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Summary 

This study assessed air quality at 23 European airports selected for their high traffic volumes, 
geographical distribution across EEA member countries, proximity to densely populated areas, and 
relevance to ongoing ultrafine particle monitoring activities. The airports include major hubs such as 
Frankfurt, Paris Charles De Gaulle, and Amsterdam Schiphol, representing diverse regions from 
northern to southern and eastern to western Europe. Several airports were chosen because more 
than one million people live within 10 km of their boundaries. Information on recent monitoring 
ŀŎǘƛǾƛǘƛŜǎ ǿŀǎ ƎŀǘƘŜǊŜŘ ǘƘǊƻǳƎƘ 9Lhb9¢Ωǎ Thematic Group on Air and complemented by literature 
reviews and European research projects. 

The analysis focused on three pollutantsτNO2, PM2.5, and O3τusing validated 2023 data reported by 
EEA member countries. Sampling points (SPOs) with sufficient data coverage were identified within 
airport areas and at varying distances to consider their different lifetime and distribution, 10 km for 
NO2, 20 km for PM2.5 and up to 50 km for O3. Wind direction frequencies were analysed to distinguish 
downwind conditions, and pollutant concentrations were compared under two scenarios: wind from 
the airport versus other directions. To address gaps in monitoring coverage, EEA high-resolution air 
quality maps with a spatial resolution of 1 km were used to estimate annual mean concentrations 
and ozone peak season levels, enabling comparisons between airport areas, surrounding regions, and 
land cover classes. 

Monitoring coverage near airports was highly variable. Eleven airports lacked NO2 SPOs within 5 km, 
and only three had SPOs inside airport areas. For PM2.5, 15 airports had no SPOs within 5 km, and only 
Dublin had a station inside the airport. Coverage improved at larger distances, particularly for ozone, 
which reflects its regional nature. Wind-sector analysis revealed uneven directional coverage for NO2 
and PM2.5, while O3 monitoring benefited from broader representation. 

Comparisons under downwind conditions indicated potential airport-related impacts. For NO2, 18 
airports showed increases above 10%. When considering wind sectors with frequency above 10%, 
notable increases were found in Amsterdam (113%), Rome (90%), Lisbon (88%) and Madrid (83%). 
For PM2.5, 15 airports showed increases up to 57% (up to 50% when considering wind sectors with 
frequency above 10%). Ozone increases were observed at 17 airports, up to 95% in Rome (in a wind 
sector with a frequency of 15%). These patterns suggest that airport emissions may influence local 
air quality, although other sources and meteorological variability must be considered. 

Due to limited and uneven monitoring coverage, deriving robust conclusions solely from 
measurements was challenging. The analysis based on the EEA air quality maps provided clearer 
evidence of spatial differences. NO2 concentrations were consistently higher in airport areas than in 
regional backgrounds, with differences exceeding 10 µg/m³ in Madrid and Lisbon, reaching 13.4 
µg/m³. In Milan the NO2 annual mean concentration was above the revised Ambient Air Quality 
Directive (AAQD, EU 2024) limit value to be attained by 2030 (LV2030), while Lisbon and Madrid 
approached it. PM2.5 differences were smaller, above 2 µg/m3 only in five airports. Six airports were 
surpassing the 10 µg/m³ limit value to be attained by 2030 (LV2030) and four were just below this level, 
between 9.5 µg/m³ and 10 µg/m³.  The largest annual mean PM2.5 concentrations in airport areas 
were found in Milan (19.3 µg/m³) and Bucharest (16.9 µg/m³). Ozone peak season concentrations 
were similar between airports and regional backgrounds, ranging from 72 to 113 µg/m³, well above 
WHO guidelines (WHO, 2021). Overall, the study highlights elevated NO2 levels in airport areas 
compared to surrounding regions, while difference in PM2.5 levels are smaller. O3 remains largely 
regional in nature. 

Long-ǘŜǊƳ ǘǊŜƴŘǎ ŦǊƻƳ нллр ǘƻ нлно ŎƻƴŦƛǊƳ ǎǳōǎǘŀƴǘƛŀƭ ǊŜŘǳŎǘƛƻƴǎ ƛƴ bhі ŀƴŘ PM2.5 concentrations 
with average declines of around 45% for NO2 background SPOs at different distance ranges from the 
airports. The analysis of PM2.5 long-term trends was not conclusive due to the limited number of SPOs 
with trends available. In contrast, ozone concentrations have increased consistently across all 
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distance ranges, with rises of about 23% near airports and 15% at greater distances, reflecting 
broader regional patterns. 

Ultrafine particles (UFP), measured as particle number concentration, are emerging pollutants of 
concern due to their ability to penetrate deep into the lungs and enter the bloodstream. A literature 
review highlighted that measurements at several major airports show annual averages exceeding      
20 000 particles/cm³ within 1 km of airport operations with concentrations declining rapidly beyond 
5ς10 km. Wind direction strongly influences dispersion, with airport-related contributions detected 
up to 7ς8 km downwind. These findings highlight aviation as a significant source of UFP and 
underscore the need for standardized monitoring protocols and strategic station placement to assess 
population exposure. 

This report includes the links to a fiche for each airport. The fiches include a summary of the analysis 
for NO2 and PM2.5 in smaller files downloadable separately for each airport. The maps in the fiches 
display the location of the sampling points (SPOs) around the airports. The tables include additional 
information on the annual mean concentrations of each SPO with available data (data coverage larger 
than 75%), distances of the SPOs from the airport area, location of the SPO in one of the eight wind 
sectors (WS) around the airport (WS: N, NE, E, SE, S, SW, W, NW), wind frequency blowing from the 
airport in that WS, population living in the WS within 10 km from the airport, and trends of annual 
mean concentrations (2005-2023) when available. This information has been complemented with the 
EEA air quality annual maps (1 km x 1 km), covering the whole area around the airport and showing 
in the boxplot the different levels concentrations over the airport area compared to the surrounding 
region, including the weighted area means for the different land cover classes. 

List of additional fiches: 

¶ Amsterdam (AMS): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-
products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-
2025-7-air-quality-around-airports-amsterdam-ams.pdf   

¶ Athens (ATH): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-athens-ath.pdf   

¶ Barcelona (BCN): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-around-airports-barcelona-bcn.pdf   

¶ Berlin (BER): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-berlin-ber.pdf   

¶ Brussels (BRU): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-around-airports-brussels-bru.pdf   

¶ Bucharest (OTP): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-around-airports-bucharest-otp.pdf  

¶ Copenhagen (CPH): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-
products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-
2025-7-air-quality-around-airports-copenhagen-cph.pdf   

¶ Dublin (DUB): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-dublin-dub.pdf   

¶ Dusseldorf (DUS): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-around-airports-dusseldorf-dus.pdf   

https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-amsterdam-ams.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-amsterdam-ams.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-amsterdam-ams.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-athens-ath.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-athens-ath.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-athens-ath.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-barcelona-bcn.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-barcelona-bcn.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-barcelona-bcn.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-berlin-ber.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-berlin-ber.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-berlin-ber.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-brussels-bru.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-brussels-bru.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-brussels-bru.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-bucharest-otp.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-bucharest-otp.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-bucharest-otp.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-copenhagen-cph.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-copenhagen-cph.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-copenhagen-cph.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dublin-dub.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dublin-dub.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dublin-dub.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dusseldorf-dus.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dusseldorf-dus.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-dusseldorf-dus.pdf


 

ETC HE Report 2025/7 9 

¶ Frankfurt (FRA): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-around-airports-frankfurt-fra.pdf   

¶ Hamburg (HAM): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-around-airports-hamburg-ham.pdf   

¶ Helsinki (HEL): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-helsinki-hel.pdf   

¶ Lisbon (LIS): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-lisbon-lis.pdf   

¶ Madrid (MAD): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-around-airports-madrid-mad.pdf   

¶ Milan (LIN): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-milan-lin.pdf  

¶ Paris (CDG): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-paris-cdg.pdf  

¶ Paris (ORY): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-paris-ory.pdf   

¶ Prague (PRG): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-prague-prg.pdf   

¶ Rome (FCO): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-rome-fco.pdf  

¶ Vienna (VIE): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-vienna-vie.pdf   

¶ Vilnius (VNO): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-vilnius-vno.pdf   

¶ Warsaw (WAW): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-
he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-
quality-around-airports-warsaw-waw.pdf   

¶ Zurich (ZRH): https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-
reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-
around-airports-zurich-zrh.pdf  

  

https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-frankfurt-fra.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-frankfurt-fra.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-frankfurt-fra.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-hamburg-ham.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-hamburg-ham.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-hamburg-ham.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-helsinki-hel.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-helsinki-hel.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-helsinki-hel.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-lisbon-lis.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-lisbon-lis.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-lisbon-lis.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-madrid-mad.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-madrid-mad.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-madrid-mad.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-milan-lin.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-milan-lin.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-milan-lin.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-paris-cdg.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-paris-cdg.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-paris-cdg.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-paris-ory.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-paris-ory.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-paris-ory.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-prague-prg.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-prague-prg.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-prague-prg.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-rome-fco.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-rome-fco.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-rome-fco.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-vienna-vie.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-vienna-vie.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-vienna-vie.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-vilnius-vno.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-vilnius-vno.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-vilnius-vno.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-warsaw-waw.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-warsaw-waw.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-warsaw-waw.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-zurich-zrh.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-zurich-zrh.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2025-7-air-quality-around-airports/etc-he-report-2025-7-air-quality-around-airports-zurich-zrh.pdf
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1 Introduction 

Air pollution remains 9ǳǊƻǇŜΩǎ ƭŀǊƎŜǎǘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ƘŜŀƭǘƘ ǊƛǎƪΣ ŎŀǳǎƛƴƎ ŎŀǊŘƛƻǾŀǎŎǳƭŀǊ ŀƴŘ 
respiratory diseases that impact health, reduce quality of life and cause preventable deaths (EEA, 
2025). The revised EU Ambient Air Quality Directive (EU, 2024) sets revised and new air quality 
standards, to be attained in 2030, aligned more closely with the 2021 World Health Organization 
recommendations (WHO, 2021) in order to mitigate air quality impacts on health and environment. 
For PM2.5 (particulate matter with a diameter of 2.5µm or less), the annual limit value for the 
protection of human health will drop from нр ҡƎκƳш ǘƻ мл ҡƎκƳш. Similarly, the annual limit value for 
bhі (nitrogen dioxide) will be ǊŜŘǳŎŜŘ ŦǊƻƳ пл ҡƎκƳш ǘƻ нл ҡƎκƳш. CƻǊ ƻȊƻƴŜ όhїύΣ ǘƘŜ ǘŀǊƎŜǘ ǾŀƭǳŜ 
for protecting human health remains unchanged at a maximum daily 8-ƘƻǳǊ ƳŜŀƴ ƻŦ мнл ҡƎκƳшΦ 
However, the permitted number of days exceeding this targetτcalculated as a three-year averageτ
will be reduced from 25 to 18 per calendar year. 

The revised directive (EU, 2024) introduces also the concept of ΨŀƛǊ ǉǳŀƭƛǘȅ ƘƻǘǎǇƻǘǎΩ ŎƻƴŎŜǇǘΦ ¢Ƙƛǎ 
highlights areas with particularly high pollution levels that require specific monitoring efforts. Air 
quality hotspots include locations where the pollution level is strongly influenced by the emissions 
from heavy pollution sources, such as nearby roads, industrial sources, ports, airports, intensive 
residential heating, or a combination thereof. This report focuses on the air quality in the vicinity of 
airports as they can have an impact on the air quality levels in the nearby cities, and as they have 
been pointed in the directive as possible air quality hotspots. 

Air pollutants in airports are emitted from a variety of sources, emissions from aircraft engines, 
ground support vehicles, passenger transport, and on-site energy generation. These sources release 
Ǉƻƭƭǳǘŀƴǘǎ ǎǳŎƘ ŀǎ ƴƛǘǊƻƎŜƴ ƻȄƛŘŜǎ όbh ύΣ ǇŀǊǘƛŎǳƭŀǘŜ ƳŀǘǘŜǊ όtaύΣ ǾƻƭŀǘƛƭŜ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ό±h/ǎύΣ 
sulphǳǊ ŘƛƻȄƛŘŜ ό{hіύΣ ŎŀǊōƻƴ ƳƻƴƻȄƛŘŜ ό/hύΣ ŀƴŘ ǳƭǘǊŀŦƛƴŜ ǇŀǊǘƛŎƭŜǎ όUFP). UFP, which are particles 
smaller than 100 nanometres (nm), are particularly concerning because they can penetrate deep into 
the lungs, reach the brain and potentially enter the bloodstream. UFP are also included in the revised 
Directive (EU, 2024) as a pollutant of emerging concern that should be measured in order to support 
scientific understanding of their effects on human health and the environment. UFP should be 
measured at a location where high concentrations are likely to occur, such as airports, and at 
monitoring supersites(1) at both rural background locations and urban background. 

Although technological improvements, such as lean-burn engines, and the adoption of sustainable 
aviation fuels (SAF) are reducing emissions at their source, aviation remains a significant contributor 
to local and regional air quality challenges (EASA, 2025). Aviation (both domestic and international) 
is an important emitter of NOx. In 2022 the share of aviation in transport emissions was equal to 14% 
(EEA, 2024a). Emissions from the aviation sector (mainly due to international aviation) increased 
(1990-2022) in the EU-27 for most pollutants τ NOx, SOx (sulphur oxides), NH3 (ammonia), PM10 and 
PM2.5 τ except for CH4 (methane), CO (carbon monoxide), NMVOCs (non-methane volatile organic 
compounds). Increases in emissions since 1990 ranged between 47% and 117%, depending on the 
compound considered (EEA, 2024b). The number of passengers transported by air increased by 19.3% 
in 2023 compared with 2022. In 2023, 973 million people in the EU travelled by air (EUROSTAT, 
2023a). 

Airports are identified as potential ŀƛǊ ǉǳŀƭƛǘȅ άƘƻǘǎǇƻǘǎέ ŘǳŜ ǘƻ ǘƘŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ŀǾƛŀǘƛƻƴ-related 
activities. A recent modelling study showed that pollutant levels near airports can be substantially 
higher than in surrounding areas in particular for NO2, with aviation contributing up to 38% at airport 
sites (CONCAWE, 2023). Exposure to high NO2 concentrations from aviation could be significant in 
residential areas around airports.   

 
1 Monitoring station at an urban background location or rural background location that combines multiple 

sampling points to gather long-term data on several pollutants (EU, 2024) 



 

ETC HE Report 2025/7 11 

The aim of this study is to evaluate air quality in and around airports and understand the contribution 
to local air pollution from airport activities. Specifically, the report examines how air quality is 
monitored within airport premises and in their vicinity, and it compares ambient concentrations of key 
pollutantsτnitrogen dioxide (NO2), fine particulate matter (PM2.5), and ozone (O3)τbetween airports 
and nearby cities or regions. Long term trends of air pollutant concentrations are also analysed to 
identify patterns and changes. The analysis will focus on a selection of 23 European airports, and it is 
based on the latest validated air quality data (2023) reported by EEA member and cooperating 
countries and the EEA air quality maps. To address these questions, the study followed several steps 
using various datasets, including air pollutant concentrations, land cover, population and meteorology. 
The methodology and datasets are described in Section 2, following the same methodology that was 
used for the analysis of air quality around ports (Pozzoli et al., 2024 and 2025). The assessment of air 
quality monitoring around the 23 selected airports in Europe is presented in Section 3. The comparison 
of NO2, PM2.5 and O3 concentrations between airport areas and nearby cities and surrounding regions 
is presented in Section 4, and their trends in Section 5. Section 6 presents an overview of UFP air 
concentrations measured at different European airports and nearby cities. This includes a review of 
most relevant studies to show how aviation emissions can contribute to UFP at the selected airport 
cities. Section 7 provides general conclusions. Annex 1 provides the complete analysis (graphics and 
maps) for each airport. 
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2 Methodology 

2.1 Datasets 

2.1.1 Air quality data 

The data about air quality sampling points (SPOs) were downloaded from the EEA Air Quality data 
portal (https://aqportal.discomap.eea.europa.eu/). Three pollutants were analysed, NO2, PM2.5 and 
O3, for year 2023, corresponding to the latest validated data reported by EEA member and cooperating 
countries (E1a, validated data AQ e-Reporting). The metadata of the selected SPOs and the 
corresponding measurements were accessed and downloaded from the annual statistics data table 
calculated from air quality values originating both from AQ e-Reporting (data flow E1a, 
https://discomap.eea.europa.eu/App/AirQualityStatistics/index.html, downloaded on 22 August 
2025). For each SPO the relevant metadata were extracted, including the country, the air quality 
station EoI code, latitude and longitude, data coverage in the selected year, observation frequency and 
the link to the raw data with measured concentrations. A total number of 2 935 SPOs were found for 
NO2 hourly measurements, 1 423 SPOs for PM2.5 hourly measurements, 563 SPOs for PM2.5 daily 
measurements, 2 048 SPOs for O3 hourly measurements, all with available measurements in 2023 and 
data coverage above 75%.  

2.1.2 EEA air quality maps 

The latest air quality maps of EEA member and cooperating countries for 2023 (Horalek et al., 2025) 
were also used in this analysis. The maps provide annual mean NO2, PM2.5 and O3 peak concentrations 
at the horizontal resolution of 1 km x 1 km. The maps are based on the interpolation of the annual 
statistics of the 2023 observational data reported by the EEA member and cooperating countries and 
other voluntary reporting countries and stored in the Air Quality e-reporting database, complemented, 
when needed, with measurements from additional sources. The mapping method is the Regression ς 
Interpolation ς Merging Mapping (RIMM). It combines monitoring data, chemical transport model 
results and other supplementary data using linear regression model followed by kriging of its residuals 
(residual kriging). The maps can be downloaded in GeoTIFF format from the European air quality data 
(interpolated data)- Series in the EEA geospatial data catalogue, while the methodology used for the 
production of these maps is detailed in Horalek et al. (2025) and therein references. 

2.1.3 Land cover classes 

The CORINE Land Cover 2018 (CLC2018, https://land.copernicus.eu/en/products/corine-land-
cover/clc2018) dataset produced within the frame of the Copernicus Land Monitoring Service was used 
to identify airport areas. The dataset provides pan-European CORINE Land Cover inventory for 44 
thematic classes for the 2018 reference year. The polygons identifying airport areas corresponds to 
the CLC Code 124. The CLC2018 dataset is also used as auxiliary data in the production of the EEA air 
quality maps.     

2.1.4 Meteorology 

The wind direction is an important parameter which is measured at every airport. Wind direction 
measurements were used in this report to determine the frequency of downwind conditions at the air 
quality SPOs located around the airports. The wind direction data were downloaded from the National 
Oceanic and Atmospheric Administration (NOAA) Integrated Surface Database (ISD) meteorological 
observations (Smith et al., 2011; https://www.ncei.noaa.gov/products/land-based-station/integrated-
surface-database). The ISD contains detailed surface meteorological data from around the world for 
over 35 000 locations. Hourly wind directions at meteorological observing stations located inside the 

https://aqportal.discomap.eea.europa.eu/
https://discomap.eea.europa.eu/App/AirQualityStatistics/index.html
https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/82700fbd-2953-467b-be0a-78a520c3a7ef
https://sdi.eea.europa.eu/catalogue/srv/eng/catalog.search#/metadata/82700fbd-2953-467b-be0a-78a520c3a7ef
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://www.ncei.noaa.gov/products/land-based-station/integrated-surface-database
https://www.ncei.noaa.gov/products/land-based-station/integrated-surface-database
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airports were imported using the worldmet package, which is part of the openair toolkit (Carslaw and 
Ropkins, 2012). 

2.1.5 Population 

The JRC-GEOSTAT 2018 population distribution data (Batista e Silva, 2021) was used in this study in 
combination with the location of the airports and the surrounding SPOs. The JRC-GEOSTAT 2018 is a 
high-resolution (1 km x 1 km) grid map of resident population across 38 European countries for the 
year 2018. It was developed by the European Commission Joint Research Centre (JRC) in collaboration 
with DG REGIO and Eurostat. 

