Response to the reviewers’ comments on the paper
“An integrated high-resolution bathymetric model for
the Danube Delta system”

Lauranne Alaerts, on behalf of all coauthor

March 18, 2025

Dear Editors,

We would like to express our sincere gratitude to you and the reviewers for the time and effort
dedicated to evaluating our manuscript. We greatly appreciate the insightful feedback and
constructive comments, which have helped us improve the quality of our work. We have carefully
addressed each comment, and our responses are provided in this document.

In what follows,
e comments by reviewers are written in italics and numbered,
e ourresponses are in plain text and preceded by a "Response" in bold font,
e extracts from the revised manuscript showing modifications are in green font,

e line numbers referenced to in our responses correspond to the updated manuscript. Line
numbers from the marked-up manuscript are provided in italics and explicitly indicated.

Reviewer 1:

(G) The collection of high-accuracy and robust bathymetric data is of paramount interest for any
hydraulic and coastal study. Moreover, because of the complex morphology of river deltas, the
bathymetry collection and interpolation are challenging. The paper presents well the analysis
of different datasets and their interpolation in the river branches of the Danube Delta. The
paper is well written and well structured, and results are clearly presented, with relevant
figures and tables. | compliment the authors for their data collection and analysis work.
| recommend publication, subject to the authors addressing the comments made below.

Response:

Thank you for your feedbacks! We sincerely appreciate your positive comments on our study.
We have carefully considered and addressed the specific comments you provided and
incorporated the necessary revisions.

(1) Istrongly recommend focusing abstract, section Application (4.4) and Conclusions on the topic
of this dataset without digressing on future work on land-sea (modelling) studies (which can
be the subject of another paper).

Response:



(2)

As per your feedback, we modified the abstract, section “Application (4.4)” and conclusion to
reduce the focus on the hydrodynamic model. We removed the sentence mentioning the
model in the abstract (line 14-15 in the marked-up manuscript), reduced the paragraph
mentioning the hydrodynamic model in the application section (lines 204 to 212, and 214-233
in the marked-up manuscript) and removed the sentence that talked specifically about the
hydrodynamic model in the conclusion (line 260 in the marked-up manuscript).

The first paragraph of the application section now reads: One of the possible applications for
this dataset is its use in a hydro-biogeochemical model of the Danube-Black Sea continuum.
The Danube Delta plays an important buffering role between the river and the sea, but most
present-day models do not represent the delta (Beckers et al., 2002; Grégoire and Friedrich,
2004; Kara et al., 2008; Kubryakov et al., 2018; Lima et al., 2020). This oversimplification can
lead to inaccuracies in the representation riverine inputs to the sea, which can in turn
significantly impact the simulation of coastal processes (Bonamano et al., 2024; Breitburg et
al., 2018; Ivanov et al., 2020; Rose et al., 2017). Therefore, having a high-resolution, easily
accessible bathymetry dataset for the Danube Delta’s branches is an important step toward
improving of Black Sea coastal models and better understanding interactions within the
Danube-Black Sea continuum. With that application in mind, future improvements to this
dataset could include extending coverage to the shallow coastal waters in front of the delta.

Moreover, | suggest the author mention that such a dataset could be further improved
including the bathymetry of the coastal area in front of the delta.

Response:

Thank you for your suggestion! We decided to follow it by adding a sentence at the end of the
paragraph about the Danube-Black Sea continuum model in the “Application (4.4)” section
(see lines 211-212, and 232-233 in the marked-up manuscript), as a coastal bathymetry would
be an essential part for this application. This bathymetry product focuses on the Delta area
where a consistent bathymetry dataset is lacking. It could be extended with coastal
bathymetric product (eg. EMODnet, GEBCO) using appropriate procedures.

It reads: With that application in mind, future improvements to this dataset could include
extending coverage to the shallow coastal waters in front of the delta.



