Reply to A. T. J. de Laat review of manuscript acg2017-1157
Symptoms of total ozone recovery inside the Antarit vortex during Austral spring

Andrea Pazmino on behalf of all co-authors

We thank A. T. J. de Laat for the important andphel review of our manuscript. Many interesting
suggestions were incorporated to the new versigheofmanuscript. Please find our answers (in redhriee
different sections: Comments to full review (1) pReto major comments (2) and Reply to minor comtaen

(3
1. Comments to full review

Because of the legacy of the topic, it appearsulisefconsider what is new in this paper compacedhat
has already been published.

- Longer time period (1979 — 2015)

- A new proxy for the regression model

- A new/different method to estimate the vortexedigeeded for calculation of the annual averageuaino

of springtime Antarctic ozone depletion)

- An piece-wise time trend based on a combinatibra dinear function and a polygon (second order;
guadratic)

- Discussion of results for two periods (Septemdasrage and 15 September — 15 October average). The
latter is not a commonly used time period. The cé®imade in the paper will be discussed later on.

- Analysis of alternative Antarctic Ozone Hole negtr(area with total ozone columns < 150 DU an®§ 1

DU as compared to the standard 220 DU Ozone Hel) ar

It is also useful to consider what is more or les® with regard to the findings of the paper

- Most proxies used in the regression do not redrered uncertainties. Piece-wise trends and heaedl
alone (with or without the new GRADS proxy) explaimore than 90% of the long term variability. Hence,
based on this paper it could be argued that mastigs could be discarded, which is consistent with
previous work.

- The longer time period considered leads to higttatistical significances of the post-peak trends
Antarctic springtime stratospheric ozone (from 208fvards; as expected based on previous papers).

- Higher statistically significant trends for thegember period compared to 15 Sep — 15 Oct (densis
with previous findings)

We appreciate your time and your general commentitadsur work, which allowed us to improve the paper
Since total ozone data is now available for MSRafll the end of October 2017, we decided to extemd
study to the year 2017 using SAT and MSR-2 data ©uhis extension, all figures of the manusdhnigpte
been revised, except Figure 1 where white dot mathere added to highlight the region consideredes
the vortex by the 400 K-600 K classification rangeaddition we have noticed that the figure 12tlod
original manuscript about the time shift of low wa$ was not very clear. A new figure, Figure 13 Ieen
produced in order to better illustrate the timeagieh appearance of low total ozone values withinvortex.
Similar conclusions as in the original version bé tmanuscript were provided. Furthermore the word
“Multiple” was added to the title to highlight tHact that different signs of recovery were obtaimedhis
work, e.g. (1) Significant positive trends of totedone since 2001 in September and for the fing in the
period of maximum ozone depletion (15Sept-150dngMLR analysis on average ozone inside the vortex
and Ozone Mass Deficit, (2) Decrease of occurrentegry low ozone values within the vortex and (3)
increased delay of occurrence of low total ozoneltein the September 1st — October 15th period.



We generally agree with your appreciation of wisatéw and what is less new in our paper. Regattieg
former, as you mention, one of the novelty of thigk is to consider several different isentropieels in the
range 400 K — 600 K to make the classification dase the well-known Nash Criterion, in order totbet
constrain the ozone value inside the vortex. Wektlalso that the addition of the GRAD proxy, based
physical considerations, provides a better agreebwtween observation and regressed values. THg efu
the very low ozone values within the vortex, basedlifferent thresholds, provides also interestimtices

towards ozone recovery.

We agree that it is also important to highlight theults confirming previous ones. Some of receurtks/
using MLR have been already mentioned in the pépeipperfield et al., 2017; Weber et al, 2017) afsb
using other methods (Solomon et al., 2016).

It is true that most proxies in our MLR analysisrdi significantly reduce trend uncertainties aret@-wise
trends added to heat flux can explain more than 80%rtex variance, but it is interesting to exakithe
contribution of proxies that are commonly used.

Longer time series generally results in higherigiaal significance but due to higher ozone imenzal
variability in the last decade, each year can cautie trend analysis, considering the still gkl short
ozone records since 2001.



