oy

> European Marine
; il Observation and
el Data Network

EMODnet Thematic Lot n°0 - Bathymetry — High
Resolution Seabed Mapping (HRSM2)

EASME/EMFF/2017/1.3.1.2/01/S12.791269
Start date of the project: 18/12/2018 - (24 months)
EMODnet Phase Ill — Interim/Final Report
Reporting Period: 18/12/2018 — 17/12/2020

The European Marine Observation and Data Network (EMODnet) is financed by the European Union under Regulation
(EVU) No 508/2014 of the European Parliament and of the Council of 15 May 2014 on the European Maritime and
Fisheries Fund.




Observation and f
Data Network Final Report

'. 07 EMODnet EASME/EMFF/2017/1.3.1.2/01/S12.79126—
-European Marine EMODnet Lot n°0 — Bathymetry

Contents
EXECUTIVE SUIMIMAIY ...ttt ettt et e et e et e et e te e st e sae e beenneeneeaneeneeaneesreennennes 3
I a1 oo 18 o1 1 o] o RO PRSP U TP PRPRPRTPIN 6
2. HIGNIIGNTS ..ttt 8
3.Summary Of the WOFK ONE........coiiiiece et 10
4. Challenges ENCOUNTEIEA .......oouiiiiiiiieiei ettt 12
5. Identified issues: status and actions taKeN ..o 13
6. AllOCatioN OF PrOJECT FESOUNCES .....c.viiitiiiitieii ettt bbbt 14
7. WOIK PacKage UPAALES...........coiiiiiiiii ettt ettt e e enra e anes 15
7.1 WPO - ProjECt MANAGJEMENT ...c.vieiieieeee sttt ettt et e et e s te e te et e eseeene e s seesbe e beeeeesnesneeaneesneeneenes 17
7.2 WP1 — Bathymetric data collection and metadata compilation for all maritime basins.............cccooevvveveeenenne, 18
7.3 WP2 — QA-QC, data processing and producing Digital Terrain Models for the basins.............cccoevviveivennenn, 20
7.4 WP3 — Integration and inclusion of the DTMS into the portal ............cccoiiiiiiii e 21
7.5 WP4 — Technical Development & Operation of portal, tools and SErViCeS: .........cccvvvieiieiieie e 25
7.6 WP5 — Coastlines, legal baselines and vertical reference IeVEIS: .........ccocooiviiiiiieieie e 28
7.7 WP6 — Outreach, helpdesk and eValUBLION.............ciiiiiiiiiie e 32
8. USEE TREADACK ..o 34
9. Meetings Neld/attended ..o 41
10. Outreach and commuUNICAtION ACTIVITIES .........ccviiiieieieiee e 43
11 MONITOFING INAICATOTS ...ttt bbbt 73
12. Recommendations for follow-up actions by the EU ... 75
13. Annex: Other documentation attached ..., 76
13.1  ANNEX 1: Generating Satellite Derived Bathymetry by EOMARP .........ccooiiiiiiiiiieice e 76
13.2  ANNEX 2: EMODnet Bathymetry World Base Layer (EBWBL) service by GGSGC ........cccccovvvviieiininienas 80
13.3  ANNEX 3: Upgraded CDI Data Discovery and Access service by MARIS and IFREMER............c..ccoeevienne 86
14. List of abbreviations and aCrONYMS..........cccooiiiiiiiiieiee e 90
15, RETEIEINCES ...ttt bbbt ettt b e bt se e b et ne b e b nne b 92
Disclaimer

The information and views set out in this report are those of the author(s) and do not necessarily reflect the official opinion
of the EASME or of the European Commission. Neither the EASME, nor the European Commission, guarantee the
accuracy of the data included in this study. Neither the EASME, the European Commission nor any person acting on the
EASME's or on the European Commission’s behalf may be held responsible for the use which may be made of the
information.



'. 07 EMODnet EASME/EMFF/2017/1.3.1.2/01/S12.79126—
-ggropea‘n Marir:je EMODnet Lot n°0 — Bathymetry
Data Network Final Report

Executive summary

This report describes the activities and results of the EMODnet Bathymetry - High Resolution Seabed Mapping —
Bathymetry contract (HRSM2) which ran for 2 years from 18" December 2018. It is a follow-up of the earlier projects
which took off in June 2009 and that resulted in the EMODnet Bathymetry portal® with several services and products.

One part of the project was dedicated to training and supporting data providers in further populating data collections in the
SeaDataNet CDI data discovery and access service and the SeaDataNet Sextant catalogue. These data collections served
as input for generating regional DTMs (Digital Terrain Model) for 11 European sea basins.
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Image: Workflow for EMODnet HRSM2

The methodology, software tools, and guidelines for gathering and processing bathymetric survey and composite DTM
data sets from data providers into regional DTMs were improved. The Globe software for generation of the Regional DTMs
was upgraded and now supports NetCDF V4, facilitating to handle larger data files. Not only regional coordinators used
Globe, but also all data providers for pre-processing and pre-gridding their data inputs to regional coordinators. This way
there was a harmonized process in all steps, fully supported by metadata from CDI and Sextant references. As a next step,
the regional DTMs were validated and integrated into the full EMODnet DTM.

13t January 2021 a new 2020 version of the EMODnet DTM was officially released in sync with the GEBCO conference,
hosted by Shom, coordinator of EMODnet Bathymetry. Compared to the 2018 release, grid resolution has continued at
1/16 * 1/16 arc minutes (circa 115 * 115 m?). This way, it contains approx. 12.3 billion grid nodes, organized in 113892
columns and 108132 rows (seabed and terrestrial coverage included) (for comparison: GEBCO has 933 million grid nodes
for worldwide coverage). From all the data sources gathered, a total of 16.260 unique CDI references and CDTM references
are used in the 2020 DTM (9.456 in 2018 version).

Special features of the new 2020 DTM release are:
e  Covering all European seas including part of the Arctic Ocean and Barents Sea;
e Freely available in a versatile Viewer and Download service and by OGC web services (WMS, WFS, WECS,
WMTS)
e A powerful 3D bathymetry visualisation functionality in the viewer without plugins;

L https://www.emodnet-bathymetry.eu
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Inclusion of Satellite Derived Bathymetry data products, in particular for coastal stretches of Spain, Greece,
Croatia, Italy, and Cyprus;

Updated source reference layer with quality indication sublayers: the source reference layer gives a map with
polygons which correspond to contributing surveys and composite DTMs for which related metadata can be
retrieved. Quality index gives classifications for vertical, horizontal and temporal indicators, purpose of the
survey, and information about commonly adopted standards;

In addition, several other updated product releases were generated and published:

e E— P Sy

An updated inventory and report presenting baseline and coastline data as collected from 26 national authorities
(versus 21 previously), downloadable from the portal together with shapefiles of the baselines and coastlines;
An updated set of best-estimate coastlines, determined from satellite data (typically Sentinel-2 and Landsat-8) and
in combination with an upgraded Global Tide Surge Model (GTSM) processed into digital coastlines for the
European seas at LAT (Lowest Astronomical Tide), MSL (Mean-Sea-Level), and MHW (Mean-High-Water),
integrated in the Bathymetry Viewer and Download service;

Thanks to the GTSM, DTM tiles of the 2020 Version can be downloaded both relative to LAT and MSL reference
levels;

The multi-resolution layer has been expanded consisting of a collection of even higher resolution composite
DTMs for selected areas which have been gathered and processed by data providers into High Resolution DTM
(HR-DTM) files. The resolution of HR-DTMs varies between 1/32 and 1/512 arc minutes, depending on local
data policy of data providers. The HR-DTMs can be viewed, interrogated for metadata and downloaded by an
extra HR-DTM layer in the Bathymetry viewer.

Figure: New 2020 EMODnet DTM for European seas
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Finally, the range of products and services has been expanded with the first release of the exciting EMODnet Bathymetry
World Base Layer (EBWBL) service, covering a standard grid resolution for topography and bathymetry for the whole
world as a combination of EMODnet DTM, GEBCO 2019, and a satellite derived Digital Terrain Model for landcover.
The EBWBL is only published as OGC WMTS service, available for many purposes and in various projections, e.g. non-
projected coordinate system, Web Mercator, Inspire compliant projection and projections adapted to both poles.

EMODnet Bathymetry continued its success with many user groups, which can be underpinned by more than 70.000 DTM
tile downloads by circa 7.400 users, more than 50 million OGC service requests, and circa 300 references to EMODnet
Bathymetry in papers and books according to Google Scholar in the project period of 2 years.
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1. Introduction

This report will describe the activities and results of the EMODnet Bathymetry - High Resolution Seabed Mapping
contract (HRSM2) project which ran for 2 years from 18" December 2018.

EMODnet Bathymetry is being developed in the framework of the European Marine Observation and Data Network
(EMODnet) as initiated by the European Commission. This is done in a series of EMODnet Bathymetry contracts, assigned
by EASME since June 2009.

The main objective of EMODnet Bathymetry is to create and maintain an operational service providing free and open
access to digital maps of the seabed topography and the coastline of European seas at the highest resolution possible and
to the survey data underlying them.

In order to do so, the EMODnet Bathymetry portal? provides open and free access to the bathymetry of the European seas
by means of the EMODnet Digital Terrain Model (DTM) at a grid resolution of 1/16 arc minute x 1/16 arc minute
(approximately 115 m width and 60 to 90 m height, depending on latitude), covering all the European seas, along with
metadata of bathymetric surveys and pre-gridded products which are held by multiple organisations such as Hydrographic
Offices, research organisations and private companies.

The viewing and downloading services at the portal give users wide functionalities to interact with the EMODnet DTM
and all its constituents, including free downloading of the DTM in tiles in various formats. They are also made available
by means of OGC (Open Geospatial consortium) web services (WMS, WFS, WCS, WMTS).

Moreover, the portal services give access for viewing and downloading of a best-estimate digital European coastline,
and selected areas that are covered with higher resolution DTMs (HR-DTMs), with resolutions of 1/32 to 1/512 arc
minute, depending on the data policy of the data provider or prevailing national policy. These HR-DTMs are covering
areas of particular interests such as, for example, canyons, sea mounts, hydraulic sand dunes and coastal areas. In addition,
the portal gives access to an inventory of European baselines.

The focus in the latest project has been on improving and optimizing existing services and products and expanding the data
collections, which serve as underlying basis. This has resulted in new releases of the EMODnet DTM and the best-estimate
coastlines, expansion of the series of HR-DTMs, and an updated inventory of national baselines.

On top of this, EMODnet Bathymetry has generated and released the EMODnet World Base Layer (EBWBL) service,
covering both water and land at a global scale, and published only as an OGC WMTS service to serve as basemap for
various applications.

The latest project has been a seamless continuation of the previous EMODnet High Resolution Seabed Mapping (HRSM)
project which was undertaken by the same consortium. It was coordinated by Shom (France), while MARIS (Netherlands)
acted as technical coordinator. The project consortium brought together 41 participants from 20 countries (18 EU member
states) along European seas, mostly major marine research institutes (17) and national hydrographic services (16),
complemented with experts in portal and services development, data management, system architecture analysis, INSPIRE,
ISO, OGC, product visualisation, Satellite Derived Bathymetry and tidal modelling. Furthermore, the consortium included
representatives of GEBCO (General Bathymetric Chart of the Oceans), BSBD (Baltic Sea Bathymetric Database), NSBD
(North Sea Bathymetric Database), and IBCAO (International Bathymetric Chart of the Arctic Ocean) for close cooperation
and cross-fertilisation. This way the project has been implemented by a group that not only brought together bathymetric
and coastal data resources from most coastal countries in Europe, but also combined a wealth of national expertise and
local knowledge about their data and their marine and coastal domains, which is essential for producing and validating
high quality pan-European data products which will then meet acceptance by a large user community. Moreover, there are
established relations with the international hydrographic community which contributed to international interoperability and
synergies.

2 https://www.emodnet-bathymetry.eu
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The report will describe the overall approach and methodology, the roles and activities undertaken by the consortium, and

the achieved results in the contract period of 2 years until 18 December 2020. In addition, it will provide a set of indicators

about the coverage and use of the EMODnet Bathymetry services and products, which are included in a separate Excel file
with multiple spreadsheets.
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2. Highlights

Number of bathymetry data sets gathered:

Data providers have further populated the EMODnet Bathymetry catalogue services and made bathymetric data sets ready
for use by the basin coordinators. The total number of CDI records for survey data sets has increased from 27.168 to
30.560 records by multiple data providers. The number of Composite DTM entries has increased from 147 to 207 and the
number of High Resolution DTMs went from 196 to 244. The latter have been added to the HR-DTM layer in the
Bathymetry Viewing and Download service. The overall number of data providers for the CDI and both Sextant catalogues
increased from 51 to 70 organisations. In comparison to the start situation, much more data has become available also for
the Arctic and Baltic regions, while increasing the coverage for all other European sea areas. Furthermore, EOMAP
generated 16 composite DTMs from Sentinel-2 satellite data for coastal and near shore zones, covering Cyprus, Northern
Denmark, Croatia and Southern Sicily and Puglia, Italy.

Release of new 2020 EMODnet multiresolution DTM:

A new 2020 version of the EMODnet DTM has been officially released on 13th January 2021 in sync with the GEBCO
week and Map the Gaps symposium. Compared to the 2018 release, a total of 16.260 unique references to CDI entries and
Composite DTMs entries are used in the overall DTM versus 9.456 in the 2018 version. The DTM is an integration of
eleven regional DTMs which were prepared by regional basin coordinators, after selecting and merging pre-gridded and
pre-processed datasets as received from data providers. The 2020 DTM is also available with 3D visualisation, while 2020
DTM tiles can be downloaded in several formats, and including a version with MSL vertical reference next to LAT. The
High Resolution DTM layer has been expanded with an additional 48 HR-DTMs, now covering 244 HR-DTMs which
can be viewed and dowenloaded. Related metadata has been populated in a special section of the the Sextant Products
Catalogue. The resolution of HR-DTMs varies between 1/32 and 1/512 arc minutes, depending on local data policy of data
providers. The Quality Index layer has been updated for the new 2020 DTM. It gives quality indication by means of maps
for ‘age’, “vertical precision’, ‘horizontal precision’, ‘purpose’, and ‘combined’ whereby the last one is resulting from an
algorithm combining the earlier four indicators.

Release of EMODnet World Base Layer Service (EBWBL)

A new exciting service has been added by way of the EMODnet World Base Layer Service (EBWBL) which provides
a fast and easy access to worldwide bathymetric and topographic information. It is published as OGC WMTS service along
with a demo viewer2 to zoom in on every detail. It is available in various projections, e.g., non-projected coordinate system,
Web Mercator, Inspire-compliant projection and projections adapted to both poles.

Release of best-estimate European digital coastlines and legal baselines:

A new set of the best-estimate coastlines has been released. These have been determined from satellite data (typically
Sentinel-2 and Landsat-8) and combined with the Global Tide Surge Model (GTSM) to provide digital coastlines for the
European seas at LAT (Lowest Astronomical Tide), MSL (Mean-Sea-Level), and MHW (Mean-High-Water), covering all
European coastlines. The satellite derived coastlines can be viewed as extra layer in the Bathymetry Viewer and
downloaded with documentation at the EMODnet Bathymetry portal. In addition, a new inventory and report of baseline
and coastline data have been released, now including input as collected from 26 national authorities in Europe versus 21
countries previously. It gives information available per country, the resolution, the source of the data and the institute
providing/ hosting the data. This can be downloaded from the portal together with shapefiles of the baselines and coastlines;

International interoperability and INSPIRE-compliance:

EMODnet Bathymetry is well embedded in the international bathymetry community and has continued its cooperation and
synergies with GEBCO, NOAA, IHO, BSHC, NSHC, IBCAO, and the Seabed 2030 initiative. The EMODnet DTM is
integrated in the GEBCO digital bathymetry product to cover European seas, while GEBCO is integrated in EMODnet
DTM to complete areas without survey coverage. International exchanges of data and metadata take place in the framework
of the Seabed 2030 initiave whereby EMODnet Bathymetry represents the European contribution. EMODnet Bathymetry
provides a range of services which are INSPIRE compliant.

Performance and citations:

Shttps://tiles.emodnet-bathymetry.eu/preview.html
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The EMODnet Bathymetry portal with its products and services continue to be very popular among researchers,
governments, industry, university and public users, giving great statistics. In the contract period more than 71.000 DTM
tiles were downloaded in circa by more than 7.400 unique users from circa 2.200 unique organisations and more than
115 countries during more than 23.000 transactions. This represents circa 6.45 TB in data volumes. Also the OGC web
services (machine-to-machine) are very popular with more than 50 million OGC service requests in the reporting period
by circa 430.000 visitors. There are several known use cases, including oceanographic modellers adopting the EMODnet
DTM grid, giving improved model calculation results. Moreover, using Google Scholar more than 300 references to
EMODnet Bathymetry can be found for accepted papers and edited books during the reporting period from January 2019
to December 2020, which also underpins the extensive use being made of the EMODnet Bathymetry products, whereby
the DTM serves as a major reference.
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3.Summary of the work done

The summary of activities and results is given, considering each of the contractual tasks:

Task 1 - Gather and give common access to bathymetric survey data held in repositories:

Data providers were instructed and trained in using the EMODnet Bathymetry metadata and data standards and
dedicated software tools for populating the two catalogue services: 1) CDI Data Discovery and Access service for
survey data sets and 2) the Sextant catalogue for Composite DTMs. Globe software was used for processing and
pre-gridding of the data sets for further use by the regional basin coordinators. Data providers have gathered and
populated the catalogues and made bathymetric data sets ready for use by the basin coordinators. During the
process support was given by the helpdesks of MARIS (CDI) and IFREMER (Sextant and Globe) and user
manuals, existing [1], [2], [3], [4], and new [5], [6], were provided as well as CDI upgrading training material.
The total number of CDI records increased over the project duration from 27.168 to 30.560 CDIs. The number of
Composite DTM entries has increased from 147 to 207.