2.1.6 Air traffic 

Air traffic data at different airports were extracted from EUROSTAT Air transport measurement ς 
passengers and freight (https://ec.europa.eu/eurostat/cache/metadata/en/avia_pa_esms.htm). The 
sum of total annual number of passenger (EUROSTAT, 2023a) and freight (EUROSTAT, 2023b) flights 
by airport was extracted and considered as one of the criteria for the airport selection.     

2.2 Airport selection 

This study analyses air quality for a selection of European airports, 23 airports were selected 
considering the following criteria: 

¶ air traffic (total number of passenger flights and freight flights in 2023); 

¶ geographical distribution in the EEA member countries; 

¶ population living in the vicinity of the airports; 

¶ available studies regarding airports and UFP measurements from existing research EU projects 
and from EEA member and cooperating countries (EIONET consultation).  

 
The list of the 23 selected airports is provided in Table 2.1. Airports are identified by their city name 
and the airport code from the International Air Transport Association (IATA). The list includes some of 
the European airports with largest traffic with over 400 000 flights (passenger and freight) in 2023, 
such as Frankfurt ς Main (FRA), Paris - Charles De Gaulle (CDG) and Amsterdam ς Schiphol (AMS). The 
airports are located in 17 different European and EEA member countries (Figure 2.1), from western 
(Lisbon, LIS) to eastern Europe (Bucharest, OTP), and from northern (Helsinki, HEL) to southern Europe 
(Athens, ATH). Some of the airports were selected for their vicinity to densely populated urban areas, 
thus with high population living in the vicinity of the airport. The airports of Hamburg (HAM), Lisbon 
(LIS), Madrid (MAD), Milan (LIN), Paris (ORY) and Warsaw (WAW) have more than 1 million inhabitants 
living within 10 km (or more than 240 000 inhabitants within 5 km for HAM, LIN, ORY and WAW; over 
400 000 inhabitants for the airport of LIS). A number of ongoing activities and recent studies about 
monitoring air quality at airports were reported through an EIONET consultation by the experts of the 
EIONET Thematic Group on Air (TG-AIR). The EIONET consultation mainly focused on recent or ongoing 
monitoring activities of UFP. Additional studies were provided for six of the selected airports. This was 
also complemented by a preliminary literature review, which identified existing studies and European 
research projects (such as NET4CITIES(2), OLGA(3), KoPilot(4), RI-URBANS(5), STARGATE(6) and 
ULTRAFLEB(7)) on UFP measurements. Such studies and projects were identified for 10 of the selected 
airports. 

 
2 https://www.net4cities.eu/   
3 https://www.olga-project.eu/olympics-innovations/air-quality-source-apportionment-study  
4 https://www.uniklinik-duesseldorf.de/patienten-besucher/klinikeninstitutezentren/institut-fuer-arbeits-sozial-

und-umweltmedizin/forschung/umweltepidemiologie-/-environmental-epidemiology/kopilot  
5 https://riurbans.eu/  
6 https://www.greendealstargate.eu/  
7 https://www.tropos.de/en/research/projects-infrastructures-technology/joint-research-projects/ultrafleb  

https://ec.europa.eu/eurostat/cache/metadata/en/avia_pa_esms.htm
https://www.net4cities.eu/
https://www.olga-project.eu/olympics-innovations/air-quality-source-apportionment-study
https://www.uniklinik-duesseldorf.de/patienten-besucher/klinikeninstitutezentren/institut-fuer-arbeits-sozial-und-umweltmedizin/forschung/umweltepidemiologie-/-environmental-epidemiology/kopilot
https://www.uniklinik-duesseldorf.de/patienten-besucher/klinikeninstitutezentren/institut-fuer-arbeits-sozial-und-umweltmedizin/forschung/umweltepidemiologie-/-environmental-epidemiology/kopilot
https://riurbans.eu/
https://www.greendealstargate.eu/
https://www.tropos.de/en/research/projects-infrastructures-technology/joint-research-projects/ultrafleb
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Table 2.1: List of airports in Europe included in this study 

Airports (City ς IATA code) Country 
code 

# flights in 2023 Studies and projects on UFP Population 
within 5 km 

Population 
within 10 km 

Amsterdam (AMS) NL 436 967 Vogt et al., 2019, 2019; Dinther et al., 2019; Tromp et 
al., 2021; Hofman, 2016 

67 805 656 614 

Athens (ATH) EL 218 524 RI-URBANS 13 885 114 669 

Barcelona (BCN) ES 310 073 NET4CITIES; RI-URBANS 73 838 913 168 

Berlin (BER) DE 166 100 Winkler et al., 2025; ULTRAFLEB; NET4CITIES  81 134 489 981 

Brussels (BRU) BE 180 376 Lefebvre et al., 2019; Garcia-Marles et al., 2025; 
STARGATE 

91 796 647 575 

Bucharest (OTP) RO 103 776  29 617 135 464 

Copenhagen (CPH) DK 222 068 Ellermann et al., 2024 78 890 310 306 

Dublin (DUB) IR 229 755  125 961 594 831 

Dusseldorf (DUS) DE 143 567 Grosse Schute, 2025; KoPilot; NET4CITIES  133 403 596 132 

Frankfurt (FRA) DE 422 275 Gerwig et al., 2025; HLNUG, 2025 37 849 383 714 

Hamburg (HAM) DE 103 669  249 997 1 179 424 

Helsinki (HEL) FI 135 788 Korhonen et al, 2023 66 319 359 322 

Lisbon (LIS) PT 221 781  432 863 1 054 312 

Madrid (MAD) ES 377 513  64 306 1 097 811 

Milan (LIN) IT 97 753  245 983 1 219 035 

Paris (CDG) FR 446 185 AIRPARIF 2024; OLGA; RI-URBANS 14 870 375 974 

Paris (ORY) FR 205 679 RI-URBANS 260 312 1 439 945 

Prague (PRG) CZ 102 087  46 070 313 813 
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Rome (FCO) IT 262 653  37 635 234 361 

Vienna (VIE) AT 219 339 Buxbaum et al., 2025 11 267 74 029 

Vilnius (VNO) LT 35 471  72 641 351 285 

Warsaw (WAW) PL 153 935  240 176 1 055 371 

Zurich (ZRH) CH 213 400 OSTLUFT, 2025; NET4CITIES  91 281 494 535 
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Figure 2.1: Location of the 23 European airports analysed in this study 

 

2.3 Assessing air quality in the vicinity of the selected airports and surrounding regions 

The first step was to identify the SPOs with available data in 2023 (with data coverage larger than 75%) 
inside the airport area (i.e. inside the CLC2018 polygon classified as airport, CLC Code 124) and within 
different distance ranges. Air quality SPOs located in the vicinity of airports were considered (i.e. inside 
the airport area or within 1 km) and other that could be affected by the airport activities in the vicinity 
of airport (within 5 km). The identified sampling points were then compared with SPOs in the nearby 
cities and surrounding areas. Different distance ranges from the airport areas were considered, 10 km 
for NO2, 20 km for PM2.5 due to its longer lifetime in the atmosphere, 50 km for O3 due to its secondary 
chemical production also far from the sources of its precursors (NOx and NMVOCs). 
 
Meteorology is an important factor in the analysis. To assess wind direction frequencies, hourly wind 
data from 2023 were collected from meteorological stations located within the airports. The data were 
used to calculate the percentage of time the wind blew from the airport toward each of eight 
surrounding sectors, each 45 degrees wide and centred at the following compass directions: 45° 
(Northeast, NE), 90° (East, E), 135° (Southeast, SE), 180° (South, S), 225° (Southwest, SW), 270° (West, 
W), 315° (Northwest, NW), and 360° (North, N). 
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The assessment of NO2, PM2.5 and O3 concentrations in the vicinity of airports, relative to nearby urban 
and regional areas, was conducted through the analysis of hourly pollutant measurements obtained 
from the selected SPOs associated with each airport. Concentration distributions were evaluated 
under two distinct meteorological conditions: when the wind originated from the direction of the 
airport, and when it did not. This comparative analysis serves as a preliminary indicator of potential 
impacts from airport-related activities on ambient air quality across different wind sectors surrounding 
the airports. It is important to acknowledge, however, that observed differences in pollutant levels 
may also be influenced by other concurrent emission sources, which could confound the attribution of 
effects solely to airport operations. 
 
Measurement data from SPOs are not consistently available across all airports, and where available, 
their spatial positioning relative to the airport may be suboptimal due to factors such as distance and 
local meteorological conditions. To complement the SPO-based analysis, the EEA high-resolution air 
quality maps for the year 2023 were utilized. These maps, with a spatial resolution of 1 km × 1 km, 
integrate model simulations, observational data, and supplementary inputs (Horalek et al., 2025), 
offering a more comprehensive spatial representation of ambient air quality in the regions surrounding 
the airports. They were employed to estimate differences in annual mean concentrations of NO2, PM2.5 
and the mean O3 peak season concentration between airport areas and nearby cities and surrounding 
regions. The O3 peak season concentration is related to the new long-term Air Quality Guideline (AQG) 
ƭŜǾŜƭ ŦƻǊ hї (set to 60 µg/m³; WHO, 2021). This corresponds to the average of daily maximum 8-hour 
ƳŜŀƴ hї ŎƻƴŎŜƴǘǊŀǘƛƻƴ ƻŦ ǘƘŜ ǎƻ-called peak season, defined as the six consecutive months of the year 
with the highest six-month running-average ozone concentration.  Mean concentrations άin airportέ 
were calculated for grid cells located within and up to 1 km from the airport polygon. These values 
were then compared with the mean concentrations άin surrounding regionsέΣ computed over a 
broader reference area defined by a 0.5 degrees latitude (approximatively 50 km) × 0.5 degrees 
longitude (approximatively 45 km at 35֙N and 28 km at 60֙N) region surrounding each airport. This 
approach enables the estimation of concentration differences between the immediate airport vicinity 
and the surrounding regional background. Additionally, the mean concentrations "in airport" were 
compared with area-weighted mean concentrations associated with different land cover classes, as 
presented in Table 2.2.   

Table 2.2: Land cover classes used as ancillary data in the EEA air quality maps   

Label General class 
description 

CLC classes 
grid codes 

CLC classes 
codes 

CLC classes description 

HDR High density 
residential areas 

1 111 Continuous urban fabric  

LDR Low density 
residential areas 

2 112 Discontinuous urban fabric 

IND Industry 3, 7-9 121, 131-133 Industrial or commercial units, 
Mineral extraction sites, Dump sites, 
Construction sites 

TRAF Traffic 4-6 122-124 Road and rail networks and 
associated land, Ports, Airports 

AGR Agricultural areas 12-22 211-244 Agricultural areas 

NAT Natural areas 23-34 311-335 Forest and seminatural areas 

 
 
A database of SPOs containing long-term trends in air pollutant concentrations at European and 
national levels for the period 2005ς2021 (Gbangou and Colette, 2023) was updated to include data up 
to 2023. This extended dataset was used to assess trends in NO2, PM2.5 and O3 concentrations at the 
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SPOs identified in earlier stages of the analysis. The objective of this comparison was to evaluate 
whether distinct trends in annual mean concentrations were observed in airports or their immediate 
surroundings, relative to other SPOs located in the broader regional context. 
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3 Air quality monitoring around European airports 

3.1 NO2 

To assess the availability of NO2 measurements in proximity to European airports, the number of SPOs 
within 5 km and 10 km from the meteorological station located inside each airport were evaluated. 
Figure 3.1 ǇǊŜǎŜƴǘǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ bhі {thǎ ƭƻŎŀǘŜŘ ǿƛǘƘƛƴ р ƪƳ όǊŜŘ ōŀǊǎύ ŀƴŘ мл ƪƳ όōƭǳŜ ōŀǊǎύ ƻŦ 
selected airports. The plot reveals significant variation in monitoring coverage across locations. For 
instance, мм ŀƛǊǇƻǊǘǎ ŘƻƴΩǘ have any SPO measuring NO2 hourly concentrations within 5 km (ATH, 
BER, OTP, CPH, FRA, HAM, HEL, CDG, ORY, PRG, and VIE). The number of SPOs within 5 km for the 
other airports ranges between one (DUB, LIN, WAW and ZRH) and three (AMS, LIS and MAD).  All the 
selected airports have at least one SPO measuring NO2 within 10 km, but the total number of SPOs is 
highly variable between the airports. The number of SPOs within 10 km ranges between 1, found for 
five airports (ATH, OTP, CPH, HEL and PRG), and a maximum of 8, found for four airports (DUB, HAM, 
LIS and MAD).        

Table 3.1 provides an overview of SPOs ǿƛǘƘ ŀǾŀƛƭŀōƭŜ bhі hourly data in 2023 within a 10 km radius 
from the meteorological stations located inside the selected airports. The table includes information 
on the number and type of SPOs (Background, B; Traffic, T; Industrial, I), availability of long-term trend 
data, proximity to the airport polygon, and their distribution across wind sectors. This summary 
highlights the variability in monitoring coverage, SPO types, and wind sector representation across 
airports, which is critical for interpreting air quality data in relation to airport emissions and influences 
from other local and regional sources. The total number of SPOs within 10 km was already described 
in Figure 3.1  and discussed in the previous paragraph. In addition to that, the identified SPOs are 
grouped based on their monitoring context: Background (B), Traffic (T), or Industrial (I). The 
distribution of types provides insight into the dominant sources of pollution being monitored near 
each airport. Most of the selected airports have one or more background SPOs within 10 km, except 
for CPH and HEL, which have one traffic SPO. More than one of SPO type was identified for 12 of the 
selected airports, such background and traffic in AMS, DUB, HAM, LIS, MAD, LIN, WAW and ZRH, 
background and industrial in BRU and FCO, or all types in DUS and VNO. The mean distances of the 
identified SPOs from the airport area are ranging between approximatively 2 km (FCO) and 8 km 
(OTP). The distance and distribution of SPO types are crucial for interpreting air quality data. Airports 
with a mix of SPO types offer more comprehensive insights into different pollution sources. In 
contrast, airports with only one SPO, background (ATH, OTP and PRG) or traffic (CPH and HEL), may 
lack the granularity needed to isolate airport-specific impacts.  

At least one SPO with available long timeseries records (2005-2023) is available in 19 of the selected 
airports. The number of SPOs where trends of NO2 are available is ranging between one (BCN, CPH, 
DUB, HEL and FCO) and six (HAM). Long timeseries records are not available for the airports of ATH, 
OTP, PRG and ZRH. Trends are discussed more in detail in Section 5. 

Only three of the selected airports have one SPO located inside the airport area (identified as the 
polygons with CLC Code 124), one industrial SPO in the airport of Brussels (BRU), and one background 
SPO each in the airports of Dublin (DUB) and Madrid (MAD). Eight airports have at least one SPO 
located in the vicinity of the airport (i.e. within 1 km from the airport polygon), one background SPO 
each in the airports of Barcelona (BCN), Dublin (DUB), Dusseldorf (DUS) and Rome (FCO), one traffic 
SPO in the airport of Zurich (ZRH), one background and one industrial SPO in the airport of Brussels 
(BRU), and two background SPOs each in the airports of Amsterdam (AMS) and Madrid (MAD).  

The distribution of SPOs across wind sectors and the associated cumulative wind frequency provide 
insight into how well the monitoring network captures air quality under prevailing wind conditions 
around each airport. SPOs are distributed across one to five wind sectors depending on the airport. 
This reflects the directional spread of monitoring coverage. Airports like Lisbon (LIS) and Madrid 
(MAD) have SPOs in five sectors, offering broader directional representation, 69% and 58% 
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respectively. The cumulative wind frequency is above 50% in four other airports (AMS, DUS, FRA and 
WAW), with at least one SPO in four or three wind sectors. The cumulative wind frequency at the 
airports which have SPOs in only one or two wind sectors is ranging between approximately 12% 
(HEL) and 34% (VNO). 

Figure 3.1: Number of monitoring SPOs of NO2 within 5 and 10 km around 23 European airports 
with validated measurements for year 2023 

 

Error! Not a valid bookmark self-reference. presents detailed examples for the airports of Madrid 
(MAD), Brussels (BRU), and Dublin (DUB). The maps illustrate the airport areas along with the location 
ŀƴŘ ǘȅǇŜ ƻŦ bhі SPOs situated within 5 km and 10 km of the meteorological station located inside 
each airport. Additionally, population density around the airports is visualized using 1 km × 1 km grid 
cells: light blue indicates semi-densely populated areas (300ς1 500 inhabitants/km²), while red 
represents densely populated areas (>1 500 inhabitants/km²). 

Adjacent to the maps, wind frequency plots show the distribution of wind directions from the airport 
meteorological station toward surrounding sectors. All three airports in this example have one SPO 
located within the airport area and another SPO positioned nearby, aligned with the prevailing wind 
direction and situated close to densely populated zones. This configuration meets the macro-scale 
siting criteria for large emission sources as defined in the revised directive (EU, 2024).
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Figure 3.2: Air quality NO2 SPOs around the airports of Madrid (MAD, left), Brussels (BRU, centre) and Dublin (DUB, right). The distribution of wind 
directions from the airport meteorological station toward surrounding sectors is shown below each map. 
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Table 3.1: Number of SPOs within 10 km from the European airports. SPOs in the list are those with available data for NO2 in 2023  

Airport Country 
code 

SPO within 
10 km (#) 

SPO type Mean 
distance 
from airport 
(km) 

SPO within 
10 km with 
trend (#) 

SPO in 
airport (#, 
type) 

SPO within 1 
km from airport 
(#, type) 

Wind sectors 
with at least 
one SPO (#) 

Total wind 
frequency 
covered by all 
SPOs (%) 

Amsterdam (AMS) NL 7 5B;2T 4.00 4  2B 4 52.4 

Athens (ATH) EL 1 1B 3.70    1 20.7 

Barcelona (BCN) ES 5 5B 3.47 1  1B 3 36.7 

Berlin (BER) DE 2 2B 4.44    2 17.1 

Brussels (BRU) BE 7 3B;4I 3.26 3 1I 1B;1I 3 44.4 

Bucharest (OTP) RO 1 1B 7.93    1 22.0 

Copenhagen (CPH) DK 1 1T 6.02 1   1 13.5 

Dublin (DUB) IR 8 2B;6T 6.32 1 1B 1B 4 43.9 

Dusseldorf (DUS) DE 6 3B;1I;2T 4.53 4  1B 4 58.7 

Frankfurt (FRA) DE 3 3B 3.92 2   3 53.6 

Hamburg (HAM) DE 8 3B;5T 5.73 6   4 41.8 

Helsinki (HEL) FI 1 1T 3.01 1   1 11.9 

Lisbon (LIS) PT 8 4B;4T 4.34 5   5 69.0 

Madrid (MAD) ES 8 6B;2T 2.91 4 1B 2B 5 58.1 

Milan (LIN) IT 7 2B;5T 4.78 5   4 46.5 

Paris (CDG) FR 2 2B 3.94 2   2 19.0 

Paris (ORY) FR 2 2B 3.74 2   2 28.4 

Prague (PRG) CZ 1 1B 6.15    1 12.8 
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Rome (FCO) IT 3 2B;1I 2.17 1  1B 3 39.1 

Vienna (VIE) AT 3 3B 4.04 3   1 16.9 

Vilnius (VNO) LT 4 2B;1I;1T 4.94 3   2 34.2 

Warsaw (WAW) PL 4 3B;1T 4.90 3   4 66.9 

Zurich (ZRH) CH 6 3B;3T 5.05   1T 2 26.4 
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3.2 PM2.5 

Figure 3.3 presents the number of PM2.5 SPOs located within 5 km (green bars), 10 km (red bars) and 
20 km (blue bars) of selected airports. The PM2.5 SPOs includes both automatic measurements of 
hourly concentrations as well as gravimetric measurements of 24-hour daily concentrations. As for 
NO2 SPOs, the plot reveals significant variation in monitoring coverage across locations. Ony the 
airport of Dublin (DUB) has at least one SPO located inside the airport area. Four airports have at least 
one SPO located in the vicinity of the airport (i.e. within 1 km from the airport polygon), one 
background SPO each in the airports of Brussels (BRU), Dublin (DUB), Dusseldorf (DUS) and Rome 
(FCO). 15 ŀƛǊǇƻǊǘǎ ŘƻƴΩǘ have any SPO measuring PM2.5 hourly or daily concentrations within 5 km. 
The number of SPOs within 5 km for the other airports ranges between one (AMS, BRU, LIN and FCO) 
and two (DUB, DUS, LIS and WAW).  All the selected airports, except for Vilnius (VNO), have at least 
one SPO measuring PM2.5 within 20 km, but the total number of SPOs is highly variable between the 
airports. The number of SPOs within 10 km ranges between 1, found for 5 airports (ATH, OTP, CPH, 
HEL and PRG), and a maximum of 8, found for four airports (DUB, HAM, LIS and MAD). Only two 
airports do not have any PM2.5 SPO also within 10 km, Athens (ATH) and Vilnius (VNO), and VNO does 
not have any PM2.5 SPO up to 20 km. Nine airports have 10 (WAW and DUS) or more (up to 18 for 
DUB) SPOs within 20 km.  

