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Executive Summary

The current report presentiet status and progress of the emission reporting,
observations and modelling activities undertaken under EMEP in relation to
particulate matter in the European rural background environrremtddition to

the assessment of PM concentration levels for dag 011 we takea closer look
attwo highpollution episodes Central Europén 2011. Time seriesf PM;oand
PM, s and their chemical composition for the period 2001 is presented.

The reportalso includes ahapter dedicatetb the EMEP intense measurements

of mineral dusduringthe summenf 2012. One chapter discesthe results of a

one year campaign of measurements of particulate matter in the EECCA region
and finally a chapterdescribesnew development in both the measurement
platformandthe EMEPmodel towards better characterisatiorited atmospheric
aerosol.

The main findingpresented in the status report 2x11 are described below

Emission reporting

The total number of Partieshich has provided primary particulate matter

emissions data for 2011 was 40; out of 51 Parties to the Convention. It has been a
slight improvement in the number of Parties reporftd emissionssince year

2008. For 2011,PM sectoral data has been reported for less than &Othbe

extended EMEP domainhowever nore or less complete emission data is
available for Europe, except for some Balkan countries. No PM emissions were
reported by a number of EECCAeratianu nt r i e
extended EMEP domai no.

The most significant source of PMnession is the combustion of fossil fuels,
contributing more than 40% of PM emissions. Not all Parties report emissions

from all the emissions sectors, and especifdly countries outside EU/EFTA
region there is a relativealsytiloaw ¢ onttrhi
PM emissions, indicating that emissions from this sector are underestimated.

According to the data submitted by countries andfdkgal by expert estimates
PM emissions in the EMEP area are gradually decreabwigin individual
Parties emission trends vary quite considerablgr the 38 countries which
reported full PMo and/or PM s time series (200Q011) emissions increased in
18 Parties

A section devoted to the updated global emission data set developed with the
GAINS modelfor the period 2005 to 2050ithin the EU FP7 project ECLIPSE
showsthe importace of including emissions from gas flaring in oil and gas
industry and their explicit spatial allocati@m a global scaleit is the first time
emissions from this sourceeaintegrated in the global emission dataset.
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Measurement and model assessment of particulate matter

For 2011, mass concentrations of PM are reported for 65 regional or global
background sites (55 for Piand 44 for PM5); that isfour less than in 2010

Combined mapdased ommodel results and measurements show a pronounced
north to south gradient, with the annual meanfPddncentrations varying from
2-5 pg m® in Northern Europe to 185 pg m° in southern Europe. The
corresponihg range for PMs is from 1-3 pg/m® to 520 pg/m’. The average
observed annual mean Rtoncentration for all sites was 16uty/m’, ranging
from 3.0pg/m® at the high altitude global site Jungfraujoch in Switzerland to
29.9g/m’ at the Montelibretti site in Italy. The average obsemy@nnual mean
PM, 5 concentration for all sites was 10u/m®, ranging from 1.9ug/m® at
Bredkéalenin Sweden to 22.2g/m®in Northern Italy (Ispra).

On average for all sites with measurements ofMboth 2011 and 2010, it was

an increase in mass roeentration of 7%. 75% of the sites showed an increase,
however, there are large variations between sites. The observed increase in
concentratios is confirmed by the EMEP modelwhich shows higher
concentrations in most parof Europe exceptfrom the eatern part of EMEP
domain. These differences in PM concentrations are most likely due to the
differences in precipitation amounts between 2010 and 201leasdochanges

in anthropogenic emissions. It was drier in Western/Central/Southern Europe and
wetter in most othe otherregions in 201vhencompared to 2010.

The combined model and observation maps show that the annual mean regional
background PN concentrations were below the EU limit value of;(glm3 over

all of Europe in 2011, with the excépt of the Central Asian area affected by
desert dust. However, the annual mean;fPbtbncentrations calculated by the
model exceed the WHO recommendedquality guideline§AQG) of 20 pug/m®

in the Beneluxcountries in parts of central Europe and in tiR® Valley (in
addition to the Caucasus and Central Asia). The regional background annual mean
PM,s concentrations were abowbe EU target value2 5  €)gahdnWHO
recommended AQ@LOe g F) malue in the Po Valley and Central Asia in 2011.

The exceedancdays for the Central European site2011were mainly seen in
February and NovembeAt several of these sites, tiecordednumber of days

with PM;o exceedance of 5;(Dg/m3 was thehighestin 5 years On average 80% of

the exceedance days took placeimyrthe two pollution episodes caused by
unfavourable meteorological situation and probably enhanced emissions from
residential heatingThe EMEP/MSCGW model manages quite well to reproduce
the November pollution period, whereas it is not successful auleding that for
February 2011This illustrateghat accurate meteorological input is a prerequisite
for successful prediction of the occurrence of pollution episodes by the ,rasdel
are emissionfrom residential wood burning.

There is a relativelyobvious decrease in the observed mass concentration in
Europeover the last decadalthough large inteannual variabilitycan occur
Trend analysisrom sixteen siteshows an average decrease of 18% +13% for the
period 2000 to 2011. 56% of the sites showignificant decrease, non withn
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significant increase. Similar numbers are observed fof Pbh average decrease

of 26 £16%. The downward tendenclthe observed annual mean concentration

of PM corresponds to a reduction in the emissions of primaryaR¥igaseous
precursorf secondary PM in Europe in the actual period. The EMEPAWSC
model manages to reproduce these time trends, thoughmithdarestimatin of

the measured PM by about 20¥here are only a few sites with long time series

of chemicalcomposition of the particulate matter. Nevertheless, it is quite clear
that the relative contribution of sulphate has dased in both PM and PM s in

both modelled and measured estimates. For nitrogen and total carbonate the
picture is more scattered

EMEP intensive measurements on mineral dust in PM;,

One of the major aims during the EMHBRensive measurements periods in
summer 2012 and winter 2013 wasneasurehe chemical speciationf PM;o,
focusing in particularon the mineral dust and tracenetal content Thirteen
regional sites across Europe participaitedhis initiative which has provided a
unique data set, which is comparable beyond any other data set currently available
for Europe, and whiclenables an extensive evaluation of soyrt@ssport, and
regional distribution of mineral dust across Ehgopearcontinent.

The concentration of mineral dushdtrace metalsn PM;o across Europe during

the summer periods described irthe presenteport,showing the importance of
African dust outbreaks on the PM mineral content and concentrations in Southern
Europe, and that of local/regional sources in Eastern Eufidpeimportance of
shipping emissionas a regional sourda the Mediterranean regipmetallurgic
industryin Central andeasern Europe, and coal combustionEasternEuropean
countrieswere predicted from the observed concentrations.

