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Abstract
Denmark’s Depth Model version 2.0 (DDM v2.0) is the latest iteration of a Digital Bathymetric 
Model (DBM) for Danish waters, offering a grid resolution of 50 meters. The compilation inte-
grates hundreds of survey datasets, including both modern and historical sources, as well as 
satellite-derived and crowdsourced bathymetric data. The model is referenced to Mean Sea 
Level (MSL) datum and – due to the adopted compilation process – is not designed for safety 
of navigation. DDM v2.0 is accessible through the Danish Geodata Agency's website and 
constitutes a significant contribution to the European Marine Observation and Data Network 
(EMODnet) Bathymetry initiative.

Resumé
Le modèle de profondeur du Danemark version 2.0 (DDM v2.0) est la dernière itération d'un modèle ba-
thymétrique numérique (DBM) pour les eaux danoises, offrant une résolution de grille de 50 mètres. La 
compilation intègre des centaines de lots de données de levés, y compris des sources modernes et his-
toriques, ainsi que des données bathymétriques dérivées par satellite et des données de bathymétrie 
participative. Le modèle est référencé au niveau moyen de la mer (MSL) et  - en raison du processus de 
compilation adopté  - n'est pas conçu pour la sécurité de la navigation. Le DDM v2.0 est accessible sur le 
site web de l'Agence danoise des géodonnées et constitue une contribution significative à l'initiative Ba-
thymétrie du Réseau européen d'observation et de données du milieu marin (EMODnet). 
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Resumen
El Modelo de Profundidad de Dinamarca versión 2.0 (DDM v2.0) es la última iteración de un Modelo Ba-
timétrico Digital (DBM) para aguas danesas, que ofrece una resolución de cuadrícula de 50 metros. La 
compilación integra cientos de conjuntos de datos de levantamientos, tanto de fuentes modernas como 
históricas, así como datos batimétricos obtenidos por satélite y por batimetría participativa. El modelo 
está referenciado al Nivel Medio del Mar (MSL) y  - debido al proceso de compilación adoptado - no está 
diseñado para la seguridad de la navegación. Se puede acceder al DDM v2.0 de la página web de la Agen-
cia Danesa de Geodatos, y constituye una contribución significativa a la iniciativa de batimetría de la Red 
Europea de Observación y Datos Marinos (EMODnet).

1 Introduction
Ocean bathymetry, the study and mapping of the 
seafloor topography, is a fundamental aspect of ma-
rine science, underpinning a wide range of scientific, 
environmental, and navigational applications (Brown 
et al., 2012; Jakobsson & Mayer, 2022; Lecours 
et al., 2016). Ocean bathymetry is typically repre-
sented using a specialized form of a Digital Terrain 
Model (DTM), known as a Digital Bathymetric Model 
(DBM). The DBM is commonly structured as a reg-
ular grid, where each grid cell is assigned a specific 
depth value corresponding to the seafloor elevation 
or depth below sea level (Jakobsson et al., 2019). 
This grid-based representation allows for the system-
atic analysis and visualization of underwater features, 
facilitating accurate mapping and modeling of marine 
environments (Erikstad et al., 2013; Lubczonek & 
Zaniewicz, 2023; Sowers et al., 2024). 

The analysis of the available global and regional 
DBMs reveals significant gaps and uncertainties, 
challenging the notion that the ocean floor is fully 
understood (Mayer et al., 2018; Ware et al., 2023). 
The General Bathymetric Chart of the Oceans 
(GEBCO) is a widely recognized global DBM with a 
nominal resolution of 15 arc seconds, which trans-
lates to approximately 500 meters at the equator 
(GEBCO Bathymetric Compilation Group, 2024). 
However, it is important to note that GEBCO lacks 
direct depth measurements for approximately 75 
% of its global coverage (McMichael-Phillips et al., 
2024). This issue of incomplete data is not unique 
to GEBCO; similar challenges are observed in other 
global bathymetric compilations such as the Global 
Multi-Resolution Topography (GMRT; Drennon et al., 
2023). Additionally, regional DBMs, including the 
International Bathymetric Chart of the Arctic Ocean 
(IBCAO; Jakobsson et al., 2020) and the European 
Marine Observation and Data Network (EMODnet) 
Bathymetry, which covers all European sea regions 
(Schaap & Schmitt, 2020), also face analogous 
limitations regarding data coverage and resolution. 
Regional and global DBMs predominantly depend 
on interpolation techniques and altimetry-derived 
datasets (Weatherall et al., 2015). Although altime-
try-derived bathymetry is widely employed in global 
and regional bathymetric compilations, its utility is 

limited to providing only approximate representations 
of the seafloor. This limitation is primarily due to the 
challenges associated with upward continuation in 
deep-water regions and the inherent variability in sed-
iment thickness and crustal structures along shallow 
continental margins (Andersen et al., 2010; Legeais 
et al., 2018; Sandwell et al., 2003). Consequently, 
the depth estimates derived from altimetry suffer from 
significant inaccuracies, often on the order of several 
hundred meters or more, and the spatial resolution is 
insufficient for resolving seafloor features smaller than 
a few kilometers in scale (Mayer et al., 2021).