Reviewer 2:

(G) The study presents a well-structured and methodologically rigorous approach to high-

(1)

resolution bathymetric modeling of the Danube Delta, effectively integrating multiple datasets
and employing an adaptive interpolation framework to capture the complex morphology of
the river system. The scientific methodology is sound, particularly in the use of a curvilinear,
non-structured coordinate system combined with an anisotropic Inverse Distance Weighting
(IDW) interpolation method, which enhances the spatial accuracy of the final dataset. Despite
the inherent limitation of integrating multiple bathymetric databases, the authors adopt a
sufficiently rigorous technical and scientific approach to ensure a consistent and
methodologically robust expansion of the dataset over such an extensive and complex study
area.

Response:

Thank you for your feedbacks! We sincerely appreciate your thoughtful evaluation and
recognition of our methodological approach. We are grateful for your constructive feedback
and have carefully addressed the specific recommendations provided in our revised
manuscript.

In my opinion, one of the primary limitations of the study lies in the relatively low resolution of
the topographic data extracted from the Copernicus DEM (30m resolution). This may introduce
uncertainties in the precise delineation of the shoreline and the transition between land and
water. Given the importance of accurate topographic information for hydrodynamic and flood
modeling applications, the use of a higher-resolution DEM could significantly enhance the
reliability of the dataset. If such high-resolution topographic models are not available for this
region, it would be beneficial for the authors to explicitly acknowledge this limitation in the
text, clarifying whether finer-scale topographic data were considered but deemed unavailable
or providing a justification for the choice of the Copernicus dataset.

Response:

We acknowledge that a comment on the resolution of the Copernicus DEM was missing and
thank you for your comment. In response, we have explicitly addressed this limitation in the
paragraph about data resolution in the “4.3 Limitations” section (lines 173 to 185, and 177-
196 in the marked-up manuscript). This paragraph now clarifies that while a higher-resolution
DEM could improve accuracy, to our knowledge, no such dataset currently exists for this
region. Additionally, we moved this paragraph to the beginning of the “4.3 Limitations” section
to enhance the logical flow of the discussion.

The revised first paragraph of the “4.3 Limitation” section now reads: The most obvious
limitation of this study comes from the data used. The first problem is linked with the data
resolution. In particular, additional bathymetric data would be beneficial for river segments
covered by the UkrSCES and DDNIRD datasets, and a higher-resolution DEM could improve
shoreline delineation. For the UkrSCES dataset, the overall number of points is too low, and
more data points should be taken, with special care to take points all across the width of the
river. In the case of the DDNIRD, the overall density is good but the spacing between transects
is too high to ensure correct representation of the continuity of the bed between
measurements. To improve the quality of the results, the best solution would be to increase
the density of points in the river, particularly for the UkrSCES dataset, and to a lesser extent



(2)

for the DDNIRD dataset. For the former, any input of bathymetry point would be useful, as
random-based bathymetry datasets can achieve performance comparable to transect-based
data, if the density is high enough and points are correctly distributed across the width of the
river (Merwade, 2009). For segments covered by the DDNIRD dataset, we suggest increasing
transect frequency or adding longitudinal profiles parallel to the shores, as proposed by
Diaconu et al. (2019). Concerning the topography data, the 30 m resolution of Copernicus’
DEM may be insufficient to precisely define the riverbank positions. A higher-resolution DEM
could improve accuracy, but to our knowledge, no such dataset is publicly available for this
region.

Another key issue arises from the temporal mismatch between bathymetric and topographic
data sources. River deltas are highly dynamic environments subject to morphological changes
due to sediment deposition, erosion, and anthropogenic interventions, which may not be fully
captured in the compiled dataset. The use of more temporally consistent datasets could
improve the accuracy of hydrodynamic modeling. If no such datasets are available, the authors
should explicitly state this limitation, specifying whether efforts were made to identify
topographic data closer in time to the bathymetric surveys and explaining the rationale behind
the chosen dataset.

