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uImmary

European air quality concentrations maps have been prepared for the year 2019. The maps are based
primarily on air quality data as reported under tB808 Ambientir quality directive by EEA member

and cooperating countries and voluntary reporting cowssEC, 2008)'he countries considered for
mapping include the most of Europe, apart from its eastern @oncentration maps have been

produced to assess the situation with respect to the most stringent air quality limit values and the
indicators most elevant for the assessment of impacts on human health and vegetation.

Methodology

The mapping method follows the methodology developed earlier (Horélek et al, 2021, and references

cited therein); it combines the monitoring data with the results from a cloafrtransport model and

other supplementary data (such as land cover, meteorological and satellite data). The method

0 WwS 3 NBtarpokatbyca SNEAY 3 al LILAY3IAQ0 Aad oFaSR 2y | f Ay
kriging of the residuals produced frotmat model (residual kriging). Next to thimaps of Phytotoxic

Ozone Dose (POD) indicators have been presesite 2018based on methodology described in

CLRTAP (204)raccording to Emberson et al. (2000). These maps are prepared based on hourly

ozonerural maps, hourly meteorological data and soil hydraulic properties data.

Population exposure

Concentrations of particulate matter continued to exceed the EU and WHO standards in large parts
of Europe. 6 % of theonsideredEuropean population is exposéal levels above the EU RMimit

value of 40 ug-m; 39 % of theeonsideredEuropean population is exposed to levels above2bes

WHO PMo Air Quality GuidelinéAQG) levedf 20 pg-m(WHO, 2005}). Table 2.2 shows that 26

of the population is exposed to Plylconcentrations above the daily limit value in more than 35 days
per year. Figure ES.1 shethat the countries with the highest values of annual aves@gho are

located in thecentral and soutkeastern parts of Europe.

Figue ESL: PMyo annualmeanconcentrations to which the population per country was exposed in
2019 The 2005 WHO A®level20 ug-n?) is marked by the green lintae EUannual
limit value (40 pg-m) is marked by the red line
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Note: For each country, the box plot shows the concentration to which a percentage of the population was exposed: 50 % is
AK2gy o0& (GKS o6fF Ol YIFENJISNE Hp 32 FYR Tp 2 .08 (KS 02EQ&a SR3IS:

(Y After the drafting of this report, WHO introduced its new Air Quality Guidelines (WHO, 2021). Throughout the report, the
old 2005 WHO AQG levels are kept.
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1.2 % of theeonsideredeuropean population (excluding Turkey in the case of P exposed to
levels above the EU BMIlimit value of 25 ug-m 64 % of theonsideredEuropean population is
exposed to levels above tI#O05WHO PMs AQGlevelof 10 ug-n¥, seeTable 3.1.The
concentrations of PMsand PMo are often highly correlated, with the highest RMexposures found
in the central and soutkeastern parts of Europgimilarly as in the case 8My, see Figure ES.2

FigureES2: PM: s annual mean concentrations to which the population per country was exposed in
2019. The 2005 WHO &Qeve(10 ug-nv) is marked by the green line, tB&Jannual
i FL ﬂé.r
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limit value (25 pg-m) is marked by the red line
e EE
s i
IS FI SENO EE LI LU PT IE CH LV FR DK ES UK DE NL BE ADCI;TurV:WJVLT MC SI SM IT CZ SK CY HR HU RO GR PL AL BG MK ME BA RS

30

N)
S

concentration (ug m‘a)

o

Note: For each country, the bglot shows the concentration to which a percentage of the population was exposed: 50 % is

dK2gy o6& (KS o6flF Ol YIENJISNE up 22 FYR Tp 22 .08 (KS 02EQ& SR3IS:

The N@annual mean concentration map shows a different spatidtitistion than the PM maps.
Table 5.1 indicates that in 12 countries a limited fraction ofdbesideredEuropean population (3o
in total) is exposed to concentrations above tdannual limit value of 40 pg-f(which is the same
as the 2005 WHO AQG/#). Figure ES.3 shows that in all countries,rtieggority of population lived
well below the limit value in 2019, according to the presented assessment.
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FigureES3: NG, annual mearconcentrations to which the population peountry was exposed in
2019.TheEUannual limit valueand 2005 WHO AQG leyé4D ug-nm?in bothcase$ are
marked by the red line
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High exposures are observed in the larger urban areas (e.g. Milan, Naples, Rome, Turin, Paris,
Barcelona, Madrid, London, Athens, Bucharest, Ankara, &anbidg).

Exposure to 0zone concentrations above the EU target value (TV) threshold (a maximurshdaily 8
average value of 120 pg-hmot to be exceeded on more than 25 days per year) occurs in 2019 in a
large area of Europe, namely in most of Austriarn@ay, Italy, Switzerland and Turkey, and in parts
of Spain, France, west Balkan countries, Greece and Czechia. 22 %mfdigeredeuropean
populationlive in areas where the ozone TV is exceeded (Table 4.1). Figure ES.4 shows that the
countries with he highest values of SOMO35 are located in the southern parts of Europe.

FigureESA: Ozone concentrations (expressed as the indicator SOMO35) to which the population per
country was exposed in 2019
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Accumulated risks

Although the spatial distribiins of PM, N@and ozone concentrations differ widely, the possibility

of an accumulation of risk resulting from high exposures to all three pollutants cannot be excluded.
The maps for the three most frequently exceeded EU standards, @ily limit vale, Q target

value and N@annual limit value) have been combined, see Map ES.1.

