We thank the reviewer for his detailed comments. Our answers are written in blue after each comment.

The paper presents a study of river induced mass transports from micro-gravimetry compared to volume changes inferred from photogrammetry. While I cannot assess weaknesses in the geometrical approach, the gravimetry part and its interpretation lacks serious shortcomings.


Gravity changes measured at 3 epochs are presented, consisting of gravity surveys with one relative gravimeter referred to point (AG06) observed with the absolute gravimeter (AG) FG5-224. However, the third epoch in 2017 has no reliable reference as the AG measurement failed. Instead, simply a mean value of three epochs was assumed, which is inadequate for the following reasons: 
a) Figure 5 shows significant annual variations due to changes in the water storage, with a large uncertainty documented by the discrepancy of two selected models. 
Figure 3 documents AG observations in the range of 7 μGal from 2014 to 2016 which serve as a reference, where the first one was acquired in the beginning of the year (∼Feb, not further specified in the paper), while the other two were measured in Nov (presumably in temporal proximity of the relative surveys, which should be documented). 
This issue is described in the text (lines 213-221) along with a description of our assumptions before going on with an AG value in 2017. As we wrote, we could cancel the entire 2017 survey. This would not alter the conclusions of the paper, saying that combining photogrammetry and gravimetry helps quantifying sediment mass transfers. Indeed, the 2015-2016 gravity changes return very good results and they do not depend in any way to the 2017’s AG. 
Nevertheless, we took the chance to interpret the 2016-2017 surveys under simple but clearly stated assumptions. We agree that the AG value proposed for 2017 is a matter of discussion, since there is rigorously no way to know it. Thus, making a simple guess based on the mean of the previous values is appropriate. Also, looking backward, a posteriori results show a good consistency with this absolute value. We agree that hydrology has a significant effect on the measured value but we propose a way to deal with this effect (lines 265-279). This correction is also applied to the fictive 2017 AG value.
We add the exact timing the caption of Figure 3 and write that absolute and relative measurements were done at the same time (line 188).

b) As shown with Figure 5 a significant gravity decrease has to be considered from November to March. Although a "strong annual periodicity in this area" (L114) was stated by the authors, this variability was not taken into account when approximating the missing absolute gravity reference value for 2017. 

The strong annual periodicity means that the largest amplitude should occur for gravity values measured at a 6-months interval, specifically between summer (wet season) and winter (dry season) for the Taiwan region. Thus, when making 
measurements at a 12-months interval, this strong variability must theoretically not be taken into account. Nevertheless, as shown in Figure 5, the hydrological effect is seasonal but not rigorously sinusoidal. Some variability is expected and that is why we also correct the fictive 2017 AG value from hydrological effects. By doing the surveys in November (dry season), we expect this variability to be minimal.

c) With Figure 4 a clear vertical uplift of ∼25 mm is documented for AG06 for the period 2015-2017 which corresponds to a gravity change of -5(!) μGal, assuming the ratio of -2 μGal/cm used by the authors (L153). The other AG surveys at AG06 since 2006 (L88) are neither documented nor used in this study, although a significant contribution must be expected for the extrapolation of the missing 2017 value. The assumption of the 2017 reference value seems therefore highly questionable. 
Concerning the vertical displacement, since we only compare gravity values in 2015, 2016 and 2017, it is enough to work with a GNSS time series starting in 2015. Previous uplift will not have any influence on the corrections of gravity values. 
About using a longer AG time series, we agree that we could theoretically use the whole time series since 2006 to better extrapolate the 2017 value. But we didn’t because Morakot typhoon in 2009 and its subsequent massive landslides reset the whole area. The gravity offset between Nov. 2008 and Nov. 2009, i.e. before and after Morakot, is about 30 microgal and is due to large sediment redistribution in this area (Mouyen et al. 2013). Sediment redistribution due to Morakot was such an exceptional event, with a significant impact on gravity, that it must not be included in the extrapolation of the 2017 gravity value, neither from mean nor from trend. The measures from 2009-2010 were not used either because too much reconstruction work was ongoing at that time, taking out debris from the river, thus interfering with natural sediment redistribution. We update the manuscript (lines 221-227) to include this point and remove ambiguities on the use of older gravity data. 

· Mouyen, M., Masson, F., Hwang, C., Cheng, C.-C., Le Moigne, N., Lee, C. W., … Hsieh, W.-C. (2013). Erosion effects assessed by repeated gravity measurements in southern Taiwan. Geophysical Journal International, 192(1), 113–136. https://doi.org/10.1093/gji/ggs019

Furthermore, no uncertainty estimate is provided, and the uncertainty estimates for the individual FG5 observations in Fig. 3 doesn’t seem to include systematic effects. 
We disagree with this comment. The uncertainties of the FG5 observations are plotted in Figure 3 and taken into account together with the uncertainties listed in Table 1 and described in the text (lines 230-286) when computing all gravity changes for each survey. We add that the uncertainties shown in Figure 3 includes the measurement uncertainty (the drop-to-drop statistical dispersion) of the measurements.

