We thank the reviewers and Dr. Gloria Manney for their comments and suggestions for improving the paper. Our
p oint-by-point responses to the reviewers’ comments are given below in blue text, and the revisions are

shown in the version of the manuscript with track changes. We hope that the referees and the Editor will find the
revised MS more interesting and recommend a publication in ACP. Thank you.

REPLIES to Referee #2 comments

| struggled with this review because while the paper presents a lot of information, and the authors have done a lot
of work, it is difficult to see whatis new. The major discoveries announced in the abstract, for example, “Sporadic
occurrences of ozoneholevalues ... record-breaking ozone loss of about 2.0-3.4 ppmv ... unprecedented chlorine
activation ... first-everappearance of loss [near] saturationin the Arctic...” have been made, and published, by
Manney etal. (2020)or Woltmann etal. (2020). Thetitle (“on the verge”) suggests that the authors think we will see
a real ozone hole, ormore ozone holes in the future. But they fail to present any dynamical arguments forthat.
Figure 1a of Woltmann etal. (2020) in fact suggests this, so it would be interesting to see a climate model prediction
of the like, or more long-term analysis of trends in dynamical parameters.

Thank you forthe comments and suggestions.

The Arctic winter/springin 2019/2020is unique in terms of the stratospheric meteorological conditions andits
consequences in the very low polar stratosphere ozone, which has also discussed by other studies in JGR/GRL
special issue. However, we would like to provide acomprehensive analysis to investigate the polar processing and
ozonelossin the Arctic winter/spring 2019/2020 using different observations andreanalysis datasets as well as
model simulation, which would helpto assess theimpact of climate change on winters and aid modelling and
forecast of such eventsin future.

Ourstudy isvery importantin this context, as we have used six different satellite measurements to describe the
chemistry, two different methods to estimate the ozone loss, two different meteorology analyses to explain the
dynamics, analysis of the ozone mini-hole situation, multi-satellite measurements of observed very low total column
values and observation of saturation of ozoneloss. All ourresults are supported and confirmed by different
measurements and methods, though most of the conclusions are consistent with other related studies. We have
removed the statement on climate connection.

Instead, the paper waffles back and forth about whether there was an “ozone hole” in 2020, even contradicting
itself, e.g., “all the methods, data, and parameters converge to provide an undeniable fact of the first-ever ozone

hole” and then “the ozoneloss in the Arctic cannot notbe called as “an ozone hole”.” In any case, thisis not an
important scientific argument, buta quibble about terminology.

Thanks forthe concern. We agree thatthe “ozone hole” is notan important scientific argument but how to make
the definition forthe Arctic. However, we have never used any statement that confirms an ozone holein the Arctic.
We have used “?” wherethe ozone holeis mentioned, even in the title. Also, there is a section on whetherthere is
ozoneholeornot. We have clearly stated that the ozone lossin the wintercannot be called an ozone hole. To avoid
the confusion, we have removed the ozone hole statements from the conclusion now, Title, Section 3.8, lines 422-
423,452-454,476-478

Figure 3 is very nice, with alot of importantinformation, but thatinformationis already in Manney etal. (2020). The
ozonesondes, and the degree to which loss saturation was approached, are thoroughly presented in Woltmann et
al. (2020). Loss saturation was neverreached, in fact: Antarctic ozone hole profiles frequently show ozone below the
detection limit of the sondes (~1 ppbv), while the lowest observed last spring in the Arctic was 125 ppbv. Sondes
can measure ozone levels below 100 ppbv with goodaccuracy (as they do in the troposphere).



Thanks. Though a similarinformationabout the time series of observed CIO, HNO3, NoO and Oz from MLS is shown
in Manney etal. (2020), itis very important to discuss the changes of these species involving the polar processingin
the winterrelated to ozone depletion, both dynamical situation and chemistry. Figure 1 describes the dynamics and
Figure 3 shows the chemistry, including ozone loss. We have used two different method and three different data
sets togetherin this study to analyse the chemical ozone loss, which is the novelty of this study. We believe that we
need differenttypes of analysis for each winter to assess the chemical and dynamical situationto assess the changes
inthe region. IncludingFigure 3 in the current version will also provide importantinformationforreaders to
understand these processes.

