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Lu

Specific comments

1. Lines 17–18: Since MRG waves exhibit strong meridional flow across the equator (Fig. 9;

Line 12), they might also contribute to linking SWNP convection with the extratropical

circulation. Please consider discussing this possibility.

Response: We agree and this is indeed one of the points of our discussion that we shall

emphasize stronger in the revised paper. We have included a discussion on the possible

contribution of the MRG waves to the link between SWNP convection and the extratropical

circulation in Subsection 3.1:

"The upper-tropospheric MRG wave northerly winds across the equator also intensify along with

the SWNP convection, and are strongest at day 0 (Figs. 9h-k). The cross-equatorial flow of the

MRG waves, combined with the IG waves, links with the northerly anomalies on the westward

flank of the Rossby wave anticyclone over Australia. This acts as an upper-level outflow

extending from the SWNP region to the south-eastern Indian Ocean (Figs. 8a-d and Figs. 7a-d).

For positive time lags (Figs. 9e-g), the MRG waves account for a large part of the

cross-equatorial northerly winds across the Maritime Continent, while the contribution of IG

waves is almost absent (Figs. 9l-n). The linkage between the MRG wave cross-equatorial flow

over the Maritime Continent and the Rossby wave anticyclone in the subtropical SH gradually

weakens (Figs. 8e-g), while the IG flow in the southern Indian Ocean moves westward, coupling



with the westward-extending Rossby waves (Figs. 9e-g)."

2. Lines 33–34: Please clarify what the “Pacific–Japan pattern” and the “Australia–South

Pacific–South Atlantic pattern” refer to.

Response: Thank you for your question. We have clarified these by revising the introduction:

"For example, Sun et al. (2021) discussed the approximately 10-day long lifecycle of the SWNP

convection along with the evolution of the Pacific-Japan pattern, which is characterised by a

meridional dipole pattern over the north of the Philippines and east of Japan (e.g. Nitta, 1987;

Zhu et al., 2020). Sun and Tan (2022) suggested a SH teleconnection of the SWNP convection

over Australia, South Pacific and South Atlantic, which defines the Australia–South

Pacific–South Atlantic pattern."

3. Lines 50–52: Since the manuscript mainly discusses boreal summer, citing studies focused

on boreal winter here feels somewhat abrupt.

Response: We agree with your comment. Our intention was to give an as complete as possible

overview of studies dealing with the equatorial waves and subtropical circulation in the region to

indicate that the questions addressed in our paper have not been addressed by previous studies or

other methods. This is why we would like to retain the citations, but to not elaborate on details.

4. Section 2.2: Does the wave decomposition method allow for interactions among modes, or

potential signal leakage between different wavemodes?

Response: Thank you for your question. The wave decomposition method could be applied to

analyze modes interactions, and such a study has been carried out recently for the Kelvin wave

over the global tropics by, e.g., Holube et al. (2025). They calculated dynamical Kelvin wave

energy tendencies and it is possible to compare the results between wave-wave and wave-mean

flow interactions. While we don’t address modes interactions in this study, it is a possible

extension of this work, to be considered in the future. We have added to the conclusions:



"Furthermore, while our study investigates the individual behavior of the different wave types,

the normal-mode framework also allows for the more detailed analysis of the wave-wave and

wave-mean flow interactions (e.g., Teruya et al., 2024). In this respect, the methodology applied

by Holube et al. (2025) to Kelvin waves offers a starting point for further investigations on wave

dynamics related to SWNP convection."

5. Figure 1 / Lines 143–144: If the u and v components are shown separately as shading, can

the discussion in Lines 143–144 still hold? Since the reference vector has different

magnitudes for Rossby modes + Kelvin waves and IG modes + MRG waves, it is difficult to

interpret this result as currently presented.

Response: Thank you for your detailed comments on this figure. We have replaced Figure 1,

which now includes shading and contours for the meridional and zonal wind component,

respectively (see Fig. A1 below). The modified Figure confirms that the Rossby modes and the

Kelvin waves primarily form the zonal circulation, whereas the meridional circulation is

predominantly contributed by the MRG and IG modes as we state in the manuscript.

Fig.A1. Climatological horizontal winds at (a,c,e) 150 hPa and (b,d,f) 850 hPa in boreal summer



for (a–b) the sum of Rossby modes and Kelvin waves, (c–d) the sum of IG modes and MRG

waves, and (e–f) the total circulation. The blue box denotes the SWNP region. Shading denotes

the meridional wind whereas full and dashed contours represent the westerly and easterly zonal

winds, respectively. The contouring interval for the zonal wind is ±15 m/s starting at ±10 m/s, and

the zero contour is omitted. The contouring interval for the meridional wind is ±2 m/s starting at

±2 m/s, as shown by the colorbar.

6. Lines 163–164: I do not understand the statement “the opposite is true for τ > 0.”

Additionally, could the discontinuity or continuity in the data impact on the analysis or

results?