The combined population exposure shows the following results: out of the total population of 623
million in the mapping area, 6.9 % (43.0 million) people live in areas wiverertthree of these air

quality standards are exceeded; and 0.3 % (2.2 million) people live in areas where all three standards
are exceeded. The worst situation is observed in Italy (in particular the Po valley), where 2.5 % of the
population live in areswhere all three standards are exceeded; this is followed by Turkey, where it

is also the case for 0.8 % of the population.

Map ES1: Exceedance of HealRelated Air Quality Standards, 2019

Exceedance of Health-Related
Air Quality Standards
Reference Year: 2019

Standards considered: PMy DLV, NOz ALV, O3 TV
Resolution: 1x1 km?

|:| no air quality standard exceeded

[] one air quality standard exceeded

- two air quality standards exceeded

- three air quality standards exceeded

[ non EEA member or cooperating countries
[] no available data

' ¢ ‘- S e
0 500, 0F 1000 km i 100 2pe : 3pe vy ar
RS Aol it F § ¥ u¢ P

Vegetation exposure

Standards fothe protection of vegetation have been set, among others, fox &t ozone. In a

limited number of cases, the N@xitical level has been exceeded, though this is relevant only if there
is vegetation in those areas. A larger impact on vegetation canpected from the direct exposure

to ozone. Thearget value for the protection of vegetation (AOT40) is exceeded in abdut 8f7the
agricultural areas. The loftgrm objective is exceeded in 86 of the agricultural areas. The critical
level for the protetion of forests (AOT40) is exceeded in abou¥86f the forested areas.

Critical levels of Phytotoxic Ozone Dose (POD) for wheat (bothaiorygeld and protein yield of
wheat) has been exceeded in large parts of central, western and southern Eurapest of Europe,
critical levels for tuber yield of potato (in terms of P@Dpotato) have been exceeded, with the
highest values of POD for potatocentral Europe, the Baltic States, France and parts of Italy

Changes over time

Since 2005, thenaps have been prepared in an overall consistent way, although the mapping
methodology has been subject to continuous improvement. This enables an analysis of changes in
exposure over time. While PlMand ozone maps have been prepared for the whole pe?iods

2019, PMsmapshave been routinely constructed since 2010 anc N@pssince 2014, with few

Eionet Report ETC/ATNI Z0/1 8



maps for older years available. Thus, Rkhaps are available for the whole period 200619 apart

from 2006, whilén the case oNG, the maps for2006, 208, 2011and2012 are missinglhroughout

the years, some methodology changes have been applied. Apart from minor changes, a major change
was introduced for PM and PM s since 2017 maps, taking into account air quality in urban traffic

areas as was donéor all the NQ maps

The populatioawveighted concentration is calculated for the area of all countries considered in the
report, both including and excludinfurkey, because the area of Turkey has not been mapped until
2016. For changes in populatieveighted concentrationsgxcluding Turkeysee Figure ES.5. For
comparability reasons, theesultsbased orboth the oldand the new PM mappingiethodology

have teen included in Figure ES.

The PM concentrations show a steady decrease of about 0.63genyear for PN annual average
and 0.4 pg-m per year for PMsannual averagdt is estimated thathe consideredEuropean
inhabitants have been exposed amerage to an annual mean R¢oncentration of 19 pg-rhand

to an annual mean PM concentration of 12 pg-rhin 2019, beindpoth the lowest valusin the
fifteen-year time series.

For the ozone concentration (expressed as SOMO35) no trend is ob$entkd period 20052019,
dueto the yearto-year variability. The N&oncentration (in terms of annual average) shows a
decrease of about 0.5 pg-hper year.

Figure ES:3opulationweighted concentration of PM(annual mean), Pl (annual mean), ozan
(SOMO35), and NQannual mean) in 2063019. For P and PM s, results based on
both the old (blue dots) and the updated (red dots) mapping methodology are presented,
where available

PM,,, annual mean [ug-m?3] PM, ., annual mean [pg-m-3]
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Again, theagriculturatweighted concentration is calculated for the area of all countries considered in
the report, both including and excludinfurkey.For changes in agriculturaleighted concentrations

(in terms ofAOT40 for vegetationexcluding Turkeysee Fgure ES.@Notrend is observed for

the agriculturatlweighted concentratiorover the period 20082019, in terms of AOT40 for

vegetation.
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Figure ES:@Agriculturatweighted concentration of ozone indicator AOT40 for vegetation in-2005
2019
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1 Introduction

This report provides an update of European air quality concentratigpsiaopulation exposure and
vegetation exposure estimates for 2019. It builds on the previous reports (Horalek et al., 2021, and
references cited therein). Thanalysis is based on interpolation of annual statistics of validated
monitoring data from 201%eported by the EEA member and cooperating countries (and the
voluntary reporting country of Andorra) in 2020. The paper presents mapping results and includes
anuncertainty analysis of the interpolated maps, adopting the latest methodological developments
see Horalek et al. (2021) and references cited therfEire mapping area covers all of Europe apart
from Belarus, Moldova, Ukraine and the European parts of Russia and KazaKkhskay. (including
both European and Asian areas) is included in the mappiaa for all pollutants except BM due

to the lack of rural stations in Turkey for PMn 2019reported data tothe AQ ereporting database
(EEA, 2021a).