Done. It hasto be noted that we have not seen any comparisonorliterature showing 1 ppbv as ozonesonde
detection limit. However, there are studies claiming the detection limitas 10 ppbv, but we agree that the studies
haveused 1to 40 ppbv as detection limitin different studies (Solomon etal., 2005; Vémel and Diaz, 2010). Here, we
use 10 ppbv forthisand 0.2 ppmv as the saturation of ozone loss, whichis thelossincurred only by the loss cyclesin
the lower stratosphere. Thisis mentioned in lines 398-399.

| did, however, find the discussion of the ozone mini-holes in December2019and January 2020 quite intriguing,
especially the observation that they contained high CIO. Mini-holes are generally regarded as dynamic phenomena,
so the suggestion that heterogeneous chemistry is occurring is interesting. It might be interesting to explore this
further: are they also becoming more common? Do they affect the overall loss of ozone? See also Stenke and Grewe
(2003). I noted thatin Figure 7 the mini-holes were the only point where TCO fell below 220 DU. That seems worth
exploring.

Thanks. Arctic winter 2019/20 is quite interesting including the mini-holes in December 2019 and January 2020.
We covered the mini-hole episodein this paperas we wanted to describe the polar processingin the winter

thoroughly. In addition, this mini-hole was particularlyimportant as it was slightly modified by the chemistry we
have donethetrajectory and ClO analysis to complete analyses on this year’s mini-ozone hole episode. Anything

beyond this demands substantialwork on modelling, whichis beyondthe scope of this study.

Yes, the early winter ozone hole values were related to ozone mini holes, and we have clearly mentioned them.
However, as suggested, we have given a brief description of mini-holes that occurred in the past, in lines 236-248.

| also appreciated the long-term comparisonwith previous years in Figure 6. Perhaps this could expanded, along
with an analysis of the long-term changes in vortex temperature, V_PSC, wave disturbances/stability...

Thanks forthe suggestion. Itisincluded now. Although the long-term analysis is presented in Figure 1 and Figure S2,
we have made another long-term analysis with all dynamical parameters and presented in Figure S1b as suggested.
The discussion is given in lines 177-181.

Minor points:

Line 23: “provided the stratospheric chlorine levels still stay high there.” I don’t think there is much uncertainty
aboutfuture Cl levels.

Done. We have corrected this in lines 21-22.

Line34:“because”? Perhaps “possibly because”. Thisis far from certain, or we wouldn’t still be producing ozone
assessments. In fact a lot of data show the opposite (decline since 1997).

Done. We meantthatit is very difficult to estimate or find a trend in the Arctic data as it is very difficult to
differentiate the dynamical contribution from the data. We have changed the sentence now. Pleasefinditin line 34.



Lines 58-59: “Here, we show thatthe Arctic winterin 2020 ... met the condition foran ozone hole forthe first
time”. What condition? Thisdisagrees with most other assessments (e.g. Woltmann etal., 2020; Manney et al.,
2020; Wilkaetal., 2021).

Done. We have rephrased this. We have removed theterm ozonehole” and changed itto “very low ozone” values
below 220 DU were there for more than 23 days, and the ozone loss was also record-breaking in the lower
stratospheric altitudes below 500 K. This is the situation. All three references mentioned in the comments agreed to
this situation, but they were not using the word “ozone hole”, although Wilka et al. used the word, as we did in this
work.

We havereprahsed the sentences that use “ozone hole” now, including title, Please find the revised Title, Section
3.8, lines 422-423,452-454,476-478

Lines 60-65:Shouldindicate where the data were obtained. Uncertainties are quoted but no citationis given.
Done. Data details are given in Data availability statement. Citation is mentioned in line 81.

Line 80: “The missing values in satellite measurements were filled with linearinterpolation (poison_grid_fill).” What
is “poison_grid_fill”? How does it work? What are the criteria used for filling?

Done. Thisisa function with pythonforthelinearinterpolation. We have deleted it becauseitis a method forthe
data processing.

Line 120: Alot of this paragraph is confusing, but thisline especially. T_NATis 195, not 200K.

