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Abstract. European scale harmonized monitoring of atmo- phur emissions, sulphate still remains one of the single most
spheric composition was initiated in the early 1970s, andimportant compounds contributing to regional scale aerosol
the activity has generated a comprehensive dataset (avaithass concentration. Long-term ozone trends at EMEP sites
able athttp://www.emep.int which allows the evaluation show a mixed pattern. The year-to-year variability in ozone
of regional and spatial trends of air pollution during a pe- due to varying meteorological conditions is substantial, mak-
riod of nearly 40yr. Results from the monitoring made ing it hard to separate the trends caused by emission change
within EMEP, the European Monitoring and Evaluation Pro- from other effects. For the Nordic countries the data indi-
gramme, show large reductions in ambient concentrationgate a reduced occurrence of very low concentrations. The
and deposition of sulphur species during the last decadesnost pronounced change in the frequency distribution is seen
Reductions are in the order of 70-90 % since the year 1980at sites in the UK and the Netherlands, showing a reduction
and correspond well with reported emission changes. Alsdn the higher values. Smaller changes are seen in Germany,
reduction in emissions of nitrogen oxides (N@re reflected  while in Switzerland and Austria, no change is seen in the
in the measurements, with an average decrease of nitrogeinequency distribution of ozone. The lack of long-term data
dioxide and nitrate in precipitation by about 23 % and 25 % series is a major obstacle for studying trends in volatile or-
respectively since 1990. Only minor reductions are howeverganic compounds (VOC). The scatter in the data is large, and
seen since the late 1990s. The concentrations of total nitratsignificant changes are only found for certain components
in air have decreased on average only by 8 % since 1990, anand stations. Concentrations of the heavy metals lead and
fewer sites show a significant trend. A majority of the EMEP cadmium have decreased in both air and precipitation dur-
sites show a decreasing trend in reduced nitrogen both in aiing the last 20 yr, with reductions in the order of 80-90 % for
and precipitation on the order of 25% since 1990. Deposi-Pb and 64—-84 % for Cd (precipitation and air respectively).
tion of base cations has decreased during the past 30 yr, anthe measurements of total gaseous mercury indicate a dra-
the pH in precipitation has increased across Europe. Largenatic decrease in concentrations during 1980 to about 1993.
inter annual variations in the particulate matter mass concenTrends in hexachlorocyclohexanes (HCHs) show a signifi-
trations reflect meteorological variability, but still there is a cant decrease in annual average air concentrations. For other
relatively clear overall decrease at several sites during theersistent organic pollutants (POPs) the patterns is mixed,
last decade. With few observations going back to the 1990sand differs between sites and between measurements in air
the observed chemical composition is applied to documentersus precipitation.

a change in particulate matter (PM) mass even since 1980.

These data indicate an overall reduction of about 5pgm

from sulphate alone. Despite the significant reductions in sul-
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1 Introduction sessment modelling including projections to develop cost

efficient measures. This supports legally binding protocols
A European network of monitoring sites to quantify input of aiming to reduce environmental impacts on ecosystems, hu-
nutrients to agricultural areas was established in 1947 (Egman health and materials. The EMEP protocol (one of the
ner et al., 1955; Rohde and Granat, 1984). Swedish scieneight protocols under CLRTAP, see Fig. 1) specifies commit-
tists later discovered that the observed acidity in precipita-ments of its parties including the funding of technical centres
tion gradually increased and posed the hypothesis that anvhich support the activities defined by the workplan. Parties
thropogenic emissions of sulphur could adversely impactare further obliged to implement the monitoring program as
natural ecosystems even distant from source regionerfQd defined by the EMEP monitoring strategy (UNECE, 2009).
1968). This formed the basis for a coordinated research efAn introduction to the history and the activities undertaken
fort during the period 1972-1977 to study long range trans-by CLRTAP can be found in UNECE (2004b). The mon-
port of air pollutants. The activity was coordinated through itoring concept established by EMEP is similar to what is
a project funded by the Organisation for Economic Co- serving similar monitoring efforts outside the European re-
operation and Development (OECD, 1977). A new measuregion, including North America (NADP, IMPROVE, CAP-
ment station network was established and, combined withMoN and others), South East Asia (EANET), Africa (Debits)
emissions inventories (Semb, 1978) and model calculationgind South Asia (Male Declaration) (Tgrseth, 2008). These
(Eliassen, 1978), transboundary fluxes of acidifying pollu- regional programs are contributing to the WMO Global At-
tants were proven to be significant. Political consensus wasnosphere Watch (GAW) programme. In December 2004, the
reached on the need for an international coordinated actioEMEP Task Force on Hemispheric Transport of Air Pollu-
and this subsequently led to the establishment of the Contion (TF HTAP) was established as a response to the in-
vention on Long Range Transboundary Air Pollution (CLR- creasing scientific evidence of the importance of intercon-
TAP) in 1979. The network of monitoring sites established tinental transport of air pollutants. Since its first meeting in
for the OECD project was later continued under the Euro-June 2005, the TF HTAP has organized a series of projects
pean Monitoring and Evaluation Programme (EMEP), andand collaborative model experiments designed to advance
the program itself was extended to include a wide range otthe state-of-science related to the intercontinental transport
substances which are subject to atmospheric transport acrosd ozone, particulate matter, mercury, and persistent organic
national boundaries. pollutants (HTAP, 2010).