Ocean mapping is inherently challenging due to the 
high attenuation of electromagnetic waves in water, 
limiting the effectiveness of sensors commonly used 
for land topography, such as those using multispec-
tral images, lidar, and radar (De Giosa et al., 2019; 
Dierssen & Theberge, 2020; Parrish et al., 2019; 
Westfeld et al., 2017). Instead, ocean mapping re-
lies heavily on acoustical remote sensing methods 
like Single-Beam Echo Sounders (SBES) and Multi-
Beam Echo Sounders (MBES) (Mayer et al., 2018). 
Historical depth measurements, often derived from 
lead-lines, are sparse and cover minimal seafloor 
areas, while SBES provides denser measurements 
over larger area. MBES offers the highest density 
and resolution, providing a more accurate seafloor 
representation (Lebrec et al., 2021; Lurton, 2010). 
However, MBES is expensive and cumbersome, 
especially in deep waters, and is therefore less 
commonly used (Hughes Clarke, 2018a, 2018b). 
Mapping shallow waters also presents difficulties due 
to the coastal environment's complexity (Kjeldsen et 
al., 2017; Lucieer et al., 2018; Masetti et al., 2018a). 
Recent technological advancements, particularly 
in the development of uncrewed surface vessels 
(USVs), present a promising avenue to mitigate these 
limitations by potentially reducing operational costs 
and enhancing the efficiency of ocean mapping and 
exploration (Mayer, 2023). However, the significant 
costs, extensive time requirements, and inherent 
challenges in acquiring high-resolution bathymetric 
data have led to much of the ocean remaining inad-
equately mapped or even unexplored, despite exten-
sive efforts over the years.

Bathymetric data provides critical insights into the 
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structure and dynamics of ocean basins, continental 
margins, and the broader underwater landscape, 
playing a pivotal role in understanding geological pro-
cesses, ocean circulation, and marine ecosystems 
(Mayer, 2022; Morrow et al., 2023; O'Toole et al., 
2022; Sowers et al., 2020). DBMs are extensively 
utilized to precisely delineate critical boundary condi-
tions essential for geophysical, biological, and ocean-
ographic systems (Bogumil et al., 2024; Haigh et 
al., 2023; Weatherall et al., 2015). Moreover, DBM-
based analyses are integral to a variety of environ-
mental and geological studies, including geohazard 
assessments and the geological characterization of 
seafloor morphologies (Koop et al., 2021; Masetti 
et al., 2018b; Palmiotto & Loreto, 2019; Sowers et 
al., 2020). Detailed DBMs are crucial for delineating 
coastlines, which are vital for understanding storm 
surges and sea level changes (Dierssen & Theberge, 
2020), as well as for mapping the seafloor's mor-
phology, which plays a key role in controlling and 
constraining bottom currents and, consequently, 
global and regional heat transport (Ribergaard et al., 
2004; Jakobsson & Mayer, 2022). Similarly, various 
aspects of marine geosciences, including seafloor 
characterization, sedimentary studies, and offshore 
engineering, rely on high-quality DBMs with com-
prehensive and meaningful associated metadata 
(Fonseca et al., 2021; Lebrec et al., 2022; Moses 
& Vallius, 2021). These applications increasingly de-
mand higher resolution data to improve the accuracy 
and reliability of the models, as well as metadata and 
documentation – describing the main characteristics 
and limitations associated with a released DBM – 
that facilitate researchers in discovering the bathym-
etry best fitting their specific purposes (Jakobsson & 
Mayer, 2022; Vrdoljak, 2021).

Since early 2020, the Danish Geodata Agency has 
made significant efforts to organize available bathy-
metric datasets from Danish and Greenlandic waters 
into a modern geospatial data management system 
known as DYBDB (The term DYBDB comes from 
combining "dybde" – Danish for "depth" – and "DB" 
(short for "database"), meaning a "depth database"). 
This initiative includes the development of methodol-
ogies for compiling these diverse data sources into 
DBMs and other valuable products, such as hydro-
graphic survey overviews (Danish Geodata Agency, 
2021). This paper focuses specifically on Denmark’s 
Depth Model version 2.0 (DDM v2.0) which rep-
resents the most recent advancement in Digital 
Bathymetric Modeling (DBM) for Danish territorial 
waters, providing a high-resolution grid with a spatial 
resolution of 50 meters (Masetti et al., 2022a). 

One of the primary motivations for the creation 
of the Denmark’s Depth Model (DDM) has been to 

enhance the bathymetric coverage within the Danish 
Exclusive Economic Zone (EEZ) as currently provided 
by the EMODnet Bathymetry (Masetti et al., 2022a). 
By improving the accuracy and resolution of bathy-
metric data in this region, the DDM aims to signifi-
cantly support a wide range of environmental studies 
and research efforts in the North Sea and the Baltic 
Sea. These improvements are expected to facilitate 
more precise environmental monitoring, better under-
standing of marine ecosystems, and more effective 
management of marine resources. Additionally, en-
hanced bathymetric data will contribute to studies 
on coastal erosion, sediment transport, and sea level 
rise, providing critical insights for both scientific re-
search and policy-making. The DDM is also poised 
to aid in the planning and execution of offshore engi-
neering projects, such as wind farms and underwater 
pipelines, by offering more reliable seafloor charac-
terizations, which are essential for ensuring the safety 
and sustainability of such developments.

