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Executive Summary

The current report presents the status and progress of the emission reporting,
observations and modelling activities undertaken under EMEP in relation to
particulate matter in the European rural background environment. It also includes
a special section related to volcanic ash eruption at the Eyjafjallajokull volcano in
April and May 2010 which caused episodes with enhanced levels of PM and SO,
at the European continent. A small section is devoted the EU infrastructures
project ACTRIS (Aerosols, Clouds, and Trace gases Research InfraStructure
Network), which is an important projects supporting the EMEP programme.

The main findings in the status for 2010 are described below.

Emission reporting

The number of Parties providing primary particulate matter emissions data
increased by one from 2009 to 2010, and the total number of Parties was 36; out
of 51 Parties to the Convention. Rather limited information is provided for
Turkey, Central Asia and the Caucasus regions.

Emissions of particulate matter have been reported to CLRTAP from 2000 and
earlier. PM emissions trends vary quite considerably among the Parties to the
Convention. For most countries which have reported data, PM emissions have
decreased since 2000; there are a few exceptions though. For the last year
however (from 2009 to 2010), PM,s and PMj, emissions rose in 21 Parties, with
the most substantial increase in Serbia and the Russian Federation (about 30%
increase).

The most significant source of PM emission is the combustion of fossil fuels,
contributing about 50% of PM emissions. Not all Parties do report emissions from
all the emissions sectors, and especially countries outside EU/EFTA region there
is a relatively low contribution of “Small Combustion” to the total PM emissions,
indicating that emissions from this sector are potentially underestimated. Another
important source of PM emissions is the transport sector with contributions of 13
to 26% to national totals.

Revision of the Gothenburg Protocol

In May 2012, Parties to the LRTAP Convention reached an agreement on a
revision of its Gothenburg multi-pollutant/multi-effect protocol. For the first time
in a multilateral environmental agreement, the adverse effects of particulate
matter (PM) on health have been considered and emission reduction commitments
for emissions of fine primary particles (PM;s) were included. Also, for the first
time in an international treaty, the revised Protocol reflects upon the close
linkages between regional air pollution and global climate change by including
black carbon (BC), a short-lived climate forcer.

Measurement and model assessment of particulate matter

For 2010, mass concentrations of PM are reported for 69 regional or global
background sites (67 for PMyo and 43 for PM,s); four more than in 2009. During
the past year, the EMEP/MSC-W model has been through an extensive revision
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and update process with the purpose of improving model’s general performance
and in particular the representation of PM. As a result, several parameterisations
of chemical and physical processes have been implemented or improved. One of
the major improvements to PM calculations was due to implementation of
secondary organic aerosols (SOA) in the standard model.

In general, modelling of organic aerosol is subject to much larger problems than
those of many other pollutants, something which inevitably follows from the
complexity of organic aerosol itself, and our lack of understanding of the
underlying science. One of the major uncertainties to build or evaluate reliable
SOA models is the current emission estimates. Emission inventories for especially
biogenic volatile organic compounds (BVOC) and primary organic aerosols
(POA), including residential wood-combustion (RWC) should be priority areas.

Combined maps of EMEP model results and measurements show a pronounced
north to south gradient, with the annual mean PM, concentrations varying from
1-5 pg m™ in Northern Europe to 15-25 pg m™ in Southern Europe. The average
observed annual mean PMy, concentration for all sites was 15.5 pg/m®, ranging
from 2.2 ng/m® at the high altitude global site Jungfraujoch in Switzerland, to
30.4 ug/m® at Ayia Marina in Cyprus. On average about 50% of the urban
background concentration is likely to be attributed to the mean rural background
concentration of PMyj.

The observed PMy, levels in 2010 and 2009 are quite comparable. On average
there was a small decrease of 3%. For PM,s on the other hand, there was an
average increase of 4% for all sites. When comparing the modelled results, PMig
and PM,5 concentrations in 2010 are respectively 0.5-5 pg/m® and 0.5-3 ug/m?
higher in 2010 than in 2009 in most of EMEP area, using the same and updated
EMEP model version. In arid areas in southern/south-eastern parts of the domain,
PMyo and PM,s in 2010 exceed by 5-7 pg/m® those in 2009, which is due to
windblown dust. Only in Mediterranean region and Norway, calculated 2010
concentrations are 0.5-2 pg/m® lower than those in 2009. The large-scale
differences in annual mean maps of PM concentrations are to a large extent due to
meteorological conditions, especially differences in the annual amount of
precipitation in 2009 and 2010. In a longer time perspective, there is a relatively
clear decrease in the PMjy mass concentration. From twenty four sites, with
measurements from 2000 (or 2001) to 2010 show an average decrease of 21%
+13%. 54% of the sites show a significant decrease. Similar numbers are observed
for PM,s; an average decrease of 27 £14%, at thirteen sites with measurements
from 2000 or 2001.

The combined model and observation maps show that the annual mean regional
background PMy, concentrations were below the EU limit value of 40 ug/m® over
all of Europe in 2010, with the exception of the south most areas in Europe and
the EECCA (Eastern Europe, Caucasus and Central Asia) countries affected by
desert dust outbreaks. However, the annual mean PM;o concentrations calculated
by the model exceed the WHO recommended AQG of 20 ug/m3 in the Benelux
countries, Hungary and the Po Valley in addition to the southern and south-
eastern parts of the Mediterranean basin, in the Caucasus and in the EECCA
countries. The regional background annual mean PM; s concentrations were above
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the WHO recommended AQG value of 10 pg/m® in many parts of Central,
Eastern and South-Eastern Europe, in the Po Valley and the EECCA area.

Chemical composition data is essential to evaluate aerosol mass concentrations.
There are clear geographical differences in the importance of different
components in PMyo concentrations. As calculated by the model, SIA dominates
in Central Europe comprising 40-50% of PMyo, while organic aerosols (OA)
prevail in Northern Europe and northern/mid-latitude part of Russia (30-55% of
PMyo) and particularly in Siberian areas of Russia (up to 60% of PMjo). Similar
distribution is seen in the measurements. The average contribution of SIA from
the fifteen sites with concurrent measurements of SO,, NOs and NH," is
35+£12%, where Central Europe had the highest SIA contribution with around
50%.

Twelve sites reported measurements of EC and OC for 2010, which are two more
than for 2009. In addition to increased number of sites, the quality of the EC/OC
data has improved with respect to more sites using the EUSAAR-2 reference
protocol, and better data capture including year-round measurements at increased
number of sites. The carbonaceous aerosol concentration was found to range by
more than one order of magnitude within the European rural background
environment. Elevated concentrations were observed in northern Italy and in
Eastern Europe. Concentrations observed at sites in Scandinavia and at high
altitude sites in western/south-western Europe, were substantially lower.

ACTRIS -Aerosols, Clouds and Trace gases Research InfraStructure
Network

To strengthen the monitoring activities at supersites in Europe, collaboration and
integration with other networks and frameworks working on observation of
atmospheric constituents is essential for the EMEP programme. The ACTRIS EU
FP7 infrastructure project will thus bring important support to EMEP in the
coming years, by establishing high quality observations of aerosols, clouds and
short-lived trace gases. One of the main objectives of ACTRIS is hence to provide
long-term observational data relevant to climate and air quality research on the
regional scale produced with standardized or comparable procedures throughout
the network. The close link between ACTRIS and EMERP is also illustrated in the
ongoing EMEP intensive measurement periods (IMP) for the summer 2012 and
winter 2013. The campaign has further been coordinated with other relevant
projects like ChArMEx and PEGASOS.

Volcanic eruption from the Eyjafjallajokull volcano

The eruption of the Eyjafjallajokull volcano in April and May 2010 released large
amounts of volcanic ash and gases high into the atmosphere. It was transported
eastward and southwards to the European mainland in the days after the eruption
onset and caused closure of airports all over Europe. Several stations in the EMEP
monitoring network and other measurement sites revealed time periods with
volcanic aerosol impact in April and May 2010. l.e. at Schauinsland (DE0003) the
concentration at 19-20 April (24h average) was 71.5 pg/m®. The EMEP/MSC-W
chemical transport model was shortly after the start of the Eyjafjallajokull
eruption, adapted for calculating volcanic PM by implementing a first provisional
scheme. In the following year, the volcano module was further developed and
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improved, and calculations for volcanic emissions have been included in the
operational version of the model. Other models, i.e. the FLEXPART transport
model has also been used for evaluation the transport of volcanic ash over the
European continent. The models were able to reproduce the occurrence of most of
pollution episodes associated with emissions from the Eyjafjallajokull eruption in
April-May 2010. However, the levels of PMj, concentrations are not always
calculated accurately, and in some cases model calculated episodes (or
concentration peaks) are slightly shifted in time compared to observations. There
are also cases when modelled volcanic ash episodes are not found in observational
data, or oppositely. Good quality of meteorological input is crucial for the
transport model to correctly predict the direction and speed of ash cloud
propagation. Also, good estimates of volcanic emissions are important for
accurate modelling of the effects of volcanic eruption clouds on air pollution.
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1 Status of emissions

By Katarina Mareckovd, Robert Wankmiiller

1.1 PM emission reporting under the LRTAP Convention

Particulate matter (PMjo and PM;s) emissions should be reported to the
Convention annually®, as a minimum for the years from 2000 onwards. 2012 was
also a reporting year for gridded emissions and large point sources (LPS). All
information should be provided in standardized formats in accordance with the
EMEP Reporting Guidelines (UNECE, 2009; EMEP/EEA, 2009).

1.2  Status of reporting in 2012

44? Parties (out of 51) to the LRTAP Convention submitted inventories for 2010,
and one Party (Albania) submitted inventories only until 2009. Of these 44
Parties, only 36 provided PM emissions. Data submitted by the Parties can be
accessed via the CEIP website at http://www.ceip.at/overview-of-submissions-
under-clrtap/2012-submissions.

Completeness, consistency, comparability and transparency of reported emissions
are analyzed in an annual review process®. Feedback is provided to the Parties in
the form of individual country reports and summary findings are published in the
EEA & CEIP technical report Inventory Review 2012 (http://www.ceip.at/review-
of-inventories/review-2012) (EMEP/EEA, 2011).

1.3 PM emission trends

PM emissions trends (as reported) vary quite considerably among the Parties to
the CLRTAP. For most countries which have reported data, PM emissions have
decreased since 2000. However, there are a few exceptions where Parties reported
increased emissions: PMyo have risen in 10 Parties, PM,s emissions in fourteen
Parties. The biggest increases in PMjs emissions have been reported by the
Republic of Moldova (210%), Serbia (41%), Albania (26%) and Bulgaria (22%).

From 2009 to 2010, PM, 5 and PM1o emissions rose in 21 Parties, with the most
substantial increase in Serbia (36% in PM,5s and 21% in PMp) and the Russian
Federation (34% in PM,sand 29% in PMyg) (see Table 1.1 and Table 1.2).

! Parties to the LRTAP Convention submit air pollution emissions and projections annually to the
EMEP Centre on Emission Inventories and Projections (CEIP) and notify the LRTAP Convention
secretariat thereof.

2 Montenegro submitted its inventory for 2010 on 18 June 2012 and therefore its 2010 data cannot
be included in the analysis.

3 Methods and Procedures for the Technical Review of Air Pollutant Emission Inventories
Reported under the Convention and its Protocols (EB.AIR/GE.1/2007/16).
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Table 1.1:  PM_ 5 emission trends (2000-2010) as reported by Parties.
Country / PM2.5 [Gg] 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | Ch&n9€ | Change

: 2009 - 10 | 2000 - 10

Albania 8.9 9.1 98] 128 143[ 135 138 135[ 135 112 26%

Armenia 0.3

Austria 22.6] 220| 222] 223 221] 223 212] 206] 205 19.4] 19.8 2% 12%

Azerbaian

Belarus NE NE| 36.2] 457 516 511 533 518 450 13%

Belgium 33.8]  30.4] 29.6] 29.1] 282] 244 250 214 203] 158 16.7 6% 51%

Bosnia & Herzegovina

Bulgaria 224 205| 251 27.6] 26.8] 267 28.1] 257 26.7] 254] 27.3 9% 22%

Canada NR NR NR NR NR NR NR NR NR| 1,105.5| 1,112.6 1%

Croatia 9.5 95| 10.2] 122 125 126| 11.9] 114] 113 105 102 3% 7%

Cyprus 3.9 3.7 3.7 3.7 3.2 2.9 2.8 2.8 2.8 2.3 2.2 5% 44%

Czech Republic NE| 38.4] 349 209 215 212] 209 20.4] 196 4%

Denmark 22.2| 227| 221 237 240] 254 26.4] 299| 27.6] 254 257 1% 16%

Estonia 212  22.2] 228 209 22| 19.9] 152] 203 200[ 18.6] 238 28% 12%

European Union 1566 1560] 1,498 1477 1473] 1,431 1,392 1374] 1,348] 1,295 1333 3% -15%

Finland 38.9] 39.9] 404] 403] 399 360 36.8] 344 385 382 407 7% 5%

France 368.2| 357.4] 332.5] 333.6| 321.3] 304.0] 287.7| 273.0] 267.1| 251.4] 254.5 1% -31%

FYR of Macedonia NE NE NE NE NE NE NE NE

Georgia

Germany 143.2| 140.3] 133.6] 129.5| 126.3] 121.2| 119.3] 114.2| 109.9] 105.7] 110.8 5% 23%

Greece

Hungary 25.7] 24.4] 251 271 27.4] 31.0] 29.3] 214] 227 27.8] 32.0 15% 24%

iceland NR NR NR NR NR NR NR NR NR NR NR

reland 1.3 115 109] 104 106] 109] 104 101 9.5 8.5 8.2 4% 28%

Italy 178.1 178.5 173.7 172.1 179.7 165.8 165.4 176.0 173.3 168.6 173.2 3% -3%

Kazakhstan

Kyrgyzstan

Latvia 23.2| 256| 251 26.4| 281 27.4] 26.8| 26.4] 257 28.3| 274 3% 18%

Liechtenstein 0.03] 003 o003 003 003 o003 003 003 003 003 o004 6% 7%

Lithuania NE NE 8.8 8.7 8.9 95 9.5 8.6 9.9 15%

Luxembourg NR NR NR NR NR NR NR NR

Malta 1.0 13 13 13 13 13 1.4 14 1.4 1.4 0.8 -45% 23%

Monaco NE NE NE NE NE NE NE NE NE NE

Montenegro 4.3 3.7 4.9 5.2 5.1 4.6 5.0 4.5 5.5 4.0 %

Netherlands 242 230 218 213 199 105 185 183| 174 159 153 4% 37%

Norway 509| 59.3] 61.8] 584 555 51.7] 48.9] 486| 465 44.2|  47.9 8% 20%

Poland 135.3] 142.1] 142.1] 140.9] 134.2| 132.8] 136.1] 1335 122.3] 123.3] 137.1 11% 1%

Portugal 739 73.0] 646| 631 66.0] 646] 607 60.6] 594 57.2] 49.2 -14% -33%

Republic of Moldova 2.1 1.6 15 2.7 5.8 6.2 7.2 6.2 6.5 210%

Romania NE NE NE NE NE| 105.7] 102.3] 108.7] 122.7] 1151] 118.2 3%

Russian Federation 376.0] 341.1] 383.3] 350.2| 408.8] 347.9] 316.4] 311.9| 417.9 34%

Serbia 21.8] 17.9] 215] 215 227] 245 245 245 245 22.7] 308 36% 1%

Slovakia 22.7] 329 29.0] 283 27.8] 36.7] 320] 28] 27.6] 27.4] 267 2% 18%

Slovenia 145 14.4] 141 141] 13.9] 140| 13.8| 14.1] 134 159 16.8 6% 16%

Spain 1005] 99.6] 99.7] 99.6] 984] o979 o947 o967 873 803 79.2 1% 21%

Sweden 279 278 281 286 291 29.3| 289 288| 281 27.7] 3L5 14% 13%

Switzerland 118 116 110 109 108 107 104 100] 100 9.7 9.7 0% 17%

Turkey

Ukraine NO| _ 0.01 14.6| 1252 NE NA NO| _ 40.7

United Kingdom 100.1] 96.9] 86.4] 841 825 813 79.2] 76.9] 735 67.0 66.7 1% -33%

United States of America 6,061 6,154 5,059 5,048 5,036] 5,029] 4,981| 4,944| 4,091 4,134 -32%

Notes: A blank cell indicates that no data have been reported to EMEP

Shaded cells (red) indicate increased emissions for the given period

“Differences 2009 -2010” for Albania, Montenegro, Republic of Moldova and the United
States of America referrer to differences between 2000 and 2009, as 2010 was not

reported

Emissions shown in the row “Russian Federation” correspond only to the “Russian
Federation in the former official EMEP domain”
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Table 1.2:  PMyo emission trends (2000 - 2010) as reported by Parties.

Country / PM10 [Gg] 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2000 | 2010 | Sh@n9e | Change

2009 - 10 | 2000 - 10

Albania 124] 125 134 16.8] 184 172 178 175 175 153 24%
Armenia 0.6
Austria 387 387 37.7] 379 380 382 367 360 365 348 352 1% 9%
Azerbaian
Belarus NE NE| 48.0] 538 605 633 66.1 646 58.2 -10%
Belgium 46.0] 449 43.7] 43.7] 422| 341 344 299 284] 225 23.7 5% -48%
Bosnia & Herzegovina
Bulgaria 35.4]  33.3] 36.4] 419 418 446 46.8] 47.3] 460 39.4] 412 5% 16%
Canada NR NR NR NR NR NR NR NR NR| 5,824.9| 5,855.4 1%
Croatia 13.2| 132| 144 169] 17.4] 17.4] 166| 163 16.0| 148 138 % 4%
Cyprus 5.9 5.5 5.4 5.4 4.9 4.4 4.3 4.4 4.3 3.6 3.4 5% -41%
Czech Republic 43.1 01| 514 470] 343 349 346 349 363 37.0 2%
Denmark 285 293 285 302 304 318 329 365 33.8 3L4] 3L7 1% 11%
Estonia 37.4]  37.3] 33.4] 300 302] 269 20.4] 290 25.4| 233] 324 39% -13%
European Union 2,292| 2,290 2217] 2.181] 2180 2,133] 2080] 2,048] 1989 1,012] 1,969 3% 14%
Finland 540 538 542 54.4] 555 49.5] 522| 48.1] 525 5.6 54.8 6% 1%
France 501.7 488.0 460.4 463.3 450.4 427.9 410.3 392.8 384.8 364.2 367.0 1% -27%
FYR of Macedonia NE NE NE NE NE NE NE NE
Georgia
Germany 239.6] 234.1] 224.9] 218.4] 214.4] 207.1] 206.0] 200.6] 194.7] 187.0] 192.7 3% 20%
Greece
Hungary 470 43.4] 443 47.7| 47.4] 51.6] 48.0] 356| 37.8] 478 46.1 4% 2%
iceland NR NR NR NR NR NR NR NR NR NR NR
Ireland 17.4 17.9 17.1 16.2 16.4 17.1 16.1 15.6 14.7 12.9 12.5] -3% -28%
Italy 209.0] 211.0] 205.6] 204.0] 211.0] 197.3] 196.6] 207.4| 204.1] 197.6] 202.1 2% 3%
Kazakhstan
Kyrgyzstan
Latvia 26.6] 293 290] 305 389 32.6] 324] 32.7] 324 329] 326 1% 23%
Liechtenstein 0.04]  0.04] 004 o004 004 004 o004 004 004 004 0.04 10% 8%
Lithuania 0.6 NE NE| 10.8] 108 111] 116 124] 110 125 14%
Luxembourg NR NR NR NR NR NR NR NR
Malta 1.4 2.0 1.9 2.0 2.0 2.1 2.1 2.2 2.2 2.2 13 -41% 9%
Monaco NE NE NE NE NE NE NE NE NE NE
Montenegro 8.4 6.9 9.5 9.8 9.5 8.0 3.8 7.9 9.8 6.8 -19%
Netherlands 38.8 37.5 36.8 34.7 34.1 33.3 32.6 32.4 31.7 29.7 29.1 -2% -25%
Norway 66.3] 660 68.3] 647 617 586 557 56.2] 528 _ 50.3]  53.9 7% -19%
Poland 281.9] 299.6] 303.2] 295.7] 279.7] 289.2] 2855 268.7] 247.1] 248.6] 279.5 12% 1%
Portugal 100.1] 107.4] 930 86.6] 945 969 879 851 851 830 7.3 14% 29%
Republic of Moldova 45 3.4 5.4 57 112 75 8.3 9.9 9.8 118%
Romania NE NE NE NE NE| 125.7] 122.7| 136.8] 143.7] 135.9| 142.8 5%
Russian Federation 561.4] 575.6] 646.7] 590.8] 613.0] 521.8] 474.6] 483.8] 6225 29%
Serbia 35.7]  31.9] 357 357 37.2] 395 395 395 40.3]  38.4] 46.4 21% 30%
Slovakia 447 47.3]  402| 364 319 417 365 318 312 30.8 302 2% -33%
Slovenia 194] 100] 186 182 183 185 182 184] 166 189 198 5% 2%
Spain 145.6] 144.6] 146.3] 144.3] 143.3| 141.0] 136.7] 138.9] 123.3] 113.4] 112.4 1% 23%
Sweden 39.6 39.5 39.8 40.6 41.3 41.4 41.3 41.2 40.3 39.2 43.8 12% 10%
Switzerland 224 220| 214 212 211 211] 209] 206 20.6] 20.4] 205 0% 9%
Turkey
Ukraine NO 2.9 118.5 131.2 NE NA NO 133.2
United Kingdom 171.3| 164.9] 143.1] 140.0] 137.8] 1350 133.4| 130.7| 1256| 113.9 114.2 0% -33%
United States of America 20,901] 21,266 19,346 19,335] 19,322 19,275] 17,533 15,762] 13,028] 10,232 51%

Notes:

A blank cell indicates that no data have been reported to EMEP
Shaded cells (red) indicate increased emissions for the given period

“Differences 2009 -2010” for Albania, Montenegro, Republic of Moldova and the United
States of America referrer to differences between 2000 and 2009, as 2010 was not

reported

Emissions shown in the row “Russian Federation” correspond only to the “Russian
Federation in the former official EMEP domain”
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1.4  Contribution of key categories to total PM emissions

In order to further improve air monitoring and modelling under the Convention, it
is important to identify GNFR* categories that have a significant influence on total
emissions. Such an analysis helps to set priorities for improvement but can also
highlight potential gaps in reporting.