The main objective of EMEP is to provide governments Since EMEP was established, knowledge about air pol-
with information of the deposition and concentration of air lution has greatly increased, and as a result of legislation,
pollutants, as well as the quantity and significance of theeconomical and technological changes, emission source dis-
long-range transmission of air pollutants and their fluxestribution and source strengths have undergone significant
across boundaries (UNECE, 2004a). The EMEP observaehanges. Independent measurements are still required to as-
tions include measurements of species linked to acidificasess atmospheric pollution in general and the effect of abate-
tion, eutrophication, photochemical oxidants, heavy metalsment measures in particular. In addition to monitoring trends,
persistent organic pollutants, and particulate matter. Most ofnformation on atmospheric processes is of key importance
the substances included in the EMEP monitoring programto validate and further develop models (e.g. Simpson et al.,
are also fundamental for improving the knowledge of climate2012; Travnikov et al., 2012). Certain EMEP sites operat-
change and both local and urban air quality. Obviously, theing advanced instrumentation have documented their impor-
measurements need to be made in a comparable way at dknce as a distributed research infrastructure and have thereby
sites and consistent in time to allow the assessment of temqualified for support from the EC and from national research
poral and spatial trends. The Chemical Coordinating Centrecouncils. Examples of such infrastructures projects include
EMEP (EMEP-CCC) was established at NILU (Norwegian the European Supersites for Atmospheric Aerosol Research
Institute for Air Research) in 1977 to harmonize these ef-(EUSAAR) addressing aerosols (Philippin et al., 2009), the
forts. An overview of the development of the main EMEP Aerosols, Clouds, and Trace gases Research InfraStructure
measurement program is illustrated in Fig. 1. The measureNetwork (ACTRIS) addressing aerosols and reactive gases
ments are widely used by the scientific community, and havehttp://www.actris.nét and the Integrated non-GQsreen-
served as a basis for an extensive number of scientific studidsouse Gas Observing System (InGOS) for nor,@@een-
during nearly 40yr. A major objective of this paper is thus house gaseshftp://www.ingos-infrastructure.eu/In these
to present and document the EMEP observation network an&U-projects, support is given to improve methodologies and
how it serves as a lead programme for addressing air qualitysupport access to sites and distribution of data to broad user
atmospheric composition change and transboundary fluxesommunities. This is an important link to scientific commu-
of harmful substances. nities and contributes to further development of the EMEP

The monitoring activity is supplemented with develop- program. The basic monitoring however is founded in obli-
ment of emission inventories, modelling of atmospheric gations to the international conventions CLRTAP/EMEP and
chemistry transport and deposition, and with integrated asWMO-GAW, and relies on national funding.
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Fig. 1. Development of the measurement programme. Bars represent the number of parties/countries submitting data according to the level-1
and level-2 monitoring requirements, respectively. Lines indicate the number of sites for which measurements of the various variables have
been measured (g gaseous, (af aerosol, AN= NH3+NHI and/or HNG+NO; .