In this report PMo, PMes, 0zone, N@and NQare consideredor 2019, being the most relevant
pollutants for annual updating due to their potential impacts on healtidecosystems. The analysis
method applied is similar to that of previous years. Another potentially relevant pollutant,
benzo[a]pyrene (BaP), is nptesented, 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
Horélek et al. (2017a).

The mapping is primarily based on air quality measurementsnhbines 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
6 WNB & A Rdzl £ uld bdRhoRd tfalthiingethdddiogyadked not allow for formal compliance
checking withthe limit or target values as set by thembientair quality directive (EC, 2008).

The maps of healthelated indicators of ozone are created for the rural and urbarding

suburban) background areas separately on a grid at 10x2@dsulution. Subsequently, the rural

and urban background maps are merged into one final combined air quality indicator map using a
1x1 knt population density grid, following a weightingterion applied per grid cell. This fine
resolution takes into account the smaller settlements in Europe that are not resolved at the 10x10
km? grid resolution. The maps of healtklated indicators of PM, PMs, and NQ(not ozone)are
constructed bythe improvedmappingmethodology developed in Horalek et al. (2017b, 2018, 2019):
together withthe 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 indivichap layers are created
at 1x1 kni resolution and land cover and road data are included in the mapping process as
supplementary data.

The maps of ozone and N@egetationrelated indicators areonstructedat a grid resolution of 2x2

km? and applicablefor rural areas only. They abased on rural background measurements; in the

OFL&asS 2F 212ySs G(GKSe aSNWBS |a AylLdzi (2 GKS 99! Q&
Among the ozone vegetatiorelated indicators, maps of Phytotoxic Ozone Dose @) @iicators

arealso presered, following the conclusions of Colette et al. (2018). POBei®rzone flux through

the stomata of leaves above a specific threshold accumulated during a specifiedt isrmalculated

based on methodology described in CLRTAP @Qictording to Emberson et al. (2000) based on

Jarvis (1976).

Maps of the POD were presented for the first time in Horalek et al. (2021). This indicateintake
account the plant physiolgy, not only the ozone concentrations in the ambient air (as in the AOT40
indicators), and reflestthe ozone actually absorbed by the vegetation. It is widely acknowledged
that the impact of ozone on vegetation is more closely related to the ozone fioriaed through

the stomata than to the exposure to ozone in the atmosphere (Musselman and Massman, 1998;
Nussbaum et al., 2003). The POD annual maps are calculated based on hourly ozone rural maps

Eionet Report ETC/ATNI Z0/1 12



(created similarlyo the annual ozone maps), hourly metedwgical data and the soil hydraulic
properties data. In the reporthe maps of POD faepresentative species of crops in Eurdpe.,
wheat, potato and tomato), in agreement wWibLRTAP (204); are presented

Next to the annual indicator maps, tables the population exposure to Pl PMs, G;, and NG,

and the exposure of vegetation to ozone in terms of AOT40 indicaterpresened. Tables of
population exposure are prepared using the population density map of 1xfdresolution. For
PMy, AM25and NQ, 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. Taldes of the vegetation exposure are
prepared with a 2x2 khAygrid resolution based on the Corine Land Cover 2018 daf&&£t202Q)

Chapters 2, 3, 4 and 5 present the concentration maps and exposure estimates:ip PR,

ozone and N@ respective}l. Chapter 5 presentnly the concentration map for NOexceedances 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 perspeCGhapter 6
summarizes the trends in exposure estimates in the period ZIiD.

Annex 1 describes briefly the different methodological aspects. Annex 2 documents the input data
applied in the 2019 mapping and exposure analysis. Annex 3 preseriectitécal details of the

maps and their uncertainty analysis including the cnes&dation results. Annex 4 shows
concentration change in 2019 in comparison to the-frear average 2032018.Annex 5 presents

the concentration maps includir@pncentration values measured dlhe statiors, in order to provide
more complete information of the air quality in 2019 across Europe.
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2 PMpo

The Ambient Air Quality Directive (EC, 2008) sets limit values fotdomgand for shortterm PMo
concentrations. The lontgrm annual PN limit value is set at 40 pug-nThe Air Quality Guideline
levelrecommended by the World Health Organizatiar2005(WHO, 2005) for the PMannual

average is 26 3 . Yhe shorterm limit value indicates that the daily average Bbncentration
should not exceed 50 pug-hauring more than 35 days per year. It corresponds to the 90.4 percentile
of daily PMo concentrations in one year. This daily limit value is the most frequently exceeded air
quality PMIimit value in Europe. The AQuality Guidelindevelrecommended by the World Health
Organizatiorin 2005(WHO, 2005) for thehort-term limit value indicates that the 99 percentile of

the daily average PMconcentrations should not exceed 50 pg-meaning, three days of
exceedancare allowed).

This chapter presents the 2019 updates of two;PNdicators: the annual average and the 90.4
percentile of the daily averages. The latter is a more relevant indicator in the context Afribent
Air Quality Directive (EC, 2008) than the formerly used Béghest daily mean (Horalek et al.,
2016Db).

