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This review is by Owen Cooper, TOAR Scientific Coordinator of the TOAR-Il Community Special Issue. |,
or a member of the TOAR-II Steering Committee, will post comments on all papers submitted to the
TOAR-Il Community Special Issue, which is an inter-journal special issue accommodating submissions to
six Copernicus journals: ACP (lead journal), AMT, GMD, ESSD, ASCMO and BG. The primary purpose of
these reviews is to identify any discrepancies across the TOAR-Il submissions, and to allow the author
teams time to address the discrepancies. Additional comments may be included with the reviews.
While O. Cooper and members of the TOAR Steering Committee may post open comments on papers
submitted to the TOAR-Il Community Special Issue, they are not involved with the decision to accept or
reject a paper for publication, which is entirely handled by the journal’s editorial team.

Comments regarding TOAR-II guidelines:

TOAR-II has produced two guidance documents to help authors develop their manuscripts so that
results can be consistently compared across the wide range of studies that will be written for the TOAR-
Il Community Special Issue. Both guidance documents can be found on the TOAR-Il webpage:
https://igacproject.org/activities/TOAR/TOAR-II

The TOAR-II Community Special Issue Guidelines: In the spirit of collaboration and to allow TOAR-II
findings to be directly comparable across publications, the TOAR-II Steering Committee has issued this
set of guidelines regarding style, units, plotting scales, regional and tropospheric column comparisons,
and tropopause definitions.

The TOAR-II Recommendations for Statistical Analyses: The aim of this guidance note is to provide
recommendations on best statistical practices and to ensure consistent communication of statistical
analysis and associated uncertainty across TOAR publications. The scope includes approaches for
reporting trends, a discussion of strengths and weaknesses of commonly used techniques, and
calibrated language for the communication of uncertainty. Table 3 of the TOAR-II statistical guidelines
provides calibrated language for describing trends and uncertainty, similar to the approach of IPCC,
which allows trends to be discussed without having to use the problematic expression, “statistically
significant”.


https://igacproject.org/activities/TOAR/TOAR-II

General comments:

A new paper published in the TOAR-II Community Special Issue is highly relevant to this study as it shows
that the decrease of ozone observed in the free troposphere during 2020 also extended to the surface,
as observed at high elevation monitoring sites in North America and Europe (Putero et al., 2023).

An additional relevant study: Every year the State of the Climate reports provide updates on the global
distribution and trends of greenhouse gases, including tropospheric ozone. The most recent report
(Dunn et al., 2024) reports the latest findings based on NASA’s OMI/MLS tropospheric ozone product
(see Figure 2.66 on page S95). The data show an increase of the tropospheric ozone burden (60° S — 60°
N) from 2004 to 2019, followed by a drop in ozone in 2020 and a levelling off through 2023.

Lines 76-78

The authors cite a paper that claims that free tropospheric ozone is decreasing all across northern mid-
latitudes, but no other study has been able to replicate those results. In contrast, plenty of studies have
conducted in-depth analysis of ozone observations in the free troposphere, and do not find a decrease
of ozone. IPCC AR6 (Gulev et al., 2021; Szopa et al., 2021) concluded that free tropospheric ozone has
increased since the mid-1990s based, in part, on IAGOS observations in the free troposphere (Gaudel et
al., 2020). And follow-up studies have shown that ozone increased in the free troposphere from the mid-
1990s to 2019 above Europe and western North America, with a decrease of ozone in 2020 due to the
COVID-19 pandemic (Chang et al., 2022, 2023). These in situ observations fit with the decrease of ozone
in 2020 and 2021, as observed by several satellite products (Ziemke et al., 2022; Dunn et al., 2024).
Another recent study, submitted to the TOAR-Il Community Special Issue, uses the ECHAM6-HAMMOZ
global atmospheric chemistry model to show that ozone generally increased across the northern
hemisphere from 2004 to 2019, in agreement with the OMI/MLS satellite product (see Figure 4 of
Fadnavis et al., 2024). A NASA study reached similar conclusions (Liu et al., 2022).