Partner EOMAP generated 16 composite DTMs from Sentinel-2 satellite data for coastal and near shore zones,
covering Cyprus, Northern Denmark, Croatia and Southern Sicily and Puglia, Italy, while related metadata have
been populated in the Sextant Products Catalogue.

Task 2 - Compile a multi-resolution digital terrain model of European seas:

The regional basin coordinators have selected and merged the pre-gridded and pre-processed datasets as received
from data providers and have build the regional DTMs for the 11 specified regions. The RDTMs were forwarded
to the integrator for building the new 2020 version of the EMODnet DTM;

The integration started after summer 2020 and was finalised early December 2020. Several quality issues were
identified during the integration process which required solving in cooperation with regional coordinators. Also,
presence of all CDI/CPRD references was checked and quality assessment (visual checks of remaining artefacts);
The EMODnet DTM 2020 has been officially released on 13th January 2021 in sync with the GEBCO week and
Map the Gaps symposium, hosted by Shom.

Data providers have prepared and provided an additional 50 High Resolution — DTMs (HR-DTMs), using Globe
software, bringing the current total on 244 HR-DTMs. Related metadata has been populated in a special section
of the the Sextant Products Catalogue.

The Quality Index has been updated for the new 2020 DTM, as layers in the Viewing service and as report [7].
The new EMODnet World Base Layer Service (EBWBL) has been developed by GGSGC, combining
EMODnet Bathymetry DTM, GEBCO 2019, and a satellite derived Digital Terrain Model in order to provide a
global seamless topography and bathymetry which can serve as base layer for many applications. It was launched
in June 2020 and is served out as OGC WMTS service.

Task 3 - Establish best-estimate European digital coastlines and compile overview of legal baselines:

Deltares has updated and expanded the best-estimate coastlines data set. These are determined from satellite data
(typically Sentinel-2 and Landsat-8) and in combination with the Global Tide Surge Model (GTSM) processed
into digital coastlines for the European seas, now covers all European coastlines. The GTSM was updated by
adopting the EMODnet DTM and GEBCO 2019 bathymetry grid, which gave clearly improved model calculation
results for the tidal parameters. The coastlines data set was added to the Bathymetry Viewer for viewing and
downloading and a report [11] was added to the portal.

The existing inventory and report of baseline and coastline data have been updated and expanded, now including
input as collected from 26 national authorities in Europe versus 21 countries previously. The inventor and report
[12] have been published at the portal.

Task 4 - Establish machine-to-machine connections to data and data products:

The new 2020 EMODnet DTM and associated layers have been integrated in the Bathymetry Viewing and
Download service for viewing and downloading;

The OGC web services (WMS, WFS, WCS, and WMTS) from the Bathymetry viewer have also been updated by
including the new 2020 DTM version, while continuing to publish the older 2016 and 2018 versions;

The Globe software has been upgraded, among others by making it fit for handling the NetCDF V4 data format,
allowing much larger data files and thus improving the efficiency of the workflows. Also, new interpolation
algorithms were developed by Coronis [16], and included in the Globe software;

10
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The existing 3D visualisation as extra functionality in the Bathymetry viewer has been updated for the 2020
EMODnet DTM by Coronis, using the method and software [8] that they earlier developed for generating a TIN
model from the EMODnet DTM which is instrumental for supporting stable 3D viewing;

Further developments of Ifremer resulted in a working and tested prototype for the Collaborative Virtual
Environment (CVE) [14] [15]. The prototype allows different regional coordinators to collaborate with Globe
online in the same session. They can produce and finalize the Regional DTM for a specific geographic region,
while sharing datasets and information with the neighboring areas. It allows the regional coordinators to work
remotely and to benefit from powerful computing and storage capabilities of the dedicated virtual machine at the
IFREMER DATARMOR HPC computing facility. WPS (Web Processing Service) accessible through the CVE
are instrumental for using the tools and pre-defined processing workflows which are set up to follow EMODnet’s
established methodology. The working prototype has been tested by selected basin coordinators, using a subset
centered on Sardinia island. The results are promising, but still further developments are needed for operational
use.

Task 5 - Maintain a web portal:

The EMODnet Bathymetry portal has been upgraded to comply with the new GDPR Directive. The domain has
been upgraded to https://;

The web portal was operated and maintained with adding news, promotion items and information about new
products and services as they became available;

The Bathymetry Viewing and Download service of the Bathymetry portal were updated to include the latest
versions of the EMODnet DTM, the Satellite Derived Coastlines, the expanded HR-DTM files and layer, and the
Quality Index layer. The downloading of 2016 and 2018 DTM tiles was expanded with tiles from the new 2020
DTM version in various formats, including DTM files with MSL reference next to LAT reference, 2020 HR-
DTMs, and 2020 Satellite Derived Coastlines.

Task 6 - Operate a help-desk:

The help desk is integrated in the portal and frequently used. In the reporting period 95 questions from users were
received and answered by the helpdesk.

Task 7 - Achieve international interoperability:

A ‘Report on Interoperability and International Collaboration’ [10] was drafted, submitted to the EU and accepted
together with the 1st Annual Progress report early 2020;

Follow-up was given to the cooperation as mentioned in the given report with GEBCO, NOAA, IHO, BSHC,
NSHC, IBCAO, and the Seabed 2030 initiative.

Task 8 - Achieve INSPIRE compliance:

The ‘Report on Interoperability and International Collaboration’ [10] from early 2020 also describes how
EMODnet Bathymetry is seeking INSPIRE compliance for its range of services;

Upon request of the EMODnet Secretariate metadata were added to several EMODnet Bathymetry OGC web
services to achieve full INSPIRE compliance for these services.

Task 9 - Monitoring of performance:

The overall performance of the portal and its services is continuously measured and reported at a quarterly basis
by a series of indicators. These are based upon Matomo and other stats for web traffic, while downloads are
registered in registers. Moreover, Google Scholar is used to determine which publications make reference to
EMODnet Bathymetry.

The indicated reports are listed in Chapter 15 — References - and can be downloaded from the portal.*

4 https://www.emodnet-bathymetry.eu/approach/technical-documentation
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4. Challenges encountered

List of all challenges encountered since the start of the project phase

Main challenge

Measures taken

Difficulties related to the home confinement in relation
to COVID-19. Data producers and basin coordinators
might not be able to get access to dedicated computer
resources from their organisation.

A major challenge has been the uptake of the upgraded
CDl service and its new methodology for populating the
CDI service by data providers. For multiple EMODnet
Bathymetry data providers it included deploying the
new Replication Manager (RM) software, while all data
providers had to adapt to the new CDI Import Manager
service steps which give each data provider more self-
control for submitting and checking updated and new
CDI entries. Moreover, all data providers had to pre-
process data sets using GLOBE for transfer of new and
updated data sets to the Regional Coordinators for
inclusion in the new Regional DTMs.

Most of the organisations, members of the consortium have enabled their
collaborators with connections to their network and resources using
dedicated VPN. However, 3D visualisation of the data and data transfer
through these VPN are often slow and inefficient for the volume of data
considered. In the near future relief might be provided by the Collaborative
Virtual Environment (CVE) for which a working prototype has been
established and tested. This should make it possible to work together on a
regional DTM with sufficient processing power and performance. (see
also Task 4).

The challenge was overcome by informing the data providers about the
CDI service upgrading development, while also several joined the
Training Workshops in summer 2019 which were organised and funded
by the EU SeaDataCloud project for transfer and hands-on training with
the new methodologies and associated software and services. This was
followed by releasing the new RM software and sending new manuals and
instructions to all data providers. As follow-up, bilateral guidance and
support was given to each data provider for deploying software, where
applicable, testing it’s functioning, and adopting the new approach to
population of the CDI service. This was an intensive process between the
data providers and MARIS as cdi-support helpdesk and is still not fully
completed, but very good progress is made whereby the upgraded CDI
services function as planned. As described earlier under Task 1 this has
resulted in the desired results. Furthermore, training and support was given
to data providers concerning the use of the Globe software.
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5. Identified issues: status and actions taken

A. Priority issue(s) identified and communicated by EASME/ DG MARE/
SECRETARIAT

Priority issue(s)

Representation of UK considering Brexit
status

JIRA Issue 33: Implement Web Services
MetadataUrl and DataUrl fields

EM-126 Bathymetry to report on number and
volume of downloaded data and data
products by 6th of January

EM-120 Bathymetry to provide an email
contact that will be notified in case of
downtime of their OGC services

EM-100 Bathymetry - Removal of Brexit
content disclaimer

EM-82 Bathymetry - Web Services
MetadataUrl and DataUrl fields

Pr|or|ty | Priority issue(s) [ Staus |
Pending/Resolved

During generation of the RDTM for the
Celtic and Irish seas and Atlantic Ocean it
appeared that there was a horizontal shift
compared to the 2018 version

Status

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Action(s) taken / remaining
actions planned

The EMODnet Bathymetry
portal presents only physical
geography elements (water
depth, topography), without
any reference to aggregated
statistics. Therefore it appears
that no action is needed in
views of this issue.

Tuning with other lots and the
Secretariat actions were
undertaken  for including
MetadataUrls and DataUrls in
the OGC web services of the
CDI data discovery and access
service respectively  the
Bathymetry ~ Viewing and
Download service. INSPIRE
compliant landing pages have
been incorporated in Sextant to
serve as MetadataUrls, which
have been included in the
GeoServer instances. The
Secretariat has made a final
validation, which indicated that
the issue is fully resolved.

Report as requested

Provided a list of names
(project  management and
technical contact)

Previously removed

Updated the DataURL field
with respect of capabilities and
INSPIRE guidelines

actions planned

Communication between
Shom, GGSGC, and GSI to
explain the shift and to decide
which is correct, has led to a
solution.

Date due

Begin 2020

Mid 2020

5/1/2021

18/12/2020

27/11/2020

05/01/2021

End Oct 2020
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6. Allocation of project resources

Information on the allocation of project resources

Categories Resource usage (%

Task 1: a common method of access to data from surveys held

. o 24%
In repositories

Task 2: a multi-resolution digital terrain model of the sea
bottom of European seas with common standards, baseline and = 23%

formats
Task 3: standard coastline data 16%
Task 4: procedures for machine-to-machine connections to data
4%
and data products
Task 5: a web portal allowing users to find, visualise and
12%
download data
Task 6: a help desk offering support to users 2%
Task 7: interoperability with digital terrain models developed 206
by organisations from outside the EU
Task 8: a process to become compliant with the INSPIRE 206
Directive
Task 9: a process to monitor performance and deal with user 15%
feedback
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Status of the Milestones and Deliverables listed in the workp

Milestone/Deliverable
DO0.1.1: Quarterly concise
progress report 1

D0.1.2: Quarterly concise
progress report 2

D0.1.3: Quarterly concise
progress report 3

DO0.1.4: Quarterly concise
progress report 4

D0.1.5: Quarterly concise
progress report 5

D0.1.6: Quarterly concise
progress report 6

DO0.1.7: Quarterly concise
progress report 7

DO0.1.8: Quarterly concise
progress report 8

DO0.2: Annual Interim report
DO0.3: Final report

DO0.4: Plan for service continuity, incl.

Docs and sources

D1.1: Upgraded guidelines for data pre-
processing and population of metadata

D1.3: Pre-processed survey data sets
and included in CDI Service

D1.4: Pre-processed composite DTMs
and included in Sextant service

D1.5: Satellite Derived Bathymetry data
sets and included in Sextant service
D2.1: Upgraded guideline of

EMODnet methodology for DTM
production, including using pilot CVE
D3.1: New EMODnet DTM incl
Quality Index and loaded in EMODnet

portal for viewing and downloading

WPO

WPO

WPO

WPO

WPO

WPO

WPO

WPO

WPO

WPO

WPO

WP1

WP1

WP1

WP1

WP2

WP3

15-04-2019

15-07-2019

15-10-2019

15-01-2020

15-04-2020

15-07-2020

15-10-2020

15-01-2021

31-01-2020

28-02-2021

28-02-2021

31-03-2019

31-10-2019

31-10-2019

31-10-2019

31-08-2019

30-06-2020

Status (Pending/Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved
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D3.2: HR DTMs loaded as separate
layer in EMODnet portal for viewing
and downloading

D3.3: Source reference layer to link to
CDI and Sextant Catalogue services

D4.1: Updated web portal for new
contract

D5.1: Refined best-estimate European
digital coastlines for a range of vertical
levels at the portal

D5.2: Updated Inventory of existing and
ratified baselines and registered claims /
disputes under UNCLOS, for European
countries at the portal

D6.1: Operational helpdesk

D6.2: Promotional material and up-to-
date website

D6.3:  Presentations at relevant
conferences

D6.4: Report on international
cooperation and interoperability

MS1: Gathered survey, composite
DTM and SDB data sets, included in
CDI and Sextant services

MS2: Prototype CVE system ready for
RDTM support

MS3: 1st Interim report
MS4: Report on international
cooperation and interoperability

MS5: Updated inventory of legal
baselines at portal

MS6: New EMODnet DTM loaded in
EMODnet portal for viewing and
downloading

MS7: High Resolution hotspots layer
added to viewer

MS8: Prototype CVE system further
developed

WP3

WP3

WP4

WP5

WPS

WP6
WP6

WP6

WP6

WP1

WP4
WPO
WP6

WP5

WP3

WP3

WP4

30-08-2020

30-04-2020

30-06-2019

30-10-2020

31-12-2019

Continuously

Continuously

Regularly

31-01-2020

31-10-2019

31-10-2019

31-01-2020
31-01-2020

31-12-2019

30-04-2020

31-08-2020

31-10-2020
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Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

In the reporting belowe, references are made to reports by [n] which are listed in Chapter 15 - References - and which can
be downloaded from the portal in the sections on technical documentation® and reports to EUS,

5 https://www.emodnet-bathymetry.eu/approach/technical-documentation

6 https://www.emodnet-bathymetry.eu/approach/reports-to-eu
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7.1  WRPO - Project Management

The EMODnet Bathymetry — High Resolution Seabed Mapping project, internally known as HRSM2, is successor to the
EMODnet High Resolution Seabed Mapping project, and has been awarded by EASME on 22 November 2018 to the
consortium, led by Shom. The contract was signed by both parties on the 21 December 2018 after arranging requested
evidences. A consortium agreement (for full partners) and subcontractor agreements (for subcontractors) were drafted,
introduced, following feedback amended, and signed by all in the 2" project quarter of 2019. The Core Group, composed
of Coordinators and Work package leaders, met 5 April 2019 in Paris — France, hosted by Shom, to prepare the project
kick-off meeting and to discuss updating, where needed, of the methodology, technology and production processes as used
in the predecessor EMODnet HRSM project. The HRSM2 kick-off meeting including all consortium members took place
11-12 June 2019, in Brest, France, hosted by Shom. All consortium members were present to discuss the project
implementation and activities of each member. Also, instructions and training and updated guidance documents were given
concerning the methodology and use of the preferred software tools (Mikado, Nemo, CDI service, Sextant service, Globe).
A technical sub group met 29 November 2019 in Brest — France, hosted by IFREMER, to discuss progress on upgrading
the Globe software, making it fit for handling NetCDF V4 in order to overcome earlier filesize limitations, and reviewing
the overall planning. A further meeting was held 15 — 16 April 2020 with core partners and regional coordinators to monitor
project progress and in particular, finetune the activities for generating updated regional DTMs, applying the upgraded
Globe software and its new features. On 28th May 2020 another meeting was held with core partners and regional
coordinators to monitor progress and targeting an expected delivery of the Regional DTMs around summer 2020. However,
there was some delay in this schedule for a few regions as issues were found during the integration process for compiling
the EMODnet DTM. Therefore, in September — October 2020 a few smaller meetings were held with selected regional
coordinators to solve the issues, which was done successfully.

The coordinator (Shom) and technical coordinator (MARIS) prepared 8 quarterly progress reports which have been
accepted by the EU (EASME and DG MARE). Shom and MARIS have also drafted and submitted the 1st Annual Report
[13] and the separate report on Interoperability and International Cooperation [10]. Both were accepted by the EU (EASME
and DG MARE) and as follow-up Shom processed the invoices as collected from consortium members for their share of
the first payment (50% total budget).

Shom and MARIS have participated in EMODnet Steering Committee meetings, presenting the project progress and
contributing to discussions, and EMODnet Technical Working Group meetings, discussing technical interaction between
the thematic and central portals.

Also, a technical meeting took place on 20 March 2020 between the technical team of EMODnet Bathymetry, coordinators
of other EMODnet thematic projects, and representatives of the Central Portal team (VLIZ, EMODnet Secretariat), DG
MARE and EASME to brainstorm about the planned migration from thematic to central portal that will be undertaken as
part of a new series of EMODnet tenders and contracts.

In the meantime, the current EMODnet Bathymetry consortium has made a successful bid for the new EMODnet
Bathymetry tender and a contract has been signed with EASME for a seamless continuation per 19 December 2020.

For all project meetings internal minutes and actions lists were made and included in the project extranet together with all
presentations and all consortium members were informed about these. Moreover, regularly emails were sent by the
coordinator and the technical coordinator to the full consortium to keep them informed about the overall project progress
and expected activities.