Response:

We acknowledge that the temporal mismatch between the topographic and bathymetric data
introduces uncertainty, which was not explicitly addressed in the original manuscript. In
response to your feedback; we have revised the paragraph discussing our data temporal
disparity to include a comment on this issue (lines 186 to 197, and 197-208 in the marked-up
manuscript). The updated paragraph now explains that no Copernicus DEM product was
available for the years corresponding to the bathymetry measurements, and that we selected
the latest available DEM at the time of data collection. Additionally, to improve the logical
flow of the discussion, we have repositioned this paragraph after the one addressing data
resolution.

The revised paragraph now reads: The other limitation linked with the data initiates from the
temporal disparity between datasets. The different measurements used in this study were
taken between 2024 and 2021. The AFDJ and DDNIRD datasets were each collected within a
single year, in 2018 and 2015, respectively. This is not the case for the UkrSCES dataset, whose
data spans three years (2014-2017). The topography readings originate from the 2021
Copernicus DEM. Rivers are very dynamic ecosystem, and the Danube is no exception, with
both natural erosion/deposition of sediments and man-made dredging happening at different
points along the river(FAIRway Danube, 2021; Habersack et al., 2016; Jugaru Tiron et al.,
2009). It is therefore highly unlikely that the bathymetry and position of the riverbanks
remained the same during the entire sampling period. As such, it is only natural that we
observed discrepancies at places where two different bathymetry sources meet. Despite this,
the datasets used in this study were carefully selected to minimize temporal gaps while
prioritizing the highest available spatial resolution and accessibility, ensuring the best possible
representation of the riverbed for an easy-access bathymetry product. Regarding the
Copernicus DEM, since no product was available for the years corresponding to the
bathymetry measurements, we used the latest available dataset at the time of data collection,
as it provided the best possible topographic coverage for the region.



(3) In terms of readability, the paper is generally accessible, though some sections—particularly
those describing interpolation techniques and coordinate transformations—could benefit from
greater clarity and conciseness. While the technical language is appropriate, in some
instances, overly complex phrasing may hinder comprehension for non-specialist readers. The
use of English is strong overall, with only minor grammatical or stylistic issues that do not
significantly affect readability.

Response:

Thank you for your comments! As per your feedback, we modified the “Appendix Bl
Interpolation process” section to make it more easily readable (lines 280 to 336, and 305-375
in the marked-up manuscript). We also slightly modified the “Bathymetry interpolation” part
of the method section (lines 84 to 96, and 86-100 in the marked-up manuscript), to clarify the
interpolation in connection zones and add references to the “Appendix B1 Interpolation
process” section.

The modified paragraphs of the appendix section now read: Next, we interpolated the data
onto the mesh. A first common step in river interpolation is to project the bathymetric data in
a segment-oriented s, n-coordinate system(Legleiter and Kyriakidis, 2008; Merwade et al.,
2005, 2006; Pelckmans et al., 2021). This projection improves interpolation results, as
conventional cartesian interpolation methods often struggle to capture riverbed topography
accurately because of the strong anisotropy of river systems. Depth variations are typcally
much more pronounced across the river (perpendicular to the flow) than along its course. The
initial projection of bathymetric data into an s, n-coordinate system allows us to accounts for
this anisotropy in the following interpolation. In this study, s represents the distance along the
centerline of the river, while n is the distance on the perpendicular to s.

Each river segment, as defined during mesh generation, has its own s, n-coordinate system.
The projection process inside a segment is described below and illustrated in Fig. B1:

1. Definition of the s, n-coordinate system:
The river centerline is computed as the midpoint between each pair of opposing bank
nodes (Fig. B1.a.). This centerline serves as the s axis. The s-coordinate of each pair of
opposing bank node is determined by measuring the centerline distance from the
segment’s starting point to the line connecting the two nodes (Fig. B1.b.). The n-
coordinate is assigned to each node on the banks, by halving the distance between
opposing nodes (Fig. B1.c.). Nodes on the right bank have a negative n-coordinate, nodes
on the left bank have a positive coordinate. This results in a grid of quadrilateral elements,
where each corner node has a new coordinate within the s, n-system of the segment.

