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General comments
The manuscript presents an analysis of three debris flow events in China using seismic signals, camera footage and post-events field work. As I understand it, this work could be a significant contribution to debris flow monitoring techniques, by analysing how one or two seismic stations can be used to estimate in real time the velocity and scale of debris flow events. In this perspective, the manuscript is interesting. However there are major shortcomings that first need to be addressed, regarding in particular the validation of the methodology, the interpretation of the data, the quantitative description of the events (the results are often only qualitative) and the quality of the manuscript (redaction and figures). More generally, I think what is presented in the abstract as a “theoretical basis (…) for the reconstruction of the debris flow process” corresponds more, in the present form of the manuscript, to an application to a case study. A more robust, quantitative and systematic method should be presented to “offer a framework for upscaling debris flow monitoring networks”. Here it is not clear what the manuscript first objective is: improving real-time monitoring techniques or improving post-event characterization techniques?
Besides, the contribution of this work to current research, and its innovative aspect in comparison to previous studies cited in the introduction that also analyse debris flows with seismic signals, are not clear to me.
Thus, I recommend major revisions. If I understand correctly the aim of the authors, I suggest they improve the paper by clarifying their method:
1. Definition of the quantified characteristics of the debris flow that will be estimated from seismic signals: velocity, discharge, sediment concentration and granulometry, …
2. Explanation of how these characteristics are estimated from seismic signals (if I get it correctly, estimation of the PSD from seismic signals to invert for u (and D) in eq 8 + cross-correlation between two seismic stations)
3. Explanation of how the methodology is validated using a specific debris flow event and other data / methods to estimate the debris flow characteristics (camera footage, post-event field work, …)
4. Application of the method to two other debris flows.
A detailed review of the paper is also needed to improve the quality of writing and disambiguate some sentences.
Specific comments
Abstract 
l.26 : I am not sure debris flows systematically start abruptly, can’t they be initiated by the progressive remobilization of materials by rain water? It is true that their front can be a massive surge, but this is different from the initiation process. Similarly, debris flows do not necessarily transport large boulders, in particular if there are not large boulders in the gully that can be transported.
l.27-28 : monitoring and early-warning systems can mitigate risks associated to debris flows, but can hardly prevent them.
l.31-33 : In this sentence it is not clear if you want to focus on “combining debris flow imagery with seismic signal analysis” and “post-disaster surveys” to better understand the dynamics of the debris flow once it as occurred, or if you want to focus on the “inversion of seismic signals into dynamic parameters”. As I see it, you objective is the second point, and the first point is a mean to achieve the “inversion of seismic signals”. You should make it clearer. 
l.50 : At this point the reader wonders why you give a velocity estimation for only one debris flow, and not the other two. Besides, why do you give this value and not the velocities estimated with the PSD? 
Introduction
In the introduction you focus on seismic instrumentation but you should also present other monitoring techniques (infrasound, radars, LIDAR, force/strain/pressure sensors, …) and explain why seismic monitoring is complementary. For example:
· Marchetti, E. et al., 2019. Infrasound Array Analysis of Debris Flow Activity and Implication for Early Warning. Journal of Geophysical Research: Earth Surface 124, 567–587. doi.org/10.1029/2018JF004785 (you refer to this paper when you speak of seismic monitoring, but it actually focuses on infrasound sensors monitoring).
· Aaron, J. et al., 2023. High-Frequency 3D LiDAR Measurements of a Debris Flow: A Novel Method to Investigate the Dynamics of Full-Scale Events in the Field. Geophysical Research Letters 50, e2022GL102373. doi.org/10.1029/2022GL102373
· Nagl, G. et al., 2020. Velocity profiles and basal stresses in natural debris flows. Earth Surface Processes and Landforms 45, 1764–1776. doi.org/10.1002/esp.4844
· Hürlimann, M. et al., 2003. Field and monitoring data of debris-flow events in the Swiss Alps. Can. Geotech. J. 40, 161–175. doi.org/10.1139/t02-087 (you cite this article already, but you can use it to review different monitoring techniques)
Some other studies have investigated the link between seismic radiated energy and characteristic flow parameters. e.g.