Unfortunately, due to COVID, only a few face-to-face meetings were possible in the first part of the project, while all other
meetings have been done by web conferences and emails. This has worked, mostly because EMODnet Bathymetry has a
team that already has worked together over many years, while the project workplan was mostly a continuation and
refinement of earlier contracts. But generally, in a European project with so many partners and different nationalities, face-
to-face meetings and socialising are instrumental and cannot be missed. For that reason, there is hope that the COVID
situation will improve as the new contract has a major challenge in the planned migration from thematic portal to central
portal. This will require extensive brainstorming with all involved, which is helped considerably by face-to-face meetings.
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At the project kick-off meeting, all data providers have been informed about the proven approach and software tools and
services that are used in EMODnet HRSM2 for gathering source data sets such as bathymetric survey data sets and
composite DTMs and populating these into the two major catalogues: the CDI Data Discovery and Access service for
describing survey data sets and the Sextant data products catalogue service for describing composite DTMs. Where needed,
data providers were encouraged to familiarize themselves again with the software tools and services and to start the process
of preparing their datasets and related metadata entries for the CDI and Sextant catalogue services.
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Also, data providers have been asked to review their existing entries in both catalogues for improving and completing the
Quality Index information. Next to populating the two catalogues, data providers have also been instructed and trained to
pre-process and pre-grid their data input using the Globe software and following the EMODnet Bathymetry method and
grid. This way their data input is made fit for the Regional Coordinators and their planned WP2 activities for updating and
upgrading the existing regional DTMs with new and improved data contributions. A review took place of the various
guidelines that have been produced and made available over the years for giving guidance on the methodologies for
populating the catalogues and pre-processing the data sources. This has resulted in a set of up-to-date guidelines in a
dedicated folder on the extranet, see [1], [2], [3], [4] and training material.

Where needed, support was given by MARIS for the CDI population and by IFREMER for the Sextant population and
consecutive pre-processing with the Globe software. During the population, there has been a major upgrading of the CDI
service as part of the EU SeaDataCloud project. This had some implications for data providers with a direct connection,
because they have been asked to replace the existing local Download Manager component with the new Replication
Manager component. As part of this migration to the upgraded CDI service, data providers have been informed by the CDI
support desk at MARIS and also, they have been invited to participate in the SeaDataCloud Training Workshop which was
held in June 2019 in Ostend — Belgium. This was followed up by several data providers. However, the migration has
delayed somewhat the progress of CDI population in the first year and therefore, the original deadline of finalising CDI
and Sextant population has been extended from end January 2020 to end February 2020.

This has worked out in practice and the total number of CDIs overall has increased in the project from 27.168 to 30.560
records by 45 CDI data providers from 23 countries. A major contribution came from OceanWise which populated more
than 2000 new CDIs for the Greater North Sea region. Moreover, new CDIs were populated for the Black Sea. In addition,
as part of the CDI upgrading process, existing CDI data sets have been validated for their formats which has led to some
data sets that needed correction.

WAEY/  BATHYMETRY O g

EMODnet

CDI Data Discovery and Access Service

NEW SEARCH REFINE SEARCH SEARCH RESULTS

Filter search Found 30559 | Show (1 -100) | First | Prev |
SELECT O
: DATASET NAME Celtic Explorer Bathymetry CEO701 Kerry 14m Globe dtm
ENECTFECS COUNTRY ORIGINATOR Ireland
Ereeseandi START DATE 20070417
INSTRUMENT / GEAR TYPE multi-beam echosounders | Differential Global Positioning
System receivers
Date search
SELECT
From To =
DATASET NAME Celtic Explorer Bathymetry CE0702 Kerry 14m Globe Dtm
Geographic search COUNTRY ORIGINATOR Ireland

[ Search within bounding box

SEA REGIONS B

Atlantic Ocean (16337)
(16270)

(15620)

North Atlantic Ocean
Northeast Atlantic Ocean (40...

Baltic Sea (6269)
North Sea (6243)
Mediterranean Region (3878)

+ More

START DATE
INSTRUMENT / GEAR TYPE

SELECT

DATASET NAME
COUNTRY ORIGINATOR
START DATE

INSTRUMENT / GEAR TYPE

SELECT

DATASET NAME

COUNTRY ORIGINATOR

20070516

muilti-beam echosounders| Differential Global Positioning
System receivers

]
Celtic Voyager Bathymetry CV0901 Shannon 14m Globe Dtm

Ireland

20090318

muilti-beam echosounders| Differential Global Positioning
System receivers

(m]

Celtic Voyager Bathymetry CV0902 Dingle 5m NetCDF

Ireland

Figure: New CDI service user interface for EMODnet Bathymetry
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The number of Composite DTM entries has increased from 147 to 207 from 64 data providers from 25 countries. This
included also several CDTM contributions from hydrographic services in the Baltic from Lithuania, Finland, Poland, and
Russian Federation, bringing in extra geo-coverage as part of their cooperation in the BSHC and mobilised by SMA as
regional Baltic coordinator.

The CDTM catalogue expansion also include 16 Satellite Derived Bathymetry (SDB) DTMs for five sites, covering Cyprus,
Northern Denmark, Croatia and Southern Sicily and Puglia, Italy, which have been generated by partner EOMAP. A total
of 8,759 sq km was mapped using Sentinel — 2 data covering shallow waters down to approx. 10-13m (Denmark) and 17-
20m (Mediterranean Sea areas). The methodology used by EOMAP for SDB is described in Chapter 13 Annex: Other
documentation attached — Annex 1.

Sextant Catalogue service

Results 1 to 30 on 207 : 30 by page ~ Sortby: Popularity ~

£ 145_DTM_CNR-ISMAR-22_Adriatic_singlebeam

£ Baltic Sea Bathymetry Database

© OpenStreetMap contributors.

Keywords
Contact for the resource

574_EMODNET REGIONAL DTM OF
= NETHERLANDS CONTINENTAL SHELF

486_Bathymetry_Bay of Biscay - Channel (DTM
= resolution : 1000m ; ed. : 2008)

(0 :
I | I

Figure: Sextant Composite DTM catalogue user interface for EMODnet Bathymetry

After population, the data providers have made their bathymetric data sets ready for use by the regional coordinators by
undertaking pre-processing and pre-gridding of their data into single DTMs with EMODnet grid and format, using the
Globe software.

In the last months of the project, data providers have worked on preparing and contributing more High Resolution DTMs
for which the number went up from 196 to 244. These were described with metadata in the special HR-DTM Sextant
catalogue, using the online CMS, which has been upgraded by IFREMER. Sextant now has a staging process, whereby
providers can enter new records, but these can only be published by IFREMER as master, this way controlling better the
consistency and quality. IFREMER gave support, where needed, and also prepared new manuals for the upgraded Sextant
system [5], [6]. The HR-DTM data files were collated by IFREMER from their providers and bundled for transfer to
GGSGC for integration in the Bathymetry Viewer and Download service as part of WP3.

In the project period, the overall number of data providers for the CDI and both Sextant catalogues has increased from 51
to 70 organisations, comprising the data providers in the consortium and several other providers through the existing
community networks, run by regional coordinators. Also, bathymetry data sets came available through EMODnet Ingestion
activities.

WHP1 contributes to the following tasks as shared with WP2:
e Task 1: Bathymetric surveys

WP1 also contributes to the following tasks as shared with WP2 and WP5:
e Task 3: Coastline data

WP1 also contributes to the following tasks as shared with WP6:
e Task 7: International interoperability
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WHP1 also contributes to the following tasks as shared with WP3 and WP4:

e Task 8: INSPIRE compliance
Task 1 and 3 have been completed as described in the progress of WP1 and WP5. Task 7 and 8 have also been completed.
This is described in the progress of WP4 and documented in detail in the separate report on interoperability and international
collaboration [10].

7.3  WP2 - QA-QC, data processing and producing Digital Terrain Models
for the basins

The latest version of the EMODnet DTM (Digital Terrain Model) was released 24th September 2018 with its improved
resolution of 1/16 * 1/16 arc minutes (circa 115 * 115 m2). The overall methodology for the generation of the new
EMODnet DTM has remained the same as in the previous phase. Following the usual approach, the new DTM has been
compiled by an integration of new versions of regional DTMs that were generated by regional coordinators.

For improving the methods, activities were undertaken in WP4 for upgrading the Globe software, e.g. with a spike
identification detector and removal. Also, use is to be made of GEBCO 2019 for filling gaps. That latest GEBCO
bathymetry includes the EMODnet Bathymetry 2018 version. In November 2019, a technical tuning meeting took place
between core partners to discuss and refine the actions and planning for the compilation of the new version of the EMODnet
Digital Terrain Model (DTM).

The upgraded Globe was released by end of February 2020. The new version facilitates handling of large files by adopting
the NetCDF V4 data format for input and output, which also optimises compliance with international standards compared
to the earlier used ‘native’ NetCDF v3.

As follow-up to the population of the catalogues in WP1, data providers used Globe to prepare their data sets and delivered
their single DTMs to the regional coordinators. The following regional coordinators were tasked with generating and
providing regional DTMs:

e The Greater North Sea region - task coordinated by BSH, also cooperating with NSHC and NSBD project

e The Celtic Seas region - task coordinated by UKRI-NOC

e |berian Coast — North East Atlantic Ocean north of Equator - Macaronesia region - task coordinated by IPMA
with IHPT
The Channel — North East Atlantic Ocean — Bay of Biscay region: — task coordinated by Shom
The Baltic Sea region - task coordinated by SMA, who also brings in the BSBD DTM and related data
The Norwegian - Icelandic Sea region - task coordinated by GRID
The Western Mediterranean Sea region - task coordinated by IFREMER
The Adriatic - lonian Sea region — Central Mediterranean - task coordinated by CNR-ISMAR
The Eastern Mediterranean Sea region - task coordinated by HCMR
The Black Sea Sea region - task coordinated by IFREMER
The European Arctic waters and Barents Sea - task coordinated by SU who also brings in part of the IBCAO
DTM and related data

Previously, for the 2018 release all regional coordinators were provided by GGSGC with an up-sampled 2016 data set
divided in the 64 product tiles of the 2016 release. For the 2020 release it was decided this time to have everybody start
from scratch as using old data also introduces old problems again. This turned out to be a good decision. Certain errors and
anomalies that were introduced in earlier versions are now gone.

From March to Summer 2020, regional basin coordinators analysed, processed and merged selected contributions using
the new Globe version into regional DTMs. A meeting with all basin coordinators and core technical partners was held 15
— 16 April 2020 as a web conference, aimed at monitoring progress, and gaining feedback on the new Globe version and
the common methodology. Following the meeting, further improvements were made to the Globe software. Also, new
developments from Coronis related to the interpolation of sparse data were included. First, for testing purposes as the
algorithms were still in development phase, later for use in production, although regional coordinators always must be
careful when using interpolations.

As follow-up, each of the regional coordinators has been working on their Regional DTMs, and several were delivered to

the integrator, GGSGC, around summertime together with a QA-QC report for their RDTM following the agreed EMODnet
Bathymetry template. This contributes to the assessment of the quality of the overall EMODnet DTM. While, the last
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regional DTMs were delivered after summer, reducing the available time earlier reserved for the integration, thus in practice
shifting the original delivery date of the new 2020 DTM to end 2020.

Figure: Division of EMODnet DTM coverage over Regional DTMs

The figure below give an example from the new regional DTM for the Black Sea — a 3D view off the Bosporus.

WP2 concerns the following task as formulated in the tender and as shared with WP1:
e Task 1: Bathymetric surveys
WP2 also concerns the following tasks as shared with WP1 and WP5:
e Task 2: Digital Terrain Model
e Task 3: Coastline data
All tasks have been completed as can be derived from the WP1, WP2 and WP5 progress reporting.

7.4  WP3 - Integration and inclusion of the DTMs into the portal

After delivery by each of the basin coordinators of their regional DTM, the integrator, GGSGC, could start with the
integration. This step included a detailed second quality assessment of the regional DTM products. The integration of the
Regional DTMs into the overall EMODnet DTM has taken place in the last 5 months of the project. GGSGC has led the
work with support from regional coordinators and MARIS. A number of actions, illustrated in the figure below, describe
the actions being done for each RDTM. Most of the processing steps have been automated, while a few of them still need
human interventions.
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rDTMs
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coordinators rDTM

Check and Combine
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Create data
products and
GeoTiff layers

Combine with 0m Interpolate to Create smoothed
coastline Om coastline depth layer

Combine with | Create = Create Pyramid Publish
land DTM GeoTiff Layer

data sets to portal

Figure: Actions undertaken for individual RDTM before integration in the final EMODnet HRSM2 DTM product.

Based on experiences gained from the production of the EMODnet Bathymetry World Base Layer (EBWBL), GGSGC has
improved its Software Bench. Processing is now much quicker due to the introduction of a 1 x 1 degree tile cache. This
also makes it possible to apply updates to smaller regions instead of reprocessing the complete DTM. A major change was
the introduction of the new Globe NetCDF format based on NetCDF version 4. The GGSGC software bench is now
completely in line with this new version.

The quality of each RDTM has been reviewed through quality checks such as presence of all the requested statistics and
CDI/CPRD reference, coherence with previous release of EMODnet DTM and quality assessment (visual checks of
remaining artefacts). ldentified issues then had to be solved between the basin coordinators and GGSGC. As part of the
quality checking, GGSGc noticed an inconsistent lateral gridding shift of one cell for only one of the major contributors
(GSI) which raised interrogations on the overall processes. All the stakeholders have investigated the potential source of
this problem with their own expertise either directly on the source data, or in the implementation of the algorithms used as
part of the gridding processes in Globe, or on the steps undertaken for the merging of the data sources for this area. This
has led to a solution and suggestions for further upgrading of Globe in a next round to prevent the same issue later again.
The contribution of partner GSI has been key in solving the issue at hand by regenerating and re-integrating their
contribution.

The new version of the OpenStreetMap Coastline (version 2020) was used for the delimitation of land and sea. The overall
quality and accuracy of the 2020 version of the coastline is greatly improved. Unfortunately, OpenStreetMap contributors
more and more use baselines to close off rivers and estuary along the coast. As a result, GGSGC had to edit manually the
OpenStreetMap coastline to remove these “closing baselines” and to add a more topographically correct coastline
respecting larger rivers and estuary.

Finally, all regional DTMs have been integrated into the final DTM product, which was made available for final checks
and testing to the members of the consortium early December 2020 as part of a test portal.

Associated to the full gridded DTM, the source reference layer (providing the origin of each data sets contributing to the
grid) and the Quality layer (providing the qualitative descriptions of the gridded product) have been fully updated. A
separate report documents the new Quality Index and is available for users of the portal [7]. These layers of information
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are also displayed on the EMODnet portal and available as OGC web services. The number of CDI and Sextant references
in the new DTM has increased to 16.260 for which MARIS and GGSGC have done consistency checks, ensuring that every
reference exists and resolves in the CDI and Sextant catalogues. The image below gives a part of the source reference layer
for the Baltic Sea which clearly shows the improvement with respect to the previous 2018 DTM where there were sparse
references and most area only covered by the Baltic Sea DTM (BSBD).
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Figure: detailed source reference map in the Baltic Sea in the 2020 DTM version. Each colour represents an individual
data source for which metadata can be retrieved in a pop-up.

The High-Resolution DTM files have also been processed by GGSGC to expand the existing High Resolution layer. A
total of 53 new or updated HR-DTM data sets have been made available for the 2020 release. These have been added to
the HR-DTM data sets already available from the 2018 release. It is noticeable that there is an increase in resolution. A
large area in the German Wadden Sea is now available in a 1 meter (1/1024 arc minute) resolution (see image).

B 7

Figure: HR-DTM with 1 meter resolution data in the Jade region in the German Wadden sea
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CORONIS created a new data set for use in the 3D Cesium viewer available in the Portal. The n3D data set is based on
the EMODnet 2020 release. New is the reduced exaggeration for the land data. The overall result is now more realistic.
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Figure: 3D visualisation of the Spanish Balearan islands in the Mediterranean sea

GGSGC and MARIS have integrated the new DTM in the Bathymetry Viewing and Download service and MARIS has
updated all related text and documents at the portal. The new common DTM (2020) has replaced the existing common
DTM (2018) in the layer menu of the Bathymetry Viewing and Download service for the mean depth layers with 3 colour
palettes. Also the source references layer has been replaced to fit the new DTM release. However, in the OGC web services
(WMS, WFS, WCS, and WMTS) and the DTM download service the new DTM has been added next to the old 2016 and
2018 DTMs. Also a new DOI (https://doi.org/10.12770/bb6a87dd-e579-4036-abel-e649cead881a) has been minted and a

new landing page has been completed and launched for the new DTM so that users can cite this DOI as a persistent
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reference, while the DOI and landing pages of the 2016 and 2018 DTM versions have been sustained. This is done to have
a persistent version management and because a lot of users have made use and are referencing to earlier versions of the
EMODnet DTMs.

Finally, it was decided to launch the new 2020 DTM release at 13th January 2021 in order to announce it at the GEBCO
conference ‘Mapping the gaps’ that was hosted by Shom. The publication was accompanied by a press release which was
drafted together with the EMODnet secretariate and disseminated making full use of the EMODnet channels.

WHP3 contributes to the following task as formulated in the tender and as shared with WP2 and WP5:
e Task 2: Digital Terrain Model
WP3 also contributes to the following task as shared with WP4:
e  Task 4: Machine-to-machine connections to data and data products
WP3 also contributes to the following task as shared with WP1 and WP4:
e Task 8: INSPIRE compliance (see
All tasks have been completed as can be derived from the WP1, WP2, WP3, and WP4 progress reporting and the separate
report on international interoperability [10].

7.5 WP4 — Technical Development & Operation of portal, tools and services:

The EMODnet Bathymetry portal is operational at the domain https://www.emodnet-bathymetry.eu. Following the GDPR
Directive and upon request of the EU, activities were undertaken together with the EMODnet Secretariate and EU services
to improve the GDPR compliance of the EMODnet Bathymetry website and related services. For instance, https:/
certificates were acquired and implemented for the main domain and for all the services, such as for the dedicated CDI and
Sextant catalogues and the Bathymetry Viewing and Download service. And sections were formulated and added for
‘privacy policy’ and ‘cookies’. This was undertaken in tune with the other EMODnet portals for further establishing
harmony.

