Review of “Quantifying sediment mass redistribution from joint time‐lapse gravimetry and photogrammetry surveys, by Mouyen et al.

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

This paper describes a field effort to quantify sediment mass redistribution over three years at a study area in Taiwan. The study integrates, for the first time that I am aware, repeat microgravity and photogrammetry measurements. The paper is well written and needs minimal editing. The study has some limitations, most of which are noted.

The figures are well prepared and appropriate to the manuscript. There are a large number of them, perhaps some could be combined. For example, the gravity time series is shown in 3 different figures and a plan‐view map is in 4 figures.
We combine Figures 7 and 8. We think more combinations may make the figure too complicated by stacking too much information.

Major comments:
1) The paper would be improved by considering the problem in a more general sense, in particular, the relation between mass change and the region of sensitivity of the gravimeter. For example, its not clear to me how mass redistribution on the hill slope affects the gravity change; mass moving down the slope, towards the gravity transect, would seem to cause a net decrease in gravity (i.e., the force of the mass is greater, because its closer to the gravimeter, but it’s a negative change in gravity because mass is above the transect). Presumably this is handled implicitly in the least‐squares solution but a more general discussion is warranted. Nowhere in the paper is the difference between mass change above and below the meter discussed.
Yes. We now elaborate on that point in lines 100-126 together with two new subpanels (e) and (f) in new figure 2 (ex-figure 1 in the manuscript you reviewed). The new subpanels clarify the influence of both the angle and distance from the gravimeter. We also compute a synthetic gravity effect using the actual topography of the studied area, to give a better understanding on how each mass (each pixel of the DEM) influence the gravity at one of the RG site.

2) I disagree with the reliance on improved, future gravimeters to justify the work. For one, they are far from a successful field demonstration, much less buried underneath a stream channel. Constraining instrument drift in that environment would seem impossible. Second, the FG‐5 absolute‐gravity meter (and even the A‐10) provides accuracy quite sufficient for this type of study, given the uncertainty in the other parameters. I think it would be more effective to investigate further what could be learn using a dense network of gravity stations, and/or using a network of combined relative/absolute measurements to reduce uncertainty (gravity‐change uncertainty of 3‐4 uGal should be possible).
About the new gravimeters: Recent literature in high-impact journals shows that gravimetry is undergoing significant progress through the development of a variety of new devices using leading edge technologies. We believe it is appropriate to trust such messages by forecasting potential applications and making some quantitative assessment, even if, indeed, not all prototypes are perfect yet. However, that is not the main purpose of the paper, rather a perspective that we confine to the discussion. The main purpose is a quantitative estimation of sediment mass redistribution, which is still a challenging task.

About the network densification: Yes, having a denser network of gravity stations will be useful, but only if we can make measurements in the active bed channel of the river. Adding more stations along the river or more inland will not bring better constraints, because they remain too far from where mass redistribution actually occurs. But measuring gravity in the active bed channel, using CG5/FG5/A10, requires long lasting sites at the surface of this channel, which is impossible due to the dynamic of the sediment of the channel. That is why we investigate the effect of a buried gravity network, in the active bed channel. MEMS gravimeters are the only rational option in this case even though, we agree, they are still under development. This is discussed in section 6.3 and 6.4.
 
3) The introduction provides a broad overview of erosion and surface processes, but nothing on why measurements of sediment mass are important, rather than just sediment volume. Is sediment mass (or mass flux) an important parameter in landslide or sediment transport models? 
Yes, we now elaborate on this in lines 50-62 by pointing out the extensive use of sediment mass rather than volumes both in models and field observations.

Given that sediment density is readily measured from soil samples, volume is accurately measured from photogrammetry, and the density estimate from gravity is relatively uncertain, what is the big advantage of gravity measurements? (for one, they can be used where site access is prohibited or dangerous, e.g. volcanos)
The advantage is that gravimetry measures a mass. Photogrammetry is purely geometric and sediment density sampling is extremely local. Here, we did the density measurements just for comparison. Joint photogrammetry-gravimetry survey should in fact provide a better average density, because the gravity signal integrates mass contribution over the entire survey. Density samples are local measurements over a heterogeneous body of material, they cannot sense the average density as well as gravimetry. The point of using gravimetry/photogrammetry is to not have to measure the density of soil samples. Such samples are likely to bias mass estimates because they are local and not necessarily representative of the heterogeneity of the area. On the other hand, the mass effect measured by gravity already averages this heterogeneity density and thus, is more reliable. We modify lines 61-62 and lines 387-390 to better clarify this point.