This paper gives an overview of the monitoring within site criteria are defined in the EMEP manual (EMEP/CCC,
EMEP and presents main findings from the program. Re-2001), and the sites are classified as regional or global. Al-
sults are presented and discussed in the following chapterthough the goal is to avoid that local sources unduly affect the
according to the themes addressed by CLRTAP. We docuebservations, this can not be realized in an absolute sense.
ment the main development of the monitoring program with The major focus has been to avoid influence from signifi-
focus on selected spatial and temporal trends. EMEP has resant industrial or transport related sources resulting in a net-
cently started the preparation of an assessment report studyork of rural sites (the siting criteria was originally based
which will be aimed at analyzing the links between observedon recommendations outlined by WMO, 1974). Sites will to
trends and emission changes. National experts will be givera varying degree be influenced by local and regional agri-
a major role in that study whereas in the present paper weultural activities, various natural sources as well as other
have a broader and more subjective perspective. As a backecal sources (i.e. ammonia, pesticides, carbonaceous ma-
ground we refer to the previous EMEP assessment repotterial, mineral dust etc.). A site which has a large spatial
(Lovblad et al., 2004) which presented an analysis of therepresentativity for one given chemical compound may thus
first 25yr of measurement data. In Table 2 we list a num-have low representativity for another variable. For an up-
ber of recent publications addressing regional scale trenddated discussion on site representativity we refer to Henne
of European air pollution. This paper is based on the data reet al. (2010) and references therein. In general one can as-
ported to the EMEP database. These data have been validatedme that EMEP sites in general do represent the regional
through a quality assurance/quality control process involvingscale atmospheric composition, but for more in-depth studies
the individual institutions responsible for the different sites of individual datasets, we recommend to also take additional
and the EMEP-CCC as documented by the reports availablenetadata information into account. The observational data
in the EMEP-CCC seriesMwvw.emep.int. Other papers in  are reported to the EMEP-CCC every year with a time lag
the present EMEP ACP Special Issue present more in-deptbf 1.5yr (e.g. Hjellbrekke and Fjeeraa, 2011, and references
analysis of specific datasets. therein).

The EMEP monitoring focuses on species and parame-
ters which are important for understanding the sources and
2 Observational network and quality assurance exposure/fluxes of pollutants as well as to understand atmo-
spheric processes in general. Data for more than 600 differ-
The EMEP monitoring sites are located such that significaniant variables have been reported to the EMEP database at
local influences (local emission sources, local sinks, topoEmEP-CCC bttp://ebas.nilu.np and the number is contin-

the data should be representative for a larger region. The
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Table 1. General overview of the EMEP monitoring program for the period 2009-2020, (UNECE, 2009).

Level-1 Level-2 supersites

— Main inorganic components in precipitation — PM composition (EC/OC, mineral dust)

and in air — Aerosol physical and optical properties
— Heavy metals in precipitation —CHy
—Ozone — Tracers (CO and halocarbons)

— Gas particle nitrogen ratios (low cost) — POPs in air and precipitation
— PMjgand PM 5 mass — Heavy metals in air
— Meteorology -VocC

—+ all level-1 components

available, and new environmental challenges are identifiedTable 2. Overview of some recent publications that have used
The EMEP monitoring obligations are defined by the EMEP EMEP data to assess air pollution trends in Europe. In addition there
monitoring strategy (UNECE, 2009). The monitoring pro- are a large number of studies which have made assessments based

gram is now built on activities assigned to three so-calledon national networks or individual measurement sites.

levels. Level-1 consists of basic, well-established methods

Regional scale trend assessments  Subject

such as the monitoring of S- and N-deposition, ozone con-

centrations etc. Level-1 variables are measured at a fairly Konovalov et al. (2008)

large number of sites. More advanced measurements are car- Fagerli and Aas (2008)

ried out at a subset of the sites, the so-called level-2 super- Hole etal. (2009)

sites, and is normally undertaken by scientific institutions. Dayan and Lamb (2005)

The level 2 sites are normally also part of the Global Atmo- ~ Baldsano etal. (2005)

sphere Watch program. An overview of the mandatory mon- Lovblad et al. (2004)

o . . - Barmpadimos et al. (2012)

itoring programme of EMEP is given in Table 1. In addition, Wilson et al. (2012)

EME_P makes use of data frqm research campaigns (level-3 ;. iairo et al. (2012)

monitoring) and other specific data relevant for understand- cojette et al. (2011)

ing atmospheric processes. These research campaigns are of-gga (2009)

ten coordinated through the EMEP intensive measurement Jonson et al. (2006)

periods (Aas et al., 2012). The EMEP Task Force on Mea- Vautard et al. (2006)

surements and Modelling plays a central role in involving Oltmans et al. (2006)

national experts in the development of the EMEP operational Ordofiez et al. (2005)

activities, including the monitoring strategies. Solberg et al. (2005)
Ideally, the spatial density of sites should reflect the gradi-  Solberg etal. (2001)

ents in the air concentrations and deposition fluxes. The im- Ha_rmgps etal. (2010)