PM2.5 - EU/EFTA/HR PM2.5 - Other countries
A_Public R_Other Other
Po:;ﬂer B_Industrial

Comb
6%

Z_memo
11%

|_OffRoad
Mob
5%

D_IndProcess
9%

Figure 1.1: Top seven categories contributing to PM, s 2010 emissions (GNFR

categories).
PM10 - EU/EFTA/HR PM10 - Other countries
A_Public
Po:;éer B_Industrial O1t:§r
Comb
6% R_Other
5%
Z_memo
8%
P_AgriOther.
5%
0_Agri
Livestock
6%
D_IndProcess : E_Fugitive C_SmallComb
14% &% -

7%

Figure 1.2: Top seven categories contributing to PM;o 2010 emissions (GNFR
categories).

Note: Where the total number of categories for a particular pollutant is more than seven or the
contribution of a particular sector is < 2%, emissions have been summed up in the category
‘Other’

‘Memo items’ represent emissions reported as international maritime navigation

4 21 GNFR categories are aggregated NFRO9 categories (see UNECE 2009 - Annex IV at
http://www.ceip.at/reporting-instructions/annexes-to-the-reporting-guidelines). GNFR categories should be
used for reporting of gridded emissions from 2012 onwards.
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The most significant source of PM emission is the combustion of fossil fuels,
contributing about 50% of PM emissions. The different distribution of GNFR
sectors between EU/EFTA/HR and “Other countries™, and especially the
relatively low contribution of “Small Combustion” to the total PM emissions of
“Other countries” indicates that emissions from this sector are potentially
underestimated.

Another important source of PM emissions is the transport sector with contribu-
tions of 13 to 26% to national totals (see Figure 1.1 and Figure 1.2).

1.5 Emission data prepared for modellers

Modellers use PMjs and PMeoase® (PMio2s) emissions distributed in a
50 x 50 km?2 PS EMEP grid’. The extended EMEP domain comprises
approximately 21 000 grid cells, but PM sectoral data is reported for less than
50% of this area. More or less complete emission data are available for Europe,
except for some Balkan countries. No PM emissions were reported by a number
of EECCA countries, by Turkey or for the “Russian Federation extended EMEP
domain”.

To make submitted emission data usable for modellers, emissions reported in
NFRO9 categories are converted to 10 SNAP sectors, whereas missing
information (i.e. not reported by Parties) has to be added (gap filling)®. Emission
trends in the EMEP area are significantly influenced by big countries like
Ukraine, Turkey, Belarus and the Russian Federation, for which consistent time
series are not available and trends are based on expert estimates.

105% -
100% = PM2.5

95% = PMcoarse
90% -
85% -
80% -
75% -

70% T T T T T T T T T T
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 1.3: PM Emission trends in EMEP area, 2000-2010.

® “Other countries * in this chapter refer only to 5 countries, namely Belarus, FYR of Macedonia,
the Russian Federation, Serbia and Ukraine. A larger number of Parties from the “Other” group
did not report PM emissions at all.

® PMgoarse €MiSSiONs are not reported but estimated as the difference between PM, and PM, 5

" Information regarding the gridding procedure can be downloaded at
http://www.ceip.at/fileadmin/inhalte/emep/pdf/gridding_process.pdf

® Basic principles for expert estimates are described in the EEA (2009b) ‘proposed gap-filling
procedure for the European Community LRTAP Convention emission inventory .
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In 2012 gridded emissions were reported in GNFR sectors but the modellers still
requested data in SNAP sectors, and therefore CEIP converted the reported GNFR
sectors to SNAP sectors using the reported NFR sector distribution for weighting.
This converted grid was then used to distribute the SNAP sector emissions which
had been converted from NFROO9.

Gap-filled and gridded data can be accessed via the CEIP homepage at
http://www.ceip.at/webdab-emission-database/emissions-as-used-in-emep-models
and gridded data can also be visualized in Google Maps/Earth at
http://www.ceip.at/webdab-emission-database/gridded-emissions-in-google-maps.

1.6 Update of historical gridded emissions used in EMEP models (2000 —
2009)

To provide modellers with historical data that is consistent with the latest
(recalculated) data reported by Parties, CEIP has re-gridded data from previous
years (from 2000 to 2009). As an example of the magnitude of the changes, see
the revised data on PM,s and PMcoarse €missions for the years 2000 and 2005.
(Table 1.3). For the whole EMEP area, the differences in PM,s gridded data are
minimal (below 2 %). The differences in PMcoarse are bigger, but still less than 8%.

However, for individual countries the differences in N
ote

the revised emissions are sometimes significant. For
example, Belarus’ wupdated PMj,s emissions
increased by 83% in 2005, whereas the revision
resulted in a decrease for Bulgaria (-48%), Serbia
(-33%), Portugal (-20%), Montenegro (-14%) and
Italy (-10%).

PMcoarse €Missions increased in Liechtenstein by
34% in the year 2005. In Serbia and Romania
(-58%), Slovakia (-36%), Bulgaria (-38%), France
(-29%) and Belarus (-24%) PMcoarse €Mmissions

The years 2008 and 2009 were re-
gridded using the same distribution
as for 2010. For the years 1990, 2000
and 2005 new base grids were
calculated for the  emission
distribution, based on new gridded
data reported for these years. The
years 2003 to 2007 were re-gridded
using the new base grid for 2005 and
the years 2000 to 2002 were re-
gridded using the new base grid for
2000 for the emission distribution

decreased. In Bulgaria, France and Slovakia the revised PMcoase €missions
decreased significantly for the whole timeline from 2000 to 2009, whereas in
Liechtenstein is the revision resulted in a significant increase. These major

revisions of historical data indicate a high uncertainty of PM emissions.

Table 1.3:

Total differences between PM emissions gridded in 2011 and

re-gridded in 2012 for the years 2000 and 2005.

2011 2012 Difference Difference
expert data expert data [Gg] [%]
PM, s total 2000 3623 3 565 -58 -1.60%
PM, s total 2005 2943 2900 -43 -1.46%
PMoarse total 2000 1984 1910 -74 3.73%
PMoarse total 2005 1 606 1478 -128 7.97%
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A list of the differences between gridded emissions for the period 2000 - 2009
(used in models in 2011) and those re-gridded in 2012 (per country/pollutant/year
and expressed both as a percentage and in Gg) can be downloaded at
http://www.ceip.at/fileadmin/inhalte/emep/xIs/2012/Diff _gridded_regridded 2012
XIs.
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2 Revision of the Gothenburg Protocol

By Zbigniew Klimont and Markus Amann

In May 2012, Parties to the Convention on Long-range Transboundary Air
Pollution have reached agreement on a revision of its Gothenburg multi-
pollutant/multi-effect protocol (UNECE, 2012). Inter alia, the revised protocol
includes quantitative emission reduction commitments for the year 2020. For the
first time in a multilateral environmental agreement, the adverse effects of
particulate matter (PM) on health have been considered and include emission
reduction commitments for emissions of fine primary particles (PM;s). Also, for
the first time in an international treaty, the revised Protocol reflects upon the close
linkages between regional air pollution and global climate change by including
black carbon (BC), a short-lived climate pollutant.

CIAM has contributed the analysis of the baseline (current legislation) and
maximum feasible reductions and discussed the scope/potential for further
reductions (Amann et al., 2011a). Finally, the impacts of the committed changes
in SO,, NOy, PM,5, NH3; and VOC emissions on premature mortality from fine
particulate matter and ozone and the protection of ecosystems against eutro-
phication and acidification were analyzed. CIAM compared the environmental
improvements that are calculated for the committed emission reductions against
those estimated for the ‘current legislation’ baseline and the maximum technically
feasible reductions (Amann et al., 2012).

The analysis employed the GAINS (Greenhouse gas — Air pollution Information
and Simulation) model (Amann et al., 2011b). The cost-effectiveness analysis of
the GAINS model can identify portfolios of measures that lead to cost-effective
environmental improvements. Obviously, in such an optimization problem any
cost-optimal solution is critically determined by the choice of environmental
constraints, i.e., by the chosen ambition level of the environmental targets as well
as by their spatial distribution across Europe. More stringent and more site-
specific targets will result in higher costs. Targets that could usefully guide
international negotiations on further emission reductions must fulfil two criteria:

- First, they must be achievable in all countries (otherwise no portfolio of
measures would be available to achieve them), and

- second, they should result in internationally balanced costs and benefits, so
that they could be politically acceptable by all Parties.

Ultimately, the choice of a set of environmental targets that could serve as a
useful starting point for negotiations will require value judgment, and will
therefore always remain a political task for negotiators. It cannot be replaced by
scientific models unless they employ (implicit or explicit) quantifications of
preference structures for the various parties. CIAM has contributed with the
analysis of four different concepts for target setting which were discussed in an
earlier (CIAM 1/2010) report and then at the 47" Session of the Working Group
on Strategies. Eventually, drawing on the conclusions of that discussion, the
hybrid scenarios that combine the different target setting options for individual
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impacts were developed and used in the analysis (see for more details Amann et
al., 2011a).

While, a complete assessment including all Gothenburg Protocol pollutants is
presented in Amann et al. (2011a, 2012), here we highlight key findings focusing
on particulate matter.

For the EMEP domain as a whole, the emission reduction commitments of the
revised Gothenburg protocol imply a 22% decrease in primary PM, s (Figure 2.1).
This reduction is clearly lower than the range of future emissions that has been
discussed in the cost-effectiveness analysis for the negotiations of the revised
protocol (Amann et al., 2011a). For instance, compared to the ‘mid’ ambition
level, PM,5 fall short by 40%. Furthermore, the agreed commitments are also
lower than what has been estimated as the result from the implementation of
existing emission control legislation by the GAINS model for 2020. For primary
PM,s, the model estimated 25% larger impacts of the current legislation on
emissions in 2020 than what has been agreed by Parties in the revised Gothenburg
protocol (Table 2.1). These differences might be explained by a number of
factors, including disagreements about the underlying projections of energy use
and economic development, different assumptions about the implementation
success and effectiveness of emission recent control legislation, and uncertainties
in emission inventories. Furthermore, Parties might also have introduced some
uncertainty margin to safeguard against unexpected developments.

20%

B Gothenburg commitment [ GAINS Current legislation
© GAINS MID ambition level scenario 0 GAINS Maximum Technically Feasible Reduction
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Figure 2.1: Changes in emissions in 2020 relative to 2005 over the EMEP
domain. The Gothenburg commitments are indicated by the blue
bars, while the lines indicate the ranges between the ‘current
legislation’ and the ‘maximum technically feasible reduction’ cases
estimated by the GAINS model for the PRIMES 2009 energy
projection.
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Table 2.1: PM,5 emissions.
Emission reductions in 2020 relative to 2005 Emissions in 2005
(kilotons)
Gothenburg GAINS GAINS GAINS reported  estimated
emission Current MID Maximum | to EMEP by GAINS
reduction legislation ambition Technically | in 2012 in 2011
commitment estimate level Feasible
scenario  Reductions

Austria -20% -39% -43% -62% 22 22
Belgium -20% -27% -32% -47% 24 28
Bulgaria -20% -33% -47% -81% 44 51
Cyprus -46% -52% -52% -67% 3 3
Czech Rep. -17% -26% -31% -59% 22 34
Denmark -33% -39% -40% -74% 25 32
Estonia -15% -61% -68% -84% 20 20
Finland -30% -29% -30% -67% 36 31
France -27% -34% -39% -66% 304 317
Germany -26% -32% -35% -49% 121 122
Greece -35% -40% -53% -71% 56 55
Hungary -13% -17% -30% -62% 31 28
Ireland -18% -26% -26% -37% 11 10
Italy -10% -34% -38% -55% 166 151
Latvia -16% -18% -25% -83% 27 18
Lithuania -20% -22% -48% -75% 9 14
Luxembourg -15% -46% -47% -50% 3 3
Malta -25% -60% -60% -79% 1 1
Netherlands -37% -45% -47% -55% 21 25
Poland -16% -22% -27% -44% 133 125
Portugal -15% -44% -67% -85% 65 104
Romania -28% -30% -52% -86% 106 154
Slovakia -36% -49% -56% -70% 37 19
Slovenia -25% -38% -46% -71% 14 9
Spain -15% -33% -45% -61% 93 140
Sweden -19% -39% -40% -56% 29 29
United Kingdom -30% -42% -44% -54% 81 91
EU-27 -22% -34% -42% -64% 1504 1634
Albania*) 0% -16% -34% -77% 9 9
Belarus -9% -1% -39% -68% 53 53
Bosnia-H*) 0% -35% -42% -74% 20 20
Croatia -18% -24% -48% -74% 20 19
FYR Macedonia*) 0% -43% -59% -83% 13 13
R Moldova*) 0% -9% -59% -74% 10 10
Norway -30% -38% -39% -69% 51 51
Russia -3% 4% -57% -72% 763 763
Serbia-M*) 0% -29% -45% -79% 68 68
Switzerland -26% -29% -40% -56% 10 10
Ukraine*) 0% -4% -59% -81% 390 390
Non-EU -21% -21% -63% -79% 1407 1723
Total -22% -27% -53% -72% 2911 3357
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For the EMEP domain as a whole, the agreed emission reductions will lead to
significant reductions of the negative impacts of air pollution. Mortality from the
exposure to fine particulate matter will fall by 27% in 2020 (Table 2.2). There are,
however, significant regional differences across Europe and the reduction in
impacts falls short of the one presented in the cost-effectiveness analysis, in fact
they do not even reach the improvements estimated for the current legislation case
that were estimated at over 30%.

This shortfall also applies to several targets of the Thematic Strategy on Air
Pollution (TSAP) of the European Union. For the EU-27, the revised Gothenburg
would reduce the years of life lost (YOLLSs) from the exposure to fine particulate
matter by 35%, so that additional measures would be necessary to meet the 47%
target that has been established in the TSAP.

Table 2.2:  Health Impacts from PM, s in 2000 and 2020.

2020, with emission 2020, GAINS
2000 reduction estimate for MFR
commitments Current legislation
Health impacts from Total 306.0 224.9 204.0 159.0
PM (million years of EU-27 204.0 132.1 116.0 101.0
life lost) Non-EU | 102.0 92.8 88.0 58.0
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3 Measurement and model assessment of particulate matter in
Europe in 2010

3.1 PM mass concentrations
By Svetlana Tsyro, Karl Espen Yttri and Wenche Aas

3.1.1 Introduction

The current assessment of the concentration levels of regional background PMjg
and PMy in 2010 has been made based on EMEP model calculations and data
from EMEP monitoring network. In this chapter, we present the recent estimates
of PMyy and PM, 5 concentrations for 2010 and document the main changes in
PMjo and PM s levels from 2009 to 2010. Brief information concerning PM main
constituents and mass size distribution is provided based on model and
observational data. Furthermore, calculated exceedances of the WHO Air Quality
Guidelines by regional background PMj, and PM,s concentrations in 2010 are
presented. We also look at how well the model manages to reproduce observed
exceedances of PMyy and PM,s EU limit values and WHO Air Quality Guidelines
at the individual stations.

3.1.2 The measurement network

The observed annual mean concentrations of PMy9, PM,5 and PM; for 2010 at
European rural background sites can be found in Hjellbrekke and Fjeeraa (2012).
For 2010, mass concentrations of PM are reported for 69 regional or global
background sites (67 for PMjo and 43 for PM,5s); four more than in 2009. There
are seven new sites in 2010 compared to 2009: DK0012, ES0005, ES0006,
NOO0039, NO0056, RO0008, SEQ005; but three from 2009 have not reported data
for 2010: DK0041, EE0009 and IE0031. The same number of Parties reported
aerosol mass data in 2009 and 2010 (25). Romania is new, while Ireland has not
reported mass data for 2010. It is worth noting that although the number of sites
has increased the last years, several sites have unsatisfactory data coverage. In
2010, 56 of the 67 PMyy sites have data completeness higher than 75%. For PM; s
there are 30 of the 43 sites with satisfactory data coverage. PM; was reported for 6
sites in 2010, the same number as in 20009.

3.1.3 The EMEP model and runs setup

The calculations presented in this report have been performed with the
EMEP/MSC-W model, version rv.4. During the past year, the EMEP/MSC-W
model has been through an extensive revision and process updates with the
purpose of improving model’s general performance and in particular the
representation of PM. As a result, several parameterisations of chemical and
physical processes have been implemented or improved. The most recent
developments of the EMEP MSC-W model (version rv4) are documented in
EMEP Status Report 1/2012 and Simpson et al. (2012). Here, the model changes
which affect model PM results the most are outlined:

e implementation of secondary Organic Aerosols (SOA);
e implementation of re-suspended road dust;
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¢ implementation of explicit calculations of cloud water acidity (reduction of
cloud pH increased sulphate formation);

e update of monthly temporal profiles of SO emissions;

e use of the more robust parameter “Soil Moisture Index” instead of “Soil
moisture” from ECMWEF-IFS data for windblown dust calculations;

e update of the rate of coarse NO3 formation; changing its Mass Median
Diameter from 2.5 um to 3 um (so that 27% of coarse NOjs is assigned
now to PM2_5).

The meteorological data used in the model simulations for 2010 is from the
ECMWEF-IFS meteorological model. The national emissions of SOy, NOy, NHs,
NMVOC, PMjy and PM; s for the year 2010 were prepared by EMEP/CEIP (see
Chapter 1). The emissions of primary PMj, and PM, s have been disaggregated to
elemental carbon (EC), primary organic aerosol (POA) and remaining inorganic
dust using the latest information from IHASA.

3.1.4 Annual PMo, PM,5s and PM; concentrations in 2010

The lowest measured concentrations of PMjo were observed in the northern and
north-western parts of Europe, i.e. the Nordic countries, British Isles, and for high
altitude sites (> 800 masl) on the European mainland (Figure 1.1). The highest
observed concentrations of PMy are found at sites in Cyprus, the Netherlands,
Hungary and Italy, while for PM, s at sites in Austria, Germany, France and Italy.
The regional distributions of PMyo and PM; 5 are very similar.
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Figure 3.1: Annual mean concentrations of PM3o and PM_ s for various regions
of the EMEP domain in 2010 (ug m™®). Solid blue and red lines
denote the average concentrations for all sites. Annual mean
concentrations for European urban background sites (from AirBase)
are included for comparison.

Annual mean concentration fields of regional background PMj, and PM;s in
2010, based on EMEP/MSC-W model calculations and measurements from the
EMEP monitoring network, are presented in Figure 3.2. The modelled PMj, and
PM, s concentrations include secondary inorganic aerosols (SIA= SO4Z'+N03‘+
NH,"), organic aerosols (OA=POA+SOA), elemental carbon, sea-salt, mineral
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dust and water. The aerosol water content is calculated for a temperature of 20 °C
and a relative humidity of 50%, which corresponds to required standardized
conditions for equilibration of PM samples.

The following procedure has been used to generate the combined maps. For each
measurement site with PM data in 2010, the difference between the measured
value and the modelled value in the corresponding grid cell has been calculated.
The differences for all sites have been interpolated spatially using radial base
functions, which provide a continuous 2-dimentional function describing the
difference in any cell within the modelled grid. The combined maps have been
constructed by adjusting the model results with the interpolated differences,
giving larger weight to the observed values close to the measurement site, and
using the model values in areas with no observations. The range of influence of
the measured values has been set to 500 km.
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Figure 3.2: Annual mean concentrations of PM, (left) and PM; s (right) in 2010
based on EMEP/MSC-W model calculations and EMEP observation
data.

The concentration maps constructed from EMEP model and observational data
(Figure 3.2) show a typical north to south gradient, with the annual mean PMyq
decreasing from 1-5 pg/m® in Northern Europe to 15-25 pg/m® in Southern
Europe. The annual mean concentrations of PM, s decrease from 1-3 ug/m3 in
Northern Europe to 5-20 pug/m® in Southern Europe. On the top of this zonal PM
distribution, there are areas with enhanced PM; s and PMy levels associated with
large emissions in major cities and industrial and agricultural regions.

The average observed annual mean PMjo concentration for all sites (average
between regions) was 15.5 pg/m°, the lowest annual mean was recorded at the
high altitude global site Jungfraujoch in Switzerland (2.2 png/m®) and the Swedish
site Bredkalen (3.6 pg/m3), whereas the highest levels were recorded at Ayia
Marina in Cyprus (30.4 ug/m3) and at the Hungarian site K-puszta (27.8 pg/m3).
The mean European urban background concentration of PMso has been included
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in Figure 3.1 to give an idea of the rural background influence. Somewhat less
than 50% of the urban background concentration is likely to be attributed to the
mean rural background concentration. Close to 60% of the urban background
concentration is likely to be attributed to the mean rural background concentration
of PM, s (Figure 3.1).

3.1.5 PMyand PM,5in 2010 compared to 2009

Close to 50% of the sites which reported concentrations of PMyo both for 2009
and 2010 had lower annual means in 2010 compared to the previous year,
meaning that the levels in 2010 and 2009 are quite comparable. On average there
was a small decrease of 3%, however, there are large variations between sites, and
the largest relative decrease was at the Moldavian site Leova (MD0013), where
the annual mean went from 15.6 ug/m® in 2009 to 4.7 pg/m® in 2010 (230%
decrease). The largest relative increase of 23% (from 23.4 to 30.3 pug/m®) was
seen at Ayia Marina in Cyprus (CY0002).

For PM, s there is an average increase of 4% for all sites, but it was the same
number of sites with decrease or increase. The highest relative decrease was seen
at the Latvian site Rucava (L\V0010), with a change from 18.8 pg/m® in 2009 to
14.6 pug/m? in 2010 (40% decrease) , and the highest relative increase of 42% was
found at Hyytiala (F10050) (from 4.5 to 5.5 pug/m°). For PMy, there was a general
increase in concentration at the six sites with measurements both years, on
average 22%.

