Responses to the reviewers

Please note before reading:

e Qur “authors final comments” of the public discussion already contain all responses to the
reviewers as well as indications for changes in the manuscript. Therefore, we submit basically
the relevant parts of the same document again, but highlight the indications for changes in
the manuscript in red for better visibility.

e Overall, we have learned from the reviewer’s comments that our original intention of the
manuscript was not clear enough. Therefore, we have strongly revised large parts of the text
(particularly the sections 3, 4, and 5) to make the manuscript more focused, more concise
and also some pages shorter. This means unfortunately that we cannot indicate our changes
below on an individual sentence level but only more broadly. Furthermore, the manuscript
version with the highlighted differences is also hard to read for the same reasons. We would
like to apologize for the inconvenience to the editor and possibly also to the reviewers and

thank you again for your effort.

We would like to thank both reviewers very much for the taking time to go through our manuscript

and writing the constructive reviews with many suggestions for improvement.

Before replying to each of the reviewers’ comments individually, we would like to start with a general

comment, since many of the individual criticized aspects seem to have a common basis.

Content

General comment t0 DOth REVIEWS........coiuiiiiiiiiieceete et st sbe e e s s 2
RESPONSE £0 REVIEWET L ....eiiiiiiiiiiiiiiiiiiiie e a e s e s s a s e s aaasssnnnsnsssnnnsnsnsnsnsnsnnnsnnnnnnnnnnnnnn 5
RESPONSE TO REVIEWET 2 ...ttt a e s e e aaa s e s asasssnsnsssnsnsnnnsnsnsnsnsnsnsnsnnnnnnns 10
FiYo o T u oY o b= 1IN 7 ={U <L ORI 16

Y =YY Lo 18



General comment to both Reviews

In our perception, many points of both reviewers’ criticism can be connected to the following three

points

1. The physical mechanism for the described statistical relationship is not analyzed, explained
or precisely discussed. Furthermore, the statistical method is relatively simple and other
methods could be applied to support the findings.

2. The discussion of the connection to the previous studies (Section 4) is too long.

3. The new aspects of the manuscript are not clear.

We generally understand that the manuscript can be criticized in these aspects (particularly the first

two aspects) and understand the reviewers’ concerns on one side.

However, we would like to mention that these apparent deficiencies are the result of an intentionally
chosen focus of the paper, which differs from previous publications and was maybe not described
clearly enough. This focus should be complementary to existing studies, which follow more the

structure that is proposed by the reviewers. We would like to make this clearer in the following.

Many of the studies, which we relate our results to, have indeed a greater mixture of presenting new
atmospheric findings (e.g., temperature signals) and working out the underlying mechanisms. For this
purpose, the studies also have to mix different kinds of datasets (observations, reanalyzes,
atmospheric models), atmospheric variables (temperature, wind, wave drag) and partly also
statistical or numerical methods. While these papers contribute indeed more to the explanation of
the mechanisms, these papers also have to stay focused, which is mostly achieved by reducing the
number of geographical and atmospheric conditions (concentration on restricted geographical areas
and atmospheric altitudes, selected seasons, individual MJO phases, states of the QBO etc.), which
makes it partly difficult to mutually compare the results. Hence, these studies present mechanisms

for selected cases, but in our view the overarching picture remains somewhat patchy.

Our idea is therefore complementary. Coming from satellite data analysis, we aim at reducing the
complexity of combining different datasets, variables and methods in the presentation to allow for a
broader overview in terms of atmospheric regions and conditions. We achieve this by focusing
descriptively on a single aspect, the statistical connection of middle atmosphere (MA) temperature
and MJO phases. This results in a self-contained and closed description of what is statistically
contained in this global satellite dataset w.r.t to the MJO influence. In other words, we intentionally
restricted our work to a “what-can-be-found-in-this-dataset”-perspective. In our view, this approach

has some benefits, which support existing and future studies on the underlying mechanisms:



a. The analysis is completely based on a single observational dataset and therefore requires
less assumptions on the reliability and representativeness of the used datasets.

