Reply to Anonymous Referee #2 review of manuscrigtcp-2023-788
Trends in polar ozone loss since 1989: First signd recovery in Arctic ozone column

Andrea Pazmino on behalf of all co-authors

We thank Anonymous Referee #2 for the time devateglaluate our work. We are particularly gratéfulthe
warning on the wording using to explain the restdtated to metric 3 that we have taken particcéae of. Your
comments have helped us to improve our manusétipase find our answers below (in red)

*** More specifics regarding the more major issuesfomments

- L34 and related discussion in the manuscriptould argue that a 1 sigma "detection” is not realljetection
with enough significance; it is a likely detectias opposed to a robust detection (at 2 sigma oe)nand some
scientists in various disciplines would argue feere stronger significance levels, in addition te fact that one
often cannot or does not include all possible ebars in the analyses. In this case, the assumpfianlinear

relation between ozone loss amounts and VPSC tghag an assumption taken as "truth" and any rdeees

from this "truth" signify something related to ozotnends or recovery. In my view (and hopefullyha views of

others in this field), this is just an indirect tmedtl at suggesting there may be "signs of recovgmgt' the title of
your manuscript), which is a better language théirst quantitative detection". | understand ttiare is often a
desire to show a "first" in research, but this baroverdone, and science progress is usually autaita multiple

analyses over time, especially for inferring trermisd the Arctic can change enough that addingibtracting

years can make substantial differences in the teedRbther than using a bold assessment like Guantitative

detection"”, | would urge the authors to use a ncaxgious statement. Error bars here are a lowét, kspecially

since the same sort of analysis for the Antare@ion yields error bars that are significantly derathan other
metrics results, so this is somewhat suspicioundqgust on this basis, in addition to the fact thé method is
more indirect than the other two metrics. Pleasentar this argument if you feel that there is arggrreason to
declare victory on the Arctic recovery signal basadust one indirect metric and at the 1 sigmali¢at best). |

am not convinced, at this stage, and | feel thatentoetrics and years are needed for such a badienstat

(including a broader community assessment, suamather WMO report, for example). | would not toyargue

the validity of line 33 too strongly, as long asdi34 gets deleted, or replaced by something like argue that
this points to the first signs of ozone recoverthia Arctic springtime lower stratosphere.” [Altlgtul personally
would probably say this "may point", being a causiggerson on such matters.] Alternatively, pleas&arthe

case regarding such a bold statement by performimg error analyses - but this will typically inase the error
bars, so the case will just become even weakeedigt. Moreover, given that the ozone recoverh ghpends
on both ODS and greenhouse gas effects, it isdififscult to provide a robust attribution of sligitpositive trends
to one effect or the other, without more detailedlgses; there are not enough model results to amp, in

terms of what a model would predict for one effemtsus a combination of effects, in general, widmparisons
to any of the observations shown in this work. | Hrarefore going to remain skeptical of broad svregp
conclusions for the Arctic, especially (althoughmsocaution is also recommended for Antarctic oztndies).

In fact, your own words at the end of the manus@ipw more restraint and caution (with a pointeanother

reference as well), so | imagine you actually agetd my words of caution. | think this shows nisults,

whether one wishes to claim a "first" or not, ahid is what should be the more important conclustogood set
of analyses with hopefully reasonable error bard,without overstating the possible conclusions.

As you have mentioned, the metric 3 uses an indlvat well-known assumption of the relationshipvietn
ozone loss and Polar Stratospheric Clouds dueet@s$kential role of the latter in the heterogenetesnical
processes involved in the ozone depletion. We wwhaled your concern about this indirect method aadook
your warnings on wording into account. For examgie,title has been changes as follows:

Trends in polar ozone loss since 1989: Potental sf recovery in Arctic ozone column

To perform this study more robustly, we have detitteapply a multi-parameter regression model enodone
loss dataset since 2000 using the Sunlit VPSC diméar trend as proxies as shown in Equation 1:



MOLoss(t) = SunlitVPSC_contr(t) + t1 * (year(t) 9@0) +(t) Q)

where t is year since 2000, SunlitVPSC_contr(thesterm corresponding to the linear (HN) or paliab@®lS)
contribution of Sunlit VPSC, the variable t1 is tlegression coefficient of the time proxy a@dt) is the fit
residuals. The contribution of Sunlit VPSC is resereted by Eq. 2 for the NH and Eq. 3 for the SH:

SunlitVPSC_contrNH(t) = Knn + Ki_ni*SunlitVPSC_NH(t) (2)
SunlitVPSC_contrSH(t) = Ksn+ Ki_siSunlitVPSC_SH(t) + K si*SunlitVPSC_SH(t 3)

whereK are the regression coefficients of the respegtiregies mentioned above.

All the regressions coefficients are significantrettre than two standard deviations. The linear treg&rends of
ozone loss are significant and similar for both tepimeres, presenting slightly larger values thanpgfevious
results: 2.00+0.97 % dédor the NH and 2.21+0.67 % dééor the SH.

Those results confirm our previous ones but, as rpemtioned, it is necessary to consider with cautiee
significance of the trends considering the errasba@he lines 33-34 were therefore changed aswistio

“Metric 3 provides a negative trend in Arctic ozdass residuals with respect to the VPSC fitd00 +0.97 (b)
% dec?, with limited significance ala level. With such metric a potential quantitative detection of ozone
recovery in the Arctic springtime lower stratosphesin be made’

The Section 5.3 was changed introducing this nethoaeand taking also into account the concernsatéiee 1.
Please see the new Section 5.3 in the answer &rdéeet.

- As a related comment regarding Fig. 11, if onat&ao claim enough robustness in the result aru bars, one
should try to use 2 or 3 years less (or more)abtginning or end of the series, to see how ffésta the results
and error bars. | think it is best, again, to baticas in terms of a "robust detection" commentess the analysis
is at least significant at the 2 sigma level, vdttough sensitivity analyses as well.

The sub-section 5.3 was changed as explained alzivg a more robust method by applying a multi-peater
regression model. The low residuals values andytizel correlation between observations and moded.@2)
gives us confidence in the results.

- In addition, why not show what a polar-focuseddelonould predict for such a metric, if one couttiasome
credibility to the conclusions (in the Arctic esjadly) in terms of consistency with expectations.

Thank you for this recommendation and we have roeatl the results based on ozone loss from the SAIMC
model in the last paragraph of the updated subiesebt3

- Also, of some interest, is there not a model\dztiozone loss onset date curve that can be cothpartne

Figure 9 results? What does this (or would thigwsh Would this not be a useful comparison for whaght be

expected? This is not directly tied to ozone Idmg ( do understand its connection to this). Angnozents about
this (in the text or at least as part of a replguld be appreciated, since this might be worth iclemmg as an
added comparison (although not necessarily inghiscular work).

This metric is only sensitive to large increaseszaiine loss during the winter. This is then appeteifor the SH.
The following Figure AR2.1 presents the onset dzstémated from ozone loss values obtained from SLAW
simulations. The trend estimations were performefdide and after 2000. All trends estimated by iraeently
robust linear regression are significant at leastAs for onset datasets from observations ozore the lower
trend values are observed for the threshold of 20%the highest ones for 40% of ozone loss befodeadter
2000. The positive trends are slightly higher aady\between 4.4+1.0 and 6.1+1.8 day tl€the ratio between
the trends before and after 2000 of each ozonedisst dataset is higher compared to the onesnelotdiom
observations. It varies from -0.5 to -0.3. As expdcthe model onset dataset presents a fasterengcthan the
observations (-0.3 to -0.2).
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Figure AR2.1: Onset day when 10-day averaged ozofwss reach a particular ozone loss value: 20, 25),35 and 40%
for the SH using SLIMCAT simulations. Robust linear fts before and after 2000 are also shown (dasheads).

