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Executive summary  

European air quality concentrations maps have been prepared for the year 2015. The maps are based 

on air quality data as reported under the air quality directive by EEA member and cooperating 

countries. Concentration maps have been produced to assess the situation with respect to the most 

stringent air quality limit values and indicators most relevant for the assessment of impacts on human 

health and vegetation. 

The mapping method follows the methodology developed earlier (Hor§lek et al, 2017b, 2017c, and 

reference citied therein); it combines the monitoring data with supplementary data (such as the results 

from a chemical dispersion model, meteorological and geographical data). The method (óresidual 

krigingô) is a linear regression model followed by kriging of the residuals produced from that model. 

This methodology has been applied systematically during the past 10 years which enable the 

evaluation of changes in exposure over time. 

Population exposure  

Concentrations of particulate matter continued to exceed the EU and WHO standards in large parts of 

Europe. 6.3% of the European population is exposed to levels above the EU PM2.5 limit  value of 25 

ÕgĿm-3; 80.8% of the European population is exposed to levels above the WHO PM2.5 Air Quality 

Guideline of 10 ÕgĿm-3 (Table 3.1). Figure ES.1 indicates that in 7 (eastern European) countries more 

than 50% of the population is exposed to concentrations above the PM10 daily limit value. The 

concentrations of PM2.5 and PM10 are often highly correlated, the highest PM2.5 exposures are also 

found in the eastern parts.  

The NO2 annual mean concentration map shows a different spatial distribution than the PM-maps. 

Table 5.1 indicates that in 25 countries a limited fraction of the population (3.2% in total) is exposed 

to concentrations above the annual limit value of 40 ÕgĿm-3. Figure ES.2 shows that with the exception 

of 5 countries, the median exposure is less than half the limit value. High exposures are observed in 

the larger conurbations (e.g. greater London, the Benelux-Ruhr area, Po valley, Naples, Paris, 

Madrid).  

Figure ES.1 PM10 concentrations in relation to the daily limit v alue (50 ÕgĿm-3) in 2015. 
The box plots show for each country, the concentration to which 2, 25, 
75 and 98% of the population is exposed. The marker corresponds to the 
concentration to which 50% of the population is exposed .  
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Exposure to ozone concentrations above the EU target value (a maximum daily 8-hour average value 

of 120 ÕgĿm-3 not to be exceeded on more than 25 days per year is widespread (Figure ES.3). 34% of 

the Europeans live in areas where the ozone TV is exceeded. The highest ozone concentrations are 

observed in southern Europe.  

Accumulated risks  

Although the spatial distributions of PM, NO2 and ozone concentrations differs widely, the possibility 

of an accumulation of risk resulting from high exposures to all three pollutants cannot be excluded. 

Combining the maps of the three most frequently exceeded standards (PM10 daily limit value, NO2 

annual limit value and ozone target value) shows that out of the total population of 536 million in the 

model area, 8.9% (47.5 million) lives in areas where 2 or 3 air quality standards are exceeded; 3.9 

Figure ES.2 NO2 concentration s in relation to the annual limit value (40 ÕgĿm-3) in 
2015. The box plots show for each country, the concentration to which 2, 
25, 75 and 98% of the population is exposed. The marker corresponds to 
the concentration to which 50% of the population is exposed.   

 

 

Figure ES.3 Ozone concentrations in relation to the daily target v alue (120 ÕgĿm-3) in 
2015. The box plots show for each country, the concentration to which  2, 
25, 75 and 98% of the population is exposed. The marker corresponds to 
the concentration to which 50% of the population is exposed.   
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million people live in areas where all three standards are exceeded. The worst situation is observed in 

Italy (Po valley): 3.7 million  inhabitants live in areas where the three standards are breached.  

Changes over time  

Since 2005 the maps have been prepared in a consistent way. This enables an analysis of changes in 

exposure over time. The PM concentrations show a steady decrease of about 0.7 ÕgĿm-3 per year (PM10 

annual average) and 0.3 ÕgĿm-3 per year (PM2.5 annual average, Figure ES.4). For the ozone 

concentration (expressed as SOMO35, Figure ES.4) a small decreasing trend is observed, in spite of 

the year-to-year variability.  