Measurements of particulate matter in the EECCA countries

In order to improve our current understanding of PM pollution in the EECCA
region a one year measurement program was initiated to determine the ambient
mass concentration of PMat five sites in Armenia, Azerbaijan, Georgia,
Kazakhstan and Moldovahe measurements algmluded elemental (EC) and
organic carbon (OC), as well as thiemass burning tracer levoglucosanorder

to learn more about the relative contribution of carbonaceous aerosol saactes
biomass burning sources in particutarPMo .

A substantial fraction of PN is attributed to the carb aerosol the EECCA
countries. l.e. in excess of 40%on an annual basiat the Gergian site
Abastumani.Further, approximately 30% of O&nd 40% of EC is estated to
originate from biomass burning sources, which in turn is found to be more
important in winter than in summendicating residential wood burning

Although there is a positive trend with more measurements in the EECCA,region

there are still issues related to data quality and long term commitments, which
needs to be addressed and improved.
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Towards better characterisation of atmospheric aerosols

During the last decade there has been a strong interaction between EMEP and
several EU infrastructure projects. This has improved the measurement platform
particularly for aerosol properties on regional sites in Eurogejcally joint
EMEP/WMO GAW supersitesNot only have the atmospheric variables and
number of instrument types reporting measurements to EMEP and the EBAS
database increased, but also theasuremenmethods and the data reporting
formats have been stamaddized and improved The improved metdata
descriptionhas proveran important documentation of the data quality.

The availability of new observational data for aerosol properties is a prerequisite
for further development and improvement of the EMEPIMS model.Recently

a work has been initiated to develop the model towards simulatingesiaklved
particle number and mass concentrations. For this purpose, aerosol dynamics of
the sectional aerosol model MAFORA#&rine Aerosol Formation) have been
implemented in the EMEP/MS&/ model. The MAFOR model has been
developed for the specific purpose to simulate the formation and evolution of
marine aerosolsThe MAFOR model has been further extended for use in
simulations of particle number concentration (PM{Sp in urban environments

The work is well in progress and the first tests are looking promisinghelin
presentreport, a brief summary of the approashppliedandfirst model results

are presented Model calculated for 2008 total particle numbena@ntrations
(PNC) and particle number size distributions are compared to EUSAAR/EMEP
data and sensitivity analysis of the result to a series of uncertain model parameters
is performed. Further improvement of tmeodel requires extensive use of
observatioal data,andimprovement ot h e maudleatiod parameterisation

VOC condensation and SOA formatidmplementatiorof sizeresolved particle
number emissions and sizesolved ammonium nitrate formatiomill also be
needed
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1 Statusof emissions

ByKatarina Mar el kov §, Robert Wankmg¢gl | er

1.1 Status of reporting emission data for 2011

Parties to the Convention should submit particulate matter,Rkd PM s)
emissions to the Convention annudllyy 15 February, as a minimum for the
years from 200@ndonwards. @ta should be reported on sector level (NFR) in
standardized formats in accordance with the EMEP Reporting guidelines
(UNECE, 2009).

45 Parties (out of 51) to the LRTAP Convention submitted inventories for 2011.
Of these, 40 countries provided PM emissionThis representsa slight
improvement compared to the year 20B8g@re 1.). Submitted data can be
accessed via the CEIP websitétty://www.ceip.at/statusf-reporting/2013
submissong.

50 - PM
40
30 +
20
10 A
0 T T T T T 1

2008 2009 2010 2011 2012 2013

Figure 1.1: Number of Parties reporting since 2008, representing the reporting
years. Emission years are two years eatlier.

Completeness, consistency, comparability and transparency of reporigzions

are analyzed in an annual review proéeBsedback is provided to the Parties in
the form of individual country reports and summary findings are published in the
EEA & CEIPtechnical reportnventory Review 201(ttp://www.ceip.at/review
of-inventories/review2013.

1.2 Uncertainty of PM emissions

It is not straight forwardo quantify the uncertainty of reported emissions, as
countries do not usually provide information on theertainties of estimates.
Changes in the reporting of the 2005 emissions in subsequent years are therefore
regarded as an indicator of uncertainty.

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

2 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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Figure 1.2 and Figure 1.3 illustrate the variations obsved in the 2005 PM
emissions reported for individual countries, with 0% corresponding to the latest
available 2005 emissions as reported in 2013, and the bars indicating the
difference to emissions reported in previous years. Minus values indicatbehat t
2005 emissions reported in 2013 are higher than the value reported in previous
years. Reported 2005 emissions show variations exceeding orders of magnitude
for both PM and PMs. Such differences may indicate errors or incomplete data

in some submisens.

No deviation from the value reported in 2013 does not necessarily mean accurate
2005 emissions; this rather implies that there is only one submission for 2005 data
from this Party, i.e. that the Party has not updated its historical emissions as
reconmended by the EMEP Reporting Guidelines.
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Figure1.2: Fluctuations of PM5 2005 emissions reported in subsequent years
(20072013)
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Figure 1.3: Fluctuations of PMp 2005 emissions reported in subsequent years
(20072013)
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1.3 PM emission per capita and per GDP

In spite of the fact thaPM emissions measured psr capita/gross domestic
product GDP) depend on the structure of national economies, the diffeseof a

few orders of magnitude (seBable 1.1) cannot be explained by this. Such
variations of PM emissions per capita and per GDP might be another indicator of
a high uncertainty of reported data.

Per country data can be doweaded from http://www.ceip.at/review
results/reviewesults2013

Tablel.1: Range of 2011 PM emissions per capita and per GDP

Emissions in kg per capitain 2011 Emissions in g per GDP in 2011
middle 50% of the middle 50% of the
Pollutant min countries max Pollutant min countries max
(25%-75% (25%-75%
quartiles) quartiles)
PM;s 0.03 1-4 32 PM2s 0.02 0.06 - 0.2 1
PMo 0.3 3-5 171 PMio 0.05 0.1-04 5

1.4 Contribution of key categories to total PM emissions

Key categories are considered those which, when summed up in descending order
of magnitude, cumulatively add up to 80% of the national total l&vedrder to

further improve air monitoring and modelling under the Convention, it is
important to identify GNFRcategories that have a significant influence on total
emissions.

The most significant source of primary PM emissions is stationary combustion of

fossil fuels, producingnore than 40% of PN and more than 50% dPM,s

emissions (se&igure 1.4 and Figure 1.5). The different distribution of GNFR
sectors bet ween EU/ EFTAY HR amdct d e §ifdd chiea |

relatively low contribution ofi S ma | | Coanthmissingi Agpbi cinl tur eo
AOt her countriesodo indicate that emissio
estimated.

