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ummary

Air quality concentrations map®f the member and cooperating countries of the European
Environmental Agency (EEAhave been prepared for the year 28 The maps arerimarily based

on air quality data as reported under the Ambieit Quality Directives (EC2004,2008).The mapping
method (Regressiorg Interpolation ¢ Merging Mapping followsa methodology developed earlier
(Horalek et al., 202 and references cited therein); it combines the monitoring data wittputsfrom

a chemical transport model and other supplementary data such as land cover and satellite data.

Population exposure

RegardingPMy (i.e. particulate matter with a diameter of 10 um or lgsspncentrationsand
population exposureemainedabove theEuropean UnionEY andWorld Health OrganisatioV(HO
standards in large parts of Europe202. Approximately7% of the considered European population
was exposed to concentrations above the EU ;RPihnuallimit value of 40 pg/miand 63% of the
populationwasexposed to concentrationsxceedinghe WHOAIr Quality Guideline (AQQ level of 15
ug/me in 2023. Furthermore,16% of the populationwas estimated to live in areas where the 90.4
percentile of the P\ daily means was above the EU limit value of 50 |fgithen it comes to P,
approximately0.2%of the considered European population (excluding Tirkiye in this case £f PM
was exposed to concentrations above the EU RNimit value of 25 pg/mand 2.4%above the EU
PMsindicative limit value of 20 ug/f respectivelyMoreover,96% of the populationwasexposed
to concentrations above the WHO AQG lewkb pug/me. The countries with the highest values of
annual averages PMare located in soutfeastern Europelhe populatioaweighted concentration of
the PMyo indicatorsannual averagand 90.4 perentile of daily meandor the considered European
population is estimated to be 28 ug/m® and 34.5 ug/m?, respectively, in 2023The population
weighted concentration of th®M. s annual average for the considered European populatieithout
Turkiyg is estimated to bé 0.4pug/m?in 2023.

For ozone, it was estimated that 12% of the considered European population lived in areas where
concentrations exceeded the ozone target value threst{thidt is, the target value for just one year)
based on 2023 data, and 10% based on the8&rtarget value for 2021-2023. Countries with the
highestvalues of the ozone indicator 93.2 percentile of maximum datyp@& meansare situatedin
southern and centraEurope.Additionally 98% of the considered European population lived in areas
where the ozone @ncentration was above the WHO AQG level ofign? (the peak season average

of maximum daily $our means).The populatiorweighted concentration of thes indicator 93.2
percentile of maximum daily-Bour means for the considered European population is estimated to be
108.1pg/m3in 2023.

Approximately 860f the considered European populatimasexposed to Neconcentrations above
the EU annual limit value of 40 pg? in 2023. Except for Turkiyethe majority of population lived well
below the limit value in 202 However, abou67%of the considered European populatiamcluding
Turkiyewasexposed to annual average concentrations above the WHO AQG level of 18 Tigénm
populationweighted concentration of theNG, annual average for the considered European
populationis estimated to bel5.5 pg/m?*in 2023.

Based on the experimental map of benzo(a)pyrene (BaR)estimated thaB.5% of the considered
European population live in areas where BaP concentrations are abovberéshold 1.0 ng/m The
highest BaP concentrations are showwriPoland, nortkeastern Czechia, west Balkan, eastern Po Valley

() The EEA member countries are the 27 Member States of the European Uni@i)(Blls Iceland, Lichtenstein, Norway,
Switzerland, andrkiye TheEEA cooperating countries are Albania, Bosnia and Herzegovina, Kosievahe UN Security
Council Resolution 1244/9%ontenegro, North Macedonia, and Serbia. In addition, three microstates (Andorra, a country
which voluntary reports air quality data, Monaco and San Marino) are also presented in this report.
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in northern Italy and some populated locations in central and s@atstern Europe, Latvia and Finland
The populatioawveighted concentration of theBaPannual average for the considered European
population(without Turkiye is estimated to be aboud.4ng/m®in 2023.

Figure S.1 illustratethe population exposure to different air pollutants, fire whole considered
European population (excluding Tirkiye ie tases of PMb.s and BaB.

Figure SL Percentage of the population (%) exposed to different values of.P{dnnual average
and 90.4 percentile of daily meansPMs (annual average)Ds (93.2 percentile of
maximum daily 8hour means SOMO35 angbeak season average of maximum daily 8
hour meang, NG (annual averaggand BaP(annual averaggin 2023

1% T I [ | I "B | B PMI0_Avw  PM10_PO0.4 PM2.5 Avg 03_P93.2
90% 1 m <15 m <20 m<5 m <90
80% 1 = 15-20 = 2030 =510 = 90-100
70% + 20-30 30-40 10-15 100-110
60% + 30-40 40-50 15-20 110-120
50% + m 40-50 m 50-75  ®20-25 ® 120-140
40% |- m >50 " >75 m >25 = >140
0% T 03_SOMO35 O3_peak  NO2 Avg BaP_Avg
20% T = < 2000 = <60 m <10 m<0.12
10% T m 2000-4000 = 60-80  m 10-20 ® 0.12-0.4
0% - 4000-6000 80-90 20-30 0.4-0.6
6000-8000 = 90-100 30-40 0.6-1.0
S m 8000-10000 ® 100-120 m 40-45 ® 1.0-1.5
d‘? m >10000 m >120 m >45 m >1.5

Accumulated risks

Out of the total population 06560 million in the mapped are&éncludingTurkiyd, 5% (30.1 million)

people live in areas where two or thred the most frequently exceededir quality standard$P Mo

daily limit value, @target value and N@annual limit valu¢as specified in EC (200&)e exceeded;

0.1% (0.5nillion) people live in areas where dhese three standards are exceeded. The worst
situation in 2023 was observed in Cyprus, Greece, Turkiye, where less than 0.05%, 4% and 0.2% lived
in areas where all three standards are exceeded, respectively.

Vegetation exposure

Based on 2023 data,zone concentrations (AOT40 for vegetation) are aboveBbearget value
threshold(the TV for just one yeafdr the protection of vegetatioEU, 2008)n about12% of the
agricultural areas ah abovethe EUlongterm objective in91% of the agricultural areas. Ozone
concentrations (AOT40 fdoresty are above the critical level for theqiection of forests in about
73%of the forested areaskelating to Syear mean 2012023, 16% of all European agricultural land
including Turkiye has been exposed to 0zone concentrations above the target value of 18 08@ ug/m
Considering the lonterm objective of 6 000 ug/fh, the total European area (including Trkiye) in
excess was 90%.

In 2023, POPvalues for wheat above the highest CL (i.e. for protein yield) were observed across a
large continuous area of Europe, covering western, central and seagiern regionsFor potatoes,

PODR values exceeded th€Lfor tuber yield in large parts of western and central Europe. In contrast,
exceedances for tomatoes were limited to a few coastal areas, consistent with previous years.
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The CL of PQIbr beech was exceeded in almost the entire European mapped area, with the exception
of large area®f the Iberian Peninsuland Turkiye and many smaller areas throughout the mapped
area. The CL of POfor spruce was exceeded almost throughout the entire mapped European area,
with the exception of large areas in northern Europe art@rger area in Romania

In a limited number of cases, concentrations of & above the EU critical level. However, since
most of these cases happen in urban areas, this is only relevant if there is vegetation in those areas.

Changes over time

Since 2005, maps for most of the pollutants have been prepared in an overall consistéatthaygh

the mapping methodology has been subject to continuous improvejndinis enables an analysis of
changes in exposure over tim@part from minor methodological changes, a major change was
introduced for PMp and PM s sincethe 2017 maps, taking into account air quality in urban traffic
areas.For some pollutants, maps of several years areavailable

The evolution of the populatioiweighted concentration (as a measure of population exposyre
expressed as relative chanffem 2005 is shown in Figure S.Bor absolute numbers, see Chapter 7.
It can be seen that the populatieneighted concentrations of P PM.sand NQ showin 2023the
lowestvalues in the nineteesyear time series.

Figure S.2Populationtweighted concentration of P\, PM. s andNQ; (annual mean), and ozone

(SOMO35) in 2002023, and agriculturalveighted concentration of ozone indicator
AQOTA4O0 for vegetation in 2008023, expressed as relative change (index, 2005 = 100

Index (2005 = 100)
140 +

120 +
100
80 +
60 |
40 +

20 +

O } Il Il } } } } } } } } } } } } } } y
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

—+—PM10 —+—PM2.5 NO2 —+— Ozone SOMO35 —#— Ozone AOT40

The PMpopulationweightedconcentrations show a steady decrease of about 0.6 fdglen year for
PMo annual average and 0.5 pg?rper year for PMs annual average. For the ozop®pulation
weightedconcentration (expressed as SOMO35) no trend is observed for the R2005%2023, due
to the yearto-year variability Also, no trend is observed for tlagriculturalweighted concentration
in terms of AOT40 for vegetatiomhe NG populationweighted concentration (in terms of annual
average) shows a decrease of about jig/m? per year over the period 2002023.
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1 Introduction

This report provides air quality concentration maps, population exposure and vegetation exposure
estimates for 2@3 for the area of the EEA member and cooperating counttielsuilds on previous
similar reports (Horalek et al., 282 and references cited therein). Thealysis is based on
interpolation of annual statistics of validated monitoring data fron220eported by the EEA member

and cooperating countries (and the voluntary reportimgcrostate of Andorra) in 203. Two other
microstates (Monaco and San Marino) are also included in the assesshigkitye (including both
European and Asian areas) is included in the mapping area for all pollutants exceatrieNBaPdue

to the lack ofenoughPM:s and BaReported data to the AQ-eeporting databasdrom rural stations

in Turkiyein 2023(EEA, 2029).

In this report2023 results forparticulate matter PMy and PMzs)(?), ozone (Os), nitrogen dioxide

(NQ), nitrogen oxides NQ) and benzo(a)pyrene (BaR)e presented being the most relevant
pollutants for annual updating due to their potential impacts on health and ecosystems. The analysis
method applied is similar to that of previous years.

The mappingnethod is primarily based on air quality measurements. It combines monitoring data,
chemical transport model results and other supplementary data (such as altitude and meteorology)
using a linear regression model followed by kriging of the residuals produced from that model
("residual kriging). Separate mapping layers (rural, urban background and urban traffic, where
relevant) are created separately and subsequently merged together into the final map. In order to
reflect the three steps appliedhe methodology is calledRegressiory Interpolation ¢ Merging
Mapping (RIMM) It should be noted that this methodology does not allow for formal compliance
checking with thdegal standard as set by thambientair quality directive (EC2004,2008).

The maps of healthelated indicators are created for the rural and urban (including suburban)
background areas separately on a grid of 10 km resolufionQ;) or 1 km resolution (for other
pollutants, i.efor PMho, PMbs, NQ and BaP)Subsequently, the rural and urban background tagprs

are merged into one final combined air quality indicator map using a 1 km population density grid,
following a weighting criterion applied per grid céil. the mapping of healtielated indicators of
PMy, PM s, ard NQ, together with the rural and urban background map layers, the urban traffic map
layer is also constructed and incorporated into the final merged map using the roadTth@tanap of

BaP is labelled axperimental (as recommended in Horalek et al., 2022 indicate that it does not

yet meet the same accuracy standards as the regularly produced maps of other pollutants.

The maps 00; and NQvegetationrelated indicators are constructed at a grasolution of2 km and
applicable for rural areas only. They are based on rural background measurements; in the@gse of
GKS& ASNIWS | & Ay LARDOLERA, 20EK)SAMOng thed:¥egdtatidrelated aud\J
Phytotoxic Ozone Dose (P@Ihdicatorsare also presented. PO the O; flux through the stomata

of leaves above a specific threshaf@dccumulated during a specified timie is calculated based on
the methodology described ithe Air ConventioMapping Manua(CLRTAR024) according talarvis
(1976)and Emberson et al. (20@0). Maps of the PODfor representative species of crops in Europe
I.e. wheat, potato and tomatare presented as well as thenapsof the POBRfor representativetrees

i.e. beechand spruceThe PObannual maps are calculated based on ho@iyrural maps (created
similarly to the annuaDs; maps), hourly meteorological data and the soil hydraulic properties data.

Next to the annual indicator maps, tables showing the population exposure tg PMs, O;and NQ,
and the exposure of vegetation to ozone in terms of AOT40 indicators are presented. The tables of
population exposure are prepared using the concentration and population density maps in 1 km grid

(9 PMhoand PM s are particulate matterwith a diameter of 10 um and 2.5 pm or lessspectively
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resolution. For PM, PMesand 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. The tableshefvegetation
exposure are prepared using the concentration maps in 2 km grid resolution and the Corine Land Cover
2018 dataset in 100 m resolutiok, 202Q)

Where applicablethe maps andoopulation exposure estimates are presented both with respect to
the EUstandardgto be alreadyattained (EC, 2004; EC, 2008) and the rewevisedEUstandads to

be attainedby 1 Januarp030 (EU, 2024)Where possible, exposure estimates are also assessed in
relation to the WHQair quality guidanceAQQ levels(WHO, 2024); in case of BaP in relation to the
reference level (RL; WHO, 2021bable 1.1 presents @omparisorof thesedifferent standards. This
comparisoris only possible for annualverageconcentrations, for which both current amdvisedimit
values are defingdas well as the WHAQG levelsFor other air quality metrics based on shtetm
concentrations, such an assessment cannot be enad the2004 and 2008 Directiveend the 2024
Directivediffer in the allowed number of exceedanaafthe shortterm limit values.