IFREMER worked on upgrading the Globe software. A major improvement is the moving of support for NetCDF V3 to
NetCDF V4 file format in all relevant functions (import xyz, reduce, merge, export). This has two major advantages: 1)
overcomes the 2Gb size limit of NetCDF V3 files, which will implicate that data providers and regional coordinators no
longer have to chop up areas in smaller pieces, and 2) overcomes the use of the scale factor. Earlier this scale factor raised
concerns, as cumulative effects seemed to affect individual surveys during the compilation, and generate discontinuities
between contiguous datasets. The new Globe software avoids that effect. However, it implicated as part of WP2 that
regional coordinators needed to reprocess with the upgraded Globe software the data sources as received from data
providers because they could not use the earlier provided data sources. Internal tests were included within the Globe code
to prevent regional coordinators to use previous NetCDF V3 contributions in their new compilation. The new Globe release
was ready by end of February 2020 for use by the regional coordinators.

CORONIS developed a smart solution for interpolation issues. A literature analysis was done gaining insight in state-of-
the-art interpolation methods. As follow-up, they implemented a Matlab version of the main interpolation methods, and
prototyped their methods, followed by comparisons. The toolbox and documentation have been made available with an
open-source GPLv3 license on github’. After reviewing and testing, Coronis found the most versatile to be the Radial Basis
Function (RBF) interpolator. They undertook a lot of effort to refine the method and make it fit for purpose. The interpolants
were first implemented in Matlab, and then ported to Python, to ease their implementation within the Globe software by
Ifremer. The Python implementation was also released under LGPLv3 license at github®. The investigations and final
results are documented by Coronis in a technical report [16]. The interpolation components have been integrated by Ifremer
in Globe in two steps. First by a test version, whereby regional coordinators evaluated the performance with various
configurations (density of soundings, relative distribution of the information, type of seabed morphology, computer
resources, ....) and gave feedback. This was used by Coronis for further refinement and upgraded software, which is now
included in Globe. However, users must be careful with interpolations as unwanted side-effects might occur.

Further down the EMODnet HRSM 2 project, Coronis has continued the work on converting raster DTMs, as the ones
generated within this project, into triangulated irregular networks (TINs) optimized for web-based visualization. Earlier
code of the software was refactored and some bugs solved. Finally in December 2020, the updated code was applied by

7 https://github.com/coronis-computing/heightmap interpolation toolbox

8 https://github.com/coronis-computing/heightmap interpolation
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Coronis to generate the 3D visualization of the new 2020 DTM, which has been added to the Bathymetry Viewing and
Download service.

A major upgrade has taken place of the CDI Data Discovery & Access service which gives overview and access to the
gathered bathymetric surveys. As part of the EU SeaDataCloud project, the CDI service has been improved in functionality
and performance by adopting the cloud and completely renewing the user interface and the data shopping experience.
Following the upgrade of the SeaDataNet CDI user interface, also efforts were undertaken by MARIS for upgrading the
CDI service user interface of EMODnet Bathymetry. And upgrading took place of the CDI OGC WMS — WFS services,
which are integrated in the Bathymetry Viewing and Download service. As a consequence, data providers had to adopt the
new procedure for submitting CDI entries and configure and get acquainted with upgraded tools and services. A lot of
support and training was given and the deployment went well as has been described in WP1. More details about the
upgrading can be found in Chapter 13 Annex 3.

Changes by the INSPIRE team at EU-JRC, both on the INSPIRE 15019139 metadata schema and the introduction of a
new official (beta) validator service, required renewed action for making the CDI XML schema INSPIRE compliant. This
gave reason for a dialogue with the INSPIRE team for overcoming the issues on both sides as it was clear that the
functioning of the new validator was one of the reasons for concern. After quite some communication and efforts, the issues
have been solved by updating the CDI XML coding (published on SeaDataNet portal) which can be validated using the
latest version of the amended ETF validator of INSPIRE: http://inspire.ec.europa.eu/validator/, whereby one has to select
metadata for interoperability as the target conformance class. More details can be found in the separate report on
international interoperability [10].

Ifremer has upgraded the Sextant catalogue Content Management System (CMS) and associated manual in such a way,
that there is now a staging process. Data providers can make new entries or update existing entries in the CPRD and HR-
DTM catalogues, while Ifremer as master can validate these before actual publishing. This improves the overall quality
and consistency of these two catalogues [5], [6].

The bathymetric survey data sets are really massive, and processing them to produce a Digital Terrain Model, in particular
on regional and pan-European scales, is very challenging. The grid resolution of the new EMODnet DTM is 1/16 * 1/16
arc minutes (circa 115 * 115 m2) and it contains approximately 12.3 billion grid nodes, organized in 113892 columns and
108132 rows (seabed and terrestrial coverage included). To handle the integration the overall DTM was split over 64 tiles.
Also the regional coordinators (11) had to split their regional DTMs in tiles during production, because their desktop PC’s
could not handle the number of data points, while production runs took considerable time in practice. Not only is this time
consuming, but it also increases chances for anomalies at the edges of tiles, which need to be corrected. Furthermore,
regional coordinators work independently of each other, albeit with agreed overlap zones between the regional DTM areas
in order to minimise possible edge effects. For sure one can speak of big data and a high challenge for the regional
coordinators and integrator to handle and process their DTM components. This understanding has laid the basis for
exploring the development of an integrated Collaborative Virtual Environment (CVE), to be hosted in the cloud and with
strong computing power. The CVE should facilitate the data provision from data providers and the collaborative processing
of regional DTMs between regional coordinators and their interaction with the integrator. The CVE should make it more
efficient for regional coordinators and integrator to perform their workflows for generating the DTM, also in closer
interaction and with additional functions to optimize results.

This CVE development was started in the previous project and has continued in the current project as follows. A recent
version of the Globe Software has been installed and configured on the shared DATARMOR high performance computing
infrastructure to provide a Globe online workbench. This allows different users to share a same session, which is ideal for
regional coordinators who are generally skilled in using the full potential of Globe. The regional coordinators produce and
finalize the Regional DTM for a specific geographic region and need to share data and information with the neighboring
areas. Furthermore, Globe online allows the regional coordinators to work remotely and to benefit from computing and
storage capabilities of the dedicated virtual machine.

Furthermore, Web Processing Services (OGC WPS) have been developed and deployed. A WPS is very useful for
promoting tools and pre-defined processing workflows following EMODnet’s established methodology. For regional
coordinators, the WPSs can promote a standard “merging” workflow, based on single and harmonized DTMs stored on a
common data infrastructure. It can also provide specific tools for validating DTMs.

On the server side, the WPS programming interface and service provider are implemented by QGIS Server and a
customized version of PyWPS. One can execute R or Python scripts with a few additional headers and QGIS Server/PyWPS
handle the dispatch of input and output datas in WPS format. This allowed to build a DTM merge WPS with Python, calling
a command-line derivate of Globe for core data processing.
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On the client side, the Sextant Web Ul is able to build ad-hoc data entry fields from WPS embedded inputs/outputs
description and send the appropriate WPS Execute requests. Although from a theorical point of view WMS and WPS
available on a same server are completely separate, for this application, both services use the same data. Therefore, the
Sextant Web Ul is now able to use the checkboxes’ state on the map layer list (coming from WMS) to build a layer list as
an input for a WPS, thus giving a more streamlined experience to the user who can now directly call the merge WPS after
selecting the displayed DTMs, without having to select them a second time from the drop-down lists.

This way, a CVE prototype has been developed whereby regional data sets (single DTMs and resulting Composite DTMs)
are stored and accessible from the DATAWORK disk space. The WPS allows one to select DTMs stored on the
“DATAWORK?” space and merge them. Behind the scenes, a Python script managed by QGIS server+PyWPS calls the
“EmodnetProcesses” command-line tool derived from Globe to perform the merge operation and stores the generated file
in-place. Furthermore, the web application can query Sextant, SeaDataNet CDI and EMODnet databases in order to display
metadata and to query Quality Indicators, based on the CDI or CPRD identifier of the file.

The main functionalities developed for the prototype are:

e Data selection tools
o Exploring and retrieving of available data sets from the “DATAWORK” DTMs pool,
o 2D mapping and visualization services,
o Interaction with the SeaDatanet CDI and Sextant services.
e Data processing tools
o Spike detector
o DTM annotation
o Slope, hillshade

The CVE prototype is online available for regional coordinators and members of the technical team.®
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Figure: screen from the CVE Prototype

The development and set-up of the CVE Prototype are documented in a technical report [17], while there is also a user
manual [14] for the CVE Prototype.

9 https://www.ifremer.fr/sextant_doc/emodnet bathymetry/api/sardinia.html#/map
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Three regional coordinators, CNR (Italy), HCMR (Greece), Ifremer (France), together covering the Mediterranean Sea
area, have been involved in testing the CVE Prototype in order to gain experience and to try out the performance and ways
of working collaboratively.

The CVE Prototype tests included:

e  Access to the software (and associated resources of the infrastructure) and associated data, per individual and
shared projects;

e Test that thematic actions are feasible (data import, sorting of the data per quality Index, merging of datasets,
interpolation between dataset

e  Share results / projects remotely held on DATARMOR

In principle, functional tests have been undertaken successfully, with the main comment that further improvement could
be envisioned regarding user friendliness. However, there is a serious problem with performance, which is also due to
issues with connectivity of remote users to the CVE Prototype. A preliminary conclusion is that the CVE solution is
promising but still has performance limitations which prevent currently an wider adoption of this cloud-based solution at
full scale by the basin coordinators. Further work will be undertaken towards this aim in the future. The test report is
available at the portal [15].

WP4 contributes to the following task as formulated in the tender and as shared with WP3:
e Task 4: Machine-to-machine connections to data and data products
WP4 also contributes to the following task as shared with WP6:
e Task 5: Web portal
WP4 also contributes to the following task as shared with WP1 and WP3:
e Task 8: INSPIRE compliance
WP4 also contributes to the following task as shared with WPQ and WP6:
e Task 9: Monitoring of performance
All tasks have been completed as can be derived from the WPO, WP1, WP3, WP4 and WP6 progress reporting and the
separate reports on upgrading Sextant catalogue service [5], [6], international interoperability [10], interpolation methods
[16], and Collaborative Virtual Environment [14], [15], and [17] as well as Annex 3 for CDI service upgrading.

7.6  WRP5 — Coastlines, legal baselines and vertical reference levels:

With the increase of the resolution of the EMODnet DTM, the EMODnet Bathymetry team has strongly focused on the
land-sea interface. Two main tasks have been pursued along the duration of the contract. The first one concerns the location
of the coastline, while the second concerns the conversion between vertical references. These have been essentially
managed by consortium member Deltares.

Official coastline and legal baselines:

The existing inventories of official coastline and legal baselines have been updated. The information has been collected by
Deltares together with EMODnet Bathymetry consortium members and where possible, also from other EU member states,
from the officially recognised national sources. The information is now available from 26 countries versus 21 in the
previous version. The result of the updated inventory has been documented in a public report [12] which provides a
snapshot of the inventory of existing coastlines and baselines without any attempt to resolve existing legal disputes as this
is out of scope and capability of EMODnet.

Nr Country Baseline Coastline
1 | Albania Available N/A
2 | Belgium Available Available
3 | Bulgaria N/A Available
4 | Croatia N/A Available
5 | Cyprus N/A N/A
6 | Denmark Available Available
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7 | Estonia Available N/A
8 | Finland Available N/A
9 | France Available Available
10 | Georgia N/A N/A
11 | Germany Available Available
12 | Greece Available Available
13 | Iceland Available N/A
14 | Ireland Available Available
15 | Israel N/A Available
16 | ltaly Available Available
17 | Latvia Available Available
18 | Lithuania Available N/A
19 | Malta Available Available
20 | Monaco N/A N/A
21 | Montenegro N/A N/A
22 | Netherlands Available Available
23 | Norway Available Available
24 | Poland Available N/A
25 | Portugal Available Available
26 | Romania Available Available
27 | Russia N/A N/A
28 | Slovenia Available Available
29 | Spain Available Available
30 | Sweden N/A Available
31 | Turkey N/A N/A
32 | Ukraine N/A N/A
33 | United Kingdom Available Available

The information provided as part of the coastline and baseline inventory has been collected with the utmost care from
authorities responsible for the definition and maintenance of official coastline and baseline in their national jurisdiction
in Europe. Information made available in this inventory has been verified in December 2020, but might have been
subject to changes since then. When available, a national disclaimer specific to each coastal state specifies its use and
its legal scope. This national disclaimer must be used complementary to the document [12]. Therefore, EMODnet
Bathymetry is by no means responsible for the production, the maintenance, the completeness, the accuracy, the
reliability, the suitability and/or the availability of this information (all or parts). The inventory report [12] and the

Table: Status of collected national legal baseline data-sets and coastline data-sets (12/2020)

digital files of the coastlines and baselines can be downloaded from the EMODnet Bathymetry portal.

Satellite Derived Coastlines at different reference levels:

Deltares has undertaken activities for updating and refining the best-estimate European digital coastlines for a range of
vertical levels. First of all, it has identified and analysed the difficulties that were earlier experienced with estimating the
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digital coastlines from satellite views. Several steps have been performed in making the land-water-detection more robust

and considering the dynamics of the seabed for very dynamic areas

While a single satellite image can be used to detect coastline geometry, a much more robust approach is to combine multiple
satellites. This allows capturing not only coastline geometry, but also variations in the coastline geometry due to tidal water
level changes. Processing of satellite images at large spatio-temporal scales is a challenging task, due to large volumes of
satellite data to be processed, but also, due to variety in the satellite data radiometric properties and formats. Deltares has
used Google Earth Engine platform to overcome some of these challenges. The platform allows parallel processing of huge
volumes of satellite data in reasonable time and also harmonizes satellite data acquired by different satellite missions
performed by NASA and ESA. A mixture of top-of-atmosphere reflectance satellite images have been used from
NASA/USGS Landsat 8 and ESA Sentinel-2 satellite missions, acquired during 2013-2020.

Existing methods for surface water detection from multispectral satellite data use the fact that water significantly absorbs
most radiation at near-infrared wavelengths and beyond. This fact makes it easy to detect clear water employing spectral
indices, such as the Normalized Difference Water Index (NDWI). The NDWI has been used to distinguish between land
and water and, hence, detect the coastline.

There are several sources of noise for optical images that had to be overcome such as Clouds and cloud shadows, Snow
and ice, Georeferencing, Spectral and radiometer resolution, and others. To address most of these challenges, Deltares has
used statistical methods to process and combine a large number of satellite images. In particular, instead of detecting
surface water from satellite images using fixed NDWI threshold, the images were processed to represent a probability of
land/water boundary, a values close to 1 indicates that a particular pixel is always “wet”, therefore almost sure that location
is water. The NDWI algorithm was applied to process most images from Landsat 8 and Sentinel-2 missions covering the
EMODnet Bathymetry area.

The availability of Landsat satellite imagery allows us to study these coastlines from 1984 until now with a pixel resolution
down to 15m. The recent Sentinel-2 satellite mission (ESA, 2016) even go up to a pixel resolution of 10m. Based on these
images historic trends in coastal erosion can be detected. Recent work to assess the accuracy of satellite derived coastline
trends compared to survey data has shown very promising results for a case study of the Sand Engine mega nourishment
in the Netherlands. Similar analysis can be made to derive other coastal parameters such as vegetation, sand and human
infrastructure. In EMODnet-HRSM2 the NDW!I algorithm is used to derive coastlines for the European waters. This in
combination with a tidal model allows then to retrieve coastlines at different vertical datum (e.g. MSL, MHW, LAT).

Figure: Water occurrence computed as expected value from all NDWI values, using per-pixel cloudiness values as weights
(dark blue = permanent water, red = land).

For tidal referencing, Deltares has refined and recalibrated their Global Tide and Surge Model (GTSM) at 5 km and 1.25
km grids. New runs were generated integrating updated tide gauge control points and GTSM adopted the EMODnet 2018
DTM and GEBCO 2019 bathymetry. This has resulted in a significant improvement of the accuracy, e.g. from 8.0 to 5.6
c¢cm RMSE in the North Atlantic and from 6.3 to 4.9 cm RMSE globally. An extensive calibration of the model has been
performed in cooperation with the TU Delft. The current version now has an accuracy of 3.5 cm RMSE in the North
Atlantic and 3.3 cm on average globally.
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Bathymetry difference after estimation in Approach 2
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Image: Bathymetry adjustments during calibration of GTSM and Table: Accuracy of GTSM in deep water compared to
satellite

Such improvement is double sided as it shows clearly that efforts improving the EMODnet Bathymetry product are
generating benefits to the hydrodynamic modelling community. While locations with less good tidal model results indicate
where the bathymetry still might need to be improved further. This concerns mostly estuaries and tidal areas where we
require additional bathymetry data sets.

On the other side, benefits from these results have been directly integrated in the automated coastline delineation production
algorithm along with the conversion surfaces used to vertically transform the gridded bathymetry, natively generated at the
LAT (Lowest Astronomical Tide) to the Mean Sea Level (MSL).

The GTSM tidal information allowed to retrieve water level at any time and location and compute satellite derived
coastline to a coordinated tide level. The availability of the conversion between these vertical reference frames makes
it possible to connect data-sets using different vertical reference frames, and conversion to a reference frame of choice
for the user. The schematization of the vertical datum referencing process is shown in the figure below.
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Figure: schematization of the vertical datum referencing of satellite derived coastline

Finally, Deltares has generated a new release of the best-estimate digital coastlines for different tidal reference levels (LAT,
MSL, MHW) was generated. These satellite derived coastlines can be viewed as an extra layer in the Bathymetry Viewing
service which also allows downloading them as vector shapefiles. The latest December 2020 version now covers the entire
coastline of Europe. The production process has been documented in a report [11] which can be retrieved from the
EMODnet Bathymetry portal.

WP5 contributes to the following task as formulated in the tender and as shared with WP2 and WP3:
e Task 2: Digital terrain model
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WP5 also contributes to the following task as formulated in the tender and as shared with WP1 and WP2:
e Task 3: Coastline data

All tasks have been completed as can be derived from the WP1, WP2, WP3 and WP5 progress reporting and the public
reports on national coastlines and baselines [12] and satellite derived coastlines [11] which have been published at the
portal.