Table 3.2 provides an overview of SPOs with available PM2.5 hourly and daily data in 2023 within a 20 
km radius from the meteorological stations located inside the selected airports. The total number of 
SPOs within 20 km was already described in Figure 3.3 and discussed in the previous paragraph. Most 
of the selected airports have one or more background SPOs within 20 km, except for Vilnius (VNO), 
without any SPO within 20 km, and CPH, which have one traffic SPO. More than one of SPO type, 
background and traffic, was identified for 12 of the selected airports, and all three SPO types for seven 
airports (AMS, BCN, BRU, OTP, DUS, HAM and LIS). The mean distances of the identified SPOs from 
the airport area are ranging between approximatively 6 km (CPH and ZRH) and 16 km (ATH).  

At least one SPO with available long timeseries records (2005-2023) is available in 18 of the selected 
airports. The number of PM2.5 SPOs where trends are available is ranging between one (CPH, DUB, 
and ORY) and seven (BER and MAD). Long timeseries records are not available for the airports of AMS, 
ATH, OTP, VNO and ZRH. Trends are discussed more in details in Section 5.        

Ony the airport of Dublin (DUB) has at least one SPO located inside the airport area. Four airports 
have at least one SPO located in the vicinity of the airport (i.e. within 1 km from the airport polygon), 
1 background SPO each in the airports of Brussels (BRU), Dublin (DUB), Dusseldorf (DUS) and Rome 
(FCO). The distribution of SPOs across wind sectors and the associated cumulative wind frequency 
provide insight into how well the monitoring network captures air quality under prevailing wind 
conditions around each airport. SPOs are distributed across one to six wind sectors depending on the 
airport. This reflects the directional spread of monitoring coverage. Airports like Madrid (MAD) and 
Warsaw (WAW) have SPOs in six sectors, offering broader directional representation, 75% and 87% 
respectively. The cumulative wind frequency is above 50% in eight other airports (AMS, BER, BRU, 
OTP, DUB, DUS, FRA and LIS), with at least one SPO in three to five wind sectors. The cumulative wind 
frequency at the airports which have SPOs in only one or two wind sectors is ranging between 
approximately 10% (ATH) and 28% (ORY). 

Figure 3.4 presents detailed examples for the airports of Brussels (BRU), Dublin (DUB) and Dusseldorf 
(DUS). The maps illustrate the airport areas along with the location and type of PM2.5 SPOs situated 
within 5 km, 10 km and 20 km of the meteorological station located inside each airport, together with 
population density around the airports, and the distribution of wind directions from the airport 
meteorological station toward surrounding sectors. All three airports in this example have one SPO 
located within the airport area (DUB) or another SPO positioned nearby, aligned with the prevailing 
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wind direction and situated close to densely populated zones. This configuration meets the macro-
scale siting criteria for large emission sources as defined in the revised directive (EU, 2024). 

Figure 3.3: Number of monitoring SPOs of PM2.5 within 5, 10 and 20 km around 23 European 
airports and nearby cities with validated measurements for year 2023 
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Figure 3.4: Air quality PM2.5 SPOs around the airports of Brussels (BRU, left), Dublin (DUB, centre) and Dusseldorf (DUS, right). The distribution of wind 
directions from the airport meteorological station toward surrounding sectors is shown below each map.    
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Table 3.2: Number of SPOs within 20 km from the European airports. SPOs in the list are those with available data for PM2.5 in 2023  

Airport Country 
code 

SPO within 
20 km (#) 

SPO type Mean 
distance 
from airport 
(km) 

SPO within 
20 km with 
trend (#) 

SPO in 
airport (#, 
type) 

SPO within 1 
km from airport 
(#, type) 

Wind sectors 
with at least 
one SPO (#) 

Total wind 
frequency 
covered by all 
SPOs (%) 

Amsterdam (AMS) NL 11 6B;1I;4T 8.64    4 55.9 

Athens (ATH) EL 3 2B;1T 15.99    2 9.8 

Barcelona (BCN) ES 9 4B;1I;4T 10.65 3   3 35.7 

Berlin (BER) DE 15 7B;8T 11.62 7   5 58.6 

Brussels (BRU) BE 9 6B;1I;2T 7.32 4  1B 5 71.5 

Bucharest (OTP) RO 12 8B;1I;3T 11.49    5 72.7 

Copenhagen (CPH) DK 1 1T 6.02 1   1 13.5 

Dublin (DUB) IR 18 11B;7T 8.86 1 1B 1B 5 54.2 

Dusseldorf (DUS) DE 10 6B;1I;3T 7.16 2  1B 5 75.3 

Frankfurt (FRA) DE 12 9B;3T 11.77 5   4 58.4 

Hamburg (HAM) DE 5 2B;1I;2T 7.70 4   2 17.0 

Helsinki (HEL) FI 6 3B;3T 10.66 5   4 44.8 

Lisbon (LIS) PT 5 3B;1I;1T 9.61 4   3 54.6 

Madrid (MAD) ES 12 5B;7T 8.95 7   6 74.8 

Milan (LIN) IT 5 2B;3T 6.98 2   2 20.2 

Paris (CDG) FR 4 3B;1T 10.57 2   3 25.0 

Paris (ORY) FR 7 3B;4T 11.51 1   2 28.4 

Prague (PRG) CZ 6 4B;2T 9.95 4   3 31.7 
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Rome (FCO) IT 4 4B 7.13 2  1B 3 32.0 

Vienna (VIE) AT 12 10B;2T 9.85 3   3 32.8 

Vilnius (VNO) LT 0        

Warsaw (WAW) PL 10 9B;1T 8.80 3   6 86.7 

Zurich (ZRH) CH 2 2B 6.25    2 26.4 
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3.3 O3 

The longer distance up to 50 km from the airports was considered for the analysis of O3 SPOs due to 
its secondary chemical production also far from the sources of its precursors. Figure 3.5 presents the 
number of O3 SPOs located within 5 km (purple bars), 10 km (green bars), 20 km (red bars) and 50 km 
(blue bars) of selected airports. As for NO2 and PM2.5 SPOs, the plot reveals significant variation in 
monitoring coverage across different airports. 14 airports do not have any SPO measuring O3 hourly 
concentrations within 5 km. Seven airports have one SPO within 5 km and two airports (MAD and 
DUS) have two SPOs. When considering a distance of 10 km there is only one airport without any SPO 
(HEL) and ranging between one to six SPOs in other airports. The total number of SPOs is increasing 
at larger distances, ranging between 2 and 18 within 20 km (two airports with more than 10 SPOs) 
and between 2 and 37 SPOs within 50 km (17 airports with more than 10 SPOs).  

Table 3.3 provides an overview of SPOs with available O3 hourly data in 2023 within a 50 km radius 
from the meteorological stations located inside the selected airports. The total number of SPOs within 
50 km was already described in Figure 3.5 and discussed in the previous paragraph. The number of 
background SPOs within 50 km is ranging between 1 (VNO) to 25 (MAD). More than one traffic SPO 
was identified for 13 of the selected airports, and industrial SPOs for six of the selected airports. The 
mean distances of the identified SPOs from the airport area are ranging between approximatively 7 
km (VNO) and 28 km (LIN).  

At least one SPO with available long timeseries records (2005-2023) is available for most of the 
selected airports, the only exceptions are the airports of Zurich (ZRH) and Bucharest (OTP). The 
number of O3 SPOs where trends are available is ranging between 1 in Dublin (DUB) and 26 in Madrid 
(MAD). More than 10 SPOs with long timeseries records are available for 10 airports. Trends are 
discussed more in details in Section 5.        

Only the airport of Dublin (DUB) has at least one O3 SPO located inside the airport area. Five airports 
have one SPO located in the vicinity of the airport (i.e. within 1 km from the airport polygon), one 
background SPO each in the airports of Dublin (DUB), Dusseldorf (DUS), Madrid (MAD) and Rome 
(FCO), one traffic SPO in the airport of Zurich (ZRH).  

Considering the distance of 50 km analysed for O3 SPOs, larger than the distances considered for NO2 
and PM2.5, and thus larger number of O3 SPOs found around airports, the distribution of SPOs across 
wind sectors and the associated cumulative wind frequency are generally larger. Only four airports 
(ATH, OTP, DUB and VNO) have SPOs distributed across three or less wind sectors. Six airports (DUS, 
LIS, MAD, LIN, ORY and VIE) have SPOs in all the eight wind sectors. The cumulative wind frequency 
is above 50% in 16 airports. The cumulative wind frequency at the airports which have SPOs in three 
or less wind sectors is ranging between approximately 29% (DUB) and 47% (OTP). 
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Figure 3.5: Number of monitoring SPOs of O3 within 5, 10, 20 and 50 km around 23 European 
airports and nearby cities with validated measurements for year 2023 
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Table 3.3: Number of SPOs within 50 km from the European airports. SPOs in the list are those with available data for O3 in 2023  

Airport Country 
code 

SPO within 
50 km (#) 

SPO type Mean 
distance 
from airport 
(km) 

SPO within 
50 km with 
trend (#) 

SPO in 
airport (#, 
type) 

SPO within 1 
km from airport 
(#, type) 

Wind sectors 
with at least 
one SPO (#) 

Total wind 
frequency 
covered by all 
SPOs (%) 

Amsterdam (AMS) NL 17 10B;7T 27.2 6   6 68.1 

Athens (ATH) EL 12 8B;2I;2T 20.0 2   3 30.5 

Barcelona (BCN) ES 13 13B 14.6 7   4 44.0 

Berlin (BER) DE 15 14B;1T 21.0 10   6 71.6 

Brussels (BRU) BE 13 11B;1I;1T 20.6 10   6 62.2 

Bucharest (OTP) RO 5 5B 11.7 0   3 47.3 

Copenhagen (CPH) DK 11 8B;3T 26.5 6   4 56.8 

Dublin (DUB) IR 6 5B;1T 10.0 1 1B 1B 2 28.8 

Dusseldorf (DUS) DE 19 15B;4I 25.8 15  1B 8 97.7 

Frankfurt (FRA) DE 15 14B;1T 21.5 13   6 76.6 

Hamburg (HAM) DE 8 8B 21.8 7   6 65.4 

Helsinki (HEL) FI 4 4B 16.8 2   4 44.9 

Lisbon (LIS) PT 15 14B;1I 16.9 13   8 95.1 

Madrid (MAD) ES 37 25B;2I;10T 19.0 26  1B 8 96.0 

Milan (LIN) IT 26 23B;1I;2T 28.0 17   8 86.1 

Paris (CDG) FR 16 16B 22.6 13   6 61.4 

Paris (ORY) FR 20 20B 23.6 16   8 99.3 

Prague (PRG) CZ 11 10B;1T 20.2 8   5 46.8 
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Rome (FCO) IT 15 14B;1T 26.2 7  1B 5 58.0 

Vienna (VIE) AT 24 24B 25.9 23   8 99.9 

Vilnius (VNO) LT 2 1B;1T 6.6 2   2 34.2 

Warsaw (WAW) PL 9 9B 17.0 4   5 71.1 

Zurich (ZRH) CH 12 8B;4T 16.8 0  1T 4 53.0 
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4 Air quality in airport areas compared to the nearby cities and region 

4.1 Analysis based on hourly measurements from available SPOs 

An analysis was conducted using hourly wind direction data from meteorological stations located 
within the airports, along with hourly air pollutant concentrations measured at the available SPOs 
surrounding each airport. The study assessed changes in pollutant concentrations at these SPOs 
during downwind conditions and compared them to concentrations recorded during other wind 
directions. Hourly time series data for NO2, PM2.5, and O3 concentrations in 2023 were analysed for 
each airport. The analysis was performed separately for each of the eight wind sectors around the 
airports. 

An example is illustrated in Figure 4.1 for the airport of Madrid airport (MAD). This airport has three 
SPOs located in the southern (S) wind sector relative to the airport. All three SPOs provided valid NO2 
data, while only one had valid PM2.5 data. For these SPOs, the distribution of pollutant concentrations 
was compared under three conditions: when the wind was blowing from the airport (green line), 
when it was not (blue line), and across all wind directions (red line). In 2023, the wind blew from the 
airport toward these SPOs 29% of the time, making it the predominant wind direction for that year. 
During these downwind conditions, the frequency of NO2 concentrations exceeding 20 µg/m³ 
increased compared to other wind directions. When considering all SPOs in the same wind sector up 
to a distance of 10 km, the median NO2 concentration rose by approximately 80%, from 16 µg/m³ 
(non-airport wind directions) to 31 µg/m³ (from the airport). For PM2.5 in the same wind sector, only 
one SPO provided data. A smaller increase was observed: the median PM2.5 concentration rose by 
38%, from 8 µg/m³ (non-airport wind directions) to 11 µg/m³ (from the airport). These differences in 
pollutant concentration distributions suggest a potential impact of airport emissions on air quality in 
specific areasτsuch as the southern sector of Madrid airport. However, it is important to note that 
ǘƘƛǎ ŀƴŀƭȅǎƛǎ ŘƻŜǎ ƴƻǘ ǇǊƻǾƛŘŜ ŀ ǇǊŜŎƛǎŜ ŜǎǘƛƳŀǘŜ ƻŦ ǘƘŜ ŀƛǊǇƻǊǘΩǎ ŎƻƴǘǊƛōǳǘƛƻƴΣ ŀǎ ƛǘ Ŏŀƴƴƻǘ ƛǎƻƭŀǘŜ 
emissions from other regional pollution sources. 

Figure 4.1 Distribution of hourly NO2 (left) and PM2.5 (right) concentrations for SPOs (three for NO2, 
one for PM2.5) located in the southern (S) wind sector relative to the airport of Madrid 
(MAD)Φ ¢ƘǊŜŜ ŘƛǎǘǊƛōǳǘƛƻƴǎ ŀǊŜ ǎƘƻǿƴΣ ŦƻǊ άŀƭƭέ ǿƛƴŘ ŘƛǊŜŎǘƛƻƴǎ ό²5ύΣ ŦƻǊ ²5 άŦǊƻƳ 
airǇƻǊǘέ ŀƴŘ ŦƻǊ ²5 άƴƻǘ ŦǊƻƳ airǇƻǊǘέΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ƘƻǳǊƭȅ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǾŀƭǳŜǎ όІ 
records) for each distribution is indicated in the legend. 
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Table 4.1 ǇǊŜǎŜƴǘǎ ǘƘŜ ŎŀǎŜǎ ǿƘŜǊŜ ƳŜŘƛŀƴ bhі ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀǘ {thǎ ƭƻŎŀǘŜŘ ǿƛǘƘƛƴ мл ƪƳ ƻŦ 
selected European airports increased by more than 10% when the wind was blowing from the airport 
toward the monitoring SPOs. Among the 23 airports analysed, 18 exhibited at least one wind sector 
with an increase above this threshold. The table summarizes these variations by wind sector, wind 
frequency, distance range, and the difference in median concentrations between downwind and non-
downwind conditions. For each airport and wind sector where SPOs reported data for 2023, the 
following parameters are reported: Wind Frequency (%) (the proportion of time during 2023 that the 
wind blew from the specified sector toward the SPOs); Distance Range (km) between the airport and 
the SPOs, grouped into two ranges 0ς5 km and 5ς10 km; Number of SPOs (#) with valid NO2 data in 
the given sector; Median Concentrations (µg/m³) reported separately for conditions when the wind 
ǿŀǎ ōƭƻǿƛƴƎ ŦǊƻƳ ǘƘŜ ŀƛǊǇƻǊǘ ǘƻǿŀǊŘ ǘƘŜ {thǎ όά²ƛƴŘ ŦǊƻƳ ŀƛǊǇƻǊǘέύ ŀƴŘ ǿƘŜƴ ƛǘ ǿŀǎ ƴƻǘ όά²ƛƴŘ ƴƻǘ 
ŦǊƻƳ ŀƛǊǇƻǊǘέύ; The relative (%) increase in median NO2 concentrations under downwind conditions 
compared to non-downwind conditions. 

The difference in median concentrations varies substantially across airports and wind sectors, ranging 
from 14% (Zurich, SE) to 143% (Lisbon, W). Several airports exhibit increases above 80%, notably 
Lisbon (W 143% and NW 100%), Amsterdam (N 113%), but also Paris (CDG), Rome, Madrid and 
Brussels. ¢ƘŜ ǿƛƴŘ ŦǊŜǉǳŜƴŎȅ ƛƴ ǘƘŜǎŜ ŎŀǎŜǎ ƛǎ ƴƻǘ ŀƭǿŀȅǎ ǘƘŜ ƘƛƎƘŜǎǘΤ ŘƛŦŦŜǊŜƴŎŜǎ ƛƴ bhі 
concentrations were also observed in wind sectors with relatively low wind frequency, such as those 
in Lisbon, Paris (CDG), and BrusseƭǎΦ aŜŘƛŀƴ bhі ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀōƻǾŜ нл ҡƎκƳшΣ ǊŜŀŎƘƛƴƎ ǳǇ ǘƻ пн 
µg/m³ (Lisbon), were recorded in only nine wind sectors of seven airports when the air was not 
coming from the airport (Lisbon, Warsaw, Milan in two wind sectors, Frankfurt, Hamburg, Dublin in 
two wind sectors, and Madrid). This number increased to 25 wind sectors of 13 airports when the air 
was coming from the airport, with concentrations reaching up to 48 µg/m³ (Lisbon). The airports of 
Amsterdam and aŀŘǊƛŘ ŎƻƴǎƛǎǘŜƴǘƭȅ ǎƘƻǿ ŜƭŜǾŀǘŜŘ bhі ŎƻƴŎentrations under downwind conditions 
across multiple sectors and at different distance ranges (0ς5 km and 5ς10 km). 

Similarly, Table 4.2 presents the cases where median PM2.5 concentrations at SPOs located within 20 
km of selected European airports increased by more than 10% when the wind was blowing from the 
airport toward the monitoring SPOs. Of the 23 airports analysed, 15 showed at least one wind sector 
where PM2.5 concentrations increased by more than 10%. The difference in PM2.5 median 
concentrations varies substantially across airports and wind sectors, ranging from 11% (Paris ORY, N) 
to 57% (Brussels, W). Only few airports exhibit increases above 50%, notably Brussels (W and NW 
from 50% to 57%), Frankfurt (W 54%), Helsinki (W 51%) and Prague (NW 50%). Median PM2.5 
concentrations above 10 µg/m³, reaching up to 15 µg/m³ (Bucharest), were recorded in only seven 
wind sectors of six airports when the air was not coming from the airport (Bucharest, Warsaw in two 
wind sectors, Athens, Dusseldorf, Paris (ORY), and Berlin). This number increased to 15 wind sectors 
of 11 airports when the air was coming from the airport, with concentrations reaching up to 19 µg/m³ 
(Bucharest). The airports of Berlin, Brussels, Frankfurt, Helsinki, Madrid, Paris (CDG), and Vienna 
consistently show increased PM2.5 concentrations under downwind conditions across multiple sectors 
and at different distance ranges (0ς5 km, 5ς10 km, and 10-20 km). 