Tablel.1 Overview of the current (EC, 2004; EC, 2008Ehuallimit (LV)and target TV)
values revised(EU, 2024) Ednnuallimit values to be attained by 1 January 2030
(L\Vbo3g and WHO Air Quality Guidelines (AQ&yelsand WHO reference level (RL)
(WHO, 202&; WHO, 2021b) for the pollutants assessed in this report

Pollutant  Averaging period LV (ug/n¥) L \kozo (Lg/m?3) WHagA}S'S;evel
PMuo calendar year 40 20 15
PM.s calendar year 25 10 5
NG calendar year 40 20 10
TV (ng/n¥) L \kozo (Ng/m 3) WHO RL (ng/
BaP calendar year 1 1.0 0.12

All tables present exposure results for individual countries, for th EUor the whole mapped area
and for five large European regiofi®. Northern EuropeWestern Europe, Central Eurof@nuthern
Europe and Soutkastern Europesee Annex,ISection Al.2Map Al1.3 ().

Chapters 2, 3, 4 and 5 present the concentration maps and exposure estimapastionlate matter

0Os, NG and NOx, andBaR respectively. Chapte4 presents only the concentration map for O
concentrations abovéhe 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 grovidesinformation of accumulated risks, showing in which areas population is exposed to
concentratons above the legal standards for more than one pollutant. Finally, Chagt@niarizes

the trends in exposure estimates in the period 2a%3.

Annex 1 describes briefly the different methodological aspects. Annex 2 documents the input data
applied in the 2083 mapping and exposure analysis. Annex 3 presents the technical details of the maps
and their uncertainty analysis including the cresdidation results. Annex 4 presents the
concentration maps including concentration values measured at the stations, in order to provide more
complete information of the air quality in 23 across Europe.

(3 Northern Europe: Denmark, Estonia, Finland, Iceland, Latvia, Lithuania, Norway, Sweden; Western Europe: Belgium,
France north of 45°, Ireland, Luxembourg, Netherlands; Central Europe: Austria, Czechia, Germany, Hungary, Liechtenstein,
Poland, Slovakia,&enia, Switzerland; Southern Europe: Andorra, Cyprus, F(ameteopolitan)south of 45°, Greece,

Italy, Malta, Monaco, Portugal (excl. Azores, Madeira), San Marino, Spain (without CanariasgaSterth Europe:

Albania, Bosnia and Herzegovina, Bulgaria, Croatia, Kosovo, Montenegro, North Macedonia, Romania, Serbia, Turkiye.
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2 Particulate matter

The Ambient Air Quality Directive (EC, 2008) sets limit values fotdomgand for shorterm PMy
concentrationsand for longterm PM s concentrationsin 2024, the revised Directive on ambient air
quality and cleaner air for Europe (EU, 202djered into force whichnew or revised air quality
standards to be reached by 1 January 203t2008EUlongterm annualaverageP Mo limit value is
set at 40ug/m?, while therevised2030 Elannuallimit value(L\4o30) of the same indicator is set 20
ug/mé. The Air Quality GuidelindGQ)evel recommended by the World Health Organizaifa/HO)

in 221 (WHO, 2Q143) is set to 15ug/m®. TheEU2008shortterm limit value indicates that the daily
average PN concentration should not exceed 50y/m® during more than 35 days per year. It
corresponds to the 90.4 percentile of daily Rgbncentrations in one year. This daily limit value is the
most frequently exceeded008air quality PM limit value in Europ&he new 2030 EU shetgrm limit
value means thafrom 2030, the daily average Rbtoncentration of 45 pg/rshould not be exceeded
more than 18 times per yealhe AQGlevels recommended by th&v/HOin 2021 (WHO, 202) for
shortterm PMy concentrations indicates that the 99 percentile of the daily average i°#M
concentrations should not exceeld ug/n? (99 percentilemeans3-4 exceedance days per year).

The 2008EUannuallimit value(LV)for the annual average PMconcentrationds set at 25 pg/m. In
EC (2008)there is also an indicative limit value (ILV) ofi@dm?® defined as Stage 2, in place since
2020.The 2030 EBPM; s annual limit value (Lso) is set tol0 ug/m? The Air Quality Guidelinevel
recommended by the World Health Organizatior2021 WHO, 2021afor the PMsannual average
is set to 5ug/m?3. Anew 2030 EU shoterm limit value means tharom 2030, the daily average BM
concentration of25 pg/me should not be exceeded more than 18 times per \&Ad, 2024)

This chapter presents the 28 situation in relation tdboth 2008 EUP My limit values i.e.the annual
averageand the 90.4 percentile of the daily averagesd the PMs annual average The 90.4
percentile of the daily averages a more relevanPMg indicator in the context of the Ambient Air
Quality Directive (EC, 2008) than thé"3fighest daily mearwhich was used up to 2013 ma(poralek
et al., 20Ta).

The maps oPMgand PM s are based on the improved mapping methodology developed and tested

in Hordlek et al. (2019). The map layers emated for the rural, urban background and urban traffic
areas separately on a grid at 1 km resolution. Subsequently, the urban background and urban traffic
map layers are merged together using the gridded GRIP road daiger et al., 2018jnto one urban

map layer. This urban map layer is further combined with the rural map layer into thePfihalor

PM.s map usiig a population density grid at 1 km resolution. For details,Asgex 1, Section Al.1.

The supplementary data used are chemical transport model (CTM) output, altitude, wind speed and
land cover for rural areas, CTM output for urban background areas and CTM output and wind speed
for urban traffic areas (Annex 3, Sections A3.1 and A3.2).IF@Ma and PM s indicators, the final
combined map is presented in the 1 km grid resolution. Be it noted that this final map is representative
for rural and urban bdground areas, but not for urban traffic areas (which are smoothed in this 1 km
spatial resolution).

The current number of P4 measurement stations is still somewhat limited and its spatial distribution

is irregular over Europe. Therefore, in this paper the mapping of the headked indicator PMls

annual average is based on a mapping methodology developed in Denby et al. (2011). This
methodology derives additional pseudo RPdvannual mean concentrations from Rdannual mean
measurement concentrations. As such, it increases the number and spatial coverage 0¢PM { |
LRAYGaQ yR GKS&S RI Gl leNdp ofizorfiat mene PMPSNdo @Bs | 9 dzNJ
stations data are estimated using RMMmeasurement data, surface solar radiation, latitude and
longitude.
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The population exposure tables are calculated based on the concentration maps, according to the
methodology describedih Horalek et al. (2019),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.

Annex 3, Secti®A31 and A3.2provide details on the regression and kriging parameters applied for
deriving thePMio and PM: s maps, as well as the uncertainty analysis ofskenaps.

2.1 PMyoannual average

2.1.1 Concentration map

Map 2.1 presents the final combined concentration map for th23®My o annual averagdight green
areas show concentrations abotlee WHO AQQevelof 15ug/m3, yellow areas show concentrations
above the L¥300f 20 pg/m?. Red and purple areas indicatencentrations abovéhe LV of 4qug/m®.

The stations are not presented in the map, in order to better visualise the urban areas. However,
concentration values from the station measurements used in the kriging interpolation methodology
(Annex 3, Section A3.1) are considered to provide relevdotnration to the concentration mapin

Map Ad.1 ofAnnex 4hese point values are presented on top of Map.ZAis illustrates the smoothing
effect that the interpolation method can have on the gridded concentration fields.

Map 2.1 shows annuahean concentrations above thieV in urban areas of souttastern Europe
states(Bosnia ad Herzegovina, North Macedonia aGdeeceg, similarly to previous year# larger,
more continuous area with concentrations above LV occurs in the ssagtern and eastern parts of
Turkye. In general, the soutleastern, the south and the central parts of Europe appear with higher
concentrations and populatieweighted concentrations than the western and the northern parts.

Map 2.1 Concentration map of Ph annual average, 228

Particulate Matter (PM,,)
Annual Average
Reference Year: 2023

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

- < 15 pg/m?

I 15 - 20 pg/m?® (15 = WHO AQG)

\:I 20 - 30 pg/m? (20 = LVaga0)

[ 30- 40 pg/m?

B 40 - 50 pg/m?® (40 = L)

B > 50 pg/m?

[ non EEA member or cooperating countries
[ no available data

o 500, 0F 1000 km

Map 2.2 presents the difference between Zxnd the5-yearmean 20B-2022 for annual average for
PMo. Orange to red areas show an increase of/Rincentration in 203, while blue areas show a
decrease.
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At the annual average PMdifference map the highest increases are observed iniyéirparts of
southern and soutkeastern Europe with the highest increase€yprusGreece, Bulgariand parts of
Italy (Sardinia and southf d¢taly). On the other hand, there are decreases in thest of remaining
countries, mainly central Europeith the most notable decrease in Polamdrts of some countries in
south-eastern Europevith the most notable decrease in eastern Romania.

Map 2.2 Differencein concentrations between 202 and the 5-yearmean 20B-2022 for PMio
annual average

. Particulate Matter (PM,,)

~ B pS Annual Average
f VLY | AN Difference from 5-year Mean
/ \ \ Difference: 2023 - avg(2018-2022)

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

M <5 wym?

B 5--2 pg/m?

[1-2-0 pgm?

1 o-2 pgm?

[ 2-5 pgm?

M -5 pg/m?

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

o 500, 0f 1000 km 1 100
L

Be it noted that besides the actual changes in the concentrations, the variability of the linear regression
model and variogram parameters, changes in the measurement network and changes in the dispersion
model may cause minor differences in the conceritnatevels estimated.

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, Section Al.4). This relative mean uriogyt4dRRMSErelative RMSE expressed as
percen) of the final combined map of PiMannual average isS6for rural areas an@®1%for urban
background areas including Turkish stations (i.e. quite similar tagigears), and@sofor rural areas

and 1% for urban background areas without Turkish stations (Annex 3, Section ABi¢)means

quite good mapping uncertainty, compared to tbata quality objective for models of RMannual
average (i.e. 3% as set in thémbientAir Quality Directive (EC, 2008he main reason for presenting

the resultsalsowithout Turkish stations is to enable the comparison with previous years.

2.1.2 Population exposure

Table 2.1and Figure 2.1 give the population frequency distribution for a limited number of exposure
classes to PM concentrationsfor individual countries, for five European regions, forZEJ)and for

the total consideredarea Table 2.1 also presents tl23 populationweighted concentration and
the differencein the populationweighted concentrations between 282ndthe 5-yearmean 20B-
2022 according to Equation A1.7.
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Table2.1 Population exposure and populatioweighted concentration, PNy annual average,

2023
Population PMyo ¢ annual average, exposed populatiqfo) Populationweighted concentration
Country ISO . -
(inhbs-1000) <15 1520 2030 3040 4050 >50 2023 S5-year mean Diff.
Albania AL 2762 6.8 12.2 58.6 22.4 25.6 26.9 -1.2
Andorra AD 80  100.0 0.0 12.7 17.9 5.2
Austria AT 9105 81.9 15.6 25 13.5 15.9 -2.4
Belgium BE 11743 33.0 66.3 0.7 15.8 18.6 -2.8
Bosnia and Herzegovina BA 3194 7.5 18.0 38.5 31.0 4.9 26.6 32.3 -5.8
Bulgaria BG 6 448 4.6 22.0 67.7 5.7 22.8 26.4 -3.6
Croatia HR 3851 21.7 42.5 35.7 0.0 18.6 21.9 -3.3
Cyprus CY 1419 0.1 17.3 75.3 7.3 33.1 32.1 1.0
Czechia cz 10 828 39.7 56.0 4.3 155 19.7 -4.2
Denmark (incl. Faroe Islands) DK 5987 98.9 11 11.9 14.9 -3.0
Estonia EE 1366 97.1 2.9 9.8 114 -1.6
Finland Fl 5564 99.9 0.1 8.1 9.1 -1.1
France (metropolitan) FR 66 017 63.2 34.1 2.6 14.4 16.0 -1.7
Germany DE 83119 93.3 6.7 12.6 15.2 -2.6
Greece GR 10 414 11 9.6 55.3 33.8 0.2 27.0 26.2 0.8
Hungary HU 9 600 6.7 71.2 22.1 18.2 22.4 4.2
Iceland IS 388  100.0 9.2 9.1 0.2
Ireland IE 5271 100.0 10.8 11.9 -1.2
Italy IT 58 997 4.2 21.7 67.2 6.9 22.7 23.8 -1.1
Latvia LV 1883 55.2 43.7 1.1 13.9 17.3 -3.4
Liechtenstein LI 40  100.0 11.4 12.2 -0.8
Lithuania LT 2857 40.1 53.1 6.8 15.2 18.8 -35
Luxembourg LU 661 91.9 8.1 13.3 154 2.1
Malta MT 542 0.4 99.6 26.8 27.6 -0.8
Monaco MC 39 80.5 195 17.0 19.9 -2.9
Montenegro ME 617 12.9 51.4 35.7 19.2 26.0 -6.8
Netherlands NL 17 811 44.4 55.6 15.3 175 -2.2
North Macedonia MK 1830 3.0 6.4 47.5 38.2 4.9 29.0 34.1 5.1
Norway NO 5489 97.3 2.7 8.8 10.0 -1.3
Poland PL 36 754 9.0 45.9 45.1 19.9 25.3 5.4
Portugal (excl. Azores, Madeira PT 10 022 28.8 49.7 215 16.9 17.9 -1.0
Romania RO 19 055 14.2 525 33.3 18.9 22.5 -3.7
San Marino SM 34 5.2 83.6 11.2 19.2 20.8 -1.7
Serbia (incl. Kosovo) RS 8 350 25 19.7 53.7 24.1 25.0 30.8 -5.8
Slovakia SK 5429 16.9 75.3 7.9 16.8 21.1 -4.3
Slovenia Sl 2117 38.4 44.1 17.5 16.5 19.0 -2.5
Spain (excl. Canarias) ES 45 872 18.3 48.8 33.0 18.5 19.7 -1.2
Sweden SE 10 522 97.6 2.4 9.1 10.7 -1.6
Switzerland CH 8815 92.0 7.4 0.6 12.2 13.6 -1.4
Turkiye TR 85 280 0.3 25 12.6 38.3 30.4 15.9 40.5 40.0 0.5
Total 560170 375 26.1 214 81 4.5 2.3 204 22.2 -1.8
63.6 6.8
EU27 443198 43.9 314 26 21 0.0 16.8 19.2 2.4
75.3 0.0

Northern Europe 34 055 90.8 8.6 0.6 10.2 12.2 2.1
Western Europe 86 334 58.6 39.8 1.6 14.4 16.5 -2.0
Central Europe 165 805 61.5 25.9 12.6 15.0 18.5 -3.5
Southern Europe 142 589 15.6 32.8 45.4 6.1 0.1 20.6 21.5 -1.0
South-Eastern Europe 131 386 3.9 14.4 24.6 27.9 19.3 10.0 33.6 34.4 -0.8
Kosovo XK 1709 2.2 20.4 77.0 0.4 22.4 28.1 5.7
Serbia (excl. Kosovo) RS 6 641 25 19.5 47.7 30.2 25.7 315 -5.8

Note: The percentage value "0.0" indicates that an exposed population exists, but it is small and estimated to be le8S#h&mpty cells mean no population
in exposure5-year mean, i.e5-yearmean 20B-2022. Diff., i.e.difference concentratios between 203 and 5-yearmean 20B-2022.
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Figure2.1 Percentage of the population (%) exposed to different RMnnual averages (ug/f) at
country level, 2023
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It is estimated that 6% and 3&%of population of the considered mapped area has been exposed to
annual average concentrations above the WHO Air Quality Guideline levels of 1Xy#@, 2021a)
andthe new 2030 EU limit value @b ug/m? (EU 2@4), respectively. The same is true 6% and
25%o0f the EU27 population.