b. The simplicity of the used statistical method allows for a simple reproduction. In particular, it
is easy to check if models are able to reproduce the found patterns.

c. Due to its overview-character, the study could help to relate the existing studies to each
other and hence help to overcome the patchiness. One aim of the longer Section 4 was
already to work in this direction.

d. Seeing the broader geographical overview of at least the statistical relationship helps to
identify a broader overall picture. Indeed, we could recognize the interhemispheric coupling
(IHC) pattern in the MA temperature response, which, to our knowledge, is a new finding.

e. We think that the characteristics of our study outlined here so far can help to initiate future
investigations of the mechanisms of the MJO-MA coupling by explaining this broader picture

and reproducing its emergence in atmospheric models.

While we agree that individual parts of the results are also contained in previous studies (and are
investigated there in more detail), one new achievement of our analysis is that it describes a
common observational frame for these results. A second new achievement is that this frame could

be linked to the known MA feature, the IHC.

We also agree with the reviewers that results based on a purely statistical analysis should at least be
supported by showing a physical plausibility. However, our approach in this respect is not to
investigate the mechanisms ourselves in this paper. Instead, we discuss the links to previous studies,
demonstrate the mutual consistency where possible, and with that make their explanations of the
mechanisms applicable to our results. This is the second reason for the comprehensive discussion in

Section 4.

We also think that the additional analysis steps proposed by the reviewers are of interest to further
understand the origin of the statistical relationship. In fact, we have some of them in mind for future
studies (see individual responses for details). However, we think that integrating these analyses into
the present paper (which is already somewhat lengthy as the reviewers note), would go beyond the

scope of the manuscript with the particular focus outlined here.

Overall, it remains somewhat unclear to us, to which extent the manuscript has to be revised. We
certainly learn from the reviewers’ criticism that we have not made our intention and focus of the
paper clear enough. Hence, we will definitively work on an improvement of the presentation, for
which we will of course consider the reviewers’ suggestions in this respect. However, we are not sure

if the reviewers still require us to change the scientific focus of the publication or if they can support



the general idea of the paper in the light of our clarifications here. Therefore, we will keep such

changes to a minimum for the time being and will explain our decisions point by point below.



Response to Reviewer 1

Note: We repeat the reviewer’s statements in grey, while our responses are typeset in black. If we
recognize several aspects of criticism in one comment, we will separate our answer in individual

bullet points. Modifications of the manuscript are highlighted in red.

Reviewer 1: This paper investigates the statistical temperature feature in the middle atmosphere
with respect to the Madden-Julian Oscillation, considering the interconnections of seasonal variation,
the QBO, and SSW based on the analysis of the satellite observation. The authors suggested that the
middle atmospheric temperature response to the MJO under different atmosphere conditions
manifests an interhemispheric coupling with a “five-zone” pattern. The comprehensive comparisons
show that this temperature response to the MJO agrees with those suggested by previous works. The
result may benefit the models' coupling process within the intra-seasonal timescale. The issue
addressed in this study is well within the journal's scope. However, the analysis and discussions
presented in this study lack robust logic and verification. | would suggest major revisions before it is

accepted for publication.

Response: We thank Reviewer 1 very much for taking the time to review the manuscript and
appreciate the suggestions, which we will consider to improve the manuscript. We note that some of
the suggestions are formulated relatively general, so that it is unfortunately somewhat difficult for us

to find possible modifications, which precisely address the criticized aspects of the paper.
Reviewer 1:
Major comments:

1. Atafundamental level, the analysis results in this article are consistent with the findings of
previous studies, but the new findings are unclear. In my opinion, the results obtained from
the analysis in this paper may be different from the existing studies about the MJO impact
under different phases of the QBO, but an in-depth analysis of the reasons is missing, and
only a simple discussion of the possibilities is given. There needs to be more, an in-depth

discussion and analysis are necessary.