Done. Pleasenotethat we were nottalkingaboutT_NAT, but the temperatures below 200 K in the winters, which
were uncommon during the period. However, note that temperatures below 200 K also include temperatures below
195 K, which is why PSCtemperatures are also mentioned. We have rephrased this in lines 132-134 to make it
clearer.

Line133-134: “Thisis thelargestice PSC ever observed in terms of its area, volume and number of days of
appearance (i.e.frequency) in the Arctic and the area is twice that of the winter2011.” So what? Thisinformation is
never used for anything.

Done. It was showing the extreme meteorological situationin the winterand was also the reason forthe large loss
in the lower stratosphere as compared to 2011. This is mentioned in lines 338-339.

Lines 151-156: Thisisinteresting, potentially, but vague and hand-waving. It could be really valuable to have an
analysis that looks at the evolution and variation of the Arctic vortex over the last 20+ years.

Done. Thisisshown in Figure S1B forthe past41 years and describedin lines 177-181.
Lines 210-212: This analysis might make an interesting paper, if expanded.

Thanks. We have analysed the ozone mini-hole in the winter, its temporal evolution, air mass transport, and
analyses with ozone measurements by satellite and ozonesondes. Anything beyond this is modelling of mini-holes,
which is beyond the scope of this paper, and warrants a separate study and we would do that. However, we do
respect the suggestion, and we have presented a brief description of the mini-holes, in lines 236-248.



Lines 360-364: This interpretation isincorrect. The sondes do indeed have an uncertainty of about 10%, but that
means that the minima of 0.125 (or0.200) ppmv would have error bars of £0.012 (or+0.020). Thatis not consistent
with zero, oreven 0.1 ppmv.

The 5% accuracy is noted from the ozonesonde JOSIE intercomparison project and Smitetal. (2017). We could not
find any document stating this 10% uncertainty. We have, however, stated this as 5-10%in line 406.

Reference: Stenke, A., and V. Grewe (2003), Impact of ozone mini-holes on the heterogeneous destruction of
stratospheric ozone, Chemosphere, 50, 177-190, https://doi.org/10.1016/50045-6535(02)00599-4

Thank you. We have cited this paper, lines 229, 247.

REPLIES TO Referee #1 Comments

In their manuscript, Kuttippurath et al. investigate Arctic stratosphericozone loss during the exceptional winter
2019/2020from a range of satellite and ground-based observations. Theiranalysis is thoroughand the results are
sound. Itis, however, less clear to me, what the main message of this paperis. Previous studies, correctlycited in
this manuscript, have already come to similar results. So it would be good, if Kuttippurath et al. could spell out a bit
clearer what this study adds, thatis not already known from these previous studies.

| have one concern with the claims made here that the exceptional ozonelossin 2019/2020 is a sign of climate
change. Asfar as | am aware of the current literature, most climate models do not show any increasein Arctic ozone
loss dueto climate change. Can the authors rule out that 2020 was not just an extreme winter within the current
range of variability? And related to that point: the Arctic did experiencein March 2020 ozone hole conditions, as this
study demonstrates. Is there evidence of an “exposure of nearly 650 million people and ecosystem to unhealthy
ultra-violet radiation levels” (quoting from the first sentence of the abstract)? Ordo the authors suggest that future
Arctic winters could show even larger ozone depletion? And if so, on whichbasis? The authors should try to make
these points clearer.

Thanks the comments

We would like to emphasize that we wanted to describe the polar processing and ozone loss in the winter 2020, as
agreed by the reviewer that “Theiranalysis is thorough and the results are sound”. We agree that there are studies
on this winter, as mentioned. However, itisimportant that we need multiple studies using different data and model
simulations on different as aspects the winter, which would help assess the winterto assess the impact of climate
on winters and aid modelling and forecast of such wintersin future (please also see ourreplies to referee #2). We
have removed the statement on climate connection now.

The paperis overall generally well written, but could be made clearer at several points. See my specific comments
below. | recommend the manuscriptfor publicationin Atmos. Chem. Phys. if the authors canaddress my general
and specific comments.

