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Addendum to the ETC HEeport2024/12, published 17 December 2024

In 2025 the ETC HE Rep@®24/12version 1 Pozzoli et al., 2034vascomplemented with additional
analysido include the most recent available information. It was considered appropriate to analyse the
same pollutants as in theTC HE Report 2025(Pozzoli et al., 2@, Air quality around airports
F20dza Ay 3 2 ysfobtheiyeal 2¢g2R astaa additional contribution to the EEA briefing on air
quality around ports and airportghis updated version of the report includes the links tiche for

each port.The rest of the report remains unchangddhe fichesincludeadditional analysis usirgtest
available and validated data for year 20&8asurements of N£and PM s (Ela validated data AQ e
Reporting. The maps in the fiches displiae location of the sampling points (SPOs) around thegport
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 port area, location of
the SPO in one of the 8 wind sectors around the port (WNB E, SE, S, SW,NW), population

living in the WS within 10 km from the port, and trends of annual mean concentrations-20&})

when available. This information has been complemented withdkest EEA air quality annual maps

for 2023at 1 km horizontal resolutio(Horalek et al., 2025 covering the whole area around the port
and showingthe mean concentrations over the port area compared to the surrounding region,
including the weighted area means for different land cover classes.

List of additional fiches:

1 Algeciras (E)itps://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-qguality-aroundports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-algecirases pdf

1 Amsterdan (ND: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-
guality-around-ports-v2-port-of-amsterdamnl.pdf

1 Antwerpen (BEhttps://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-
guality-around-ports-v2-port-of-antwerpen-be.pdf

1 Barcelona (EShttps://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2024-12-air-quality-aroundports/etc-he-report-2024-1 2-air-
guality-aroundports-v2-port-of-barcelonaes pdf

1 Bremen(DB: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-qguality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-bremen-de.pdf

1 BremerhavenDB: https://www.eionet.europa.eu/etcs/etehe/products/etche-
products/etche-reports/etc-he-report-2024-1 2-air-quality-around-ports/etc-he-report-
20241 2-air-quality-around-ports-v2-port-of-bremerhavende.pdf

1 Gdansk(PD: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-gdanskpl.pdf

1 Genova (IThttps://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-genovait.pdf

1 Gioia Taun (IT): https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2024-1 2-air-quality-aroundports/etc-he-report-2024-1 2-air-
guality-around-ports-v2-port-of-gioia-taurc-it. pdf

1 Hamburg (DEhttps://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-aroundports/etc-he-report-2024-1 2-air-quality-
around-ports-v2-port-of-hamburgde.pdf
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https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-algeciras-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-algeciras-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-algeciras-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-amsterdam-nl.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-amsterdam-nl.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-amsterdam-nl.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-antwerpen-be.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-antwerpen-be.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-antwerpen-be.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-barcelona-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-barcelona-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-barcelona-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-bremen-de.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-bremen-de.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-bremen-de.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-bremerhaven-de.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-bremerhaven-de.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-bremerhaven-de.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-gdansk-pl.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-gdansk-pl.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-gdansk-pl.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-genova-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-genova-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-genova-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-gioia-tauro-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-gioia-tauro-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-gioia-tauro-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-hamburg-de.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-hamburg-de.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-hamburg-de.pdf

1 Le Have (FR: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-le-havre-fr.pdf

1 Malta Freeport{MT):https://www.eionet.europa.eu/etcs/etehe/products/etche-
products/etche-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-
20241 2-air-quality-around-ports-v2-port-of-malta-freeport-mt.pdf

1 Marseille(FR: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-marseillefr.pdf

T MessinaIT): https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-messinait.pdf

1 Napdi (IT): https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-napolkit. pdf

1 Palma de MallorcéES)https://www.eionet.europa.eu/etcs/etehe/products/etche-
products/etche-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-
20241 2-air-quality-aroundports-v2-port-of-palmade-mallorcaes pdf

1 PiraeugBR): https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-piraeusel.pdf

1 Reggio Calabri@T): https://www.eionet.europa.eu/etcs/etehe/products/etche-
products/etche-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-
20241 2-air-quality-aroundports-v2-port-of-reqgiocalabriait. pdf

1 Rotterdan (ND: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-
guality-aroundports-v2-port-of-rotterdam-nl.pdf

1 Santa Cruz de TenerifES)https://www.eionet.europa.eu/etcs/etehe/products/etche-
products/etche-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-
20241 2-air-quality-aroundports-v2-port-of-santa-cruz-de-tenerife-es pdf

1 Stockholm(SB: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etc
he-reports/etc-he-report-2024-12-air-quality-aroundports/etc-he-report-2024-1 2-air-
guality-aroundports-v2-port-of-stockholm-se pdf

9 Trieste (IT): https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-trieste-it. pdf

1 ValenciaES: https://www.eionet.europa.eu/etcs/etehe/products/etche-products/etche-
reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-1 2-air-quality-
aroundports-v2-port-of-valenciaes pdf
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https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-messina-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-messina-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-napoli-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-napoli-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-napoli-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-palma-de-mallorca-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-palma-de-mallorca-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-palma-de-mallorca-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-piraeus-el.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-piraeus-el.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-piraeus-el.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-reggio-calabria-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-reggio-calabria-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-reggio-calabria-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-rotterdam-nl.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-rotterdam-nl.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-rotterdam-nl.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-santa-cruz-de-tenerife-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-santa-cruz-de-tenerife-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-santa-cruz-de-tenerife-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-stockholm-se.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-stockholm-se.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-stockholm-se.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-trieste-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-trieste-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-trieste-it.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-valencia-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-valencia-es.pdf
https://www.eionet.europa.eu/etcs/etc-he/products/etc-he-products/etc-he-reports/etc-he-report-2024-12-air-quality-around-ports/etc-he-report-2024-12-air-quality-around-ports-v2-port-of-valencia-es.pdf

Corrigendum to the ETC HE Report 2024/12, published 17 December 2024

The name of the port in Malt Marsaxlok, has been correctednd replaced witiMalta Freeport
which identifesthe port analysed in thistudy. The name has beeatorrected throughouthe text in
the report, in Figuresl.3,3.1, 4.2, and in Table&.1, 3.1, 3.24.1, 5.1 and 5.2.
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Summary

Air pollutant concentrations in Europe have decreased over recent decades due to reduced emissions
in various sectors. However, attention is now shifting to shipgimissions and activities in ports
whichare becoming a more significant source of pollutiGiuture projections of emissions in Europe
indicate that while road traffic emissions will decrease, shipping emissions and ports could become
the main contributor to adverse health impacts in coastal cities by 208ditoring air quality in ports

and nearby cities is crucial to understanding the impact of shipping and port activities. This study
focuses on air quality in 23 major European ports, examining how air quality is monitored, comparing
pollutant concentrations in ports and nearby areas, idirig trends, and assessing the impact of
international shipping on air qualifgr two case studies

To address thee research questions, the study followed several steps using various dat®eets.
areas were identified using the CORINE Land Cover 2018 data&etquality sampling point
observations(SPOs)vere identifiedin ports and nearby areas using validated data from the European
e-reporting database, focusing on Nénd PM, data from 2021Two main factorsvere considered

for the assessment of thBPOsround ports and nearby citiedhé distanceof the SPCfrom the port
areas andhe wind diredions at port location The measurd NG, and PMo concentrationsvere used

to identify the potential impact of port activities in the nearby cities and surrounding regidtis
latest validated data from 2021, and when available the {grgn trends (20052021) in N@and PMo
concentrations Air quality mapswith resolution of 1 km x 1krfor 2021were also used trovide a
better geographical representation of air quality around powad regional differencesinally, two
casestudies examinedhe impact of shipping emissions during pollution episodes in Antwerpen and
Barcelona using th&ir Control Toolbowrf the Copernicus Atmosphere Monitoring Servitieese steps
aimed to understand air quality in and around ports, the impact of port activities, and trertdesa
pollutant concentrations.

Air qualitySPO# and around port areas are limited. Amongatalysedorts, only 5 had at least one
SPCor NG and PMyinside the portareas Most ports had at least on@PQwithin 1 km, butonly few

were downwind of the prevalent wind directioMeasurementsat SPOsluringdownwind conditions

from the ports showed increased N©@oncentrations, with notable increases in cities like Napoli (over
100%), Algeciras (86%), and Hamburg (77%j. iAbfeases were smaller but still significant in some
ports. Theair quality maps for 2021 showed higher annual mean &@ PM concentrations in port
areas compared to surrounding regions, with some pogasexceedinghe new limit valueqLV)set

by the rewsed Ambient Air Quality Directivend to be attained by 2030-rom 2005 to 2021, NO
concentrations in port areas and nearby cities decreased by about 40%, similar to reductions in nearby
cities. PMo concentrations decreased by 40% in port areas and 45% within 20 km of ports. However,
limited SP@ make it challenging to draw definitive conclusions for all pdbsly inthe port of
Antwerpen, the number and location of SPOsallowed to identify a different trendin NG
concentratiors in the port comparedo the rest of the citylLower concentration reductions (from

25% to¢33%)were found in the portcompared tdargest NQ concentrations reductions in the city
(from ¢39% tog47%), probably showing the impact of larger emission reduciionise city, such as

road traffic.

Highresolution air qualitynodellingis needed for precise impact estimatdavo @se studies using

the Air Control Toolbox showed that international shipping significantly contributes te NO
concentrations during pollution episodes in Antwerpen (38%) and Barcelona (over 55%). PM
contributions from shipping were also significant but varied depending on other emission sources like
agriculture and residential heating.
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1 Introduction

Air pollutant concentrations in Europe have declined over the last decades due to reduced emissions
in many sectorssuch as road traffi@Gbangou and Colette, 202BTC HE Report 2023BEA Report
08/2024). However, attention has now shifted to other sources like shippihigh may become more
relevant in the near futurgo further decrease pollution. Comparing 1990 to 2021 the contribution of
the maritime sector to total transport emissions has increased from 20% to 39% for NOx, and from
30% to 42% for Ph4 (data drawn from theLongRangeTransboundary Air Pollution Convention,
LRTAP), and EEA Report 08/20R4The relative contribution from international shipping MO
annual mean concentrations in European ports is 22% on average, 5% feraR#13% forPMo
(Concawe, 2023The Ambient Air Quality Dirtives AAQDsDirectives 2004/107/EC and 2008/50/EC
setthe L\& for annual mearconcentrationsof PMs, 20 pg/m?® to be metas of 1.1.20200f PMuo, 40
ng/m3to be met as of 1.1.2W6, and ofNOG,, 40ug/m3to be met as of 1.1.2010The revised AAQ(EU
2024/2881) was recently publishedsetting new L\s for annual mean concentrations ahese
pollutants 10ug/m? for PMes, 20 ug/m? for PMio and NG, and to be attained by 1.1.2030lewL\5

for daily mean concentrationsere also setfor PMbs, PMo and NQ, respectivelyat to 25 ug/n¥, 45
ng/m3and 50 pg/m, andnot to be exeeded nore than 18 times per calendar yed&or NQthere is

also aLVof 200 ug/nifor hourly concentrationsnot to be exceeded more than 3 times per calendar
year.In thisreport only annual mean concentrations wesssessed, while hourly concentrations were
used in the analysisut not assessed towards the newkxs.