When comparing the calculated PMj, and PM2 5 concentrations from the EMEP/
MSC-W model, there is a general increase in PMjy and PM;s levels calculated
with the model for 2010 compared to those for 2009 produced last year. As
briefed above, an extensive revision of a number of chemical and physical
processes in the EMEP/MSC-W model has been made since last year reporting.
Thus, the differences in PM concentrations for 2010 and 2009 in EMEP
Report 4/2011 are partly due to the model modification. When calculated with the
same model version (rv.4), PMj, and PMg;s concentrations in 2010 are
respectively 0.5-5 pg/m® and 0.5-3 pg/m?® higher than in 2009 in most of EMEP
area. In arid areas in southern/south-eastern parts of the domain, PM1y and PM, 5
in 2010 exceed by 5-7 pug/m? those in 2009, which is due to windblown dust (see
below). Only in Mediterranean region and Norway, calculated 2010 concen-
trations are 0.5-2 ug/m?® lower than those in 2009.

Component-wise analysis shows that the differences between 2010 and 2009
concentrations have the same pattern for both primary PM and SIA. The belt of
higher 2010 concentrations stretches from north-eastern France east, crossing
Germany, Poland, the Baltic Countries, Belarus, north-western Russia and
Finland. Also in Turkey, Malta, and the Caucasus PM concentrations in 2010 are
calculated to be higher in 2009. Comparison of meteorological conditions (based
on fields from ECMWEF-IFS model) shows some spatial correspondence between
the areas with higher PM concentrations and the areas with less precipitation in
2010 compared to 2009. On the other hand, southern/south-eastern Europe
received in 2010 more precipitation than in 2009, which led to efficient
scavenging of pollutants.

EMEP Report 4/2012



26

Calculated dust concentrations in 2010 are higher than in 2009 in many of
arid/semi-arid areas in south-eastern EECCA regions, Turkey and North Africa.
This is due to more favourable meteorological conditions for dust generation and
transport, i.e. higher temperatures and less precipitation yielded drier soil, while
larger surface stress facilitated soil particle uplift in 2010. At the same time, a
recent correction of dust boundary conditions resulted in reduced levels of
Saharan dust calculated for 2010.

Furthermore, there are two locations with markedly enhanced PM concentrations
in 2010 compared to 2009. The first one, centred in the southern coast of Iceland,
is due to Eyjafjallajokull volcano eruption (mid-April to mid-May 2010). The
second one, over central Russia, is due to severe forest fires during July-August
2010. The Eyjafjallajokull eruption emissions contained large amount of ash and
some SO, thus contributing with primary PM. See further discussions of the
Eyjafjallajokull eruption in Chapter 5. The Russian fires emitted large amounts of
CO and NO,, leading to large ozone production and enhancing the formation of
SOA.

3.1.6 PMjg and PM, 5 seasonality in 2010

One of the most pronounced features of PM seasonal variation in 2010 are
elevated PMo and PM, 5 concentrations reported for January and February at the
sites in central Europe. Figure Al in Appendix shows measured and calculated
monthly variations of PMyy and PM,s averaged over sites in the individual
countries. Enhanced PMj, and especially PM,s levels, are indeed seen at
German, Austrian, Swiss, Czech, Dutch, British and Swedish sites, and elevated
PM 5 levels at Norwegian and French sites. Meteorological maps reveal that those
winter months were characterised by low temperatures and low surface winds,
causing stagnant pollution situation in Central Europe. Monthly mean trajectories,
calculated from ECMWEF-IFS 925 hPa winds (http://www.emep.int) indicate
frequent easterly and south-easterly transport in January-February 2010.

At Spanish sites, monthly PM;o and PM, s concentrations peaked in March, June
and July 2010. The model calculations suggest that the elevated PM levels in
March are due to mineral dust episodes at some of the sites.

3.1.7 Trends in PMgand PMs5s

The longest time series of PM data reported to EMEP goes back to 1996-1997; i.e.
for four Swiss sites, one Czech and one British. Significant inter-annual variations
in the PM concentrations are observed, of which those associated with the peak in
2003 is the most pronounced (Figure 3.3). However, despite large inter-annual
variations, there is a relatively clear general decrease in the observed mass
concentration in Europe the last decade (Tarseth et al., 2012; Barmpadimos et al.,
2012). Trend analysis, using the Mann Kendall test, of PM;o mass measurements
from twenty four sites, with measurements from 2000 (or 2001) to 2010 show an
average decrease of 21% +13%, which corresponds to an annual loss in average
mass of 0.33 pg/m3 pr year. 54% of the sites show a significant decrease, non with
significant increase. Similar numbers are observed for PM,s; an average decrease
of 27 £14%, at 13 sites with measurements from 2000 or 2001. 38% of the sites
have a significant downward trend, non with positive trend. The downward
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tendency in the observed annual mean concentration of PM, corresponds to a
rather broad reduction in the emissions of primary PM and secondary PM
precursors in Europe in the actual period (Terseth et al., 2012; Barmpadimos et
al., 2012; EMEP/CEIP, 2011).
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Figure 3.3:  Time series from 1998 to 2010 of PMyy (left) and PM, 5 (right) at
selected EMEP sites.

Figure 3.4 shows model calculated and observed 11-year trends of annual mean
PMy and PM,s concentrations in the period 2000-2010. Only the sites with
measurements in all these eleven years are included in the trend plots. Here, the
concentrations are averaged over all EMEP sites with at least 75% data for each of
the years. Only eleven sites for PMj and four sites for PM, s satisfy the criteria.
Those sites are located in Germany, Switzerland and Austria and thus the trends
are representative for Central Europe. As was also seen for the somewhat larger
dataset presented above, there is a slight downward trend in annual mean PMyg
and PM;s levels from 2000 to 2010. In both observational and model data,
elevated PM levels occurred in 2003 and less so in 2006. Furthermore,
observations indicate that PMj, and PM;s increased from 2008 to 2009 and
further to 2010, whereas the model calculates rather flat average concentration
level for both PM3yo and PM, 5 for the same period. The measured PM1o and PM35
increase is due to concentration increase at German and Austrian sites, while at
Swiss sites they went down from 2008 to 2010. Probably, the recorded increase in
annual mean PM levels is due to enhanced PM pollution in German and Austrian
sites in January-February 2010 (see 3.1.6). If we zoom in at the period 2008-2010,
for which observations from as many as 35 stations for PMy, and 23 stations for
PM,5 are available, the data indicate a very slight (about 1 pug/m®) decrease for
PMjo and flat concentration level for PM,s. Model results agree well with these
observed PM changes.
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Figure 3.4: Calculated and observed changes in annual mean PM;o and PM3 5
concentrations between 2000 and 2010.

3.1.8 PM size fractions

Table 3.1 shows annual mean PM,s to PMyo ratio at EMEP sites based on
observational data and model calculations for 2010. The ratios have been
calculated for common days, i.e. when both observational and modelled
concentrations of PM, 5 and PMjo were available. Further, only sites with similar
methods for both size fractions are used, i.e. sites with TEOM for one size
fraction and gravimetric for the other has not been included in order to avoid
inconsistencies due to different methodologies. Only sites with measurements
over the whole year are included. Notice that some of the sites have data capture
with less than 75% coverage. These are denoted in the table.

In general, there is a fairly good agreement between model calculations and
measured data regarding the fraction of PMys in PMjo. However, the model
calculates somewhat larger PM,5s to PMy ratios compared to measurements.
Averaged over all sites, the observed PM, s to PMy ratio is 0.63, while it is 0.71
calculated by the model. Considering geographical differences, mean observed
ratios for Northern, Central/Western and Southern Europe are 0.54, 0.70 and 0.59
respectively. The correspondent numbers from the model results are 0.71, 0.75
and 0.69. The observational and model data agree that fine fraction in PMyg is
larger in central Europe (0.6-0.8), where anthropogenic emissions dominate,
compared to southern Europe (0.5-0.7), where windblown dust has a large
influence. Lower PM,s to PMyg ratios (0.5-0.7) are derived from model and
observational data for French, British and Dutch sites located relatively close to
the coast and thus influenced by sea salt aerosols. For Scandinavian (Norwegian
and Swedish) sites, the model and measurements show a larger disagreement.
Compared to observations, the model allocates a larger portion of aerosol mass to
PM,s fraction. Tables Al and A2 in Appendix show that the model negative
biases are somewhat larger for PM;o than for PM,s compared to observations at
those sites, indicating that the model tends to underestimate measured coarse PM
mass. This could partly be due to too little road dust in model calculations, which
contribution to coarse mass can be significant due to the use of studded tires in
north-European countries. Also primary biogenic aerosol particles (PBAP), which
can have large influence at some sites, are not presently incorporated in the
model. PBAP may contribute significantly at the Nordic sites, especially during
summer (Yttri et al., 2007; 2011a,b; Genberg et al., 2011).
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Table 3.1: Observed and model calculated annual mean PM ratios at EMEP
sites in 2010.
Site PM,s/PMio | PMy/PMyg | PMy/PM, s
Obs Mod Obs Obs
Norway Noo2”  0.60 0.73
SEO05 0.57 0.78
Northern Europe Sweden SE14 0.54 0.62
SE11? 045 072
Finland FI50 0.85 missing 0.82 0.71
L . |GB36 0.62 0.61
The British isles Great Britain GBAS® 052  0.60
Austria ATO2 0.78 0.83 0.82 0.79
Switserland cHo2®?  0.68 0.79 0.51 0.77
CHos®  0.77 0.80 0.69 0.81
CzechRep. |cz03®? 082 081
The NLO9 0.56 0.64
Central/Western Europe Netherlands |NL10 0.60 0.71
German DEO2 0.74 0.73 0.50 0.67
Y Ipeos? 076 0.80
DE44 0.77 0.78
FRO9? 065 0.76
France FR13? 061 0.68
FR15”? 072 0.70
FR18>® 068 0.66
Latvia Lv1o® 0.59 0.74
Eastern Europe LvV16 0.65 0.82
Poland PLOS 0.77 0.81
ESO1 0.57 0.65
ESO7 0.59 0.56
ES09 0.54 0.71
ES10 0.50 0.57
Spain ES11 0.50 0.61
Southern Europe P ES12 0.49 0.71
ES13 0.56 0.70
ES14 0.58 0.72
ES16” 067 0.69
Es1778® 0.71  0.80
Slovenia S108 0.77 0.83
Eastern Mediterranean Cyprus CY02 0.52 0.60
Average 0.63 0.71 0.67 0.75

1) Estimated based on weekly data; 2 ) Based on hourly data; 3)less than 75% data coverage

3.1.9 Exceedances of EU limit values and WHO Air Quality Guidelines in the
regional background environment in 2010

The EU limit values for PMyg (Council Directive 1999/30/EC) are 40 pg/m® for
the annual mean and 50 pg/m® for the daily mean. The daily mean should not be
exceeded more than 35 times per calendar year.
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The WHO AQGs (WHO, 2005) are:
for PMyo: < 20 pg/m® annually, 50 pg/m?® 24-hour (99" perc. or 3 days per year)
for PM,s: < 10 ug/m? annually, 25 ug/m?® 24-hour (99" perc. or 3 days per year).

EU limit values for PM for protection of human health and WHO Air Quality
Guidelines (AQGs) for PM apply to PM concentrations for so-called zones, or
agglomerations, in rural and urban areas, which are representative of the exposure
of the general population. The EMEP model is designed to calculate regional
background PM concentrations. Clearly, the rural and urban PM levels are higher
than those at the background due to the influence of local sources. However,
comparison of model calculated PM;o and PM, 5 with EU limit values and WHO
AQGs can provide an initial assessment of air quality with respect to PM
pollution, flagging the regions where already the regional background PM is in
excess of the critical values.

The combined model and observation maps show that the annual mean regional
background PMy, concentrations were below the EU limit value of 40 pg/m?® over
all of Europe in 2010, with the exception of the south most areas in Europe and
the EECCA countries affected by desert dust outbreaks (Figure 3.2). However, the
annual mean PMj, concentrations calculated by the model exceed the WHO
recommended AQG of 20 pg/m® in Benelux, Hungary and the Po Valley.
Calculated PM1, concentrations were also found to be in excess of 20 ug/m? in the
southern and south-eastern parts of the Mediterranean basin, in the Caucasus and
in the EECCA countries due to the influence of windblown dust from deserts and
semi-arid soils. The regional background annual mean PM, s concentrations were
above the WHO recommended AQG value of 10 ug/m® in many parts of Central,
Eastern and South-Eastern Europe, in the Po Valley and EECCA area.

Figure 3.5: Calculated number of days with WHO AQG exceedances in 2010:
PM, exceeding 50 ug/m? (left) and PM, 5 exceeding 25 ug/m®
(right). Note: EU Directive requires that no more than 35 days
exceed the limit value, while the WHO AQG recommendation is not
to be exceeded more than 3 days.
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Figure 3.6: Calculated number of days with WHO AQG exceedances in 2010:
same as Figure 3.5 but for anthropogenic PMy (left) and
anthropogenic PM s (right).

The maps in Figure 3.5 show the model calculated number of days with
exceedances of 50 pg/m® for PMyg and 25 pg/m® for PMy 5 in 2010. To illustrate
the relative importance of man-made and natural particulates in the deterioration
of air quality, Figure 3.6 shows the correspondent exceedance maps for
anthropogenic PM;o and PM, 5. Compared to the estimate of exceedance days for
2009 presented last year, calculated number of days with exceedances of PMyg
and PM;5s limits is somewhat greater for 2010. This is partly a reflection of the
pollution situation in 2010, and partly due to improved model ability to reproduce
observed PM (as shown below, model negative bias with respect to measured PM
has been considerably reduced). Thus, the model now is capable of reproducing
more of measured exceedances.

In most of Europe, except from southern parts of Greece, Malta, much of Turkey
and EECCA countries, PMy did not exceed 50 pg/m® more than 35 days in the
rural background (i.e. the EU limit value) in 2010. However over large areas in
the south of the EMEP territory, PMyo exceeded 50 ug/m*® more than 3 days
recommended by WHO. Furthermore, the WHO AQG for PM, 5 was exceeded by
regional background concentrations in more than 3 days in most EMEP countries,
except from Northern Europe and southern and eastern parts of Russia.

In areas distant from the main sources of anthropogenic pollution in Europe,
exceedances occur due to either advection episodes or due to influence of natural
aerosols. Model calculations indicate that regional background PM;i, of
anthropogenic origin exceeded the EU limit value in just some small areas and
mostly in less than 5-10 days (Figure 3.6, left). However for anthropogenic PMgs,
we have calculated between 3 and 20 days with exceedances on a rather large
territory, and even 20-40 days (up to 100) in the Po Valley and in the grid cells in
Poland, Benelux and adjacent areas, in some south-eastern countries, Turkey,
Central Russia and on the Uzbekistan-Kyrgyzstan/Tajikistan border.
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Based on model and measurements data, a number of days with exceedances of
the WHO AQGs at EMEP sites have been calculated for 2010. The observed and
calculated numbers of exceedance days, as well as the number of common
exceedance days, i.e. the days for which observed PM exceedances are also
predicted by the model, are presented in Table 3.2.

For most of the sites, where PMy, and PM;5 concentrations exceeded the WHO
recommended limits in 2010, also the model calculated exceedances. However,
the model tends to under-predicts registered number of exceedance days for PMyg
and PM, s for most of the sites. The largest under-prediction of the occurrence of
PMjo and PM; 5 exceedance days is found for AT02, HUO02, at Dutch and Italian
sites, several of the German sites, and also for Latvian sites, CH02 and PLO5 for
PM,s. At several sites in southern/south-eastern Europe (CY02, ES07, ES17,
GRO2 and MKO07), the model calculates more than observed days with
exceedances of EU limit values for PMg and/or PM,5. Most of calculated PM
episodes at those sites appear to be due to overestimated concentrations of dust
from Sahara coming from boundary conditions.

The “Hit ratio” in Table 3.2 shows the percentage of observed exceedance days

correctly predicted by the model. The hit ratios vary between the sites all from 0
to 100%, and more non-zero hit ratios are achieved for PM, 5 than for PMy.
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Table 3.2:  Number calculated and observed days exceeding the WHO AQGs
(50 g m™ for PMyg and 25 zg m™ for PM,s) at EMEP sites.

PMyo PM,s
Site Obs Model Common Hit ratio,% Obs Model Common Hit ratio,%
AT02 37 2 0 90 14 11 12
ATO5 2 2 0
ATA8 0 1
CHO1 1 0 0
CHO02 4 1 0 31 7 5 16
CHO3 7 0
CHO4 0 1
CHO5 0 0 8 9 4 50
CY02 37 75 21 57 33 95 17 52
Cz01 0 0
Cz03 2 0 17 7 5 29
DEO1 9 2 1 11
DEO2 12 0 0 44 14 13 30
DEO3 2 1 1 50 9 2 0
DEO7 11 0 0 12 4 3 25
DEO8 4 0 0 1 3 1 100
DEO9 10 1 0
DE44 22 3 0 72 27 24 33
DKO5 6 1 0
DK12 2 0 0
ESO1 6 1 1 17 3 0 0
ES06 9 2 1 11
ESO7 6 5 2 33 4 0 0
ES09 4 0 0 0 0
ES10 3 0 2 0 0
ES11 5 0 3 0 0
ES12 3 1 1 33 0 0
ES13 3 0 0 2 0 0
ES14 1 0 4 0 0
ES16 0 0 1 0 0
ES17 1 2 0
ES1778 2 0 0 3 5 1 33
FRO9 6 0 0 61 12 9 15
FR13 1 1 0 29 8 1 3
FR15 3 4 0 40 14 8 20
FR18 1 4 0 19 7 4 21
GB06 0 1
GB36 0 4 14 10 3 21
GB48 0 0 1 0
GB43 0 0
GR0O2 16 40 14 88
HUO2 46 2 1 2
ITO1 15 2 0
ITO4 85 42 17 20
LV10 1 0 0 21 3
LV16 5 0 0 16 3 1 6
MD13 1 7 0
MKO7 8 12 4 50
NLO7 26 3 3 12
NLO9 16 2 1 6 38 28 21 55
NL10 14 3 3 21 58 35 29 50
NL11 37 21 18 49
NL91 15 4 2 13
PLO5 9 0 0 61 21 11 18
RO08 0 5
SEO5 0 0 0 0
SE11 1 0 0 12 1 1 8
SE12 0 0
SE14 1 0 0 2 2
S108 5 2 0 24 7 2 8

Hit ratio (%) shows the percentage of observed exceedance days correctly predicted by the model
(common_days/obs_days x100%). Cursive font is used for sites for which hourly measured PM
concentrations were averaged to obtain daily values. Cell in grey are sites with less than 75% data
coverage.
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3.1.10 Evaluation of the model performance for PM in 2010

The ability of the EMEP model to reproduce PM concentrations measured at
EMEP monitoring sites in 2010 has been evaluated. The model performance has
been evaluated for PMig, PM2 s and also individual aerosol components and the
main result are summarised in this section and in Appendix.

Overall statistical analysis. Table 3.3 provides a summary of annual and
seasonal statistical analysis of model results versus EMEP monitoring data for
2010. Note that only measurement data, obtained from 24-hourly sampling, have
been included here. Shown statistical parameters are the Mean observed and
modelled values, the Relative Bias, the Root Mean Square Error, the Correlation
coefficient and the Index of Agreement (IOA). The IOA quantifies the degree to
which the model predictions are error free and varies from 0.0 (theoretical
minimum) to 1.0 (perfect agreement).

As a result of recent endeavours at the MSC-W (Simpson et al., 2012), model
performance for PM has been significantly improved. On the annual basis,
calculated PMjo and PM;5 are 23% and 21% respectively lower than measured
concentrations. The PMyo underestimation of observations is relatively flat for all
seasons, while negative bias for PM; 5 is somewhat larger in winter compared to
the summer-autumn period. This is thought to be related to underestimation of
emissions from residential and commercial heating in winter. The annual mean
spatial correlation between calculations and measurements is 0.71 for PM, and
0.79 for PM3s.

The calculated concentrations of secondary inorganic aerosols are lower than the
measured ones by between 8% for NO3™ and 27% for SO,* on average in 2010.
Note that when SO, is corrected for sea salt sulphate (assumed 7.7% of sea salt),
calculations are only 20% lower than measurements. Modelled NH," is 16% lower
than measured value on the annual basis. The annual mean spatial correlations are
0.80, 0.86 and 0.74 for SO,*, NOs” and NH," respectively. Modelled sodium from
sea spray compares quite well with measured Na* concentrations, showing just a
slight overestimation of the latter by 6% and correlation of 0.85.