Thank you.
Specificcomments:

P1,113: “Severevortex-wide ozone lossin the Arctic would expose nearly 650 million people and ecosystem to
unhealthy ultra-violet radiationlevels.” The number of 650 million people does not appearin the bodyof the


about:blank

manuscriptand is not backed-up by any citation. So | suggest removing this explicit statement here from the
abstract.

Done. We haveremoved the sentencein the abstractas suggested.

pl,122:“thevery colderArctic winters in the near future will experience even more ozoneloss”: do you mean Arctic
winters in the near future will become colder? On what basis is this claimmade? Or do you mean the coldest Arctic
winters in the near future within the current range of variability? But why should they experience very likely even
larger losses?

Done. We meantthatit is very likely that the colder winters might get more colder. We have removed the climate
connectionstatement and “cold winters colder with more ozoneloss” speculation in lines 21-22.

pl,122:language: “Our study suggests that the very colder Arctic winters in near future would also very likely to
experience even more ozone loss and encounter ozone hole situations, provided the stratosphericchlorine levels
still stay high there.” -> “Our study suggests that colder Arctic winters in the near future would likely experience
even more ozoneloss and encounter ozone hole situations, as long as stratosphericchlorin e levels remain high.”

Thanks. Done. Rephrased as suggested, lines 21-22.

p1,130: why did the Antarctic ozoneloss peakin the late 1980s when polar stratosphericchlorine loading peaked
around the early 2000s

There were already sufficient chlorine in the Antarctic stratosphere to reach the loss saturation. Therefore, even if
there is morechlorinein the stratosphere that wouldn’t affect the ozone loss saturation anymore, but the ozone
loss will be modified by the inter-annual changes in meteorology of the winters. This is mentioned in line 30.

p2,142:“e.g.,> 1.5ppmv of loss” seems arbitrary. Please motivate this value

Done. Thisisthe average ozone loss value taken from different literature that have multi-yearanalyses. Please find
the revised statement with references in lines 42-43.

p2,143:25-30%in whichmetric? The statement on 1.5ppmvabove clearly refers to loss at a certain altitude. On a
given altitude, previous Arctic winters (such as 1999/2000 or 2010/11) experienced losses far greaterthan 25-30%
(e.g., Sinnhuberetal., 2000; Sinnhuberetal., 2011). Please be specific which metric this refers to: column loss with
the vortex, column loss poleward of a certain latitude, local loss,

Done. These are mostly from satellite (Livesey et al., Kuttippurath et al., Manney et al.), sondes (Rexet al., ) and
ozonecolumn fromtheground (e.g. SAOZ). The source and respective reference with rephrased statements can be
foundin lines 43-48

p2,146: “short-lived” is what sense?

Done. The Arctic vortexis mostly in tact from December through mid-February orearly March. This is what we
meant by short-lived. This is short as compared to December through end of April vortex this year. This is mentioned
inlines 50-51.

P2,150: “ozonelossisfound to be proportional to the timing of the majorwarmings”: I think | know what you mean,
but this statement is not very clear



Done. We mention thatthe vortex longevity is a factor for prolonged ozone loss, although 1997 is an exception. This
isrephrasedin lines 57-58.

P2,153:“The occurrence of extreme events is a signature of climate change and so are the extreme cold winters with
large lossin ozone (e.g. IPCC, 2007)” Sorry, it may be true that undera changing climate the occurrence of extreme
cold winters may increase, butitis not at all clearif there is a trend towards more extreme events in Arctic
stratospheric temperatures and whetherornotit is related to climate change! This statementis not backed-up by
IPCC, 2007.

Done. As mentioned earlier, we have removed the climate connection statement, as it was confusing. The IPCC
report was quoted forthe occurrence of extreme whether events as polar meteorology is a key element for
sustained ozoneloss. Pleasefind the revised statementin lines 21-22, 64-65.

p2,162:wouldbe good to have references for the data sets

Done. Pleasefind themin lines 107,112, 114, 115

p2,164:latitude and longitudes swapped for Alert

Sorry for this. Corrected in lines 80-81.

p2,165: Do the 5-10% refer only to the sondes, or also to the satellite profile data?
Thisis mentioned forthe satellite measurements here. Thisis mentioned in line 81.
p3,170: GOME ->GOME-2 ?