This paper begins by detailing the management 
of the data sources, including the key components 
of DYBDB, before outlining the methodological and 
technical steps involved in the creation of DDM 
v2.0. A specific focus is reserved to Satellite-Derived 
Bathymetry (SDB) harmonization. Finally, the paper 
presents the content of the publicly available DBM 
layers and services, with the overarching goal of en-
couraging adoption of DDM v2.0 by researchers and 
other practitioners.

2 Materials and methods
2.1 Management of data sources
DYBDB is a modern hydrographic data management 
system developed and implemented by the Danish 
Hydrographic Office, part of the Danish Geodata 
Agency (Danish Geodata Agency, 2021). The DYBDB 
system integrates several automated procedures, 
predominantly scripted in Python, alongside task 
management mechanisms powered by Atlassian's 
Jira™ issue tracking product1. 

DYBDB incorporates three distinct types of geo-
spatial databases, each serving a specific purpose 
(Fig. 1):

	• Smart DB:  The Survey Metadata And Raw data 
Tracker (Smart) geospatial database manages an 
extensive collection of survey metadata (e.g., col-
lection time, used sensors and platforms, quality 
assessment) and tracks the integrity of the original 
submission, with a focus on the acquired raw data. 
Upon loading a dataset, the database links to the 
point cloud of cleaned soundings gathered during 
the survey. 

	• Grid DB:  Tailored for handling dense datasets, 
such as those obtained from modern MBES, the 
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Grid database contains a subset of the cleaned 
soundings. These soundings are organized at a 
spatial resolution (5 meters as default resolution) 
specifically designed for nautical chart production.

	• Model DB:  This database stores intermediate 
products and final DBMs, serving as the reposi-
tory for completed models ready for use in various 
applications.

The databases within DYBDB utilize the free and 
open-source PostgreSQL relational database man-
agement system (RDBMS)2 as their backend infra-
structure. PostgreSQL was chosen for its robustness, 
scalability, and support for complex queries, making it 
well-suited to handle the extensive and intricate data-
sets involved in hydrographic data management. To 
ensure the security and preservation of critical data, 
snapshots of the essential content within DYBDB are 
regularly generated using the GeoPackage format3. 
The management of all databases within DYBDB 
is facilitated by Teledyne CARIS' Bathy DataBASE 
Server™ software, a specialized tool designed 
to handle the storage, processing, and manage-
ment of bathymetric data4. The Teledyne CARIS’ 
BASE Editor™ serves as the primary Geographic 
Information System (GIS) client for accessing and in-
teracting with the content stored in DYBDB. The use 
of these industry-standard tools aligns DYBDB with 
best practices in hydrographic data management, 
ensuring compatibility and integration with other hy-
drographic systems. 

Since DYBDB became operational in early 2020, 
the Smart DB and the Grid DB have been populated 
with approximately 1,900 bathymetric datasets. These 
datasets were primarily sourced from hydrographic 
surveys conducted by the Danish Navy, public agen-
cies, industry stakeholders, and academic institutions. 
The majority of these datasets were acquired using 
SBES and MBES, with the sounders typically mounted 
on the hull of the survey vessel or installed on a remov-
able pole. The horizontal positioning of the soundings 
was predominantly achieved using Global Navigation 
Satellite Systems (GNSS), often enhanced with dif-
ferential corrections or Real-Time Kinematic (RTK) 
positioning to improve accuracy. For MBES surveys, 
an attitude sensor was also employed to capture the 
dynamic movements of the survey platform, including 
roll, pitch, heave, and yaw. This information is crucial 
for accurately spatially orienting the acoustic swaths 
produced by the MBES, ensuring that the bathyme-
tric data accurately represents the seafloor topography 
(Hughes Clarke, 2018b; Lurton, 2010). The integration 
of these technologies and methodologies reflects the 
high standards of data quality and precision required 
for modern hydrographic surveys, facilitating the pro-
duction of reliable and detailed DBMs.

2.2 Compilation Approach
The latest EMODnet Bathymetry, released in 
November 2022, features a grid resolution of 1/16 
arc minute, equivalent to approximately 115 me-
ters (EMODnet Bathymetry Consortium, 2020). To 
enhance the resolution of publicly available bathy-
metric data within Danish waters, the Denmark’s 
Depth Model (DDM) was designed with a target grid 
resolution of 50 meters. This 50-meter resolution 
was determined to be an optimal balance, offering 
a reasonable tradeoff between areas with exten-
sive high-resolution surveys, such as those in the 
Kattegat region, and regions where only sparse his-
torical soundings are available, such as large portions 
of the North Sea (Masetti et al., 2022a). The selected 
resolution ensures that the DDM can provide more 
detailed and accurate representations of the seafloor 
while still accommodating the variability in data den-
sity across different regions. This approach enhances 
the utility of the DDM for a range of applications, from 
detailed coastal studies to broader regional analyses.

During the model creation and validation pro-
cesses, DYBDB facilitates access to relevant 

Fig. 1 The three types of DYBDB databases (Smart DB, Grid DB, and Model 

DB) and their interactions during key processes. The ‘Data Migration’ process 

(connectors shown in full grey) uploads depths to Grid DB based on the infor-

mation stored in the Smart DB. The ‘Model Creation & Validation’ process (in 

dashed blue) combines soundings stored in Grid DB by retrieving the metadata 

information from the Smart DB. Once created, a semi-automated validation pro-

cess is initiated which may require access to the point cloud of soundings at full 

resolution.

