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acp-2020-746 Reply to the short comment of Gloria L Manney by Dameris et al. Thank
you for your interest regarding our paper and in particular for your detailed comments
and the specific points regarding our manuscript. Your statements and suggestions
are appreciated and have helped to improve our manuscript. We have considered your
critical notes in the revised version of our paper. A detailed response to the comments
is given below. In the following the points raised by GL Manney are displayed in black
and our responses are given in blue.

Other comments have already discussed the overly-casual and ill-defined use of the
term “Arctic ozone hole” and I believe that subject has been covered well already
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(though my primary scientific comment below will touch on it in the context of com-
parison of specific winters). Other comments on / reviews of this paper have also
already discussed the claim of “First” and the lack of citations of other papers in review
and published on this exceptional winter, and I agree overall with their remarks. I do
have additional “philosophical” comments on this subject: I am happy to see numerous
papers submitted . . . These are, as I said above, philosophical rather than scientific
views, so I can only ask the authors (of this preprint and others!) to ponder them and
make revisions according to their judgement of the merit of these points. As mentioned
in the replies to the referees, we have changed our choice of words, in particular with
respect to the terms “Arctic ozone hole” and “First”. We would like to mention again
that first to us meant not “the first” but rather “an initial”. We did not want to convey
that the situation in 2020 in the Arctic is similar in size and duration to Antarctic ozone
holes. To avoid any misunderstandings, we have formulated it more carefully in the
revised version. The missing literature is now cited and discussed, and also the ac-
cepted papers of the special issue of JGR/GRL with respect to the winter 2019/2020.
The submitted and not yet accepted papers, which are related to our work, are also
mentioned. Further we added a short paragraph referring to the corresponding special
issue in our Conclusion section.

Major Scientific Comments: The biggest issue that has not been raised in other com-
ments / reviews at the time I’m writing this, and that I believe must be addressed be-
fore peer-reviewed publication, is the comparisons of 2019/2020 with 2010/2011 and
1996/1997, and the failure to communicate the very large differences in polar process-
ing and ozone loss in 1996/1997 compared to the other winters studied. In the context
of comparing superficially similar springtime lower stratospheric vortex conditions in
1996/1997 and 2010/2011, the very large differences in polar chemical processing in
those two winters have been extensively highlighted, first in detailed discussion in the
supplementary information (SI) of Manney et al. (2011, Nature), and in numerous later
publications culminating in a detailed summary / synthesis in the WMO 2014 Scientific
Assessment of Ozone Depletion (section 3.2.3.3), which provides further references. In
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short, for numerous reasons (very late lower stratospheric, LS, vortex development and
late drop of temperatures below PSC thresholds, smaller altitude region of low temper-
atures, weaker LS vortex throughout the winter, little/no denitrification, etc), chemical
ozone loss was much less in 1997 than in 2011 (and hence than in 2020, which saw
as much or more chemical loss as in 2011, eg, Manney et al, 2020; Wohltmann, et
al, 2020; Grooß and Müller, 2020). We have added some statements and correspond-
ing references in the revised version, which clearer point out the larger differences of
chemical ozone loss of the three winter-spring seasons 96/97, 10/11, and 19/20.