Future emission projections indicate that the contribution of road traffic emissions to the population
exposure to highNG: concentrations will decrease significantly, while shipping emissions could
determine the main contribution to adverse health impacts in coastal European cities in 2030 (EC, DG
ENV, 2022¥Figurel.1 showsthat, despite road traffic emissions remain the main contrdsub annual
meanNG; concentration at national leveghipping emissions in 2030 wsignificantly contributeto

the overall exposur®ef populationto NG, in countries like Malta, the Netherlandsnd Geece The
contribution of shipping emissions mmallerin other countries(e.g., Belgium Spain, Italy and
Portuga), but shipping isstill one of the main sourcesf NG. At the European level.e., for the 27
Member States of the European Unidtl[27)shipping is the main sector contributingttte exposure

to highNG:concentrationsShipping sector is contributing by 509%0N@» annual mean @ncentrations

of 30 ug/m?3. This contribution increases at higher concentrations rangesre than 80% above 40
ug/mé (Figurel.2). Therefore, monitoring air quality in ports and the nearby cities will become more
important in the next decades to understand the role of emissions from international shipping and
from all port activities (road traffic, neroad machinery, bulk unloadirend industrial installations).
Shipping emissiorand other portactivitiesare also contributing to particulate matter concentrations
which are detrimental to human health. Th&d/ho (particles with diameter below 10 um) was also
added to the analysim this report Despite shipping emission mainly contribute to the fine fraction
of particulate matter (PMs, i.e. particles with diameter below 2.5 pm), RMneasurements are
available for a larger number @P@ and for longer time series, whiés an important factor to
consider wherassessing past trends

(1) National emissions reported to the Convention on L-omgge Transboundary Air Pollution (LRTAP Convention), v1.2,
2024
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Figurel.1 Population weighted concentrations and source contributions per country ir8a0
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As there are many ports in Europhigstudy analyses air quality for a selection of European poinis.
study focuses or23 ports selected by thé&uropean Maritime Safety Agency (EM3A3nd the
European Environment AgendyEA(). The list includesome of the largest ports in Eurofsuch as
Rotterdam, AntwerpenHamburg, Marseilleand Barcelonp consideringcargo, bulk carrier and
passenger portsand located in 10 different European countri@$e full list of ports included in this
analysis is provided ifiablel.1 and their geographicabcationin Figurel.3.

Tablel.1 List of ports in Europe included in this study

Ports Country Country code
Algeciras Spain ES
Amsterdam The Netherlands NL
Antwerpen Belgium BE
Barcelona Spain ES
Bremen Germany DE
Bremerhaven Germany DE
Gdansk Poland PL
Genova Italy IT
Gioia Tauro Italy IT
Hamburg Germany DE
Le Havre France FR
Malta Freeport Malta MT
Marseille France FR
Messina Italy IT
Napoli Italy IT
Palma de Mallorca Spain ES
Piraeus Greece GR
Reggio Calabria Italy IT
Rotterdam The Netherlands NL
Santa Cruz de Tenerife Spain ES
Stockholm Sweden SE
Trieste Italy IT
Valencia Spain ES

The aim of this study is to answer the following questions:
1. How is the air quality monitored inside or in the vicinity of ports?
2. How are the ambient air concentrations of N&hd PMgin and around ports compared to the
nearby cities and regions?
3. What are the trends in pollutant concentrations in ports and nearby cities?
4. What is the potential impact of port activities and international shipping on air quality?

(® https://emsa.europa.eu/
(®) https://www.eea.europa.eu/en
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To address these questions, the study followed several steps using various dataskeitdingair
pollutant concentrationsland cover, population and meteology. The methodology and datasedse
described in Section Zhe assessment of air quality monitoring around the 23 selected ports in Europe
is presented in SectioB. The comparisomf NG and PM, concentrationsbetween port areas and
nearby cities and surrounding regions is presented in Sectiamd their trends in Section Einally,

two case studieare presented in Section 6 to shake impact of shipping emissions during pollution
episodes

Figurel.3 Location of the 23 European ports analysed in this study
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2 Methodology

In order to answer these questioydifferent datasetswere usedaccording to the following steps:

1.

Identification of the port aredor each city ifTable1.1: it wasusedii KS & LJ2 NIi | NBI £

classification of land cover (CO&de 123)available in theaCORINE Land Cover 2018 dataset
from the Copernicus.and Monitoring Servic€ELME?).
Hrstair qualitySP@locatedin the portsand other that could be affected by the port activities
in the vicinity of portwere identifiedto be compared withSP@ in the nearby city and
surrounding areasThe validated data available from the Europeasieporting databasg)
were used NG and PMy SPOsvere considered in the analysigth available data in 2021
which was, at the time of performing the study, the latest air quality validated data.
As different industrial activities are typically -azated in port areasye considered the
Directive 2008/50/ECwhich specifies the microand macroscale siting of industri8POs
Industrial SPOs shall be sited at enough distgrc250 m)from industrial installations and
downwind of the industrial sources in the nearest residential ardatypes of SPOs were
considered in this analysisdustrial, traffic and backgroun@&oth the distanceof SPO$rom
the portand the meteorologyfrequencyof wind direction blowing from the port areajvere
considered to assess the air quality monitoring in port areas.
For each porthree types ofSP@ were selected for the analysis:
a. in port: located inside the port area polygon
b. within adistance of 1 knfrom the port area polygon
c. within adistance ofl kmto 10 km forNG,, andof 1 km to 20 kmfor PMo (a larger
distance was considered fd?Mio as this pollutant can be transported at further
distances due tits longer lifetime in the atmosphereJhe 10 km and 20 km distances
were calculated from the centroid of the port area polygon
For the first two sets 06P@ (a and b}t wasexpecedto see astronger impact of the ports
due to their proximity to the source$he SPQ@ in group evereused to see ithe port activities
and shipping emissiorae affectingthe nearby cities and surrounding regions.
Meteorologyis another important factor to take into account in the analyBisr each portt
was considered the frequency (%) of wind blowingdifferent directions from the ports
towards the surrounding aresaThe European Centre for MediwwRange Weather Forecasts
(ECMWIF re-analysis i(e. a meteorological model simulation of past years corrected with
observations Berrisbrd et al., 201) dataset at a resolution of 0.1 x 0.1 degrees resolution
(approximatively 10 km by 10 kmijhe timeseries of durly wind direction®of the year 2021
wereextracted fromthe modelled gridded data at the locationthie centroidof the port area
polygon Thetimeseries were used to calculate tifrequency of wind directionklowing from
the port centroidin the surrounding® wind sectorgl5 degreeswide, centredat 45 degrees
(North EastNE), 90(East,E), 135 (South EastSE) 180(South,S) 225(South WestSW) 270
(West, W), 315(North West,NW), and 360 North, N).
The comparisorof the NG and PMyo concentration in and around ports compared to the
nearby cities and regiongyas assessed nalysing the hourly concentrations measured at
the selectedSP@ for each portThedistribution of NGO, and PMy concentrationswhen wind
direction was coming from the pgrivas compared to the distributioof concentrations when
wind wasnot blowing fromthe port. This comparison mayovide a first indication if their
quality SP@ in different regions(wind sectors)around the pors are affected by the port
activities.On the other handit mustbe noted that these differences may also biefluenced
at the samdime by other emissiorsources
Measurements fronSP@ may not beavailable for all portsandif availabletheir locationin
relation to the portsmay not be always optimgdistance and metorology) The analysis

() https://land.copernicus.eu/

(®) https://agportal.discomap.eea.europa.eu/
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based onSP@ wascomplementedwith the analysiof the EEA air quality mafssfor 2021 at
the resolution of 1 km x 1 km (based on the combination of model simulations, observations,
and supplementary datéHoralek et al, 202ETC HE Report 2023/F hese maps can provide
a bettergeographical representation afr quality inthe regions around portand can be used
to estimate the differences betweehNG, and PMy annual meanconcentrations in ports
compared to the nearby cities and regions.

8. A database oSP@ with longterm trends of air pollutants at European and national level
20052021 (Gbangou and Colette, 20T GHE Report 2023)8vasused to assess differences
in NG and PMy trends at theSP@ identified in the previous steps the analysig1-3). The
aim of thiscomparisorwasto evaluate if different trends in annual mean concentrations were
observedin ports, or in their vicinity, compared to otheiSPQ@ in thesurroundingregion.

9. In order tobetter quantify the impact of shipping emiss®m@and port activities and evaluate
its contribution compared to other emission sectorswould be necessaryo perform air
quality modeling studies at &igh resolution for each portvhich was behind the scope of this
study. Neverthelesscase studiesvere analysed tdllustrate the possible impact of shipping
emissions and their contribution to théQ,and PMip concentrationgduringdifferent pollution
episodes inwo cities, Antwerpen and Barcelon@he online Air Control Toolboxas used
(Colette et al., 2022), a surrogate model of the Chimere chemistry transport model (Menut et
al., 2021) and one of the air quality policy tools developed for the Copernicus Atmosphere
Monitoring Services (CAM3)

Section 2s asummaryof how manySP@ are available for each pofguestion 1) while theresults
from the analysis of measurement®in availableSP@ and air quality mapare shown in Section 3
(question 2). Section 4 presexthe analysis of observed trends at the identifis®@ (question 3)
Section 5 illustrate examples ofpollution episodesand the possible contributiofrom shipping
emissionsSection 6 provides general conclusiongAnnexl provides the complete analysis (graphics
and maps) for each part

3 Air quality monitoring around European ports

Different activities and emissiosourcesare located nh the port areas including national and
internationalshipping road and na-road traffic andindustrial point sourcesThis chapter provides a
general overviewof air quality monitoring around portsThisanalysis is not focused ongn SPOs
downwind of the port and in the nearest populated area, blitSOs around a port were considered,
taking nto account the distanc&om the port, all typesof SPO¢background, industrial or trafficand
allwind directions blowing fromthe port towards the SPOs.

Figure3.1 shows an overview of the number of air qual@ found for each porinside the port

area polygons, within 1 km from the port area, aretween 1 km to 10 krfor NO, SPOsindbetween

1 km to 20 km foPM. Among the 23 ports analysed inigistudy, only 5 ports have at least one air
quality SPCror NG, and PMyo located inside the port area: Amsterdam (NL), Antwerpen (BE), Genova
(IT), Hamburg (DE), and Piraeus (GR).

Almost all analysed ports have at least &sfeQdn the vicinity of the port areéwithin 1 km distance)

Only the ports oMalta Freeport(MT), Marseille (FR), Reggio Calabria (IT) and Stockholm (SE) do not
have anySPO®r NG, and PMy within 1 km. In addition, the ports of Barcelona (ES), Messina (IT) and
Santa Cruz de Tenerife (ES) do not ha8®&@or PMyo within 1 km.