Natur al emi ssions (AS_Natural o) are not

reported a hugeamount of PM emissions from volcanic activities for 2011
(13,184 Gg for PMs and 40,039 Gg for PA) which would account for more
than 90% of total emissions in Figure A.5 and Figure A.5.

8 21 GNFR categories aaggregated NFR09 categorfeee UNECE 2009 Annex|V at
http://www.ceip.at/reportingnstructions/annexe®-the-reportingguideline3. GNFR categories should be
used for reporting of gridded éssionsfrom 2012 onwards.

‘60t her countriesodéd in this chapter refer only to 5 coc
Federation, Serbia, Ukraine, and Turkey (just for,j)Mhe emaining Parties did not report PM emissions

at all. Canda and the USA cannot be included in the Kslicetheir emissions are not provided in NFR

categories.

EMEP Report 4/2013


http://www.ceip.at/review-results/review-results-2013/
http://www.ceip.at/review-results/review-results-2013/
http://www.ceip.at/reporting-instructions/annexes-to-the-reporting-guidelines/

14

PM2.5 - EU/EFTA/HR

1I_OffRoad
Mob
4%

PM2.5 - Other countries

Other
3%

A_Public
Power

G_RoadRail 3%

E_Fugitive
2%

B_Industrial
Comb
10%

Figure1.4: Top seven GNFR categories contributing to,RK&O011 emissions
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Figure 1.5: Top seven GNFR categories contributing to;f®011 emissions

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

60t her o
6Memo iitemso

1.5 PM emission trends

represent

emi ssions reported

According to the datsubmitted by countries and géjped by expert estimates

PM emissions in the EMEP area éoend togradually decreas(Figurel1.7), but

for individual Parties to the CLRTAP emission trends vary quite considerably (see
examplesin Figure 1.6). For the38 countries which reported full Riand/or
PM,s time seriesfor 20002011, emissions increasefor 18 of them (see

Tablel.2 andTablel.3).
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Figure 1.6: Time serie®f PM;pemissios as reported by selection o€ountries
for the time period40002011)

PM, s emissions increasefbr fourteen Partiesvhen comparing 2011 to 2000
The most substantial imeaseswere reported by the Republic of Moldova
(+126%) and Belarus (+99%). Bulgaria, Lithuania and Slovakia reported an
increasefor 2011 compared to 2000A more than 40%lecrease was reported by
Belgium, Cyprus, France and the Netherlands Tsdxe1.2).

PM o emissiondor 2011 was found to increase when compared to 2000 with the
most pronounced increase=ported by Belarus (+73%) and Moldova (+67%). An
increase of more than 25% was obserf@dBulgaria, Iceland and Lithuania. A
significant reduction of PM (> 40%) was reported by Belgium and Cyprus (see
Tablel.3).

EMEP Report 4/2013



1€

Tablel.2: PM,semission trends (200R011) as reported by Parties
Change | Change

Country / 2010 - 2000 -
PM2.5 [Gg] 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2011 | 2011
Albania 9 9 10 13 14 13 14 13 13 11
Armenia 0
Austria 23 23 22 22 22 22 21 20 20 19 20 19 4%|  -16%
Azerbaian
Belarus 25 25 26 28 36 46 52 51 53 52 45 49| +10%|  +99%
Belgium 33 30 30 29 28 24 24 22 21 16 17 17 2% -48%
BiH
Bulgaria 22 21 25 28 27 27 28 26 27 25 27 2] +7%[  +30%
Canada 1,014] 1,034] 997] 1,035] 1,047] 1,088] 1,097] 1,107] 1,118 1,105 1,113] 1,113]  +0%| +10%
Croatia 9 9 10 11 11 12 11 10 10 10 10 10| +2% +5%
Cyprus 4 4 4 4 3 3 3 3 3 2 2 2 -12% -50%
Czech Rep. ol NE 38 35 21 22 21 21 20 20 7] 6%
Denmark 23 23 23 24 24 26 27 30 28 26 26 23] 1% +2%
Estonia 21 22 23 21 22 20 15 20 20 19 23 26| +14% +25%
Finland 39 40 40 40 40 36 37 34 38 38 41 37 -9% 5%
France 300 298] 274 275| 262| 242 225] 209] 204[ 194 108] 173 13%| -44%
Georgia
Germany 148] 145] 138] 134] 130 125] 123[ 117] 113] 109 117 111 -5%|  -25%
Greece
Hungary 26 24 25 27 27 31 29 21 23 28 32 31 -3% +21%
Iceland 03 03] 02 03[ 03[ 02 o5 03 05 03 03[ 03] -19%] +1%
Ireland 11 11 11 10 11 11 10 10 10 9 8 8 -8%|  -31%
Italy 170 167] 154] 151] 155] 143[ 140[ 140 137] 129] 131] 128 -2%|  -24%
Kazakhstan
Kyrgyzstan IE IE
Latvia 23 26 25 26 28 27 27 26 26 28 27 25| -10%[  +6%
Liechtenstein 004 003 003 o003 003 003 003 003 o003 o004 004 o004 +an] +2%
Lithuania 9 NE[ NE 9 9 9 10 9 9 10 1] +11%[  +26%
Luxembourg NR NR NR NR NR NR NR NR
Macedonia, FYR NE NE NE NE NE NE NE NE NE 7
Malta 1 1 1 1 1 1 1 1 1 1 1 1| +12%] -15%
Moldova, 2 2 1 3 6 6 7 3 5 6 3 5| +47%| +126%
Monaco 0.001] 0.001] 0.001[ 0.001] 0.001] 0.001] 0.001] 0.001[ 0.001] 0.001] 0.001] 0.001 0% 0%
Montenegro 4 4 5 5 5 5 5 5 6 4 4
Netherlands 24 23 22 21 20 19 18 18 17 16 15 14 -6%|  -42%
Norway 43 43 44 41 40 40 38 39 38 36 40 37 -8%|  -15%
Poland 142]  137] 133] 135] 135 146] 147] 141] 135] 130 146] 139 -5% 2%
Portugal 71 69 56 54 56 55 51 50 48 46 45 44 -19%|  -38%
Romania NE NE NE NE NE 106 101 107 123 117 120 109 -9%
Russia 376] 341] 383] 350] 409 348] 316] 312[ 367
Serbia 20 16 19 20 19 21 20 20 21 19 20 20 2%  +2%
Slovakia 23 33 29 28 28 37 32 28 28 27 27 2] +7%|  +26%
Slovenia 15 15 15 15 15 15 16 16 15 16 17 15 8%  +4%
Spain 98 97 97 98 9% 9% 92 94 85 79 77 76 2% -22%
i’fi?ﬂggnd o3| 92| 92| 92| e1| 9| 87| 89| 79| | 2| ©n 2%l 4%
Sweden 28 28 28 29 29 29 29 29 28 27 28 20 +1%[  +2%
Switzerland 12 12 12 11 11 11 11 11 11 10 10 10 -6%|  -23%
Turkey 0.0
Ukraine NO| o.01 15| 1285 NE[ 00 NA[ NO 41 41 0%
UK 103 100 ) 88 85 84 82 80 76 70 70 67 5%|  -35%
USA 6,061] 6,154] 5059 5048 5036 4,336] 4,419] 4,502 4,585 4,564 4,523] 4,469 A% -26%
EU27 1510 1504] 1438 1416 1.404| 1365 1322 1,303] 1279] 1233 1279 1218 -5%|  -19%
Notes A blank ell indicates that no data have been reported to EMEP