Approximately7%of population of the considered mapped area has been exposed to concentrations
above the EU annual limit value (ALV) of 40 |ig/the same is the case f@.02% of the EU27
population.

No population has been exposed to concentrations above the AL&¥adnt3f 41 mapped countries.

A limited fraction of the population (up t8%9 has been exposed to concentrations above the ALV in
Greece, North Macedonia, Bosnia and Herzegogind Cyprugin ascending order)46% of the
population has been exposed to concentrations above the ALV in Tlkkiyeever, as the current
mapping methodology tends to underestimate high values (see Annex 3, Section A3pkxahetage

of population exposed to caentrations above the ALV will most likely be underestimated. Additional
population exposure above the ALV could therefore be expected in countrieslizaia, Bosnia and
Herzegovina, Cyprus, Greece, North MacedoB@biaand Tlrkiyewhere a relatively large fraction
(ca. 2040%) of the population lives in areas with concentration levelst8Qug/ny.

The populatiorveighted concentration of the annual average for 320@r the considered European
population(including Turkiyes estimated to be @4 pg/m?and16.8ug/m?for the EU27 only.Values
decreasedy 1.8 and 2.41g/m3compared to the previouS-yearmean 20B-2022, respectivelyWhen
assessing the absolute change in individual countries, the steepest decrease was fidamtenegro
(6.8ug/m?3), the highest increase was estimateddgprus(1 pg/mq).

Figure 2.2 shows, for the whole mapped area, the population frequency distribution for exposure
classes of uig/m3. The highest population frequency can be seen for classes bet®vaet 5 pug/ms.

One can see a quite continuous strong declinpayulation frequency for classes betweefiahd D
ug/m?and a mild decline for classes beyondugfim?.
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Figure2.2 Populationexposurefrequency distribution, PMo annual average, 288. The WHO AQG
level (15 pg/m) is marked by the green line, the 20 EU limit value(20 pg/m?) is
marked by the yellow line, theurrent EULV (40 pg/n?) is marked by the red line
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Note: Apart from the population distribution shown the graph, it was estimated that 04% of population lived in areas
with PMyo annual average concentratismetween75 and 230 pg/ms.

Figure 2.3 shows for individual countries the ®@Mnnual averageconcentration to which the
populationin that country was exposed in 2821t can be seen thatas already pointed outhe
countries with the highesimean exposures t®My annual averageare located in the central and
south-eastern parts of Europe.

Figure2.3 PMipannual average concentrations to which the population per country was exposed
in 2023. TheWHO AQG level (15 pg/fhis marked by the green line, th2030 EU limit
value (20 pg/m?) is marked by the yellow line, theurrent EU limit value 40 pg/m?) is
marked by the red line
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2.2 PMu ¢ 90.4 percentile of daily means
The Ambient Air Quality Directive (EC, 2008) describes thagM A f & f AYA G @I f dzS

average of 5ug/m*y 2 G G2 0SS SEOSSRSR Y2NB GKIyYy op GAYSa
be evaluated by the indicator 8éhighest daily mean, which is in principle equivalent to the indicator
90.4 percentile of daily mean. 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 Leeu)yttgDagdditional
uncertanty related to incomplete time series is substantially smaller when using percentile values
instead of the Xh highest value. Furthermore, the Air Quality Directive requires the use of the 90.4
percentile when random measurements are used to assessdfjeirements of the P DLV. As in

the previous reports since the maps for 20(@Horalek et al., 2018), the PM, daily means are
expressed as the 90.4 percentile instead of the formerly uséth@ghest daily meanThe analysis
does not include comparisons agaittse WHO AQG levels and the revisedgbdfor daily means, due

to the different pollutant aggregationgi.e. corresponding®9 and 95.1 percentile ofdaily means
respectively.

2.2.1 Concentration map

Map 23 presents the final combined map, where red and purple marked areas indicate values of the
90.4 percentile of daily means above5§/m? (i.e.concentrationsabovethe DLV of 5Qig/m®on more

than 35 measurement days). The similar mapping procedure as in the case of the annual average is
used. Thanapping details and the uncertainty analysis are presented in Annex 3. Largewndtteas
concentrationsabove the DLV are observediorthern Italy {.e.the Po Valleyandin southern, south

eastern anceastern parts of irkiye Urbanand surroundingreas with concentrations above the DLV

are observedn Balkan countrieand Cyprus

In general, the soutleastern the south and the centraparts of Europe appear with higher
concentrationsand populationweighted concentrationthan the western and the northern parts.

Map 2.3 Concentration map of PM indicator 90.4percentile of daily means, 22

Particulate Matter (PMy,)
90.4 Percentile of Daily Means
Reference Year: 2023

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

Bl = 20 pg/m®

0 20 - 30 pg/m?

[ 30 - 40 pg/m?®

[ 40 - 50 pg/m®

B 50 - 75 pg/m? (50 = LV)

B > 75 pg/m?

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

of 1000 km

The relative mean uncertainty (relative RM&ERRMSEOof the final combined map of the 90.4
percentile of PMop daily means is 26% for rural and 30% for urban background areas including Turkish
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stations. The mean uncertainty for the map withouiirkiyeis 20% for both rural areas and 22% for
urban background areas (Annex 3, Section A3.1). Thus, the mapping uncertainty of this is at the similar
level as in the case of tH&vip annual average.

Map 2.4 presents the differendeetween2023 andthe 5-yearmean2018-2022 for the 90.4 percentile
of daily means for PM. Orange to red areas show an increase ofifddncentration in2023, while
blue areas show a decrease.

Map 2.4 Differencein concentrations between 202 and the 5-yearmean 20B-2022 for PMio
90.4 percentile

Particulate Matter (PM,,)
90.4 Percentile of Daily Means
Difference from 5-year Mean
Difference: 2023 - avg(2018-2022)

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

B < 10 pg/m?

[ -10 - -4 pg/m?

] -4-0 pgm?

1 0-4 pgm?

[ 4- 10 pg/m?

B - 10 pg/m®

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

o

o 500, 0f 1000 km 1 100
L

The situation is similar to that of the annual average value ofoPMe highest increasese observed

in Turkiye, parts of southern and soutlastern Europe with the highest increases in Cyprus, Greece
and parts of Italy (Sardinia, Sicilia and south of It&y).the other hand, there are decreases in the
most of remaining countries, mainly central Europe with the most notable decrease in Poland, parts
of someBalkancountries with the most notable decreasevirestern Romanigand inPo Valley in Italy

2.2.2 Population exposure

Table 2.2and Figure 24 give the population frequency distribution for a limited number of exposure
classes to PMindicator 90.4 percentile of daily mearsr individual countries, for five European
regions, for EL27, and for the totatonsideredarea More detailed Table 2.also presents the 2(®
populationweighted concentration and the difference in the populataeighted concentrations
between 203 and the5-yearmean2018-2022 according to Equation A1.7.

In 2@3 about 16% of the considered European populatigimcludingTurkiyg and 3% of the EU27
population are estimated to live in areasth PMio concentrationsabovethe EUdaily LVof 50 pg/md.
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Table2.2 Population exposure and populaticaweighted concentrations, PN indicator 90.4
percentile of daily means, 2(R2

Population PM, - perc90.4, exposed populatio(?o) Populationweighted concentration
Country ISO . -
(inhbs-1000 <20 2030 3040 4050 5075 >75 2023 S5-year mean Diff.

Albania AL 2762 0.2 11.6 12.4 18.4 57.5 48.7 48.2 0.6
Andorra AD 80 145 85.4 0.1 26.0 31.3 5.4
Austria AT 9105 20.8 74.8 4.4 23.2 27.6 4.4
Belgium BE 11743 2.2 88.5 9.3 27.3 32.4 5.2
Bosnia and Herzegovina BA 3194 0.0 12.4 20.9 16.6 36.4 13.6 51.3 64.0 -12.7
Bulgaria BG 6 448 0.7 17.8 42.2 36.4 29 37.2 45.3 -8.2
Croatia HR 3851 1.3 38.6 34.3 24.2 1.6 33.1 40.9 -7.8
Cyprus cYy 1419 2.4 14.0 80.2 35 55.6 52.8 2.8
Czechia cz 10 828 8.2 80.6 11.2 25.8 34.8 -9.0
Denmark (incl. Faroe Islands) DK 5987 79.4 20.6 19.3 25.0 5.7
Estonia EE 1366 59.0 38.6 2.5 18.4 20.5 2.1
Finland FI 5564 87.9 10.9 1.2 15.3 17.0 -1.7
France (metropolitan) FR 66 017 13.6 79.8 6.5 0.0 24.4 26.9 -2.5
Germany DE 83119 39.8 60.2 20.7 25.6 -5.0
Greece GR 10 414 0.0 6.0 29.5 411 23.3 43.7 43.1 0.6
Hungary HU 9 600 0.0 39.6 59.8 0.7 31.1 39.7 -8.6
Iceland IS 388 72.7 27.3 18.0 16.7 1.3
Ireland IE 5271 81.4 18.6 18.0 20.6 -2.6
Italy IT 58 997 0.8 11.7 47.0 27.8 12.7 39.6 421 -2.5
Latvia Lv 1883 27.8 45.0 27.2 24.6 30.2 -5.6
Liechtenstein LI 40 66.9 33.1 20.0 21.7 -1.6
Lithuania LT 2857 22.1 55.1 22.8 26.1 32.1 -6.0
Luxembourg LU 661 18.0 82.0 214 25.4 -4.0
Malta MT 542 2.6 97.4 42.5 42.9 -0.4
Monaco MC 39 80.5 195 27.4 30.7 -3.4
Montenegro ME 617 0.6 28.0 37.4 32.3 1.7 36.0 50.7 -14.8
Netherlands NL 17 811 1.9 98.1 0.0 23.6 28.8 -5.1
North Macedonia MK 1830 0.2 5.0 7.6 22.9 59.4 4.9 55.9 66.0 -10.1
Norway NO 5489 66.2 30.8 2.9 0.1 17.2 18.6 -1.4
Poland PL 36 754 0.4 345 53.9 11.2 32.7 45.3 -12.6
Portugal (excl. Azores, Madeira PT 10 022 9.3 58.8 30.7 1.2 27.6 29.3 -1.7
Romania RO 19 055 4.0 41.6 41.8 12.5 0.0 31.6 38.5 -6.9
San Marino SM 34 15.8 84.2 32.6 37.1 -4.5
Serbia (incl. Kosovo) RS 8 350 0.2 10.0 33.7 26.1 30.0 0.0 43.1 57.3 -14.2
Slovakia SK 5429 1.6 69.1 29.3 28.7 37.7 -9.0
Slovenia Sl 2117 3.0 56.7 39.4 0.9 28.8 33.8 -5.0
Spain (excl. Canarias) ES 45 872 4.8 40.2 53.5 15 29.9 31.8 -1.8
Sweden SE 10 522 83.3 14.4 2.2 0.1 0.0 16.6 19.2 -2.6
Switzerland CH 8815 27.6 70.2 1.9 0.3 21.8 24.2 -2.3
Turkiye TR 85 280 0.0 0.9 4.8 7.9 60.0 26.4 68.6 69.1 -0.5

14.3 40.7 12.1 4.0 38.4 -3.9
Total 560 170755.0 211 7.9 716.1 34.5
EU27 443 198716'6 188 245 75 26 00 28.1 329 il

65.4 2.6

Northern Europe 34 055 71.1 23.9 5.0 0.0 0.0 18.3 21.7 -3.4
Western Europe 86 334 13.6 828 3.6 24.0 27.8 -3.8
Central Europe 165 805 23.0 55.9 18.4 2.7 24.9 32.2 -7.3
Southern Europe 142 589 3.9 29.6 42.8 16.0 7.8 0.0 34.7 36.4 -1.7
South-Eastern Europe 131 386 0.7 10.4 16.1 12.7 43.1 17.0 57.2 60.2 -3.0
Kosovo XK 1709 0.1 53 56.2 34.6 3.7 0.0 39.0 54.8 -15.8
Serbia (excl. Kosovo) RS 6 641 0.2 11.2 27.9 23.9 36.7 44.2 57.9 -13.7

Note: The percentage value "0.0" indicates that an exposed population exists, but it is small and estimated to be le8S#h&mpty cells mean no population
in exposure5-year mean, i.e5-yearmean 20B-2022. Diff., i.e.difference concentrations between 282nd5-yearmean 20B-2022.
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No population has been exposed to concentrations above the DLV in 27 out of 41 mapped countries.

