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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 emwviemt.It also includes

a speciakection related twolcanic ash eruption déhe Eyjafjallajokull volcano in

April and May 2010~hich causeepisodes wittenhanced levslof PM and $-

at the European continerd small section is devoted thEU infrastrictures
project ACTRIS (Aerosols, Clouds, and Trace gasess&arch InfraStructure
Network), which is an important projects supporting the EMEP programme.

The mainfindings in the status for 20 aredescribed below.

Emission reporting

The number of &rties providing primary particulate matter emissions data
increased by one fro00 to 2010, and the total number of Parties was out

of 51 Parties to the ConventiofRRather limited information igrovided for
Turkey, Central Asia and the Caucasus regions

Emissionsof particulate mattehave been reported ©GLRTAP from 2000 and
earlier. PM emissions trendsary quite considerably among thRarties to the
Convention For most countries which have reported dd&® emissions have
decreasedsince 2000; there are a few exceptionthough For the last year
however (from 2009 to 2010PM, s and PMo emissions rosen 21 Parties, with
the most substantial increase Serbia and the Russian Federatiabout 30%
increase)

The nost significant source of PM assion isthe combustion of fossil fuels,
contributing about 50%f PM emissionsNot all Parties do report emissions from

all the emissions sectors, and especially countries outside EU/EFTA region there
isarelativel ow contri but i onn dothe tétabPiaemissiosp mb u s
indicatingthat emission$rom this sectoare potentiallyunderestimatedAnother

important source of PM emissions is the transport sector with contributions of 13

to 26% to national totals.

Revision of the Gothenburg Protool

In May 2012, Parties to theERTAP Convention reache@n agreement on a
revision of its Gothenburg mulgollutant/multieffect protocal For the first time

in a multilateral environmental agreement, the adverse effects of particulate
matter (PM) on he#tt have been considered and emission reduction commitments
for emissions of fine primary particles (BM were included Also, for the first

time in an international treaty, the revised Protocol reflects upon the close
linkages between regional air pollut and global climate change by including
black carbon (BC), a shelited climateforcer.

Measurement and model assessment of particulate matter

For 20L0, mass concentrations of PM are reported fArrégional or global
background sites {for PMyo and 43 for PM,5); four more than in 208 During
the past year, the EMEP/MS@ model has been through an extensive revision
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and update process with the purpose of
and in paitular the representation of PMs a resultseveral parameterisations

of chemical and physical processes have been implemented or impBneof

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 meamPddncentrations varying from

1-5 pg m* in Northern Europe toB8:25 pg m® in SouthernEurope.The average
observed annual meaPMy, concentration for all sites was $5.g/m®, ranging

from 2.2 ug/m® at the figh altitude global site Jungfraujoch in Switzerlanal
30.4pg/m® at Ayia Marinain Cyprus. On average about 50% of the urban
background concentration is likely to be attributed to the mean rural background
concentréion of PMo.

The observedPMo levels in 200 and 20@ are quite comparable. On average
there was a small decrease 3%6. For PMb5 on the other handhere was an
average increase of 4% for all sit¥8hen comparing thenodelledresults PM;o

and PM s concentrations in 2010 are respectively-B.6g/m® and 0.53 pg/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/seatstern parts of the domain,
PMy and PMs in 2010 exceedy 57 pg/m® those in 2009, which is due to
windblown dust. Only in Mediterranean region and Norway, calculated 2010
concentrations are 035 ug/m® lower than those in 2009The largescale
differences in annual mean maps of PM concentrations are toeaebetient due to
meteorological conditions, especially differences in the annual amount of
precipitation in 2009 and 201 a longer time perspective, there is a relatively
clear decrease in the Rpmass concentratior-rom twenty four sites, with
measuements 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, 5, an average decrease of 27 +14%, at thirteen sites with measurements
from 2000 or 2001.

The combned model and observation maps show that the annual mean regional
background PN} concentrations were below the EU limit value ofygfim® over

all of Europein 2010, with the exception of the south most areas in Europe and
the EECCA(Eastern Europe, Causizss and Central Asiajountries affected by
desert dust outbreaks. However, the annual meagp 8dicentrations calculated

by the model exceed the WHO recommended AQG qnga/m3 in the Benelux
countries Hungary and the Po Valley in addition to the somthand south
eastern parts of the Mediterranean basin, in the Caucasus and in the EECCA
countries. The regional background annual mean Ridncentrations were above
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the WHO recommended AQG value of 1¢/m® in many parts of Central,
Eastern and SoutBagern Europe, in the Po Valley atlte EECCA area.

Chemical composition data is essential to evaluate aerosol mass concentrations.
There are clear geographical differences in the importance of different
components in PM concentrations. As calculated bye model, SIA dominates

in Central Europe comprising 4€D% of PM;o, while organic aerosols (OA)
prevail in Northern Europe and northern/aaditude part of Russia (385% of

PM;ig) and particularly in Siberian areas of Russia (up to 60% ofpPimilar
distribution is seen in the measuremefitse average contribution of SIA from

the fifteen sites with concurrent measurements of /S0NO; and NH' is
35+12%, where Central Europe had the highest SIA contribution with around
50%.

Twelve sitegeportel measurements of EC and OC 2840, whicharetwo more
thanfor 200. In addition to increased number of sites, the quality of the EC/OC
data has improved with respect to more sites using the EUSAAdlerence
protocol,andbetter dataaptureincluding yearround measuremeng increased
number of sitesThe 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 Hhdlyina
Eastern Europe. Concentrations observed at sites in Scandinavia and at high
altitude sites in western/souttrestern 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 asand gases high into the atmosphétavas transported
eastward and southwards to the European mainland in the days after the eruption
onset and caused closure of airports all over Eui®geeral stations in the EMEP
monitoring network and other measuremeites revealed time periods with
volcanic aerosol impact in April and May 201@. atSchauinslangDE0003) the
concentration at 220 April (24h average) wagl5 ¢ g 7. the EMEP/MSGW
chemical transport modelas 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 Wwather developed and
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improved and @lculations for volcanic emissions have been included in the
operational version of the modébther models, i.e. the FLEXPART transport
model has also been used for evaluation the transport of volcanic ash over the
European continent.He 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 RMconcentrations are not always
calculated accurately, and in some casesdehocalculated 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 isciatufor 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 Statusof emissions