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

AEmi ssions shown in the |ine fARussian Federat

Federation in the former official EMEP domai
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Tablel1.3: PMjoemission trends (2002011) as reported by Parties

Change | Change
Party / 2010 - 2000 -
PM10 [Gg] 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007 | 2008 | 2009 [ 2010 [ 2011 2011 2011
Albania 12 13 14 17 18 17 18 17 17 15
Armenia 1
Austria 39 39 38 38 38 38 36 36 36 35 35 35 -2% -11%
Azerbaian
Belarus 37 36 36 38 48 54 60 63 66 65 58 63 +9% +73%
Belgium 45 45 44 44 42 34 33 30 29 23 24 24 -2% -47%
Bosnia &
Bulgaria 35 33 36 42 42 45 47 47 46 39 41 45 +8% +26%
Canada 4,975 5,151 5,071 5,332 5,474 5,705| 5,798 5,922| 6,024] 5,824| 5,856| 5,902 +1% +19%
Croatia 14 14 15 18 19 19 18 17 17 16 15 15) -0% +8%
Cyprus 6 6 6 6 5 5 4 4 4 4 4 3 -12% -48%
Czech Rep. 43 51 51 47 34 35 35 35 36 37 32 -12%
Denmark 29 30 29 31 31 32 33 37 34 32 32 29 -9% +1%
Estonia 37 37 33 30 30 27 20 29 25 23 32 42 +31% +12%
Finland 54 54 54 54 56 50 52 48 52 52 55 51 -8% -6%
France 414 401 374 377 363 338 319 301 294 280 284 260 -8% -37%
Georgia
Germany 261 254 244 237 232 224 223 218 212 203 211 209 -1% -20%
Greece
Hungary 47 43 44 48 47 52 48 36 38 48 46 44 -4% -6%
Iceland 0.4 0.4 0.4 0.4 0.5 0.4 0.7 0.6 0.8 0.6 0.6 0.5 -15% +33%
Ireland 17 18 17 16 16 17 16 16 15 13 13 12 -6% -30%
Italy 199 198 185 182 186 173 169 171 166 156 159 156 -2% -22%
Kazakhstan
Kyrgyzstan 16 20 +23%
Latvia 27 29 29 30 39 33 32 33 32 33 33 31 -5% +17%
Liechtenstein 0.05 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.05 +3% -1%
Lithuania 10 1 NE NE 11 10 11 12 12 11 13 14| +10% +32%
Luxembourg NR NR NR NR NR NR NR NR
Macedonia, FYR NE NE NE NE NE NE NE NE NE 11]
Malta 1.4 2.0 1.9 2.0 2.0 2.1 2.1 2.2 2.2 2.2 1.3 1.4 +9% -1%
Moldova, Rep. of 5 3 5 6 11 8 8 7 8 10 5 8| +51% +67%
Monaco 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0% 0%
Montenegro 8 7 9 10 10 8 9 8 10 7 7
Netherlands 39 37 37 35 34 33 32 32 31 29 29 29 -0% -27%
Norway 50 50 51 48 47 48 46 47 45 43 46 44 -6% -13%
Poland 257 256 246 245 243 265 274 262 256 247 279 257 -8% +0.2%
Portugal 98 103 83 76 83 85 76 73 73 70 65 63 -4% -35%
Romania NE NE NE NE NE 126 117 128 138 132 134 124 -8%
Russia 561 576 647 591 613 522 475 484 569
Serbia 33 29 32 33 33 35 35 35 36 34 34 35 +2% +6%
Slovakia 45 47 40 36 32 42 37 32 31 31 30 32 +6% -28%
Slovenia 20 20 19 19 19 20 20 20 18 19 20 19 1% -6%
Spain 141 139 141 140 138 136 131 133 118 110 108 107 -1% -24%
Spain (grid 135 134 136 134 132 130 125 127 112 104 102 101 -1% -25%
Sweden 40 40 40 41 41 42 41 41 40 39 40 40| -0% +2%
Switzerland 22 22 21 21 21 21 21 21 21 20 20 20 -3% -11%
Turkey 691 577 680 667 642 643 651 661 725 696 786 728 -7% +5%
Ukraine NO 3 119 131 NE 0 NA NO 133 133 0%
UK 170 164 142 140 137 134 133 130 126 115 116 113 -3% -33%
USA 20,901 21,266[ 19,346( 19,335[ 19,322| 18,451| 18,475| 18,500( 18,524| 18,506| 18,471| 18,426 -0% -12%
EU27 2,218 2,217 2,138 2,101| 1,840| 2,044] 1,984| 1,949| 1,893 1,824 1,873 1,808 -3% -18%

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

Shaded cells (red) indicate increased emissions for the giverdperio

Emi ssions shown in the |Iine ARussian Feder at
Federation in the former official EMEP domai

SNAP National Total
NO1 National Total
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1.6 Emission data prepared for modellers

Modellers use PMs and PMoarss emissions distributed in a 50 x 50 km? PS

EMEP gril®. The extended EMEP domain comprises approximately 21,000 grid

cells, but PM sectoral data has been reported for less than 50% of this area. More

or less complete emission data is available for Europe, except for afothe

Balkan countries. No PM emisss were reported by a number of EECCA
countries and for the fARussian Federation
reported only PN emissions.

To make submitted emission data usable for modellers, emissions reported in
NFRQO9 categories were converted to BNAP sectors, whereas missing
information (i.e. not reported by Parties) had to be added (gap filling)

In 2013 gridded emissions were reported in GNFR sectors but for the modellers
CEIP converted the reported GNFR sectors to SNAP sectors using tedep
NFR sector distribution for weighting. This converted grid was then used to
distribute the SNAP sector emissions which had been converted from NFRO9.