Vegetation exposure  

Standards for the protection of vegetation have been set, among others, for NOx and ozone. In a 

limited number of cases the NOx critical level has been exceeded. A larger impact on vegetation can 

be expected from the direct exposure to ozone. The target value for the protection of vegetation 

(AOT40) is exceeded in about 30% of the agricultural areas. The long-term objective is exceeded in 

80% of the agricultural area. The vegetation-weighted concentration tends to decrease over the period 

2005ï2015.  

 

Figure ES.4 Changes in population averaged concentrations of PM 2.5 (annual mean) 
and ozone (SOMO35)   
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1 Introduction  

This paper provides an update of European air quality concentration maps, population exposure and 

vegetation exposure estimates and probabilities of exceeding relevant thresholds for 2015. 

The analysis is based on interpolation of annual statistics of monitoring data from 2015, reported by 

EEA member and cooperating countries in 2016. The paper presents mapping results and includes 

an uncertainty analysis of the interpolated maps, adopting the latest methodological developments, see 

Hor§lek et al. (2017b, 2017c) and reference citied therein.   

We consider in this paper PM10, PM2.5, ozone, NO2 and NOx for 2015, being the most relevant 

pollutants for annual updating. The analysis method applied is similar to that of previous years. 

Another potentially relevant pollutant, benzo[a]pyrene (BaP), is not presented, as the station coverage 

is not dense enough for enabling the regular mapping. The current status of mapping the BaP 

concentrations in Europe was discussed by Guerreiro et al. (2015) and Hor§lek et al. (2017a).  

The mapping method is based primarily on air quality measurements. It combines monitoring data, 

chemical transport model results and other supplementary data (such as altitude and meteorology). The 

method is a linear regression model followed by kriging of the residuals produced from that model 

(óresidual krigingô). It should be noted that the applied methodology does not allow for formal 

compliance checking with limit or target values in line with the air quality directive. 

The maps of health related indicators of PM10, PM2.5, and ozone are created for the rural and urban 

(including suburban) background areas separately on a grid at 10x10 km resolution. Subsequently, the 

rural and urban background maps are merged into one final combined air quality indicator map using a 

1x1 km population density grid, following a weighting criterion applied per grid cell. This fine 

resolution takes into account the smaller urbanisations in the European context that are not resolved at 

the 10x10 km grid resolution. The map of health related indicator of NO2 is constructed by improved 

methodology developed in Hor§lek et al. (2017c): next to the rural and urban background map layers, 

the urban traffic map layer is constructed and incorporated into the final merged map using the road 

data; all separate map layers are created just at 1x1 km resolution; land cover and road data are 

included in the mapping process as supplementary data. The maps of vegetation related ozone and 

NOx indicators are at a grid resolution of 2x2 km and based on rural background measurements; in the 

case of ozone they serve as input to EEAôs core set indicator CSI005 (EEA, 2017d). 

Next to the annual indicator maps, we present in tables the population exposure to PM10, PM2.5, ozone, 

and NO2, and the exposure of vegetation to ozone. Tables of population exposure are prepared using 

the final combined maps and the population density map of 1x1 km grid resolution. For NO2, the 

population exposure in each grid cell is calculated separately for urban areas directly influenced by 

traffic and for the background (both rural and urban) areas, in order to better reflect the population 

exposed to traffic emissions. The tables of the vegetation exposure are prepared with a 2x2 km grid 

resolution based on the Corine Land Cover 2006.  

Chapters 2, 3, 4 and 5 present the concentration maps and exposure estimates for PM10, PM2.5, ozone 

and NO2, respectively. Chapter 5 presents the concentration map for NOx; exceedances of the critical 

level for the protection of vegetation occur in very limited areas and, as such, it is considered not to 

provide relevant information from the European scale perspective. Chapter 6 summarizes the trends in 

exposure estimates in the period 2005 ï 2015 (2007 ï 2015 for PM2.5).  

