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Abstract. Acting as a buffer between the Danube and the Black Sea, the Danube Delta plays an important role in regulating

the hydro-biochemical flows of this land-sea continuum. Despite its importance, very few studies have focused on the impact

of the Danube Delta on the different fluxes between the Danube and the Black Sea. One of the first step to characterize this

land-sea continuum is to describe the bathymetry of the Delta. However, there is no complete, easily accessible bathymetric

data on all three branches of the Delta to support hydrodynamic, biogeochemical or ecological studies. In this study, we aim to5

fill this gap by combining 4 different datasets, three in the river and one for the riverbanks, each varying in density and spatial

distribution, to create a high-resolution bathymetry dataset. The bathymetric data was interpolated on a hybrid curvilinear-

unstructured mesh with an anisotropic Inverse Distance Weighting (IDW) interpolation method. The resulting product offers

resolutions ranging from 2 m in a connection zone to 100 m in one of the straight unidirectional channel. Cross validation

of the dataset underlined the importance of the data source spatial pattern, with average Root Mean Square Error (RRMSE)10

of 0.55 %, 6.3 % and 27.6%, for river segments covered by the densest to the coarsest dataset. These error rates are compa-

rable to those observed in bathymetry interpolation in rivers with similar source datasets. The bathymetry presented in this

study is the first unique, high-resolution, comprehensive and easily accessible bathymetric model covering all three branches

of the Danube Delta. It will serve as an input in a hydrodynamic model of the Danube Delta, with the aim of better under-

standing the role of the Delta in the land-sea continuum between the Danube and the Black Sea. The dataset is available at15

https://doi.org/10.5281/zenodo.14055741 (Alaerts et al., 2024).

1 Introduction

The Danube, Europe’s second-largest river, flows through ten countries and drains an extensive catchment area of ∼800,000

km2 before emptying into the Black Sea, where it is the primary source of water and nutrients. About 110 km before reaching

the coast, the river divides into three main branches: the Chilia, Sulina and Sfantu Gheorghe branches (Fig. 1). Between those20

three branches, spanning ∼ 5000 km2, lies the Danube Delta (Romanescu, 2013; Bănăduc et al., 2023; Driga, 2008). The
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Danube Delta is a complex system of lakes, channels and flood plains. It acts as a crucial buffer zone for water, nutrients and

sediments between the Danube river and the Black Sea (Tockner et al., 2009; Cristofor et al., 1993; Suciu et al., 2002). The

delta is also a biodiversity hotspot and holds substantial importance for local inhabitants, providing essential resources such as

drinkable water, fishing, aquaculture, agricultural lands, transport and recreational activities (Bănăduc et al., 2016, 2023; Lazar25

et al., 2022).

Figure 1. Map of the Danube Delta. The zoomed-out view (bottom left) displays the countries through which the Danube flows, with the

river represented by a black line. The red rectangle outlines the area covered by the close-up view. In the close-up view of the delta, the black

line marks the boundaries of the zone of interest, while the dashed line indicates the national borders. The basemaps are the Ocean Basemap

(Esri, 2018) for the zoomed-out view, and for the close-up view 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.

Among the three branches, Chilia is the northernmost and serves as natural boundary between Ukraine and Romania. It is the

youngest and least transformed of the three branches, and includes numerous meanders and islands. It divides into four smaller

branches before reaching the sea, creating a secondary delta within the Danube Delta (Romanescu, 2013; Bănăduc et al., 2023).

The Sulina branch is located in the center of the delta. It is the shortest and most altered by anthropogenic activities of the three30

branches. The rectification of the branch, during a so-called ’cut-offs’ program, took place at the end of the 19th century and

greatly impacted the path and discharge of the Sulina branch, now linking the cities of Tulcea and Sulina in an almost straight

line. The branch is the main shipping route of the delta (Panin and Jipa, 2002; Driga, 2008; Duţu et al., 2018). Sfantu Gheorghe
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is the southernmost branch. Like the Chilia branch, it meanders a lot, but an other ’cut-offs’ program was carried-out in the

1980s to rectified all the meander bends, shortening the total length of the branch (Panin and Jipa, 2002).35

Despite its ecological and socio-economic importance, comprehensive studies on the delta dynamics and ecological status

as a whole are scarce. In terms of bathymetry, some studies have focused on specific channels (Roşu et al., 2022; Jugaru Tiron

et al., 2009) and broader campaigns have covered entire branches (Duţu et al., 2018; DDNIRD, 2015). There is however no

publicly available bathymetry product covering the entirety of the three branches to support hydrodynamic, biogeochemical

or ecological studies on the Danube Delta as a whole. Bathymetry plays an important role in the description of aquatic envi-40

ronment. Overly coarse resolution or poor-quality bathymetric data can result in substantial errors in predicting water column

heights, flood extents, velocities, and shear stress. In larger systems like deltas and estuaries, these inaccuracies can substan-

tially affect the distribution of water (Dey et al., 2022; Fuchs et al., 2022; Merwade et al., 2005).

Our goal in this study is to produce a complete bathymetry model of the three branches of the Danube Delta, from the city

of Issacea to the Black Sea (Fig. 1). To achieve that objective, we will use four different datasets that will be interpolated on45

a hybrid curvilinear-unstructured mesh. The resulting product will subsequently be used in hydrodynamic models to better

represent the role of the delta within the Danube-Black Sea land-continuum.

2 Data and Methods

2.1 Data sources

We used data coming from four different sources. The first source is Copernicus’ Digital Elevation Model (DEM) (European50

Space Agency, 2021). We used it to determine the riverbanks’ position and height. It has a resolution of 30 m, and the data dates

from 2021. The three other sources describe the bathymetry inside the river (Table 1). For the section of the Danube upstream

of the delta and the Chilia branch (represented in yellow in Fig. 2), the data come from measurements made by the Ukrainian

Scientific Center of Ecology of the Sea (UkrSCES) between 2014 and 2017. The data points were collected without adhering

to a specific sampling pattern, resulting in variable distances between points and inconsistent sampling density (Fig. 2.b.). The55

averaged distance between two points is 160 m but can decrease down to∼ 50 m. With 1925 data points, this dataset has an

averaged point density of 3.2× 10−5 points/m2, which is rather low compared to datasets used in other studies (Merwade,