2. Reprojection of the bathymetry points:
Each bathymetry point is assigned to the quadrilateral it falls within (Fig. B1.d.). The s, n-

coordinates of the bathymetry point are calculated (Fig. Bl.e.) with
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are the s, n-coordinates of the i corner node of the quadrilateral.

To account for the river anisotropy during interpolation in the segments, one approach is to
give more weight to points with similar n-coordinate (i.e., directly upstream or downstream),
than those with similar s-coordinates (i.e. on the same transect) (Merwade et al., 2006; Wu et
al., 2019). To achieve this, we multiplied the n-coordinate of every points by a dimensionless



anisotropy factor an to artificially increase the distance between bathymetry points in the
direction perpendicular to the river. Bathymetry values at mesh nodes were then computed
using Inverse Distance Weighting (IDW) interpolation:
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where z* is the interpolated depth, i = 1,...np are the np bathymetry points closest to the
node, z; is the depth of the i" bathymetry point, and wi is the weight associated to this point:
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where di is the distance between the node and the i" bathymetry point and p is an exponent
controlling the influence that the points have on the interpolation. A higher p value reduces
the effect of distant points on the interpolation. Similar methods, where the IDW interpolation
is modified to take into account the anisotropy of the river, have given good results in previous
studies, even outperforming other interpolation methods, such as kriging or spline
interpolation (Diaconu et al., 2019; Liang et al., 2022; Merwade et al., 2006).

Another challenge in this study was handling interpolation in the connection zones, where
multiple river segments converge or diverge. In these areas, the deepest parts of the river do
not follow a single, easily defined direction that can be approximated by a centerline s.
Instead, bathymetric features form complex patterns, often extending from adjacent
segments and intersecting in "T" or "X" configurations. Few studies on river bathymetry
interpolation focus on braided rivers with multiple river segments. Goff and Nordfjord (2004)
included the connections zones within the river segments and took the maximum interpolated
depth at points with multiple interpolation results. Hilton et al. (2019) employed an s, n-
coordinate system that covered the entire braided river network, with the n-coordinate
spanning from 1 at the northernmost riverbank to -1 at the southernmost riverbank, thus
avoiding the need to divide the network into separate segments. Similarly, Lai et al. (2021)
kept the whole river network and linearly interpolated the bathymetry along streamlines. In
contrast, Dey et al. (2022) segmented the network, and interpolated points in connection
zones using a 2- or 3-neighbor IDW approach, depending on whether the points were on the
tributary side of the thalweg. While these methods produce satisfactory results, they also
present limitations in terms of complexity or compatibility with our domain. In this study, we
chose to elongate the segment’s mesh, to create a grid that extends into the surrounding
connection zones. This grid then served as a reference grid for projecting both the mesh points
and bathymetric data within the connection areas, following the procedure illustrated in
Figure B1. Interpolation was then performed as if the mesh points of the connection zones
included in this extended grid belonged to the segment. As a result, each point in a connection
zone could be assigned multiple bathymetry values from the interpolation in the different
neighbouring segments. To determine the final bathymetry value for these points, we tested
three different combination methods. The first method followed Goff and Nordfjord (2004)’s
approach, selecting the maximum value among the results. In the second method, we
calculated the mean of the values. In the third approach, we averaged the interpolation results
with weights inversely proportional to the distance from the segment generating each result.
Those three methods are hereafter referred to as the Max, Mean and Weighted mean
methods, respectively



(4) The figures and illustrations are well-designed and effectively support the text, providing
valuable visual representations of the dataset, methodology, and results. However, some
maps and graphs could benefit from higher contrast or improved labeling to enhance
readability and interpretation.

Response:
Thank you for your positive feedback on our figures! In response to your comment, we have

adjusted the background of Figures 2, 3, 4, and 5 to enhance contrast and improve readability.
Additionally, we have revised the captions of Figures 3 and 4 to provide clearer explanations

for the reader.