Measurements of EC and OC were performed at fewer sites and with rather
variable regularity in 2010 (Chapter 3.2.3). Therefore they are not included in
Table 3.3, but are presented for individual sites in Table A3 (Appendix). Since
measurements of total carbon (TC) are more robust (less artefact prone) than EC
and OC separated, model comparison with observations for TC is also provided.
Model calculated OC is 35-60% lower than measurements at all of the sites,
except Montseny and Birkenes II. For EC, the model both under- and
overestimates the measured concentrations. The largest overestimation is at
Montseny. Also at Schauinsland (DE03) and Schmicke (DEO08), which are
elevated sites, calculated EC in PM;5 is higher than observations. The results for
TC are quite similar to those for OC, with the model tending to calculate TC
concentrations 30-60% lower than observed for all but Montseny and Birkenes Il
sites. The differences between model and measured EC/OC are due to
uncertainties in both modelled and measured estimates, the latter is further
discussed in Chapter 3.2.3.
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Table 3.3:  Annual and seasonal comparison statistics between EMEP model
calculated and EMEP observed concentrations of PMg, PMs 5, SIA,
S04%, NO5 and NH,4" for 2010.
Period N sites Obs Mod Rel.Bias, %  RMSE R I0A
(ug/m’) (ug/m’)
PMy,
Annual mean 48 15.23 11.68 -23 5.67 0.71 0.75
Daily mean 48 15.21 11.66 -23 11.54 0.56 0.71
Jan-Feb 47 18.41 13.19 -28 8.88 0.81 0.75
Spring 47 15.36 11.71 -24 5.28 0.73 0.75
Summer 48 14.95 11.14 -25 5.63 0.73 0.77
Autumn 48 13.17 11.02 -16 5.25 0.63 0.74
PMys
Annual mean 32 10.70 8.45 -21 3.70 0.79 0.79
Daily mean 32 10.69 8.34 -22 8.51 0.63 0.74
Jan-Feb 30 14.97 9.8 -35 8.59 0.91 0.76
Spring 30 10.54 7.9 -25 3.52 0.77 0.76
Summer 32 9.17 8.03 -12 2.72 0.79 0.86
Autumn 32 8.59 7.99 7 2.61 0.76 0.85
so,”
Annual mean 43 1.74 1.26 -27 0.77 0.78 0.80
Daily mean 43 1.75 1.29 =27 1.55 0.61 0.75
Jan-Feb 42 2 .55 2.12 -17 1.20 0.74 0.84
Spring 41 1.67 0.96 -42 0.97 0.65 0.61
Summer 41 1.63 1.04 -36 0.82 0.72 0.73
Autumn 41 1.40 1.09 -22 0.63 0.78 0.84
50, SScorr
Annual mean 43 1.74 1.40 -20 0.68 0.80 0.84
Daily mean 43 1.75 1.42 -19 1.50 0.61 0.76
Jan-Feb 42 2.55 2.21 -13 1.17 0.74 0.84
Spring 41 1.67 1.12 -33 0.85 0.66 0.66
Summer 41 1.63 1.18 -28 0.71 0.74 0.77
Autumn 41 1.40 1.24 -11 0.54 0.81 0.88
NO;
Annual mean 20 1.76 1.62 -8 0.95 0.86 0.88
Daily mean 20 1.86 1.70 -8 2.12 0.67 0.80
Jan-Feb 20 2.80 2.26 -19 1.91 0.85 0.84
Spring 19 1.92 1.64 -15 1.12 0.82 0.82
Summer 18 1.16 1.08 -8 0.59 0.82 0.90
Autumn 19 1.53 1.83 19 0.90 0.80 0.88
NH,"
Annual mean 22 1.09 0.91 -16 0.45 0.74 0.79
Daily mean 22 1.06 0.92 -14 0.98 0.68 0.80
Jan-Feb 21 1.73 1.43 -17 0.85 0.80 0.82
Spring 21 1.04 0.80 -23 0.48 0.66 0.70
Summer 22 0.74 0.59 21 0.43 0.37 0.61
Autumn 21 0.87 0.88 1 0.41 0.64 0.8
Na*
Annual mean 26 0.60 0.63 6 0.39 0.85 0.92
Daily mean 26 0.62 0.68 10 0.86 0.72 0.84
Jan-Feb 24 0.54 0.50 -6 0.47 0.79 0.87
Spring 22 0.67 0.79 18 0.40 0.89 0.93
Summer 23 0.60 0.66 9 0.38 0.86 0.91
Autumn 23 0.69 0.71 3 0.50 0.83 0.91

Here, Ns — the number of stations, Obs — the measured mean, Mod — the calculated mean, Bias is calculated as ~(Mod-
Obs)/Obs x 100%, RMSE — the Root mean Square Error= [1/NsZ(Mod-Obs)?]*?, R — the tempo-spatial correlation
coefficient between modelled and measured daily concentrations and spatial correlation for seasonal mean concentrations.
10A=1-(2(Mod-Obs)? / %(|Mod-<Obs>|+X|Obs-<Obs>)?)
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The parameter I0A for PMy, PM,s and the individual components varies
between 0.75 and 0.92, which is considered to be fairly good results (Elbir, 2003).
Furthermore, Table 3.3 shows that model is in general equally good in
reproducing observed PMjy, PM,s and the individual aerosols for different
seasons. The only somewhat larger disagreement between model and measure-
ments is for SO,* in spring/summer. It could be that despite the recent update of
temporal profile in the model, SO4 emissions are still too low in warm seasons.

Individual stations. Statistical analysis of model calculated PMyy and PM,s
versus daily observations at individual sites are summarised in Tables A.1 and A.2
in the Appendix. All measurements of PMj, and PM2s from EMEP monitoring
network in 2010, available to MSC-W by June 2012, have been made use of, e.g.
daily, hourly and weekly. The hourly concentrations have been averaged to
24-hourly concentrations.

Averaged over all sites with daily and hourly data, the model bias is -17% for
PM,5 and -16% for PMyg, and the temporal correlations between calculated and
measured concentrations are 0.61 and 0.57 respectively. Compared to weekly
data, reported from four Norwegian and three Slovakian sites, the correlation
between calculations and measurements appears worse: 0.23 for PM,5 and 0.33
for PMyg.

Model performance is fairly robust for most of the sites. However, some outliers
are found. PMyy is typically overestimated at the high-mountain Jungfraujoch due
model’s coarse description of orography. Also at Finokalia (GR02), calculated
PMy is 94% higher than observed (only first half of 2010 data available) due to
overestimated concentrations of African dust. Another outlier is the Leova Il site
(MD13). All in all, model calculated PM;o is within 35% of observed value at
87% of the sites and within 50% of it at 96% of the sites on the annual basis. For
PM;s, all calculated annual concentrations are within 50% on measurements and
only at 18% sites the calculations differ by more than 35% from measurements.
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3.2 Contribution of individual components to PMy, mass

3.2.1 Modelled chemical composition of PMyq
By Svetlana Tsyro

The modelled PMyy and PM, s concentrations include primary PM and secondary
inorganic aerosols (SIA) from anthropogenic particulate and gaseous precursor
emissions, secondary organic aerosols formed from both anthropogenic and
biogenic VOCs, sea-salt and windblown dust from natural sources and particulate
water. Figure 3.7 presents model calculated annual mean relative contributions of
individual aerosols to PM;o concentrations in 2010. The concentration fields of
the respective aerosols can be found in Appendix in Figure A3.

Contribution(%) from OA to PM10
= >

Contribution(%) from EC to PM10

Figure 3.7: Annual mean relative contribution (in %) of SIA, primary PMy, OA
(upper panel); SO4%, NO3", NH," (middle panel); EC, sea salt and
mineral dust (lower panel) to PMyg in 2010, calculated using the
EMEP/MSC- model. Note: 1) OA (organic aerosol) is the sum of
primary OM and SOA; 2) EC and primary OM are components of
primary PM.
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There are clear geographical differences in the importance of different
components in PMjo concentrations. SIA dominates in Central Europe, com-
prising 40-50% of PMo, while organic aerosols (OA) prevail in Northern Europe
and northern/mid-latitude part of Russia (30-55% of PMjg) and particularly in
Siberian areas of Russia (up to 60% of PMg). The contribution of primary emitted
anthropogenic aerosols to PMjo is in general smaller than those of SIA and OA
(mostly in a range of 5 to 20%) and has a rather local character, reaching as much
as 40-50% of PMjo in the vicinity of major urban agglomerates due to large
emissions from traffic and residential heating and also in industrial areas.

Among SIA components, NO3™ contributes the most to PMj in Western/Central
Europe (20-30%), whereas largest SO,* contribution is found in South-Eastern/
Eastern Europe and in the south-east of Russia. NH;" contributes at the most with
10-15% in Central Europe, 5-10% in most of remaining Europe and mid-Ilatitude
Russia, and below 5% in northern and southern parts of the domain.

Elemental carbon is a part of primary PM. EC’s contribution PMjq is between
3 and 6% in most parts of Central Europe, reaching 7-10% in large cities, whereas
beyond the main source areas its contribution is below 2%.

3.2.2 Measurements of secondary inorganic aerosols (SI1A)
By Wenche Aas

In the EMEP measurement programme, speciation of PM has historically been
focused on the secondary inorganic constituent (SIA), which are known to have a
long range transport potential; i.e. sulphate, ammonium and nitrate. Thus, the
majority of the EMEP Parties have measured these ions for decades. In 2010,
concurrent measurement of sulphate and PMy, is performed at a total of 39 sites.
At the majority of these sites, SO4 is collected using a sampler with an undefined
cut-off, whereas at a few sites a sampler with a PMyq inlet is applied. The
sampling conditions are similar for nitrate and ammonium, but these variables are
collected at somewhat fewer sites; i.e. 28 for NO5 and 15 for NH,*. However, this
doesn’t reflect the total picture of the number of sites performing reactive nitrogen
measurements, as there are 54 sites measuring nitrate as the sum of NO3z and
HNO3 and 52 measuring ammonium as the sum of NH;" and NHa; though not all
of these sites do have concurrent PM measurements. For details see the
EMEP/CCC data report (Hjellbrekke and Fjeeraa, 2012). It should be noted that
only ITO1 and Netherlands measure NOs™ and NH;" using the recommended
denuder method. In addition, DE44 and GB48 have an online IC system (Marga
instrument) with hourly ammonium measurements. It is expected that these are
without systematic artefacts. The method used at the other sites however may give
a positive artefact due to absorption of NH; or HNO3 or a negative artefact due to
evaporation of NH4NO3. Also base cations, sea salt ions and mineral dust are part
of the monitoring programme, but only a few countries are currently reporting
data. 13 sites measure one or all three major sea salt ions (Na*, ClI" and Mg®").
Mineral dust is mainly measured during intensive measurement periods and
typically at sites in southern Europe.
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The relative contribution of SIA to PMjy mass as calculated from the measured
data are comparable to the modelled estimates described above. The average
contribution of SIA from the 15 sites with concurrent measurements of SO,
NOz and NH," is 35+12%, where Central Europe had the highest SIA
contribution with around 50%. The average relative contribution of SO,*, NOg’
and NH;" to PMyo were 12+2%, 13+7% and 8+3%, respectively. For sea salt the
relative contribution to PMjg based on observations was 7+3%. The contribution
of sea salt is very dependent on distance to the sea, i.e. 1% at the continental site
in Slovakia (SK06) and 20% at a more coastal site in UK (GB48). The discussion
of the relative contribution of the carbonaceous fraction based on measurements is
described in the next chapter (Chapter 3.2.3).

There are only eight sites with chemical speciation in the fine fraction, though
only three site with measurement in both size fractions (DE44, ES1778 and
GB48). The relative contribution of SIA is somewhat lower for PM; than for
PMg2s. This is to be expected as most of these ions reside in the fine fraction of
PM1o. On average for the eight sites, SIA contributes with 41% to the PM; s mass.

3.2.3 Measurements of carbonaceous matter
By Karl Espen Yttri

3.2.3.1 Status of sampling and measurement, and quality of observation data

The lack of comparable EC/OC data in Europe has hampered the possibility to
address the spatial and temporal variation of these variables on the regional scale.
Exceptions are the EMEP EC/OC campaign (Yttri et al.,, 2007), and the
CARBOSOL project (Pio et al., 2007), with data for the period 2002—-2004, which
can be used for such a purpose. More recent measurements are needed to get an
overview of the current situation, and to validate the progress made with respect
to model development.

An increased number of countries and sites have started reporting levels of EC
and OC following from the development of the EUSAAR protocol. Twelve sites
reported measurements of EC and OC for 2010, which are two more than for
2009. Measurements performed at the two Norwegian sites Hurdal (NOO056R)
and Karvatn (NOOO038R) are reported for the first time for 2010. See Table 3.4 for
all sites reporting levels of EC and OC for 2010. In addition, total carbon (TC)
was reported for the Hungarian site K-puszta.

We recognise that the quality of the EC/OC data reported to EMEP has improved
with respect to variables such as sampling time and sampling frequency; i.e. these
variables are the same for consecutive years, which substantially reduces the
uncertainties when comparing data from one year to the other. Also the data
capture has improved, as well as the datasets includes year-round measurements,
making it possible to study seasonal variability.

Eleven of the twelve sites listed in Table 3.4 quantified EC and OC according to a

thermal-optical method protocol. Further, ten of these twelve sites followed the
recommended EUSAAR-2 analytical protocol, being an important step towards
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harmonized and comparable data for EC and OC within EMEP. A detailed
description of the EUSAAR-2 protocol and its performance can be found in
Cavalli et al. (2010). Work is currently in progress to finalize the standard
operating procedure (SOP) for subsequent inclusion to the EMEP manual. Effort
concerning how to handle samples which are impacted by carbonate carbon are
currently undertaken within the EU-funded project ACTRIS (Chapter 4).
Guidelines for how to deal with such samples will be developed based on the
results obtained in ACTRIS and will subsequently be added to the SOP for
EC/OC.

Table 3.4:  Sites reporting EC and OC for 2010, including size fractions and
sampling period.

Site (Country) EC ocC PM; | PM2s | PMyo |Period

Aspvreten (Sweden) X X X 2008, 2009, 2010

2001, 2002, 2003, 2004, 2005,

Birkenes (Norway) X X X | 2006, 2007, 2008, 2009, 2010

Finokalia (Greece) X X X 2008, 2009, 2010

Harwell (UK) X X X 2009, 2010

Hurdal (Norway) X X X X 2010,

ispra (italy) < < < 2002", 20037, 20047, 2005,
2006, 2007, 2008, 2009, 2010

Kosetice (Czech Rep.) 2009, 2010

Karvatn (Norway) X 2010

Melpitz (Germany) 2006, 2007, 2008, 2009, 2010

Montseny (Spain) X 2007, 2008, 2009, 2010

X[ X | X | X|[X
x

Pay de Dome (France) 2008, 2009, 2010

X[ X | X | X[ X|X
X[ X | X | X[ X|X

Vavihill (Sweden) X 2008, 2009, 2010

1. EMEP EC/OC campaign
2. Both PM,s and PMy,.

The EUSAAR-2 protocol has already been used for other site categories than rural
background, and is one of the candidate methods to be tested for a standardized
method for EC/OC measurements within CEN. With EMEP adapting the
EUSAAR-2 protocol, we hope the EMEP community’s, and others, can be in
favour of the choice of this protocol also within CEN, thus providing comparable
EC/OC data for a wider range of site categories.

Particular concern should be made regarding EC/OC data obtained by other than
thermal-optical analysis methodology, which do not account for charring of OC
during analysis. For 2010, this concerns the German site Melpitz, only, for which
the EC concentration is grossly overestimated. However, thermal-optical analysis
is planned from July 2012 on.

Only the analytical part of the EUSAAR unified protocol is considered finalized
at present, as some final tests still remain concerning the design of the “artefact-
free” sampling train. Comparable data, in particular for OC, require that both the
analytical and the sampling protocol are harmonized, which currently is not the
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case. The final tests of the EUSAAR best affordable, “artefact-free” sampling
train is currently taking place within the EU-funded project ACTRIS. The
variability amongst the various sampling approaches used is apparent from the
variables listed in Table 3.5. Most sites sample for 24 hours, whereas the sampling
time range from 48 hours to one week for low loading sites such as Birkenes and
Pay De Dome. Three sites (Aspvreten, Ispra and Vavihill) attempted to account
for both positive and negative sampling artefacts, whereas one (Kosetice) used the
QBQ-approach (Quartz-behind-Quartz) to account for positive artefacts. Eight of
the twelve sites did not address sampling artefacts on a regular basis, but some
addressed the positive sampling artefacts based on results from intensive
measurements periods.

Table 3.5:  Sampling equipment and analytical approach used at the sites
reporting EC and OC to EMEP for 2010.

Site (Country) . Sampling Filter f.ace Sampling equipment Analytical
time/frequency velocity approach
Aspvreten (Sweden) 24 hr, every 3™ day 55cms™ De::ii;{g Za:rt?fzzitlter (SEUSSSZTA-FF{OZ-I;
Birkenes (Norway) 168 hr, every 7" day 54cms’t (nzi :ilszicl:cciec:n) (SEUS;:Z;?;;
Finokalia (Greece) 24 hr, every 2" day 26cms™ (n?)i Zilre}:cltieorn) (SEULTSSXZ-FF{OZ-I;
Harwell (UK) 24 hr, daily 20cms™ (nS;ZiIﬁZg:?;n) SL;ST;IZO)T
Hurdal (Norway) 168 hr, every 7 day 54cms? (nzi :ilre}:cltieorn) (SEUS;:Z;?;;
Ispra (Italy) 24 hr, daily 20cms™ Der;t:)cslj;/eIZaacilftl:szitlter (SEULTSSZ;TR(—)ZT)
:SI'O:: t(i:Zch Rep.) 24 hours, every 6" day 20cms™ (posilal'ﬁfact) (SEULTSSZZTR(-)ZT)
Karvatn (Norway) 168 hr, every 7" day 54cms? (nzi :ilre}:cltieorn) fEuS;ZZ;?;;
Melpitz (Germany) 24 hr, daily 50cms™ (nf)ir;ilre}ziclzieorn) Vg;f:fs
Montseny (Spain) 24 hr, every 4t day 74cms? (pos.szi\r;f::afiltt/ec;mp) (SEULTSSZtATR(-)ZT)
Pay de Dome (France) 48 hr, every 7t day 69 cm s™ (pos.SLnrsilfeaiitI;i;mp) (SEUSSZZ;?Z-I;
Vavihill (Sweden) 72 hr, every 3™ day 55cms™ Der;)t:)cslj;/eIZaacilftliJszitlter (EUSDAI?AIR—Z)

Five of the twelve sites performed measurements of EC and OC in PMy, and
PM,s, hence providing valuable information on the size distribution of these
variables, which also add to the understanding of sources and atmospheric
processes. An overview of the annual mean EC/OC/TC concentration reported for
2010 are shown in Table 3.6.

Since 2008, i.e. data from 2007, EC/OC data are reported to EBAS according to
the EUSAAR format.

In last year’s EMEP PM report we pointed out that reporting EC/OC data to
EBAS according to the EUSAAR format appeared to be somewhat challenging
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given its complexity. Although the situation improves year by year there is still
room for improvement. The requested meta-data is an absolute prerequisite
needed to understand the individual datasets as well as to evaluate upon the
comparability of various dataset.

Table 3.6:  Annual mean concentrations of EC, OC and TC for 2010. Only sites
which reported for more than 6 months have been included.

ECPMy, | OCPMy," | TC” PMy, | EC/TC | ECPM,s | OCPM,s" | TCPM, " | EC/TC
(ng ¢/m’) | (ugc/m®) | (ngC/m®) | (%) | (g C/m’) | (ug C/m’) | (ug C/m’) | (%)
Aspvreten
(Swreden) 0.30 17 2.0 16
Birkenes 0.11 0.90 1.0 11 0.10 0.67 0.78 13
(Norway)
Finokalia 0.36 2.0 23 14
(Greece)
Harwell
(UK) 0.53 1.8 2.2 21
2)
Hurdal 0.16 1.3 1.4 12 0.15 0.87 1.0 16
(Norway)
Ispra 1.3 5.9 7.2 22
(Italy)
Kosetice
4 2. 1 21
(Czech Rep.) 049 ° ’
° 3)
Karvatn 0.06 0.98 1.0 7.0 0.07 0.85 0.92 9.1
(Norway)
Melpitz 16 31 4.7 30 1.3 2.6 3.9 31
(Germany)
Pay de Dome 0.1 1.0 1.0 12
(France)
ontseny 0.23 17 2.0 12 | 023 15 18 14
(Spain)
Vavihill”
(Sweden) 0.18 17 1.8 9.7

1) Both sampling-artefact-corrected and uncorrected concentrations of OC and TC are here
denoted “OC” and “TC”

2) Not full year of sampling. Sampling started in May 2010

3) Not full year of sampling. Sampling started in June 2010

4) Not full year of sampling. Sampling ended in September 2010

3.2.3.2 Observed levels of EC and OC in 2010

EC

Annual mean concentrations of EC

The levels of EC (here: both in PMj, and PM;s) obtained by thermal-optical
analysis varied by a factor of 19 between the site reporting the lowest (0.06 ug
C/m® at Karvatn, Norway) and the highest annual mean concentration of EC
(1.3 pug C/m® at Ispra, Italy) (see Figure 3.8). The lowest concentrations were
observed in Scandinavia (0.06-0.30 pg C/m?®), at certain high altitude European
continental sites in western/south-western Europe (0.10-0.23 pg C/m®). The
annual mean EC concentrations observed at KoSetice and Melpitz in Eastern
Europe, Harwell in the UK, and Ispra in northern Italy (0.49-1.3 ug C/m3), were
noticeably higher than for the Scandinavian and the continental sites in
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western/south-western Europe, whereas the level observed at Finokalia (0.36 ug
C/m®) in the Eastern Mediterranean should be considered in-between. Note
though that the EC levels at the Melpitz site are overestimated due to the
analytical method used (VDI 2465 part 2), however it is more likely that the
“true” EC level at this site falls within the upper rather than the lower range
reported in Table 3.6.

The Norwegian site Birkenes has typically reported the lowest annual mean
concentration of EC (approximately 0.1 ug C/m®) within EMEP since 2001 and
that by a fair margin. By inclusion of measurements at the Norwegian sites
Karvatn in 2010, we find that the EC level at this site is no more than 0.06 ug
C/m®, i.e. no more than 60% of at observed at Birkenes, indicating substantial
spatial variability even within the Southern parts of Norway.

Seasonality of EC

For nine out of twelve sites the EC loading was increased by a factor 1.3-2.9
during winter compared to summer (Figure 3.8). The EC level increased by a
factor of two or more at the four sites reporting the highest annual mean
concentrations of EC; i.e. Ispra (2.9), Kosetice (2.7), Melpitz (2.3-2.8, including
both EC in PM3, and PM;;s), and Harwell (2.0). There was also as substantial 2.1
times increase during winter at Puy de Dome, whereas for four out of five
Scandinavian sites the EC level increased by a factor 1.3-2.0. For the sites
Finokalia and Karvatn there was a modest increase in the EC concentration during
summer corresponding to less than a factor of 1.1. For Montseny, no consistent
conclusion can be draw as measurements of EC in PMo and PM, s diverge; i.e.
EC in PMys increased during winter, whereas EC in PMjo decreased during
winter. The increased levels observed during winter likely reflects both increased
emissions, e.g. results from the EMEP intensive measured periods 2008/2009
show a substantial influence of wood burning emissions in winter based on
measurements of levoglucosan, as well as meteorological conditions preventing
dispersion of the air pollution; i.e. inversion.