2009; Legleiter and Kyriakidis, 2008; Liang et al., 2022). The section upstream of the Sulina-Sfantu Gheorghe separation and

the Sulina branch (Fig 2.c.) are covered by data from the Galati Lower Danube River Administration (AFDJ). This data is

composed of measurements made on a regular grid of ∼ 1 m resolution and dates from 2018. This dataset is composed of60

14.5× 106 points, which gives a data point density of 0.4 points/m2, which is a very high density for a bathymetric survey

(Merwade, 2009; Legleiter and Kyriakidis, 2008; Liang et al., 2022). Data for the Sfantu Gheorghe branch comes from the

Danube Delta National Institute for Research and Development (DDNIRD) (DDNIRD, 2015). This data is made of transects

spaced 300 m apart on average (Fig 2.d.). The distance between two points within each transect is ∼ 3 m. The measurement

campaign was carried out in 2015. There are 5.23× 104 points in this dataset, and the point density is 1.7× 10−3 points/m2.65

This density is in the lower range of what is normally observed in bathymetry interpolation studies (Merwade, 2009; Legleiter
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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 (ODbL) v1.0.

and Kyriakidis, 2008; Liang et al., 2022). Due to data scarcity in the region, it was impossible to obtain bathymetric data of the

same year for the entire domain.

2.2 Bathymetry interpolation

Given the diverse data sources, a certain degree of standardization was necessary. First, we had to transition most of the data70

from their local vertical datum to the WGS84 vertical datum. The UkrSCES data were referenced to the Odessa datum, which

is 0.17 m below the WGS84 vertical datum. For AFDJ data, most of the Sulina channel was referenced to the Marea Neagra

Sulina datum, 0.03 m above WGS84, while data upstream of Tulcea and the beginning of the Sulina channel used the Tulcea

datum, 0.33 m above WGS84. DDNIRD data were referenced to the Marea Neagra 75 datum, 0.25 m above WGS84 (Anastasiu,

2014).75

To merge the different bathymetry sources into a unified bathymetry product, a grid spanning the entire delta is required.

In this study, we used a hybrid curvilinear-unstructured mesh (Fig. 3). The mesh consists of quadrilateral elements elongated

along the flow in the unidirectional river segments (Figs. 3.b. and 3.d.), combined with unstructured triangular elements in the
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Table 1. Characteristics of the different bathymetry data sources within the river.

Source Sampling No. of Density of Averaged distance Sampling

strategy points points between years

[points/m2] points [m]

UkrSCES Random points 1925 3.2× 10−5 160 2014-2017

AFDJ Regular grid 14.5× 106 0.4 ∼ 1 2018

DDNIRD Transects 5.23× 104 1.7× 10−3 ∼ 3 (within a transect) 2015

300 (between transects)

connection zones between segments (Fig. 3.c.). This configuration provides an accurate representation of both the river’s course

and the bottom topography, while minimizing disk space requirements (Lai, 2010; Bomers et al., 2019). As the mesh elements80

adapt to follow the shape of the river, the resolution is not constant. Perpendicular to the river, resolution varies between 2 and

12 m, with an average of 5 m. Along the river, element sizes range from 37 to 102 m, averaging 52 m. In the connection zones,

smaller elements are used, ranging from 2 to 9 m, with an average resolution of 5 m. Overall, mesh resolution varies from 2 m

(in a connection zone) and 102 m (on an edge along the riverbank). Further details on the mesh construction can be found in

Appendix A.85

The data was then interpolated onto the generated mesh. River systems present unique challenges for interpolation due to

their inherent anisotropy: bathymetric variations tend to be more pronounced across the river, perpendicular to the flow, than

along its course. To address this, most present-day methods involve reprojection into a channel-centered coordinate system,

often referred as an s,n-coordinate system or curvilinear coordinate system. In this system, s either represents the centerline

or the thalweg of the river, and n its perpendicular. Once the bathymetric data is reprojected in the s,n-coordinate system, an90

anisotropic interpolation is performed. In this study, we adopted this reprojection technique in combination with an anisotropic

Inverse Distance Weighting (IDW) interpolation method, as it is easy to implement and has shown good results in previous

studies (Merwade et al., 2006; Diaconu et al., 2019; Liang et al., 2022). Each unidirectional river segment was assigned its own

s,n-coordinate system, and interpolation was performed segment by segment. To ensure smooth transitions between adjacent

segments, the connections zones where included in the interpolation processes of each of their neighbouring segment. A95

weighted mean was then calculated for each point of the connection zones, with weights inversely proportional to the distance

between the mesh point and the respective segment. Further details on the method can be found in Appendix B.
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Figure 3. (a) Illustration of the unstructured mesh on the Danube, with zooms on (b) a bend in the river followed by a narrowing of the

river,(c) an intersection between branches 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.

2.3 Validation

2.3.1 Cross-validation

The lack of data in the Danube Delta means that there was no independent dataset to validate our bathymetry product. As100

a result, we chose to use a ’leave-one-out’ cross-validation technique (Wu et al., 2019; Liang et al., 2022). In this method,

one observation point is iteratively removed, and the interpolation is applied to estimate the bathymetry at that location. The

estimated value is then compared to the actual observed data and this process is repeated for each point in the dataset. We

chose this technique because it is best suited for datasets with low point density where every observation point is valuable.

It is however time-consuming since the process has to be repeated for each point of the dataset. This becomes particularly105

challenging with very large datasets, like the one from AFDJ, that contains 14.5×106 data points. To counter this problem, we

chose to use a randomly selected subset of the points where the number of points is too high. As the validation is done segment

by segment, we took a random sample of 1000 points for every segment that is covered by more than 1000 data points. In

segments with less than 1000 points, all the points were used. Errors in the connection zones were calculated separately from

those in the segments. The error metrics we used in the validation are the Root Means Squared Error (RMSE) and Relative110
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Root Mean Squared Error (RRMSE):

RMSE =

√√√√ 1
n

n∑

i=1

(zobs,i− zpredicted,i)2, (1)

RRMSE =
RMSE

1
n

∑n
i=1 zobs, i

× 100%, (2)

where i = 1, ...n are the n points tested on the segment, zobs,i represents the observed value at the ith point, zpredicted,i115

represents the interpolated bathymetry at the same point. The error in the connection was computed separately from the error

in the segments, to be able to find the optimum combination method in the connection zone.