7.7  WP6 — Outreach, helpdesk and evaluation

The earlier success of the EMODnet Bathymetry portal and services is continued and also in the reporting period there are
lots of interest and users registered. Chapter 10 gives a list of participations of consortium members in conferences, papers
and other outreaching activities. For instance, an official Memorandum of Understanding was established between
EMODnet Bathymetry, IHO-10C General Bathymetric Chart of the Ocean / Seabed 2030 and the Seabed 2030 initiative'?,
led by the IHO-IOC GEBCO, under the financial sponsorships of the Nippon Foundation. EMODnet Bathymetry is
recognized as a worldwide key actor of bathymetric data production and important partner for the Seabed 2030 initiative.

The web portal was maintained, statistics about use of portal and services were collected and several questions were
received and answered by the helpdesk. The monitoring indicators are summarised in chapter 11 and detailed in a separate
excel file. Overall, these indicators are very good, showing the major interest of users above all in the EMODnet DTM by
views, downloads, and OGC web service requests. Ninety five (95) user questions were received and answered through
the helpdesk which are listed in chapter 8. More than three hundred (300) references to EMODnet Bathymetry can be found
in scientific articles, books, and thesis documents. These have been identified using Google Scholar and these listings are
given in Chapter 10.

The following articles were written by members of EMODnet Bathymetry and together with other international bathymetry
experts:
e Seafloor Mapping — The Challenge of a Truly Global Ocean Bathymetry; Anne-Cathrin W6Ifl, Helen Snaith, Sam
Amirebrahimi, Colin W. Devey, Boris Dorschel, Vicki Ferrini, Veerle A. I. Huvenne, Martin Jakobsson, Jennifer
Jencks, Gordon Johnston, Geoffroy Lamarche, Larry Mayer, David Millar, Terje Haga Pedersen, Kim Picard,
Anja Reitz, Thierry Schmitt, Martin Visbeck, Pauline Weatherall and Rochelle Wigley; 2019; article in
Frontiers;!

e 3D Simplification Methods and Large-Scale Terrain Tiling; Ricard Campos, Josep Quintana, Rafael Garcia,
Thierry Schmitt, George Spoelstra, Dick M. A. Schaap; 2020; Article in Remote Sensing magazine. 2020, 12(3),
43712

e The European harmonised bathymetry grid EMODnet Bathymetry; Thierry Schmitt, Dick Schaap, George
Spoelstra, Patricia Slabon, Paul Wintersteller, and Knut Hartmann; 2020; Article in Hydrographische Nachrichten
HN 117, October 2020, ISSN: 1866-9204;*

International interoperability is ensured in a number of ways. First of all, the EMODnet HRSM2 consortium consists of
organisations that have international networks and are well acquainted with international cooperation also aiming at
international interoperability. This includes relationships concerning standards such as: 1ISO, OGC, INSPIRE, SeaDataNet,
IHO, 10C, and ODIP. It also includes collection and sharing of metadata, data and DTMs such as GEBCO, IBCAO, BSBD,
NSBD, and NOAA/NCEL. Both levels results in formats and controlled terms that are applied to the metadata and datasets
in EMODnet HRSM2 and which are therefore interoperable with international practices. It also comes back in the web
services that are based upon OGC standards and tools which are broadly used by international communities. Another
element ensuring coherence and interoperability is the fact that bathymetry data are collected in-situ by remote sensing
techniques and instruments which are used by the global community of hydrographers and bathymetric researchers, with
relatively similar principles, methodologies and practices. This implicates that the original collected data sets are
comparable in formats. Finally there is a long tradition on a global scale, such as through IHO and the GEBCO project, to
share bathymetry methods and resulting datasets which also results in international interoperability. Benefiting from the
previous EMODnet Bathymetry activities, EMODnet HRSM2 is well engaged in multiple active international

10 https://seabed2030.gebco.net/

11 https://doi.org/10.3389/fmars.2019.00283

12 https://doi.org/10.3390/rs12030437

13 https://www.emodnet-bathymetry.eu/media/emodnet_bathymetry/org/documents/hn117.pdf
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collaborations (International Hydrographic Organisation (IHO), General Bathymetric Chart of the Ocean (GEBCO), US
National Oceanographic and Atmospheric Agency (NOAA) through the Atlanctic Ocean Research Aliance (AORA)), and
the International Bathymetric Chart of the Arctic Ocean (IBCAOQ). Further details about international cooperation are
detailed as part of the separate report on interoperability and international collaboration [10].

The web portal was regularly updated to reflect events and releases of new and updated products and services. Promotion
of the new EMODnet Bathymetry World Base Layer (EBWBL) has been undertaken together by the EMODnet Secretariat,
EMODnet Bathymetry and the SEABED 2030 / GEBCO participants, and with help from DG-MARE. This pre-tiled
representation service (OGC-WMTS) of the world provides the most up-to-date compilation of bathymetric data and
topographic data available. This work is presented to the user and the international community as a contribution from
EMODnet Bathymery and the European Commission in the global effort of sharing broadly ocean data knowledge. The
release has been made public on the 30 June 2020. Also in communication with the EMODnet Secretariate, a press release
was prepared for the new 2020 EMODnet DTM release, which officially was launched on 13" January 2021.

EMODnet Bathymetry members are regularly discussing technical matters with GEBCO / Seabed 2030 counterparts. Since
early 2020 a monthly technical remote meeting is organised. Also, as part of the “EMODnet 10 years webinar”,
contributions were given to the drafting of the presentation by IHO General Secretariat. This presentation describes the
EMODnet Bathymetry data management / distribution model (leaving data provider at the center of all decisions
concerning their datasets), and promotes EMODnet Data Ingestion as a “trusted node” in the IHO concept of collecting
Crowd Source Bathymetry. Both of these actions are part of long-term actions to ensure that actions and contributions from
the EMODnet Bathymetry members are fully interoperable with global initiatives.

As before done for the previous grid, the 2020 EMODnet DTM will be included in the next release of the GEBCO grid to
be generated around the middle of 2021. Thanks to the delivery of web services, the inventory and viewer service of
worldwide bathymetric data'* held by the IHO Data Centre for Digital Bathymetry, has been automatically updated with
new datasets from EMODnet Bathymetry. Also, the IHO - Europe Networking Working Group (IENWG) meeting, in
December 2020, allowed the promotion of EMODnet Bathymetry activities to the IHO and to hydrographic offices which
are not yet members of the consortium. Success in the strategy of the European Commission and its implementation from
the EMODnet Bathymetry group has been acknowledged by the participants and more especially by representatives from
the IHO.

Also, as part of the EMOD-PACE project, experts from EMODnet Bathymetry have provided elements on the EMODnet
bathymetry methodology on data and metadata formatting and delivery to Chinese counterparts for them to adapt and
undertake the European model.

WP6 combines the following task as formulated in the tender:
e Task 6: Helpdesk
WP6 contributes to the following task as formulated in the tender and as shared with WP4:
e Task 5: Web portal
WP6 also contributes to the following task as formulated in the tender and as shared with WP1:
e Task 7: International interoperability
WP6 also contributes to the following task as formulated in the tender and as shared with WP4:
e Task 9: Monitoring of performance
All tasks have been completed as can be derived from the WP1, WP4, and WP6 progress reporting and the separate report
on interoperability and international collaboration [10].

14 https://maps.ngdc.noaa.gov/viewers/iho dcdb/
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8. User feedback

Organisation

User feedback and/or requests received
Type of user feedback (e.g. Response Status of user query:
time resolved/pending

Measures taken to
resolve the query

Status: if not (yet)
resolved/pending, explain
reason why and expected
timeline

technical, case study, etc.)
and short description of the
feedback received

7Jan 2019 | IFREMER, France @ Problem with response mail with =~ Same day Resolved Given satisfactory
download URLs feedback

18Jan 2019 = ?, Netherlands Problem with downloading files = Same day Resolved Given satisfactory
feedback

23Jan 2019 | ?, France Problem with downloading files | Two  days | Resolved Given satisfactory
later feedback

25Jan 2019 IFREMER, France Looking for geology maps Same day Resolved Given satisfactory
feedback

2 Feb 2019 | ?, Spain Problem with coastline of Two days = Resolved Given satisfactory
Menorca later feedback

18 Feb DEFRA, United Question about download options = Next day Resolved Given satisfactory
2019 Kingdom feedback

22 Feb JRC, Italy Question about overlap between = Same day Resolved Given satisfactory
2019 tiles feedback

25 Feb GTK, Finland Question about MSL - LAT Next day Resolved Given satisfactory
2019 feedback

28 Feb = GMZ, Switzerland = Question about metadata and Same day Resolved Given satisfactory
2019 acknowledgement feedback

11 Mar 2,2 Question about CDI service Same day Resolved Given satisfactory
2019 feedback

13 Mar = ?,? Compliments about the service Same day Resolved Given satisfactory
2019 feedback
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13 Mar CNR-ISMAR, Question about wrecks layer Same day Resolved Given satisfactory
2019 Italy feedback

19 Mar = HAFOK, Sweden | Question about shift in land cover = Few days = Resolved Given satisfactory
2019 later feedback

2 Apr2019 HAFOK, Sweden = Continued communication about Few days Resolved Given satisfactory
shift in land cover later feedback

3 Apr2019  Noveltis, France Question about .emo format Same day Resolved Given satisfactory
feedback

8 Apr 2019  Noveltis, France Question about metadata for HR- ~ Same day Resolved Given satisfactory
DTMs feedback

17 Apr  Global Maritime | Question whether a tile for MSL | Same day Resolved Given satisfactory
2019 Services, UK is correct feedback

17 Apr  Svasek, The = Question about a tile with issues ~ Same day Resolved Given satisfactory
2019 Netherlands feedback

25 Apr  ?,? Question about wrecks layer Same day Resolved Given satisfactory
2019 feedback

25 Apr Institute of Marine = Question about 2D — 3D and = Same day Resolved Given satisfactory
2019 Research, Norway = about ESRI ASCII format of tiles feedback

25 Apr  ?,? Question about Help page Few days = Resolved Given satisfactory
2019 later feedback

9 May 2019  University of = Question about problem with Same day Resolved Given satisfactory
Louvain, Belgium = downloading feedback

9 May 2019 = Grizzly Question about problem with = Next day Resolved Given satisfactory
Geosciences Inc, = GMT software feedback

USA

10 May = Grizzly Question about GeoTiffs Same day Resolved Given satisfactory

2019 Geosciences Inc, feedback
USA

14 May @ ?,? Question about possible job | Few days = Resolved Given satisfactory
2019 positions later feedback

16 May Wsense, Italy Question about maximum zoom = Few days = Resolved Given satisfactory
2019 level later feedback

20 May = University of | Question about NetCDF Next day Resolved Given satisfactory
2019 Salento, Italy feedback
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21 May
2019

5 Jun 2019
11 Jun 2017
19Jun 2019
20Jun 2019
20Jun 2019
27 Jun 2019

2 Jul 2019

7 Aug 2019

9 Aug 2019

14 Aug
2019

14 Aug
2019

15 Aug
2019

25 Aug
2019

2 Sep 2019

Data Network

2,2

?, France

?2,?

US Navy, USA
AWI, Germany
?2,?

2,2

UK HO, UK

Gavin and Doherty
Geosolutions Ltd,
Ireland

Scotland
government,
Scotland

Grupo  Gimeno,
Spain

Unknown

National
University of
Ireland, Ireland

University of
York, UK

Aarhus University,
Dep of Bioscience,
Denmark

Question about WMS in Arc
Question about resolution
Question about coordinate system
Question about emo file format
Question about emo format
documentation

Question about LAT - MSL
Question about meaning of
positive values in DTM

Question about emo format

Question about MSL DTM tiles

Noted a spelling mistake in map

Question about river bathymetry

Question  about  bathymetry
survey time series

Question about downloading of
isolines

Question  about  referencing
EMODnet Bathymetry

Remark about anomalies in
Danish bathymetry
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Few days
later

Next day
Few days
later

Same day
Same day
Next day
Same day

Next day

Same day

Same day

Same day

Next day

Same day

Next day

Next day

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory
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11 Sep
2019

17 Sep
2019

18 Sep
2019

18 Sep
2019

20 Sep
2019

27 Sep
2019

3 Oct 2019
6 Oct 2019
10 Oct
2019

28 Oct
2019

31 Oct
2019

15 Nov
2019

29 Nov
2019

3 Dec 2019
15 Dec
2019

Data Network

?,Spain

GeoData Agency,
Denmark

Geology Service,
Sweden

University of
Nantes, France

GeoData Agency,
Denmark
NoLogin, Spain

ThinkRCG,
United Kingdom

UMA, Spain

UIS, Norway

Vattenfall,
Germany

??

FMI, Finland

UniCT, ltaly

University of
Colorado, USA

??

Question  about  referencing
EMODnet Bathymetry and about
vessel traffic density maps

Problem with order processing

Question about identification of
low and high resolution DTM
parts

Question about using the DTM

Signals a displacement of one
grid cell

Question about LAT — MSL
references

Question  about  difference
between DTM and nautical chart
depths near Ireland

Question about losing
information when joining DTM
data

How to download High
Resolution DTMs near Greece

Question about vertical reference
used in DTM

Whether the DTM can be
downloaded with negative values

Warning that the WMS service
was not functioning

How to acknowledge EMODnet
DTM in scientific abstracts

Question about geographical
coverage of EMODnet DTM

Whether EMODnet Bathymetry
performs environmental studies
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Next day

Next day

A week later

Same day

A week later
Two days
later

Three days

later

Two days
later

2 weeks later
Same day
One week
later

Same day
Three  days
later

Same day

Next day

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory
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17 Dec
2019

17 Dec
2019

3 Jan 2020

8 Jan 2020

8 Jan 2020

15 Jan 2020
16 Jan 2020
7 Feb 2020
6 Feb 2020
18 Feb
2020

24 Feb
2020

24 Feb
2020

24 Feb
2020

17 March
2020

4 April
2020

Data Network

Tinopolis, United
Kingdom

HZG, Germany

JNCC, UK

Exeter University,
UK

Intertek,
Netherlands

DTU, Denmark

TU Delft, The
Netherlands

2?

University of
Aberdeen, UK
UNICA, ltaly

??, Greece

University of
Texas, USA

7?

7?

7?

Asking permission to use
EMODnet Bathymetry maps in a
tv documentary

Question about including land
cover in downloads

Question about date ranges of
input data sets

Question  about  uncertainty
associated with the EMODnet
Bathymetry DTM

Question about about the vertical
datums

Question about
acknowledgements to images in
thesis

Question about DTM formats

Question about about the vertical
datums

Question about .emo file format
for DTM tiles

Issue with downloading

Question about coordinates on
the map

Question about desirability of csv
files for depth profiles

Question if we can provide
bathymetry of Mozambique

Question how to solve inverted
relief.

Question about the EMO format
for the DTM
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Same day

Next day
Three  days
later

Same day

Next day

Same day

Same day
Two day later
Two days
later

Same day
Same day
Same day
Two days
later

Same day

Same day and
number  of
messages

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Given
feedback

Format

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

satisfactory

documentation

provided and explanation
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12
2020

15
2020

April

April

1 May 2020

11
2020

15
2020

14
2020

15
2020

22
2020

May

May

June

June

June

7 July 2020

14
2020

22
2020

July

July

Data Network

7
Sympatico,
Canada

?7?

Manxgeo, UK

?7?

Onplotsolutions,
UK

?7?

University of
Rhode Island,
USA

IOPAN, Poland

Red Rock Power,
UK

Naval Group,
France

Issue with using GeoTiff files

Issue with WCS

Question about colour bands of
GeoTiffs

Issue with registration

Question about coverage of
WMS

Question about having land in
downloadable DTM tiles

Spotted an error in the DTM

Question about Quality Index

Question about sediment
accumulation rates for the Baltic
sea

Question about Geotiffs

Question  about  EMODnet
Bathymetry World Base Layer
Service (EBWBL)
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following
days

Two days
later

Next day a
number  of
messages

Three days
later

Next day

Two  days
later

Next day

Next day

Two days
later

Same day

Two days
later

1 week later

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

given how to use it with
GLOBE

Tested it without issues
ourselves and  given
feedback

Tested that WCS was
working  properly and
informed user.

Explanation given.

Tested  ourselves and
explained.  Confirmation
received from user.

Information provided
about new global coverage
(EBWBL service).

Explanation given.

Reported to  regional
coordinator. Has been
solved in the new 2020
DTM release

Explanation given how the
QI can be used.

Referred to EMODnet
Geology

Explanation given about
Geotiffs and alternative
solution given

Explanation given about
WMTS service
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30 July = Leibniz

2020 University,
Germany

10 August Dagbladet

2020 Information,
Denmark

21 August NCIA — NATO,

2020 Belgium

5 October ' Map Media, ?
2020

5 October Company; Map

2020 Media, ?

13 Company; Navico,
November Mexico

2020

18 Company;

November Fiskher, Norway
2020

18 Research Institute;
November SYKE, Finland
2020

18 Research Institute;
November SYKE, Finland
2020

25 Company;
November Fishker, Norway
2020

18 University;

December Technical

2020 University
Hamburg,
Germany

Problem with downloading tiles.

Question about map used in
article.

Question about use of DTM and
EBWBL for NATO purposes

Question about downloading of
HR-DTMs

Question about downloading of
HR-DTMs

Question about commercial use
of HR-DTMs

Question about commercial use
of DTM

Question about Terms of Use of
EMODnet Bathymetry products

Question  about option  for
downloading all 64 DTM tiles via
FTP

Additional  questions  about
commercial usage of DTM

Question about conversion of
coordinates between Mercator
and UTM
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Same day

Same day

One day later

One day later

One day later

Two  days

later

Same day

Same day

Same day

Same day

Same day

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Resolved

Error in DTM list in shop.
Corrected.

Explanation given about
background map and
reference

Explanations given and
invitation for web
conference

Explained how
downloading works.