Size distribution of EC

Five sites performed concurrent measurements of EC and OC in two size fractions
(here: PM3o and PM;5) which is two more than for 2009. At the three Norwegian
sites, 88-94%% of EC in PMy, could be attributed to EC in PM;s. For Melpitz the
corresponding percentage was 78%, whereas it was 73% for Montseny. Note that
for Montseny, concurrent sampling of PMy, and PM,s filter samples only took
place for a certain fraction of the days. These percentages underlines that EC is
associated mainly with fine particles, resulting from incomplete combustion of
fossil fuels and biomass. It should be noted that the mean percentages are based
on the EC in PM,s/EC in PMyg ratios for individual samples and not the ratio of
the annual mean of EC in PM, 5 and EC in PMyo. Selection criteria have excluded
ratios exceeding 105%.

Annual mean EC/TC ratio

The annual mean EC/TC ratio varied from 7-22%; i.e. for the sites analysing
according to a thermal-optical protocol (here: EUSAAR2 and Quartz.par). This
range corresponds with that reported by Yttri et al. (2007) (12-24%) for the
EMEP EC/OC campaign, using Quartz.par. The extension of the lower range of
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the EC/TC ratio seen for 2010 (7%) compared to 2009 (10%) is attributed to the
inclusion of the Norwegian site Karvatn. For Melpitz, using the VDI (2465 part 2)
protocol, EC accounted for 32% (PMyo) and 37% (PM.s), however as stated
above, the VDI protocol does not account for charring of OC during analysis and
thus overestimates the samples EC content. The EC/TC ratio for the Scandinavian
sites and the western/south-western European high altitude sites were all <16%
(MeanzSD = 12+2.5), whereas it ranged from 21-22% for Harwell, Kosetice, and
Ispra. EC was found to be a more pronounced fraction of TC in winter compared
to summer, except for the sites Finokalia, Ispra and Kosetice. The increased
fraction of TC attributed to EC in winter is in accordance with that observed
during the EMEP EC/OC campaign (Yttri et al., 2007).

Changes in annual mean concentration of EC from 2009 to 2010

10 out of 12 sites reporting annual mean concentrations of EC for 2010 did also
report this variable for 2009. In cases where sampling is performed once a week
for a period of e.g. 24 hours, the data coverage is no more than 14% per year.
Consequently, the variability of the annual mean is increased and the
comparability of the annual mean from one year to the other correspondingly
reduced. Further, irregular sampling frequency, e.g. covering the entire heating
season but only a minor part of the non-heating season and vice versa the
consecutive year, is another potential bias, hampering the comparability on an
annual basis. For 2009 we found that only three sites had a sufficient data
consistency suitable for comparison with the previous year; i.e. Birkenes, Ispra
and Melpitz, which had a sampling time and frequency covering the entire year.
For 2010, we find that such a comparison can be made for seven of the sites,
which is a noticeable improvement from the previous year. Note though that for
three of these sites the sampling time and frequency do not cover the entire year,
however, they do have a sampling time and frequency which is consistent with the
previous year.
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Figure 3.8: Mean summer and winter time concentrations of EC in PM;oand
PM, s at EMEP sites in 2010. The sites are ranked according to
increasing winter time concentration of EC.
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For Birkenes and Harwell a < 10% increase was observed going from 2009 to
2010, including EC in both PMjy and PM,5 for the Norwegian site, whereas a
14 — 18% increase was observed for Melpitz (including both EC in PMo and
PM;s). For Ispra the EC level was reduced by 7% going from 2009 to 2010,
whereas an 18% reduction was observed for Kosetice. For Montseny the results
for PMy and PM 5 diverge, as no change is observed for EC in PM; 5 going from
2009 to 2010, whereas there is a substantial 28% reduction for EC in PMyo. At
Puy de Dome no change in the annual mean EC concentrations was observed
going from 2009 to 2010.

ocC

For the sake of simplicity sampling-artefact-corrected OC (OC,) and uncorrected
levels of OC have been denoted as “OC” in Table 3.6, and subsequently discussed
and compared in the following section as OC.

Annual mean concentrations of OC

For the sites using thermal-optical analysis for EC/OC analysis the annual mean
concentration of OC in PMyg ranged from 0.9 pg C/m® at the Norwegian site
Birkenes to 2.0 pg C/m?® at the Greek site Finokalia. For PM,s, the corresponding
range was 0.67 ug C/m? (Birkenes) to 5.9 pg/m® (Ispra in ltaly). The VDI 2465
part 2 method used to quantify EC and OC at the Melpitz site underestimates the
samples level of OC by not accounting for charring of OC to EC, thus the level of
3.1 ug C/m? of OC observed for PMyo and 2.6 pg C/m® of OC observed for PM,
at this site should most likely be higher.

As observed for EC, the lowest levels of OC (here: considering OC in both PMyg
and PM, ) were observed in Scandinavia (0.67—1.7 ug C/m°) and at certain high
altitude European continental sites in western/south-western Europe (1.0-1.8 ug
C/m?). The annual mean OC concentration observed at Harwell (1.8 pg C/m®) was
in the upper range of that observed for the sites in Scandinavia and western/south-
western Europe, whereas the annual mean OC concentration at Finokalia (2.0 ug
C/m3) just exceeded the level observed at Harwell. For KoSetice and Melpitz in
Eastern Europe, and Ispra in northern Italy, the annual mean OC concentration
ranged from 2.6-5.9 pg C/m°, thus being substantially higher than for the other
sites. As observed for previous years the annual mean OC concentration observed
at Ispra far exceeded that observed for the other sites also in 2010; e.g the annual
mean OC concentration at Ispra was more than twice that observed at Kosetice,
which observed the second highest annual mean OC concentration for 2010.

Seasonality of OC

The sites reporting the three highest annual mean concentrations of OC all
experienced substantially elevated OC concentrations in winter (Figure 3.9). The
difference was most pronounced at KoSetice (Factor 3.6 higher in winter
compared to summer), followed by Ispra (3.3) and Melpitz (2.3 for PM,5 and 1.7
for PMyg). Also at Harwell the OC concentration was higher in winter compared
to summer (1.3 times higher in winter), although not that pronounced as seen for
the three high loading sites. High OC loadings in winter can be explained by the
same reasons as described for EC, i.e. a combination of increased emissions and
meteorological conditions preventing dispersion of the air pollution (inversion). In
particular, wood burning emissions increase during winter and with a high OC/TC
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ratio for such emissions this could contribute to the winter time increase of OC.
One should not exclude the possibility that sampling artefacts change according to
season, thus having an influence on the observed seasonal variation of OC. This
ought to be examined in further detail.
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Figure 3.9: Mean summer and winter time concentrations of OC in PMpand
PM, s at EMEP sites in 2010. The sites are ranked according to
increasing summer time concentration of OC.

At Aspvreten and Puy de Dome the summer time concentrations of OC was
slightly higher in summer compared to winter by a factor 1.2 and 1.3 respectively,
whereas for Finokalia no change between summer and winter were observed
(Figure 3.9). At Birkenes and Montseny, the seasonality of OC was dependent
upon the PM cut off size. OC in PMy, was found to be increased in summer
compared to winter by a factor 1.2 for Birkenes and a factor of 1.4 for Montseny,
whereas for PM,5, OC was found to be increased by a factor 1.2 during winter
compared to summer for both Birkenes and Montseny. Increased summer time
concentrations of OC have typically been associated with formation of secondary
aerosol, both from anthropogenic and natural precursors. It has also been shown
that primary biological aerosol particles (PBAP) could contribute to increased
levels of OC in summer, at least for certain regions. Typically, increased summer
time OC concentrations was observed for the sites experiencing the lowest
carbonaceous aerosol loading, suggesting they are situated in areas less perturbed
by anthropogenic sources. The observed summer time increase for OC in PMyg at
Birkenes and Montseny, and which was not observed for OC in PM;s,
demonstrates an increase of coarse OC in summer of which PBAP most likely is
the major contributor. As previously stated, concurrent collection of PM;, and
PM s filter samples at the Montseny site was only performed for a certain fraction
of the days, making this finding less robust than for the Birkenes site. Further
insight into the contribution of PBAP to OC in the Nordic environment can be
found in Yttri et al. (20114, b) and Genberg et al. (2011).
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Size distribution of OC

Concurrent measurements of EC and OC in two size fractions (here: PM;o and
PM35s), were performed at three sites. At Birkenes, 70% of OC in PMy, could be
attributed to OC in PM,s on an annual basis, the corresponding percentage for
Melpitz was 76%. As previously stated, collection of PMy, and PM,s filter
samples for subsequent analyses of EC and OC was only to a certain degree
performed on the same days at the Montseny site, thus complicating the
calculation of a similar percentage. The results show that 73% of OC in PMyg
could be attributed to OC in PM, 5. By assuming that the annual averages of OC in
PMjo and PM, s at Montseny are representative for the entire year, 89% of OC in
PMy could be attributed to PM,s. As a conclusion, the size distribution of OC at
Montseny must be regarded as highly uncertain and indicative only.

At all three sites, levels of OC in PMjo.,5 were found to be increased in summer.
This was particularly pronounced at Birkenes and Montseny, at which the summer
time concentration was in excess of two times higher than that observed in winter.
Note though that the estimates made for Montseny are highly uncertain for
reasons already mentioned. For Melpitz, the concentration of OC in summer was
no more than 1.2 times higher in summer compared to winter. For Montseny the
calculations suggest a twofold increase in the relative contribution of OC in
PMjg25 to OC in PMy going from winter (17%) to summer (31%). A similar
increase was observed going from winter to summer for the sites Birkenes and
Melpitz, at which OC in PMyg.25 accounted for 32-33% of OC in PMy, during
summer.

Changes in annual mean concentration of EC from 2009 to 2010

For more information regarding selection criteria of sites subject to comparison
with respect to OC levels in 2009 versus 2010 see subchapter “Changes in annual
mean concentration of EC from 2009 to 2010” above.

For Birkenes (including OC in both PMj, and PM,s) a <10% increase was
observed going from 2009 to 2010, whereas a 15% (OC in PMyg) — 30% (OC in
PM35s) increase was observed for Melpitz. For Ispra the OC level was reduced by
13% going from 2009 to 2010, whereas a 10% reduction was observed for
Kosetice. For the sites Harwell and Puy de Dome a substantial 22—-23% reduction
was observed. It is worth notifying the quite substantial reduction (10-22%)
observed for the three high/medium OC loading sites Ispra, KoSetice and Harwell,
going from 2009 to 2010. For Montseny the results for PM;o and PM, 5 diverge, as
a <10% reduction was observed for OC in PMy, going from 2009 to 2010,
whereas there was a substantial 25% increase for OC in PM;s.

3.2.3.3 Levels of EC and OC at sites reporting for the first time in 2010

In the 2010 EMEP status report on PM, a brief description of EC and OC,
including levels, size distribution, and seasonality, was provided for each site
reporting these two variables. In the 2011 EMEP status report on PM (EMEP,
2011), a similar description was provided for the sites reporting levels of EC and
OC for the first time in 2009 (i.e. Kosetice (Czech Republic), Harwell (UK) and
Finokalia (Greece).
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For 2010, two sites reported concentrations of EC and OC to EMEP, being the
Norwegian sites Hurdal and Karvatn (Chapter 3.2.3.4). In addition, the Greek site
Finokalia has reported EC/OC in PMy for the first time (Chapter 3.2.3.5).

3.2.3.4 EC and OC levels at the two Norwegian sites Hurdal (NO0056R) and
Karvatn (NO0038)

The Hurdal site (60°22'N, 11°04'E, 300 m.a.s.l.) is located 70 km north east of
Oslo, and is situated in the Boreal forest with mixed conifer and deciduous trees,
which together with the Hurdal Lake (32 km?) account for the majority of the
surrounding land use. The Karvatn site (62°47'N, 8°53'E) is situated far from
major sources of air pollution, with the local community of Surnadal (2275
inhabitants), located 30 km to the north, being the nearest local emission source.
The site is situated in the boreal forest region with mixed conifer and deciduous
trees and surrounded by farmland.

There are EC/OC measurements for only in excess of half a year at the sites
Hurdal and Karvatn for 2010, thus we will only briefly outline the concentrations
presented in Table 3.6 and come back with a more detailed description for the
2012 EMEP report on PM.

Mean concentrations of EC (0.16 pg C/m®) and OC (1.3 pg C/m®) in PMyo was
approximately 50% higher at the Hurdal site compared to what has been observed
at Birkenes and is within the range observed for the Scandinavian sites (see
Table 3.6). The elevated EC concentrations at Hurdal compared to Birkenes could
indicate that the site is somewhat more influenced by anthropogenic sources,
which could be explained by the fact that Hurdal is situated in the more densely
populated South- Eastern region of Norway. On the other hand, OC in PMg.25
accounted for more than 30% of OC in PMyy, suggesting a sizeable contribution
of primary biological aerosol particles (PBAP), which typically should be
considered a natural source. With the first four months of the year not accounted
for, the relative contribution of OC in PMjg.25to OC in PMyq for Hurdal is likely
overestimated, as PBAP in Norway do not appear to be an important source until
after the onset of the vegetative season.

The mean EC concentration (0.06 pg C m™) at K&rvatn was no more than 40% of
that observed at Hurdal and 55% of that observed at Birkenes, suggesting very
low influence of anthropogenic sources. Note that Birkenes reported the lowest
annual mean concentrations of EC in Europe for the period 2001-2010 until
measurements started at Karvatn. The mean PM;, OC concentration at Karvatn
(0.98 ug C/m°) was only slightly higher than OC in PM;, observed at Birkenes
(0.90 pg C/m®). OC in PMyo.25 Was not as abundant at the Karvatn site as for
Birkenes and Hurdal, accounting for no more than 13% of OC in PMyy.

The mean PM,s OC concentration at Hurdal (0.87 pg C/m® and at Kdrvatn
(0.85 ug C/m®) equaled each other and was 20 — 25% higher compared to OC in
PM, 5 observed at Birkenes. All EC was confined within the PM, 5 fraction at the
Hurdal and Karvatn sites, corresponding to what has previously been reported for
Birkenes.
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Three sites reporting EC/OC levels for various site categories within the rural
background environment category in southern Norway provides a great possibility
to explore the spatial variation for these variables with respect to e.g.
concentration, seasonality, size distribution, and to some extent sources. E.g. the
very low EC levels observed at Karvatn compared to e.g. Birkenes and the fact
that OC in PM, ;s is noticeably higher at Karvatn compared to Birkenes ought to be
subject to further investigation, given that this finding is observed also for a full
year of data for EC/OC at Karvatn.

3.2.3.5 EC and OC levels at the Greek site Finokalia (GRO002R)

By Giorgos N. Kouvarakis

Measurements of EC and OC in PM; has previously been reported for the Greek
site Finokalia (GROO02R) (150 m asl) located at the island of Crete. However,
2010 was the first year EC and OC was reported in PMyg,

Carbonaceous compounds were measured in 100 daily samples collected all year
round at Finokalia and analysed using the EUSAAR 2 method. The median
organic carbon (OC) and elemental carbon (EC) concentrations for the whole
sampling period (1/1-31/12/2010) were equal to 1.68 pg/m® and 0.27 pg/m?,
respectively.

The monthly average distributions of OC and EC showed a bimodal distribution
with maxima during late winter (February-March) and summer (July-August,
Figure 3.10). The summer peak was associated with photochemical activities that
favor secondary aerosol formation in the area (Mihalopoulos et al., 2007), in
conjunction with the absence of precipitation. During winter additional sources
associated with air masses coming from Central-Eastern Europe contribute to the
total carbon loadings (Sciare et al., 2008).

4.0 - Finokalia moC

Jan Feb Mar Apr May Jun July Aug Sep Oct Nov Dec

Figure 3.10: Monthly mean values of OC and EC (ug/m®) in the PMyo samples at
Finokalia Station. Error bars represent the standard deviation of the
OC, EC concentrations.
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A significant correlation was observed between OC and EC with slope close to 3,
being strong indicator of secondary organic aerosol (SOA) formation
(Figure 3.11). If the median of all individual OC/EC samples is examined the
value becomes even higher (6.1), indicating that organic aerosols in the area are
mostly secondary and aged (processed) after long-range transport.
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Figure 3.11: Regression between OC and EC (ug/m°) in the PM;o samples at
Finokalia.

3.2.4 Time series of EC and OC

The sites Birkenes, Ispra and Melpitz all have time series of EC and OC extending
five years. At Birkenes, measurements go back to 2001, at Ispra measurements
started in 2003, whereas at Melpitz measurements have been reported since 2006.
Birkenes has a continuous time series of EC and OC for both PM1y and PM, 5, and
thermal-optical analysis has been applied for the entire period. At Ispra, parallel
measurements of EC and OC in PMjy and PM, s were performed for the period
2003-2005, whereas thermal-optical analysis has been applied since 2005. At
Melpitz, EC and OC are measured in both PM,s and PMj, using the VDI
protocol, which do not correct for charring of OC during analysis, hence artificial
EC is generated during the analysis overestimating the true EC concentration of
the sample. Despite the erroneous feature of the VDI protocol, the results could
still provide useful information concerning seasonal variation and time-trends.

Comparable data for EC and OC require that also the sampling protocol is
harmonized. At both Birkenes (change from 6+1 days to 7 days sampling time in
2003) and at Ispra (denuder included in the sampling train in 2008) changes have
been made to the sampling protocol since the measurements started. The sampling
protocol (see Table 3.5) varies substantially between Birkenes, Ispra and Melpitz,
with only Ispra accounting for positive and negative artefacts on a regular basis.
The sampling time, differing from one week at Birkenes to 24 hours at the two
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other sites, reflects the low aerosol loading experienced in the Nordic rural
background environment.

Birkenes, Ispra and Melpitz represent different parts of the European rural
background environment. Birkenes has typically reported the lowest annual mean
concentrations for both EC and OC in Europe, while Ispra has reported the highest
levels; by a fair margin. The annual mean (here: TC) observed at Melpitz is
second to Ispra only, but still nowhere near the levels observed at Ispra. Birkenes
has a strategic position well suited to monitor the outflow of air pollutants from
the European continent. Consequently, Birkenes from time to time experience
elevated concentrations. The very high level of the carbonaceous aerosol observed
at Ispra is attributed to the severe regional air pollution characterizing the Po
Valley region. Melpitz is situated in the eastern part of Germany, experiencing
both air masses passing over densely populated areas in Western Europe, as well
as polluted air masses from well-known source regions in Eastern Europe.

EC and OC also differ with respect to seasonality at the three sites. Ispra and
Melpitz both experience substantially elevated concentrations of EC and OC in
winter, likely reflecting increased anthropogenic emissions, but also
meteorological conditions preventing dispersion of the air pollution is likely to
have an influence. At Birkenes, EC and OC (PM;5) tend to be somewhat higher in
winter due to increased levels during late winter and spring, but this is not
particularly pronounced. For OC in PMyq increased concentrations are observed
during summer due to OC in PM1.25, which is attributed mostly to PBAP.

The time series of EC and OC in PMjo and PM; 5 at Birkenes look rather similar
(see Figure 3.12), however, the inter-annual variability is more pronounced for EC
and OC in PM,5s compared to PM;g. For OC in PMy, this is likely due to the
influence of PBAP of mostly local origin. No stepwise up- or downward trend in
the annual mean concentration of OC and EC is observed for the period 2001
2010. The time series are characterised by a drop in the annual mean
concentrations from 2003 to 2004 and a maximum in 2006. Note though that the
increase in 2006 is most pronounced for OC and primarily for OC in PM,5s. For
the period 2007-2010, only a modest annual variation is observed for OC,
although somewhat more pronounced for EC. The time series of EC and OC for
PMyo and PM;5 resemble that of the secondary inorganic constituents, as well as
that of the mass concentration of PM;, and PM,5s observed at Birkenes. The
annual mean OC concentration observed for 2010 was 20% (PMyg) and 30%
(PM,s) less compared to the first year of sampling (2001). For EC the
corresponding range was 15% (PM1o) and 40% (PM;5s).

The relative contribution of TCM [(TCM = Total carbonaceous matter (TCM =
OC x 1.7 + EC x 1.1)] to the mass concentration of PMy, PM;,5 and PMyg.»5 at
Birkenes for the time-period 2001-2010 is shown in Figure 3.13. The relative
contribution of TCM to PMy, and PM> s shows a modest annual variation, except
from 2001-2002, ranging between 25-29% for PMjo and 30-37% for PM,s. The
relative contribution of TCM-to-PM; s has the same temporal pattern as for TCM-
to-PMyg. The relative contribution of TCM to PMyg., 5 ranged from 9-21% for the
actual period. While the relative contribution increased substantially from 2001—
2004, the contribution has declined slightly again from 2004 and onwards.
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Figure 3.12: Annual mean concentrations of EC, OC and TC in PMy, (left) and
PM; s (right) at the Norwegian site Birkenes for the period 2001—
2010.
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Figure 3.13: Relative contribution of TCM (Total Carbonaceous Matter) to PMyy,
PM, 5 and PMyg.25 at Birkenes for the period 2001-2010.
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Figure 3.14: Annual mean concentrations of EC. OC and TC in PM,s at the
Italian site Ispra (ITO004R) for the period 2003—-2010.
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No stepwise up- or downward trend in the annual mean concentration of OC and
EC in PMys is observed for the entire period 2003—-2009 at Ispra. However, since
2005, i.e. the year thermal-optical analysis was introduced at Ispra, and until
2010, the annual mean EC concentration has decreased by a substantial 50%, with
the greatest reductions taking place since 2007. The annual mean concentration of
OC has a rather similar variation as seen for EC, and for the period 2005 until
2010 a nearly 40% decrease has been observed. It should be noted that the
sampling approach has been changed during this period, i.e. a denuder has been
introduced into the sampling train, which is likely to have caused a reduction in
the observed OC level.
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Figure 3.15: Annual mean concentrations of EC, OC and TC in PM; (left) and
PMy, (right) at the German site Melpitz (DE0044R) for the period
2006 — 2010. Note that the data are obtained using the VDI 2465
Part 2 method, which do not correct for charring of OC.

