl, A., and Glasius, M.: Source apportionment of the
Wiedinmyer, C., Akagi, S. K., Yokelson, R. J., Emmons, L. K., Al-  summer time carbonaceous aerosol at Nordic rural background
Saadi, J. A, Orlando, J. J., and Soja, A. J.: The Fire INventory sites, Atmos. Chem. Phys., 11, 13339-133%1;10.5194/acp-
from NCAR (FINN): a high resolution global model to estimate ~ 11-13339-201,12011.
the emissions from open burning, Geosci. Model Dev., 4, 625-Yttri, K. E., Simpson, D., Prevot, A., Szidat, S., Ceburnis, D.,
641,doi:10.5194/gmd-4-625-2012011. Hueglin, C., Kiss, G., Noeygaard, J. K., Putaud, J.-P., Spindler,
Yitri, K. E., Aas, W., Bjerke, A., Cape, J. N., Cavalli, F., Ceburnis, G., Vana, M., Perrino, C., and Aas, W.: Source apportionment of
D., Dye, C., Emblico, L., Facchini, M. C., Forster, C., Hanssen, the carbonaceous aerosol at European rural background sites, in
J. E., Hansson, H. C., Jennings, S. G., Maenhaut, W., Putaud, preparation, 2012.
J. P., and Tarseth, K.: Elemental and organic carbon ind?&l
one year measurement campaign within the European Monitor-
ing and Evaluation Programme EMEP, Atmos. Chem. Phys., 7,
5711-5725¢0i:10.5194/acp-7-5711-2002007.

Atmos. Chem. Phys., 12, 8078094 2012 www.atmos-chem-phys.net/12/8073/2012/


http://www.unece.org/env/documents/2009/EB/ge1/ece.eb.air.ge.1.2009.15.e.pdf
http://www.unece.org/env/documents/2009/EB/ge1/ece.eb.air.ge.1.2009.15.e.pdf
http://dx.doi.org/10.5194/gmd-4-625-2011
http://dx.doi.org/10.5194/acp-7-5711-2007
http://dx.doi.org/10.5194/acp-11-13339-2011
http://dx.doi.org/10.5194/acp-11-13339-2011