Annex 1 describes briefly the different methodological aspects. Annex 2 documents the input data 

applied in the 2015 mapping and exposure analysis. Annex 3 presents the technical details of the maps 

and their uncertainty analysis including the cross-validation results and the maps of probability of 

exceedance of limit/target values. Annex 4 shows the inter-annual changes including the inter-annual 

difference maps between 2014 and 2015, the variations in population exposure in the period 2005 ï 
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2015 for PM10 and ozone, resp. 2007 ï 2015 for PM2.5 and 2013 ï 2015 for NO2, and the results of the 

trend analysis for these relevant periods. Annex 5 presents the concentration maps including the 

station points, in order to provide more complete information of the air quality in 2015 across Europe.
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2 PM10  

The Ambient Air Quality Directive (EU, 2008) sets limit values for long-term and for short-term PM10 

concentrations. The long-term annual PM10 limit value is set at 40 ÕgĿm-3. The short-term limit value 

is that the daily average PM10 concentration should not exceed 50 ÕgĿm-3 during more than 35 days per 

year. This daily limit value is most frequently exceeded in Europe. It corresponds to the 90.4 

percentile of daily PM10 concentrations in one year. The Air Quality Guideline recommended by the 

World Health Organization (WHO, 2005) for the PM10 annual average is 20 ɛg.m-3. 

This chapter presents the 2015 updates of the two PM10 indicators: annual average and the 90.4 

percentile of the daily averages. The latter is a more relevant indicator in the context of the AQ 

Directive (EU, 2008) than the formerly used 36th highest daily mean (Hor§lek et al., 2016b). The 

separate rural and urban background concentration maps are calculated on the 10x10 km resolution 

grid and the subsequent final combined concentration map is based on the 1x1 km gridded population 

density map. All maps here are presented in this 1x1 km grid resolution. The population exposure 

tables are calculated based on these maps in this resolution. 

Annex 3 provides details on the regression and kriging parameters applied for deriving the maps of the 

two PM10 indicators, as well as the uncertainty analysis of the maps. Annex 4 discusses briefly the 

inter-annual changes observed in the concentration maps and the relevant population exposure.  

2.1 PM10 annual average  

2.1.1 Concentration map 

Map 2.1 presents the final combined concentration map for the 2015 PM10 annual average as the result 

of interpolation and merging of the separate maps as described in Annex 1 (for a more detailed 

description see Hor§lek et al., 2007, and De Smet et al 2011). Red and purple areas indicate 

exceedances of the limit value (LV) of 40 ÕgĿm-3. 

The most relevant linear regression submodel for the use of the PM10 mapping has been identified 

earlier in Hor§lek et al. (2008) and De Smet et al. (2009, 2010, 2011). Supplementary data used in the 

linear regression for rural areas consisted of EMEP model output, altitude, wind speed and surface 

solar radiation and for urban background areas it was EMEP model output only (Annex 3, Section 

A3.1). The linear regression and ordinary kriging on its residuals is applied on the logarithmically 

transformed data of both measurement and modelled PM10 values.   

The final combined concentration map presented in Map 2.1 is presented on a 1x1 km grid resolution 

(Annex 1). The station points are not presented in the map, in order to better visualise the urban areas. 

However, concentration values from measurements at the station points used in the kriging 

interpolation methodology (Annex 3) are considered to provide relevant information. In Map A5.1 of 

Annex 5 these point values are presented on top of Map 2.1 and illustrate the smoothing effect the 

interpolation methodology can have on the gridded concentration fields.  

Map 2.1 shows LV exceedances in southern Spain near Almeria, in some urban areas of Bulgaria with 

high concentrations at Sofia, in urban areas of northern FYR of Macedonia, Kosovo1 and the 

                                                 

 

 

 
1 In this paper references to Kosovo shall be understood to be in the context of UN Security Council Resolution 1244/99.   
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agglomerations Thessaloniki and Athens in Greece. The extent of the exceeded area near Almeria and 

at Sofia is larger in 2015 compared to 2014. Contrary to that, one may observe a clear reduction at the 

OstravaïKatowice region of southern Poland and north-eastern Czech Republic. Overall, there are 

slight improvements in northern Europe, slight increases in concentrations observed in the Po Valley 

and Spain, with rather similar patterns in western, south-western, eastern and south-eastern Europe. 

The uncertainty of the concentration map can be expressed in relative terms of the absolute Root Mean 

Square Error (RMSE) uncertainty related to the mean air pollution indicator value for all stations (see 

Annex 1). This relative mean uncertainty (RRMSE) of the final combined map of PM10 annual 

average is 19.4 % for rural areas and 19.2 % for urban areas (Annex 3). 

