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Executive Summary

The European Commission has designated offshore windfarm development and assessment of coastal
vulnerability to environmental and climate change as focal points for a European Geological Service.
Together, Europe’s Geological Survey Organisations (GSOs) are well-positioned to take up this role and
to support the multifunctional use of pan-European marine space. Both offshore wind and coastal
vulnerability are rapidly growing markets for GSOs. Although our geological information and knowledge
are widely considered to be crucial elements in time- and cost-efficient development of offshore
windfarms and in accurate assessment of coastal vulnerability, they have been underused. Key reasons
are that they are neither fully FAIR (findable, accessible, interoperable and reusable) nor fit-for-purpose.

This report, the first deliverable of GSEU WP5, sets the stage for strengthening the position of European
GSOs as a provider of services addressing two key societal issues in Europe. It summarises the current
roles and activities of the different GSOs and outlines a plan to improve their position. Individually and
jointly, GSOs need to learn from each other how to fulfil various statutory, commercial, scientific,
collaborative, and strategic tasks and roles. Demonstrating the added value of GSOs’ marine output is
best done by incorporating joint, harmonised products in EMODnet, the European Marine Observation
and Data network, and by creating a strong link with Copernicus services. Improvements to the jointly
developed European Geological Data Infrastructure EGDI will turn it from a regular portal into a decision-
support instrument, creating easily adoptable and harmonised pan-European marine products that will
reduce risk while saving time and cost.
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1. Introduction

The European Commission, and especially the Directorates General responsible for some of Europe’s
main climate and sustainability policies, have identified offshore windfarm development (hereafter
offshore wind) and assessment of coastal vulnerability to environmental and climate change (hereafter
coastal vulnerability) as key focal points for a European Geological Service. The associated call,
HORIZON-CL5-2021-D3-01-16: Support to the activities of the European Geological Services, states
that there is “a need to collate and integrate geological and climate-related information and data to
assess and map coastal vulnerability, and to optimise siting of offshore windfarms (as well as associated
infrastructure)”. Together, Europe’s Geological Survey Organisations are well-positioned to do this
successfully and to support the multifunctional use of pan-European marine space. A dedicated work
package (WP5: Coastal vulnerability assessment & optimised offshore windfarm siting) sets the stage
for improved evidence-based decision-making and long-term sustainable management related to two of
Europe’s most pressing marine geological issues. It will use comprehensive inventories of harmonised
data and information, and exchange knowledge and tools within GSOs. The GSOs participating in WP5
aspire to promote the societal importance of geology, thus strengthening the position of individual GSOs
and the Geological Service for Europe as contributors to decision-making considering future climate
change and sea-level rise.

WP5 is strongly linked to EU policy. Geology and Europe’s aim to be the first climate-neutral continent,
captured in the Green Deal, go well together. Marine geological data, information and services optimise
knowledge-based pan-European decision-making, while offshore wind, generates unprecedented
amounts of new survey data and information. GSOs in countries active in offshore wind can map the
seabed and its shallow subsurface (substrate up to about 100 m) much better than before. These GSOs
can increasingly predict where wind turbines can be supported, and power cables can be trenched. The
Strategy on Adaptation to Climate Change, another key component of Europe’s common policy, requires
GSO expertise on coastal behaviour and geohazards, bringing spatial heterogeneity of subsurface
properties into focus. Increasing cooperation between the Marine Geology Expert Group and the Earth
Observation and Geohazards Expert Group of EuroGeoSurveys, a not-for-profit organisation
representing the Geological Surveys of Europe, has shown at a pan-European scale that areas with
specific sets of geological conditions are more susceptible to effects of climate change than others. At
the same time, however, it is impossible to predict precisely when and where the potential capability of
geohazards to cause damage or loss will turn into actual events such as landslides. The concept of
awareness mapping, adopted by several GSOs, identifies areas requiring extra attention from
competent authorities (through research, monitoring or prevention measures) without suggesting that
there is imminent or long-term risk. By contributing to the Green Deal and the Strategy on Adaptation to
Climate Change, GSEU intends to strengthen the links between GSO knowledge and EU policy,
supporting choices that help both the EU and its individual member states.

