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Recommendation: Substantial revision, encourage re-submission

General comment:

This paper presents results on GW propagation from the lower to the upper atmosphere during the 2016 typhoon Chaba. The applied methods include 1) reanalysis, 2) airglow emissions from the OH in the mesopause region and from the OI 630 nm emission (emission height ~250 km), and 3) ray tracing calculations of GWs. Due to the coverage of the mainland of China with corresponding instruments, 2D images of gravity wave (GW) signatures in the OH and OI emissions can be linked to GW signatures in the stratosphere as seen in ERA5-reanalysis. The major conclusions from this paper are that GW images in the mesopause region are found to be consistent with stratospheric GWs in reanalysis, and that GW signatures in the thermosphere can be explained by assuming that these waves were generated around or above the mesopause. In this respect, the present paper addresses a current hot topic in the atmospheric dynamics community, namely the mechanism of "multi-step vertical coupling" (Vadas and Becker, 2019), which means that GW effects at higher altitudes are often not directly due to primary GWs generated in the troposphere, but are due to higher-order GWs. The present paper manuscript, however, has a number of significant shortcomings that need to be addressed/solved before this study can be considered for publication in ACP. These shortcomings pertain to 1) the writing (the English and the arrangements of thoughts are often confusing, the citations are incomplete, and the summary section is insufficient), 2) the methods by which the major conclusions are derived, and 3) contradictions of the conclusions to previous studies and even to results within this present paper.

Major comments:

#1 The English is often confusing. It is beyond the scope of this review to name all the places in the manuscript to which this comment applies and make suggestions. I strongly recommend that the paper should be carefully iterated by a native English speaker after a substantial revision is completed.

The arrangement of thoughts is sometimes confusing as well. As an example, I would like mention that some introductory sentences (e.g., L171-173, L296-298, L236-238) seem to refer to results and conclusions already made. Then, one or two paragraphs later the reader has to learn that the authors simply anticipated some conclusion or summary statement related to results that had yet to be presented in the respective section.

The writing and the content of the summary section appears to be insufficient.

#2 A main conclusion of this paper is that the stratospheric GWs shown in Fig. 4c (having a predominant horizontal wavelength of ~156 km) reach the mesopause region prior to the larger-scale GWs seen Fig. 4a (having a predominant horizontal wavelength of ~295 km). This conclusion is not 

consistent with Figs. 4b,c, which suggest that concentric GWs having larger horizontal scales are seen earlier at higher altitudes.

Note that a body of studies by Vadas and colleagues exist about the propagation characteristics of concentric GWs (e.g., Vadas et al. (2012), Yue et al. (2009), Vadas and Azeem (2021)). Some of these studies are even cited in the current manuscript. According to these former studies, the concentric GWs from convective sources that have larger horizontal wavelengths propagate faster to higher altitudes and are less prone to dissipation. The reason is that the GWs from such sources with larger horizontal wavelengths also have larger vertical wavelengths and, therefore, larger vertical group velocities. The conclusion made on page 13 of the paper contradicts these former results (and Figs. 4b,c as well).

In this context the authors may notice that the temperature perturbations shown in Fig. 4 from reanalysis are extremely small compared to other estimates of typical stratospheric GWs. For example, Becker et al. (2022) showed that typical temperature perturbation amplitudes simulated by a high-resolution GCM in the wintertime lower stratosphere are +- 1-2 K, and about +- 5 K in the stratopause region. For a major typhoon we would expect even larger amplitudes. Figure 4, on the other hand, shows GW perturbation amplitudes from reanalysis that are too weak by at least a factor of 100 in the stratopause region! It is well known that reanalyses generally underestimate the stratospheric GWs by a significant amount. Furthermore, a height of 60 km (Fig. 4a) appears to be well within the sponge layer of the reanalysis model (the GWs amplitudes DECREASE with height in Figs. 4a,b,c by a factor of 5 from the lower to the upper stratosphere). The authors did not take into account or discuss these deficiencies. Indeed, the realism of the concentric GW structures shown in Fig. 4 seems very questionable. Hence, the concentric GWs seen in OH airglow (Fig. 5) are likely not the same GWs as those shown in Fig.4.

#3 The connection from the upper mesosphere and GWs to the thermosphere is made via backward ray tracing of GWs seen in the OI emissions. Figure 7c indicates the corresponding concentric ring structures in OI. According to the aforementioned studies of concentric GWs, the center of the red rings in Fig. 7c should correspond to the geographical location of the assumed GW source. The authors argue that this source is in the mesopause region where the primary waves from the typhoon presumably dissipate. However, the backward rays (red lines in that Fig. 7c) end very far away from the center of the rings. In other words, the ray tracing result for the assumed GW source and the assumed center of the center of the partial concentric ring GWs in Fig. 7c do not match at all. This mismatch is not even mentioned in the present manuscript.

Other comments:

The citation is not sufficient regarding the original papers of higher-order GW generation and their effects in the thermosphere/ionosphere. Indeed, the mathematical theory for higher-order GWs was derived in Vadas et al (2003), and a summary of that theory and its implications was given in Vadas et al. (2018). Furthermore, global simulations of concentric higher-order GWs in the thermosphere were first discussed in Vadas and Becker (2019).

Figs. 5a,b,c, 6, 7c, 8: The figure captions do not mention the physical quantities that are shown. Also the color bars with corresponding units are missing.
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