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Executive Summary  

The current report presents the status and progress of the emission reporting, 

observations and modelling activities undertaken under EMEP in relation to 

particulate matter in the European rural background environment. It also includes 

a special section related to volcanic ash eruption at the Eyjafjallajökull volcano in 

April and May 2010 which caused episodes with enhanced levels of PM and SO2 

at the European continent. A small section is devoted the EU infrastructures 

project ACTRIS (Aerosols, Clouds, and Trace gases Research InfraStructure 

Network), which is an important projects supporting the EMEP programme.  

 

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

 

Emission reporting 

The number of Parties providing primary particulate matter emissions data 

increased by one from 2009 to 2010, and the total number of Parties was 36; out 

of 51 Parties to the Convention. Rather limited information is provided for 

Turkey, Central Asia and the Caucasus regions. 

 

Emissions of particulate matter have been reported to CLRTAP from 2000 and 

earlier. PM emissions trends vary quite considerably among the Parties to the 

Convention. For most countries which have reported data, PM emissions have 

decreased since 2000; there are a few exceptions though. For the last year 

however (from 2009 to 2010), PM2.5 and PM10 emissions rose in 21 Parties, with 

the most substantial increase in Serbia and the Russian Federation (about 30% 

increase).  

 

The most significant source of PM emission is the combustion of fossil fuels, 

contributing about 50% of PM emissions. Not all Parties do report emissions from 

all the emissions sectors, and especially countries outside EU/EFTA region there 

is a relatively low contribution of ñSmall Combustionò to the total PM emissions, 

indicating that emissions from this sector are potentially underestimated. Another 

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

to 26% to national totals. 

 

Revision of the Gothenburg Protocol 

In May 2012, Parties to the LRTAP Convention reached an agreement on a 

revision of its Gothenburg multi-pollutant/multi-effect protocol. For the first time 

in a multilateral environmental agreement, the adverse effects of particulate 

matter (PM) on health have been considered and emission reduction commitments 

for emissions of fine primary particles (PM2.5) were included. Also, for the first 

time in an international treaty, the revised Protocol reflects upon the close 

linkages between regional air pollution and global climate change by including 

black carbon (BC), a short-lived climate forcer.  

 

Measurement and model assessment of particulate matter 

For 2010, mass concentrations of PM are reported for 69 regional or global 

background sites (67 for PM10 and 43 for PM2.5); four more than in 2009. During 

the past year, the EMEP/MSC-W model has been through an extensive revision 
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and update process with the purpose of improving modelôs general performance 

and in particular the representation of PM. As a result, several parameterisations 

of chemical and physical processes have been implemented or improved. One of 

the major improvements to PM calculations was due to implementation of 

secondary organic aerosols (SOA) in the standard model. 

 

 

 

Combined maps of EMEP model results and measurements show a pronounced 

north to south gradient, with the annual mean PM10 concentrations varying from 

1-5 µg m
-3

 in Northern Europe to 15-25 µg m
-3

 in Southern Europe. The average 

observed annual mean PM10 concentration for all sites was 15.5 g/m
3
, ranging 

from 2.2 g/m
3 

at the high altitude global site Jungfraujoch in Switzerland, to 

30.4 g/m
3 

at Ayia Marina in Cyprus. On average about 50% of the urban 

background concentration is likely to be attributed to the mean rural background 

concentration of PM10. 

 

The observed PM10 levels in 2010 and 2009 are quite comparable. On average 

there was a small decrease of 3%. For PM2.5 on the other hand, there was an 

average increase of 4% for all sites. When comparing the modelled results, PM10 

and PM2.5 concentrations in 2010 are respectively 0.5-5 g/m
3
 and 0.5-3 g/m

3
 

higher in 2010 than in 2009 in most of EMEP area, using the same and updated 

EMEP model version. In arid areas in southern/south-eastern parts of the domain, 

PM10 and PM2.5 in 2010 exceed by 5-7 g/m
3 

those in 2009, which is due to 

windblown dust. Only in Mediterranean region and Norway, calculated 2010 

concentrations are 0.5-2 g/m
3
 lower than those in 2009. The large-scale 

differences in annual mean maps of PM concentrations are to a large extent due to 

meteorological conditions, especially differences in the annual amount of 

precipitation in 2009 and 2010. In a longer time perspective, there is a relatively 

clear decrease in the PM10 mass concentration. From twenty four sites, with 

measurements from 2000 (or 2001) to 2010 show an average decrease of 21% 

±13%. 54% of the sites show a significant decrease. Similar numbers are observed 

for PM2.5; an average decrease of 27 ±14%, at thirteen sites with measurements 

from 2000 or 2001. 

 

The combined model and observation maps show that the annual mean regional 

background PM10 concentrations were below the EU limit value of 40 g/m
3
 over 

all of Europe in 2010, with the exception of the south most areas in Europe and 

the EECCA (Eastern Europe, Caucasus and Central Asia) countries affected by 

desert dust outbreaks. However, the annual mean PM10 concentrations calculated 

by the model exceed the WHO recommended AQG of 20 g/m
3
 in the Benelux 

countries, Hungary and the Po Valley in addition to the southern and south-

eastern parts of the Mediterranean basin, in the Caucasus and in the EECCA 

countries. The regional background annual mean PM2.5 concentrations were above 
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the WHO recommended AQG value of 10 g/m
3
 in many parts of Central, 

Eastern and South-Eastern Europe, in the Po Valley and the EECCA area.  

 

Chemical composition data is essential to evaluate aerosol mass concentrations. 

There are clear geographical differences in the importance of different 

components in PM10 concentrations. As calculated by the model, SIA dominates 

in Central Europe comprising 40-50% of PM10, while organic aerosols (OA) 

prevail in Northern Europe and northern/mid-latitude part of Russia (30-55% of 

PM10) and particularly in Siberian areas of Russia (up to 60% of PM10). Similar 

distribution is seen in the measurements. The average contribution of SIA from 

the fifteen sites with concurrent measurements of SO4
2-

, NO3
-
 and NH4

+
 is 

35±12%, where Central Europe had the highest SIA contribution with around 

50%.   

 

Twelve sites reported measurements of EC and OC for 2010, which are two more 

than for 2009. In addition to increased number of sites, the quality of the EC/OC 

data has improved with respect to more sites using the EUSAAR-2 reference 

protocol, and better data capture including year-round measurements at increased 

number of sites. The carbonaceous aerosol concentration was found to range by 

more than one order of magnitude within the European rural background 

environment. Elevated concentrations were observed in northern Italy and in 

Eastern Europe. Concentrations observed at sites in Scandinavia and at high 

altitude sites in western/south-western Europe, were substantially lower. 

 

 

Volcanic eruption from the Eyjafjallajökull volcano  

The eruption of the Eyjafjallajökull volcano in April and May 2010 released large 

amounts of volcanic ash and gases high into the atmosphere. It was transported 

eastward and southwards to the European mainland in the days after the eruption 

onset and caused closure of airports all over Europe. Several stations in the EMEP 

monitoring network and other measurement sites revealed time periods with 

volcanic aerosol impact in April and May 2010. I.e. at Schauinsland (DE0003) the 

concentration at 19-20 April (24h average) was 71.5 ɛg/m
3
. The EMEP/MSC-W 

chemical transport model was shortly after the start of the Eyjafjallajökull 

eruption, adapted for calculating volcanic PM by implementing a first provisional 

scheme. In the following year, the volcano module was further developed and 
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improved, and calculations for volcanic emissions have been included in the 

operational version of the model. Other models, i.e. the FLEXPART transport 

model has also been used for evaluation the transport of volcanic ash over the 

European continent. The models were able to reproduce the occurrence of most of 

pollution episodes associated with emissions from the Eyjafjallajökull eruption in 

April -May 2010. However, the levels of PM10 concentrations are not always 

calculated accurately, and in some cases model calculated episodes (or 

concentration peaks) are slightly shifted in time compared to observations. There 

are also cases when modelled volcanic ash episodes are not found in observational 

data, or oppositely. Good quality of meteorological input is crucial for the 

transport model to correctly predict the direction and speed of ash cloud 

propagation. Also, good estimates of volcanic emissions are important for 

accurate modelling of the effects of volcanic eruption clouds on air pollution. 

 



 

EMEP Report 4/2012 

11 

1 Status of emissions 

By Katar²na Mareļkov§, Robert Wankm¿ller 

 

1.1 PM emission reporting under the LRTAP Convention 

Particulate matter (PM10 and PM2.5) emissions should be reported to the 

Convention annually
1
, as a minimum for the years from 2000 onwards.  2012 was 

also a reporting year for gridded emissions and large point sources (LPS). All 

information should be provided in standardized formats in accordance with the 

EMEP Reporting Guidelines (UNECE, 2009; EMEP/EEA, 2009). 

