
EGU preprint:

https://egusphere.copernicus.org/

preprints/2026/egusphere-2025-6473/

Detecting Ozone Recovery in the Arctic
Final project presentation

28th November 2025

Caroline Jonas
Corinne Vigouroux

Collaborators: B. Langerock, R. Björklund, A. Boynard,
T. Carlund, M. De Mazière, P. Effertz, Q. Errera, M. Frey,
J.W. Hannigan, N. Jepsen, R. Kivi, N. Lyall, G. Mc-
Conville, M. Palm, M. Prignon, V. Sofieva, K. Strong,
T. Svendby, D. Tarasick, L. Thölix, R. Van Malderen,
Y. Virolainen, S. von Löwis, and X. Zhao

https://egusphere.copernicus.org/preprints/2026/egusphere-2025-6473/
https://egusphere.copernicus.org/preprints/2026/egusphere-2025-6473/


Outline

Context of the project

1. Ground-based detectors of ozone

2. Comparison of GB and Satellites time series

3. Representativeness of Ozone variability

4. Merged ground-based datasets

5. Trends

Conclusions of the project

2 / 39



Context of the project

Montreal Protocol and Amendments (since 1987)

Diminution of Ozone Depleting Substances (ODS):
CFCs, HCFCs, ...

Predicted recovery of stratospheric ozone

WMO assessment report 2022.

Delay of recovery unsure due to
climate change impact:

WMO assessment report 2022.
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Context of the project

Montreal Protocol and Amendments (since 1987)

Diminution of Ozone Depleting Substances (ODS):
CFCs, HCFCs, ...

Predicted recovery of stratospheric ozone

Observed in the Antarctic Not yet detected in the Arctic

Difficulties detecting recovery in the Arctic:
? smallness of trends (few % per decade)
? large uncertainties (natural variability)

Ross J. Salawitch et al., WMO 2019.
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Stratospheric ozone in the Arctic:
- Large natural variability (dynamical)

- Recovery difficult to detect

- Lower stratosphere: recent claims of non recovery

Tropospheric ozone in the Arctic:
- Greenhouse Gas & pollutant

- Negative trend observed recently Van Malderen et al. 2025

- Needed to separate stratospheric from total column trends
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Objectives of the DORA project:

Obtain long-term regional stratospheric (and tropospheric) O3 trends in the
Arctic by using measurements from ground-based detectors:

I. Compare Ground-Based and Satellites datasets for O3 in the Arctic to evaluate
drifts

II. Evaluate the spatial representativeness of the Ground-Based network of
instruments for measuring ozone in the Arctic region in order to merge datasets
by region and reduce uncertainties

III. Calculate regional merged datasets trends of O3 using Multiple Linear
Regression and proxies to explain variability
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1. Ground-based detectors of Ozone

We use three types of O3 ground-based detectors:

1: Fourier Transform Infrared spectrometer: FTIR

2: Ozone Sondes in Balloons

3: Dobson and Brewer spectrophotometers
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1. FTIR spectrometers
Measures the solar absorption Spectrum (O3; CH4; CO2; CH2O; : : : )
) need clear-sky, no measurement in polar night

In practice:
1) a Michelson Interferometer measures an Interferogram (interference pattern of Solar light with

different arm sizes)

2) Fourier transformation ! solar absorption Spectrum (absorption lines vs frequencies)
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1. FTIR spectrometers
In practice:

3) Retrieval of nb of molecules=cm2 over the total column of atmosphere
+low-resolution vertical profile: 4-5 partial columns

Line position: which gas is absorbing
Line area: amount of gas (total column)
Line shape: vertical distribution (pressure and temperature
broaden the lines)
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1. FTIR spectrometers
In practice:

3) Retrieval of nb of molecules=cm2 over the total column of atmosphere
+low-resolution vertical profile: 4-5 partial columns

Retrieval: Optimal Estimation (Rodgers 2000)

? xretrieved = xapriori + A(xtrue � xapriori) + errors

? A: rows are the averaging kernels and trace
gives the Degrees of Freedom for Signals (DOFS)

) Retrieval settings: optimized to maximize DOFS & minimize uncertainties

NDACC: in the mid IR (600� 4000cm�1)
� Harmonized strategy (InfraRed Working Group) Vigouroux et al. 2015, Björklund et al. 2024

� O3 Settings updated: fitted spectral windows�1005cm�1 (reduced H2O influence), spectroscopy
database HITRAN2020 (reduced bias), a priori profiles and regularization matrix WACCMv7
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1. FTIR spectrometers
? Sodankylä new O3 time series retrieved from TCCON data (3040cm�1): DOFS� 2:5, 2012� 2024
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2. Ozone Sondes in Balloons
? Electrochemical Concentration Cell (ECC) ozonesondes carried on balloon flights

? Electrical current depends on ozone concentration ! converted into ozone partial pressure
(measurement done every 5 to 10 meters from 0 to 30/35km)
) High vertical resolution profile

Pictures taken from NOOA https://gml.noaa.gov/ozwv/ozsondes/
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