2. Reply to Major comments

This paper relies on a limited set of ozone rec{B#p average, 15 Sep — 15 Oct average; area 2202t
DU), and a limited set of proxies used in the mwdtiiate regression. In two recent papers [de eaat.,
2015, 2017; 2016JD025723], we explore the uncdytaanges associated with the choices that candukem
with regard to the time period over which the ozgaeameter is calculated, and uncertainties adsdcia
with proxies as used in multi-variate regressions.

Our work builds on previous studies and especiafiyrecommendations made in de Laat et al. (2015) to
optimize the multi-linear regressions. One of theppses of this paper is to reproduce the variaifazone
inside the vortex during the last decade, espgdiaim 2010 where increased variability is observeus is
how we came up with the GRAD proxy related to worsgability during the studied month/period. This
proxy is linked to the potentially mixing betweerside and outside vortex regions during the period.
Further, in order to take into account the roundiffgof the ozone loss due to saturation sincelip@0s,
which is especially visible by the end of Septenfeginning of October, we included a polynomial
function to the linear functions used to evaluatgtterm trends.

A paper like this, and also most previous papershensubject, thereby only consider a few options i
much larger parameter space of options. This hagishk that it limits the view and interpretatiamr{nel
vision). The few time series that are looked atthem seen as the truth, every wiggle becomes mgfahi
and too much attention is given to the formal statal significances, whereas structural uncerisnare
important as well.

For example, we have shown that rather arbitrapjicgs with regard to the proxies used in the resipes
have a strong impact on the formal statisticaldrerrors. We therefore argued that structural uateres
are much larger than the formal statistical tremdrs, which is important for confident statemeab®ut
whether recovery has started or not. The sameepfir the time period over which the ozone maetfic
choice is calculated. We see considerable diffesenttrends and trend uncertainties.

We have considered different scenarios (2 ozoresdtd, 3 different proxies’ combinations, differeriteria
for vortex limit). Our MLR analysis could reproducery well ozone in the last decade and we showtliga
GRAD proxy, based on physical explanation, improtres agreement between observation and regressed
values. A robust estimation of structural uncettasirequests a “big-data” treatment as in de lehadl.
(2015). This was done already and is out of th@sad our study. However, a comparison of the maxim
trend difference between the scenarios considerduki study and the retrieved trend uncertaintiesiges
some evaluation of the structural uncertainty afanalysis.

The following paragraph was added in the conclussiminthe marked-up version of the paper (pageidd, |
26 to line 33):

“The structural uncertainties of the MLR analyditked to the selection of proxies were not fullglgsed in
this work, as in De Laat et al. (2015). The mainssivity tests concerned the baroclinicity of treetex and
the impact of its stability during the studied peis. Trend differences in the various scenarioslyeseal
provide some quantification of related uncertaistand are lower than the statistical trend uncertis.
Further, the large determination coefficients obtd for both periods analysed give confidence @ th
retrieved trends. The Heat Flux proxy that provides largest explanatory power in the various f#sa
well-known driver of vortex temperature conditidhat are the primary causes of polar ozone depfheiio
periods of high ODS levels. The influence of theABRroxy in recent years highlights the importarde
the vortex stability for the containment of thermzbole during the period of maximum depletion”

Furthermore, we also argued in de Laat et al. [R@¥the use of the ozone mass deficit rather #naarage
ozone or area as the preferred metric to study temg changes in springtime Antarctic stratosphezicne
depletion. The motivation was that the OMD suffiess from what is discussed above (arbitrary clspice
then average ozone and area.

As mentioned previously, the motivation of our stweas to try and understand the causes of largemeoz
variability in the last decade, especially in 2@@ 2012. This is why we chose to base our studyptath
ozone record. Regarding areas, the use of seveesdhiolds allows us to follow the temporal evolutof
areas with low ozone and find possible signs afvery.
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Further, we agree that OMD is a good metric toysthe long-term changes. We have thus incorporthied
metric using the 220DU threshold in our MLR anatysResults related to OMD are included in the new
Section 5.3 and in Section 6 where we explore Wioduéon of low ozone values.