 

1.2 Status of reporting in 2012 

44
2
 Parties (out of 51) to the LRTAP Convention submitted inventories for 2010, 

and one Party (Albania) submitted inventories only until 2009. Of these 44 

Parties, only 36 provided PM emissions. Data submitted by the Parties can be 

accessed via the CEIP website at http://www.ceip.at/overview-of-submissions-

under-clrtap/2012-submissions.  

 

Completeness, consistency, comparability and transparency of reported emissions 

are analyzed in an annual review process
3
. Feedback is provided to the Parties in 

the form of individual country reports and summary findings are published in the 

EEA & CEIP technical report Inventory Review 2012 (http://www.ceip.at/review-

of-inventories/review-2012) (EMEP/EEA, 2011). 

 

1.3 PM emission trends 

PM emissions trends (as reported) vary quite considerably among the Parties to 

the CLRTAP. For most countries which have reported data, PM emissions have 

decreased since 2000. However, there are a few exceptions where Parties reported 

increased emissions: PM10 have risen in 10 Parties, PM2.5 emissions in fourteen 

Parties. The biggest increases in PM2.5 emissions have been reported by the 

Republic of Moldova (210%), Serbia (41%), Albania (26%) and Bulgaria (22%). 

 

From 2009 to 2010, PM2.5 and PM10 emissions rose in 21 Parties, with the most 

substantial increase in Serbia (36% in PM2.5 and 21% in PM10) and the Russian 

Federation (34% in PM2.5 and 29% in PM10) (see Table 1.1 and Table 1.2). 

 

 

 

 

 

                                                 
1
 Parties to the LRTAP Convention submit air pollution emissions

 
 and projections annually to the 

EMEP Centre on Emission Inventories and Projections (CEIP) and notify the LRTAP Convention 

secretariat thereof. 
2
 Montenegro submitted its inventory for 2010 on 18 June 2012 and therefore its 2010 data cannot 

be included in the analysis.  
3
 Methods and Procedures for the Technical Review of Air Pollutant Emission Inventories 

Reported under the Convention and its Protocols (EB.AIR/GE.1/2007/16). 

http://www.ceip.at/overview-of-submissions-under-clrtap/2012-submissions/
http://www.ceip.at/overview-of-submissions-under-clrtap/2012-submissions/
http://www.ceip.at/review-of-inventories/review-2012/
http://www.ceip.at/review-of-inventories/review-2012/
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Table 1.1: PM2.5 emission trends (2000-2010) as reported by Parties. 

Country / PM2.5 [Gg] 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Change 

2009 - 10

Change 

2000 - 10

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

FYR of Macedonia NE NE NE NE NE NE NE NE

Georgia

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

Greece

Hungary 25.7 24.4 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 have been reported to EMEP  

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

ñDifferences 2009 -2010ò for Albania, Montenegro, Republic of Moldova and the United 

States of America referrer to differences between 2000 and 2009, as 2010 was not 

reported 

Emissions shown in the row ñRussian Federationò correspond only to the ñRussian 

Federation in the former official EMEP domainò 
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Table 1.2: PM10 emission trends (2000 - 2010) as reported by Parties. 

Country / PM10 [Gg] 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010
Change 

2009 - 10

Change 

2000 - 10

Albania 12.4 12.5 13.4 16.8 18.4 17.2 17.8 17.5 17.5 15.3 24%

Armenia 0.6

Austria 38.7 38.7 37.7 37.9 38.0 38.2 36.7 36.0 36.5 34.8 35.2 1% -9%

Azerbaian

Belarus NE NE 48.0 53.8 60.5 63.3 66.1 64.6 58.2 -10%

Belgium 46.0 44.9 43.7 43.7 42.2 34.1 34.4 29.9 28.4 22.5 23.7 5% -48%

Bosnia & Herzegovina

Bulgaria 35.4 33.3 36.4 41.9 41.8 44.6 46.8 47.3 46.0 39.4 41.2 5% 16%

Canada NR NR NR NR NR NR NR NR NR 5,824.9 5,855.4 1%

Croatia 13.2 13.2 14.4 16.9 17.4 17.4 16.6 16.3 16.0 14.8 13.8 -7% 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 0.1 51.4 47.0 34.3 34.9 34.6 34.9 36.3 37.0 2%

Denmark 28.5 29.3 28.5 30.2 30.4 31.8 32.9 36.5 33.8 31.4 31.7 1% 11%

Estonia 37.4 37.3 33.4 30.0 30.2 26.9 20.4 29.0 25.4 23.3 32.4 39% -13%

European Union 2,292 2,290 2,217 2,181 2,180 2,133 2,080 2,048 1,989 1,912 1,969 3% -14%

Finland 54.0 53.8 54.2 54.4 55.5 49.5 52.2 48.1 52.5 51.6 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 47.0 43.4 44.3 47.7 47.4 51.6 48.0 35.6 37.8 47.8 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 209.0 211.0 205.6 204.0 211.9 197.3 196.6 207.4 204.1 197.6 202.1 2% -3%

Kazakhstan

Kyrgyzstan

Latvia 26.6 29.3 29.0 30.5 38.9 32.6 32.1 32.7 32.1 32.9 32.6 -1% 23%

Liechtenstein 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 10% 8%

Lithuania 0.6 NE NE 10.8 10.8 11.1 11.6 12.1 11.0 12.5 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 1.3 -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 8.8 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 66.0 68.3 64.7 61.7 58.6 55.7 56.2 52.8 50.3 53.9 7% -19%

Poland 281.9 299.6 303.2 295.7 279.7 289.2 285.5 268.7 247.1 248.6 279.5 12% -1%

Portugal 101.1 107.4 93.0 86.6 94.5 96.9 87.9 85.1 85.1 83.0 71.3 -14% -29%

Republic of Moldova 4.5 3.4 5.4 5.7 11.2 7.5 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 561.4 575.6 646.7 590.8 613.0 521.8 474.6 483.8 622.5 29%

Serbia 35.7 31.9 35.7 35.7 37.2 39.5 39.5 39.5 40.3 38.4 46.4 21% 30%

Slovakia 44.7 47.3 40.2 36.4 31.9 41.7 36.5 31.8 31.2 30.8 30.2 -2% -33%

Slovenia 19.4 19.0 18.6 18.2 18.3 18.5 18.2 18.4 16.6 18.9 19.8 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 22.4 22.0 21.4 21.2 21.1 21.1 20.9 20.6 20.6 20.4 20.5 0% -9%

Turkey

Ukraine NO 2.9 118.5 131.2 NE NA NO 133.2

United Kingdom 171.3 164.9 143.1 140.0 137.8 135.0 133.4 130.7 125.6 113.9 114.2 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 

ñDifferences 2009 -2010ò for Albania, Montenegro, Republic of Moldova and the United 

States of America referrer to differences between 2000 and 2009, as 2010 was not 

reported 

Emissions shown in the row ñRussian Federationò correspond only to the ñRussian 

Federation in the former official EMEP domainò 
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1.4  Contribution of key categories to total PM emissions 

In order to further improve air monitoring and modelling under the Convention, it 

is important to identify GNFR
4
 categories that have a significant influence on total 

emissions. Such an analysis helps to set priorities for improvement but can also 

highlight potential gaps in reporting. 

 

 

 

Figure 1.1: Top seven categories contributing to PM2.5 2010 emissions (GNFR 

categories). 

 

 

Figure 1.2: Top seven categories contributing to PM10 2010 emissions (GNFR 

categories). 

Note:  Where the total number of categories for a particular pollutant is more than seven or the 

contribution of a particular sector is < 2%, emissions have been summed up in the category 

óOtherô  
óMemo itemsô represent emissions reported as international maritime navigation 

 

 

                                                 
4
 21 GNFR categories are aggregated NFR09 categories (see UNECE 2009 - Annex IV at 

http://www.ceip.at/reporting-instructions/annexes-to-the-reporting-guidelines). GNFR categories should be 

used for reporting of gridded emissions from 2012 onwards. 
 

http://www.ceip.at/reporting-instructions/annexes-to-the-reporting-guidelines/
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The most significant source of PM emission is the combustion of fossil fuels, 

contributing about 50% of PM emissions. The different distribution of GNFR 

sectors between EU/EFTA/HR and ñOther countries
5
ò, and especially the 

relatively low contribution of ñSmall Combustionò to the total PM emissions of 

ñOther countriesò indicates that emissions from this sector are potentially 

underestimated.  