2 	 https://www.postgresql.org/ (accessed 31 August 2024).
3 	 https://www.geopackage.org/ (accessed 31 August 2024).
4 	 https://www.teledynecaris.com/en/products/bathy-database/ (accessed 31 August 2024).
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datasets and associated metadata, particularly from 
the Smart DB and Grid DB. Additionally, the Model 
database provides storage for intermediate products 
and the finalized Digital Bathymetric Models (DBMs). 
This system ensures a seamless workflow from data 
access to the final model output (Fig. 1).

The overall compilation process consists of the fol-
lowing key steps (Fig. 2):

	• Creation/update of the model tiles.  The source 
datasets are retrieved from the Grid DB and re-
lated metadata from the Smart DB. The sources 
are gridded adopting a grid resolution of 50 meters 
and a tiling scheme with tile area of 1° of latitude 
by 1° of longitude (Masetti et al., 2022a). The tiles 
covered by at least one dataset are generated and 
stored in the Model DB. The bathymetric values 
are calculated as representative average depth, 
that is an average of all water depths allocated 
from the relevant input source to a given grid cell. 
When multiple datasets overlap, the relevant input 
source is selected based on the dataset coverage 

polygon and using a priority index based on time 
of data collection, assessed data quality and data-
set type. Specifically, MBES and ALB gets higher 
priority than DIGI, SBES, CSB and Historical. This 
step is periodically executed to update the tiles in 
case of new datasets. 

	• Combine all the model tiles.  All the populated 
DDM tiles stored in Model DB are combined into a 
continuous preliminary DBM. 

	• Merge with SDB and historical data.  The DBM cal-
culated in the previous step is extended by com-
bining it with SDB – stored as grids – as well as 
historical soundings available on published nauti-
cal products. 

	• Create TIN and interpolate using the ‘Natural 
Neighbors’ algorithm.  To fill areas with sparse 
soundings, an interpolated DBM is generated by 
first creating a Triangulated Irregular Network (TIN) 
from the extended DBM generated in the previous 
step, then using the TIN to interpolate based on 
the ‘Natural Neighbors’ (NN) algorithm (Lee, 1991; 
Watson, 1999). 

	• Extract coverage from coastline to EEZ.  The in-
terpolated DBM is updated to limit its coverage 
from the coastline (generalized at 1:100,000 
scale) to EEZ. The resulting DBM is uploaded to 
the Model DB. 

	• Quality control on the resulting model.  The quality 
of the DBM resulting from the previous steps is ex-
tensively assessed by a team of reviewers. During 
this iterative process, the reviewers have access 
to all the direct and indirect DBM sources through 
Smart DB, Grid DB, and historical data. In case of 
issues, adjustments to the model may require the 
(partial or total) re-execution of the previous steps. 
Only when the outcomes of the quality control are 
satisfactory, the DBM is finalized.

2.3 SDB harmonization
The incorporation of Satellite-Derived Bathymetry 
(SDB) represents a significant enhancement in the 
development of DDM v2.0. The SDB dataset was 
generated by EOMAP GmbH & Co. KG (hereon re-
ferred to as EOMAP), a specialized remote sensing 
company5, utilizing multispectral imagery acquired 
from the ESA Sentinel-2 A & B satellites. The en-
tire dataset comprises 226 Sentinel-2 images, 
meticulously covering the coastal and shallow wa-
ters surrounding Denmark. For efficient processing, 
the dataset was divided into 17 tiles, each corre-
sponding to the Sentinel-2 grid that spans Denmark 
(ESA, 2015). EOMAP employed the Radiative 
Transfer Equation (RTE) inversion method, also re-
ferred to as the physics-based method (Hartmann 
et al., 2022), to derive bathymetric data from the 
multispectral imagery.

Integrating SDB into DDM v2.0 necessitated the 

Fig. 2 Workflow showing the main steps of the compilation approach (connected using black 

arrows). The access to DYBDB databases and the retrieval of SDB and historical data are shown 

using dotted connectors. Point clouds, available through Smart DB, are used for low density 

datasets (e.g., SBES) and quality control of the resulting model. Historical data are currently 

stored outside DYBDB. Acronyms used in the workflow: EEZ for Exclusive Economic Zone, NN 

for the Natural Neighbor algorithm, SDB for Satellite-Derived Bathymetry and TIN for Triangulated 

Irregular Network.

5 	 https://www.eomap.com/ (accessed 31 August 2024). 
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development of a harmonization algorithm designed 
to minimize the introduction of depth artifacts, which 
could arise from inconsistencies between SDB and 
other established bathymetric data sources. As an 
initial step in this integration process, the SDB data 
was gridded into an SDB Digital Bathymetric Model 
(SDB DBM) with a spatial resolution of 50 meters, 
matching the resolution and extent of the final harmo-
nized DBM. Depth values exceeding 6 meters were 
excluded from this dataset, a threshold empirically 
determined based on expert analysis. For each pop-
ulated cell within the SDB DBM, the corresponding 
SDB depth value (dSDB ) was subjected to a rigorous 
evaluation process to determine its inclusion in the 
harmonized DBM. This evaluation was specifically ap-
plied in cases where no co-located "primary" depth 
data (dPRI) – obtained from sources such as MBES, 
SBES, and Airborne Lidar Bathymetry (ALB) – was 
available. By selectively incorporating SDB data in the 
absence of higher-priority depth sources, the harmo-
nization algorithm ensured the integrity and accuracy 
of the final depth model.

