Dear Referee #1,

we are grateful for your friendly and constructive review. Based on your comments and suggestions
the manuscript is now improved. In the following point-by-point responses the reviewer comments
are in italics, our responses are in blue.

(i): P. 7: It is written: ”... as wave (a) which propagates from the stratosphere over the stratopause region (wave (b)). .
....”, or “In other words the SPW 1 generated in the lower stratosphere could be propagated upward in midlatitudes
until the upper stratosphere.” Similar statements have for the SPW2 as well in p. 8. Yes, the SPW phase analysis and
EPF vectors indicate vertical and equatorward propagations however the presence of the waves (a) and (b) from
Figures 2 and 3 represents actually the typical double-peak altitude structure of the SPWs in the field of the
temperature. This issue is reported by Pancheva et al. (2009; please, see Figure 9 there) and is a consequence of the
hydrostatic equation (Sassi et al., 2002). Moreover, this double-peak altitude structure is valid not only for the SPWs
but for all PWs in the field of the temperature; for example, Pancheva et al. (2016) showed this feature for the quasi-
2-day waves.

We thank the reviewer for this helpful note. We compared our temperature related amplitude results with that of
the geopotential height (GPH) (see below). We found that the minimum between our wave (a) and (b) corresponds
to the maximum of the stratospheric GPH wave in Figure 1, 2 and 3. Thus, wave/maximum (a) and (b) in the
temperature amplitude belong to the same wave. We know that the calculation of the PW amplitudes from
temperature is less common due to the double-peak issue. However, in our study it is useful since one can better
retrace the path of the SPW into the subtropical mesosphere and the amplitude itself is better visible in the
mesosphere. We added a note on the double-peak vs. single-peak relationship between temperature and GPH
amplitudes on page 2 line 15-20 and line 25 and included the information that the temperature amplitude maxima
(a) and (b) belong to the same wave. Additionally we added a GPH-Version of Figure 1 into the supplements (see
Figure S1).
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Figure 1: Latitude-Altitude cross-section of the amplitude of the SPW 1 and 2 in Period | and Il. The amplitudes are calculated
using GPH data from MLS.
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Figure 2: Same as Figure 1 but estimated from MLS temperature data

(ii): I have some doubt about wave (d) from Fig. 3 that it is in situ generated. | think that the waves (c) and (d)
represent the above mentioned double-peak altitude structure of the SPW2 in the field of the temperature. This could
be checked by considering the SPW2 but in the field of the geopotential height; the latter should have a single peak
maximum situated at an altitude coinciding approximately with the altitude of the minimum between the double-
peak structures in the temperature. Both the phase structure and EPF vectors southward from 60_N show vertical and
equatorward propagation of the SPW2; wave (d) is also above the region where n2 is negative.. | agree that EPF
vectors are not large at altitude of 80 km but below and above this altitude they are quite large. I think also that the
barotropic and/or baroclinic as well as the GW drag may additionally strengthen the northern part of wave (d).

The reviewer is partly right. Wave (c) and (d) of the SPW 2 in Period Il are the same southward of approximately 45°N.
However, in the polar latitudes there is a different wave which very probably does not belong to wave (c) in the
subtropical mesosphere. We added a note on page 2 line 27-31 regarding the south-north splitting of wave (d) and
only referred to the northern part of wave (d) when talking about a possible origin of wave (d)

Typos: The text of Figure 7: Latitude-time. . .. should be Longitude-time. ... Done



Dear Referee #2,

We are grateful for you friendly and constructive review. Based on your comments and
suggestions the manuscript is now improved. In the following point-by-point responses the
reviewer comments are in italics, our responses are in blue.

The only issue | have is that | am not convinced that the authors showed sufficient evidence that
wavenumber 2 is generated by in situ gravity wave drag at the high latitudes.