Another important source of PM emissions is the transport sector with contribu-

tions of 13 to 26% to national totals (see Figure 1.1 and Figure 1.2). 

 

1.5 Emission data prepared for modellers 

Modellers use PM2.5 and PMcoarse
6
 (PM10-2.5) emissions distributed in a 

50 x 50 km² PS EMEP grid
7
. The extended EMEP domain comprises 

approximately 21 000 grid cells, but PM sectoral data is reported for less than 

50% of this area. More or less complete emission data are available for Europe, 

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

of EECCA countries, by Turkey or for the ñRussian Federation extended EMEP 

domainò. 

  

To make submitted emission data usable for modellers, emissions reported in 

NFR09 categories are converted to 10 SNAP sectors, whereas missing 

information (i.e. not reported by Parties) has to be added (gap fill ing)
8
.  Emission 

trends in the EMEP area are significantly influenced by big countries like 

Ukraine, Turkey, Belarus and the Russian Federation, for which consistent time 

series are not available and trends are based on expert estimates. 

 

 

 
 

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

                                                 
5
 óOther countries ô in this chapter refer only to 5 countries, namely Belarus, FYR of Macedonia, 

the Russian Federation, Serbia and Ukraine. A larger number of Parties from the ñOtherò group 

did not report PM emissions at all. 
6
 PMcoarse emissions are  not reported but estimated as the difference between PM10 and PM2.5 

7
 Information regarding the gridding procedure can be downloaded at 

http://www.ceip.at/fileadmin/inhalte/emep/pdf/gridding_process.pdf 
8
  Basic principles for expert estimates are described in the EEA (2009b) óproposed gap-filling 

procedure for the European Community LRTAP Convention emission inventoryô. 

http://www.ceip.at/fileadmin/inhalte/emep/pdf/gridding_process.pdf
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In 2012 gridded emissions were reported in GNFR sectors but the modellers still 

requested data in SNAP sectors, and therefore CEIP converted the reported GNFR 

sectors to SNAP sectors using the reported NFR sector distribution for weighting. 

This converted grid was then used to distribute the SNAP sector emissions which 

had been converted from NFR09. 
 

Gap-filled and gridded data can be accessed via the CEIP homepage at 

http://www.ceip.at/webdab-emission-database/emissions-as-used-in-emep-models 

and gridded data can also be visualized in Google Maps/Earth at 

http://www.ceip.at/webdab-emission-database/gridded-emissions-in-google-maps.  

 

1.6 Update of historical gridded emissions used in EMEP models (2000 ï 

2009) 

To provide modellers with historical data that is consistent with the latest 

(recalculated) data reported by Parties, CEIP has re-gridded data from previous 

years (from 2000 to 2009). As an example of the magnitude of the changes, see 

the revised data on PM2.5 and PMcoarse emissions for the years 2000 and 2005. 

(Table 1.3). For the whole EMEP area, the differences in PM2.5 gridded data are 

minimal (below 2 %). The differences in PMcoarse are bigger, but still less than 8%. 

However, for individual countries the differences in 

the revised emissions are sometimes significant. For 

example, Belarusô updated PM2.5 emissions 

increased by 83% in 2005, whereas the revision 

resulted in a decrease for Bulgaria (-48%), Serbia 

(-33%), Portugal (-20%), Montenegro (-14%) and 

Italy (-10%).  

PMcoarse emissions increased in Liechtenstein by 

34% in the year 2005. In Serbia and Romania 

(-58%), Slovakia (-36%), Bulgaria (-38%), France 

(-29%) and Belarus (-24%) PMcoarse emissions 

decreased. In Bulgaria, France and Slovakia the revised PMcoarse emissions 

decreased significantly for the whole timeline from 2000 to 2009, whereas in 

Liechtenstein is the revision resulted in a significant increase. These major 

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

 

 

Table 1.3: Total differences between PM emissions gridded in 2011 and 

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

  
2011  

expert data 
2012 

expert data 
Difference  

[Gg] 
Difference 

[%] 

PM2.5 total 2000 3 623 3 565 -58 -1.60% 

PM2.5 total 2005 2 943 2 900 -43 -1.46% 

PMcoarse total 2000 1 984 1 910 -74 3.73% 

PMcoarse total 2005 1 606 1 478 -128 7.97% 
 

Note 

The years 2008 and 2009 were re-

gridded using the same distribution 

as for 2010. For the years 1990, 2000 

and 2005 new base grids were 

calculated for the emission 

distribution, based on new gridded 

data reported for these years. The 

years 2003 to 2007 were re-gridded 

using the new base grid for 2005 and 

the years 2000 to 2002 were re-

gridded using the new base grid for 

2000 for the emission distribution 

http://www.ceip.at/webdab-emission-database/emissions-as-used-in-emep-models/
http://www.ceip.at/webdab-emission-database/gridded-emissions-in-google-maps/
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A list of the differences between gridded emissions for the period 2000 - 2009 

(used in models in 2011) and those re-gridded in 2012 (per country/pollutant/year 

and expressed both as a percentage and in Gg) can be downloaded at 

http://www.ceip.at/fileadmin/inhalte/emep/xls/2012/Diff_gridded_regridded_2012

.xls. 
 

 

http://www.ceip.at/fileadmin/inhalte/emep/xls/2012/Diff_gridded_regridded_2012.xls
http://www.ceip.at/fileadmin/inhalte/emep/xls/2012/Diff_gridded_regridded_2012.xls
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2 Revision of the Gothenburg Protocol 

By Zbigniew Klimont and Markus Amann 

 

In May 2012, Parties to the Convention on Long-range Transboundary Air 

Pollution have reached agreement on a revision of its Gothenburg multi-

pollutant/multi-effect protocol (UNECE, 2012). Inter alia, the revised protocol 

includes quantitative emission reduction commitments for the year 2020. For the 

first time in a multilateral environmental agreement, the adverse effects of 

particulate matter (PM) on health have been considered and include emission 

reduction commitments for emissions of fine primary particles (PM2.5). Also, for 

the first time in an international treaty, the revised Protocol reflects upon the close 

linkages between regional air pollution and global climate change by including 

black carbon (BC), a short-lived climate pollutant.  

 

CIAM has contributed the analysis of the baseline (current legislation) and 

maximum feasible reductions and discussed the scope/potential for further 

reductions (Amann et al., 2011a). Finally, the impacts of the committed changes 

in SO2, NOx, PM2.5, NH3 and VOC emissions on premature mortality from fine 

particulate matter and ozone and the protection of ecosystems against eutro-

phication and acidification were analyzed. CIAM compared the environmental 

improvements that are calculated for the committed emission reductions against 

those estimated for the ócurrent legislationô baseline and the maximum technically 

feasible reductions (Amann et al., 2012).  

 

The analysis employed the GAINS (Greenhouse gas ï Air pollution Information 

and Simulation) model (Amann et al., 2011b). The cost-effectiveness analysis of 

the GAINS model can identify portfolios of measures that lead to cost-effective 

environmental improvements. Obviously, in such an optimization problem any 

cost-optimal solution is critically determined by the choice of environmental 

constraints, i.e., by the chosen ambition level of the environmental targets as well 

as by their spatial distribution across Europe. More stringent and more site-

specific targets will result in higher costs. Targets that could usefully guide 

international negotiations on further emission reductions must fulfil  two criteria: 

 

- First, they must be achievable in all countries (otherwise no portfolio of 

measures would be available to achieve them), and  

- second, they should result in internationally balanced costs and benefits, so 

that they could be politically acceptable by all Parties. 

 

Ultimately, the choice of a set of environmental targets that could serve as a 

useful starting point for negotiations will require value judgment, and will 

therefore always remain a political task for negotiators. It cannot be replaced by 

scientific models unless they employ (implicit or explicit) quantifications of 

preference structures for the various parties. CIAM has contributed with the 

analysis of four different concepts for target setting which were discussed in an 

earlier (CIAM 1/2010) report and then at the 47
th

 Session of the Working Group 

on Strategies. Eventually, drawing on the conclusions of that discussion, the 

hybrid scenarios that combine the different target setting options for individual 
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impacts were developed and used in the analysis (see for more details Amann et 

al., 2011a). 

 

While, a complete assessment including all Gothenburg Protocol pollutants is 

presented in Amann et al. (2011a, 2012), here we highlight key findings focusing 

on particulate matter. 

 

For the EMEP domain as a whole, the emission reduction commitments of the 

revised Gothenburg protocol imply a 22% decrease in primary PM2.5 (Figure 2.1). 

