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Executive summary

This report provides a comprehensive analysis and evaluation of the current state-of-the art in
available evidence and science concerning the economic, social, and ecological impacts of off-
shore wind farms (OWF) and floating offshore wind farms (FLOW) on fisheries in the Baltic Sea,
Celtic Seas, and Greater North Sea. It describes the observed and potential economic, social,
ecological and cumulative impacts of OWF and FLOW, with a focus on the scope of the existing
evidence base, data and methods to assess impacts, and mitigation options to avoid or reduce
unwanted impacts. Overall, the workshop to compile evidence on the impacts of offshore re-
newable energy on fisheries and marine ecosystems (WKCOMPORE) highlights the need for
additional high-resolution data, comprehensive assessments, and stakeholder involvement to
better understand and mitigate the impacts of OWF and FLOW on fisheries and marine ecosys-
tems. Specific ‘key findings” arising from WKCOMPORE include:

Economic and Social Impacts:

e The assessment of economic and social impacts of OWF and FLOW requires high-resolution
data on vessel positions, fisheries catch and effort, fisheries economics, and social data. How-
ever, existing data are often insufficiently detailed and not well-linked, making comprehen-
sive impact assessments a challenge.

e Both ex-ante (before) and ex-post (after) methods are used to assess these impacts. Studies
have shown that OWF and FLOW can negatively affect income, fishing grounds, catching
opportunities, and operating costs. It was concluded there are generally more studies report-
ing on negative impacts than positive benefits.

o Context factors such as the type of OWF and FLOW, development phase, and adaptive ca-
pacity of fisheries influence the nature and magnitude of impacts. No studies were found on
trade-offs between economic impacts on fisheries and OWF and FLOW.

Ecological Impacts (benthos and higher trophic levels):

e OWF and FLOW development phases have known or predicted local impacts on commer-
cially fished species, but no population-level assessments were identified. The requirements
for such analyses are, however, described.

e Assessing the potential impact of offshore wind farms (OWF) (fixed and floating) on com-
mercial species requires a detailed understanding on how related human operations and the
pressures they exert cause environmental effects leading to population-level impacts across
spatial and temporal scales.

¢ Combined pressures caused by OWFs, climate change and other human pressures give rise
to cumulative risks, demanding integrated environmental assessments such as cumulative
effects assessments (CEA) and multi-scale management strategies.

e  The trait-based framework (TAFOW) applied in the current study links OWF-induced state
changes to population characteristics and response traits, enabled species vulnerabilities to
all phases of OWF life cycle to be assessed.

e A total of 34 commercial species were assessed in the North Sea, Celtic Sea, and Baltic Sea,
using the TAFOW framework, which identified that sediment resuspension was likely to be
the most impactful state change, with highest vulnerabilities noted in the Celtic Sea driven
by changes in larval dispersal and predator-prey interactions.
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The present study revealed that from the 34 commercially most important fisheries resources
assessed; herring, great scallop, and monkfish are the most vulnerable species across the
three regions.

Trophic interactions and recruitment survival of fisheries resources are particularly vulner-
able to pressures that are exerted by operational OWEF.

It was concluded there is insufficient evidence to directly assess and quantify the effects of
OWF and FLOW on the Western Baltic herring stock, although there is no direct specific
evidence to suggest existing OWF sites are impacting Western Baltic herring stocks.

Baltic Proper harbour porpoise will likely be directly affected during all stages of offshore
renewable energy development, and especially by the introduction of underwater noise.
Given the aforementioned critically low population size, even moderate impacts are to be
avoided.

Cumulative Impacts:

WKCOMPORE evaluated existing methods and models with the potential to assess cumu-
lative impacts of OWF and FLOW. Some models and tools were deemed suitable or had
potential through further development to quantify cumulative impacts and test mitigation
options.

An important distinction is made between CEA models/ tools based on risk assessment
framework approaches which are useful in identifying ecosystem components in areas at
highest risk, from ecosystem models which can quantitatively assess the interactions be-
tween specific aspects of windfarm developments and fisheries in support of operational
management advice.

The models/ tools evaluated in the present study (in terms of their operational utility), clas-
sified as ecosystem models, offering the greatest utility to support operationally CEAs were;
VMStools, FishSET, Community Profiling Tools. DISPLACE, OSMOSE and EwE/ Ecospace.

The importance of developing case studies to demonstrate the practical application of avail-
able strategic risk-based assessment frameworks (such as BowTie, FEISA, ODEMM and
SCAIRM) should be linked explicitly with the outputs of quantitative (mechanistic) ecosys-
tem models where possible.

It was concluded there is no single CEA or ecosystem model/ tool available to provide a
comprehensive assessment of all component interactions at a social, economic and ecological
level, between windfarm developments and fisheries. The application of a combination of
CEA and ecosystem models/ tools is therefore recommended for assessment purposes.

The current study concluded the need to increase focus on exploring long time-series fisher-
ies and environmental data (>10 years) to better describe and understand the spatial/tem-
poral dynamics of core fishing areas and climate effects in response to offshore windfarms.

Hydrodynamic and Pelagic Ecological Effects: (foodweb, productivity and lower trophic levels):

Most commercial species with a pelagic life stage within an ecoregion will overlap in spatial
distribution with dynamic cables associated with OWF and FLOW throughout the time that
the cables are in the water column (construction, operation and decommissioning).

Interactions between species and cables leading to responses will relate to either direct en-
ergy emissions, physical effects and/or indirect ecological effects.

Only during OWF and FLOW operations will dynamic power cables create energy emissions
sufficient to represent potential stressors to commercial pelagic fisheries species.

ICES
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The timing of exposure to energy emissions will be determined by the operational charac-
teristics of the cables and the length of time that species use the pelagic environment around
dynamic power cables.

An approach to assess the impacts of dynamic power cables on commercial fish species is
proposed.

Turbines create atmospheric wakes, and underwater structures modify currents and strati-
fication. These changes affect primary production and support communities of filter feeders.

Offshore wind farms (OWFs) provide stepping stones for species dispersal across unsuitable
environments, benefiting both indigenous and non-indigenous species (NIS), especially ben-
thic species with long larval pelagic phases. However, the relative influence of OWFs com-
pared to other artificial substrates remains unclear. All NIS observations in OWFs had pre-
viously been reported from the region.

Floating OWFs are likely to harbour non-indigenous species (NIS) and facilitate their spread
through turbine transport between ports and wind farms. Evidence from similar structures
supports this, but direct studies on floating OWFs are lacking.

Impressed Current Cathodic Protection (ICCP) may enhance calcifying organism growth in
biofouling communities, with potential regional variations due to environmental factors.
Confidence in this effect is however low, as it lacks robust empirical support.

Galvanic Anode Cathodic protection (GACP) may impact biofouling communities through
metal toxicity effects, but confidence is low due to limited studies.

Elevated temperatures on cooling water pipes and dynamic cables in OWFs might influence
biofouling community composition and growth rates. However, evidence remains inconclu-
sive, and further studies of this pressure is required.

OWF sound pollution may impact biofouling organism behaviour, with variability across
species. The relationship between sound and invertebrate behaviour in OWFs is poorly un-
derstood, and its ecological significance remains uncertain.

Underwater structures can directly affect ocean dynamics by causing friction and flow ob-
struction. This increases turbulence, reduces current speed, and weakens water stratification
up to 400 meters behind the structures. Enhanced mixing induced by OWFs may increase
nutrient availability in the euphotic zone, promoting local phytoplankton production in the
near-field of the structures. This effect applies primarily to fixed-bottom foundations.

Reduced wind speeds within atmospheric wakes decrease wind-driven currents and ocean
mixing, strengthening water stratification on scales up to 100 km away from the OWFs.
Large wind farms create vertical circulation patterns (upwelling and downwelling). This can
increase primary production around and decrease it inside wind farm areas.

The currently planned OWF installation in the North Sea can induce changes in hydro-
graphic conditions that might alter spatial and temporal dynamics in the marine ecosystems.
In a published model scenario considering the installation of 120GW in the North Sea, local
ecosystem changes could reach up to 10% not only at the OWF side but on a regional scale.

Mitigation measures Maritime Spatial Planning (MSP):

Maritime (or Marine) Spatial Planning (MSP) provides a way to allocate areas to OWF &
FLOW and other human activities, and through subordinate planning processes, instru-
ments and supporting procedures contribute to the identification and implementation of
management measures, including mitigation options.

vii
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e Multi-use and co-use approaches seek to enable co-existence between users and activities.

e Stakeholder involvement, engagement and co-design help enable development of mitigation
options that are technically, economically, politically, socially and ecologically feasible, and
supported, or at least accepted, by stakeholders.
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Summary

1.1 Introduction to the special request from the European Com-
mission, DGMARE

Offshore wind energy has become one of the main energy sources in Europe, helping to achieve green-
house gas emissions reduction ambitions and to reduce the regions dependency on imported fossil
fuels. In 2023, nine European countries (e.g. Belgium, Denmark, France, Germany, Ireland, Luxem-
bourg, the Netherlands, Norway and the United Kingdom) signed the Ostend declaration. This decla-
ration made a commitment to achieving offshore wind capacity targets of 120 GW in 2030 and 300 GW
in 2050. The intention of achieving the 2030 target requires an accelerated speed of building offshore
wind farm developments approximately 6 times greater than those undertaken to date (about 13
GW/year compared to 2.2 GW/year)!. The importance of advancing this energy commitment, whilst
balancing the ecological integrity and carrying capacity of the seas with the adoption of “no significant
harm”, requires an increased understanding of — cumulative — environmental, and socio-economic im-
pacts of offshore wind. In the EU Offshore Renewable Energy Strategy? the EC acknowledges the need for
a long-term framework that promotes a sound coexistence between offshore renewable energy instal-
lations and other uses of the sea space while contributing to the protection of the environment and
biodiversity.

The workshop to compile evidence on the impacts of offshore renewable energy on fisheries and marine
ecosystems (WKCOMPORE) was set in response to a request to ICES on the socio-economic impacts of
Offshore Renewable Energy (ORE) on fisheries and methodologies to model (cumulative) impacts in
the Celtic Sea, Greater North Sea and Baltic Sea (ICES ecoregions).

The main objective of the request to ICES is to understand better the socio-economic impacts of large-
scale ORE developments on the fisheries sector. The focus of the advice is on bottom-fixed offshore
wind devices but evidence from floating wind and ocean energy (tidal, wave, etc.) can be considered
where necessary.

More specifically, the request aims to address the following questions:

a) Assess data and resources available for the analysis of the economic? and social* impacts of
ORE developments on the fisheries sector. On that basis:

b) Summarise the known and projected economic and social impacts of existing and planned off-
shore renewable developments (on fisheries, at métier and fleet levels). Trade-offs between neg-
ative economic impacts on fisheries and positive economic impacts of the ORE sector should
be considered.

c) Describe sources of information available, methods that may be applied, and further data and
information required, to address the economic and social impacts of ORE on fishers.

1TEA Wind 2023, iea-wind.org/wp-content/uploads/2024/11/EC WE 2023.pdf and WindEurope 2024 Latest wind energy data for
Europe: Autumn 2024 | WindEurope

2 EU Offshore Renewable Energy Strategy, https://ec.europa.eu/commission/presscorner/detail/en/ip 20 2096
3 Focusing on economic impacts on fishers

4 Identify priority impacts, but focus the assessment on employment of fishers
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d) Summarize the known ecological impacts of ORE developments and their intensity (severe,
medium, limited, unknown) on main commercial fish species® for the areas listed above and at
population levels (positive and negative impacts) looking at the different phases of ORE devel-
opment (survey, construction, operation, decommissioning). A specific case study on the effects
on recruitment of western Baltic herring and of the effects on harbour porpoises should be de-
veloped.

e) Provide recommendations for next steps to define methodologies to model cumulative impacts
of offshore wind on commercial fisheries (temporary, permanent) and the possibility to adopt
mitigation measures.

f) Provide a review, based on the most recent literature, to describe how changes on hydrody-
namic conditions produced by ORE may change the food availability to filter-feeders and in-
fluence phytoplankton primary production.

g) Provide a review, based on the most recent literature, of the ways artificial structures could
influence the colonization of new areas by species, both indigenous and non-indigenous spe-
cies. Based on data available for other structures (e.g. oil & gas), also from other locations (e.g.
US), extrapolate how this colonization will affect ORE developments.

h) Provide a review, based on the most recent literature, of the ways in which pelagic species
(especially commercial fish species) may react to dynamic cables suspended in the water col-
umn (floating wind).

i) List options for mitigation measures, good practices, and spatial planning for ORE develop-
ments and assess their strengths, weaknesses, implications and uncertainties. List priorities for
research and monitoring related to these options.

1.2 Process to address the special request and structure of the
WKCOMPORE report

The process to coordinate ICES expert group and scientist input to address these questions required
organising the request into three parts, namely:

Part 1: Economic and social impacts of ORE on fisheries (questions a, b, & c of the request, ToR a.i.i and
a.i.ii of WKCOMPORE)

Part 2: Cumulative impacts assessment methods of ORE and mitigation measures (questions e & i of
the request and ToRs a.v.i. and a.vii of WKCOMPORE)

Part 3: Review of the ecological, hydrographic, fisheries and select species impacts of ORE develop-
ments (questions d, f, g, & h of the request and ToR a.ii, a.iii, a.iv, a.v of WKCOMPORE).

For each part, the ICES Working Groups with expertise to address each term of reference (ToR) were
identified and a number of intersessional meetings and/or workshops were held to address the various
questions of the request.

WKCOMPORE was established to review, merge and consolidate the work undertaken by the three
sub-groups addressing each part of the request, and to compile the present report. The report is there-
fore organised into three major parts (as defined above), with the response to each ToR forming a major
section within each part. Most of the sections addressing the ToRs start with short statements and
summaries of (i) confidence in the response/ evidence, (ii). key findings/ conclusions, (iii) data gaps and
research needs, and (iv) recommendations.

5 species included in the ICES advice on list of Descriptor 3 species to support reporting by EU Member States under MSFD
Article 17 (https://doi.org/10.17895/ices.advice.21332967

ICES
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1.3 Terms of Reference for WKCOMPORE

WKCOMPORE met and prepared this report under the following terms of reference:

WKCOMPORE - Workshop to compile evidence on the impacts of offshore renewable energy on
fisheries and marine ecosystems.