Response:



e “New findings”: We will mention the new findings more explicitly in the revised manuscript.
We have here also tried to make those clearer in the general comment above.

e “Results different under different phases of the QBO”: We cannot attribute this very general
and somewhat vague statement to particular aspects of our paper, which we could then
revise. Does the reviewer mean that the agreement, which we mention for individual
aspects, is wrong? Or does the reviewer miss an additional description of disagreements? In
any case, going into a deeper discussion in the manuscript would probably cause section 4 to
be longer instead of shorter (shortening is generally requested by both reviewers).

e “in-depth analysis of the reasons is missing”: We are not sure if this statement applies to the
possible discrepancies w.r.t the QBO phases (see point above) or to the findings of the paper
as a whole. In any case, it is unfortunately also not clear to us, what the reviewer would
actually consider to be an in-depth discussion or an in-depth analysis, but we guess that this
refers to elucidating the physical mechanisms of the statistical relationships. As written in the
general comment, we wanted to give the paper a different, more descriptive, focus in
combination with links to aspects in previous studies, where mechanisms are partly already

explained.

Reviewer 1:

2. When analyzing the boreal winter response of atmospheric temperature to the MJO, the
authors do not differentiate the effect of whether or not SSW events were included in the
results. In particular, the authors recognize that the strong perturbation caused by SSWs
cannot be effectively disentangled from the weak perturbation caused by the MJO itself.
Thus, the MJO effect on atmospheric temperature during the boreal winter in this paper is of

limited importance for related studies.

Response:

e Ingeneral: It is true that we have not shown any analysis, which only considers boreal
winters without SSWs. We have mentioned this ourselves in the manuscript. We have
nevertheless performed a quick experiment, which actually only considers winters without
SSW (as we have mentioned in the manuscript on page 11) and in which the signal is still
seen. To support this statement, we include a respective preliminary figure (Figure 1 at the
end of the document). We have decided not to include details of this quick experiment in

the paper, because it is less robust than the other presented results due to only limited



remaining days in the data. Instead, we have discussed further indications for the existence
of the signal in the absence of SSWs in the manuscript (page 10).

e ‘“effect on atmospheric temperature during the boreal winter in this paper is of limited
importance for related studies”: We agree that one aspect is actually missing in the paper
due to the reason of limited data: a quantitative estimation of the boreal winter temperature
response to the MJO in the absence of SSWs. l.e., a figure, which is similar to what we have
shown for the other cases, particularly for the boreal winter with and without SSW together.
However, we do not agree that this limits generally the importance of all the boreal winter
results in the paper because of two reasons: Firstly, as mentioned in the manuscript and
shown by Garfinkel et al., 2012, SSWs are influenced by the MJO themselves. Furthermore,
SSWs are also part of the IHC pattern when they occur. Hence, SSWs are part of the
explanation of the temperature responses to the MJO and should not be eliminated except
for the one particular research question, which considers exactly the winters without SSW
(which is of course also interesting). Secondly, SSWs are not rare events on the northern
hemisphere, but are approximately as probable as quiet winters. Hence, also related future

studies would probably compare the SSW case and not only the SSW-free case.

Reviewer 1:

3. It has been shown in previous studies that it takes some time for the MJO to affect the polar
stratosphere via planetary waves, but the analysis presented in this paper is based on a
synthetic analysis with no time delay. The results obtained may, therefore, not capture true
MJO effects. The temperature response seen in phase 5 is a superposition of delayed phase 2
and phase 4 effects. Therefore, it may be possible to make the results more convincing if the

results of different statistical approaches could be demonstrated.