This reduction is clearly lower than the range of future emissions that has been 

discussed in the cost-effectiveness analysis for the negotiations of the revised 

protocol (Amann et al., 2011a). For instance, compared to the ómidô ambition 

level, PM2.5 fall short by 40%. Furthermore, the agreed commitments are also 

lower than what has been estimated as the result from the implementation of 

existing emission control legislation by the GAINS model for 2020. For primary 

PM2.5, the model estimated 25% larger impacts of the current legislation on 

emissions in 2020 than what has been agreed by Parties in the revised Gothenburg 

protocol (Table 2.1). These differences might be explained by a number of 

factors, including disagreements about the underlying projections of energy use 

and economic development, different assumptions about the implementation 

success and effectiveness of emission recent control legislation, and uncertainties 

in emission inventories. Furthermore, Parties might also have introduced some 

uncertainty margin to safeguard against unexpected developments. 
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Figure 2.1: Changes in emissions in 2020 relative to 2005 over the EMEP 

domain. The Gothenburg commitments are indicated by the blue 

bars, while the lines indicate the ranges between the ócurrent 

legislationô and the ómaximum technically feasible reductionô cases 

estimated by the GAINS model for the PRIMES 2009 energy 

projection. 
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Table 2.1: PM2.5 emissions. 

 Emission reductions in 2020 relative to 2005 Emissions in 2005 
(kilotons) 

 Gothenburg 
emission 
reduction 

commitment 

GAINS 
Current 

legislation 
estimate 

GAINS 
MID 

ambition 
level 

scenario 

GAINS 
Maximum 
Technically 

Feasible 
Reductions 

reported  
to EMEP   
in 2012 

estimated 
by GAINS  
in 2011 

Austria -20% -39% -43% -62% 22 22 
Belgium -20% -27% -32% -47% 24 28 
Bulgaria -20% -33% -47% -81% 44 51 
Cyprus -46% -52% -52% -67% 3 3 
Czech Rep. -17% -26% -31% -59% 22 34 
Denmark -33% -39% -40% -74% 25 32 
Estonia -15% -61% -68% -84% 20 20 
Finland -30% -29% -30% -67% 36 31 
France -27% -34% -39% -66% 304 317 
Germany -26% -32% -35% -49% 121 122 
Greece -35% -40% -53% -71% 56 55 
Hungary -13% -17% -30% -62% 31 28 
Ireland -18% -26% -26% -37% 11 10 
Italy -10% -34% -38% -55% 166 151 
Latvia -16% -18% -25% -83% 27 18 
Lithuania -20% -22% -48% -75% 9 14 
Luxembourg -15% -46% -47% -50% 3 3 
Malta -25% -60% -60% -79% 1 1 
Netherlands -37% -45% -47% -55% 21 25 
Poland -16% -22% -27% -44% 133 125 
Portugal -15% -44% -67% -85% 65 104 
Romania -28% -30% -52% -86% 106 154 
Slovakia -36% -49% -56% -70% 37 19 
Slovenia -25% -38% -46% -71% 14 9 
Spain -15% -33% -45% -61% 93 140 
Sweden -19% -39% -40% -56% 29 29 
United Kingdom -30% -42% -44% -54% 81 91 
EU-27 -22% -34% -42% -64% 1504 1634 

       
Albania*) 0% -16% -34% -77% 9 9 
Belarus -9% -1% -39% -68% 53 53 
Bosnia-H*) 0% -35% -42% -74% 20 20 
Croatia -18% -24% -48% -74% 20 19 
FYR Macedonia*) 0% -43% -59% -83% 13 13 
R Moldova*) 0% -9% -59% -74% 10 10 
Norway -30% -38% -39% -69% 51 51 
Russia -3% 4% -57% -72% 763 763 
Serbia-M*)  0% -29% -45% -79% 68 68 
Switzerland -26% -29% -40% -56% 10 10 
Ukraine*) 0% -4% -59% -81% 390 390 
Non-EU -21% -21% -63% -79% 1407 1723 

       
Total -22% -27% -53% -72% 2911 3357 
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For the EMEP domain as a whole, the agreed emission reductions will lead to 

significant reductions of the negative impacts of air pollution. Mortality from the 

exposure to fine particulate matter will fall by 27% in 2020 (Table 2.2). There are, 

however, significant regional differences across Europe and the reduction in 

impacts falls short of the one presented in the cost-effectiveness analysis, in fact 

they do not even reach the improvements estimated for the current legislation case 

that were estimated at over 30%.  

 

This shortfall also applies to several targets of the Thematic Strategy on Air 

Pollution (TSAP) of the European Union. For the EU-27, the revised Gothenburg 

would reduce the years of life lost (YOLLs) from the exposure to fine particulate 

matter by 35%, so that additional measures would be necessary to meet the 47% 

target that has been established in the TSAP. 
 

 

Table 2.2: Health Impacts from PM2.5 in 2000 and 2020. 

  2000 
2020, with emission  

reduction 
commitments 

2020, GAINS 
estimate for 

Current legislation 
MFR 

Health impacts from 
PM (million years of 
life lost) 

Total 306.0 224.9 204.0 159.0 

EU-27 204.0 132.1 116.0 101.0 

Non-EU 102.0 92.8 88.0 58.0 
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3 Measurement and model assessment of particulate matter in 

Europe in 2010 

 

3.1 PM mass concentrations 

By Svetlana Tsyro, Karl Espen Yttri and Wenche Aas 

 

3.1.1 Introduction 

The current assessment of the concentration levels of regional background PM10 

and PM2.5 in 2010 has been made based on EMEP model calculations and data 

from EMEP monitoring network. In this chapter, we present the recent estimates 

of PM10 and PM2.5 concentrations for 2010 and document the main changes in 

PM10 and PM2.5 levels from 2009 to 2010.  Brief information concerning PM main 

constituents and mass size distribution is provided based on model and 

observational data. Furthermore, calculated exceedances of the WHO Air Quality 

Guidelines by regional background PM10 and PM2.5 concentrations in 2010 are 

presented. We also look at how well the model manages to reproduce observed 

exceedances of PM10 and PM2.5 EU limit values and WHO Air Quality Guidelines 

at the individual stations.  

 

3.1.2 The measurement network 

The observed annual mean concentrations of PM10, PM2.5 and PM1 for 2010 at 

European rural background sites can be found in Hjellbrekke and Fjæraa (2012). 

For 2010, mass concentrations of PM are reported for 69 regional or global 

background sites (67 for PM10 and 43 for PM2.5); four more than in 2009. There 

are seven new sites in 2010 compared to 2009: DK0012, ES0005, ES0006, 

NO0039, NO0056, RO0008, SE0005; but three from 2009 have not reported data 

for 2010: DK0041, EE0009 and IE0031. The same number of Parties reported 

aerosol mass data in 2009 and 2010 (25). Romania is new, while Ireland has not 

reported mass data for 2010. It is worth noting that although the number of sites 

has increased the last years, several sites have unsatisfactory data coverage. In 

2010, 56 of the 67 PM10 sites have data completeness higher than 75%. For PM2.5 

there are 30 of the 43 sites with satisfactory data coverage. PM1 was reported for 6 

sites in 2010, the same number as in 2009.  

 

3.1.3 The EMEP model and runs setup 

The calculations presented in this report have been performed with the 

EMEP/MSC-W model, version rv.4. During the past year, the EMEP/MSC-W 

model has been through an extensive revision and process updates with the 

purpose of improving modelôs general performance and in particular the 

representation of PM. As a result, several parameterisations of chemical and 

physical processes have been implemented or improved. The most recent 

developments of the EMEP MSC-W model (version rv4) are documented in 

EMEP Status Report 1/2012 and Simpson et al. (2012). Here, the model changes 

which affect model PM results the most are outlined: 

 

 implementation of secondary Organic Aerosols (SOA); 

 implementation of  re-suspended road dust; 
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 implementation of explicit calculations of cloud water acidity (reduction of 

cloud pH increased sulphate formation); 

 update of monthly temporal profiles of SOx emissions; 

 use of the more robust parameter ñSoil Moisture Indexò instead of ñSoil 

moistureò from ECMWF-IFS data for windblown dust calculations; 

 update of the rate of coarse NO3
-
 formation; changing its Mass Median 

Diameter from 2.5 m to 3 m (so that 27% of coarse NO3
-
 is assigned 

now to PM2.5). 