2.1.2 Population exposure 

Table 2.1 gives the population frequency distribution for a limited number of exposure classes, as well 

as the population weighted concentration for individual countries and for Europe as a whole according 

to Equation A1.7. Annex 4 shows details on the eleven years evolution of population exposure. 

About 46 % of the European population (and 45 % of the EU-28 population) has been exposed to 

annual average concentrations above the Air Quality Guideline of 20 ɛg.m-3 recommended by the 

World Health Organization (WHO, 2005). CSI004 (EEA, 2017c) estimates that about 53% of the 

population in urban agglomerations in the EU-28 was exposed in 2015 to levels above the WHO 

guideline. The latter estimate accounts for the urban population of the EU-28. It therefore represents 

areas where, in general, considerably higher PM10 concentrations occur. The estimates in Table 2.1 

account for the total European and EU-28 population, including the population in rural areas, smaller 

cities and villages that are in general exposed to lower levels of PM10. 

 

Map 2.1 Concentration map of PM 10 annual average, 201 5 
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Table 2.1 Population exposure and population -weighted concentration , PM10 
annual average, 2015 

< 10 10 - 20 20 - 30 30 - 40 40 - 45 > 45

[inhbs . 1000] ˃ƎΦƳ-3 ˃ƎΦƳ-3 ˃ƎΦƳ-3 ˃ƎΦƳ-3 ˃ƎΦƳ-3 ˃ƎΦƳ-3 ώ˃ƎΦƳ-3]

Albania AL 2 892 0.0 6.2 29.3 63.8 0.6 30.2

Andorra AD 78 0.2 1.6 98.2 24.7

Austria AT 8 576 2.3 55.2 42.6 18.7

Belgium BE 11 237 34.4 65.6 20.4

Bosnia & Herzegovina BA 3 825 0.1 18.7 41.5 39.7 0.0 26.8

Bulgaria BG 7 202 0.0 4.2 27.8 52.9 14.5 0.7 33.1

Croatia HR 4 225 0.0 12.6 79.1 8.4 25.1

Cyprus CY 1 173 0.6 18.8 80.6 31.4

Czech Republic CZ 10 538 0.0 17.8 74.0 8.2 23.3

Denmark DK 5 660 0.4 99.6 17.1

Estonia EE 1 315 21.0 79.0 12.1

Finland FI 5 472 61.8 38.2 9.1

France (metropolitan) FR 64 344 0.5 74.4 25.2 0.0 18.2

Germany DE 81 198 0.1 92.9 7.0 17.8

Greece GR 10 858 5.6 53.9 35.1 5.4 28.7

Hungary HU 9 856 0.1 90.2 9.7 26.3

Iceland IS 329 31.8 68.2 9.7

Ireland IE 4 629 19.9 80.1 11.9

Italy IT 60 796 0.2 9.0 65.7 25.2 26.6

Latvia LV 1 986 1.3 80.0 18.7 16.5

Liechtenstein LI 37 0.1 99.9 16.3

Lithuania LT 2 921 64.8 35.2 18.5

Luxembourg LU 563 92.3 7.7 18.5

Macedonia, FYR of MK 2 069 0.0 1.7 4.9 63.5 29.9 0.0 37.3

Malta MT 429 1.3 98.7 26.4

Monaco MC 38 100.0 23.2

Montenegro ME 622 0.3 17.0 57.7 22.0 3.0 26.7

Netherlands NL 16 901 85.1 14.9 18.7

Norway NO 5 166 40.7 59.3 11.1

Poland PL 38 006 4.4 44.1 50.1 1.3 29.5

Portugal (excl. Az., Mad.)PT 9 870 0.3 64.2 35.5 18.7

Romania RO 19 871 5.5 76.8 17.7 25.7

San Marino SM 33 7.0 93.0 24.6

Serbia (incl. Kosovo*) RS 8 919 0.0 3.8 25.9 67.4 2.9 0.0 32.7

Slovakia SK 5 421 1.1 81.7 17.2 26.3

Slovenia SI 2 063 0.0 19.8 80.2 23.3

Spain (excl. Canarias) ES 44 323 0.7 38.3 59.1 1.8 0.1 21.6

Sweden SE 9 747 20.9 79.1 13.3

Switzerland CH 8 238 2.5 91.1 6.5 17.4

United Kingdom (& dep.)UK 64 875 1.9 98.1 0.0 15.1

2.1 52.3 0.6 0.0

1.7 53.2 0.4 0.0

Kosovo* KS 1 805 0.0 4.0 18.6 64.8 12.6 0.1 34.8

Serbia (excl. Kosovo*) RS 7 114 3.7 27.6 68.1 0.6 32.2

*) under the UN Security Council Resolution 1244/99

EU-28 504 055 34.5 10.1 20.9
55.0 0.4

Population

PM10 annual average, exposed population [%]

Country < LV > LV

Population 

weighted 

conc.