ByKat ar2na Marel kov §, Robert Wankmg¢gl |l er

1.1 PM emission reporting underthe LRTAP Convention

Particulate matter (PN and PMg5s) emissionsshould be reported to the
Convention annualfy as a minimum for the yeafeom 2000onwards. 2012 was
also a rporting year for gridded emissions afaige point sourcesLPS). All
information should be provided istandarized formats in accordance with the
EMEP ReportingGuidelines (UNECE, 208 EMEP/EEA, 200%

1.2 Status of reportingin 2012

44? Parties (out of 5lto the LRTAP Convention submitted inventorfes 2010,
and one Party (Albania) submitted inventories only until 2008.these44
Parties only 36 provided PM emissiondata submitted by the Parties can be
accessed via the CEIP website htp://www.ceip.at/overvievof-submissions
underclrtap/2012submissions

Completeness, consistency, comparability and transparency of reported emissions
are analyzed in an anal review process Feedback is provided to the Parties in

the form of individual country reports and summary findings are published in the
EEA & CEIPtechnical reportnventory Review 201itp://www.ceip.at/review
of-inventories/review2012 (EMEP/EEA, 2011)

1.3 PM emission trends

PM emissions trends (as reported) vary quite considerably among the Parties to
the CLRTAP. Formost countries which have reported dd&& emissions have
deaeasedsince 2000. However, there are a few exceptiamsre Parties reported
increased emission®M;o have risen inl0 Parties, PMs emissionsin fourteen
Parties. The biggest increasen PM,s emissionshave beenreportedby the
Republic of Moldova (20%), Serbia (41%), Albania (26%) and Bulgaria $22

From 2009 to 2010, PM and PMg emissions rose 21 Parties, with the most
substantial increas@ Serbia (36% in PMs and 21% in PNb) and the Russian
Federation (34% in Ppsand 29% in PNp) (see Tablel.1 andTablel.2).

! Parties to the LRTAP Convention submit airlption emissionsand 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 201(hdata ca
be included in the analysis.

% 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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Tablel.l: PM;semission trends (2062010) as reported by Parties

Country / PM2.5 [Gg] 2000 | 2001 | 2002 | 2008 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 2%';?191% 2%%3"_91%
Albania 8.9 9.1 9.8 12.8 14.3 13.5 13.8 13.5 13.5 11.2 26%
Armenia 0.3
Austria 22.6 22.9 22.2 22.3 22.1 22.3 21.2 20.6 20.5 19.4 19.8 2% -12%
Azerbaian
Belarus NE NE 36.2 45.7 51.6 51.1 53.3 51.8 45.0] -13%

Belgium 33.8 30.4 29.6 29.1 28.2 24.4 25.0 21.4 20.3 15.8 16.7 6% -51%
Bosnia & Herzegovina

Bulgaria 22.4 20.5 25.1 27.6 26.8 26.7 28.1 25.7 26.7 25.1 27.3 9% 22%
Canada NR NR NR NR NR NR NR NR NR| 1,105.5| 1,112.6 1%

Croatia 9.5 9.5 10.2 12.2 12.5 12.6 11.9 11.4 11.3 10.5 10.2 -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 34.9 20.9 21.5 21.2 20.9 20.4 19.6 -4%

Denmark 22.2 22.7 22.1 23.7 24.0 25.4 26.4 29.9 27.6 25.4 25.7 1% 16%
Estonia 21.2 22.2 22.8 20.9 22.1 19.9 15.2 20.3 20.0 18.6 23.8] 28% 12%
European Union 1,566 1,560 1,498 1,477 1,473 1,431 1,392 1,374 1,348 1,295 1,333 3% -15%
Finland 38.9 39.9 40.4 40.3 39.9 36.0 36.8 34.4 38.5 38.2 40.7 7% 5%
France 368.2| 357.4| 3325 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 25.1 27.1 27.4 31.0 29.3 21.4 22.7 27.8 32.0 15% 24%
Iceland NR NR NR NR NR NR NR NR NR NR NR

Ireland 11.3 11.5 10.9 10.4 10.6 10.9 10.4 10.1 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 25.6 25.1 26.4 28.1 27.4 26.8 26.4 25.7 28.3 27.4 -3% 18%
Liechtenstein 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.04 6% 7%
Lithuania NE NE 8.8 8.7 8.9 9.5 9.5 8.6 9.9 15%
Luxembourg NR NR NR NR NR NR NR NR

Malta 1.0 1.3 1.3 1.3 1.3 1.3 1.4 1.4 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 -7%
Netherlands 24.2 23.0 21.8 21.3 19.9 19.5 18.5 18.3 17.4 15.9 15.3] -4% -37%
Norway 59.9 59.3 61.8 58.4 55.5 51.7 48.9 48.6 46.5 44.2 47.9 8% -20%
Poland 135.3 142.1 142.1 140.9 134.2 132.8 136.1 133.5 122.3 123.3 137.1 11% 1%
Portugal 73.9 73.0 64.6 63.1 66.0 64.6 60.7 60.6 59.4 57.2 49.2 -14% -33%
Republic of Moldova 2.1 1.6 1.5 2.7 5.8 6.2 7.2 6.2 6.5 210%
Romania NE NE NE NE NE 105.7 102.3 108.7 122.7 115.1 118.2 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 21.5 21.5 22.7 24.5 24.5 24.5 24.5 22.7 30.8] 36% 41%
Slovakia 22.7 32.9 29.0 28.3 27.8 36.7 32.0 28.1 27.6 27.4 26.7 -2% 18%
Slovenia 14.5 14.4 14.1 14.1 13.9 14.0 13.8 14.1 13.4 15.9 16.8 6% 16%
Spain 100.5 99.6 99.7 99.6 98.4 97.9 94.7 96.7 87.3 80.3 79.2 -1% -21%
Sweden 27.9 27.8 28.1 28.6 29.1 29.3 28.9 28.8 28.1 27.7 31.5] 14% 13%
Switzerland 11.8 11.6 11.0 10.9 10.8 10.7 10.4 10.0 10.0 9.7 9.7 0% -17%
Turkey