When considering an ardzetween 1 km tdl0 kmdistance fromthe port areas, all ports and nearby
cities have at leastine SP@ forNQG.. The largest number @POsgor NG; are found around the port

(6) https://sdi.eea.europa.eu/catalogue/datahub/eng/catalog.search#/metadata/827002883467b-beOa78a520c3a7ef
(") https://policy.atmosphere.copernicus.eu/
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of Antwerpen (37monitoring SPO¥(Figure3.2). The portsMalta Freeport(MT), Messina (IT), and
Reggio Calabria (IT) do not have &BCfor PMio within 20 km. The largest number 8POdor PMio
are found for the ports of Amsterdam (22) and Antwerpen (Ejure3.2).

Figure3.1 Number ofmonitoring SPO®f NG, (a) andP Mo (b) around 23 European portand
nearby citieswith validated measurementdor year 2021

a) NO2 monitoringsampling pointsin port areas b) PM10 monitoring sampling points in port areas

Algeciras (ES) Algeciras (ES) mm
Amsterdam (NL) M imm— Amsterdam (NL)  Ea
Antwerpen (BE) = Antwerpen (BE) — mm—m
Barcelona (ES) m=m Barcelona (ES)
Bremen (DE) == Bremen (DE) ==
Bremerhaven (DE) wm Bremerhaven (DE) ==
Gdansk (PL) == Gdansk (PL) wm
Genova (IT) Ee Genova (IT)  Mlem
Gioia Tauro (IT) Gioia Tauro (IT)
Hamburg (DE) M Hamburg (DE) Mam
Le Havre (FR) == Le Havre (FR) ==
Malta Freeport (MT) Malta Freeport (MT)
Marseille (FR) Marseille (FR)
Messina (IT) == Messina (IT)
Napoli (IT) == Napoli (IT) ==
Palma de Mallorca (ES) mm Palma de Mallorca (ES) ==
Piraeus (GR) = Piraeus (GR) =
Reggio Calabria (IT) Reggio Calabria (IT)
Rotterdam (NL) — — Rotterdam (NL) — —
Santa Cruz Tenerife (ES) === Santa Cruz Tenerife (ES)
Stockholm (SE) Stockholm (SE)
Trigste (IT) s Trieste (IT)  m—
Valencia (ES) == Valencia (ES) =
0 5 10 15 20 0 10 15 20
| Inside port m Inside port
| Within 1 km from port B Within 1 km from port
Within 1to 10 km from port Within 1 to 20 km from port
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Figure3.2 Air quality SPOsn the ports of Antwerpen(left) and Amsterdam(right)
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Table3.1 andFigure3.2 provide more details abouhe total numberof SPOgdentified for NG, (within
10 kmfrom the port) and folP My (within 20 km) For each port it islsoindicated

how manySPOsre classified asackground (B), traffic (T) or industriat (1)

how manyof the total number ofSPOsre located inside the port area

how many of the total number dPOsre locatedwithin 1 kmfrom the port area

the mean distance of aBPOg$rom the port area irkilometres

the numberof the wind 8 sectorsvhere at least ones SPQs located

the sum of thewind frequendes (%) blowing from the ports towards each sector whegd
least onemonitoring SPAs located.

E R ]

Most of theNG, SPOd$ound inside port areas are classified as traffic3P¥3 (1 in Amsterdam, 2 in
Genova, and 1 in Piraeus). In the port of Antwerpen 3 industri@RQsvere found, and 1SPO
classified as background (B) is located inside the port of Hamburg.

The mean distancesf SPO$rom port areasareranging betveen0.6 km (Triestednd6.9 km (Piaeus.
Only few of thadentified SPOsre located downwind of the prevalent wind direction in the port areas.
Only 5 ports (Algeciras, Antwerpen, Genova, Marseille, and Nap@lve at least on&SPOfor NO
located in a wind direction sector whichdewnwind of the portmore than 25% of the timé-igure
3.3). The ports of Amsterdam and Antwerpen hasBOsn 7 of the 8 wind sectors around the port
The total frequencyof wind directions from the ports toward theeven sectorsvith SPOss 79% in
Amsterdam, 91% in Antwerpefihe total wind frequencis above 50% i8 of the 23 ports analysed.
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Table3.1 Number of SPOwithin 10 km from a port, in port or within 1km from a port. SPOs in the list are those with available datdNfoyin 2021

Port Country code SPO within 10 SPO type SPO irport (#, SPO within 1 km Mean wind sectors  Tatal wind
km (#) type) from port (#, type) distance from with atleast1 frequency
port (km) SPQ#) covered by all
SPOs
Algeciras ES 15 1T, 1B, 13l 21 3.1 5 54 %
Amsterdam NL 17 6T, 9B, 2I 1T 1T, 2B, 2I 2.6 7 79 %
Antwerpen BE 37 21T, 6B, 10l 3l 9T, 2B, 4l 14 7 91 %
Barcelona ES 14 11T, 3B 1B 4.1 4 60 %
Bremen DE 6 1T, 4B, 1I 1B 2.6 3 35 %
Bremerhaven DE 2 1T, 1B 1B 1.6 2 21 %
Gdansk PL 5 5B 1B 3 3 32%
Genova IT 9 5T, 4B 2T 1T, 2B 2.4 4 69 %
Gioia Tauro IT - - - - - - -
Hamburg DE 11 5T, 4B, 2I 1B 1B, 1l 2.2 5 71 %
Le Havre FR 4 1T, 2B, 1I 1B 1.8 2 29 %
Malta Freeport MT 2 1T, 1B 6.3 2 39 %
Marseille FR 4 1T, 3B 3.6 3 48 %
Messina IT 2 1T, 1B 1T 1 2 15 %
Napoli IT 11 5T, 4B, 2I 1T 55 6 78 %
Palma de Mallorca ES 4 1T,2B, 11 1B 3.4 4 47 %
Piraeus GR 8 4T, 2B, 2I 1T 6.9 3 40 %
Reggio Calabria IT 2 1T, 1B 1.6 2 20 %
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Port Country code SPO within 10 SPO type SPO import (#, SPO within 1 km Mean wind sectors  Total wind
km (#) type) from port (#, type) distance from with atleast1 frequency
port (km) SPQ#) covered by all

SPOs
Rotterdam NL 13 5T, 5B, 5l 1T, 3B, 1l 2.8 4 45 %
Santa Cruz Teneri ES 9 1T, 2B, 6l 1T, 1l 1.7 1 23 %
Stockholm SE 12 10T, 2B 4.4 2 21 %
Trieste IT 1T, 2B 2B 0.6 2 13 %
Valencia ES 9 6T, 3B 1T 4.9 3 50 %

Table3.2 Number of SPOswithin 20 km from a port, in port or within 1km from a port. SPOs in the list are those with available data forofv2021

Port Country code SPO within 20 SPO type SPO in port SPO within 1 km Mean distance  wind sectors Total wind
km (#) (#, type) from port (#, from port (km) with atleastl  frequency
type) SPQ#) covered by all
SPOs
Algeciras ES 4 41 1l 2.8 4 46 %
Amsterdam NL 22 6T, 9B, 71 1T, 1B 1T, 21 6.9 7 79 %
Antwerpen BE 19 2T, 7B,10I 21 2B, 2I 2.4 8 100 %
Barcelona ES 5 2T, 3B 10.6 4 58 %
Bremen DE 6 1T, 4B, 1I 1B 2.6 3 35 %
Bremerhaven DE 2 1T, 1B 1B 1.6 2 21 %
Gdansk PL 7 7B 1B 6.9 3 32%
Genova IT 5 3T, 2B 1T 1T, 1B 1.3 2 17 %
Gioia Tauro IT - - - - - - -
Hamburg DE 10 3T, 5B, 2I 1B 1B, 1l 3.1 5 71 %
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Port Country code SPO within 20 SPO type SPOinport SPO within 1 km Mean distance wind sectors Tatal wind

km (#) (#, type) from port (#, from port (km) with atleastl  frequency
type) SPQ#) covered by all
SPOs

Le Havre FR 6 1T, 3B, 2I 1B 5.1 5 57 %

Malta Freeport MT

Marseille FR 6 1T, 3B, 2I 7.5 4 63 %

Messina IT

Napoli IT 3T, 3l 1T 4.8 42 %

Palma de Mallorca ES 4 1T,2B, 11 1B 4.8 47 %

Piraeus GR 9 2T, 6B, 11 1T 10.6 3 40 %

Reggio Calabria IT

Rotterdam NL 17 6T, 8B, 3l 1T, 3B, 1I 59 5 67 %

Santa Cruz Teneri ES 14 3B, 111 6.6 1 23 %

Stockholm SE 13 12T, 1B 7.7 3 37 %

Trieste IT 4 1T, 2B, 1l 1B, 1l 1.6 4 31%

Valencia ES 5T, 2B, 1l 1T 7 3 50 %
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Alsq for PMyo, most of theSPOg$ound inside port areas are classified as traffic (T) (1 in Amsterdam, 2
in Genova, and 1 in Piraeus). In the port of Antwerféndustrial () SPOsvere found, and2 SPOs
classified as background @}glocated inside theorts of Amsterdamand Hamburg

The mean distances @POdrom port areasare rangingbetween 1.3 km (Genovd and 10.6 km
(Piraeusand Barcelonp Onlya fewof the identifiedSPOsre located downwind of the prevalent wind
direction in the port areasOnly3 ports (Algeciras, Antwerpen, and Marseillgve at least on&PO

for PMyo located in a wind direction sector which is downwind of the port more than 25% of the time
(Figure3.3). The port of Antwerperhas SPOsn all the 8 wind sectors around the pofL00% of the
wind frequency) The port of AmsterdanimasSPOsn 7 of the 8 wind sectors around the port (total
frequencyof 79%of wind directions from the ports toward the seven sectors wsRO}y The total
wind frequency is above 50% in 8 of the 23 ports analysed.