The following figure (Figure 11) has been addethtorevised version of the paper (Sect. 5.3)

September 15Sept-150ct

1980 1990 2000 2010 1980 1990 2000 2010

Figure 11: OMD (in Mt) computed from total columns of MSR-2 dataset lower than 220 DU and south of 68°for September
(left panel) and 15Sept-150ct (right panel). Regresd values by MLR analysis using GRAD, HF and PWT aralso shown as
well as the fitted PWT proxy.

This paper does not address these issues, nasuésrput in the context of this work. The papsesishow
and confirm that most proxies in these multivariaggressions are not really useful. Confirms tietiical
significances of post-peak trends become betteausec of a longer record (but which has to, given th
mathematical nature of linear regressions). Corsfithat there are differences in trends betweeneSdr
and 15 Sep — 15 Oct. And confirms that there acentainties associated with several parametersnted

to be defined in advance (vortex position, vortebdity).

But there is no real discussion about why thesettegeappropriate choices. The GRADS proxy helps in
improving the explained variability. But is thatethustification? Smaller residuals? If so, I'm sween
better proxies can be constructed.

We have taken into account the legacy of previoagksvto choose the classical proxies that were
used to explain the ozone variability; particulatthe work of big-data performed by de Laat et al.
(2015). Besides, it is well known th#te heat flux (HF) is an important proxy to explamone
variability. It impacts the evolution of temperadtinside the vortex and the build-up of Polar $8pheric
Clouds. But it does not provide an estimation @ Wortex permeability and diffusion processes duthre
period for which the analysis is done. The choit¢he GRAD and HF proxies is thus based on physical
considerations and not on statistical ones. Thieyvals to better follow the evolution of the polairtex on

the 1980 — 2017 period. The article was modifiedriter to highlight those different points in Sé£R.3 as
shown in the tracked change version of the mamiscri

Furthermore, the GRADS proxy is detrended. WhyAdf GRADS proxy truly represents a physical process
why isn't GRADS allowed to also change on longengscales (note that this is a point of contention i
recent literature: is recovery fully attributabte @DSs or are there other long term changes insgheyic
dynamics that also play a role?).

Both Heat Flux and GRAD proxies were detrendedritento avoid interference to the trend proxy that
would be difficult to quantify. Such a treatmentdemmonly applied to proxy data in MLR analysis.
Besides, as shown in Figure 6, not detrending tRAI® proxy would mainly influence the 1980 — 2000
period while the main emphasis of our study istenrecovery period from 2001.

In the paper it is mentioned that our estimatiotrefd is not necessary due only to ODS.

The same is true for use of the parabolic trends hot the standard approach in regression studies
studies cited use PWLT), but the effect using timedr trends or one parabolic and one linear tréndst
discussed (as far as | could see).



We agree with you that a specific discussion wadsufficiently developed on the effect of usingaagbolic
function in addition to two linear functions insteaf two linear functions only for the evaluatiohlong-
term trends. The goal of this additional functisnto explain the behaviour of ozone chemical destm
and the effect of saturation of the ozone losss Was mentioned in the marked-up version of theusenpt
on Page 7, line 26 to line 28:

“In this work our Modified PWLT model (PWT) usesadditional function in order to take into accouhet
slower growth of ODS near the turnaround year and tzone loss saturation effect within the Antarcti

polar vortex in October (Yang et al., 2008)

A new Sect. 5.2.4 (PWT vs PWLT) was added to bettetain the differences between trends retrievitd w
our PWT model and the more classical PWLT method.

A figure was added in the supplementary materiabider to show that the PWT provides a better
representation of long-term ozone evolution witktiie vortex, especially for the 15Spet.-150ct. pkrio
Figures S1 and S3 display total ozone inside timex@and OMD for September and 15Sept-150ct usiag t
MSR-2 data. The corresponding PWLT and modified Pfressed values are also shown.
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Figure S1 and S3. Top panels: average ozone ittsideortex using the 400 K-600 K range classifafior September (left) and
15Sept-150ct (right). Bottom panels: OMD for bogripds. Fitted PWT (black line) and PWLT (greere)iare represented in each
panel.