Ukraine NO 0.01 14.6 125.2 NE NA NO 40.7

United Kingdom 100.1 96.9 86.4 84.1 82.5 81.3 79.2 76.9 73.5 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 havedmereported to EMEP
Shaded cells (red) indicate increased emissions for the given period
fiDifferences2009-2 0 1 fordAlbania, Montenegro, Republic of Moldova and the United
States of America referrer to differences between 2000 and 2009, as 2010 was not

reported
Emissionshowni n t he row fiRussi an Fe®@Rassioad® correspond
Federation in the former official EMEP domai no
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Tablel.2: PMjoemission trends (2002010) 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

fiDifferences2009-2 0 1 fordAlbania, Montenegro, Republic of Moldova and the United
States of America referretdifferences between 2000 and 2009, as 2010 was not

reported
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1.4 Contribution of key categories to totalPM emissions

In order tofurther improveair monitoring and modelling under the Convention, it

is important to identiffGNFR categories that have a significant influence on total
emissions. Suchn analyss helps to set priorities for improvement but can also
highlight potentialgaps in reporting.

PM2.5 - EU/EFTA/HR PM2.5 - Other countries

A_Public R_Other_ ~ Other
Power
4%

B_Industrial
Comb
6%

Z_memo
11%

|_OffRoad
Mob
5%

D_IndProcess
9%

Figure1.1: Top seven categories contributing to £A010emissions (GNFR
categories)

PM10 - EU/EFTA/HR PM10 - Other countries
A_Public
Po:;éer B_Industrial O1t:.§ r

Comb
6% R_Other
5%

P_AgriOther.
5%

D_IndProcess : E_Fugitive C_SmallComb
14% 8% T

Figure 1.2: Top seven categories contrimg to PM 2010emission§GNFR
categories)

Note: Wherethe total number of categories for a particular pollutasmitnore than seven or the
contribution of a particular sectds < 2%, emissiontave beesummed up ithe category

60t her 6
60 Me mo represemtei@issions reported as international maritime navigation

4 21 GNFR categories aiaggregated NFR0O9 categorfese UNECE 2009- AnnexIV at
http://www.ceip.at/reportingnstructions/annexet®-the-reportingguideline3. GNFR categories should be
used for reporting of gridded emisnsfrom 2012 onwards.
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The nost significant source of PM emission ttee combustion of fossil fuels,
contributing about 50%f PM emissionsThe different distribution of GNFR
sectors bet ween E @7 ®mTieX HR especialy teOt h
relativelyl ow contri buti on twthe tot8 PM énlissioioanb u st i
Aot her countrieso ifrand this sdcterare potbnéialy e mi s s
underestimated

Another important source of PM emissions is tlasport sector with contribu
tions of 13 to 26% to national totglseeFigurel.1 andFigurel.2).

1.5 Emission data prepared for modedlers

Modellers use PMs and PMoass (PMig2s) emissions distribute in a

50x 50km? PS EMEP grii The extended EMEP domain comprises
approximately 21000 grid cells, but PM sectoral data is reported for less than

50% of this area. More or less complete emissiataare available for Europe,

except for some Balkan coties. No PM emissions were reported by a number

of EECCA countriesby Turkeyorf or t he ARussian Federat
domai no.

To make submitted emission data usable for modellers, emissions reported in
NFR0O9 categories are converted to 10 SNAPtossec whereas missing
information {.e. not reported by Parties) has to dded (gayiill ing)®. Emission
trends in the EMEP area are significantly influenced by big countries like
Ukraine, Turkey, Belarus and the Russian Federation, for which condistent
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 1
2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

Figure 1.3: PM Emissiontrends in EMEP area, 2062010

60t her countries & in this chapter refer only
the Russian Federation, Serbia and Ukraine. A
did not report PM emissions at all.

® PM,oarsc€Missions are not reported but estimated as the difference betwegandMM, 5

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

8 Basic principles for expert estimates are described irEtB& (200%) ¢roposed gagilling

procedure for the European Community LRTAP Convention emission inv@ntory
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In 2012 gridded emissions were reported in GNFR sectors but the modgllers s
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 beenanverted from NFRO9.

Gapfilled and gridded data can be accessed via the CEIP homepage at

http://www.ceip.at/webdakmissiondatabase/emissiofssusedin-emepmodels

and gridded data can also be visualized

in Google Maps/Earth at

http://www.ceip.at/webdabmissiondatabase/griddedmissiongn-googlemaps

1.6 Update ofhistorical gridded emissions used in EMEP models (2000

2000)

To provide modellers with historical data that is consistent with the latest
(recalculated) data reported by Parti€&€lP has regridded data from previous
years (from2000 to 2009)As an exanple of the magnitude of the changes, see
the revised dataon PM, s and PMoarse €missions for theyears 2000 and 2005.
(Table 1.3). For the whole EMEP argthe differences in Pk gridded data are
minimal (below 2 %)The differences in PMhase@re bigger, but stilless thar8%.

However, for individualkountries the differences ir

therevised emissionare sometimesignificant For
exampl e, Bel aPMps Gemissions
increased by 83% in 2005, wherete revision
resuted in a decreastor Bulgaria (48%), Serbia
(-33%), Portugal ®0%), Montenegro-14%) and
Italy (-10%).

PMcoarse €Missions increased in Liechtenstein |
34% in the year 2005In Serbia and Romania
(-58%), Slovakia {36%), Bulgaria {38%), France

(-29%) and Belarus -@4%) PMcoarse €Missions

Note

The years 2008 and 2009 were-r
gridded using the samdistribution
as for 2010. For the years 1990, 20(
and 2005 new base gridsvere
calculated for the  emissiol
distribution, based on new gridde
data reported for these years. Th
years 2003 to 2007 were -ggidded
using the new base grid for 2005 ar
the yars 2000 to 2002 were fe
gridded using the new base grid fq
2000 for the emission distribution

decreased. In Bulgaria, France and Slovakia the revisegh gMemissions
decreased significantly for the whole timeline from 2000 to 2009, whereas in
Liechtenstein is the revision resulted in a significant increadese major
revisions of historical data indicaéhigh uncertainty of PM emissions.