Figure3.3 Air quality SPOsand wind direction frequencies fothe ports of Algeciras, Antwerpen,
Genova, Marseille and Napoli

Algeciras Antwerpen Genova

Y

ALCEClﬁASf’

Marseille

Note: Amap with location of the air qualitgPOsround ports and frequency of wind directitmowing from the
ports towards 8 wind sectoris provided for all portsnithe Annex 1

4  Air quality in port areas compared to the nearby cities and regions

An analysis wasconducted using wind directiors from meteorological dataand measured
concentrations of the identifiedSP@ around each port.The change in pollutant concentrations
measured aSPOsiround the portsvas assessednly during downwind conditions and compared to
the rest of theobservationsFor each porthe timeseriesof hourly NG, and PMyo concentrationsfor
2021were analysedThe distribution of the concentration®r allSPO$cated in the same wind sector
around the portwere compared for each parAs shown irthe example irFigure4.1, in the port of
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Antwerpenthere are threeSPQ@ in theNEwind sectorrelative tothe port, all of them havevalid data
for NG concentrations, only one fdPMio. In theseSP@, the distribution of measured concentrations
when airwasblowing from the port(greenline) wascompared toconditionswhen air is hoblowing
form the port (blue line), antbr all wind directions (red lineYhe wind blowed 2&o0f the time during
2021 from the porof Antwerpen towardhese theSPG. When the air was comingdm the port,the
peak of thedistribution of NG, concentrations increaseffom 6.8ug/m? (not from port) to 12 ug/m?®
(from port). The median oNG; concentrationancreased by’'5%when air was coming from the port
(21 pg/m3) compared to not fom port conditions(12 pug/md). For PMyo concentrationsin the same
sector there is only on&PQa similar increaseas not observedonly a 12% increase in the peak of
the distributions and no change in the median between the two distributionBMo concentrations.
The different distributions of pollutant concentrationcanindicate a possiblémpact of the portin a
specific region (in this case RBm the port of Antwerped), but it must be highlighted that it cannot
be considered @recise estimatgaspollution from other sourcef the regioncannot be separated
through this analysisThe same analysis available in theAnnex1 for all ports andfor all wind
directions wheremeasurements are available.

Figure4.1 Distribution of hourlyNG; (left) and PMyo (right) concentrationsfor SPQ (3 forNG,, 1
for PMug) located in theNEwind sectorrelative to the port of Antwerpen. Three
distributions areshownF 2 NJ a £ f ¢ G6AYR RARNNDPWARWHEHI 62 bYR
Gy 2ay  TIRMEnéndber of hourly concentration values (# record®r each
distribution is indicated in the legend.

Antwerpen, sector:1(3SPOs } Antwerpen, sector:1(1SPOs }
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H 2 £ 75 100 0 25 50 75
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Table4.1 Summaryfor all portswith main percentagechanges in mediatNG, and PVho concentrationsfor measurements when air is blowing from the

port

Port NC: PMuo Maps and figures

Algeciras Data available in 5 wind sectors. Increase in 3 seci Data available in 4 wind sectors. Increasein 2  Annex 1.1
from 40% (W) to 86% (NE). sectors, 12% (E) and 19% (W).

Amsterdam Data available in 7 wind sectors. Increase in 4 seci Data available in 7 wind sectors. Increase in 3 Annex 1.2
from 13% (N) to 51% (W). sectors from 7% (E) to 20% (SE).

Antwerpen Data available in 6 wind sectors. Increase in 5 seci Data available in all 8 wind sectors. Increase in 4 Annex 1.3
from 6% (SW) to 75% (NE). sectors from 6% (E) to 26% (S).

Barcelona Data available in 4 wind sectors. Increase in 2 seci Data available in 4 wind sectors. Increase in 1 se Annex 1.4
from 5% (NE) to 29% (SW). of 5% (W).

Bremen Data available in 3 wind sectors. Increase in 2 seci Data available in 3 wind sectors. Increasein2  Annex 1.5
21% (E) and 26% (SE). sectors, 14% (E) and 25% (SE).

Bremerhaven Data available in 2 wind sectors. No increase detel Data available in 2 wind sectors. Increasein2  Annex 1.6
in both sectors (E and SE). sectors, 13% (E) and 36% (SE).

Gdansk Data available in 3 wind sectors. No increase detei Data available in 3 wind sectors. Very small incre Annex 1.7
in all sectors. detected in one sector, 3% (SW).

Genova Data available in 4 wind sectors. Increase detectec Data available in 2 wind sectors. Increase detect¢ Annex 1.8
all sectors from 1% (NW) to 32% (W). in all sectors, 2% (NW) and 11% (E).

Gioia Tauro No data available. No data available. Annex 1.9

Hamburg Data available in 5 wind sectors. Increase detectec Data available in 5 wind sectors. Increase detecte Annex 1.10
2 sectors, 26% (NE) and 77% (SW). in 2 sectors, 17% (NE) and 32% (SE).

Le Havre Data available in 2 wind sectors. Increase detectec Data available in 5 wind sectors. Increase detect¢ Annex 1.11

1 sector, 73% (NW).

in 1 sector, 15% (SE).

Malta Freeport

Data available in 2 wind sectors.

1 sector, 31% (N).

Increase detectec No data available.

Annex 1.12
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Port NC: PMuo Maps and figures

Marseille Data available in 3 wind sectors. Increase detectec Data available in 4 wind sectors. Increase detect¢ Annex 1.13
1 sector, 52% (NE). in all 4 sectors, from 7% (W) to 25% (NE).

Messina Data available in 2 wind sectors. Increase detectec No data available. Annex 1.14
1 sector, 46% (SW).

Napoli Data available in 6 wind sectors. Increase detectec Data available in 4 wind sectors. No increase Annex 1.15
4 sectors, from 5% (NW) to 115% (SW). detected in all 4 sectors.

Palma de Mallorca Data available in 4 wind sectors. No increase detel Data available in 4 wind sectors. Small increase Annex 1.16
in all 4 sectors. detected in 2 sectors, 5% (NE and E).

Piraeus Data available in 3 wind sectors. Increase detectec Data available in 3 wind sectors. Increase detect¢ Annex 1.17
1 sector, 45% (NE). in 2 sectors, 8% (E) and 13% (NE).

Reggio Calabria Data available in 2 wind sectors. No increase deter No data available. Annex 1.18
in both sectors.

Rotterdam Data available in 4 wind sectors. Increase detectec Data available in 5 wind sectors. Increase detect¢ Annex 1.19
3 sectors, from 35% (N) to 46% (SE). in 3 sectors, from 9% (NE) to 26% (SE).

Santa Cruz Tenerife Data available in 1 wind sector. Increase detected, Data available in 1 wind sector (SW). Increase nc Annex 1.20
50% (SW). detected.

Stockholm Data available in 2 wind sectors. Increase detectec Data available in 3 wind sectors. Increase detect¢ Annex 1.21
1 sector, 21% (SW). in 1 sector, 25% (SW).

Trieste Data available in 2 wind sectors. Increase detectec Data available in 4 wind sectors. Increase detect¢ Annex 1.22
1 sector, 41% (N). in all 4 sectors, from 8% (NW) to 74% (N).

Valencia Data available in 3 wind sectors. Increase detectec Data available in 3 wind sectors. Very small incre Annex 1.23
all 3 sectors, from 13% (W) to 40% (N). detected in 1 sector, 4% (W).
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The majority of theports analyseddo not have air qualitgP@ inside port areas Furthermore, nost

of the SP@ in the nearby cities are too sparse arften not locateddownwind of the portsThus, it
was difficult to derive strong conclusions from the previous analysis hasgdelyon measurements.
The analysis of the EEA air quality n{®d#loralek et al, 202ETC HE Report 2023f8ay represent
better the differences betweeNO, and PMi, concentrations in porteompared to thenearbycities
and regional backgund levelsThe majg are created as a data fusion between a model simulation
thus taking into account the impact ofeteorologyfor aspecific yearmeasurementseported by the
Member States to the EEghd other ancillary datauch as land coveThe maps arased to downscale
the model results which have a rather coarse resolutipto a finer resolutionof 1 km by 1km, and
better geographical distribution of pollutants concentrations

Figure4.1 shows the differences between annual mean concentrationd@f (a) andP Mo (b) over
port areascompared tahe surrounding regiong.he«Port> concentrations arealculated as the mean
concentrations otll the grid cellsin the 1 km x 1 km air quality mawhich areintersecting omwithin

1 km from the port area polygons. Thélon port> concentrations arecalculated as the mean
concentrations over all othagrid cellsaround the portover a regiorwithin 0.5 degrees dtitude and
longitude (approximatively a region of 100 km by 100 km)

Figure4.2 Annual mean N@(a) and PMo (b) concentrations in port areas and surrounding regions
(& lon port€). The dashed red line represesthe LVfor NO; and PMo annual mean
concentrations set by the revised AAQEC 2024/2881)

a) NO2 b) PM10
LV (EC 2024/2881) LV (EC 2024/2881)
Algeciras (ES Algeciras (ES i
Amsterdam (NL Amsterdam (NL
Antwerpen (BE Antwerpen (BE
Barcelona (ES Barcelona (ES
Bremen (DE Bremen (DE
Bremerhaven (DE Bremerhaven (DE
Gdansk (PL Gdansk (PL
Genova (IT Genova (IT

Gioia Tauro (IT Gioia Tauro (IT

Hamburg (DE Hamburg (DE
Le Havre (FR Le Havre (FR
Malta Freeport (MT Malta Freeport (MT
i Marseille (FR
Marseille (FR _
Messina (IT Messina (IT
;Ssm? T Napoli (IT
Palma de M uapo II(ES Palma de Mallorca (ES
almade Hatforea | Piraeus (GR
Piraeus (GR

Reggio Calabria (IT
Rotterdam (NL
Stockholm (SE

Reggio Calabria (IT
Rotterdam (NL

Stockholm (SE Trieste (IT
Trieste (IT Valencia (ES
Valencia (ES
0 10 20 30
0 10 20 30 g m3
Port m Nonport pgm= Port m Non port

NG concentrationsin oPort¢ areas were larger than thedNon porté regionallevels for althe ports
analyseddata forSanta Crade Tenerifevere not available as extra territories are not included in the

(8) EEA geospatial data catalogderopean air quality data (interpolated dat&eries
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EEA air quality majpsThe differencesn annualmean NQ, conentrations ranges from1.5 pg/m?®
(Malta Freeport MT) to 13.8 ug/m? (Marseille FR)The differencesvere above 10ug/m?in 7 ports,
Algeciras (ES), Barcelona (E®@nova (IT), Marseille (FR), Napoli (IT), Piraeusd@R]Jrieste (IT). The
annual meaNQ; concentrationsvere above 2Qug/m? (the LVfor the protection of human healtket
in the revisedAAQD EC 2024/2881to be attained by 1/1/208) in three ports, Antwerpen (BE),
Marseille (FR), and Napoli (IOther ports which are very close to tHi¥were Barcelona (ES, 19.3
ng/m?3), Genova (1719.8ug/md), Piraeus (GR, 1®9ug/mq), Rotterdam (NL, 1Ag/md).

Also PMy, concentrationsin dPorte areaswere larger than the dNon port regional levels for all the
port analysed.But, compared toNQ, the differenceswere smaller, ranging from 0.5ug/m®
(Amsterdam, NL) t®.8 ug/m? (Piraeus, GRPnly two ports stand out from the others with large
differences, PiraeuGR, 9.81g/m?) and Napoli (IT, 8.ag/mq). Differences irPMio concentrations in
all other portswere below 44 ug/m? (Barcelona, ESThe annual meaf®Myo concentrationswere
above 2Qug/m? (the LVfor the protection of human health set in the revised AAQD, EC 2024/2881
be attainedby 1/1/2030) in 10 ports, Ageciras(ES 21.7ug/mq), Barcelona (ES, 22.8)/m®), Gdansk
(PL, 22.8ug/m%), Gioia Tauro (IT22.3 pg/mq), Malta Freeport(MT, 26.7ug/m?), Marseille (FR20
ng/m?), Messina (IT, 22.8g/m%), Napoli (IT, 298g/md), Piraeus (GR, ZBug/m?®) andReggio Calabria
(IT, 22.9ug/m?3). Other ports which are very close to thi¥ are Antwerpen (BE 198 ug/m®) and
Genova (IT, 12.ug/m3).

