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Regionalisation of the problem in 4 types

Interpretation of O3 2008-2023 trends 
(AQMNs and remote sensing)
• 2008-2019
• 2020-2021 (COVID lockdown)
• 2022-2023 (current situation)

Evaluation of the BATs implemented in 
emission sources of hotspot areas
• Visiting emission sources
• Checking emission data
• Determine potential for reductions

Phenomenology of episodes in hotspot 
regions (July, 2015, 2016, 2017, 2019)
• Tethered balloons, 
• Microlite flights
• Surface and remote sensing data

Improvement of emission inventories
and comparing PMFO with  ambient 
measurements

Sensitivity modelling studies for scenarios

Modelling of acute episodes
• Key atmospheric/meteo patterns
• Surface concentrations
• Vertical profiles

Ambient measurements of speciated VOCs
and PMFO, July 2019, 2020, 2021, 2022, 2023

Suggested policy actions

2019-2024 STRATEGY TO BUILD UP THE SCIENTIFIC BASIS FOR A NATIONAL OZONE PLAN
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2008-2023 TRENDS OF SURFACE OZONE

Monthly MDA8s (2004−2023)

364 AQMS 2015-2023, 311 AQMS 2008-2019

Loess regression
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2015-2023 TRENDS OF SURFACE OZONE

All MDA8s (2015−2023)
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SOMO35

2015-2023 TRENDS OF SURFACE OZONE
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Days of LTO exceed. 
(MDA8 > 120 µg·m-3)

2015-2023 TRENDS OF SURFACE OZONE
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PHENONEMOLOGY OF OZONE EPISODES
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PHENONEMOLOGY OF OZONE EPISODES
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Madrid (141/72)
Cataluña (135/54)
Comunidad Valenciana (131/64)
Andalucía (131/59)
Castilla La Mancha (127/47, R4, Puertollano)

Largely exceed the target values,
with also large local emissions of 
precursors

Extremadura (125/40)
Castilla y León (123/32)
País Vasco (122/30)
Baleares (122/27)
Aragón (121/26)

Exceed  target values or are close 
to, with lower local emission of 
precursors than R3 and affected 
by R3

Navarra (120/24)
Murcia (119/25)

La Rioja (114/15)
Galicia (111/14)
Asturias (106/5)
Canarias (105/7)
Cantabria (103/3)

Climate regions not favouring O3 
formation, with lower local 
emission than R3
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R3 & R4

R2

R1

The whole Spanish territory receives external contributions of  transboundary O3, even 
external to EU, R1 receives also diluted contributions from other Spanish basins,  and 
relatively low local ones (low emissions of precursors and specific low O3 climate patterns):
• Asturias
• Canarias
• Cantabria
• Galicia

AS reported for R1 but contributions of neighbouring O3 hotspot basins (C. 
Madrid, Portugal, Barcelona, Tarragona) are higher:
• País Vasco
• Extremadura
• Murcia
• Navarra
• CyL
• CLM
• Aragón
• Baleares
• Rioja

O3 Hotspot basins with very relevant contributions of O3

generated into the basin from  local precursors:
• Madrid
• N Barcelona, N Tarragona
• Guadalquivir B.
• Inner C. Valenciana
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BL, Background levels
NE, Episodic levels

C3. Local contribution (from the hotspot basbn)

C2. Regional contr. (Eu & other Spanish basins)

C1. Hemispheric & stratospheric contribution

As for R3, but very specific local 
emissions of precursors causing 
the problem.:
• Puertollano R4

BL      EL

REGIONALISATION OF THE OZONE POLLUTION
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0

NO2 (µmol m-2)

40

Madrid 2733 km2

Barcelona 2043 km2

AREA WITH NO2 ≥ 40 µmol m-2

TROPOMI –ESA- NO2 COLUMN  JJA 2019

R1

R2

R3

REGIONALISATION OF THE OZONE POLLUTION
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julio 2020

julio 2021

julio 2019 & 2021

julio 2020 & 2021

julio 2019

PO-CyL

GU

MAD
CS-I

BCN-PV

AMBIENT VOCs CONCENTRATIONS IN SPAIN 2029-2023

Julio 2022

Julio 2023

Close to emissions sources
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MOFP VOCs AMBIENT CONCENTRATIONS JULY 2019-2022
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Petrochem

Paper

MOFP VOCs CONCENTRATIONS CLOSE TO EMISSION SOURCES JULY 2023
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MOFP SYNTHESIS AMBIENT MEASUREMENTS AND SPECIATED VOCs EMISSION INVENTRORIES

Toluene, o,m,p-xylene, formaldehyde, etanol, etiybenzene, acetaldehyde, etene, 1,2,3- trimethylbenzeno, styrene, 
butane, 1,2,4-trimethylbenzeno, cyclopentane, methyl-isobuthyl-cetone, propene, propilbenzene, 1,3-butadiene. Además,
butanal an heptanal,
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1. Updating reports on trends, current situation, phenomenology of episodes
2. Last VOCs campaigns on traffic sites in different cities
3. Finishing reports on VOCs
4. Visiting relevant VOCs and NOx emission sources (ITC)
5. Sensitivity analyses for episodes (BSC)
6. Final report (December 2024)

FURTHER WORK
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Thank you very much for your attention!!
xavier.querol@idaea.csic.es
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PHENONEMOLOGY OF OZONE EPISODES
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Acumulación O3, precursores y otros contaminantes bajo la inversión durante noche y madrugada

8-10 h UTC en primavera-verano, fumigación Hewson O3 por convección

En la ciudad de Puertollano, circulaciones horizontales 
en valle encajado S. Calatrava dispersan pico O3

EXTERIOR CUENCA     CIUDAD            C. FÚTBOL

O3 de fondo registrado, formación local 
pero sobretodo fumigación desde capas 
troposfera libre con O3 externo y regional, 
y transporte en superficie (incremento 
17h UTC)
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Estación Campo de Fútbol

Estaciones urbanas en el valle perpendicular S. Calatrava

Fumigación desde base de la inversión

Circulaciones horizontales por el valle

O3, transportado regionalmente, de Europa, hemisférico y estratosférico
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VERY LOCAL HOTSPOT
Puertollano
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O3 annual mean
(Per quantificar diferencies 2015-
2019 vs 2020-2021 i 2022-2023, 
pero amb mètriques i en mapes)
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O3 April−September
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4th MDA8 annual
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IT exceed (1h > 180 µg·m-3) 