Tablel.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 [Gd] [%0]
PM, stotal 2000 3623 3565 -58 -1.60%
PM, stotal 2005 2943 2900 -43 -1.46%
PMoarsetotal 2000 1984 1910 -74 3.73%
PMoarsetotal 2005 1606 1478 -128 7.97%
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A list of the differences between gridded emissidmsthe period2000- 2009
(used in models in 20} hndthosere-gridded in 2012 (per country/pollutant/year
and expresgk both as a percentage and in)Ggan be downloaded at

http://www.ceip.at/fileadmin/inhalte/emep/x|Is/2012/Diff gridded regridded 2012
Xls.
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2 Revision of the Gothenburg Protocol

By ZbigniewKlimont and Markus Amann

In May 2012, Parties to the Convention @ongrange Transboundary Air
Pollution have reached agreement on a revision of its Gothenburg- multi
pollutant/multieffect protocol (UNECE, 2012). Inter alia, the revised protocol
includes quantitative emission reduction commitments for the year 202thd-or
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,@#Mlso, for

the first time inan international treaty, the revised Protocol reflects upon the close
linkages between regional air pollution and global climate change by including
black carbon (BC), a shelitred climate pollutant.

CIAM has contributed the analysis of the baselinerréni 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, NO, PM,5, NHz and VOC emissions on premature mortality from fine

pariculate 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 esti manted!| € @irs It datei dcwrbbasel i ne and t he
feasible reductions (Amann et al., 2012).

The analysis employed the GAINS (Greenhouseigas pollution Information

and Simulation) model (Amann et al., 2011b). The -effgctiveness analysis of
the GAINS model can identify portfolios of measures that lead to-effsttive
environmental improvements. Obviously, in such an optimization problem any
costoptimal solution is critically determined by the choice of environmental
constraints, i.e., by thehosen ambition level of the environmental targets as well
as by their spatial distribution across Europe. More stringent and mofe site
specific targets will result in higher costs. Targets that could usefully guide
international negotiations on further ssion reductions mustlfil 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 oggtors. 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 wigeussed in an
earlier (CIAM 1/2010) report and then at t#hé" 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 paticulate matter.

For the EMEP domain as a whole, the emission reduction commitments of the
revised Gothenburg protocol imply a 22% decrease in primarysFigure2.1).

This reduction is clearly lower than the range of futemeissions that has been
discussed in the cosffectiveness analysis for the negotiations of the revised
protocol (Amann et al ., 2011a). For
level, PM s fall short by 40%. Furthermore, the agreed commitments ae al
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 thamhat 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 del@pment, 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 agaimsexpected developments.

20%

B Gothenburg commitment I GAINS Current legislation
@ GAINS MID ambition level scenario 0O GAINS Maximum Technically Feasible Reduction
o 0%
o
o
N
o)
g
g -20% -
o
o L o
N
o
N
£ -40% - 8
S y 1
2 )
= " o
o & u]
c -60% o
Rl
9]
2
E )
-80% =
-100%
S02 NOx PM2.5 NH3 voC

Figure2.1: Changes in emissions in 2020 relative to 2005 over the EMEP
domain. The Gothenbumpmmitments are indicated by the blue

bars, while the lines indicate therangesb@se en t he Ocurr en
|l egi sl ationd and the O6maxi mum tech

estimated by the GAINS model for the PRIMES 2009 energy
projection
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Table2.1: PM,semissions.
Emission reductions in020 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% -714% 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
EU27 -22% -34% -42% -64% 1504 1634
Albania*) 0% -16% -34% -T7% 9 9
Belarus -9% -1% -39% -68% 53 53
BosniaH*) 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
SerbiaM*) 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 agremission 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 2028k]le2.2). There are,
however, significant regionadlifferences across Europe and the reduction in
impacts falls short of the one presented in the-efisttiveness 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-El the revised Gothenburg
would reduce the years of life lost (YOLLs) from the exposure to fine particulate
matter by 35%, so thadditional measures would be necessary to meet the 47%
target that has been established in the TSAP.

Table2.2: Health Impacts fronPM,5in 2000 and 2020

2020, with emissio 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 EU27 204.0 132.1 116.0 101.0
life lost) NonEU | 102.0 92.8 88.0 58.0
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3 Measurement and model assessmeat 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 ssessment ahe concentration levels of regional background M
and PM in 2010has been made based on EMEP model calculationsiaad
from EMEP monitoringnetwork In this chapter, we present the recent estimates
of PMyp and PM s concentrations for 2010 and document the main changes in
PMjpand PM s levels from 20090 2010. Brief information concerning PM main
constituents and massize distribution is provided based on model and
observational data. Furthermore, calculated exceedantles \WHO Air Quality
Guidelinesby regional background PM and PM s concentrationsn 2010 are
presentedWe also look at how well the model maeago reproduce observed
exceedances &fM;oand 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 ofoPMVLs and PM for 2010 at
European rural backgroursites can be found in Hjellbrekke and Fjeeraa 2201
For 20QL0, mass concentrations of PM are reported f@rrégional or global
background sites {®for PM;p and43 for PM,5); four more than in 208. There
are sevennew sites in 200 compared to 209: DK0012, ES0005, ES0006
NOO0039,NO0056, RO0008, SE000but threefrom 20® have not reported data
for 2010: DK0041, EEO0009 and IEO031.He same number of Parties reported
aerosol mass data in 2009 and. @(25). Romania is new, while Ireland has not
reportel mass datdor 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 the67 PM sites have data completeness higher than 75%. Fgg PM
there are B of the43 sites with satisfactory data coverage. Rts reported for 6
sites in 200, the same number as2009.

3.1.3 The EMEP model and runs setup

The calculations presented in this report have been performed with the
EMEP/MSGW model, version rv.4. During theagpt year, the EMEP/MS®&/

model has been through an extensive revision pnodessupdates with the

pur pose of i mproving model 6s gener al
representation of PM. As a result, several parameterisations of chemical and
physical processes have been implemented or improved. The most recent
developmerg of the EMEP MSGN model (versionrv4) are documented in
EMEP StatufReport 1/2012 and Simpson et al. (2012). Here, the model changes
which affect model PM results the maste outlired:

e implementation of secondary OrganierAsols (SOA)
¢ implementation ofre-suspendedoad 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 80 emissions;

e useof the more robust p adirstesel D@ 8l A Soi |
moisture® from ECMWFRIFS datafor windblowndust calculations;

e update of the rate of coarse N@ormation; changing its Mass Median

Diameter from 2.5um to 3um (so th& 27% of coarse N©is assigned
now to PM s).