Total 536 303 21.211.5
54.3 0.6

33.6

 

Note 1: Turkey is not included in the calculation due to the lack of air quality data. 

Note 2: The percentage value "0.0" indicates that an exposed population exists, but it is small and estimated lesser than 0.05 

%. Empty cells mean: no population in exposure. 
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The population exposure exceeding the EU limit value of 40 ɛg.m-3 is about 0.5 % for the population 

of the total of European area considered and the EU-28. In Bulgaria and FYR of Macedonia more than 

10 % of the population is exposed to concentrations above the LV. A limited fraction of the population 

(0.1 ï 5.9 %) is exposed to concentrations above the LV in Albania, Greece, Montenegro, Poland, 

Serbia (including Kosovo) and Spain. However, as the current mapping methodology tends to 

underestimate high values (see Annex 3, Section A3.1), the exceedance percentage will most likely be 

underestimated. Additional exceedances could therefore be expected in countries like Albania, Bosnia 

& Herzegovina, Bulgaria, Cyprus, Greece, Italy, Montenegro, Poland, Romania and Slovakia, as a 

relatively large fraction of the population lives in areas with concentration levels above 30 ÕgĿm-3. 

The European-wide population-weighted concentration of the annual average for 2015 is estimated to 

be about 21 ÕgĿm-3, the same as for the EU-28 only. This is together with year 2014 the lowest level of 

the eleven years period 2005 ï 2015 (Tables 6.1 and A4.1). 

Figure 2.1 shows, for the whole mapped area, the population frequency distribution for exposure 

classes of 1 ÕgĿm-3. One can see the highest population frequency for classes between 16 and 20 ÕgĿm-

3. And continuous decline of population frequency for classes between 20 and 40 ÕgĿm-3. 

 

2.2 PM10 ï 90.4 percentile of daily mean s 

The AQ Directive (EU, 2008) describes the PM10 daily limit as ñdaily average 50 ÕgĿm-3 not to be 

exceeded more than 35 times a calendar yearò. This requirement can be evaluated by the indicator 36th 

highest daily mean, which is in principle equivalent to the indicator 90.4 percentile of daily means. 

However, for measurement data these two indicators are equivalent only if no data is missing, which is 

in general not the case. As shown in de Leeuw (2012), the additional uncertainty related to incomplete 

time series is substantially smaller when using percentile values instead of the x-th highest value. 

Furthermore, the AQ Directive requires the use of the 90.4 percentile when random measurements are 

used to assess the requirements of the PM10 daily limit value. As in the previous ETC/ACM Technical 

Paper 2016/6 with its 2014 maps, we express the PM10 daily means as the 90.4 percentile instead of 

the formerly used 36th highest daily mean. 

Figure 2. 1 Population frequency distribution, PM 10 annual average, 2015  
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2.2.1 Concentration map 

Map 2.2 presents the final combined map, where red and purple marked areas indicate exceedances of 

the limit value (LV) of 50 ÕgĿm-3 on more than 35 measurement days. The similar mapping procedure 

as in the case of the annual average is used. The mapping details and the uncertainty analysis are 

presented in Annex 3. Large areas above the daily LV are observed in northern Italy (i.e. the Po 

Valley) with elevated values in the region around Venice, in the region with the agglomerations 

Ostrava ï Katowice - Krakow, in north-eastern Hungary, the Almeria region in Spain, southern 

Romania and northern Serbia. Urban areas with concentrations above the LV are observed in Poland, 

southern and eastern Romania, Bulgaria, Greece, Albania, FYR of Macedonia, Serbia (including 

Kosovo), Croatia and Slovenia. In general, the central and the eastern parts of Europe appear with 

higher concentrations than the western and the northern parts. The intensity of urban areas in 

exceedance has increased slightly in 2015 compared to 2014. 

