Response to Editor — “Age of air from ACE-FTS measurements of sulfur
hexafluoride” by Laura N. Saunders et al.

We thank the editor for their time and insight, and we appreciate their comments. The editor’s
comments are given below in bold with our responses in red.

My only major comment is that I am a bit concern about the magnitude of the errors of the
trends. The error in trends is typically computed using the residuals, that is, the data —
fitted curve (including the linear trend). These residuals need to be treated for
autocorrelation or bootstrapped. Haenel et al 2015 shows trend errors varying from .1 to .4
(Haenel et al Figure 6). The error reported in this manuscript is 10 times smaller than this.
By looking at Figure 13 and Figure 14 you can see that these residuals will be big and
therefore the uncertainty on the trends will also be big.

Thank you for pointing this out; this has been fixed and the trends now take autocorrelation into
account as was done in Haenel et al. 2015. The trend plots (Figures 13 through 18, as well as S4
through S14 in the Supplementary Information) have been updated with the new values. The
mean trend in each hemisphere is no longer provided because eight of twelve regions no longer
have statistically significant trends. Qualitatively, the conclusions are the same but some
modifications have been made to the text:

1) Lines 10-13 (lines 11-15 in the diff file) previously stated: “All trends are negative and
significant to two standard deviations. The mean trend in the northern hemisphere
(southern hemisphere) is —0.10 + 0.01 (—0.11 £ 0.02) years per decade. This is therefore
the first observation-based age of air trend study to suggest an acceleration of the shallow
branch of the BDC, which transports air poleward in the lower stratosphere, in both
hemispheres.

They now state: “In eight of twelve regions, there was not a statistically significant trend.
The trends in the other regions, specifically 50-60 °S and 60-70 °S at 17-20 km, and 40-
50 °N at 14-17 km and 17-20 km, are negative and significant to two standard deviations.
This is therefore the first observation-based age of air trend study to suggest an
acceleration of the shallow branch of the BDC, which transports air poleward in the
lower stratosphere, in regions within both hemispheres.”

2) Lines 530-531 previously stated: “This method uses Gaussian error propagation of the
standard error of the monthly zonal mean to calculate the uncertainty on the linear trend.
Uncertainties due to the sink correction are not considered.”

They now state (lines 545-548 in the diff file): “This method uses Gaussian error
propagation of the standard error of the monthly zonal mean to calculate the uncertainty
on the linear trend, with additional consideration for errors in the regression model using
the autocorrelation between the residuals. Details on the latter method can be found in
Stiller et al. (2012) and Haenel et al. (2015). Uncertainties due to the sink correction are



3)

4)

5)

not considered.”

The bolded text was added to lines 532-534 (now lines 549-553): “The fitted curves for
the Northern and Southern Hemisphere, with the linear component plotted separately
(black dashed line), are shown in Figures 13 and 14, respectively. The linear trend
values and their uncertainties are given in the bottom right of each panel. The trend
is negative and significant to two standard deviations in four of the twelve regions:
50-60 °S and 60-70 °S at 17-20 km, and 40-50 N at 14-17 km and 17-20 km.
Elsewhere, the trend is negative but not statistically significant. For the most part, the
fit represents the data fairly well; the residuals did not show noticeable structure.

Lines 543-549 previously stated: “However, even if the time series is fit without the solar
cycle term in Eq. 5, the linear trend remains qualitatively the same (i.e., negative) and is
significantly different from zero to two standard deviations. Therefore the finding that
age of air decreases over the full observation period is independent of the assumption of a
solar cycle. The mean trend in the midlatitude lower stratosphere is —0.10 £ 0.01 years
per decade in the northern hemisphere and —0.11 + 0.02 years per decade in the southern
hemisphere, where the uncertainty is the standard error of the mean. These findings are
consistent with an acceleration of the shallow branch of the BDC in both hemispheres, if

tropical ages are not changing, and are therefore in agreement with the results in Ray et
al. (2014).”

They now state (lines 563-571 in the diff file): “However, even if the time series is fit
without the solar cycle term in Eq. 5, the linear trend remains consistent in each bin and
is statistically significant in the same regions. Therefore, the sign of the age of air trend
over the full observation period is independent of the assumption of a solar cycle. These
findings signal an acceleration of the shallow branch of the BDC within both
hemispheres, if tropical ages are not changing, though the effect is not symmetric. The
results in the Northern Hemisphere are in agreement with the results of Ray et al. (2014),
which indicated a negative trend in age of air in the northern midlatitudes at 15-20 km.”

Lines 550-552 previously stated: “These trends are not consistent with what Haenel et al.
(2015) found for this region, which was that the trends in the northern hemisphere region
were positive but insignificant and most trend values in the southern hemisphere were
negative, but also insignificant except for 40-60° N from approximately 18-20 km. There
are several reasons that the trends would not agree.”