· Belli, G. et al., 2022. Infrasonic and Seismic Analysis of Debris-Flow Events at Illgraben (Switzerland): Relating Signal Features to Flow Parameters and to the Seismo-Acoustic Source Mechanism. Journal of Geophysical Research: Earth Surface 127, e2021JF006576. doi.org/10.1029/2021JF006576
It is not clear to me how your work is different / innovative in comparison to other studies using seismic signals to investigate debris flows dynamics.
l.80-81 : The determination of rainfall threshold is precisely based on the analysis of past events, even if rainfall data come from real-time rainfall data measurements, so I don’t understand your point. How would you define, in real time, rainfall thresholds? Alarms using these thresholds must use real-time rainfall data or rainfall prediction, but this is different from defining the thresholds.
l.81-82 : “the transferability … is poor”. You should give more precisions, do you mean that it is difficult to transfer rainfall threshold established for one site, to another site? If yes, give references. 
l.83-100 : Be more precise in this paragraph on the other kinds of debris flow instrumentation methods. 
l.92-95 : It is expected that debris flows have different characteristics and not always the same depth, velocity and peak flow discharge. I think the study of Hürlimann et al. did not show that only.
Study site and field monitoring system
l.145 : “humid climate”, be more specific, what are typical monthly precipitations depending on the time of the year?
l.149-151 : Give references for the occurrence of many debris flows in recent years.
l.161-162: “ a circulation area … to 12°”, what do you mean? What is a circulation area? How does it relate to an angle?
l.175-191: You should be more precise in the description of the instrumentation.
· What is the frequency range (or corner frequencies) of optimal response for the Chengdu Baixinyuan seismometer? 
· I guess the eigen frequencies for the geophone are corner frequencies?
· You speak of infrared cameras but during daytime you don’t use infrared images, do you? You must be clearer on this point. Besides, you must specify that you record still images and not videos at 5-min intervals.
· The technical characteristics of the camera must be more precise, including in particular the angular field of view and the lens.
· Are all data recovered in real time through internet / GSM? 
Methodology
[bookmark: _GoBack]The workflow is not clear in Figure 3. If I understand well, the “absorption attenuation compensation“ (consider changing the name to simply “attenuation compensation”) depends on the frequency, so you need to apply the STFT first. Besides, the PSD is deduced from the time frequency power spectrum, so the correct workflow should be, if I understand well, as in the following graph. The order of subsection in the Methodology section should reflect this ordering. Finally, if I’m correct you do not explain what the “amplitude method” is and what the “simplified signal” is. 
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You should explain, at least briefly, how equation 8 was derived by Lai et al. (2018). I’m surprised that the solid fraction is not taken into account, why is that? The work of Farin et al. 2019 include a dependence to solid fraction, although they reckon it is of second order compared to the influence of velocity and characteristic particle diameter (see their equation 24). In any case, their study could be mentioned, especially as they specifically discuss the possibility to estimate flow velocity from seismic data. See also their figure 7 where they compare their model to the one of Lai et al. (2018) used in your study.
· Farin, M. et al., 2019. A physical model of the high-frequency seismic signal generated by debris flows. Earth Surface Processes and Landforms 44, 2529–2543. doi.org/10.1002/esp.4677
You could also mention and discuss existing work linking seismic PSD to bed load transport in rivers, but maybe that does not apply to debris flows? E.g.:
· Roth, D.L. et al., 2016. Bed load sediment transport inferred from seismic signals near a river. Journal of Geophysical Research: Earth Surface 121, 725–747. doi.org/10.1002/2015JF003782
On another point, despite what you write in Figure 4, the seismic signals you use are not raw. To get velocities, you need to deconvolve the raw electric signal. How did you do it? To do it you certainly had to filter the signal, what frequency band did you use? 
It is not clear to me how you quantify the flow velocity, the flow rate, and the particle content from the pictures taken by the camera. You should explain more clearly.
l.209-210 : Did you implement yourself the STFT or did you use existing implementations, using the Fast Fourier Transform? If you implement it yourself and re-coded the FFT, you should say so and say what FFT algorithm you used. Otherwise, say what programming function / language you used.
l.214-222: Your explanation is misleading. The time delay you compute is not related to the propagation of the signal from a single source, with a given wave velocity. Instead, you consider that the signal recorded at a station corresponds to the passage of a mobile source in front of the station. Thus the time delay computed by cross correlation corresponds to the travel duration of the source between the station, and not the wave travel duration. This should be more explicit.
l.227-229 : Why don’t you also compare it to the velocity derived from the combination of equations 7 and 8? 
l.231-232 : You must explain more clearly what J and R are, explain how you compute them, and illustrate it on a figure (e.g. on current Figure 13 that could be placed in section 3.3).
l.233 : Explain how d50 is chosen. 