A limited fraction of the population (up to 4%) was exposed to concentrations above the DLV in
Sweden, Romania, Croatia, Montenegro, Bulgaria and Kdsoascending order). More than 10% but

less than 50% of the population has been exposed to concentrations above the Daly, iGreece

and SerbiaMore than half of the population has been estimated to be exposed to concentrations
above the DLV in Bosnia and Herzegovina (50%), Albania (58%), North Macedonia (64%), Cyprus (83%)
and Turkiye (86%).

Figure2.4 Percentage of the population (%) exposed to different values ofpidicator 90.4
percentile of daily means, 2023
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The Europeanwide populationweighted concentration of the 90.4 percentile of RMaily means is
estimated for 2023at 345 pg/m? for the total mapped area and81 pg/md for the EU27. The
populationweighted concentration of this PMindicator decreased b$.9 pug/mé for the considered
European population and b4.7 ug/m? for EU27 compared to the previousyearmean 208-2022.

When assessing the absolute change in individual countries, the steepest decrease was found in
Kosovo(15.8ug/m3), the highest increase was estimated in Cygu8 ug/m?3).

Figure 25 shows, for the whole mapped area, the population frequency distribution for exposure

classes of Ag/m3. One can see the highest population frequency for classes beth&amnd50 pg/m?,
then acontinuous mild decline of population frequency for classiesve50 ug/me.
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Figure2.,5  Populationexposurefrequency distribution, PMo indicator 90.4 percentile of daily
means, 2@3. The EU daily limit value (50g/m?) is marked by the red line
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Note: Apart from the population distribution showntine graph, it was estimated that 08%of population lived in areas
with values of PN indicator 90.4 percentile of daily means betwee36lnd 690 pug/m3.

Figure 26 shows for individual countries thB90.4 of thePMo daily concentrations to which the
population was exposed in 28. It can be seen that the countries with the highest values ofoPM
indicator 90.4 percetile of daily means are located mainly in sowthstern parts of Europe.

Figure2.6 PMhoexpressed as indicator 90.4 percentile of daily means to which the population was
exposed in 2@3, per country The EU daily limit value (50g/m?®) is marked by red line
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Note: For each country, the box plot shows the concentration to which a percentage of the population was ex86ed: 5

the case of the black marker5%and B%in the cases of thé 2 E Q& 2%aRAIMEY (KS OFasSa 2F GKS

As in previous years, the dallywas more widely exceeded than the annu&lin 2023.
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2.3 PM:sannual average

2.3.1 Concentration map

Map 25 presents the final combined map for the ZDPM: s annual averagelight green areas show
concentrations above WHO AQG qfgdm?, while yellow areas show concentrations above thedy/

of 10 pg/m?. Red areas show concentrations above the indicative LV of 20°dgfimed as Stage 2
(ILV).The dark red areas shosoncentrations abovéhe annual limit value AL\ of 25 pg/n?.

Due to the lack oenoughrural PM s stations inTlrkiye no proper interpolation results could be
estimated for this country in a rural map. Therefore, the estimated PMlues forTlrkiyeare not
presented in the final map.

According to Map 5, the areas with the highest PMconcentrations appear to be the Po Valley in
northern lItaly, in the Krakowg Katowice (Polandy Ostrava (Czechia) industrial regiand areas of
Bosnia and HerzegovineSerbia North Macedonia Albania, Romania, Bulgaria and Greece
Concentrations above the ALV appearin urban areas in Bosnia and Herzegovina and in North
Macedonia Severalother cities and areas in sdueastern and central Europe also show elevated
PM. s annual average concentrationkike in the case of Pl the central and the south and south
eastern parts of Europe show higher concentrations than the western and the northern parts.

Similarly to the PM, the final map in 1 km resolution is representative for the rural and the urban
background areas, but not for the urban traffic areas (which are smoothed in the 1 km resolution).
In order to provide more complete information of the air quality across Europe, the final combined
map including the measurement data at stations is presented in Map A4.3 of Annex 4.

Map 2.5 Concentration map of Pis annual average, 202
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The relative mean uncertainty of the 2Bhap of PM:s annual average i27%for rural and26%for
urban background areas and it is determined exclusively on the actualrRdhsurement data points,
i.e. not on the pseudo stations (Annex 3, Section A3.2). Similarly as in the casg, tfiifMncertainty
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is satisfactory, compared to thdata quality objective for models of BMannual average (i.e. 59 as
set in the Air Quality Directive (EC, 2008).

Map 2.6 presents the difference between Z¥hdthe 5-yearmean2018-2022for annual average for
PMs. Orange to red areas show an increase ot Pddncentration in 203, while blue areas show a
decrease.

At the annual averageM; s difference map the highest increases are in parts of southern Europe with
the highest increases iBreece Bulgariaand parts of Bosnia and Herzegovjras well asn the north

of Italyand parts of northern EuropdNprway andSweden)Moderate increases are also observed in
southern Italy and parts of southern Spain. On the other hand, there are decreases in most of the
remaining countries, mainly in central Europe (especialfoland, Hungary, Slovakiextending into
Czecha, Germany, the Benelwountriesand Austriaand inparts of some countries in sou#astern

and southerrEurope Gorthern Spainnorthern Italy, Serbiaand Romania)

Map 2.6 Differencein concentrations between 202 andthe 5-yearmean 20B-2022 for PM; 5
annual average
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2.3.2 Population exposure

Table 23 and Figure Z. give the population frequency distribution for a limited number of exposure
classes to Pl concentrations calculated on a grid of 1 km resolution. Talealko presents the
populationweighted concentration for individual countriegrge regionsEU27 and for the total
mapping area.

About 96%and42%of the considered European population (excludingkiyg, has been exposed to
annual average concentrations above the WHO Air Quality Guideline level of 5(MgH®, 2024)
andthe new 2030 EU limit valuef 10 pg/m? (EU 2R4), respectively. The same is true faf99and
41%of the EU27 population.

The total considered anthe EU27 populationexposedto concentrationsabove the EUALV of
25ug/m3 has beerD.2%andnone, respectively.
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Table2.3 Population exposure and populatioweighted concentration, PMsannual average

2023
Country SO lPopuIation PM, s ¢ annual average, exposed population (%) Populationweighted concentration
(inhbs-1000) <5 510 1015 1520 2025  >25 2023 5-year mean Diff.

Albania AL 2762 0.0 4.1 27.7 45.5 22.7 16.8 17.4 -0.6
Andorra AD 80 23.9 76.1 5.8 8.7 -2.9
Austria AT 9105 13 78.9 19.8 9.1 10.9 -1.8
Belgium BE 11743 0.3 85.8 13.9 8.8 10.8 -2.0
Bosnia and Herzegovina BA 3194 4.6 21.2 25.3 334 15.5 19.3 23.6 -4.3
Bulgaria BG 6 448 0.0 39 54.1 41.7 0.3 14.6 17.2 -2.7
Croatia HR 3851 0.0 22.2 39.5 36.6 1.7 13.2 154 -2.2
Cyprus CY 1419 2.4 48.0 47.1 25 14.7 14.4 0.3
Czechia cz 10 828 0.0 31.4 63.2 54 10.9 14.3 -3.3
Denmark (incl. Faroe Islands) DK 5987 2.4 97.6 6.6 8.6 -2.0
Estonia EE 1366 42.9 57.1 5.2 5.9 -0.6
Finland Fl 5564 80.0 20.0 4.3 5.0 -0.7
France (metropolitan) FR 66 017 0.7 89.5 9.8 8.5 9.5 -1.1
Germany DE 83119 0.1 98.9 1.0 7.9 10.0 2.1
Greece GR 10 414 2.5 33.0 52.9 115 16.5 16.0 0.5
Hungary HU 9 600 2.4 94.6 3.0 12.4 15.1 -2.7
Iceland IS 388 100.0 4.1 4.1 -0.1
Ireland IE 5271 20.5 79.5 6.2 7.3 -1.1
Italy IT 58 997 0.2 15.4 49.7 26.2 8.5 14.0 14.7 -0.8
Latvia Lv 1883 17 82.0 16.3 8.0 10.2 2.1
Liechtenstein LI 40 0.6 99.4 7.8 8.3 -0.5
Lithuania LT 2857 91.1 8.9 8.3 11.2 -2.9
Luxembourg LU 661 0.5 99.5 7.2 8.0 -0.9
Malta MT 542 35 96.5 10.9 11.4 -0.5
Monaco MC 39 100.0 8.7 111 -2.4
Montenegro ME 617 0.0 9.7 60.3 30.0 13.4 17.9 -4.5
Netherlands NL 17 811 99.9 0.1 8.2 10.2 -1.9
North Macedonia MK 1830 2.2 12.9 41.9 26.3 16.7 195 23.2 -3.7
Norway NO 5489 46.8 53.2 5.0 55 -0.5
Poland PL 36 754 6.8 59.5 333 0.4 14.0 17.9 -3.9
Portugal (excl. Azores, Madeira PT 10 022 7.2 79.8 13.0 7.7 8.3 -0.6
Romania RO 19 055 0.0 8.2 68.5 23.2 0.0 13.2 15.3 2.1
San Marino SM 34 121 87.9 125 12.9 -0.5
Serbia (incl. Kosovo) RS 8 350 0.8 28.3 42.8 28.0 0.0 17.5 215 -4.1
Slovakia SK 5429 0.0 6.5 86.7 6.8 12.3 15.3 -2.9
Slovenia Sl 2117 0.0 20.5 63.9 15.6 12.1 13.4 -1.4
Spain (excl. Canarias) ES 45 872 2.6 54.5 42.9 9.5 10.2 -0.7
Sweden SE 10 522 60.3 39.7 4.7 5.5 -0.7
Switzerland CH 8815 3.3 93.9 2.3 0.5 7.7 8.7 -1.0

. . 3.8 54.1 2.4 0.2 12.2 -1.7
Total (without Tiirkiye) 474890————M— 284 11l1——M—— 10.4

57.9 2.6
EU27 443 19873'4 555 294 103 S 10.3 120 L
58.9 1.5

Northern Europe 34 055 42.8 55.5 1.7 55 6.8 -1.2
Western Europe 86 334 1.5 90.5 8.0 8.3 9.8 -1.4
Central Europe 165 805 0.3 62.4 28.6 8.6 0.1 10.0 12.7 -2.6
Southern Europe 142 589 1.5 38.8 39.6 155 4.5 11.7 12.3 -0.6
South-Eastern Europe without Turkiye 46 106 0.0 6.7 48.4 32.9 10.1 1.8 15.1 17.8 -2.7
Kosovo XK 1709 0.7 27.3 68.6 3.3 0.1 16.4 20.1 -3.8
Serbia (excl. Kosovo) RS 6 641 0.9 28.6 36.2 34.4 17.8 21.9 -4.1

Note: The percentage value "0.0" indicates that an exposed population exists, but it is small and estimated to be le8S#h&mipty cells mean no population
in exposure5-year mean, i.e5-yearmean 20B-2022. Diff., i.e.difference concentrations betwee?023 and 5-yearmean2018-2022
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No population in 37 out of 40 countries has been exposed to concentrations above the ALV. In Kosovo,
0.1% of population has been exposed to concentrations above the ALV. In Bosnhia and Herzegovina and
North Macedonia, 16% and 17% of the population have leegrsed above this ALV, respectively.

Concentrations abovhe indicative limit value (ILV) of 20 ugimere found in areas with 3% of the
considered European population and with 2% of theZZUpopulation. No population has been
exposed to concentrations above the ILV in 28 countries. In Romania, Bulgaria, Poland, Croatia, Cyprus,
Kosovo and lItaly (in aseding order) between 0.02 and 9% of the population is exposed to
concentrations above the ILV. In Greece, Albania, Serbia, North Macedonia and Bosnia and
Herzegovina, 1:29% of the population suffers from exposures above this ILV.

Figure2.7 Percentage of the population (%) exposed to different values of Bléinnual average
(ng/m?3), 2023
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Since PMsisone of the most relevant pollutants linked to health problems and premature mortality
(EEA, 24) it should be mentioned thaat least some part of the populatiopmwith the exception of
Iceland was exposedo PM. s annual mean concentrations above the WHO A&@lin each country

(@ minimum of D% in Finland. More than 9@%6 and 100%of the population has been exposed to
concentrations above the WHO AQG level3raBd 13countries respectively.

As the current mapping methodology tends to underestimate high values (Annex 3, Section A3.2), the
percentages and/or the number of countries with population exposed to concentrations above both
the current ALV and the indicative ILV will most likely lodaéni.

The populatioaveighted concentration of the PM annual meansias beenestimated for 203 at
10.4 pug/m?for European population (excluding Turkiyeid 10.3pg/m? for the EU27, which means a
decrease aboutl.7 pg/m® compared to5-year mean for both characteristics. When assessing the
absolute change in individual countries, the steepest decrease was folidritenegro(4.5 pg/mq),

the highest increase was estimatedG@neece(0.5 ug/m?3).

Figure 28 shows, for the whole mapped area, the population frequency distribution for exposure
classes 00.5ug/m3. The highest population frequency is found for classes betvéesd 14 pug/m?.

ETC HE Report 205 26



Figure2.8 Populationexposurefrequency distribution, PMsannual average, 202 The WHO AQG
level (5 pug/n?) is marked by the green linghe new 2030EU annual limit valudevel (10
ug/m?3) is marked by the yellow line, the EU annual indicative limit value (20 p)/im
marked by the orange line and the EU annual limit value (25 p@/is marked by the

red line
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Note: Apart from the population distribution shown in the graph, it was estimated tHz2% of population lived in areas
with PMp s annual average concentratisbetween30 and 32 pg/m3.

The boxplot showing for individual countries the RMnnual average concentrations to which the
population per country was exposed in Zl2 presented in Figura.9.