The following sentence was added in L362:

“The onset dataset obtained from SLIMCAT model datians exhibits larger trends since 2000 that are
significant at & (not shown). The trends vary from 4.4+1.0 to 6.8+day ded. The ratio between the trends
before and after 2000 of each ozone loss onsedetatary from -0.5 to -0.3 showing a faster recgwensidering

SLIMCAT simulations than using the SAOZ-MSR2 mergkdaset, as already found using the ozone logsscmet
1 (see Sect. 5.1).”

*** More minor corrections and suggestions
- L22: Add "column" between "cumulative" and "loget clarity.
Done

- L23, Abstract: since there are somewhat commataialculations that involve more than just lingands, as
stated on line 27 (parabolic), this seems somewimaplified of a description, even if the Abstraashto be
simplified and short.

Maybe consider the following wording: "Three medrare used in trend analyses that aim to assesztme
recovery rate over both polar regions: ..."

The sentence was modified as suggested. Thank you.

- L28: | think you mean (or should use) standandai®n as part of the error analysis (see otherroents above),
instead of standard error, or justify the use & tarminology better.

Thank you for this remark. Everything has been stéjgh using standard deviation.

- L29: you should be less vague and specify whasstiold refers to here, what quantity (ozone colinstead
of making the reader guess (if/as the manuscripnioabeen fully read at this point).

The threshold values were added in the abstrdcilasis (L29)

“For metric 2, various thresholds were considextthe total ozone loss values of 20, 25, 30, 35da40%, ...”



- L29: 1 would suggest "all of them showing a tiehelay as a function of year, in terms of when tireghold is
reached."

Adopted. Thank you.

- L32/33: "the difficulty in finding a threshold kg in enough of the winters."
Adopted. Thank you.

- L63: wildfires events --> wildfire events

Done

- L72: change "concentrations/columns(?)" to justitimns".

Done. Thank you.

- L120: SAOZ ozone data could be more specific SAQZ| column ozone data?
OK

- L133: delete the period after "used".

Done. Thank you

- L173: delete parenthesis after "merged dataa&tty; change "bias" to "biases".
Done. Thank you to highlight all these errors.

- L176, Figure 1 caption: please specify the yadahé caption also (position of the 2021/2022 voedge...").
Done

- Figure 4: Please try to plot the thin black lit&st, so they can be better seen on both panetsi@:r making
them slightly thicker as well. Should the y-axietihave a space between O3 and loss (maybe naiuifire
referring to a specific variable instead of actwakds). Also change "Day of the Year" in both pangl-axis
label) to "Day of Year" (as used in Figs. 5,6,7).

Thank you for your detailed work reviewing this papt is much appreciated.

You will find the new Figure 4 here below, follovgiryour recommendations.

SOUTHERN HEMISPHERE NORTHERN HEMISPHERE
[ [ '—— 1989-2017 median . [ ‘ ' '
0 th_»ath " 0 -
807'-20"" percentile
10 smm2002 1 10+
— 2018 —_
20| 2019 | £, =—1990-2017 median 2 \
@ — 2020 @ —sgoth-20'" percentile
S30r —— 2021 Sa3gp  ===s2011
® @ 2018
Ou40t 2=t O 4ot 2019
— 2020
50 50  =——2021
2022
60 ‘ ! ‘ ! ‘ ! 60 — . ‘ ‘ | |
180 200 220 240 260 280 300 320 -20 0 20 40 60 80 100

Day of Year Day of Year



- L235: For Figure 4, please specify in the text/hich day of year the maximum amplitude of ozasslbetween
recent winters occurs (for both hemispheres). Wilishelp the reader.

Thank you for your suggestion. The information \added in the text (L234)

“The maximum ozone loss is reached between midalgrand the end of March for the NH and betweeretite
of September and mid-October for the.SH

- Figure 7: vortex edge as defined in Pazminodoests that follow from Nash et al. (could specifyenas well, if
so, in addition to the text). Also correct the typdNH y-axis (Gradiant --> Gradient).

Indeed, the definition of the vortex was done usWagh et al. but here we prefer to specify thenitédn for the
Gradient, as done in Pazmino et al., 2018 whidiaged partly on the Nash et al. definition.