Moreover, dynamical conditions led to frequent ozone mini-holes (e.g., Coy et al., 1997)
and higher tropopause altitudes (e.g., Manney et al, 2011, Nature, SI) in spring 1997
that contributed to lower column ozone via dynamical processes than followed other
winters with comparable chemical ozone loss. This is an important distinction that it is
essential to address for the comparisons in this manuscript to provide accurate infor-
mation on the similarities (a few) and differences (many) between 1997 and the other
two winters considered. Statements such as (to pick only one example, page 10, lines
8-9) “...all three years showed particularly strong ozone depletion...” are scientifically
inaccurate. This also folds in with the inadvisability of lightly using the term “Arctic
ozone hole”, as 1997 is a classic case of a situation that looked superficially similar
to the Arctic winters, 2011 and 2020, with the most chemical ozone loss and in some
ways “Antarctic-like” conditions (see WMO 2014, Section 3.2.3.2; Manney et al, 2020;
Wohltmann et al, 2020), but which in fact had chemical processing that was in no way
comparable to that in the Antarctic. Thank you for the comment that in spring 97 ozone
mini-holes are frequent and clearly affected the TOC. We added this point (including
the corresponding literature). With respect to the mentioned statements: You are fully
right! The used mode of expression was misleading as “ozone depletion” is likely to
be understood as “chemical ozone depletion”. We have formulated it more carefully in
the revised manuscript. (Our intention was to say that in all three years particularly low
TOCs were observed in March.)
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I also have concerns with the description of the dynamical conditions in relation to
previous winters. The dynamical situation is described using only 10hPa zonal mean
winds and 50hPa temperatures. Zonal mean winds in the middle stratosphere (10hPa
as opposed to the levels around 50hPa where chemical processing maximizes) are
virtually irrelevant to the state of the lower stratospheric vortex, because: (1) Vortex
strength, size, and geometry vary strongly with altitude in different ways in different
winters – we have seen winters (such as 2010/2011) where the vortex was exception-
ally strong in the lower stratosphere but not in the middle stratosphere, and winters
(such as 1997) where the vortex was for much of the winter fairly typical in the middle
stratosphere but exceptionally weak in the lower stratosphere. (2) The Arctic vortex is
rarely close to symmetric or pole-centered, even in the coldest and/or most dynamically
quiescent winters (see, e.g., Figure 1 in Manney et al, 2020, or any of numerous other
publications in the past ∼20 years), and its size, shape and position vary dramatically
both intraseasonally and interannually. Thus, zonal means, even were they examined
at altitudes in the range where LS polar processing occurs rather than at 10hPa, pro-
vide very little information on characteristics of the polar vortex such as size, location,
and strength. To get an overview of the dynamic state of the stratosphere in specific
winters it is usual to analyze the temporal evolution of the zonal mean wind at 60◦ (10
hPa or 30 hPa) and the zonal mean temperature in polar regions (e.g. at 80◦, 30 hPa
or 50 hPa) or alternatively the minimum temperature in the polar cap region (50◦ to
90◦, 50 hPa). Both are providing a good overall view of the dynamic situation. For our
considerations, in Figures 2 and 5 (now the new Figs. 3 and 6) we identify obvious dif-
ferences in the seasonal behavior in the individual winters (NH and SH), which support
our interpretation of the different years. In our discussion of results, we are concentrat-
ing on these pressure levels. Lawrence et al. (2020) also focused on the zonal mean
zonal wind at 60◦-65◦N, 10 hPa (their Fig 1) and the minimum temperatures poleward
of 40◦N at 50 hPa (their Fig 11). But you are right that we have to point out more clearly
the height dependence of the polar vortex and its changes. We have mentioned it in
the revised version, also by citing the paper by Lawrence et al. (2020). In addition,
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Figure 2 (new) shows the PV on 475 K with respect to Figure 1, indicating the strength
and position of the polar vortex.

Similarly, 50hPa minimum temperatures north of 50N and area of T < 195K at 50hPa,
while very relevant to polar chemical processing, are by themselves inadequate to
characterize the potential for chemical ozone loss in the LS vortex because: (1) The
vertical structure/location/extent of the region with temperatures conducive to PSCs
varies strongly interannually and within seasons; this is one of the reasons why one of
the most useful measures of polar processing / ozone loss potential (both day-to-day
and as a measure of total ozone loss potential in a given winter) is V_psc, the area
below the PSC or chlorine activation threshold integrated over all lower stratospheric
levels. (2) Because the LS vortex varies strongly in size, shape, and position, while
the high-latitude minimum associated with the polar vortex is usually north of 50N in
dynamically quiet winters, this may not always be the case, and is certainly not always
the case in winters with strong SSWs during the cold period (Dec–Feb). With respect
to Figure 6 (new Fig. 7) and the corresponding paragraphs, we have decided to keep
our analysis only on the 50 hPa level. The results of this altitude range are representa-
tive. They are mostly qualitatively in line with the results of nearby layers (for instance
30 hPa; not shown in the paper). Our findings are in qualitative agreement with the
V_psc analyses in the lower stratosphere. Therefore, we have now cited the papers by
Wohltmann et al. (2020) and Lawrence et al. (2020). The text in the paper is changed
accordingly. In addition, we have mentioned the importance of the characteristics of
the polar vortex and that it varies with height and in different Northern winters.

