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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 aseported 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 assessmemagts on human

health and vegetation.

The mapping methotbllows the methodology developed earlier (Blek et al, 20Zb, 201, and
reference citied thereinit combines the monitorindata with supplementary data (such as the results

model ,
near

from a chemicaldi sper si on
krigingdo) is a |I|i

regression

met eor ol ogi cal
mo d e |
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This methodology has been applied systematically during the past 10 yki&fs enable the

evaluation of changes in exposure over time.

Population exposure

g
e

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 tB&IEUIMIt value of 25

O g n808% of the European population is exposed to levels abov&ViH® PM, s Air Quality
Guideline of 100 g I? (able 3.1)Figure ES.1 indicates that ih(eastern European) countries more

than 50% of the population isxposed to concentrations above the:PNhily limit value. The
concentrations of Pl and PMg are often highly correlated, the highest BMexposures are also

found in the eastern parts.

Figure ES.1 PMjo concentrations in relation to the daily limit v

alue (50

O ¢*)im2015.

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

PM,, 90.4 percentile of daily means (pg.m3)
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The NG annual mean conceation map showa different spatial distribution than the Rivaps.

Table 5.1 indicatethat in 25 countries a limited fractiarf the population(3.2%in total) is exposed

to concentrations above the annual limit value ofgn. Figure ES.2 shows thatith 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, theelB&-Ruhr area, Povalley, Naples, Paris,

Madrid).
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Figure ES.2 NO concentration s in relation to the annual limit value (40 O g@)Lim
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.

NO, annual mean (pg.m3)
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Exposure to ozone concentrations above thadtgket valuga maximum daily 8hour averagealue

of 120Qglm™ not to be exceeded on more than 25 dagsyealis widespread (Figure ES.3). 34% of

the Europeans livan aread where the ozone TV is exceeded. The highest ozone concentrations are
observed in southern Europe.

Figure ES.3 0Ozone concentrations in relation to the daily target v aue (120 Pigpl
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.

Ozone, 93.2 percentile of max. daily 8-h means (pg.m3)
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Accumulated risks

Although the spatial distributions of PM, M@nd ozone concentrations differs widdlye 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 standardsd@ly limit value, NO,
annuallimit value and ozondarget valug shows thatout of the total population of 53@iillion in the

model area, 8.9% (47 /illion) lives in areas where 2 or 3 air quality standards are exceeded; 3.9
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million people live in areas where all three standards are exceEdedvorst situation is obsved in
Italy (Po valley): 3.7million inhabitantdive in areas where the threeandards are breached.

Changes over time

Since 2005 the maps have been praparea consistent wayr his enables an analysis of changes in
exposure over time. The PM concentrations show a steady decrease & abogtl® per yea (PMio
annual averageand 0.30 g I® mer year (PMs annual averageFigure ES.% For the ozone
concentration (expressed SOMO35Figure ES.ta small decreasing trend is observiedspite of
theyearto-year variability

Figure ES.4 Changes in population averaged concentrations of PM 25 (@annual mean)
and ozone (SOMO35)

PM, 5, annual mean (pg:m3) Ozone, SOMO35 (ug-m-3-day)
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Vegetationexposure

Standarddor the protection of vegetation have been sehong othersfor NOx and ozone. In a
limited number of cases the N@ritical level has been exceededl larger impact on vegetation can
be expected from the direct exposure to ozone. tahget valuefor the protection of vegetation
(AOTA40) is exceeded in about 30% of the agricultural areas. Thetdomgobjective is exceeded in
80% of the agricultural area. The vegetatiegighted concentration tends to decrease over the period
2005 2015.
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1 Introduction

This paper provides an update of European air quality concentratigs) population exposurand
vegetation exposuresstimates and probabilities of exceeding relevant thresholds fob. 201
Theanalysis is based on interpolation of annualisttes of monitoringdata from 203, reported by
EEA member and cooperating countries in 0Lhe paper presents mapping results and includes
anuncertainty analysis of the interpolated maps, adopting the latest methodological develogerents
Ho r § lak(RO17e 20179 and reference citied therein.