Offshore wind is one of the fastest growing marine markets for GSOs. Driven by the Green Deal, the
expansion of renewable energy has been accelerating. A growing number of European countries are
increasingly looking at offshore sites to alleviate pressures on terrestrial land use and to reduce
associated societal opposition to windfarm development as an important element in the energy
transition. Also, winds are more consistent at sea and tend to blow more at night in some places, thus
complementing production of solar energy during the daytime. Successful rollout of offshore wind
requires preparatory, construction-related, and maintenance activities. In this interdisciplinary work, the
fields of geology, engineering, ecology, physics, meteorology, archaeology and spatial management
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meet. Although geology is widely considered to be a crucial element in time- and cost-efficient
development of offshore windfarms, it has been underused (Fig. 1). Key reasons are the fragmented
nature and limited visibility of geological data, particularly from the subsurface of the seabed, and the
difficulty that end users experience when using geological data products that are typically not made
specifically for this purpose. Commonly, it is not intuitively clear to these users how geological properties
are best translated into decision-supporting attributes. In short, GSO data and data products are neither
FAIR nor tailor-made.
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Figure 1. Parameters considered in 49 peer-reviewed GIS studies for offshore wind (Peters et al., 2020).
Only 10% of these studies addressed geology.

The role of European GSOs in coastal-vulnerability assessments is also modest, despite two geological
parameters (landform and relative resistance to erosion) being key elements of standard analyses and
indices (Gornitz et al., 1994). Consequently, geological contributors to coastal vulnerability (particularly
erosion, land subsidence, eutrophication, and pollution) have mainly been considered in a descriptive
capacity, not in an explanatory or predictive way. In addition, only morphological, grain-size and process-
related geological parameters have been considered. Information on the subsurface, with its
stratification, fracturing, differential erodibility, and influence on subsidence, is still rarely used.

The importance of geology in pan-European coastal-vulnerability maps with predictive value can best
be demonstrated when GSOs work together on data products that are easily incorporated in
multidisciplinary platforms, particularly EMODnet, the European Marine Observation and Data network,
or harvested from Copernicus services. The Copernicus Marine Service and the European Ground
Motion Service are especially relevant. Such an embedded approach enables geologists to incorporate
physical process data produced by the wider research community (EMODnet Physics, EMODnet
Bathymetry), as well as remote-sensing data providing the pan-European coverage lacking in field
studies. In addition, joint portals and cross-disciplinary cooperation make it more likely that geological
output is easily accessible, adoptable, and even adaptable by non-expert users. Like in wind,
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cooperation ensures that geological data and information are both FAIR and tailor-made. Exchange
between GSEU’s geology portal for land and sea (EGDI) and the interdisciplinary EMODnet Central

Portal (linking geology to bathymetry, physics, chemistry, biology, seabed habitats and human activities)
must be facilitated.

This T5.3 report, the first deliverable (D5.5) of GSEU WP5, sets the stage for strengthening the position
of European GSOs as a provider of services tackling the two important societal issues of offshore wind
and coastal vulnerability to a range of environmental and climate-related factors, especially SLR. It
summarises the current roles and activities of the different GSOs and outlines a plan to improve their
individual and joint positions, partly through ongoing work in the other WP5 tasks (T5.1 on coastal
vulnerability and climate change, T5.2 on offshore windfarm siting, and T5.4 on cross-thematic
alignment). An update of D5.5, due February 2026, will contain a full roadmap for collective data services
and data management (D5.6) that establishes GSEU as a key service centre for marine geological
information.
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2. Positioning of GSOs

The pan-European underuse of geological data, information, and knowledge, despite their value for
offshore wind, is best illustrated by strongly differing positions of GSOs. Some are key players, while
others have been limited to the sidelines. For some GSOs, offshore wind is either not yet on the national
agenda or not yet implemented. Even where offshore wind is being rolled out, the underuse of GSO
resources and expertise inhibits acceleration of time- and cost-efficient windfarm development in
Europe’s marine waters.

Like offshore wind, the positions of GSOs in the coastal-vulnerability domain vary strongly, a reflection
of diverse responsibilities, differing national research landscapes, and differences in funding resources.
For many GSOs, a clear legal framework is lacking. While short-term geological processes driven by
tides, waves and wind are well-captured in models used by engineers, coastal-zone managers and
policy makers, longer-term processes (providing degrees of freedom that can be implemented as
boundary conditions to constrain shorter-term models) and lithological heterogeneity in the subsurface
are frequently overlooked. Learning from each other, transferring knowledge and skills, and working on
joint acquisition would better position GSEU to provide marine and coastal substrate attributes such as
cohesiveness, erodibility, permeability, and susceptibility to compaction, especially in the long term.