2.3.2 Comparison with global models

At present, there is no unique high-resolution bathymetry dataset easily available for the Danube Delta. In areas where such

data is lacking, hydrodynamic models can use global bathymetry models as an alternative. To ensure that the bathymetry120

product developed in this study offers a clear improvement over existing resources, we compared it against two widely-used

global bathymetry models: ETOPO 2022 (NOAA National Centers for Environmental Information, 2022) and GEBCO 2024

(GEBCO Compilation Group, 2024). Both models provide bathymetric data on a global scale, delivered on a grid with a

resolution of 15 arc-seconds (∼330 m).

3 Bathymetry Product125

The final bathymetry product of this study covers the three main branches of the Danube Delta, including all the channels and

meanders for which data were available, from Issacea to the Black Sea (Fig. 4). Detailed views of three areas, each covered by

a different bathymetry data source, demonstrate the consistency between the interpolation and the observed data (Fig. 4.b-d).

The dataset includes over 5.8× 105 points. The bathymetry values range from -3.4 m (negative values indicate points above

the reference level) on a dike, to 38.8 m in the river near Tulcea, with an average depth of 8.2± 5.06 m.130

Our results align with general river morphology. The bathymetry displays anisotropic patterns, with more pronounced depth

variations across the river than along its flow (Fig. 4 b., c. and d.). Greater depths are observed at the center of straight

channels (Fig. 4 c.), and on the outer bends of the curves (Fig. 4 b. and d.). The meanders of the Sfantu Gheorghe branch

tend to be shallower than the man-made straight channels created during the cut-off programs (Fig. 5). These patterns derive

from hydrodynamic forces and sediment transport processes. Erosion tend to be more pronounced in areas with higher water135

velocities, such as outer bends and the center of straights channels. By contrast, sediment deposition is higher in slower-moving

regions, like inner bends and meanders. In meandering channels, secondary helical flows, which transfer water from the outer

bend near the surface downward toward the inner bend near the riverbed, further contribute to sediment accumulation in the

inner bend (Bridge, 2003; Nelson et al., 2003).
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Not all of the Sfantu Gheorghe branch meanders exhibit the same behaviours (Fig. 5). For example, while M1 and M3140

meanders are indeed shallower than their respective artificial canals, the M2 meander displays the opposite pattern. Tiron Duţu

et al. (2014) observed the same phenomenon, attributing it to the fact that the M2 meander has retained much of its activity,

with its artificial canal being comparatively less active than those associated with M1 and M3. This unequal distribution of

flow between the meander and the man-made channel is attributed to several geomorphological control factors, including the

channel length ratios, the diversion angle (i.e. angle between the main channel and the entrance of the diversion channel) and145

the bed level differences.

Figure 4. (a) Map of the interpolated bathymetry in the Danube Delta with close-up views on (b) the Chilia branch, with colored dots

representing observation data, (c) the Sulina branch, with colored dots representing observation data, resampled to show 1/15 of the points

for clarity, (d) the Sfantu Gheorghe branch, with colored dots representing observation data resampled to show 1/7 of the points for clarity.

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 5. Map of the interpolated bathymetry in part 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 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.

4 Validation, applications and limitations

4.1 Validation

The RRMSE for each segment is strongly influenced by the primary bathymetric source (Fig. 6). Segments predominantly

based on UkrSCES data show an average RRMSE of 27.6± 13.4 % (RMSE = 1.78 m). In contrast, segments primarily using150

AFDJ data exhibit a lower average RRMSE of 0.55±0.34 % (RMSE = 0.07 m). In segments where the DDNIRD serves as the

primary data source, the average RRMSE is 6.3± 2.55 % (RMSE = 0.5 m). In the connection zones, where a weighted mean

was performed to ensure smooth transitions between segments, the average RRMSE is 1.90% (RMSE = 0.26 m).

Those results are comparable to those reported in studies using similar interpolation techniques. We did not find any studies

that used datasets with a point resolution as low as that of the UkrSCES dataset. However, the RRMSE obtained for UkrSCES155

covered segments are similar to those of Merwade (2009) for two rivers with a random point distribution and a density approx-

imately 3000 times higher than the UkrSCES dataset. For the DDNIRD dataset, our results are on par with or better than those

found in the literature with transect and similar point densities (Merwade, 2009; Liang et al., 2022). We also found no studies

using datasets with a point density as high as that of the AFDJ, but our RRMSE in AFDJ dominated segments is close to 0,

indicating excellent alignment with the observed data. Additionally, our results conform to well-established river morphologi-160

cal patterns. They present a greater variation in depth across the river than along its flow, and deeper areas on the outer bends.

The bathymetry in the Sfantu Gheorghe meanders reflects what has been observed by Tiron Duţu et al. (2014). As a result, we

consider the bathymetric product to be of the highest possible quality with the available data sources.
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Figure 6. RRMSE for the bathymetry of each segment. The color and shape of the markers correspond to the main bathymetry data source

covering the segment. The horizontal dotted line highlights the 0% RRMSE line.

4.2 Comparison with global bathymetry models

Our bathymetry product presents a significant improvement in representing the Danube Delta over global bathymetry models165

like ETOPO 2022 and GEBCO 2024 (Fig. 7). With a grid resolution of ∼ 330 m, these global models struggle to represent the

river bathymetry. In many cases, they either fail to capture the river’s course or significantly underestimate its depth. Due to the

coarse pixel size, which frequently exceeds the width of the river, they are unable to represent the depth variations within the

river channel. While ETOPO 2022 and GEBCO 2024 are good bathymetry product for oceanographic applications, they lack

the necessary resolution to represent river processes. In contrast, our bathymetry product, which has a much higher resolution,170

is specifically tailored to capture these critical riverine dynamics, making it a more suitable tool for river-related studies and

models.

4.3 Limitations

The most obvious limitation of this study comes from the data used. The first problem initiates from the temporality of

bathymetry samplings. Measurements were taken between 2014 and 2018. Readings for the AFDJ and DDNIRD datasets175

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). Rivers are very dynamic ecosystem, and the Danube is no exception, with both natural ero-

sion/deposition of sediments and man-made dredging happening at different points along the river (Jugaru Tiron et al., 2009;

Habersack et al., 2016; FAIRway Danube, 2021). It is therefore highly unlikely that the bathymetry remained the same during
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Figure 7. Comparison of ETOPO 2022 and GEBCO 2024 bathymetry of the delta with this study’s results and observations. The Black line

represent the Danube riverbanks. (a) Delta bathymetry according to ETOPO 2022 (NOAA National Centers for Environmental Information,

2022), with (b) a close-up view on ETOPO 2022 data in the Danube. (c) Delta bathymetry according to GEBCO 2024 (GEBCO Compilation

Group, 2024), with (d) a close-up view on GEBCO 2024 data in the Danube. (e) Bathymetry product presented in this study. (f) Observations

data points used in this study.

the entire sampling period. As such, it is only natural that we observed discrepancies at places where two different bathymetry180

sources meet.

