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ozone across the Northern Hemisphere
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free troposphere: NOx limited
less NOx = less Ozone

https://doi.org/10.1029/2020GL091987
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Ozone annual cycles
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free troposphere ozone anomaly 2020

 ~45 stations / 
instruments

 Sondes
 11 FTIRs
 2 lidars
 reasonably fast 

data delivery 
(NILU, 
WOUDC, 
NDACC)
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Different in 2020
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1.) reduced emission due to COVID-19
NO2 over China, Feb. 2020 (lockdown)

March 2020

www.copernicus.eu
www.esa.int

2.) 2020 Arctic “ozone hole”

www.woudc.org



2020 anomalies, vertical profile
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2020
meteo

COVID 19

 2020 ozone hole + meteo
conditions above 400hPa

 COVID-19 emission 
reductions below 200 hPa

CAMS = Copernicus Atmosphere 
Monitoring Service = 
ECMWF chemical weather forecast
2020 meteorology, incl. O3 hole
“normal” emissions



Vertical Profile, also NCAR simulations

 CAM-chem consistent with 
OBS

 CAM-chemW better ozone 
hole: -1% trop O3
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 2020 ozone hole + meteo
conditions above 400hPa

 COVID-19 emission 
reductions below 200 hPa



NCAR simulations (June, entire NH)
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NCAR simulations (June, entire NH)
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NCAR simulations (June, entire NH)
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NCAR simulations (June, entire NH)

 above 200hPa:
 2020 meteo conditions, 

including ozone hole
 below 400 hPa: 
 1/3 meteo conditions
 1/3 surface emission reduction
 1/3 air-traffic reduction
 2/3 COVID-19 reductions
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2020 meteo

air-traffic
Surface
all



summary

 7% ozone reduction in NH free troposphere, April to August 2020, 1 to 8 km
 below 8 km: 2/3 due to COVID-19 emission reductions (NOx ,…)
 (1/3 surface emissions, 1/3 air-traffic reduction)
 1/3 from 2020 meteorology (incl. Arctic stratospheric ozone hole)

 in SH: (smaller) COVID-19 effect washed out by 2020 natural conditions

 accidental “global experiment”, much to be learned
 importance of “monitoring” + data availability

 GRL: obs: paper, simulations: submitted 
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