As we wrote in the paper, we are not able to proof that the polar mesospheric SPWs Period Il and
especially in Period | are generated by in situ GWD at the high latitudes since we have the absolute
GWD only and some other limitations. However our results support the assumption that especially
the SPW 2 is in situ generated by longitudinally filtered GWD. We strengthen the emphasis in the
appropriate text passages and in the conclusions that our results “only” support the assumption of in
situ generation by GWs and instabilities and not prove it.

7

Page 1, line 15: change to “. . .show that all three mechanisms. ..” Done

7

Page 1, line 24: change to “In addition to these global anomalies. . .” Done

Page 3, line 8: change to “longitudinally variably” or “variably in longitude” Done

7

Page 3, line 10: change the word order to “. . .how favorable the conditions are in the...” Done
Page 3, line 11: awkward word order, change to “. . . in situ generation of the quasi 2-day wave, for
example.” Done

Page 4, line 3-4: change “in all latitudes. . .” to “at all latitudes” Done
Page 4, line 14: should be “atmospheric parameters”?  Done

Page 6, Figure 2: Yes the PNJ is much stronger than the 12-year mean, but is this surprising? Doesn’t
the NH PNJ move around a lot from year to year, so that the 12-year mean is of course a little washed
out? It would make a stronger case that this PNJ is exceptional if the figure showed the spread of all
12 years instead of just the mean. So for example, a line plot of the zonal mean zonal wind averaged
between 50 and 60 N and 40 and 60 km versus time for the entire Period |.

The reviewer is right, the mean of the PNJ has a large
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Page 7, line 17: change word order to “used here” Done

Page 7, line 21: change “shift in vertical” to “shift in the vertical” or “vertical shift” Done
Page 8, line 24 and 26: change to “in the vertical” Done

Page 10, section 5 heading: change to “Why does the SPW 2 dominate in Period I1?” Done
Page 11, line 12: change to “. . .only possible in a weak zonal mean zonal wind.” Done

Page 14, Figure 7 caption: The date range of the SABER data should be added to the caption. Is it the
entire Period 1I? This was not clear in the text either. Done

Page 14, Figure 7: I’m not convinced that it makes sense to filter the GW drag for wavenumber 2. If
wavenumber 2 is the dominant wavenumber in the zonal wind, and if the GW drag is the cause of
this, then the unfiltered GWD should show that. It might be more interesting to see what the
unfiltered GWD looks like, because the wind doesn’t just feel the wavenumber 2 GWD. The numbers
are also very small for the GWD. On the order of 0.5 to maybe 2 m/s/d it looks like, an order of
magnitude smaller than those from Smith 2003 for example. Again, it might be more fair to show the
GWD from all wavenumbers.

The reviewer might be right that showing the GWD from all wavenumbers is fairer to the reader.
However, we think that it is confusing to show all wavenumbers when looking for the origin of
wavenumber 2 only. We decided to add two figures to the supplements (see below) including the
unfiltered absolute GWD and, similar to Figure 7 in the paper, the filtered zonal wind and absolute
GWD for wavenumber 1 in Period | and for wavenumber 1 and 2 in Period Il. We hope that this
satisfies the reviewer.
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In Period Il the GW drag filtered for wavenumber 2 is stronger and in a more robust phase relation
with the zonal wind compared to the wavenumber 1 filtered GW drag and zonal wind in 60° to 70°N.
The amplitude of the GW drag is indeed much lower in our case compared to Smith et al. 2003 but so
is the amplitude of the SPW. Additionally SABER “sees” only a part of the GW spectrum. For a
sensitivity function see Ern et al. (2018), Fig. 3d. Further, there is a low bias on the observable GW
drag (cf. Ern et al., 2004, 2011). We added an appropriate discussion on page 16 line 20 - 23.

Page 15, line 18: change “primary” to “primarily” Done

Page 16, line 14: change to “raises the question” Done



Dear Referee #3,

We are grateful for you friendly and constructive review. Based on your comments and suggestions
the manuscript is now improved. In the following point-by-point responses the reviewer comments
are in italics, our responses are in blue.