The maps of Ph arebased on the improved mapping methodology developed and tested in

Horéalek et al. (2019). The map layers areated for the rural, urban background and urban traffic
areas separately on a grid at 1x1%mesolution. Subsequently, the ban background and urban

traffic map layers are merged together using the grid@RlIRoad data(Meijer et al., 208) into

one urban map layer. This urban map layer is further combined with the rural map layer into the final
PMio map using a population aeity grid at 1x1 kdresolution. For both PM indicators, this final
combined map in this 1x1 Kngrid resolutionis presened.

The population exposure tables are calculated based on these maps, according to the methodology
describedn Horalek et al.2019),i.e., they are 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. For details, see Annex 1, Equation Al.6.

2.1 PMpannual average

2.1.1 Concentration map

Map 2.1 presents the final combined concentration map for the 201%BNMual average as the
result of interpolation and merging of the separate map layers as described in An8egtion Al.1
(for a more detailed desqriion, see Hordlek et al., 2007, 2019). Red and purple areas indicate
exceedances of the limit value (LV) of 40 pg-m

The final combined concentration map presented in Map 2.1 is constructed on a Exfriém
resolution (Annex 1Section A1)l The statinsare not presented in the map, in order to better
visualise the urban areas. However, concentration values flenstationmeasurements used in the
kriging interpolation methodology (Annex Section A3.Jlare 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 anghidded concentration
fields.

Map 2.1 shows annu&lV exceedances in southern Spain near Almeriarban areas of southern

and southeastern Europe states (Bosnia and Herzegovina, Bulgaria, Greece, North Macedonia, and
Serbia), in parts of Turkey and in southern Poland in the region around Katowice. The spatial extent
of the exceedance area near Alrgehas increased in 2019 compared to fixear average 2012018

(Map A41). Concerning the estimated exceedances in the Almeria area, it should be noted that they
are primarily based on high concentration values indicated inaifeia by the chemical transport
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modelling, and not on measurements (which are not available in this area with the minimum data
coverage required to be taken into account).

The uncertainty of the concentration map can be expressed in relative terms obsidude Root
Mean Square Error (RMSE) uncertainty related to the mean air pollution indicator value for all
stations (see Annex Bection A1} This relative mean uncertainty (RRMSE) of the final combined
map of PMo annual average is Z& for rural area and 28% for urban background areagluding
Turkish stations (i.e., quite similar to thest years), and respectively ¥8for rural areas and 2@

for urban background areagithout Turkish stations (Annex $ection A3l The main reason for
preserting the results without Turkish stations is to enable the comparison with previous years.

Be it noted thathe final combined map in 1x1 Kmesolution is representative for rural and urban
background areas, but not for urban traffic ardadich are smoothed in this spatial resolution).

Map 2.1: Concentration map of PMannual average, 2019

Particulate Matter (PMyg)
Annual Average
Reference Year: 2019

Combined Rural and Urban (incl. Traffic) Map
Resolution: 1x1 km?

B < 10 pug:m?

B 10- 20 ug'm?

[] 20- 30 pg-m™? (20 = 2005 WHO AQG)
[ 30 - 40 pg:m=3

B 40 - 50 pg:m (40 = LV)

B > 50 ugm?

[} non EEA member or cooperating countries
1 no available data

2.1.2 Popuation exposure

Table 2.1 and Figure 2.1 give the population frequency distribution for a limited number of exposure
classesTable 2.1 also presentise populationweighted concentration for individual countriefr
EU28and forthe total mapping areaccording to Equation A1.7.

About 39 % of theonsideredEuropean populatiof), including Turkeff), has been exposed to
annual average concentrations above @@05Air Quality Guidelingevel2 ¥ H 1 recomhinevided
by the World Health Organization (WHO, 2005 same isrue for 33 % for theconsidered
European population excluding Turkey dod32 % of the EA28 population

(® We consider Europe apart from Belarus, Moldova, Ukraine and the European parts of Russia and Kazakhstan, due to the
lack of the measurement air quality data for these countries

(®) The whole Turkish population, both Euesm and Asian.
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Table2.1: Population expose and populatiorweighted concentration, PMannual average, 2019

Population PMyo ¢ annual average, exposed population, 2019 [%)] PMyann. avg.
Country ISO . -
[inhbs-1000] <10 10- 20 20-30 30-40 40-50 >50 Pop. weighted