Table 4.3 presents the cases where median O3 concentrations at SPOs located within 50 km of 
selected European airports increased by more than 10% when the wind was blowing from the airport 
toward the monitoring SPOs. Of the 23 airports analysed, 17 airports exhibited at least one wind 
sector with an O3 increase exceeding 10%. The difference in O3 median concentrations varies 
substantially across airports and wind sectors, ranging from 11% (Hamburg SW, Milan S and Madrid 
SW) to 95% (Rome, E). Only few airports exhibit increases above 50%, notably Rome (E 95% and NE 
64%), Barcelona (NW 85%, N from 60% to 72%) and Milan (NW 51%). Median PM2.5 concentrations 
above 60 µg/m³, reaching up to 72 µg/m³ (Athens), were recorded in only eight wind sectors of six 
airports when the air was not coming from the airport (Athens, Barcelona in two wind sectors, Rome, 
Prague Lisbon in two wind sectors and Madrid). This number increased to 46 wind sectors of 15 
airports when the air was coming from the airport, with concentrations reaching up to 89 µg/m³ 
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(Athens). Several airports consistently show increased O3 concentrations under downwind conditions 
across multiple sectors and at different distance ranges (0ς5 km, 5ς10 km, 10ς20 km and 20ς50 km). 

The detailed analysis has been conducted for all airports and wind directions where measurement 
data were available. A summary for each airport and for each pollutant is presented in Table 4.4, 
while the detailed results are presented in Annex 1.  
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Table 4.1: Variation in median NO2 concentrations at monitoring sampling points (SPOs) located 
within 10 km of selected European airports, stratified by wind sector and distance from 
the airport. The table includes only cases where the median concentration under 
downwind conditions (wind from the airport toward the SPOs) was more than 10% 
higher than under non-downwind conditions. For each case, wind frequency, distance 
range, number of SPOs, and the percentage difference in medians are reported.  

 

  

Wind from 
airport

Wind not form 
airport

Amsterdam (AMS) N 16.3 % NO2 0-5 1 26.60 12.50 113 %
Amsterdam (AMS) NW 8.6 % NO2 0-5 1 21.30 10.80 97 %
Amsterdam (AMS) N 16.3 % NO2 5-10 1 18.00 9.20 96 %
Amsterdam (AMS) S 6.3 % NO2 0-5 1 14.10 11.50 23 %
Barcelona (BCN) W 8.3 % NO2 5-10 2 14.00 10.00 40 %
Berlin (BER) SW 9.7 % NO2 5-10 1 8.96 7.31 23 %
Brussels (BRU) NW 5.1 % NO2 5-10 3 18.00 10.00 80 %
Brussels (BRU) NE 32.1 % NO2 0-5 2 15.00 10.00 50 %
Brussels (BRU) W 7.5 % NO2 5-10 2 21.50 15.50 39 %
Copenhagen (CPH) NW 13.5 % NO2 5-10 1 23.43 18.43 27 %
Dublin (DUB) SW 6.0 % NO2 5-10 1 35.14 20.63 70 %
Dublin (DUB) S 4.6 % NO2 5-10 4 31.18 20.44 53 %
Dublin (DUB) SE 9.1 % NO2 5-10 2 19.67 16.87 17 %
Dusseldorf (DUS) NW 13.2 % NO2 5-10 1 26.22 19.76 33 %
Dusseldorf (DUS) SW 13.4 % NO2 5-10 1 20.68 18.50 12 %
Frankfurt (FRA) W 6.6 % NO2 5-10 1 20.50 12.59 63 %
Frankfurt (FRA) N 23.4 % NO2 5-10 1 29.42 24.29 21 %
Hamburg (HAM) N 8.0 % NO2 5-10 1 36.88 21.61 71 %
Lisbon (LIS) W 6.1 % NO2 5-10 1 24.80 10.20 143 %
Lisbon (LIS) NW 1.9 % NO2 5-10 1 19.80 9.90 100 %
Lisbon (LIS) SW 13.3 % NO2 5-10 2 33.70 17.90 88 %
Lisbon (LIS) NW 1.9 % NO2 0-5 1 20.50 14.70 39 %
Lisbon (LIS) S 16.7 % NO2 5-10 1 47.90 41.70 15 %
Madrid (MAD) S 29.4 % NO2 0-5 2 37.00 20.00 85 %
Madrid (MAD) S 29.4 % NO2 5-10 1 33.00 18.00 83 %
Madrid (MAD) NW 9.2 % NO2 5-10 1 20.00 14.00 43 %
Madrid (MAD) W 4.7 % NO2 5-10 1 20.00 15.00 33 %
Madrid (MAD) SE 9.4 % NO2 5-10 1 19.00 15.00 27 %
Milan (LIN) S 12.5 % NO2 5-10 1 33.24 26.45 26 %
Milan (LIN) NE 13.3 % NO2 5-10 1 28.27 22.70 25 %
Paris (CDG) W 4.7 % NO2 5-10 1 24.25 12.65 92 %
Paris (CDG) S 14.3 % NO2 5-10 1 16.70 14.80 13 %
Paris (ORY) N 13.9 % NO2 5-10 1 19.80 15.00 32 %
Rome (FCO) SW 18.7 % NO2 0-5 1 17.79 9.35 90 %
Rome (FCO) S 12.2 % NO2 0-5 1 23.73 19.24 23 %
Vilnius (VNO) N 21.1 % NO2 0-5 1 15.30 11.85 29 %
Vilnius (VNO) NW 13.3 % NO2 5-10 1 12.24 10.71 14 %
Warsaw (WAW) NW 19.3 % NO2 5-10 1 22.40 13.80 62 %
Warsaw (WAW) W 9.6 % NO2 5-10 1 17.85 13.30 34 %
Warsaw (WAW) NE 12.2 % NO2 5-10 1 46.85 38.00 23 %
Zurich (ZRH) SE 16.2 % NO2 5-10 1 19.16 11.41 68 %
Zurich (ZRH) S 10.5 % NO2 5-10 4 16.51 14.49 14 %

Difference 
medians

Median Concentration

Airport
Wind 

Sector
Wind 

Frequency
Pollutant

Distance 
Range 
(km)

# SPOs
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Table 4.2: Variation in median PM2.5 concentrations at monitoring sampling points (SPOs) located 
within 20 km of selected European airports, stratified by wind sector and distance from 
the airport. The table includes only cases where the median concentration under 
downwind conditions (wind from the airport toward the SPOs) was more than 10% 
higher than under non-downwind conditions. For each case, wind frequency, distance 
range, number of SPOs, and the percentage difference in medians are reported.   

 

  

Wind from 
airport

Wind not form 
airport

Amsterdam (AMS) W 8.9 % PM2.5 10-20 1 9.69 6.81 42 %
Athens (ATH) NW 3.1 % PM2.5 10-20 2 14.00 12.00 17 %
Berlin (BER) SW 9.7 % PM2.5 5-10 1 9.11 7.09 29 %
Berlin (BER) NW 10.1 % PM2.5 10-20 8 11.87 9.54 24 %
Berlin (BER) N 10.1 % PM2.5 10-20 1 11.75 10.10 16 %
Brussels (BRU) SW 11.4 % PM2.5 10-20 3 10.50 7.00 50 %
Brussels (BRU) W 7.5 % PM2.5 10-20 1 10.85 7.10 53 %
Brussels (BRU) W 7.5 % PM2.5 5-10 2 12.85 8.20 57 %
Brussels (BRU) NW 5.1 % PM2.5 5-10 1 8.93 7.05 27 %
Bucharest (OTP) NE 16.4 % PM2.5 5-10 1 19.37 15.49 25 %
Dusseldorf (DUS) SW 13.4 % PM2.5 5-10 1 12.30 10.82 14 %
Frankfurt (FRA) SE 5.0 % PM2.5 10-20 2 7.60 6.55 16 %
Frankfurt (FRA) W 6.6 % PM2.5 10-20 1 9.86 6.39 54 %
Frankfurt (FRA) W 6.6 % PM2.5 5-10 1 8.73 6.39 37 %
Helsinki (HEL) S 10.7 % PM2.5 10-20 2 5.52 4.54 22 %
Helsinki (HEL) SW 13.4 % PM2.5 10-20 1 5.07 4.14 23 %
Helsinki (HEL) W 8.8 % PM2.5 10-20 1 4.35 2.87 51 %
Lisbon (LIS) W 6.1 % PM2.5 10-20 1 8.90 6.90 29 %
Madrid (MAD) SE 9.4 % PM2.5 5-10 1 9.00 8.00 13 %
Madrid (MAD) S 29.4 % PM2.5 5-10 1 11.00 8.00 38 %
Madrid (MAD) W 4.7 % PM2.5 5-10 1 8.00 7.00 14 %
Paris (CDG) SW 13.0 % PM2.5 10-20 2 11.70 8.30 41 %
Paris (CDG) W 4.7 % PM2.5 5-10 1 9.65 7.80 24 %
Paris (CDG) NW 7.3 % PM2.5 10-20 1 7.80 5.50 42 %
Paris (ORY) SW 14.6 % PM2.5 10-20 1 12.40 10.40 19 %
Paris (ORY) N 13.9 % PM2.5 10-20 5 9.70 8.70 11 %
Prague (PRG) SE 10.1 % PM2.5 10-20 1 9.00 8.00 13 %
Prague (PRG) NW 8.8 % PM2.5 10-20 1 12.00 8.00 50 %
Vienna (VIE) W 4.9 % PM2.5 10-20 1 9.73 7.39 32 %
Vienna (VIE) NW 16.9 % PM2.5 5-10 3 9.54 7.00 36 %
Vienna (VIE) NW 16.9 % PM2.5 10-20 5 10.27 7.63 35 %
Vienna (VIE) N 11.0 % PM2.5 10-20 1 9.31 7.10 31 %
Warsaw (WAW) NW 19.3 % PM2.5 5-10 1 17.60 13.80 28 %
Warsaw (WAW) N 10.9 % PM2.5 10-20 1 13.50 12.10 12 %

Difference 
medians

Median Concentration

Airport
Wind 

Sector
Wind 

Frequency
Pollutant

Distance 
Range 
(km)

# SPOs
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Table 4.3: Variation in median O3 concentrations at monitoring sampling points (SPOs) located 
within 50 km of selected European airports, stratified by wind sector and distance from 
the airport. The table includes only cases where the median concentration under 
downwind conditions (wind from the airport toward the SPOs) was more than 10% 
higher than under non-downwind conditions. For each case, wind frequency, distance 
range, number of SPOs, and the percentage difference in medians are reported.    

  

Wind from 
airport

Wind not form 
airport

Amsterdam (AMS) S 6.3 % O3 10-20 1 66.04 52.55 26 %
Amsterdam (AMS) SE 9.6 % O3 10-20 1 57.20 47.42 21 %
Amsterdam (AMS) SW 13.5 % O3 20-50 6 62.20 50.46 23 %
Amsterdam (AMS) SE 9.6 % O3 20-50 3 62.09 50.58 23 %
Amsterdam (AMS) S 6.3 % O3 20-50 1 61.74 51.08 21 %
Athens (ATH) SW 24.4 % O3 5-10 1 89.50 72.00 24 %
Athens (ATH) W 8.5 % O3 20-50 4 72.00 50.00 44 %
Barcelona (BCN) N 7.4 % O3 0-5 1 83.00 52.00 60 %
Barcelona (BCN) W 8.3 % O3 5-10 2 73.00 62.00 18 %
Barcelona (BCN) NW 7.3 % O3 10-20 1 74.00 40.00 85 %
Barcelona (BCN) N 7.4 % O3 10-20 3 84.00 69.00 22 %
Barcelona (BCN) NE 21.1 % O3 10-20 1 59.00 49.00 20 %
Barcelona (BCN) N 7.4 % O3 20-50 2 79.00 46.00 72 %
Barcelona (BCN) W 8.3 % O3 20-50 1 69.00 53.00 30 %
Barcelona (BCN) NE 21.1 % O3 20-50 2 72.00 57.00 26 %
Berlin (BER) SE 7.8 % O3 5-10 1 62.56 52.66 19 %
Brussels (BRU) SW 11.4 % O3 10-20 2 59.50 51.50 16 %
Brussels (BRU) S 6.5 % O3 20-50 1 61.00 53.00 15 %
Brussels (BRU) SE 7.7 % O3 20-50 1 64.00 56.50 13 %
Bucharest (OTP) SW 22.2 % O3 5-10 1 42.66 36.34 17 %
Dusseldorf (DUS) SE 6.7 % O3 20-50 2 64.65 53.97 20 %
Frankfurt (FRA) NE 26.4 % O3 5-10 1 53.34 46.85 14 %
Frankfurt (FRA) SE 5.0 % O3 10-20 1 56.64 50.03 13 %
Frankfurt (FRA) E 7.9 % O3 20-50 2 60.15 51.30 17 %
Hamburg (HAM) E 17.7 % O3 5-10 1 60.94 48.31 26 %
Hamburg (HAM) SE 14.4 % O3 10-20 1 63.21 53.70 18 %
Hamburg (HAM) SE 14.4 % O3 20-50 1 64.26 56.64 13 %
Hamburg (HAM) SW 10.9 % O3 20-50 1 62.02 56.03 11 %
Lisbon (LIS) SE 34.7 % O3 0-5 1 65.00 55.00 18 %
Lisbon (LIS) SE 34.7 % O3 10-20 1 71.00 62.00 15 %
Lisbon (LIS) SE 34.7 % O3 20-50 2 70.00 60.00 17 %
Madrid (MAD) SW 7.8 % O3 0-5 1 70.00 61.00 15 %
Madrid (MAD) SW 7.8 % O3 5-10 1 65.00 56.00 16 %
Madrid (MAD) E 9.0 % O3 10-20 1 71.00 55.00 29 %
Madrid (MAD) SW 7.8 % O3 10-20 5 63.00 56.00 13 %
Madrid (MAD) E 9.0 % O3 20-50 1 67.50 50.00 35 %
Madrid (MAD) NE 17.6 % O3 20-50 1 69.00 59.00 17 %
Madrid (MAD) SW 7.8 % O3 20-50 7 63.00 57.00 11 %
Milan (LIN) NW 12.1 % O3 0-5 1 62.36 48.30 29 %
Milan (LIN) W 16.1 % O3 5-10 1 60.75 54.93 11 %
Milan (LIN) NW 12.1 % O3 10-20 1 65.68 44.76 47 %
Milan (LIN) N 11.4 % O3 10-20 2 53.88 41.66 29 %
Milan (LIN) NW 12.1 % O3 20-50 3 66.13 43.75 51 %
Milan (LIN) N 11.4 % O3 20-50 5 67.32 55.86 21 %
Paris (ORY) W 5.6 % O3 20-50 1 68.85 58.70 17 %
Prague (PRG) E 12.9 % O3 5-10 1 62.80 56.30 12 %
Prague (PRG) E 12.9 % O3 10-20 3 57.70 50.50 14 %
Prague (PRG) SW 5.9 % O3 20-50 1 79.00 63.40 25 %
Rome (FCO) N 9.0 % O3 5-10 1 79.59 67.37 18 %
Rome (FCO) NE 11.5 % O3 10-20 2 67.03 47.24 42 %
Rome (FCO) E 15.5 % O3 20-50 2 79.99 40.94 95 %
Rome (FCO) NE 11.5 % O3 20-50 4 64.14 39.14 64 %
Warsaw (WAW) E 26.5 % O3 10-20 1 49.42 43.40 14 %
Zurich (ZRH) E 14.3 % O3 10-20 1 61.07 48.76 25 %
Zurich (ZRH) E 14.3 % O3 20-50 1 66.71 58.69 14 %

Difference 
medians

Median Concentration

Airport
Wind 

Sector
Wind 
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(km)
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Table 4.4: Summary for all airports with main percentage changes in median NO2, PM2.5 and O3 concentrations for measurements when air is blowing 
from the airport 

Airport NO2 PM2.5 O3 Maps and 
figures 

Amsterdam (AMS) Data available in 4 wind sectors. 
Increase detected in 3 sectors from 
23% (S) to 113% (N). 

Data available in 4 wind sectors. 
Increase detected in 2 sectors, from 
3% (N) to 42% (W). 

Data available in 6 wind sectors. 
Increase detected in 3 sectors, from 
21% (SE) to 26% (S). 

Annex 1.1 

Athens (ATH) Data available in 1 wind sectors (SW). 
No increase detected. 

Data available in 2 wind sectors. 
Increase detected in 2 sectors, 7% 
(W) to 17% (NW). 

Data available in 3 wind sectors. 
Increase detected in 3 sectors, from 
6% (NW) to 44% (W). 

Annex 1.2 

Barcelona (BCN) Data available in 3 wind sectors. 
Increase detected in 1 sector, 40% 
(W). 

Data not available. Data available in 5 wind sectors. 
Increase detected in 5 sectors, from 
18% (W) to 85% (NW). 

Annex 1.3 

Berlin (BER) Data available in 2 wind sectors. 
Increase detected in 1 sector, 23% 
(SW). 

Data available in 5 wind sectors. 
Increase detected in 3 sectors, from 
16% (N) to 29% (SW). 

Data available in 6 wind sectors. 
Increase detected in 2 sectors, 5% 
(W) and 19% (SE). 

Annex 1.4 

Brussels (BRU) Data available in 3 wind sectors. 
Increase detected in 3 sectors from 
39% (W) to 80% (NW). 

Data available in 5 wind sectors. 
Increase detected in 3 sectors, from 
27% (NW) to 57% (W). 

Data available in 6 wind sectors. 
Increase detected in 4 sectors, from 
6% (W) to 16% (SW). 

Annex 1.5 

Bucharest (OTP) Data available in 1 wind sectors (SW). 
No increase detected. 

Data available in 5 wind sectors. 
Increase detected in 1 sector, 25% 
(NE). 

Data available in 3 wind sectors. 
Increase detected in 2 sectors, 5% (S) 
and 17% (NWW). 

Annex 1.6 

Copenhagen (CPH) Data available in 1 wind sector (NW) 
with 27% increase detected. 

Data available in 1 wind sector (NW) 
with 8% Increase detected. 

Data available in 4 wind sectors. 
Increase detected in 2 sectors, 4% 
(NW) and 6% (E). 

Annex 1.7 

Dublin (DUB) Data available in 4 wind sectors. 
Increase detected in 3 sectors from 
17% (SE) to 70% (SW). 

Data available in 5 wind sectors. 
Increase detected in 1 sector, 25% 
(NE). 

Data available in 2 wind sectors. No 
increase detected. 

Annex 1.8 
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Dusseldorf (DUS) Data available in 4 wind sectors. 
Increase detected in 2 sectors from 
12% (SW) to 33% (NW). 

Data available in 5 wind sectors. 
Increase detected in 3 sectors, from 
8% (S and NW) to 14% (SW). 

Data available in 8 wind sectors. 
Increase detected in 4 sectors, from 
6% (NE) to 20% (SE). 

Annex 1.9 

Frankfurt (FRA) Data available in 2 wind sectors. 
Increase detected in 2 sectors, 21% 
(N) to 63% (W). 

Data available in 4 wind sectors. 
Increase detected in 2 sectors, 16% 
(SE) and 54% (W). 

Data available in 6 wind sectors. 
Increase detected in 3 sectors, from 
8% (SE) to 17% (E). 

Annex 1.10 

Hamburg (HAM) Data available in 4 wind sectors. 
Increase detected in 1 sector, 71% 
(N). 

Data available in 2 wind sectors. No 
increase detected. 

Data available in 6 wind sectors. 
Increase detected in 3 sectors, from 
11% (SW) to 26% (E). 

Annex 1.11 

Helsinki (HEL) Data available in 1 wind sector (SE). 
No increase detected. 

Data available in 4 wind sectors. 
Increase detected in 3 sectors, from 
22% (S) and 51% (W). 

Data available in 4 wind sectors. 
Increase detected in 1 sector, 8% (E). 

Annex 1.12 

Lisbon (LIS) Data available in 5 wind sectors. 
Increase detected in 4 sectors from 
15% (S) to 143% (W). 

Data available in 3 wind sectors (W) 
with 29% increase detected. 

Data available in 8 wind sectors. 
Increase detected in 4 sectors, from 
5% (S and W) to 15% (SE). 