The meteorological data used in the model simulations for 2010 is from the
ECMWHFKIFS meteorological model. The national emissions of, S0y, NH;,
NMVOC, PM;p and PM s for the year 2010 were prepared by ERICEIP(see
Chapter 1) The emissions of primary PiMand PM s have been disaggregated to
elemental carbon (EC), primary organic aerosol (POA) and remaining inorganic
dust using the latest information from IIASA.

3.1.4 Annual PM;o, PM5 5 and PM; concentratiors in 2010

The lowest measured concentrations of;pMere observed in the northern and
northwestern parts of Europe, i.e. the Nordic countries, British Isles, and for high
altitude sites(> 800 masl)on the European mainlané&igure 1.1). The highest
observedconcentration®of PM;o are found at sites i€yprus,the Netherlands,
Hungary and Italywhile for PM s at sites in Austria, Germany, France and Italy.
The regional distributions of Pjdland PM s are very similar.

40

mPM25
35 1 wpMm10

30 4
25 4
20 +
: ' '

Elevated Northern The British Central/West Eastern Europ  Southern Eastern Urban
Europe Isles Europe Europe Mediterranean  background

=

Concentrations of PM_§/m3)

Figure3.1: Annual mean concentrations of PjMind PM s for various regions
of the EMEP domain in 2@ ( ¢ ¢°). $olid blue and red lines
denote the average concentrations for all sites. Annual mean
concentratios for European urban background sites (from AirBase)
are included for comparison.

Annual mean concentration fields oégional background®PM;o and PM s in
2010, based on EMEP/MS@W model calculations and measurements from the
EMEP monitoring network, arpresented ifrigure 3.2. The modelled Plvy and
PM, s concentrations includesecondary inorganic aerosols (SIASQZ'+NO3‘+
NH;"), organic aerosols (OA=POA+SOA), elemental carbon;sattamineral
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dust and wateiThe aerosol watr 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 combinedRoapach
measirement site with PM data in 201€he 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 providea continuous limentional 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 claséhe 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.

I40

PM10in 2010, ug/m3

PM25 in 2010, ug/m3
S, ~ N 3

&

40

Figure3.2: Annual mean concentrations of PMleft) and PM s (right) in 2010
based on EMEP/MS&/ model calculations and EMEP observation
data.

The concentration maps constructed fr&gEMEP model andbservational data
(Figure 3.2) showa typicalnorth to south gradient, witthe annual mean Pyl
decreasingfrom 1-5 pg/m® in Northern Europe to 185 pg/m® in Southern
Europe. The annual mean concentrations of, PMecrease from-B ug/m3 in
Northern Europe to-20 ug/m3 in Southern EuropeOn the top of this zonal PM
distribuion, there are areas with enhanédd, s andPM;, levels associated with
large emissions in major cities and industrial and agricultural regions.

The average observed annual mean;ftbncentration for all siteg¢average
between regionsyvas 155 ug/m°, the lowestannual mearwas recorded at the
high altitude global site Jungfraujoch in Switzerlan@ (&/m°®) and theSwedish
site Bredkden (3.6 pg/m3), whereas the highest levels were recorded\aa
Marinain Cyprus(30.4ug/m3) andat theHungarian sitek-puszta (28 pg/m3).
The mean European urban background concentration e PA8 been included
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in Figure 3.1 to give an idea of the rural background influenBemewhat less
than % of the urban background concentration is likedybe attributed to the
mean rural background concentratid®iose to60% 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 PMjpand PM,sin 2010compared to 200

Close to 50%of the sites which reported concentrations of;bbth for 20@

and 240 had lower annual means in D compared to the previous year,
meaning that the levels in 20and 20@ are quite comparable. On average there
was a small daease o0B8%, however, there are large variations between sites, and
the largest relative decrease was atNtwdavian site Leova (MD0013Wwhere

the annual mean went fromb.6 pg/m® in 200 to 4.7 pg/m® in 2010 (230%
decrease). The largest relative irase 0f23% (from 23.4 to 30.3 pug/n) was
seen aflyia Marina in Cyprus (CY0002)

For PMys there is anaverage increase of 4% for all sites, but it wasdhme
number of sitesvith decrease or increase. The highetativedecrease was seen
at theLatvian site Rucav4LV0010), with a change fron18.8 ug/m® in 200 to
14.6pug/m® in 2010 (40% decrease) , and the highesativeincrease o#2% was
found atHyytiala (FI0050) (from 4.5 to 5.jg/m’). For PMy, there was a general
increase in concentration #bhe six sites with measurements bagthars on
average22%.

When comparing the calculated PMind PM s concentrations from the EMEP/
MSC-W model, here is a general increase in gMnd PM s levels calculated
with the model for 2010 compared to thofor 2009 produced last year. As
briefed above, an extensive revision of a number of chemical and physical
processes in the EMEP/MS@ model has been made since last year reporting.
Thus, the differences in PM concentrations for 2010 and 2009 in EMEP
Repoat 4/2011 are partly due to the model modification. When calculated with the
same model version (rv.4), RM and PMgj;s concentrations in 2010 are
respectively 0.5 pg/m® and 0.53 ug/m® higher than in 2009 in most of EMEP
area. In arid areas in southemithreastern parts of the domain, RMnd PM s

in 2010 exceed by-3 pug/m® those in 2009, which is due to windblown dust (see
below). Only in Mediterranean region and Norway, calculated 2010 cencen
trations are 0.2 ug/m° lower than those in 2009.