Gapfilled and gridded data can be accessed via the CEIP homepage at
http://www.ceip.at/webdakmissiondatabase/emissioigsusedin-emepmodels
and gridded data can also be visualized in Google Maps/Earth at
http://www.ceip.at/webdakmissiondatabase/griddedmissionsn-googlemaps

— "‘Q\\ —_—  PMcoarse
a0% \‘\
o5% - N2~z =eas
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B0% - T g g S
75% - Bt T
‘I-“
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50%
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Figure1.7: PM emission trends (gap filled data) in the EMEP area, 20001

Emisson trends in the EMEP area are significantly influenced by big countries
such as Ukraine, Turkey, Belarus and the Russian Federation, for which consistent
time series are not available and trends are rather often based on expert estimates.

® PMgoarse€MIssions are not reported but estimated as the difference betwegandMM, 5

® Information regarding the gridding procedure can be doadgd from
http://www.ceip.at/fileadmin/inhalte/emep/pdf/gridding_process.pdf

" Basic principles for expert estimates are described irEfha (2009 ¢roposed gagilling
procedure for the European Community LRTAP Convention emission inv@ntory
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2 Global emission data set developed with the GAINS model for
the period 2005 to 2050

by ZbigniewKlimont, Chriis Heyes, AdreasStoh| Karl EspenYttri

In the course of 2022013 a global emission data $et anthropogenic sources
has been developed with the GAINS mioffemann et al. 2011 as part of the

activities of the UNECE Task Force on Hemispheric Transport of Air Pollutants

(HTAP i http://www.htap.ordy and within European Commissiofl' Framework

funded projects ECLIPSE and PEGASOS. Key elements of this dataset, referred

to as ECLIPSE V4a, are presented able2.1.

Table2.1: Key features of the global emission datdsCLIPSE V4.

Parameter Description

Coverage:

Global

Emission sources:

Anthropogenic sources excluding international shipping and aviation.
The following sector-layers are available: energy, industry, solvent
use, transport, domestic combustion, agriculture, open burning of
agricultural waste, waste treatment.

Pollutants (units):

All outputs in thousand tons of pollutant per year/grid

Sulphur dioxide (as SO2)

Nitrogen oxides (as NOy)

Non-methane volatile organic compounds

Ammonia (as NHs)

Carbon monoxide (as CO)

Methane (as CHa)

Primary fine particulate matter distinguishing the following
components: PM2.5, PM10, black carbon (BC), organic carbon (OC),
and organic matter (OM)

Scenarios:

Baseline 2005-2050 (current legislation i CLE),
Maximum technically feasible reductions for 2030 and 2050 (MTFR)

Temporal distribution:

Total annual values for 2005, 2010, 2030, 2050

Spatial distribution:

0.5°%0.5° longitude-latitude

File location:

Available from the GEIA web site:
http://www.geiacenter.org,

and for a limited time from anonymous ftp:
ftp.iiasa.ac.at/outgoing/mag/ECLIPSE-V4a
and then upon request from:
http://eclipse.nilu.no

Format:

NetCDF (Network Common Data Form)
http://www.unidata.ucar.edu/software/netcdf/

How to reference?

The full documentation is under preparation and currently the link to
the web-sites listed above and acknowledgment of the ECLIPSE
project should be made; e.g., the European Commission 7"
Framework funded project ECLIPSE (Evaluating the Climate and Air
Quality Impacts of Short-Lived Pollutants) Project no. 282688,
development of the MFR scenario was supported by PEGASOS
(Pan-European Gas-Aerosols-Climate Interaction Study) Project no.
282688 and O0Assessment of hemis
policyd6 contract no. 07.0307/20
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The emission calculation for historical years relies on the experience of IIASA in
various regional and global projects where respective information on activity data,
environmental legislation, production and abatement technology characteristics,
etc. have been collected and implemented in the GAINS model
(http://gains.iiasa.ac.atFor example:

e For Asia recent work on the GAINS&sia model(Amann et al. 2008;
Klimont et al, 2009; Purohit et al. 2010 and results of other related
projects(e.g.,Klimont et al, 2002;Wei et al, 2008;Zhang et al. 2009
were used;

e At a global level key experience is summarized@ofala et al. 2007,
Klimont and Streets 2007; Isaksen et al. 2009; UNEP, 2011
UNEP/WMOQ, 2011;Hoéglundlisaksson 2012;Klimont et al, 2013. The
emissions of black carbon currently calculated in GAINS are also largely
consistent with the GAINS dataset used
(Bond et al,2013;

e For Europe, the results of the national consultations within the work for
the UNECE Convention on LorAgange Transboundary Air Pollution
(CLRTAP) in 20112012 undertaken prior to the revision of the
Gothenburg Protocol and further work towards sen of the EU
Thematic Strategy on Air Pollution (TSARAmann et al. 20129 were
implemented

The global energy database in GAINS has been updated for 2005 ands&@j0 u
most recent IEA (International Energy Agency) statistics and for agriculture data
from FAO (UN Food and Agriculture Organization). For Europe, the statistical
data for energy, production, and agricultural activities from EUROSTAT were
also used. For gthane, we have made use of the latest GAINS assessment
(Hoglundlsaksson2012.

One of the important extensions is inclusion of emissions from gas flaring in olil
and gas industry and their explicit spatial allocation; it is the first time emissions
from this source are intedeal in the global emission dataset (Klimont et al., in
preparation). These emissions were calculated using data on activities available
from the World Bank initiative on Global Gas Flaring Reduction initiative
(GGFR) (Elvidge et al. 2007, 2011 The global and regionatlata were
downloaded from the NGDC website
http://www.ngdc.noaa.gov/dmsp/interest/gas_flares.html The potential
importance of considering this source in the analysis is illustrateldeimecent
paper by Stohl et al. (2013) and briefly discussed in the last section.

2.1 Emissionscenarios

Two principal emission scenarios extending until 2050 were developed: the
current legislation case (CLE) and the maximum technically feasible reduction
case (MTFRy). Both scenarios rely orné baseline energy projections from the
PRIMES model for ELR7 (as used in the work on revision of the EU Thematic
Strategy for Air Pollutiod (Amann et al. 2012). For the rest of the world the
combination of the IEA World Energy Outlook 2011 reference scen#tid,
2011]up to 2035 and the results of the POLES model developed at the EU Joint
Research Center (JRC, Sevilla) up to 2050 were used. For agriculture, the CAPRI
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model baseline, as developed for the TSAP strategg, used for EL27, while
FAO Outlook (Alexandratos and Bruinsm&012 was used for the rest of the
world.