 

The meteorological data used in the model simulations for 2010 is from the 

ECMWF-IFS meteorological model. The national emissions of SOx, NOx, NH3, 

NMVOC, PM10 and PM2.5 for the year 2010 were prepared by EMEP/CEIP (see 

Chapter 1). The emissions of primary PM10 and PM2.5 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 PM10, PM2.5 and PM1 concentrations in 2010 

The lowest measured concentrations of PM10 were observed in the northern and 

north-western parts of Europe, i.e. the Nordic countries, British Isles, and for high 

altitude sites (> 800 masl) on the European mainland (Figure 1.1). The highest 

observed concentrations of PM10 are found at sites in Cyprus, the Netherlands, 

Hungary and Italy, while for PM2.5 at sites in Austria, Germany, France and Italy. 

The regional distributions of PM10 and PM2.5 are very similar.  
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Figure 3.1: Annual mean concentrations of PM10 and PM2.5 for various regions 

of the EMEP domain in 2010 (ɛg m
-3

). Solid blue and red lines 

denote the average concentrations for all sites. Annual mean 

concentrations for European urban background sites (from AirBase) 

are included for comparison.  

 

Annual mean concentration fields of regional background PM10 and PM2.5 in 

2010, based on EMEP/MSC-W model calculations and measurements from the 

EMEP monitoring network, are presented in Figure 3.2. The modelled PM10 and 

PM2.5 concentrations include secondary inorganic aerosols (SIA= SO4
2-

+NO3
-
+ 

NH4
+
), organic aerosols (OA=POA+SOA), elemental carbon, sea-salt, mineral 
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dust and water. The aerosol water content is calculated for a temperature of 20 °C 

and a relative humidity of 50%, which corresponds to required standardized 

conditions for equilibration of PM samples. 

 

The following procedure has been used to generate the combined maps. For each 

measurement site with PM data in 2010, the difference between the measured 

value and the modelled value in the corresponding grid cell has been calculated. 

The differences for all sites have been interpolated spatially using radial base 

functions, which provide a continuous 2-dimentional function describing the 

difference in any cell within the modelled grid. The combined maps have been 

constructed by adjusting the model results with the interpolated differences, 

giving larger weight to the observed values close to the measurement site, and 

using the model values in areas with no observations. The range of influence of 

the measured values has been set to 500 km. 

 

  
 

Figure 3.2: Annual mean concentrations of PM10 (left) and PM2.5 (right) in 2010 

based on EMEP/MSC-W model calculations and EMEP observation 

data.  

 

The concentration maps constructed from EMEP model and observational data 

(Figure 3.2) show a typical north to south gradient, with the annual mean PM10 

decreasing from 1-5 g/m
3
 in Northern Europe to 15-25 g/m

3
 in Southern 

Europe. The annual mean concentrations of PM2.5 decrease from 1-3 g/m
3
 in 

Northern Europe to 5-20 g/m
3
 in Southern Europe. On the top of this zonal PM 

distribution, there are areas with enhanced PM2.5 and PM10 levels associated with 

large emissions in major cities and industrial and agricultural regions. 

 

The average observed annual mean PM10 concentration for all sites (average 

between regions) was 15.5 g/m
3
, the lowest annual mean was recorded at the 

high altitude global site Jungfraujoch in Switzerland (2.2 g/m
3
) and the Swedish 

site Bredkälen (3.6 g/m
3
), whereas the highest levels were recorded at Ayia 

Marina in Cyprus (30.4 g/m
3
) and at the Hungarian site K-puszta (27.8 g/m

3
). 

The mean European urban background concentration of PM10 has been included 
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in Figure 3.1 to give an idea of the rural background influence. Somewhat less 

than 50% of the urban background concentration is likely to be attributed to the 

mean rural background concentration. Close to 60% of the urban background 

concentration is likely to be attributed to the mean rural background concentration 

of PM2.5 (Figure 3.1). 

 

3.1.5 PM10 and PM2.5 in 2010 compared to 2009 

Close to 50% of the sites which reported concentrations of PM10 both for 2009 

and 2010 had lower annual means in 2010 compared to the previous year, 

meaning that the levels in 2010 and 2009 are quite comparable. On average there 

was a small decrease of 3%, however, there are large variations between sites, and 

the largest relative decrease was at the Moldavian site Leova (MD0013), where 

the annual mean went from 15.6 g/m
3
 in 2009 to 4.7 g/m

3
 in 2010 (230% 

decrease). The largest relative increase of 23% (from 23.4 to 30.3 g/m
3
) was 

seen at Ayia Marina in Cyprus (CY0002). 

 

For PM2.5 there is an average increase of 4% for all sites, but it was the same 

number of sites with decrease or increase. The highest relative decrease was seen 

at the Latvian site Rucava (LV0010), with a change from 18.8 µg/m
3
 in 2009 to 

14.6 µg/m
3
 in 2010 (40% decrease) , and the highest relative increase of 42% was 

found at Hyytiälä (FI0050) (from 4.5 to 5.5 g/m
3
). For PM1, there was a general 

increase in concentration at the six sites with measurements both years, on 

average 22%.   

 

When comparing the calculated PM10 and PM2.5 concentrations from the EMEP/ 

MSC-W model, there is a general increase in PM10 and PM2.5 levels calculated 

with the model for 2010 compared to those for 2009 produced last year. As 

briefed above, an extensive revision of a number of chemical and physical 

processes in the EMEP/MSC-W model has been made since last year reporting. 

Thus, the differences in PM concentrations for 2010 and 2009 in EMEP 

Report 4/2011 are partly due to the model modification. When calculated with the 

same model version (rv.4), PM10 and PM2.5 concentrations in 2010 are 

respectively 0.5-5 g/m
3
 and 0.5-3 g/m

3
 higher than in 2009 in most of EMEP 

area. In arid areas in southern/south-eastern parts of the domain, PM10 and PM2.5 

in 2010 exceed by 5-7 g/m
3 

those in 2009, which is due to windblown dust (see 

below). Only in Mediterranean region and Norway, calculated 2010 concen-

trations are 0.5-2 g/m
3
 lower than those in 2009.  

 

Component-wise analysis shows that the differences between 2010 and 2009 

concentrations have the same pattern for both primary PM and SIA. The belt of 

higher 2010 concentrations stretches from north-eastern France east, crossing 

Germany, Poland, the Baltic Countries, Belarus, north-western Russia and 

Finland. Also in Turkey, Malta, and the Caucasus PM concentrations in 2010 are 

calculated to be higher in 2009. Comparison of meteorological conditions (based 

on fields from ECMWF-IFS model) shows some spatial correspondence between 

the areas with higher PM concentrations and the areas with less precipitation in 

2010 compared to 2009. On the other hand, southern/south-eastern Europe 

received in 2010 more precipitation than in 2009, which led to efficient 

scavenging of pollutants.  
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Calculated dust concentrations in 2010 are higher than in 2009 in many of 

arid/semi-arid areas in south-eastern EECCA regions, Turkey and North Africa. 

This is due to more favourable meteorological conditions for dust generation and 

transport, i.e. higher temperatures and less precipitation yielded drier soil, while 

larger surface stress facilitated soil particle uplift in 2010. At the same time, a 

recent correction of dust boundary conditions resulted in reduced levels of 

Saharan dust calculated for 2010. 

 

Furthermore, there are two locations with markedly enhanced PM concentrations 

in 2010 compared to 2009. The first one, centred in the southern coast of Iceland, 

is due to Eyjafjallajökull volcano eruption (mid-April to mid-May 2010). The 

second one, over central Russia, is due to severe forest fires during July-August 

2010.   The Eyjafjallajökull eruption emissions contained large amount of ash and 

some SO2, thus contributing with primary PM. See further discussions of the 

Eyjafjallajökull eruption in Chapter 5. The Russian fires emitted large amounts of 

CO and NO2, leading to large ozone production and enhancing the formation of 

SOA.  

 

3.1.6 PM10 and PM2.5 seasonality in 2010 

One of the most pronounced features of PM seasonal variation in 2010 are 

elevated PM10 and PM2.5 concentrations reported for January and February at the 

sites in central Europe. Figure A1 in Appendix shows measured and calculated 

monthly variations of PM10 and PM2.5 averaged over sites in the individual 

countries. Enhanced PM10, and especially PM2.5 levels, are indeed seen at 

German, Austrian, Swiss, Czech, Dutch, British and Swedish sites, and elevated 

PM2.5 levels at Norwegian and French sites. Meteorological maps reveal that those 

winter months were characterised by low temperatures and low surface winds, 

causing stagnant pollution situation in Central Europe. Monthly mean trajectories, 

calculated from ECMWF-IFS 925 hPa winds (http://www.emep.int) indicate 

frequent easterly and south-easterly transport in January-February 2010. 