Done. Pleasefinditin line 86.

p3,174:“and other trace gas profiles”: which?

Done. Othertrace gases are ClO, N,O, and HNOs. This is mentioned in line 99.
p3,175:does OMPS provide temperature profiles?

This is mentioned here for MLS and for OMPS. We have used the ozone profiles and columnvalue provided,
mentionedin line92.

p3,180: whatis poisson_grid_fill ? Reference?

Done. We are Sorry. Thisisa normal linearinterpolation procedure done with Python software. We have removed
it nowsinceitisafunctionin python forthe data processing.

p3,184:if the precision varies so strongly, maybe better to give percentage uncertainty?

We have mentioned the uncertainty in absolute values because there are biases as well, as suggested by the
validation papers. Thankyou.

p3,187:notclearto me how well justified this extrapolation is. Does this extrapolationtakes into account the
tropospheric N20 VMR?



Done. Yes, it accounts fortropospheric values too, mentioned line 104.
p4,1114: “longest winters”? You mean latest vortex break-up? Orcoldest winters?
Done. We meantthe winters with long-lasting vortex up to April, mentioned in line 130.

p4,1129: “PSCarea” ->“potential PSC area”. Please make clear, that thisis notarea of observed PSCs but area of
temperatures cold enough for formation of PSCs.

Done. Thisisrephrasedin line 149.
p5,1133:“in 40 years”: where there coldertemperatures before, or are these the coldest ever observed?
Done. Yes, as per the MERRA-2 data as shown in Figure 1.

p5,1133: “thelargestice PSC“: This s likely not a single cloud, but an area of temperatures cold enough forthe
formation of ice PSCs

Done. Yes, corrected in line 153.

p5,1143-150: This general discussion of the relation between wave activity and vortex strength can be moved to the
introduction.

Done. Thisisnow in Introductionin Lines 51-58.

p5,1159: “occupiedthe entire polarregion”: how do you define polar region? North of 60N? Or entire vortex?
Entire vortex, mentioned in line 173.

p6,1165-168: can be removed, redundant

Done.Removed.

p6,1188:didn’t Rexdefine APSCand VPSCas the temporal integral of PSC area and volume, respectively?
Done. Thisis mentioned in line 208.

p7,1196:From Fig. 3:1don’t see a gradual descent of loss from the middle stratosphere to the lower stratosphere: |
see some (small) loss above 600K in Decemberand much largerlosses in the lower stratosphere (below 600K)
beginningin December as well and intensifying during January. Or does this statement refer to earlier winters?

In fact, there will be ozoneloss at higheraltitude in December (below 0.5 ppm) andthen progresses to lower
stratosphere as the winter/spring advances. This is commonto all winters, but there will be differences in values of
ozoneloss. Thisis what we mentioned in lines 217-218

p7,1200: chlorine activation does not require sunlight, but high levels of CIO do

Yes, thisisrephrased forclarity in line 220.



p7,1216:thehigh levels of CIO in air masses with low PV are very surprising. The high ClO suggests that the
reductions are notonly “dynamically driven”? Would be great to have a bit more discussionat this point.

Done. We have added a small description of the process in lines 230-234.
p7,1220:citationsseem out of place
Done, corrected in line 256.

P9, 1264: “chlorine activation and
ozone loss is limited to the winters with very low temperatures in December—February” this statementis
somewhatincorrect

Done. Yes, ozone loss can always be there, butthe loss is significant or notis the point. Thisis rephrased in line 301.

p9,1268: “ozonelossin thewinter 2011 was about 1.0 ppmv (or 30—40DU),”: I don’t understand what these
numbers refer to. E.g., Sinnhuberetal., 2011, derived maximum ozone loss in Arcticwinter 2010/11 of more than
2ppmat 19kmand morethan 120 DU column loss. Is this what is meantin the next sentence: “which is

higher than that of otherArctic winters (about 2.1-2.3 ppmv or 100-100 DU)”? (100-100DU is a typo anyway, |
guess.) Is thefirst sentence then referring to loss before February only?