4) Relying only on global hydrology models is a major shortcoming. The river level varied by over 1m between surveys, indicating groundwater‐level changes were also large. The gravity effect of this local change is likely as large or larger than the global changes, but is ignored completely. There is likely large storage changes in the unsaturated zone, and possibly a variable rain‐shadow effect at each station (i.e., the gravitational effect of soil‐moisture change is different at each station, even if the soil moisture change is the same).
We agree that global hydrological models are not perfect, but we could not make a dedicated hydrological model for this area by (trying to) reconcile the rainfall measurement and the river water level. As a matter of fact, the river water as no data in 2017 and is indeed about 1 m higher in 2016 than in 2015. The MERRA2 model, which has improved at estimating water storage changes estimated from space gravity measurements (Reichle et al. 2017), also shows an increase of +3 microGal from 11/2015 to 11/2016 (Figure 5). Stating that +1 m of river level corresponds to +1m of groundwater table rise and assuming that the porosity of the ground is 10%, then, 1m of groundwater table correspond to a layer of 10 cm water. That is equivalent to +4 microGal under a Bouguer plate approximation, which is acceptable compared to MERRA2’s +3 microGal. Indeed, it is better to have a local hydrogravity model for such corrections, but this requires continuous gravity measurements for at least a few years, ideally with groundwater level monitoring (e.g. Mouyen et al. 2016). We cannot do that here. Relying on global models is also the reason why we add large uncertainties on this hydrological correction.
· Mouyen, M., Chao, B. F., Hwang, C., & Hsieh, W.-C. (2016). Gravity monitoring of Tatun Volcanic Group activities and inference for underground fluid circulations. Journal of Volcanology and Geothermal Research, 328, 45–58. https://doi.org/10.1016/j.jvolgeores.2016.10.001
· Reichle, R. H., Draper, C. S., Liu, Q., Girotto, M., Mahanama, S. P. P., Koster, R. D., & De Lannoy, G. J. M. (2017). Assessment of MERRA-2 land surface hydrology estimates. Journal of Climate, 30(8), 2937–2960. https://doi.org/10.1175/JCLI-D-16-0720.1

5) Data are available by contacting the author. I believe this is against the spirit, if not the letter, of the journal: “Copernicus Publications requests depositing data...in reliable (public) data repositories...” I would strongly prefer the data were made available online. Certain aspects ofthe manuscript, such as measurement uncertainty, were difficult to evaluate without access to the data. If some data are published by others (e.g., stage and sediment data provided by the Taiwan Water Resources Agency) you should provide as precise a reference/URL as possible. I looked on the WRA website but found no data for the Laonong River. 
Yes, we now provide all data in a public archive file (Data availability section). Indeed, the links to the webpage of WRA was missing, we add it in the references and in the data archive. Here is one link for 2015. All reports (pdf) are at http://gweb.wra.gov.tw/wrhygis/

[bookmark: _GoBack]Minor comments:
The review copy lacked spacing or indentation between paragraphs, making reading difficult.
We improve spacing. 

51: This line (“The surveys were done...”) seems out of place. Perhaps split off the description of the study area/data from the paragraph about surface processes.
Yes, we rearranged.

Intro: Suggest discussing the 1‐d simplification often used in hydrology and why it can’t be used for 3‐d surface processes.
Yes, we now discuss this on lines 91-97.

68: Are you using the point mass approximation for all of the forward gravity modeling? Are you sure that’s appropriate for the nearby prisms (please state that, if so). Consider using the Leiriao (2009) approach that uses the prism/McMillan/point mass formulas, depending on distance.
No we don’t use point mass approximation for all of the forward gravity modeling. Lines 99-126 aimed to introduce the concept of gravimetry in its simplest form (point mass) just to stress the importance of the mass, distance and angle between the measurement site and the mass. The computations are done by rectangular prisms method (line 361). We rewrite this paragraph more clearly and introduce the prism method as well already here to remove confusion (lines 100-126). Several methods exist to model gravity but rectangular prism is the most appropriate in our case, because the gravity effect is modelled from surface changes measured by photogrammetry and returned as regular grids of elevation.