The relative mean uncertainty (relative RMSE) of the final combined map of the 90.4 percentile of 

PM10 daily means is 21.1 % for rural areas and 25.6 % for urban areas (Annex 3). 

The final combined map including the indicator 90.4 percentile of daily means based on the actual 

measurement data at station points is presented in Map A5.2 of Annex 5. 

2.2.2 Population exposure 

Table 2.2 gives the population frequency distribution for a limited number of exposure classes 

calculated at 1x1 km grid resolution, as well as the population-weighted concentration for individual 

countries and for Europe as a whole. Annex 4 shows details on the eleven years evolution of 

population exposure.   

  

Map 2.2 Concentration map of PM 10 indicator 90.4 percentile of daily means, 201 5 
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Table 2.2 Population exposure and population -weighted concentrations, PM 10 

indicator 90.4 percentile  of daily means, 2015 

< 20 20 - 30 30 - 40 40 - 50 50 - 75 > 75

[inhbs . 1000] ˃ƎΦƳ-3 ˃ƎΦƳ-3 ˃ƎΦƳ-3 ˃ƎΦƳ-3 ˃ƎΦƳ-3 ˃ƎΦƳ-3 ώ˃ƎΦƳ-3]

Albania AL 2 892 0.1 2.8 8.4 15.2 69.7 3.8 56.6

Andorra AD 78 0.1 0.1 1.6 88.5 9.7 45.7

Austria AT 8 576 3.3 23.8 68.7 4.2 32.4

Belgium BE 11 237 4.6 95.4 34.6

Bosnia & Herzegovina BA 3 825 0.5 9.3 13.5 12.3 62.3 2.1 54.5

Bulgaria BG 7 202 0.1 1.7 7.7 19.2 54.5 16.9 62.2

Croatia HR 4 225 0.1 5.4 16.7 35.2 42.5 46.8

Cyprus CY 1 173 0.3 10.3 89.4 45.2

Czech Republic CZ 10 538 0.0 4.0 45.3 38.6 12.1 41.6

Denmark DK 5 660 1.9 45.3 52.8 29.3

Estonia EE 1 315 28.1 71.9 20.7

Finland FI 5 472 100.0 15.0

France (metropolitan) FR 64 344 1.2 43.5 55.1 0.2 0.0 30.2

Germany DE 81 198 0.2 41.9 57.5 0.4 0.1 30.6

Greece GR 10 858 0.0 2.6 26.8 41.0 22.8 6.7 48.2

Hungary HU 9 856 6.1 74.6 19.3 46.2

Iceland IS 329 98.9 1.1 14.5

Ireland IE 4 629 34.1 65.9 0.0 21.3

Italy IT 60 796 0.3 5.6 30.5 31.0 30.8 1.8 47.4

Latvia LV 1 986 5.6 48.5 45.9 29.0

Liechtenstein LI 37 0.1 99.9 28.9

Lithuania LT 2 921 21.1 75.9 3.0 34.0

Luxembourg LU 563 21.2 78.8 31.1

Macedonia, FYR of MK 2 069 0.0 1.0 2.2 1.9 24.5 70.4 78.1

Malta MT 429 0.9 2.7 96 41.7

Monaco MC 38 100.0 35.0

Montenegro ME 622 2.5 10.6 8.4 11.1 59.2 8.2 52.9

Netherlands NL 16 901 47.2 52.8 30.2

Norway NO 5 166 46.1 47.5 6.4 19.3

Poland PL 38 006 0.0 9.2 27.7 53.5 9.6 55.7

Portugal (excl. Az., Mad.) PT 9 870 1.1 29.2 68.5 1.2 0.0 31.8

Romania RO 19 871 1.3 28.9 50.7 19.2 43.8

San Marino SM 33 1.9 11.6 86 43.7

Serbia (incl. Kosovo*) RS 8 919 0.0 1.7 6.4 11.7 45.7 34.5 65.7

Slovakia SK 5 421 0.1 8.7 58.5 32.8 47.4

Slovenia SI 2 063 0.0 6.7 28.1 42.6 22.5 42.6

Spain (excl. Canarias) ES 44 323 1.8 22.2 54.7 19.3 1.9 34.9

Sweden SE 9 747 27.5 64.2 8.3 22.4

Switzerland CH 8 238 3.5 36.8 57.6 1.6 0.5 30.1
United Kingdom (& dep.) UK 64 875 4.9 94.7 0.4 0.0 25.3

3.5 31.9 35.7 14.2 12.6 2.2

3.1 32.8 36.6 14.7 11.5 1.4

> LV

Pop. 

weighted 

conc.