Albania AL 2797 0.0 9.1 59.7 30.6 0.6 27.2
Andorra AD 84 0.3 21.4 78.3 23.1
Austria AT 8381 5.7 86.1 8.3 16.1
Belgium BE 10 944 0.0 72.6 27.4 18.5
Bosnia and Herzegovina BA 3802 0.0 18.4 38.4 254 10.8 7.0 29.8
Bulgaria BG 7 363 0.0 13.3 56.7 24.0 5.9 27.2
Croatia HR 4288 0.1 39.8 57.7 2.4 21.1
Cyprus CY 1018 14.0 775 4.4 4.2 26.3
Czechia cz 10 423 0.1 64.3 34.9 0.7 19.3
Denmark (incl. Faroe Islands) DK 5577 0.2 97.5 2.3 16.2
Estonia EE 1291 35.0 65.0 0.0 111
Finland Fl 5339 60.6 394 0.0 9.2
France (metropolitan) FR 62 744 15 88.5 9.8 0.2 16.1
Germany DE 80174 0.7 97.4 1.9 15.3
Greece GR 10 634 0.0 19.9 55.5 23.0 1.6 0.0 25.3
Hungary HU 9937 23.7 75.6 0.7 219
Iceland IS 318 72.7 27.3 8.9
Ireland IE 4574 15.9 84.1 0.0 12.4
Italy IT 59 409 0.5 24.1 65.3 10.1 23.3
Latvia Lv 2080 1.3 65.5 32.1 1.1 17.6
Liechtenstein LI 34 7.5 92.5 12.0
Lithuania LT 3028 50.5 47.9 1.6 19.4
Luxembourg LU 511 0.0 100.0 14.9
Malta MT 417 0.2 89.6 10.2 27.9
Monaco MC 33 100.0 22.2
Montenegro ME 620 0.1 18.6 57.6 23.7 24.7
Netherlands NL 16 600 96.6 3.4 18.1
North Macedonia MK 2061 3.0 60.1 13.3 21.0 2.6 31.3
Norway NO 4906 48.7 51.3 0.0 10.0
Poland PL 38494 0.0 16.2 65.5 17.3 1.0 25.1
Portugal (excl. Azores, Madeirs PT 10 047 1.6 81.6 16.7 0.0 0.0 17.3
Romania RO 20 138 0.1 37.2 56.1 6.7 22.2
San Marino SM 32 12.3 87.7 21.9
Serbia (incl. Kosovo*) RS 8 896 0.0 5.7 42.3 51.0 0.3 0.7 29.3
Slovakia SK 5399 0.0 53.3 46.5 0.2 20.5
Slovenia Sl 2042 0.3 65.9 33.8 18.8
Spain (excl. Canarias) ES 44 722 1.1 59.5 36.9 1.5 0.7 0.2 19.3
Sweden SE 9539 433 56.1 0.6 10.9
Switzerland CH 7893 9.7 89.6 0.7 13.2
Turkey TR 71920 0.9 13.8 14.3 24.8 28.1 18.1 37.3
United Kingdom (& Crown dep. UK 63 415 25 95.0 25 15.0
Total 601926 29 579 26.0 7.3 37 22 21.0

60.7 6.0
Total without Turkey 530 007 31 639 27.6 4.9 04 91 18.7

67.0 0.5
EU28 498 253 20 656 27.6 3.9 03 00 185

68.2 0.3
Kosovo* KS 1748 0.0 6.2 56.4 374 0.0 27.7
Serbia (excl. Kosovo*) RS 7148 0.0 5.6 38.8 54.3 0.4 0.9 29.7

*) under the UN Security Council Resolution 1244/99

Note: The percentage value "0.Didicates that an exposed population exists, but it is small and estimated to be less than
0.05 %. Empty cells mean no population in exposure.
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Approximately 6 % of population of tlw®nsideredEuropean area (including Turkey) has been
exposedtdd2 Yy OSYy i NI GA2ya SEOSSRAY3I (KS3thdsameysyhdzl £ A YA
case for 0.5 % for theonsideredeuropean population excluding Turkey and for less than 0.5 % of

the EU28 population. More than 4% of the population has been exposed to concentrations above
the ALV in Turkey, almost 24 % and 18 % of the population has been exposed to concentrations
above the ALV ilNorth Macedonia an®osnia and Herzegovina, respectivelylimited fraction of

the population (< 0.0% %) has been exposed to concentrations above the ALV in Albania, Bulgaria,
Cyprus, Greece, Poland, Portygrbisand Spain. However, #ise current mapping methodology

tends to underestimate high values (see Annex 3, Section A3.lgxteedance percentage will most
likely be underestimated. Additional population exposure above the ALV could therefore be expected
in countries like Albani Bosnia and Herzegovina, Bulgaria, Greece, Montenegro, Serbia and Turkey
where a relatively large fraction (ca-80 %) of the population lives in areas with concentration

levels above 30 pg-n

The populatioawveighted concentration of the annual avemtpr 2019or the considered European
populationis estimated to be about 21 pg-hincluding Turkey andbout19 pg-m? both for the
consideredeuropean population without Turkey afisk EU28 only.Thevaluefor EU28 and
consideredEuropean populatiomithout Turkeydecreased bybout2 pg-m? compared to the
previous fiveyear mean(for more details, see Annex 4, Section A4.1)

Figure2.1: Percentage of the population (%) exposed offMnual average (ug-m), 2019

90 %
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60 % T
50 % T
40 % T
30 % +
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10 % ——I I
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100 % T I. " - I - - - e -

=10

10-20 20-30 30-40 B 40-50

*) under the UN Security Council Resolution 1244/99

Figure 2.2 shows, for the whole mapped area (that is, all considered Europe including Turkey), the
population frequency distribution for exposure classes pfjim?. One can see the highest

population frequency for classes between 15 andugo®. A quite continuous decline gbpulation
frequency is visible for classes between 20 an@i@%n® and beyond 4Qug-mg.
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Figure2.2: Population frequency distribution, Rpannual average, 2019. The 2005 WHO AQG level
(20 pg-n¥) is marked by the green line, the EU annual limit value (40§)dsrmarked by

the red line
10.0 _
75
5 |
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=}
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(o]
o
25
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PM,, - annual mean [ug m’3]