. L Heimbirger et al. (2010)
pIementanqn .of an adequate _momtormg program h_as how- Pacyna et al. (2009)
ever been difficult in some regions. At .present thereis a Par- \wangberg et al. (2007)
ticular need for more sites in the Mediterranean area and in kg et al. (2005)
the EECAA (Eastern Europe, Caucasus and Central Asia) re- sjemr and Scheel (1998)
gion. Furthermore, a sufficiently short time resolution of the  Schuster et al. (2011)
measurements is needed to allow an assessment of the at- Hung et al. (2010)
mospheric sources and processes. Hourly data are seen asSchuster et al. (2010)
ideal and feasible for some species (like ozone) whereas Becker etal. (2008)
daily samples are requested for other variables where such Dvorska etal. (2008)

a high time resolution is not realistic for economic or prac-  Holoubek, etal. (2007)
tical reasons (like aerosol chemical composition and wet de- gudbronet(zloogz)os
position of N and S). A time resolution longer than one day arberetal. ( )

Nitrogen oxides
Sulphur and nitrogen
Sulphur and nitrogen

Deposition

Air quality

All subjects

Particulate matter mass
Ozone

Ozone

Ozone, NOPM
Ozone

Ozone

Ozone

Ozone

Ozone

Ozone
Formaldehyde

Heavy metals
Trace metals

Mercury, lead, cadmium

Mercury

Mercury

Mercury

PCBs, PBDEs
POPs

PCBs

HCHs

POPs

POPs
Benso(a)pyrene
Hexachlorobenzene

will normally inhibit process studies and the establishment
of source-receptor relationships since the origin and history

of the air masses will be masked. Some species or paransoming available (Laj et al., 2009), and EMEP’s strategic
eters are however expensive to measure and a longer sargoal is to take benefit from such developments by encour-
pling time may be acceptable. As the technology is devel-aging researchers to take part in the monitoring programme.
oped, measurements with improved time resolution are be- The monitoring methods used in EMEP are chosen based
on a compromise between several criteria: a sufficient
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precision is needed at low concentration levels, and theor the previous EMEP assessmenbyblad et al., 2004). In
method should be robust and simple to apply in the field. I MAKESENS a two tailed test is used for four different sig-
adequate international standards are available from @omitnificance levels¢: 0.1, 0.05, 0.01 and 0.001). In this work
Europeen de Normalisation (CEN) or WMO, EMEP seeks to we have included all these confidence levels when defining
apply the same criteria. There are some exceptions, for exwhether the trend is significant or not. The average per cent
ample if CEN standards are mainly targeting measurementshange and standard deviation are calculated for all the sites,
of air quality in urban areas, the methods may be inade-and not only for those with a significant trend.

quate at EMEP sites having low concentrations. Where ref- In estimating the per cent change per decade for sulphur
erence methods are not available, EMEP has developed itsompounds (see Fig. 2), we first estimated representative val-
own methodologies through the competence of national exues for each of the years 1980, 1990, 2000 and 2009. These
perts contributing to the programme. In addition to appliedvalues were then used to calculate a percent change from one
reference methods and standard operation procedures, EMERference year to another. Only sites with measurements for
conducts laboratory- and field intercomparison of most com-the whole period and in all media (gas, aerosol and precipita-
ponents defined by the monitoring programme. Some specieion) were included, 14 in all. The estimated concentrations
are tested annually, i.e. sulphur, nitrogen (Uggerud and Hjellwere calculated using the following approach:

brekke, 2011a), heavy metals (Uggerud and Hjellbrekke,
2011b) and EC/OC (Cavalli and Putaud, 2011), while others
are intercompared more sporadically, i.e. POPs (Schlabach
etal., 2011). Field intercomparisons are an important part of — Xi990 Sen’s slope estimate based on the
the quality assurance programme in EMEP to document the  period 1990-2009.

overall uncertainty in the methods used; i.e. for main compo-
nents in air (Aas et al., 2007) and deposition of heavy metals

— X980 Sen’s slope estimate based on the
period 1980-2009.

— Xo000 Average of the measured values for the three

(Aas et al., 2009). years 1999-2001.
— X2009: Sen’s slope estimate based on the
Data analysis and statistical methods period 1990-2009.