The other limitation linked with the data is the low sampling density. More specifically, more data is needed for the river

segments covered by the UkrSCES and DDNIRD datasets. 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 the185
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continuity of the beds 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 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 adding190

longitudinal profiles parallel to the shores, as proposed by Diaconu et al. (2019).

The "by segment" interpolation used to allow reprojection in s,n-coordinate system is also a source of discontinuities

between segments. The use of a weighted mean combination method in the connection zones reduced those discontinuities in

the interpolation results and allow for more realistic transitions.

4.4 Applications195

This work presents the first bathymetry dataset that comprehensively covers all three branches of the Danube Delta, marking

a significant advancement in the characterization and understanding of the delta. This data set is an essential element in the

development of a future hydrodynamic model of the Danube-Black Sea land-sea continuum. Such a model will improve our

understanding of the complex coastal processes that occur in the Black Sea. Although the Danube Delta acts as a natural

buffer between the river and the sea, most models studying the Danube’s impact on the Black Sea do not investigate the river-200

delta-coastal zone continuum. These models typically represent the inputs of water and nutrients through boundary conditions

by relying on monthly means or climatological averages. This approach oversimplifies the dynamic nature of the delta and

its role in modulating freshwater and sediment fluxes (Grégoire and Friedrich, 2004; Beckers et al., 2002; Kara et al., 2008;

Kubryakov et al., 2018; Lima et al., 2020). Such oversimplification can lead to inaccurate representations of hydrodynamic

and biogeochemical conditions within the region where the freshwater from the Danube influences the Black Sea. This zone205

of influence can extend across large portions of the Black Sea shelf, especially from late spring to early fall. Poor resolution of

the river input in the sea is one of the main source of error in coastal models, hampering their capabilities to predict the state

and variability including the occurrence of extreme events like hypoxia (Ivanov et al., 2020; Breitburg et al., 2018; Bonamano

et al., 2024; Rose et al., 2017). Therefore, having a high-resolution, easily accessible bathymetry dataset for the Danube

Delta’s branches is an important first step toward improving the accuracy of Black Sea coastal models and better understanding210

interactions within the Danube-Black Sea continuum.

Our bathymetry product could also be useful for flood risk assessment in the Danube Delta. The region is characterized by

low elevations and minor altitude variations, with ∼ 93% of its surface lying between 0 and 2 m above sea level. As a results,

and despite the moderate rainfall in that area, the Danube Delta experience annual flooding (Niculescu et al., 2015). Coupled

with a high-precision DEM, our bathymetry dataset could be used to represent the flooding processes within the delta. It could215

also support evaluations of infrastructure impacts, such as those of dikes and floodplain modifications, on flood extent and

dynamics.

In addition, this bathymetry dataset can be used in ecosystem and habitat modeling. Designated a UNESCO World Heritage

Site since 1990, the Danube Delta is Europe’s largest nearly undisturbed wetland and is considered a major biodiversity hotspot
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(Tockner et al., 2009; Simon and Andrei, 2023). Water depth, and by extension underwater topography, are key components of220

habitat suitability models. They influence many wildlife activities, including fish breeding, benthic communities distribution,

reed bed development and bird nesting (Zhang et al., 2024; Zigler et al., 2008; Sultanov, 2019). High-resolution bathymetry

can help pinpoint areas of ecological importance and guide conservation efforts.

5 Conclusions

This dataset is the first unique, high-resolution, comprehensive and easily accessible bathymetric model covering all three225

branches of the Danube Delta. We combined four different datasets of varying density and spatial patterns on a hybrid

curvilinear-unstructured mesh using an anisotropic IDW interpolation method. The resulting product is made of 5.8× 105

elements, with a resolution ranging from 2 to 100 m. Cross-validation confirmed that the error rates are comparable to those

reported in similar interpolation studies, leading us to conclude that this product is as accurate as possible, given the avail-

able data. The dataset will be instrumental in enhancing hydrodynamic models aimed at improving our understanding of the230

Danube-Black Sea land-sea continuum. By offering better resolution and accuracy, this product will allow more precise sim-

ulations of river-coastal dynamics, providing essential insights for both scientific research and environmental management in

the region.

6 Data availability

The dataset generated from this work is available at https://doi.org/10.5281/zenodo.14055741 (Alaerts et al., 2024)235

Appendix A: Mesh generation

To incorporate bathymetric data into hydrodynamic models, the river profile must be reconstructed on a mesh, ideally oriented

along the flow direction (Merwade et al., 2005). In this study, we used an hybrid curvilinear-unstructured grid. It combines a

curvilinear mesh made of quadrilateral elements elongated along the flow in unidirectional river segments, and an unstructured

triangular mesh at the connections between segments (Figures A1.d.). This hybrid curvilinear-unstructured grid has several240

advantages, the main one being that it allows an accurate representation of the river bottom with limited data storage (Lai,

2010; Bomers et al., 2019).

To create the mesh, the Danube is first divided into unidirectional segments and connection zones (i.e. zones where the river

segments splits or merge) (Fig. A1.a.). To do so, the river is cut at a distance L m from the points where the river segments

intersect. We hence obtain 45 individual segments and 35 connection zones that will be meshed separately before being put245

back together. The connection zones are meshed using triangular elements with a resolution of l m (Fig. A1.b.). Each segment

is then further subdivided into quadrilaterals, by cutting both riverbanks at L-meter intervals. To optimize this division of the
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Figure A1. Creation of the mesh in the river. (a) The braided river is divided into unidirectional segments (black and blue) and connection

zones (turquoise). (b) Connection zones are meshed with triangular elements at a resolution of approximately 5 m. (c) Segments are divided

into quadrilaterals, where parameters a and b are optimized across each segment to ensure that the b edges are as close to a chosen length

as possible, and that a and b remain as perpendicular as possible (Eq. A1). (d) Segments are reassembled with connection zones. In each

segment, each quadrilateral is further subdivided into smaller quadrilaterals aligned with the river’s course to match the triangular elements

of the connection zones.

segments, we calculate the following metric for each quadrilateral:

Q = 10(|b| −L)4 + (b · â)4, (A1)

where b is a vector following the quadrilateral edge along the riverbank, L is the target length of b, and a is a vector following250

the edge of the same quadrilateral that serves as a cross section of the river (Fig. A1.c.). The quality metric Q is computed

for each combination of a and b, and the sum of Q is minimized for each segment. The aim of this optimization is to have

quadrilaterals with b is as close as possible to the desired length L, and where the angle between a and b is as close as possible

to 90°. In this way, we avoid having elements that are too small in curved river segments or near connections. The segments are

then assembled back together with the connection zones, and quadrilaterals in the segments are further subdivided into smaller255

ones, to ensure alignment with the 5-meter elements in the connection zones (Fig. A1.d.). The mesh was created using GMSH

(Geuzaine and Remacle, 2009).