They now state (lines 572-577 in the diff file): “These trends are also somewhat
consistent with what Haenel et al. (2015) found for these regions, which was that the
trends in the Northern Hemisphere region were positive but insignificant and most trend
values in the Southern Hemisphere were negative, but also insignificant except for 40-
60 °S from approximately 18-20 km. Therefore, there is agreement in the sign of the

trend for 50-60 °S at 17-20 km (negative trend), 40-70 °S at 14-17 km (insignificant



6)

7)

8)

trend), and 50-70 °N at 14-20 km (insignificant trend). There are several reasons that the
trends might not agree in the other regions.”

Line 575-580 previously stated: “The crosses show where the MIPAS and shortened
ACE-FTS trends agree within two standard deviations. The trends are consistent within
half of the bins. The differences could be partially explained by sampling differences
between the instruments; using only coincident measurements resulted in too few profiles
to achieve a reasonable fit. Qualitatively, the two datasets agree that the trend is positive
for the 2005-2012 period throughout the regions under consideration.”

They now state (lines 600-604 in the diff file): “The crosses show where the MIPAS and
shortened ACE-FTS trends agree within two standard deviations; that is, they agree in all
regions under consideration.”

Lines 589-593 previously stated: “The trends in the ACE-FTS age of air data are
consistent with an acceleration of the shallow branch of the BDC in both hemispheres, if
there is no change in tropical age. This is consistent with the decrease in the shallow
branch transit time found by Bonisch et al. (2011) over the 1979-2009 period. The
decrease in age of air in the 60-70° N bins and the 60-70° S bin at 15.5 km would imply
that the deep branch is also accelerating if tropical ages are constant.”

They now state (lines 615-619 in the diff file): “There are signs of an asymmetric
acceleration of the shallow branch of the BDC within both hemispheres, if there is no
change in tropical age. This is consistent with the decrease in the shallow branch transit
time found by Bonisch et al. (2011) over the 1979-2009 period. The decrease in age of air
in the 60-70 °S bin at 17-20 km would imply that the deep branch is also accelerating in
the Southern Hemisphere if tropical ages are constant.”

In the summary, lines 620-624 stated: ““A negative linear trend significant to two standard
deviations was found in every bin that was considered; the mean trend was —0.10 + 0.01
years per decade in the northern hemisphere and —0.11 + 0.02 years per decade in the
southern hemisphere. These results are consistent with an acceleration of the shallow
branch of the BDC. This was previously seen by Bonisch et al. (2011) for the 1979-2009
period and Haenel et al. (2015) for the 2002-2012 period in parts of southern hemisphere,
however without statistical significance.”

They now state (lines 647-653 in the diff file): “A negative linear trend significant to two
standard deviations was found in four of the twelve bins that were considered, two in
each hemisphere. These results are consistent with an acceleration of the shallow branch
of the BDC. Such an acceleration was previously seen by Bonisch et al. (2011) for the
1979-2009 period and Haenel et al. (2015) for the 2002-2012 period in parts of the
Southern Hemisphere, however without statistical significance. It was also seen by Ray et
al. (2014) in the northern midlatitudes.”



9) Lines 624-625 previously stated: “Due to the inclusion of the 60-70 © bins, the results
may also indicate an acceleration of the deep branch of the BDC, which has not
previously been seen with observational data.”

They now state (lines 653-655 in the diff file): “The negative trend found at 60-70 °S
may also indicate an acceleration of the deep branch of the BDC, which has not
previously been seen with observational data.”

Minor comments:
If you are using latex please use \mbox{ACE-FTS} throughout the manuscript, otherwise
ignore this comment.

Done.

L9 please add a comma between evaluated and and. That is, “model is evaluated, and the
linear...”

Done.

L11 please capitalize Northern Hemisphere and Southern Hemisphere (throughout the
manuscript)

Done.

L40 Break sentence into two. For example, “... CO2 and CFCs for similar analyses.
However, SF6 is destroyed in the mesosphere ...”

Done.

L45 age -> age of air

Done.

L106-107: This phrase is constructed weirdly. It may imply that the gas is concentrated at
higher latitudes. I think breaking it will work much better: “It has been making up to 30
occultations per day (2 per orbit) since early 2004, compiling a dataset that contains over
one hundred thousand profiles concentrated at higher latitudes. The vertical coverage of
these profiles ranges from 6 to 150km depending on the gas.”

Or something along those lines

Thank you for the suggestion; we have incorporated it.



L125 If you only keep measurements with a flag equal to 0, that automatically removes the
measurements with flags of 4 or 5 (or any other number) isn’t? please rephrase.