70‐75: Suggest discussing the importance of the horizontal angle, and the relative effect of mass change above and below the gravimeter.
Yes, this is now done both in lines 100-126 and in the new panels of new Figure 2. 

74‐76: These lines seem out of place. Move to the conclusion?
Indeed. We don’t move it to the conclusion but we rephrase it earlier in the introduction, lines 82-85.

84: The exact location…
Ok.

84: How long were the GPS occupations, and what is their estimated precision? RTK  indicates they may have been as short as a few seconds. In that case I would expect the vertical precision to be on the same order as the indicated vertical movement. I.e., you may be adding noise to the data rather than correcting for elevation change. 
The GPS-RTK occupations last for 30 minutes and returns standard deviations ranging from 3 to 7 mm. They are only used to get an exact horizontal location of each site. This allows to locate each site relative to the photogrammetry data, all referenced in the coordinate reference system TWD97, using the Taiwan Datun 1997. Then the vertical position is taken from the photogrammetry data. But the vertical displacement at each site is assumed to be identical to that measured at the permanent GPS site (PAOL). The rapid uplift at PAOL is due to active tectonic processes at work in Taiwan. There is no evidence for active faults across the gravity network, so the entire area can be assumed to experience the same uplift rate. We clarify lines 259-263.
4 cm of motion over a year is a lot in this environment – is there an indication why there is so much movement?
(Please note that Figure 4 shows almost 4 cm uplift over three years, not one). 
Indeed it is quite a high rate (more than 1 cm/an) and it is due to the large tectonic uplift at work in Taiwan (eg Ching et al., 2011). We add this information in section 2, lines 259-263.

· Ching, K.‐E., M.‐L. Hsieh, K. M. Johnson, K.‐H. Chen, R.‐J. Rau, and M. Yang (2011), Modern vertical deformation rates and mountain building in Taiwan from precise leveling and continuous GPS observations, 2000–2008, J. Geophys. Res., 116, B08406, doi:10.1029/2011JB008242.

87: “are not plain” is unclear. Do you mean they are not present? 
The meaning is that they are not one solid/closed block, so we can crawl inside (see Figure B1a). We simplify the sentence to: “This dolosse storage also covered BA03 and BA04 but those two sites could still be measured” (line 137-138)
Change “will be” to “was”.
Ok.

88: If measurements began in 2006, are there several more data points that could be shown on fig. 3? 
There are more measurement indeed but Morakot typhoon in 2009 and its subsequent massive landslides somehow reset the whole area. The gravity offset before/after Morakot is about 30 microgal, thus the continuation from data before 2009 to present is irrelevant. 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. The point of referring to the “history” of AG06 study is that thanks to it, we know that sediment redistribution can be well observed at this location using gravimetry.

Along with major comment 1, consider revising the methods section to present more prominently the “big picture”: a least‐squares inversion to determine sediment density. As written, you jump directly into the details of the gravity surveys. It might just require a short introductory paragraph in Methods. 
Ok. We have added an introductory paragraph on lines 179-183.

Also, you could move the Study Area information after Methods – what’s important is the development and demonstration of the method, not the details of a particular study area.
We prefer our original plan because it is easier to describe the method when the basic features of the site have been introduced. Also we want to keep the continuity Method -> Results -> Interpretation.

122: Was the drift correction first‐order linear? I would be interested in the statistics of the adjustment. Measurement uncertainty (i.e., a posteriori standard deviation from the network adjustment, which accounts for the measurement uncertainty at each station) doesn’t appear to be included in Table 1? 
Yes it is linear. We add a new Appendix A with details on the gravity survey processing. Table 1 summarizes all corrections without the drift, because the drift estimation is altered by the tides, polar motion and air pressure corrections, hence by their uncertainty. Indeed, these corrections are applied before the adjustment. We add the measurements uncertainties in a new Table 2.

Typically earth tide and ocean load, possible atmospheric pressure, corrections would be applied to the relative gravity measurements prior to the network adjustment, and therefore their uncertainty would be included in the a posteriori standard deviation. Other corrections (ground motion, hydrology) would be applied after the network adjustment.
Yes, we add a column in table 1 that specifies when is each correction applied, before or after the adjustment. We also update the text at lines 250-253.