The workshop to compile evidence on the impacts of offshore renewable energy on fisheries and ma-
rine ecosystems (WKCOMPORE), chaired by Andreas Kannen (Germany), Jan Vanaverbeke (Bel-
gium), Katell Hamon (Netherlands), will meet in Copenhagen, Denmark, 3- 7 February 2025.
WKCOMPORE will use the outputs of the ICES ORE Part One, Part Two and Part Three groups® as
the primary sources of material to address the following:

a. To review, summarise and compile evidence on the impacts of offshore renewable energy
(ORE) on fisheries and marine ecosystems’ to address the following topics (Science Plan
codes: 2.1,2.2,2.7,7.3):

i.  The data and resources available for the analysis of the economic and social impacts of
ORE developments on the fisheries sector, and on that basis:

i.  Summarise the known and projected economic and social impacts of existing and
planned offshore renewable developments (on fisheries, at métier and fleet levels).
Potential trade-offs between negative economic impacts on fisheries and positive eco-
nomic impacts of the ORE sector should be considered;

ii. ~ Summarise the sources of information available, methods that may be applied, and
further data and information required, to address the economic and social impacts of
ORE on fishers;

ii. =~ The known ecological impacts of ORE developments and their intensity (severe, medium,
limited, unknown) on main commerecial fish species for the areas listed above and at pop-
ulation levels (positive and negative impacts) looking at the different phases of ORE de-
velopment (survey, construction, operation, decommissioning). A specific case study on
the effects on recruitment of western Baltic herring and of the effects on harbour por-
poises should be developed;

iii. =~ How changes on hydrodynamic conditions produced by ORE may change the food avail-
ability to filter-feeders and influence phytoplankton primary production;

iv.  The ways artificial structures could influence the colonization of new areas by species,
both indigenous and non-indigenous species. Based on data available for other structures
(e.g. oil & gas), and from other locations (e.g. US);

v.  The ways in which pelagic species (especially commercial fish species) may react to dy-
namic cables suspended in the water column (floating wind);

vi.  Recommendations for next steps to define methodologies to model cumulative impacts of
offshore wind on commerecial fisheries (temporary, permanent) and the possibility to
adopt mitigation measures;

vii.  Options for mitigation measures, good practices, and spatial planning for ORE develop-
ments and their strengths, weaknesses, implications and uncertainties. Priorities for re-
search and monitoring related to these options.

¢ The ‘Part’ groups developed expert reviews and analyses of the impacts of offshore renewable energy on fisheries and marine
ecosystems in 2024 and 2025. The Part One group addressed ToR ‘a’ i, the Part Two group addressed ToR ‘a’ vi & vii, and the
Part Three group addressed ToR ‘@’ ii, iii, iv, and v.

7 With a focus on the Celtic Sea, Greater North Sea and Baltic Sea ecoregions.
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b. To ensure, in the compilation to evidence described in ToR “@’, that the level of detail pre-
sented, data used, approaches taken, treatment of knowledge gaps and uncertainty, conclu-
sions drawn, and references to evidence are, as far as possible, consistent.

c. Toidentify and report on recommendations and future work required to help address areas
of uncertainty, data quality/ availability and the implementation of ORE applicable assess-
ment methods.

1.4 Acknowledgements

WKCOMPORE would like to acknowledge the contributions of the following experts to the literature
review in part 1; Samuel Arfwedson, Cecilia Axelsson, Helene Buchholzer, Gisela Costa, Richard Cur-
tin, Geret DePiper, Sophie Leonardi, Karyn Morrissey, Bard Misund, Emily Ogier, Hans van Oost-
enbrugg, Lisa Pfeiffer, Steven Rust, Andrew Scheld, Olivier Thebaud, Eric Thunberg, and Xiurou Wu.

The authors acknowledge ChatGPT was utilised while writing the summary page (3.4.1-4). All other
chapters were written solely by the authors.
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PART 1

Economic and social impacts of ORE on fisheries

This section addresses WKCOMPORE ToRs a.i and a.i.ii (see Section 1.3) that provide the scientific
basis to answer request questions a), b) and c) (see Section 1.1):

a) Assess data and resources available for the analysis of the economic and social impacts of ORE de-
velopments on the fisheries sector and on that basis.

b) Summarise the known and projected economic impacts of existing and planned offshore renewable
developments (on fisheries, at metier and fleet levels)

c) Describe sources of information available, methods that may be applied, and further data and infor-
mation required, to address the social impacts of ORE on fishers.
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2.1 ToR a.i.i. Summarise the known and projected economic

and social impacts of existing and planned offshore renew-
able developments (on fisheries, at métier and fleet levels).
Trade-offs between negative economic impacts on fisheries
and positive economic impacts of the ORE sector should be
considered.

2.1.1 Confidence in the evidence and assessment

Assessing the socioeconomic impacts of ORE on fisheries is challenging because of the interconnected-
ness of the fishery system components and drivers of change (see figures 2.1 and 2.2). To date not a lot
of research has been done on impacts of ORE on fisheries (N=139, of which 47 were empirical studies
and kept for analysis). From these, 12 impacts were identified, 5 direct and 7 indirect, most of them
resulting in a deterioration of the situation for fisheries. Full details of literature review are available in
section 2.3.

Changes in the productivity of fishing might result from changes in fish resources (which will be diffi-
cult to track, given that both traditional data collection methods will change, and that ORE infrastruc-
ture may affect fish resources) and from changes in fishing practices in response to the constraints im-
posed on fishing activities by ORE exploitation. These changes may affect both the costs and the earn-
ings of fishing, leading to changes in profits and wages in the fishing industry. Additional costs may
also be incurred by fishing companies, such as higher insurance costs for fishing in/close to ORE areas.
The changes will have downstream effects on the supply chain, including first sale of fish and pro-
cessing industry.

Additional resources will be required to survey the fishing sector directly to better understand how
fishing operations are impacted, leading to changes in fishing practices and/or fishing location, and the
associated changes in costs, landings and revenues. Additional information will also be required on
how fishery responses are managed at local and regional levels (e.g. what access regulations favour or
hamper adaptation), as well as on the fisheries monitoring, evaluation and management costs, changes
in local infrastructure (e.g., processing plants) and port competition. Risks associated to changed fishing
practices, as well as health impacts, and cultural impacts in coastal communities should also be better
understood.

2.1.2 Key findings and conclusions

. The context of the ORE development is crucial to understanding the expected social and eco-
nomic impacts of ORE on fisheries. Context elements include the type of ORE, the operational
phase (survey, construction, operation or decommissioning), the rules and regulations set on
fisheries in the ORE as well as outside the ORE areas, the type of access to fishing (access to
specific gears, access to navigate through, or no access) and the historical fishing activities. Also,
fisheries are diverse and will thus be impacted differently (i.e. LSF vs. SSF, but also polyvalent
vs specialists).

J The ORE context directly affects the fisher's response to ORE development (ranging from con-
tinuing fishing as before to having to adapt by displacing their activity or changing their gear,
all the way to exiting the fishery) with subsequent economic, social and cultural impacts. A
review of existing studies shows that these direct effects are usually negative, regarding income,
access to fishing grounds, and catch opportunities, as well as operating costs.
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. For a complete understanding of the economic and social impacts, direct and indirect effects
must also be included in the assessment. Those include 1) ORE development’s impacts on the
ecological system that can affect the commercial fish stocks and their availability to fisheries
(negatively or positively), 2) further effects on land from the very local to international - ranging
from ancillary activities to the value chain and 3) cumulative effects of different ORE develop-
ment plans adding up to other spatial restrictions, climate change and policy and market
changes.

. Building ORE infrastructure at scale introduces a large number of changes to our seas that im-
pact the socio-ecological system at different temporal (short-vs long-term) and spatial (locally
or regionalized) scales, implying a need for trade-off analyses to account for such dynamic de-
velopments.

J There is a strong need for increased monitoring and research efforts dedicated to measuring the
economic and social impacts of ORE on fisheries, linking these to changes in the spatial structure
of fisheries and underlying fish resources and to the multiple effects on land (markets and com-
munities). Such monitoring and research is a prerequisite to robust assessments supporting ad-
vice in this area.

2.1.3 Data gaps and research needs

Key data gaps and research needs identified can be classified according to the scale of processes con-
sidered as key to determining the economic and social impacts of ORE on fisheries. Other data gaps
and gaps in knowledge are addressed in section 2.2. and section 2.3.

At the level of fishing operations:

e Fine-scale fisheries operation characterization, including studies on fishing behavioural
changes in response to the presence of ORE infrastructure for various project designs;

e Research on gear compatibility and modification studies;

e Risk to safety assessments (collision risks, radar interference, gear/cable interactions, ...).

Intra-annual (short-term):

e Evaluations of the impacts of ORE-related spatial restrictions on fishing on the spatial and tem-
poral patterns of fishing activities, catches and landings

e Evaluation of the short-term indirect effects of ORE developments resulting from these spatio-
temporal impacts and from the responses of the social-ecological system (conflicts with other
uses, short-term ecosystem responses such as local resource depletion, interactions with other
spatial constraints on fishing).

Inter-annual (medium-term):

e Evaluation of the medium-term indirect effects of ORE developments (conflicts with other uses,
medium-term ecosystem responses such as changes in the productivity and spatial structure of
fish resources, interactions with other spatial constraints on fishing), at both local (single ORE
development) and regional (multiple ORE developments) scales;

e Site-choice models to improve siting of ORE and mitigate the consequences of displac-
ing/changing fishing possibilities;

e Port-level analysis of economic impacts (competition for port space, number of and geographic
range of processors, ice houses, etc.);

e Evaluations of the medium-term impacts of changed fisheries for the downstream supply

chains;
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e Analysis of net economic outcomes for coastal communities (i.e., number of ORE jobs created
versus jobs lost in other sectors) for the lifetime of an ORE project;
e Evaluations of the impacts on fisher, community and societal wellbeing.

The above data and research needs should be addressed through the implementation of dedicated,
standardized and repeated surveys of the fishing sector and other industry and coastal stakeholders. It
is important to establish baselines for the current / recent situations of fisheries systems with respect to
the areas in which ORE are expected to develop, from an economic, social and cultural perspective. This
is particularly important with respect to small-scale fisheries which are likely to be strongly impacted.

2.1.4 Recommendations

The following recommendations were made by WKCOMPORE regarding this section:

. Work collaboratively with the fishing sector to develop and implement data collection systems
to improve understanding of changes in fishing behaviour, operations, costs, and overall well-
being

. Continue supporting efforts to bridge this information with spatially resolved data on fishing

activities (effort, catches and landings), so as to be able to connect observed changes in the eco-
nomic and social status of fishery systems with changes in the spatial structure of fishing activ-
ities. This can be done at the interface of work regarding ORE and other spatial management
questions.

. Support the development of tools for integrated scenario analysis to inform decisions regarding
the future development of ORE in European seas, allowing for the full consideration of social,
economic and cultural consequences for the fishing sector.

J Assess the need for establishing vessel passage corridors in areas where wind farms are in-
stalled, as reaching fishing zones often requires navigating large areas, making access distant
and costly.

ICES
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2.15 Social and economic impacts of ORE on fisheries are context specific

The context of the ORE development, and how fishers respond is crucial to understanding the expected
social and economic impacts of ORE on fisheries. Context elements of ORE include the type of ORE
(floating or fixed), the operational phase (survey, construction, operation or decommissioning), the
rules and regulations set on fisheries in and outside the ORE areas and the type of access for fishers
(access to specific gears, access to navigate through, or no access) (see Figure 2.1). Those elements de-
termine how fishers can respond and from that how they can be impacted directly and indirectly.

Development phase
*  Pre-construction
Construction
l *  Qperation
* Decommissioning

Offshore Wind

. 4
-

Context factors
+ Development phase
+ Types of access Types of access
* Types of offshore wind +  Access with existing gear (mobile / fixed)

+ Governance * Accesswith alternative gears
* Accessto navigate through

l * Noaccess

h 4

Fisher’s response
+ Continue fishing as before
+ Displace fishing I
+ Adapt gears
+ Stop fishing activity

Types of offshore wind
*  Fixed offshore wind farms (OWF)
*  Floating offshore wind farms (FLOW)
* Size and design of OWF or FLOW

l Governance
* Legislation
Economic and social impact «  Rules
on fisheries +  Planning

Figure 2.1: Factors determining the social and economic impact of ORE on fisheries
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Different contextual factors result in different impact for fishers

First of all, fisheries access can vary with stages of construction. Temporary exclusions may occur dur-
ing various pre-construction surveys and installation of turbines (e.g., 500m safety buffer).

Secondly, regulatory access to ORE sites during the operational phase varies by country; the UK and
the USA allow full access to operate fishing gear within an offshore wind array while the Netherlands,
for example, currently only allows experimental fishing commissioned by the government. These rules
on access define whether fishers are able to fish within, or navigate through, the site or not. If fishers
are still allowed to fish there, there might be no or only very low direct impact of ORE on fisheries.
However, there are safety concerns for bottom towed gear even if their use is allowed within an array
because of the risk of gear getting caught on a turbine or cable. Fishers may choose not to fish within
an array under poor weather conditions or if they have less experienced crew onboard. If they are not
allowed to fish in the ORE site, there will be direct economic impacts of reduced catches which typically
were caught in that site. In some cases, fishers might still be able to navigate through the ORE site. If
this is not allowed or conditions do not allow safe transit, they will also face extra costs to navigate
around the ORE site. For fisheries managed using effort controls, this may decrease time spent fishing
to compensate for increased transit time back to port.

Thirdly, the types of ORE and project design will matter. Floating or fixed turbines present different
challenges to fishing — anchor lines versus scour protection. Distance between turbines and whether
cables are buried may determine whether a vessel can tow gear within the array.

Fourthly, the process of designating space for ORE is organized in different ways, affecting the impact
on fishers in positive or negative ways. The involvement of fishers in the spatial planning of ORE can
vary by country. In the USA, a suitability model was developed to identify areas with minimal conflicts
for consideration of offshore wind energy development (NCCOS 2025). However, the fishing industry
continues to be concerned over the impacts of offshore wind on their operations and safety.

And lastly, it is important to consider impacts of specific ORE sites to be assessed in a context of other
spatial users, management measures and ecological changes. Fishers will continue to face the pressure
off ongoing and new spatial constraints from ORE resulting in cumulative social and economic impacts
that may strain the industry (ABPmer, 2022).

