Dear Reviewer 1,

We have structured our response in a Q&A form. In each case, your Question/Comment comes first,
and then it is followed by our Answer.

1. General remarks

Answer: Thank you for your comment! We followed your suggestion.
Primarily:

- We have introduced Fig. 22 and Fig 23. Explanation and reasoning for these new figures
are also given: Line 21 — 24 (Abstract), Line 552 — 575; Line 642 — 645.

Secondarily:

- To better show the performance of the Al algorithm we have included Fig. 8 (i.e., raw Al
results of a survey in one of the sections; before applying moving-average). We have also
included explanation on this: Line 400 — 413.

- Even though due to the example of Fig. 8, we use the moving-averaged results of the Al
when compared to wavelet and physical sieving, we decided to add the Al detection for the
specific images taken in the sampling points (basically the Al values from before moving-
average in the given point). See: Fig. 14, Fig. 21, Fig. A5, Fig. B5, Fig. C5. We believe
these would give extra insight on the current performance and shortcomings of the
presented method and help the readers.



A: Thank you for your comment! We have introduced visual supplements by inserting Fig. 10, Fig. 12
and Fig. 19. These include bed armouring, different sediment patches and the wavelet method for both
cases. We intended to choose the most telling and prominent sample points for each case.

A: Thank you for your comment! We have added some explanation in the manuscript, in ch. 4.3. (Line
592 - 606).

A: Thank you for your comment! Relating to the vessel speed and longitudinal survey paths, we have
added some explanation in the manuscript, in ch. 4.3. (Line 580 — 592). Regarding the repetition of
illumination, we have removed this part from ch. 4.3. and inserted it at ch. 4.2, where the problem of
illumination first came up and is visually supplemented (Line 517 - 523). We did our best to
remove/separate the specific challenges from ch. 4.3. and added them to the section where the setup is
introduced, ch. 3.2. (Line 221 — 231).

2. Specific remarks



A: Thank you for your comment! We complied with your suggestion and modified the keywords to:

riverbed texture, underwater mapping, sediment classes, Artificial Intelligence, Deep Learning, image-
based.

Q: There are several issues with referencing approach used in the paper:

A: Thank you for your comment! We have replaced it with Ferdowski et al., 2017. (Ferdowsi, B., Ortiz,
C. P., Houssais, M., & Jerolmack, D. J. (2017). Riverbed armouring as a granular segregation
phenomenon. Nature Communications 2017 8:1, 8(1), 1-10. https://doi.org/10.1038/s41467-017-
01681-3)

A: Thank you for your comment! We have removed Church et al., 1987 and Rice and Church, 1998.

A: Thank you for your comment! We have removed several references and left the most representative

ones.

A: Thank you for your comment! We have followed your suggestions.

A: Thank you for your comment! We have followed your suggestions.


https://doi.org/10.1038/s41467-017-01681-3
https://doi.org/10.1038/s41467-017-01681-3

A: Thank you for your comment! We have followed your suggestion and extended the description of our
goal in ch. 1. (Line 152 — 161).

A: Thank you for your suggestion! We have followed your suggestion and added Q1¢. We also attempted
to clarify the Table.

A: Thank you for your comment! We have expanded the camera - riverbed distance related description:
(Line 580 —592).

In In173, it was originally said the training was unscaled for the Al. Ln371 - 384 was about the wavelet
method, which inherently requires scaling. The wavelet method was only applied in the physical
sampling points, so the laser were only used in these points. As we had some problems with them, we
did not use the lasers constantly, during the transversal surveys, only when we reached over a given
physical sampling point. We have clarified these statements and updated the manuscript (Line 341 —
346).



A: Thank you for your comment! We have modified the Figure and separated the case of erroneous
detection, along with its description. Fig. 5 and Fig. 6, Line 366 — 372.

N.b. The user was trained personnel. We have now also included this in the text. Line 296.

3. Technical remarks

A: Thank you for your comment! We have followed your suggestion and looked for the most appropriate
expression. We have decided with “inland waterway transport”.

A: Thank you for your comment! We have corrected the sentence to:

“Knowledge of riverbed (structure) morphology and (grain) sediment composition is therefore of major
importance in river hydromorphology.”

A: Thank you for your comment! We have corrected it.

A: Thank you for your comment! We have followed your suggestion! Line 152 — 161.

A: Thank you for your comment! We have updated the figure and highlighted the Hungarian Section of

the Danube.

A: Thank you for your comment! We have followed your suggestion! We also merged them into one
figure.



A: Thank you for your comment! We have followed your suggestion!

A: Thank you for your comment! Yes. We have added the explanation:

“(...) streamlined weight (originally used as an isokinetic suspended sediment sampler) (...)".
Line 211 —212.

A: Thank you for your comment! We have added a flow chart in Fig. 4.
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Dear Reviewer 2,

We have structured our response in a Q&A form. In each case, your Question/Comment comes first,
and then it is followed by our Answer.

Answer: Thank you for your comment! We followed your suggestion.
Primarily:

- We have introduced Fig. 22 and Fig 23. Explanation and reasoning for these new figures
are also given: Line 21 — 24 (Abstract), Line 552 — 575; Line 642 — 645.

Secondarily:

- To better show the performance of the Al algorithm we have included Fig. 8 (i.e., raw Al
results of a survey in one of the sections; before applying moving-average). We have also
included explanation on this: Line 400 — 413.

- Even though due to the example of Fig. 8, we use the moving-averaged results of the Al
when compared to wavelet and physical sieving, we decided to add the Al detection for the
specific images taken in the sampling points (basically the Al values from before moving-
average in the given point). See: Fig. 14, Fig. 21, Fig. A5, Fig. B5, Fig. C5. We believe
these would give extra insight on the current performance and shortcomings of the
presented method and help the readers.