Our observation datasets have a resolution varying between a few meters and hundreds of meters. As a compromise, we

chose to to fix L = 50 m and l = 5 m, obtaining a mesh made of 5 x 50 m elements in the segments and 5 m elements in

the connection zones. This resolution is coherent with the resolution of recent hydrodynamic models in rivers and deltas, that260
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generally have minimum element sizes varying between 5 to 50 m (Pham Van et al., 2016; Pelckmans et al., 2021; Bunya et al.,

2010; Dresback et al., 2023; Bakhtyar et al., 2020). While this resolution may be coarser than the original bathymetric data

in certain areas, particularly those covered by the AFDJ dataset, it provides a unified dataset with sufficient details to use in

advanced hydrodynamic models while being more manageable than non-integrated higher-resolution datasets.

Appendix B: Interpolation265

B1 Interpolation process

Given the diverse data sources, a certain degree of standardization was necessary. First, we had to transition most of the data

from their local datum to the WGS84 vertical datum. The UkrSCES data were referenced to the Odessa datum, which is 0.17

m below the WGS84 vertical datum. For AFDJ data, most of the Sulina channel was referenced to the Marea Neagra Sulina

datum, 0.03 m above WGS84, while data upstream of Tulcea and the beginning of the Sulina channel used the Tulcea datum,270

0.33 m above WGS84. DDNIRD data were referenced to the Marea Neagra 75 datum, 0.25 m above WGS84 (Anastasiu,

2014).

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 (Merwade et al., 2005, 2006; Pelckmans et al., 2021; Legleiter and Kyriakidis,

2008). The reason behind this reprojection stems from the fact that conventional cartesian interpolation methods often fall short275

in providing satisfactory results in river settings. This inadequacy comes from the inherent anisotropy of riverbed bathymetry

— the variation in river depth is notably more pronounced in the direction perpendicular to the flow compared to the flow

direction itself. The initial projection of bathymetric data into an s,n-coordinate system allows us to address this anisotropy

during the following interpolation. Here, s represents the distance along the centerline of the river, while n is the distance on

the perpendicular to s.280

Each segment defined during the mesh generation has its own coordinate system, based on the mesh of the segment. The

projection procedure inside a segment is described below and illustrated in Fig. B1.

1. Definition of the s,n-coordinate system:

The centerline of the river is computed, by determining the midpoint between every pair of nodes on each side of the

river (Fig. B1.a.). This centerline subsequently serves as the s axis. s-coordinates are allocated to each node along the285

riverbanks by calculating the length of the centerline from the beginning of the segment to the line connecting each pair

of opposing nodes (Fig. B1.b.). All facing nodes within the same segment share identical s-coordinates. An n-coordinate

is assigned to each node on the bank, by halving the distance between each pair of facing nodes (Fig. B1.c.). Nodes on

the right bank have a negative n-coordinate, nodes on the left bank have a positive coordinate. As a result, each segment

is subdivided into quadrilaterals, and each corner node within a quadrilateral receives coordinates within the s,n-system290

of the segment.
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2. Reprojection of the bathymetry points:

For each bathymetry point, an assessment is made to determine the quadrilateral within which it is situated (Fig. B1.d.).

Subsequently, its s,n-coordinate are calculated (Fig. B1.e.) with:

s =
1− δx

2
sx0 +

1 + δx

2
sx1 ,

n =
(

1− δx

2
nx0 +

1 + δx

2
nx1

)
1− δy

2

+
(

1− δx

2
nx3 +

1 + δx

2
nx2

)
1 + δy

2
,

(B1)295

where δx and δy are the coordinates of the bathymetry point in the quadrilateral, and sxi
and nxi

are the s,n-coordinates

of the ith corner node of the quadrilateral.

To account for the river anisotropy during interpolation in the segments, one approach is to prioritize points with similar n-

coordinate (i.e., directly upstream or downstream), over those with similar s-coordinates (i.e. on the same transect) (Merwade

et al., 2006, 2008; Wu et al., 2019). To achieve this, we artificially increased the distance between bathymetry points in the300

direction perpendicular to the river by multiplying the n coordinate of every point by an dimensionless anisotropy factor an.

Subsequently, the depth at each node of the mesh was computed using Inverse Distance Weighting (IDW) interpolation:

z∗ =
np∑

i=1

wizi, (B2)

where i = 1, ...np are the np bathymetry points closest to the node, zi is the depth of the ith bathymetry point, and wi is the

weight associated to this point:305

wi =

1
dp

i
∑n

i=1

1
dp

i

, (B3)

where di is the distance between the node and the ith bathymetry point and p is an exponent controlling the influence that the

points have on the interpolation: the higher the power, the less distant points influence the depth value at the node. 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 faring better than other interpolation methods, such as kriging or spline interpolation (Merwade et al.,310

2006; Liang et al., 2022; Diaconu et al., 2019).