These complex interlinkages are also reflected in Figure 2.2. As part of an Integrated Ecosystem Assess-
ment, fishing industry members refined a conceptual model based on public comment about offshore
wind development in the Gulf of Maine (FishFIOW 2025).

ICES



ICES

WKCOMPORE 2025 |

Community
Macroeconomics)

Safety at Sea ¢.

Cost v
Identity &
Culture
Gear J ' Fishing
Constraints Livelihoods
/ Seafood A

4 Markets &

Production

i i Active
Offshore Wind Fishable Actiy
Development Area Fishing

Surveys &
Stock

Assessments Fisheries

Management

Decisions
a
g . Onshore

Infrastructure

Wind Development
Fisheries Management
Safety at Sea

Ecosystem ~

Fisheries Operations

Surveyable
Socioeconomic Area

Figure 2.2: Simplified conceptual model of the interactions of offshore wind with fish and fisheries developed based on public
comment from the fishing industry as part of an Integrated Ecosystem Assessment (ICES, 2021)

Responses of fishers depend on context and determine impact

Possible responses of fishers are:

continuing as before (co-existence/co-location),

continuing fishing, but being displaced (displacement with/without access to navigating
through),

continuing fishing but adapting their gear, (Gear adaptation) or,

stopping fishing.

The choices fishers make depends on the context of ORE (see Figure 2.1), their own circumstances (li-
censes, generational renewal, financial resources, type of vessel, vessel size, knowledge) and on other
developments (policy changes, market prices, other closures etc.).

Opportunities for co-existence or co-location or multi use as it also is called sometimes are often limited.
it is argued by industry as well as in published literature that some fisheries might be more likely to co-
locate (e.g. static gear) than others (e.g. mobile gear). Often fishers need to adapt their fishing practice
to be able to continue fishing in the area. The cost of adapting to continuously fishing in the ORE area
also depends on the layout and orientation of the wind turbines, whether clear corridors are made for
fisheries and cables are appropriately mapped and these maps are kept up-to-date, or even appropriate
cable protection measures (e.g. mats) used to avoid damages and collisions for both sectors. It thus does
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not only require adaptation of fishers, but also the ORE sector (ABPmer and MRAG 2023). It was high-
lighted in previous studies that for continuing fishing in the area, insurance costs and the process to get
insurance and permit for the fishing activity can be costly and therefore limit the potential of co-loca-
tion/co-existence (Marsh et al. 2022).

Thus, the main impact is that most fishers will need to adapt to where or how they fish, which has social
and economic consequences.

2.1.6 Research on interactions between ORE and fisheries

A systematic literature review was conducted by the ICES working groups WGECON and WGSOCIAL
as intersessional work for part 1, to better understand which direct impacts of ORE on fisheries have
been described so far.

Za oo

Using search terms such as “fisheries”, “offshore renewable energy”, “economic” and “social impact”
(in various forms — see detail in Section 2.3, literature review,), about 1,200 publications were initially
identified as potentially relevant. However, after screening the title and abstract, only 139 publications
remained which focused on the interaction of commercial fisheries and ORE from a social or economic
viewpoint. The full texts of the 139 publications were further analysed and 47 publications were iden-
tified which were used for detailed analysis.

The publications reviewed primarily analyse the fishery impacts of ORE in Europe (27 publications)
and North America (13 publications), with only few studies representing other continents. With respect
to marine ecoregions studied, 20 publications include case studies from the Greater North Sea area, 20
publications describe case studies outside the ICES ecoregions, and 16 publications focus on case stud-
ies in the Celtic Seas. Turning to fisheries analysed in the literature, Figure 2.3(a) shows that the most
common gear type analysed is static gears followed by bottom towed gears and pelagic towed gears.
Thus, the data represents several broad categories of gears. With regards to species groups, Figure 2.3(b)
shows the impact of ORE on shellfish fisheries is by far the most analysed species group with about
50% of the ORE analyses. Note that approximately 25% of the publications did not analyse a specific
gear type but rather summarized the local fisheries and do not specify further the type of gear or target
species.

a) b)
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Static gears Bottom towed gears Unclear/unknown Pelagic towed gears

Shelffish Unclear/Unknown Demersal Pelagic Cephalopods

Figure 2.3: a) Fishing gear and b) target species group analyzed empirically in the literature (see section 2.3 for detail)

Most of the papers study fixed offshore windfarms (14) only, while 4 papers study the impact of floating
windfarms on fisheries. Most papers (20), however, do not specify further what type of windfarm was
considered, while 5 study the impact of fixed and floating offshore wind simultaneously. Moreover,
most of the published impacts (21) were described at the planning stage, with 5 papers focusing on the
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impact of ORE on fisheries in the operating phase of the ORE, and 18 papers describing impacts of ORE
on fisheries in multiple phases of the ORE life cycle. Notably, there are no papers with a clear focus on
the decommissioning of the constructions.

2.1.7 Evidence of ORE impacts on fisheries

Direct impacts

Direct impacts on fisheries depend on the location (i.e., level of overlap with important fishing grounds)
and type of ORE development and regulations dictating fisheries access (see Figure 2.1) and of the sub-
sequent response of fishers.

Evidence from the systematic literature review shows that five direct impacts have been described thus
far: impacts on income, changes to fishing grounds, catch opportunities, fishing operation costs and
investment into technical gear adaptation measures (Figure 2.4). It was considered whether these were
described to have to improved, remained neutral or deteriorated, to understand the direction of the
impact of ORE on fisheries.

Income from fisheries activities (n=16) | 62% 19% I 19%
Changes to fishing grounds (n=27) | 59% 19% I 22%
Catch opportunities (n=27) | 52% 22% I 26%
Fishing/operating costs (n=14) | 43% 29% l 29%

Investment into technical/gear adaptation

measures (n=7) | 2% 43% 29%
100 50 0 50 100
Percentage
Response Deterioration Neutral . Improvement

Figure 2.4: Identified direct impacts of ORE on fisheries in the literature. The distribution for each dimension is presented with
“n” representing the number of studies analysing each of the dimensions, and whether the reported impact was an improvement,
a deterioration or a neutral impact of ORE on fisheries.

As shown in the figure, there is a clear trend that the papers categorize most direct effects as deteriorat-
ing for the fishery, with income, access to fishing grounds, and catch opportunities being the dimen-
sions with the highest shares of papers finding deterioration. Notably, these topics are commonly ana-
lysed in the literature with e.g. catch opportunities being analysed in 27 of the 47 papers. Since a large

13



14

ICES SCIENTIFIC REPORTS 7:45 |

share of studies concern static gears, which is the gear type potentially having access to ORE areas, the
negative impact found is interesting to highlight.

Indirect impacts

Indirect impacts of ORE on fisheries are not well understood. Changes to target species as a result of an
ORE site can occur, for instance if an ORE site is built on nursery grounds stocks can be negatively
affected, or ORE sites can function as de facto MPA'’s (if no fishing is allowed) resulting in possible pos-
itive effects on some species, potentially resulting in spillover effects (see section 3.2-3.5, ToR a-ii to a-v
for the ecological impact of ORE). The ability to detect these changes may be challenging if traditional
survey gear can no longer be safely deployed within an array, which can affect stock assessments and
fisheries management (Hogan et al. 2023). Changes in fishing effort patterns alter fishery dependent
data used in stock assessments, potentially further exacerbating impacts to management. The uncer-
tainty of the long-term effects on fish species can contribute to the degradation of mental health of fish-
ers.

Social and Cultural impacts

As seen above much of the evidenced direct impacts are economical. But it is important to consider that
impacts can also be social or cultural. In the ICES workshop WKSEIOWEFC (ICES, 2021) participants
brainstormed potential cultural impacts of ORE on fisheries by mapping with Mental modeller software
showing cause-effect relationships (Figure 2.5). The visual summary demonstrates the multiple factors
involved and how many are interdependent. Potential indirect impacts include knock on effects on
coastal communities affecting social cohesion, wellbeing and identity, depending on the reliance of
communities and wider industries on fisheries. From a social perspective, any social or economic as-
sessment of ORE impacts on the fisheries sector needs to also address the impacts on fishing communi-
ties associated with the effected fisheries. As fisheries social scientists would argue that fisheries com-
munities are dependent on and in need of healthy fishing stocks, but vice versa that healthy fishing
stocks are contingent upon the presence of healthy fisheries communities (Jentoft 2020).

Resilience and willingness to adapt as well as social capital are all aspects that play a role when as-
sessing cultural impacts of ORE on fisheries (ICES, 2021).
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Figure 2.5: Cause effect maps describing interrelationships between changes in fishing behaviour, OWF developments and cultural
impacts (Source: ICES 2021)
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2.1.8 Trade-offs between negative economic impacts on fisheries and
positive economic benefits provided by the ORE sector

To date there have been no studies done to evaluate the trade-offs between the negative economic im-
pacts on fisheries and positive economic benefits generated by the ORE sector. Work has been done on
how to perform a trade-off assessment in relation to ORE in the recent ICES workshop WKWIND. The
workshop is aligned with ICES' Roadmap for Offshore Renewable Energy, and it focuses on developing
guidelines to assess trade-offs between ORE developments and other sectors. For this purpose, a frame-
work was developed, making use of the Social-Ecological Systems (SES) approach (McGinnis & Ostrom,
2014; Ostrom, 2007) to set system boundaries and to identify key elements like governance, stakehold-
ers, and resources, along with their interactions (WKWIND; ICES, 2025).
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Figure 2.6: Conceptualization of the Social-Ecological Systems Framework (Source: McGinnis & Ostrom, 2014)
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The framework identifies the following elements: first- order and higher order effects, cumulative ef-
fects, transboundary considerations, life cycle aspects, vulnerability and risk and opportunity (see table
2.1).

Table 2.1 Elements in the framework for trade off assessments (Source: WKWIND; ICES, 2025)

Elements in the Explanation

framework for trade

off assessment

First-order and *First order effects are immediate, short-term effects, easier to assess: i.e. for fisheries: immediate re-

higher-order effects  duction in fishing activity affecting catches in the concerned area.

*Higher-order effects are wider changes, medium- long term, operating over ecological time scales and
often result from cumulative effects.: i.e. for fisheries: effects of displacement.

Cumulative effects Cumulative effects stem from the specific restrictions to space in combination with other impacts (other
ORE projects, MPAs, etc.) which constrain adaptation.

Transboundary con-  ORE development but also fisheries and ecosystems function at scales that transcend national and re-
siderations gional boundaries (i.e. global investors in ORE, ecosystems components).

Life cycle aspects ORE projects should be assessed as a whole, covering the different effects that will occur as the life cycle
of the projects develop (from pre/construction via operation to decommissioning). Each phase will have
different impacts on the ecosystem and other sectors.

Vulnerability Certain regions hold critical ecological, economic, and social significance. Constructing offshore renewa-
ble energy (ORE) infrastructure in ecologically sensitive zones—such as fish spawning grounds or habi-
tats supporting protected, threatened, or endangered species—could result in severe or irreversible
harm to biodiversity. Similarly, limiting access to key fishing zones, especially in areas lacking alternative
grounds, may disproportionately impact fisheries-dependent communities. To mitigate these risks,
trade-off evaluations must prioritize identifying ecologically, economically, or socially sensitive regions
during planning stages. This proactive approach ensures informed decision-making, minimizing the po-
tential for irreversible environmental degradation or socio-economic disruption.

Risk and opportunity  ORE development will induce permanent (or quasi-permanent) changes in marine ecosystems and the
associated social and economic systems at different levels. These effects are difficult to predict and as-
sess, because they are related to future conditions which cannot be fully anticipated in the present. Con-
sequently, trade-off assessment should incorporate an uncertainty dimension to account for this compo-
nent.
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2.2 ToR a.i.ii. Summarise the sources of information available,
methods that may be applied, and further data and infor-
mation required, to address the economic and social im-
pacts of ORE on fishers

This section presents a non-exhaustive account of the accessible sources of data (EU DCF, ICES and
other datacalls) that could be used for the assessment of the social and economic impacts of ORE on
European fisheries. A deeper analysis of these data will be required to determine if aggregation levels
will fit the specific purposes of the impacts assessment and required spatial and temporal scales. The
data needed will depend on the methods and research design, both of which will determine the infor-
mation, data needs and availability.

Section 2.2.8 introduces the key research designs, data and methodological approaches that are cur-
rently been used in the social science literature. Assessing the social and economic impacts of offshore
renewable energy (ORE) on fisheries requires a multifaceted approach that integrates a variety of re-
search designs, data types and sources, and methodological approaches.

We split the data available for analysis of social and economic impact of ORE on fisheries in five broad
categories:

i Fisheries spatial data

ii. Fisheries catch and effort data

iii. Fisheries economic data

iv. Fisheries social data

V. Offshore renewable energy developments data

For each of the categories, we describe the data currently available, and the challenges associated with
the current data. Fisheries commercial activity dependent data collection is legally requested and coor-
dinated by European Data Collection Framework or national Data Collection Frameworks (e.g. UK
https://www.gov.uk/guidance/data-collection-framework). These Data Collection Frameworks provide
legal data provision requirements, coordinate and standardize the data required from industrial fisher-
ies activities (section 2.2.6). In addition to these data sources, there is also ad hoc social data collection
(see section 2.2.6.4).

2.2.1 Fishing vessel spatial data

Fishing vessel positional data provides information on fishing vessel position and time. The sources of
Vessel Positional data (VPD) are the VMS for Large Scale Fisheries (>12 m loa), iVMS for Small Scale
Fisheries and AIS data.

VMS - inshore-VMS (local regulations)

VMS data generally includes information on GPS position, vessel speed and bearing. Limitations of
VMS data include the temporal resolution of data (can be 1 -2 hours between pings) VMS data is used
for vessel monitoring control and surveillance purposes. All fishing vessels above 12 meters of length
(above 15 meters length until 2012) provide geographical position data via satellite to a central receiving
station every two hours. The VMS data contain, in addition to the position information (longitude and
latitude), the direction and speed of the vessel at the time of data transmission. However, the VMS data
do not contain any information about the activity (e.g., fishing or steaming) at the time of the report.
(WKSSFGEQ2, 2023).
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Automatic Identification System (AIS) contains similar information as VMS but has a higher frequency
(1-2 seconds). Its main purpose is to prevent collisions between vessels. Due to the high temporal reso-
lution, it is suitable for analysing fishing operation in detail (e.g. length of gill nets) or areal use in
dendritic landscapes like the Wadden Sea. Though AIS is mandatory for vessels above 15 m, not all
areas are covered since a terrestrial receiver is needed within range to store AIS data (except for satellite
AIS). For more information, see WGSFD report (ICES, 2022).