Figure 2. Countries represented in GSEU T5.3 (green), countries represented in GSEU but not in
T5.3 (orange), and countries not represented in GSEU (grey).
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To this end, the GSOs involved in GSEU WP5 (Fig. 2) filled out a questionnaire about their respective
positions in the fields of offshore wind and coastal vulnerability. Information was provided by Sokol
Marku (AGS, Albania); Vera Van Lancker (RBINS, Belgium); Ozren Hasan (HGI, Croatia); Nicholas
Papadimitriou (GSD, Cyprus); Jagrgen Overgaard Leth and Verner Brandbyge Ernstsen (GEUS,
Denmark); Sten Suuroja (EGT, Estonia); Bartal Hgjgaard (Jardfeingi, Faroe Islands); Aarno Kotilainen
(GTK, Finland); Fabien Paquet and Aurélie Maspataud (BRGM, France); Eleftheria Poyiadji, Irene
Zananiri and Dimitrios Galanakis (HSGME, Greece); Anett Blischke (ISOR, Iceland); Eoin Mac Craith
and Xavier Monteys (GSlI, Ireland); Andrea Fiorentino (ISPRA, ltaly); Mara Brine (LVGMC, Latvia);
Vytautas Minkevicius (LGT, Lithuania); Charles Galea (MFE-CSD, Malta); Sytze van Heteren (TNO,
Netherlands); Nicole Jeanne Baeten (NGU, Norway); Grzegorz Uscinowicz (PGlI, Poland); Pedro Brito
(IPMA, Portugal); Marian Munteanu (IGR, Romania), Ana Novak (GeoZS, Slovenia); Teresa Medialdea
Cela (IGME, Spain); Jordi Pinyol Guamis (ICGC, Spain); Sarah Josefsson (SGU, Sweden); Stella
Shekhunova (IGS, Ukraine) and Nicola Dakin (BGS, United Kingdom). Many of them were assisted by
colleagues.

The results of this questionnaire are summarised below, addressing statutory, commercial, scientific,
cooperative, and strategic tasks and roles that the different GSOs have at the national level. The lists
and tables with answers highlight both commonalities and differences. They will be used to decide which
themes are most suitable and relevant for pan-European cooperation and for improvement of GSOs’
positions.

2.1. Statutory and Long-Term Programme-Related Tasks of GSOs with
Reference to Offshore Wind and Coastal Vulnerability

Currently, only the Irish GSO has a statutory task defined specifically for offshore wind. The GSOs in
Albania and the United Kingdom have an explicit, but broadly defined, task to facilitate the energy
transition. All other partners in this field act either under generic statutory obligations or in the absence
of governance by national law.

The main (formal and informal) statutory tasks concerning the seabed and its subsurface with relevance
to offshore windfarm siting and coastal vulnerability include:

e collection of geological data and information, including systematic seabed and coastal mapping
(AL, BE, CY, DK, EE, ES, ES-C, FI, FO, FR, GR, HR, IE, IS, IT, LT, LV, MT, NO, PL, PT, SE,
SI, UA, UK)

e storage and administration (metadata) of geological data in open- or limited-access repositories,
safeguarding confidential data (BE, CY, DK, EE, ES, ES-C, FI, FO, FR, GR, HR, IE, IS, IT, LT,
LV, MT, NL, NO, PL, PT, SE, SI, UA, UK)

e impartial dissemination (including teaching) of existing geological information and knowledge to
society (BE, CY, DK, EE, ES, ES-C, FI, FO, FR, GR, HR, IE, IS, IT, LV, NL, NO, PL, PT, SE,
Sl, UA, UK)

e data analysis and geological characterisation, including modelling (BE, CY, DK, EE, ES, ES-C,
FI, FO, FR, HR, IE, IS, IT, LT, LV, NL, NO, PL, PT, SE, SI, UA, UK)

e protection and sustainability of marine environment and heritage (BE, CY, DK, EE, ES, FI, FR,
IE, IS, PL, PT)

e geohazard assessment and awareness (CY, DK, ES-C, FR, NL, NO, PL, PT, SE, UK)
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e business and decision support, including advisory consulting (DK, EE, FI, FO, FR, IE, IS, NL,
UK)

e territorial management with legislation, policy, regulation and licensing (AL, BE, CY, GR, MT,
PT, SE)

e coordination of joint/third-party impact assessments (BE, FR, IT).