Annex 1.13 

Madrid (MAD) Data available in 5 wind sectors. 
Increase detected in 4 sectors from 
27% (SE) to 85% (S). 

Data available in 7 wind sectors. 
Increase detected in 3 sectors, from 
13% (SE) to 38% (S). 

Data available in 8 wind sectors. 
Increase detected in 3 sectors, from 
8% (NE) to 35% (E). 

Annex 1.14 

Milan (LIN) Data available in 4 wind sectors. 
Increase detected in 2 sectors, 25% 
(NE) and 26% (S). 

Data not available. Data available in 8 wind sectors. 
Increase detected in 3 sectors, from 
11% (W) to 51% (NW). 

Annex 1.15 

Paris (CDG) Data available in 2 wind sectors. 
Increase detected in 2 sectors, 13% 
(S) and 92% (W). 

Data available in 3 wind sectors. 
Increase detected in 3 sectors, from 
24% (W) to 42% (NW). 

Data available in 7 wind sectors. 
Increase detected in 2 sectors, 7% (S 
and SW). 

Annex 1.16 

Paris (ORY) Data available in 2 wind sectors. 
Increase detected in 2 sectors, 4% (E) 
and 32% (N). 

Data available in 2 wind sectors. 
Increase detected in 2 sectors, 6% 
(N) and 19% (SW). 

Data available in 8 wind sectors. 
Increase detected in 3 sectors, from 
7% (SW) to 17% (W). 

Annex 1.17 
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Prague (PRG) Data available in 1 wind sectors (E). 
No increase detected. 

Data available in 3 wind sectors. 
Increase detected in 2 sectors, 13% 
(SE) and 50% (NW). 

Data available in 5 wind sectors. 
Increase detected in 3 sectors, from 
8% (SE) to 25% (SW). 

Annex 1.18 

Rome (FCO) Data available in 3 wind sectors. 
Increase detected in 2 sectors, 23% 
(S) and 90% (SW). 

Data not available. Data available in 5 wind sectors. 
Increase detected in 4 sectors, from 
2% (NW) to 95% (E). 

Annex 1.19 

Vienna (VIE) Data available in 1 wind sectors (NW). 
No increase detected. 

Data available in 3 wind sectors. 
Increase detected in 3 sectors, from 
31% (N) to 36% (NW). 

Data available in 8 wind sectors. 
Increase detected in 3 sectors, from 
3% (E and NW) to 10% (S). 

Annex 1.20 

Vilnius (VNO) Data available in 2 wind sectors. 
Increase detected in 2 sectors, 14% 
(NW) and 29% (N). 

Data not available. Data available in 2 wind sectors. No 
increase detected. 

Annex 1.21 

Warsaw (WAW) Data available in 4 wind sectors. 
Increase detected in 3 sectors, from 
23% (NE) to 62% (NW). 

Data available in 6 wind sectors. 
Increase detected in 2 sectors, 12% 
(N) and 28% (NW). 

Data available in 5 wind sectors. 
Increase detected in 2 sectors, 10% 
(S) and 14% (E). 

Annex 1.22 

Zurich (ZRH) Data available in 2 wind sectors. 
Increase detected in 2 sectors, 14% 
(S) and 68% (SE). 

Data not available. Data available in 4 wind sectors. 
Increase detected in 2 sectors, 3% 
(SW) to 25% (E). 

Annex 1.23 
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4.2 Analysis based on the EEA air quality maps 

Most of the airports analysed do not have air quality SPOs inside the airport areas. Furthermore, most 
of the SPOs in the nearby cities are too sparse and often not located downwind of the airports. Thus, 
it was difficult to derive strong conclusions from the previous analysis based uniquely on 
measurements. The analysis of the EEA air quality maps (Horalek et al, 2025) may represent better 
the differences between NO2, PM2.5 and O3 concentrations in airports compared to the nearby cities 
and regional background levels. The EEA air quality maps are created as a data fusion between a 
chemistry transport model simulation, thus considering the impact of meteorology for a specific year, 
measurements reported by the EEA members and cooperating countries and other ancillary data, 
such as land cover. The maps are used to downscale the model results, which have a rather coarse 
resolution, to a finer resolution of 1 km by 1km, and better geographical distribution of pollutants 
concentrations. 

The EEA air quality maps give also the possibility to show a comparison between the mean 
concentrations in airports and area-weighted mean concentrations for different land covers (i.e. the 
sum of the concentrations multiplied by the area fraction covered by a specific land cover class, 
divided by the total area of that land cover). The land cover classes which are used as ancillary data 
to create the maps are listed in Table 2.2, and are also based on the CORINE CLC 2018 dataset used 
in this study to identify the airport areas (CLC code 124). The airport areas in the EEA air quality maps 
are included in a new class, traffic (TRAF), which includes the codes 122-124, road and rail networks 
and associated land, ports and airports. One example of more detailed comparisons is presented in 
Figure 4.2  for the airport where the largest NO2 concentrations were identified in airport areas and 
above the LV2030 for NO2 (20 µg/m³) annual mean concentrations set by the revised directive (EU, 
2024) to be attained by 2030. The NO2 annual mean concentration over the airport of Milan (LIN) is 
24.7 µg/m³ compared to an annual mean of 16.8 µg/m³ in the surrounding region, but slightly larger 
than area weighted mean concentrations over traffic (TRAF), low-density residential (LDR) and 
industrial (IND) areas, lower than area weighted mean concentrations over high-density residential 
areas (HDR). The maps of annual mean NO2, PM2.5 and O3 peak concentrations along with 
comparisons between the mean concentrations over airport areas and mean area-weight 
concentrations across different land cover classes are provided for each airport in Annex 1.   

Figure 4.2: EEA air quality map of NO2 concentrations in Milan (LIN) airport and box-plot 
distribution of the concentrations over the port (grey shaded grid cells), compared to 
the surrounding region and area-weighted means for different land cover classes (Table 
2.2) 
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The differences between annual mean concentrations over airport areas compared to the 
surrounding regions are presented in Figure 4.3 for NO2, Figure 4.4 for PM2.5 and Figure 4.5 for O3 
peak season. The «Airport» concentrations are calculated as the mean concentrations of all the grid 
cells, in the 1 km x 1 km air quality map, which are intersecting or within 1 km from the airport area 
polygons. The «Non airport» concentrations are calculated as the mean concentrations over all other 
grid cells around the port over a region within 0.5 degrees latitude (approximatively 50 km) × 0.5 
degrees longitude (approximatively 45 km at 35֙N and 28 km at 60֙N). 

NO2 concentrations in άAirpƻǊǘέ ŀǊŜŀǎ ǿŜǊŜ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŜ άNon airǇƻǊǘέ ǊŜƎƛƻƴŀƭ ƭŜǾŜƭǎ ŦƻǊ ŀƭƭ ǘƘŜ 
airports analysed (Figure 4.3a), except in Rome (difference below 1 µg/m3). The differences in annual 
mean NO2 concentrations ranges from 1.3 µg/m3 (Athens, ATH) to 13.4 µg/m3 (Lisbon, LIS). The 
differences were above 10 µg/m3 in two airports, Lisbon (LIS) and Madrid (MAD). The annual mean 
NO2 concentrations were above 20 µg/m3 (the LV2030 for the protection of human health set in the 
revised directive (EU, 2024), to be attained by 1/1/2030) in one airport, Milan (LIN) with 24.7 µg/m3. 
Other airports which are very close to this LV2030 were 20.0 µg/m3 in Lisbon (LIS) and 18.2 µg/m3 in 
Madrid (MAD). When compared to mean area-weighted concentrations over different land cover 
classes (Figure 4.3b), only the airport of Lisbon (LIS) showed higher concentrations than high-density 
residential (HDR) area. Nine airports, Milan (LIN), Lisbon (LIS), Madrid (MAD), Dusseldorf (DUS), Paris 
(ORY), Warsaw (WAW), Hamburg (HAM) and Frankfurt (FRA) showed higher NO2 concentrations 
compared to both industry (IND) and traffic (TRAF) land cover classes.   

PM2.5 ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƛƴ άAirpƻǊǘέ ŀǊŜŀǎ ǿŜǊŜ ƭŀǊƎŜǊ ǘƘŀƴ ǘƘŜ άbƻƴ airǇƻǊǘέ ǊŜƎƛƻƴŀƭ ƭŜǾŜƭǎ ŦƻǊ 19 of 

the airports analysed (Figure 4.4a). Compared to NO2, the PM2.5 differences were smaller, ranging 

from 0.1 µg/m3 (Berlin, BER) to 2.9 µg/m3 (Warsaw, WAW). Only five airports stand out from the 

others with differences larger than 2 µg/m3, Bucharest (OTP), Lisbon (LIS), Milan (LIN), Madrid (MAD) 

and Warsaw (WAW). The annual mean PM2.5 concentrations were above or equal to 10 µg/m3 (the 

LV2030 for the protection of human health set in the revised directive (EU, 2024) to be attained by 

1/1/2030) in six airports, 19.3 µg/m3 in Milan (LIN), 16.9 µg/m3 in Bucharest (OTP), 15.8 µg/m3 in 

Warsaw (WAW), 13.8 µg/m3 in Athens (ATH), 10.8 µg/m3 in Barcelona (BCN), 10.6 µg/m3 in Rome 

(FCO), Other airports which are very close to this LV2030 (between 9.5 µg/m3and 10 µg/m3) are Madrid 

(MAD), Prague (PRG), Paris (ORY) and Viena (VIE). Figure 4.4b showed that six airports have PM2.5 

concentrations larger than or equal to mean area-weighted concentrations over HDR land cover class, 

Lisbon (LIS), Milan (LIN), Frankfurt (FRA), Madrid (MAD), Dusseldorf (DUS) and Zurich (ZRH). PM2.5 

concentrations in 13 airports were above the mean area-weighted concentrations for both IND and 

TRAF land cover classes.      

O3 peak season ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƛƴ άAirpƻǊǘέ ŀǊŜŀǎ ǿŜǊŜ in general similar to ǘƘŜ άbƻƴ airǇƻǊǘέ ǊŜƎƛƻƴŀƭ 

levels (Figure 4.5a). The differences were ranging from -3.8 µg/m3 (Dublin, DUB) to 4.3 µg/m3 (Rome, 

FCO). The annual mean O3 peak concentrations were ranging between 72.1 µg/m3 and 113.2 µg/m3 

in airport areas, compared to regional levels ranging between of 75.9 µg/m3 and 111.6 µg/m3. O3 peak 

annual mean concentrations are also very similar between different land cover classes (Figure 4.5). 

The O3 peak season concentrations in airports and regional levels are all above the new long-term Air 

vǳŀƭƛǘȅ DǳƛŘŜƭƛƴŜ ό!vDύ ƭŜǾŜƭ ŦƻǊ hї (set to 60 µg/m³; WHO, 2021). The TV2030 for the protection of 

human health set for O3 in the revised directive (EU, 2024), to be attained by 1/1/2030, is the 

maximum daily 8-hour mean of 120 µg/m3 not to be exceeded on more than 18 days per calendar 

year averaged over 3 years.    
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Figure 4.3: Annual mean NO2 concentrations in airport areas όάaŜŀƴ !ƛǊǇƻǊǘέύ and surrounding 
regions (άaŜŀƴ bot in airportέ). The dashed red line represents the LV2030 for NO2 
annual mean concentrations set by the revised directive (EU, 2024).  
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Figure 4.4: Annual mean PM2.5 concentrations in airport areas όάaŜŀƴ !ƛǊǇƻǊǘέύ and surrounding 
regions (άMean Not in airportέ). The dashed red line represents the LV2030 for PM2.5 
annual mean concentrations set by the revised directive (EU 2024).  
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Figure 4.5: Annual mean O3 peak season concentrations in airport areas όάaŜŀƴ !ƛǊǇƻǊǘέύ and 
surrounding regions (άaŜŀƴ bot in airportέ).  The dashed black line represents the WHO 
guideline for O3 peak season concentrations (WHO 2021). 
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5 Differences between air pollution trends in airport areas and nearby cities 

Long-term trends (2005-2021) of air pollutants at European and national level have been studied in 
Gbangou and Colette (2023) by analysing the observations through linear statistics. This dataset was 
extended to cover the period until year 2023. These trends have been investigated to highlight the 
differences of the evolution of NO2, PM2.5 and O3 concentrations in the vicinity of airport areas and 
surrounding regions.  

The number of SPOs with available long timeseries records (2005-2023) were summarized in Table 
3.1 for NO2, Table 3.2 for PM2.5 and Table 3.3 for O3. From one to six SPOs with long-term trend within 
a 10 km radius of the airport were ƛŘŜƴǘƛŦƛŜŘ ŦƻǊ bhі ŀǘ мф ŀƛǊǇƻǊǘǎΦ For PM2.5, from one to seven SPOs 
with long-term trend within a 20 km radius from the airport were identified at 18 airports. For O3, 
from 1 to 25 SPOs with long-term trend within a 50 km radius from the airport were identified in 21 
airports. 

Table 5.1: Number of SPOs, associated airports, and percentage long-term trends for NO2 by 
station type (Background and Traffic) within two distance ranges from airports (0ς5 km 
and 5ς10 km). 

 0 ς 5 km 5 ς 10 km 

SPO type #SPOs #Airports Trend (%) #SPOs #Airports Trend (%) 

Background 22 12 -44.3 20 14 -45.3 

Traffic 10 6 -45.7 24 13 -53.8 

 

As shown in Table 5.1, considering all NO2 background SPOs with long-term trends for all the 23 
airports, significant differences were not found between SPOs near the airports (within 5 km from 
the airport area) and more distant SPOs (from 5 to 10 km), with mean decrease between 2005 and 
2023 around -45%. This analysis is based on about 22 background SPOs within 5 km (in 12 different 
airports), 20 background SPOs between 5 and 10 km (in 14 different airports). Long-term trends at 
traffic SPOs located near airports are comparable to those observed at background SPOs, 
ŀǇǇǊƻȄƛƳŀǘŜƭȅ ҍ46%, although based on a smaller number of SPOs. In contrast, traffic SPOs situated 
ŦŀǊǘƘŜǊ ŦǊƻƳ ŀƛǊǇƻǊǘǎ ŜȄƘƛōƛǘ ŀ ƎǊŜŀǘŜǊ ƳŜŀƴ ǊŜŘǳŎǘƛƻƴΣ ǿƛǘƘ ŀ ǘǊŜƴŘ ƻŦ ҍрп҈Φ Industrial SPOs were 
not considered as only few were identified in the considered distance ranges (two in 0 - 5 km and two 
in the 5 - 10 km).  

Table 5.2: Number of SPOs, associated airports, and percentage long-term trends for PM2.5 by 
station type (Background and Traffic) within three distance ranges from airports (0ς5 
km,  5ς10 km and 10ς20 km). 

 0 ς 5 km 5 ς 10 km 10 ς 20 km 

SPO type #SPOs #Airports Trend 
(%) 

#SPOs #Airports Trend 
(%) 

#SPOs #Airports Trend 
(%) 

Background 10 8 -54.6 6 5 -34.5 31 13 -49.9 

Traffic 3 3 -44.0 6 4 -35.7 13 9 -47.5 

 

Long-term trends in PM2.5 concentrations near airports show substantial reductions across all 
distance ranges and station types, though the robustness of these estimates varies with sample size 
(Table 5.2). Within 0ς5 km, background SPOs exhibit the largest decline όҍрпΦс҈ύ based on 10 SPOs 
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across eight airports, while traffic SPOs show a smaller reduction όҍппΦл҈ύ from only three SPOs at 
three airports, indicating higher uncertainty for traffic sites close to airports. At 5ς10 km, both station 
types display lower decreases όҍопΦр҈ ŦƻǊ ōŀŎƪƎǊƻǳƴŘΣ ҍорΦт҈ ŦƻǊ ǘǊŀŦŦƛŎύ, but challenging to 
interpret due to limited coverage (6 SPOs each). The most extensive dataset is for 10ς20 km, where 
31 background SPOs and 13 traffic SPOs confirm continued reductions όҍпфΦф҈ ŀƴŘ ҍптΦр҈Σ 
respectively), lending greater confidence to these estimates. Overall, while the downward trends are 
consistent and substantial, interpretations for categories with few SPOsτparticularly near airportsτ
should be made cautiously, whereas patterns supported by larger samples are more robust. 

Table 5.3: Number of SPOs, associated airports, and percentage long-term trends for O3 
background SPOs within three distance ranges from airports (0ς5 km, 5ς20 km and 20ς
50 km). 

 0 ς 5 km 5 ς 20 km 20 ς 50 km 

SPO type #SPOs #Airports Trend 
(%) 

#SPOs #Airports Trend 
(%) 

#SPOs #Airports Trend 
(%) 

Background 15 10 23.8.6 67 20 22.7 102 18 15.2 

 

Analysis of long-term trends in O3 concentrations indicates a consistent increase across all distance 
ranges from airports (Table 5.3). Only few traffic SPOs were identified for O3, thus not included in the 
table. Background SPOs located within 0ς5 km of airports exhibit a mean increasing trend of 23.8%, 
while those in the 5ς20 km range show a slightly lower increase of 22.7%. At greater distances (20ς
50 km), the mean trend remains positive but is comparatively lower at 15.2%. The number of SPOs 
and airports is much higher in the intermediate and outer ranges, which may improve statistical 
confidence. TƘŜǎŜ ǊŜǎǳƭǘǎ ǎǳƎƎŜǎǘ ǘƘŀǘ hї ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ƘŀǾŜ ƎŜƴŜǊŀƭƭȅ ǊƛǎŜƴ ƻǾŜǊ ǘƛƳŜΣ ǿƛǘƘ ǘƘŜ 
similar relative increase near the airports (0 ς 5 km) and at intermediate distance (5 ς 20 km).  
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6 Ultra fine particles around European airports 

Ultrafine Particles (UFP) are defined as airborne particles with a diameter less than or equal to 100 
nm, where UFP are measured as the particle number concentrations (PNC) per cubic centimetre for 
a size range with a lower limit of 10 nm and for a size range with no restriction on the upper limit (EU, 
2024). WHO defines UFP as a total PNC with a lower size limit of 10 nm or lower, and an open upper 
end (WHO, 2021). 

UFP are formed in almost any kind of combustion process and are emitted either directly as particles 
or are formed through nucleation and condensation in the plume of the combustion processes. 
Furthermore, UFP are formed in the atmosphere from gaseous precursors (biogenic and 
anthropogenic) as a result of photochemical processes. Particularly high concentrations of UFP occur 
at traffic-polluted sites and in the vicinity of airports, but are also caused by power plants, domestic 
furnaces and small and medium-sized combustion plants. Thus, characteristic for UFP is a high spatial-
temporal variation and consequently different, selectively exposure levels that must be characterised 
and defined. Ultrafine particles are currently mostly measured and described by the total number of 
particles (or particle number concentration, PNC) and particle number size distribution (PNSD) 
(Hellack et al., 2022). Box 6.1 presents a short summary of ongoing research on health outcomes from 
exposure to UFP. 

Box 6.1 UFP and Health 
Compared to larger particles, UFP can penetrate deeper into the lungs, the brain (via the olfactory 
nerve) and presumably even directly into the blood circulation system via the inhalation uptake 
pathway. This results in a possible distribution and deposition of UFP in various organs. 
Consequently, current research indicates that the health impacts of ultrafine particles (UFP) are 
distinct from those associated with fine particulate matter (PM10 or PM2.5). This hypothesis is 
particularly supported by toxicological studies. While the number of epidemiological long-term 
studies has increased in recent years, many still lack sufficient adjustment for confounding 
variables (Hellack et al., 2022). 

The evidence suggests adverse short-term associations with inflammatory and cardiovascular 
changes, which may be at least partly independent of other pollutants. For the other studied health 
outcomes, the evidence on independent health effects of UFP remains inconclusive or insufficient 
(Ohlwein et al., 2019). In the last years, there has been a substantial increase in the number of 
epidemiological studies examining long-term exposure to UFP and health outcomes. These studies 
cover diverse outcomes, though evidence remains sparse for most specific diseases. Positive 
associations have been identified for cardiovascular outcomes (e.g., stroke, hypertension), 
metabolic outcomes (e.g., diabetes, diabetes biomarkers), and inflammatory markers (e.g. 
cancers). However, associations with respiratory (e.g., asthma, lung cancer mortality), neurological 
(e.g., cognitive development), and pregnancy outcomes (e.g., low birth weight) remain unclear and 
warrant further research (preliminary findings from KoPilot study, currently in progress, with 
publication forthcoming, Thoelke, 2024). 