Minor Comments

line 50
missing the word “of”?

line 293
missing the word “ozone”

References

Chang, K.-L., et al. (2022), Impact of the COVID-19 economic downturn on tropospheric ozone trends: an
uncertainty weighted data synthesis for quantifying regional anomalies above western North America
and Europe, AGU Advances, 3, e2021AV000542. https://doi.org/10.1029/2021AV000542

Chang, K.-L., et al. (2023). Diverging ozone trends above western North America: Boundary layer
decreases versus free tropospheric increases. Journal of Geophysical Research: Atmospheres, 128,
€2022JD038090. https://doi.org/10.1029/2022JD038090

Cooper, et al. 2020. Multi-decadal surface ozone trends at globally distributed remote locations. Elem
Sci Anth, 8: 23. DOI: https://doi.org/10.1525/elementa.420



https://doi.org/10.1029/2021AV000542
https://doi.org/10.1029/2022JD038090
https://doi.org/10.1525/elementa.420

Dunn, R. J. H., J. Blannin, N. Gobron, J. B Miller, and K. M. Willett, Eds., 2024: Global Climate [in “State of
the Climate in 2023“]. Bull. Amer. Meteor. Soc., 105 (8), S12-S155, https://doi.org/10.1175/BAMS-D-
24-0116.1.

Fadnavis, S., Elshorbany, Y., Ziemke, J., Barret, B., Rap, A., Chandran, P. R. S., Pope, R., Sagar, V.,
Taraborrelli, D., Le Flochmoen, E., Cuesta, J., Wespes, C., Boersma, F., Glissenaar, I., De Smedt, I., Van
Roozendael, M., Petetin, H., and Anglou, I.: Influence of nitrogen oxides and volatile organic
compounds emission changes on tropospheric ozone variability, trends and radiative effect,
EGUsphere [preprint], https://doi.org/10.5194/egusphere-2024-3050, 2024.

Gaudel, A,, et al. (2020), Aircraft observations since the 1990s reveal increases of tropospheric ozone at
multiple locations across the Northern Hemisphere. Sci. Adv. 6, eaba8272, DOI:
10.1126/sciadv.aba8272

Gulev, S.K., P.W. Thorne, J. Ahn, F.J. Dentener, C.M. Domingues, S. Gerland, D. Gong, D.S. Kaufman, H.C.
Nnamchi, J. Quaas, J.A. Rivera, S. Sathyendranath, S.L. Smith, B. Trewin, K. von Schuckmann, and R.S.
Vose, 2021: Changing State of the Climate System. In Climate Change 2021: The Physical Science
Basis. Contribution of Working Group | to the Sixth Assessment Report of the Intergovernmental
Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N.
Caud, V. Chen, L. Goldfarb, M.l. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R. Matthews, T.K.
Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)]. Cambridge University Press, Cambridge,
United Kingdom and New York, NY, USA, pp. 287-422, do0i:10.1017/9781009157896.004

Liu, J., Strode, S. A,, Liang, Q., Oman, L. D., Colarco, P. R., Fleming, E. L., et al. (2022). Change in
tropospheric ozone in the recent decades and its contribution to global total ozone. Journal of
Geophysical Research: Atmospheres, 127, e2022JD037170. https://doi.org/10.1029/2022JD037170

Putero, D., Cristofanelli, P., Chang, K.-L., Dufour, G., Beachley, G., Couret, C., Effertz, P., Jaffe, D. A,,
Kubistin, D., Lynch, J., Petropavlovskikh, I., Puchalski, M., Sharac, T., Sive, B. C., Steinbacher, M.,
Torres, C., and Cooper, O. R. (2023), Fingerprints of the COVID-19 economic downturn and recovery
on ozone anomalies at high-elevation sites in North America and western Europe, Atmos. Chem.
Phys., 23, 15693—15709, https://doi.org/10.5194/acp-23-15693-2023

Szopa, S., V. Naik, B. Adhikary, P. Artaxo, T. Berntsen, W.D. Collins, S. Fuzzi, L. Gallardo, A. Kiendler-
Scharr, Z. Klimont, H. Liao, N. Unger, and P. Zanis, 2021: Short-Lived Climate Forcers. In Climate
Change 2021: The Physical Science Basis. Contribution of Working Group | to the Sixth Assessment
Report of the Intergovernmental Panel on Climate Change [Masson-Delmotte, V., P. Zhai, A. Pirani,
S.L. Connors, C. Péan, S. Berger, N. Caud, Y. Chen, L. Goldfarb, M.l. Gomis, M. Huang, K. Leitzell, E.
Lonnoy, J.B.R. Matthews, T.K. Maycock, T. Waterfield, O. Yelekgi, R. Yu, and B. Zhou (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 817-922,
doi:10.1017/9781009157896.008.



https://doi.org/10.5194/acp-23-15693-2023