Furthermore, in relation to column ozone and its relationship to the LS vortex and low
temperatures, because low column ozone is strongly spatially correlated with low LS
temperatures by dynamical processes (see, e.g., discussion and references in SI of
Manney et al, 2011) and the region of low temperatures in the LS is often not well-
correlated with the lower stratospheric vortex (see, e.g., Manney et al, 1996, GRL;
Mann et al, 2002, JGR; SI of Manney et al, 2011; Lawrence et al, 2015, ACP; and ref-
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erences in those latter two works), in absence of strong chemical depletion, the shape
/ extent of the region of low column ozone is not expected to be correlated with the
shape / extent of the polar vortex. Therefore, in the maps of column ozone in Fig-
ure 8, we cannot judge whether the morphology of the low region is consistent with
strong ozone loss unless we know how it relates to the morphology of the LS vor-
tex. E.g., one of the most commonly used metrics for this is a contour or contours
of potential vorticity (PV) on an isentropic surface somewhere in the LS (somewhere
between about 450 and 550K is typical, commensurate with the approximate levels
where ozone contributes most to the column), with value(s) such that it is (they are) in
the region of strong PV gradients bounding the vortex. (Similarly, the strength of PV
gradients along the vortex edge is a common and valuable metric of vortex strength –
while maximum windspeeds at an appropriate level would also be informative of vortex
strength, zonal mean winds are not.) PV on isentropic surfaces is readily available in
all modern reanalyses including the ERA5 reanalysis used herein. Please note that
Lawrence et al (2020; as I write this in late August, nearing completion of minor revi-
sions for JGR, and available on ESSOAr since mid-June) in their section 3.4 (submitted
version) provide a detailed discussion of LS vortex strength and chemical processing
potential in 2019/2020 in comparison with the record from 1979 through 2019 and in
particular compare with 1997, 2011, and 2016 (2016 is of interest because, while low
temperatures and chemical processing ended much earlier, it still is the record cold
winter in January and February, and had overall greater polar processing potential and
more chemical loss than that in 1997; e.g., Manney and Lawrence, 2016, ACP; WMO
2019; and references therein), using widely accepted diagnostics / methods with un-
certainties quantified. Because this paper for the AGU Special Collection provides an
overview of the dynamical conditions during the winter, it is designed to provide this
“foundational” material in a thorough way so that other papers on this winter can start
with that comprehensive description as background. [While not as relevant to this pa-
per and the 2019/2020 ozone loss, Lawrence et al (2020) also describe thoroughly in
their Section 3.1 the evolution of 10hPa zonal mean zonal winds in 2019/2020 versus
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climatology (their Figure 1) and in the context of the time series since 1959 (their Figure
2).] [The points above for which I have not provided references are well documented,
e.g., in the past ∼4 WMO Assessments and references on Arctic polar ozone and
ozone loss therein. The relevant aspects of the meteorological situation are also dis-
cussed in Lawrence et al (2020), Manney et al (2020), and/or Wohltmann et al (2020).]
The aim of Figure 8 (new Fig. 9) is to indicate the differences of the TOC values with
respect to the monthly means of the spring months (March and October). It should
demonstrate that March 2020 showed the smallest TOC in comparison to March 1997
and March 2011 and that the Arctic region shows significantly lower TOC. You are right,
based on our Figure 8 (now 9) we cannot decide whether the morphology of the region
of low TOC is consistent with strong ozone loss unless we know how it relates to the
morphology of the polar vortex in the lower stratosphere. Therefore, we checked the
contours of PV at 475 K and 530 K. In Figure 2, we are now showing the results for the
475 K level (530 K shows basically the same result) with the same dates as given in
Figure 1 (TOC). In more detail we have discussed now the strength of the polar vortex
in the lower stratosphere and the chemical processing potential in 2019/2020. The
corresponding papers are cited.

Other Scientific Comments / Questions: What do the authors mean by “classification”
in the title? The term is typically used for grouping and comparing things with similar
characteristics, but it is unclear what sort of classification is being attempted herein.
Title has been changed, also due to the other comments and statements. The choice
of word was not adequate, “comparison” would have been better.

Given the novelty of the ozone datasets used in this paper, I would like to see, espe-
cially in Section 2, more discussion of the TROPOMI data, the GTO-ECV data, and the
relationships between them – especially in conjunction with Figure 7, which compares
time series from GTO-ECV in previous years with that from TROPOMMI in 2019/2020.
What are expected biases between the two datasets? Are the discontinuities in the
GTO-ECV data that might result in biases between some of the earlier years, or in
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non-physical trends? Most information is provided by Coldewey-Egbers et al. (2015;
2020). Some more explanations have been added in the revised manuscript. Besides,
in the revision we have now also mentioned the results of an initial comparison of TOCs
from TROPOMI and OMI (not published so far); it indicates that TROPOMI TOCs are
slightly smaller (about -1%) than OMI TOCs.

Page 2, line 12: How is “the expected ozone value in austral spring” defined? Do you
mean the value that would be expected at that time of year with no chemical loss? If so,
how is that determined? Yes, it is the long-term (climatological) mean value, which is
based on observations before 1980. The text is slightly changed (“climatological mean
ozone value in austral spring, which was determined for the years before 1980 (. . .”).

Page 2, line 25: Statements such as “...due to a strong and stable polar vortex in
winter. . .” are too over-simplified, since there is (particularly in the much more dynam-
ically active Arctic) no one-to-one relationship between vortex strength and tempera-
ture. We agree that the statement here is oversimplified! The half sentence has been
deleted to avoid misunderstanding.