Additional (formal and informal) statutory tasks concerning the coastal zone and its subsurface with
relevance to coastal vulnerability are:

e coastal monitoring and research in relation to climate change (AL, BE, EE, ES-C, FR, HR, IE,
IT, LV, PL, PT, SE, UK)

e coordination and quality control of governmental advice on adaptation to, and mitigation of, the
negative effects of SLR, including early warning (ES-C, FO, FR, LV, PL, SE, UK).
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_
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Figure 3. Variety of statutory and long-term programme-related tasks carried out by GSOs in support of
or preparation for offshore wind (left) and coastal vulnerability (right). The colours indicate the
percentage of listed tasks in which a GSO has been active: red is 0-20%, orange is 20-40%, yellow is
40-60%, light green is 60-80% and dark green is 80-100%. Although this assessment of activity is
indicative only, it shows regional patterns of frontrunners (GSOs that will mainly share expertise) and
followers (GSOs that will mainly gain expertise). Overall, offshore wind and coastal vulnerability are
represented well, especially in western Europe.
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Typically, a range of general-purpose geological activities and data products serve governments,
industry, NGOs and the general public. Most maps are not tailor-made for offshore wind or coastal
vulnerability, limiting their usefulness, but other data and information resources are highly relevant. They

will facilitate the access of GSOs not yet involved in these two issues (Fig. 3). GSOs that are part of
larger, multidisciplinary research institutes are more likely to be involved in environmental assessments.

2.2. Short-Term Project-Related Activities of GSOs Considering Offshore
Wind and Coastal Vulnerability

Multiple GSOs are active commercially in offshore wind, coastal vulnerability, or both, providing expert
advice and/or conducting field research for public as well as private clients. Their roles entail:

e desk studies and incidental expert advice (CY, DK, EE, FI, FR, GR, HR, IE, IS, LV, NL, PL, PT,
Sl, UA, UK)

o free or paid data supply (AL, DK, ES, FI, FR, GR, IE, IS, MT, NL, NO, SE, UK)

o dedicated field research (BE, DK, EE, ES, ES-C, FI, FO, FR, PL, PT, UK)

o facilitation, supervision, and evaluation of third-party investigations (ES, ES-C, FR, IE, LT).

Roles specific to offshore wind are:

o modelling of the subsurface and other elements of the natural system (DK, ES-C, FI, NL, UK)
e licensing (CY, MT).

Roles specific to coastal vulnerability are:
e geohazard assessment and flood mapping (ES, ES-C, FO, FR, IE, NO, SI, UK)

e development of information and decision-support systems (BE, ES-C, FR, IE, NL, UK)
e coastal zone management and strategy (ES-C, FR, IS, UK).
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This project-related work (Fig. 4), addressing specific end-user questions, is done for dedicated national
agencies (AL, BE, CY, DK, FO, GR, IE, IS, LT, LV, MT, NL, PL, PT, RO, SI, UA, UK), regional and local
governments (AL, DK, ES, ES-C, FI, GR, IE, IS, NO, Sl), private companies (EE, FI, FO, FR, IS, LV,
UK) and NGOs. For most GSOs, the offshore wind market is growing (DK, EE, ES-C, FI, FO, IE, IS, MT,
NL, PL, PT, UK). The coastal-vulnerability market is stable (NL) to growing (DK, EE, ES-C, FO, FR, IE,
PL) and rarely shrinking (PT). Some GSOs (GR, PT) are making preliminary inquiries to establish
themselves in the commercial market of offshore wind or coastal vulnerability. For a few GSOs (IE, IT,
SE), commercial activities are either not permitted or allowed only when private actors are incapable of
performing a particular activity, to avoid unfair competition and disturbance of the market.

: b

-

Figure 4. Variety of short-term project-related tasks carried out by GSOs for offshore wind (left) and

coastal vulnerability (right). Compared to statutory and programme-related tasks, GSO involvement is
more limited.