Although a vertical uplift is documented for point AG06, no monitoring of the field points BA01-09 is performed, e.g. by spirit leveling. Therefore, it is impossible to discriminate between the effects of a possible vertical uplift (as for point AG06) and the impact of (local) mass changes.
The continuous GNSS station PAOL is located between 300 and 500 m from the RG sites. The uplift measured at PAOL is due to regional tectonics, mostly governed by mountain building processes (Ching et al. 2011). Given the spatial wavelength of regional tectonics and since no active fault has been evidenced between PAOL and the RG sites, we can assume that both the AG and the RG sites experience the same uplift rate as recorded at PAOL. We updated lines 259-263.
· Ching, K.-E. E., Hsieh, M.-L. L., Johnson, K. M., Chen, K.-H. H., Rau, R.-J. J., & Yang, M. (2011). Modern vertical deformation rates and mountain building in Taiwan from precise leveling and continuous GPS observations, 2000-2008. J. Geophys. Res., 116(B8), B08406. https://doi.org/10.1029/2011JB008242 


The relative gravity measurements were performed with only one relative gravimeter. For surveys in the microgal level, the control of the instrument is essential, both for the instrumental drift as well as for eventual steps due to transportation and handling and is usually realized by parallel observation with a second gravimeter. 
We disagree with this comment as the use of “only one” relative gravimeter cannot be an argument to claim that resulting data are of poor quality. Actual fieldwork studies are done with a combination of one absolute and one relative gravimeter (Budetta et al. 1997; Carbone et al. 2003; Jacob et al., JGR 2010; Mouyen et al., GJI 2013; Pfeffer et al., WRR 2013), as we did. Measurements and processing were done applying all necessary steps (stabilization of the readings, re-measure of several sites, drift estimation, correction), all being described in lines 190-207 and comparable to those described in the studies cited above. Besides it is not usual to carry fieldwork measurements with two CG5, or any two relative gravimeters (Battaglia et al. 2008). Studies with two such devices are mostly meteorological works in controlled laboratory conditions (Jousset et al. 1995), and they are seldom. 

· Battaglia, M., Gottsmann, J., Carbone, D., & Fernández, J. (2008). 4D volcano gravimetry. Geophysics, 73(06), WA3--WA18.
· Budetta, G., & Carbone, D. (1997). Potential application of the Scintrex CG-3M gravimeter for monitoring volcanic activity: results of field trials on Mt. Etna, Sicily. Journal of Volcanology and Geothermal Research, 76(3–4), 199–214. https://doi.org/10.1016/S0377-0273(96)00080-7
· Carbone, D. (2003). Bulk processes prior to the 2001 Mount Etna eruption, highlighted through microgravity studies. Journal of Geophysical Research, 108(B12). https://doi.org/10.1029/2003jb002542
· Jacob, T., Bayer, R., Chery, J., & Le Moigne, N. (2010). Time-lapse microgravity surveys reveal water storage heterogeneity of a karst aquifer. Journal of Geophysical Research, 115(B6), B06402. https://doi.org/10.1029/2009JB006616
· Jousset, P., Van Ruymbeke, M., Bonvalot, S., & Diament, M. (1995). Performance of two Scintrex CG3M instruments at the fourth International Comparison of Absolute Gravimeters. Metrologia, 32(3), 231–244. ttps://doi.org/10.1088/0026-1394/32/3/012
· Mouyen, M., Masson, F., Hwang, C., Cheng, C.-C., Le Moigne, N., Lee, C. W., … Hsieh, W.-C. (2013). Erosion effects assessed by repeated gravity measurements in southern Taiwan. Geophysical Journal International, 192(1), 113–136. https://doi.org/10.1093/gji/ggs019
· Pfeffer, J., Champollion, C., Favreau, G., Cappelaere, B., Hinderer, J., Boucher, M., … Robert, O. (2013). Evaluating surface and subsurface water storage variations at small time and space scales from relative gravity measurements in semiarid Niger. Water Resources Research, 49(6). https://doi.org/10.1002/wrcr.20235

The measurement scheme is not documented, only the reference to AG06 is mentioned. Textbooks on gravimetry document several schemes to control relative surveys which were not applied nor mentioned in the paper. 
We now provide details about the relative gravity survey and processing in a new Appendix A. The only mandatory procedure is to repeat measurements at least at a base site (Reynolds, 2011), often being the site where AG is done for hybrid (AG+RG) microgravity surveys. We did it and also repeated measurements at several RG sites (lines 204-207). 