The time series of EC, OC and TC at Melpitz goes back no more than 5 years.
Given the uncertainty in the split point between EC and OC using the VDI 2465
Part 2 method, only the TC fraction will be addressed, although the EC and OC
fractions both are included in Figure 3.15. For both size factions (here: PM, 5 and
PMyo) there is a substantial drop in the TC concentration from 2006 to 2007. For
TC in PM25 the concentration has steadily increased since the initial drop, and for
2010 the annual mean almost equals that of 2006, lacking 0.1 pg C/m°, only. TC
in PM3o decreased going from 2007 to 2008 as well, after which it increased for
the two consecutive years. Unlike TC in PM25, TC in PMyg has not equalled the
annual mean TC value from 2006. Both TC in PM25 and PMyg increased by 15%
going from 2009 till 2010. From 2012 on, concentrations of EC and OC at
Melpitz will be analyzed using thermal-optical analysis, thus it is unlikely that the
time series presented in Figure 2.15 will be continued, at least for EC and OC.
Concurrent measurements using the VDI 2465 Part 2 method and the new
thermal-optical method will reveal whether the time series of TC can be
continued.

3.2.4.1 Concluding remarks

The lack of a harmonized sampling- and analytical measurement protocol has
been the main concern in our effort to establish a reliable picture of the regional
distribution of the carbonaceous aerosol concentration within EMEP. For 2010,
ten out of twelve sites reported levels of EC and OC using the EUSAAR2 thermal
protocol, being an important step towards harmonized and comparable data for
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EC and OC within EMEP. Only one site reported levels of EC and OC, which
were not obtained by thermal-optical analysis, however, this site will take on
thermal-optical analysis from 2012 on. Fully comparable data require that also the
sampling protocol is harmonized, which is currently not the case. The final tests
of the EUSAAR best affordable, “artefact-free” sampling train, is currently taking
place within the EU funded project ACTRIS. Further, effort concerning how to
handle samples which are impacted by carbonate carbon is currently also
undertaken within ACTRIS. Guidelines for how to deal with such samples will be
developed based on the results obtained in ACTRIS and will subsequently be
added to the SOP for EC/OC.

The carbonaceous aerosol concentration was found to range by more than one
order of magnitude within the European rural background environment. Elevated
concentrations were observed in northern Italy and in Eastern Europe.
Concentrations observed at sites in Scandinavia and at high altitude sites in
western/south-western Europe, were substantially lower. Levels observed in the
UK and in the Eastern Mediterranean should be considered intermediate. The
spatial variation of the carbonaceous aerosol concentration for 2010 closely
resembles that observed during the EMEP EC/OC Campaign conducted in 2002—
2003 (Yttri et al., 2007).

Levels of EC were found to be increased during winter at most sites, reflecting
increased emissions. e.g. from residential wood burning, as well as inversion,
preventing dispersion of air pollution. Increased EC/TC ratios in winter show that
EC was more pronounced in the carbonaceous aerosol in winter compared to
summer. Increased summertime concentrations of OC were observed at most low
and medium loading sites. Formation of secondary aerosol, both from
anthropogenic and natural precursors, and primary biological aerosol particles,
along with a low impact from anthropogenic OC are likely to explain the observed
seasonal variation for the actual sites.

For two of the three sites with time series of EC and OC extending 5-10 years
back in time, levels of EC and OC were found to be lower in 2010 compared to
the year when the measurements were initiated.

3.3 Modelling of organic aerosol (OA): status and issues

By David Simpson and Robert Bergstrom

As of 2011, a so-called volatility basis set (VBS) approach (Robinson et al., 2007;
Donahue et al., 2009) for secondary organic aerosol (SOA) has been added to the
available defaults of the EMEP chemical code. This follows an extensive period
of testing against observational data, with the conclusion that the adopted scheme
is a reasonable first approach, suitable for policy purposes. It should be noted
though that all VBS schemes (in fact, any SOA schemes) have many parameters
which are not well known, and therefore we have been testing different versions
of VBS schemes: this work has been described in detail in Bergstrom et al.
(2012). We will not repeat the results of that study here, but rather wish to draw
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attention to an issue which is of increasingly obvious importance — the quality and
type of emissions inventory which are available.

Summarising results from a number of studies (e.g. Szidat et al., 2006; Gelencsér
et al., 2007; Puxbaum etal., 2007; Simpson et al., 2007; Genberg et al., 2011;
Gilardoni et al., 2011; Heal et al., 2011; Bergstrom et al., 2012; Denier van der
Gon et al., 2012), it seems obvious that one can make the following points:

— In summertime, biogenic secondary organic aerosol (BSOA) is an important
part of the total organic aerosol, and the BSOA concentration is completely
dependent on emissions estimates of biogenic volatile organic compounds
(BVOC).

— During the cold seasons, emissions from residential wood-combustion (RWC)
are very important in large parts of Europe.

The problem is that BVOC and RWC emissions are two of the most uncertain
inputs to any modelling exercise!

With regard to BVOC, the uncertainties have been discussed many times before
(Simpson et al., 1995, 1999; Arneth et al., 2008), but little new data is appearing
to help improve the inventories. Given that summertime SOA is a significant
contributor to total OM and PM1/PM;s (and hence to both health and radiative
forcing issues) there is a clear need for more measurements, so that more reliable
inventories can be developed.

Problems with modelling the wood-burning component were identified in
Simpson etal. (2007) for sites of the CARBOSOL network (Legrand and
Puxbaum, 2007), but similar features have been found in subsequent studies (e.g.
Genberg et al., 2011; Gilardoni et al., 2011; Bergstrom et al., 2012), usually with
a suggestion that the available inventories are underpredicting wood-burning
emissions. (In Norway, on the other hand, there are indications that the inventory
is too high, Denier van der Gon et al., 2012.) As an illustration of the importance
of RWC, Figure 3.16 shows the percentage contribution of RWC emissions to the
total fine-mode organic matter, modelled for February 2008 with the EMEP VBS
system (the NPAS version, discussed below). These calculations clearly show that
RWC is important in many countries, sometimes accounting for more than 50% of
the total fine OM. If the inventories are underpredicting RWC emissions as many
studies suggest, this contribution could be much higher.

A further problem arises from the newly recognised issues surrounding the
volatility of the emissions. Traditionally, emissions of primary organic aerosol
(POA) and VOC were seen as very different, with POA being inert, and VOC
volatile. However, Robinson et al. (2007) and subsequent papers (e.g. Donahue et
al., 2009; Shrivastava et al., 2008) have made the point that the dividing line
between particulate and gaseous emissions is to some extent arbitrary, since many
compounds are semi-volatile (SVOC), and may be in the gas or condensed phase
depending on local conditions; the partitioning will be very different in the high
concentration high-temperature exhaust plume compared to the ambient air into
which the plume dilutes. They also suggest that there is a class of compounds
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(IVOC: intermediate volatility organic compounds) which is too volatile to be
included in the PM inventory, and yet too heavy to be included in current VOC
inventories.

Figure 3.16: Percentage contribution of residential wood burning emissions to
fine OA concentrations. Calculations for Feb., 2008. EMEP VBS
(NPAS) model.

These compounds thus represent a pool of carbonaceous material from which OA
can form, but which is not accounted for in current inventories. In the work of
Shrivastava et al. (2008) the sum of true POA and these unaccounted-for S/IVOC
compounds was estimated to be 2.5 times the official POA emission estimate. The
research runs of Bergstrom et al. (2012) (and indeed those of e.g. Lane et al.,
2008; Fountoukis et al., 2011) made use of similar assumptions. For the ‘standard’
EMEP model we have used a simpler scheme, the ‘NPAS’ scheme (No
Partitioning of POA, plus Aging of SOA). The NPAS scheme assumes that POA
emissions can be treated as non-volatile, instead of treating them (and related
emissions of SVOC and IVOC) as components of varying volatility.

As discussed more in Simpson et al. (2012) (revised version currently under
review), there are two main reasons why we choose to use nonvolatile POA
emissions in the ‘standard’ EMEP model code (that used for policy-associated
runs): (1) The volatility distribution of POA and associated SVOC and IVOC
compounds is poorly known; (2) For policy modelling it is necessary to keep
these POA and VOC emission totals the same as in the official emission
inventories. Model runs which make use of these extra SVOC+IVVOC emissions
produce OA amounts which are generally higher (up to 20%) than those with
NPAS; however, in high-emission regions (within and close to large cities) the
NPAS approach can give more OA than the partitioning model versions (e.g.,
more than 40% higher yearly average concentrations of fine OA in the Paris
region with the NPAS model than with S/IVOC emissions).
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In general, modelling of organic aerosol is subject to much larger problems than
those of many other pollutants, something which inevitably follows from the
complexity of OA itself, and our lack of understanding of the underlying science
(e.g. Hallquist et al., 2009; Ng et al., 2010). It will not be possible to build or
evaluate reliable SOA models though until the main model inputs, the emission
inventories, are in good shape. We believe that the improvement of emission
inventories for especially BVOC and POA (including RWC) should be priority
areas of the modelling of OA is to be improved substantially.
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4 EMEP and the Project ACTRIS - Aerosols, Clouds, and Trace
gases Research InfraStructure Network: a Collaboration for
Mutual Benefit

By Cathrine Lund Myhre, Paolo Laj, Gelsomina Pappalardo, André Prévét,
Wenche Aas

4.1 Background: From EUSAAR to ACTRIS

Collaboration and integration with other networks and frameworks working on
monitoring of atmospheric constituents is an essential theme in the EMEP
monitoring strategy (ECE/EB.AIR/GE.1/2009/15)°. One very valuable and good
example of this is the collaboration and interaction with the EU 6" framework
programme EUSAAR™ over the period 2006-2011.

The synergy between EMEP and EUSAAR can be considered as a successful
implementation of EMEP’s strategy on collaboration between frameworks and
networks. While receiving policy support for continued operation of a set of
European supersites for aerosol research from EMEP, EUSAAR provided EMEP
with needed standard operating procedures for aerosol parameters observed at
level 2 EMEP sites improving and further developing the measurements
considerably. Furthermore EUSAAR also contributed by setting up a public web-
interface for the EMEP database, and an infrastructure for near-real-time data
collection and dissemination. The EMEP status report 4/2011 (Fiebig et al., 2011)
provides a more detailed overview of the key benefits provided by EUSAAR from
an EMEP perspective. The main focus was on the optical and physical properties
of aerosols but also development of reference method for EC/OC was a core
activity in EUSAAR. The thermo-optical analysis using the defined EUSAAR-2
protocol (Cavalli et al., 2010). has been adapted as standard method for analysis
of EC/OC within EMEP Work is currently in progress to finalize the standard
operating procedure (SOP) of EC/OC measurements for subsequent inclusion to
the EMEP manual. Furthermore, the EMEP manual will include guidelines
improved in EUSAAR on measurements of physical and optical properties, and
these will be based on the standard operation procedure outlined and summarised
in the EMEP report last year (Fiebig et al., 2011). All this work for the definition
of SOPs is also made in close collaboration with the Scientific Advisory Group on
Aerosol of WMO.

There are considerable future challenges connected with the understanding of
atmospheric change, and the effects of this. This includes the evolution and
assessments of long-lived greenhouse gases (LLGHG) as well as the under-
standing of short-lived climate forcers (SLCF). SLCF includes aerosols and
tropospheric ozone, and related gases as CO, NOy, methane and volatile organic
compounds (VOC). VOCs are key precursor gases for the formation of aerosols
and tropospheric ozone. Furthermore, also the interaction between aerosols and
clouds is largely uncertain. Both aerosols and several short-lived gases have
adverse health effects influencing air quality. While EUSAAR focused solely on

® http://www.unece.org/fileadmin/DAM/env/documents/2009/EB/gel/ece.eb.air.ge.1.2009.15.e.pdf
19 EUSAAR: European Supersites for Atmospheric Aerosol Research, http://www.eusaar.net/.
EUSAAR was an EU FP6 Integrated Infrastructures Initiative, ending March 2011.
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aerosol in situ observations, this work will be continued in the larger follow-up
project Aerosols, Clouds, and Trace gases Research InfraStructure Network —
ACTRIS (http://www.actris.net) which started in 2011, funded by the EU 7"
framework programme. This project includes a comprehensive set of atmospheric
variables covering aerosol profiles, aerosol and trace gas in situ measurements,
and cloud properties.

4.2 ACTRIS - Aerosols, Clouds, and Trace gases Research InfraStructure
Network

There was recognition in the research community for the need of atmospheric
supersites combining observations from a set of various measurement platforms
and methods targeting aerosols, clouds and short-lived trace gases. A coordinated
research infrastructure for these observations was lacking and ACTRIS (Aerosols,
Clouds and Trace gases Research InfraStructure Network, http://www.actris.net/)
aims to fill this observational gap (Pappalardo and Laj, 2012). ACTRIS builds a
new research infrastructure on the basis of a consortium joining existing
networks/observatories that are already providing consistent datasets of
observations, and that are performed using state-of-the-art measurement
technology and data processing. ACTRIS will be active for a period of 4 years,
from 1% April 2011 to 31% March 2015. The project is coordinated by CNR (ltaly)
and CNRS (France) and has 29 partners. The ACTRIS consortium represents
24 European countries; and more than 60 sites are reporting ACTRIS labelled
data.

The main objectives of ACTRIS are:

« To provide long-term observational data relevant to climate and air quality
research on the regional scale produced with standardized or comparable
procedures throughout the network: ACTRIS’ aim is to substantially increase
the number of high-quality data accessible through the ACTRIS data centre
with respect to 2010.

» To provide a coordinated framework to support trans-national access to large
infrastructures, strengthening high-quality collaboration in and outside the
EU and access to high-quality information and services for the user
communities (research, Environmental protection agencies, etc.). ACTRIS aims
to substantially increase the use of European advanced infrastructures for
atmospheric research.

* To develop new integration tools to fully exploit the use of multiple
atmospheric techniques at ground-based stations, in particular for the
calibration/validation/integration of satellite sensors and for the improvement
of the parameterizations used in global and regional scale climate and air
quality models. ACTRIS aim is to provide time series of climate and air quality
related variables not measured directly which are not presently available
through the existing data centre.

» To enhance training of new scientists and new users in particular students,
young scientists, and scientists from eastern European and non-EU developing
countries in the field of atmospheric observation. ACTRIS aim is to provide
training to more than 40 research personnel (Researchers/engineers/Post-doc
and students) per year outside of the ACTRIS consortium.

» To promote development of new technologies for atmospheric observation of
aerosols, clouds and trace gases through close partnership with EU SMEs
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(Small and Medium-sized enterprises). ACTRIS aims, by the end of the project,
to have contributed to more than 4 new operating standards for atmospheric

monitoring.

4.3 ACTRIS measurements and ACTRIS-EMEP interactions

ACTRIS is divided in 4 main data provision activities, and all measurements will
be collected and available through a joint data centre. The map included in the
upper panel in Figure 4.1, shows the sites included in ACTRIS (www.actris.net),
and the distribution of the various types of observations; aerosol profiles, in situ
trace gas and aerosol measurements, and measurements of cloud properties.
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Figure 4.1: The upper panel shows the ACTRIS
research infrastructure, and the distribution of

various types atmospheric measurements. The lower
panel shows the location of ACTRIS and EMEP sites.

ACTRIS is an infra-
structure network and the
research component of the
existing measurement net-
works, EARLINET,
EMEP, and Cloudnet™.
Hence ACTRIS is contri-
buting to further
strengthening and deve-
loping these networks, and
to the quality of their
measurements. The map in
the lower panel in
Figure 4.1 shows the
EMEP network reporting
trace gas and/or aerosol
measurements to EBAS
by spring 2011 (the start
of ACTRIS), together with
the location of the
ACTRIS  sites. The
ACTRIS sites performing
aerosol in situ measure-
ments were all a part of
EUSAAR, and all these
sites are EMEP level 2
sites. Additionally, several
ACTRIS sites performing
VOC measurements (not a
part of EUSAAR, which
focused solely on aerosol
variables) are EMEP sites.
ACTRIS sites not colloca-
ted with EMEP sites, are
generally sites performing
aerosol profiles, and a part
of EARLINET.

1 EARLINET: European Aerosol Research Lidar Network, http://www.earlinet.org/

12

Cloudnet: http://www.cloud-net.org/
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The existence of both the EMEP monitoring network, and of a research
infrastructure for Aerosol, Cloud and Trace Gases such as ACTRIS clearly
facilitates rapid mobilisation of atmospheric probing tools and skilled personnel at
the pan-European scale. These unique tools are used in support of national or
international projects or in case of emergency situations (atmospheric hazards).
This organisation is unique, and was proven very efficient i.e. during the recent
eruption of Grimsvotn in Iceland, also in co-operation with the EARLINET
network.

The following sections summarise the 4 main measurement activities in ACTRIS,
with focus on the aerosols activities, and the main relation and relevance to
EMEP.

WP2: Remote sensing of vertical aerosol distribution

The main objective of this activity is to improve the observations of the vertical
aerosol distribution by means of a network of advanced and coordinated lidar
stations in such a way that the data they provide can be efficiently integrated with
those contributed by other parts of the whole ACTRIS infrastructure. This activity
is based on what is developed through the lidar network EARLINET (Pappalardo
et al., 2008), and it is closely linked to this. A subset of EARLINET sites are
actively involved in ACTRIS, and the improvement of methods and protocols
developed within ACTRIS will be disseminated to the full EARLINET
community. The core variables provided through this activity are aerosol back-
scatter and extinction profiles, depolarization ratio (information about shape of the
particles) and thickness and height of aerosol layer. All data are delivered to the
EARLINET data base, but also available through the joint ACTRIS data portal
http://actris.nilu.no/. Aerosol profile measurements are in included in the EMEP
monitoring strategy9 (ECE/EB.AIR/GE.1/2009/15) as level 3 measurements, thus
warranted as voluntary contributions to EMEP, and important for further progress.
Within the EMEP program, level 3 observations shall contribute to the
understanding of processes relevant for long-range transport of air pollutants and
support model development and validation.

WP3: In-situ chemical, physical and optical properties of aerosols

The overall objective of this activity is to improve the observations of the in situ
aerosol properties throughout a network of 23 stations in such a way that the data
they provide can be efficiently integrated with those contributed by other parts of
the whole ACTRIS infrastructure. The in situ aerosol network activities capitalize
on and enhance the work initiated within the EUSAAR project. The core aerosol
variables are chemical composition, optical properties (absorption and scattering
coefficients), cloud condensation nuclei concentration, and particle size
distribution. Except for cloud condensation nuclei, these are all level 2
measurements in EMEP, and therefore represent a core requirement of the EMEP
monitoring network. Most of the ACTRIS sites involved in this activity are also
reporting to EMEP, thus this activity is closely linked to EMEP and are expected
to improve both the quality of and amount of data collected.

The following specific objectives are defined for this activity in ACTRIS:
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e Ensure the implementation of the existing standardized protocols for high-
quality-assured and — controlled aerosol number size distributions in the
network and to develop procedures for its extension to the nucleation
mode range

e Ensure the implementation of the existing standardized protocols of high-
quality assured and — controlled aerosol measurements of scattering and
absorption coefficients and the development of standardized procedures of
spectral absorption measurements.

e Ensure the implementation of the existing harmonized protocols for
sampling and analysis of organic/elemental carbon and to develop
standardized protocols for sampling and quantification of organic tracers
for source identification

e Develop standardized protocols for high-quality assured and - controlled
measurements of cloud condensation nuclei.

e Ensure diffusion of information to data centres.

Also further development of near real time (NRT) observations is included, and
this is central both for QA of the measurements as well as of high importance
during specific events influencing the local and regional air quality e.g. heat
waves, fires and volcanic eruptions. It is an important goal that the methods and
protocols developed within the in situ aerosol activity in ACTRIS will be
implemented by the EMEP network, following the successes of EUSAAR.

All data from this activity in ACTRIS will be delivered to the EMEP data base
EBAS. The measurements will be public and openly available from EBAS, and
also made available through the ACTRIS data portal http://actris.nilu.no/.

WP4: Trace gases networking: Volatile organic carbon and nitrogen oxides
The main objectives of this activity are

e To integrate and harmonise trace gas measurements in Europe, with the
result of having a sustainable and reliable observation network for highly
time-resolved data across Europe.

e To implement standardised measurement protocols (SOPs) and common
European calibration scales for VOCs and NO,, in support of the
European EMEP and global GAW strategy and according to data quality
objectives formulated by these initiatives.

e To create a protocol for merging the information of ground-based in-situ
and remote sensing capacities in order to achieve more comprehensive
distributions of VOCs and NO,y in Europe.

e To foster the dissemination of the methods and quality assured data to
scientific groups related to the analysis and modelling of air pollutants in
Europe and to support EC directives relevant for air pollution and the
CLRTAP abatement strategies.

The core variables resulting from this activity are a selection of VOCs and non-
methane hydrocarbons (halocarbons, aldehydes, ketons, alcohols, terpenes
~30 components) and NO, NO, and NOy (NOy defined as NO, NO,, NO3, N,Os,
HNO,, HNO3, PAN, organic nitrates and aerosol nitrates sum of oxidized nitrogen
species with an oxidation number >1, both organic and inorganic). Development
and implementation of standardised measurement protocols (SOPs) for these
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compounds is highly needed in general, and also within EMEP. It is expected that
this activity will improve the quality and amount of trace gas observations and
data within EMEP, similar to the achievements during EUSAAR on the aerosol
side.

All data from this activity in ACTRIS will be delivered to the EMEP data base
EBAS. The measurements will be public and open and also made available
through the ACTRIS data portal http://actris.nilu.no/.

WP5: Clouds and aerosol quality-controlled observations

This activity will focus on extending the scope of the FP5 EU project Cloudnet
(http://www.cloud-net.org/) project to include new stations so that eight sites will
have the capability to make continuous quality controlled observations of clouds
and to include aerosols, all observations will have quantified errors and be
available in near real time.