Figure2.9 PM. s annual average concentrations to which the population per country was exposed
in 2023. TheVHO AQG leveb(ug/m?) is marked by the green line, the 2030 EU limit
value (10 pg/m?3) by the yellow line, the EU PM indicative limit value(20 pg/m?) by the
orange lineandthe current EU limit value0 pg/md) is markedby the red line
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3 0Ozone

For ozonefour healthrelated indicatorsi.e. 93.2 percentile of maximum dailyl®ur meansd¢alendar
year and 3year mea, peak season average of maximum daya®ir meansSOMO35 and SOMO10,
and sevenvegetationrelated indicatorsj.e. AOT40 for vegetation, AOT40 for forests, P€@Dcrops
(wheat, potato and tomatpand POL for trees (beech and sprucaye considered. For the definition
of the SOMO35, SOMO10 and AOT40 and POD indicators, see following sections aag1AzmaX

The separate rural and urban background headttated indicator map layers are calculated at a
resolution of 10km. Subsequently, the final healtblated indicator maps are created by combining

rural and urban areas based on the 1 kesolutionpopulation density map, following the procedure

as described in Annex 1, Section Al.1. The supplementary data used are chemical transport model
(CTM) output, altitude and surface solar radiation for rural areas and CTM output, wind speed and
surface solaradiationfor urban areas (Annex 3). The final concentration maps are presented on the

1 km grid resolution. The population exposure tables are calculated on the basis of theseraleddit
indicator maps.

The vegetatiorrelated indicator maps arereated for rural areas only, as urban areas are considered
not to represent areas covered by vegetatialtifjough the vegetation located in the outskirts of
agglomerations might bexcludedby this approach These maps aralculated from observations at

rural background stations and are representative for rural areas only. The supplementary data used
are CTM output, altitude and surface solar radiatibhese supplementary data sources are the same

as those usedor the human health related ozone indicators in the rural arédse maps have a
resolution of 2 km. This resolution serves the needs of the EEA’s AIR004 indicator on ecosystem
exposure to ozone (EE2025h).

Annex 3, Section A3.3 provides details on the regression and kriging parameters applied for deriving
the maps of theozone indicators, as well as the uncertainty analysis of the maps.

3.1 0Ozoneg 93.2 percentile of maximum daily-Bour means

The AmbientAir Quality Directive (EC, 2008) describes@a¢arget value (TV) for the protection of
Kdzyt y KSI t K | & -haur medr of lRMgiz¥ noRd He &x&eeded on more than 25
GAYSa I OFfSYRINI 8SINE I @SN BRIt icahsltig targeNEe & S+ NER
threshold (%), can be evaluated by the indicator 2@ighest maximum daily-Bour mean, which is in
principle equivalent to the indicator 93.2 percentile of maximum dailyo8r means. However, for
measurement data these two indicators are equivalent only if no data is missing, which is in general
not the ase. As shown in de Leeuw (2012), the additional uncertainty related to incomplete time series
is substantially smaller when using percentile values instead of #itehxghest value. As in the
previous reports since 2014 maps, this ozone indicator isesspd as the 93.2 percentile of maximum
daily 8hour means instead of the formerly used'2Bighest maximum daily-Bour mean.In this

report, the 3year mean of the indicator 93.2 percentile of maximum dailyo8r means isalso
presented for the firstime. The analysis does not include comparisons against the WHO AQG levels
and the revised Lizofor maximum daily hour mean due to different polluant aggregationgi.e.
corresponding®9 and95.1percentile of maximum daily-Bor means respectively).

3.1.1 Concentration map

Map 3.1 presents the final combined map for 93.2 percentile of maximum ddilyu8 meandor the
current calendar year (2023nd 3year mean (2022023) In the mays, the red and dark red areas
show values of the 93.2 percentile of maximum dailyo8r means above 120y/m?on more than 25

(% A maximum daily #iour mean of 120 pg/mnot to be exceeded on more than 25 times a calendar year.
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daysin 223, i.e. above the TV threshold in 28 andabove the T\in the 3year mean 2022023,
respectively

The map shows that percentile values above 120 jigiteur inseveralareas of Europe in 282Those
valuesare particularly evident in large areas of Turkigesnia and Herzegovina, CroatiasthernItaly

and SwitzerlandTo a lesser extent, values above 120 pigaocurredin Greece, France, Slovenia,
Austria, Spain, Liechtenstein, Germany, Cyprus, Poland, Czechia, Albania, Hungary, North Macedonia,
Montenegro, Kosovo, Andorra, Bulgaria, Malta, Slovakia and Monaco.

Regardingthe 3-year mean (202:2023) of the 93.2 percentile of maximum dailh8ur means, that
percentile values above 120 ugfrmccur in large areas of Turkiye, Bosnia and Herzegovina, northern
Italy and Switzerland. To a lesser extent, values above 120%(8/year mean) occurred in Greece,
Austria, France, Croatia, Slovenia, Cyprus, Liechtenstein, Spain, Portugal, Kosovo, North Macedonia,
Germany, Albania, Bulgaria, Poland, Malta, Hungary, Montenegro, Monaco, Serbia, Andorra and
Czechia.

In general, the southernthe southeastern and centralparts of Europe show higher ozone
concentrations than the northern parts, which is caused mainly by higher solar radiation and
temperature in these areas. Nevertheless, concentrations above thtré€gholdcan occur even in
northern Europe during warm year as it was presented for 2018 (Horélek et al., 2021).

Map 3.1 Concentration map of ozone indicator 93.2 percentile of maximum da#fi@ir means,
2023 (left) and 3year mean2021-2023 (right)
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In order to provide more complete information of the air quality across Europe, the final combined
map for 2023 including the measurement data at stations is presented in Map A4.4 of Annex 4.
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The relative mean uncertainty of the 2023 map of the 93.2 percentile of maximum dhailyz8ne
means is about 8% for rural and% for urban areas (Annex 3, Section A3.2). The low uncertainty
values are influenced by the character of this ozone indicator. Note that the Air Quality Directive (EC,
2008) sets no modelling uncertainty for ozone annual indicators.

In 2023, the 93.2 percentile of daily®82 dzNJ Yl EAYl ¥F¥2NJ hi &K26SR YAESR
mapped area compared to the 202822 average. The highest decreases (more than 10 pg/ms3) were
observed particularly i large area of Turkiyesmaller decreases (between 4 and 10 pg/ms3) were
observed in parts of different states of southern and seeéstern Europe. éyarding western and

central Eirope, decreases wermbserved in large areas of France, Germany, Ireland and Poland.

In contrastthe largest areawith increases were observed in partssouthern,central and northern
Europe, especialin Bosnia and Herzegovina, Croatia, Roma&toéand, the Baltic states, and southern
Finland where levels rose by more than 4 pg/ms3 in some areas.

Map 3.2 Differencein concentrations between 202 and the5-year mean 208-2022 for ozone
indicators 93.2 percentile of daily-Bour maxima
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3.1.2 Population exposure

Table3.1 and Figur&.1 give, for the 93.2 percentile of maximum dailp@ir means, the population
frequency distribution for a limited number of exposure classe®023 Table3.1 also presents the
populationweighted concentration for individual countrielgrge regionsEU27 and for the total
mapped area. Table 3.2and Figure 3.present the same characteristics for they8ar mean(2021-
2023)of the 93.2 percentile of maximum dailyr®ur means.

In 2023, it has been estimated that 12% of the considered European population (including Turkiye) and

12% of the EW27 population lived in areas where the ozone concentration was above the health
related target value threshold of 120 pugm
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Table 3.1 Population exposure and populaticweighted concentrations, ozone indicator
93.2 percentile of naximum daily 8hour means,2023

Population Ozonet perc93.2, exposed populatiofo) Popuhtion—we!ghted
Country 1SO (inhbs-1000) concentration -
<90 90100 100110 110120 120140 >140 2023 5yrmean  Diff.
Albania AL 2762 14 47.8 50.1 0.8 110.0 109.8 0.2
Andorra AD 80 72.4 9.7 14.2 3.6 101.9 102.2 -0.3
Austria AT 9105 0.2 12.7 76.4 10.7 115.1 116.6 -1.5
Belgium BE 11 743 3.3 75.6 21.0 107.5 110.7 -3.2
Bosnia and Herzegovina BA 3194 2.1 37.3 60.6 0.1 122.4 113.4 9.0
Bulgaria BG 6 448 28.9 49.6 20.2 13 0.0 94.2 96.4 2.2
Croatia HR 3851 21.7 54.9 234 0.0 115.8 113.7 2.1
Cyprus CY 1419 7.0 48.6 42.3 2.1 108.8 110.0 -1.2
Czechia cz 10 828 13.0 86.3 0.7 113.8 116.1 2.4
Denmark (incl. Faroe Islands) DK 5987 11.3 66.5 22.2 96.5 98.2 -1.7
Estonia EE 1366 99.0 1.0 96.4 93.3 3.1
Finland Fl 5564 0.9 99.0 0.1 95.0 91.3 3.7
France (metropolitan) FR 66 017 0.1 8.3 56.6 23.9 111 109.3 112.3 -2.9
Germany DE 83119 0.2 31.2 59.4 9.2 112.8 115.1 -2.2
Greece GR 10 414 0.0 2.8 11.7 31.2 54.3 0.0 118.1 113.8 4.4
Hungary HU 9 600 0.1 42.0 40.5 17.4 112.7 112.1 0.5
Iceland IS 388 27.0 72.2 0.8 90.7 88.7 2.0
Ireland IE 5271 80.1 19.9 87.4 91.5 -4.2
Italy IT 58 997 0.9 3.3 27.6 27.3 28.8 12.1 119.2 121.8 -2.5
Latvia Lv 1883 65.6 34.4 97.9 94.0 3.9
Liechtenstein LI 40 99.9 0.1 118.4 120.2 -1.8
Lithuania LT 2857 0.1 99.9 104.2 98.3 5.9
Luxembourg LU 661 5.1 94.9 1121 111.2 0.9
Malta MT 542 72.1 27.7 0.1 109.1 106.5 2.6
Monaco MC 39 100.0 120.5 122.2 -1.7
Montenegro ME 617 4.0 38.5 57.5 0.0 109.9 107.5 25
Netherlands NL 17 811 7.5 77.8 14.7 105.6 106.1 -0.6
North Macedonia MK 1830 0.9 40.8 53.0 5.0 0.3 102.3 102.3 0.0
Norway NO 5489 2.9 96.2 1.0 0.0 94.7 94.1 0.5
Poland PL 36 754 0.8 59.8 38.9 0.5 109.2 109.4 -0.2
Portugal (excl. Azores, Madeira PT 10 022 5.8 70.1 24.1 106.1 101.9 4.2
Romania RO 19 055 3.4 46.0 47.8 2.7 100.3 99.7 0.6
San Marino SM 34 100.0 1155 117.6 2.1
Serbia (incl. Kosovo) RS 8 350 14 20.6 41.8 36.2 0.0 106.4 106.2 0.2
Slovakia SK 5429 2.3 58.9 38.9 0.0 108.4 110.8 -2.4
Slovenia Sl 2117 19.8 76.3 3.9 1135 116.2 -2.8
Spain (excl. Canarias) ES 45 872 0.4 14.4 32.7 40.8 11.7 109.8 109.5 0.3
Sweden SE 10 522 4.4 90.2 5.4 95.0 96.2 -1.2
Switzerland CH 8815 25 27.4 70.0 0.1 122.2 121.7 0.5
Turkiye TR 85 280 33.1 20.1 24.2 17.1 5.5 0.0 96.7 103.7 -7.0
Total 560167__ 64 137 36.2 31.6 108 13 108.1 1100  -1.9
20.1 12.1
EU27 443 19871'9 116 39.6 345 B 110.0 111 -11
13.5 12.4

Northern Europe 34 055 4.1 79.7 16.2 0.0 96.2 95.3 0.9
Western Europe 86 334 4.7 8.7 62.3 20.3 4.1 106.6 109.1 -2.4
Central Europe 165 805 0.4 35.6 54.1 10.0 0.0 112.5 113.9 -1.4
Southern Europe 142 589 0.5 7.1 329 31.7 22.7 51 114.4 115.1 -0.7
South-Eastern Europe 131 386 22.9 24.3 29.1 17.8 5.8 0.0 99.5 103.5 -4.0
Kosovo XK 1709 33.6 55.5 10.8 0.1 102.8 104.8 -2.0
Serbia (excl. Kosovo) RS 6 641 1.7 17.3 38.3 42.7 107.3 106.5 0.8

Note: The percentage value "0.0" indicates that an exposed population exists, but it is small and estimated to be [e8S%#h&mpty cells mean no population
in exposure5-year mean, i.e5-yearmean 20182022.Diff., i.e.difference concentrations between 2023 aBg/earmean 20182022.
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Table3.2 Population exposure and populaticaweighted concentrations, ozone indicator
93.2 percentile of maximum daily-8Bour means, 2022023 (3year mean)

Population Ozonet perc93.2, exposed populatiofo) Populationwe@ghted
Country 1ISO (inhbs-1000) concentration
<90 90100 100110 110120 120140 >140 2021-2023