Response: For clarification, we have revised this statement, which now reads:

“For τ < 0, the OLR anomalies lag the circulation anomalies, and τ > 0 means that the OLR

anomalies lead the circulation anomalies.”

In addition, we note that the lead/lag days are defined as specific calendar days relative to day 0

in each individual year, and the false continuity between the data in August and the data in June in

the next year is avoided. The statement on discontinuity was indeed confusing for the reader and

we have deleted it in the revised manuscript.

7. Line 328: Why does convective activity over the SWNP region shift westward? Some

explanation would help.

Response: Thank you for your question. Referring to previous studies, we have added:

"During this 12-day period, the centre of OLR anomaly shifts westward from about 150°E at day -6

to 120°E at day 6 and moves slightly northward to the northern flank of the region. This behaviour

is consistent with the quasi-biweekly oscillation described by Chatterjee and Goswami (2004);

Kikuchi and Wang (2009); Jia and Yang (2013). The relative movement is indicated by the red dots,

which denote the location of maximum convection in the SWNP region at this particular day. This

westward shift can be attributed to the zonal gradient of moisture anomalies and the mean easterly



trade winds, which together precondition moisture anomalies west to the convection (Li et al.,

2020)."

and:

"The OLR anomaly in Fig. 7 moves westward with a similar speed, but shifted about 10° to the east,

in agreement with the Rossby-wave circulation response to subtropical heating in earlier studies by

(Chatterjee and Goswami, 2004) and (Liu et al., 2015)."

8. Figures (except Fig. 1): The blue box denoting the SWNP region is not very clear,

especially when placed over the blue shading. Please consider improving its visibility.

Response: To improve visibility, we have used another color for this box in all respective figures.

.

9. Given that the manuscript emphasizes OLR anomalies as an indicator of SWNP

convection, have the authors analyzed wave-related moisture, OLR, and precipitation in

relation to SWNP convection? Such an analysis could strengthen the results.

Response: The modal decomposition used in this study provides a multi-variate representation of

the global circulation including horizontal wind and geopotential height. We use OLR as an index

of SWNP convection to study the convection-related wave circulation by regression as explained

in Section 2 (Data and Method). Wave-related moisture, OLR and precipitation are not part of the

wave decomposition and therefore the suggested analysis cannot be carried out using our

methodology. However, with respect to your suggestion, we have added references to strengthen

the role of MRG and IG wave cross-equatorial flow on moisture:

"Specifically, the IG wave inflow over the SWNP region varies with the intensity of SWNP

convection, while the MRG waves constitute the dominant component of the

westward-propagating, cross-equatorial southerly flow over the Maritime Continent. This flow

has been identified as important for water vapor transport and for modulating precipitation over

the SWNP region during boreal summer (Kubota et al., 2011; Li et al., 2018)."



Minor comments

1. Line 124: ’modes’ and ’waves’→ ‘modes’ and ‘waves’

Response: Followed.

2. Line 179: Did the authors mean “at every pressure level”?

Response: This is “at 150 and 850 hPa” and we have revised it.

3. Line 265: It is not clear what is meant by the “Australia–South Pacific–South Atlantic

pattern.” Please clarify.

Response: We have included the definition of the Australia–South Pacific–South Atlantic pattern

in response to Specific Comment 2 (see above).

4. Lines 270–271: It is unclear how the authors determined that the northeasterly outflow

from the SWNP is decoupled from the anticyclone in the SH.

Response: To clarify, we have modified the respective sentence:

"As the anticyclone expands westward towards the western Indian Ocean, the northeasterly

outflow from the SWNP region becomes increasingly separated from the northerly flow on the

westward flank, indicating a gradual decoupling between tropical and subtropical circulation."

5. Lines 287–289: The discussion would benefit from further elaboration on why pre-existing

Kelvin waves are present over the SWNP.

Response: The relative role of dynamical and diabatic forcing for this pre-existing, stationary

Kelvin wave is a subject of ongoing research, and we have added a reference:

" The relative role of dynamical and diabatic forcing for this stationary Kelvin wave is a subject of

ongoing research (Holube et al., 2025)."

6. Figure 1: The units for horizontal winds are not indicated.

Response: The units have been added accordingly.

7. Caption of Fig. 2: The current text reads “The contouring interval for the meridional wind

is ±0.5 m/s starting at ±0.5 m/. . . ”. This seems to contain a typo. Should it be “The contouring

interval for the meridional wind is ±0.5 m/s starting at ±0.5 m/s. . . ”?



Response: Followed.

8. Caption for Fig. S2c–d: How did the authors compare Figures 3a–b with Figures 4a–b?

Figures 4a–b show longitude–pressure cross sections, while Figures 3a–b are longitude–latitude

maps.

Response: This caption has been revised to “(c–d) differences between Figs. 2a–b and Figs.

S2a–b”.
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