The EEA air quality mapgive alsothe possibilityto show a comparisorbetween the mean
concentrations in portand areaweightedmeanconcentrationgor different land covergi.e.the sum

of the concentratiors multiplied bythe area fraction covered by a specific land caslass, divided by
the total area of that land covgrThe land cover classes whiare usedas ancillary dat¢o create the
maps ardisted inTable4.2, and arealso based on the CORINE CLC 2018 dataset used in this study to
identify the port areas (CLC code 1ZI@)eport areas in the EEA air quality maps are includedriaw
class,traffic (TRAF), which includes the codes -122, road and rail networks and associated land,
ports and airports.Two examples ofmore detailedcomparisonsare presented here fotwo ports
where the largest differences irigure4.2 were identified Marseillefor NG (Figure4.3) and Piraeus
for PMho(Figure4.4). Maps ofNG, and PMs concentrationsand their distribution over port and nen
port grid cellsare available for each poi Annex1.

Table4.2 Land cover classes used as ancillary data in the EEA air quality maps

Label General class CLC classes CLC classes CLC classes description
description grid codes  codes
HDR High density 1 111 Contiruousurban fabric

residential areas

LDR Low density 2 112 Discontinuous urban fabric
residential areas

IND Industry 3,79 121,131-133  Industrial or commercial units,
Mineral extraction sites, Dump site
Construction sites

TRAF Traffic 4-6 122124 Road and rail networks and
associated land?orts, Airports

UGR Urban green 1011 141-142 Artificial, nonagricultural vegetated
area

AGR Agricultural areas  12-22 211-244 Agricultural areas

NAT Natural areas 23-34 311335 Forest and seminatural areas

OTH Other areas 3544 411-523 Wetlands, Water bodies
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In Marseille 24 grid cellsof the EEA air quality maps are intersecting whith port area polygon (code
123 in CLC 2018) or within a distance of 1 km froffihie NG, meanconcentration over the 2f{ort
grid cellds 2.5ug/m? (median of 23.319/m?), which is comparable only with theean areaweighted
concentration for high density residential areas (HIEZR.8ug/m?, whilethe areaweighted mean for
all other land cover classés ranging betweerd.8 ug/m? (naturd areas, NAT) and 13j8/m?® (low
density residential areas, LDR).

Figure4.3 EEA air quality mapf NG, concentrations in Marseillend boxplot distribution of the
concentrations over the port (grey shadeagtid cell§, compared to the surrounding
region and areaveighted means for different land cover classe$4ble4.2)

NO2 2021

e HDR = IND = UGR = NAT
LDR * TRAF AGR OTHER
T T
Port (#cells:24) non Port (#cells:4991)

Marseille

In Piraeus, 38rid cellf the EEA air quality maps are intersecting with the port area polygon or within
a distance of 1 km from it. THeM, mean concentration over the 33 pogdrid cellsis 29.7ug/m3
(median of 30.5ug/m?®). Also in this case the me#&Mo concentration in the port is comparable only
with the mean areaweighted concentration for high density residential areas (HDR) \284°, while

the areaweighted mean for all other land cover classes is ranging betweerugim® (natural areas,
NAT) and 24.pg/m? (low density residential areas, LDR).

Figure4.4 EEA air quality map d®?Mio concentrations inPiraeusand boxplot distribution of the
concentrations over the port (grey shadegrid cellg, compared to the surrounding
region and areaweighted means for different land cover classegaple4.2)
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5 Differences between air pollution trends in port areas and nearby cities

Longterm trends (20052021) of air pollutants at European and national level have ksediedin
Gbangou and Colett€2023 ETC HE Report 2023#y analysing the observations through linear
statistics These trends have beénvestigatedo highlight the differences of the evolution b, and
PMconcentrations in port areas and nearlities.

The simmaryTable5.1 and

Table5.2 presentthe number ofSP@ thatare inthe vicinity of themain ports respectively foNG

and PMio. SPGB showing trends over the period 20@B21 are indicated along witthe type of
pollution influence, i.e. traffi€T), backgroundB)and industrial(l). The location of theSPQ@ is also
specified,i.e. which SPG are inthe port and within a 1 km radius. The average distance oSih@&

from the port is also indicated.

Table5.1 Number of NG, SPOsvithin 10 km from a port(#SP@) and thosdor which long term
measurementsand the 20052021 trend are availablé#w/trends). For theSP@ with
trend, it is specified their type (background, Bansport, T; industrial, 1), if located
inside port {n port) or within 1 km, and the mean distancén kilometres) from the port
of all SP@with trends.

Port Country SPOs SPOs SPO SPQn SPO Mean
code (#) witrends  type port within 1 distance
(#) (#,type)  km from
(#, type) portin
km
Amsterdam NL 18 13 5T 7B 11 1T 3T1B 1l 1.6
Algeciras ES 15 11 iT10l O 11 3.3
Hamburg DE 14 11 4T 3B 41 0 1l 2.7
Barcelona ES 14 10 3T7B 0 1B 3.8
Antwerpen BE 50 9 2B 71 3l 4] 1.3
Genova IT 10 5 4T 1B 1T 2T 2.2
Gdansk PL 6 5 5B 0 1B 2.2
Rotterdam NL 16 5 1T3B1l 0 2B 1l 2.8
Marseille FR 4 2T2B O 0 1.9
Bremen DE 6 4 1T3B O 0 3.5
Valencia ES 11 3 2T1B O 1T 2.7
Napoli IT 11 3 3T 0 1T 14
Stockholm SE 19 3 2T1B O 0 3.7
LeHavre FR 2 1B 11 0 1B 11 0.5
Palma de Mallorca ES 4 2 iTiB O 1B 0.8
Bremerhaven DE 2 iTiB O 1B 1.7
Piraeus GR 14 2 1T 1l 0 0 7.2
Trieste IT 8 0 0 0 0
Santa Cruz de Tenerife ES 12 0 0 0
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Port Country SPOs SPOs SPO SPQn SPO Mean

code #) witrends  type port within 1 distance
# (#, type)  km from
(#, type) portin
km
Gioia Tauro IT 0 0 0 0 0
Malta Freeport MT 2 0 0 0 0
Messina IT 2 0 0 0 0
Reggio Calabria IT 2 0 0 0 0

Table5.2 Number ofPMi SPOwvithin 20 km from a port (8P®) and those for which long term
measurements and the 2003021 trend are available (#w/trends). For theP @ with
trend, it is specified their type (background, B; transport, T; industrial, I), if located
inside port {n port) or within 1 km, and the mean distancgén kilometres) from the port
of all SP@ with trends

Port Country SPOs SPOs SPO SPOin SPO Mean
code #) w/trends  type port within 1 distance
#) (#, type) km from
(#, type) portin
km
Hamburg DE 13 10 3T4B3I 0 1l 4.3
Rotterdam NL 20 6 2T4B O 1B 10.2
Antwerpen BE 29 6 2B 4| 11 21 1.9
Gdansk PL 11 5 5B 0 1B 5.8
Marseille FR 8 5 2B 3l 0 0 10.3
Stockholm SE 19 5 4T1B O 0 54
Le Havre FR 7 3 1B 2I 0 1B 1I 6.4
Palma de Mallorca ES 5 3 1T2B O 2B 0.7
Bremen DE 7 3 1T2B O 0 3.9
Genova IT 17 2 2B 0 2B 0.3
Trieste IT 13 2 2l 2l 2l 0
Bremerhaven DE 2 2 iTiB O 1B 1.7
Amsterdam NL 25 2 iTiB O 0 18.6
Valencia ES 16 1 1B 0 0 2
Algeciras ES 12 1 11 0 0 3.9
Santa Cruz de Tenerife ES 14 1 1B 0 0 19.7
Barcelona ES 45 0 0 0 0
Napoli IT 17 0 0 0
Piraeus GR 15 0 0 0 0
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Port Country SPOs SPOs SPO SPOin SPO Mean

code #) witrends  type port within 1 distance
# (#, type)  km from
(#, type) portin
km
Gioia Tauro IT 1 0 0 0 0
Malta Freeport MT 6 0 0 0 0
Messina IT 4 0 0 0 0
Reggio Calabria IT 4 0 0 0 0

On average the trends during the period 26231 ofNG, concentrations measured &POdocated
directly inside port areas or in the near vicinity of the port (within 1 km distance) are not significantly
different from the trends observed in oth&POdetweenl kmto 10 kmfrom the port areain the
nearbycities Overall, thenediantrend for availablé&SPOdn ports(5) or within 1 km distanc¢l9)is a
reduction of NG, concentrations of abou#t0%. This value is very similar to theediantrend for all

other SPOdocated in nearby cities at distances between 1 to 10(Kf), which shows a decrease of
about 39%(Figure5.1a)

Aslightly lower trend 40%)was foundin PMi concentrations foiSPQOsn ports (3) and within 1 km
from the port (11), compared tthe trend (45%) forSPOswithin 20 km fom the ports @3) (Figure
5.1b).

On the other handit mustbe noted that it is difficult to derive a general conclusion fé@ and PMig
trends for all ports. Only 3 ports haleO, SPOsdnside the ports, and only 2 ports fédvio. Even ifit
was availabl@n overall larger number of ports witBPOsvithin 1 kmfrom the port area, 13 ports for
NG and 11 ports forlPMyg, it remains challenging to derive @dear conclusion on trends in ports
compared to nearby cities and region based only on $®.

Figureb.1 Distribution of trends inNG; (a) andPMo (b) concentrationsat SP@ in ports or within 1
km distancecompared to trerds found atSP@ in the nearby city

a) Trends in NO2 concentrations (2005 - 2021) b) Trends in PM10 concentrations (2005- 2021)
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Nevertheless, some differencegere seen forthe portin Antwerpen, where a larger number 8P0Os

with measured trends is available, both inside or near ports and in other parts of thé6gitin
Antwerpen, three out of fouSFOs located in port or near the port show a trend ranging between
25% t0-33% inNQ, concentrations. On&PCOinside the port shows a larger reduction trend (%),
which is comparable with trends observed in other parts of the city. $Ri@inside the port area is
also the closest to the higliensity residential area and main roads. The same is observed for another
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SPQOin the north, closeo the port areas but also to a main road. A gradienNi@ concentration
trends is visible, with lower concentration reductions in the nestbst (from-25% to¢33%), where
most of the port of Antwerpen is located, and largd&D, concentrationsreductions in the east and
south (from¢39% tog47%), showing the impact of larger emission reductions from other source
sectors, such as road traffigigures.2).