Albania AL 2762 4.4 26.9 67.5 1.2 111.8
Andorra AD 80 72.3 12.2 13.6 1.9 98.5
Austria AT 9105 0.0 10.5 88.4 1.1 114.4
Belgium BE 11743 6.2 89.2 4.6 105.3
Bosnia and Herzegovina BA 3194 1.6 75.0 234 117.6
Bulgaria BG 6 448 36.2 47.1 13.1 3.6 0.0 93.9
Croatia HR 3851 10.4 75.0 14.6 114.6
Cyprus CY 1419 4.4 45.3 40.5 9.8 109.9
Czechia cz 10 828 18.9 81.0 0.0 112.9
Denmark (incl. Faroe Islands) DK 5987 16.6 79.1 4.2 94.1
Estonia EE 1366 28.4 71.6 0.0 92.1
Finland Fl 5564 39.1 60.9 90.6
France (metropolitan) FR 66 017 0.1 5.3 65.6 21.4 7.7 108.7
Germany DE 83119 3.0 46.0 50.4 0.6 110.2
Greece GR 10 414 0.2 5.2 22.6 285 435 0.0 116.7
Hungary HU 9 600 21.9 56.3 21.8 114.3
Iceland IS 388 74.8 25.0 0.2 89.0
Ireland IE 5271 51.4 48.6 0.0 89.5
Italy IT 58 997 0.6 2.2 26.6 26.6 26.4 17.6 121.4
Latvia Lv 1883 2.2 97.6 0.2 93.4
Liechtenstein LI 40 99.9 0.1 116.5
Lithuania LT 2857 94.2 5.8 98.2
Luxembourg LU 661 87.6 12.4 107.0
Malta MT 542 72.1 27.2 0.7 109.2
Monaco mMC 39 100.0 121.9
Montenegro ME 617 3.6 63.6 32.8 0.0 108.4
Netherlands NL 17 811 374 61.0 1.6 102.0
North Macedonia MK 1830 4.0 15.9 55.0 24.8 0.3 104.2
Norway NO 5489 26.0 73.6 0.4 0.0 91.2
Poland PL 36 754 4.9 59.1 35.8 0.2 107.9
Portugal (excl. Azores, Madeira PT 10 022 1.8 27.0 60.2 10.6 0.4 102.6
Romania RO 19 055 24 40.0 53.8 3.8 100.6
San Marino SM 34 100.0 114.9
Serbia (incl. Kosovo) RS 8 350 0.1 5.9 37.7 56.1 0.2 110.5
Slovakia SK 5429 54.7 45.3 109.3
Slovenia Si 2117 3.3 81.8 14.9 116.2
Spain (excl. Canarias) ES 45 872 15 14.9 40.0 37.8 5.8 108.2
Sweden SE 10 522 24.0 75.2 0.8 92.4
Switzerland CH 8815 0.5 71.3 275 0.7 118.6
Turkiye TR 85 280 37.6 13.6 15.0 22.6 11.0 0.2 99.0
Total s60167__ 81 138 37.1 31.1 80 20

21.9 10 107.5
EU27 443 19872'9 187 42,5 31.2 e

166 9.7 109.0
Northern Europe 34 055 23.0 75.5 1.5 0.0 92.7
Western Europe 86 334 3.0 14.9 68.0 13.7 0.4 105.0
Central Europe 165 805 2.6 41.4 52.7 3.3 0.0 110.8
Southern Europe 142 589 0.9 8.2 34.9 28.8 19.7 7.5 114.6
South-Eastern Europe 131 386 26.0 17.8 22.9 25.1 8.0 0.1 101.1
Kosovo XK 1709 5.1 76.3 17.9 0.7 106.4
Serbia (excl. Kosovo) RS 6 641 0.1 6.2 27.8 65.8 0.1 111.5

Note: The percentage value "0.0" indicates that an exposed population exists, but it is small and estimated to be [e8S%#h&mpty cells mean no population
in exposure.
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No population has been exposed to concentrations above the TV threshold in 15 countries. In Slovakia,
Bulgaria,Kosovg Montenegro, Liechtenstein, Malta, North Macedonia, Poland, Czechia, Albania,
Cyprus, Andorra, Slovenia, Turkiye, Germ@myascending order) up to 10% of population has been
exposed to concentrations above the TV threshold. In Austria, France, Spain, Hungary, Croatia, Italy,
this was the case for between 11% and 50% of the population. More than half of population has been
exposed to concatrations above the TV threshold in Greece, Bosnia and Herzegovina, Switzerland and
Monaco.

Figure3.1 Percentage of the population (%) exposed to different values of the ozone indicator 93.2
percentile of maximum daily iour means (ug/ni), 2023
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Figure3.2 Percentage of the population (%) exposed to different values of the ozone indicator 93.2
percentile of maximum daily &iour means (ug/ni), 3-year mean (20222023)
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Based on the §ear mean (202:2023), it is estimated that 10% of the considered European population
(including Turkiye) and 9.7% of the -BWU population lived in areas where ozone concentrations
exceeded the healtielated target value of 120 ug/fn

No population has been exposed to concentrations above théinT20212023in 15 countries. In
Montenegro, Bulgaria, Czechia, Liechtenstein, Poland, Serbia, North Macedonia, Portugal, Germany,
Malta, Kosovo, Austria, Albania, Andorra, Spain, France and Cyprus up to 10% of population has been
exposed to concentrations above the .TYh Turkiye, Croatia, Slovenia, Hungary, Bosnia and
Herzegovina, Switzerland, Greece and Italy, this was the case for between 11% and 50% of the
population. More than half of popation has been exposed to concentrations above the TV in Monaco.
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As the current mapping methodology tends to underestimate high values due to interpolation
smoothing (Annex 3, Section A3.3), the percentage of population exposed to values above the TV
threshold is most likely somewhat underestimated; additional popoiatexposure above the TV
threshold in 2023 might be expected in some other countries: Albarfastria, Croatia, Czechia,
Germany,Luxembourg, LiechtensteiMontenegro, Sloveniand San Marinpand above the T\in
Albania, Austria, Bosnia, Croatia, Czaclééermany, Hungary, Liechtenstein, San Marino, Serbia,
Slovenia and Switzerlan@h the case of 3year mean). The reason is that in these countries the
estimated percentage population exposed to the concentrations between 110 3ayfich 120 pg/m

is considerable (more than 50%).

The overall populationveighted ozone concentrations 2023 in terms of the 93.2 percentile of
maximum daily &our means has been estimated to W®81 pg/m® and 1100 pg/m?® for the
considered European areadfor the EU27, respectively, i.e. of abo@t9ug/m®and 11 pg/m?lower

than the 5year 20182022 mean concentration, respectively. When assessing the change in individual
countries, the steepest absolute decrease was found in Turkiye (73ugime highest increase was
estimated in Bosnia and Herzegovina (9 p/m

Based on the §ear mean (202:2023), the overall populatieweighted ozone concentrations in
terms of the 93.2 percentile of maximum dailjhBur means has been estimated to be71®ug/m?3
and 1090 pg/m? for the considered European areadfor the EU27.

One can see that more population was exposed to concentrations above the 12C jg22023
compared to the3-year mean 2022023 indicating that 2023 &as a year with higher {evels than
the previous two

Figure 3.3left) shows, for the whole mapped area, the population frequency distribution for exposure
classes of 2 pg/fn The highest population frequency is found for classes between 100 and
120 pg/nt. For classes above 12@/m?, a sharp decline gfopulation frequencycan be seen. Figure
3.3 (right), based on-8ear mean (2022023), shows that the highest frequency is concentrated in
the range of approximately ¥0to 114 ug/ms. For classes above 4lug/m? a sharp decline in
population frequency is observed.

Figure3.3 Populationexposurefrequency distribution, Qindicator 93.2 percentile of maximum
daily 8hour means, 2@3 (left) and 3year mean 20242023 (right) The EU target value
threshold (120pug/m3) is marked by the red line
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The boxplot showing for individual countrigt® 0zone concentrations expressed as the indicator 93.2
percentile of maximum daily-Bour meandor year2023and 3year mean(2021-2023)to which the
population per country was exposed is presented in Figude

ETC HE Report 205 34



Figure3.4 Concentrations of @indicator 93.2 percentile of maximum daily-Bour means to which
the population per country was exposed in 20Z®p) and3-year mean2021-2023
(bottom)
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Note: For each country, the box plot shows the concentration to which a percentage of the population was exposed: 50% in
the case of the black marker, 25% and 75% in the cases 6fth&€ Q&4 SR3IS&ZT w:> FYR dy: Ay (KS

3.2 0Ozoneg peak season average of maximum dailyh8ur means

In September 2021, the WHO introduced né®@Gfor Os. The new longerm Air Quality Guideline
(AQG) leve) T 2 NJ hi  Jgims anSitiis relafed tothe average of daily maximumt&ur mean

(°) Besides the shotterm AQG of 10Quigm3defined as 99 percentile of the annual distribution of daily maximurh8ur
mean Q concentration (WHO, 2021a).
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hi O2y OS yiie Ndcdllad2pgak fedsomhe peak season is defined as the six consecutive
months of the year with the highest simonth runningaverage ozone concentratigvWHO, 2024).
For details of the calculations of this indicator, see Annex 2 Section A2.1.

The new longerm WHO AQGevelT 2 NJ hi oO0A®Sd cn x3Ik YwI y20 G2
daily maximum & 2 dzZNJ YSIFy hi 02y OSy (i NI nwa2déterrRinibaged onii K S
average concentrations observed in studies that examined the health effects efdong; exposure.

By setting this guideline, WHO aims to minimize the health risks associated wittetangzone
exposure and nofaccidental mortalitf WHO, 2021a)Thispeak season indicatas not regulated in

any of the EU air qualitfirectives, and there are nassociatedimit or target values defined.

3.2.1 Concentration map

Map 3.3 presents the final combined map fironepeak season average of maximum daHycir
means In the mapall coloured area excephe darkgreenonesshow values opeak season average
of maximum daily $our meansabove60 pug/m?®.

The map showshat in 2023, areas with peak season average of maximum daity8 means
exceeding 60 pg/rcover the entire mapped regiomith the exception of fewurbanareasin Turkiye

and BulgariaSimilar to other @characteristics, lower values (< 80 udjiwere observed in northern

and westernEurope Finland, northern Sweden and Irelgndvhile higher values (> 100 ugrare
observed in central Europe (Switzerland, Slovenia, parts of Austsisyell as isouthern and south
eastern Europeparts of ltaly, parts of Spain and Portugal, southern France, parts of Balkan countries,
Cyprusand large areas oFurkiye.

In order to provide more complete information of the air quality across Europe, the final combined
map including the measurement data at stations is presented in Map A4.5 of Annex 4.

Map 3.3 Ozone indicator peak season average of maximum dailyodir means, 2023
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Since the concentration map fazonepeak season average of maximum daiiddir meanswas
presentedfor the first time for 2022jt was not possible to calculatefayearmean(2018-2022) and
subsequently create differencesmap, as done for other pollutants amudicators

The relative mean uncertainty of the 2Bfhap of thepeak season average of maximum daHydir
meansis about8% for rural and10% for urban areas (Annex 3, Section A3.2). The low uncertainty
values are influenced by the character of this ozone indicator. Note that the Air Quality Directive (EC,
2008) sets no modelling uncertainty for ozdoag-term indicators.

3.2.2 Population exposure

Figure 3 and Table 33 give, for the peak season average of maximum daiho@& means, the
population frequency distribution for a limited number of exposure clagseindividual countries,
large regions, E@7 and for the total mapped aredable 3 also presents the populatieweighted
concentration.

In 2023, it has been estimated th&8%of the considered European population (including Tirkiye) and
almost 100% of the EU27 population lived in areas where the ozone concentration was above the
peak season averagd maximum daily $rour meansof 60 pg/nt.

Figure3.5 Percentage of the population (%) exposed to different values of ozone peak season
average of maximum daily-8Bour means, 202

100% 5 » § fEET - I R
s0% 1 1 I

80%

70%

60%
50% T
40%
30%
20% I

10% T
0% +——+—+=+—+=+— iiii'}iii'ii}iiiii}iiili

o 8000 5.0 T = Lo T " oo s B S T . T N e WO S s BN o oo @ = I @i o @ O
S EREIL TR ELETETESEEEFESTIELIEFHESE T £588g £8
FETSe SSRGS EIEEEOTTITFLISLL RS TEIs8ISETEE OF $OL8E £
= e i F g o o T -
FETESSOFEFETEFT G 584 Ve EE TS F IETFET LTSS Y FITTET L8
T @ oy =7 &k by £ % =2 Y T oo, 9L S R
& & &0 5V SEL T s o F EEFLEL .
F § g g 3 £ES g 7€ g 9 SSESE 4
o & & ~ = & & & FolFs &
IS . o ] & o g W .
5 2 & < < 5 o S8 ayd é?
; = 5 o o ~ 3
& S ¥4 & ¢ g5 4
& g X 7] £ ]
g T N &
& 5 &
& 5 &
Q.’ = By
O

m< 60 mG0-80 ©80-90 W90 -100 w100 - 120 =m> 120 <

The overall populatioweighted ozone concentrations in terms of peak season average of maximum
daily 8hour means has been estimated to b&.8ug/m?in 2023for the considered European area
(including Turkiye) an89.8 ug/m? for the EU27. When considering individual countries, the highest
overall populatioaweighted ozone concentrations in terms of peak season average has been
estimated to be 1038 pug/m?in Monaco an®9.9ug/m3in Bosnia and Herzegovina, respectively, while
the lowest was estimated toeh744 pg/mdin Ireland.
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Table3.3 Population exposure and populaticweighted concentrationspzonepeak season
average ofmaximum daily 8hour means, 2023

. Ozonet peak season average of maximum daih8ur means(%)  Populationweighted
Population