175: What’s the estimated vertical accuracy of the photogrammetry? Fig. 8 suggests it might be pretty low; there are a lot of orange and blue pixels (+/‐ 5 m) outside of the landslide area in areas that presumably had little elevation change. Does uncertainty in the  photogrammetry influence the density determination?
Outside of the landslide area, the terrain is covered with tropical vegetation. The surface of the vegetation is no well handled by photogrammetry. This area is also inaccessible, it does not contain ground checkpoints or some ground structures (buildings, roads, bridge). This adds uncertainty to the photogrammetry data in this area. But for the riverbed and the landslide areas (no vegetation, stable structures and control points), the uncertainty is small (2-5 cm). Shifting the height of the rectangular prisms by +/- 5 cm has less than 1 microGal effect.

225: Given that you go into a lot of detail on least squares, it may be nice to mention in the A matrix that each row represents an observation and each column a density to solve for. 
In fact, there is nothing to solve in the design matrix A, all its elements are known and they are neither direct observations nor densities. Matrix A links observation (L) and unknown densities (X). It could be built only thanks to the photogrammetry data and the expected gravity computed from it for a random density (set to 1), which the least-square inversion will adjust.  

The A and X matrices seem incomplete: the two elements in the bottom right of A should be in a 4 th column, and ρ l in X should have two parts, ρ 1615 and ρ 1716 (?)
No because we invert a constant density of the landslide from 2015 to 2017. Indeed, the mountain remain made of similar material. On the other hand, the sediment in the river may not, because they are material taken from different location in the mountain range.

233: The text and figures indicate the gravity station is AG06 and the GPS station is PAOL. Suggest using “AG06” in the equations. Or better, rename it BA10 – the method of measurement isn’t important to the interpretation.
Right, we correct, all PAOL shall be AG06 in this case. We only use PAOL when we specifically refer to the GNSS station. We prefer to keep AG06 as it is the “official name” of the site, as labelled on the site itself.

254: Delete ’s from 2017’s
Ok.

254: Care to comment on the effort required to take density samples vs. gravity surveys? Do they provide the same information? How does their uncertainty compare?
Yes it took more effort. It is the same physical parameter, a total mass per unit of volume, water included. However, the sampling is local, while gravity, hence the density inverted from it, is integrative/averaged over the studied area. We add this in the text, lines 387-390. We did not assess the uncertainty.

257: Since “the density sample illustrate the variety of materials carried by the river and the landslide,” implying you took samples in both areas, why don’t you present the results for each area, instead of just the average?
We are not sure to understand this comment. Figure 8 (ex-Figure 9) does show the results of the density sampling in each area. But for the result of the gravity inversion, we use an average density because that is what the gravity measurements assesses. It is impossible to invert a high-resolution distributed density from the gravity measurements, since it is a too unconstrained system to solve. Even if gravity was measured at the place where the density sampling is done, the gravity signal would still be influenced by all densities around. Thus we at most define 2 areas, one of which being assessed twice, between 2015 and 2016 and between 2016 and 2017.

261: A wrong site location? How could that happen? Surely there are other explanations beyond just bad data: heterogeneous sediment density, underwater topographic change near these stations…
This is only a possible explanation, photogrammetry and site location were not originally done in the same reference frame, so one has to convert the site location to the photogrammetry reference frame. Also, gravity being an integrative measurement, local sediment heterogeneity will be smoothed by other densities. Water/underwater is a good candidate indeed, we rephrase accordingly, lines 398-399.

263: Suggest deleting: “...showing the interest...of the redistributed materials” – doesn’t say much.
Ok.

269: delete “three” 
Ok.
The large amount of overlap on the error bars on the densities shown in figure 2 would suggest the method can’t really differentiate between river and landslide density. Also, 1.6 is very very low density and doesn’t seem justified given the data in fig. 9.
Yes, we have discussed this a few lines above in the manuscript (lines. 387-390). Density 1.6 is quite low indeed but it could be because the river (density 1) was closer to the gravity sites in 2016, hence lowering the average density of the river sediments. We discuss this issue in section 6.2.