2.3. Increasing Knowledge Base of GSOs through Activities for Offshore
Wind and Coastal Vulnerability

Through both programme- and project-related work on or relevant to offshore wind and coastal
vulnerability, GSOs attain more knowledge on substrate-related processes and parameters influencing
various risks and costs associated with natural geological change and human activities. During the past
decade, GSOs have learned much more about the seabed and its subsurface than would have been
possible without all data and information collected for offshore wind, either by the GSOs or by third
parties. In particular, progress has been made on:

e seabed properties and stratigraphic successions (BE, CY, DK, EE, ES-C, FI, FR, GR, HR, IE,
IS, MT, NL, NO, PL, PT, SE, SI, UA, UK)

e geotechnical and geohazard heterogeneity (CY, DK, ES-C, FI, GR, IE, MT, NL, UK)

e environmental (status and impact) and geochemical characterisation (BE, EE, FI, UA, UK)

e geology relevant to marine spatial planning and optimal use of other resources (BE, DK, IE, SE)

¢ methodological development and uncertainty assessment (DK, GR, NL)

e machine-learning in subsurface characterisation (DK, NL, UK).

Related to coastal vulnerability, most progress has been made on:
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e geological and subsurface influence on landslides/erosion and subsidence (BE, CY, DK, ES-C,
FI, FO, FR, IE, IS, IT, MT, NL, NO, SE, SI, UA, UK)

e understanding (climate-related) coastal behaviour (including flooding) from coastal-zone
monitoring and surveying (CY, DK, EE, ES-C, FR, IE, IS, LT, LV, MT, PL, PT, SE, SI, UK)

e coastal zone development in relation to sea-level change (DK, EE, Fl, FR, IE, IS, IT, LV, SE)

e impact prediction and hotspot identification (AL, CY, FR, IE, IS, MT, SI, UK)

e mitigation and (urban) adaptation measures, including sand extraction and nourishment (BE,
CY, DK, FR, IT, NL, PT, SE)

e geological and subsurface influence on vulnerability (resilience/recovery) (CY, ES, FR, IE, UK)

e understanding zones of mixed sediment (DK, FR, SE)

e using Copernicus and other satellite data to assess recent coastal change (FR, IE, UK)

e past storm-surge levels (FR, NL).
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This progress has been reported in journal articles, conference papers, reports, map explanations and
presentations (see lists at the end of this report). Sharing reports and presentations between GSOs has
been suboptimal, and even journal articles are not actively exchanged beyond GSOs from the same
regional sea.

Knowledge on seabed properties and stratigraphic successions is well-represented at most GSOs,
closely followed by understanding of substrate structure and composition on coastal processes. These
are also some of the first topics addressed in T5.1 and T5.2. However, many of the identified tasks,
roles and topics are a focal point of just a few GSOs (Fig. 5). This is where cooperation will lead to the
fastest progress. Uncertainty assessment, machine learning and subsurface influence on vulnerability
are important themes to address.
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Figure 5. Knowledge dissemination of GSOs directly addressing offshore wind (left) and coastal
vulnerability (right). With a few exceptions, it has been too limited to generate enough visibility and have
sufficient impact. The lead partners for T5.1 (FR; coastal vulnerability and climate change) and T5.2
(UK; offshore windfarm siting) are well-chosen.

2.4. Cooperation of GSOs in Offshore Wind and Coastal Vulnerability

Further improvement of our individual and collective positions as geological service providers requires
increased cooperation. Key partners have been international organisations like UNESCO (CY) and the
EC (ES, FI), dedicated national agencies (AL, BE, CY, DK, EE, ES, FI, FO, FR, GR, HR, IS, LT, LV,
MT, NL, NO, PL, PT, SE, UA, UK), regional governmental agencies (BE, DK, ES, ES-C, FR, GR, IT,
SE, UK), municipalities (FO, FR, IT, GR, SE), private companies (BE, CY), universities and other
research institutes (BE, DK, EE, FR, IS, NO, Sl), as well as other GSOs.

Alignment and cooperation on both offshore wind and coastal vulnerability mainly concerns:

e sustainable development and environmental protection, including evaluation of environmental
status (European Directives) (AL, BE, CY, DK, EE, ES, ES-C, FR, GR, HR, IE, IS, MT, PT, SE,
UA, UK)

e spatial planning and integrated management (BE, CY, DK, EE, ES, FR, IE, IT, MT, PL, PT, SE,
UK)
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e policy and strategy, legislation, and custodian tasks (BE, CY, DK, EE, ES, ES-C, IE, IS, MT,
PT, UA, UK)

e business and governmental support, project coordination, and tender/proposal management
(BE, CY, DK, EE, FI, FR, IE, MT, NL, SE).