We consider in this paper RM PM.s ozone NGO, and NQ for 2015 being the most relevant

pollutants for annual updating. The analysis methpglied § similar to thatof previous years.
Anotherpotentially relevant pollutant, berfadpyrene (BaP), is not presented, as the station coverage

is not dense enough for enialgl the regular mappingThe current status of mapping tlBaP
concentrationfn Europewasdiscussed bguerreiro et al. (2015)dn Hor 81 eka.et al . (20

The mapping method is baspdmarily on air quality measurements. It combines monitoring data,
chemical transport model results arttier supplementary datsuch asltitudeandmeteorology) The
methodis a linear regressiomodel followed by kriging of the residuals produced from that model
(Gesidual kriging). It should be noted thathé¢ 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 P10, PM.s, andozone arecreated forthe 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 &nddined 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 krgrid resolution.The map of health related indicator of Ni® constructed by improved

met hodol ogy devel op e diexttontheHuwat ehd ueblan backgroand map (agets,1 7 ¢ )
the urban traffic map layer is constructed amzbrporated into théinal 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 datamaps of vegetation related ozarel

NOx indicators are aa gridresolution of 2x2 km and based on rural backgramedsurements; in the

case of ozone they sdaindicaor GSO0FEBAPADLI7d)t 0 EEAG6sSs cor e

Next to the annual indicator maps, we present in tables the population exposurg, iBN#Y ozone,

and NQ, 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 resok®ioNO,, the
population exposure in each grid cell is calculatechsdply forurbanareas directly influenced by

traffic and for the background (both rural and urban) areas, in order to better reflect the population
exposed to traffiemissions The tables of the vegetation exposure are prepared with a 2x2 km grid
resoldion based on the Corine Land Cover 2006.

Chapters 2, 34 and5 present the concentration maps and exposure estimates fqrAN# s, ozone
andNO,, respectively. Chapter faresentghe concentration map for NCexceedances of the critical
level for the protection of vegetation occirr very limited areas and, as sudhis considered not to
provide relevant information from the European scale perspeCGhapter 6 summarizes the trends in
exposure estimates in the period 20@015(20077 2015for PMzs).

Annex 1 describes briefly the different methodological aspects. Annex 2 documents the input data
applied in the 208 mapping and exposure analysis. Annex 3 presents the technicad ofetiad maps

and their uncertainty analysis including the creskdation results and the maps of probability of
exceedance of limit/target values. Annex 4 shows the-amteual changes including the irtnual
difference maps between 2D&nd 205, the variations inpopulation exposure in the period 2005

European air quality maps for 261 9



2015 for PMyp and ozone, resp. 20072015 for PM,5and20131 2015 for NG, andthe results of the
trend analysis for these relevant periodsnex 5 presents the concentration maps including the
station points, in order to provide more complete information of the air qua®§15 across Europe.
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2 PMaio

The Ambient Air Quality Directive (B, 2008) sets limit values for lortgrm and for shotterm PMo
concentrations. The lorgrm annual Ph limit value is set at 4@ g [2.iihe shorterm limit value

is that the daily average Rbtoncentration should not exceed®@ I duringmore than 35 days per
year. This daily limit value is mostfrequently exceeded in Europe. It corresponds to thed 90.
percentile of daily PNh concentrations in one yearhe Ar Quality Guidelinerecommended bthe
World Health OrganizatioWHO, 2005 for the PMo annual average B0e g 2. m

This chapter presents the Zlipdates of the two PM indicators: annual average atiie 90.4

percentile of the dailyaverags. The latteris a more relevant indicatoin the context ofthe AQ

Directive (EU, 2008)than the formerlyused 38 hi ghe st daily mean THeHor 81 e
separate rural and urban background concentration eremsmlculated on the 10x10 km resolution

grid and the subsequsiiial combined concentration mapbased on the 1x1 km gridded population

density map. All maps here are presentedhis 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 tioé timaps
two PMyo indicators, as well as the uncertairstgalysis of the maps. Annekdiscusses briefly the
inter-annual changes observed in the concentration maps arelahantpopulation exposure.