The core variables resulting from these measurements are cloud height and cloud
thickness, and classification of liquid, ice or mixed phase clouds. The second
stage is retrieval of cloud variables such as cloud fraction, cloud liquid water and
ice water content held in operational models. None of these variables are included
in the EMEP monitoring strategy, but the interaction between aerosols and clouds
are central both for deposition and in the understanding of aerosols influence on
climate in various ways, and also relevant for EMEP.

All data from this activity will be delivered to the Cloudnet data base, and also
made available through the ACTRIS data portal http://actris.nilu.no/.

4.4 ACTRIS-EMEP Intensive Measurement Periods in 2012 and 2013

The EMEP intensive measurement periods (IMPs) are important supplements to
the regular EMEP monitoring programme (UNECE, 2009b). The main purpose of
these campaigns are to improve the spatial and temporal resolution of advanced
measurements, which are highly needed to better understand transport and
composition of atmospheric constituents. This is needed also for developing the
chemical transport models such as the EMEP model. The first EMEP IMPs were
held in June 2006 and January 2007 (Aas et al., 2012). It was quite clear from this
first experience that EMEP needed to coordinate its efforts with research and
infrastructure projects to get a better financial and scientific fundament, as well as
improved harmonization of methodology and data reporting. The second IMPs in
2008 and 2009 were therefore coordinated together with the EUSAAR (Philippin
et al., 2009) and EUCAARI (Kulmala et al., 2011) projects from the EU 6"
Framework Programmes. A lesson learned from these previous IMPs is that
having a close interaction between networks and research infrastructures (e.g.
EMEP linked to ACTRIS) is an ideal structure to support research projects, both
within EU frameworks and other initiatives. For the next periods, EMEP TFMM
and ACTRIS have worked close together to plan and coordinate the IMPs for the
summer 2012 and winter 2013. It was soon realised that other relevant projects
were planning measurement campaigns in the same period(s), both ChArMEXx
(http://charmex.Isce.ipsl.fr/) and PEGASOS (http://pegasos.iceht.forth.gr/)
projects. ACTRIS-EMEP joined forces with both ChArMEx and PEGASOS to
support and complement these campaigns, for mutual benefit. The first
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measurement period was set from 8 June to 17 July 2012. The following IMP will
be arranged from 11 January to 8 February 2013.

There are several objectives and a large suit of measurements with extended
measurements of aerosols and its precursors are conducted during these IMPs.
There are both off and online instrumentation. Since there are few regional
measurements of mineral dust in Europe, EMEP has a special focus on mineral
dust in this IMP, and the chemical composition of PMjo Sampling with double
quartz filters (QBQ) are done for determining the carbonaceous fraction, and
several of these filters will be used for additional measurements to assess the
importance of carbonate (done at JRC in Ispra); and for organic tracer analysis,
coordinated by ACTRIS (Lund University). Regular EMEP measurements (i.e.
filterpacks) are used for the inorganic fraction. A parallel PMy, sampler has been
installed with Teflon® filters for mineral dust analysis, which will be done at one
centralized laboratory, the INFN LABEC laboratory in Florence. An overview of
the sites performing aerosol measurements during IMP is found in Table 4.1. In
addition to EMEP and ACTRIS sites, ChArMEX has established new sites in the
Mediterranean area, i.e. in Mallorca and Cape Corse.

Intensive measurements of VOC are also conducted during the IMPs, either with
extended programme (parameters and/or frequency) of the regular measurements
and/or additional instrumentation, like PTR-MS are installed at some sites. This
work is coordinated by ACTRIS (DWD and EMPA).

To assess aerosol chemical composition and the sources/components for longer
time periods, the Aerodyne™ Aerosol Chemical Speciation Monitors (ACSM)
seems to be a very good tool, and ACTRIS have therefore decided to have a
coordinated one year long term measurement campaign from June 2012 to May
2013 (prolonged on voluntary basis) at a number of sites; thus overlapping with
the EMEO IMPs, see Table 4.1 and Figure 4.2. The red symbols in the map show
the ACSM stations (and some AMS instruments) measuring full year, the yellow
symbols are the stations only measuring during EMEP summer and winter
campaign, the green and white symbols are stations only measuring during one of
the EMEP IMPs, winter and summer campaigns, respectively. This ACSM
campaign is coordinated by ACTRIS (PSI). Furthermore, the combination of the
ACSM with the multi-wavelength light absorption measurements has been
recommended to provide source apportionment of BC as well, and several of the
sites have light absorption measurements in their regular monitoring programme,
established during the EUSAAR project.
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Table 4.1:  Overview of the participating sites and what is planned for the joint
EMEP/ACTRIS/ChArMEX intensive measurement period in 2012
and 2013.
Parties Station OnI|_ne VOC Pl\_/llo_ ocC Backspaner Extm(_:uon
chemistry speciation tracers profiles profiles
’ Summer
Armenia AMO0001 Amberd 2012
“r ACSM
Czech Rep Cz0003 KoSetice (winter) X
. - ACSM,
Finland F10050 Hyytiala Marga GCMS X
Finland F10096 Pallas Marga GCFID
Finland F10007 Virolahti ACSM
France FI0009 Revin AMS-TOF Va”olli*rfe"“"’ﬁ X X
France OPE / Andra at X
Houdelaincourt
France Sirta ACMS, Pils PTRMS X X
Various on/off
France FR0030 Puy de Dome line PTRMS X X
France Cape Corse ACSM, Pils Vanohﬁ:nmﬁ X X
R ACSM;
Germany DEQ044 Melpitz Marga X
Germany DE0043 Hohenpeissenberg ACSM GCMS/GCFID X
Great Britain GB0048 Auchencorth Moss Q-AMS, X X
Marga
Greece GR0002 Finokalia ACSM X
Greece Athens
Greece Thessaloniki
Hungary HUO0002 K-puzta X
Ireland IE0031 Mace Head ACSM GCMS
Ireland Cork X X
Italy ITO001 Montelibretti X
Italy IT0010 San Pietro HR-Tol-AMS (not all X
Capofiume comp)
Italy Ispra
Italy Potenza
Italy L'Aquila
Italy (EC) IT0004 Ispra X ? X
Latvia LT0015 Preila
Summer
Moldova MD Leova 2012
Netherlands NLOO11 Cabauw ACSM
Norway NO0001 Birkenes ACSM PTR-MS TOF (not all X
comp.)
Portugal Evora X X
Slovakia SK0006 Starina X
Spain ES1778 Montseny ACSM X
Spain Palma de Mallorca X
Spain Montsec X
Spain Barcelona
Spain Granada
- HR-ToF- (not all
Sweden SE0011 Vavihill AMS Tenax tubes comp.?) X
Sweden SEO0012 Aspvreten X
] ) (TOF)
Switzerland CHO0001 Jungfraujoch ACSM GCMS
. HR-TOF
Switzerland CHO0002 Payerne AMS X
19 40 19 13 22 9 9 9
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Figure 4.2: Overview over participating ACSM stations, from
http://www.psi.ch/acsm-stations/acsm-and-emep-stations.

Also several lidar sites have the ambition to perform additional measurements
during the EMEP/PEGASOS period. This is coordinated within ACTRIS (CNR).
During June—July months, Saharan dust intrusions typically occur in Southern
Europe, and lidar observations linking ground based measurements with lofted
aerosol layers are particularly relevant. Additionally, biomass burnings are also
typical of this season. EARLINET will perform regular measurements
(17 measurements over the period for each site: 6 measurements are schedule
during daytime and 11 in night time). Furthermore, additional measurements are
foreseen for some specific EARLINET stations, taking into account the distance
from EMEP/PEGASOS sites and the capability of the EARLINET stations to
provide multi-wavelength extinction/backscatter profiles. The following stations
agreed to perform additional measurements during the whole EMEP/PEGASQOS
campaign period: Athens (GR), Barcelona (ES), Cork (IE), Evora (PT), Granada
(ES), Ispra (IT), L’Aquila (IT), Potenza (IT), Thessaloniki (ES). Barcelona, Ispra,
L’Aquila, Athens are collocated with, or very close to, EMEP sites participating
in the campaign, while Evora, Granada, Potenza, Thessaloniki are additional
important stations for dust and burning events. Finally Cork could fill the gap
related to UK where different EMEP stations will be operative during this
campaign. These selected stations could perform additional measurements every
day of the campaign adopting the EARLINET night-time measurements interval
period, i.e. about 2 hours around the sunset.

The map in Figure 4.3 illustrates the distribution of all the sites participating in the
joint campaign, and the various type of observations; aerosol in situ
measurements: sites with PMjo speciation are shown as black circles, online
chemistry sites (ACSM) are shown as red dots, and planned sites with organic
tracer analysis are shown as green circles. Furthermore sites measuring trace gases
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are shown as blue circles, and aerosol profile measurements (extinction and

backscatter coefficient at most sites) are included as yellow crosses.
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Figure 4.3: The distribution of all the sites participating in the campaign 2012

and 2013 and the various types of observations.

ACTRIS-EMEP Intensive Measurement Periods in the future

Later EMEP campaigns will be discussed and decided at TFMM, and it should be
a goal to interact with ACTRIS and other EU research and infrastructure projects
in the decision of the main focus of these. To facilitate interactions with ACTRIS
and other EU infrastructure projects as InGOS (Integrated non-CO2 Greenhouse
gas Observation System, http://www.ingos-infrastructure.eu/) at EMEP TFMM,
the meetings should be announced for a broad community, with an outline of the

topics to be discussed together with the invitation at an early stage.
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5 Monitoring and modelling volcanic aerosols from the
Eyjafjallajokull eruption

By Nina Iren Kristiansen and Svetlana Tsyro

5.1 Introduction

The eruption of the Eyjafjallajokull volcano in April and May 2010 released large
amounts of volcanic ash and gases high into the atmosphere where it was
transported long distances with the winds. Volcanic ash is small fragmented rock
or glass particles and can lead to degradation of air quality via exceedances of air
quality standards for particulate matter (PM). Volcanic ash also constitutes a
serious threat to aviation. The ash was transported eastward and southwards to the
European mainland in the days after the eruption onset and caused closure of
airports all over Europe. 100,000 flights were canceled during the eruption period
with over 10 million people affected.

5.2 Physical and chemical composition of volcanic aerosols

Volcanic ash consist mainly of silicate glass which is non-spherical, hard and
sharp particles, and thus very abrasive. Ash can also transport toxic components
such as fluoride, aluminium and arsenic. The density of the ash particles vary
from 0.7 to 3.2 g/cm®. During volcanic eruptions, vast amounts of sulphur dioxide
(SO,) can also be released, which during transport are transformed into sulphate
particles. Sulphate particles are smaller in size than ash particles and have a
typical density of ~1.5-1.8 glcm®.

The properties of the Eyjafjallajokull ash particles are described by Gislason et al.
(2011) from samples collected during the eruption about 10-55 km from the
volcano. The composition of the ash was dominated by andesitic glass with 57-58
mass % silica (SiO,) content, thus the ash originated from trachy-andesitic magma
(rather than basalt), and it contained very little quartz. The ash from the initial
explosive phase of the eruption was significantly different from that of the later
stage. The explosive ash was grey, soft, light and resembled the consistency of
flour. This was a result of the explosive origin and the reaction between the
glacial melt water and the magma which produced unusually large amounts of
very fine ash (phreato-magmatic ash). At the later stages of the eruption, the ash
was more typical with larger, black particles and the consistency of dry sand. The
chemical composition of the ash particles observed over Europe (for example
from the Jungfraujoch station as described by Bukowiecki et al., 2011) was very
similar to the one found in these samples collected during the eruption close to the
volcano.

5.3 Ground-based observations of volcanic aerosols

Besides monitoring volcanic ash clouds by satellite (Prata and Prata, 2012) and
aircraft measurements (Schumann et al.,, 2011), ground-based observation
networks for aerosol measurements can provide valuable information on the
amount and distribution of volcanic ash in the atmosphere. Ground-based remote
sensing from lidars and ceilometres can provide information about the vertical
distribution of an aerosol layer like in a volcanic cloud. For an unambiguous
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identification of volcanic clouds, in-situ measurements from ground-based
stations, balloons and aircraft are of high value as it allows determining
concentrations as well as the physical and chemical properties of the volcanic
particles.

Several stations in the EMEP monitoring network and other measurement sites
revealed time periods with volcanic aerosol impact in April and May 2010. In-situ
measurements of volcanic clouds are typically confined to particle measurements
and SO, concentrations in ambient air. Measurements from some selected local,
regional and remote stations that detected volcanic components are described in
the following. The positions of these stations are marked on Figure 5.4b.

5.4 Stations in the proximity of the eruption

The stations in the vicinity of the volcano were naturally affected strongly by the
volcanic emissions. Thorsteinsson et al. (2012) report measurements of PM from
several Icelandic stations. The Vik station is located only 38 km south-east of the
volcano and on 7 May 2010 experienced 24 hour mean PMy, concentrations of
1230 pg/m® and 10 min average values over 13.000 pg/m® (Figure 5.1a) which is
the highest ever measured in Iceland. This exceeded the air quality limit of 50
ng/m? (24 hours average) by several orders of magnitude.

Even after the volcanic activity had ceased, high PM concentrations were
measured on several occasions, due to resuspended ash deposited during the
eruption. Reykjavik, 125 km west-northwest of the volcano, was never hit directly
by the eruption plume, but on 4 June an ash storm with resuspended ash reduced
the visibility and measured PMy, concentrations reached over 2000 ug/m* (10 min
average) (Figure 5.1b). A similar event occurred in Reykjavik on 7 September
2010 with peak values of 535 pug/m® (30 min average).

(a) 14000
GRE (30-min)

FHG (30-min)

——  HEH (10-min)

12000

o~ 10000

E, 8000
=

2 6000

PM

4000
2000
=

Figure 5.1: Measured PM;o concentrations (black lines) a) at Vik (38 km south-
east of Eyjafjallajokull) on 7 May 2010. The 24 hour average PMyg
concentration is shown with a dashed grey line. FLEXPART
modelled concentrations of PM;o due to direct volcanic emissions
are shown by blue lines (using GFS and ECMWF meteorological
data), and b) at three stations near Reykjavik on 4 June 2010 when
resuspended ash caused an ash storm. From Thorsteinsson et al., J.
Geophys. Res. (2012).
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5.4.1 Stations located in south-western Europe

The Mace Head Atmospheric Research Station on the West coast of Ireland is
located about 1200 km south-southeast of the volcano and detected the volcanic
plume numerous times during the eruption period. The three strongest events
occurred on 20 April, 4-5 May and 17 May 2010 and are analysed in detail by
O’Dowd et al. (2012). On 20 April 2010 the edge of the plume passed over Mace
Head as a thin layer at 4 km altitude which subsided into the boundary layer.
PM,5 mass concentrations increased to ~9.1 pg/m®. The ash plume signature was
confirmed by a simultaneous moderate increase in nss-sulphate mass while nitrate
and organic aerosol mass remained low. The second major plume interaction on
4-5 May 2010 was connected with an almost direct flow between Iceland and
Ireland/UK and the western edge of the ash plume was located over Mace Head.
Three thin layers at 1, 2.5 and 3.5 km altitude were observed, total PM;s
increased to >10.4 pg/m* concomitant with a large increase in nss-sulphate
aerosols without any elevation in organic or nitrate aerosol mass. The third strong
event on 17 May 2010 was similar to the first event with the edge of the volcanic
plume reaching the station as a thin aerosol layer at 4 km altitude descending
towards the boundary layer. The highest nss-sulphate loading and the longest in
duration was measured during this event. The 24-hour average PMi, mass was
11.45 pg/m® of which 33% was nss-sulphate, 39% ash and 28 % sea-salt. For
PM, 5 the average mass was 5.03 pg/m® of which 64% was nss-sulphate, 30% ash
and 7% sea-salt.

The Eyjafjallajokull ash plume that passed over Central Europe from 16 to
26 April 2010 was observed by several stations. Figure 5.2 shows the time series
of PMj and SO, measurements at five stations in the north Alpine region
(Augsburg, Innsbruck, Schauinsland, Hohenpeissenberg and Zugspitze/
Schneefernerhaus) over several days in April as presented by Schéafer et al.,
(2011). All stations experienced enhanced PMy, and SO, concentrations from
17 April 2010. At Schauinsland (SSL) elevated PM;o concentrations up to
140 pug/m*® were observed on 17 April 2010, parallel to an increase in SO
concentrations. Hohenpeissenberg (HPB) observed that PMj, concentrations
increased from 20 pg/m® to 40 pg/m® (peaks about 50 pg/m3) on 17 April 2010
and remained elevated till 23 April 2010. Also there, the simultaneous increase in
SO, and sulphuric acid (H,SO,4) concentrations confirmed the presence of
compounds of volcanic origin. The measured H,SO, concentrations were also
well above the maximum levels ever observed in April since measurements
started 1998 (Flentje et al., 2010). For the measurements at Augsburg, Pitz et al.
(2011) estimated that at the volcanic ash contribution to the overall PM, load was
on average 30 % (12 pg/m®) for the days 17-22 April. At a single time on 19 April
the maximum contribution was around 65 % (35 pg/m?).
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Figure 5.2: Time series of PM;o and SO, (hourly mean data) concentrations at
five measurement sites Augsburg (AUHS), Innsbruck (IBK),
Schauinsland (SSL), Hohenpeissenberg (HPB) and Zugspitze/
Schneefernerhaus (ZSF) in the time period from 12 April to 27 April.
The two main entrainment events of the volcanic plume are marked.
Note that PM;o and SO, show a strongly correlated evolution at all
measurement sites. From Schéfer et al., ACP (2011).

5.4.2 Continental and distant stations

The high Alpine research station Jungfraujoch was clearly influenced by the
volcanic aerosol cloud during two episodes in April and May 2010. The site did
not encounter the same strong influence as compared to other sites in Europe due
to its remote, elevated location and a distance of more than 2500 km from the
volcano. From 17-19 April and 18-19 May 2010 simultaneous increases in PMyg
and SO, concentrations indicated the presence of volcanic aerosol clouds. The
study by Bukowiecki et al. (2011) presents a thorough analysis of these
measurements. For the April event, the aerosol clouds were not transported
directly to the station and only the diluted edge of the volcanic plume reached the
station. Therefore, the measured PM, concentrations were rather low reaching a
maximum of 30 pg/m® on 18 April 2010 (Figure 5.3a). These values are in line
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with the results from Hohenpeissenberg presented by Schéfer et al. (2011). For the
May event, the eruption and transport characteristics were different than in April
and both the SO, and PMjy, concentrations exceeded those measured in April
(Figure 5.3b). A maximum PMy, concentration of 70 pg/m*® was measured on
18 May 2010.

The measured volume distribution exhibited a clear bimodality with peaks at
0.5 um (accumulation mode) and 3 pum (ash mode) for both the April and May
events. The first peak is associated with secondary aerosols (e.g. sulphate) and the
latter ascribed to volcanic ash. The retrieved particle size distributions suggested
that most of the particles larger than 10 um had fallen out when the ash cloud
reached the Swiss Alps.
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Figure 5.3: Measured SO, concentrations (red lines), PMjo concentrations
(black lines) and modelled PM;4 concentrations from the
FLEXPART model (blue lines) at the Jungfraujoch station (46.55°N,
7.99°E, 3580 m a.s.l.) for a) 17-23 April 2010 and b) 16-20 May
2010. Measured values are 10-min averages while modelled values
are hourly averages.

Volcanic aerosols resulting from this eruption were also detected in Lecce
(Southeastern Italy) from 20 to 22 April 2010, at a distance of approximately 3500
km from the volcano. Perrone et al. (2012) show that the volcanic ash over Italy
was strongly diluted but enhanced PMy, and SO, concentrations were found all
over a 400 km long area of Southern Italy on 20-21 April 2010. At Lecce, the
estimated enhancement of PMy, from volcanic particles was ~6 pg/m® on 21 April
2010.
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5.5 Modelling of volcanic aerosol clouds

The official forecasts of the transport of the volcanic emissions are provided
through the Volcanic Ash Advisory Centers (VAAC) of which the London VAAC
has the responsibility for eruptions in the Icelandic region. During the
Eyjafjallajokull eruption, other national Met Offices and many other research
institutes also made forecasts of the transport of the volcanic ash clouds over
Europe.

The modeling of volcanic eruption clouds relies on the meteorological fields that
drive the models, the source emissions estimates used in the model, and the
models’ descriptions of physical processes (e.g. parameterizations of wet and dry
deposition). All these issues make quantifying the uncertainties in the model
forecast challenging. For the source emissions estimates, both the temporal and
vertical variations in the ash emission rates are important for providing accurate
forecasts of ash concentrations. Direct observations of the emission rates are
almost impossible and modelers must rely on crude estimates, or use inversion
techniques that indirectly constrain the models with observations.

The EMEP/MSC-W chemical transport model was shortly after the start of the
Eyjafjallajokull eruption, adapted for calculating volcanic PM by implementing a
first provisional scheme. In the following year, the volcano module was further
developed and improved. Calculations of volcanic SO, and ash pollution have
been included in the operational version of the model. The default emission
parameters for volcanic ash are based on Mastin et al. (2009) and Mastin et al.
(2010). The volcanic emission module was extended for emergency simulations
of volcanic eruptions. Also, specific emission parameters can be given for the
study of historical eruptions, such as the Eyjafjallajokull eruption. Emissions of
SO,, PMy5 and PM;o from the Eyjafjallajokull eruption in April-May 2010 were
reported to EMEP/CEIP by Iceland this year. Those emissions were used in the
EMEP/MSC-W model simulations this year. Maximum plume heights were taken
from reports by the London VAAC (http://www.metoffice.gov.uk/aviation/vaac/),
and the temporal variation of emission was based on expert estimates (Pfeffer M.
A., UiO, personal communications). Further descriptions of the model set-up can
be found on https://wiki.met.no/emep/emep_volcano_plume.

The FLEXPART model is a Lagrangian particle dispersion model that was used to
simulate the transport of volcanic ash particles from the Eyjafjallajokull eruption.
These simulations used ash emissions constrained by satellite observations using
inverse modelling as described by Stohl et al. (2011). Some results from the
volcanic ash transport calculations from the both the EMEP/MSC-W and
FLEXPART models and the effect of PM levels are presented here.