In the latest global air quality guidelines of 2021, the World Health Organization (WHO) considers 
UFP to be a parameter of particular interest, even if the data situation does not support the 
development of an air quality guideline level yet. WHO considers 24-hour-means of PNC below        
1 000 particles/cm3 as άƭƻǿ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎέ, 24-hour-means of PNC above 10 000 particles/cm3 
and 1-hour mean of PNC above 20 000 particles/cm3 as άƘƛƎƘ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ό²IhΣ нлнмύΦ ¢ƘŜ 
European Commission has introduced a measurement requirement for UFP in the revised Directive 
(EU, 2024). This will improve the data situation and allow the characterization of UFP exposure and 
to verify the effects of UFP in epidemiological studies (Hellack et al., 2022). 
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6.1 Sources and distribution of UFP  
In this section it is shown an overview of UFP air concentrations on the current state of air quality in 
European airports and nearby cities. This includes a review of most relevant studies to show how 
emissions from airport activities (e.g. aviation and traffic) can contribute to UFP at the selected 
airport cities. The temporal variability of PNSD and UFP concentrations (PNC) is complex due to 
dynamic processes such as meteorology, emissions and atmospheric processes such as new particle 
formation (NPF), nucleation, evaporation, condensation, coagulation and deposition (Bousiotis et al., 
2021; Yao et al., 2018). 

UFP may have a high spatial and temporal variability in urban areas, as shown by mobile and 
stationary measurements (Trechera et al., 2023; von Schneidemesser et al., 2019). The major factors 
influencing UFP concentrations include time of day, wind direction, wind speed, season, temperature, 
solar radiation (von Bismarck-Osten et al., 2013) and the mixing layer height (Emeis et al., 2008). The 
diurnal trend of UFP from traffic was described to be higher on weekdays with maximum 
concentration of nucleation mode particles (NUC, 5-25 nm), in the morning rush hour (Wehner et al., 
2005). As evidenced from the evaluation of concurrent background and roadside measurements in 
Germany, NPF can contribute up to 30% of the NUC, relative to other sources including residential 
heating and car traffic (Ma and Birmili, 2015). Particles originating from secondary NPF contain 
relevant amounts of sulphate, amines and various organic compounds (Kerminen et al., 2018). 
Airborne measurements suggest that plumes from industrial plants contribute to 10-40% of 
background UFP in Germany (Junkermann et al., 2016). At six European countries (Italy, Ireland, 
France, Finland, Great Britain, and Germany) mobile three-dimensional distributions of power plant 
emissions at altitudes between 200 and 300 m above ground level found very high PNC, above            
100 000 cm-3 at 10 km distance, but no source allocation of its share was performed (Junkermann and 
Hacker, 2018). Several studies discuss the source apportionment of UFP (Garcia-Marlès et al., 2024; 
Hopke et al., 2022; Trechera et al., 2023; Vörösmarty et al., 2024). A review including six studies from 
Europe indicated different sources, mainly traffic. Other sources include secondary inorganic aerosol 
(SIA), between 10 and 40% found in Hopke et al. (2022). In Budapest, among six identified source 
types, road vehicles accounted for the largest share (60%, including solid and vapor phases), followed 
by nucleation processes (24%) and diffuse urban sources, while secondary inorganic aerosols (SIA) 
contributed less than 10% (Vörösmarty et al., 2024).  

From the EU project RI-URBANS a recent study of 18 European sites identified ten different sources 
and factors in urban Europe to PNSD: nucleation (traffic-nucleation and photo nucleation), domestic 
heating, urban and regional background among others. The main contributors were traffic (56% - 
95%) and photonucleation, mostly by NPF, was relevant (4-41%). NPF was attributed to shipping, 
plumes from combustion plants and regional nucleation. A Statistically significant decreasing trend 
for the total traffic--related UFP was found with 2-5 % yr-1 for traffic and urban background (Garcia-
Marlès et al., 2024). 

Aircraft emit a large fraction of the UFP in the size of NUC particles (Brock et al., 2000). These NUC 
particles originated mainly from volatile organic compounds (VOC) emissions (Rivas et al., 2020). In 
the UFP mass fraction, jet engine lubricants were found (Ungeheuer et al., 2021). Airports have been 
identified as a source of elevated UFP, especially in the 10-30 nm range, both in measurements and 
models (Lorentz et al., 2019; Stacey, 2019). Take-off emissions were found to be generally coarser 
(20 nm) than taxiing (12 nm) (Garcia-Marles et al. 2025). Atmospheric observations downwind from 
airports typically show elevated UFP especially in the 10-30 nm range at about 5 ς 10 km changing to 
slightly higher particle diameter in Aitken Mode (30 -100 nm) at more than 20 km distance observed 
from tower measurements, probably due to particle growth over some hours (Harrison et al., 2019; 
Keuken et al., 2015). Numerous observations report an enhancement of UFP in downwind air: Los 
Angeles (USA), 4-fold at 10 km (Hudda et al., 2014); Amsterdam (Netherlands), 3-fold at 7 km (Keuken 
et al., 2015); Boston (USA), 1.6 to 3-fold at 5 km (Hudda et al., 2018); Zurich (Switzerland), using a 
dispersion model, 2 to 10-fold at 3 km (Zhang et al., 2020); London (UK), 10-fold at 1.2 km (Masiol et 
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al., 2017). Other studies used positive matrix factorisation and cluster analysis to determine airport 
contributions to UFP (Hopke et al., 2022; Masiol et al., 2017; Garcia-Marles et al., 2025).  

Data on atmospheric UFP have been collected over time periods long enough to detect trends. Long-
term observations in North America suggest an increase in UFP over time (Chen et al., 2022). In 
Europe, however, a decrease was found (Sun et al., 2020; Trechera et al., 2023). This decrease was 
associated with efforts on air quality control, however the studies did not dive deeper into the 
influence of emissions from aviation. 

6.2 Review of recent European studies regarding UFP at airports 
In this section an overview of UFP measurements found in recent scientific publications and research 
projects is presented. A number of airports in Europe are listed in Table 6.1, for which it was possible 
to find measured values of PNCs. In the table the airports are sorted in alphabetical order, if more 
than one PNC value is available for the same airport (Copenhagen, Frankfurt and Paris), these are 
sorted by ascending distance of the sampling point from the airport.  

Large values of PNC were measured (averages over different time periods, Table 6.1) inside or in the 
very near proximity of the airports (i.e. distance below 1 km). For example, in the airport of 
Copenhagen (CPH) annual mean PNC of 27 000 particles/cm3 was measured. High PNC values were 
measured also in the airport of Paris (CDG), 23 000 and 17 900 particles/cm3, and Zurich (ZRH),             
24 000 particles/cm3. High values were also measured at larger distances from the airport of Brussels 
(BRU), 18 000 particles/cm3 at 2 km distance, and Vienna (VIE), 15 000 particles/cm3 at 2.5 km 
distance. Lower PNC values, below 10 000 particles/cm3, were measured at distances larger than 3 
km, ranging from 5 100 particles/cm3 measured at 3 km from the airport of Berlin (BER) and 9 200 
particles/cm3 measured at 6 km from the airport of Frankfurt (FRA). 

However, it is not possible to directly compare the measured PNC values from different airports as 
long as these measurements are taken at different particle size ranges. Among the studies listed in 
Table 6.1, the lower limit of the size range is varying from 4 nm to 10 nm, while the upper limit is 
varying from 100 nm to 1 000 nm. Only measurements with same lower size range limit and 
preferable similar upper size range limit are comparable. The lower the size range limit is, the higher 
number concentrations are expected. Some caution should also be used when interpreting the 
impact of distance from airports on the UFP concentration levels, as these depends also by the 
location of the monitoring sampling point, in the main wind direction (md) or in a side wind direction 
(sd). More details are provided below for some of the airports in Table 6.1. Some of the 
measurements listed in Table 6.1 were also used to validate, derive or improve models for UFP 
exposure. Model results are useful tools in combination with measurements to estimate exposure at 
different locations around the airport, and to assess the possible contribution to the overall UFP 
concentrations in the region from the airport activities. Some examples of modelling studies are 
provided in Box 6.2.   



 

ETC HE Report 2025/7 52 

Table 6.1: Measurements of UFP (particle number concentrations, PNC) near selected airports in Europe. The size range of the PNC measurements is 
indicated together with distances in km and location (in the main wind direction, md; on side wind direction, sd) of the sampling points from 
the airports.  

Airport PNC in 1/cm³ 
Averaging period Size range 

in nm 

Distance in 

km 

Wind 

direction 
References 

Amsterdam (AMS) 10 000 ς 38 000 
6 months average 

(2017-2018) 
7 -  0.4 ς 5.1 - Vogt et al., 2019, Dinther et al., 2019 

Amsterdam (AMS) 11 700 ς 16 300 
2 months average 

(2021) 
7 -  1.3 ς 5.1 - Tromp et al., 2021 

Amsterdam (AMS) 9 070 2 years average 10 ς 1 000 8 sd Hofman, 2016 

Berlin (BER) 5 100  Annual average 10 - 800 3 sd Winkler et al., 2025 

Brussels (BRU) 18 000 
2 months average 

(2021) 
10 -294 < 1 km md 

Lefebvre et al., 2019; Garcia-Marles et al., 

2025 

Copenhagen (CPH) 27 000   
Annual average 

2023 
7 ς 100 0 - 1 md Ellermann et al., 2024 

Copenhagen (CPH) 11 000 - 19 000 
Annual average 

2023 
7 ς 100 0 - 1 - Ellermann et al., 2024 

Copenhagen (CPH) 5 000 - 8 000 
Annual average 

2023 
7 ς 100 3 - Ellermann et al., 2024 

Frankfurt (FRA) 9 400 2015-2021 10 - 500 6 sd  Gerwig et al., 2025 

Frankfurt (FRA) 13 600 

Annual average 

(May 2023-April 

2024) 

10 - 500 2.5 md HLNUG, 2025 
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Helsinki (HEL) 22 700 
Annual average 

2022 
<10 ς  0 - Korhonen et al, 2023 

Paris (CDG) 23 000 
4 months average 

(Sep-Dec 2024) 
5 - 400 0 - AIRPARIF, 2024 

Paris (CDG) 17 900 
4 months average 

(Sep-Dec 2024) 
5 - 400 1 md AIRPARIF, 2024 

Paris (CDG) 6 200 
4 months average 

(Sep-Dec 2024) 
5 -400 5 md AIRPARIF, 2024 

Paris (CDG) 7 400 
4 months average 

(Sep-Dec 2024) 
5 ς400 10 md AIRPARIF, 2024 

Vienna (VIE) 15 000-16 400 
Annual average 

2022-2024 
4 -300 2.5 - Buxbaum et al., 2025 

Vienna (VIE) 10 500-11 300 
Annual average 

2022-2024 
4 -300 0.8 - Buxbaum et al., 2025 

Zurich (ZRH) 24 000 
Annual average 

2023 
5 - 100 1 md OSTLUFT, 2025 
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Amsterdam Schiphol airport (AMS) is one of the largest airports in Table 2.1 with 436 967 flights in 
2023. A project by TNO (Netherlands Organisation for Applied Scientific Research) with a grant of 
RIVM (National Institute for Public Health and the Environment) conducted a measurement campaign 
of UFP at 10 locations near Amsterdam airport from 2017 ς 2018, with mostly six month duration at 
the single stations for PNC and for some weeks for Mobility Particle Size Spectrometers (MPSS). It 
was important for this study to document the comparability of Condensation Particle Counter (CPC), 
to validate and improve a model to map UFP exposure concentrations around AMS airport. 
Measurements showed that the closer the sampling point was to the airport, the higher was the 
recorded UFP concentration, with a maximum average for the monitoring period above 35 000 
particles/cm3 (Vogt et al., 2019).  Particularly, UFP smaller than 20 nm were found when the main 
source was the airport (Dinther et al., 2019). During the MayςJuly 2021 measurement campaign, 
background ultrafine particle (UFP) concentrations near Schiphol averaged around 10 000 
particles/cm³, significantly lower than levels measured on the airport terrain, confirming that local 
emissions dominate. At the Oude Meer station (about 1 km from Schiphol), 2-months mean 
concentrations reached 16 300 particles/cm³ when wind came from the airport, while Ookmeer 
(about 5 km away) recorded 11 700 particles/cm³ under similar conditions (Tromp et al., 2021). The 
measurements of UFP at 8 km distance from AMS showed an average of about 9 000 particles/cm3, 
over the 2 years monitoring period. The total PNC was observed to increase by 34% when the wind 
was blowing from AMS compared to all other wind directions. The AMS airport potentially 
contributed up to 5% of total PNC and 16% of 10ς20 nm particles 8 km downwind of the airport (2 
years sampling 2013-2014, Hofman et al. 2016). 

With 166 100 flights per year in 2023 (Table 2.1), the Berlin Brandeburg airport (BER) is a middle sized 
airport among those selected in this report, the 2nd largest airport in Germany. Federal State Agency 
Brandnburg (Landesamt für Umwelt Brandenburg, LfU) conducted measurements with CPC and 
MPSS, which are the standard methods for determining the PNC and the PNSD. CPC measurements 
are conducted since 2021 in Mahlow, 4 km SW of the airport, both CPC and MPSS measurements 
were made in Wildau, 7.5 km SW of the airport, for 2024 until middle 2025 (Brauer, 2025). Also, the 
airport company has been conducting CPC and MPSS measurements 1 km NE of the runway since 
2020. Measurements showed that the BER airport contribution to the total UFP concentration was 
significantly higher than the contribution of motor vehicle traffic up to around 7 km downwind of the 
terminal, even when measuring on busy roads (Gerling and Weber, 2023). Innovative drone 
measurements up to an altitude of 700 metres were able to validate the airport dispersion-model. 
The airport influence was visible for particles with diameter below 40 nm. At 10-20 nm particle 
concentrations with wind from the airport was approx. 3-4 times higher compared to wind from other 
directions. Most of the UFP from the airport are volatile, for example 56% in the Mahlow monitoring 
station. No clear influence of the airport was found for larger particle diameters as well as for soot 
mass and PM10. 

Brussels airport (BRU) is a middle-sized airport in table 2.1 with 180 376 flights in 2023. VMM 
(Vlaamse Milieumaatschappij) performed measurements of UFP at four sites for two months on a 
linear transect upwind and downwind in the prevailing wind direction of the Airport of Brussels. Two 
measurement sites were located close to the airport (< 750 m), while two others were farther away 
(at 5 km and at 7 km). The highest average particle concentration was observed near the airport,       
18 000 particles/cm³ and 17 000 particles/cm³, followed by 10 000 particles/cm³ and 8 000 
particles/cm³ measured at the more distant sites. These measurements were later used by modeling 
studies to gain more insight into the exposure of residents near Brussels Airport to UFP, and the 
contribution of air traffic to this exposure (Lefebvre et la., 2019; Garcia-Marles et al., 2025; see also 
Box 6.2 for more details). 

Copenhagen airport (CPH) is a middle-sized airport with 222 068 flights in 2023 (Table 2.1). During a 
project of the Danish Centre for Environment and Energy (DCE) 2022-2024 using a measurement 
vehicle, air concentrations of ultrafine particles and nitrogen dioxide were monitored along a fixed 
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route near the airport. The estimated annual mean value directly north of the airport was 27 000 
particles/cm3. The maximum 15-minutes average reached 200 000 particles/cm3. The measurements 
indicated that the airport accounted for 50-90% of UFP near the measuring stations (Ellermann et al., 
2024).  

Dusseldorf (DUS) has with 143 567 flights per year in 2023 almost the same flight amount as BER. 
Federal state agency LANUK (Landesamt für Natur, Umwelt und Klima Nordrhein-Westfalen) has been 
conducting UFP measurements since 2020 at 2 km SW of the airport in a residential area (Düsseldorf-
Lohhausen) (Grosse Schute, 2025). 

Frankfurt/Main airport (FRA) is the 3rd largest airport by number of flights in Europe in 2023 with 422 
275 flights per year (Table 2.1).  Continuous CPC and MPSS measurements are conducted since 2017 
by the federal State Agency for Nature Conservation, Environment and Geology (HLNUG). Nowadays 
one active site is measuring at the airport and two within 10 km around the airport of the main wind 
directions (Schwanheim, Raunheim) (HLNUG 2025). In the city of Frankfurt, another three stations 
are measuring UFP inside a circle of 20 km from the airport. Measurements (HLNUG, 2020) showed 
that the concentration of particles in the main wind direction from the airport decreased during the 
COVID19 pandemic by 58% in the nearest sampling point to the airport (Schwanheim, 20 900 
particles/cm3 and 8 800 particles/cm3), with a 64% decrease in the number of passenger flights in 
2020 compared to 2019 (Eurostat). The reduction of UFP when wind was blowing from the airport 
correlated with the reduction in flight movements. The characteristics of emissions from flight 
operations, such as particle size distribution and concentration variations, have been clearly 
identified at monitoring sites, showing a significant impact on UFP levels, particularly near the airport. 
These distinctive features in UFP emissions are influenced by wind direction, with a notable peak for 
particles smaller than 30 nm. The 'fingerprint' of emissions can be detected up to 14 km away from 
the airport, with the influence diminishing exponentially (HLNUG, 2022). One-year measurements 
east of the airport (in Neu-Isenburg during 2022 and 2023) showed PNC (10-500 nm) of 7 400 
particles/cm3. Analysis of flight operations' impact on particle concentration revealed higher levels 
(approx. 10 200 particles/cm3) when the wind was coming from the airport. A cluster analysis of 
measured air pollutants and particle distribution identified two primary sources of particles from air 
traffic: ground-level emissions from taxi-operations and partly take-offs; emissions from landing 
aircraft. Ground-level emissions, especially in westerly winds, led to high concentration values and a 
broad distribution in the 10-30 nm size range, whereas emissions from landing aircraft above 400 
metres contributed less to particle concentration. In Neu-Isenburg, the WHO reference level (WHO, 
2021) of high hourly concentrations (20 000 particles/cm3) was exceeded 3% and the reference level 
of high daily concentrations (10 000 particle/cm3) 22% of the time (HLNUG, 2024). Over the 12-month 
period from May 2023 to April 2024, the Schwanheim station, about 2.5 km north of Frankfurt Airport 
recorded a mean PNC of 13 600 particles/cm³, with peaks reaching up to 33 000 particles/cm³ under 
prevailing south to southwest winds, which frequently transport emissions from the airport. These 
values are substantially higher than those measured at more distant sites, highlighting the strong 
influence of airport operations on local UFP levels (HLNUG, 2025). The impact in the communities in 
the immediate vicinity of the airport is primarily dominated by the horizontal displacement of ground-
level emissions on the airport site and along the low approach routes (below 400 m flight altitude) 
(HLNUG, 2025).  

Helsinki-Vantaa airport (HEL) is a small to middle-sized airport of the selected 23 airports with            
135 788 flights in 2023. HSY (Helsinki Region Environmental Services Authority), a Finnish network in 
the Helsinki capital region, has measured AQ at the airport, near the passenger terminal, every 5 
years. The latest measurement was in 2022 at the airport station (Lentoasema) situated at a kerb side 
of a road to the terminal halls. Measurements of indicative PNC were conducted with low-cost sensor, 
for which the lower size limit of the particles is not precisely defined, but measurements begin at 
particle sizes slightly below 10 nm. Largest indicative PNC values were recorded near the airport with 
annual average of 22 700 particles/cm3. Measurements of indicative PNC in traffic environment 
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ranged between 7 000 and 18 700 particles/cm3, between 5 000 and 5 900 particles/cm3 in residential 
areas, 5 200 particles/cm3 at urban background station, and 3 600 particles/cm3 at rural background 
station. Beside PNC, also an alternative metric for health effect of particles lung deposable surface 
area (LDSA) was measured. The LDSA measured the surface area of particles in the 10 ς 400 nm size 
range. At the airport, concentrations varied greatly in line with s flights and car traffic frequency at 
and around the airport, with high concentrations on both weekdays and weekends. The annual 
average LDSA concentration was highest in the busy traffic area near the airport, 18.3 µm²/cm3, 
compared to 10.7 ς 17.6 µm²/cm3 in traffic areas, 7.7 ς 9.4 µm²/cm3 in residential areas, and 6.2 
µm²/cm3 at a background station (Korhonen et al., 2023). 