It could also be argued based on figure 1 that rdribe vortex edge definitions really capturesyathie
vortex core. All still capture some high ozone cohs around the vortex edge, which likely introduces
variability in the ozone record not related to inmertex ozone depletion. Consider that the steth@20
DU value used for OMD and even area fall well irsilde 600 K vortex edge.

Our objective was not to capture with our clasaiian the inner vortex only since ozone destructian
occur in the vortex edge in September. The idea twalsetter constrain the vortex without using any
arbitrary ozone-based threshold. As seen in thelrid the manuscript, the combination of the défg iso-

pv lines enables a better selection of the low ezarea. On the particular day shown in the figtive,area
selected for the computation of the ozone averadinited by the 400 K vortex line near South Arari
and by the 600 K line on the opposite side. White marks were added in the figure in order to Ibette
highlight the region selected by the 400 K-600 Kg® classification method.

This is an exhaustive list of issues, which is dyathe point we want to make here: the issuesedis
recent literature about arbitrariness of choicas déine made, and the corresponding risk of tunisedn.

Note that this is also why in de Laat et al. [20it7F proposed to step away from the whole regoass
business.

This paper does show that ozone variability is igogbverned by depletion (ODSs) and heat fluxes or
vortex (in)stability. How to properly account fdret heat fluxes or vortex (in)stability is, howewveot really
clear, and this paper introduces yet another apprda de Laat et al. [2017] it is instead propogedimply
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remove the years that are characterized by a mwstahie vortex from the record. Such years carabiye
identified, but how they affect ozone depletiomisch more complex, and appears to depend for exaompl
the exact timing of vortex disturbances [de Laad &an Weele, 2011; 10.1038/srep00038]. This paper
provides some additional ammunition for the proptsatep away from the regression methods.

In our work, we used another approach and triedepsoduce the ozone variability for all years oé th
studied period. As mentioned previously the obyectivas to try and explain ozone variability in thset
decade

The presence of this exhaustive list of issues aumestions would be less of a problem if the paper
introduced new concepts or new ideas, but the pagoestly builds on previous work and confirms what
other papers have also concluded.

The new concepts and ideas that are introducekeirp&per do not help in clarifying in what has relge
emerged: the sometimes large structural uncerginti this particular field of research, and adbitress
with which analyses are performed. If anything,yttenly confirm the existence of large structural
uncertainties and the arbitrariness.

We hope that the many arguments we have develagetbpsly help explain the contributions of our eap
Despite structural uncertainties in the MLR techieigit is widely used in ozone and climate studied the
level of agreement with observations obtained witih model gives us some confidence in our results.
Further, your review allowed us to substantiallprove the article and better explain our approach

So, how do | think this paper could be improved?

[1] One possibility would be to include additioreatalyses cover more of the parameter space. Ther pap
already also uses average ozone and area, so aefi@iscould be included as well (see Fig. 5 efldat et

al. [2017]).

The OMD was included in the MLR analysis usingddhreshold of 220 DU, south of 60°S. For simpyicit
the OMD is computed for the periods of our studyg, &eptember and 15Sept-150ct. The OMD was also
evaluated for different thresholds in order to camgpwith our evaluation of ozone hole areas with lo
ozone values.

The use of different area definitions based onedtifit ozone thresholds could also be expandede- lik
looking at changes in the probability distributiom$ total ozone (a bit like Yang et al. [2008;
10.1029/2007JD009675], but much more extensivejvéver, that would require a considerably amount of
additional work.

We have added two additional thresholds (175 DU 20@ DU) to refine the study. A choice of alteraati
thresholds as a function of probability distribuoof total ozone could be done in a future work.

I could live without such an analysis if:

[2] regardless, results should be discussed witiencontext of recent publications and criticisnesisting
methods of Antarctic stratospheric ozone recovetgation. This is currently lacking, as also rdfecin the
conclusions section, which is more of a summary #gnaonclusion.