The inclusion of the dSDB into the harmonized DBM 
is contingent upon passing two rigorous validation 
checks: 
1.	Area Kernel Check:  This check assesses the 

consistency of dSDB with dPRI within a larger spa-
tial context. Specifically, it evaluates dPRI cells 
within an 8-node radius surrounding the dSDB 
under consideration. The minimum      and 
maximum      depths within this area are 
identified. For the dSDB to pass the Area Kernel 
Check, it must satisfy the following condition: 
 
 
 
This criterion ensures that the dSDB value is with-
in an acceptable range of variation relative to the 
primary depth data, thereby minimizing the risk of 
introducing significant depth discrepancies.

2.	Neighbor Kernel Check:  This check evaluates the 
immediate surroundings of dSDB, specifically within 
a 2-node radius, to determine whether neighboring 
dPRI cells are populated with primary depth data. 
The dSDB passes the Neighbor Kernel Check only 
if all the evaluated dPRI cells within this radius are 
unpopulated. This ensures that the dSDB is utilized 
exclusively in areas where primary depth data is un-
available.

These two checks together provide a robust frame-
work for integrating SDB data into the harmonized 
DBM, ensuring that SDB is incorporated only when it is 
consistent with or supplements existing primary depth 
data, thus maintaining the accuracy and reliability of the 
final model.

2.4 Reduction to a common vertical reference
One of the significant advancements in DDM v2.0 is the 
reduction of all depth values to a common vertical ref-
erence, specifically Mean Sea Level (MSL). This trans-

formation process involved converting datasets origi-
nally referenced to various vertical datums, including 
the Dansk Normal Nul (DNN), Dansk Vertikal Reference 
1990 (DVR90), Lowest Astronomical Tide (LAT), and 
Mean Low Water Springs (MLWS). The Danish Agen-
cy for Climate Data (KDS) has published models for 
DVR90, LAT and MSL, which were utilized as accurate 
realizations of these respective datums. For the DNN 
and MLWS datums, which lacked direct transformation 
models, ad-hoc methodologies were developed. 

The DNN is a discontinued vertical datum that was 
originally established on land using specific reference 
points. To approximate the transformation of DNN to 
MSL, an assumption was made that the original sur-
veys were conducted relative to the nearest available 
reference points. This approximation was informed by 
the Vejledning om højdesystemet, an official publica-
tion that provides average differences between DNN 
and DVR90 across various municipalities in Denmark 
(Jarmbæk, 2005). This information, combined with the 
existing transformation model from DVR90 to MSL, 
enabled the creation of a Voronoi-based approxi-
mation model for the DNN to MSL transformation. A 
similar methodological approach was employed to 
derive a transformation from MLWS to MSL. This in-
volved utilizing tide gauge data provided by the Danish 
Meteorological Institute (DMI) to create a model that 
accurately reflects the relationship between MLWS 
and MSL.

These transformation processes ensured that all 
depth data within DDM v2.0 are consistently refer-
enced to MSL, thereby improving the interoperability 
and accuracy of the depth model across different da-
tasets and geographical regions.

2.5 Model products
Once the creation and validation processes are 
completed (following the steps described in the 
Compilation Approach section and summarized in 
Fig. 2), the layers listed in Table 1 are exported from 
the finalized DBM for public release.

The two auxiliary layers, ddm_50m.kilde and 
ddm_50m.aar, are utilized to detail the type and 
collection date of the source datasets used in esti-
mating the DDM depths. DDM v2.0 layers listed in 
Table 1 are also made available as Open Geospatial 
Consortium (OGC) services (i.e., Web Map Service; 
Web Coverage Service). The original source datasets 
themselves are not distributed with the DDM. This 
approach aligns with the methodology adopted by 
EMODnet Bathymetry, which also does not distribute 
the original source data but instead provides meta-
data services when available (Thierry et al., 2019).

The horizontal datum of the model is a Lambert 
Conformal Conic (LCC) projection on the ETRS89 
ellipsoid (EPSG:3034). The vertical datum is Mean 
Sea Level (MSL) as defined by KDS’ DKMSL(2022) 
(EPSG:10547). The output format for the exported 
layers is GeoTIFF (Ritter & Ruth, 1997). A readme 
document (in PDF format) with a succinct description 

(1)
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Layer name (in Danish) Description

ddm_50m.dybde The primary layer containing the depth values (in meters; Fig. 3).

ddm_50m.kilde An auxiliary layer providing the source of the depth data for each grid cell (Fig. 7).

The layer uses the following convention:

	• DIGI: The source is a digitized survey fairsheet.

	• SB: The source depths were collected using a SBES.

	• MB: The source depths were collected using a MBES.

	• ALB: The source depths were collected using airborne lidar bathymetry (ALB)

	• SDB: The source depths were collected using satellite derived bathymetry (SDB)

	• CSB: The source depths were collected using crowdsourced bathymetry (CSB)

	• Historical: Historical depth values (e.g., leadline).