Response:

e In general: We agree, that a similar study but resolved into time-lags after the individual MJO
phases would be of interest. Such analyses are often seen in related studies, which focus
more on the mechanisms. In fact, we have already prepared a first version of such an
analysis. However, we have decided not to include it in the manuscript, because we had the
impression that the additional discussion of a temporal dimension could make the paper
even longer and with that harder to understand for the reader. We plan to include a final
version of those results in a future publication. However, as discussed in the manuscript

(page 23), also those time-lagged analyses bear ambiguities because the MJO evolves itself



during the time lags. And since the MJO period is so variable, it is also here unclear, which
MJO states are exactly averaged for certain time-lags.

“The results obtained may, therefore, not capture true MJO effects”: We think that this
depends on the kind of interpretation. We agree that due to the duration of the propagation
of the signals into the MA, we can indeed not claim that a particular MJO phase is the causal
reason of the temperature pattern, which we find for that MJO phase. Instead, from a causal
perspective, it appears also for us more likely that the previous MJO phases may also have an
influence and even more that a shown temperature pattern is caused by a mixture of the
influences of several MJO phases. But we can claim based on our analysis that the
temperature anomaly pattern, which we find for a particular MJO phase, is the statistical
mean state at the time of the given MJO phase; and this is actually our main statement. We
think that this statistical claim is (although being clearly weaker than a causal one) still useful.
This applies, e.g., for comparisons with other publications, which also use this kind of analysis
or, e.g., for model comparisons, which should be able to reproduce the interfering causal
influences of the individual MJO phases. By the way, we also stated in the manuscript that
these inferences are of importance, e.g., for an explanation of the altitude shift of the
pattern with the evolution of the MJO phases. But we think that a detailed disentanglement
of the influences of the individual phases is beyond the scope of the paper. In any case, we
will make the difference between the causal and the statistical interpretation clearer in the
revised manuscript.

“superposition of delayed phase 2 and phase 4 effects”: We unfortunately do not
comprehend this particular example in detail and leave it with our general remark.

“if the results of different statistical approaches could be demonstrated”: We don’t know
which kind of approaches the reviewer has actually in mind. We would think of a time-lagged

analysis, which is in our view too extensive for the present manuscript (see above).

The structure of this paper consists primarily of the analysis of the MJO composite under
different atmospheric conditions and a detailed comparison to the results of previous
studies. As such, this paper appears to be a mixture of a simple statistical analysis of the data
and a review of MJO effects on the middle and upper atmosphere rather than a research
paper addressing a specific scientific question. To give the reader a better understanding of
the main content of this article, | would suggest that the article should be revised, the logic of
the article should be rearranged, and the focus of the article should be emphasized on the

new findings.



Response: As stated in the general comment, the structure of the paper followed a certain idea. But
we understand that this idea is not clearly obvious from the written text, so that we will certainly
work on an improvement of the structure and a shortening of the discussion. Nevertheless, it is
difficult to estimate for us from the comment, which kind and extent of restructuring could actually
convince the reviewer, so that we will try to strike a balance between the original idea and a clearer

structure.



Response to Reviewer 2

Note: We repeat the reviewer’s statements in grey, while our responses are typeset in black. If we
recognize several aspects of criticism in one comment, we will separate our answer in individual

bullet points. Modifications of the manuscript are highlighted in red.
Reviewer 2:

This paper studies the response of the middle atmosphere (MA, i.e. 261 hPa — 0.00046 hPa) to the
MJO using daily MLS temperature for the period of 2004 to 2021. The MJO signature is studied using
composite analysis for the eight MJO phases. The same analysis is repeated for easterly and westerly
QBO phases and then for summer and winter months. | have some major concerns about the

analyses which are stated below.

