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Context: Ozone recovery in a climate change

Dhomse et al., ACP, 2018

Reference scenario

Fixed ODS at 1960

Fixed GHG at 1960

Merged satellite obs.

Antarctic => 2060 (2055-2066)

Arctic = > 2034 (2025-2043)

MODEL

OBS
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Objective and Method
Evaluation of long-term ozone evolution inside the polar vortex as a

function of different parameters (O3loss, VPSCsunlit, …)

TO FILTER THE STATIONS INSIDE THE VORTEX

Vortex edge = position of maximum gradient of PV multiplied by wind module as a

function of equivalent latitude (EL) at an isentropic level θ
(Nash et al., 1996)

METRICS RELATED TO CHEMISTRY

VPSCsunlit = Illuminated Polar Stratospheric Cloud Volume
Temperature fields from ECMWF

SZA<93°, T<Tthreshold of 195K at θ=475K and 192K at θ=550K

Volume calculated following Rex et al., 2004

∆NO2 = Chlorine activation index
NO2 sunset – NO2 sunrise from SAOZ observations

O3loss = Modeled passive ozone tracer (without chemistry) - ozone observations

METRICS RELATED TO DYNAMICS

Intensity of vortex = maximum gradient of PV at θ
Heat Flux = waves 1–3 eddy heat flux at 70 hPa averaged 45°- 75° for the 45-day

period prior to the date indicated (Source: NASA)
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MEASUREMENTS

SAOZ/NDACC UV-Visible network

Whole year of measurements at polar circle, self-calibration

Assimilated ozone fields from Multi-Sensor Reanalysis 2 and OMI RT for 2020/21

Ground-based calibration of each sensor series assimilated in the TM3DAM model

(Van der A et al., 2015 for MSR2 and Eskes et all., 2003 for OMI)

Source: TEMIS/ESA

MODELS 3D CTM

REPROBUS long-term simulation forced by ERAint

ECMWF ozone operational analysis for recent years

SLIMCAT long-term simulation forced by ERA5

ECMWF ozone operational analysis for recent years

2 runs: a) Passive ozone initialized on December 1st in NH and

June 1st (REPROBUS) /July 1st (SLIMCAT) in SH

b) Full chemistry

Data
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Total ozone loss 
2020/21 Arctic winter

Zhigansk
(CNRS/CAO)

Salekhard 
(CNRS/CAO)

Sodankyla
(CNRS/FMI)

Harestua
(BIRA)

NyAlesund 
(NILU)

Thule 
(DMI)

ScoresbySund
(CNRS/DMI)

Eureka
(CNRS/UoT)

SAOZ network used 

to validate 

satellite series for 

ozone loss

GOOD AGREEMENT 
AT THE END OF THE 
WINTER
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METEOROLOGY
2020/21 Arctic winter

� T<Tnat from early 

December until mid-

January at 475K and 550K

� VPSC from early Dec up to 

January 20th.

� Five time less sunlit 

volume of PSCs

� Cumulated Sunlit VPSC

maximum on Jan 20th

T Min

Sunlit Vpsc

Vpsc

Cumul. Sunlit Vpsc
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SAOZ Total Ozone and NO2
2020/21 Arctic winter

Sodankyla (Finland)

Ozone
Black: Model passive O3

Pink: O3 columns

NO2

Blue: NO2 sunrise

Pink: NO2 sunset

PV 475K
PV at the station

vortex edge (Nash criteria)
Dec Jan         Feb Mar         Apr
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SAOZ Total Ozone and NO2
2020/21 Arctic winter

Total ozone loss above SAOZ stations inside

vortex

TM3DAM-OMI data used for stations without

SAOZ observations

NO2 column difference between sunset and

sunrise inside vortex

Top:

� Early Dec - Jan 1 : Ozone depletion starts slowly 0.15%/day

� Jan 1-Jan 20: O3loss rate of 0.5%/day => O3loss of 10%

� Cumulated loss: 11.5% on March 10
Bottom:

� Dec-beginning Jan : No diurnal variation - Absence of NOx in vortex- Chlorine activated 

� Jan 20- Mar 10: ∆NO2 slow increase -> Partial chlorine de-activation high altitude

� Mar 10: Chlorine fully deactivated

Ozone loss (Passive tracer method)

∆NO2 (difference sunset-sunrise)   

Chlorine activation index
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Total Ozone from TM3DAM-OMI and models
2020/21 Arctic winter

REPROBUS SLIMCAT

� Larger dispersion on ozone loss estimation if TM3DAM-OMI instead of SAOZ (a & b)

� Similar amplitude and timing (a, b & c)

� 2% lower ozone loss with SLIMCAT (d)

TM3DAM-OMI

MODEL

d)

b)a)

c)



EGU Virtual Meeting 2021 9

Comparison to previous winters

� Similar interannual variability 

5-40% (20-150 DU) ozone loss

� Record years:

O3loss % :  2020 and 2011        

Abs. O3loss: 2020, 2011, 2016

� Higher destruction REPROBUS 

compared to SLIMCAT

� Slow ozone loss increase 

observed during the last two 

decades

� Updated O3loss series using MSR2/OMI data and models

Relative O3loss

Absolute O3loss
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Comparison to previous winters
� Link to Temperature and dynamics

� Linear relationship of O3loss with VPSC and 

stability of the vortex (ρ>0.8)

� Weaker correlation with planetary waves

� 2021 winter within the relationship

� Outliers of O3loss-VPSC relationship explained 

by other parameters:
2020: weak activity of planetary waves & strong vortex intensity

2011: stronger vortex intensity compared to 2000

2018: strong activity of planetary waves

EGU Virtual Meeting 2021

Planetary waves
(DJF)

Sunlit VPSC

ρ=0.87

ρ=-0.63

Vortex Intensity
(mid-Feb - mid-March)

ρ=0.74
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Total ozone loss in Antarctica

� Updated O3loss series using MSR2/OMI data and models

� Similar interannual variability

40-57% (125-200 DU) 

� Higher destruction observed by 

REPROBUS compared to SLIMCAT

� Record year 2020 (absolute)

� Slow ozone loss decrease 

observed during the last two 

decades

Relative O3loss

Absolute O3loss
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Comparison to previous winters in Antarctica
� Link to Temperature and dynamics

� Linear relationship of O3loss with 

VPSC 

� No correlation with Vortex intensity

� Outliers in the O3loss-VPSC 

relationship explained by other 

parameters 
2019, 2002: strong activity of planetary waves

2012: moderate activity BUT weak intensity

2011: weak activity BUT weak intensity

Planetary waves
(AS)

Vortex Intensity
(mid-Sept - mid-Oct)

Sunlit VPSC

ρ~0ρ=0.77

ρ=0.63
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Is Ozone recovering at Polar Regions as 
expected by Climate Chemistry Models? 

OBSERVATIONS MODELS

ANTARCTICA

ARCTIC

-0.45 ± 0.41 DU yr-1

0.99 ± 0.89 DU yr-1 

-1.14 ± 0.33 DU yr-1

1.00 ± 1.15 DU yr-1 

+1 DU/year increase of ozone loss in Arctic ≠ of ozone recovery

-0.5 to -1 DU/year in Antarctica ⇒ confirms ozone recovery
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Conclusions

� NH Winter 2020/21

VPSC since Dec until SSW on January

Fast ozone loss rate: 0.5%/day in Jan 1- Feb 20

Moderate ozone loss of 11%

� Similar interannual variability of ozone loss between models and

OBS for both hemispheres

� Linear relationship between O3loss and Sunlit VPSC (ρ=0.8)

Other metrics can be used to explain outliers values

Complementary sensibility studies on the metrics are necessary

� Trends since 2001
� MODELS

NH: recovery not observed (positive but not significant trend) 

SH: chemical ozone recovery trend estimated at >3σ
� OBS

Slightly significant trend at 1σ for both hemispheres of opposite sign

NH positive (no recovery) & SH negative (recovery)