Figure5.2 Trends inNQ, concentrations at momtorlngﬁPG in the portand the C|tyof Antwerpen
. BETR831 {_44%:' R ;

! [
\ ” Wb
- ‘ Stabroek
e . /
i
i

S Gravenwerel

Schile

A =4 _. Wipnegem

T J B o™ R

“"-'u.,_a PmkSchgfdem{fe
s ke - “7 | NOZ trend (2005-2021) In %

: ~—Zwijndrecht r’_L e
ijndrec ii X
bl g L -«—--"";_ m 7/ Lc BETRBO1 (41%) [y gy 10
p—— 3 & [ 1 gl 2 i g 5
ey P ok Eq—_:-’_\’ R e a, w K‘T{"“_—n Wo 10
n L-20 |

30

; Borsbeek|

/ '{ BELHB23 (:30%) I \
Kubeis 4 @ (-39%) e

"4

% \M}Ltsel_.' \H_ Leatet KOr,mg‘mM.‘.p (=11

SPO location

= InPort
=+ NonInPort

SPO

BELHB23
— BETM802
BETR801
— BETR811
BETR830
= BETR831
BETR892
— BETR893
BETR897

2005 2010 2015 2020
year

ETC HE Report 2022 31



6 Impact of shipping emissions on the air quality of the nearby cities

Based on available observations, it is challenging to disentangle the impacts on air quality of the
activities in the ports and international shipping from other sources in the nearby cities. The analysis
presented in tlis report shows that there are often insufficie®P@ for NG, and PMy and that their
locations are not optimal for the purposes of monitoring the impact of port activities on air quality
inside the ports and the nearby cities. As meteorology plays an important role on air quali§R e

must be located downwind (based on the prevailing wind direction) of the port in order to monitor the
impacts in the surrounding region.

High resolution air quality modelling studies areseful approach to disentangling the impact of port
activities and international shipping from other emission sectors and their relative contribution to the
air quality in nearby citiesThe online ACTmodel (Colette et al., 2022), a surrogate model of the
CHIMEREChemistry-Transport Model (Menut et al.,2024), was used toanalysethe impact of
international shipping during pollution episodes in Antwerpen and Barcelona.

Note that the CHIMERE, from which the air quality simulations used for both the design of the
numerical experiment and the eveday training of ACT, is not fitted to deal with local hotspot
situations that can develop near port and the associatedctivities andindustrial sites. The model
resolution is about 0.25° and is not sufficienfftdly catchNG, concentrations at traffic and industrial
sites as it is not able to resolvtie level detail needed(emissions, meteorology and chemistfpy

these Iaxal scale occurrencesHowever, the model gives a good estimate of background
concentrations leveldn addition, ACT allows us to estimate the iaqiof emission reductions related

to shipping but not to emissions linked dther activities such as traffic and industrial activities in port.

Several pollution episodas Antwerpen and Barcelorfzave beerstudiedusingthe ACT estimateto
better understand the origin of the highQ, andP Mo concentrationsandto assess the role of shipping
emissions.

Antwerpen

NG episode,3-7 March 2024

At the beginning of March 2024, a high pollution event in Antwerpen was simulated\i@thaily
max concentrations of about 38y/m? (Figure6.1). HighNQ, concentrations persisted in and around
Antwerpen for several day®uring this episodeACT estimated thahternational shipping was the
main source sector contributing to theQ, concentrations (38%), more than residential (11%) and
road traffic (19%) emissions.

ACT allows tdest and directly estimate the impact on air quality of emissreduction scenarios.
Therefore, to demonstrate and visualize the spatial impact of shipgladed emissions on this
pollution episode, emissions from this sector have been reduced by 100% for instance on March 3,
2024, the day with the highest N@Goncentration nearby Antwerpen (75 pgfFigure6.2).

Reducing shipping emissions by 100% implies a significant decrease (up to 13 jmg/NQ
concentration in Antwerpen and in surroundings regions. This result is consistent with the sector
allocation showing the shipping sector as the main contributor tg I8@Is during this episode.
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Figure6.1 NG pollution episodein Antwerpen, 3-7 March 2024

Targeted cities Custom scenarios (ACT) Chemical Regimes
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Figure6.2 Impact of shipping emissions dNO, concentrations during a pollution episode in
Antwerpen, 3 March 2024
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NOZ (daily max) rererence map Indud\ng tl’le maln amnmpogenlc sources (agriculture, industry, traffic, residential shipping and other) with an Europe-wide uniform emission reduction of. agriculture: 0 % ; traffic: 0 % ; residential: 0 % ;
heating, shipping and other) . The natural emissions (Such as dust or sea salt) as well as other hemispheric sources are  industry: 0 % ; shipping: 100 % ; other: 0 % . The natural emissions (such s dust or sea salt) as well as other
excluded hemispheric sources are excluded
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ETC HE Report 2022 33


https://policy.atmosphere.copernicus.eu/daily_source_attribution/sector_apportionment.php?date=2024-03-03&pollutant=NO2&city=Antwerp
https://policy.atmosphere.copernicus.eu/daily_source_attribution/sector_apportionment.php?date=2024-03-03&pollutant=NO2&city=Antwerp
https://policy.atmosphere.copernicus.eu/daily_source_attribution/sector_apportionment.php?date=2024-03-03&tab=nav-act-tab
https://policy.atmosphere.copernicus.eu/daily_source_attribution/sector_apportionment.php?date=2024-03-03&tab=nav-act-tab

PMio episode 4-8 March 2024

In the same daydhigh daily PMio concentrations levels wersimulatedin the Antwerpenarea (60
ug/mq). The potential impact orPMio concentrations from international shipping wé%, which is less
than the agricultural sector (48) the residential (1%) and road traffic10%) emission$ut still
significant(Figure6.3).

Figure6.3 PMyg pollution episode in Antwerpen, & March 2024

Targeted cities Custom scenarios (ACT) Chemical Regimes

2024/03/04 Antwerp PMig CHIMERE
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Sourcehttps://policy.atmosphere.copernicus.eu/daily source_attribution/sector_apportionment.php?date=20
24-03-04&pollutant=PMio&city=Antwerp

Reducing shipping related emissions by 100% on March 4, #@24lay for which the highe&Mho
concentration is estimated (48g/m?) impliesimportant decrease of thé®Mi levels(up to 15ug/md)
from the North Sedo far inland, especially around Antwerpé@figure6.4).

Figure6.4 Impact of shipping emissions dAlVh concentrations during a pollution episode in

Antwerpen,4 March 2024
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Sourcehttps://policy.atmosphere.copernicus.eu/daily _source attribution/sector apportionment.php?date=20
24-03-04&tab=navact-tab
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Barcelona

NG episode, 228 January 2024

Even larger contributions were found for another pollution episode at the end of January 2024 in
Barcelona, withNQ, daily concentrations reaching 73ig/m?® (Figure 6.5). During this episode
international shipping contributed, on average, to more than 55% ofl@econcentrations, ahead of
road traffic (12%gand residential (5%@missions.

Figure6.5 NG, pollution episode in Barcelon&?3-28 January2024

Targeted cities Custom scenarios (ACT) Chemical Regimes
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The highestlaily NO; concentration estimated by the modakarbyBarcelonavas103ug/m?on
January 26, 2024. Reducing the shipping related enmis¢ig 100% on this day implies a decrease of
NG, levels(up to 5 pg/m?®) in mostneighbouringareas(Figure6.6).
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Figure6.6 Impact of shipping emissions dNO, concentrations during a pollution episode in
Barcelona 26 January2024
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PMio episode, 1520 March 2024

During another episode iBarcelonan March 2024 concentration levels up tdaily57 pg/m? of PMio
have been observedhe potential impact orP Mo concentrations of international shipping emissions
was significant 23%) even though residentia2 %) and agriculture @%6) emissionsvere prevailing
(Figureb.7).

Figure6.7 PMo pollution episode in Barcelonal5-20 March 2024

Targeted cities Custom scenarios (ACT) Chemical Regimes
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Reducing theshipping emissions by 100% on Marth, 2024 when the highestPMy daily
concentration levels werealculated(up to 64 ug/md) allowsto deaeaseby up to15 pg/m?the PMio
concentrationsn the vicinity of Barcelon@rigure6.8).

Figure6.8 Impact of shipping emissions dAh concentrations during a pollution episode in
Antwerpen, Marchl16,2024
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7 Conclusions

Goncentrationsof NG and PMyp in Europe have declined over the last decades due to reduced
emissions in many sectors, such as road traffie relative contribution of shipping to air pollution in
Europe is increasindylonitoring air quality in ports and the nearby cities will become more important
in the next decades to understand the role of emissions from international shipipiniglsofrom all

port activities (road traffic, nomoad machinery, bulk unloading and industrial installatioms)this
report 4 questionsvere addressedandthe following conclusiongere derived

1. How isthe air quality monitored inside or in the vicinity of ports?
The availabilityof SPO# and around port areas is limited. Given the increasing share of shipping
and other portrelated emissions, there is a need for increased knowledge of air quality in these
areas. Among the 23 ports analysed, only 5 ports had at least one air daRigr NO, and PMho
located inside the port area. Almost all analysed ports had at E#estSP0n the vicinity (within 1
km distance) of the port are@n the other handonly a few of the identifie(6PQ@ are located
downwind of the prevalent wind direction of the port areas.

2. How are the ambient air concentrations oNG, and PMo in and around ports compared to the
nearby cities and regions?
As meteorology plays an important role in air quality, 8@ must be located downwind (based
on the prevailing wind direction) of the port to monitor the impacts on air quality in the surrounding
region. An analysis was completed using meteorological data to assess the change in pollutant
concentrations during domwind conditionsi(e. wind coming from the port) and compared to all
other observations. A significant increaséNi® median concentrations was found at seves#@
around ports in differentities, for example in Napoli (above 100% increase), Algeciéis),(8
Hamburg (77%), Antwerpen (75%), Le Havre (73%), Marseille (52%), Amsterdam (51%), Santa Cruz
de Tenerife (50%Rotterdam (46%)Messina (46%)Piraeus(45%). The same analysis showed
smaller increases in medi&hiViio concentrations at some of th8P@ around ports{4% in Trieste,
36% inBremerhaven32% irHamburg 31% inTrieste 26% inRotterdam and 26% in Antwerpgn
On the other hand,lese differences were not consistent for all wind sectors around the port and
may be influenced also by other pollution sources in the cities.
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Due to the low numbers oEP@ in ports and surrounding areas, it is difficult to assess the
differences between air pollutant concentrations in ports and the nearby cities and regions, based
only on monitoring data. Therefore, EEA air quality maps for 2021 were used to estimate the
distribution and differences of air pollutants in ports and the surrounding regidnsual mean

NG concentrations in port areas in 2021 were higher than the mean concentrations in the
surrounding regions, ranging between 1g/m® (Malta Freepor} to more than 10upg/m?®
(Algeciras, Barcelona, Genova, Marseille, Napoli, Piraeus, and Trieste). In Antwerpen, Marseille and
Napoli the annual meaMNQ, concentrations in ports were above tHeV of 20 pg/m? for the
protection of human health to be attained by 1 January 2030 ofréwesedAmbient Air Quality
Directive. Also, annual med®iVio concentrations in 2021 were higher in port areas compared to
the surrounding regions. The difference was belgughn?® for almost all the ports anased, except

for Napoli and Piraeus. In nine ports (Algeciras, Barcelona, Gdansk, GioiaMaltaok-reeport
Messina, Napoli, Piraeus and Reggio Calabria) the annual Ridarconcentrations were above

the newLVof 20ug/mé for the protection of human health to be attained by 1 January 2030.