· Reynolds, J. M. (2011). An introduction to applied and environmental geophysics. Wiley-Blackwell.

It is not true, that "Inferring this drift requires to regularly re-measure a base station where absolute gravity is known (AG06 in this case)" (L123). Drift and eventual steps can be analyzed and separated without any knowledge of the absolute gravity value, assumed a proper measurement scheme was chosen. 
That is right. We remove “where absolute gravity is known”.

Further, a strict temporal regime is necessary to obtain reliable and reproducible measurements in the microgal range, which cannot be achieved by just observing the scatter of the readings. A variability of the observation time between 15 to 23 minutes (L121) will most likely include a change of the instrumental drift during movement and during rest, which degrades the obtained values systematically. 
There is a misunderstanding here. We repeat measurements at each site until the gravity readings repeat within 3 microGal (line 193). That is our way to get reliable and reproducible results. We do not use the entire series of value measured over the 15-23 min but only the latter stable measurements. The drift is not computed over the 15-23 min but over the whole survey, merging all data from the repeated sites. This drift inversion is a standard procedure explained in Hwang et al (2002), cited on line 203. We rephrase this section (lines 204-207) to remove ambiguities on the drift adjustment.

Finally, the corrections due to ambient temperature variations are rather unusual and should be referred specifically to CG5#167, as documented in Fores et al. (2016).
The correction might be unusual, yet it is not an argument to dismiss it. The effect of temperature variations on gravity readings was already observed by several operators, including ourselves, yet informally. The Fores et al. (2017) is a dedicated meteorological study on this effect and it has been done with two CG5 (#167 and #1151). Besides, we also used CG5#167 (line 614). We believe it is relevant to update processing workflow according to recent metrological studies.

The computation of the gravitational mass effects is not clear. While Figure 1 is showing a point mass approach, which is inadequate for the problem, later (L238) the prism approach of Nagy is mentioned. It should be clearly documented, which method the study is following.
This was indeed confusing. On one hand, we write on line 362: “rectangular prisms methods (Nagy, 1966)”. On the other hand, the point-mass approach is mentioned in the introduction (line 100), together with the new Figure 2 and equation 1. The aim of Figure 2 (ex Figure 1)/ Eq. 1 is to introduce time-variable gravimetry and its parameters in an easily understandable way to readers not familiar with this technique. We rewrite this paragraph more clearly and introduce the prism method as well already here to remove confusion (lines 100-126).

Although rectangular prisms are still widely used it should be checked whether more efficient and innovative methods, e.g. based on polyhedra, could be applied, see e.g. Petrovic(1996) or Tsoulis (2012) and references therein.
Indeed, other methods exist but the reason why we use rectangular prism for modelling gravity is that we constrain the gravity inversion by the changes of the ground surface, measured by photogrammetry. The photogrammetry data are provided as pixel maps, with a regular grid spacing of 50 cm (line 303). The best way to model gravity from the photogrammetry data is thus to use rectangular prisms, because such prisms can be set to fit exactly each pixel of the photogrammetry data. Arbitrarily shaped polyhedral modelling (Petrovic, 1996; Tsoulis, 2012) is indeed able to cope why irregular geometries but in our case, the best polyhedrons are rectangular prisms. As noted, prisms method remains a standard for dealing with gravity effects from surface topography (Torge & Müller, 2012, p.262).

· Torge, W., & Müller, J. (2012). Geodesy. Berlin, Boston: DE GRUYTER. https://doi.org/10.1515/9783110250008

The estimate of a density distribution lacks serious shortcomings. First, gravitational effects due to the landslide cannot be separated from changes in the sedimentation in the river bed. It is very likely that the documented gravity change between epochs 2015 and 2016 is caused mainly by the landslide, not by mass changes in the river bed. This is supported by the volume changes inferred from the photogrammetric approach. Therefore the estimate of a density distribution(!) by a least squares approach (which is basic and doesn’t need to be documented in a schematic way used for matrix computation) is highly unreliable. 
We disagree with this comment. Indeed, it is possible to separate the density of landslide from the density of the river materials, because this a joint gravity-photogrammetry inversion, not just a gravity inversion. This is the interest of combining the gravity measurements with the photogrammetry measurement, as well as the main novelty of this study. The inversion scheme is basic indeed but the design matrix A is not, because it is constructed thanks to the knowledge of the volume changes measured by photogrammetry (to our knowledge, no such joint photogrammetry-gravimetry survey has been done before). The problem can be solved for up to three different densities, which is nowhere referred to as a “density distribution” in the paper. These three densities (case 3, line 342 together with eq. 4) are the: 
1. density of the landslide’s materials
2. density of the sediments redistributed in the river between 2015 and 2016
3. density of the sediments redistributed in the river between 2016 and 2017
It is misleading to make an intuitive link (“very likely that the documented gravity change between epochs 2015 and 2016 is caused mainly by the landslide”) between the mass of sediment redistributed by the landslide and the gravity changes. Indeed, the distance between the redistributed mass and the gravity sites, which is to the power 2 (Eq. 1 line 102), will contribute significantly to the final gravity changes, yet our gravity sites are located next to the river and further from the landslide. We added also two subpanels in Figure 2 to emphasize the effect of the mass position on the gravity value.