Done. These measurements are mostly from satellite (Livesey et al., Kuttippurath etal., Manney et al.), sondes (Rex
et al., )and ozone column fromthe ground (e.g. SAOZ). The source andrespective reference with rephrased
statements can befoundin lines 42-48, 302-307

P9, 177: “undoubtedly” is a strong word. | suggest to remove.
Thisis removed now.

Fig.5: | couldn’tfindforwhichperiod in the given years the ClO profiles are shown. Are these maximum values or
temporal averages? Any idea why ClO is so much higherabove 550Kin the Antarctic in 2019 compared to 2015 —
keepingin mind that 2019 was a rather warm and disturbed Antarctic spring?

Done. Theshown profiles are selected such that they represent the maximum observed ClO in each winter. Then we
have averaged the profiles three days (maxday +/-1 day) to avoid any errorin single day measurements. This is
mentioned in lines 828-829.

The CIO profiles have a broader peak in the Antarctic; itis notonly for2019, but for all Antarctic winters, because of
the meteorology and strong Chlorine activation there. This can be seen in Kuttippurathetal. (2015), whohave done
the analyses for 10 Antarctic winters here. More detailed analysis is needed for this Antarctic winter. We will do that
in a separate paper. Thank you.

Section 3.5, Fig. 6: When discussing the maximum CIO amounts in the past winters, it would be interesting to put
thisinto context of the EESC (orsimilar metric): By how much has total chlorine (or EESC, ...) decreased between
2005 and 2020?

Done. Its 246 ppt/year. Thisis mentioned in lines 343-346.

pl1,1346:howexactly is saturation (“complete loss of ozone”) defined here? In reality ozoneis of course never
completely gone. Okay, | see furtherdown at1359 that you define this as below 200ppbv with a reference to Smit et



al. (2007). 1 believeit would be good to include a brief justification here, why this is a useful definition for loss
saturation.

Done. The definition is depending on the detection limit. This detection limitis 10-20 ppbv. An explanationis given
inlines 398-399. Thereferenceis also given there.

pl1,1347:Again, | don’tunderstandthe meaning of “ozoneloss normally happens onlyup to 25—
30% in the Arctic winters”.Local lossin previous cold Arctic winters was clearly largerthan 30%.

Done. Theseare taken from Gautail etal., and Pommereau et al. Yes, these are from the ground-based
spectrometer measurements. Thisis the only long-term ozone loss estimate available in the Arctic, whichis why
these are mentioned. Thisis rephrased in lines 434-435

Fig.5: Pleaseindicate the dates forthe sonde profiles.

Done. Pleasefind the dates in figure caption (8 Apriland 10 April 2020), line 833.

pl12,1362:“the loss saturation suggests that the Arctic has entered an exigent climate change scenario”:
again, itis not self-evident, why thisis a sign of climate change and not just an extreme winter within the range of
variability. Same comment applies to 1403.

Done. We have removed the sentence.

p12,1380:Justforcuriosity: why are GOME measurements more restricted in latitude than OMIlor OMPS? | thought
all three use similar wavelengths ranges?

It depends on the orbitand elevation of satellite.

p12,1389:contradiction: in the previous sentenceitis stated thata column loss of about 90-120DU occurs in
extreme winters such as 2005 and 2011 and in the next, the largest observed loss was 100 DU in 2011. Sorry, but
these small contradictionsare very confusing and make fora tiresome reading.

Done. Sorry forthat. Thisisrephrased and corrected now Griffin etal., and Livesey et al. have complied the loss
estimates for different winters. Average values from those studies are shown here. . Pleasefind itin lines 436-437.

P14,1437: “Extreme weather events are harbingers of climate change”: See comments above on extremes and
climatechange.

The sentenceis removed.

Technical corrections

p2,161:->"We have used two satellite ozone profile datasets.”
Done. Pleasefinditinline77.

p2,177:ER5 ->ERAS

Done. Pleasefinditin line92.



p2,178/79: active and passive voice changes
Done. Pleasefinditin line 94-95.
p6,1186:0z0ne AND N20O

Done. Pleasefinditin line 205.
p7,1227:present IN all

Done. Pleasefinditin line 263.

P9, 1286: Wohltmann

Done. Pleasefinditin line324.
p12,1369:by Nash etal.