This issue was revised in the paper. For examgieeiimntroduction section (page 2, line 18 to @2

“The limitation of MLR analysis is that only fornethtistical error of trend is estimated and strueiu
uncertainties linked to the single and arbitraryndoination of proxies is not taken into account. [Rat et

al. (2017) inferred trend values from daily Ozoned¥ Deficit (OMD) computed from a multi-sensor
reanalysis dataset without using any model bugrfilig the anomalous years with low polar stratosphe
cloud (PSC) volume. The authors found positivekaghly significant trend of OMD since 2000.

The conclusions were also modified accordingly a4, line 26 to line 30).

“The structural uncertainties of the MLR analysditked to the selection of proxies were not fullglgsed in
this work, as in De Laat et al. (2015). The mainssivity tests concerned the baroclinicity of treetex and
the impact of its stability during the studied peis. Trend differences in the various scenariosyeea
provide some quantification of related uncertaistand are lower than the statistical trend uncertis.
Further, the large determination coefficients obtd for both periods analysed give confidence m th
retrieved trends.”



The challenge here will be to discuss it in sueteg that that discussion does not undermine thirfgs of
the paper.

So, what should be discussed are what | consigemtist important findings of the paper:

- Most proxies in the MVR do not contribute much dinything) to reduce trend uncertainties (small
explanatory power)

- September yields a higher statistical trend $icgmce than 15 Sep-15 Oct.

Those two points are more emphasized in the tekieapecially in the conclusions. For example inephB,
line 27 to line 37 about the different proxies:

“While the HF combined with GRAD proxies reprodwpgte well the interannual variability of ozone,
other proxies such as Aerosols, QBO, SF and AAGgmitesmaller explanatory power and contribute tess
reduce trend uncertainties.”

- Range of trend values and trend significancel$éeaee indicative (or not) for structural uncertaa and
systematic errors (this needs to be further supgprt
See our answer above

In addition, | think the following should be incled in a revision:

- report 2000-2010 and 2000-2012 trends & stasisfamr comparison with the 2000-2015 trends (and
significances). This is helpful for comparison witsults from older previous papers using MVR meésho
but somewhat different proxies.

A sensitivity test was made on the length of theskts after 2001 varying the end year from 20120tb/
using PWT and PWLT proxies. The PWLT proxy has sihdwigher positive trends for the recovery period
for both months compared to the trends based on R\VR analysis. PWLT presents significant trends but
for PWT the significance of trends for the 15Sep®itt depends on the end year. As expected, errsraba
smaller depending on the length of the dataset.

The 2001-2010 and 2001-2012 results were compargaetvious works using PWLT proxies since PWT
was never used before. A significant trend of D15 yr™ is found in September, higher than 3.3 DU yr
reported in de Laat et al (2015) for Sept-Nov peramd turnaround year in 2000. Thé efficient is
higher than 0.87 for all cases. Since trend proaiesozone period are different, a comparison prigvious
results for the 2001-2010 and 2001-2012 was noduired in the paper. A comparison with Solomon et a
results for September was however included.

- Use of “area” for 150 DU of 125 DU is an inteiegtmore or less novel approach. Results showstinett
small TCOs did not occur until the late 1980sandyeB990s, indicative that these parameters areemor
sensitive for more severe ozone depletion. This mlsans that these parameters should return bamdo
values earlier than the TOC columns return to 1886ls. This method/analysis could be expanded nioyre
using the 150 or 125 DU also as vortex edge profagerage ozone within area), and for Ozone Mass
Deficit calculations (which traditionally is baseuh the 220 DU level but that is somewhat arbitrary)
Possibly also report 175 and 200 DU results.

Additional thresholds were considered as sugge$bed.study is now based on 125, 150, 175, 200 and
220DU (Fig. 12). Such thresholds were also includetie analysis of OMD evolution.

(in all honesty, | think the analysis of long teomanges in probability distributions could be aitcopf a
completely separate paper)
It is a very interesting suggestion and we will sider it for a future work.



3. Reply to minor comments

Page 1, line 25-26, and line 29 (and correspongitadiles 2 & 3), in particular the range of treradiues that
are reported.