PM10, 90.4 percentile of daily means, exposed population [%]

85.3 14.7
Total 536 303 36.9

Population

EU-28 504 055 36.2
87.1 12.9

Country
< LV

 

Note 1: Turkey is not included in the calculation due to the lack of air quality data. 

Note 2: The percentage value "0.0" indicates an exposed population exists, but it is small and estimated less than 0.05 %. 

Empty cells mean: no population in exposure. 
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It has been estimated that in 2015 almost 15 % of the European population lived in areas where the 

90.4 percentile of the PM10 daily means exceeded the EU limit value of 50 ÕgĿm-3. In Albania, Bosnia 

& Herzegovina, Bulgaria, FYR of Macedonia, Montenegro, Poland and Serbia (including Kosovo) the 

population-weighted indicator concentration was above the LV and more than half of the population 

was exposed to concentrations exceeding the LV. In Croatia, Greece, Italy and Slovakia the portion of 

the population living in areas with concentrations above the LV was between 25 and 50 percent.  

For the EU-28 around 13% lived in areas where the 90.4 percentile of the PM10 daily mean exceeded 

the EU limit value of 50 ÕgĿm-3. According to CSI004 (EEA, 2017c), in 2015 almost 19 % of the 

urban population in the EU-28 was exposed to PM10 above this limit value. The difference between 

the two estimates is because the EEA accounts for the urban population of the larger agglomerations 

only, while Table 2.2 provides estimates also including inhabitants in rural areas, smaller cities and 

villages. 

The European-wide population-weighted concentration of the 90.4 percentile of PM10 daily means is 

estimated for 2015 at about 37 ÕgĿm-3, and 36 ÕgĿm-3 for the EU-28. This is the lowest level of the 

eleven years period 2005 ï 2015 (Tables 6.1 and A4.2). 

Figure 2.2 shows, for the whole mapped area, the population frequency distribution for exposure 

classes of 1 ÕgĿm-3. One can see the highest population frequency for classes between 25 and 35 

ÕgĿm-3, and continuous decline of population frequency for classes between 35 and 55 ÕgĿm-3. 

Like in previous years, also in 2015 the daily limit value is more widely exceeded than the annual 

limit value.  

 

 

Figure 2.2  Population frequency distribution, PM 10 indicator 90.4 percentile  of daily 
means, 2015  
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3 PM2.5  

In the Ambient Air Quality Directive (EU, 2008), the limit  value (LV) for the annual average PM2.5 

concentrations was set at 25 ÕgĿm-3. In the AQ directive there is also an indicative LV of 20 ÕgĿm-3 

defined as Stage 2 that should become potentially into force in 2020. The Air Quality Guideline 

recommended by the World Health Organization (WHO, 2005) for the PM2.5 annual average is 

10 ɛg.m-3. 

The current number of PM2.5 measurement stations is yet limited and its spatial distribution is 

irregular over Europe. Deriving a reasonably reliable European wide spatially interpolated PM2.5 

annual average map on the basis of these PM2.5 measurement data alone is not feasible. The resulting 

map would not be suitable for being used in population exposure assessments.  

Therefore, in this paper the mapping of the health-related indicator PM2.5 annual average is based on a 

mapping methodology developed in Denby et al. (2011a, 2011b). This methodology derives 

additional pseudo PM2.5 annual mean concentrations from PM10 annual mean measurement 

concentrations. As such, it increases the number and spatial coverage of PM2.5 ódata pointsô and these 

data is used to derive a European wide map of annual mean PM2.5. Pseudo PM2.5 stations data are 

estimated using PM10 measurement data, surface solar radiation, latitude and longitude. Separate 

urban and rural background concentration maps are calculated on a grid of 10x10 km resolution and 

the subsequent final combined concentration map is based on the 1x1 km gridded population density 

map. The final PM2.5 map is presented in this 1x1 km grid resolution. The population exposure table is 

calculated on basis of this map resolution.  