I have two particular requests for changes before the paper can be accepted for publication. My first
request is that the authors expand on their explanations of the SABER measurements. In particular,
there should be a more expansive description of the technique and its limitations. At present the
measurements are simply described as being of “absolute GW momentum fluxes” and the reader is
provided with references for more

substantive explanation of the technique. However, the SABER measurements are a central part of
the paper and there should be

i) a paragraph of explanation describing the technique at the point where it is introduced
and
ii) some discussion of the limitations of the technique.

In respect of the latter, | believe that these GW momentum flux measurements actually yield a lower
bound rather than a fully-constrained value, since the estimates of horizontal wavelength depend on
the angle between the satellite’s orbit and the phase fronts of particular gravity waves.

The reviewer is right. The limitation of the GW drag calculation using SABER data should be
mentioned and discussed in the paper. The limitation of the GW drag calculation using SABER data
are that SABER “sees” only a part of the GW spectrum, namely the inertia GWs (the larger ones) and
the known low bias of the observable GW drag as discussed in Ern (2004). We added appropriate text
passages in the “Instruments and methods” part on page 6 line 3-6 and in section 6 on page 16 line
20 -23 where the results are discussed.

We also expanded our explanation of the GW drag calculation from the SABER measurements in
section 2 starting on page 5 line 27 and ending on page 6 line 13..

The arguments on p14 in paragraph 2 about the longitude-altitude cross section of wavenumber 1
filtered winds and the non-uniform GW drag at 50N with a wavenumber 1 structure refers to figures
“not shown” — these figures would confirm the arguments being made by the authors so they should
be included.

We included a figure on the wavenumber 1 filtered zonal wind from MLS for the polar latitudes and
for the zonal wind and GW drag from SABER for 40°-50°N to strengthen our arguments. Additionally
we put a figure of the unfiltered longitudinally non-uniform GW drag at 40°-50°N into the
Supplements (see Fig. S3).

The arguments about the wavenumber 2 component of gravity-wave drag associated with Fig 7
would be strengthened by some explanation of the total drag and its other component wavenumbers.
There does seem to be a wavenumber 2 component as shown, but how big is it compared to the
zonal-mean value and the other wavenumbers?

Since reviewer #2 has a very similar request we added the non-filtered GW drag for the different
latitude band as well as the, for wavenumber 1 and 2, filtered version in the Supplements (see Fig.
S4). In Period Il the GW drag filtered for wavenumber 2 is stronger and in a more robust phase
relation with the zonal wind compared to the wavenumber 1 filtered GW drag and zonal wind in 60°
to 70°N. We added a comment on this issue on page 16 line 11-13.



My second request is that some of the figure be made larger. As presented, some of the contours in
Figs 2c, 3c, 4 and 7 are very faint, hard to read and/or close together. | think that just making the
figures larger would solve this problem. Done

MINOR POINTS
P1, 115, suggest “. . . show that all three mechanisms. ..” Done

Figure 1 caption, suggest “. . .from MLS temperature. ..” Done

P3, 121, the final sentence “The vertical propagation of. . . (Lin, 1982)” would make much more sense
if put at the start of that paragraph.  Done

P4, 117, should be “. . .winds are needed”. Done

P4, 120, should this be a’(-1) @/(@4°LE”) ? Done

7

P5, I5, suggest “. . .which results in a westerly wind. . .” Done

7

P5, 19, suggest “. . .and following it up into. ..” Done

7

P5, 114, suggest “. . .TIMED satellite and measures temperatures. ..” Done

7

P5, 116, suggest “. . .geometries about every 60 days. For the period of...” Done

7

P8, 12, suggest “.. .Period |, as is the areas of. . .” Done

P11, Fig 5, what causes the missing data at days -2 to 0? The missing data are caused by a data gap
in the MLS raw data which is not visible in the other figures due to averaging over the 15 days period.

P14, 13, suggest “. . .not able to investigate whether wave (d)...” Done
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