- Figs. 5,6,7: please change the thin black lioghsy are plotted on top, for better visibilityw@aconsider making
them slightly thicker as well).

The figures were updated as Fig. 4.

- L253: and so was the vortex stability (rathemtband as well as the vortex stability").

Adapted

- L254: August, linked to a wavenumber 1 event,...

Done

- L255: upper levels, with an associated decraaseze.

Done

- L262: heat flux increases rapidly at the end

Done

- L264, slowing down rapidly thereafter.

Done

- L268: event, of a magnitude similar to the andesatelated to the Calbuco...

Done

- L271: mean T anomaly of -10.1 +/- 4.5 K, as id&0but with a much larger sunlit VPSC than in 2018
Done

- L272: The persistently low temperatures [or Thesfstently cold lower stratosphere...]

Thank you for the suggestion. The sentence wasgelteby “The persistently cold lower stratospheére...
- L273: led to an acceleration of the October oZoss...

Done



- L276: (Fig. 6), and the strength...

Done

- L280: The sunlit VPSC values are similar...

Done

- L283: Fig. 4), which lies within the climatology.

Done

- L293: Do you mean "The strength of the vortexeedghibited values larger than climatology...?
Yes exactly. We have changed as suggested:

"The strength of the vortex edge exhibited valaegeér than climatology..”

- L294: vortex led to moderate ozone loss; alsaggespecify again (if need be) where the ozonedaoss bar
values come from (or refer back to that discussj@md if these represent one standard deviati@sgmably not
two).

The 1o was added at the first time the ozone loss wadioresd in subsection 4.1 (L250) et 4.2 (L294)
- L300: ozone loss of the 2019 warm winter
Done

- L304: temperature anomalies at the 475 K levahd the mean anomaly value for the whole wintached -5.3
K, asin 2018.

Done

- L306.307: final warming mode, also shown by tw Values...

Done

- L308: persistent low temperatures less than ...

Done

- L319: a possible recovery path of total ozorjer.recovery rate]

The sentence was changed by “... a possible recoaezyof total ozone columns ...”

- Figure 8: please make the grey legend stand ouwg;nfor example, use larger fonts for the legesmts say %
dec-1 to shorten the units and legend length, aedaolder font if needed.

The figure was updated as suggested.
- L344: are positive (1.0 +/- 2.2 %dec-1)
Done

- L348: values, as we might expect a later onsetrelation to lower...



Done

- L350: what is the ozone loss time dataset? ksribt the same as the ozone loss onset days 'egdénstead of
total ozone columns"... (?)

The sentence was changed as follows:

“In this study, the ozone losmset dayslataset is used instead of total ozone columnmiset days datasein order
to consider chemical processes only.”

- L371: You say a "3rd order polynomial..." andoateention a parabolic fit; to me, a parabolic diti 2nd order
polynomial (i.e., a quadratic). Please clarify.

The subsection 5.3 was changed. Please see prarisuers.

- L369-L371, | would say "dynamic range" or jusarige" really; dynamical could appear to refer tmesthing
atmospheric...

Thank you for highlighting that. The word “dynamicavas removed.

- Figure 10: It might be interesting to try a lindd& after 2000 for the SH; not necessary for thaper, just a
thought (how would that affect the results?).

A linear proxy was considered to represent theisMRISC contribution on Ozone Loss in the SH aspaeld in
Sect. 5.3 for the NH. A larger negative trend 08-20.8 % de¢ was found compared to -2.2 +0.7 % dersing
the quadratic relationship. Those values are withimm standard deviation. Considering a linear itahip
between O3 Loss and sunlit VPSC, the determinatafficient is weaker but still large with a vala€0.78
instead of 0.83.

- L419: was calculated, but it is not significant.
Done

- L420-422: It would flow better if the sentencegdirding the SH..." was placed one sentence ableetly
after the SH comment. Then one could just say "Tiefic appear sensitive..."

Done

- L433: Note that this trend is similar to the Skind.
Done

- L436: add a comma after "datasets".

Done