The data used in this work is based on public data avail-A similar procedure was used for reduced- and oxidized ni-

able in the EMEP databaskt{p:/ebas.nilu.np The EMEP trogen, but due to less data available during the 1980, the
database web interface also offers additional meta infor-2nalysis was based on data from 1990 only. In contrary to
mation related to the individual data sets available in theSulPhur, there are relatively few sites with concurrent mea-
database. This study has focused on time series and sité&rements of reduced and oxidized nitrogen in both air and
which offer consistent long-term information and a data cap-Precipitation (Fagerli and Aas, 2008), and for decadal trends
ture satisfying criteria listed below. Coordinates for sites W& have chosen to use measurements from all long term mea-
specifically presented in this study are given in Appendix A. surement sites even if there are only measurements in either

For continuous measurements a data capture of 75% on a@" Of Precipitation.
annual basis has been required to calculate annual statis- All emission changes referred to were calculated from the

tics; for non-continuous measurements such as heavy megfficial EMEP emission data which also are used as input for
als, VOC and POPs, the requirement is that at least ninéh® EMEP models (EMEP/CEIP, 2011). Only emission data
months with data are available. Annual means of componentffom the previous EMEP geographical domain (the domain
in precipitation are volume weighted, and concentrations beWas extended in 2008 as describechttp://www.emep.int/
low the detection limit have been set equal to one half Ofgrld/gr|ddescr.htrr)lhas bef—:-n used_to ensure comparable data
the actual limit. Further details on how the data are treated®" the complete time period. Emissions data used for trend
are found in the annual data reports (i.e. Hjellbrekke and@nalysis are presented in Appendix B.

Fjeeraa, 2011). For the statistical analysis, the non-parametric
“Mann-Kendall Test” has been used on annual means forg
detecting and estimating trends (Gilbert, 1987). The Mann-
Kendall test has become a standard method when missing.1 Introduction

values occurs and when data are not normally distributed. In

parallel to this, the Sen’s slope estimator has been used tMajor inorganic compounds include about 30 different
quantify the magnitude of potential trends. Thus, the Sen’ssulphur-, nitrogen- containing compounds, base cations and
slope is used to estimate the percent reduction in the consea salts present as gases, particles or dissolved in precipita-
centration level while the Mann-Kendall test is used to in- tion. Their effects on the environment occur through a range
dicate the significance level of the trend. Statistical calcu-of processes including acidification (sulphur, nitrogen and
lations have been carried out using the MAKESENS soft-base cations), eutrophication (nitrogen), impact on materi-
ware (Salmi et al., 2002) which was developed to be usedls and human health (particulate matter). The observations

Major inorganic compounds
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Fig. 2. Average observed reduction in sulphur and nitrogen components compared to the emission reductions in Europe for the different ten
years period from 1980 for sulphur and 1990 for nitrogen. Sulphur trends are calculated from the 14 sites with measurements of all three
components since 1980, while for nitrogen the same number of sites, as shown in Table 3, are used, and it is not necessarily the same sit
used for all the components.