Note: Apart from the population distribution shown gmaph, it was estimated that 0.03 % of population lived in areas with
PMipannual average concentration in between 80 and 175 fig-m

2.2 PMu0¢90.4 percentile of daily means
The Ar Quality Directive (EC, 2008) describes the:PRIF A £ @ A YA ladély dveta§e od 5[ + 0 |

[
50pugmfy 24 G2 0SS SEOSSRSR Y2NB (GKIy op GAYS&a | Ol f &
evaluated by the indicator 36highest daily mean, which is in principle equivalent to the indicator

90.4 percentile of daily mean. However, foeasurement 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 value instead of the sth highest value. Furthermore, thaérQuality Directive requires

the use of the 90.4 percentile when random measurements are used to assess the requirements of

the PMo DLV. As in the previous reports since the maps for 2014, thediilly meansare

expresed as the 90.4 percentile instead of the formerly used Béghest daily mean.

2.2.1 Concentration map

Map 2.2 presents the final combined map, where red and purple marked areas indicate values of the
90.4 percentile of daily means above 50 pg{ie., exceedances of the DLV of 50 pgen more

than 35 measurement days). The similar mapping procedune e case of the annual average is
used. Thenapping details and the uncertainty analysis are presented in Annex 3. Large areas above
the DLV are observed iorthern Italy (i.e., the Po Valley), in the region with the agglomerations
Ostrava (€echig ¢ Katowice (Bland) ¢ Krakow (Bland) and in eastern parts of Turkey. Urban areas
with concentrations above the DLV are observed in Albania, Andorra, Bosnia and Herzegovina,
Bulgaria, CroatiaCyprus, Czechia, France, Greece, Hungary, Italy, Malta, Montemémth

Macedonia, Poland, Portugal, Romania, Serbia, Slov&lkigenia, Spain and Turkey.

In general, the central and the soudastern parts of Europe appear with higher concentrations than
the western and the northern part&imilarly tathe PM annual averages, the estimated

exceedances in the Almeria area are based orctiemical transport modelling, not on

measurements.
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Map 2.2: Concentration map of PMindicator 90.4 percentile of daily means, 2019

Particulate Matter (PMyp)
90.4 Percentile of Daily Means
Reference Year: 2019

Combined Rural and Urban (incl. Traffic) Map
Resolution: 1x1 km?

Bl < 20 ugm?

I 20- 30 pg'm™?

[ 30- 40 pg:m??

[ 40-50 pg'm

Bl 50 - 75 pg'm? (50 = LV)

B > 750gm?

:| non EEA member or cooperating countries
] no available data

g ! S ' - / 4
0 500, 0% 1000 km ? 10¢ 2p° i 3p° ﬁ )aﬂ” ;

The relative mean uncertainty (relative RMSE) of the final combined map of the 90.4 percentile of
PMo daily means is 2% for rural areas and 32 for urban background areaxludingTurkish

stations The mean uncertainty for the map without Turke@% for rural areas and 26 for urban
background areas (Annex Section A3JL

For the comparison with fivgear average 2012018 values, see Annex3ection A4.1The final
combined map including the indicator 90.4 percentile of daily means basedkeasctual
measurement data at statiais presented in Map A5.2 of Annex 5.

2.2.2 Population exposure

Table 2.2and Figure 2.8ive the population frequency distribution for a limited number of exposure
classes calculated at 1x1 kgrid resolution Table 2.2 ab presentshe populationweighted
concentration for individual countriesor EU28 and forthe total mapping area

In 2019 about 166 of theconsideredEuropean population including Turkey, 8 % of ¢basidered
European population excluding Turkey &hél of the E\28 populationare estimated tdive in areas
where the 90.4 percentile of the PiMdaily means exceeded the EU limit value of 50 figim

Albania, Bosnia and Herzegovina, Kosovo, Montenegro, North Macedonia, $ethim¢ludingand
excldingKosovo) and Turkey, more than half of the population (ca?56) was exposed to
concentrations exceeding the DLV. In Bulgaria, Greece, Italy, Malta and Poland the portion of the
population living in areas with concentrations above the DLV was l@#ti8 % and 50 %. Less than
10 % (ca. <0.08 %) of the population living in areas with concentrations above the DLV was
estimated in Andorra, Croati&yprus, Czechia, France, Hungary, Portugal, Romania, Slovakia,
Slovenia and Spain.

The Europeawide population-weighted concentration of the 90.4 percentile of RMaily means is
estimated for 2019 at about 37 pg-hfor the total mapped aredincluding Turkey), 33 pug-m
(without Turkey), and 32 pg-ffor the EU28. Thevaluefor both EU28 and the considered
European population without Turkedecreased bybout 4ug-m? compared to the previous five
year mean(for more details, see Annex 4, Section A4.1)
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Table2.2: Population exposure and populatiereighted concentrations, PMindicator 90.4
percentile of daily means, 2019

Population PMyo- perc90.4, exposed population, 2019 [%] PMyo- perc90.4
Country ISO . -
[inhbs-1000] <20 20¢ 30 30-40 40-50 50-75 >75 Pop. Weighted