Response: We thank also Reviewer 2 very much for taking the time to review the manuscript and

appreciate the partly detailed suggestions, which we will consider to improve the manuscript.
Reviewer 2:
Major comments:

e Physically speaking, high-frequency variability of stratospheric polar vortex is known to be
controlled by wave drag in association with planetary and/or gravity waves. Figure 1a and
Figure 4 suggest that the polar vortex has a MJO signature that is marked by cold anomalies
in the earlier phases of the MJO but warm anomalies in the later phases. | believe that at
least one of below is required: 1) Wavelet coherence analysis shows that daily MJO index and
daily zonal mean temperature at 80N, 3hP are significantly coherent with each other and the
MJO leads the temperature at 80N, 3hPa. See "A Practical Guide to Wavelet Analysis", C.
Torrence and G. P. Compo, 1998 for detail. Some equivalent analysis to show that the polar
vortex and the MJO share the same variability would also be helpful; 2) Significant
anomalies in wave drag for the MJO phases that show significant temperature anomalies in
the polar region; 3) The MJO leads temperature anomalies in the MA or the SSWs. In fact, 3)
has been studied by Garfinkel et al. (2012) in terms of MJO influences on the SSWs. 2) is not
easy to perform using temperature because wave drag or EP flux divergence require other

parameters. 1) should be feasible to perform using temperature data.



Response:

e “Ibelieve that at least one of below is required”: We thank the reviewer 2 particularly for
these thoughts on 3 ideas to further support the findings and also for directly estimating
their applicability. We discuss those in the following in the order of applicability
estimated from our perspective:

o ldea 3 (“The MJO leads temperature anomalies in the MA or the SSWs"”): As the
reviewer writes himself, the idea 3 has already be investigated in terms of SSWs
by Garfinkel et al., 2012. This is actually our basic line of argument in the
manuscript: In Section 4.2 of the manuscript, we show a basic consistency of the
results by Garfinkel et al., 2012, and our analysis, so that the reasoning of
Garfinkel et al., 2012, can broadly be applied to our results (particularly since we
do not distinguish between boreal winters with and without SSW, see above).
We also refer to their results w.r.t to the leading role of MJO phase 7. Hence,
from our perspective the reviewer’s requirement “I believe that at least one of
below is required” is already fulfilled in the manuscript via idea 3.

o Idea 1: “Wavelet coherence analysis”: We also think that this method can be
more directly applied to our data than idea 2, however the application appears
still to be non-trivial due to the data gaps caused by the filtering of the data by
the seasons, the MJO strength and the QBO state. We agree that is method
could be generally of interest in a future study, which is more focused on the
underlying periodicities etc. However, we are not sure if the added information
to the present manuscript really justifies the effort, as we will try to justify in the
following. In our understanding the reviewer asks us to demonstrate two
aspects: Firstly that MJO and MA temperature vary “significantly coherent” and
secondly that “the MJO leads the temperature”. The composite analysis applied
by us is actually a method particularly made to show the first aspect, since only
co-variations will not be eliminated by the averaging. Hence, we think that the
wavelet transform analysis will lead to redundant results for this aspect. The
second aspect is indeed not covered by our analysis, but indirectly checked by
the link to the study of Garfinkel et al., 2012, as outlined in the point above.

o Option 2 (“Significant anomalies in wave drag”): As the reviewer writes himself,
this kind of analysis is beyond the scope of our data analysis and the manuscript.
Also here, references in the manuscript to previous studies, which also include
such analyses, might help to give the reader an impression of these processes.

Still, we agree that this kind of analysis is of interest for a future study.



In summary, we think that the reviewer’s requirement is already fulfilled in the
manuscript via idea 3. The other two ideas are definitively of interest for future
studies with a somewhat different focus, but are either beyond the scope of the
present analysis or would not add much independent information (compared to the
effort) to it. In any case, we will improve the text to make the implications of the
study by Garfinkel et al., 2012, more obvious in the text and therefore to explicitly

mention idea 3.