	• Interpolated: Depth interpolation was applied.

ddm_50m.aar An auxiliary layer providing the year at which the data collection has ended (except for SDB, Historical and Interpolated 
dataset types).

Table 1 Layers extracted from the finalized DBM for public release.

6 	 https://eng.gst.dk/danish-hydrographic-office/denmark-depth-model/ (accessed 31 August 2024). 

on DDM v2.0 (i.e., how the model was generated 
and how to interpret the provided layers) is part of 
the compressed archive containing the DDM release. 
A contributors document (also in PDF format) listing 
data contributors is also made available.

3 Results
The official release of DDM v2.0 occurred on 28th 
of August, 2024. The compressed archive, which 
contains all materials detailed in the Model Products 
section, along with information for accessing the 
OGC (Open Geospatial Consortium) services, is 
available through the Danish Geodata Agency's 
website6. This release marks a significant update, 
providing enhanced resources for geospatial analysis 
and ensuring broader accessibility to the DDM's data 
and services.

The bathymetric layer (depicted in Fig. 3) encom-
passes a surveyed area of 98,045 square kilometers. 
The largest majority (~97.2 %) of the depth values are 
under 100 meters; they present a skewed bimodal 
distribution (peaks at 15–20 meters and 40–45 me-
ters) with a median value of ~32.4 meter (Fig. 4).

DDM v2.0 comprises a DBM in which over 29 % 
of the depth cells are derived directly from measured 
depth values, with the remaining cells interpolated 
from these measurements to estimate depth values 
in areas lacking direct data (Fig. 5, pane b). The inter-
polated regions of DDM v2.0 can be derived by se-
lecting the cells marked with the “Interpolated” value 
in the ddm_50m.kilde layer (Table 1). The primary 
source of these measured depth values is multibeam 
echosounder (MBES) surveys, as indicated by the 
ddm_50m.kilde auxiliary layer (Fig. 6, pane b). The 
panes a in Fig. 5 and Fig. 6 are shown for compar-
ison with the data content of the first version of DDM.

Based on the ddm_50m.aar auxiliary layers, the 
first MBES-type contribution to the DDM occurred 

in 1993, with subsequent years showing a marked 
increase in the spatial coverage of MBES-derived ba-
thymetry (Fig. 8). This temporal and spatial variability 
in data density, influenced by the varying types and 
years of data sources, has led to regions within the 
DDM where bathymetric detail is high due to dense 
MBES survey data (e.g., the Great Belt area). In con-
trast, other regions (e.g., the upmost western part 
of the North Sea) exhibit smoothed bathymetry as a 
result of interpolation processes applied to estimate 
depths in areas with sparse soundings.

4 Discussion
DDM v2.0 represents the second publicly released 
Digital Bathymetric Model (DBM) covering Danish wa-
ters, characterized by a grid resolution of 50 meters. 
This paper details the compilation process employed 
in the creation of the DDM v2.0 (Fig. 2), as well as the 
methods of its distribution through publicly accessible 
products. These aspects are particularly relevant for 
hydrographic offices and other national agencies that 
are committed to advancing research and modeling 
initiatives, considering the diverse range of applica-
tions for which DBMs are utilized. It is important to 
note that DDM v2.0 is generated using an averaging 
methodology, making it unsuitable for safety of nav-
igation purposes. Nevertheless, several key steps 
within the described compilation workflow have been 
adapted for use in forthcoming projects aimed at 
developing high-resolution navigation surface and re-
lated S-100 products. The adoption of the navigation 
surface concept will facilitate the efficient production 
of nautical charts, as outlined by Smith (2003).

DDM v2.0 is constructed from hundreds of bathy-
metric survey datasets and historical sources within 
Denmark’s Exclusive Economic Zone (EEZ). However, 
less than 23 % of the DDM's coverage is derived 
from surveys conducted using modern SBES and 
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Fig. 3 The bathymetric layer (i.e., ‘dybde’) of Denmark’s Depth Model version 2.0. The depth values in the color legend are in meters. The ESRI Ocean Basemap is 

shown in the back-ground (Sources: ESRI, GEBCO, NOAA, National Geographic, DeLorme, HERE, Geonames.org, and other contributors).

Fig. 4 Depth histogram (upper pane) and re-

lated cumulative distribution (lower pane) for the 

bathymetric layer of Denmark’s Depth Model ver-

sion 2.0. For better visualization, an upper limit 

of 250 meters has been applied to the axis of the 

depth values.

Fig. 5 The pie plots show the percentages 

of model cells derived from measured depth 

values (in blue) and interpolated (in orange) for 

Denmark’s Depth Model versions 1.0 (pane a) 

and 2.0 (pane b).
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on DDM v2.0 (i.e., how the model was generated 
and how to interpret the provided layers) is part of 
the compressed archive containing the DDM release. 
A contributors document (also in PDF format) listing 

data contributors is also made available.
3 Results
The official release of DDM v2.0 occurred on 28th 
of August, 2024. The compressed archive, which 
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Fig. 6 The bar plots show the 

number of cells (on y axis, in 

logarithmic scale) for the dif-

ferent source types (on x axis) 

used in Denmark’s Depth Model 

versions 1.0 (pane a) and 2.0 

(pane b).