Albania AL 2797 0.0 33 14.3 31.9 49.3 1.2 50.4
Andorra AD 84 0.3 9.6 13.4 76.3 0.3 44.1
Austria AT 8 381 11.2 44.5 41.7 2.7 28.3
Belgium BE 10 944 0.2 14.4 85.3 0.1 33.1
Bosnia andHerzegovina BA 3802 0.1 6.9 13.9 16.0 42.0 21.2 59.6
Bulgaria BG 7 363 0.2 5.8 22.3 35.7 36.0 46.8
Croatia HR 4 288 0.4 15.4 31.7 44.5 8.1 0.0 39.8
Cyprus cY 1018 0.0 7.2 15.1 69.3 8.5 42.6
Czechia cz 10 423 0.3 23.8 60.0 13.1 29 34.4
Denmark (incl. Faroe Islands) DK 5577 0.7 90.8 8.6 28.0
Estonia EE 1291 54.8 40.3 4.9 20.4
Finland Fl 5339 75.5 22.6 1.9 0.0 17.2
France (metropolitan) FR 62 744 4.8 59.8 329 2.4 0.0 27.8
Germany DE 80174 2.0 83.1 14.8 0.1 26.9
Greece GR 10 634 0.0 5.4 45.1 35.3 14.1 0.1 41.3
Hungary HU 9937 0.0 4.2 50.7 425 25 38.6
Iceland IS 318 78.6 16.6 4.8 17.9
Ireland IE 4574 31.9 66.6 1.5 22.1
Italy IT 59 409 0.8 10.9 44.2 20.4 23.7 40.9
Latvia Lv 2080 4.4 47.1 45.9 2.6 30.2
Liechtenstein LI 34 11.0 89.0 219
Lithuania LT 3028 0.0 33.1 61.0 6.0 329
Luxembourg LU 511 0.4 91.1 8.5 26.3
Malta MT 417 0.0 9.5 80.2 10.2 42.2
Monaco MC 33 100.0 34.3
Montenegro ME 620 0.7 11.9 9.3 7.4 70.7 50.2
Netherlands NL 16 600 36.6 63.4 30.4
North Macedonia MK 2061 0.0 1.2 54 36.4 32.3 24.7 60.1
Norway NO 4 906 50.7 46.1 3.2 19.1
Poland PL 38 494 0.0 1.8 36.1 36.9 24.3 0.9 45.0
Portugal (excl. Azores, Madeirs PT 10 047 5.8 58.0 35.6 0.5 0.2 0.0 28.3
Romania RO 20 138 0.2 15.8 45.7 31.6 6.8 38.2
San Marino SM 32 2.4 84.6 12.9 38.9
Serbia (incl. Kosovo*) RS 8 896 0.0 3.0 8.9 17.4 69.4 1.2 55.9
Slovakia SK 5399 0.0 4.8 64.7 30.0 0.5 375
Slovenia Sl 2042 0.9 31.6 49.1 18.4 0.1 33.6
Spain (excl. Canarias) ES 44722 3.0 43.0 48.4 3.6 1.8 0.2 30.9
Sweden SE 9539 48.5 47.8 3.2 0.5 20.8
Switzerland CH 7 893 13.1 77.8 9.0 0.0 24.5
Turkey TR 71920 1.0 8.9 8.2 8.0 42.1 31.8 64.7
United Kingdom (& Crown dep. UK 63 415 3.9 84.2 11.8 26.5
Total 601 926 43 403 29.0 10.5 19 41 36.6

44.6 16.0

4.8 44.5 7.8 0.4

Total without Turkey 530 007 31.8 10.8 32.8

49.3 8.1
EU28 498 253 43 155 33.2 10.7 62 01 322

49.8 6.3
Kosovo* KS 1748 0.0 34 9.4 12.4 74.7 56.5
Serbia (excl. Kosovo*) RS 7 148 0.0 29 8.8 18.6 68.1 1.5 55.8

*) under the UN Security Council Resolution 1244/99

Note: The percentage value "0.Dbidicates that an exposed population exists, but it is small and estimated to be less than 0.05 %. Empty
cells mean no population in exposure.
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As in previous years, the daily limit value was more widely exceeded than the annual limit value in
20109.

Figure2.3: Percentage of the population (%) exposed offilicator 90.4 percentile of daily means,

2019
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*) under the UN Security Council Resolution 1244/99

Figure 2.4 shows, for the whole mapped area, the population frequency distribution for exposure
classes of fg-m?. One can see the highest population frequency for classes between 24 and 32
ug-mé, continuous decline gfopulation frequency for classestween 22 and 34ig-m® and
continuous mild decline gfopulation frequencyor classes between 36 and 70 pg-m

Figure2.4: Population frequency distribution, RMndicator 90.4 percentile of daily mea2§19 The
EU dailylimit value 60 pg-n?¥) is marked by the red line
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Note: Apart from the population distribution shown in graph, it was estimated that 0.014 % of population lived in areas
with values of PN indicator 90.4 percentile of daily means in between 160 and 250 fig-m
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Figure2.5 showsfor individual countries the PMdaily concentrationso which the population per
country was exposed in 2018.can be seen that the countries with tiighest alues of Phb
indicator 90.4 percentile of daily means are located ind¢batral and soutkeastern parts of Europe.