 

At Spanish sites, monthly PM10 and PM2.5 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 PM10 and PM2.5 

The longest time series of PM data reported to EMEP goes back to 1996-1997; i.e. 

for four Swiss sites, one Czech and one British. Significant inter-annual variations 

in the PM concentrations are observed, of which those associated with the peak in 

2003 is the most pronounced (Figure 3.3). However, despite large inter-annual 

variations, there is a relatively clear general decrease in the observed mass 

concentration in Europe the last decade (Tørseth et al., 2012; Barmpadimos et al., 

2012). Trend analysis, using the Mann Kendall test, of PM10 mass measurements 

from twenty four sites, with measurements from 2000 (or 2001) to 2010 show an 

average decrease of 21% ±13%, which corresponds to an annual loss in average 

mass of 0.33 g/m
3
 pr year. 54% of the sites show a significant decrease, non with 

significant increase. Similar numbers are observed for PM2.5; an average decrease 

of 27 ±14%, at 13 sites with measurements from 2000 or 2001. 38% of the sites 

have a significant downward trend, non with positive trend. The downward 

http://www.emep.int/
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tendency in the observed annual mean concentration of PM, corresponds to a 

rather broad reduction in the emissions of primary PM and secondary PM 

precursors in Europe in the actual period (Tørseth et al., 2012; Barmpadimos et 

al., 2012; EMEP/CEIP, 2011). 
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Figure 3.3: Time series from 1998 to 2010 of PM10 (left) and PM2.5 (right) at 

selected EMEP sites. 

 

Figure 3.4 shows model calculated and observed 11-year trends of annual mean 

PM10 and PM2.5 concentrations in the period 2000-2010. Only the sites with 

measurements in all these eleven years are included in the trend plots. Here, the 

concentrations are averaged over all EMEP sites with at least 75% data for each of 

the years. Only eleven sites for PM10 and four sites for PM2.5 satisfy the criteria. 

Those sites are located in Germany, Switzerland and Austria and thus the trends 

are representative for Central Europe. As was also seen for the somewhat larger 

dataset presented above, there is a slight downward trend in annual mean PM10 

and PM2.5 levels from 2000 to 2010. In both observational and model data, 

elevated PM levels occurred in 2003 and less so in 2006. Furthermore, 

observations indicate that PM10 and PM2.5 increased from 2008 to 2009 and 

further to 2010, whereas the model calculates rather flat average concentration 

level for both PM10 and PM2.5 for the same period. The measured PM10 and PM2.5 

increase is due to concentration increase at German and Austrian sites, while at 

Swiss sites they went down from 2008 to 2010. Probably, the recorded increase in 

annual mean PM levels is due to enhanced PM pollution in German and Austrian 

sites in January-February 2010 (see 3.1.6). If we zoom in at the period 2008-2010, 

for which observations from as many as 35 stations for PM10 and 23 stations for 

PM2.5 are available, the data indicate a very slight (about 1 g/m
3
) decrease for 

PM10 and flat concentration level for PM2.5. Model results agree well with these 

observed PM changes. 
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Figure 3.4: Calculated and observed changes in annual mean PM10 and PM2.5 

concentrations between 2000 and 2010.  

 

3.1.8 PM size fractions 

Table 3.1 shows annual mean PM2.5 to PM10 ratio at EMEP sites based on 

observational data and model calculations for 2010. The ratios have been 

calculated for common days, i.e. when both observational and modelled 

concentrations of PM2.5 and PM10 were available. Further, only sites with similar 

methods for both size fractions are used, i.e. sites with TEOM for one size 

fraction and gravimetric for the other has not been included in order to avoid 

inconsistencies due to different methodologies. Only sites with measurements 

over the whole year are included. Notice that some of the sites have data capture 

with less than 75% coverage. These are denoted in the table. 

 

In general, there is a fairly good agreement between model calculations and 

measured data regarding the fraction of PM2.5 in PM10. However, the model 

calculates somewhat larger PM2.5 to PM10 ratios compared to measurements. 

Averaged over all sites, the observed PM2.5 to PM10 ratio is 0.63, while it is 0.71 

calculated by the model. Considering geographical differences, mean observed 

ratios for Northern, Central/Western and Southern Europe are 0.54, 0.70 and 0.59 

respectively. The correspondent numbers from the model results are 0.71, 0.75 

and 0.69. The observational and model data agree that fine fraction in PM10 is  

larger in central Europe (0.6-0.8), where anthropogenic emissions dominate, 

compared to southern Europe (0.5-0.7), where windblown dust has a large 

influence. Lower PM2.5 to PM10 ratios (0.5-0.7) are derived from model and 

observational data for French, British and Dutch sites located relatively close to 

the coast and thus influenced by sea salt aerosols. For Scandinavian (Norwegian 

and Swedish) sites, the model and measurements show a larger disagreement. 

Compared to observations, the model allocates a larger portion of aerosol mass to 

PM2.5 fraction. Tables A1 and A2 in Appendix show that the model negative 

biases are somewhat larger for PM10 than for PM2.5 compared to observations at 

those sites, indicating that the model tends to underestimate measured coarse PM 

mass. This could partly be due to too little road dust in model calculations, which 

contribution to coarse mass can be significant due to the use of studded tires in 

north-European countries. Also primary biogenic aerosol particles (PBAP), which 

can have large influence at some sites, are not presently incorporated in the 

model. PBAP may contribute significantly at the Nordic sites, especially during 

summer (Yttri et al., 2007; 2011a,b; Genberg et al., 2011). 
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Table 3.1: Observed and model calculated annual mean PM ratios at EMEP 

sites in 2010.  

  
Site PM2.5/PM10 PM1/PM10 PM1/PM2.5 

   
Obs Mod Obs Obs 

Northern Europe 

Norway NO02
1)
 0.60 0.73 

  

Sweden 

SE05 0.57 0.78 
  

SE14 0.54 0.62 
  

SE11
2)
 0.45 0.72 

  
Finland FI50 0.85 missing 0.82 0.71 

The British isles Great Britain 
GB36 0.62 0.61 

  
GB48

3
 0.52 0.60 

  

Central/Western Europe 

Austria AT02 0.78 0.83 0.82 0.79 

Switzerland 
CH02

3)
 0.68 0.79 0.51 0.77 

CH05
3)
 0.77 0.80 0.69 0.81 

Czech Rep. CZ03
3)
 0.82 0.81 

  
The 
Netherlands 

NL09 0.56 0.64 
  

NL10 0.60 0.71 
  

Germany 
DE02 0.74 0.73 0.50 0.67 

DE03
3)
 0.76 0.80 

  

France 

DE44 0.77 0.78 
  

FR09
2)
 0.65 0.76 

  
FR13

2)
 0.61 0.68 

  
  FR15

2)
 0.72 0.70 

  
  FR18

2,3)
 0.68 0.66 

  

Eastern Europe 
Latvia 

LV10
3
 0.59 0.74 

  
LV16 0.65 0.82 

  
Poland PL05 0.77 0.81 

  

Southern Europe 
Spain 

ES01 0.57 0.65 
  

ES07 0.59 0.56 
  

ES09 0.54 0.71 
  

ES10 0.50 0.57 
  

ES11 0.50 0.61 
  

ES12 0.49 0.71 
  

ES13 0.56 0.70 
  

ES14 0.58 0.72 
  

ES16
3)
 0.67 0.69 

  
ES1778

3)
 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 than 75% data coverage  

 

 

3.1.9 Exceedances of EU limit values and WHO Air Quality Guidelines in the 

regional background environment in 2010 

The EU limit values for PM10 (Council Directive 1999/30/EC) are 40 ɛg/m
3 

for 

the annual mean and 50 ɛg/m
3
 for the daily mean. The daily mean should not be 

exceeded more than 35 times per calendar year.  
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The WHO AQGs (WHO, 2005) are:  

for PM10: < 20 g/m
3
 annually, 50 g/m

3
 24-hour (99

th
 perc. or 3 days per year)  

for PM2.5: < 10 g/m
3
 annually, 25 g/m

3
 24-hour (99

th
 perc. or 3 days per year).  

 

EU limit values for PM for protection of human health and WHO Air Quality 

Guidelines (AQGs) for PM apply to PM concentrations for so-called zones, or 

agglomerations, in rural and urban areas, which are representative of the exposure 

of the general population. The EMEP model is designed to calculate regional 

background PM concentrations. Clearly, the rural and urban PM levels are higher 

than those at the background due to the influence of local sources. However, 

comparison of model calculated PM10 and PM2.5 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 PM10 concentrations were below the EU limit value of 40 g/m
3
 over 

all of Europe in 2010, with the exception of the south most areas in Europe and 

the EECCA countries affected by desert dust outbreaks (Figure 3.2). However, the 

annual mean PM10 concentrations calculated by the model exceed the WHO 

recommended AQG of 20 g/m
3
 in Benelux, Hungary and the Po Valley. 