Use and limitations

To run a spatial analysis of fishing activities, spatial data such as VMS and AIS are necessary. While
both VMS and AIS have limitations in the coverage of the fleets (VMS is for vessels >12m, AIS data can
be patchy if transmitter is set to low), they usually allow for fine analysis of the fishing activity when
available. Due to the frequency of the pings, AIS is deemed more suitable for smaller areas while VMS
is sufficient for larger areas (ideally a vessel should not have the time to go from one side of an area to
the other between two consecutive pings without a single ping falling in the area).

The main limitation for use of VMS data is that they are held at National levels and that raw data cannot
be made publicly available for confidentiality reasons. As a result, analysis done at international level
requires a specific datacall, following a standardized script. Examples are shown in section 2.2.7 (ICES
VMS and logbook datacall) and section 2.5 (GNSBI). Only aggregated datasets are publicly available.

2.2.2 Fisheries catch and effort data

Fisheries catch and effort data are collected in the form of logbook. In addition to the information col-
lected in the logbook, prices based on sales notes are used to calculate the value of the catch and addi-
tional vessel characteristics are added.

Fishing logbooks provide catch data. These only have to be filled in by vessels longer than 10 meters,
or longer than 8 meters in most parts of the Baltic Sea. In the logbooks, some gear information is speci-
fied, including mesh size and selection devices. The implementation is different among EU MS (and
gear types), in some cases the logbook needs to be specified by haul, in others by day and main ICES
rectangle.

Logbook data contains some spatial information on fishing activity, such as ICES rectangle and the
start/stop position of hauls. Unlike spatial information from VMS and AIS data, the registration of rec-
tangle and start/stop times/positions requires manual input from the fishers and might be gear specific.

Similarly to vessel positional vessels, logbook raw data cannot be made publicly available for confiden-
tiality reasons. Aggregated datasets are available on STECF website (see section 2.2.6), official fisheries
dependant data calls), and in ICES RDBES database (see section 2.2.7). However, neither database is
fully available for research and access to a full data set is constrained to an approval procedure by the
different countries for every single request. This can lead to delays in access to the data and, in the worst
cases, denial of access.

2.23 Fisheries economic data

Openly available economic data for fisheries is collected annually by EU Member States (MS) and pub-
lished in the STECF Annual Economic Report (AER; https://stecf.ec.europa.eu/data-dissemination_en )
by country, fleet segment, supra region, vessel length and main gear used (see section 2.2.6.4, annual
economic reports). While robust at fleet level, this revenue and cost data is difficult to match with spatial
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data for the placement of ORE. While the exact location of a specific ORE construction is known in
detail, fishing revenues and costs for that location are not. To match the resolution of cost and revenue
data with ORE locations it is necessary to disaggregate the data.

The WGECON (ICES, 2021) discusses several approaches to disaggregate economic data to lower di-
mensions or allocate them to specific regions. An example highlighted is the STECF AER approach
using effort or value of landings to allocate aggregate costs to different sea regions. While this approach
is easy to implement, WGECON points out that “Allocation of costs to fishing regions using effort and
revenues (value of landings) from different ICES areas might shift profit towards regions will lower
effort and higher value of landings, while in reality the cost structure of fishing fleets in both regions is
different.” The WKTRADE4 provides details on how the AER data could be combined with fisheries
dependent information (FDI) to create economic indicators at a finer geographical scale. The
WKTRADE4 report states that following their stepwise data matching “GVA (Gross Value Added) and
Gross profit calculated from the AER data could be disaggregated out on finer spatial scale (to the ICES
0.05 degree c-square grid) and fishing effort by métier (EU DCF level 6).”. The WKTRADE4 agreed that
the most appropriate variables for spatial analyses are GVA and Gross profit. However, these indicators
could be complemented in several ways depending on the topic of interest and data availability.

If detailed catch data is available (e.g. at member state level) revenues can be calculated based on avail-

able catch data from the ORE area combined with sales notes or average prices per species provided by
e.g. the European Market Observatory for fisheries and aquaculture products (EUMOFA; www.eu-
mofa.eu). The capacity to attribute catches at scales at which ORE areas are designated remains a chal-
lenge in many cases. Fishing cost items are also difficult to match with actual fishing in a small area
since data is usually only available aggregated by fleet segment, and for many cost components, at an
annual scale.

Focusing on the broader impacts of ORE on fishing regions or fishing communities, an observation is
that the economic data in the AER (as well as landing and effort data) is not reported by port but is
aggregated by DCF fleet segment, by species or by FAO area. To allocate economic activities such as
landings to ports these must be requested from member states directly or extracted/requested from the
Regional Data Bases (RDBs) (WGECON, 2021). The WGECON report points out that “Identification of
the ports of landings/first sales markets could also open another way to explore economy of fishing fleet
though money flows to specific terrestrial regions within countries.” When analyzing the economic im-
portance of local and regional fishing concepts such as multiplier effects are of importance to show how
the fishing sector affects other sectors in the economy such as the processing industry. Multipliers for
fisheries are generally not available but could be calculated using Input-Output tables.

2.24 Fisheries social data: (indicators, profiles and mapping fishing com-
munities)

In accordance with Regulation No 2017/1004, the EU multiannual program for the collection of fisheries
and aquaculture data introduced the collection of social variables for the EU fishing fleet under the Data
Collection Framework. Since then, 5 variables are collected in all EU member states: nr fishers by fleet,
nationality, age, education, and gender. The STECF Expert Working Group on social data have dis-
cussed the collection of more social variables for several years. In 2024 it was decided that 12 new social
indicators were to be collected.

The new social indicators are:

1. Financial position: compare average net income (self-employed / employee) with national
averages

2. Nr of fishers in trade unions per fishing fleet

3.  Working conditions: minimum crew required per vessel
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Working conditions: mandatory safety training
Working conditions: time away from home (DAS)
Working conditions: time away from home (nr of trips)

N o U

Working conditions: financial security: average wage in comparison with national mini-

mum wage

o

% of sea allocated to other uses

9. Level of professionalization: nr of years working as fisher

10. Nr of people entering the fishing industry — Nr of people enrolled and graduated in man-
datory safety training

11. Nr of people entering the fishing industry — Nr of people enrolled and graduated in fish-

eries vocational training

12. Nr of people entering the fishing industry — Nr of new entrants in the vessel register

These are expected to be available from 2025 onwards. The STECF EWG will report on these by the end
of 2025 in a separate Annual Social Report (comparable to the AER). It will also make use of the recently
developed variables.

There are also National Fisheries Profiles (14 currently under review) and the first Community Profiles
(approximately 6 developed in France and the Netherlands). The community profiles will be further
piloted the next couple of years, thus are not widely available as of yet. The two profiles provide im-
portant sources of data that are collected at country (MS) and community levels.

The national fisheries profiles can be a useful tool as they will provide a brief description of some salient
social, institutional and legal elements for MS, can help interpret collected social data, allow to compare
fisheries sectors among MS, allow for analyses of the respective fisheries for trends as well as for change,
and serve as a background document for a Social Impact Analysis (SIA) of fisheries (STECF 2023).

Ports as proxies for fishing communities

In 2019, ICES WGSOCIAL together with WGECON started to map fishing communities by making use
of landing ports as proxy. The method developed was first applied in the Celtic Seas and North Sea
Ecosystem Overviews. Using fishing ports as proxies, this method links socio-economic indicators (e.g.,
landings value) to communities, and once identified other social, demographic and economic indicators
can be developed that help understand the importance of fishing for society. Identification of the fishing
communities helps understand the economic flows to specific coastal regions within countries. In addi-
tion, the data could be also used to estimate the dependency on specific commercial stocks and the
vulnerability of fishing communities in different regions (e.g. hake in Celeiro or swordfish in A Guarda,
both in Galicia, NW Spain). This methodology could be further elaborated and tested by ICES. While
landing ports are used as a proxy for fishing communities, they do not capture their full meaning and
have a number of limitations. in some fisheries, landing sites are not places where the fleet is registered
or is “at home” (e.g. the Swedish pelagic fisheries landing in Skagen port in Denmark). A further limi-
tation of the methodology is that the data used comes from the (RDB(ES)) with Logbook data and VMS,
which does not portray the small scale fleets accurately as logbooks are not mandatory for vessels under
10 meters in length, and VMS was not required for vessels under 12 meters in length (CEC, 2009), yet
landings by small-scale fisheries, can play a pivotal role in the economic and social pillars of fisheries
communities. The interpretation of the data requires understanding that fishing ports with small or
sporadic landings volumes may in fact hold substantial contributions to the viability of geographically
isolated fishing communities with long-standing traditions and cultural heritage.
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2.2.5 Offshore renewable energy developments data

Understanding the extent, nature, precise location and stage (pre-construction, development, operation
and decommissioning phases) of offshore renewable energy developments is essential in order to effec-
tively assess the impacts and trade-offs of ORE on other marine resources and users in the marine en-
vironment. There are essentially two principal sources of accessible data to the public, beyond detailed
information held by national planning authorities. The most up-to-date and accurate information is
commercially available from an energy data company called TGS which hosts the 4C offshore database
platform (4coffshore.com), which includes data on all stages of windfarm developments including cable
and seabed infrastructure types and locations. However, one of the most accessible and freely available
sources of information and data on offshore windfarm developments can be obtained from the Euro-
pean Marine Observation and data network (EMODnet), by accessing the European Atlas of the Seas
(ec.europa.eu). The EMODnet ‘human activities’ data layer has polygons depicting windfarm devel-
opments at different stage of planning and operations. For example, Figure 2.7 shows polygon data for
windfarm locations which are categorised as either; (i) approved sites, (i) decommissioned, (iii)
planned, (iv) operational, (vii) test sites and, (viii) under construction. It can be clearly seen from Figure
2.7 that the greatest number and spatial extent of windfarm sites are at the planning stage (grey poly-
gons), followed by sites that have been approved (blue polygons), sites which are operational (orange
polygons) and finally sites which are under construction (red polygons).

Figure 2.7. Map of offshore windfarm developments at different phases of planning and development. Grey polygons are
planned sites, blue are approved, orange are operational and red are under construction. Image captured from EMODnet Euro-
pean Atlas of the Seas GIS data viewer (ec.europa.eu).
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2.2.6 EU Fisheries data collection

2.2.6.1 EU Data Collection Framework Regulation
The Data Collection Framework Regulation® sets out the basic principles and the general rules on the
collection, management and use of data, in line with the CFP. It contains provisions on:

¢ the multiannual European Union programme and its implementation by Member States,

e the communication between the Commission and Member States through the national corre-
spondents,

e the role of regional coordination groups,

e the storage and sharing of data and

e the support of scientific advice.

Fisheries commercial activity dependent data collection is legally requested and coordinated by Euro-
pean Data Collection Framework or mnational Data Collection Frameworks (e.g. UK
https://www.gov.uk/guidance/data-collection-framework). These Data Collection Frameworks provide
legal data provision requirements, coordinate and standardize the data required from industrial fisher-
ies activities.

The data required by these Data Collection Frameworks is coordinated by national Fisheries Control
Agencies and are available for multiple reporting obligations. The data reporting obligations are estab-
lished by official organizations that required this information through official international datacalls.
The data submitted is used for advice provision, for management based on scientific evidence, or im-
plement management measures in these industrial fishing activities.

The results of these official datacalls are published as authoritative advisory data products (see figure
2.8). All these products follow an exhaustive peer reviewed and quality control process that ensure the
best data is available for assessment, evaluations and advisory processes.
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Figure 2.8. Fisheries data collection high level workflow.

2.2.6.2 Fisheries Dependent Information (FDI, STECF)
FDI is an EU data call on Fisheries Dependent Information, issued by DG MARE and processed by JRC.
The data call is for landings, discards, effort and fleet capacity, and contains information on vessel
length groups and gears. It also includes vessels without logbooks (<10 m) and the sources of the infor-
mation for those vessels are based on specific declarative forms, logbooks, sales notes or surveys.

The fisheries” dependent data can be obtained from the logbook data and national ports data collection
(e.g. landing information, sales notes).

8 Regulation (EU) 2017/1004; https://dcf.ec.europa.eu/general-information/current-legislation_en
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2.2.6.3  Annual Economic Report (AER, STECF)
The collection of fisheries social and economic data in the context of the DCF is conducted by EU Mem-
ber States through the implementation of annual sampling programs, which are delineated in National
Work Plans. This data is furnished in accordance with the provisions stipulated in Regulation
2017/1004, in alignment with Commission Decision (EU) 2016/1251. A comprehensive inventory of data
requirements can be accessed on the designated Data Collection website.

Member States provide socio-economic data on an annual basis aggregated by fleet segment according
to vessel length and main fishing gear applied as defined in the DCF regulation. The social and eco-
nomic data is supplemented with landings and fishing effort variables per fishing area and fishing
stocks (species). All social and economic data available from EU MS is disseminated through STECF
data dissemination tools and economic primary data is available online®.

The high level of aggregation for the economic and social data means that any analysis at a national
administrative level is not possible. The analysis of economic fleet segments by ecoregions is also lim-
ited as those are defined at North Atlantic Ocean supra-region level.

The availability of economic data differs between the access individual member states has to national
data and open data sources. This is illustrated in figure 2.9 below, from which can be noted that detailed
vessel data such as sales notes are at the country level. Although some data in the figure, e.g. logbooks,
is not strictly economic, this data is still important for calculating economic indicators.
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Figure 2.9. Data availability and issues related to open data sources (Source: WGECON: ICES, 2021).