Alignment and cooperation specific to offshore wind concerns:

e energy-transition policy and climate-change roadmaps (IE, MT, SE, UA)
e joint/third-party governmental support (BE, DK, NL)
e power grids (infrastructure) and power plants (SE).

Alignment and cooperation specific to coastal vulnerability concerns:

e coastal zone management, including coastal safety (population, built environment), coordination
of adaptation and mitigation, tourism (AL, ES, FI, FO, FR, GR, IS, LT, MT, NL, NO, PT, SE, SI)

e joint applied research (hydro- and morphodynamic modelling, surveying, and monitoring) (DK,
FO, FR, HR, IE, NL, NO, PL)

e raising awareness (FR, IE, NO, SE)

e promoting and funding research (FR, IE, SE)

¢ making climate-change roadmaps (ES-C, FR).
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Figure 6. Cooperation of GSOs in offshore wind (left) and coastal vulnerability (right). Existing networks
are stronger for coastal vulnerability than for offshore wind, but only few GSOs are fully embedded in
interdisciplinary groups.

The position of GSOs within interdisciplinary networks addressing offshore wind or coastal variability
should be improved (Fig. 6). Even crucial topics like spatial planning and integrated management have
only been addressed properly across the two themes by a few of the GSOs (Fig. 7). As these are linked
to policy and strategy, GSEU must ensure that geology can be more easily incorporated into decision-
making. National and European roadmaps addressing climate change and the energy transition need
to get stronger and include plans to create easily adoptable geological input.

i;;
>

Figure 7. Direct involvement of GSOs in decision-support and spatial planning related to offshore wind
or coastal vulnerability. The development of adoptable geological decision-support modules is still in its
infancy.

2.5. Strategies to Strengthen the Position of GSOs in Offshore Wind and
Coastal Vulnerability

GSOs have varying positions in the fields of offshore wind and coastal vulnerability, from total or relative
outsiders to key players. These differences in position are reflected in the strategies they use. To
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become more relevant, GSOs have been working on or implementing differing strategies aimed at
societal challenges and questions at a national level. A few GSOs have no strategy yet on offshore wind
or coastal vulnerability. Joint, pan-European progress requires exchange and optimisation of strategies
as part of GSEU. Past cost-benefit analyses have shown that geological mapping and data collection

generate an excellent return on investment (Van der Meulen et al., 2013; Hill et al., 2020; Verbruggen
et al., 2020). The main general strategic steps identified thus far are:

building collaborative networks and professional partnerships with:
o governmental agencies (BE, CY, DK, ES, FI, FR, HR, IE, IS, MT, NL, NO, SE, UK)
o multidisciplinary national expert groups (BE, DK, FO, FR, IE, IS, NL, PT, SE, UK)
o other GSOs and research institutes (BE, DK, FI, FR, IE, NL, NO, PT, RO, UK)
o developers (EE, IE, PT)
creation of data/knowledge base and identification of knowledge gaps (AL, BE, DK, FI, FR, GR,
IE, LV, NL, PL, PT, SI, UK)
active stakeholder engagement from a geological perspective (AL, DK, ES-C, IE, IS, IT, NL, UA,
UK)
methodological development:
o protocols and guidelines (DK, EE, FI, FR, IT, NL, PL, UA)
o decision-support system (BE, IE, NL, PT, UK)
increasing business development and project-acquisition efforts (GR, IS, IT, NL).

Strategies specific to offshore wind are:

investment in generic pre-development seabed mapping (AL, BE, DK, GR, IE, NO, PL, SE, SI,
UK)

dedicated database development with improved data availability and harmonisation (BE, DK,
FR, IE, MT, PT, UK)

embedding geology in large-scale marine spatial planning (site suitability) (BE, DK, EE, IE, SE,
Sl)

collection and storage of physical samples (BE, DK, FR, IE, NL, UK)

development of modelling capacity (surficial processes and subsurface structure) (BE, FI, NL,
UA)

acquisition of equipment and software (DK, HR, IE, PT)

investment in high-resolution development-related seabed mapping (DK, IE, UK)

promotion of initial investment (Greenfield approach) (IS).