2.1 PMio annual average
2.1.1 Concentration map

Map 2.1 presents th&nal combinedconcentratioomap for the 203 PMyo annual average as the result
of interpolation and merging of the separate maps as describadniex 1 (for a moredetaiked
description seeHo r 81 e k2008, tand @& Smet et al 200L1Red and purple aredndicate
exceednces othe limit value (LV)of 400 g E2.m

The mostrelevant linear regression submodet the use of the PM mappinghas been identified
earlier in Horg8lek et al. ( 2 CSopplegmertaryddatdeaslin tBeme t et
linear regression for rural areas consiktef EMEP model output, altitude, wind speed and surface

solar radiation and for urban background areas it was EMEP model oufgufAnnex 3 Section

A3.1). The linear regressioand ordinary kriging on its residuails applied on the logarithmically
transformed data of both measurement and modelled PAues.

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 visualisbahereas.
However, concentration values from measuresait the station points used in the kriging
interpolation methodology (Annex 3yeconsidered to provide relevant information. In Map.JAof
Annex 5 these point values are presented on top of Bldpand illustrate the smoothing effect the
interpolation methodology can have on the gridded concentration fields.

Map 2.1 showdV exceedancgin southern Spain near Almeria some urban aread Bulgaria with
high concentrationsat Sofia, in urban aas of nahern FYR of Macedonia Kosovo! 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 Gre&he.extehof the exceeded area near Almeria and
at Sofia is larger in 2015 compared to 20Cbntray to that one may observe a clear reductiomhat
Odrava Katowice region of southern Poland and nar#istern Czech Republi@verall there are
slight improvements in mthern Europeglight increasesn concentrations observed in the Po Valley
andSpain, with rathesimilar patterns investern, southivesterngastern and souttastern 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 alis(ate

Annex 1). This relative mean uncertaintyRRMSE) of the final combined map of RMannual

average i149.4% for rural areas antl9.2 % for urbanareas (Annex 3).

Map 2.1 Concentration map of PM 10 annual average, 2015

Particulate Matter (PM,,)
Annual Average
Reference Year: 2015

Caombined Rural and Urban Background Map
Resolution: 1x1 km

B = 10pg.m?

I 10- 20 pg.m??

[] 20-30pg.m3 (20 = WHO AQ Guideline)
[ 30-40 pg.m?

B 40 - 50 pg.m3 (40 = LV)

B -s0pgm?

[] non EEA member or cooperating countries
I:l no available data

2.1.2 Population exposure

Table2.1 gives the population frequency distribution for a limited number of exposure ¢lassesl|
as the population weighted concentration for individual countries andufop& as a whole according
to EquationAl.7. Annex 4 shows details on the eleven years evolution of population exposure.

About 46 % of the European population (a#8 % of the EU28 population) has been exposed to
annual average concentrations abdive Air Quality Guidelineof 20e g * rmcommendedy the
World Health OrganizatiofWHO, 2005).CSI004 (EEA, 20Ic) estimates that abot3% of the
populationin urban agglomerationm the EU28 was exposedin 2015 to levels above the WHO
guideline. The latter estimate accounts for the ugigpulation of the EL28. It therefore represents
areas where, in general, considerably higherRidncentrations occur. The estimates in Table
account forthe total Europeaand EU-28 populationjncluding the population irrural areassmaller
citiesandvillagesthat are in general exposed to lower levels oM
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Table 2.1 Population exposure and population -weighted concentration , PMig
annual average, 2015