Openly available economic data for fisheries is collected annually by EU Member States (MS) under EU
Regulation 2017/1004. This has led to the production of a steady annual flow of data on the costs and
earnings of fishing fleets, providing important understanding of the current economic status of the Eu-
ropean fishing industry and its evolution in response to changed ecological, economic and regulatory
circumstances. The full list of indicators reported by member states is defined in the Commission Del-
egated Decision (EU) 2021/1167 (Table 7). Items collected for revenues and costs are:

e Revenue

e Gross value of landings
e  Other income

e Costs

e Personnel costs

9 https://stecf.ec.europa.eu/data-dissemination_en
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e Value of unpaid labour

e Energy costs

e Repair and maintenance costs
e  Other variable costs

e  Other non-variable costs

The European Commission Decision of 25 February 2016 set up a Scientific, Technical and Economic
Committee for Fisheries, C(2016) to be consulted on any matter relating to marine and fisheries biology,
fishing gear technology, fisheries, economics, fisheries governance, ecosystem effects of fisheries, aqua-
culture or similar disciplines. In accordance with EU Regulation No 2017/1004, the EU multiannual
programme for the collection of fisheries and aquaculture data, introduced the collection of social var-
iables for the EU fishing fleet under the Data Collection Framework. Since 2017 the social data collected
are merely demographic (number of fishers by fleet, nationality, age, education and gender), In 2024 12
new social indicators were proposed (for summary, see section 2.2.4 fisheries social data).

2.2.6.4 EU funded projects for social data (examples)

PERICLES - Preserving and sustainably governing cultural heritage and landscapes in European coastal and
maritime regions.

The project developed an interactive, online cultural heritage mapping portal. It enables data collection
and analysis of the distribution of tangible and intangible cultural heritage across eight European case
regions (Aegean Sea, Brittany, Denmark, Estonia, Ireland-Scotland, Malta, Portugal and the Wadden
Sea) https://www .pericles-heritage.eu/

CABFISHMANN - Conserving Atlantic Biodiversity by Supporting Innovative Small-scale Fisheries Co-manage-
ment

The project’s GeoTool is an accessible portal to map the environmental footprint, fishing activity, eco-
nomic value, and territorial divisions of small-scale fisheries across the Northeast Atlantic.
https://www.cabfishman.net/

SEAWISE

One of the project’s aims is to describe and assess the fisheries Social Ecological System, drawing to-
gether an understanding of how society, culture, economics, and governance affect fisheries and vice-
versa. https://seawiseproject.org/

2.2.7 ICES held data

2.2.7.1 ICES VMS and Logbook Data call
The combination of VMS and Logbook data is currently the most practical and cost-effective way to
describe the spatial dynamics of fishing activities and to evaluate the spatial and temporal effects of
fishing, for example to describe fisheries activities in, and around, sensitive habitats, wind farms, etc.

For the ICES VMS and logbook data call to national data centres, WGSFD offers a proposed workflow
(R code) which combines the VMS data (tacsat format) with a combination of logbook, landings and
fleet register data (eflalo format, WGSFD report 2025 in prep.). In this workflow, the tacsat and eflalo
data are cleaned and combined to a merged tascsatEflalo data set with all VMS observations being as-
signed to a fishing trip or logbook even including the information of the ship, catches and revenues per
species. In the next step, the activity of a vessel at a VMS position is estimated from the speed observed
and the landings and revenues are distributed to the VMS positions identified as fishing activity. In the
last step, data on effort (hours, kW-hours), catch (kg) and revenues (euro) are temporally aggregated
by month, spatially aggregated per c-square 0.05° and further by metier level 6 (gear class, target species
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assemblage and gear mesh size), vessel length classes and habitat fished. Further information of average
speed per metier is given.

At ICES data center, the national data delivered are further aggregated across nations and, for example,
swept area ratio is calculated (see Figure 2.10). This data set feeds in various ICES products (OSPAR-
and HELCOM advice), workshops (e.g. WKTRADE), and work groups (e.g. WGCRAN).
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Figure 2.10. Workflow of the ICES VMS & Logbook Datacall. Advice underlying data becomes, in a further anonymised form,
publicly available and is further used in multiple research projects and for political advice.

Data Products: List of VMS derived fishing activity data presently at ICES data centre

Variables: Fishing hours, kW-hours, Total weight/value, swept area

Aggregation levels: Year, Month, metier level, length class, habitat (Eunis/MSFD benthic broad habitat)
and bathymetry classes (200 m bins), C-square.

Spatial and temporal resolution:

Coverage:

Fleet

Rationale behind the selection of C-square size 0.05 - closest to encapsulate a 1-hour ping
frequency trawl haul in 3 knots. The VMS ping period is one hour in most countries but
also two-hour ping period exist in a few countries (e.g. UK and Germany). For mapping
purposes gaps between fishing pings is undesirable. Temporal resolution is based on
historical needs to describe seasonality but not detailed daily or weekly patterns.

Spatial - ICES areas Northeast Atlantic
Temporal - time period 2009 - 2023

- Length classes >=12 m

ICES members states that fulfilled submission to data call are variable throughout years.
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Implications of spatial scale

Gridded data makes analysis on spatial scales sub-grid size impossible. A possible workaround would
be to make use of raw VMS ping data to do spatial overlays prior to aggregation. An example of this is
the WGSFD suggestion of adding habitat information to individual pings to produce better estimates
of habitat usage. Also see Greater North Sea Basin Initiative (GNSBI) approach (section 2.5).

2.2.7.2 ICES Regional DataBase and Estimation System (RDBES)
Regional Database and Estimation System (RDBES) is used to support fish stock advice for EU and non-
EU countries and to collate and define regional sampling strategies. This database is now replacing the
Regional DataBase (RDB), and it includes:

° Data validation, data overview, and data download facilities
. Landing, effort, bycatch, and sampling data

. Flexible sampling schemes upload

o Statistical estimation of biological parameters

Fisheries data comprises Commercial Landings (CL) and Commercial Effort (CE) data. For detailed
information please see tables in RDBES documentation.

2.2.7.3 ICES Expert Group ad-hoc data

Non-official data collection is needed to understand small-scale fisheries as it fills in the gaps left by
official data sources and provides more information on the fishing activity of this fleet segment. Posi-
tional data for small-scale fisheries is scarce due to the legal framework as they are not obliged to use a
vessel tracking system. Only vessels with an overall length equal to or greater than 12 meters must be
equipped with a Vessel Monitoring System (VMS) (EC No 1224/2009). Member States may exempt ves-
sels with an overall length of less than 15 meters from carrying this equipment if they operate only in
territorial waters or spend less than 24 hours at sea. However, the new EU EC 2023/2842 will oblige all
vessels to be tracked in the EU during the next five years.

The ICES WKSSFGEO and WKSSFGEO2 workshops have worked on the collection and analysis of spa-
tial data on small-scale fisheries by developing pressure indicators to assess their impact on marine
ecosystems, exploring the extent of VMS and logbook data, and producing an anonymized dataset for
identifying fishing activities. A database covering 11 case studies in EU and a diversity of métiers (aim-
ing to test methods) has been developed, although data needs to be aggregated to estimate fishing effort
(ICES WKSSFGEQ2, 2023; Github repository to download data).

2.2.7.4 Data gaps
Data gaps identified above could be resolved with ad-hoc data calls or project-based analysis (e.g.
GNSBI). Additionally, changes in the current datacall could be discussed and implemented to increase
data usability (e.g. OWF analysis, catch and revenues per species/species classes).

. Company information is not included in the eflalo format where a vessel is typically the lowest
unit/level of information. Information on complex ownership (e.g. organisational fleets groups

Fisheries Producers Organisations) might be available in national data provider agencies.
Landed ports are also available in the source logbook data and could be used to group the fish-
ing activity indicator for regions of interest.

. Small scale fleet: ICES WGSFD Datacall requests data for the fleets that are obliged to use VMS
devices. Current legislation requires VMS devices for vessels over 12 meters length. The small
scale fleet is not present in the ICES VMS data call and therefore, the fishing grounds with po-
tential interaction between coastal OWF areas and small vessels currently not characterised in
VMS based ICES products. (limited existence of SSF data).

J High resolution data products. The recommended resolution to aggregate the average 2 hours
VMS pins reported is the 0.05 C-square.
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. ICES VMS-Logbook datacall request VMS pins, as well Logbook information, which are used
to inform about data gaps (large and small vessels), for Quality Control (QC) and data valida-
tion purposes. Currently the non-fishing VMS locations are discarded but could be retained and
requested in the data call to be used to report main steam lanes or the estimated total fuel con-
sumption.

. Country-based regulatory frameworks for the operation of OREs, data is needed on whether
fishing will be allowed, and under which conditions.

Finally, although social data collection is slowly gaining more attention in the EU, standard availability
of social data is a problem for quick social impact analyses.

2.2.8 Methods

This section introduces the key research designs, data and methodological approaches that are currently
been used in the social science literature.

2.2.8.1 Research Design
Within the context of social science research, research design can be defined as either exploratory, cor-
relation/association based or cause-and-effect experimental (pre-post, control-treatment). For the most
part, social science-based research has focused on cross-sectional, correlation/association based research
designs. Such a research design allows researchers to understand the relations between ORE and fish-
eries. In contrast, cause-and-effect experimental research designs allow researchers to estimate the ac-
tual impact of ORE on fisheries. Given data availability limitations and the difficulties of applying ex-
perimental methodologies in social research, the majority of research are correlation/association based.

The exception to this is a number of analyses that examine the impact of ORE on fisheries using a pre-
and post or control and treatment research design. With regard to a pre-and post-analysis data collected
before (ex-ante) and after (ex-post) is required to isolate the impact of ORE development on fisheries,
whilst a control and treatment analysis compares data on key parameters such as income in an area that
has had ORE development compared to a similar area without such a development. Differences in the
parameter of interest are seen as the impact of the ORE development. It is important to note, that as
quantitative and simulation capacity develops in the social sciences research community, for example
in areas such as Agent Based Modelling (ABM), there is increasing scope for the use of laboratory ex-
periments using computer-based simulations to allow for dynamic simulations of how fishers might
respond to ORE developments.

2.2.8.2 Qualitative/Quantitative Data

Regarding methodological approaches much of the research to date has focused on providing quanti-
tative data collected either as primary data by the researchers or collected from pre-existing secondary
data to understand the social and economic impacts of offshore wind energy (ORE) on fisheries (Ber-
nard & Gravlee, 2015; Snyder & Kaiser, 2009). Offering researchers the possibility to design specific data
collection campaigns, and to use social data via large scale surveys, primary data collection offers a
means to collect representative, and broad insight on the topic of interest. Furthermore, as attitudes and
perceptions, as well as impacts and outcomes are likely to change over time, it is possible to consistently
reproduce this data over time for longitudinal analysis. However, as with all primary data collection,
such data is time consuming and costly to collect, and tends to be outside the budget of most research
projects.

In contrast, quantitative secondary data consists of pre-existing data often collected by external or na-
tional bodies to understand broad trends in a sector. The use of secondary data has both advantages
and disadvantages. Using readily available secondary data reduces the cost of carrying out an analysis,
and removes the lengthy time requirements involved in collecting primary data. However, the use of
pre-existing data may mean that research fails to capture the exact question they seek to address; whilst
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the researcher does not gain firsthand information, and the ethnographic potential that direct field re-
search offers. Within social science research, secondary data is best suited to give insight on broad
trends on attitudes, perceptions and impacts at an aggregate level. For example, secondary spatial data
can help identify spatial overlaps between ORE and fishing zones to determine which fleets or regions
that may be most affected by ORE development, as well as potential conflicts with other users in the
area.

In contrast, if seeking to gain an in-depth understanding of a subject, qualitative data provides a more
in-depth understanding of the issue at hand and may be a more appropriate tool (Dwyer & Bidwell,
2019). Qualitative data is data that provides descriptive information and focuses on concepts and char-
acteristics, rather than numbers and statistics. Seeking to approximate and characterize, qualitative data
provides more information about an issue than quantitative data. The use of in-depth interviews, focus
groups or workshops to collect qualitative data (de Groot et al., 2014) is complementary to the limited
information offered by quantitative data (Firestone & Kempton, 2007) or rapid assessments. More time
consuming and costly to collect, and only feasible for small samples, primary, qualitative data analyses
allow one to dive deeper into a specific question but foregoes the sampling representativity that quan-
titative measures demands. Quantitative representativity ensures that the proportion of subjects in the
study is statistically representative of the larger group, while qualitative research focuses on the depth
of information achieved through saturation, meaning that no new insights emerge from additional data
collection. Furthermore, longitudinal data collection is possible when data collection consistency can be
ensured over time. Finally, participant observation, extended fieldwork, brief-ethnographies etc. offer
important data to help ground both secondary and primary data.

2.2.8.3  Analytical methodologies and tools
Different methodologies can be used to assess the (potential) impact of ORE on fisheries. Depending on
the stage of ORE development, ex-ante or ex-post analysis can be used (see table 2.2). Those analysis
are complementary and should all be used at different stages.

Table 2.2 Summary of the types of analysis for the social and economic impact of ORE on fisheries

Type of analysis Examples Stage

Ex-ante  Descriptive Identification of dependency/importance of fisheries SFD analysis Planning

for given fishing grounds .
Communities at Sea

Modelling  Estimation of social and economic impacts Bio-economic modelling (see  Planning
ToR a-vi)
Ex-post  Descriptive Identification of impacts of a given measure on the fish-  Social impact assessment Post-opera-
eries (and beyond) tion

Economic impact assessment
Cultural impact assessment

Social well-being approach

Ex-ante descriptive analysis

These kinds of analysis are typically looking at zoning and aim at assessing the relative dependency or
importance of an area for fisheries. This can be done using spatially explicit fisheries data like VMS data
coupled with logbooks. The standard research approach is that heatmaps are made showing the eco-
nomic value of certain areas. These can then be used by managers in planning for ORE. Looking at some
examples in the North Sea (see the GNSBI example in section 2.5 or the current methodology of WGSFD
in section 2.2.9), this method expresses the value of areas to an amount of kg and € that fleets can fish
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in a certain area, based on historical data, often expressed as a percentage of total landings value of the
fleet. It can also look at the distribution of the value or effort among the fleets and identify particularly
dependent component of the fleet.

What these approaches do not weigh in are other valued aspects of certain area’s (i.e. historical fishing
grounds, safe fishing grounds), cumulative effects (multiple closures or other limiting policy measures
for fleets), relative value, or downstream impacts (on the value chain and or on fishing communities).
Decisions on where and how to fish are more than economic as research has demonstrated (Schadeberg
et al 2021). A first attempt to mitigate this was used in a recent study where such quantitative assess-
ments were accompanied by qualitative information from active fishers (Deetman et al 2024).