Country 1SO (inhbs-1000) concentration
<60 60-80 80-90 90-100 100-120 >120 2023
Albania AL 2762 20.5 78.6 0.9 92.1
Andorra AD 80 73.9 14.9 11.2 87.9
Austria AT 9105 21.0 78.4 0.6 93.0
Belgium BE 11 743 2.7 97.0 0.4 84.5
Bosnia and Herzegovina BA 3194 1.0 52.8 45.3 0.9 99.9
Bulgaria BG 6 448 0.7 65.0 28.7 5.7 0.0 78.8
Croatia HR 3851 30.4 45.8 23.7 0.0 95.7
Cyprus CY 1419 47.6 37.8 12.7 1.9 81.5
Czechia cz 10 828 9.1 90.9 0.0 93.0
Denmark (incl. Faroe Islands) DK 5987 23.3 76.7 0.0 81.6
Estonia EE 1366 19.0 81.0 81.8
Finland Fl 5564 76.9 23.1 78.7
France (metropolitan) FR 66 017 1.1 69.1 26.7 3.1 88.1
Germany DE 83119 0.0 59.7 40.3 0.0 89.4
Greece GR 10 414 2.8 30.0 33.3 33.9 94.3
Hungary HU 9 600 29.6 70.4 92.4
Iceland IS 388 93.1 6.9 77.8
Ireland IE 5271 97.4 2.6 74.4
Italy IT 58 997 2.6 17.0 40.3 40.1 97.7
Latvia Lv 1883 100.0 0.0 85.2
Liechtenstein LI 40 99.9 0.1 93.3
Lithuania LT 2857 65.6 34.4 89.1
Luxembourg LU 661 94.6 5.4 87.2
Malta MT 542 98.2 1.8 97.0
Monaco mMC 39 100.0 102.3
Montenegro ME 617 4.3 94.0 1.7 93.8
Netherlands NL 17 811 0.6 99.4 0.0 85.1
North Macedonia MK 1830 22.2 67.9 9.4 0.5 83.3
Norway NO 5489 53.4 46.4 0.2 80.2
Poland PL 36 754 53.1 46.9 0.0 89.3
Portugal (excl. Azores, Madeira PT 10 022 14.6 64.7 20.8 0.0 86.3
Romania RO 19 055 20.4 70.9 8.6 0.0 84.3
San Marino SM 34 100.0 97.6
Serbia (incl. Kosovo) RS 8 350 8.7 58.7 325 0.2 87.5
Slovakia SK 5429 54.2 45.8 0.0 89.4
Slovenia Si 2117 18.5 76.9 4.6 93.8
Spain (excl. Canarias) ES 45 872 10.8 15.5 46.0 27.6 93.8
Sweden SE 10 522 51.1 48.9 0.0 80.0
Switzerland CH 8815 3.4 93.4 3.1 95.0
Turkiye TR 85 280 11.6 48.2 21.3 16.8 2.0 0.0 75.6
Total 555254 17 140 43.1 32.7 8 00
15.7 8.5 87.7
EU27 44310800 77T 4, 528 00
7.7 9.8 89.8
Northern Europe 34 055 42.8 54.2 3.0 81.2
Western Europe 86 334 6.8 80.3 12.8 0.0 85.4
Central Europe 165 805 0.0 47.5 52.2 0.3 90.3
Southern Europe 142 589 6.1 23.6 40.6 29.7 94.8
South-Eastern Europe 131 386 7.3 37.8 32.1 19.5 3.3 0.0 79.7
Kosovo XK 1709 6.1 73.2 19.8 0.9 86.2
Serbia (excl. Kosovo) RS 6 641 9.3 55.0 35.7 0.0 87.8

Note: The percentage value "0.0" indicates that an exposed population exists, but it is small and estimated to be [e8S%#h&mpty cells mean no population
in exposure.
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Figure 36 shows, for the whole mapped area, the population frequency distribution for exposure
classes of 1 pg/fn The highest population frequency is found for classes betweéna&l
96 ug/m3. For classes abo@6 pg/m?, a sharp decline gfopulation frequencycan be seen.

Figure3.6 Populationexposurefrequency distribution,0zonepeak season average of maximum
daily 8hour means, 203. The WHO AQ(@vel (60 pg/n?) is marked by the green line
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The boxplotin Figure 37 shows for individual countries the ozone concentrations expressed as peak
season average of maximum dailh8ur means to which the population per country was exposed in
2023. It can be seen that the countries with the highest ozone concentratisaslocated in the
southern,southeasternand centralparts of Europe.

Figure3.7 Population frequency distributionO; peak season average of maximum dailsh8ur
means, 203. The WHO AQ@vel (60 ug/n?) is marked by the green line.
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3.3 0Ozonec SOMO35 and SOMO10

SOMO35 is the annually accumulated ozone maximum ddibu8ly means in excess of 35 pple(
70ug/m3). It is notregulated inthe EU air quality directives and there areassociatedimit or target
values definedNevertheless, it is considered by the WHO as a good indicator of human exposure to
ozone (WHO, 2013)Comparing the 93.percentile of maximum daily -Bour means versus the
SOMO35 for all background stations shows no simple relationship between the two indicators.
However, it seems that the TtMresholdof the 93.2percentile of maximum dailg-hour means (120
ng/m?®) is related approximately with a SOMO35 value in the range Gff0&8 000 pg/m-d. This
comparison motivates somewhat arbitrarily chosen threshold o080 ug/m?3-d, in order to facilitate

the discussion of thestimatedSOMO35 levels in their spatial and temporal context. This threshold is
used in this and previous papers (Horéalek et al. 32@2d the references cited therein) when dealing
with the population exposure estimates.

SOMO10 is the annually accumulated ozone maximum ddiju8ly means in excess of 10 pplke(
20ug/m?®). This indicator was introduced due to its link to the health impact assessrsiecethe

WHO recommened using the SOMO10 as an alternative to the SOMO35 when estimating the health
impact of ozone (WHO, 2013).

3.3.1 Concentration maps

Maps 34 and 35 present the final combined map for SOMO35 and SOMI@12023 In the final
combined map of SOMO3e orange areas show values abov@d® ug/m?3.d, whilethe red and dark

red areas show values abové®®80 pg/n¥-d. In the case of SOMO10, the boundaries of concentration
classes have been chosen quite arbitrary, in order to reflect the concentration distribution of this
indicator. In the final combined map of SOMO10, the red and dark red areas show values above
24000ug/m3.d.

Map 3.4 Concentration map of ozone indicator SOMO35, 202
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SOMO35
Reference Year: 2023

Combined Rural and Urban Background Map
Resolution: 1 km

B = 2000 pg/mid
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B > 10 000 pg/m’d
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Like in the case of the 93.2 percentile of the maximum dailp@& means, generally the southern and
south-eastern parts of Europe show higher ozone SOMO35 and SOMO10 concentrations than the
northern parts. Higher levels of ozone also occur more freqyantmountainous areas south of 50
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degrees latitude than in lowlands. In 2023, SOMO35 levels ab069@ ig/n?-d were estimated in

large areas of Turkiye, Italy, Spain, Austria, in parts of many Balkan countries and in southern France.

SOMO10 levels above P80 ug/m?-d weremainly found in the same areas.

The relative mean uncertainty of the 2023 maps of the SOMO35 and SOMO10 is about 33% and 12%,

respectively, for rural areas an®@% and 14%, respectively, for urban areas (see Annex 3).

Map 3.5 Concentration map of ozone indicator SOM010,230
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Map 3.6 presents the difference between 2023 and thgear mean 2012022 for the Qindicators
SOMO35 and SOMO10. Orange to red areas show an increase of thostcators in 2023, while
blue areas show a decreag@uite similar patterns as in Map 3.2 can be seen.

The largest increases in SOMO35 and SOMO10 levels were recorded in some areas of several Balkan
countries, in Poland and ithe Baltic states. Increases were also observed in smaller areas of Italy,
Spain, and Portugal; in the case of SOMO10, also in Germany, Austria, and the Benelux countries. Areas
with the highest decreases were found in Tirkiye and some Balkan spdtigsparts of Italy, France,
Germany, Austria, Slovakia and Hungarhe case of SOMO35
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Map 3.6 Difference concentrations between 2®and the5-yearmean 20182022 for SOMO35
and SOMO10
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3.3.2 Population exposure
SOMO35

Table3.4 and Figure 38 give for SOMO35 the population frequency distribution for a limited number
of exposure classes. Tale4 also presents the populatieweighted concentration for individual
countries,large regionsEU27 and for the total mappd area.

It has been estimated that in 23 about 16% of the considered European population (including
Tirkiye, and about 17% of the EU27 population, lived in areas with SOMO35 values abo@®®
ug/mé.d (see above on the motivation of this criterion).

In 2@3, like in the previous several years, the northern and western European coufwithsthe
exception of Francd)ave had almost no inhabitants exposed to SOMO35 concentrations atiity@ 6
ug/m3-d. No population has been exposed to concentrations SOMO35 concentrations ali®Odk 6
ng/m?3-d in 11 countries. InNorway, Hungary, Polan8Jovakia, Czechia, Romania, Germany, Portugal,
Serbia, Liechtenstein, Bulgaria, North Macedonia, Switzerland, Kosovo, France, (kuss@ending
order) up to 10% of population was exposed to SOMO35 concentradese 6000 pg/n¥-d. In
Montenegro, Turkiye, Albania, Andorra, Slovenia, San Marino, Cevatpainpbetween13 and49%

of population has been exposed to SOBb concentrations above@O0 pg/n¥-d. More than half of
population has been exposed to concentrations ab6\@0 pg/nt-d in Italy, Greece, Bosnia and
Herzegovina, Cyprus, Monaco and Malta.
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Table3.4 Population exposure and populaticweighted concentrations, ozone indicator

SOMO352023

Population Ozonet SOMO10, exposed population, 282%) Populationweighted concentration

Country IS0 (inhbs-1000) 20000 4006 6006 800G > 5-year _
<2000 4000 6000 8000 10000 10000 2023 mean Diff.
Albania AL 2762 15 77.1 21.2 0.2 5676 5764 -89
Andorra AD 80 71.0 4.8 14.6 9.6 4786 4619 167
Austria AT 9105 7.9 83.1 8.5 0.4 0.0 4982 5440 -457
Belgium BE 11 743 95.6 4.4 3365 3542 -178
Bosnia and Herzegovina BA 3194 13.6 48.8 34.1 3.4 7 499 5512 1987
Bulgaria BG 6 448 20.4 65.4 12.6 1.6 0.0 2788 3170 -382
Croatia HR 3851 53.5 26.5 9.9 10.1 6 706 5733 973
Cyprus CY 1419 0.4 95.7 4.0 7194 6 730 464
Czechia cz 10 828 2.8 97.0 0.2 4673 5059 -385
Denmark (incl. Faroe Islands) DK 5987 10.3 89.4 0.3 2827 2853 -26
Estonia EE 1366 1.1 98.9 0.0 2360 2138 222
Finland FI 5564 55.9 44.1 1962 1872 91
France (metropolitan) FR 66 017 0.1 57.6 34.2 8.0 0.1 0.0 4177 4513 -336
Germany DE 83119 51.9 47.7 0.3 0.0 4104 4 447 -343
Greece GR 10 414 2.5 21.7 55.9 12.6 7.3 7111 6883 228
Hungary HU 9 600 18.7 81.3 0.0 4727 4877 -151
Iceland IS 388 78.0 21.8 0.2 1907 1829 77
Ireland IE 5271 79.8 20.2 1659 2121 -462
Italy IT 58 997 0.5 8.6 37.6 39.0 14.3 0.0 6194 6 452 -257
Latvia Lv 1883 99.9 0.1 2873 2198 675
Liechtenstein LI 40 98.5 1.4 0.1 4925 5573 -648
Lithuania LT 2857 55.9 441 3979 2599 1380
Luxembourg LU 661 80.2 19.8 3888 3894 -6
Malta MT 542 86.1 13.9 7576 6 241 1335
Monaco MC 39 100.0 7 353 7204 149
Montenegro ME 617 17.0 70.3 12.8 0.0 5051 5342 -291
Netherlands NL 17 811 99.7 0.3 3356 3235 121
North Macedonia MK 1830 71.5 24.5 4.0 0.1 3875 4020 -146
Norway NO 5489 29.9 69.5 0.6 0.0 2255 2361 -105
Poland PL 36 754 442 55.8 0.0 0.0 4063 3972 91
Portugal (excl. Azores, Madeirs PT 10 022 34.8 64.3 0.9 0.0 4223 3843 380
Romania RO 19 055 4.6 76.6 18.5 0.3 0.0 3367 3300 67
San Marino SM 34 55.2 44.8 5889 5785 104
Serbia (incl. Kosovo) RS 8 350 1.3 58.0 38.2 25 0.0 3919 4142 -224
Slovakia SK 5429 45.8 54.1 0.1 0.0 4204 4730 -526
Slovenia S| 2117 0.9 71.9 26.9 0.3 5542 5802 -260
Spain (excl. Canarias) ES 45 872 1.4 15.4 34.7 48.3 0.2 5612 5191 421
Sweden SE 10 522 46.2 53.8 0.0 2168 2612 -445
Switzerland CH 8815 0.1 93.7 5.6 0.6 0.0 5292 5749 -456
Turkiye TR 85 280 23.8 36.4 26.6 11.4 1.6 0.3 3491 4931 -1 440
6.6 40.5 13.2 2.4 0.3
Total 560 167 47.2 370 15.9 4346 463 289
EU27 85 49 g, 138 24 03 4488 4593 -105
443 198 45.3 16.5

Northern Europe 34 055 31.0 65.1 3.9 0.0 2 460 2437 22
Western Europe 86 334 4.6 76.3 18.9 0.3 0.0 0.0 3554 3776 -222
Central Europe 165 805 39.2 59.5 1.3 0.1 0.0 4297 4543 -246
Southern Europe 142 589 0.7 13.1 37.8 40.6 7.2 0.6 5864 5822 42
South-Eastern Europe 131 386 16.8 43.0 27.2 10.1 2.2 0.6 3732 4 547 -815
Kosovo XK 1709 62.1 29.9 8.0 0.0 4085 4341 -256
Serbia (excl. Kosovo) RS 6 641 1.6 57.0 40.4 1.1 0.0 3876 4 095 -219

Note: The percentage value "0.0" indicates that an exposed population exists, but it is small and estimated to be [e8S%#h&mpty cells mean no population
in exposure5-year mean, i.e5-yearmean2018-2022 Diff., i.e.difference concentrations betwee2023andthe 5-yearmean20182022.
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Figure3.8 Percentage of the population (%) exposed to different values of the ozone indicator
SOMO35 (ug/rrd), 2023
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In 2023, the populationweighted ozone concentration in terms of SOMO35 for the total mapped area
was estimated to be 4 346g/m?.d, i.e. 289 pg/md lower than the 5/ear 20182022 mean SOMO35
concentration. For the ED7, it was 4 488ig/m3.d, i.e. 105 pg/mid lower than the 5/ear 20182022

mean SOMO35 concentration. When assessing the change in individual countries, the steepest
absolute decrease was found in TurkiyetdD pg/n?-d), while the highest increase was estimated in
Bosnia and Herzegovina987 pg/n¥-d).

