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General Reply to Reviewer #2: The authors thank the reviewer for taking his time to
provide the comments below. We also want to apologize for the mistake in the figure
labelling. The comments raised are answered comment by comment. Changes in the
manuscript are highlighted by latexdiff.

Comment: PMSE is a major side topic of the paper because it is used as a tracer. The
manuscript would benefit from a short characterization / climatology section of PMSEs
in the introduction to let the readers know what are the normal PMSE conditions, struc-
ture, thickness, lifetime, occurrence etc., so what are the KHI observations in this study
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compared to. The references to earlier work are given but their main results should be
outlined. Reply: We added a few sentences in the introduction to describe PMSE in
general and in particular related to MAARSY measurements.

Comment: Figure 1 is said to show all beam positions as well as the ones for each
experiment. However, the figure shows map projections of all beams. How were the
17 beams for each experiment chosen and what were they? Reply: The manuscript is
now more precise about the experiment description. A detailed list of the differences
between each beam sequence is given in Table 1.

Comment: A meteor removal procedure is explained in section 3. Is that a standard
method with an existing reference to earlier work, or is it implemented here to improve
the current analysis? In the latter case the thresholding would benefit from some justi-
fications. Reply: The meteor removal was done and is likely non-standard. The men-
tioned thresholds and numbers depend on the experiment settings and how the data
is analyzed. Different radars or experiments may require some tuning of the filtering
values to ensure a similar quality.

Comment: Meteor radar data are used in addition to MAARSY data but the data de-
scription for meteor radar is very thin compared to that of MAARSY. In particular, a
height range and resolution for meteor radar data should be included in the correspond-
ing paragraph on page 4. Reply: We added a reference and a sentence describing the
meteor radar winds and the vertical and temporal resolution. To ensure consistency
we updated the wind pictures.

Comment: When the first identification of KHI is presented (page 5, line 3), a short
description of what the reader is supposed to look at in the figure would help a lot.
What are the changes in the different parameters which give away the KHI occurrence?
In the same paragraph earlier the meaning of: "several thin layers showing signs in the
morphology" is unclear. Do you mean that the PMSE structure consists of several
transient thin layers? Reply: We added a few sentences what we believe are the KHI
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signatures.

Comment: The description of Figure 5 says that there are often low Ri values within the
PMSE. Not sure what is low and high, but it is hard to see if there really is more high or
low values in the two colour panel. Is there a way to justify that statement? Reply: The
summer mesopause region is characterized by a strong wind reversal from westward
winds below to eastward winds above. This strong vertical shear leads to ‘lower Ri’
compared to the winter season. In winter there is almost no vertical shear in the mean
winds (Wilhelm et al., 2017, Stober et al., 2017, Pokhotelov et al., 2018).

Comment: What are the GW-like periods you focus on in Figure 8? It seems like there
is significantly less wave activity during the latter KHI event? Reply: The second KHI
event did indeed occur under much less active GW conditions. The wavelet spectra in
Figure 6 indicate a significant activity for short period waves for the occurrence time
of the second GW. However, we cannot provide information about the source of the
gravity waves.

Comment: Line 8 on page 5 says:"The zonal and meridional winds are dominated by
the tides." A sentence saying how the data plot supports this idea would be helpful.
Reply: The statement is based on the continuous meteor radar observations. We
consider periods around 24 h, and 12 hours as tides, if they only show a weak day-to
day variability. Gravity waves should not have every day similar periods and occurrence
time, they are supposed to have a more intermittent behavior.

Comment: When Richardson number is being introduced in section 4.1, a brief reason-
ing for why that is a useful parameter in the KHI study would be good. Reply: Numerical
simulations of shear flows show that KHI can evolve when the Ri<0.25. (see Fritts et
al., ) and many other authors. This is also introduced in the manuscript.

Comment: Can you specify the meaning of "coherent wave-like structure" (page 7,
line 23)? What is coherent enough? Reply: All pictures/images of the 2D scans were
search by hand to identify what we consider a coherent structure (as shown in Figure
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9). However, we did not introduce yet a coherency in a strict mathematical sense. Once
we found, what we call coherent, we applied a non-linear fitting and only if we achieved
a convergence of the fit we kept the results.