Another challenge in this study was handling interpolation in the connection zones, where multiple river segments con-

verge or diverge. In theses areas, the deepest parts of the river do not follow a single, easily defined direction that could be

approximated by a centerline s. Instead, the bathymetric features form complex patterns, often extending from the shapes

of the adjacent segments and intersecting in "T" or "X" configurations. Few studies on river bathymetry interpolation focus315

on braided rivers with multiple river segments as their test cases. Goff and Nordfjord (2004) included the connections zones

within the channels and took the maximum interpolated depth at points with multiple interpolation results. Hilton et al. (2019)
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Figure B1. Reprojection of the bathymetry points in the s,n-coordinate system. The bathymetry point is represented by a green star. The

nodes on the riverbanks are represented by red circle. The mesh is represented by gray lines. (a) We find the centerline (blue dotted line) of

the river segment. The centerline passes in the middle (blue stars) of every pair of opposing nodes. (b) Every node on the riverbanks receives

an s-coordinate. (c) Every node on the riverbanks receives an n-coordinate. (d) Coordinates of the bathymetry points in the quadrilateral in

which it is located. (e) Bathymetry point in the s,n-coordinate system.

employed an s,n-coordinate system that encompassed 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 different
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channels. Similarly, Lai et al. (2021) did not cut the network in segments and opted to linearly interpolate the bathymetry320

following the streamlines in the river network. Dey et al. (2022) did segmented the network, and computed the bathymetry

for points in the connection zones by using a 2- or 3-neighbors IDW, depending on whether or not they 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 reprojecting both the mesh points and bathymetric325

data within the connection areas, following the procedure illustrated in Figure B1. Interpolation was then carried out as if the

mesh points of the connection zones included in this extended grid belonged to the segment. Consequently, a single mesh point

in a connection zone could be associated with multiple segment coordinate systems, leading to multiple interpolation results.

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, we330

calculated the mean of the values. In the third approach, we averaged the interpolation results, with weights assigned based

on the distance to the segment that produced each result. Those three methods are hereafter referred to as the Max, Mean and

Weighted mean methods, respectively.

B2 Parametrization

A sensitivity analysis was carried out to identify the optimal values for the parameters an, np, and p of the interpolation335

method (Eqs. B2 and B3) in the river segments. For the anisotropy factor an, we tested integers between 1 and 20, followed

by multiples of 10 up to 100. The maximum value of 100 was chosen based on the DDNIRD data, where the distance within

a transect is approximately 3 m, while the distance between transects is about 300 m. The values tested for the number of

neighbors np and the exponent p are respectively integers between 2 and 8, and integers between 1 and 3. To select the best set

of parameters, we looked for the set of parameters that minimized the error obtained with the ’leave-one-out’ cross-validation340

technique. For segments with more than 1000 points, where a random sample of 1000 points was used for testing, the same

1000 points were tested for each parameter set.

The optimal parameters for each segments are presented in Tables B1 and B2. Overall, we did not find any definitive rule to

define the optimum values of an, np and p parameters of the segments. However, certain trends can be observed regarding the

dimensionless anisotropic factor an. Segments covered by bathymetry primarily sourced from UkrSCES data tend to require345

a higher an value, with a median of 18. Segments relying on AFDJ or DDNIRD data have lower median an of 1 and 2,

respectively. We observed no clear trend between the optimal values of the other parameters and the source of the observation

data. Segments mainly relying on AFDJ data appear to be insensitive to variations in parameter values.

This initial parametrization worked well for sparse, randomly distributed bathymetric data and high-density bathymetry, such

as the data from the UkrSCES and the AFDJ. For the DDNIRD data, where points within transects are densely packed and350

transects are widely spaced, this method led to interpolation errors on the higher-resolution grid. When optimizing parameters

in segments with DDNIRD data by sequentially removing points, the optimal an value was often low. This is due to the fact

that points within the same transect are very close to each other and have similar bathymetry values, unlike the more distant
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Table B1. Combination of parameters for the interpolation of the bathymetry that gives the lowest error for each segment covered by the

UkrSCES dataset.

Segment ID np p an RMSE [m] RRMSE [%] Source

0 3 2 14 1.21 7.35 UkrSCES

1 5 3 8 2.48 28.52 UkrSCES

2 7 1 18 2.10 29.50 UkrSCES

3 2 1 15 1.57 29.45 UkrSCES

4 2 3 90 0.60 9.09 UkrSCES

5 4 1 13 1.02 11.39 UkrSCES

6 2 3 30 1.54 46.81 UkrSCES

7 4 1 8 1.44 25.68 UkrSCES

8 3 3 6 2.69 26.89 UkrSCES

9 5 3 40 3.58 37.94 UkrSCES

10 6 2 14 1.54 19.84 UkrSCES

11 8 2 100 0.97 15.49 UkrSCES

12 3 3 100 2.09 51.00 UkrSCES

13 5 1 50 4.30 59.24 UkrSCES

14 5 2 100 1.57 26.81 UkrSCES

15 3 2 5 3.06 37.75 UkrSCES

16 4 2 20 1.25 22.10 UkrSCES

17 2 1 18 1.64 25.22 UkrSCES

18 4 2 15 1.50 19.82 UkrSCES

19 6 2 8 1.61 30.48 UkrSCES

20 4 1 1 1.29 38.89 UkrSCES

21 4 1 20 1.91 43.83 UkrSCES

22 4 1 30 1.04 13.82 UkrSCES

23 2 3 9 1.14 13.34 UkrSCES

24 3 2 18 1.44 19.89 UkrSCES

points in other transects. As a result, when the mesh resolution along the s-axis is finer than the distance between transects,

the np closest bathymetric points to the mesh nodes are often all from the same transect. This created a step-like interpolation,355

disrupting along-bed continuity.

To address this issue, we employed a modified two-step interpolation technique within the s,n-coordinate system for seg-

ments where DDNIRD data predominates. The first step is based on the idea pursued by several studies that the bathymetry

changes linearly following lines of constant n-coordinates (Goff and Nordfjord, 2004; Caviedes-Voullième et al., 2014; Dysarz,
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Table B2. Combination of parameters for the interpolation of the bathymetry that gives the lowest error for each segment covered by the

AFDJ or the DDNIRD datasets.