1. General comments:

A: Thank you for your comment! We have introduced Fig. 22 and Fig 23. Explanation and reasoning
for these new figures are also given: Line 21 — 24 (Abstract), Line 552 — 575; Line 642 — 645.

A: Thank you for your comment! We agree so we have updated and restructured Ch. 1. accordingly.



A: Thank you for your comment! Yes, we have updated the manuscript and now shortly mention Benkd
et al., 2020 as our “proof-of-concept” study, in ch. 3.3., Line 260 — 263.

Note for the Reviewer: In Benkd et al., 2020 the same Al architecture was applied for analysing drone
videos of a dry riverbed. The drone was easily maintaining constant distance from the bed during its
flight, enabling scaling of the images. Furthermore, the visibility conditions were far more friendly
(compared to underwater conditions), as the measurements were carried out during clear and sunny
weather.

Q: Another question that can/should have been discussed is about the representativity of the evaluated
areas. Similar to the weight of a sediment sample an area can be specified to be sure that it is
representative for the river. Well, | see that this manuscript is mainly to present the method but the
representativity aspect should at least be discussed and be mentioned in the outlook.

A: Thank you for your comment! Indeed, the question of representativity needs to be discussed in future
work. In this manuscript, as you mention, the exploration of field application and performance of the Al
was our main goal. As such, we included some thoughts on this as outlook, in Ch. 4.4, Line 697 — 704,

A: Thank you for your comment! We have introduced Fig. 22 and Fig 23. Explanation and reasoning
for these new figures are also given: Line 21 — 24 (Abstract), Line 552 — 575; Line 642 — 645.

2. Specific comments:



A: Thank you for your comment! We have removed the last sentence.

A: A: Thank you for your comment! We have modified and changed the keywords.

A: Thank you for your comment! We have followed your suggestion and extended the description of our
goal in ch. 1. (Line 152 — 161).

A: Thank you for your comment! We have replaced the word with “manuscript”.

A: Thank you for your comment! We have corrected it.

A: Thank you for your comment! We have removed the last sentence.



A: Thank you for your comment! We rephrased it to: “For instance, Rozniak et al. (2019) developed an
algorithm for gravel-bed rivers, performing textural analysis. With this approach, information is not
gained on individual grains (e.g., their individual shape and position), but rather the general grain size
distribution (GSD) of the whole images . Line 107 - 109.

A: Thank you for your comment! We agree so we have updated and restructured Ch. 1. accordingly.

A: Thank you for your comment! We have modified the caption.

A: Thank you for your comment! We have followed your suggestion!

A: Thank you for your comment! We have corrected it.



A: Thank you for your comment! We have corrected it.

A: Thank you for your comment! We have corrected it. Even though the exact number of these images
(46) was published, but we could not find information

A: Thank you for your comment! We have updated the manuscript and added some explanation to the
hyperparameters. Line 326 — 338.

A: Thank you for your comment! We have corrected and updated the manuscript accordingly.

A: Thank you for your comment! It was a mistake. We have corrected and updated the manuscript

accordingly.

A: Thank you for your comment! We have corrected and updated the manuscript accordingly.



A: Thank you for your comment! We have corrected and updated the manuscript accordingly.

A: Thank you for your comment! We have corrected and updated the manuscript accordingly.

A: Thank you for your comment! We have corrected and updated the manuscript accordingly.

A: Thank you for your comment! We have corrected and updated the manuscript accordingly.

A: Thank you for your comment! The manuscript mentioned it as: “The collected samples were analysed
in laboratory by drying, sieving, and weighing to provide local grain size distribution.” in ch. 3.2.

To avoid confusion, we have removed ‘“volumetric distribution” and replaced it with “‘weight
distribution”. Line 505 and Line 636.

A: Thank you for your comment! We have introduced Fig. 22 and Fig 23. Explanation and reasoning
for these new figures are also given: Line 21 — 24 (Abstract), Line 552 — 575; Line 642 — 645.



A: Thank you for your comment! We have introduced Fig. 22 and Fig 23. Explanation and reasoning
for these new figures are also given: Line 21 — 24 (Abstract), Line 552 — 575; Line 642 — 645.

A: Thank you for your comment! As of now, only plans exists for further investigating the question of
lighting. Unfortunately, the scope of the present manuscript does not include further analysis for this.
As we mention in the manuscript, we think one practical solution would be to use lamps with uniform
light, ones which are less focused. Other option could be to teach the Al to recognise the light beam and
torching effect and simply remove the detected area from calculation. This of course would decrease
the effective analysed area and the representativeness.

A: Thank you for your comment! We have introduced Fig. 22 and Fig 23. Explanation and reasoning
for these new figures are also given: Line 21 — 24 (Abstract), Line 552 — 575; Line 642 — 645.

A: Thank you for your comment! As the camera passes over an object (sediment particle) in its path,
several consecutive images will be taken of the object along the direction of the camera movement. Of
course, it means higher uncertainty in the transverse direction. In this sense however, it is the same as
airborne Lidar surveys where the drones are also not sweeping through the area from many
perspectives, but rather carry out single-flight measurements. For estimating bed roughness for
example, it is enough to have a firm grasp in the direction of the camera movement. Partially for this
reason, we chose the directional roughness calculation method in our earlier study (Ermilov et al.,
2020.) where we tested underwater Sfm. If one wishes to have better 3D results in the transverse, then
applying two cameras simultaneously, with overlapping FOV would be beneficial. This is part our plans,



partially for this very reason, but also to increase the size of the analysed area and improve the
representativity of the method.
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