The reference emission scenaroyrent legislation case (CLE) assumes that
existing legislation is implemented but there is no assumptions made as to how
such legislation can develop further in the coming decades. From that perspective,
one can see this as a rather conservative case but on the other hand it assumes that
control tecmologies deliver expected reductions and that perfect enforcement of
the laws is implemented in the modelling time horizon; both of the latter
assumption appear fairly optimistic considering experience in the last decades of,
for example, achieving NOreductions in transport sector in Europe and Asia
(e.g.,Huo et al, 2019 or SG cortrol power sector in ChingXu et al, 2009;Xu,

2011). The calculation was performed with the IIASA GAINS model and the
evolution of global emissions in the period from 2000 to 2050 is summarized in
Figure2.1. The CQ emissions in the period up to 2050 are following a similar
trajectory as those estimated in the RCP@&@n Vuuren et a).201) and a
discussion of recent global air pollutant scenarios and their comparison to
Representative Concentration Pathway®CP) will be soon available from
(Amann et al in press.

120 30 600

—-—.___/
Mt o Mt ———n
~
100 —— L2 25 T —— 500
BC
_\/ _/\ e O
o N Ox
80 20 - 400 oM
— NMVOC .* == = (0%
.
* e oo PMIO '.." ® oo eCHI®
. .
k /m“" PM2.5 15 |+° 300
XX #\
— N H 3
A
—————— - e a(CO2F¥
40 = n 10 @ 0
-~
”
-
20 5 | e @ 100
0 0 0

2006 IZOlU‘ ‘2020‘ ;1'33(; ‘2040I ;1'35(; 200(|) 2‘016 iozcl) ioaé) 2‘046 ﬁoso
Figure2.1: Global emissions of air pollutants and methane in the baseline
scenario (CLE). (*) For CO and Ckthe right hand scale is used,
(**) for CO, the units are Gt.

Compared to the ecently used IIASA scenarios, e.g(UNEP, 2011,
UNEP/WMQ, 2011, we have updated information on the implemeotaof the

current legislation in several regions and key sectors. At the same time, recent
data from source measurement campaigns was used to update emission factors for
major sources, considering specifically impact of control measures-emitted

speces. Key sectors include combustion of solid fuels in the residential sector for
heating and cooking, transportation with specific focus on-bigitting diesel
vehicles and offoad machinery, open burning of agricultural residue, and
selected industrigdrocesses in the developing world, e.g., coke ovens, brick kilns.
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A more detailed discussion of the recent developments of the GAINS database
and these scenarios will be presented in Klimont et al. (in preparation).

The maximum technically feasible reducion (ultimate) (MTFR ) scenario
considerdest available technology applied to all source seatd@830 and 2050

l.e., it assumes unconditional implementation of technologies with lowest
emission factors in GAINS but no introduction of Aechnical neasures that
would improve resource efficiency and lead to a significant change of energy
balance. The scenario ignores possible constraints, either of technical,
institutional, or cultural nature that would be still in place by 2030 or 2050 in
some region. Analysis of such constraints is underway within the Task Force on
Hemispheric Transport of Air Pollution (HTAP) and will result in development of
a scenarip which will consider possible limitation for implementation of
measues within different timefraes.

The calculated emissions were distributed into RCP sectors (energy, industry,
solvent use, transport, agriculture, open burning of agricultural waste, residential
combustion, and waste treatment) and spatially allocated irf5cOG5longitude
latitude using RCP consistent proxies as used and further developed within Global
Energy Assessment proje¢GEA, 2012). These are consistent with proxies
applied within the RCP projections as describedLamarque et al.2010 and

were modified to accommodate for more recent information where available, e.g.,
population distribution, open biomass burning, effectively making them year
specific(Riahi et al, 2012;Klimont et al, 2013.

The developed emission data sdts not _include emissions from international
shipping and aviation, biogenic VOC emissions, and forest and savannah fires
(emissions from open burning of agricultural residaee_included. We
recommend using the following sources for these emissions:

e International shippinglBuhaug et a). 2009; Eyring et al, 2010 and
aviation (Lee et al. 2009 as developed for the work on Representative
Concentration Pathways (RC@®Jjan Vuuren et a).2017),

e Biogenic emissions
(http://acd.ucar.ad~guenther/MEGAN/MEGAN.hti (Guenther et al.
2012

e Biomass burning emissions for other sectors than open burning of
agricultural residue (included in the GAINS calculation) can be obtained
from the GFEDv3.1 global database, including gridded dataset
(http://www.globalfiredata.org/Data/index.himi

2.2 Example of findings using the ECLIPSEdataset

One of the novelties of the actual emission data set is that it includes emissions
from gas flaring. Athoughgas flaring is estimatei account forless than 3% of

the global BC emissions ithe currentdata setthis sourcas found to dominate

the estimated BC emissions in the Arctie.(north of 66N), accounting fod2%

of the annual mean BC surfacencentration@ the Arctic(Stohl et al., 2013).

By accounting for gas flaring in thengssion inventories and by improving time
resolution of domestic combustion emissions (DCE), as well as applying the
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concept of heating degree day in DCE, substhimiprovements of the simulated

Arctic BC mean concentration and its seasonality were demonstrated. This
suggests that missing emissions and lacking time resolution of the emissions data
may explain why models struggle to capture Arctic HeaeFigure 2.2). Even
including the gas flaring emissions, BC concentrations were underestimated by
model calculations, compared to shipboard measurements in the White, Kara and
Barents Seas, downwind of the main gas flaring region in northersiaRUshis
suggests that the gas flaring emissions are not overestimated in the emission data
set.
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Figure2.2: Comparison of monthly meamodelledBC and measured EBC
concentrations at Zeppelin. The measuents are shown with a
black line with crosses, whereas the model results are split into
contributions from different sources according to téurlegend.
Also shown are the results for the domestic combustion tracer with
constant emission rate througiit the year (blue line with plusses),
which can be compared directly with the variable emission tracer
(red area). Data shown is the average for the years PRORO.

Figure and figure caption taken from Stohl et al. (2013).
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3 Measurement and model assessmeof particulate matter in
Europe in 2011

By Svetlana Tsyrand Wenche Aas

3.1 Introduction

The current assessment of the concentration levels of regional background PM
and PM in 2011 has been made based on EMEP model calculations and data
from the EMEP monitoring network. The main changes in calculated;fPéhd

PM, s levels from 2010 to 2011 are documented. Calculated mean concentrations
of the individual aerosol pollutants are also included. The mass distribution
between the PM;,, PM,s and PM size fiactions based on model and
observational data is briefly discussed. Further, calculated regional background
concentrationof PM;o and PM s exceethg EU limits and WHO Air Quality
Guidelines in 2011 are present edce We
observed exceedances of RMnd PM s EU limit values and WHO Air Quality
Guidelines at the individual stations. Finally, we make a closer look at two high
pollution periods in central Europe in February and November 2011.