Calculated PM10 concentrations were also found to be in excess of 20 g/m
3
 in the 

southern and south-eastern parts of the Mediterranean basin, in the Caucasus and 

in the EECCA countries due to the influence of windblown dust from deserts and 

semi-arid soils. The regional background annual mean PM2.5 concentrations were 

above the WHO recommended AQG value of 10 g/m
3
 in many parts of Central, 

Eastern and South-Eastern Europe, in the Po Valley and EECCA area.  

 

 

  
 

Figure 3.5: Calculated number of days with WHO AQG exceedances in 2010: 

PM10 exceeding 50 g/m
3
 (left) and PM2.5 exceeding 25 g/m

3
 

(right). Note: EU Directive requires that no more than 35 days 

exceed the limit value, while the WHO AQG recommendation is not 

to be exceeded more than 3 days. 
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Figure 3.6: Calculated number of days with WHO AQG exceedances in 2010: 

same as Figure 3.5 but for anthropogenic PM10 (left) and 

anthropogenic PM2.5 (right).  

 

The maps in Figure 3.5 show the model calculated number of days with 

exceedances of 50 g/m
3
 for PM10 and 25 g/m

3
 for PM2.5 in 2010. To illustrate 

the relative importance of man-made and natural particulates in the deterioration 

of air quality, Figure 3.6 shows the correspondent exceedance maps for 

anthropogenic PM10 and PM2.5. Compared to the estimate of exceedance days for 

2009 presented last year, calculated number of days with exceedances of PM10 

and PM2.5 limits is somewhat greater for 2010. This is partly a reflection of the 

pollution situation in 2010, and partly due to improved model ability to reproduce 

observed PM (as shown below, model negative bias with respect to measured PM 

has been considerably reduced). Thus, the model now is capable of reproducing 

more of measured exceedances. 

 

In most of Europe, except from southern parts of Greece, Malta, much of Turkey 

and EECCA countries, PM10 did not exceed 50 g/m
3 

more than 35 days in the 

rural background (i.e. the EU limit value) in 2010. However over large areas in 

the south of the EMEP territory, PM10 exceeded 50 g/m
3
 more than 3 days 

recommended by WHO. Furthermore, the WHO AQG for PM2.5 was exceeded by 

regional background concentrations in more than 3 days in most EMEP countries, 

except from Northern Europe and southern and eastern parts of Russia.  

 

In areas distant from the main sources of anthropogenic pollution in Europe, 

exceedances occur due to either advection episodes or due to influence of natural 

aerosols. Model calculations indicate that regional background PM10 of 

anthropogenic origin exceeded the EU limit value in just some small areas and 

mostly in less than 5-10 days (Figure 3.6, left). However for anthropogenic PM2.5, 

we have calculated between 3 and 20 days with exceedances on a rather large 

territory, and even 20-40 days (up to 100) in the Po Valley and in the grid cells in 

Poland, Benelux and adjacent areas, in some south-eastern countries, Turkey, 

Central Russia and on the Uzbekistan-Kyrgyzstan/Tajikistan border.  
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Based on model and measurements data, a number of days with exceedances of 

the WHO AQGs at EMEP sites have been calculated for 2010. The observed and 

calculated numbers of exceedance days, as well as the number of common 

exceedance days, i.e. the days for which observed PM exceedances are also 

predicted by the model, are presented in Table 3.2. 

 

For most of the sites, where PM10 and PM2.5 concentrations exceeded the WHO 

recommended limits in 2010, also the model calculated exceedances. However, 

the model tends to under-predicts registered number of exceedance days for PM10 

and PM2.5 for most of the sites. The largest under-prediction of the occurrence of 

PM10 and PM2.5 exceedance days is found for AT02, HU02, at Dutch and Italian 

sites, several of the German sites, and also for Latvian sites, CH02 and PL05 for 

PM2.5. At several sites in southern/south-eastern Europe (CY02, ES07, ES17, 

GR02 and MK07), the model calculates more than observed days with 

exceedances of EU limit values for PM10 and/or PM2.5. Most of calculated PM 

episodes at those sites appear to be due to overestimated concentrations of dust 

from Sahara coming from boundary conditions.  

 

The ñHit ratioò in Table 3.2 shows the percentage of observed exceedance days 

correctly predicted by the model. The hit ratios vary between the sites all from 0 

to 100%, and more non-zero hit ratios are achieved for PM2.5 than for PM10.  
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Table 3.2: Number calculated and observed days exceeding the WHO AQGs 

(50 g m
-3

 for PM10 and 25 g m
-3

 for PM2.5) at EMEP sites. 

  PM10 PM25 
Site Obs Model Common Hit ratio,% Obs Model Common Hit ratio,% 

AT02 37 2 
 

0 90 14 11 12 
AT05 2 2 

 
0 

   
  

AT48 0 1 
 

  
   

  
CH01 1 0 

 
0 

   
  

CH02 4 1 
 

0 31 7 5 16 
CH03 7 0 

 
  

   
  

CH04 0 1 
 

  
   

  
CH05 0 0 

 
  8 9 4 50 

CY02 37 75 21 57 33 95 17 52 
CZ01 0 0 

 
  

   
  

CZ03 2 0     17 7 5 29 
DE01 9 2 1 11 

   
  

DE02 12 0 
 

0 44 14 13 30 
DE03 2 1 1 50 9 2   0 
DE07 11 0 

 
0 12 4 3 25 

DE08 4 0 
 

0 1 3 1 100 
DE09 10 1 

 
0 

   
  

DE44 22 3 
 

0 72 27 24 33 
DK05 6 1 

 
0 

   
  

DK12 2 0   0 
   

  
ES01 6 1 1 17 3 0 

 
0 

ES06 9 2 1 11 
   

  
ES07 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 
FR09 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     
   

  
GR02 16 40 14 88 

   
  

HU02 46 2 1 2 
   

  
IT01 15 2 

 
0 

   
  

IT04 
   

  85 42 17 20 
LV10 1 0 

 
0 21 3     

LV16 5 0 
 

0 16 3 1 6 
MD13 1 7 

 
0 

   
  

MK07 8 12 4 50 
   

  
NL07 26 3 3 12 

   
  

NL09 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 
   

  
PL05 9 0 

 
0 61 21 11 18 

RO08 0 5 
 

  
   

  
SE05 0 0 

 
  0 0 

 
  

SE11 1 0 
 

0 12 1 1 8 
SE12 0 0     

   
  

SE14 1 0 
 

0 2 2 
 

  
SI08 5 2   0 24 7 2 8 

Hit ratio (%) shows the percentage of observed exceedance days correctly predicted by the model 

(common_days/obs_days x100%). Cursive font is used for sites for which hourly measured PM 

concentrations were averaged to obtain daily values.  Cell in grey are sites with less than 75% data 

coverage. 
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3.1.10 Evaluation of the model performance for PM in 2010 

The ability of the EMEP model to reproduce PM concentrations measured at 

EMEP monitoring sites in 2010 has been evaluated. The model performance has 

been evaluated for PM10, PM2.5 and also individual aerosol components and the 

main result are summarised in this section and in Appendix.  

 

Overall statistical analysis. Table 3.3 provides a summary of annual and 

seasonal statistical analysis of model results versus EMEP monitoring data for 

2010. Note that only measurement data, obtained from 24-hourly sampling, have 

been included here. Shown statistical parameters are the Mean observed and 

modelled values, the Relative Bias, the Root Mean Square Error, the Correlation 

coefficient and the Index of Agreement (IOA). The IOA quantifies the degree to 

which the model predictions are error free and varies from 0.0 (theoretical 

minimum) to 1.0 (perfect agreement). 

 

As a result of recent endeavours at the MSC-W (Simpson et al., 2012), model 

performance for PM has been significantly improved. On the annual basis, 

calculated PM10 and PM2.5 are 23% and 21% respectively lower than measured 

concentrations. The PM10 underestimation of observations is relatively flat for all 

seasons, while negative bias for PM2.5 is somewhat larger in winter compared to 

the summer-autumn period. This is thought to be related to underestimation of 

emissions from residential and commercial heating in winter. The annual mean 

spatial correlation between calculations and measurements is 0.71 for PM10 and 

0.79 for PM2.5.  

 

The calculated concentrations of secondary inorganic aerosols are lower than the 

measured ones by between 8% for NO3
-
 and 27% for SO4

2-
 on average in 2010. 