PMo annual average, exposed population [%] Population
Country Population <LV SRY; weighted
<10 10-20| 20-30| 30-40| 40-45| >45 conc.
[inhbs . 1000]| > 3 BYf >3BY >3EY >3y >3IBY >IBY &> TPy

Albania AL 2 892 0.0 6.2 29.3 63.8 0.6 30.2
Andorra AD 78 0.2 1.6 98.2 247
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 3825 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 0.7 331
Croatia HR 4 225 0.0 12.6 79.1 8.4 251
Cyprus CcY 1173 0.6 18.8 80.9 314
Czech Republic Ccz 10 538 0.0 17.8 74.0 8.2 23.3
Denmark DK 5 660 0.4 99.6 17.1
Estonia EE 1315 21.0 79.0 12.1

Finland Fl 5472 61.9 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 1986 1.3 80.0 18.7] 16.5
Liechtenstein LI 37 0.1 99.9 16.3
Lithuania LT 2921 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 5166 40.7 59.3 111
Poland PL 38 006 4.4 441 50.4 1.3 29.5
Portugal (excl. Az., Mad]PT 9 870 0.3 64.2) 35.5 18.7
Romania RO 19871 5.5 76.8 17.7] 25.7
San Marino SM 33 7.0 93.0 24.6
Serbia (incl. Kosovo*) [RS 8919 0.0 3.8 25.9 67.4 2.9 0.0 32.7
Slovakia SK 5421 1.1 81.7 17.2) 26.3
Slovenia Sl 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 91.14 6.5 17.4
United Kingdom (& dep.JUK 64 875 1.9 98.1 0.0 15.1
Total 536 303 2.1 52.3 33.6 115 06 00 21.2

54.3 0.6
1.7l  53.2 0.4 0.0

EU-28 504 055 550 345 10.1 04 20.9

Kosovo* KS 1805 0.0 4.0 18.9 64.8 12.9 0.1 34.8
Serbia (excl. Kosovo*) [RS 7114 3.7 27.9 68.1] 0.6 32.2

*) under the UN Security Council Resolution 1244/99

Note1l: Turkey is not included in the calculation duehelack of air quality data.
Note 2: The percentage value "0.0" indicathatan exposed population exists, lituis small and estimated lesghan 0.05
%. Empty cells mean: no population in exposure.
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The population exposure exceeding the EU limit value of 402 immabout 0.5 % for the population

of the total of European area considered and th &Un BulgarieandFYR of Macedonia more than
10% of the population is exposed to concentrations above the LV. A limited fraction of the population
(0.17 5.9%) is exposed to concentrations above the LV in Albania, Greece, Montenegro, Poland,
Serbia (inalding Kosovo) and Spain. However, as the current mapping methodology tends to
underestimate high values (see Anne$8&ction A3.}, the exceedance percentag# miost likely be
underestimated. Additional exceedances cthideforebe expected in countries like Albania, Boshia

& Herzegovina, Bulgaria, Cyprus, Greece, Italy, Montenegro, Poland, Romania and Slasgadia,
relatively large fractiomf the population livesin areas with concentration levels aboveC3g 2.m

The Europeaiwide populationveighted concentration of the annual average for 2015 is estimated to
be aboutdth2 dameiag lormthe ER8 only. This is together with year 2014 the lowest level of
the eleven years period 2002015 (Table6.1and A4.).

Figure 2.1 shows, for the whole mapped area, the population frequency distribution for exposure
classes ol O g 2.i®ne can see the highest population frequency for classes between 168agd:2f
8. And continuous decline gfopulation frequency for classes between 20 an@ g¢0o:.m

Figure 2.1  Population frequency distribution, PM 10 annual average, 2015

12 14

10

population (%)
1|

T T T T T T
15 20 25 30 40 45 B0

PM10- annual mean, 2015 (ug-m-3)