Componentwise 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 nedbtern France east, crossing
Germany, Poland, the Baltic Guotries, Belarus, norttvestern Russia and
Finland.Also in Turkey, Malta, and the Caucasi¥! concentrations in 2010 are
calculated to be higher in 2008omparison of meteorological conditions (based
on fields from ECMWHFS model) shows some spatial m@pondence between

the areas with higher PM concentrations and the areas with less precipitation in
2010 compared to 2009. On the other hand, southern/sastarn Europe
received in 2010 more precipitation than in 2009, which led to efficient
scavengin@f pollutants.
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Calculated dust concentrations in 2010 are higher than in 2009 in many of
arid/semiarid areas in soutbastern EECCA regions, Turkey and North Africa.
This is due to more favourable meteorological conditions for dust generation and
transprt, i.e. higher temperatures and less precipitation yielded drier soil, while
larger surface stress facilitated soil particle uphft2010. At the same timey
recent correction of dust boundary conditions resulted in reduced levels of
Saharan dustalaulated 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 toEyjafjallajokull volcano eruption (mieApril to mid-May 2010). The
second one, over central Russia, is due to severe forest fires durinuduilst

2010. Thekyjafjallajokull eruption emissions contained large amount of ash and
some SQ, thus contributing with primary PMSee further discussions of the
Eyjafjallajokull eruption inChapters. The Russian fires emitted large amounts of
CO and NQ, leading to large ozone production and enhancing the formation of
SOA.

3.1.6 PMjpand PM, 5 seasonality in 2010

One of the most pronounced features of PM seasonal variation in 2810 a
elevated PNy and PM s concentrations reported for January and February at the
sites in central Europe. Figure Al in Appendix shows measured and calculated
monthly variations of Py and PMs averaged over sites in the individual
countries. Enhanced MPo, and especially Pbk levels, are indeed seen at
German, Austrian, Swiss, Czech, Dutéhitish and Swedish sites, and elevated
PM, s levels at Norwegian and French siteketeorological maps reveal that those
winter months were characterised by lowngeratures and low surface winds,
causing stagnant pollution situation in Central Europentily mean trajectories
calculated from ECMWHFS 925 hPa windghttp://www.emep.int indicate
frequent easterly and soutlastely transportin JanuaryFebruary 2010.

At Spanish sites, monthlyM;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 PMgoand PM 5

The longest time series of PM data reported to EMEP goes baeR&d.997; i.e.

for four Swiss sitesone Czecland one BritishSignificantinter-annual variations

in the PM concentrations are observeidwhich those associatevith the peak in
2003 is the most pronounceBidure 3.3). However,despite large inteannual
variations, there is a relatively cleargeneral decrease in the@bservedmass
concentrationn Europe the last decade (Tarseth et2fll2; Barmpadimos et al.,
2012).Trend analysis, using the Mann Kendall testPdf;p mass measurements
from twenty foursites,with measurementsom 2000(or 2001) to 2010showan
average decrease of 21243% which corresponds to an annual loss in average
mass of O.3$Lglm3 pr year. 54% of the sites show a significant decrease, non with
significant increase. Similar numbers are observed fof °?&haverage decrease

of 27 £14%, at 13 sites with measurements from 2000 or 2001. 38% of the sites
have a sigriicant downward trend, non with positive tren@ihe downward
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tendency in the observed annual mean concentration ofcBMgsponds to a
rather broad reduction in the emissions of primary PM and secondary PM
precursors in Europe in the actual per{@arseh et al, 2012; Barmpadimos et

al., 2012; EMEP/CEIP, 2011).
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Figure 3.3: Time seriefrom 1998 to 201@f PMy (left) and PM 5 (right) at
selected EMEP sites.

Figure 3.4 shows moedl calculated and observed-§éar trends of annual mean
PMyo and PM s concentrations in the period 26@010. Only the sites with
measurements in all these eleven years are included in the trend plots. Here, the
concentrations are averaged over all EM#iBs with at least 75% data for each of
the years. Only eleven sites 8M;o and four sites for Pl satisfy the criteria.
Those sites are located in Germany, Switzerland and Austria and thus the trends
are representative for Central Europes.was alsoseen for the somewhat larger
dataset presented abovkerte is a slight downward trend in annual meanPM
and PM5 levels from 2000 to 2010. In both observational and model data,
elevated PM levels occurred in 2003 and less so in 2006. Furthermore,
obsevations indicate that P and PMs increased from 2008 to 2009 and
further to 2010, whereathe model calculates rathdlat average concentration
level for both PMy and PM s for the same period. The measured:pP&hd PM 5
increase is due to conceation 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 JanuarfFebruary 2010 (se&1.6). If we zoom in at the period 206810,

for which observations from as many as 35 stations fofoRNId 23 stations for
PM, 5 are available, the data indicate a very slight (about/in®) decrease for

PMjo and flat concentration level for B Model resiis agree well with these
observed PM changes.
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Figure3.4: Calculated and observed changes in annual meapBN PM 5
concentrations between 2000 and 2010.

3.1.8 PM size fractions

Table 3.1 shows annual mean PM to PMy ratio at EMEP sites based on
observational data and model calculatiofor 2010 The ratios have been
calculated for common days, i.e. when both observational and modelled
concentrations of Ph and PMg were availale. 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 methodologi@sily sites withmeasurements
over the whole year are includedotice thatsome ofthe sites haveata capture

with less than 75% coverage. Thesederoted in the table

In general, there is a fairly good agreement between model calculations and
measured dataegardirg the fraction ofPM,s in PMj,. However, the model
calculates somewhat largétM,s to PMyo ratios compared to measurements.
Averaged over all sites, the obsenill, 5 to PMyg ratiois 0.63, while it is 0.71
calculated by the modeConsidering geograptal 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 fradtid®M is

larger in central Europe (G®8), whereanthropogenic emissions dominate,
compared to southern Europe (0.5), where windblown dust has large
influence. Lower PM, 5 to PMy ratios (0.50.7) are derived from model and
observational datéor French, British and Dutch sitéscated relatively close to

the coastand thus influenced by sea salt aerosols. For Scandindvawégian

and Swedish sites, the model and measurements show a larger disagreement.
Compared to observations, the modiaates a larger portion of aerosol mass to
PM, s fraction. Tables A1 and A2 in Appendix show that the model negative
biases are somewhat larger R, than forPM,s compared to observations at
those sites, indicating that the model tends to undera&imeasured 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
north-European countrief\lso primary biogenic aerosol particld38AP), which

can havelarge influenceat some sites, are not pratlg incorporated in the
model. PBAP may contributesignificantly at the Nordic sites, especially during
summer(Yttri et al., 2007; 2014,5 Genberget al., 201).
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Table3.1: Observed and model calculated annual mean PMsadit EMEP
sites in 2010