285: Is there any literature that discusses how landslide deposits change density as the landslide evolves? Is it reasonable to expect density increases in the downslope direction?
In earlier computations, we have tested to invert variable landslide densities but it returned inconsistent results (large uncertainties, negative densities). The main reason is that, as we wrote on lines. 382-384, the landslide is further from the gravity sites than the river, thus has a lower effect on the gravity changes. This appears already in inversion cases 2 and 3, where the overall landslide density has large uncertainties. About the density changes in the landslide, we could not find any literature on the subject. Nevertheless, if a density distinction should be done, we believe it would be better to separate the density of the removed materials (which are consolidated mountain material, high density) from the density of the stacked landslide material, which are piled up in coarse order and granulometry, surely leaving a lot of empty spaces between them (low density).

6.2: This analysis, to account for the effect of water in the river, seems like it should have been part of the data processing, as its removing a part of the gravity signal that you’re not interested in. I don’t understand why you would just assume the meter is 1‐m deep at every location. Since you know the river stage during each survey (fig. 13), and its lowest in 2015, shouldn’t you use the actual change in stage between each survey (a little over 1 m from 2015 to 2016, and 0.3 m from 2016 to 2017)? If cells were dry in 2015 and wet in 2016 you could estimate the elevation of the cell bottom (i.e., the land surface) from the photogrammetry. Assuming for the minute this analysis is correct, the corrected sediment density is 1.7 – this doesn’t agree too well with your sediment samples?
We change lines 472-473. We make the distinction between wet sediment and pure water. See figure R1, the volume of water in the river cannot be estimated because the photogrammetry cannot see the bottom below the river while both the river and sediment distribution are changing in time. 

[image: ]
Figure R1: Cross section in the river bed at two different times, it is not possible to recover the bottom of the river, hence our 1-m assumption.

Therefore, there is no reference level for the river (water only) object hence no clear possibility to make a distinction between the materials “sediment” and “water”.
In fact, as we wrote in a reply above, it is not an issue that the density of the sediment samples does not agree with the estimated density. We now explain on lines 387-390 that the average density of the in situ samplings does not have to be close to the estimated densities, because we cannot sample the entire area, yet this area is made of heterogeneous material. The density estimated from gravity-photogrammetry inversion is in fact the best average density.

318: Delete “Eventually” 
Ok.

328/332: use either density inversion or density‐location inversion.
Ok, changed to density inversion.

342: You acknowledge that you would have better data with a more extensive gravity network, which is good, but you would still need some constraints on geometry to identify mass redistribution. Gravity change alone is insufficient.
Yes, we did not forget the need for geometrical constraints (lines 510). With a dense gravity network, we could restrict the geometry to the river only (it’s contour). The inversion procedure proposed by Camacho et al., 2011 can recover the density distribution in the (inaccessible) subsurface, hence without knowledge of the geometrical distribution of the masses. We agree that several geometries/densities may fit, not a unique one. But this could be assessed by interpretation and discussion.
· Camacho, A. G., Fernández, J., & Gottsmann, J. (2011). The 3-D gravity inversion package GROWTH2.0 and its application to Tenerife Island, Spain. Computers & Geosciences, 37(4), 621–633. https://doi.org/10.1016/j.cageo.2010.12.003

346: I don’t think there’s any advantage to a permanent quantum gravimeter vs. a permanent FG‐5. 
Permanent FG-5 is not possible. The “most continuous” FG-5 series are done at few days to month frequency (Jacob et al. 2010) and require a nearly constant control from operator and not for longer than one year. Decadal FG-5 series exist but measurements are usually done once a year (Olsson et al. 2019), which is not our interest in the discussion. Hence the interest in absolute quantum gravimeter (AQG), which is rigorously absolute and continuous, and does not require as much operating effort as a FG-5.

· Jacob, T., Bayer, R., Chery, J., Jourde, H., Le Moigne, N., Boy, J.-P. J.-P., … Brunet, P. (2008). Absolute gravity monitoring of water storage variation in a karst aquifer on the larzac plateau (Southern France). J. Hydrol., 359(1–2), 105–117. https://doi.org/10.1016/j.jhydrol.2008.06.020
· Olsson, P.-A., Breili, K., Ophaug, V., Steffen, H., Bilker-Koivula, M., Nielsen, E., … Timmen, L. (2019). Postglacial gravity change in Fennoscandia—three decades of repeated absolute gravity observations. Geophysical Journal International, 217(2), 1141–1156. https://doi.org/10.1093/gji/ggz054

