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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. I have some major concerns about the analyses which are stated below.

Major comments:

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.
I 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.

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.
If I 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.
I 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.
Is it 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.

Specific comments:

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.
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.
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.
In several 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.
In the 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.
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