3. What are the trends in pollutant concentrations in ports and nearby cities?
Longterm trends(20052021) ofNG, and PMyo air pollutantswere analysedit the identifiedSPQ@
in European port areas and nearby cities. The findings shovothaverageNG, concentrations in
port areas and within 1 krdecreasedy about 40%, similar to the 39% reduction in nearby cities.
PMo concentrations decreased by 40% in port areas and 45% within 20 km of ports. However, due
to the limited number of SPQ@ identified in this report it is challenging to draw definitive
conclusions about trends in all ports.
In the port ofAntwerpen,agradient inNG; concentration trends is visible, with lower concentration
reductions in the northwest (from-25% to¢33%), where the port of Antwerpen is located, and
largest NG, concentrations reductions in theity (from ¢39% toc47%),probably showing the
impact of larger emission reductions from other source sectors, such as road traffic.

4. What is the potential impact of port activities and international shipping on air quality?
Only highresolution air quality modelling studiespecific for each port could provide an estimate
of the impact of port activities and international shippiog air quality in the nearby city. In this
study the online Air Control ToolbofACT)was usedwhich isone of the air quality policy tools
developed for the Copernicus Atmosphere Monitoring Services (CAMSACTwas used to
analyse the impact of international shipping during pollution episodes in Antwerpen and Barcelona
In Antwerpen, international shipping was the main source sector contributing to NM&
concentrations (38%juring a pollution episode in March 2024 the same days, the contribution
to PMy concentrations from international shipping w&86, which is less than the agricultural
sector (43%jhe residential (11%) and road traffic (9%) emissibuasstill significant Even larger
contributions were found in another pollution episode at the end of January 2024 in Barcelona.
During this episode international shipping contributed, on average, more than 55% th@he
concentrations.On the other handPMio concentrations were high on March 9, 2024,the
potential impact onPMyo concentrations of international shipping emissions was signific28%o]
even though residentialP(%) and agriculture @%) emissions were prevailing in this episode.
These case studies show that international shipping emissions may be the main contribiNG»s to
in port cities. This is more nuanced Lo whose formation is associated with complex chemical
processesand which can be heavily impacted by emissions from the agricultural and residential
sectors depending on the city location and other factors (e.g. residential heating).
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List of abbreviations

Abbreviation

Name

Reference

AAQD

Ambient Air Quality Directives

https://environment.ec.europa.eu/t
opics/air/air-quality_en

ACT Air Control Toolbox https://policy.atmosphere.copernicy
s.eu/act.php
AGR Agricultural areas
CAMS Copernicus Atmosphere Monitoring  https://atmosphere.copernicus.eu/
Service
CLC QORINE Land Cover https://land.copernicus.eu/pan
european/corinelanecover
CLMS Copernicus Land Monitoring Service https://land.copernicus.eu/en
CORINE CoORdinated INformation on the https://land.copernicus.eu/pan
Environment european/corinelanecover
DG ENV The DirectorateGeneral for https://commission.europa.eu/abou
Environment t/departments-and-executive
agencies/environment_en
EC European Commission https://commission.europa.eu/index
en
ECMWF European Centre for MediwRange https://iwww.ecmwf.int/
Weather Forecasts
EEA European Environment Agency www.eea.europa.eu
EMSA European Maritime Safety Agency https://emsa.europa.eu/
ETC HE European Topic Centre on Human https://www.eionet.europ
health andenvironment a.eu/etcdetc-he
EU27 European Unio27 member states
HDR High density residential areas
IND Industry
LDR High density residential areas
LRTAP Convention on Lon&ange https://unece.org/environmenta
Transboundary Air Pollution policy-1/air
LV Limit value
NAT Naturalareas
NG Nitrogen dioxide
NOx Nitrogen oxides
OTH Otherareas
PM s Particulate Matter with a diameter of
2.5micrometres or less
P Mo Particulate Matter with a diameter of
10micrometres or less
SPO Sampling point observation
TRAF Traffic
UGR Urban green
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Annex 1Maps and tabledor each port

ThisAnnexcontains the full analysis with all plots for each pwith the following structure:

1

Map of the port area (CL20218, code 1@R3ygor) and map with location of identified air
quality SP@ within 10 km foNG, and 20 km foPM from the port polygon centroid. The
frequency of wind directions blowing form the port centroid towards 8 different sectors (45
degreeswide sectors centred at directions NE, E, SE, S, SW, W,)N8\41$6 displayed.

Table with identified air qualitgP@ and their description, including distance from the port
polygon in which wind sectothey are locatedelative to port centroid and wind fragency in
that sector,observed longerm trend (20052021) if available.

Distribution of hourlyNG; concentrations for monitoringP@ located in the 8 wind sectors
relative to the port 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 port (green); hourly concentration corresponding to
wind not blowing from the port blue). In the centre of the figure the wind frequency in each
sector is reported.

Distribution of hourlyPMi concentrations for monitoringP@ located in the 8 wind sectors
relative to the port. In the centre of the figure the wind frequency in each sector is reported.
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 port (green); hourly concentration correspondingvind not blowing from

the port (blue). In the centre of the figel the wind frequency in each sector is reported.

EEA air quality mawof NO, and PMy concentrationsat the resolution of 1 km by 1km for
2021

Box-plot distribution of NG, and PMy concentrations over the port (grey shadegdd cell3,
compared to the surrounding regipincludingareaweighted means for different land cover
classes
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Annex1.1Algeciras

Port area Air quality SPO within 10 km and 20 km
T
Ports =
Industrial
I Traffic
Background
X M Aastin port
Los Barrios 20km rad
,\ﬁ:;:rt;a 10km rad
K \)) LaLinea de
Concepcid
GIBRALTAR
Tarifa.
PUNTA
CARMNERDT
Leaflet | @ OpenStreetap contributors @ CARTO Leafiet| © OpenStrestMap contributors © CARTO
) Distance from )
Port Country Station Station type Areatype Pollutant Latitude Longitude in Portarea port polygon Port downinc Wind sectorTrend 2005-202
(km) frequency (% (%)
Algeciras ES ES0556A industrial suburban NO2 36.18 -5.38 FALSE 0.50 8.2 1
Algeciras ES ES1664A industrial urban NO2 36.14 -5.45 FALSE 0.67 3.2 6 -38.8
Algeciras ES ES0557A industrial rural NO2 36.19 -5.38 FALSE 1.24 8.2 1 -65.1
Algeciras ES ES1637A industrial urban NO2 36.16 -5.44 FALSE 1.45 7.4 7 -35.4
Algeciras ES ES1072A industrial urban NO2 36.16 -5.35 FALSE 2.19 2.0 2 -26.7
Algeciras ES ES1634A background urban NO2 36.17 -5.34 FALSE 2.57 8.2 1
Algeciras ES ES0893A industrial urban NO2 36.18 -5.41 FALSE 2.69 34.2 8
Algeciras ES ESO0633A industrial urban NO2 36.17 -5.43 FALSE 2.94 34.2 8 -22.8
Algeciras ES ES1074A traffic suburban NO2 36.20 -5.38 FALSE 3.22 8.2 1 -74.6
Algeciras ES ES0894A industrial rural NO2 36.20 -5.40 FALSE 3.86 34.2 8 -55.0
Algeciras ES ES1169A industrial suburban NO2 36.21 -5.39 FALSE 3.87 34.2 8 -39.3
Algeciras ES ES1076A industrial suburban NO2 36.19 -5.44 FALSE 4.65 34.2 8 -48.6
Algeciras ES ESO0712A industrial suburban NO2 36.18 -5.48 FALSE 4.66 7.4 7
Algeciras ES ESO0634A industrial suburban NO2 36.21 -5.43 FALSE 5.95 34.2 8 -36.3
Algeciras ES ES0629A industrial urban NO2 36.19 -5.49 FALSE 5.96 7.4 7 -40.1
Algeciras ES ES1664A industrial urban PM10 36.14 -5.45 FALSE 0.67 3.2 6
Algeciras ES ES1072A industrial urban PM10 36.16 -5.35 FALSE 2.19 2.0 2
Algeciras ES ES1169A industrial suburban PM10 36.21 -5.39 FALSE 3.87 34.2 8 -31.9
Algeciras ES ESO0712A industrial suburban PM10 36.18 -5.48 FALSE 4.66 7.4 7
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NG; concentrations when wind is blowing from the port
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PMi, concentrations when wind iblowing from the port
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Annex1.2 Amsterdam

Port area Air quality SPO within 10 km and 20 km

Purmerend
Ports

Castrietim

iik

Heemskerk

Purmerend

Zaandam

Monnickendam

HAARLEM

T —
AMSTERDAM .
%

Diemen

Hoofddorp Armetalvaan /g = \
Leaflet | ® OpenStreetMap contributors ® CARTO e ,\ g s
. Distance from )