How should this range be interpreted? Could thisdyesidered representative of the structural uaicey?
Since a small number of cases were consideredrirstady to evaluate structural uncertainties, thisge
can be interpreted in a qualitative way. A disoussn the Conclusion section about the comparison o
extreme trend values found for the different casested in the paper at each period and the fostadbtical
error bars was performed. In September, the rafgxtceme cases is within the 2 sigma statisticedre
bars, while it is higher for the 15Sept-150ct pério

Page 2, line 14-15, the explanation of why Octazene behaves differently from September ozone.
October ozone is partly governed by different psses than September ozone. First of all, catalytic
photochemical ozone destruction ceases in Oct&taher, there is regeneration of ozone due to pheigo

of O2 and oxidation of CH4 and carbon monoxide [issoet al., 2011; 10.5194/acp-11-12217-2011].
Furthermore, there is continued downward transpbdzone rich outer-vortex air into the vortex frahe
upper stratosphere down to the lower stratospliid_fat and van Weele, 2011; doi:10.1038/srep00038]
And there is vortex dynamics, as the authors ctiyremte. Together, these processes to a largentexte
determine October Antarctic inner vortex ozone.

We are aware of the processes governing the oesweéslin October (see previous publications ofteam
Goadin et al., J. Geophys. Res., 106(D1), 1311-126801 and Pazmifio et al, Atmos. Chem. BI8;5339-
5352 doi:10.5194/acp-8-5339-2008, 2008 which analysadesof them). In our study, we focused on the
baroclinicity of the vortex linked to vortex dynasai We agree that it is not the only process affgdbtal
ozone levels. The sentence was thus changed aw$alpage 2, line 26 to line 28):

“The baroclinicity of the polar vortex in Octoberdaits displacement from the geographic pole cam als
contributes to the variability of the total ozorexies averaged during the month of October.

Page 4, line 15. It is stated that a 5-day smogtlignapplied to the EL of the maximum PV gradient.
However, as far | know Nash et al. [1996] doesaadt for a 5-day smoothing. If that is right, thehat is
the justification of the 5-day smoothing?

A justification of this smoothing has been addeab@4, line 34 to line 35):

“This limit is subsequently smoothed temporallyhwédtmoving average of 5 days to reduce the noisken
vortex edge data series.”

Page 5, line 6-7. Correlations. Sometimes the papes R, sometimes R2. Be consistent, preferalimg us
R2 and only refer to R if the correlation is negafstill providing R2).

See also: page 5 - line 16, Page 10, line 17, ada rsure to check throughout the paper.

We decided not to follow your suggestion. We prédense a correlation coefficient R when compadata
records and a determination coefficieAtviien comparing measurements with regression mettevals.

Page 5, figure 4. The differences between SAT ai&RRlare fairly straight forward to explain. Up unti
1993, both rely solely on TOMS. From 1993-1995, MSilies on SBUV, and thanks to the data
assimilation gaps are filled. From 1996 onwards RviSalso uses GOME (1996 to 2005), SCIAMACHY
(2002-2012), OMI (2004-), and GOME2 (2007-). Furthere, MSR-2 uses ground-based total column data
to account for inter-instrument differences. Aseault, the estimated average MSR-2 total ozonenaolu
bias has been estimated at 1% [van der A et &l5;28mt-8-3021-2015].

Please note that figure where changed since SBU¥ Was replaced by MSR-2 considering the spatial
coverage of TOMS/OMI.

Add to line 21 the following “whole vortex. The daassimilation of MSR2 to some extent does fillgyap
when ozone measurements are limited.”

Add after line 25. These differences are causedMBR-2 starting to use multiple satellite total ozon
column records after 1996, the procedures in M3&dtcount for inter-instrument differences, arel diata
assimilation methodology that allows for fillingmg[van der A et al., 2015].

This part was changed (page 6, line 1 to line 19)



Page 6, line 25. It is stated that both PWLT amtmbined parabolic trend — linear trend is gengnadled.
The latter is not true, all papers cited only retya PWLT. The parabolic trend is a hew concepbthtced

in this paper. As such, it should be explainedrlatehe paper what the differences are that aasetiwith
both PWTs (the PWLT appear no to be used in therpaipall)

You are right, previous papers use only PWLT. A sewstion, the Section 5.2.4 (PWT vs PWLT) was added
to the revised version of the paper.