Reviewer 2:

e The much-strengthened MJO-MA temperature connection could be physically real. But the
authors need to make the mechanism clearer. For instance, how does the MJO affect the jet
streams over the North Pacific whereby it affects the strength of planetary waves from the
troposphere? Firstly, the strength or frequency of the MJO is enhanced during easterly QBO.
Diabatic latent heating associated with extensive MJO convection can generate Rossby waves
which propagate poleward and eastward toward North America, altering the atmospheric
circulation as well as the planetary waves that propagate upward into the winter
stratosphere. As it stands, this chain of effects is not clear either in the analysis or in the

lengthy discussion.

Response: Yes, it is true that the mechanism is not independently analyzed or discussed in the paper.
Please notice the general comment in the beginning of this document for an explanation of our idea
of the focus of the paper. Since the reviewer mentions already key aspects of a mechanism, it
appears straight-forward to integrate a description of such a chain in the paper. However, our
impression is that if such a description is included in the paper, it should be accompanied by
respective analyses of data, which support each step. This would require a much more

comprehensive analysis (see also previous point), which would be beyond the scope of this paper.

Reviewer 2:

e If l understand the method correctly, the temperature anomalies globally are effectively
band-pass filtered to a temporal width of 10-90days and a latitudinal band width of 10
degree. It is thus incorrect to state that the composite differences shown are MA response to
the MJO. Even if the differences are statistically significant, they can be also interpreted as
the co-signal of something else and/or be interpreted MA impact on the MJO. This is because

the analysis perform does not ensure that the MJO leads the zonal mean signals in the MA.



For instance, the so-call interhemispheric coupling could force both the MJO and the polar

vortex. Hood (2017;2018) also showed both solar and QBO can influence the MJO.

Response: Yes, we agree that the direction of the influence is not determined or even a joint reaction
to a third process is strictly not excluded by our analysis, which is usually the case for correlation
analyses and which also applies for the statistical approach used here. Also in response to reviewer 1,
we will make the statistical nature of the analysis clearer in the revised manuscript and point the
reader to these limitations. That said, as discussed in the points above, there are strong indications in
the publications, which are referenced in Section 4, that there is actually an influence from the MJO
in the direction of the MA temperature. One example is the already mentioned study by Garfinkel et
al., 2012. Another indication is that the mechanism of the IHC starts in the stratosphere with a
disturbance from below. However, we firstly agree that the physical connection should be shown in
future and secondly we do not exclude that the process rebounds to the troposphere and particularly

the MJO. We will integrate a statement on this in the revised manuscript.

Reviewer 2:

e | wonder how many of the samples in DJF QBOe subgroups are serially correlated. For
instance, how many daily samples are adjacent to each other in time or how many daily
samples belong to the same MJO event? The question applies for DJF QBOw and JJA QBOe
etc. This is because the 10-day running average applied to the temperature data. Only one

sample within the 10-day window should be regarded as independent statistically.

Response: This is a good point and we agree that this is not clear from the paper.

e “Statistical dependence”: We use the 10-day filtering primarily for reasons of
comparability with other analyses. We have repeated the analysis presented here
without applying the 10-day moving average and the results do essentially not change.
We have included respective sample figures (Figure 2 to Figure 4 at the end of the
document). Hence, the statistical dependence, which we strictly introduce ourselves,
does not affect the results. We will add a respective explanation in the revised
manuscript.

e “how many daily samples belong to the same MJO event”: We use every available day
and not only, e.g., the starting days of each MJO phase. We think that this is justified
(considering the statement made in the previous point w.r.t the statistical dependence),
since the temperature signal can vary on each individual day, so that consecutive days

with a constant MJO phase could still produce different temperature signals. The number



of days, which go into the analysis when filtered for MJO strength (always the case),

season and QBO state is roughly 50, as we have also stated in the manuscript on page 6.

Reviewer 2:

e Isit possibility to detect MJO signature according to the QBO phases without contamination
from many other factors, such as ENSO, QBO, solar and volcanic eruptions in this case? Given
MLS data set only covers the period of 2004-2021, during which there has been only ~7.3
QBO cycles on average. Together with the band-pass filter applied, it could be very hard to

interpret the results.