Observation equations and correct uncertainty estimates are missing. Only the error of the a posteriori unit weight is given instead of the covariances of the estimated parameters (and their significance!). The ill-posed problem of the inversion of gravity changes with respect to mass variations is not sufficiently well addressed, see e.g. Prutkin and Casten (2009) and references therein.
Indeed, we used the a posteriori uncertainty of unit weight instead of the covariance matrix. We correct this error (lines 367-371, Table 3 and at any place where such values are mentioned). 
The observation equation is given in eq. 2 (line 348). The uncertainties were detailed in lines 230-287 and Table 1 summarizes the uncertainties associated with each correction we applied on the data. 
We understand the work of Prutkin and Casten (2009), indeed the ill-problem appears during the downward continuation step, since the potential field below the surface can’t be constrained other than by surface gravity measurements. Yet we are not at all in this situation: we are interpreting gravity changes due to mass redistribution at the surface. Here we use photogrammetry data to constrain the geometry of the surface and fix the ill-posed problem. The paper cannot be fully understood by only focusing on the gravimetry.

The explanation of gravity changes due to vertical displacements (L150) is unacceptable. Not the distance to the "Earth’s center of mass" is relevant, but the complex relation between the position of the sensor relative to the surrounding masses and their (re-)distribution.
Our explanation matches the standard understanding of the ground vertical displacement effect on the gravity changes (Van Camp et al, 2017). Free air effect is defined as an effect of the change of the distance to the Earth's center of mass and is the most significant contribution to the effect of vertical displacement on gravity. The “complex relation” with the surroundings is the plateau effect. We do not reinvestigate this topic here and rather use a widely accepted value of -2 microgal/cm (line 259), as in others studies (De Linage et al., 2007; Mouyen et al., 2013; Van Camp et al., 2011).

· de Linage, C., Hinderer, J., & Rogister, Y. (2007). A search for the ratio between gravity variation and vertical displacement due to a surface load. Geophysical Journal International, 171(3), 986–994. https://doi.org/10.1111/j.1365-246X.2007.03613.x
· Mouyen, M., Masson, F., Hwang, C., Cheng, C.-C., Le Moigne, N., Lee, C. W., … Hsieh, W.-C. (2013). Erosion effects assessed by repeated gravity measurements in southern Taiwan. Geophysical Journal International, 192(1), 113–136. https://doi.org/10.1093/gji/ggs019
· Van Camp, M., de Viron, O., Scherneck, H.-G. G., Hinzen, K.-G. G., Williams, S. D. P., Lecocq, T., … Camelbeeck, T. (2011). Repeated absolute gravity measurements for monitoring slow intraplate vertical deformation in western Europe. Journal of Geophysical Research, 116(B8), B08402. https://doi.org/10.1029/2010JB008174
· Van Camp, M., de Viron, O., Watlet, A., Meurers, B., Francis, O., & Caudron, C. (2017). Geophysics From Terrestrial Time-Variable Gravity Measurements. Reviews of Geophysics, 55(4), 938–992. https://doi.org/10.1002/2017RG000566

Finally, the gravitational effect of the dolosses placed near to gravity site BA02 is unclear. Since the close proximity to the measurement point just a volume estimate as documented in Appendix A which is insufficient. Instead, an integration over the volume of these disturbing mass elements is necessary.
The integration over the volume is done thanks to the photogrammetry data and 3D-gravity modelling (Appendix B). We now emphasize this point more clearly in the text as well (lines 284-286).

[bookmark: _GoBack]In conclusion, the results of the gravimetric part of the study are neither based on a solid observational basis nor are they interpreted in a proper way. Therefore I cannot recommend the contribution in its present form for publication.
We hope that we have clarified the manuscript and answered the issues raised by the reviewer when appropriate.
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