Figure 3 shows, for the whole mapped area, the frequency distribution of SOMO35 for population
exposure classes of 250 pgf. The highest frequencies are found for classes betwe@®d03and

5000 ug/n?-d. One can see a steep decline of population frequency for exposure classes between
5000 and6 000 pg/r-d and a continuous mild decline of population frequency for classes &@0@
ng/m3-d.

Figure3.9 Population exposure frequency distribution, ozone indicator SOMO35, 2023
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Figure 310 shows for individual countries the ozone indicaB®MO330 which the population was
exposed in 202. It can be seen that the countries with the highest ozone concentrations are located
in the southern and soutleastern parts of Europe.
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Figure3.10 Ozone concentrations expressed as indicator SOMOS35 to which the population per
country was exposed in 2R
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Figure 311 andTable 35 give for SOMO10 the populatidrequency distribution for a limited number
of exposure classder individual countries, large regions, £@ and for the total mapped aredable
3.5 also presents the populatieweighted concentration.

Figure3.11 Percentage of the population (%) exposed to different values of the ozone indicator
SOMO10 (ug/rird), 2023
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Table3.5 Population exposure and populatioweighted concentratiss, ozone indicator

SOMO10, 202

Population Ozonet SOMO10, exposed population, 282%) Populationweighted concentration

Country IS0 (inhbs-1000) 15000 18006 21000 14006 >27 5-year _
<15000 18000 21000 24000 27000 000 2023 mean Diff.
Albania AL 2762 2.2 47.3 47.4 3.1 21290 21309 -19
Andorra AD 80 72.4 8.3 13.4 5.9 21 002 19 042 1960
Austria AT 9105 6.9 69.4 21.2 2.4 0.1 20268 20014 254
Belgium BE 11 743 17.4 82.0 0.6 18 551 17 471 1079
Bosnia and Herzegovina BA 3194 8.8 72.7 18.5 0.0 22711 19997 2714
Bulgaria BG 6 448 50.0 34.1 12.2 3.6 0.2 0.0 15860 16 329 -469
Croatia HR 3851 39.7 38.1 22.1 0.1 22127 20578 1549
Cyprus CY 1419 80.6 19.1 0.2 20907 21633 -726
Czechia cz 10 828 87.0 13.0 0.0 20103 19743 360
Denmark (incl. Faroe Islands) DK 5987 29.4 70.5 0.0 18 621 18439 182
Estonia EE 1366 91.5 8.5 17 326 16 886 441
Finland Fl 5564 97.9 2.1 16 853 16 307 546
France (metropolitan) FR 66 017 78.1 21.2 0.7 0.0 20237 19823 414
Germany DE 83119 3.7 90.9 5.4 0.0 19392 18587 805
Greece GR 10 414 0.5 3.0 16.7 47.9 25.1 6.8 23010 22424 586
Hungary HU 9 600 5.6 89.3 5.1 19535 18962 573
Iceland IS 388 89.9 9.9 0.2 17300 16898 402
Ireland IE 5271 67.6 324 17 013 17 527 -515
Italy IT 58 997 15 40.6 52.0 5.8 0.0 21289 21139 149
Latvia Lv 1883 65.0 35.0 17497 16518 980
Liechtenstein LI 40 96.2 3.7 0.1 19596 19563 33
Lithuania LT 2857 0.1 99.9 19 129 16 962 2167
Luxembourg LU 661 97.7 2.3 19407 18132 1275
Malta MT 542 99.8 0.2 25705 24252 1453
Monaco MC 39 100.0 24000 23388 612
Montenegro ME 617 15.7 60.4 22.6 1.3 19984 20414 -430
Netherlands NL 17 811 12.0 87.9 0.1 18 781 17 349 1432
North Macedonia MK 1830 68.0 23.7 7.7 0.6 0.0 17 701 17 572 128
Norway NO 5489 63.5 36.3 0.2 17 669 17 206 463
Poland PL 36 754 11.3 87.9 0.8 0.0 18 927 18 145 781
Portugal (excl. Azores, Madeira PT 10 022 0.5 56.6 42.8 0.1 20414 19236 1179
Romania RO 19 055 2.8 68.3 24.4 4.5 0.1 17 651 17 037 614
San Marino SM 34 51.9 48.1 21209 20441 768
Serbia (incl. Kosovo) RS 8 350 61.4 28.9 9.5 0.2 17986 17 685 301
Slovakia SK 5429 30.1 65.2 4.7 0.0 19096 19197 -101
Slovenia Sl 2117 0.8 57.4 38.8 3.0 0.0 20722 20604 118
Spain (excl. Canarias) ES 45 872 4.3 18.8 63.6 13.3 0.0 22106 21255 852
Sweden SE 10 522 78.4 21.6 0.0 17 503 17 704 -201
Switzerland CH 8 815 83.8 14.8 13 0.1 20688 20213 475
Turkiye TR 85 280 55.0 24.3 13.6 6.4 0.7 0.0 14 631 17 563 -2 932
8.8 15.2 2.8 0.2
Total 560 167—24 53.8 19.2 722.2 19 095 19 033 62
EU27 99 B2 g ae—>2 %% 9890 19300 592
443 198 13.1 25.0

Northern Europe 34 055 64.2 35.8 0.0 17739 17 336 404
Western Europe 86 334 8.7 86.1 5.1 0.1 0.0 19 229 18 504 725
Central Europe 165 805 6.1 87.1 6.5 0.2 0.0 19459 18780 679
Southern Europe 142 589 0.0 2.2 325 55.5 9.2 0.5 21688 21222 466
South-Eastern Europe 131 386 37.6 32.7 18.0 9.9 1.7 0.0 16 048 17 672 -1 624
Kosovo XK 1709 73.9 13.5 12.2 0.5 17686 18220 -534
Serbia (excl. Kosovo) RS 6 641 58.2 32.9 8.8 0.2 18 063 17 557 506

Note: The percentage value "0.0" indicates that an exposed population exists, but it is small and estimated to be [e8S%#h&mpty cells mean no population
in exposure5-year mean, i.e5-yearmean2018-2022. Diff., i.e.difference concentrations between 282nd5-yearmean20182022.
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Figure3.12 shows the population frequency distribution of SOMO10 for population exposure classes

of 500 pg/m3-d. The graph shows the highest frequencies for classes betvi€ef00 and
23 000 pg/m?3-d.

Figure3.12 Populationexposurefrequency distribution, ozone indicator SOMO10, 292
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Figure3.13 shows for individual countries the ozone indicator SOMO10 to which the population was
exposed ir2023. It can be seen that theountries with the highest oze concentrations are located
in the southernand southeasternparts of Europe.

Figure3.13 Ozone concentrations expressed as indicator SOMO10 to which the population per
country was exposed in ZZB
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3.4 Ozoneg AOT40 vegetation and AOT40 forests

In the Ambient Air Quality Directive (EC, 2008) a target value (TV) and-&tongbjective (LTO) for

the protection of vegetation from high ozone concentrations accumulated during the growing season
KIS 06SSy RSTAYSR® ¢+ [|upiitatefl dzbne éxpoBure dustadhkeIhblEdR dza A y
nn LI NGA&A LISNI 0AfftA2yé oO!'hennod ¢KA&A Aa OFf Odz |
concentrations greater thad0 ppb(i.e.80 pg/n¥) and40 pph using only observations between 08:00

and 20:00 CentrallEopean Time (CET) each day, calculated over three months from 1 May to 31 July.

The TV is 1800ug/ m3-h (averaged over five years) and the LTO is qug@?*-h.

Note that the termdvegetatiore as used in thémbientAir Quality DirectivéEC, 2008 not further

defined. Nevertheless, the TV used in the directive is quite similar as the critical level used in

the Mapping Manual (CLRTA®24) F2 NJ G INRA Odzf G dzNF f ONR LJa &hed | f (1 K2
EU andhe CLRTAP are slightly different), so the tergetationin the Air Quality Directive has been
interpreted as primarily agricultural crops. Therefore, the exposuragsicultural cropshas been

evaluated here based on thROT40for vegetation as defined in the Air Quality Directive and the
agricultural areas, defined as the CORINE Land Covetllelads 2 Agricultural areas (encompassing

the level2 classes 2.1 Arable land, 2Z2&rmanent crops, 2.3 Pastures and 2.4 Heterogeneous
agricultural areas), seAnnex 2SectionA2 3. Note that in addition to these agricultural areas there

I NB &S@SNIf 20KSNJ / [/ OfraaSa (KI(i 20R$HsR406S 02
Artificial, nonagricultural vegetated areas (encompassing lde}3 classes 1.4.1 Green urban ase

and 1.4.2 Sport and leisure facilities), 3.1 Forests (see below) and 3.2 Scrub and/or herbaceous
vegetation associationg.hese other CLC classes have nanbeonsidered (apart from forests, see

below).

Next to the AOT40 for vegetation protection, the Ambient Air Quality Directive (EC, 2008) defines also
the AOT40 for forest protection, which is calculated similarly as the AOT40 for vegetation, but is
summed over six months from 1 April to 30 Septembar. AOT40 for forests there is no TV defined

in the Air Quality DirectiveHowever, there is eritical level(CL)established byhe CLRTARBeeCLRTAP
(2024). Thiscritical level is set at 1000 pug/m3-h. Although CLRTAPRPOR4) calculates the AOT40
indicators somewhat differently (e.qg. it uses the ozone concentration corrected at canopy height), this
CL leveis further usedor the AOT40 for forests calculated according to the EC (2008).

For the exposure of forests evaluation, the CLC {2\#ass 3.1 Forests has been used.

The ecosystem based accumulative ozone indicators described in this section are specifically prepared
for calculation of the EEiddicator on ecosystem exposure to oz EA, 208b). For the estimation

of the vegetation and forested area exposure to accumulated ozone, the maps in this section are
created on a grid of 2 km resolution. The exposure frequency distribution outcomes are based on the
overlay with the 100 m grid resolutiayf the CLC2@land cover classes.

3.4.1 Concentration maps

The interpolated maps of AOT40 for vegetation and AOT40 for forestzpptablefor rural areas
only. Map 3.7 presents the final map of AOT40 for vegetation i220Note that in theAmbientAir
Quiality Directive (EC, 2008) the TV is actually defined 88a8g/m*-h averaged oves years. Here
both 2023 dataand 5year mean (201:2023)are presented5-year mean for AOT40 for vegetation is
presented for the first time in this reportpata forthe current calendar year (i.e. 2028je evaluated
againstwhatit is called the target value threshold, an AOT40 of A@ pg/m?3-hfor just one year
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Map 3.7 Concentration map obzoneindicator AOT40 for vegetation, rural map, 28 (left) and
5-year mean2019-2023(right)

0 500 0F 1000 km {107
= i

Ozone - AOT40 for vegetation Ozone - AOT40 for vegetation

Year: 2023 5-year Mean, Years: 2019-2023

Rural Map Resolution: 2 km Rural Map Resolution: 2 km

Il 0- 6000 pg/m*h [ non EEA memb. or coop. countries Il 0 - 5000 pg/m*h [] non EEA memb. or coop. countries
6 000 - 12 000 pg/m*h (6 000 = LTO) 6 000 - 12 000 pg/m3h (6 000 = LTO)
12 000 - 18 000 pg/m*h 12 000 - 18 000 pg/m*h

I 18000 - 27 000 pg/m*h (18 000 = TV) I 18000 - 27 000 pg/m*h (18 000 = TV)

Il 27 000 - 46 000 pg/m>-h Il 27 000 - 46 000 pg/m3-h

The areas in the map withOT40 for vegetation in 202®ove the TV threshold of T®0 pg/n-h are
marked in red and dark red. The areas below the {tmmm objective (LTO) are marked in green. AOT40
levelsabove the TV thresholidr vegetation occur specifically in southeand southeasternof Europe
(Italy, parts of Spainkrance angbarts ofthe Balkan countrieand Turkiye and also in central Europe
(partsof Switzerland, Germany, Austria, Slovenia, Czechia, Slovakia, Poland and Hilihgdighest
levels (dark red) were estimatedimilarly to previos yearsijn the north of Italy inthe south-west of
Tirkiye and in CypruBased on the fyear mean of AOT40 for vegetation, the situatioguge similar

in terms of the spatial distribution of AOT40 valuabit worse in Turkiye and the Balkahke relative
mean uncertainty of the 2map of the AOT40 for vegetation is ab@Be6 (Annex3, Section A3.3).

Map 3.8 presents the final map of AOT4O0 for forests i220 he areas in the map with concentrations
belowthe critical level(CL)definedby CLRTAR024) are marked irgreen One can sekarge forested
areas exceeding this levielmost of Europe, with the exception of parts of some northern countries
and Ireland The highestalues of the AOT40 for forests2023 were found mainly in southern Europe
(Spainsouth of Francgparts of the Balkan statethe Po Valley and Cypnusnd TurkiyeThe relative
mean uncertainty of the 2ZB map of the AOT4O0 for forests is ab&@6(Annex 3 Section A3.3

In order to provide more complete information of the air quality across Europe, the AOT40 maps

including theAOT40 values based on the actualal background measuremenata atstations are
presented in Maps A8 and A4.9 of Annex 4
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Map 3.8 Concentration map obzoneindicator AOT40 for forests, rural map, 28

Map 3.9 presents the difference between 2023 and thgear mean 2018022 for AOT40 for
vegetation and for AOT40 for forests. Orange to red areas show an increase of AOT40 in 2023, while
blue areas show a decrease.

Map 3.9 Difference concentrations between 2®and the5-yearmean 20B-2022 for ozone
indicators, AOT40 for vegetation (left) and AOT40 for forests (right)
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