Mapping of communities at sea

St. Martin and Olsen (2017) developed a method to map out areas for fisheries that take different values
than economic value of catches per area in consideration. Their ‘communities at sea” approach was in-
tended to ‘document the presence of community as it relates to fisheries (e.g. shared ecological
knowledge, history and culture, common fishing grounds and practices and coproduced adaptations
and innovations)’ (St. Martin and Olsen 2017). Using vessel logbook data, communities at sea could be
mapped clustering fishers working from the same port, using similar gear, sailing on vessels of similar
length and design, as they tend to fish for the same species, on the same grounds and at the same time
of the year. In addition, they added labour time: nr of days per trip x nr of crew, emphasizing labour
input, the size of the community and showing community engagement and dependence upon particu-
lar fishing grounds which has been corroborated with ethnographic and community-based fieldwork
(St. Martin and Olsen 2017). With their approach, they present an integrated approach, as the qualitative
aspects (knowledge, habits) and shared values of fishing grounds (other than only economic) are ex-
pressed in a quantitative way, allowing for a direct uptake in policy mapping processes: ‘it brings com-
munity-level processes and practices into the maps and metrics that inform science and policy” (St.
Martin and Olsen 2017). In addition, it allows analysis of change over time (i.e. influence of climate
change, introduction of quota — (Olsen 2010, 2011) as well as analyses linked to certain core concepts
such as environmental justice.

Ex-ante modelling analysis

Other analysis that can be performed in the planning phase of ORE development are simulation tools,
namely, spatially explicit bio-economic models (see Thebaud et al, 2023, summarized in section 2.2.5).
Using the descriptive analysis to ensure that the relevant aspects are included in the models, those can
subsequently be used as flying simulation tools, with “what-if scenarios”. Those models, incorporating
a behavioural response of the fishers and feedback loops between the ecological and part of the ecosys-
tem and the fishing fleets are very valuable tools to identify risks and preferred scenarios from a set
selected with stakeholders. This kind of modelling approach is discussed in ToR a-vi (see section 4.1).

Ex-post analysis

Once the ORE has been developed and is in operation, it is important to continue to monitor the effect
on fisheries. Different methods can be used to this end to assess the impact of ORE on fisheries.

2.2.8.4  Transdisciplinary methods (TD)
Based on the integration of valued and respected stakeholders’ knowledge in the assessment of the
impacts of ORE. It can be done through stakeholders’ participatory workshops. TD methods start with
the collaborative identification of the problem issues (what are the impacts of ORE?) all the way to the
co-production of potential solutions. TD methods pay particular attention for the inclusion of margin-
alized stakeholder groups often women, youngsters and elderlies.
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Social impact assessments (SIAs)

A social impact assessment, “provides information to agencies and communities about social and cul-
tural factors that need to be considered in any decision” (Clay and Colburn 2020). These factors may
include: 1) demographic characteristics, 2) cultural aspects (attitudes, beliefs and values), 3) effects of
proposed actions on social support and services, and health and safety issues, 4) impacts on non-con-
sumptive and recreational uses of living marine resources and their habitats like recreational fishing
and diving, and 5) historical reliance on fisheries and participation in the industry, particularly within
communities where fishing holds significant social and cultural importance, including indigenous and
tribal groups (Clay & Colburn, 2020).

SIAs rely on multiple data sources, incorporating both quantitative indicators and qualitative insights,
such as interviews that document fishers' experiential knowledge. Unlike economic impact assess-
ments, which focus on market and non-market values, firms, fleets, and industries, SIAs emphasize
social and cultural dimensions. However, in some cases, both types of assessments may draw from
overlapping data sources.

In fisheries, SIAs follow a straightforward framework: a given measure (e.g., a closed fishing area) can
lead to various social impacts (e.g., displacement, reduced catch) for specific groups of fishers (e.g.,
small-scale gillnet fishers). The outcomes are inherently context-specific, meaning the social effects of
management decisions will vary based on the characteristics of the affected communities and fisheries.

Social Wellbeing approach (ex-post)

The Social Wellbeing approach provides a framework for an integrated evaluation of the social and
economic benefits that communities receive from commercial fish harvesting. It is based on interviews
and literature reviews to identify the contributions of the fishing sector to coastal communities in seven
domains: 1) a resilient local economy, 2) community health and safety, 3) education and knowledge
generation, 4) a healthy environment, 5) integrated, culturally diverse, & vibrant communities, 6) cul-
tural heritage and community identity, and 7) leisure and recreation (Voyer et al. 2017). The analysis of
the contributions before (baseline data) and after the establishment of the ORE platforms will measure
their impact on fishing communities.

Community Capital Framework (ex-post)

The Community Capital Framework (CCF) was originally deployed to facilitate the monitoring of rural
communities' progress towards sustainable development. CCF us a straightforward tool that can be
used to assess the social and economic impacts of any intervention — in this case ORE projects — in the
community wellbeing and development. The framework identifies seven types of capitals that contrib-
ute to a community's resilience and development (Flora et al. 2024). The seven capitals are:

. Natural Capital — Environmental resources like land, water, air, and biodiversity.
. Cultural Capital — Traditions, values, heritage, and shared identity.

. Human Capital - Skills, education, health, and knowledge of individuals.

. Social Capital — Relationships, networks, and trust within the community.

. Political Capital — Influence, power, and access to decision-making.

. Financial Capital - Monetary resources, investments, and wealth

. Built Capital — Infrastructure, buildings, roads, and technology.

Cultural impact assessment (CIA)

Any effect on a people’s way of life as passed down through the generations is a cultural impact. This
impact is therefore particular important for fishers that engage in fishing activities as a way of life often
associated with small-scale fisheries and their communities. In the case of ORE, a CIA should be per-
formed if the following criteria are relevant:
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. The ORE is placed adjacent to an area with a century (or more) old coastal community, Aborig-
inal community or to ocean spaces were traditional fishing techniques and customary rules to
manage the fisheries are still in place,

. The ORE is placed in an area that is a proposed or in place cultural protected area or to a spiritual
site,

. The ORE is placed in a fishing ground with a prevalence of culturally relevant marine species
and harvesting techniques are present,

. The ORE is placed in a place or space mentioned in important traditional oral histories, and

. The ORE is placed in an area with presence of unique or otherwise valued seascape formations

A CIA should guarantee that the presence of offshore windfarms will risk the preservation of local
languages (including local names), customary rules and laws, traditional knowledge, pass on of values
and worldviews and cultural heritage. Ex-post CIAs need Baseline Data collection through qualitative
and quantitative means (see section 2.4, project review).

2.2.9 Current methodologies applied by WGSFD to produce fishing advi-
sory products (e.g. ICES ecosystems and fisheries overviews)

1. Method to derive fishing activity indicators from ICES VMS&Logbook Annual data call:

o Source data is obtained from Logbook and VMS data sources

. Classification methods to separate fishing activity from steaming

. Fishing VMS locations & Logbook are combined to obtain high resolution fishing activity indi-
cators

o Aggregate the activity indicators by square 0.05 and reported units required in the data call (e.g.
month/year, vessel length category, metiers level X).

. The activity indicators available are:

o Effort in fishing hours, Effort kW* fishing hours, total landings weight, total landings value,
trawl swept area (see WGSFD, ICES, 2022)

. Additional indicators can be derived such: CPUE and LPUE

2. Methods to identify important/core fishing grounds:

o Cumulative effort within a c-square, remove the lower tail of the effort (e.g. 10% of the lower
cumulative effort ) .

. Identify the c-square cells that are consecutively important fishing areas over the time period
selected (e.g. years, months, etc)

J Exploratory method used by WGSFD members to evaluate the variability of fishing activity

inside management regions and OWF license areas (ICES, 2022).

3. Identify the fishing activity in and out of offshore wind licenses areas (SFD report 2020):

. Spatial intersection between fishing activity Csquare and the boundaries of the OWF license
area
. Calculate the proportion of the square cell that is overlapped by the OWF license area.

4. Calculate the proportion of fishing effort in and out of the offshore wind based previously calcu-
lated proportional overlapping, considering the even distribution of fishing effort within a csquare.

. Enhanced methodologies discussed in SFD:
. Analysis of the intersection between fishing activity data collected at local scale resolutions re-
quired for the OWF license area scale assessments.
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Currently the ICES VMS & Logbook datacall request the data reported at 0.05 degrees csquares. (ap-
prox. 5 x 3 Km cells). These csquares could cover part or entire OWF licenses areas. There is a current
data gap between the scale of the OWF areas and the regularly collected fishing activity data (see section
2.2.2.4, data gaps).

There has been discussion about the changes on the data call reporting resolution, such as increasing
data requested aggregated to csquare size of 0.01. This resolution would permit to do a spatial analysis
to identify if activity occurs within the boundaries of an OWE. Afterward the data have to be aggregated
again to the coarser 0.05 resolution recommended to be used.

2.2.10 Spatially explicit bio-economic modelling (from Thebaud et al 2023)

Internationally, there has been a growing need for fisheries management to address the spatial dimen-
sions of fishing and its interactions with ecosystems and other activities, raising the question of how
economic research can contribute. Specific marine areas and habitats warrant special management due
to their importance in terms of marine ecosystem biodiversity, functioning and services (see also topic
XII). Additionally, interactions of fisheries with other marine sectors occupying marine areas and spa-
tial allocations for other industries (e.g. aquaculture, energy, and transport) are increasingly being con-
sidered'®. Infrastructure protection and safety reasons lead to more or less permanent fishing re-
strictions in the areas used for those alternative sectors, possibly changing biological production, biodi-
versity, and ultimately, fishing opportunities (Causon and Gill, 2018).

Spatial economic modelling approaches to fisheries management exist. The original economic literature
on this topic applied econometric techniques to investigate spatial decisions of fishers (Wilen et al., 2002;
van Putten et al., 2012; Girardin et al., 2017; Andrews et al., 2020; Dépalle et al., 2021). These models are
particularly used in the context of evaluating the impacts of marine reserves, but the approach enables
studying spatial management policies in general, namely the impacts on fishing costs and effort dis-
placement resulting from alternative policies (e.g. Bastardie et al., 2014). This includes for example con-
sideration of changing travel distances from port because of developments in travel pathways, or of
changes in fishing location choices following changes in in fish population distributions (e.g. due to
climate change).

There are several barriers to developing such integrated spatial management advice. Integrating the
spatial dimension requires dealing with two types of dynamics: the spatial behaviour of fishers and
spatially explicit fish population models. The applied literature, however, does not account for fish
stock spatial dynamics and typically considers one target species only. Nielsen et al. (2018a) found that
only 12 out of the 35 integrated models they included in their study had a spatial resolution sufficient
to investigate sub-stock dynamics. Another barrier relates to the data needed as input for the models.
To reach the adequate spatial scale to investigate area closures, individual and fine-scale spatial data
are required, raising confidentiality issues.

Within ICES, several working groups touch on the evaluation of area-based management and spatial
fisheries management options and performance. Among them, the Working Group on Fisheries Benthic
Impact and Trade-offs (ICES, 2021b) focuses on fishing impacts on seafloor integrity from a spatial per-
spective, with support from the ICES Working Group on Spatial Fisheries Data'!, which collects and
analyzes spatial fisheries data. Such working groups help document the best places and timing for fish-
ing gear restrictions as spatial management mitigation tools. Despite this, it appears that very few ini-
tiatives in ICES have sought to evaluate the performance of spatial management measures. This is true
of biological studies (because applying the Before-After-Control-Impact design is a challenge in lack of
true temporal baseline and counterfactuals, see Underwood, 1992). But evaluations of the economic

10 https://www.ices.dk/community/groups/Pages/WKBEDPRES2.aspx
11 https://www.ices.dk/community/groups/Pages/WGSFD.aspx
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impacts of spatial management options are even sparser, given the relatively recent focus in ICES on
collecting and using economic and social data. This contrasts with other regions, where studies of the
economic consequences of spatial management have been conducted and are being considered by ad-
visory bodies (e.g. Abbott and Haynie, 2012; Bisack and Sutinen, 2006). In the context of ICES, recent ad
hoc initiatives have considered the question of balancing spatially resolved environmental and fisheries
economics considerations, for example in relation to the risks of habitat degradation'?(see e.g. Bastardie
et al., 2020) and protective measures adopted as part of deep-sea access regulations'®. However, to date,
ICES has not implemented any advice that incorporates economic or social considerations on spatial
fisheries management.

Spatially resolved economic analysis

As the importance of spatial structure in the distribution of fish populations, and the need to account
for this in designing spatially explicit management measures, has become increasingly acknowledged,
so has research focused on describing, explaining and predicting the spatial allocation of fishing activ-
ities and their interactions with the spatial dynamics of fish resources (Eales and Wilen, 1986; Sanchirico
and Wilen, 1999; Holland and Sutinen, 2000; Smith, 2000; Smith et al., 2009; Dépalle et al., 2021). The
analyses have particularly been used to examine the potential bio-economic consequences of spatial
management measures such as closed areas and marine protected areas (Hannesson, 1998), with more
recent work highlighting the importance of considering economic behaviour in examining the potential
benefits of such measures (Smith and Wilen, 2003; Haynie and Layton, 2010; Albers et al., 2020).

In the context of ICES, recent ad hoc initiatives have examined balancing spatially resolved environ-
mental and fisheries economics considerations; an example being the risks of habitat degradation and
protective measures adopted as part of deep-sea access regulations. However, to date, ICES has not
implemented any advice that incorporates economic or social considerations to spatial fisheries man-
agement. This contrasts with other regions where studies of the economic consequences of spatial man-
agement have been conducted and are being considered by advisory bodies (Bisack and Sutinen, 2006;
Abbott and Haynie, 2012).