Model calculated concentrations of PMy, using both the EMEP/MSC-W and
FLEXPART models are shown in Figure 5.4. Both models are driven with
ECMWEF meteorology. On 17 May at 5 km height, the ash particles were
dispersed across Europe and a dense ash plume was located over the United
Kingdom and the North Sea. On this day, several monitoring sites and research
aircraft (e.g. Schumann et al., 2011) observed the ash cloud. The notable
differences in the two model simulations in Figure 5.4 are mainly due to the
different emissions used in the two models, differences in the horizontal and
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vertical resolutions of the models, and their descriptions of wet and dry deposition
processes.

a)

2010-05-17 00:00 PPM,, (g/m’) 5km
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Figure 5.4: Modelled PMy4 concentrations on 17 May 2010 at 00 UTC from a)
the EMEP/MSC-W model and b) the FLEXPART model, and
coordinates for ground-based stations (1: Reykjavik, 2: Mace Head,
3: Jungfraujoch, 3: Hohenpeissenberg, 5: Lecce).

5.5.1 Comparison of modelled and observed PM;o concentrations

Comparison of calculated PM;o concentrations using the FLEXPART model with
measured PM1o concentrations from the Vik station on 7 May 2010 are presented
in Figure 5.1 (thin blue lines using two different meteorological data, ECMWF
and GFS, for driving the model). The model correctly simulates the ash plume
travelling directly over Vik with elevated PMjo concentrations, but clearly
underpredicts the measured concentrations. This is mostly due to the resolution of
the model and emissions which is not sufficient to capture the high spatiotemporal
variability of measured ash concentrations in the vicinity of the volcano. Further,
resuspension of ash is not treated in the model and will cause further
discrepancies between modeled and measured ash concentrations.
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Measured PMjo concentrations for the Jungfraujoch station during April and May
2010 are shown in Figure 5.3. Also the PM;o concentrations as modelled by
FLEXPART are shown. In general, FLEXPART models similar ash concen-
trations peaks as observed at the station. For the May event (Figure 5.3b), the
model produces an ash signal over Jungfraujoch but while the magnitude of the
observed PMj, concentration peak is simulated quite well, there is a time delay of
roughly 12 hours between the measured and modelled peaks indicating that the
modelled transport is too slow toward the Alps.

Similarly, Figure 5.5 shows the measured time-series at Jungfraujoch and
EMEP/MSC-W modelled PM3, SO, and volcanic ash in PMyg. The EMEP/MSC-
W model captures well the episode of high PM1o on 19 April, though predicting
PMyo larger than observed. The volcanic ash time-series reveals that more than
half of the calculated PMj, is due to volcanic ash pollution. Also SO,
concentrations are enhanced. During the second episode 18-19 May, the PMyg
peak is larger in the model, and the modelled peak of PM, daily concentrations is
one day behind the observations, indicating slightly later calculated arrival of the
volcano plume to the site as compared to observations. This was also seen for the
FLEXPART model (Figure 5.3). It is typical that model errors and uncertainty
increase with distance from the emission source and for simulations over complex
terrain such as over the Alps.
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Figure 5.5: Daily time-series of measured PM;o and calculated with the
EMEP/MSC-W model concentrations of PM1g, SO, and volcanic ash
in PMyp at Jungfraujoch in April-May 2010.

As described above, the Eyjafjallajokull ash plume passed over Central Europe in
the period 16 to 26 April 2010. Figure 5.6 shows EMEP/MSC-W model
calculated ash clouds on 17, 19 and 24 April, whereas Figure 5.7 shows daily
time-series of observed PM1, and calculated PM1g and volcanic ash at British and
German sites.
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Figure 5.6: Concentrations of volcanic ash with particle size within 10 zm,
calculated with the EMEP/MSC-W model for: 17 (left), 19 (middle)
and 24 (right) April 2010.
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Figure 5.7: Daily time-series of measured PM;, and calculated with the
EMEP/MSC-W model concentrations of PM1g and volcanic ash in
PMjo at: upper panel - Westerland (DE0001), Schauinsland
(DEO0003), La Tardiére (FR0015), lower panel - Harwell (GB0036),
Auchencorth Moss (GB0048) and Lough Navar (GB0006) in April-
May 2010.

The episode registered 16-18 April at German sites, related to volcanic pollution,
is quite well calculated by the model, though calculated plume arrives a day too
early than observed to Westerland site. The ash cloud, traversing northern
Germany 17 April is clearly seen in Figure 5.7. On April 19, south-western parts
of Germany were mostly influenced by the volcanic ash, which was observed and
calculated at Schauinsland. Enhanced PM;q due to volcanic ash are calculated for
the French site La Tardiere for 16-22 April and corresponds with observations,
though measured PM;, started to increase 1-2 days earlier and was somewhat
lower than calculated.

For the British sites, the model reproduces the occurrence of volcanic ash episode
in the northern parts of England and Ireland (Auchencorth Moss and Lough
Navar) during 22-24 April, but it underestimated observed PMy,. On the other
hand, the time-series for British sites reveal that the calculated strong volcanic
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cloud over southern England on 17 April and then over central-northern parts of
England and Ireland on 19 April is not confirmed by observations.

Summarizing briefly, the models were able to reproduce the occurrence of most of
pollution episodes associated with emissions from the Eyjafjallajokull eruption in
April-May 2010. However, the levels of PMj, concentrations are not always
calculated accurately, and in some cases model calculated episodes (or
concentration peaks) are slightly shifted in time compared to observations. There
are also cases when modelled volcanic ash episodes are not found in observational
data, or oppositely. Good quality of meteorological input is crucial for the
transport model to correctly predict the direction and speed of ash cloud
propagation. Also, good estimates of volcanic emissions are important for
accurate modelling of the effects of volcanic eruption clouds on air pollution.
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Figure A.1: Monthly time-series of observed and calculated of PMyq

concentrations in 2010 at the sites in different countries. Here: a)
German sites; h) Spanish sites; i) based on daily and j) on hourly

observations at British sites.
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Figure A.2:  Monthly time-series of observed and calculated of PM, 5
concentrations in 2010 at the sites in different countries. Here: a) German sites;
g) Spanish sites; h) based on daily and i) on hourly observations at British sites.
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Table A.1: Statistic analysis of model calculated PMy, against observations in
2010.

Site Name Obs Mod | Bias R| RMSE | I0A
ATO02 llImitz 23.79 | 12.99 45| 055| 18.22| 0.59
AT05 | Vorhegg 8.99 8.23 -8 | 044 793 | 0.66
AT48 Zoebelboden 931 | 11.48 23| 0.61 7.25| 0.76
CHO1 | Jungfraujoch 2.20 5.40 145 | 0.29 6.33 | 0.47
CHO2 | Payerne 16.31 | 10.38 -36| 053] 11.21| 0.65
CHO3 | Ténikon 16.30 | 11.20 -31| 051] 1164| 0.66
CH04 | Chaumont 8.55 | 10.46 22| 0.60 6.86 | 0.75
CHO05 | Rigi 8.57 9.52 11| 0.64 6.59 | 0.79
CY02 | Ayia Marina 30.32 | 35.98 19| 046| 2949 | 0.63
Cz01 Svratouch 15.97 | 12.75 20| 0.62 750 | 0.75
Cz03 Kosetice 16.95 | 12.19 -28 | 0.69 8.64 | 0.76
DEO1 Westerland/Wenningsted | 18.36 | 13.49 27| 0.72 897 | 0.78
DEO02 Langenbriigge/Waldhof 18.04 | 12.53 31| 0.71 10.67 | 0.73
DEO3 | Schauinsland 10.05 9.28 -8 | 0.68 6.60 | 0.80
DEOQ7 Neuglobsow 16.52 | 11.64 -30| 0.73 9.74| 0.76
DEO8 | Schmiicke 11.38 | 11.43 0] 049 7.29 | 0.69
DEQ9 | Zingst 17.03 | 11.12 -35 | 0.72 992 | 0.72
DE44 Melpitz 23.40 | 13.46 -42 | 0.68| 16.18| 0.64
DKO05 | Keldsnor 17.42 | 14.63 -16 | 046 | 1368 | 0.57
DK12 | Risoe 19.69 | 10.81 -45| 057 | 1287 | 0.62
ESO1 Toledo 11.00 7.93 -28 | 0.65 8.88 | 0.70
ES06 Mahon 25.38 | 16.11 -37 | 030| 16.63| 0.48
ESO7 Viznar 1595 | 12.81 -20| 053] 1151| 0.70
ES09 Campisabalos 11.01 6.76 -39 | 0.68 9.27 | 0.63
ES10 Cabo de Creus 16.45 | 13.32 -19| 0.34] 10.09| 0.56
ES11 Barcarrota 15.18 9.57 -37 | 028 | 13.40| 0.46
ES12 Zarra 11.89 | 10.10 -15 | 0.66 6.86 | 0.79
ES13 Penausende 8.72 6.61 -24 | 055 7.23 | 0.60
ES14 Els Torms 12.61 | 10.89 -14 | 0.62 6.99| 0.76
ES16 O Savifiao 8.77 7.64 -13 | 0.65 393| 0.79
ES17 Dofana 15.75 | 12.95 -18 | 0.45 8.98 | 0.66
ES1778 | Montseny 18.24 | 15.54 -15| 0.68 9.73| 0.78
GB36 | Harwell 1140 | 1251 10 | 0.50 8.78 | 0.66
GB48 | Auchencorth Moss 7.79 8.62 11| 0.61 486 | 0.77
ITO1 Montelibretti 26.99 | 12.26 -55 | 0.48 | 18.15| 0.54
LV10 Rucava 14.55 9.76 -33| 0.34| 10.66| 0.7
LV16 | Zoseni 15.79 8.30 47 | 048 | 1226 | 0.59
MD13 | Leovall 4.73 14.3 202 | 0.06| 17.01| 0.26
NLO7 Eibergen 2701 | 16.14 40| 0.64 15.77 0.65
NL09 Kollumerwaard 21.82 | 15.14 -31| 0.68| 11.68| 0.73
NL10 | Vreedepeel 24.31 | 15.87 -35| 0.75| 1176 | 0.74
NL91 De Zilk 22.54 | 16.77 -26 | 068| 11.39| 0.73
PLO5 Diabla Gora 18.73 | 11.59 -38| 044 | 13.17| 061
RO08 Poiana Stampei 17.46 9.52 -45 | 0.43 143 | 0.60
SE05 Bredkalen 3.63 2.95 -19 | 0.40 299 | 0.59
SE12 Aspvreten 8.29 6.24 -25| 057 5.52 | 0.68
SE14 Rao 11.73 | 10.21 -13 0.72 5.30 0.83
S108 Iskrba 144 | 11.17 -22 | 0.58 8.77 | 0.72
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Hourly

CZ03 Kosetice 19.28 | 12.66 -34| 0.69| 1046 | 0.71
ES09 Campisébalos 10.92 6.63 -39 | 0.59 8.37 | 0.62
ES12 Zarra 13.03 | 10.55 -19 | 057 7.73 | 0.73
ES13 Penausende 8.50 6.59 -22 | 044 475 | 0.64
ES16 O Savifiao 11.26 7.72 -31| 0.61 547 | 0.68
FRO9 Revin 25.70 | 12.47 -51| 045| 1584 | 0.49
FR13 Peyrusse Vieille 21.65| 11.33 -48 | 0.27 1358 | 0.46
FR15 La Tardiére 20.24 | 13.39 -34| 051] 11.15| 0.64
FR18 La Coulonche 16.50 | 12.53 -24 | 0.66 798 | 0.76
GB06 Lough Navar 10.29 8.39 -18 | 0.55 6.61 | 0.70
GB36 Harwell 16.03 | 11.99 -25| 054 9.42 | 0.68
GB43 Narberth 8.36 | 11.66 39| 0.63 6.69 | 0.75
GB48 | Auchencorth Moss 7.25 8.47 17| 0.66 458 | 0.79
GR02 | Finokalia 25.72 | 49.99 94 | 0.74| 49.24| 0.75
HUO2 | K-puszta 27.61 | 14.64 47 | 0.63| 19.36| 0.61
MKO07 | Lazaropole 17.08 | 17.19 1| 050| 20.67| 0.62
NLO7 Eibergen 27.06 | 16.06 41| 0.64| 1580 | 0.65
NLO09 Kollumerwaard 21.84 | 15.14 -31| 0.68| 1169 | 0.73
NL10 | Vreedepeel 24.68 | 16.07 -36| 0.76 | 1198 | 0.74
NL91 De Zilk 22.60 | 16.77 -26 | 0.68| 1140 | 0.73
SE11 Vavihill 13.76 9.00 -35 | 0.67 761 | 0.71
Weekly

NOO1 | Birkenes 5.38 4.62 -14 | 0.47 253 | 0.67
NOO02 | Birkenes Il 5.13 4.41 -14 | 0.56 254 | 0.72
NO39 | Karvatn 3.89 2.21 -43 | 0.28 2.78 | 0.51
NO56 | Hurdal 4.84 4.81 -1 0.1 2.68 | 0.39
SK04 Stard Lesna 13.1| 10.13 -23 | -0.01 717 | 0.44
SK06 Starina 1545 11.28 -27 0.36 7.55 0.54
SKO07 Topolniky 23.86 | 14.82 -38| 053] 1291 | 0.58

Here, Obs — the measured mean, Mod — the calculated mean, Bias is calculated as X(Mod-

Obs)/Obs x 100%, R— the temporal correlation coefficient and RMSE — the Root mean Square

Error= 1/Ns x =(Mod-Obs)?]¥2. Cells marked in grey are sites with less than 75% data coverage
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Table A.2: Statistic analysis of model calculated daily PM, 5 against
observations in 2010.

Site Name Obs Mod | Bias R | RMSE | IOA

ATO02 IlImitz 19.33 | 10.56 45| 065| 15.16| 0.61
CHO02 Payerne 14.75 9.06 -39 | 055| 11.89| 0.64
CHO05 Rigi 7.92 8.23 4| 0.74 579 | 0.85
CY02 | Ayia Marina 15.71 | 19.27 23| 0.32| 1464 | 0.52
CZ03 Kosetice 15.24 | 10.37 32| 0.71 749 | 0.75
DEO02 Langenbriigge/Waldhof 15.09 9.78 -35| 0.75| 1059 | 0.73
DEO3 Schauinsland 8.16 7.39 -9 0.59 5.67 0.73
DEO7 Neuglobsow 11.50 8.24 -28 | 0.73 6.52 | 0.80
DEO8 Schmiicke 6.87 9.14 33| 045 6.08 | 0.64
DE44 Melpitz 19.30 | 10.87 44| 0.72| 14.01| 0.68
ESO1 Toledo 5.93 4.82 19| 071 3.01| 0.78
ESO7 Viznar 9.22 6.73 27| 0.59 5.08| 0.71
ES09 Campisabalos 5.65 4.54 20| 0.75 2.35| 0.82
ES10 Cabo de Creus 7.87 7.71 2| 052 457 | 0.69
ES11 Barcarrota 7.64 5.45 -29 | 0.46 5.71| 0.7
ES12 Zarra 5.47 6.87 26| 0.71 342 | 0.78
ES13 Penausende 4.86 4.42 9| 0.75 251 | 0.82
ES14 Els Torms 7.32 7.96 9| 0.63 460 | 0.77
ES16 O Savifiao 6.20 5.35 -14 | 0.68 2.88 | 0.80
ES1778 | Montseny 1232 | 12.17 -1| 0.67 547 | 0.81
GB36 Harwell 8.64 8.15 6| 0.62 572 | 0.77
GB48 Auchencorth Moss 431 5.04 17 0.71 3.12 0.83
ITO4 Ispra 17.92 | 12.00 -33| 0.37| 16.57| 0.60
LV10 Rucava 11.95 7.69 -36 | 0.64 780 | 0.71
LV16 Zoseni 10.49 6.84 -35 0.51 7.22 0.66
NLO9 Kollumerwaard 13.61 | 10.54 -23 | 0.76 9.02| 0.82
NL10 Vreedepeel 16.37 | 12.07 -26 | 0.75 9.61| 0.79
NL11 Cabauw 17.22 | 11.88 -31| 0.74| 10.23| 0.78
PLO5 Diabla Gora 15.21 9.74 36| 044 | 1164| 0.61
SE05 Bredkalen 2.07 2.23 8| 053 149 | 0.71
SE14 R&o 6.52 6.24 -4 | 0.50 451 | 0.70
S108 Iskrba 11.61 9.10 22| 0.62 744 | 0.72
Hourly

FRO9 Revin 18.43 | 10.37 -44 0.52 11.29 0.59
FR13 Peyrusse Vieille 13.53 8.09 -40 | 0.43 8.87 | 0.7
FR15 La Tardiére 14.92 9.66 -35| 0.58 8.57 | 0.68
FR18 La Coulonche 11.56 8.34 -28 | 0.68 6.48 | 0.76
GB36 Harwell 10.26 7.92 -23| 0.68 5.60 | 0.78
GB48 Auchencorth Moss 4,35 5.86 35| 0.67 3.92 0.79
SE11 Vavihill 7.26 6.57 -10 | 0.67 497 | 0.78
SE12 Aspvreten 5.79 4.88 -16 | 0.58 4.02| 0.72
Weekly

NOO01 Birkenes 3.49 3.26 -7 0.29 1.83| 0.1
NOO02 Birkenes 11 341 3.10 -9 0.40 2.23 0.50
NO39 Karvatn 3.19 1.72 -46 | 0.24 2.61 | 0.46
NO56 Hurdal 3.85 4.10 6| -0.02 2.62 | 0.26

Cells marked in grey are sites with less than 75% data coverage.
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Table A.3: Statistic analysis of model calculated daily EC, OC and TC in PMyg
and PM; s against observations in 2010.
Site | Name Obs Mod | Bias R| RMSE | I0A
EC in PMy,
DE44 Melpitz 1.60 0.54 -66 0.68 2.62 0.33
ES09 Campisabalos 0.12 0.11 -8 0.53 0.08 0.64
ES1778 | Montseny 0.23 0.58 152 0.16 0.40 0.31
NO02 Birkenes 117 0.11 0.08 27| 055 0.06 0.64
SE11 Vavihill” 0.20 0.20 0| 0.39 0.12 0.61
SE12 Aspvreten 0.31 0.21 -32 0.62 0.26 0.62
ECinPM,s
CZ03 Kosetice 0.49 0.32 -35 0.67 0.29 0.70
DE02 Langenbriigge/Waldhof 0.33 0.30 -9 0.55 0.20 0.66
DEO03 Schauinsland 0.16 0.25 56 0.35 0.15 0.53
DEO8 Schmiicke 0.22 0.30 36 0.57 0.19 0.70
DE44 Melpitz 1.34 0.38 -72 0.68 2.28 0.33
ES09 Campisabalos 0.11 0.09 -18 0.57 0.05 0.71
ES78 Montseny 0.22 0.56 155 0.05 0.40 0.29
ITO4 Ispra 1.27 0.74 -42 0.37 1.06 0.54
NO02 Birkenes 117 0.10 0.07 -30 | 056 0.07 0.57
SI08 Iskrba 0.38 0.37 -3 0.51 0.31 0.66
OC in PMyq
DE44 Melpitz 3.08 1.22 -60 0.55 3.19 0.43
ES09 Campisabalos 1.87 0.91 -51 0.79 1.08 0.66
ES1778 | Montseny 1.74 1.57 -10 0.50 0.81 0.70
NOO02 Birkenes 117 0.90 0.88 -2 0.27 0.39 0.48
SE11 Vavihill” 1.71 1.08 -37 -0.1 1.14 0.42
SE12 Aspvreten 1.63 1.07 -34 0.43 1.53 0.48
OC in PM,5
CZz03 Kosetice 3.17 1.31 -59 0.24 3.35 0.44
DEO3 Schauinsland 1.82 1.10 -40 0.72 1.13 0.67
DEO08 Schmiicke 1.83 1.10 -40 0.63 1.17 0.65
DE44 Melpitz 2.61 1.16 -56 0.47 3.00 0.40
ES09 Campisabalos 1.78 1.14 -36 0.80 0.81 0.72
ES1778 | Montseny 1.53 1.55 1 0.07 1.10 0.36
ITO4 Ispra 5.81 2.02 -65 0.12 6.57 0.45
NO02 Birkenes 117 0.67 0.87 30| 032 0.42 0.46
SI08 Iskrba 3.38 1.54 -54 0.31 2.64 0.47
TC in PMy,
DE44 Melpitz 4.68 1.69 -64 0.67 5.69 0.39
ES09 Campisabalos 1.98 0.99 -50 0.79 1.13 0.66
ES1778 | Montseny 1.97 2.14 9 0.43 0.94 0.65
NOO02 Birkenes 117 1.00 0.96 -4 0.00 1.22 | 0.42q
SE11 Vavihill” 1.94 1.28 -33 | 0.00 1.22 0.42
SE12 Aspvreten 1.94 1.23 -37 0.45 1.78 0.47
TCin PM,5
CZ03 Kosetice 3.66 1.67 -54 0.42 3.53 0.47
DEO3 Schauinsland 1.97 1.36 -31 0.67 1.14 0.68
DEO8 Schmiicke 2.05 1.41 -31 0.64 1.16 0.69
DE44 Melpitz 3.95 1.53 -61 0.63 5.12 0.38
ES09 Campisabalos 1.88 1.22 -35 0.79 0.83 0.73
ES1778 | Montseny 1.75 2.17 24 0.08 1.28 0.32
ITO4 Ispra 7.08 2.67 -62 0.19 7.57 0.46
NO02 Birkenes 117 0.77 0.94 22| 0.36 0.45 0.48
SI08 Iskrba 3.76 1.93 -49 0.41 2.75 0.49

") Weekly observations

Cells marked in grey are sites with less than 75% data coverage
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Annual mean concentrations of the individual aerosol components of
PMyo in 2010 calculated with the EMEP/MSC-W model. Here, upper
panel: SO,*, NO3", NH4*; middle panel: primary PMyo, elemental
carbon, organic aerosols; lower panel: sea salt and mineral dust.
Units: zg/m®.
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