Fig. 7 The source type layer (i.e., ‘kilde’) of Denmark’s Depth Model version 2.0 retrieved using the publicly available WMS service (https://dataforsyningen.dk/data/4817). The 

EMODnet Digital Bathymetry (DTM 2022) with land coverage is shown in the back-ground (Sources: EMODnet Bathymetry Consortium, 2022).

Fig. 8 Coverage in km2 (on the 

y axis, in logarithmic scale) by 

year (on the x axis) and source 

type (see color legend). The plot 

shows the transition to modern 

SBES surveys (in orange) in 

1988, and the transition to 

MBES surveys (in green) – char-

acterized by a higher density of 

soundings per cell – in 1993. It 

also highlights the use of other 

sources in the recent years 

(ALB in 2022, CSB in 2023).
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contains all materials detailed in the Model Products 
section, along with information for accessing the 
OGC (Open Geospatial Consortium) services, is 
available through the Danish Geodata Agency's 
website6. This release marks a significant update, 
providing enhanced resources for geospatial analysis 
and ensuring broader accessibility to the DDM's data 
and services.

The bathymetric layer (depicted in Fig. 3) encom-
passes a surveyed area of 98,045 square kilometers. 
The largest majority (~97.2 %) of the depth values are 
under 100 meters; they present a skewed bimodal 
distribution (peaks at 15–20 meters and 40–45 me-
ters) with a median value of ~32.4 meter (Fig. 4).

DDM v2.0 comprises a DBM in which over 29 % 
of the depth cells are derived directly from measured 
depth values, with the remaining cells interpolated 
from these measurements to estimate depth values 
in areas lacking direct data (Fig. 5, pane b). The inter-
polated regions of DDM v2.0 can be derived by se-
lecting the cells marked with the “Interpolated” value 
in the ddm_50m.kilde layer (Table 1). The primary 
source of these measured depth values is multibeam 
echosounder (MBES) surveys, as indicated by the 
ddm_50m.kilde auxiliary layer (Fig. 6, pane b). The 
panes a in Fig. 5 and Fig. 6 are shown for compar-
ison with the data content of the first version of DDM.

Based on the ddm_50m.aar auxiliary layers, the 
first MBES-type contribution to the DDM occurred 
in 1993, with subsequent years showing a marked 
increase in the spatial coverage of MBES-derived ba-
thymetry (Fig. 8). This temporal and spatial variability 
in data density, influenced by the varying types and 
years of data sources, has led to regions within the 
DDM where bathymetric detail is high due to dense 
MBES survey data (e.g., the Great Belt area). In con-
trast, other regions (e.g., the upmost western part 
of the North Sea) exhibit smoothed bathymetry as a 
result of interpolation processes applied to estimate 
depths in areas with sparse soundings.

4 Discussion
DDM v2.0 represents the second publicly released 
Digital Bathymetric Model (DBM) covering Danish wa-
ters, characterized by a grid resolution of 50 meters. 
This paper details the compilation process employed 
in the creation of the DDM v2.0 (Fig. 2), as well as the 
methods of its distribution through publicly accessible 
products. These aspects are particularly relevant for 
hydrographic offices and other national agencies that 
are committed to advancing research and modeling 
initiatives, considering the diverse range of applica-
tions for which DBMs are utilized. It is important to 
note that DDM v2.0 is generated using an averaging 
methodology, making it unsuitable for safety of nav-
igation purposes. Nevertheless, several key steps 
within the described compilation workflow have been 
adapted for use in forthcoming projects aimed at 
developing high-resolution navigation surface and re-
lated S-100 products. The adoption of the navigation 

surface concept will facilitate the efficient production 
of nautical charts, as outlined by Smith (2003).

DDM v2.0 is constructed from hundreds of bathy-
metric survey datasets and historical sources within 
Denmark’s Exclusive Economic Zone (EEZ). However, 
less than 23 % of the DDM's coverage is derived 
from surveys conducted using modern SBES and 
MBES (Fig. 8). Increasing this percentage significantly 
in the coming years presents substantial resource 
challenges, partly due to the limitations imposed by 
the relatively shallow depths surrounding Denmark 
(Fig. 3), which constrain the acoustic swath coverage 
of MBES. This constraint has prompted the explo-
ration of alternative data sources, such as Airborne 
Lidar Bathymetry (ALB), Satellite-Derived Bathymetry 
(SDB), and Crowdsourced Bathymetry (CSB). While 
ALB and SDB are restricted to shallow coastal wa-
ters, CSB presents a significant potential to augment 
data coverage also in deeper waters. However, the 
effective adoption of CSB requires the development 
of practical solutions to address challenges such as 
data validation, quality assessment, and the variable 
reliability of data collectors (Masetti et al., 2020).

