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Rationale for near-surface ozone measurements

qIn the lower troposphere, ozone is an air 
pollutant, treathening human health and 
ecosystems

qElevated ground-level ozone can lead to leaf 
injury, crop loss and impact on food security

qIn the free (upper) troposphere ozone is a 
(short-lived) greenhouse gas
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Near-surface ozone

https://toar-data.org/surface-data/

https://gawsis.meteoswiss.ch/GAWSIS/#/
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Near-surface ozone

O3 + 2KI + H2O -> O2 + I2 + 2KOH 
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Near-surface ozone
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Near-surface ozone

Los Angeles 1940 – 1950 
first investigation of 
photochemical smog
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Tropospheric ozone
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Near-surface ozone
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Near-surface ozone
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Near-surface ozone

From May to July
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In-situ ozone measurement techniques

qChemioluminescence: reaction of ozone with ethene to form ethylen oxide

                                                                                                 light detector

q UV-absorption (state-of-art technique).
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In-situ ozone measurement techniques
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In-situ ozone measurement techniques
qDespite other atmospheric species, no large changes in the measurement techniques 

in the past decades

Zellweger C., “measurement of tropospheric ozone”, GAWTEC 
Webinar Series. https://www.youtube.com/watch?v=_DksbpztnQU
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In-situ ozone measurement techniques

IO

Ozone removal
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In-situ ozone measurement techniques

I1



Atmospheric standardized observations: Methods and maintenance in observatories – In-Situ – Sestola – May 19-21, 2025 19

In-situ ozone measurement techniques

I1

IO
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In-situ ozone measurement techniques

I1

IO
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In-situ ozone measurement techniques
qCalibrations should be performed every ~12 months
qA Transfer Standard (TS) can be used to generate known ozone levels
qTS to be traceable to a SRP (Standard Reference Photometer): calibration certificate 

must be available
qPressure sensors must be also calibrated. Check flows. 
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In-situ ozone measurement techniques

To analyser

Zero dry air
< 1 ppb O3, 
VOCs

Internal O3
generator
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In-situ ozone measurement techniques
qCalibration equation

qUncertainty calculation (see DOI:10.1029/2003JD003710)
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In-situ ozone measurement techniques
Low flow -> pump problems; 
check capillaries

Span/Zero check -> leaks or 
check scrubber efficency

High T -> stability and integrity 
issues

Lamp intensity -> check cells, to 
regulate intensities 
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In-situ ozone measurement techniques

Capillaries limit and stabilize the gas flow 
(1-3 lt/min) into the measurement system. 
Maintain constant pressure conditions and 
residence time within the UV cell.

!!!Pump should be regularly mantained 
(diaphragm change every 1 yr)!!!
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In-situ ozone measurement techniques
Low flow -> pump problems; 
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I1

IO

In-situ ozone measurement techniques
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In-situ ozone measurement techniques

I1

IO

Leaking 
solenoid
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In-situ ozone measurement techniques
q If a calibrator or an ozone generator is available, leaks trough solenoids can be detected by using the 

«balance» cell A/B test
q At 500 ppb ozone, 10 consecutive readings of cell A and B should not deviate more than 3%
q If the case -> exchange cells to determine if the problem is related to one (dirty) cell.
q Then make a solenid leak test (follow manual)
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Data quality objectives (GAW Report No. 209)
q To detect tropospheric ozone trend, the combined measurement uncertainty must be approximately ± 1 nmol mol-1

or less

q For model assimilation and validation, a combined uncertainty of less than ± 5 nmol mol-1 is required 

O3  bias in the middle of the 
relevant amount fraction range 
compared to the slope of the WCC-
Empa performance audits. 