2.2 PMio T 90.4 percentile of daily mean s

The AQ Directive (EU, 2008) describes the B a i | y Iddilyraiverages0L g i not to be
exceeded more than 35 requiremenscarabe evallatecby the indigatda36 o . T h
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 mrdessing whichis

in generahot the caseAs shown in de Leeuw (2@}, the additional uncertainty related to incomplete

time series is substantially smaller when using percentile vahsésad ofthe xth highest value.
Furthermore, the AQ Directive requires the use of the 90.4 percentile when random measurements are
usal to assess the requirements of theRMily limit value.As in the previou€TC/ACM Technical

Paper 2016/6 with its 2014 maps, we express the) BMly means athe 904 percentileinstead of

theformerly used 38 highest daily mean.
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2.2.1 Concentration map

Map 2.2 presents thénal combined map, whenmed and purplenarkedareasndicateexceednces of
the limit value (LV) of 500 g I* om more than 3fneasuremerdays.The similar mapping procedure
as in the case of the annual average is used.nidppingdetails and the uncertainty analysis are
presented in Annex.3.arge areas above thdaily LV are observedn northern ltaly (i.e. the Po
Valley) with elevated values in the region around Venicethe region with the agglomerations
Ostravai Katowice - Krakow, in north-eastern Hungary, the Almeria region in Spaouthern
Romaniaand northern Serhi&drban areasvith concentrationsbove the LVare observeth Poland,
southern and eastern RomaniBylgaria Greece, Albania, FYR of Macedonia, Serlfiacluding
Kosovo, Croatiaand Jovenia In generalthe central andthe easternparts of Europeappear with
higher concentrationshan the western and the northern parfhe intensity of urban areas in
exceedance has increasdiyhtly in 2015 compared t8014.

The relative mean uncertaintgrelative RMSE) of the final combined map of tl®®.4 percentile of
PMjo daily meanss 21.1 % for rural areas an@5.6 % for urban areaAnnex 3)

The final combined mapmcluding the indicator 90.4 percentile of dailyneansbased on the actual
measurement data station points is presented in Map.2 of Annexb5.

Map 2.2 Concentration map of PM 10 indicator 90.4 percentile of daily means, 201 5
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2.2.2 Population exposure

Table 2.2 gives the population frequency distribution for a limited number of exposure classes
calculated at 1x1 km gricesolution, as well as the populatiaeighted concentration for individual
countries and for Europe as a whoknnex 4 shows details on theleven yeass evolution of
population exposure.
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Table 2.2 Population exposure and population -weighted concentrations, PM 1o
indicator 90.4 percentile of daily means, 2015

PM,o, 90.4percentile of daily means, exposed population [% Pop.
Population <LV > LV weighted
Country
<20 20-30| 30-40| 40-50| 50-75 >75 conc.
[inhbs . 1000]] >3 dY >3dY >3BY >3dY >3y >3y &>
Albania AL 2892 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 8576 3.3 23.8 68.7 4.2 32.4
Belgium BE 11 237 4.6 95.4 34.6
Bosnia & Herzegovina  |BA 3825 0.5 9.3 13.5 12.3 62.3 2.1 54.5
Bulgaria BG 7202 0.1 1.7 7.7 19.2) 54.5 16.9 62.2
Croatia HR 4225 0.1 5.4 16.7] 35.2 42.5 46.8
Cyprus CY 1173 0.3 10.3 89.4 45.2
Czech Republic Cz 10 538 0.0 4.0 45.3} 38.6} 12. 41.6
Denmark DK 5660 1.9 45.3 52.9 29.3
Estonia EE 1315 28.] 719 20.7
Finland FI 5472 100.0 15.0
France (metropolitan) FR 64 344 1.2 43.5 55.]] 0.2 0.0 30.2
Germany DE 81198 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 1.1 145
Ireland IE 4629 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 1986 5.6 48.5 459 29.0
Liechtenstein LI 37 0.1 99.9 28.9
Lithuania LT 2921 21.1 75.9 3.0 34.0
Luxembourg LU 563 21.2] 78.9 311
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 10.4 8.4 11.14 59.7 8.7 52.9
Netherlands NL 16 901 47.2 52.9 30.2
Norway NO 5166 46.14 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 £3) 1.9 11.6] 86 43.7
Serbia (incl. Kosovo*) RS 8919 0.0| 1.7 6.4 11.7] 457 34.5 65.7
Slovakia SK 5421 0.1 8.7 58.5 32.8 47.4
Slovenia Sl 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 9747 27.5 64.2 8.3 22.4
Switzerland CH 8238 3.5 36.8 57.9 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
Total 536 303 853 147 36.9
3.1 32.9 36.4 14.7) 11.9 1.4
EU-28 504 055 o7 1 29 36.2