l.236-247 : It is not clear in this paragraph how the two expressions of the PSD in eq 7 and 8 will be used and combined to extract information of the debris flow. As I see it, eq 7 allows to compute the PSD, and then eq 8 can be used to invert for the velocity, which is extremely useful in practice for monitoring if you have only one station and cannot measure travel duration between two stations! You must clarify this point. 
l..239: How do you choose in practice fmin and fmax? 
l.243-247: You should explain how the different fixed parameters (L, W, D, vc, r0, xi, Q) are chosen, and specify that f and u are the variable parameters (if I’m correct).
l.252 eq 9: You should explain more clearly how this damping factor is used. What data do you correct and how? The Time-Frequency power spectrum? 
l.258 eq 10: It is not clear how equations 10 and 9 are combined. Do you always use eq10, or do you use it only when “the amplitude at a certain frequency has decayed greater”? I don’t understand what it means, you should be clearer. 
l.259: How is sigma chosen?
Results and analysis
Are you sure your signal is correct up to 50Hz, provided that your sampling frequency is 100Hz, such that 50 Hz is really the upper bound of what you can theoretically investigate. I’m not an expert in seismology, but I’d be confident for frequencies below 40 or even 35 Hz only. Besides, in figures of time-frequency spectra, there seems to be a cutoff at 42-45 Hz: does it correspond to a signal filtering?
l.266-270 You should explain more clearly how you determine de beginning time of the events (it is not self-evident, as we can see an emerging onset in Fig. 4), and the frequency bands. What are the criteria to determine the limits?  
l.285: “a large intensity of precipitation”, in comparison of what is it large? What are typical duration/intensities of precipitations in the area, at his time of the year?
l.286: “the rainfall data coupling … by seismic signals”. I don’t understand this sentence.
l.288 : “hourly rainfall maxima”, what is the period considered to determine the maxima? If this is just the period displayed in Figure 5, you may well have bigger precipitations before… 
l.301-313 : Be more explicit by saying it is complex in practice to take into account the linear distribution of seismic sources. Thus, you only consider the source at the immediate proximity of the sensor (if I understand well). Besides this whole part should be in the Methodology section, not in the Results.
l.306-307 : “River channels are … processing signal”. What do you mean?
l.316-317: “The characteristic change … is more obvious”. This is not clear, what do you mean?  I don’t understand the “similarity” you mention, and what is “more obvious”. 
l.318: “From the perspective of effect”, what do you mean?
l.319: “the compensation effect is relatively good”, what do you mean? How do you define that is “relatively good”? 
Figure 6: Why is there a maximum for the damping factor in Fig 6e and not 6a?
l.347-348: You speak of frequency bandwidth but do not give frequency ranges. To what do the values 8 Hz, 43 Hz and 22 Hz correspond?
l.350 : You mention an amplitude peak at 7:45 but there is another one at 8:20. 
l.359-362: You must quantify more precisely your statements. 
l.362 : what is the “absolute average amplitude”? A graph of the temporal variations of the PSD would help visualize the sharp increase and slow decrease you mention, as well as characterizing the durations of these phases.
l.365 and following : As written previously, it not clear at all to me how you can quantify flow velocity, flow rates and solid content from still pictures. You give only qualitative indications, and thus results remain quite vague. Besides, the pictures in Figure 8 are very small, and I can’t really see a difference between them, even qualitatively. 
l.409-411: Is this passage about the role of the erosion an interpretation of what you see, or do you have data to support this?
l.412 : We cannot see the rock you mention in Figures 8e and 8f, and we cannot say if it was present before or not.
l.418 : As the debris fan is in a river, haven’t the deposits of the debris flow been eroded by the river?
l.422-424 : “the rocks at the bottom … are relatively small”, did you quantify the spatial variation of granulometry, e.g. by exploiting the DSM from the UAV survey? This would be much better than just a qualitative statement. And you provide only two pictures to support your affirmation, including one without scale.
l.429 : Did you carry out only one granulometry analysis? To what extent is it representative of the deposits granulometry, given the spatial variations you mention before? Several sample analyses are usually needed to estimate the variability. Besides, you must have done some sieving before the granulometry analysis, can you give more information on that? Did you record the fraction of materials that was above the maximum particle size displayed in the granulometric curve?
l.436 : The particle size you give is the particle size of your sample, not of the debris flow solid fraction.
l.447 : What frequency bandwidth was used to compute the PSD?
l.447 to 457 : Figure 10 does not illustrate very well what you say in this paragraph, especially the temporal variations you mention. A plot with the temporal variations of the PSD would be more appropriate. 
l.469-470 : I don’t understand how you derive the values 0.5, 0.55 and 0.6 from the 94% quantile 18mm. 