Port Country ngggn Station type Areatype Pollutant Latitude Longitude in Portarea pon(lfrzl)ygon ::é:ggzvym(gzwind sectorTrend(%2)()5»202
Amsterdam NL  NLOOO12 traffic urban NO2 52.39 4.89 TRUE 0.00 14.2 2 -52.5
Amsterdam NL  NLOO0546 industrial urban NO2 52.42 4.83 FALSE 0.26 14.7 8
Amsterdam NL  NLOO704 industrial urban NO2 52.43 4.77 FALSE 0.28 13.6 7 -18.4
Amsterdam NL  NLOO0019 background urban NO2 52.37 4.90 FALSE 0.28 4.5 3 -39.7
Amsterdam NL  NLO0002 traffic urban NO2 52.39 4.88 FALSE 0.32 4.5 3 -48.4
Amsterdam NL ~ NLO0007 traffic urban NO2 52.38 4.85 FALSE 0.61 9.2 4 -45.8
Amsterdam NL  NLOO0003 background urban NO2 52.39 4.94 FALSE 1.28 14.2 2 -42.4
Amsterdam NL  NLOO703 background rural NO2 52.40 4.73 FALSE 1.39 12.6 6 -43.9
Amsterdam NL  NLO0017 traffic urban NO2 52.36 4.90 FALSE 1.50 4.5 3 -44.7
Amsterdam NL  NL00020 traffic urban NO2 52.37 4.86 FALSE 1.85 4.5 3 -44.0
Amsterdam NL  NLO0022 background urban NO2 52.37 4.79 FALSE 2.49 10.1 5 -31.3
Amsterdam NL  NLO0014 background urban NO2 52.36 4.87 FALSE 3.06 4.5 3 -44.8
Amsterdam NL  NLO0701 background urban NO2 52.45 4.82 FALSE 3.10 14.7 8 -39.4
Amsterdam NL  NLO0021 background urban NO2 52.32 4.99 FALSE 4.17 4.5 3 -44.4
Amsterdam NL  NLOO561 background rural NO2 52.33 4.77 FALSE 6.30 10.1 5
Amsterdam NL  NLO0550 traffic urban NO2 52.37 4.64 FALSE 7.94 12.6 6
Amsterdam NL  NLOO0564 background rural NO2 52.33 4.72 FALSE 8.65 10.1 5
Amsterdam NL  NLOOO12  traffic urban PM10 52.39 4.89 TRUE 0.00 14.2 2
Amsterdam NL  NLOO016 background urban PM10 52.39 4.87 TRUE 0.00 14.2 2
Amsterdam NL  NLOO0546 industrial urban PM10 52.42 4.83 FALSE 0.26 14.7 8
Amsterdam NL  NLOO704 industrial urban PM10 52.43 4.77 FALSE 0.28 13.6 7
Amsterdam NL  NLO0007  traffic urban PM10 52.38 4.85 FALSE 0.61 9.2 4
Amsterdam NL  NLOO703 background rural PM10 52.40 4.73 FALSE 1.39 12.6 6
Amsterdam NL  NLO0017  traffic urban PM10 52.36 4.90 FALSE 1.50 4.5 3
Amsterdam NL  NLO0020 traffic urban PM10 52.37 4.86 FALSE 1.85 4.5 3
Amsterdam NL  NLO0014 background urban PM10 52.36 4.87 FALSE 3.06 4.5 3
Amsterdam NL  NLOO701 background urban PM10 52.45 4.82 FALSE 3.10 14.7 8
Amsterdam NL  NLOO561 background rural PM10 52.33 4.77 FALSE 6.30 10.1 5
Amsterdam NL  NL00550 traffic urban PM10 52.37 4.64 FALSE 7.94 12.6 6
Amsterdam NL  NLOO564 background rural PM10 52.33 4.72 FALSE 8.65 10.1 5
Amsterdam NL ~ NLOO0572 industrial urban PM10 52.47 4.63 FALSE 9.24 13.6 7
Amsterdam NL ~ NLOO0570 industrial urban PM10 52.49 4.64 FALSE 9.73 13.6 7
Amsterdam NL ~ NLOO0551 industrial urban PM10 52.46 4.60 FALSE 10.19 13.6 7
Amsterdam NL ~ NLO0553 industrial urban PM10 52.49 4.60 FALSE 12.01 13.6 7
Amsterdam NL  NLOO565 background rural PM10 52.28 4.77 FALSE 12.25 9.2 4
Amsterdam NL  NLOO573 industrial urban PM10 52.48 4.58 FALSE 12.34 13.6 7
Amsterdam NL  NLOO556 background rural PM10 52.56 4.86 FALSE 14.69 14.7 8
Amsterdam NL  NLOO641 traffic rural PM10 52.20 4.99 FALSE 17.29 4.5 3 -62.5
Amsterdam NL  NLO0444 background rural PM10 52.30 4.51 FALSE 19.97 10.1 5 -48.9
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NG; concentrations when wind is blowing from the port
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PMi, concentrations when wind is blowing from the port
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Annex1.3 Antwerpen

Port area

Air quality SPO within 10 km and 20 km

T

Ports

%, Stabroek

Kapellen

Bras:

Beveren

Kruibel Leaflet | ® OpenStreetiap contributors ® CARTO

Port

I Industrial

Kalmthe

10km rad

s

Sint-Gillis- Waas
3%eren
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sint-Niklaas Boechout

Edegem

Kontich 5
o
Temse

\\\qr:snaar

eafit | © OpenSteetiiap conirioutors & CART

Distance from

Port Country Sézggn Station type Areatype Pollutant Latitude Longitude in Portarea pon( lEJI‘?]I)ygon ::(;ngzv;lgz Wind sectorTrend (%2)0 5-202
Antwerpen BE BETMB802 industrial suburban NO2 51.26 4.42 TRUE 0.00 13.8 2 -47.0
Antwerpen BE BETR897 industrial suburban NO2 51.25 4.34 TRUE 0.00 4.9 3 -25.3
Antwerpen BE BETR892 industrial rural NO2 51.26 4.28 TRUE 0.00 13.0 5 -26.6
Antwerpen BE BETRS893 industrial suburban NO2 51.28 4.39 FALSE 0.03 13.8 2 -33.2
Antwerpen BE BENAT38 traffic urban NO2 51.23 4.41 FALSE 0.11 4.9 3
Antwerpen BE BENAT43 traffic urban NO2 51.23 4.42 FALSE 0.17 4.9 3
Antwerpen BE BENAT46 traffic urban NO2 51.23 4.44 FALSE 0.30 4.9 3
Antwerpen BE BETRB803 background urban NO2 51.23 4.43 FALSE 0.30 4.9 3
Antwerpen BE  BELALO1 industrial suburban NO2 51.24 4.39 FALSE 0.50 4.9 3
Antwerpen BE  BELATS83 background urban NO2 51.34 4.30 FALSE 0.56 13.7 8
Antwerpen BE BETR806 traffic urban NO2 51.22 4.42 FALSE 0.57 4.9 3
Antwerpen BE BENAT37 traffic urban NO2 51.22 4.40 FALSE 0.59 4.9 3
Antwerpen BE BENALO8 traffic urban NO2 51.22 4.38 FALSE 0.70 4.9 3
Antwerpen BE BENAT47 traffic urban NO2 51.22 4.42 FALSE 0.75 4.9 3
Antwerpen BE BENAT45 traffic urban NO2 51.22 4.43 FALSE 0.77 4.9 3
Antwerpen BE BENAT20 traffic urban NO2 51.21 4.40 FALSE 0.89 4.9 3
Antwerpen BE  BELR833 industrial rural NO2 51.33 4.36 FALSE 0.96 26.0 1
Antwerpen BE BELSAO08 industrial suburban NO2 51.33 4.36 FALSE 0.99 26.0 1
Antwerpen BE BETRS830 industrial rural NO2 51.32 4.26 FALSE 1.19 10.8 7 -24.5
Antwerpen BE BENAT39 traffic urban NO2 51.21 4.44 FALSE 1.24 4.9 3
Antwerpen BE BENAT40 traffic urban NO2 51.21 4.41 FALSE 1.35 4.9 3
Antwerpen BE BENAT49 traffic urban NO2 51.19 4.38 FALSE 1.39 4.9 3
Antwerpen BE BENAT48 traffic urban NO2 51.20 4.40 FALSE 1.41 4.9 3
Antwerpen BE BENBTO03 traffic urban NO2 51.21 4.43 FALSE 1.54 4.9 3
Antwerpen BE BETRS831 industrial rural NO2 51.35 4.34 FALSE 1.58 13.7 8 -43.7
Antwerpen BE BENDUO5 traffic urban NO2 51.22 4.47 FALSE 1.65 4.9 3
Antwerpen BE BENAT29 traffic urban NO2 51.20 4.40 FALSE 1.81 4.9 3
Antwerpen BE BENDUO6 traffic urban NO2 51.21 4.46 FALSE 1.82 4.9 3
Antwerpen BE BETR801 background urban NO2 51.21 4.43 FALSE 191 4.9 3 -41.2
Antwerpen BE BETR802 traffic urban NO2 51.21 4.43 FALSE 1.92 4.9 3
Antwerpen BE BETR805 traffic urban NO2 51.21 4.42 FALSE 2.14 4.9 3
Antwerpen BE BENBT04 traffic urban NO2 51.20 4.45 FALSE 2.47 4.9 3
Antwerpen BE BELHB23 industrial suburban NO2 51.17 4.34 FALSE 2.57 75 4 -39.0
Antwerpen BE BENAT41 traffic urban NO2 51.20 4.42 FALSE 2.58 4.9 3
Antwerpen BE BETR817 background suburban NO2 51.18 4.42 FALSE 4.00 4.9 3
Antwerpen BE BETR811 background suburban NO2 51.25 4.49 FALSE 4.14 13.8 2 -47.4
Antwerpen BE  BETR820 background suburban NO2 51.32 4.44 FALSE 5.64 26.0 1
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Station

Distance from

Port downinc

Trend 2005-202.

Port Country code Stationtype Areatype Pollutant Latitude Longitude in Portarea port(Er?]I)ygon frequency (% Wind sector )
Antwerpen BE BETMS802 industrial suburban PM10 51.26 4.42 TRUE 0.00 13.8 2 -46.7
Antwerpen BE  BELALOS industrial rural PM10 51.26 4.28 TRUE 0.00 13.0 5
Antwerpen BE BETR803 background urban PM10 51.23 4.43 FALSE 0.30 4.9 3
Antwerpen BE  BELALO1 industrial suburban PM10 51.24 4.39 FALSE 0.50 4.9 3 -26.6
Antwerpen BE  BELAT83 background urban PM10 51.34 4.30 FALSE 0.56 13.7 8
Antwerpen BE  BELALO3 industrial rural PM10 51.25 4.20 FALSE 0.89 10.4 6
Antwerpen BE  BELALO2 industrial rural PM10 51.30 4.23 FALSE 1.37 10.8 7
Antwerpen BE BETRS831 industrial rural PM10 51.35 4.34 FALSE 1.58 13.7 8
Antwerpen BE BETRB801 background urban PM10 51.21 4.43 FALSE 191 4.9 3 -32.5
Antwerpen BE BETR802 traffic urban PM10 51.21 4.43 FALSE 1.92 4.9 3
Antwerpen BE BETR805 traffic urban PM10 51.21 4.42 FALSE 2.14 4.9 3
Antwerpen BE BETZDO08 industrial suburban PM10 51.23 4.33 FALSE 2.38 75 4
Antwerpen BE BETZDO1 industrial suburban PM10 51.22 4.33 FALSE 2.46 75 4
Antwerpen BE BELHB23 industrial suburban PM10 51.17 4.34 FALSE 2.57 75 4 -45.2
Antwerpen BE BELSA04 industrial rural PM10 51.31 4.40 FALSE 3.22 26.0 1
Antwerpen BE BETR817 background suburban PM10 51.18 4.42 FALSE 4.00 4.9 3
Antwerpen BE BETRS823 background suburban PM10 51.21 4.24 FALSE 4.01 13.0 5
Antwerpen BE BETR811 background suburban PM10 51.25 4.49 FALSE 4.14 13.8 2 -36.4
Antwerpen BE  BETR834 background suburban PM10 51.09 4.38 FALSE 10.96 75 4
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NG; concentrations when wind is blowing from the port

Wind sector 7: NW
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PMi, concentrations when wind is blowing from the port

Wind sector 7: NW
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Wind frequency by sector
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