Done. Pleasefinditin line416.
p13,1404: not present continuously

Done. Pleasefinditin line 453.

REPLIES TO Gloria Manney Comments, 31 Mar2021

| have two general comments on this manuscript that | think raise importantissues that should be addressed before
publication: Inadequate citation of and discussion of relationshipsto previously published papers on ozone loss and
meteorology in the Arctic 2019/2020winter:There are at least about a dozen peer-reviewed papers already
published on the 2019/2020winter, includingone comprehensive overview of the meteorology andits relationships
to ozoneloss (Lawrence et al 2020) and many that discuss and/ or model chemical ozoneloss in the Arctic vortex
and therecord low ozonevalues. Only two of these papers (the Manney et al,2020and Wohltmannetal, 2020
papers listed) are cited here. Many, butnotall, of these are in the JGR/GRLspecial
issue,https://agupubs.onlinelibrary.wiley.com/doi/toc/10.1002/(ISSN)1944-8007.ARCTICSPV

In which thefirst papers were published onlinein July 2020and all except two recent ones published in or before
November2020. All of these contain material that wouldbe useful to cite(though a couple of the dynamicalones
possibly only briefly for context) in this paper, and some of them seem critical to cite. In particular, Lawrenceet al
(2020) needs to be cited forthe discussion of the meteorology leading to the exceptional ozoneloss. The material
in Figures 1and 2 of the current manuscriptare, as far as | can tell, completely covered by Lawrenceetal(2020),
Wohltmann etal (2020), and Dameris et al(2021, ACP, https://doi.org/10.5194/acp-21-617-2021), so if they are to
beincluded in thefinal paper, the authors need to highlight something thatis new in their presentation of the
material. (In thatdiscussionitwould also be worth citing DeLand et al. (2020)foractual PSCobservations.) All of
the following papers include discussion of anomalouscolumn ozone and its implications, and should be cited in
addition to Wohltmannetal. (2020):Raoand Garfinkel (2020), Innesset al.(2020), Bernhard et al. (2020), Dameris et
al (2021,ACP), Fengetal (2021), Weberetal(2021).



Several of these papers (as well as Manney etal, 2020 and Wohltmannetal, 2020) include estimates from data
and/ormodeling of amounts of chemical ozone lossin 2019/2020in relation to previous years (including especially
2010/2011),and theresultsin this paper should be discussed in the context of those in these papers, and what is
new in this paper clearly highlighted.

Thanks forthe comments. We are really sorry forhaving not cited enough papers published in the JGR/GRLspecial
issue because ouroriginal manuscript was first submitted lastJune and was delayed after we have tried other
journals. Therefore, we cited then available two published papers, Manney et al., and Wohltmannetal. These
papers came after we submitted the paperto other journals and some were still not published. There it was not
deliberate that we left out some.

We haveincluded thelatest studies on this winterand cited them whereveris appropriate. We have not cited any
discussionpapers, butonly peer-reviewed. Please find the cited onesin lines 70, 71, 154, 168, 174, 175, 187, 270,
315-316, 402403, and 467. The citation details can be found in the reference section.

Inadvisably casual use of the term “ozone hole” for the Arctic:

There are many reasons (first discussed extensively in relation to the 2010/2011 winter, e.g., see Solomon et al,
2014, https://doi.org/10.1073/pnas.1319307111) why one shouldbe very careful and precise about applyingthe
term “ozone hole” to the Arctic. Thereis some discussionof thisin Wohltmannetal (2020), and | do not wantto go
through all of the detailed arguments again, so | strongly urge the authors of this manuscript to read the reviews
of(especially the one by Dr. Wohltmann) and the SC by GrooR & Manney in the discussion of Dameris etal (2021,
ACP) fora comprehensive discussion of this point, and use these cautions to consider and revise the presentation of
the resultsin this paperaccordingly.

Thanks forthe suggestion. We agree thatit will be confusion to term Arctic ozone hole since thisis not happening
every year in the Arctic. Therefore, we haverevised the discussionaccordingly. Pleasefinditin Title, Section 3.8 and
elsewhere in thetext and replies to other two referee comments. Thank you.

Thank you for your critical comments that helped to improve the content of this article.
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