Grammar, typos.

Page 1, line 27. Replace “lower than” with “smatlean” done

Page 2, line 4: change to “interannual variabiityzone as a function of the 11 yeaittne

Page 2, line 8. | assume what is meant is “forpéod over which the ozone record is calculated fan
... Yes. Done

Page 2, line 12. “ozone content is deepest”, ktkihat is meant here is “where ozone depletioarigdst”
or “where the ozone deficit is largesthe sentence was changed accordingly

Page 2, line 19. “update of the ozonehe

Page 2, line 22. “full development of Polar ozomgpldtion”. | think what is meant here is “the periof
fastest catalytic photochemical ozone destructidm® sentence was modified accordingly

Page 3, line 35. Include reference to de Laat.gR@L7; 10.1002/2016JD025723] as a paper thatwdes
MSR2.done

Page 4, line 15. Change to “This limit is subsetiyeamoothed temporally withdone
Page 4, line 17. Start with “The Nash criterialthe

Page 4, line 29. Change to “On this particular dag region ..."done

Page 4, line 32. Change to “consist dfine

Page 4, line 35. Change to “using the new clasgifin.” done

Page 4, line 36. Change to “The standard clas8dit@&stimates a 40 DU and 20 DU larger ozone mean
done

Page 5, line 3. Change to “for the SAT data series. based on the single ..dbne
Page 5, line 4. Change to “Error bars representibesigma ..."done

Page 5, line 7. Change to “at thel2vel” done

Page 5, line 12. Change to “is preferred sincakie$ ..."done

Page 5, line 35. Change to “The ODS contributiolobtg-term trends in ozone is represented by prase-
linear trend ..."done

Page 6, line 15. Start new paragraph after “peritulie

Page 6, line 21. Change to “with a p-valaehe



Page 7, line 14-17. Rephrase line “Despite ... Webead. 2017)". | assume you want to note that aito
September shows large variability in total ozohes still a commonly used month for recovery détec

Yes you are right. The sentence was removed aracespin Page 8, line 22 to line 23 by

“Although pronounced decrease in total ozone isepbsd in September, recent works have used ozone
records obtained during this month to detect thenezrecovery (Solomon et al., 2016; Chipperfielclet
2017; Weber et al., 2017).”

Page 7, line 18. Remove “are highlighted”, chargmntlude that” to “identify done
Page 7, line 18. Change “on October” to “for Octdlamne

Page 7, line 20-21. Delete “In our study ... previsastion.”done

Page 7, line 25. Change to “the year 2000 was ctarzed by ..."done

Page 7, line 26. Change to “September, and yietdkagively high ..."done

Page 8, line 7. Add reference to Chipperfield ef2017; doi:10.1038/nature23681], who amongst rathe
discuss the differences in pre-post peak ozoneveegaatesdone

Page 9, line 30. Change to “at 550K where the tedted ...” this sentence was removed

Page 9, line 37-38. Change to “Trends estimatetfersecond period show slightly"his sentence was
removed

Page 9, lines 40-41. Please rephrase, | don't tulljerstand what is meant hefée sentence was modified
(page 10, line 18 to line 23)

“Despite the good agreement between regressed vahgemeasurements especially for the period 15Sept-
150ct and for the range classification method (6600 K), it is not possible to attribute ozonengfigant
increase to ODS decrease. In addition, the ratitveen trends before and after 2001 is larger thamhich
could be due to the effect of desaturation of #wne loss.”

Page 10, line 1. Change to “higher than 3, thestiolel value ...”sentence modified, see previous point
(page 9 of original version)

Page 10, line 21. Change to “ The ozone hole sfaégjuently defined as ..\We prefer to write “generally”
instead of “also frequently”(page 9 of original sien)

Captions of figure 11 + 12: OMI¥& OMI
Previous Fig. 11 and 12 were modified. The Figslihe new Fig. 12 and Fig 12 is the new Fig. 18

revised version and only MSR-2 data was used.
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