2.2.11 Analysing trade-offs associated with area-based and spatial man-
agement

Spatially resolved economic analysis of fisheries focuses on associating fishing stakeholders at the ves-
sel, fleet, and community levels to chosen fishing areas and quantifying the importance of these areas
in terms of catch rates and profitability. Based on behavioural change scenarios, the economic conse-
quences of spatial restrictions to fishing on re-allocation of effort in space and time and to métiers can
be estimated (Blau and Green, 2015). Such preliminary analyses provide economic information needed
for trade-off analyses, as well as reducing the potential for surprises in the outcomes (Wilen et al., 2002).
Research in ICES could incorporate existing models to assess the past performance of spatial manage-
ment to project possible paths of alternative futures, as well as the fleets likely to be impacted by a
proposal. This would enable impact assessment of changes in fishing pressure on the biological and
ecosystem components with effects propagating to the economics of the fishery. While ICES hosts many
data sets that could help condition such impact assessment models a major obstacle would still be the
limited data collection or resolution of data collected on certain variables (e.g. catch), that currently does
not fit spatial and time resolutions that matter to stakeholders and policymakers.

Increasingly, the above spatial fisheries management considerations need to be cast in the context of the
broader marine spatial planning aimed at allocating ocean space in an ecosystem-based management
perspective (Katsanevakis et al., 2011). This includes both conflicts between fisheries and other maritime

12 https://www.ices.dk/community/groups/Pages/WKTRADE3.aspx
13 https://www.ices.dk/community/groups/Pages/WKEUVME.aspx
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activities, and the potential for co-locating activities. The benefits from co-locating uses such as wind-
farms with fisheries has begun to be investigated (Stelzenmidiller et al.,, 2021) but very few practical
examples exist. More scientific effort should be put into elucidating the possible ecological-economic
effects of reserving space to windfarms, from local to overall effects on marine biodiversity and fishing
opportunities (e.g., (Bastardie et al., 2014)). While relative economic returns have only rarely been con-
sidered before introducing spatial management measures, integrating measures of economic benefits
into existing ecological models would allow assessment of how these benefits may be distributed across
ICES regions and among beneficiaries such as local communities, the tourism sector or different fishing
vessels. Such assessments should consider whether compensation should be considered in the course
of implementing the measures as well as the timespan over which the benefits accrue, and uncertainty
regarding outcomes of the spatial measures (e.g. including climate change effects). Such integrated un-
derstanding could provide new knowledge on hotly debated topics to inform policymakers' decisions.
Examples of this could include case studies documenting the possible fishing effort displacement in
response to implementation of conservation areas (e.g. in the EU, Natura 2000 designated areas) that
might require costly short-run adaptation of fishing strategies balanced with possible long-term bene-
fits from improved productivity of the exploited ecosystem (e.g., (Bastardie et al., 2020)). Another ex-
ample would be evaluation of large-scale exclusion scenarios such as those associated with “Brexit”
that would lead to excluding the EU fleet from the UK Economic Exclusive Zone (Dépalle et al., 2020).

2.3 Literature review on the social and economic impact of ORE
on fisheries

Method for conducting systematic literature review

This review was conducted according to the PSALSAR Framework for systematic literature reviews, a
systematic review process designed for the environmental sciences (Mengist, Soromessa and Legese,
2020). Systematic reviews typically follow four basic steps (SALSA): search (S), appraisal (AL), synthesis
(S) and analysis (A). The PSALSAR Framework however includes two further steps; a protocol step that
defines the research protocol (and reporting results step, at the initial and last step, respectively.

Step 1 - Protocol — Defining the study scope

Using the PSALSAR framework, a Protocol was designed and set out the study scope. Based on the
ICES request, “what are the economic and social impacts of ORE development on commercial fisheries?’
papers were limited to studies investigating the social and economic impacts of ORE development on
fisheries were included in the review.

Step 2 — Search - Fixing the research terms and researching studies

To gather all the literature as comprehensive as possible to cover the economic and social impact of
ORE, the search strategy was developed and piloted among authors of the review in July 2024. As part
of the pilot, two research databases Scopus and Web of Science were searched. Research terms were
divided into three categories:

Fisheries related: (fish* OR seafood)
AND

ORE related: ("OWF*" OR "wind farm*" OR "offshore wind" OR " offshore renewable energy" OR "off-
shore energy")

AND
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Socio-economic related: (econ* OR socio-econ* OR socioecon* OR social*)

As part of the pilot, 233 papers from Scopus and 325 papers from Web of Science. Excluding duplicates
(n =143), 415 papers were identified in total. Based on title and abstract screening, a further 119 papers
were removed, leaving 296 papers for further analysis.

Further analysis of these papers by the research term found that the 3 initial research terms were too
limited, and further refinement was required to address the scope of the special request.

Based on the pilot, the terms were updated to:
(fisher* OR “fishing”)
AND

ORE related: ("OWF*" OR "ORE" OR "MRE" OR "wind farm*" OR "offshore wind" OR "offshore renew-
able energy" OR "offshore energy" OR "marine renewable energy" )

AND

Socio-economic related terms: (econ* OR socio-econ* OR socioecon* OR social* OR impact OR displace*
OR distribut* OR compet* OR complian* OR tactic* OR strategic* OR invest* OR disinvest* OR exit OR
entry OR discard* OR diversif* OR gear OR efficien* OR behaviour* OR behavior* OR trade-off* OR
tradeofft* OR conflict* OR insur* OR "benefit*" OR "cost*" OR "willingness to pay" OR "income" OR
"compensat®' OR "subsid*" OR "job*" OR employ* OR "valu*" OR "welfare" OR "monetary" OR revenue
OR profit* OR “GDP” OR “GVA” OR heritage* OR communit* OR seascape OR “health*” OR “just*”
OR “transition*” OR equity OR rural OR coastal OR peripheral OR vulnerab®)

A further 893 papers from Scopus and 550 papers from Web of Science were identified in October 2024.
Combining the papers from the pilot search with the newly identified papers and removing duplicates,
1,178 papers were identified for title and abstract screening.

Step 3 — Appraisal — Selecting studies

The 1189 papers with full citation information were exported into excel for title and abstract screening.
Exclusion criteria for the tile and abstract screening included:

o Papers that were not in English

. Papers that did not include the impacts of ORE development on commercial fisheries

J Papers that did not focus on offshore renewable

J Papers that did not focus on either the social or economic impact/consequences of ORE devel-

opment on commercial fisheries
. Screening was undertaken by 4 partners and 141 papers were included into the final list of stud-
ies for data extraction.

Step 4 — Synthesis — Data extraction and categorise the data

The 139 eligible full texts were assigned based on the predefined exclusion criteria were identified for
data extraction. An online data extraction form was developed, tested, and modified via Microsoft
Form. This was made available to all reviewers who volunteered from the two ICES working groups
WGECON and WGSOCIAL. The data extraction form included two sections: publication details and
study details. Initial publication details included the source, type, and title of record along with author
and journal details. The initial information was filled in for each of the 139 publications, however, if the
publication was identified as empirical study, the reviewer was asked to extract a second set of infor-
mation from the publication. The second set of information included data on the study location (country
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and marine area), year of the data collection. Study details were further broken down into 4 distinct
sections; including study design, methods and data, details of the fisheries (gears, vessels, species), de-
tails of the ORE (type of ORE considered, site and the geographical extent of the ORE), governance
issues (proposed access rights for fisheries, conflicts identified, fisheries response to the ORE and the
social and economic impact of the ORE on fisheries. The extracted study details were downloaded to
Microsoft Excel and there double-checked that all 139 studies when available data was extracted.

Step 5 — Analysis — Data analysis, result and discussion

The analysis of the data was conducted in R. Only papers which described empirical findings (47) were
further considered to inform this report. From these, 12 impacts were identified, 5 direct and 7 indirect,
most of them resulting in a deterioration of the situation for fisheries.

Step 6 — Report — Conclusion, advice report writing and production

The results were summarised in section 2.1.1.

SCOPUS Title & abstract

Full screen
'5 screening
E 233 articles
(7} . 346 articles excluded ]
wn 415 articles!
© .
€ Web of Science 182 arti
B0 articles
E 325 articles 69 articles? ]
143 duplicates
excluded
92 articles
SCOPUS 214 duplicates excluded
excluded ;
893 articles 1178 articles [ 139 articles :
= 47 articles
e 679 articles T
8 72 articles ]
v
© 763 articles
£ 693 articles excluded ]
w

.
Web of Science .
84 articles
Title & abstract
550 articles screening
466 duplicates
+ of the 415 articles from original search 189 were not in the final search
excluded 2 of the 69 articles kept after title/abstract screening from original search 7 were not in the final search (5 maybes + 2 yes)

Figure 2.11. Article screening and selection for the literature review
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2.4 Project review

Given the dynamic nature of the research field, the ICES working groups WGECON and WGSOCIAL
initiated a review of evaluation projects known by their members, asking the latter to provide their
expert knowledge. In total, 16 project reviews were undertaken, comprising seven different countries
(France, Ireland, Netherlands, Spain, Portugal, Sweden and USA). This project review mainly focused
on methods which are used to investigate the interactions between commercial fishing and offshore
wind farms from an economic and social perspective. The survey aims to provide examples of what has
been done and show which criteria have been prioritised in existing studies. By understanding what
has been done, the study will highlight what research needs to take place and what metrics might best
work in order to provide the economic and social evaluations required for fisheries-windfarm interac-
tions.

The survey of the working group members was organized using a matrix asking respondents to sum-
marise current or recent projects, by addressing the following points: (1) the case study, (2) study ob-
jectives, (3) governance, (4) stakeholders involved, (5) approach and methodology, (6) study structure,
(7) limitations, (8) data collection, (9) application of results, and (10) dissemination. The matrix was sent
with explanatory notes for each of these 10 criteria. The information from individual case studies and
approaches was then collated. Information from these studies provides insights on the metrics that are
most often used for economic and social evaluations and the research that still needs to take place. While
this is not an exhaustive list of approaches used, it gives an insight into the latest developments in the
ICES area on how the economic and social impacts of ORE on fisheries are being assessed.

The dissemination of project results has been shown to take place not only in the shape of scientific
papers (such as F1, F3, SE2) but also using reports (ES1, US3, IR1) (more report than scientific article),
presentations at conferences, websites, and often in natural languages (not only in English) to make the
work more accessible. Some of the work done had been transformed into regulations, such as the work
done in project US-2.

One illustrative example of this implication can be seen with the case studies ES1 where the objective
was to quantify, analyse and visualize in socioeconomic terms the fisheries and aquaculture activities
in Galicia (NW Spain) to support the Regional Government on MSP. This project was led by CETMAR,
Univ. Las Palmas de Gran Canarias (ES), HELCOM (FI), SHOM (FR), CNR (IT), CEREMA (ES). The
results were shared in the shape of a report in Spanish and QGIS maps.

Table 2.3. List of Projects reviewed by WGECON and WGSOCIAL

Study Country Reference(s)/Links

ES- Spain Project ongoing, access is confidential

CETMA

R

F-1 France Buchholzer H., Le Grand C. Frésard M., Le Floc’h P. (2021). La vulnérabilité socio-économique des pé-

cheurs professionnels face au projet d’un parc éolien flottant entre Groix et Belle-lle, Livrable 42, Projet
ANR Appeal, 59p.

Buchholzer, H., Frésard, M., Le Grand, C., & Le Floc’h, P. (2022). Vulnerability and spatial competition:
The case of fisheries and offshore wind projects, Ecological Economics, 197, 107454.

Le Grand, C., Buchholzer, H., Frésard, M., & Le Floc’h, P. (2023) Vulnérabilité et concurrence spatiale : le
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Study  Country Reference(s)/Links
cas des pécheries et des projets d’éoliennes en mer. Ouvrage “Vulnérabilité (s) environnementale (s),
perspectives pluridisciplinaires

F-2 France Confidential report and free, public report (RESCORE platform): Julie Furiga, Anatole Danto. Adaptations
des pécheurs artisans aux changements : Zone de Groix-Belle-ile, 2020. [Rapport de recherche] France
Energies Marines; Université de Caen; JéOcéan; European Sustainability Center. 2022. (hal-03563560)

F-3 France Scientific papers; conference extended abstracts; Ecopath model;

uUs-1 USA The reporting tool along with a data access portal has been fully implemented and available to the Public
at the URL shown under the project collaborators (https://www.fisheries.noaa.gov/resource/data/socio-
economic-impacts-atlantic-offshore-wind-development?utm_medium=email&utm_source=govdelivery).

us-2 USA Project website (https://sites.rutgers.edu/smdsf/) and multiple scientific publications.

us-3 USA Scientific report by BOEM in FY 2024.

us-4 USA The database will contain confidential data and so will only be available to researchers with the appropri-
ate permissions. The visualization tool will be publicly available, although we are not sure if data-down-
load will be supported yet. The visualization tool will contain aggregated data so as to protect confiden-
tial data.

IRE-1 Ireland Report: "Participatory mapping of small fishing vessel activities for marine spatial planning." Published by
BIM in January 2025. https://bim.ie/wp-content/uploads/2025/01/Final-participatory-mapping-report-
1.pdf

FR4 France Publication in process, but some maps have been published online during the national public debate in
France (2023-2024). See the "cahiers d'acteur" with links gathered hereafter: https://valpena.univ-
nantes.fr/accueil/zone-dimportance-pour-la-peche

NL 3 Nether- https://edepot.wur.nl/660870

lands

NL1 Nether- Stand van zaken passieve visserij windparken op zee - WUR; the results are published and free accessible;

lands mostly in Dutch but the summary is also available in English

NL 2 Nether- https://www.wur.nl/nl/project/Win-Wind.htm; the results are published and free accessible; partly in

lands Dutch and partly in English

SE 2 Sweden Waldo, S., & Blomquist, J. (2024). Hur paverkas svenskt yrkesfiske av havsbaserad vindkraft? (Rapport
2024:2). Agrifood Economics Centre. (In Swedish). https://www.agrifood.se/Files/AgriFood_Rap-
port20242.pdf

SE 3 Sweden Can offshore wind farms offer regenerative solutions for depleted fish stocks?
https://gupea.ub.gu.se/handle/2077/82602

P1 Portugal chrome-extension://efaidnbmnnnibpcajpcglclefindmkaj/https://www.ipma.pt/ex-

port/sites/ipma/bin/docs/organizacionais/prr-c21-i07.01-20240708_Apresentacao_Eolicas_rv_f.pdf

24.1

Types of Data in Project review

In the 16 projects reviewed for this report, the type of data used were not always described. Where

specific metrics were described, these exclusively related to economic aspects. Two studies relating to
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social and socio-ecological aspects (F-2, F-3) did not mention any specific metrics used. Three studies
(ES-CETMAR, F1, FR4) used quantitative indicators to quantify economic impacts, but did not specify
which indicators were being used. One study (FR-4) noted the difficulty of the choice of metrics availa-
ble. Where described, economic metrics usually referred to landing values, either as an explicit number
(NL3, SE2, SE3, P1), as a percentage change in expected revenues (US-2), or as the share of landing value
by fishery/vessel/port impacted (SE2). Only two studies (IRE-1 and P1) explicitly stated looking at effort
metrics (number of days, number of vessels). None of the projects mentioned specific reference levels
being used to quantify what level of economic disruption might be acceptable/not acceptable.