Note that when SO4
2-

 is corrected for sea salt sulphate (assumed 7.7% of sea salt), 

calculations are only 20% lower than measurements. Modelled NH4
+ 
is 16% lower 

than measured value on the annual basis. The annual mean spatial correlations are 

0.80, 0.86 and 0.74 for SO4
2-

, NO3
-
 and NH4

+
 respectively. Modelled sodium from 

sea spray compares quite well with measured Na
+
 concentrations, showing just a 

slight overestimation of the latter by 6% and correlation of 0.85.  

 

Measurements of EC and OC were performed at fewer sites and with rather 

variable regularity in 2010 (Chapter 3.2.3). Therefore they are not included in 

Table 3.3, but are presented for individual sites in Table A3 (Appendix). Since 

measurements of total carbon (TC) are more robust (less artefact prone) than EC 

and OC separated, model comparison with observations for TC is also provided. 

Model calculated OC is 35-60% lower than measurements at all of the sites, 

except Montseny and Birkenes II. For EC, the model both under- and 

overestimates the measured concentrations. The largest overestimation is at 

Montseny. Also at Schauinsland (DE03) and Schmücke (DE08), which are 

elevated sites, calculated EC in PM2.5 is higher than observations. The results for 

TC are quite similar to those for OC, with the model tending to calculate TC 

concentrations 30-60% lower than observed for all but Montseny and Birkenes II 

sites. The differences between model and measured EC/OC are due to 

uncertainties in both modelled and measured estimates, the latter is further 

discussed in Chapter 3.2.3.  
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Table 3.3: Annual and seasonal comparison statistics between EMEP model 

calculated and EMEP observed concentrations of PM10, PM2.5, SIA, 

SO4
2-

, NO3
-
 and NH4

+
 for 2010.  

Period N sites 
Obs  

( g/m
3
) 

Mod  

( g/m
3
) 

Rel.Bias, % RMSE R IOA 

PM10        
Annual mean 48 15.23 11.68 -23  5.67 0.71 0.75 
Daily mean 48 15.21 11.66 -23  11.54 0.56 0.71 
Jan-Feb 47 18.41 13.19 -28  8.88 0.81 0.75 
Spring 47 15.36 11.71 -24  5.28 0.73 0.75 
Summer 48 14.95 11.14 -25  5.63 0.73 0.77 
Autumn 48 13.17 11.02 -16  5.25 0.63 0.74 

PM25        
Annual mean 32 10.70 8.45 -21  3.70 0.79 0.79 
Daily mean 32 10.69 8.34 -22  8.51 0.63 0.74 
Jan-Feb 30 14.97 9.8 -35  8.59 0.91 0.76 
Spring 30 10.54 7.9 -25  3.52 0.77 0.76 
Summer 32 9.17 8.03 -12  2.72 0.79 0.86 
Autumn 32 8.59 7.99 -7  2.61 0.76 0.85 

SO4
2- 

       
Annual mean 43 1 .74 1 .26 -27   0 .77 0 .78 0 .80 
Daily mean 43 1 .75 1 .29 -27   1 .55 0 .61 0 .75 
Jan-Feb 42 2 .55 2 .12 -17   1 .20 0 .74 0 .84 
Spring 41 1 .67 0 .96 -42   0 .97 0 .65 0 .61 
Summer 41 1 .63 1 .04 -36   0 .82 0 .72 0 .73 
Autumn 41 1 .40 1 .09 -22   0 .63 0 .78 0 .84 

SO4
2-
 SScorr        

Annual mean 43 1.74 1.40 -20   0.68 0.80 0.84 
Daily mean 43 1.75 1.42 -19   1.50 0.61 0.76 
Jan-Feb 42 2.55 2.21 -13   1.17 0.74 0.84 
Spring 41 1.67 1.12 -33   0.85 0.66 0.66 
Summer 41 1.63 1.18 -28   0.71 0.74 0.77 
Autumn 41 1.40 1.24 -11   0.54 0.81 0.88 

NO3
- 

       
Annual mean 20 1.76 1.62 -8   0.95 0.86 0.88 
Daily mean 20 1.86 1.70 -8   2.12 0.67 0.80 
Jan-Feb 20 2.80 2.26 -19   1.91 0.85 0.84 
Spring 19 1.92 1.64 -15   1.12 0.82 0.82 
Summer 18 1.16 1.08 -8   0.59 0.82 0.90 
Autumn 19 1.53 1.83 19   0.90 0.80 0.88 

NH4
+ 

       
Annual mean 22 1.09 0.91 -16   0.45 0.74 0.79 
Daily mean 22 1.06 0.92 -14   0.98 0.68 0.80 
Jan-Feb 21 1.73 1.43 -17   0.85 0.80 0.82 
Spring 21 1.04 0.80 -23   0.48 0.66 0.70 
Summer 22 0.74 0.59 -21   0.43 0.37 0.61 
Autumn 21 0.87 0.88 1 0.41 0.64 0.8 

Na
+
        

Annual mean 26 0.60 0.63 6   0.39 0.85 0.92 
Daily mean 26 0.62 0.68 10   0.86 0.72 0.84 
Jan-Feb 24 0.54 0.50 -6   0.47 0.79 0.87 
Spring 22 0.67 0.79 18   0.40 0.89 0.93 
Summer 23 0.60 0.66 9   0.38 0.86 0.91 
Autumn 23 0.69 0.71 3   0.50 0.83 0.91 

Here, Ns ï the number of stations, Obs ï the measured mean, Mod ï the calculated mean, Bias is calculated as (Mod-

Obs)/Obs x 100%, RMSE ï the Root mean Square Error=  [1/Ns(Mod-Obs)2]1/2, R ï the tempo-spatial correlation 

coefficient between modelled and measured daily concentrations and spatial correlation for seasonal mean concentrations. 
IOA=1-( (Mod-Obs)2 / (|Mod-<Obs>|+ |Obs-<Obs>|)2) 
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The parameter IOA for PM10, PM2.5 and the individual components varies 

between 0.75 and 0.92, which is considered to be fairly good results (Elbir, 2003). 

Furthermore, Table 3.3 shows that model is in general equally good in 

reproducing observed PM10, PM2.5 and the individual aerosols for different 

seasons. The only somewhat larger disagreement between model and measure-

ments is for SO4
2-

 in spring/summer. It could be that despite the recent update of 

temporal profile in the model, SOx emissions are still too low in warm seasons.   

 

Individual stations. Statistical analysis of model calculated PM10 and PM2.5 

versus daily observations at individual sites are summarised in Tables A.1 and A.2 

in the Appendix. All measurements of PM10 and PM2.5 from EMEP monitoring 

network in 2010, available to MSC-W by June 2012, have been made use of, e.g. 

daily, hourly and weekly. The hourly concentrations have been averaged to 

24-hourly concentrations.  

 

Averaged over all sites with daily and hourly data, the model bias is -17% for 

PM2.5 and -16% for PM10, and the temporal correlations between calculated and 

measured concentrations are 0.61 and 0.57 respectively. Compared to weekly 

data, reported from four Norwegian and three Slovakian sites, the correlation 

between calculations and measurements appears worse: 0.23 for PM2.5 and 0.33 

for PM10. 

 

Model performance is fairly robust for most of the sites. However, some outliers 

are found. PM10 is typically overestimated at the high-mountain Jungfraujoch due 

modelôs coarse description of orography. Also at Finokalia (GR02), calculated 

PM10 is 94% higher than observed (only first half of 2010 data available) due to 

overestimated concentrations of African dust. Another outlier is the Leova II site 

(MD13). All in all, model calculated PM10 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 

PM2.5, 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 PM10 mass 

 

3.2.1 Modelled chemical composition of PM10 

By Svetlana Tsyro 

 

The modelled PM10 and PM2.5 concentrations include primary PM and secondary 

inorganic aerosols (SIA) from anthropogenic particulate and gaseous precursor 

emissions, secondary organic aerosols formed from both anthropogenic and 

biogenic VOCs, sea-salt and windblown dust from natural sources and particulate 

water. Figure 3.7 presents model calculated annual mean relative contributions of 

individual aerosols to PM10 concentrations in 2010. The concentration fields of 

the respective aerosols can be found in Appendix in Figure A3.  

 

    

       

    
 

Figure 3.7: Annual mean relative contribution (in %) of SIA, primary PM10, OA 

(upper panel); SO4
2-

, NO3
-
, NH4

+ 
(middle panel); EC, sea salt and 

mineral dust (lower panel) to PM10 in 2010, calculated using the 

EMEP/MSC- model. Note: 1) OA (organic aerosol) is the sum of 

primary OM and SOA; 2) EC and primary OM are components of 

primary PM. 

 