Segment ID np p an RMSE [m] RRMSE [%] Source

25 2 1 1 0.04 0.31 AFDJ

26 2 1 1 0.09 0.79 AFDJ

27 6 3 7 0.31 4.13 DDNIRD

28 2 1 14 0.32 12.66 DDNIRD

29 2 2 1 0.51 3.50 DDNIRD

30 3 2 1 0.42 5.09 DDNIRD

31 4 3 2 0.27 3.02 DDNIRD

32 3 2 1 0.35 6.72 DDNIRD

33 6 2 1 0.47 4.59 DDNIRD

34 2 1 4 0.14 9.79 DDNIRD

35 2 2 9 0.63 4.38 DDNIRD

36 4 2 2 0.40 4.15 DDNIRD

37 4 1 1 0.28 7.01 DDNIRD

38 6 2 40 0.64 4.47 DDNIRD

39 4 2 1 0.37 3.07 DDNIRD

40 4 2 1 0.19 5.88 DDNIRD

41 2 1 8 0.65 4.51 DDNIRD

42 2 1 13 0.27 2.76 DDNIRD

43 4 2 1 0.40 4.09 DDNIRD

44 2 1 3 0.29 2.95 DDNIRD

45 2 2 1 0.54 7.56 DDNIRD

2018). For each grid point of the grid used for reprojection, we computed the bathymetry by identifying the closest points from360

the upstream and downstream transects and then applying a simple Inverse Distance Weighting (IDW) interpolation using those

two points in Eqs. B2 and B3, with np = 2 and p = 1. This process results in bathymetric data whose coordinates align with

the mesh within the segment but not in the connection zones. To resolve this, a second interpolation is performed using the

same method as with other bathymetry sources, but with the grid-interpolated bathymetry as the source. Since the grid and

the mesh coincide within the segments, the interpolated bathymetry in these areas remains largely unaffected by the second365

step, while the bathymetry on the mesh points in the connections continues smoothly from the segments. To estimate the error

with this method, we used a "leave-one-out" cross-validation technique to compute the RRMSE on the observation points. It is

important to note that this approach does not provide an error estimation for the mesh nodes between the transects.
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Table B3. Error metrics in connection zones corresponding to the different combination methods described in Sec. B

Combination method RMSE RRMSE MAE MAD

[m] [%] [m] [m]

Max 0.29 2.14 0.09 0.035

Mean 0.22 1.64 0.08 0.033

Weighted mean 0.26 1.90 0.08 0.032

In the connection zones, the three tested combination methods have similar errors (Table B3). They all gave low error metrics,

with at least 50% of the tested points with an absolute error below 3.5 cm. The Max method gives the poorest results. Although370

the Mean method resulted in the lowest overall error, the Weighted Mean method provided smoother transitions between the

segments and has a lower MAD.
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Duţu, F., Panin, N., Ion, G., and Tiron Duţu, L.: Multibeam Bathymetric Investigations of the Morphology and Associated Bedforms, Sulina

Channel, Danube Delta, Geosciences, 8, 7, https://doi.org/10.3390/geosciences8010007, 2018.

Dysarz, T.: Development of RiverBox—An ArcGIS Toolbox for River Bathymetry Reconstruction, Water, 10, 1266,

https://doi.org/10.3390/w10091266, 2018.435

Esri: Ocean Basemap, https://www.arcgis.com/home/item.html?id=67ab7f7c535c4687b6518e6d2343e8a2, 2018.

European Space Agency: Copernicus Global Digital Elevation Model, https://doi.org/10.5270/ESA-c5d3d65, 2021.

FAIRway Danube: Fairway Rehabilitation and Maintenance Master Plan for the Danube and Its Navigable Tributaries: NATIONAL ACTION

PLANS UPDATE MAY 2021, Tech. Rep. v. 16.11.2021, Connecting Europe Facility of the European Union, 2021.

Fuchs, M., Palmtag, J., Juhls, B., Overduin, P. P., Grosse, G., Abdelwahab, A., Bedington, M., Sanders, T., Ogneva, O., Fedorova, I. V.,440

Zimov, N. S., Mann, P. J., and Strauss, J.: High-Resolution Bathymetry Models for the Lena Delta and Kolyma Gulf Coastal Zones, Earth

System Science Data, 14, 2279–2301, https://doi.org/10.5194/essd-14-2279-2022, 2022.

GEBCO Compilation Group: GEBCO 2024 Grid, https://doi.org/10.5285/1c44ce99-0a0d-5f4f-e063-7086abc0ea0f, 2024.

Geuzaine, C. and Remacle, J.-F.: Gmsh: A 3-D Finite Element Mesh Generator with Built-in Pre- and Post-Processing Facilities, International

Journal for Numerical Methods in Engineering, 79, 1309–1331, https://doi.org/10.1002/nme.2579, 2009.445

Goff, J. A. and Nordfjord, S.: Interpolation of Fluvial Morphology Using Channel-Oriented Coordinate Transformation: A Case Study from

the New Jersey Shelf, Mathematical Geology, 36, 643–658, https://doi.org/10.1023/B:MATG.0000039539.84158.cd, 2004.

Grégoire, M. and Friedrich, J.: Nitrogen Budget of the Northwestern Black Sea Shelf Inferred from Modeling Studies and in Situ Benthic

Measurements, Marine Ecology Progress Series, 270, 15–39, https://doi.org/10.3354/meps270015, 2004.

Habersack, H., Hein, T., Stanica, A., Liska, I., Mair, R., Jäger, E., Hauer, C., and Bradley, C.: Challenges of River Basin Management:450

Current Status of, and Prospects for, the River Danube from a River Engineering Perspective, Science of The Total Environment, 543,

828–845, https://doi.org/10.1016/j.scitotenv.2015.10.123, 2016.

Hilton, J. E., Grimaldi, S., Cohen, R. C. Z., Garg, N., Li, Y., Marvanek, S., Pauwels, V. R. N., and Walker, J. P.: River Reconstruction Using a

Conformal Mapping Method, Environmental Modelling & Software, 119, 197–213, https://doi.org/10.1016/j.envsoft.2019.06.006, 2019.

Ivanov, E., Capet, A., Barth, A., Delhez, E. J. M., Soetaert, K., and Grégoire, M.: Hydrodynamic Variability in the Southern Bight of the455

North Sea in Response to Typical Atmospheric and Tidal Regimes. Benefit of Using a High Resolution Model, Ocean Modelling, 154,

101 682, https://doi.org/10.1016/j.ocemod.2020.101682, 2020.

23

https://doi.org/10.5194/essd-2024-529
Preprint. Discussion started: 5 December 2024
c© Author(s) 2024. CC BY 4.0 License.



Jugaru Tiron, L., Le Coz, J., Provansal, M., Panin, N., Raccasi, G., Dramais, G., and Dussouillez, P.: Flow and Sediment Processes in a Cutoff

Meander of the Danube Delta during Episodic Flooding, Geomorphology, 106, 186–197, https://doi.org/10.1016/j.geomorph.2008.10.016,

2009.460

Kara, A. B., Wallcraft, A. J., Hurlburt, H. E., and Stanev, E. V.: Air–Sea Fluxes and River Discharges in the Black Sea with a Focus on the

Danube and Bosphorus, Journal of Marine Systems, 74, 74–95, https://doi.org/10.1016/j.jmarsys.2007.11.010, 2008.