3.2 The measurement network

The observed annual mean concentrations ofigPMM, s and PM for 2011 at
European rural background sites can be found in Hjellbrekke and Fjeeraa (2012).
For 2011, mass concentrations of PM are reported for 65 regional or global
background sites (55 for Plyland 44 for PM;); four less than in 2011. There are
five new sites in 2011 compared to 2010: DE0043, FIO09, FI0017, FR0014 and
GRO0001 However, nine of the sitesfor which data was reported in 2010 did not
report for 2011; i.eDK0005, ES0017, GB0006, GR02, HU0O002, LV0016 and

the three Slovakian sites. For Slovakia, the sitessilemeasuring particulate
matter, but data has not been reported in tieveral sites have stopped
measuring PNy and only measure P}, i.e. six of the Spanish sites. Thember

of Partieswhich reported aerosol mass dats2011 wa21. It is worth noting that

even though the spatial distribution of sites with mass measurements in Europe
has becom@mproved several sites have unsatisfactory data coveirage2011,

47 of the 55 sitesneasuringPM;o had data completeness higher than 75%. For
PM,s 38 of the 44sites had satisfactory data coverage. PMas reported for
5sites in 2011, one less thior 2010.

3.3 The EMEP model and runs setudor 2011

The calculations presesd inthe currentreport have been performed with the
EMEP/MSGW model, version rv.4.4. The main developments of the model since
reporting in 2012 mainly aimed at improving its technical features and robustness,
whereas the descriptions of physical andnuleal processes have not changed
significantly (Simpson et al., 2012). The model version used for this report
corresponds to the EMEP/MS® Open Source model
(http://emep.int/mscw/index_mscw.hjml

The neteorological data used in the model simulations for 2011 is from the
ECMWFKIFS meteorological model. The national emissions of, S0y, NHs,
NMVOC, PMp and PM s for the year 2011 were prepared by EMEP/CEIP (see
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Chapter 1). The emissions of primary RMnd PM s have been disaggregated to
elemental carbon (EC), primary organic aerosol (POA) and remaining inorganic
dust using the latest information from I1ASA.

The modelled Py and PMjs concentrations include secondary inorganic
aerosols (SIA= SQ® + NOs + NH;"), organic aerosols (both primary and
secondary), elemental carbon, sadt, mineral 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 standardizedditions for equilibration of PM
samples.

The following procedure has been used to generate the combinegrespsted

in Figure 3.2. For each measurement site with PM data in 2011, the difference
between th@bsevedvalue 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 continuogsrentional function
describing the difference iany 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 withobservations. The range of
influence of the measured values has been set to 500 km.

3.4 Annual PMo PMssand PM;concentrations in 201

Annual mean concentration fields of regional backgroundPvid PM s in
2011, based on EMEP/MSW model calculatios and measurements from the
EMEP monitoring network, are presented Hiigure 3.2. According to the
concentration maps, the annual m&a, o concentratiorin 201 1typically varied
from 2-5 pg/m® in Northern Europe to 185 ug/m® in Southern Europe. The
corresponihg range for PMs was from 1-3 pg/m® to 520 pg/m® (Northern
Europe) to 520 ng/m® (Southern Europe)The enhanced PM and PMg levelsin
Southern Europare associated with laegemissions in major cities, industrial and
agricultural regions and alsath windblown dust generation in arid regions.

The lowest concentrations of RpIwere observed in the northern and nerth
western parts of Europe, i.e. the Nordic counttiles British Isles, and for high
altitude sites(> 800masl) on the European mainland.he average observed
annual mean PM concentration for all sites was 16.1i7pg/m3. The highest
annual mean wagecorded at Montelibretti in ltaly (ITO001, 298/m®). High
levels were also observedin Greece and The Netherlandghe lowest annual
means were recorded at the high altitude global site Jungfraujoch in Switzerland
(3.0 ug/m’) closely followed by the Norwegian site Karvatn (NO0039,
3.6 pg/m3). The average observed annual mean, Pbdbncentration for all sites
was 10.1+4.9ug/m’. The lowest annual mean was recorded at the Swedish site
Bredkéalen (SE0005, 1,99/m°), wheras the highesinnual mean wa®corded at
Ispra in Northern Italy (ITO004, 222y/n).
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Figure3.1: Annual mean concentrations of RPjMnd PM s for various regions
of the EMEP domain in 20 ( £ ¢°). 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.
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Figure3.2: Annual nean concentrations of Piyl(left) and PM s (right) in 2011
based on EMEP/MS&V model calculations and EMEP observation
data.

The mean European urban background concentration ¢f &M PM s has been
included inFigure 3.1 to give an idea of the rural background influerCkase to

50% of the urban background concentration is likely to be attributed to the mean
rural background concentration for both size fractions.
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3.4.1 PMjgand PM,sin 2011 compared to 200

75% of the sites which reported concentrations of;pPbbth for 2A0 and 241
had higherannual means in 20 compared to the previous ye&or all sites it
wasan average 7% increase going from 2010 to 2Bibivever therewerelarge
variations between sitesg. the annual mean decreased from 4@#n’ in 2010
to 23.3pg/m® in 2011 atAyia Marina in CyprugCY0002, whereasit increasd
from 11.7 to 17.0ug/m’ at R&5in Sweden(SE0014) For PM s therewas an
average increase @fo.

The observed increase iconcentration is confirmed by the EMEP model.
Calculated with the same model version ) and updated emission data, the
results show that annual mean BMvels were 0.2 pg/m® higher in 2011 than

in 2010 in Western, Central and Southern Europe, @ much as-3 ug/m®
higher in the northern of Italy, Sou#tastern Europe, in Denmark and the
Netherlands. On the other hand, in the eastern panedMEP domain (east for
appr. 15°E), i.e. in Finland, the Baltic countries, Eastern Europe, Greetta, Ma
and Turkey, the mean RMlevels were 35 pg/m® lower in 2011 than in 2010n(
fact it wasmore than 1Qug/m® lower in parts of thesouthern region). The pattern
seen for PMs generally reflects that described for RV

These differences in calctéal PM concentrationbetween 2010 and 20%re
most likely due to the differences in precipitation amounts. According to
ECMWF_IFS meteorology used in the EMEP/MS8Cmode| 2011 was drier in
Western/Central/Southern Europe and wetter in the mosheofoher regions
when compared to 201@hangesin PM;p and PMs concentrations due to
anthropogenic emissiongere minorfor most ofthe EMEP domaingoing from
2010 to 2011The exceptionwas thel-5 pg/m® concentration increase in the east
of Turkey and on Maltgaused byncreased Turkish emissions of S&hd NQ,

and the 1-3 pg/m® decrease in the Po VallefoncerningPM from natural
sourcesthe model calculates higher sea salt concentrationgidinth Sea and
lower levels of African dust in 2011 than in 2010. The latter is probably due to
more precipitation and smaller surface stress in Naftitan and Central Asian
deserts which inhibited dust generation.