l.471 : How do you choose the velocity values 2, 4 and 6 m/s ? Why don’t you use the granulometry distribution established in Fig 9, the PSD computed from the seismic signal, and eq8, to deduce the velocity?
l.479-484 : I don’t understand how you get to the conclusion that u has a greater influence than D on the estimation of the PSD. In equation 8 they are both at the power of 3, so relative variations of u and D result in similar relative variations of the PSD. 
l.484 : “The influence of … than at the low frequency end”, I don’t understand how you get to this conclusion. 
l.491-498: I think the figures are not appropriate to support your conclusions. In this passage, I don’t understand how Figure 10 is related to what you say. I suggest you modify or add figure such that every statement in the article can be associated to a reference to a Figure, that illustrates clearly your point. 
l.510-512: Following previous comments, I don’t understand how you get to this conclusion. 
l.532-537: as stated above, you mention both frequency intervals and frequency values, such that it is not easy to understand your reasoning.
l.560 and following : How do you define the scale of a debris flow? Is it in terms of velocity? Discharge? Volume? This is not clear, as the result the comparison you carry out remains quite vague, and it is not clear how you get to the conclusion of paragraph 4.3. Besides, I would expect you to estimate the velocity using eq 8, why don’t you do it?
l.580 and following: You could estimate the uncertainty on cross-correlation result analysing the cross-correlation function. E.g., what is the time delays associated to the 10% highest values of the cross-correlation function? You could also compute cross correlations, and thus delays, on moving time windows. You would thus have an estimate of the evolution of the flow velocity. Finally, you compare velocities estimated with cross-correlations and Manning formula, but why don’t you also compare the velocities estimated with eq 8? 
l.595 – 609 : All this should be in the Methodology section, not in the Results section.
l.605 : What is the wet perimeter?
l.611-612 : You have a difference 11,29%, but the difference can come both from errors in the cross-correlation and from the Manning formula. Thus, it is not just an estimation of the error of the cross-correlation.
Discussion
l.622-624: “Due to … relatively large”, I don’t understand this sentence, what do you mean? And how do you get to this conclusion? 
l.629-630: As said above, I would discuss if this frequency range can be related, or not, to the signal filtering that must be done prior to instrumental response deconvolution. 
l.638 – 640: “the debris flow must be … representative analysis point”, I don’t understand this sentence. 
l.660-662: Estimating the uncertainty and reliability of cross-correlation result as suggested before could help explain this high velocity.  
l.686 “the 5 min interval … is fine for determining debris flow movement”, I don’t really agree, because I don’t see how you can quantify the dynamics from one picture. 
Conclusion
You present in the abstract your method as general framework for debris flow monitoring. This is not apparent in the conclusion, where you mainly summarize the characteristics of the studied debris flow. You should highlight how your method can be applied to other sites, and what results are new in comparison to previous studies.
l.705-706: The rapid increase / slow decay of seismic energy is expected, I don’t think this is a major contribution of your work to the debris flow research field.
Figures and Tables
The quality of figures is not very good when they are printed, you should use higher dpi (but this is maybe caused by the exportation to pdf). 
Table 1 : For the seismographs and geophones, you should include the corner frequencies.
Table 2 : Specify that the beginning and end time are determined from the seismic signals of one sensor (which one?), but that it does not necessarily corresponds the beginning and end time of the event (it was initiated above the stations and keeps propagating downstream).
Table 3: Explain in the legend why there are no results for the Manning formula in two cases.
Figure 1 : You should simplify the legend, especially as some labels are repeated (e.g. Granite). Consider adding a topographic map. The insert (a) is small and the satellite imagery is visible behind, you should improve that. Explain in the legend what the yellow lines are.
Figure 2 : I’m not sure a picture of all stations is necessary. You should add a Digital Terrain Model map for the two gullies if you have one. A longitudinal profile could also be helpful. 
Figure 3 : “Infrared imagery”  only during the night!. For “amplitude method” and “simplified signal”, it is not clear what it corresponds to in the methodology presented in the main body of the article. Don’t you estimate the maximum flow velocity from the seismic signal also? Be more specific when you mention “scale of the debris flow”, do you mean discharge? Volume? See also the first specific comment for the Methodology section.
Figure 4 : You should display the alleged start and end time of all three events to improve clarity. In a and c, the high amplitudes exceed the plot limit. Is it only a representation issue, or is the signal saturated? In the legend of (a), you say that there’s only the second debris flow, but aren’t there two?