Site PMbgPMyy |PM/PMyo| PMy/PM, 5
Obs Mod Obs Obs

Norway NOo0Z 0.60 0.73

SEO5 057 0.78

Northern Europe Sweden SE14 0.54 0.62
se1i? 045 o072
Finland FI50 0.85 missing| 0.82 0.71

GB36 0.62 0.61

The British isles Great Britain GB4& 052 060
Austria ATO02 0.78 0.83 0.82 0.79
Switzerland CH0? 068 0.79 0.51 0.77
cHo® 0.77 0.80 0.69 0.81
CzechRep.|Ccz0¥d 082 0.81
The NLO09 0.56 0.64
CentralWestern Europe Netherlands|NL10 0.60 0.71
DEO2 0.74 0.73 0.50 0.67
Germany

DE0® 076 0.80
DE44 077 0.78
FRO® 065 0.76
France FR13 0.61 0.68
FR15 072 0.70
FR18® 068 0.66
Lvid 059 0.74

Eastern Europe Latvia LV16 0.65 0.82
Poland PLO5 0.77 0.81
ESO1 0.57 0.65
ESO7 0.59 0.56
ES09 0.54 0.71
ES10 0.50 0.57
. ES11 0.50 0.61
Spain

ES12 0.49 0.71
ES13 0.56 0.70
ES14 0.58 0.72
ES1® 067 0.69
ES1778 0.71 0.80
Slovenia SI08 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 thaatZs¥verage

Southern Europe

3.1.9 Exceedances of EU limit values and WHO Air Quality Guidelines in the
regional background environment in 20D

The EU limit values for Py ( Counci | Directi vemd999/ 30
the annual m &farnthe daitydneah.Orheailg themn should not be
exceeded more than 35 times per calendar year.
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The WHO AQGs (WHO, 2005) are:
for PMyg: < 20ug/m?® annually, 50ug/m® 24-hour (99" perc. or 3 days per year)
for PM,s < 10ug/m?® annually, 25ug/m® 24-hour (99" perc. or 3 dayper year).

EU limit values for PM for protection of human health and WHO Air Quality
Guidelines (AQGs) for PM apply to PM concentrations forcalbed zones, or
agglomerations, in rural and urban aremsich are representative of the exposure

of the geeral populationThe 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 calculatedVilo andPM s 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 obsation maps show that the annual mean regional
background PN} concentrations were below the EU limit value ofygfim® over

all of Europein 2010, with the exception of the south most areas in Europe and
the EECCA countries affected by desert dust outlsr@agure3.2). However, the
annual mean PM concentrations calculated by the model exceed the WHO
recommended AQG of 2@ig/m® in Benelux, Hungary and the Po Valley.
Calculated P\ concentrations were also found to be in exces® oigm® in the
southern and soutbastern parts of the Mediterranean basin, in the Caucasus and
in the EECCA countries due to the influence of windblown dust from deserts and
semtarid soils. The regional background annual mean £ddncentrations were
above the WHO recommended AQG value of i@m® in many parts of Central,
Eastern and Soutastern Europe, in the Po Valley and EECCA area.

Figure 3.5: Calculated number of daygith WHO AQG exceedarsen 2010
PM,, exceeding 5@g/nT (left) and PM s exceeding 2%g/nt
(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 daygith WHO AQG exceedances in 2010
same ag-igure 3.5 but for anthropogenic PM (left) and
anthropogenic PMs (right).

The maps inFigure 3.5 show the model calculated number of days with
exceedances of 50g/m® for PMyo and 25ug/m® for PM, 5 in 2010. To illustrate

the relative importance of manade and natural particulates in the deterioration
of air quality, Figure 3.6 shows the correspondent exceedance maps for
anthropogenic Ph and PMs. Compared to the estimate of exceedance days for
2009 presented last year, calculated number of days with exceedancegyof PM
and PM s limits is somewhat greater for 2010. This istlyaa 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 olucpgod
more of measured exceedances.

In most of Europe, except from southern parts of Greece, Malta, much of Turkey
and EECCA countriePM;, did not exceed 5@.g/m® more than 35 days in the
rural background (i.e. the EU limit value) in 2010. However dagge areas in

the south of the EMEP territory, RMexceeded 5Qig/m® more than 3 days
recommended by WHO. Furthermore, the WHO AQG for,Biasexceeded by
regional background concentrations in more than 3 days in most EMEP countries,
except from Northen 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 thetgional background PM of
anthropogenic origin exceeded the EU limit value in just some small areas and
mostly in less than-80 days Figure3.6, left). However for anthropogenic BN

we have calculated between 3 and 20 days exteedances on a rather large
territory, and even 2@0 days (up to 100) in the Po Valley and in the grid cells in
Poland, Benelux and adjacent areas, in some sagtern countries, Turkey,
Central Russia and on the Uzbekiskyrgyzstan/Tajikistan boret.
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Based on model and measurements data, a number of days with exceedances of
the WHO AQGs at EMEP sitdsave been calculated for 2010. The observed and
calculated numbers of exceedance days, as weth@snumber of common
exceedance days, i.e. the dafpr which observed PM exceedances are also
predicted by the model, are presentedable3.2.

For most of the sites, where Riand PM s concentrations exceeded the WHO
recommended limits in 2010, also the model calculated eaceed. However,

the model tends to underedicts registered number of exceedance &ayBM;q

and PM s for most of the sites. The largest ungeediction of the occurrence of
PMyo and PM sexceedance days is found for AT02, HUO2, at Dutch and Italian
sites, several of the German sites, and also for Latvian sites, CHO2 and PLO5 for
PM,s At several sites in southern/sowghstern Europe (CY02, ES07, ES17,
GR02 and MKO07), the model calculates more than observed days with
exceedances of EU limit valuesrfPM; and/or PMs. Most of calculated PM
episodesat those sitegppear to be due to overestimated concentrations of dust
from Sahara coming from boundary conditions.