Note1: Turkey is not included in the calculation duehtelack of air quality data.
Note 2: The percentage value "0.0" indicates an exposed population exisit,idgmall and estimated less than 0.05 ¢
Empty cells mean: no population in exposure.
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It has been estimated that in 2015 alnids% of the European population lived in areas where the
90.4 percentile of thBM, daily meansxceeded the EU limit value 60 O g .rin Albania, Bosnia

& Herzegovina, Bulgaria, FYR of Macedonia, Montenegro, Poland and Sertlizding Kosovo)the
populationweighted 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 abbeel v was between 25 and 50 percent.

For the EU28 around 13% lived in areas where the 90.4 percentile d¥lt¥hedaily meanexceeded
the EU limit value of50 O g 2.mccording to CSI004 (EEA, 2017c¢), in 2015 almost 19 % of the
urban population in the EB8 was exposed to Piabove this limit value. Thdifference between
the two estimates is because the EEA accounts farrt@n population of the larger agglomerations
only, while Table 2.2 provides estimates also including inhabitants in rural ameskerscities and
villages.

The Europeawide populatiorveighted concentration of the 90.4 percentile of.f8&ily means is
estimated for 2015 at about 8¥g ,mand 360 g [ for the EU28. This is the lowest level of the
eleven years period 200522015 (Tables 6.1andA4.2).

Figure 22 shows, for the whole mapped area, the population frequency distribution for exposure
classes ofl Og E.ndne can see the highest population frequency for classes between 25 and 35
O g B,rand continuous decline pbpulation frequency for classes between 35 an@ §5.m

Like in previous years, also in 2015 the daily limit vaisenore widely exceeded thahe annual
limit value.

Figure 2.2 Population frequency distribution, PM 1o indicator 90.4 percentile of daily
means, 2015
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population (%)

5 15 25 35 45 55 65 75 a5

PM10, 90.4 percentile, daily mean, 2015 (ug-m-3)
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3 PM:zs

In the Ambient Air Quality Directive (EU, 2008), tHimit value (LV) for the annual average BM
concentrations was setat@g >m I n the AQ directive theam% is al
defined as Stage 2 that should become potentially into force in ZB20Air Quality Guideline
recommended by the World Health Organization (WHO, 2005) for thesRiMnual average is

10e g 2 m

The current number of PM measurement stations is yemited andits spatial distribubn is
irregular over Europe. Deriving a reasonably relialdlaropeanwide spatially interpolated PM
annual average map on the basis of thesesPMasurement data alone is not feasible. The resulting
map would not be suitabfer beingused in population exposure assessments.

Thereforein this papethe mapping of thénealthrelatedindicator PM s annual average is basedan
mapping methodology developed in Denby et al. (204,1 2011h. This methodology derives
additional pseudo PM.s annual mean concentrations from BMannual mean measurement
concentrationsAs such, iincreases the number and spatial coverage ofsPMl at a apddheset s 6
datais usedto derive a European wide map of annual mean £Mseudo PMs stations data are
estimated using PM measurement data, surface solar radiation, latitude and longBagarate
urban and rurabackgroundconcentration mapare calculated om grid of 10x10 km resolution and

the subsequeriinal combined concentration mapbased on the 1x1 km gridded population density
map.The finalPM2s map is presented in this 1x1 km grid resolution. The population exposure table is
calculated orbasis ofthis map resolution.