Response: We agree that it is difficult to unambiguously separate the QBO influence from other
comparatively slowly varying influences if those showed (by chance) a correlation to the QBO
during the analyzed period. We have mentioned this with respect to the solar 11-year variation
ourselves in the manuscript (page 27), but we will add a more general warning in the revised
manuscript. We have performed some more ad-hoc tests with additional filters. However, the
results are difficult to interpret due to the lower sample size and we decided to leave those
results for a future publication, in which either the database is more robust or a stronger focus
can be laid on the statistical details. We still decided to present the QBO analysis for reasons of
comparability, since many other studies also combine a seasonal and a QBO filtering in the first
place before introducing additional filters, but we will make the limitations clearer in the revised

manuscript.

Reviewer 2:

Specific comments:

e Abstract requires to be shortened. Bring out the key results that are closely relevant to the
tittle of the paper. It would be helpful if the authors can get the line “a major outcome of the
present study is the finding that the tropospheric MJO can trigger the IHC mechanism, which
affects many areas of the MA” sooner and start to explain the exact areas of the MA are

affected by the MJO via the IHC mechanism.

Response: We will revise the abstract and consider the reviewers suggestions.

Reviewer 2:



e Could the weaker MJO-MA temperature connection be due to QBO disruption? E.g. A

westerly phase of the QBO was disrupted in 2015/16.

Response: This idea of an influence of the QBO disruption sounds generally interesting, but
unfortunately, we have difficulties in understanding the given example precisely. Could it be that
some words are missing in the comment? Which weaker “MJO-MA temperature connection” is

actually meant?

Reviewer 2:

e Section 4 is far too long. It could be very helpful if it is a review paper. But they do not really
help the readers to better understand the results presented in this paper. The discussion

should be shortened and focus on the key results obtained.

Response: As outlined in the general comment, section 4 was intended to be an alternative way of
supporting the plausibility of the statistical results obtained in this study by closely linking them to
the literature. In any case, we will revise section 4 and try to shorten it as requested while also

making the intention clearer and keeping it useful w.r.t to its original purpose.

Reviewer 2:

e Inseveral places, the authors stated that the MJO signal in the MA depends on atmosphere
conditions. But what exactly does the “atmospheric conditions” mean? The MJO itself would

be one of atmospheric conditions. Please define the term properly.

Response: We meant the set of atmospheric properties, which we use for the filtering of the data,
i.e., the season, the state of the QBO, and the MJO strength. We will make this clearer in the revised

manuscript.

Reviewer 2:

e Inthe abstract, it mentioned that “the complex couplings across different atmospheric layers
and geographical regions in the atmosphere”. It would be better to put this sentence in
Conclusion section where the authors can be more specific about the complex couplings

regarding the MJO influences with concrete results support such a statement.

Response: We have reformulated this sentence



Additional figures

Meridional plane temperature response (zonal mean)
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Figure 1: Analysis of the boreal winter/QBO easterly condition but with SSW periods roughly excluded. To achieve the
exclusion, we have used the SSW dates of the NOAA SSW compendium
(https.//csl.noaa.gov/groups/csl8/sswcompendium/majorevents.html) and have excluded all days in the range from -25d to
+50d around the SSW dates from the analysis. Major outcome is that the IHC pattern is still visible for many MJO phases
(best seen for MJO phase 6). This ad-hoc analysis should be considered as absolutely preliminary.

Meridional plane temperature response (zonal mean)
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Figure 2: Repetition of Fig. 4 in the manuscript (boreal winter, QBO easterly) but without the 10-day filtering.
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Figure 3: Repetition of Fig. 5 in the manuscript (boreal winter, QBO westerly) but without the 10-day filtering.
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Figure 4: Repetition of Fig. 7 in the manuscript (austral winter, QBO easterly) but without the 10-day filtering.
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