Explanation given

Referred to Terms of Use

Referred to Terms of Use

Explanation given

Explanation given

Referred to Terms of Use

Explanation given which
software to use
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5 Apr
2019

11-12 Jun
2019

2 — 3 Sept
2019

3 — 4 Sept
2019

29 Oct
2019

20 March
2020

15-16
April
2020

23-24
April
2020

28 May
2020

11 Sept
2020

21 Sept
2020

6 Oct
2020

9-13 Nov
2020

SUM

Location

Paris - France

Brest - France

Ghent -

Belgium

Ghent -

Belgium

Brest - France

Web Conf

Remote

Remote

Remote

remote

remote

remote

Remote

Meetings organised and attended

Type event (meeting, training

(workshop), etc.)

Project core group meeting

Project kick off meeting

EMODnet Steering Committee
meeting

EMODnet Technical Working Group

Project technical meeting

External technical meeting with Shom,
MARIS and GGSGC for EU DG MARE,
Secretariat, VLIZ, and EMODnet Thematic
coordinators.

Project progress meeting with core group

EMODnet Technical Working Group

Project progress meeting with core group

Progress meeting with regional coordinators

Progress meeting with regional coordinators

Progress meeting with regional coordinators

13th EMODnet Steering Committee and 8th
Technical Working group

Attended (A) /
Organised (O)

Short description and main
results (# participants,
agreements made, etc.

11 Representatives of the
consortium, all leading one or
more work package met in Paris
to discuss the organisation of the
Kick-Off Meeting.

All  Representatives of the
consortium met in Brest to
implement the production agenda
and refresh their skills related to
the use of the software

Progress presented

Various topics discussed

Discuss GLOBE upgrading and
QA-QC methods, and possible
implications for the overall
planning

Providing insights and visions on
the integration within the
EMODnet Central portal.

Discussed about EMODnet
Bathymetry  technical  and
organisational set-up as part of
process for planning approach
new vision of an integrated
EMODnet Central portal

Progress meeting with core
technical team and basin
coordinators (30 persons)

Various topics discussed (approx.
15 persons)

Progress meeting with core team
and basin coordinators (30
persons)

Progress and delivery of the basin
compilation.

Progress and delivery of the basin
compilation.

Progress and delivery of the basin
compilation.

EMODnet bathymetry progress
and reports given

Total # of meetings organised =
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Outreach and communication activities

Date

18 Feb 2019

05 Jun 2019

20 Jun 2019

29 Jun 2019 —
10 Jul 2019

16 — 20 Sept
2019

27 Sep 2019

30 Sept 2019

22-23 Oct 2019

3 Nov 2019

4-9 Nov 2019
16 Dec 2019

Dec 2019

30 Jan 2020

17-19
2020

March

16 April 2020

10 June 2020

16 June 2020

Outreach and communication activities

Communication

action/material

News item on portal
Scientific

paper

Conference

paper and
associated
presentation
Presentation /

small group

conferences
Conference

Movies (fly-through)
and 3D views
News item on portal

Conference UK

Poster

Symposium
News item on portal

Article in magazine

News item on portal

Exhibition

News item on portal

Conference

Workshop

Short description (of the
material, title, ...) and/or
link to the activit

New releases of DTM,
coastlines, HR-DTMs and
others

“Seafloor Mapping — The

Challenge of a Truly Global
Ocean Bathymetry”

EMODnet Bathymetry - a
compilation of bathymetric
data in the European waters
Presented at IEEE Oceans
2019

La Mer XXL

Honolulu - USA; Ocean Obs
2019 Conference

“Nuit européenne des
Chercheurs”
MOU established between

Seabed 2030 and EMODnet
Bathymetry

London — UK; Seabed 2030
meeting

EMODnet poster presented for
the “Journée de I’information
scientifique du Shom”
Portsmouth — USA; GEBCO
Symposium

More than 200.000 DTM tiles
downloaded

3D Simplification Methods
and Large-Scale Terrain Tiling

by Ricard Campos, Josep
Quintana, Rafael Garcia,
Thierry  Schmitt,  George

Spoelstra, Dick M. A. Schaap
Paper in Remote Sensing
magazine about 3D
visualisation

London, United Kingdom;
Oceanology International
2020, stand with poster

Poster released Oceanology
International 2020

Remote; Conference:
“INSPIRE Conference”

Remote; Workshop; “Coastal
workshop: EMODnet and
CMEMS”

Main results (# participants, # views, #
press clippings, etc.)

For portal visitors

https://www.frontiersin.org/articles/
10.3389/fmars.2019.00283/full

2000 attendees at the conference

Over 3000 visitors

Participant in Data Interoperability forum
and presented one EMODnet Bathymetry
poster

>5000 visitors

For portal visitors

GEBCO Meeting - The Nippon Foundation-
GEBCO Seabed 2030 Project: From Vision
to Action. Drafting a Memorandum of
understanding.

Approx. 70 participants

Various topics discussed

For portal visitors

Remote Sensing magazine. 2020, 12(3),
437; ttps://doi.org/10.3390/rs12030437

For portal visitors

CANCELLED DUE TO COVID

For portal visitors

Presenting “EMODnet Bathymetry —
INSPIRE compliance for bathymetric data”
(100+ attendees)

Presenting EMODnet Bathymetry products
and active collaboration on Satellite
Derived  Bathymetry and  coastline
delineation (15+ attendees)
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30 Jun 2020

30 June—2 July
2020

10 Jul 2020

28 July 2020

22 Sept 2020

Oct 2020

10-11 Oct 2020
1 Nov 2020

4 Nov 2020
24-26 Nov
2020

2 Dec 2020

18 Dec 2020

Observation and
Data Network

News item on portal

Workshop

News item on portal

Workshop

Conference

Avrticle in magazine

Hackaton

News item on portal

Meeting

Conference

Workshop

News item on portal

References in papers and books:
EMODnet Bathymetry is also referred many times in accepted papers and edited books. Using Google Scholar more than
300 references to EMODnet Bathymetry can be found during the reporting period from January 2019 to December 2020,
which also underpins the extensive use being made of the EMODnet Bathymetry products, whereby the DTM serves as a

major reference.

EMODnet
World Base

Release of
Bathymetry
Lasyer service
Remote; Crowd Source
Bathymetry Working Group

More than 30.000 survey data
sets indexed

Remote; SEABED
technical meeting

2030

Remote; EMODNET: A
decade  of  achievements
connecting marine data to
knowledge

The European harmonised
bathymetry grid EMODnet
Bathymetry by THIERRY
SCHMITT, DICK SCHAAP,
GEORGE SPOELSTRA,
PATRICIA SLABON, PAUL
WINTERSTELLER and
KNUT HARTMANN

Brest France; Ocean Hackaton

Paper on EMODnet
Bathymetry in
Hydrographische Nachrichten
Remote; NATO: Introduction
to EMODnet Bathymetry data
and products

Remote; MERIGEO

Remote; IHO - European
Network working group

Release of updated inventory
of baselines and national
coastlines

EASME/EMFF/2017/1.3.1.2/01/512.79126-

EMODnet Lot n°0 — Bathymetry
Final Report

For portal visitors

Status report on EMODnet bathymetry and
EMODnet Ingestion to this group (15+
attendees)

For portal visitors

Monthly meeting dealing with data
gathering and data compilation in the
GEBCO / SEABED 2030 grid.
Strengthening  collaboration  between
EMODnet and this group

Helping IHO better understanding the
EMODnet Bathymetry and Ingestion
projects

Published October 2020, Hydrographische
Nachrichten HN 117, ISSN: 1866-9204

Acting as a data coach — sharing coverage of
the EMODnet presence on the event with
Secretariat GIS support officer

For portal visitors

Introducing EMODnet Bathymetry and
potentially other EMODnet Thematic data
content to the NATO Geospatial unit
Shared presentation of mutual collaboration
of Seabed Habitats and Bathymetry (50+
attendees)

Report and promote on the recent progress
made by the EMODnet Bathymetry
Consortium

For portal visitors

Total # of 29
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conference, ...

01/19 Peer Reviewed Journal: = Tsunami run-up estimation based on a hybrid numerical flume = Aniel-Quiroga, I.; Quetzalcdatl, O.; Gonzéalez, ~Universidad de Cantabria, SP
Natural hazards and earth = and a parameterization of real topobathymetric profiles. M.; Guillou L.
system sciences
01/19 Peer Reviewed Journal: = Vertical distribution of Microbial Communities abundance = DIOCIAIUTI, T., AUBRY, F. B, et UMANI, = Oceanography Division-Istituto
Progress in Oceanography  and biomass in two NW Mediterranean Sea submarine =S Nazionale di  Oceanografia e
canyons. Geofisica Sperimental, IT
02/19 Peer Reviewed Journal: Regional scale morphological pattern of the Tyrrhenian Sea: = Palmiotto, C., Loreto, M. F. CNR, Bologna
Geomorphology New insights from EMODnet bathymetry T
02/19 6th Mediterranean IS,I ?:gLEs?cY ATO STUDY BLUE CARBON ECOSYSTEMS VALETTE-SANSEVIN, A. University of Corsica, FR
Symposium  on  Marine '
Vegetation
Stakeholder Engagement ‘Support Facility’ Test Exercise . )
02/19 Report (Demonstrator) Miguez, B. M.; Calewaert, J. B. Seascape consultant, BE
02/19 Peer reviewed journal Seabed classification around Lampione islet, Pelagie Islands | INNANGI, S.; DI MARTINO, G.; CNRISMAR,IT
Marine Protected area, Sicily Channel, Mediterranean Sea. ROMAGNOLLI, C.; et al.
Journal of Maps
02/19 BSc grade report Viabilidade dun parque edlico marifio en Cantabria Feijoo Diaz, L. Universidade de Coruna, SP

considerando plataformas flotantes de tipo semisumerxible

Assessing the environmental status of temperate mesophotic

02/19 Peer  reviewed  journal reefs: A new, integrated methodological approach

Ecological Indicators

ENRICHETTI, F. ; BO, M. ; MORRI, C.etal. = Universita di Genova, IT

02/19 Journal Le Carte Nautiche: dalla carta ai BIT Aldo Caterino Istituto Idrografico della Marina, IT
Geomedia
02/19 Peer reviewed Journal Late Holocene sea-level evolution of Paros Island (Cyclades, = KARKANI, A., EVELPIDOU, N., GIAIME, = University of Athens, GR
Greece). M., et al.

Quaternary International
Department of Earth Sciences,
Uppsala University,

SE

02/19 Peer Reviewed Journal: Characterization of Wave Energy Potential for the Baltic Sea  Nilsson, E., Rutgersson, A., Dingwell, A.,
Energies, with Focus on the Swedish Exclusive Economic Zone. Bjorkqvist, J. V., Pettersson, H., Axell, et al
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Progress in Oceanography,

Data acquisition report

Peer Reviewed Journal:
Mitigation and Adaptation
Strategies  for  Global
Change

Peer review journal
Nature Scientific report
MsC Thesis

Peer review journal Natural
Hazards and Earth System
and Sciences

Conference  proceedings:
2018 |IEEE International
Workshop on Metrology for
the Sea; Learning to
Measure Sea Health
Parameters (MetroSea)

Conference  proceedings:
2018 IEEE International
Workshop on Metrology for
the Sea; Learning to
Measure Sea Health
Parameters (MetroSea)

Conference: 8th
International Workshop on
Marine Technology:
MARTECH 2018.
"Instrumentation
Viewpoint".
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Living foraminiferal assemblages in two submarine canyons
(Polcevera and Bisagno) of the Ligurian basin (Mediterranean
Sea).

RV MARIA S. MERIAN Fahrtbericht/Cruise Report MSM78-
PERMO 2, Edinburgh—Edinburgh (UK), 16.10.-25.10. 2018.

Carbon dioxide submarine storage in glass containers: Life
Cycle Assessment and cost analysis of four case studies in the
cement sector.

A unique and threatened deep water coral-bivalve biotope new
to the Mediterranean Sea offshore the Naples megalopolis.

Positioning of Danish offshore wind farms until 2030-using
Levelized Cost of Energy.

From regional to local SPTHA: efficient computation of
probabilistic tsunami inundation maps addressing near-field
sources

Monitoring for Coastal Resilience: A Project for Five Italian
Beaches.

Seafloor habitat mapping on the" Pelagie Islands" MPA (Sicily
Channel) using Remote Sensing Object Image Analysis
supported by multibeam bathymetry and ground-truth data

EMODnet physics: towards an European impulsive noise
register

Di Bella, L., Sabbatini, A., Carugati, L.,
Martire, M. L., Luna, G. M., Pierdomenico,
M., et al.

Karstens, J., Bottner, C., Edwards, M., Falcon-
Suarez, |., Flohr, A., James, R., et al.

BARRETO, B. B., CASERINI, S., DOLCI,
G., etal.

TAVIANI, M.,
CARDONE, F., et al.

ANGELETTI, L.,

OHLSEN, G. L, CLAUSEN, N-E, et
ABRAHAMSEN, A. B.

Volpe, M.; Lorito, S; Selva, J; Tonini, R;
Romano, F. Brizuela' B

Melito, L., Parlagreco, L., Perugini, E.,
Postacchini, M., Zitti, G., Brocchini, M.

Innangi, S., Tonielli, R., Romagnoli, C.,
Innangi, M

Novellino, A.; Alba, M.

Dipartimento di Scienze della Terra,
“Sapienza” Universita di Roma, IT

Geomar  Helmoltz-Zentrum  fir
Ozeanforschung Kiel

DE

Dipartimento di Ingegneria Civile e
AmbientalePolitecnico di
MilanoMilan IT

CNR, IT

Technical University of Denmark,
DK

Istituto Nazionale di Geofisica e
Vulcanologia, IT

Universita Politecnica delle Marche,
IT

Istituto per 1I’Ambiente Marino

Costiero, IT

ETT Spa, IT
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System Sciences

Msc Thesis
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In: Maritime
Planning.
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Book section

In: Coasts and Estuaries

Peer reviewed journal
Energy Procedia,
Peer reviewed journal

Irish Geography
Peer Reviewed Journal:
Miscellanea Malacologica

Peer Reviewed Journal:
Science advances.

Peer Reviewed Journal:
Geosciences.
Peer Reviewed Journal:
Tectonophysics.

Peer Reviewed Journal:
European Harbour Data
Repository.

Peer Reviewed Journal:
European Harbour Data
Repository.

Peer Reviewed Journal:

Nature Scientific data.
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Tsunamigenic potential of a Holocene submarine landslide
along the North Anatolian Fault (northern Aegean Sea, off
Thasos island): insights from numerical modelling

Modelling shelf morphodynamics and shoreline change: free
behaviour and response to the construction of artificial islands

Challenges and Opportunities for Ecosystem-Based
Management and Marine Spatial Planning in the Irish Sea.

The Black Sea—The Past, Present, and Future Status.

Marine Currents Energy Resource Characterization for
Morocco.

Temporal variability in winter wave conditions and storminess
in the northwest of Ireland

A unique and diverse amalgamated mollusk assemblage from
the Coral Patch Seamount, eastern Atlantic.

Ice-stream demise dynamically conditioned by trough shape
and bed strength.

Legacy Data: How Decades of Seabed Sampling can Produce
Robust Predictions and Versatile Products.

Fault pattern and seismotectonic potential at the south-western
edge of the lonian Subduction system (southern Italy): New
field and geophysical constraints.

Medieval Bruges and its outports. A landscape-archaeological
contribution to the Zwin-debate. 2019.

The Thracian harbour city Ainos.

Nutrient, pigment, suspended matter and
measurements in the Belgian part of the North Sea.

turbidity

Janin, A; Rodriguez M.; Sakellariou D.;
Lykousis V.; Gorini C.

Wolf T.

O’HIGGINS, T
O’HAGAN, A-M, et al.

O’HIGGINS, L.

GUNEROGLU, A
FEYZIOGLU, M.; et al.

SAMSUN, O

HAZIM, S.; EL OUATOUATI, A.; JANAN,
M. T.; etal.

LOUREIRO, C.; COOPER, A.

HOFFMAN, L.; FREIWALD, A.

BRADWELL, T.,SMALL, D., FABEL, D., et
al.

MITCHELL, P J,
DIESING, M.

BARRECA, G., SCARFI, L., GROSS, F., et
al.

ALDRIDGE, J, et

TRACHET, J. et DE RUIJSSCHER, D.

SCHMIDTS, T.

MORTELMANS, J,
CATTRIJSSE, A, et al.

DENEUDT, K,

Laboratoire de Géologie de I'Ecole
normale supérieure de Paris, FR

Utrecht University, NL

University College Cork, IE

Sciences,
University,

Faculty of Marine
Karadeniz Technical
Camburnu, Trabzon, TK
Mohammed V University of Rabat,
Morocco

University of Stirling

UK
Senckenberg am
Meer, Abteilung Meeresforschung

DE

University of Stirling, UK

CEFAS, UK

University of Catania, Italy

University Gent, BE

University of Tuebingen, Germany

VLIZ, Oostende, Belgium
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Peer Reviewed Journal:
Wind Energy.

Peer Reviewed Journal:
Marine and Petroleum
Geology.

Peer Reviewed Journal:

Scientia Marina.

Peer Reviewed Journal:
Heliyon.
Peer Reviewed Journal:

Progress in Oceanography.

Peer Reviewed Journal:
Geochemistry, Geophysics,
Geosystems.

Peer Reviewed Journal:
Sensors

Peer Reviewed Journal:
Seismological Research
Letters.

Thesis (MSc)

Peer Reviewed Journal:

Frontiers in Marine Science.

Peer Reviewed Journal:
Tectonophysics.

Conference  Proceedings:
MARID VI, 2019, p. 127.
Conference  Proceedings:
MARID VI, 2019, p. 127.

Peer Reviewed Journal:
PlatForum.
Peer Reviewed Journal:

Marine Geology.
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Estimation of offshore extreme wind from wind-wave coupled
modeling.

Active degassing across the Maltese Islands (Mediterranean
Sea) and implications for its neotectonics.

