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This paper deals with the recovery of Arctic ozone in a future climate under increasing 

greenhouse gas concentrations and declining inorganic chlorine. In contrast to earlier studies 

the authors use an ensemble mean of seven transient simulations to capture the interannual 

variability in Arctic ozone. The special focus is on the possibility of individual years with 

strong ozone depletion even after 2060 when halogen loading has become relatively low. 

 

I find the paper appropriate for publication in ACP after my minor suggestions have been 

considered and my questions have been clarified. 

 

General comments: 

 The authors need to be very careful with the references in the text pointing to the 

single figures. There are some mistakes which can confuse the reader. 

 It need to be clearly stated that the years ‘2060’ and ‘2063’ are model years coming 

out of a not nudged simulation and are therefore relatively arbitrary. In some parts it 

sounds as if we get a really strong ozone loss in the future year 2063 and a really 

weak one in 2060. This needs to be clarified. 

 The authors have included a lot of citations in their manuscript and compare their 

results with many of these studies. In some cases they need to be more specified. In 

my opinion some studies do not exactly show what is stated here. 

 There are a lot of typos in the references. A cross check should be done before final 

publication. 

 

Specific comments: 

 Page 4, line 27: How are orographic and non-orographic gravity waves 

parameterized? Please provide a reference. 

 Page 5, lines 15 - 17: I don't really understand why these six year bins are excluded. 

The supplement only shows which years are affected. Please provide some more 

information on this, here or in the supplement. 

 Page 6, line 11: 'In all six reactions, a net loss of 2 odd oxygen molecules occurs per 

cycle.' → Do you mean 2 molecules ozone? But in cycle 3 there is only one. Please 

clarify this. 

 Page 6, line 24: 'averaged from 65°N to the pole.' → Why do you use exactly 65°N - 

90°N? Have you also tested other latitudes, for example 60°N - 90°N and does this 

change the results? 

 Page 7, line 6: see comment above 

 Page 10, lines 17 - 19: '...in agreement with Langematz et al. (2014).' → This 

statement should be specified. Do you compare with Figure 2a from Langematz et al. 

(2014)? From this figure I see a significant trend at 100 hPa, which is not the same as 

in your study. Moreover, you have to note that the time ranges are not identical. 

 Page 11, line 26: 'This is in broad agreement with the findings in Langematz et al. 

(2014).' → Where do you get this from? The focus in their study is on the vortex 

duration and not on the zonal wind trend. You need to be more specific with your 

comment. 



 Page 12, line 3: Maybe you can call Section 3.3 'Case studies of exceptionally low 

and high ozone events' as you show results from both - low and high - and not only 

from low ozone events. This should be changed also in the Introduction (page 4, lines 

5 - 7). 

 Page 12, Section 3.3.: As you use free running, and no nudged model simulations, 

you won't expect that your 'model' years resemble 'real' years. Please make sure that 

the 'years' 2060 and 2063 are 'model' years. Do you really need this numbers? Maybe 

you can skip them and refer to low and high ozone events. 

 Be very careful with the references on the figures: 

▪ Page 12, lines 25 - 26: ...(see Fig. 7(b) and 8 (b)). 

▪ Page 12, line 30: (Fig. 8(b)) and not 8(a)!!! 

▪ Page 12, line 31: (Fig. 8(b)) and not 8(a)!!! 

▪ Page 13, line 1: (Fig. 8(b)) and not 8(a)!!! 

▪ Page 13, line 26: (Fig. 9(c)) and not 9(b)!!! 

 Page 15, line 31: '...account for ~20%...' → This is a very crude estimate. Please be 

more specific. 

 

Technical corrections: 

 Page 2, lines 9 - 10: reference for 'Montreal Protocol on Substances that Deplete the 

Ozone Layer' 

 Page 3, line 19: ... volume of PSCs (VPSC) → the abbreviation 'PSCs' has been 

introduced in line 9 

 Page 4, line 1: Stratosphere -troposphere Processes And their Role in Climate 

(SPARC) 

 Page 4, line 2: Please provide a reference for CCMI. 

 Page 4, line 16: ... the recent SPARC Report on the Lifetimes of ... (SPARC, 2013;...) 

→ Be careful that this is in line with the citation on page 21, line 14f. 

 Page 4, line 24: The dot at the end of the sentence is missing. 

 Page 5, line 13: You may introduce an abbreviation for 'sea-ice concentrations' here 

and use it on page 8, lines 18 and 27. 

 Page 5, line 17: ...long periods are excluded... 

 Page 5, line 23: ... and a more minor ClO + O(
3
P) cycle... → You should include 

(Cycle 3, reference) as before. 

 Page 11, lines 3 - 4: The references should be sorted by year. 

 Page 11, lines 29 - 30: ...(see also Langematz et al., 2014). 

 Page 12, line 12: ... higher than in model year 2063.  

 Page 12, line 15: use the abbreviation 'BDC', as introduced before 

 Page 13, line 17: ... ClO concentrations in 2063 compared to 2060 (Fig. 9(c)). → The 

figure shows a difference and not the concentrations in 2063. 

 Page 15, line 26: ...'exemplified by a case study in 2063.' → Either you include 

'model year' here, or you skip the year. In the Conclusions I would prefer to skip the 

years and use 'low and high ozone events instead. 

 Page 15, line 32: '...in year 2063 and a year from the same period ... ' → Better: 

'...between this year and a year from the same period ...' 

 Page 17, line 4: ... Steil, B.; and Tian, W.... 



 Page 17, line 5: The dot is missing at the end of the reference. 

 Page 17, line 19: Drdla, K., and Müller, R.:... 

 Page 19, line 10: ...Oberländer, S., ... 

 Page 21, line 30: Tilmes, S., Müller, R., ... 

 Page 22, line 5: ... and Müller, R.: ... 

 Page 24, line 4: ... 11-year running average, respectively. 

 Page 24, line 5:... 2060 and 2063, respectively, described in Sect. 3.3. 

 Page 27, line 2: ... 11-year running average, respectively. 

 Page 27, line 6: 'As in Figure 4, ...' → I would prefer an independent figure caption 

for Figure 6, as the only agreements with Figure 4 are the pressure levels and the 

meaning of the points and bars. 

 