Kubryakov, A. A., Stanichny, S. V., and Zatsepin, A. G.: Interannual Variability of Danube Waters Propagation in Sum-

mer Period of 1992–2015 and Its Influence on the Black Sea Ecosystem, Journal of Marine Systems, 179, 10–30,

https://doi.org/10.1016/j.jmarsys.2017.11.001, 2018.465

Lai, R., Wang, M., Zhang, X., Huang, L., Zhang, F., Yang, M., and Wang, M.: Streamline-Based Method for Reconstruction of Complex

Braided River Bathymetry, Journal of Hydrologic Engineering, 26, 04021 012, https://doi.org/10.1061/(ASCE)HE.1943-5584.0002080,

2021.

Lai, Y. G.: Two-Dimensional Depth-Averaged Flow Modeling with an Unstructured Hybrid Mesh, Journal of Hydraulic Engineering, 136,

12–23, https://doi.org/10.1061/(ASCE)HY.1943-7900.0000134, 2010.470

Lazar, L., Rodino, S., Pop, R., Tiller, R., D’Haese, N., Viaene, P., and De Kok, J.-L.: Sustainable Development Scenarios in the Danube

Delta—A Pilot Methodology for Decision Makers, Water, 14, 3484, https://doi.org/10.3390/w14213484, 2022.

Legleiter, C. J. and Kyriakidis, P. C.: Spatial Prediction of River Channel Topography by Kriging, Earth Surface Processes and Landforms,

33, 841–867, https://doi.org/10.1002/esp.1579, 2008.

Liang, Y., Wang, B., Sheng, Y., and Liu, C.: Two-Step Simulation of Underwater Terrain in River Channel, Water, 14, 3041,475

https://doi.org/10.3390/w14193041, 2022.

Lima, L., Aydogdu, A., Escudier, R., Masina, S., Cilibert, S., Azevedo, D., Peneva, E., Causio, S., Cipollone, A., Clementi, E., Cretí, S.,

Stefanizzi, L., Lecci, R., Palermo, F., Coppini, G., Pinardi, N., and Palazov, A.: Black Sea Physical Reanalysis (CMEMS BS-Currents)

(Version 1), https://doi.org/10.25423/CMCC/BLKSEA_MULTIYEAR_PHY_007_004, 2020.

Merwade, V. M.: Effect of Spatial Trends on Interpolation of River Bathymetry, Journal of Hydrology, 371, 169–181,480

https://doi.org/10.1016/j.jhydrol.2009.03.026, 2009.

Merwade, V. M., Maidment, D. R., and Hodges, B. R.: Geospatial Representation of River Channels, Journal of Hydrologic Engineering, 10,

243–251, https://doi.org/10.1061/(ASCE)1084-0699(2005)10:3(243), 2005.

Merwade, V. M., Maidment, D. R., and Goff, J. A.: Anisotropic Considerations While Interpolating River Channel Bathymetry, Journal of

Hydrology, 331, 731–741, https://doi.org/10.1016/j.jhydrol.2006.06.018, 2006.485

Merwade, V. M., Cook, A., and Coonrod, J.: GIS Techniques for Creating River Terrain Models for Hydrodynamic Modeling and Flood

Inundation Mapping, Environmental Modelling & Software, 23, 1300–1311, https://doi.org/10.1016/j.envsoft.2008.03.005, 2008.

Nelson, J. M., Bennett, J. P., and Wiele, S. M.: Flow and Sediment-Transport Modeling, in: Tools in Fluvial Geomorphol-

ogy, edited by Kondolf, G. M. and Piégay, H., pp. 539–576, Wiley, 1 edn., ISBN 978-0-471-49142-2 978-0-470-86833-1,

https://doi.org/10.1002/0470868333.ch18, 2003.490

Niculescu, S., Lardeux, C., Hanganu, J., Mercier, G., and David, L.: Change Detection in Floodable Areas of the Danube Delta Using Radar

Images, Natural Hazards, 78, 1899–1916, https://doi.org/10.1007/s11069-015-1809-4, 2015.

NOAA National Centers for Environmental Information: ETOPO 2022 15 Arc-Second Global Relief Model, https://doi.org/10.25921/fd45-

gt74, 2022.

24

https://doi.org/10.5194/essd-2024-529
Preprint. Discussion started: 5 December 2024
c© Author(s) 2024. CC BY 4.0 License.



Panin, N. and Jipa, D.: Danube River Sediment Input and Its Interaction with the North-western Black Sea, Estuarine, Coastal and Shelf495

Science, 54, 551–562, https://doi.org/10.1006/ecss.2000.0664, 2002.

Pelckmans, I., Gourgue, O., Belliard, J.-P., Dominguez-Granda, L. E., Slobbe, C., and Temmerman, S.: Hydrodynamic Modelling of the

Tide Propagation in a Tropical Delta: Overcoming the Challenges of Data Scarcity, in: 2020 TELEMAC-MASCARET User Conference

October 2021, Antwerp, 2021.

Pham Van, C., de Brye, B., Deleersnijder, E., Hoitink, A. J. F., Sassi, M., Spinewine, B., Hidayat, H., and Soares-Frazão, S.:500

Simulations of the Flow in the Mahakam River–Lake–Delta System, Indonesia, Environmental Fluid Mechanics, 16, 603–633,

https://doi.org/10.1007/s10652-016-9445-4, 2016.

Romanescu, G.: Alluvial Transport Processes and the Impact of Anthropogenic Intervention on the Romanian Littoral of the Danube Delta,

Ocean & Coastal Management, 73, 31–43, https://doi.org/10.1016/j.ocecoaman.2012.11.010, 2013.

Rose, K. A., Justic, D., Fennel, K., and Hetland, R. D.: Numerical Modeling of Hypoxia and Its Effects: Synthesis and Going Forward,505

in: Modeling Coastal Hypoxia: Numerical Simulations of Patterns, Controls and Effects of Dissolved Oxygen Dynamics, edited by Jus-

tic, D., Rose, K. A., Hetland, R. D., and Fennel, K., pp. 401–421, Springer International Publishing, Cham, ISBN 978-3-319-54571-4,

https://doi.org/10.1007/978-3-319-54571-4_15, 2017.
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