3.4.2 PM size fractions

Table 3.1 showsthe annual mean Pl to PMg ratio at EMEP sites based on
observational data and model calculations for 2011. The ratios have been
calculated for common days, i.e. when both observational and modelled
concentrations of Ph and PM were available. Further, only sites with similar
methods for both size fractiolsve beermsed, i.e. sites witk.g. TEOM for one

size fraction and gravimetric for the other has not been included in order to avoid
inconsistencies due to different methtmipes. Notice that some of the sites have
data capture with less than 75% coverage. These are denoted in the table.

EMEP Report 4/2013



28

Table3.1: Observed and model calculated annual mean PM ratios at EMEP

sites in 201.
Site PM,.5/PMio PM1/PMiy  PMi/PMs s
Obs Mod Obs Mod
Norway NO0002" 0.55 0.65
NO0039" 0.73 0.78
Northern NO0056" 0.71 0.77
Europe Sweden SE0005 0.46 0.74
SE0014 0.46 0.55
Finland FI0050 0.78 0.78 0.60 0.75
The British isles Great Britain GB0036 0.61 0.59
GB0048 0.55 0.58
Austria AT0002 0.75 0.82 0.58 0.78
Switzerland CH0002% 0.67 0.78 0.52 0.78
CH0005% 0.74 0.78
Czech Rep. CZ0003%*¥ 0.70 0.80
Germany DE0002 0.71 0.73 0.47 0.66
Central/ DE0003 0.74 0.77
Western Europe DE0007 0.71 0.73
DE0008 0.71 0.77
DE0044 0.80 0.77
France FR0009? 0.53 0.74
FR0013? 0.66 0.62
FR0015% 0.57 0.67
Latvia Lv0010® 0.73 0.70
Eastern Europe
Poland PLO005 0.74 0.76
Spain ES0007 0.55 0.59
ES0008 0.42 0.69
ngéggm ES0010 0.47 0.58
ES17787 0.67 0.81 - -
Slovenia SI108 0.83 0.82
I\E/Iaeji‘fgr‘ranean Cyprus CY0002 0.73 0.73
Average 0.65 0.72 0.54 0.74

1) Estimated based on weekly data; 2) Based onyhdata; 3)Lessthan 75% data coverage

The fractions of PMs in PM; from the model correspond quite well with the
observed ones at most of the sites. However, the model tends to calculate
somewhatigherPM, s to PMy ratios compared to measurengeriveraged over

all sites, the observed and calculated, Bk PMg ratios are quite close, namely
0.65 and 0.72respectively. However, there are larger geographical differences
where the measurements tend to show higher spatial variability than ted. mo
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The mean observed ratios for Northern, Central/Western, Eastern and Southern
Europe are 0.62, 0.69, 0.74 and 0.59 respectively, whereas the correspondent
numbers from the model are 0.71, 0.75, 0.73 and 0.70. For Cyprus,fiektion

in PMyois 0.73according to both measurements and the model. The observational
and model data agree thae fine fractionof PM; accounts for a larger fraction

of PMyo in Easern, Central and Western Europehere anthropogenic emissions
dominate, compared to southeBurope, where windblown dust has a large
influence. Lower PMs to PMy ratios are observed at French, British and
Swedish sites located relatively close to the coast and thus influenced by sea salt
aerosols. For those sites, there is a large disagredmemeéen the model and
measurements, with the model allocating a larger portion of aerosol mass 4o PM
fraction compared tthe observations.

3.5 Exceedances of EU limit values and WHO Air Quality Guidelines in the
regional background environment in 201

Here, PMo and PM s concentrations calculated with the EMEP/M®Cmodel

are compared to EU critical limits and WHO recommended AQ Guidelines. The
EU limit values for PMoy entered in force 1.1.2005 (Council Directive
1999/ 30/ EC)3*forahe @anndalom a&ng / am d ° f& e daily mean,

with the daily limit not to be exceeded more than 35 times per calendar year. For
annuamean PMs, t he t ar g e t>enterad intoforce 1.1.2D1®. € g/ m

The WHO AQGs (WHO, 2005) are:
for PMyg < 20ug/m® annualy, 50 pg/m® 24-hour (99" perc. or 3 days per year)
for PM,s < 10ug/m® annually, 25ug/m® 24-hour (99" perc. or 3 days per year).

The EU PM limit values for protection of human health and WHO Air Quality
Guidelines (AQGs) for PM should apply to centrations for saalled 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 urbarteR&ls are higher

than those at the backgrousitesdue to the influence of local sources. However,
comparison of model calculated RPMandPM, 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 PN} concentrations were below the EU limit value ofyéfim® over

all of Europe in 201, with the exception of Central Asian area affected by desert
dust (Figure 3.1). However, the annual mean;fPddncentrations calculated by

the model exceed the WHO recommended AQG qi@@n® in Benelux, parts of
CentralEurope in the Po Valley (the Caucasus and Central Asia). The regional
background annual mean RMconcentrations were above EU target value and
theWHO recommended AQG value in the Po Valley and Central Asia in 2011.

The maps inFigure 3.3 show the model calculated number of days exoegd

50 pg/m3 for PM;g and 25ug/m3 for PM,5 in 2011. To illustrate the relative
importance of mamade and natural particulates in the deterioration of air
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quality, Figure 3.4 shows the correspondent exceedance maps for anthropogenic
PMo and PMs (i.e. excluding sea salt, windblown dust and biogenic organic
aerosols).

Figure3.3: Calculated number of dayxceeding th&VHO AQG in 2011: PM
exceeding 50g/nT (left) and PM s exceedin®@5 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.

Figure 3.4: Calculated number afaysexceeding th&VHO AQG in 2011: same
asFigure 3.3, but for anthropogenic PM (left) and anthropogenic
PM2.5 (rlght)

Based on the model and measurements data, a number of days with exceedances
of the WHO AQGs at EMEP sites febeen calculated for 2011. 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 presentedable3.2.
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