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Answer to referee #3

We thank referee #3 for his comments and suggestions. Comments by the referee are
highlighted and followed by our answers.

Major Comments:

1. Section 2.3. I am confused by how the age spectrum and mean age are
calculated in this study. My understanding is that F (τ) in equation 1 is the
age spectrum. Equations (1) and (2) are not correct because mean age is
the first moment, not the mean, of the age spectrum [e.g., equation (1) of
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Scheele et al., 2005]. This is not a trivial issue: mean age weighs heavily on
the tail of the age spectrum and thus could be significantly older than what
is calculated from equation 1. Please clarify.

Equations (1) and (2) have been corrected. See also the answer to referee #1.

2. Section 4.4, My personal opinion is to drop this section. Reanalysis data
should not be used for trend analysis, especially for highly derived diag-
nostics such as age of air. If the authors really want to keep this part, they
should also investigate what causes the trend of age.

If it is a matter of opinion, ours is that trends in the reanalysis need to be docu-
mented and understood, and eventually reconciled with observations and other
modelling studies. In the present stage, the ERA-Interim disagrees with trends
found in chemistry climate models but agrees with the observation based studies
of Engel et al. (2009) and Stiller et al. (2008, 2012). It is difficult to estimate ages
from observations and reanalysis are liable to biases due to a changing obser-
vation systems. However such results should not be a priori discarded especially
when they do not comfort modelling results. Investigation to identify trends in the
assimilation increments and relations between ages and changes in the obser-
vation systems are the focus of a forthcoming study but are beyond the scope of
this work.

Minor Comments:

1. Page 17094, line 20, Age of air cannot be directly measured. It is deduced
from CO2 and SF6 measurements with some assumptions [e.g., Garcia et
al., 2011].

We are aware that there is no instrument providing a direct measure of ages. The
word ’measured’ has been replaced by ’retrieved’
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2. Page 17097, line 1, Tropical pipe is not the ascending branch of the Brewer-
Dobson circulation.

The conceptual model of the tropical pipe is clearly associated with a confinement
of the tropical upwelling in Plumb (1996) and Neu and Plumb (1999). We do
not mean, however, that in practice the location of the maximum average tracer
gradient coincides with the boundary of the average upwelling. The sentence has
been modified to avoid any confusion.

3. Page 17098, lines 11-15. I don’t follow this statement.

We found that only 6% of the parcels in the mid-latitude extra-tropical strato-
sphere have travelled above 700 K since they entered the stratosphere or in other
words that the mass flux associated with the deep Brewer circulation is much
smaller than the mass flux of its lower branch. This is a mere consequence of
the stratification of the atmosphere. The sentence has been rewritten to improve
clarity.

4. Page 17099, lines 12-13, The previous sentence explains why mixing leads
to older age. So why do you expect that mixing should lower the mean
age?

Perhaps this is not clear enough but we are pointing out the apparent inconsis-
tency between the two papers Schoeberl et al. (2003) and Schoeberl and Dessler
(2011) who invoke mixing as a common explanation of two opposite observa-
tions. In the first work, young kinematic ages were explained as resulting from a
standard diffusive argument: excessive mixing means that air is transported too
rapidly from the tropical source and thus is too young. In the second work, old
kinematic ages are explained as resulting mixing induced recirculation: too much
air descending in the mid-latitude is transported back in the tropical upwelling
and trapped in the stratosphere. Both effects may exist but cannot be assessed
without a quantitative study. This sentence has been rewritten and fitted to the
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discussion of the new Fig. 3 showing the differences between kinematic and dia-
batic ages.

5. Page 17099, line 13, What is indeed observed?

The kinematic ages are systematically younger than the diabatic ages in the ERA-
40. The sentence has been moved and rewritten.

6. Section 3.2, It would be interesting to compare the seasonal variations of
the mean age with observations [e.g., Andrews et al., 2001; Bonisch et al.,
2009] and models [Reithmeier et al., 2008; Li et al., 2012].

The mean ages of Andrews et al. (2001) are used in Fig. 4. We have redrawn
our results in the online supplement in such a way that they can be directly com-
pared with Reithmeier et al. (2008) or Li et al. (2012). We find older ages but the
seasonal patterns are showing a striking agreement even in the details.

7. Page 17099, last paragraph, There are many factors that could cause dif-
ferent ages in CCMs and in this study. For example, the stronger gradient
in mean age between the tropics and midlatitudes means that the tropical
upwelling is weaker in this study than in CCMs. Maybe that is the most im-
portant factor. In addition, it is not clear to me why large numerical diffusion
makes the mean age younger in CCMs.

The tropical upwelling in the ERA-Interim does not seem to be weaker than that
of CCMs, see Fig.4 of Garny et al. (2011). This is confirmed by Seviour et al.
(2011) who found a mean mass flux of near 6 109 kg s−1 at 70 hPa well in the
range of fluxes derived from CCMs.

8. Section 3.4, I suggest the authors to compare the seasonal and latitudinal
variations of the age spectrum with previous model studies [Reithmeier et
al., 2008; Li et al., 2012].
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The comparison is done in the online supplement and reaches again excellent
agreement in the patterns with Li et al. (2012).

9. Page 17101, lines 8-17, I don’t understand what is a "flat maximum at about
4-5 yr" and I don’t see it in the figure. I suggest dropping the discussion of
the two-modal spectrum structure.

The curves have been redrawn using a kernel that does not have the side effect
of damping the annual oscillations. We agree that there is little evidence of a
bimodal distribution. The paragraph has been modified.

10. Page 17101, lines 18-22, These statements are not consistent with what
Figure 6 Comment shows.

The north and south hemisphere panels were unfortunately inverted.

11. Page 17101, line 24, consider "older ages" instead of "larger values".

Corrected.

12. Page 17102, lines 2-6, This statement is too general. Could you explain
in more detail? What does age spectrum at high latitudes look like? Are
there significant changes in spectral shape at polar region as reported by
previous model studies?

We have rewritten this paragraph. As mentioned above the kernel previously
used in the density estimation was producing an excessive smoothing of the os-
cillations. We refer to the comparison to made in the online supplement. An in-
triguing results is that the oscillations of the spectrum at high latitudes are shifted
by a half season with respect to Li et al. (2012) but agree with the interpretation
of Reithmeier et al. (2008). The three works all agree at other latitudes.

13. Page 17102, lines 15-19, Why the 2-3 years old air has the largest annual
cycle?
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It now appears that oscillations are maximum at the modal age and decrease at
older ages in agreement with the finding of Li et al. (2012) who found an expo-
nential decay of the amplitude up to 20 yr.

14. Please increase the label font size for all the figures.

We have enlarged the font sizes to improve legibility.

15. Figure 1, label for x-axis should be "elapsed time" or "transit time", not
"mean age".

The label has been corrected.
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