Much remains to be seen regarding the quantum and MEMS instruments. I would be much more interested in a discussion of what’s possible with present‐day instrumentation (combined absolute/relative measurements to improve accuracy, SG meters for continuous observation, maybe even borehole instruments)
Yes, but we mostly want to emphasize and promote the development of such instruments. Right now, MEMS only see tides, so yes, much remains to be seen. But any earlier progress in gravimetry has started with this observation. The improvement of this technique will also be positively correlated to the demand for such devices, hence the need to promote them.
Combined absolute/relative is what we did and we discuss a new kind of absolute(AQG)/relative combination(MEMS). 
SG meters are indeed permanent and we mentioned them as an alternative to AQG (line 513). However, unlike the AQG they are not transportable and, although slowly, their records drift in time, so they require regular drift estimation by using absolute gravity measurements (FG-5) in parallel.

6.4 I was a little confused by this section, you claim that you could quantify sediment discharge if bedload is at least 12.5 cm thick, as that is the amount required to provide a sufficiently large signal. But, in that case are you not just measuring the bedload, not total sediment discharge? A stream carrying 12.5 cm of bedload is likely carrying a significant amount of suspended sediment as well, but that would cause only a small gravity signal. Therefore, you might be able to measure bedload using gravity but not total sediment discharge.
The figure 12b shows the total gravity effect for suspended + bedload. 12.5 cm of bedload will create 10 microgal for suspended sediment concentration up to 5000 ppm, then for this same bedload, increases of sediment concentration will measurable, because the bedload effect is already 10 microGal. But we do not know how large will be the suspended sediment load (in particular, if it will be greater than 5000 ppm) as a function of the bedload. We add this text on lines 562-563. 

Furthermore, since you are only measuring the change in bedload, you would need much more frequent surveys, or continuous data, to identify anything.
Yes, all computations in section 6.4 are meant for continuous gravity data (line 497). We recall this condition on lines 532 and line 536.

360: Change “measuring” to “estimating”
Ok.

375: Change “should” to “would need to”
Ok.

376: Change “strong” to “concentrated”
Ok.

387: You imply 10 μGal is the expected accuracy of a gravity‐change measurement with today’s gravimeters, but that’s misleading. Sub‐5 μGal accuracy is typical for surveys using combined absolute/relative measurements, especially if multiple absolute‐gravity stations are measured. Most of the uncertainty in this study is from uncertainty in the hydrology correction.
To our knowledge, the sub-5 microgal accuracy is not typical but rather the best achievable accuracy. It is achieved for laboratory conditions (Merlet al. 2008; Christiansen et al. 2011) or low-tectonics areas, such as Africa (Pfeffer 2103) or the Larzac Plateau (Jacob et al. 2010), mostly to investigate hydrological processes as those are the only significant mass redistribution occurring there. Taiwan is more noisy (microseismicity, anthropic noise, noise from river transport itself), and our data have 7 microGal uncertainty. This uncertainty of 10-microGal is taken as a threshold value. Nevertheless, it is true that the uncertainty from the hydrological correction is a problem. We rephrase lines 563-565.

399: Can you justify this work based on the value of sediment mass data, vs volume? 
If the goal is estimates of “sediment redistribution” it seems that the photogrammetry would be sufficient for that.
Yes, this is now done on lines 50-62. We now use “sediment mass redistribution” instead of “sediment redistribution” whenever possible in the paper.

References:
There are a lot of references, many of them minimally relevant. The list could be shortened quite a bit.
We try to use the most appropriate references; we are unsure about which of them are considered irrelevant.

Titles should be lowercase, e.g., Carbone et al.
Ok.

IES‐AS: Include the URL.
Ok.

600: Delete *
Ok.

Appendix B: If you think this is useful information, it would be worth elaborating. Its an interesting approach, one I hadn’t seen before. I suggest either explaining it completely or just including it as a single sentence in the main text.30‐40 cm depth is a rather large hole, often density samples are taken from a 5cm x 5cm pit.
We rewrote Appendix B with more details. Here we dug a bigger hole because the balance needs a few kilograms to be reliable. The photogrammetry will also be more reliable.

Did you calculate wet bulk density? I assume so, as oven‐drying is not mentioned. Typically density is reported for dry material.
Yes. We compute the in-situ density, since it is the one that influences the gravity measurements. 

Step 3 is unclear, you mean that you should weigh the sediment (subtracting the weight of the bucket) and divide the sediment mass by the sediment volume.
Yes, we rephrase more clearly.
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