Page 3, lines 6-8: What is this statement based on? Given the similarity of LS tem-
perature evolution to that in 2016 and later 2011 as the winter progressed, and the
large chemical ozone loss and resulting low column in 2011 (coupled with the knowl-
edge that dynamical variations that can reduce column ozone play a significant role
even in the coldest Arctic winters, and the large interannual variability making win-
ters as cold as or colder than 2011 very likely “sometime”), I see nothing unexpected
about what happened in 2020! We agree, that the dynamical conditions found in NH
winter/spring 2019/2020 are not unexpected. However, having on the one side a sig-
nificantly reduced stratospheric chlorine content of about 15% (compared to the years
around 2000) and on the other side detecting new record low TOC (below 220 DU)
in the Arctic polar stratosphere over a longer period is still noteworthy. The text has
been changed accordingly. Page 5, line 29: I think “to large parts” is too weak here –
no chemical processing of any kind is needed to produce “mini-holes” as defined here.
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We deleted the half-sentence containing this phrase as this is already addressed in the
next sentence by referring to Millán and Manney (2017).

Page 6, lines 8–9: There is no reason to expect this, since (as per above discussion
in the major points) the strength and coldness of the vortex are not necessarily closely
correlated, and “an ozone-hole like pattern” in the sense of chemical loss driving the
ozone morphology would never be expected before March because chemical loss is
limited when the polar regions are in darkness. You are right! The word “expected” has
been changed to “observed”.

Page 6, lines 14–15: But you don’t even show the polar jet (which would have to be
zonally resolved to show where the polar vortex was) in relation to the TOC, and show
nothing about it at a level that is appropriate to determine where the LS vortex is. See
comment on lack of definition of polar vortex in major comments above. In Figure 3
(now new Fig. 4) we show the ERA5 monthly mean horizontal wind fields for January,
February and March 2020. Maximum wind speeds are given. The figure indicates the
persistence of the polar vortex (here at 10 hPa) in late winter and early spring 2020. In
addition, the new Figure 2 shows PV at 475 K for particular days in March and early
April (same dates as in Figure 1 showing TOC, to allow for a direct comparison).

Page 6, line 21: If you accept that this value is an accurate reflection of the similarity of
chemical loss in the 2020 Arctic to that in the Antarctic, it would be helpful to point out
that this is about 10% of the smallest Antarctic ozone hole area (in 2019) on record,
and less than 5% of typical Antarctic values (see, e.g., Figure 1 in Wargan et al, 2020,
accepted article online for JGR, https://doi.org/10.1002/essoar.10503445.1; and refer-
ences therein). Good point! We discuss briefly the comparison with the Antarctic ozone
holes in 2016 and 2019, and we will bring up this point again later in the discussion.
See the updated Figures 3, 6, 8, and 9.

Page 9, lines 4–8: Per previous comments, cold winters with substantial ozone loss
can have weak polar vortices (e.g., 2004/2005), and not all winters with large ozone
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loss have unusually strong vortices. “Cold” and “strong” are not synonymous in relation
to the polar vortex. OK, we got your point and we agree in principle, but what we have
written in these two sentences is not wrong. Therefore, we would like to keep this part
as is.

Page 9, lines 17–24: This paragraph seems irrelevant to this paper. If indeed
2018/2019 needs to be mentioned, this could be done in a sentence by simply cit-
ing one or more of several papers that have been published on that winter (e.g., Butler,
et al, QJRMS, 2020, and references therein). We would like to keep this short para-
graph as is because it shows nicely the differences. We already cited the paper by Lee
and Butler (2020; published in Weather 10.1002/wea.3643) in this context. From our
point of view this paper fits better than Butler et al. (2020) in QJRMS.

Page 9, lines 24–32: This paragraph seems largely irrelevant as well, and if the 2019
Antarctic ozone hole needs to be mentioned, that could be done by citing one or more
of the several papers published on it (in particular the Wargan et al, 2020 paper men-
tioned above, which provides a detailed analysis of the dynamical and chemical mech-
anisms leading to the unusually small ozone hole in 2019; but there are also a couple
of earlier references given therein). We do not think that this comparison is irrelevant.
With respect to our reply above (regarding the Wargan et al. (2020) paper, we slightly
revised this paragraph.

Page 10, line 27 and line 30: “From our point of view” is a statement that would ap-
propriately preface an opinion, not a scientific statement. If the statements following
these can be backed up with evidence, there is no reason to use this language; if they
cannot, they should not be made in a scientific paper. The turn of phrase is deleted.

Page 10, lines 13–14: If this is intended to convey something beyond the point made
in the previous sentence, a citation or some evidence should be given.. We assume
that page 11 is meant here. The sentence is deleted.
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Please also note the supplement to this comment:
https://acp.copernicus.org/preprints/acp-2020-746/acp-2020-746-AC4-supplement.pdf

Interactive comment on Atmos. Chem. Phys. Discuss., https://doi.org/10.5194/acp-2020-746,
2020.
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