Paris Charles de Gaulle (CDG) airport is the biggest airport of the 23 selected airports in this 
assessment, with 446 185 flights in 2023. In a project by AIRPARIF, which started in 2019 
measurement sites inside the airport and at distances of 1 km, 5 km and 10 km in a NE direction. 
Measured annual averages of UFP resulted respectively in 23 000; 17 900; 6 200 and 7 400 
particles/cm3. The average concentration of ultrafine particles at the airport is comparable with levels 
along the ring road (AIRPARIF, 2024). An air quality source apportionment study is currently ongoing 
in the frame of the OLGA European project to identify the various sources of airport emissions and 
their contribution to urban air quality at CDG. This study includes 6 to 8 three-months campaigns at 
two air quality monitoring sites at CDG, including UFP. 

Vienna airport (VIE) is a middle-sized airport of the selected 23 airports with 219 339 flights in 2023. 
Umweltbundesamt Austria measures UFP since 2022 by MPSS (4-300 nm). Two measuring stations 
are installed, one at 2.5 km NW of the airport at a refinery and chemical industry and another 800 m 
SE in a rural residential area. Annual means in 2022 were respectively 15 000 and 10 900 particles/cm3 
(Buxbaum et al., 2025). Maximum of 30-minutes average larger than 100 000 particles/cm3 was 
measured when the wind came from the airport. In 2023 and 2024 similar annual mean 
concentrations were measured, around 16,000 and 11,000 particles/cm³ respectively. The UFP 
concentrations measured near the airport of Vienna (VIE) are higher than in the urban background in 
Vienna and Graz and significantly higher than in Illmitz (rural background). The measurement results 
show that emissions from air traffic at both measuring points determine the UFP concentrations 
(Buxbaum et al., 2025). 

Zurich (ZRH) is also a middle-sized airport of the selected airports with 213 400 flights in 2023 (Table 
2.1). Since 2020 permanent measurements of CPC and MPSS (5 ς 100 nm) take place at Kloten inside 
of a residential area about 1 km east of the airport with annual reports and data available via website 
(OSTLUFT, 2025; Kanton Zurich, 2025). On average 24 000 particles/cm3 were found in the year 2023 
of which 48 % were attributed to the airport. Maximum 10-minutes average concentration up to     
500 000 particles/cm3 was measured. 

Apart from the selected airport in this report, there are more examples showcasing the increasing 
concern of UFP levels around airports. For example, the Free State of Bavaria the University Bayreuth 
measured UFP at 2 km SE and 3 km NW of the airport of Munich (MUC). In a one-year period between 
2021 and 2022, the annual mean of 7 900 cm-3 (10-800 nm) and a maximum 5-minute average of 
190 000 cm-3 were measured (Nölscher, 2025; Seidler et al., 2024)
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Box 6.2 Modelling UFP concentrations 
Different types of models can be used for calculating UFP concentrations:  

¶ Dispersion (Gaussian models, Lagrangian models, Eulerian models / Chemical Transport 
Models (CTMs): Spatially resolved, need detailed emission inventories and meteorological 
data. 

¶ Statistical (Land-use regression (LUR): Needs spatial predictors (e.g. distance to runways). 
Has limited insight into transport or transformation processes. 

¶ Receptor (Source-Apportionment Models) Positive Matrix Factorisation (PMF), Principal 
Component Analysis (PCA), Trajectory-based models: Use air mass history to assess source 
regions. 

¶ Hybrid. Combining different models and/or measurements. i.e. PMF with airport data or 
CTM with local dispersion models. 

For modelling the dispersion of UFP from airports often dispersion models are used. The 
Lagrangian model LASPORT is used in the EU research project AVIATOR for the dispersion 
modelling of non-volatile and volatile UFP (Winkler et al., 2025). Also, combinations of different 
model types are used, i.e. Chemical transport model (CTM), using chemical transformations and 
physical processes, for resolutions down to 0.5 km x 0.5 km combined with dispersion models of 
lower resolution of typically 50 m x 50 m (Lorentz et al., 2019; Winkler et al., 2025). Additionally, 
UFP background concentrations from measurements can be added (Manders et al., 2025).  

Other examples are Zurich, Mesoscale Eulerian weather model and Lagrangian dispersion model 
(Zhang et al., 2020), Brussel, Gaussian Plume model (Lefebvre et al., 2019) and Amsterdam, 
Gaussian Plume model (Keuken et al., 2015). ReceptorȤmodelling techniques operate at 
measurement sites (receptors) and attribute pollution to sources based on measured 
chemical/physical profile. (i.e Brussels: Garcia-Marlès et al., 2025). 

The άUltra-fine dust pollution from airports in Berlinέ (ULTRAFLEB) Project made stationary and 
mobile measurements as well as a model evaluation of UFP in the vicinity of Berlin Brandenburg 
Airport BER. The CTM-Lagrange hybrid model was applied to an area of 60 km x 60 km at a 
resolution of 500 m and partly down to 50 m for annual means for years 2019-2023 (Winkler et al., 
2025). Model results are delivered to the epidemiologic study BEAR (The Berlin Airport Study ς a 
natural experiment investigating health effects from changes in airport-related exposures, 
KoPilot). 

In ULTRAFLEB project, modeling results show continuous decrease in UFP concentrations with 

increasing distance from the airport. The example below shows the impact of Tegel airport in Berlin 

on UFP in 2019, before the COVID19 pandemic (smaller impact is visible from the Brandeburg 

airport, which became the single airport in Berlin in 2020). In 2022 the impact of Tegel airport 

disappears after its closure in 2020, while it is possible to see the impact on UFP concentrations 

from the renovated Brandeburg airport (BER) in the south east of the city, with simulated annual 

mean concentrations above 10 000 particles/cm3 in the vicinity of the airport, declining to 4 000  

particles/cm3 within about 5 km (Map 6.1). 

Airport contribution to UFP concentrations can be up to up to 50% in the vicinity of the airport and 
falls after a few kilometres distance from the airport significantly below the contribution of the 
other sources (Map 6.2). The validation resulted in a deviation of 10% to 200% between station 
measurements and model results if compared on monthly basis. 



 

ETC HE Report 2025/7 58 

Map 6.1 Results from ULTRAFLEB: Total UFP concentrations in a region of 60 km x 60 km at 500 

m x 500 m resolution around Berlin for 2019 with airport Tegel in operation (left) and 

2022 (right) with Tegel closed (Winkler et al., 2025). 

 

Map 6.2 Average percentage contribution to UFP concentrations from car traffic (a) and airport 

(b) in a region of 60 km x 60 km at 500 m x 500 m resolution around Berlin (Winkler 

and et al., 2025). 
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Other modeling studies were conducted for example for the airports of Frankfurt (FRA), Brussels 
(BRU) and Zurich (ZRH). 

Frankfurt (FRA): a modelling study (Lorentz et al., 2019) was carried out at this airport using a 
hybrid model (combination of a Chemical Transport Models (CTM) and a Lagrangian model) with 
an area of 35 km x 35 km and a horizontal resolution from 500 meters down to 100 meters to 
simulate the annual mean UFP concentrations of the year 2015. It showed that the main source of 
UFP from airports stem from the main engines on the ground i.e. by taxi movements of the aircraft 
on the runways. The results underestimated the UFP, because for flight operations, only the non-
volatile particles (essentially soot) were considered. Airport operations outside the airport 
premises, within 1 km, are responsible for up to 25% of the total number of particles, especially in 
main wind directions in NE and SW, but dropping to below 10% at 2.5 km away. 

Brussels (BRU): VITO (Vlaamse Instelling voor Technologisch Onderzoek) modelled UFP from 10 -
100 nm in an area of 20 km around Brussels Airport on base of 2 months measurements in 2015 at 
four stations (Table 6.1). It was found that the airport is a major contributor to UFP, but UFP were 
also elevated along busy roads such as the Brussels Ring Road. The calculated contributions of air 
traffic and local road traffic to UFP depend on the location of a site in relation to the airport and 
roads. Results show that aviation contributes up to 62% of UFP concentrations in certain areas. 
The study also notes similar daily cycles for road traffic and aviation, with air traffic playing a more 
crucial role during times of elevated UFP concentrations. In general, at times of high UFP 
concentrations, the relative contribution of air traffic is more important (up to 78%), while the 
relative contribution of local road traffic remained about the same (Lefebvre et al., 2019). It was 
also found that airport sources contributed 6 500ς14 000 cm-3 near the airport and take-off 
emissions were generally coarser (20 nm) than taxiing (12 nm). Near the airport 65% of the total 
PNC particles were dominated by smallest measured particles (10-20 nm). The airport's 
contribution to UFP was noticeable to at least 7 km especially for the smallest particles, with 30-
min peak contributions ranging from 4 000 to 9 000 particles/cm3 (Garcia-Marles et al., 2025, 
STARGATE and RI-URBANS EU projects). VITO works together with Brussels Airport Company on air 
quality modelling, source apportionment and impact of measures. Besides AQ modelling, UFP 
measurement campaigns have been conducted and will be repeated. Only limited material is 
currently available, however. 

Zurich (ZRH): the atmospheric dispersion model system GRAMM (meteorology at 300 m horizontal 
resolution) /GRAL (atmospheric transport at 20 m horizontal resolution) was offline coupled with 
the aerosol dynamics model MAFOR to calculate the hourly particle number concentrations 
induced by the aircraft emissions for the surrounding communities. The number concentrations 
attributable to the airport were 104ς105 particles/cm3 for the communities close to the airport. 
The output analysed with a statistical model trained with measurements, showed an annual mean 
particle number concentration in Zurich of about 8 000 particles/cm3; the particle number 
concentrations in communities close to the airport were increased by a factor of 2ς10 compared 
to the background level (Zhang et al., 2020). 
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7 Conclusions 

This study examined air quality at 23 European airports chosen based on air traffic volume in 2023, 
geographical coverage across EEA member countries, population density near airports, and 
information on ongoing and recent UFP monitoring activities. The selected airports include major 
hubs such as Frankfurt (FRA), Paris Charles De Gaulle (CDG), and Amsterdam Schiphol (AMS), 
representing diverse regions from northern to southern and eastern to western Europe. Several 
airports were prioritized due to their proximity to densely populated areas, with some exceeding one 
million inhabitants within 10 km. Information on ongoing and recent UFP monitoring activities was 
ƎŀǘƘŜǊŜŘ ǘƘǊƻǳƎƘ 9Lhb9¢Ωǎ Thematic Group on Air, complemented by literature reviews and 
European research projects.  

The analysis combined observational data, meteorological information, and high-resolution air 
quality maps to assess air quality near European airports. Three pollutants were analysed, NO2, PM2.5 
and O3, for year 2023, corresponding to the latest validated data reported by EEA members and 
cooperating countries (E1a, validated data AQ e-Reporting). Sampling points (SPOs) with sufficient 
data coverage were identified within airport areas and at varying distances (up to 50 km, depending 
on the air pollutant). Wind direction frequencies were analysed to distinguish conditions when air 
pollution levels measured at the SPOs could originate from airports. Hourly pollutant measurements 
were compared under two scenarios: wind from the airport versus other directions, providing 
preliminary indications of airport-related impacts. To address gaps in monitoring coverage, EEA high-
resolution air quality maps (1 km × 1 km) were used to evaluate annual mean concentrations of NO2, 
PM2.5 and O3 peak season levels within airport areas and surrounding regions. Comparisons were 
made between airport areas, regional backgrounds, and different land cover classes to quantify 
spatial differences.  

The assessment revealed substantial variability in monitoring air quality near European airports: 

¶ 11 airports lack any NO2 monitoring sites within 5 km distance, while others had between 
one and three. Only three airports had stations inside the airport area, and eight had sites 
within 1 km. All airports had at least one station within 10 km, but coverage ranged widelyτ
from a single site to eight. Monitoring sites included different area types (Background, Traffic, 
Industrial), with most airports having at least one background station. Wind-sector analysis 
showed uneven directional coverage: some airports (e.g., Lisbon, Madrid) had stations in up 
to five sectors, while others had minimal representation, reducing the ability to capture 
airport-related impacts under varying wind conditions. 

¶ 15 airports lack any PM2.5 monitoring sites within 5 km distance, while others have only oneς
two sites. Only Dublin has a station inside the airport, and four airports have sites within 1 
km. Coverage improves at larger distances: most airports have at least one station within 10 
km, and nine airports have 10 or more SPOs within 20 km (up to 18 for Dublin). Vilnius (VNO) 
is the only airport without any PM2.5 monitoring within 20 km. Most airports have background 
SPOs within 20 km, and several have mixed types (background, traffic, industrial). Wind-
sector analysis shows airports like Madrid and Warsaw have SPOs in six sectors, covering up 
to 87% of wind frequency, while others have minimal representation (10ς28%).  

¶ мп ŀƛǊǇƻǊǘǎ ƭŀŎƪ ŀƴȅ hї ƳƻƴƛǘƻǊƛƴƎ within 5 km, while most have at least one station within 
10 km. Only Dublin has a station inside the airport, and five airports have sites within 1 km. 
Coverage increases significantly at larger distances: up to 18 SPOs within 20 km and as many 
as 37 within 50 km for some airports. Background SPOs dominate reflecting O3 secondary 
formation and its regional nature. Due to the larger distance analysed for O3 SPOS, wind-
sector analysis indicates strong directional coverage: six airports have SPOs in all eight 
sectors, and 16 airports achieve more than 50% cumulative wind frequency, enhancing 
representativeness.  
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The study examined hourly pollutant data (NO2, PM2.5, O3) and wind directions for 2023 to assess 
potential airport-related impacts. Concentrations at monitoring sites were compared under 
downwind versus non-downwind conditions across eight wind sectors: 

¶ For NO2, 18 of 23 airports showed at least one sector with more than 10% increase under 
downwind conditions, with differences ranging from 14% (Zurich) to 143% (Lisbon). Several 
airports (Lisbon, Amsterdam, Paris CDG, Madrid, Rome, Brussels) exhibited consistent and 
significant increases, in some cases exceeding 80%. 

¶ For PM2.5, 15 airports showed increases above 10%, with the highest differences reaching 
57% (Brussels). Notable cases include Brussels, Frankfurt, Helsinki, and Prague, with multiple 
sectors showing elevated concentrations. 

¶ For O3, 17 airports exhibited increases above 10%, with extreme cases up to 95% (Rome). 
Airports such as Rome, Barcelona, and Milan showed frequent and substantial increases 
across multiple wind sectors. 

Overall, the analysis indicates that pollutant concentrations are potentially higher under downwind 
conditions for many airports, suggesting possible contributions from airport-related activities. 
However, variability across wind sectors and distances, as well as influence from other pollution 
sources in the area, must be considered when interpreting these results.  

Due to limited and uneven monitoring coverage inside and near airports, deriving robust conclusions 
solely from measurements was challenging. To address this, EEA high-resolution air quality maps (1 
km × 1 km), which integrate chemistry transport model simulations, reported measurements, 
meteorology, and land cover data, were used to compare pollutant concentrations in airport areas 
with surrounding regions and for different land cover classes. Overall, the map-based analysis 
provides evidence of elevated NO2 and PM2.5 levels in airport areas compared to surrounding regions, 
while O3 remains largely regional in nature: 

¶ The maps reveal that NO2 concentrations were consistently higher in airport areas than in 
regional backgrounds, with differences larger than 10 µg/m³ in Milan (LIN) and Madrid 
(MAD), up to 13.4 µg/m³ in Lisbon (LIS). The NO2 annual mean concentration in Milan (24.7 
µg/m³) was above the limit value to be attained by 2030 (LV2030) set in the revised Directive 
(EU, 2024), while Lisbon and Madrid approach it.  

¶ For PM2.5, airport concentrations exceed regional levels in most cases, though differences are 
smaller (up to 2.9 µg/m³). Six airports had levels above 10 µg/m³, the revised annual limit 
value to be attained in 2030 (LV2030), with Milan (19.3 µg/m³) and Bucharest (16.9 µg/m³) 
among the highest. Some airports also had levels above this threshold typical of high-density 
residential areas. 

¶ hї ǇŜŀƪ ǎŜŀǎƻƴ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀǊŜ ǎƛƳƛƭŀǊ ōŜǘǿŜŜƴ ŀƛǊǇƻǊǘǎ ŀƴŘ ǊŜƎƛƻƴŀƭ ōŀŎƪƎǊƻǳƴŘǎΣ 
ranging from 72 to 113 µg/m³, well above the updated WHO guidelines (WHO, 2021). 

Long-term trends (2005-2023) of NO2, PM2.5 and O3 levels were analysed at the identified SPOs in 
European airports and nearby cities. From one to six SPOs with long-term trend (2005-2023) within a 
10 km radius of the airport were ƛŘŜƴǘƛŦƛŜŘ ŦƻǊ bhі ŀǘ мф ŀƛǊǇƻǊǘǎΦ For PM2.5, from one to seven SPOs 
with long-term trend within a 20 km radius from the airport were identified at 18 airports. For O3, 
from 1 to 25 SPOs with long-term trend within a 50 km radius from the airport were identified in 21 
airports. In general, for NO2 the mean decrease from 2005 to 2023 was around 45% for both nearby 
(within 5km) and more distant monitoring locations. Long-term trends in PM2.5 concentrations near 
airports show substantial reductions across all distance ranges and station types, though the 
robustness of these estimates varies with sample size. Analysis of long-term trends in O3 
concentrations indicates a consistent increase across all distance ranges from airports, around 23% 
between 0-5 km and 5-20 km distance ranges, 15% between 20-50 km. 
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UFP, measured as particle number concentration (PNC), are emerging pollutants of concern due to 
their ability to penetrate deep into the lungs and potentially enter the bloodstream, posing distinct 
health risks. Although formal guideline values are lacking, WHO considers concentrations above 
10,000 particles/cm³ (24-hour mean) or 20,000 particles/cm³ (hourly) as high. The revised EU 
directive now mandates UFP monitoring at supersites and in high-concentration areas, including 
airports. Measurements at several major European airports show annual averages exceeding 20,000 
particles/cm³ within 1 km of airport operations, well above the ²IhΩǎ daily and hourly reference 
levels. Concentrations decline rapidly with distance, typically falling below 10,000 particles/cm³ 
beyond 5ς10 km. However, WHO reference levels apply to UFP measured with a minimum size of 10 
making direct comparisons problematic for some of the airports analysed in this report. Wind 
direction significantly influences dispersion, with airport-related contributions detected up to 7ς8 km 
downwind. These findings highlight airport activities as a significant source of UFP at local level and 
underscore the need for standardized monitoring protocols and strategic station placement to assess 
population exposure. 
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List of abbreviations 

Abbreviation Name Reference 

 

AAQD Ambient air quality directive  

AGR Agricultural areas   

AMS IATA code of Amsterdam airport  

AQ Air quality  

AQG Air Quality Guidelines  

ATH IATA code of Athens airport  

BCN IATA code of Barcelona airport  

BER IATA code of Berlin airport  

BRU IATA code of Brussels airport  

CDG IATA code of Paris Charles de Gaulle 
airport 

 

CH4 Methane  

CLC2018 CORINE Land Cover 2018 https://land.copernicus.eu/en/products
/corine-land-cover/clc2018  

CO Carbon monoxide  

CPC Condensation particle counter  

CPH IATA code of Copenhagen airport  

CTM Chemical transport model  

DUB IATA code of Dublin airport  

DUS IATA code of Dusseldorf airport  

EASA European Union Aviation Safety 
Agency 

https://www.easa.europa.eu/en  

EEA European Environment Agency www.eea.europa.eu  

EIONET European Environment Information 
and Observation Network 

https://www.eionet.europa.eu/  

FCO IATA code of Rome Fiumicino airport  

FRA IATA code of Frankfurt airport  

HAM IATA code of Hamburg airport  

HDR High density residential areas  

HEL IATA code of Helsinki airport  

IATA International Air Transport 
Association 

 