Figure 5 : You could add the seismic signals in the background, or at least the beginning and end time of all three events. The link with the precipitations would be more apparent. 
Figure 6 and 7: Figure 7 use elements already present in Figure 6. Thus I would only display the damping factor and PSD in Figure 6. The “simplified signal” could also be displayed in Figure 7a and 7b. In the legend of Figure 6d, I think it is station 1, not station 2.
Figure 8: Picture are very small, it is difficult to see the different behaviours of the debris flow at each time.
Figure 9: “viscous particle” is not an appropriate term. In (d), you could add the granulometric ranges associated to gravel, sand, silt and clay.
Figure 10: This plot is not easy to interpret. It must be improved / changed to better illustrate and support the statements made in the main body of the article. L.463 you mention “PSD maximum”, it is not clear what this maximum corresponds to (maximum over what?). 
Figure 12: I think you don’t explain how the amplitude time series are computed, what does it correspond to?
Figure 13: This figure should be in the Methodology section, and should be improved to illustrate how the different parameters of the Manning formula are computed.
Technical correction
l.27 : The most important  an important. 
l.31-32 : debris flow imagery  be more specific, what do you mean by imagery?
l.34 : basic parameters  be more specific, what parameters?
l.39 : Remove “and restore … as far as possible”. You do not recover the unchanged signal because you do not correct for site effect. So I would just say that you correct for attenuation.
l.41 : “test rain”  what do you mean?
l.49 : The cross-correlation is not an algorithm. What do you mean by “verifying Manning’s formula”? 
l.61 : “huge”  “massive”. Quantify your statement in terms of velocity / discharge. 
l.67-68 “with monitoring … at present”. I don’t understand this sentence.
l.75: “on different aspects”, this is vague, be more specific or remove.
l.87 : “evolutionary characteristics”, which ones? 
l.96 : It’s not monitoring and early warning-systems that must identify potential sites. Instead, potential sites must be evaluated for the development of monitoring and early-warning systems 
l.98 “close-range monitoring instruments” : be more precise, which ones?
l.115 : “a new physical debris flow model”, I think “new methodology” or “approach” is more appropriate. A debris flow physical model refers to an experiment at the laboratory scale. 
l.123 “identification”  detection
l.131-134 : Make two sentences to improve clarity.
l.135 : “theoretical basis”. You did not develop a new theory, so this is not appropriate. 
l.144 “steep gradients”  steep slope gradients. 
l.171: “adequate water sources”, what do you mean by adequate?
l.176: Station 2 is below station 1 but using “downstream” makes the reader believe it is at the outlet of the gully. So you should rephrase to avoid misinterpretation.
l.186-187 : the distances from the outlet should be given at the beginning of the paragraph when you locate the stations, it would be more logical. 
l.209 eq1 : Explicit what X and x are. You should use the same conventions than for eq 7 and 4 : t or n for the time, X or S for the Fourier coefficient, omega or f for the angular frequency / signal frequency. You must use a different notation for the window function and the angular frequency, and explicit the notation of the window function
l.210 : “window start time”, what window? You did not define it before. 
l.211 “n is the time series”, this is not clear, the time series is x, not m. n is the central time of the window function, and m the varying time index.
l.212 : “length of 2056”, you should give the corresponding length in seconds. 
l.214-216: “Since the signal propagates to many places”  not clear, reformulate. Or you can simply delete the first sentence and start directly the paragraph with “The croos-correlation…”, and introduce afterwards the definition of Phi with associated notations.
l.216: The cross-correlation is not an algorithm, it’s just a mathematical function.
l.222 eq 4: the equation is not well defined for the last values of t, as t+tau can be superior to M-1 and y is not defined in this case.
l.223: K is not defined. 
l.238 eq 7: You combine the sum notation with the capital sigma, and the integral notation with df. Choose one. 
l.243: Define what the effective length L is.
l.249: “Elastic wave travel through the earth is energy dissipation and velocity dispersion”, this sentence must be clarified.
l.286: “the eruption”  the onset.
l.298-301 : “Plane waves … by debris flow” : Rephrase these two sentences, they are not clear.
l.338 : “reflection”, the term is not appropriate
l.420 and following : instead of talking of “cohesive materials”, you should use the standard classes of granulometry (gravel, sand, silts, clays). 
l.421 : “huge rocks”, they are not that huge.
l.565: “the comparison of the amplitude will be increased”, what do you mean?
l.679 “experientially”  experimentally? 
l.689 “increased”  decreased.
l.721-723: “the second debris flow … Manning formula”, this sentence is not very clear, you should reformulate. 