This is true, but it does not remove measurements with a flag of 0 that are part of a profile that
contained a measurement with a flag of 4 or 5. This has been rephrased for clarity (lines 129-130
in the diff file):

“keeping only measurements with a flag of 0 and removing profiles that contained any
measurements with a flag of 4 or 5.”

to

“keeping only measurements with a flag of 0 and removing entire profiles that contained at least
one measurement with a flag of 4 or 5.”

L152 For the DMPs references, please add:

Manney et al 2011 https://doi.org/10.5194/acp-11-6115-2011, 2011

Millan et al 2023 https://doi.org/10.5194/amt-16-2957-2023 (which describes the latest
version of JETPAC)

“Jet Propulsion Laboratory Derived Meteorological Products (JPL DMPs, Manney et al., 2007)”
has been modified to (line 157 in the diff file):

“Jet Propulsion Laboratory Derived Meteorological Products (JPL DMPs, Manney et al., 2007,
2011; Millan et al., 2023)”

L163-164 Consider adding a symbol or an arrow to easily identify the artifact

Thank you for this suggestion; arrows have been added to point out the artifact. The following
was added to the end of the caption for Figure 1: “The black arrows indicate the artifact (see text)
in SFe in v4.1/4.2.”

The following bolded text was also added to lines 163-164 (lines 168-169 in the diff file): “The
v4.1/4.2 profiles, shown in dark blue (solid), have a decrease in SFs near 18\,km accompanied by
a slight increase just above (indicated by the black arrows).”

Figure 1 capitalize hemi in the y-axis, consider changing VMR to SF6, that way the casual
reader immediately knows what they are looking at.

Done.

Figure 2 consider changing VMR to SF6

Done.



L.236-237 This sentence is poorly phrased because it implies that the DMP calculation
follow Reinchler et al 2003 which is not the case, please rephrase.

The mention of Reichler et al. was removed:

“which is another JPL DMP calculated for each ACE-FTS profile based on the algorithm
described in Reichler et al. (2003).”

was changed to (line 243 in the diff file):
“which is another JPL DMP calculated for each ACE-FTS profile.”

L.243 circles in the first panel of Fig. 3 -> circles in Fig. 3a

Done.

L.248 in the second panel of Fig 3 -> in Fig. 3b

Done.

L250 The final page in Fig. 3 -> Figure 3c shows ...

Done.

L300 Why half? and not the entire range? You are propagating the standard deviation not
half the standard deviation, please clarify on the text.

This is consistent with what was done in Stiller et al. (2012) and Haenel et al. (2015). The
propagation finds the maximum and minimum age of air values, so it makes sense for the
uncertainty to be approximately half of this. Then if the uncertainty is added to the mean age
value, the result is approximately the maximum value. If it is subtracted from the mean age
value, the result is approximately the minimum value.

L315 What gradient? I think you need to be a bit more clear, perhaps add an equation as
equation 9 of Garny et al, 2024a, or at least say temporal gradient

“with the gradient in the denominator calculated over a five year period.”
was changed to (lines 323-324 in the diff file):

“with the time derivative in the denominator taken to be the slope of the tangent line over a five
year period centered on fmeas.”

L350 This makes sense -> This is to be expected ...

Done.



L365 the “Antarctic” polar vortex

Done.

L369, Could you add the tropopause to the figures?

The tropopause has been added to Figures 5 through 8 and 12. The following was added to the
captions for Figures 5, 7, and 12:

“The mean WMO tropopause height is shown in white in rows (a) and (b) and in black in row

(c).”

A note was also added to the text (line 348-349) in the diff file): “The mean WMO tropopause
height, averaged into 5 ° latitude bins, is also shown.”

L370 “and above 29 km poleward of 60° S.” This is only true in JJA and MAM.
“and above 29 km poleward of 60 °S.”

was changed to (line 379 in the diff file):

“and above 29 km poleward of 60 °S in MAM and JJA.”

Figure 9: The format of the dates inside the plots could be confusing please use 9 Oct (this
is consistent with the dates on the titles of each column) instead of Oct/9

The format was changed to e.g. Oct 2009.

Figure 10: Why is the variability so big for 5SS (panel d)?
ACE-FTS takes very few measurements in the tropics, resulting in higher variability than in

other regions.

I agree with reviewer 2, the slopes and uncertainties should be provided in Figures 13 and
14.

These have been added to Figures 13/14 and 16/17. The following was added to the caption for
Figure 13: “The linear trend and corresponding error estimates are shown in the bottom right of
each panel.”

Figure 15: Since it seems that this figure was plotted using python, please consider using
legend(ncol=3) in panel a, to avoid the legend overlapping with the figure.

This change has been made.



L628: The doi for the age of air dataset does not exist.

A private link was provided for review and the DOI will be made live when the review process is
complete.