During the development of DDM v2.0, it became 
apparent that treating SDB datasets in the same 
manner as other data sources would introduce sig-
nificant artifacts in regions where these datasets 
overlap. To address this issue, simply filling gaps 
in the existing data coverage with SDB data was 
deemed inappropriate. Therefore, a decision was 
made to prioritize the other data sources (listed in 
Table 1) over the SDB as well as implement a har-
monization algorithm. The input SDB datasets orig-
inally covered approximately 5,000 km² within a 
depth range of 0 to 6 meters. However, due to the 
presence of bathymetric artifacts in early realizations 
of the model, a harmonization process was applied, 
resulting in about 1,274 km² – roughly one-quarter 
of the initial SDB coverage – being retained. The ex-
clusion of the remaining SDB data was due to either 
redundancy, where it overlapped with higher-priority 
depth data, or filtering during the harmonization pro-
cedure. Future advancements, such as more precise 
differentiation between primary data sources, could 
enable a more sophisticated harmonization process. 
This improved process would potentially preserve a 
greater proportion of SDB data, thereby minimizing 
the need for interpolation and enhancing the overall 
accuracy and reliability of the final DBM.

DDM v2.0 substantially increases (more than 5 
%) the percentages of model cells derived from 
measured depth values when compared with the 
first release of the DDM (Fig. 5). The major source 
of this increase is represented by the addition of 
more MBES datasets as well as the introduction of 
3 new source types: ALB, SDB, and CSB (Fig. 6). 
In cases where modern datasets are unavailable for 
specific areas within DDM v2.0 coverage, historical 
data sources are utilized. When neither modern nor 
historical data are available, interpolation serves as a 
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last resort to estimate depth values. The interpolation 
method employed in these instances is the Natural 
Neighbor algorithm (Watson, 1999), which has 
demonstrated efficacy in preserving the fine details 
of regions with high-density MBES data. Additionally, 
this algorithm is effective in facilitating smooth transi-
tions between areas of varying data density, thereby 
minimizing artifacts and maintaining the overall integ-
rity of the bathymetric model.

The compilation mechanism employed for inte-
grating the hundreds of sources from the Grid DB 
– specifically, the “Create/Update Model Tiles” pro-
cess illustrated in Fig. 2 – optimizes computational 
efficiency by limiting updates to only those model tiles 
impacted by changes in source data. This targeted 
approach significantly reduces overall computation 
time. More broadly, the development of a robust 
workflow supports the seamless integration of new 
data sources into the DBM, while ensuring that the 
final product is presented consistently across itera-
tions. Future research may focus on the development 
of automated procedures to enhance the efficiency 
and reliability of the quality control process for the 
finalized DBM, building on current methodologies 
(Lubczonek et al., 2021; Masetti et al., 2022b).

The comprehensive metadata and documentation 
associated with DDM v2.0 are designed to enhance 
its discoverability among researchers, ensuring that it 
can be readily identified and utilized for specific sci-
entific purposes. The original datasets, which are not 
distributed with the DDM v2.0 model, are compre-
hensively described in the auxiliary layers to provide 
detailed information about the specific bathymetric 
sources utilized within the DBM. This approach aligns 
with the broader goals of facilitating access to marine 
data, a critical objective under the EU Marine Strategy 
Framework Directive and the EU Marine Knowledge 
2020 agenda, including initiatives such as EMODnet 
(Schaap & Schmitt, 2020; Thierry et al., 2019). DDM 
v2.0 is also slated to serve as a data source for the 
upcoming new release of EMODnet Bathymetry and 
represents the base for future contributions. The 
EMODnet Bathymetry initiative supports the integra-
tion of ‘composite grids’ – gridded products derived 
from multiple sources – by employing the SeaDataNet 
Sextant catalogue service, which has been specifi-
cally extended to accommodate the detailed submis-
sion of such datasets (Thierry et al., 2019).

DDM v2.0 holds significant potential for a wide 
range of scientific applications, spanning geolog-
ical studies, oceanography, and marine biology. 
High-quality DBMs such as DDM v2.0 are critical 
for various aspects of marine geosciences, in-
cluding seafloor characterization, sedimentolog-
ical analysis, and offshore engineering. Detailed 
information on how to access DDM v2.0 is avail-
able through the Danish Geodata Agency website: 
https://eng.gst.dk/danish-hydrographic-off ice/
denmark-depth-model. 

5 Conclusions
DDM v2.0 is the result of an extensive and rigorous 
compilation process that integrates a diverse array of 
bathymetric data sources. These sources encom-
pass several hundred bathymetric surveys, including 
both contemporary and historical datasets, as well 
as SDB and CSB bathymetric information. By refer-
encing all depth measurements to the LAT datum, 
DDM v2.0 ensures uniformity and compatibility with 
other regional and global bathymetric models.

The model's design and compilation methodology, 
which involves the synthesis of data with varying 
levels of precision and temporal relevance, pre-
cludes its use in applications for safety of navigation. 
Nevertheless, DDM v2.0 serves as an invaluable re-
source for a wide range of scientific, environmental, 
and marine spatial planning activities. The model sup-
ports coastal and marine researchers by providing 
detailed and reliable in-depth information essential for 
studies in areas such as marine geology, oceanog-
raphy, and habitat mapping.

DDM v2.0 is made publicly accessible through 
the Danish Geodata Agency's official website, 
offering an important tool for both national and 
international stakeholders. Moreover, it repre-
sents a substantial contribution to the EMODnet 
Bathymetry initiative, thereby enhancing the collec-
tive understanding of seabed topography across 
European waters. The ongoing development and 
refinement of the DDM underscore Denmark's 
commitment to advancing marine science and 
supporting sustainable marine management.
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