Spatiotemporal abundance pattern of deep-water rose shrimp,
Parapenaeus longirostris, and Norway lobster, Nephrops
norvegicus, in European Mediterranean waters.

Endobiotic communities of Marine Sponges in Cyprus
(Levantine Sea).

Vertical distribution of Microbial Communities abundance
and biomass in two NW Mediterranean Sea submarine
canyons.

Pockmarks in the Witch Ground Basin, central North Sea.

Monitoring for Coastal Resilience: A Project for Five Italian
Beaches.

Seismicity and Noise Recorded by Passive Seismic
Monitoring of Drilling Operations Offshore the Eastern
Canary lIslands.

Hydrodynamics and sand transport on the lower shoreface of
the Ameland tidel inlet.

Seafloor Mapping-the challenge of a truly global ocean
bathymetry.

Multi-temporal tectonic evolution of Capo Granitola and
Sciacca foreland transcurrent faults (Sicily channel).
Evolution of offshore sand ridges in tideless continental
shelves (Western Mediterranean)

Multi-scale analysis of sandbank features optimising
geomorpho-logical mapping of sandy shelf environments:
Belgian part of the North Sea.

Marine Shell Ornaments in Atlantic Europe: Standardization
of Form in the Gravettian.

Morphological evidence for marine ice stream shutdown,
central Barents Sea.

LARSEN, X. G., DU, J., BOLANOS, R., et al.

MICALLEEF, A,
CARACAUSI, A, etal.

SPATOLA, D,

SBRANA, M., ZUPA, W., LIGAS, A., etal.

PAPATHEODOULOU, M., JIMENEZ, C.,
PETROU, A, et al.

DIOCIAIUTI, T., AUBRY, F. B., et UMANI,
S.F.

BOTTNER, C., BERNDT, C., REINARDY,
B, et al.

MELITO, L.,
PERUGINI, E., et al.

PARLAGRECO, L.,

UGALDE, A., GAITE, B., RUIZ, M., et al.

Leummens, M. (2018)

WOLFL, A, SNAITH, H.,
AMIREBRAHIMI, S, et al.

FERRANTI, L., PEPE, F., BARRECA, G, et
al.

Duran , R., Guillén J., Rib6, M.,
Puig, P, Mufioz, A.
KINT, Lars.

ROGERS, Lisa.

KURJANSKI, B., REA, B. R., SPAGNOLO,
M., et al.

Technical University of Denmark,
Denmark

University of Malta, MT

Centro Interuniversitario di Biologia
Marina ed Ecologia Applicata “G.
Bacci” (CIBM), Italy

University of Glasgow,

OGS, Trieste, IT

GEOMAR Helmholtz Centre for
Ocean Research Kiel, Germany

Istituto Superiore per la Protezione e
la Ricerca Ambientale, Rome, Italy

CSIC, Barecelona, SP

University Twente, NL

GEOMAR Helmholtz Centre for
Ocean Research Kiel, Germany

Universita di Napoli, IT
CSIC, Barcelona

Royal Belgian Institute of Natural
Sciences, BE

University of Aberdeen, UK
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Journal of Marine Science
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Peer Reviewed Journal:
Natural Hazards and Earth
System Sciences

Peer Reviewed Journal:
Pure and Applied
Geophysics.

Conference  Proceedings:

Proceedings of the 2018
International Conference on
Computational Science and
Computational Intelligence
(CSCI'18).

Peer Reviewed Journal:
Tectonics, 2019.

MSc Report

Conference  Proceedings:
International Conference on
Computational Science.
Springer, Cham, 2019. p.
265-278.

Peer Reviewed Journal:
Geologia Croatica, 2019,
vol. 72, no 2, p. 137-144.

Peer Reviewed Journal:
Heritage, 2019, vol. 2, no 2,
p. 1588-1613.

Peer Reviewed Journal:
Paleoceanography and
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Journal of Operational
Oceanography

Remote Sensing, 11(16),
1848.

Geo-Marine Letters, 1-14.
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Weather-routing system based on METOC navigation risk
assessment.

Tsunami run-up estimation based on a hybrid numerical flume
and a parameterization of real topobathymetric profiles. 2018.

Tsunami Potential of Moderate Earthquakes: The July 1, 2009
Earthquake (Mw 6.45) and its Associated Local Tsunami in
the Hellenic Arc.

Multi-criteria weather routing optimization based on ship
navigation resistance, risk and travel time.

Spatial and temporal evolution of rifting and continental
breakup in the Eastern Black Sea Basin revealed by long-offset
seismic reflection data.

Estudio de areas de implementacidon de sistemas undimotrices
en la costa gallega.

Implementation of a 3-Dimensional Hydrodynamic Model to
a Fish Aquaculture Area in Sines, Portugal-A Down-Scaling
Approach.

In search of the seismogenic fault of the March 23rd 2018
earthquake (Mw 3.7) near Brindisi (Puglia, Southern Italy).

Sustainable Management of Underwater Cultural Heritage:
The Route from Discovery to Engagement—Open Issues in
the Mediterranean.

Millennial-scale climate variability and dinoflagellate-cyst-
based seasonality changes over the last~ 150 kyrs at
‘Shackleton Site’U1385.

Developing community marine data service for Blue Growth
sectors.

(2019). On the Segmentation of the Cephalonia—Lefkada
Transform Fault Zone (Greece) from an InNSAR Multi-Mode
Dataset of the Lefkada 2015 Sequence.

Geostatistical mapping of marine surficial sediment types in
the Northern Aegean Sea using indicator kriging.
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FESTA, V., DEGIOSA, F., MORETTI, M., et
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DATEMA, M.,
VERNAL, A, etal.

SANGIORGI, F., DE

She, J., & Murawski, J. (2019)..

Svigkas, N., Atzori, S., Kiratzi, A., Tolomei,
C., Antonioli, A., Papoutsis, 1., ... & Kontoes,
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Zananiri, |., & Vakalas, I.
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Estudi técnic - economic d’un parc edlic offshore

ICE MARGIN OSCILLATIONS
DEGLACIATION OF THE NORTHERN
BASIN.

DURING
IRISH SEA

A series of volcanic edifices discovered a few kilometers off
the coast of SW Sicily.

Seagrass and hydrographic data for the Mediterranean Sea.

Measurements of Sea Surface Currents in the Baltic Sea
Region Using Spaceborne Along-Track INSAR.

Current structures and topographic Rossby waves in the
Levantine basin south of Crete revealed by snapshot and time
series current measurements.

(2019). Bathymetric properties of the Baltic Sea.

High emissions of carbon dioxide and methane from the
coastal Baltic Sea at the end of a summer heat wave

Modelling dolphin distribution within an Important Marine
Mammal Area in Greece to support spatial management
planning.

Island shelf and slope geomorphology of La Palma island
(Southern sector).

Review of the Circulation and Characteristics of Intermediate
Water Masses of the Mediterranean: Implications for Cold-
Water Coral Habitats.

Biodiversity of gelatinous macrozooplankton: Quantitative
assessment of data and distribution patterns in the southern and
central North Sea during August 2018.

Magmatism along lateral slab edges: Insights from the
Diamante-Enotrio-Ovidio volcanic-intrusive complex
(Southern Tyrrhenian Sea).

Victor Luid Pinol
R.C. Chiverrell, et al.
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Influence of the summer deep-sea circulations on passive
drifts among the submarine canyons in the northwestern
Mediterranean Sea.

Database of historic ports and coastal sailing routes in
England and Wales.

Assessment of the 1783 Scilla landslide—tsunami's effects on
the Calabrian and Sicilian coasts through numerical
modeling.

Effects of sampling site, season, and substrate on
foraminiferal assemblages grown from propagule banks from
lagoon sediments of Corfu Island (Greece, lonian Sea).

The Impact of Waves and Tides on Residual Sand Transport
on a Sediment-poor, Energetic and Macrotidal Continental
Shelf.

Application of three-dimensional fault stress models for
assessment of fault stability for CO2 storage sites

Marine gravity and bathymetry modelling from recent satellite
altimetry.

2019). Earthquake crisis unveils the growth of an incipient
continental fault system

Tectonics controls on fluvial landscapes and drainage
development in the westernmost part of Switzerland: Insights
from DEM-derived geomorphic indices.

Time and space scattered volcanism of Mt. Etna driven by
strike-slip tectonics.

Recent deformational state from morphological analysis of
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Monitoring indicators

Comments on the progress indicators in the excel template

Progress indicator
1. Current status and coverage of total available thematic data

A) Volume and coverage of available data

B) Usage of data

2. Current status and coverage of total number of data products

A) Volume and coverage of available data products

B) Usage of data products

3. Overview of all organisations supplying and approached to
supply data and data products since the start of the project
phase

4. Interfaces to access or view data: update on the current
status at time of reporting

5. Statistics on information volunteered through download
forms

Comment

There has been a great increase of bathymetry data sets gathered in
the SeaDataNet CDI Data Discovery and Access service: CDI
entries for survey data sets went from 27.168 to 30.560;

Most data concern European seas while also many surveys from
scientific cruises on the global oceans are included. During this
contract, in particular many data sets were added for the Baltic Sea
and Arctic waters. The number of CDI data providers is 45 from 23
countries.

Steady use of data sets from the CDI Data Discovery and Access
service: 306 CDI survey data requests from 203 users for 19514 data
sets
There has been a 20 — 25% increase of bathymetry data products
gathered in the SeaDataNet Sextant catalogue services:
e  CPRD entries for composite DTMs went from 147 to 207;
e HR-DTM entries for High-Resolution DTMs went from
196 to 244 entries.
e 16 DTM tiles in a range of formats and to LAT for the
2016 EMODnet DTM
e 64 DTMtiles in a range of formats and to LAT and MSL
vertical reference for the 2018 EMODnet DTM
e  As part of the release of the new 2020 EMODnet DTM a
total of 64 new 2020 DTM tiles in a range of formats and
to LAT and MSL were produced and added end of the
contract to the download mechanism as part of the
Bathymetry Viewing and Download service.
The number of Sextant data providers is 64 from 25 countries.
Excellent use of the data products:
e 71.000 DTM tiles downloaded by more than 7400 unique
users from circa 2200 unique organisations and more than
115 countries through more than 23.000 transactions.
This represents circa 6.45 TB.

The new 2020 DTM tiles are not yet included as their release took
place end of the reporting period. Overall, the statistics demonstrate
that EMODnet Bathymetry is very popular among researchers,
governments, industry, university and public users.

The total number of data providers for the CDI and Sextant
catalogues has increased this project from 51 to 70 from 28
countries. This includes several new data providers from the Baltic
and Arctic regions under influence of the activities of their regional
coordinators and the synergy with the IBCAO (Arctic) and BSHC
(Baltic).

OGC web services are provided for the CDI Data Discovery and
Access service (WMS, WFS) and for the Bathymetry Viewing and
Download service (WMS, WFS, WCS, WMTS), serving out the
EMODnet DTM and associated layers. In addition, the new
EMODnet Bathymetry World Base Layer (EBWBL) service was
released giving a topography and bathymetry of the whole world by
means of an OGC WMTS service, which can be used as map base
layer for many users and applications.

Bathymetry is used by all sectors and for many applications as it
provides basis information. A lot of users do not give details about
themselves, unless they use Marine-ID in the download forms
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EMODnet Bathymetry has a steady number of 9 known use cases
published at the Central Portal which all receive regular attention
from users.

The portal has a very good and stable response time and overall a
very good up time (100%).

There were a few items that have been dealt with during the project.
The portal now has reached a 100% score.

As expected and targeted, the pages related to the “EMODnet
bathymetry viewing and Download Service” have the highest score
and this traffic is very stable, like also other sections and services.
This means that users spent the most time browsing and interacting
with the viewing service which has many functions and overall is
the most interesting product and service that EMODnet Bathymetry
has to offer. From there, users also undertake downloading of DTM
tiles which has a continuous high score of circa 3000 downloaded
DTM files per month. Note: the graphical overview does not cover
the full reporrting period as Matomo was installed during the
project.

This indicator shows the interest of users for specific sections of the
website, excluding the Bathymetry Viewing and Download service.
There seems to be an error in coloring as the helpdesk receives most
attention, while that should be the CDI pages. Although many
feedback forms are received through the helpdesk (see Chapter 8),
their numbers are far lower than the reported page views. Note: the
graphical overview does not cover the full reporrting period as
Matomo was installed during the project.

Average visit duration is erratic, ranging from few seconds to 2:30
minutes. The interpretation of this diagram is complex as it might
be interpreted in terms of user’s interest but also as difficulty to
understand the concept described on the web page. Note: the
graphical overview does not cover the full reporrting period as
Matomo was installed during the project.

The monitoring numbers reported as part of the progress monitoring of EMODnet performance are collected through
Matomo. While for the downloading numbers use is made of the shopping registers of the CDI service and the Bathymetry

Viewing and Download service.
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12. Recommendations for follow-up actions by the

EU

Promote the EMODnet Bathymetry infrastructure as a repository for all european bathymetric data and more
especially those financed by european funds. This could take the form of citing EMODnet Bathymetry in
contractual documents (tenders or calls for proposal) which concern bathymetry data acquisition and/or
management.

Discuss strategies to motivate non EU data providers, especially for north Africa, but also Russian Federation.
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13. Annex: Other documentation attached

13.1 ANNEX 1: Generating Satellite Derived Bathymetry by EOMAP

As part of the project, use is made of satellite derived bathymetry (SDB) for coastal areas with scarce of no data coverage.
This is performed by EOMAP using the following methodology.

EOMAP made use of optical satellite data from European Space Agency’s (ESA) Sentinel-2 sensors. Those satellites have
a free & open data policy and have a revisit time of 5 days average. Sentinel-2 has three bands in the visible spectral range
which are recorded in a spatial resolution of 10m, and a further high-resolution band in the near infrared region. Out of all
the archived satellite recordings, EOMAP selected datasets with the following priorities

e cloud and haze free conditions,
water clarity as good as possible,
little or no impact on sunglint (mirror-like reflectance of the water surface),
little or no impact of waves and wave-breaking.

In total 274 Sentinel-2 records were processed by EOMAP to derive bathymetric data for shallow waters following its own
physics-based inversion methods. Quantitative information of the shallow water bathymetry can be derived using the
reflected sunlight energy in different wavelength of the visible and near infrared region. The core algorithm of this retrieval
is embedded in a processing workflow (EWS) which includes the following steps:

(a) correct the satellite data for effects of adjacency of the land (Kisilev et al. 2015%);

(b) correct for atmospheric and sea surface impacts using a coupled retrieval of in water optical properties (IOP’s) and
atmosphere (Heege et al. 2014%%);

(c) minimize further effects of sunglint of the water surface;

(d) retrieve spatial resolved information on spectral absorption and scattering (in physical units) of water constituents
in the water column;

(e) retrieve spatially resolved information on water depth and seafloor albedo.

Following this the water depth will be corrected for further effects:

(f) water level heights using predicted tidal information of nearby stations were used to refer to Mean Sea Level Datum
(MSL);

(9) finally, a QA/QC procedure was applied, combining uncertainty products from the error propagation and manual
checks for biased pixels (e.g. ships, deep waters, cloud shadow). Furthermore, extreme outliers were removed and
data were checked for all logical inconsistencies;

(h) The final step included the creation of the EMODnet specific delivery format using the Sextant catalogue for
metadata and Globe software to generate the 1/32 and 1/64 minute DTMs.

% Kiselev, V., Bulgarelli, B. and Heege, T., 2015. Sensor independent adjacency correction algorithm for coastal and inland water systems. Remote
Sensing of Environment, 157: 85-95. ISSN 0034-4257, http://dx.doi.org/10.1016/j.rse.2014.07.025.

6 Heege, T., Kiselev, V., Wettle, M, Hung, N.N. (2014): Operational multi-sensor monitoring of turbidity for the entire Mekong Delta, International
Journal of Remote Sensing, Vol. 35, Issue 8, 2014, p. 2910-2926
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Image. Schema of EOMAP’s workflow for creating Satellite Derived bathymetry using optical satellite image data.

The applied method and its workflow are described in more detail in scientific articles and publications and is known

as Modular Inversion Program (MIP, Cerdeira Estrada et al. 20127, Siermann et al. 20148, Heege et al. 2014%). It allows
mapping bathymetry and benthic habitats up to approx. 1 to 1.2 times Secchi Disk depth at time of satellite image recording.
The current version includes further enhanced cutting-edge processes with improved corrections of atmospheric, adjacency
and sunglitter impacts. The system can process also multiple satellite records where available, taking advantage of a
patented approach (US Patent 2017%°) to reduce the uncertainties and indeterminacies of the various environmental
variables through simultaneous retrievals. For all sites EOMAP has applied this patented multiple image processing to
result in cloud-gap free bathymetric surfaces and lowest vertical uncertainties.