The fAHIi tTable®.2 shoms the percentage of obsensedeedance days

correctly predicted by the model. The hit ratios vary between the sites all from O
to 100%, and more nezero hit ratios are achieved for PMhan for PMo.
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Table3.22  Number calculatedrad observed days exceeding the WHO AQGs
(50 g mi® for PMyo and 259 ni® for PM, s) at EMEP sites.

PMo PMgs
Site Obs Model Common  Hit ratio,% Obs Model Common Hit ratio,%
ATO02 37 2 0 90 14 11 12
ATO5 2 2 0
AT48 0 1
CHO1 1 0 0
CHO02 4 1 0 31 7 5 16
CHO03 7 0
CHO4 0 1
CHO05 0 0 8 9 4 50
CYO02 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
DEO09 10 1 0
DE44 22 3 0 72 27 24 33
DKO05 6 1 0
DK12 2 0 0
ESO1 6 1 1 17 3 0 0
ES06 9 2 1 11
ESO07 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
GRO02 16 40 14 88
HUO02 46 2 1 2
ITO1 15 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
SEOQ5 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 dasstlgquredicted 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 pgormance for PM in2010

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 fdPMio, PM, 5 and also individual aerosol components and the
mainresult 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 mearement data, obtained from-Bdurly 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 (IOAhE 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 M8GSimpson et a] 2012) model
performance for PM has been sigrdintly improved. On the annual basis,
calculatedPM;o and PM, 5 are 23% and 21% respectively lower than measured
concentrations. The Piunderestimation of observations is relatively flat for all
seasons, while negative bias ok, 5 is somewhat largen winter compared to

the summeautumn periodThis 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.PMfpand

0.79 forPM,s.

The calculated concentrations of secondary inorganic aerosols are lower than the
measured ones by between 8% KiD; and 27% forSO:* on average in 2010.

Note that wherSQ,? is corrected for sea salt sulphate (assumed 7.7% of sea salt)
calculations are only 20% lower than measurements. ModéHhkdis 16% lower

than measured value on the annual bd$is.annual mean spatial correlations are
0.80, 0.86 and 0.74 f80,>, NOs andNH," respectively. Modelled sodium from

sea spray congves quite well with measured Neoncentrations, showing just a
slight overestimation of the latter by 6% and correlation of 0.85.

Measurements of EC and OC were performed akefesites andwith rather
variable regularity in 201@Chapter 3.28). Therdore 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 niag®ns for TC is also provided.
Model calculated OC is 360% lower than measurements at all of the sites,
except Montseny and Birkenes Il. For EC, the model both wunded
overestimates the measured concentrations. The faoyesestimation is at
Montseny. Also at Schauinsland (DEO03) anfichmiicke(DEO8), which are
elevated sites, calculated EC in PMs higher than observations. The results for
TC are quite similar to those for OC, with the model tending to calculate TC
concentrations 380% lower tlan observed for all but Montseny and Birkenes Il
sites. The difference between model and measured EC/Gie due to
uncertainties inboth modelled and measured estimates, ber is further
discussed in Chapter 3.2.3.
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Table3.3: Annual and seasonal comparison statistics between EMEP model
calculated and EMEBbservedtoncentrations of PM, PM, 5, SIA,
SQ?, NO; andNH," for 2010

Period Nsies = OPS Mod Rel.Bias, % RMSE R I0A
(ng/m’) (ng/m°)
PMio
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
JanFeb 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
PMgs
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
JanFeb 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
sQ”
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
JanFeb 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
SQ” 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
JanFeb 42 2.55 2.21 -13 1.17 0.74 0.84
Spring 41 1.67 112 -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
NGy
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
JanFeb 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
JanFeb 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
JanFeb 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, Nsi the number of stations, Olisthe measured mean, Mddthe calculated mean, Bias is calculated@dod-

Obs)/Obs x 100%, RMSE the Root mean Square Error= [1B{Mod-Obsf]¥? R i the tempespatial correlation
coefficient between modelled and measured daily concentrations and spatial correlation for seasonal mean concentrations.
I0OA=1-(2(Mod-Obs} / %(|Mod-<Obs>}%|Obs<Obs>)?)
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The parameter IOA foPMi,, 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 imgeneral equally good in
reproducing observed®M;,, PM,5s and the individual aerosols for different
seasons. The only somewhat larger disagreement between model and measure
ments is for SGF in spring/summer. It could be that despite the recent update of
temporal profile in the model, S@missions are still too low in warm seasons.

Individual stations. Statistical analysisof model calculatedPM;o and PM, 5
versus daily observations at individual sites are summariseabilesA.1 and A.2

in the Appendi. All measurements dPM;o and PM, s from EMEP monitoring
network in 2010, available to MS@ 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 ovemll sites with daily and hourly data, the model biaslig for
PM, s and-16% for PMy, and the temporal correlatistetweencalculatedard
measured concentrations a@é1 and 057 respectively.Compared to weekly
data, reported from four Norwegian andeth Slovakian sites, the correlation
between calculations and measurements appears worse: 0RBlIfgand 0.33
for PM;o.

Model performance is fdy robust for most of the sites. However, some outliers
are foundPMyg is typically overestimated at thiegh-mountain Jungfraujoch due

model 6s coarse description of orography.

PMio is 94% higher than observed (only first half of 2010 data available) due to
overestimated concentrations of African dustother outlier isthie Leova Il site
(MD13). All in all, model calculated”M;jq 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 PM,o mass

3.2.1 Modelled chemical composition ¢tM1
By Svetlana Tsyro

The modelled PNy and PM s concentrations include primary PM asecondary
inorganic aerosols (SIA) from anthropogemiarticulate and gaseouysecursor
emissions secondary organic aerosols formed from both anthropogenic and
biogenic VOCsseasalt and windlmwn dust from natural sourcesid particulate
water.Figure 3.7 presents model calculated annual mean relative contributions of
individual aerosols to PN concentrations in 2010. The concentration fields of
the respective aerosols can be found in Appendix in Figure A3.

from PPM10 to PM10
B 4

Figure 3.7: Annual meamelative contribution (in %pf SIA, primary PMy, OA
(upper panel); S&, NOy, NH," (middle panel); EC, sea salt and
mineral dust (lower panel) tBM1oin 201Q calculated usinghe
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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