Figure2.5: PMyo expressed as indicator 90.4 percentile of daily means to which the population per
country was exposed in 2019. Thddaily limit value (50 pg-®) is marked by the red line
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Note: For each country, the box plot shows the concentration to wpich a peacenof the population was exposed: &)
in the case of the black marker, %5and 79 inthe casesof the 2 EQa %RBESSE AW G KS OFasa 2F (KS
edges.
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3 PMs

In the Ambient Air Quality Directive (EC, 2008), the limit value (LV) fartigal average Ph4
concentrations was set at 25 ug®mn the Ar Quality Directive there is also an indicative limit value
(ILV) of 2Qug-m? defined as Stage 2, in place since 2020. The Air Quality Guikislale
recommended by the World Health Ordgaationin 2005(WHO, 2005) for the PM annual average
is10> I EY

The current number of PM measurement stations is still somewhat limited and its spatial

distribution is irregular over Europe. Therefore, in this paper the mapping of the hedétted

indicator PM s annual average is based on a mapping methodology developed in Denby etlah,(20

2011b). This methodology derives additional pseude Painual mean concentrations from R

annual mean measurement concentrations. As such, it increases the number and spatial coverage of
PMesWRE GF LRAYGaQ FyR (KSageankiddinap of dhBualdzgéa8 BM 2 RS NX |
Pseudo PMs stations data are estimated using RPivheasurement data, surface solar radiation,

latitude and longitude.

Like for PMo, the map of PMsisbased on the improved mapping methodology developed in
Horéalek etal. (2019). The map layers aneated for the rural, urban background and urban traffic
areas separately on a grid at 1x1%msolution. Subsequently, the urban background and urban
traffic map layers are merged together using the gridded road dataoné&urban map layer. This
urban map layer is further combined with the rural map layer into the final fivap using a
population density grid at 1x1 Kmesolution.This final combined majs presentd at this 1x1 ki
grid resolution.

Annex 3 SectionA3.2provides details on the regression and kriging parameters applied for deriving
the PMsannual average map, as well as the uncertainty analysis of the map. An8egtibn A4.3
discusses briefly theoncentration and population exposure change ii2(h comparison to the
five-year average 2012018.

3.1 PMsannual average

3.1.1 Concentration map

Map 3.1 presents the final combined map for the 2019, P&dhnual average as a result of the
interpolation and merging of the separate rural and urban map lagsmdescribed in Annex 1
Section A1.1The dark red areashowexceednces othe ALV of 25 ug-#h Red areas show
exceedances of the indicative LV 6fj2y-n?® defined as Stage 2 (lioM).

Due to the lack of rural PM stations in Turkeyno proper interpolation results could be estimated
for this country in a rural map. Therefore, the estimated.BMalues for Turkegre not presenedin
the final map.

According to Map 3.1, the areas with the highest:BEbncentrations appear to be the Po Valley in
northern Italy, the areas around the Balkan cities of Belgrade, Podgorica, Sarajevo, Sofia, Skopje and
Tirana, the Krakow Katowice (Bland) ¢ Ostrava Czechig industrial region and the area around

Warsaw. Different other cities in Bosnia and HerzegqBudgaria, Greece, North MacedoniRgland

and Serbiancluding Kosovalso show elevated PMannual average concentrationas well as

some areasiea Almeriain southern Spain (estimated based thie chemical transport modelling,

not on measuremendsLike in the case of Pl the central and the soutkastern parts of Europe

show higher concentrations than the western and the northern parts.

The rehtive mean uncertainty of the 2019 map of PMnnual average is 20.5 % for both rural and
urban background areas and determined exclusively on the actuad Pasurement data points,
i.e., not on the pseudo stations (AnnexSection A3 R

Eionet Report ETC/ATNI Z0/1 23



Map 3.1: Concentration map of PMannual average, 2019

Similarly tathe PMy, the final map in 1x1 kAresolution is representative fahe rural andthe urban
background areas, but not fdine urban traffic aras(which are smoothed in thi&x1 kn? resolution).

In order to provide more complete information of the air quality across Europe, the final combined
map including the measurement data at statiis presented in Map A5.3 of Annex 5.

For the comparison wlit five-year average 20:2018 values, see Annexdection A4.2

3.1.2 Population exposure

Table 3.Jand Figure 3.gjive the population frequency distribution for a limited number of exposure
classes calculated on a grid of 1x1%kesolution Table 3.1 alspresentsthe populatiorweighted
concentration for individual countrie$or EU28 and forthe total mapping area

The population exposure has been calculated according to Equation A1.6 of Annex 1, i.e., it has been
calculated separately for urban areaisettly influenced by traffic and for the background (both rural
and urban) areas, in order to better reflect the population exposed to traffic.

In 2019, 64 % afonsideredEuropean (excluding Turkey) and 65 % of the2&ldopulation has been

exposed to PMsannual mean concentrations above tB805Air Quality Guidelingevel2 ¥ m 2 > 31 Y
as defined by the World Health Organization (WHO, 2005). Singei®dhe of the most relevant

pollutants linked to health problems and premature mortality (EEA, 2@E&puld be mentioned

that more than half of the population has been exposedPid s annual mean concentrations above

the 2005WHOAQG levein more than two thirds of countries. The only countries, where the PM

annual mean concentrations did not e@ad the2005WHOAQG levelwere Finland, Iceland,

Liechtenstein, and Norway.
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