of inorganic compounds remain a key activity of EMEP, and 3.2  Spatial distribution
time series now extend over nearly 40 yr. Measurements are
made of both air and precipitation samples. The monitoring network within the OECD project only cov-
Sulphur and nitrogen deposition causing acidification andered parts of central Europe, UK and Scandinavia. Sulphur
eutrophication of ecosystems, rivers and lakes is well docuwas measured at all sites, whereas other components were
mented in the literature throughout the last four decades (Otmeasured only at less than one third of the sites. By 2009 the
tar et al., 1984; WGE, 2011; Slootweg et al., 2010; Lorenznetwork covered the whole of Europe as well as areas in Cen-
and Granke, 2009; Skjell&le et al., 2005). The excess de- tral Asia and Caucasus. Still, the number of monitoring sites
position above the critical load for acidity (defined as “A in Eastern Europe is considered inadequate (e.g. Tarseth and
gquantitative estimate of an exposure to one or more polluHov, 2003; UNECE, 2009). The development in the number
tants below which significant harmful effects on specified of sites as well as the change in measured concentrations can
sensitive elements of the environment do not occur accordbe seen in Fig. 3. In 2009, 127 sites reported data for at least
ing to present knowledge”) has been significantly reducedone component in air or precipitation, and 90 of these per-
since 1980. The European area at risk of acidification waformed measurements of main ions in precipitation.
11% in 2000 (Slootweg et al., 2010) and is expected to drop The highest concentrations of non-sea-salt (nss) sulphate
to 4% by 2020 based on current legislated emission reduc{sulphate corrected for the contribution from sea salt) in pre-
tion targets (WGE, 2011). Parts of Scandinavia are likely tocipitation in 2009 were 0.7-1.0 mg St in Serbia and East-
be exposed to acidic deposition at a level requiring contin-ern Europe. The lowest concentrationsq.1 mg St?1) were
ued liming of fresh water systems in order to avoid fish deathobserved in Scandinavia (Hjellbrekke and Fjeeraa, 2011). The
unless further reductions are agreed. Eutrophication on thepatial patterns of nss S concentration in precipitation and
other hand will continue to be a major environmental prob-wet deposition in Europe are fairly similar. However, oro-
lem in Europe. The risk of eutrophication will affect about graphic effects lead to distinct local maxima in wet depo-
40 % of the natural area in Europe in 2020 under the currensition. Sites in southern Norway and the region around the
baseline scenario (WGE, 2011, Slootweg et al., 2010). A Eu-Alps typically experience high wet deposition due to high
ropean nitrogen assessment was recently published (Suttcennual precipitation amounts. The concentrations of &4
et al., 2011), describing the various nitrogen sources and thsoﬁ‘ in air are similar to the distribution of sulphate in pre-
cascade of effects ranging from pollution of air, water and cipitation although somewhat more heterogeneous (airborne
soil to climate change and reduction of biodiversity. Further-concentrations of Sﬁ) have not been corrected for the sea
more, even if acidification due to sulphur is being reduced,salt contribution since the measurement programme only re-
sulphur remains an environmental problem since sulphate isently has been extended to include the determination of
a major aerosol constituent, which is important for humanNa*, Mg?+ or CI~ allowing such corrections). The high-
health and climate forcing. est levels of sulphate in aerosols in 2009 were observed in
Austria, Poland, Hungary and Lithuania. Relatively high lev-
els were also found at sites in Spain, the Netherlands and
Cyprus. Furthermore, very high levels of S@ere mea-
sured in Macedonia and Serbia with concentration levels of
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The air concentrations of NOare highest around the
major emission sources, and during 2009, levels exceeding
4 ug N nm3 were seen in the Benelux area, ltaly and Greece,
whereas levels of the order of 3 ug N‘fwere observed in
southeast UK (Hjellbrekke and Fjeeraa, 2011). Relatively low
concentrations of N@are seen in Spain, and the lowest lev-
els (less than 0.5 pg NTi) are observed in Scandinavia. The
air concentrations of the other gaseous and particulate nitro-
gen compounds show a more scattered pattern. The highest
sum of nitric acid+ nitrate (above 1 pg N r?) was observed
at sites in France, Austria and Switzerland, while for sum of
ammonia+ ammonium concentrations above 2 ug Nhare
seen in Switzerland, Czech Republic, Italy, Austria, Hungary
and France (Hjellbrekke and Fjeeraa, 2011).

Knowledge of the nitrogen dry deposition fluxes is im-
portant for understanding the observed ambient trends. Fur-
ther, in order to quantify effects on ecosystems, one clearly
needs to quantify the dry deposition flux (e.g. Sutton et al.,
2011). Monitoring of dry deposition fluxes is however a re-
cent addition to the EMEP monitoring program, and has so
far mainly been made in relation to research projects. In par-
ticular, the European Union integrated project NitroEurope,
has established a network of advanced flux measurements at
a few selected sites together with a regional scale network of
low cost denuders (Skiba et al., 2009). These measurements
have been combined with various inferential models to cal-
culate the dry deposition (Flechard et al., 2011). The results
from these models show large differences in dry deposition
flux estimates: whereas some methods gave values exceed-
ing 30—40 kg N hal yr—! over parts of the Netherlands and
Belgium, others gave- 20kgN halyr—! at the same sites
Fig. 3. Annual mean concentrations of%Oin aerosols from 1974  (Flechard et al., 2011). These large differences illustrate the
to 2009. Unit: ug Sm2. challenge in estimating the dry deposition of nitrogen in Eu-

rope.
Mineral dust is an important component with respect to
7-9 ug S 3 which is four times higher than typically found critical load since it counterbalances the acid deposition.
at sites in Central Europe (Hjellbrekke and Fjeeraa, 201