The revised figures can be found hereafter:
(a)

UKrSCES DDNIRD
lo 2s0500m " T . = 0 250500m |[0 250500 m
\Z =
i . T
(b} (O)

Figure 2. (a) Distribution of bathymetry sources within the delta. Each color represents a different source:
UkrSCES in yellow, AFDJ in red, and DDNIRD in blue. Each black dot represents an individual bathymetry data
point. (b-d) The bottom three panels provide close-up views at the same scale, displaying the bathymetry
sampling points and highlighting the variations in sampling density among the three distinct bathymetry
sources. The background image is the Voyager map tile by CartoDB, under CC BY 3.0. Data by OpenStreetMap
© OpenStreetMap contributors 2019. Distributed under the Open Data Commons Open Database License

(0DbL) v1.0.
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Figure 3. (a) lllustration of the hybrid curvilinear-unstructured mesh on the Danube, with zooms on (b) a
bend in the river followed by a narrowing of the river,(c) a connection zone between segments with its
unstructured meshing and (d) a straight portion of the river. The background image is the Voyager map tile
by CartoDB, under CC BY 3.0. Data by OpenStreetMap © OpenStreetMap contributors 2019. Distributed
under the Open Data Commons Open Database License (ODbL) v1.0
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Figure 4. (a) Map of the interpolated bathymetry in the Danube Delta, with close-up views (b-d) showing the
interpolated bathymetry in the background and observations as colored dots. The modeled and observed
bathymetry share the same colorbar in all the panels. (b) Close-up on the Chilia branch. (c) Close-up on the
Sulina branch, where the observation data have been resampled to display 1/15 of the points for clarity. (d)
Close-up on the Sfantu Gheorghe branch, where the observation data have been resampled to display 1/7 of
the points for clarity. The background image is the Esri World Imagery basemap (ESRI, 2025)
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Figure 5. Map of the interpolated bathymetry in a section of the Sfantu Gheorghe branch. M1 and M3 meanders
present a shallower bathymetry than their respective artificial canal, while M2 meander is deeper than its man-made
cut-off channel. The background image is the Esri World Imagery basemap (ESRI, 2025)

(5) Given the relevance and potential applications of this dataset, the authors could consider
including, as a prospective future development, the dissemination of their dataset through
WebGlIS platforms. This could be explicitly discussed in the Discussion or Conclusions section as



a logical extension of their work. Implementing a WebGIS service would allow users to
visualize, query, and analyze the dataset interactively, thereby significantly improving its
accessibility and usability. Such an approach would expand the dataset’s reach beyond the
scientific community, making it a valuable resource for policymakers, environmental
managers, and other stakeholders engaged in hydrodynamic modeling, flood risk assessment,
and coastal zone management in the Danube Delta. By facilitating broader access and
integration into decision-making processes, such an initiative would maximize the dataset’s
impact and further support interdisciplinary environmental assessments and planning efforts.

Response:

We appreciate the suggestion to make the dataset available through a WebGIS platform. In
response, we have added a paragraph in the “4.4 Applications” section (lines 225 to 232, and
246-253 in the marked-up manuscript) highlighting the growing use of WebGIS tools for
disseminating scientific datasets across various disciplines. We acknowledge that such a
platform would enhance accessibility and usability, extending the dataset’s reach beyond the
scientific community to policymakers and environmental managers. While the
implementation of a WebGIS system requires additional technical development and falls
beyond the scope of this study, we recognize it as a valuable future step to maximize the
impact of our dataset.

This new paragraph reads: While this dataset is currently only available through conventional
repositories, future developments could focus on integrating it into an interactive WebGIS
platform. WebGlIS tools are getting increasingly used for disseminating scientific datasets in
various fields (Dragicevi¢, 2004; Foglini et al., 2025; Pasquaré Mariotto et al., 2021). They allow
for an easy access and a larger dissemination of the information, providing broader
accessibility beyond the scientific community that typically engages with data repositories.
Web-based platform enable intuitive visualization, exploration, and interaction with the data,
often incorporating tools for processing, analysis, and modeling. Although implementing such
a system would require additional technical development and falls beyond the scope of this
study, it could be a logical step toward enhancing the usability and impact of this dataset for
a wider range of users, including policymakers, environmental managers, and researchers
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