Annex 3 provides details on the regression and kriging parameters applied for deriving the PM2.5 

annual average map, as well as the uncertainty analysis of the map. Annex 4 discusses briefly the 

inter-annual changes observed in the concentration maps and the relevant population exposure. 

3.1 PM2.5 ï Annual mean  

3.1.1 Concentration map 

Map 3.1 presents the final combined map for the 2015 PM2.5 annual average as a result of the 

interpolation and merging of the separate rural and urban map layers. The dark red areas exceed the 

limit  value (LV) of 25 ÕgĿm-3. Red areas show exceedances of the indicative LV of 20 ÕgĿm-3 defined 

as Stage 2.  

Supplementary data in the regression used for rural areas consist of EMEP model output, altitude, 

wind speed, surface solar radiation and population density. The relevant supplementary data for 

estimating both the pseudo PM2.5 station data and the linear regression sub-model with its residual 

kriging in the rural areas were identified earlier in Denby et al. (2011b). Based on advice of Hor§lek 

et al. (2015), EMEP model output is used as supplementary data source for the urban areas. Prior to 

linear regression and kriging of its residuals, the PM2.5 measurement and the modelled pseudo data is 

logarithmically transformed as that provides better results. After regression, these results are back-

transformed. 

According to Map 3.1, the areas with the highest PM2.5 concentrations seem to be the Krakow - 

Katowice (PL) ï Ostrava (CZ) industrial region, together with the Po Valley in Northern Italy with its 

high concentrations. Furthermore, the areas around the cities of Warsaw and Lodz in Poland, Sofia in 

Bulgaria, Tirana in Albania, Belgrade and several other smaller cities in Serbia, Kosovo, FYR of 

Macedonia and northern Greece also show elevated PM2.5 annual average concentrations. Like in the 

case of PM10, the central and the eastern parts of Europe show higher concentrations than the western 

and the northern parts.  
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The relative mean uncertainty of the final combined map of PM2.5 annual average is 21.9 % for rural 

areas and 16.6 % for urban areas and determined exclusively on the actual PM2.5 measurement data 

points, i.e. not on the pseudo stations (Annex 3). 

In order to provide more complete information of the air quality across Europe, the final combined 

map including the measurement data at station points is presented in Map A5.3 of Annex 5. 

3.1.2 Population exposure 

Table 3.1 gives the population frequency distribution for a limited number of exposure classes 

calculated on a grid of 1x1 km resolution, as well as the population-weighted concentration for 

individual countries and for Europe as a whole according to Equation A1.7 of Annex 1. Annex 4 

shows details on the nine year evolution of population exposure.   

In 2015, almost 81 % of the European population has been exposed to PM2.5 annual mean 

concentrations above the Air Quality Guideline of 10 ɛg.m-3 as defined by the World Health 

Organization (WHO, 2005). The European wide and EU-28 population exposure exceeding the EU 

limit  value (LV) of 25 ÕgĿm-3 is for both about 6 %. In Bulgaria, FYR of Macedonia, Poland and 

Serbia (including Kosovo) more than 25 % of the population suffers from exposures above this limit 

value; in Albania, Bosnia & Herzegovina, Czech Republic, Greece, Italy, Montenegro and Slovakia it 

is between 1 to 18 %. The indicative Stage 2 limit value LV2020 of 20 ÕgĿm-3 is exceeded for about 14 

% (EU-28) and 15 %, (European wide). In Albania, Bosnia & Herzegovina, Bulgaria, Croatia, 

Greece, Hungary, Italy, FYR of Macedonia, Montenegro, Poland, Romania, Serbia, Slovakia and 

Slovenia, a quarter or more of the population is exposed to concentrations above the LV 2020. As the 

current mapping methodology tends to underestimate high values (Annex 3), the exceedance 

percentages and/or the number of countries with population exposed to concentrations above both the 

current LV and the indicative LV 2020 will most likely be higher.  

Map 3.1 Concentration map of PM 2.5 annual average, 2015 
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Table 3.1 Population exposure and population -weighted concentration , PM2.5 
annual average 201 5 

 
Note 1: Turkey is not included in the calculation due to the lack of air quality data. 

Note 2: The percentage value "0.0" indicates an exposed population exists, but it is small and estimated less than 0.05 %. 

Empty cells mean: no population in exposure. 
































































































































