7 Cerdeira-Estrada S., Heege, T., Kolb M., Ohlendorf S., Uribe A., Muller A., Garza R., Ressl R., Aguirre R., Marino 1., Silva R., Martell, R. (2012):
Benthic habitat and bathymetrry mapping of shallow waters in Puerto Morelos reefs using remote sensing with a physics based data processing, Proc.
IGARSS, p. 1-4

18 Siermann, J., Harvey, C., Morgan, G., & Heege, T. (2014, January 19). Satellite derived Bathymetry and Digital Elevation Models (DEM). International
Petroleum Technology Conference. doi:10.2523/17346-MS

1 Heege, T., Kiselev, V., Wettle, M, Hung, N.N. (2014): Operational multi-sensor monitoring of turbidity for the entire Mekong Delta, International
Journal of Remote Sensing, Vol. 35, Issue 8, 2014, p. 2910-2926

20 Us Patent No 9613422 (2017): Using multispectral satellite data to determine littoral water depths despite varying water turbidity. Patent Publication
Number 20150310618. Assignee: EOMAP GmbH & Co.KG. Inventor: Thomas Heege
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Image: Satellite-Derived Bathymetry results for North-Cyprus

The generated Satellite Derived Bathymetry DTMs have been compared to nautical charts of various scales and dates,
which covered limited areas of all study sites. It is of high importance to understand the characteristics of the nautical charts
before reviewing the comparison
1. Date and methods of the charts: The charts have been collected at various dates starting in the last decades, parts
of those data collections were done prior to GPS era and bathymetric survey methods were often not done with
the accurate multibeam sonar systems, which we have today. Thus,
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a. the horizontal accuracy of the depth soundings will have uncertainties of several meters to 10th of meters
in extreme cases
b.  Afull seafloor coverage (equivalent to modern MBES surveys) was often not done. Data gaps in between
the lead line survey points will exist
c. Vertical uncertainties will be present in all areas where the seabed has changed in the last decades. Those
areas are more likely to be sandy bottom and hardbottom/rocky features are less likely to have changed
2. Scale of the charts: The scale of the charts is not ideal and much coarser than the native resolution of the Satellite-
Derived Bathymetry. Thus, the data have a lower level of details and also focus on the most-shallow features (see
next item).
3. Shoal bias of nautical charts: Nautical charts are shoal biased, which describes the fact, that charts represent the
shallowest depth sounding of the surrounding. Satellite-Derived Bathymetry data however, represent the mean
depth. Depending on the seafloor heterogeneities this can cause issues when comparing the data.

The direct comparison of the charting points with the SDB data set shows an almost ideal 1:1 fit of the data, with the vast
majority of the data (81%) being within CAT ZOC C vertical uncertainty category (2m absolute and 5% depth uncertainty).
Further statistical measures are: Mean square error = 1.55m, R2 of the linear regression = 0.76, gain of the linear regression
= 0.97, offset of the linear regression = 0.16m, number of charting points = 11,313

=25 r : : T — =
-- 1:1line e
+/- 2.00 m and +/- 0.05 % depth (81 % of data)
n=11313 e
-20} - J - i
~15} B gl |

=10}

various charting points of different scale and date [m]

0 -5 -10 =15 -20 =25
Satellite-Derived Bathymetry (SDB) [m]

Image: Comparison of Satellite-Derived Bathymetry in native 10m spatial resolution against various nautical charting
points.

Considering the above-mentioned restrictions of the comparison of SDB data with nautical charts, we can conclude, that
the overall comparison shows good agreement. But, based on this comparison it is not possible to validate the SDB data.
This procedure would require higher resolution acoustic survey data.

13.2 ANNEX 2: EMODnet Bathymetry World Base Layer (EBWBL) service
by GGSGC

serviceCollaborative Virtual Environment (CVE) by IFREMER
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A new exciting service has been added by way of the EMODnet World Base Layer Service (EBWBL) which provides
a fast and easy access to worldwide bathymetric and topographic information. It is published as OGC WMTS service?
along with a demo viewer2 to zoom in on every detail. It is available in various projections, e.g., non-projected coordinate
system, Web Mercator, Inspire compliant projection and projections adapted to both poles.

R B

Wt

Image 1: Global map of bathymetry and topography (EBWBL)

The underlying idea is that all EMODnet portals would benefit from having a common worldwide base layer in a common
EMODnet look & feel. This suggestion was presented at the EMODnet Steering Committee meeting of November 2018
and welcomed by the EMODnet community. Having a common elevation base layer in all thematic portals will contribute
to having a consistent “family” look and it will further promote the EMODnet brand as it can also be shared with external
users. The base layer makes use of the EMODnet DTM for European waters and GEBCO_2019 data for the rest of the
world. Next to bathymetry also terrestrial elevation has been included. Source for the land terrain model is a combination
of the Shuttle Radar Topography Mission (SRTM) 3 arc seconds data, ASTER 1 arc second and topographic maps. All
land data used for this layer is compiled, corrected and resampled by Viewfinderpanorama.?®

At the start of the work, two major challenges were identified:
1. The amount of data for a global dataset at the same zoom level as the EMODnet Bathymetry viewing service

2. Mismatch between data sources

Data volume

In order to display the entire world at the same zoom level as used for the EMODnet Bathymetry viewing service a total
of 9.33120-e10 (more than 93 billion) source data points have to be taken into account. To improve the viewing, the source
data has eventually been up sampled to over 135 billion points. The size of the dataset comes with a price. High resolution
global elevation viewing services including both land and water have so far only been produced by Google and Esri. Of
these two, the only continuous dataset is the Esri Ocean base map as Google basically has photographically blended water

21 hitps://tiles.emodnet-bathymetry.eu/
22 EMODnet WMTS Preview (emodnet-bathymetry.eu)
2 http://www.viewfinderpanoramas.org
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and land. The Esri Ocean Base map however is a proprietary service and only available when Esri technology is used. In
order to produce the EMODnet World base layer at an affordable cost GGSGC was facing a huge challenge. By using
Amazon Web Services (AWS) and a highly optimized version of the GGSGC workbench software this challenge was
successfully managed. The solution was found in dividing the world in tiles of 1 by 1 degree with an overlap of 20 data
cells on each side. By analyzing these using the Open Streetmap coastline, it is possible to differentiate between three tile
types:

- Just water

- Just land
- Combination

The first two types are easy and need no complex processing to combine land and water (this is explained below). The
third type is the problematic one as the various sources do not match nicely.

Mismatch between data sources

Global land data is available from different sources (ASTER, SRTM and others). They usually have in common that the
data is organized in tiles of 1 by 1 degree and formatted as HGT files. This format was introduced by NASA for use during
the SRTM project. The best available global datasets are all in a 3 arc second (~90 meter) resolution. Higher resolutions
are usable for local regions but the worldwide data sets contain too much voids. Land elevation source data usually is not
filtered for seas and oceans. That is, sea and oceans are set to (or measured at) O meter. So, the first preparation step is to
mask out all these O meter sea elevation. This is not a simple filter process as many areas on land have a valid 0 meter
elevation and with a filter, these will also disappear. By using a mask based on the global OpenStreetMap coastline a
correct distinction can be made between valid and invalid O meter elevation. Using this map also ensures that there is a
perfect match between the final dataset and the OpenStreetMap data which is used as an overlay in the viewing service.
Global sea elevation are derived from the GEBCO 2019 dataset. The source resolution for GEBCO 2019 is % of an arc
minute (~500 meter). Although the dataset resolution has doubled compared to the previous release (GEBCO 2014), most
of the 2014 data has been up-sampled. The quality of the dataset in many areas therefore is not better than %2 arc minutes.
This causes a major mismatch between the high-resolution land data and the water. This is called the GEBCO effect and
is visualized in the image below.

Ml

GEBCO ~1km grid

Image: GEBCO effect

The GEBCO effect causes water areas along the coast to become drying heights (the yellow area in the image outside the
coastline). The steeper the coast, the stronger this unwanted effect. Just like with the 0 meter elevations discussed above,
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there is no simple way to filter out this GEBCO effect. One could remove all drying heights but this would still cause a
discontinuity between the land and the water. The solution earlier developed for the EMODnet Bathymetry dataset is
therefore also used for the world base layer. The idea is that somewhere between the land and the water a 0-meter elevation
exists. Given the resolution of ~90 meters in most cases it is safe to assume that the 0 meter will be within a single data
cell adjacent to the coast. Except for shallow areas that have a large tidal difference this may not be the case but for the
purpose of the base layer this will be acceptable as shallow areas show little color nuance in the viewing service anyway.
A special algorithm was developed to mark all data cells around the land as coastline data cells which are then given the
value 0. An exception has to be made for the Caspian Sea. By many this inland lake is defined as a sea and is therefore
incorporated in the world base layer. The Caspian Sea however has an elevation of -28 meter so the shoreline around the
Caspian Sea has to be set to -28 meter instead of 0.

Next step is to create a buffer zone around these coastline data cells in the direction of the water. When combining the land
and the water this buffer zone is left empty. At a later processing stage, the buffer zone is interpolated which results in a
smooth transition between land and water. The width of the buffer zone is set to 12 data cells, causing it to spawn a little
bit more than a single GEBCO 2014 data cell. In most cases this is sufficient to remove the GEBCO effect. The width does
however cause an issue for narrow channels and fjords. The buffer is applied to both sides of the narrow channel and
therefore the channel is sometimes completely masked. This causes the whole channel to be set to zero meter after
interpolation. Especially for deep fjords this is an unwanted effect. A solution was found by detecting what is called the
channel center line before applying the buffer. The buffer is not applied to the channel center and this results in a correct
interpolation of the channel. Channel detection is developed for the World base layer and has so far not been applied to the
EMODnet data set. For the EMODnet data set the channel effect is less prominent because buffering is not performed on
CDI data. The narrow channel effect is however visible in areas where only GEBCO data is available. For the next release
of EMODnet Bathymetry these areas will be processed using channel detection as well.

Results

The following images give examples of the EMODnet World base layer. To manage the larger depth and elevation range
for the global scale, minor changes have been applied to the color scheme. This new color scheme has also be used for the
2020 release of EMODnet Bathymetry.

Image: Hawaii overview
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Image: Mariana Trench (deepest point on earth) Detail

Image: Mount Everest detail

13.3 ANNEX 3: Upgraded CDI Data Discovery and Access service by MARIS

and IFREMER
As part of the H2020 SeaDataCloud project a major upgrade took place of the SeaDataNet CDI Data Discovery and Access
service which is used in EMODnet Bathymetry for gathering and describing bathymetry survey data sets in a common way

and facilitating access and downloading. The upgrading comprised a new architecture, adopting cloud technologies, and
a complete, new design and implementation of the import, discovery and access mechanisms.
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» Local software tools at data centres to
prepare ingestions
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* CDI Import Manager for managing the
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Data Centre

Figure .. High level architecture

Table and image: components of the new CDI service architecture

The CDI service infrastructure has been expanded with the EUDAT data cloud. This data cloud communicates with an
upgraded central CDI Import Manager and the new decentral Replication Managers, replacing the existing Download
Managers, to perform the CDI metadata and data import workflow. The CDI Import Manager provides a dashboard to data
providers to control the import process while the Replication Manager component provides the data centres a toolbox for
local data management and for preparing the batches of metadata and data sets that are to be populated in the CDI service.
The CDI Import Manager and data cloud also host and allow to run extra quality control, transformation, metadata
enriching, extracting, and versioning services. The data cloud also communicates with an upgraded Request Status
Manager, now integrated in the CDI User Interface through MyCDI, to perform the delivery of data sets to users following
the processing of their shopping baskets, also considering possible negotiations in case of restricted data requests.

m BATHYM ETRY @ m Login

nd topography of the toF
EMODnet CDI Datn Discovery and Access Service

NEW SEARCH REFINE SEARCH SEARCH RES ) SuU Y  TIMESERIES

Filter search i 1000 | 10000 Found 26729 | Show (1 -100) | First | Prev | Next | Last

| Dataset name Country Start date Instrument / gear type
O Celtic Explorer Bathymetry CEQ701 Ireland 20070417 multi-beam
NEEERIELDS Kerry 14m Globe dtm echosounders | Differential

Global Positloning System
receivers

Free search [

[ Celtic Explorer Bathymetry CEQ0702 Ireland 20070516 multi-beam
Kerry 14m Globe Dtm echosounders | Differential
Global Positioning System

Date search [
From To

Geographic search [} receivers
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Image: User Interface of upgraded CDI service

An important element of the new CDI User Interface is that all functions for both users and data providers can be reached
from the new MyCDI dashboard, depending on the Marine-1D and associated registered functions and roles. As part of
this, also the shopping process is now an integrated dialogue instead of having to jump to separate applications and URLS
for example for searching, registering, checking shopping progress, and retrieving data sets. This makes the dialogues for
users and providers much more efficient, and easy to understand and perform. Furthermore, several processes and
functionalities have been reviewed and optimised, including performances, which again is in favour of the users and data
providers.The new CDI User Interface allows to combine search criteria from pull down lists, search by facets, and perform
powerfull full text search over all contents. This is supported by SQL server for database queries and Elastic Search for
free text search (very fast!). Moreover, the User Interface features a full screen mapping service which is powered by
GeoServer in combination with Elastic Search.
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Image: Large mapping interface as part of new User Interface of upgraded CDI service
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‘l@ BATHYMETRY © FEEDBACK Hello %ng? SCHAAP

EMODnet (}DI D;ta Discovery and Access Service

:
%

MY STANDING ORDERS

View the status of your orders below (the colours indicate in which stage data is). Unrestricted data will normally be ready for delivery in several minutes
(or a bit more when your order is large). Restricted data depends on the release by the datacenter and will take more time. You will be notified per email
when the status has changed.

Waiting for processing & _ Ready for user action @  User action completed ‘ _

Refresh | Found 2 | Show (1 - 2) | First | Prev | Next | Last

(] = 1

32463 1

32457 1 B =i 1 06012020 i B

&
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Image: MyCDI dashboard with multiple functions, including overview of outstanding data requests and options for
downloading
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14.  List of abbreviations and acronyms

Acronyms as used in this report are defined in the following list:
BSBD, Baltic Sea Bathymetry Database.
BSHC, Baltic Sea Hydrographic Commission.

CDI, Common Data Index, provides a highly detailed description of the survey data, answering to the questions: where,
when, how and who collected the data, and how to get them. One CDI describes a survey by means of a polygon or survey
track. The CDI service also includes a shopping service for requesting access to selected data sets and for downloading as
data files, if access has been granted by the data owners.

CPRD, Composite DTM data sets, giving a gridded bathymetry. In practice it was found that Hydrographic Offices (HO’s)
do not want or can not deliver primary surveys but composite data sets from the Digital Terrain Models that they maintain
themselves for producing and maintaining their nautical charts following international IHO procedures. Composite DTM’s
are DTM’s that have been generated by the data provider itself at a specific resolution and making use of survey data sets
as managed by that data provider. These Composite DTM’s might contain grid cells for which no survey data were available
and which are then possibly completed by interpolation or other manipulation. Overall the EMODnet project prefers to get
access to survey data sets, where possible, and not the derived Composite DTM’s. However in practice this is not (yet)
always possible and using the Composite DTM’s can then be considered as the next best option. In addition, Composite
DTM providers are encouraged to describe anyway their survey data sets in the CDI Data Discovery and Access service in
order to give better insight in the real survey coverage. This is followed up by an increasing number of providers, but not
always possible for historic reasons.

CVE, Collaborative Virtual Environment, also known as Virtual Research Environment

DEM, Digital Elevation Model. It is a digital model or 3D representation of a terrain's surface. In the context of EMODnet
HRSM it is used to describe the land elevation, while the bathymetry is described with a Digital Terrain Model (see next).

DTM, Digital Terrain Model, is a resulting grid data set with attributes for lat, lon, minimum depth, maximum depth,
average water depth, standard deviation, number of values, number of elementary surfaces, smoothed average water depth,
depth smoothed offset, CDI reference, and Composite DTM reference / GEBCO_2014 reference.

GEBCO, the General Bathymetric Chart of the Oceans (GEBCO) consists of an international group of experts who work
on the development of a range of bathymetric data sets and data products, including gridded bathymetric data sets, the
GEBCO Digital Atlas, the GEBCO world map and the GEBCO Gazetteer of Undersea Feature Names. GEBCO operates
under the joint auspices of the the International Hydrographic Organization (IHO) and the Intergovernmental
Oceanographic Commission (I0C) (of UNESCO). GEBCO 30” gridded data is used by the EMODnet project to complete
area coverage in case there are no survey data or Composite DTM data sets available to the partners. GEBCO is represented
in the EMODnet HRSM consortium by its editor, NERC-BODC.

GTSM, Global Tide Surge Model developed and operated by Deltares.

IBCAO, the International Bathymetric Chart of the Arctic Ocean is an initiative to develop a Digital Terrain Model (DTM)
based upon all available bathymetric data north of 64° North, for use by mapmakers, researchers, institutions, and others
whose work requires a detailed and accurate knowledge of the depth and the shape of the Arctic seabed. Initiated in 1997,
this undertaking has been endorsed by the Intergovernmental Oceanographic Commission (I0C), the International Arctic
Science Committee (IASC), the International Hydrographic Organization (IHO), the General Bathymetric Chart of the
Oceans (GEBCO), and the US National Centers for Environmental Information (NCEI). IBCAO is represented in the
EMODnet HRSM consortium by its coordinator, the University of Stockholm.

Sextant, catalogue service used to provide details about Composite DTM data sets. It allows to discover any Composite
DTM'’s as available and used for the EMODnet DTM instead of bathymetry survey data sets. The location is given by a
Lat-Lon box in a map and descriptions are given of each Composite DTM with information for what, when, how, and who.
The Sextant entries are linked as references in the EMODnet DTM grid cells, where appropriate, to indicate the source
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data. The Sextant service for EMODnet HRSM does not give a shopping service, but includes contact links for requesting
access to the Composite DTM’s.
SeaDataNet, is the pan-European infrastructure for ocean & marine data management sponsored within FP7 (grant
agreement 283607, 1/10/2011-30/9/2015) connecting at present more than 100 national oceanographic data centres and

marine data centres from 35 countries riparian to all European seas.

SeaDataCloud, is the successor project to SeaDataNet Il for further developing the technical basis of the SeaDataNet
infrastructure, funded by HORIZON 2020 (grant agreement 730960, 1/11/2016-31/10/2020).

TIN, triangulated irregular network, a way to model the EMODnet DTM using triangles in different sizes to support 3D
viewing.

VRE, Virtual Research Environment, also known as Collaborative Virtual Environment

WCS, Web Coverage Service is an OGC standard defining Web-based retrieval of coverages i.e. digital geospatial
information representing space/time-varying phenomena.

WEFS, Web Feature Service is an OGC standard allowing requests for geographical features across the web using platform-
independent calls.

WMS, Web Map Service is a standard OGC protocol for serving geo- referenced map images over the Internet.

WMST, Web Map Tile Service is a standard OGC protocol for serving pre-rendered georeferenced map tiles over the
Internet.
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