Comment: What is the significance or implication of the prevailing wind direction with
respect to the ripple propagation direction? The observations and the plot are not
really discussed. Reply: Linear theory predicts that GW can only propagate as long
as their phase speed is different than the background wind. As most of the observed
ripples travel against the mean flow they have rather low observed phase speeds, but
due to the strong mean winds they have high intrinsic phase speeds. It appears that
these waves are significantly Doppler shifted in their observed frequencies. However,
when the ripples evolve into KHI they stop propagating and start to be advected with
the wind velocity (private communication Dave Fritts). In addition our technique has
an observational filter that emphasis such fast propagating waves moving against the
mean flow.

Comment: When introducing earlier observations by Demissie et al. (page 9, line
12), you mention that those are from different years. Does that mean that you would
expect annual differences? Reply: We mentioned explicitly the different years to avoid
potential mistakes that the same waves could have been observed. So we wanted to
clarify that both studies observed entirely different GW events and so only the statistical
properties could be compared. However, we expect also some year to year differences
depending on the tropospheric synoptic situation.

Minor comments: Comment: The introduction mentions "mesoscale" many times. It
is a relative measure which depends on the observations, so it would be good to give
a rough number or range for it. Reply: The term mesoscale is a defined meteorolog-
ical horizontal scale covering structures larger than 5 km up to several thousand of
kilometer (size of synoptic weather pattern).

Comment: The paragraph change on page 1 and line 23–24 is unnecessary when
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the first sentence of the new paragraph refers to the last sentence of the previous
paragraph. Reply: We removed the paragraph.

Comment: On page 2 and line 9, "and many other" is redundant since the reference
list starts with "e.g.". Reply: Changed.

Comment: On page 3 and line 21, Figure 2 is hardly a contour plot. Reply: Figure 2
consists of several panels. The upper two are contour plots of the radial velocity and
the statistical uncertainty. The lower two panels are a histogram of the statistical errors
of the radar velocities and a scatter plot of SNR vs. radial velocity statistical uncertainty.

Comment: On page 4 and line 4, should the "zenith distance" be a zenith angle since
the rest of the sentence talks about degrees? Reply: Changed.

Comment: Figured 3 has an "a)" as a panel marking but I do not see the panel labels
b and c. Reply: The label a) is removed.

Comment: The description of Figure 5 in the text says that there is Ri calculated from
MAARSY and MR data (the plural s in "lower panels" seems redundant). The fig-
ure caption says that the panels are Ri from wind shear and Brunt-Väisälä frequency.
Could you add the data source information in the figure caption to make it more self-
explanatory? Reply: We expanded the caption of the figure and provide the suggested
information.

Comment: Figure 3 does not show any red boxes but based on the statement on the
top of page 6, it might make a difference to generate the boxes. Reply: We removed
the mentioning of red boxes from the text.

Comment: What is DNS simulation (page 6, line 9)? Reply: We added to the text
(DNS-direct numerical simulation).

Comment: Does "rather common" (page 6, line 14) mean "not uncommon", or is there
actually a description attached to it, which could be added to be a bit more precise?
Reply: Yes we are using rather common in the sense of not uncommon. However, we
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cannot provide a statistical analysis of how often such structures are seen in airglow
images. This is beyond the scope of this paper, but maybe such events are more often
published than other images.

Comment: On page 6 and line 24: "than" should probably be "then" Reply: Corrected.

Comment: "Train of ripples" referring to Figure 7a seems right, but in Figure 7b it looks
more like one single wave-like feature. Reply: We clarified this in the text.

Comment: Should be "wave-like" instead of "wave.like" on page 8 and line 16. Reply:
Corrected.

Comment: On page 9 and line 8 the text blames weather conditions for not having
other observations. Does that relate to a lack of optical observations due to the daylight
conditions, or does it really mean weather? Reply: Actually both effects are relevant
for the location at Andenes. To emphasis both effects we added ‘clouds’ and ‘daylight’
at some passages in the text.

Comment: Seems like there is an extra "propagation direction" on page 10 and line 9.
Reply: Corrected.
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