IND Industry  

ISD Integrated Surface Database https://www.ncei.noaa.gov/products/la
nd-based-station/integrated-surface-
database  

JRC Joint Research Centre  

LDR Low density residential areas  

LDSA Lung deposable surface area  

LIN IATA code of Milan Linate airport  

LIS IATA code of Lisbon airport  

LV2030 Limit value to be attained by 2030  

MAD IATA code of Madrid airport  

MPSS Mobility Particle Size Spectrometers  

NAT Natural areas  

https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://land.copernicus.eu/en/products/corine-land-cover/clc2018
https://www.easa.europa.eu/en
http://www.eea.europa.eu/
https://www.eionet.europa.eu/
https://www.ncei.noaa.gov/products/land-based-station/integrated-surface-database
https://www.ncei.noaa.gov/products/land-based-station/integrated-surface-database
https://www.ncei.noaa.gov/products/land-based-station/integrated-surface-database
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NH3 Ammonia  

NMVOC Non methane volatile organic 
compound 

 

NOAA National Oceanic and Atmospheric 
Administration 

https://www.noaa.gov/  

NO2 Nitrogen dioxide  

NOx Nitrogen oxides  

NPF New particle formation  

NUC Nucleation mode particles  

O3 Ozone  

ORY IATA code of Paris Orly airport  

OTP IATA code of Bucharest airport  

PM10 Particulate matter which passes 
through a size-selective inlet with a 
50% efficiency cut-ƻŦŦ ŀǘ мл ˃Ƴ 
aerodynamic diameter 

 

PM2.5 Particulate matter which passes 
through a size-selective inlet with a 
50% efficiency cut-off at 2.5 ˃Ƴ 
aerodynamic diameter 

 

PNC Particle number concentration  

PNSD Particle number size distribution  

PRG IATA code of Prague airport  

SO2 Sulphur dioxide  

SOx Sulphur oxides  

SPO Sampling point observation  

TG AIR Thematic Group on Air  

TV2030 Target value to be attained by 2030  

TRAF Traffic  

UFP Ultrafine particles  

VIE IATA code of Vienna airport  

VNO IATA code of Vilnius airport  

WAW IATA code of Warsaw airport  

WHO World Health Organization  

WS Wind sectors: North (N); Northeast 
(NE); East (E); Southeast (SE); South 
(S); Southwest (SW); West (W); 
Northwest (NW)  

 

ZRH IATA code of Zurich airport  

https://www.noaa.gov/
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tƻȊȊƻƭƛ Ŝǘ ŀƭΦΣ нлнрΣ Ψ!ƛǊ ǉǳŀƭƛǘȅ ŀǊƻǳƴŘ ǇƻǊǘǎΩΣ ό9ƛƻƴŜǘ wŜǇƻǊǘ ς ETC HE 2024/12 version 2). European 
Topic Centre on Human Health and the Environment (https://doi.org/10.5281/zenodo.17416089) 
accessed 8 October 2025. 

wƛǾŀǎΣ LΦΣ Ŝǘ ŀƭΦΣ нлнлΣ Ψ{ƻǳǊŎŜ ŀǇǇƻǊǘƛƻƴƳŜƴǘ ƻŦ ǇŀǊǘƛŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǘƛƻƴ ƛƴ ǳǊōŀƴ ōŀŎƪƎǊƻǳƴŘ 
ŀƴŘ ǘǊŀŦŦƛŎ ǎǘŀǘƛƻƴǎ ƛƴ ŦƻǳǊ 9ǳǊƻǇŜŀƴ ŎƛǘƛŜǎΩΣ 9ƴǾƛǊƻƴƳŜƴǘ LƴǘŜǊƴŀǘƛƻƴŀƭ морΣ ǇΦ млропр ό5hLΥ 
10.1016/j.envint.2019.105345). 

{ŜƛŘƭŜǊΣ WΦΣ Ŝǘ ŀƭΦΣ нлнпΣ ΨLƴǘǊƻŘǳŎƛƴƎ ǘƘŜ ƴƻǾŜƭ ŎƻƴŎŜǇǘ ƻŦ ŎǳƳǳƭŀǘƛǾŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴ ǊƻǎŜǎ ŦƻǊ ǎǘǳŘȅƛƴƎ 
ǘƘŜ ǘǊŀƴǎǇƻǊǘ ƻŦ ǳƭǘǊŀŦƛƴŜ ǇŀǊǘƛŎƭŜǎ ŦǊƻƳ ŀƴ ŀƛǊǇƻǊǘ ǘƻ ŀŘƧŀŎŜƴǘ ǊŜǎƛŘŜƴǘƛŀƭ ŀǊŜŀǎΩΣ !ǘƳƻǎǇƘŜǊƛŎ 
Chemistry and Physics 24(1), pp. 137-153 (DOI: 10.5194/acp-24-137-2024). 

{ƳƛǘƘΣ !ΦΣ ŀǘ ŀƭΦΣ нлммΣ Ψ¢ƘŜ LƴǘŜƎǊŀǘŜŘ {ǳǊŦŀŎŜ 5ŀǘŀōŀǎŜΥ wŜŎŜƴǘ 5ŜǾŜƭƻǇƳŜƴǘǎ ŀƴŘ tŀǊǘƴŜǊǎƘƛǇǎΩΣ 
Bulletin of the American Meteorological Society, 92, 704ς708, 
(https://doi.org/10.1175/2011BAMS3015.1).   

{ǘŀŎŜȅΣ .ΦΣ нлмфΣ ΨaŜŀǎǳǊŜƳŜƴǘ ƻŦ ǳƭǘǊŀŦƛƴŜ ǇŀǊǘƛŎƭŜǎ ŀǘ ŀƛǊǇƻǊǘǎΥ ! ǊŜǾƛŜǿΩΣ !ǘƳƻǎǇƘŜǊƛŎ 9ƴǾƛǊƻƴƳŜƴǘ 
198, pp. 463-477 (DOI: 10.1016/j.atmosenv.2018.10.041). 

{ǳƴΣ WΦΣ Ŝǘ ŀƭΦΣ нлнлΣ Ψ5ŜŎǊŜŀǎƛƴƎ ǘǊŜƴŘǎ ƻŦ ǇŀǊǘƛŎƭŜ ƴǳƳōŜǊ ŀƴŘ ōƭŀŎƪ ŎŀǊōƻƴ Ƴŀǎǎ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀǘ 
мс ƻōǎŜǊǾŀǘƛƻƴŀƭ ǎƛǘŜǎ ƛƴ DŜǊƳŀƴȅ ŦǊƻƳ нллф ǘƻ нлмуΩΣ !ǘƳƻǎǇƘŜǊƛŎ /ƘŜƳƛǎǘǊȅ ŀƴŘ tƘȅǎƛŎǎ нлόммύΣ 
pp. 7049-7068 (https://doi.org/10.5194/acp-20-7049-2020). 

¢ƘƻŜƭƪŜΣ tΦIΦΣ нлнпΣ Ψ{ȅǎǘŜƳŀǘƛŎ wŜǾƛŜǿ ƻƴ [ƻƴƎ-ǘŜǊƳ 9ȄǇƻǎǳǊŜ ǘƻ ¦Ct ŀƴŘ IŜŀƭǘƘ 9ŦŦŜŎǘǎΩΣ bt/ нп ς 
13/06/2024 (https://www.nanoparticles.ch/archive/2024_Haddad_Thoelke_PR.pdf) accessed 23 
November 2025. 

¢ǊŜŎƘŜǊŀΣ tΦΣ Ŝǘ ŀƭΦΣ нлноΣ ΨtƘŜƴƻƳŜƴƻƭƻƎȅ ƻŦ ǳƭǘǊŀŦƛƴŜ ǇŀǊǘƛŎƭŜ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎ ŀƴŘ ǎƛȊŜ ŘƛǎǘǊƛōǳǘƛƻƴ 
ŀŎǊƻǎǎ ǳǊōŀƴ 9ǳǊƻǇŜΩΣ 9ƴǾƛǊƻƴƳŜƴǘ LƴǘŜǊƴŀǘƛƻƴŀƭ мтнΣ ǇΦ млттпп ό5hLΥ 
10.1016/j.envint.2023.107744). 
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¢ǊƻƳǇΣ /Φ5ΦΣ Ŝǘ ŀƭΦΣ нлнмΣ Ψ±ŜǊƪŜƴƴŜƴŘ ƻƴŘŜǊȊƻŜƪ ǳƭǘǊŀŦƛƧƴǎǘƻŦ ƻǇ ƘŜǘ {ŎƘƛǇƘƻƭ ǘŜǊǊŜƛƴ ƳŜǘ ōŜƘǳƭǇ Ǿŀƴ 
ƳƻōƛŜƭŜ ƳŜǘƛƴƎŜƴΩΣ ¢bh-rapport, TNO 2021 R11745 
(https://publications.tno.nl/publication/34638736/PX7myT/TNO-2021-R11745.pdf) accessed 23 
November 2025. 

¦ƴƎŜƘŜǳŜǊΣ CΦΣ Ŝǘ ŀƭΦΣ нлнмΣ ΨLŘŜƴǘƛŦƛŎŀǘƛƻƴ ŀƴŘ ǎƻǳǊŎŜ ŀǘǘǊƛōǳǘƛƻƴ ƻŦ ƻǊƎŀƴƛŎ ŎƻƳǇƻǳƴŘǎ ƛƴ ǳƭǘǊŀŦƛƴŜ 
ǇŀǊǘƛŎƭŜǎ ƴŜŀǊ CǊŀƴƪŦǳǊǘ LƴǘŜǊƴŀǘƛƻƴŀƭ !ƛǊǇƻǊǘΩΣ !ǘƳƻǎǇƘŜǊƛŎ /ƘŜƳƛǎǘǊȅ ŀƴŘ tƘȅǎƛŎǎ нмόрύΣ ǇǇΦ отсо-
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ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ǳǊōŀƴ ǇŀǊǘƛŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǘƛƻƴǎ ƛƴ ŦƻǳǊ 9ǳǊƻǇŜŀƴ ŎƛǘƛŜǎΩΣ  !ǘƳƻǎǇƘŜǊƛŎ 
Environment, Volume 77, October 2013, Pages 415-429 
(https://doi.org/10.1016/j.atmosenv.2013.05.029). 

Ǿƻƴ {ŎƘƴŜƛŘŜƳŜǎǎŜǊΣ 9ΦΣ Ŝǘ ŀƭΦΣ нлмфΣ Ψ!ƛǊ Ǉƻƭƭǳǘƛƻƴ ŀǘ ƘǳƳŀƴ ǎŎŀƭŜǎ ƛƴ ŀƴ ǳǊōŀƴ ŜƴǾƛǊƻƴƳŜƴǘΥ LƳǇŀŎǘ 
ƻŦ ƭƻŎŀƭ ŜƴǾƛǊƻƴƳŜƴǘ ŀƴŘ ǾŜƘƛŎƭŜǎ ƻƴ ǇŀǊǘƛŎƭŜ ƴǳƳōŜǊ ŎƻƴŎŜƴǘǊŀǘƛƻƴǎΩΣ {ŎƛŜƴŎŜ ƻŦ ¢ƘŜ ¢ƻǘŀƭ 
Environment 688, pp. 691-700 (DOI: 10.1016/j.scitotenv.2019.06.309). 

±ƻƻƎǘΣ aΦΣ Ŝǘ ŀƭΦΣ нлмфΣ ΩaŜǘƛƴƎŜƴ Ŝƴ ōŜǊŜƪŜƴƛƴƎŜƴ Ǿŀƴ ǳƭǘǊŀŦƛƧƴ ǎǘƻŦ Ǿŀƴ ǾƭƛŜƎǾŜǊƪŜŜǊ ǊƻƴŘ {ŎƘƛǇƘƻƭ 
ς ±ƻƻǊ ƻƴŘŜǊȊƻŜƪ ƴŀŀǊ ƎŜȊƻƴŘƘŜƛŘ Ǿŀƴ ƻƳǿƻƴŜƴŘŜƴΩΦ Bilthoven: RIVM rapport 2019-0074. 
(https://www.rivm.nl/bibliotheek/rapporten/2019-0074.pdf) accessed 23 November 2025. 

±ǀǊǀǎƳŀǊǘȅΣ aΦΣ Ŝǘ ŀƭΦΣ нлнпΣ Ψ!ǘǘǊƛōǳǘƛƻƴ ƻŦ ŀŜǊƻǎƻƭ ǇŀǊǘƛŎƭŜ ƴǳƳōŜǊ ǎƛȊŜ ŘƛǎǘǊƛōǳǘƛƻƴǎ ǘƻ Ƴŀƛƴ ǎƻǳǊŎŜǎ 
using an 11-ȅŜŀǊ ǳǊōŀƴ ŘŀǘŀǎŜǘΩΣ !ǘƳƻǎǇƘŜǊƛŎ /ƘŜƳƛǎǘǊȅ ŀƴŘ tƘȅǎƛŎǎ нпόфύΣ ǇǇΦ рсфр-5712 (DOI: 
10.5194/acp-24-5695-2024). 

²ŜƘƴŜǊΣ .ΦΣ Ŝǘ ŀƭΦΣ нллрΣ Ψ¢ƘŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ ǎǳƭŦǳǊƛŎ ŀŎƛŘ ŀƴŘ ƴƻƴ-volatile compounds on the growth 
ƻŦ ŦǊŜǎƘƭȅ ŦƻǊƳŜŘ ŀǘƳƻǎǇƘŜǊƛŎ ŀŜǊƻǎƻƭǎΩΣ DŜƻǇƘȅǎƛŎŀƭ wŜǎŜŀǊŎƘ [ŜǘǘŜǊǎ онόмтύ ό5hLΥ 
10.1029/2005GL023827). 

WHO, 2021, WHO global air quality guidelines: particulate matter (PM2.5 and PM10), ozone, nitrogen 
dioxide, sulfur dioxide and carbon monoxide, World Health Organization 
(https://apps.who.int/iris/handle/10665/345329) accessed 26 October 20. 

²ƛƴƪƭŜǊΣ Ŝǘ ŀƭΦΣ нлнрΣ Ψ9ƛƴŦƭǳǎǎ ŘŜǊ DǊƻǖŦƭǳƎƘŅŦŜƴ ŀǳŦ ȊŜƛǘƭƛŎƘŜ ǳƴŘ ǊŅǳƳƭƛŎƘŜ ±ŜǊǘŜƛƭǳƴƎŜƴ Ǿƻƴ 
¦ƭǘǊŀŦŜƛƴǎǘŀǳō  ƪƭŜƛƴŜǊ ŀƭǎ млл ƴƳ ƛƳ DǊƻǖǊŀǳƳ .ŜǊƭƛƴ  ό¦[¢w!C[9.ύΨΣ !ōǎŎƘƭǳǎǎōŜǊƛŎƘǘ bƻ w9Cht[!b 
FKZ 3720 52 201 0, Umweltbundesamt, Dessau (https://www.tropos.de/en/research/projects-
infrastructures-technology/joint-research-projects/ultrafleb#c7257) accessed 23 November 2025. 

¸ŀƻΣ [ΦΣ Ŝǘ ŀƭΦΣ нлмуΣ Ψ!ǘƳƻǎǇƘŜǊƛŎ ƴŜǿ ǇŀǊǘƛŎƭŜ ŦƻǊƳŀǘƛƻƴ ŦǊƻƳ ǎǳƭŦǳǊƛŎ ŀŎƛŘ ŀƴŘ ŀƳƛƴŜǎ ƛƴ ŀ /ƘƛƴŜǎŜ 
ƳŜƎŀŎƛǘȅΩΣ {ŎƛŜƴŎŜ осмόсоффύΣ ǇǇΦ нту-281 (DOI: 10.1126/science.aao4839). 

½ƘŀƴƎΣ ·ΦΣ Ŝǘ ŀƭΦΣ нлнлΣ ΨLƴŦƭǳŜƴŎŜ ƻŦ !Ǿƛŀǘƛƻƴ 9Ƴƛǎǎƛƻƴ ƻƴ ǘƘŜ tŀǊǘƛŎƭŜ bǳƳōŜǊ /ƻƴŎŜƴǘǊŀǘƛƻƴ ƴŜŀǊ 
½ǳǊƛŎƘ !ƛǊǇƻǊǘΩΣ 9ƴǾƛǊƻƴƳŜƴǘŀƭ {ŎƛŜƴŎŜ ϧ ¢ŜŎƘƴƻƭƻƎȅ рпόннύΣ ǇǇΦ мпмсм-14171 (DOI: 
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Annex 1 Maps and tables for each airport 

This Annex contains the full analysis with all plots for each airport with the following structure: 

¶ Map of the airport area (CL20218, code 124 polygon) and map with location of identified air 
quality SPOs within radius of 10 km for NO2, 20 km for PM2.5 and 50 km for O3 from the airport 
(the location of the meteorological station is used as centre of the airport). The frequency of 
wind directions blowing from the airport towards eight different sectors (45 degrees wide 
sectors centred at directions NE, E, SE, S, SW, W, NW, N) is also displayed. 

¶ Tables with identified air quality SPOs of NO2, PM2.5 and O3. The tables include additional 
information on the annual mean concentrations of each SPO with available data (data 
coverage larger than 75%), distances of the SPOs from the airport area, location of the SPO 
in one of the eight wind sectors around the airport (WS: N, NE, E, SE, S, SW, W, NW), wind 
frequency blowing from the airport in that WS, population living in the WS within 10 km from 
the airport, and trends of annual mean concentrations (2005-2023) when available. 

¶ Distribution of hourly NO2, PM2.5 and O3 concentrations for monitoring SPOs located in the 
eight wind sectors relative to the airport. Three distributions are displayed for each direction 
if data are available: hourly concentration corresponding to wind from all directions (red); 
hourly concentration corresponding to wind blowing from the airport (green); hourly 
concentration corresponding to wind not blowing from the airport (blue). In the centre of the 
figure the wind frequency in each sector is reported.  

¶ A series of tables summarise median concentrations of NO2, PM2.5, and O3 under downwind 
conditions compared to non-downwind conditions, grouped by wind sector and distance 
range from the airport. Left panels show pollutant concentrations (µg/m³) when wind 
originates from the airport toward monitoring SPOs, along with wind frequency (%) for each 
sector. Grey cells indicate missing data. Right panels present relative changes (%) in median 
concentrations under downwind conditions versus non-downwind conditions, calculated 
separately for each distance range. Positive values (highlighted in red) indicate increased 
concentrations when air flows from the airport, while negative values (blue) indicate 
reductions. This analysis provides preliminary evidence of wind directionl influence of airport 
emissions on local air quality. 

¶ EEA air quality maps of NO2, PM2.5 and O3 peak annual mean concentrations at the resolution 
of 1 km by 1km for 2023. Next to each map the box-plot distribution of NO2, PM10 and O3 
concentrations over the airport (grey shaded grid cells), compared to the surrounding region, 
including area-weighted means for different land cover classes (High density residential, Low 
density residential, Industry, Traffic, Agricultural areas, Natural areas). 
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Annex 1.1: Airport of Amsterdam (AMS) 

Figure A1.1: Air quality SPOs around the airport 

 

Table A1.1: List of NO2 SPOs within 10 km from the airport 
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Table A1.2: List of PM2.5 SPOs within 20 km from the airport 

 

Table A1.3: List of O3 SPOs within 50 km from the airport 
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Figure A1.2: Distribution of NO2 hourly concentrations around the airport 



 

ETC HE Report 2025/7 74 

Figure A1.3: Distribution of PM2.5 hourly concentrations around the airport 
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Figure A1.4: Distribution of O3 hourly concentrations around the airport 
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Table A1.4: Mean hourly NO2, PM2.5, and O3 concentrations when wind blows from the airport vs. 
other directions, by wind sector and distance  

 

  




































































































































































































































































