Strategies specific to coastal vulnerability are:

investment in high-resolution coastal mapping and monitoring, especially at vulnerable hotspots
and in the white ribbon (AL, DK, EE, ES, FI, FO, FR, IE, LT, NO, PT, UA, UK)
focussing on land-sea interaction (CY, DK, FR, GR, IE, MT, SE).
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Three things can be noticed. First, most strategies are employed by only a few GSOs (Fig. 8). Secondly,
the number of GSOs working together on offshore wind and coastal vulnerability is small. Now that two
platforms are in place to meet and work together, EMODnet Geology and GSEU, this cooperation
among GSOs must be intensified. Together, GSOs can build a strong professional partnership with a
better knowledge base, effective lobbying, state-of-the-art vessels and equipment, top-level mapping
and modelling capabilities, an easily adoptable set of tools, and a better chance to contribute to marine
spatial planning at all scales. GSOs need use cases to demonstrate what goes wrong when geology is
not properly incorporated into decision-making, and to show their capability to save cost and reduce

risk. Finally, strategies of some GSOs are regular ongoing activities for others. Clearly, less experienced
GSOs can quickly profit from more experienced GSOs.

-

Figure 8. Effort level of GSOs in developing or improving strategies for offshore wind (left) and coastal
vulnerability (right). There is a clear need to elaborate on these important marine geological topics in
the GSEU SRIA.
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3. From Individual GSOs to a GSEU: Joint Service and

Business Case

There are clear opportunities to improve the overall position of GSOs within the fields of offshore wind
and coastal vulnerability. At the moment, though, there are still several barriers for GSOs to get more
involved nationally. Some of the main issues hampering their involvement in these domains are:

e tasks (primarily) assigned to other national agencies, with or without direct geological knowledge
e tasks left to market, preventing market disturbance by non-commercial entities
e tenders prescribing geological studies in combination with highly specialistic foundation-related
geotechnical analyses
e lack of experience in topic concerned
o difficulty joining or forming consortia with all required expertise and a fair distribution of funds
e lack of visibility
e poor adoptability and adaptability of geological data products:
o format,
o generic rather than applied (tailor-made).

Three experiences (from the anonymised GSO A, GSO B and GSO C) related to offshore wind
demonstrate on the one hand how these barriers prevent GSOs to contribute their unique data,
information, and knowledge, and on the other hand that there are opportunities when things go wrong
in the development phase.

GSO A is active in a country where offshore wind is still in its infancy. All requirements, standards and
protocols for pre-development desk and field studies still need to be documented. GSO A involves other
GSOs in this preparatory work, ensuring a complete and highly detailed recommendation on geological
needs and importance. After the recommendations are adopted, the governmental funding is not
arranged per discipline but for several disciplines together. GSO A is forced to compete with ecologists
and environmental scientists in subdividing a single grant. Lesson: at an early stage, GSOs need to
establish a financially separate position in an interdisciplinary research context.

GSO B is invited by its government to submit a bid to create a ground model for a windfarm zone that
has been selected for further development. A large dataset of surficial (side-scan-sonar and multibeam
data) and subsurface (boreholes, CPTs and seismic-reflection profiles) information is available for
combination with existing knowledge that is best represented by GSO B. After submitting a proposal,
the evaluation committee concludes that GSO B has no relevant experience in offshore wind. Despite
knowing more about the physical seabed and subsurface than its competitors, the bid is disqualified.
Lesson: GSOs need to form consortia so that both regional geological expertise and generic experience
in offshore wind are represented (Fig. 9).
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Figure 9. Cooperation between GSOs to share expertise related to offshore wind and coastal
vulnerability. This cooperation is mostly bilateral and typically not project related. GSEU will broaden
these existing networks, building on EMODnet’s ongoing joint work concerning other geological themes.
A sea-basin approach will be a major first step.

GSO C is active in a country where offshore wind has matured. Different windfarms are operational or
under construction. Aside from some incidental expert advice, its involvement has been limited. At some
point after pre-development was completed, detailed field surveys show that a geohazard causes
complications. Both government and industry turn to GSO C, known as the national authority on
subsurface structure and composition. GSO C maps and explains the geohazard, predicting its spatial
heterogeneity and defining mitigation measures. By demonstrating its added value (small cost, large
benefit), GSO C demonstrates that a national authority on seabed and subsurface should not be
overlooked. Lesson: fully engage with government and industry, emphasising the need for knowledge
of GSOs even when not consulted commercially or when acting in a subsidiary role.