Annex 3 provides details on the regression and kriging parameters applied for deriving.the PM
annual average map, as well as the uncertainty analysis of the map. Annex 4 discusses briefly the
interrannual changes observiedthe concentration maps and the relevant population exposure.

3.1 PM2s1 Annual mean
3.1.1 Concentration map

Map 31 presents thdéinal combined map for the 261PM,s annual average as result of the
interpolation and merging of the separaieal and urbammaplayers. Thedark redareas exceed the
limit value (V) of 250 g 2.rRed areas show exceedancethefndicative LV of 200 g [ 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 deriBitg. relevant supplementary data for
estimating both the pseudo PMstation data and the lineaggression suimodel with its residual

kriging in the rural areas were identified earlier in Denby etal. (011 Based on advi ce
et al. 0195, EMEP model outpus usedas supplementary data source for the urban aPe@s.to

linear regressin and kriging of its residualshe PM s measurement and the modelled pseudo data is
logarithmically transformed as that prdes betterresults After regression, tiee results areback

transforned

According to Map 3.1, the areadth the highest Pis concentrationseem to be th&rakow -
Katowice (PL)i Ostrava (CZ) industrial region, together with the Po Valley in Northernwalyits
high concentrationg-urthermore, the areas arouhé cities of Warsaw and Lodz in Poland, Sofia in
Bulgaria, Tirana in AlbaniaBelgrade andseveral other smaller citidga Serbia Kosovo, FYR of
Macedonia and mthern Greecealso showelevated PMs annual average concentratiohge in the
case of PM, the centrabnd the eastern pam$ Europeshow higher concentratioiisan the western
and the northern parts.
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Therelative mean uncertaintgf the final combined map of PMannual average 1.9 % for rural
areas and.66 % for urban areaanddetermined exclusivelgn the actual P measurement data
points i.e. not on the pseudo statiqsinex 3).

Map 3.1 Concentration map of PM .5 annual average, 2015
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In order to provide more compgkeinformation of the air quality across Eurgpke final combined
map including the measurement datatation points is presented in Map.8 of Annex5.

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 resolutjoas well as the populatiemeighted concentration for
individual countries and for Europe as a whole according to EquAtlon of Annex 1 Annex 4
shows details on th@neyear evolution of population exposure.

In 2015, dmost 81 % of the European population has been exposed tesRMnual mean
concentrationsabove theAir Quality Guidelineof 1 0  €3¢ps defined bythe World Health
Organization (WHO, 2005)The Europeanwide and EU28 population exposure exceeding the EU
limit value (V) of 250 g 2 im for both about6 %. In Bulgaria, FYR of Macedonia, Poland and
Serba (including Kosovo) more than 25 % of the poatibn suffers from exposures abovesfimit
value in Albania, Bosnia & Herzegovina, CzeBlepublic Greece, Italy, Montenegro astbvakiait

is between 1 to 18 9@ heindicative Stage dimit value LVzo200f 200 g I im exceeded for about1
% (EU-28) and 15 %, (European wide In Albania, Bosnia & HerzegovinaBulgaria, Croatia,
Greece,Hungary, Italy, FYR of MacedoniaMontenegro,Poland Romania,Serbia Slovakia and
Slovenia a quarteror moreof the population is exposed to concentrations abogé W0 As the
current mapping methodology tends to underestimate high vdlumsex 3) the exceedance
percentages ahat the number of countries with population exposed to concentrations bhbthihe
current LV and theindicativeLV 2020 Will most likely be higher.
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Table 3.1 Population exposure and population -weighted concentration , PM;s
annual average 201 5

Note 1: Turkey is not included in the calculation due to the lack of air quality data.
Note 2:The percetage value "0.0" indicates an exposed population existst mismall and estimated less than 0.05 ¢
Empty cells mean: no population in exposure.
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