The coloured areas correspond to 
the WMO/GAW compatibility goals 
(green) and the extended 
compatibility goals (yellow).
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In-situ ozone measurement techniques
Zellweger C., “measurement of tropospheric ozone”, GAWTEC 
Webinar Series. https://www.youtube.com/watch?v=_DksbpztnQU
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Tropospheric ozone (data repositories)
https://toar-data.org/surface-data/

https://ebas-data.nilu.no/
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Tropospheric ozone (invstigation of processess)
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Tropospheric ozone: deep stratospheric intrusions

https://doi.org/10.1016/j.atmosres.2024.107627 

Criteria for selecting STT events
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q Data identified as affected by STT showed higher residuals for O3. 

q With respect to the remaining data, STT-affected periods showed a 
4.2 ± 1.7 ppb (mean ± 1 σ) increase in O3.

q O3 increase maximised in DJF and minimised in JJA.

q Clear impacts also on CO, CO2 and CH4

https://doi.org/10.1016/j.atmosres.2024.107627 

Tropospheric ozone: deep stratospheric intrusions
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Geopotential height (expressed in meters, coloured scale)
and wind vectors at 800 hPa, deduced by BOLAM analysis on 26 
August 2007 12:00 UTC (A)
29 August 2007 12:00 UTC (B).

Tropospheric ozone: transport of polluted air mass 
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Trospospheric ozone: a look to long-term trends

q 41 high-elevation (700 – 3900 m a.s.l.) sites
q Trends calculated on monthly anomalies
q >50 % on hourly data availability for each month
q quantile regression on the 50th quantile
q Generally decreasing trends in the middle northern latitudes

Putero et al. (2023). https://doi.org/10.5194/acp-23-15693-2023

q 144 urban European sites
q Trends calculated on monthly anomalies
q >90 % on hourly data availability for each month
q Piecewise quantile regression on 0.5 – 0.95 quantiles (to identify breakpoints)
q Slowing in the increase of high European O3, more site with upward trend in 

2015-2021 than 2000 – 2004.
q Majority of trends positive and of high certainty (p <= 0.05) in Europe across the 

20-year period.
Bates et  al. (2025). https://doi.org/10.5194/egusphere-2024-3743

Urban O3 trends (144 sites) – 50th

quantile 
High-elevation O3 trends (41 sites)
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Trospospheric ozone (references)

https://library.wmo.int/viewer/49557/?offset=#pag
e=1&viewer=picture&o=bookmarks&n=0&q=



Atmospheric standardized observations: Methods and maintenance in observatories – In-Situ – Sestola – May 19-21, 2025 39

Trospospheric ozone (references)
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Trospospheric ozone (references)



Atmospheric standardized observations: Methods and maintenance in observatories – In-Situ – Sestola – May 19-21, 2025 41

Trospospheric ozone (references)

https://library.wmo.int/records/item/3746
5-an-update-on-low-cost-sensors-for-
the-measurement-of-atmospheric-
composition?offset=29



THANKS!

See you up there, tomorrow!
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Ordóñez C. et al., 2020 Early spring near-surface ozone in Europe during the 
COVID-19 shutdown: Meteorological effects outweigh emission changes Sci. 
Total Environ. 747 141322. https://doi.org/10.1016/j.scitotenv.2020.141322

q At the begin, most of these works 
focused on high-emission sources or 
urban environments

q Varying O3 behavior as a function of the 
reduction in the emissions, mainly 
dependent on whether the 
photochemical O3 formation in the 
considered regions was NOx- or VOC-
limited

Fingerprints of the COVID-19 economic downturn

https://doi.org/10.1016/j.scitotenv.2020.141322
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Steinbrecht, et al. (2021). https://doi.org/10.1029/2020GL091987 Ziemke et al. (2022). https://doi.org/10.1029/2022GL098712

Cristofanelli et al. (2021). https://doi.org/10.1088/1748-9326/ac0b6a

Free-troposphere: consistent reduction of 
O3 in 2020-2021 as seen, e.g., by

q ground-based remote sensing 
(Steinbrecht et al., 2021)

q in-situ mountain top observations 
(Cristofanelli et al., 2021)

q satellite measurements of tropospheric 
column O3 (Ziemke et al., 2022)

Fingerprints of the COVID-19 economic downturn

https://doi.org/10.1029/2022GL098712
https://doi.org/10.1088/1748-9326/ac0b6a
https://doi.org/10.1088/1748-9326/ac0b6a
https://doi.org/10.1088/1748-9326/ac0b6a
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Fingerprints of the COVID-19 economic downturn
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Fingerprints of the COVID-19 economic downturn
41 high-elevation (700 – 
3900 m a.s.l.) sites