These experiences demonstrate the need to provide better knowledge, products, and service than
competitors, and to show the capability to do so. Obviously, a less experienced GSO should learn from
more experienced GSOs. Even the most experienced GSOs, however, can still improve within a fertile
GSEU network that enables work in different marine environmental settings. Three steps, relevant to
offshore wind and coastal vulnerability, need to be taken:

e jointly developing state-of-the-art standards and protocols

e documenting and sharing lessons learned (positives and negatives)

e using EGDI to share knowledge and show the added value of joint, pan-European data

products.
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4. Upgrading the EGDI Platform

For more than a decade, the EGDI portal has been the engine delivering geological data and information
to EMODnet. It has proven its value as a useful instrument and platform, but visualisation and other use
by non-geologists especially has also shown that there is room for improvement. Although many of the
current shortcomings are associated with the generic nature of most marine geological data products
(they are not fit-for-purpose), some are specific to limitations of the controlled vocabularies that have
been used, or with functionality of the EGDI portal itself.

Building on EMODnet's foundation of marine data and information, WP5 of GSEU will develop
prototypes for a new set of products that can be applied directly by end users in offshore wind and
coastal vulnerability. Through EGDI, it will be possible to connect this new generation of marine products
to terrestrial geology. This connection is needed to explain and predict features and processes taking
place at the land-sea boundary. By feeding the WP5 data products back into EMODnet, they can also
be used in the interdisciplinary context that is needed for informed decision-making in the marine realm.

Fifteen years of cooperation in EMODnet Geology has shown that harmonisation to common terms
defined under Europe’s INSPIRE Directive improves the uniformity of pan-European marine maps made
by GSOs. It has also demonstrated several deficiencies of the current INSPIRE standards for geological
attributes. Some of these standards complicate the present and required INSPIRE-compliant
classification process because they do not have enough granularity — degree of subdivision — for key
seabed characteristics. Others miss the complete relational structure of terms that is needed to create
data products able to address pan-European to regional scales.

A fully relational classification of mapped features makes it easier to simplify maps and legends as the
scale increases (Fig. 10). Maps currently shown are not scalable onscreen, meaning that each data
product can be viewed by users at any zoom level. GSOs need to start thinking about linking maps to
specific zoom ranges to improve clarity and increase flexibility for end users and stakeholders. The scale
at which a map or other dataset can be used must be intuitively clear. By using the highest level of
hierarchy for pan-European maps and lower levels of hierarchy for regional maps marked by less
variability, the number of legend units shown is optimised to ensure legibility. Working with dynamic
legends, for which EGDI has developed a prototype, is especially important in geology.

To promote adoptability, vectorised data (shapefiles) should be delivered together with rasterised data.
One of the main challenges will be setting up a layer module allowing users to analyse subsurface
landscapes in lateral as well as vertical space. Vertically stacked layer sequences are rarely a layer
cake of horizontal units with uniform thickness. Recently developed 2.5D functionality within EGDI will
become a key element of decision-support modules that can be incorporated into interdisciplinary policy
instruments.
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Figure 10. Full-coverage overview (left) versus partial-coverage detailed (right) maps show the added
value of both, depending on the intended scale of application. The full-coverage product enables
transnational to pan-European analysis, the partial-coverage products highlight data gaps and can be

used for local to national spatial evaluation.

Other WP5 components in EGDI will include:

¢ yellow pages for GSOs, GSO departments, and GSO personnel (who is who in offshore wind

and coastal vulnerability)
e standards and protocols
e use cases and lessons learned.
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5. Conclusions and Recommendations

Up until now, data, information, and knowledge of GSOs has not been used to its fullest potential in
questions related to two of Europe’s most urgent marine issues: offshore wind and coastal vulnerability.
To change this, geological data and information must become both FAIR and tailor-made. By working
together in GSEU on data products that are easily incorporated in multidisciplinary platforms, especially
EMODnet in its role to support the EU’s integrated maritime policy, GSOs have an opportunity to become
more relevant to the broader community.

The results of the GSEU T5.3 inventory give rise to the following recommendations to make this happen:

e integrate and optimise two platforms: EMODnet Geology (ensuring thematic interdisciplinarity
in the analysis of marine basins) and EGDI (connecting the geology of land and sea)

e strengthen the GSO network, following parallel sea-basin and pan-European approaches and
making sure that there is enough to be gained for frontrunners and followers alike

e strengthen interdisciplinary networks that offer the chance to work on spatial planning as well
as integrated marine and coastal management

¢ publish on offshore wind and coastal vulnerability for better visibility and more impact

e accelerate the development and use of new standards, protocols an tools such as machine
learning to create and update increasingly flexible output quickly and frequently.
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