One study (US-1) described using a standardised set of economic metrics as part of its socio-economic
reporting tool. Potential impacts on landings and revenues by top species can be calculated alongside
insights into the most impacted gears/ports. Other insights are included such as share of revenue by
affected vessels, number of trips/vessels and dependence by species on the wind area as a proportion
of the regional values. This range of metrics gives a broad overview of the impact that a future wind
development might have and illustrates the possibilities of what metrics can be calculated, but this re-
quires a large volume of fishery and socio-economic data which may not be available for many projects.
It further highlights that most of these case studies assess primarily only the direct impacts of ORE on
fisheries.

The type of data used in fisheries research varies depending on the objectives of each study. In order to
understand potential impact of ORE on fisheries, it is important to understand the specificity of fisheries
in certain areas, yet fisheries are complex and diverse. Data can either be extracted from existing data-
bases or collected specifically for analysis. Our review shows that most studies rely on pre-existing
datasets (including spatial data).

One illustrative case study (SE2) aimed to contribute to marine spatial planning (MSP) of Sweden by
assessing the expected economic impacts of offshore wind power on commercial fisheries and the mu-
nicipalities where landings occur. This study required one of the most extensive datasets to feed into its
model (RUM). Implementing the model required detailed information on the expected profitability and
availability of fishing areas for each vessel, including data on fishing activity within designated energy
zones and overall fishing activity. To obtain this data—sourced from logbooks, VMS records, and price
statistics —the researchers submitted a request to the EU Scientific, Technical and Economic Committee
for Fisheries (STECF). These data were partial and they had missing data in particular for passive gears.

The complexity of fisheries data is mentioned in many of the different projects, and using such data
comes with several limitations. One major challenge is access, as illustrated by FR1, which relies on data
from the French Fisheries Information System, or US4, which uses PacFIN data. These routine datasets
can only be accessed through formal data request procedures, usually requiring government authori-
zation. Furthermore, they may be incomplete, lack sufficient resolution (as noted in SE-3), or fail to
account for vessels without electronic tracking systems, such as plotters (as highlighted in IRE-1). This
can lead to gaps in understanding, particularly for small-scale fisheries where fine-scale data is crucial
for accurately assessing spatial and socio-economic dynamics - particularly since OWF parks or their
cables are often overlapping with these types of fisheries.

In contrast, some studies collect primary data directly, mainly through interviews. These interviews can
serve different purposes, such as informing modelling efforts (SE-3) or analysing fishers’ perceptions
(FR2). While direct data collection allows for a more tailored approach, it also has limitations. Accessi-
bility remains a challenge, as researchers may face difficulties in establishing contact with key stake-
holders, which can hinder the progress of the study. Also, the time constraints of the research studies
can shorten the field work.

Some projects explicitly mentioned how they overcame such limitations. In Ireland, for instance, they
used participatory mapping and involved extensive engagement with stakeholders by developing an
extensive network including the Southeast Regional Inshore Fisheries Forum (SERIFF), BIM regional
officers, Lune Geographic, and local fishers to address spatial data gaps for vessels under 12metre (IRE

ICES



ICES

WKCOMPORE 2025

1). The direct engagement with fishers enhanced trust and the accuracy of the spatial fisheries infor-

mation, but this was a labour-intensive process. Afterwards, however, participants still expressed that
they fell that the participation rate of 73% was limited. The commercial sensitivity of such data restricts
the sharing of this approach with the public and therefore constrains its broader application.

The case studies showed that researchers tend to produce very applied research, engaging with stake-

holders (even working with them) during the process and aiming to disseminate the work in some cases

in non-traditional ways.

Table 2.3. Summary of data used in the different projects reviewed. In white quantitative data, in light blue qualitative data.

ES-1  F-1 F-2 F- F-  IRE-1 NL-1 NL-2 NL-3

SE-

SE-2 Us-1 us-2 us-3 us-4 P1

3 4 1
Activities data X X X X X X X X X X X X X
VMS data X X X X X X X X X
stock distribution data X X X
observer’s data X
safety guidelines data X
price data X X X X X X
Interviews X X X X X X X X

Group meeting X X
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2.5 Case Study: Greater North Sea Basin Initiative

To manage the cumulative impacts of the expanding anthropogenic uses of the Greater North Sea basin
the ministries of North Sea neighbouring countries started the Greater North Sea Basin Initiative
(GNSBI). Within this initiative six work tracks aim to elucidate the different aspects of impact:

1. Governance: Explores current and needed arrangements for the GNSBI to function properly

2. Nature restoration and conservation: Setting up a program for cooperation regarding conser-
vation, enhancement and restoration of nature

3. Multiple use of space: Setting up criteria and sharing best practices on co-use and decommis-
sioning/circularity of offshore wind energy

4. Cumulative impacts: find a common approach on cumulative impact assessments based on
existing work to identify and observe ecological boundaries and options for enhancement and
protection of the marine environment.

5. Long-term perspective of fisheries: Creating insight in key fisheries areas and socioeco-
nomic/food impacts of spatial developments at North Sea Basin scale

6. Knowledge sharing: Coordinating the exchange of best practices, (scientific) information,
data, plans and assessments. The result of this work could be incorporated into the already
established compendium

The aim of the work track Long-term perspective of fisheries (chaired by France and Germany) is

1. Describing the spatial pressure through new and/or expanded anthropogenic activities on
fisheries, e.g. by assessing their overlap with current fishing areas and to create a common ev-
idence base:

a. The 1st step is to achieve a common North Sea wide mapping of important fisheries
areas linked to other indicators of importance e. g. Volumes, value, [jobs offshore and
onshore,] ports

b. The 2nd step is to forecast the roll-out of other anthropogenic activities by 2030 and
overlay those with the mapped fishing areas to establish areas of conflict potential be-
tween fisheries and other anthropogenic uses.

2. From this evidence base,

a. develop recommendations how to better incorporate fisheries into the MSP process,
and secure a long term perspective for North sea fisheries

b. (re)position fisheries in the wider range of human activities and environmental issues
in the MSP process and/or develop other support/remedial measures, including by
looking at possible opportunities/synergies arising from these new developments.

Work Track Long-term perspective of fisheries — mapping and overlap

The work track “Long-term perspective of fisheries” (WT-Fi) is about to produce a North Sea wide
mapping of important fisheries areas linked to indicators of importance e. g. volumes, value and har-
bours and uses Individual Stress Level Analyses (ISLA) concept the evaluate cross sector/cross border
impact from ORE and nature protection areas on the fisheries.

What is new: In difference to e.g. ICES work groups GNSBI uses national laboratories” data including
single VMS positions, single vessel information and species caught, and exact spatial and specific fish-
eries management information on nature protection sites and in offshore wind power areas.

Challenges. The compilation of specific management data took about 12 months. These was not availa-
ble neither at EU bodies, nor at ICES. About 850 shape files were collated from WT-Fi partners and
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publicly available source. A further challenge for some of the national labs was to provide the requested
input data comprising information on species caught per logbook event (merged tacsatEflalo).

The work is ongoing (February 2025) and the aim is to produce the report by summer 2025.

25.1 Work Track Background

From three offered approaches:

a. use public available ICES-OSPAR advice underlying data
b. wuse ICES available data (vms data call)
c. use national laboratories’ data including single vessel information and species caught

Option c) was chosen by GNSBI-work track partners (Ireland, France, Belgium, Netherlands, Germany,
Denmark, Sweden, Norway).

Thiinen Sea Fisheries developed a workflow to map effort, catch of species/species groups, and reve-
nues. Further, the approach estimates the economic relevance of (wind farm) areas and the Stress Level
(SL, “indication of challenge”, “conflict potential”) of specific fisheries and individual vessels (Schulze
et al. 2012). The individual stress levels are used to compile Individual Stress Level (ISL) profiles of

national fleets, coastal regions and harbor communities.

The workflow of points 1.1 and 1.2 (North Sea wide mapping and overlap) is organized in 5 steps (Fig-
ure 2.12).

GNSBI partners decide on
*  range ete.

* data confidentiallity
©  E.g. eMortshownim men EU wat

National Labs

Spatial Data
= wind and nature protection
+ Specific management within

Develops proposed workflow
Prepares and aggregates spatial data

0

“mﬂ Fisheries Data (TacsatEflalo WMS-Log-Landings-Fleet)
= : « are processed in and quality checked by national Labs
* tables: aggregated per Scenario,

+  Potential revenue loss, (Individual) Stress Level
(Step 4> bl * maps: aggregated per Csquare0.05° (+/- non EU waters)

Aggregated data are used for
Chapter One: Impact on EU-fleet (Thinen aggregates further)
+ Tables

Report
tables and maps: rube of =5 vessels
tables: Landings, reverues and sress level

* Maps ; diagrams: stress bevel and individual stress bevel
Chapter Twe: Impact en national fleets mags:
+ Tables heat maps: vms sfforts, revenues all or sach gear, catch

selected speciesfspecies groups

* Maps (produced by national labs) wres-plet mags: cateh per species and/or effor: per gear

+  Diagrams (Individual) Stress Level

Figure. 2.12: GNSBI work track “Long-term perspective of fisheries” workflow.

The GNSBI area comprises northern waters from Ireland over Channel, Southern North Sea, German
Bight up to Norwegian waters (Figure 2.13)
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Figure 2.13: GSNBI area in green.

2.5.2 Stressors, Scenarios and Periods

The decided stressors to be included in this WT were:

a. Offshore Renewables (mostly Wind farms). To be built until latest 2030 and nationally de-
cided to be built until end 2023 (cut-off date)

b. Nature protection. Specific Natura 2000 fisheries management decided until end of 2023 (not
the designated areas in total)

From these two stressors, three scenarios were agreed on to be analyses

Nature Protection NatPrt Specific management in e.g. Natura 2000 areas
Offshore Renewables Wind Wind Specific management wind farms
Cumulative NatPrWnd Cumulative scenario Nature Protection and Wind

2.5.3 Confidentiality issues

Masking of effort and revenue values and cells in maps with data entities of <= 5 vessels.

2.5.4 Data pre-processing according to ICES standards

National labs have tacsat (VMS data) and eflalo (logbook, landings, vessels and trips data) formats
available and tacsat and eflalo are cleaned, merged to tacsatEflalo, active pings are identified and catch
and revenues are distributed to pings (see ICES VMS data call proposed workflow, ICES WGSFD report
2022). Overlay with competing areas was performed on vms positions (no aggregation to rectangles)

and anonymised and aggregated data will be delivered by the WT partners.

ICES
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255 Spatial data

An unforeseen challenge was the compilation of specific management data (fine scale shapes and man-
agement within) which took about 12 months. About 850 shape files were collated from WT partners
(IE, BE, NL, DE, DK, SE, NO) and publicly available sources (https://kingfisherrestrictions.org,
https://emodnet.ec.europa.eu/en, UK). For all shapes the (proposed) specific management was docu-
mented: exclusion of gears, time of year/season the management is in place.

2.5.6 Gears and gear classes

Ten gear/gear classes were selected by WT partners to be analysed.

pelagic trawls & seines, passive gears not entangling birds & mammals, passive gears entangling birds
& mammals, demersal seines, sand eel fisheries, pandalus fisheries, demersal trawls & dredges, beam
trawls targeting demersal fish, TBB targeting C. crangon, all other gears

2.5.7 Species and species classes

16 species/species classes were selected by WT partners to be analysed.

brown shrimp, flatfish of interest, flatfish others, cod, saith, gadoids others, anglerfishes, sandeels, crabs
(Lobster, Rock crab) , norwgian lobster, clupeids (herring, sprat) , mullets, cephalopods, mackerels,
molluscs of interest, all other species

2.5.8 Output

2.58.1 Mapping
Two types of maps were produced and presented to WT partners (Figure 2.14).

. Heat maps of effort, revenues and catch per species/species classes
. Tree plot maps, unscaled and scaled
1) Scaled tree plot map 2) Heat map of revenues 3) Unscaled tree plot map

e e e g e o 3 1 4 gt e Y
s RS e bR e e

DR

Figure 2.14: Example of scaled tree plot maps (Gerritsen and Lordan, 2014) in which the filling of cells reflects the total value in a
cell in relation to the cell with the highest total value (e.g. catch weight, revenues). Scaled tree plot maps therefore combine e.g.
the information of total revenue per cell like a heat map (2) and the information on catch composition by revenue e.g. per species
inacell (3).
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2.5.8.2  Catch of species and revenues in future areas

Revenues per fisheries and catch per species/species classes are reported in regard to the agreed confi-

dentiality regime (Figure 2.15).
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i
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Figure 2.15: Example output of catch in future management areas and potential proportional loss (SL_catch) per species/species

classes.

2.5.8.3  Stress Level profiles — Indicator of Challenge

Stress Level of specific fisheries and Individual Stress Level (ISL) profiles are produced to inform about
the potential outcome of management options (Figure 2.16). ISL profiles can be produced e.g. for na-

tional fleets, harbors and coastal regions.
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Figure. 2.16: Example output of SL (upper left) and ISL(upper middle) per gear/gear class, ISL profile of GNSBI fleet (lower left)

and ISL profiles of harbour communities (right)

ICES



ICES

WKCOMPORE 2025 |

2.6 References

ABPmer, (2022). Spatial Squeeze in Fisheries, Final Report, ABPmer Report No. R.3900. A report produced by ABP-
mer for NFFO & SFF, June 2022.

ABPmer & MRAG, (2023). Adaptations to Offshore Wind Farms and Fishing Methods to Enable Co-location, Final
Report, ABPmer Report No. R.4184. A report produced by ABPmer for Defra, May 2023.

Bernard, H. R., & Gravlee, C. C. (Eds.). (2015). Handbook of methods in cultural anthropology. Rowman & Little-
field.

de Groot, J., Campbell, M., Ashley, M., & Rodwell, L. (2014). Investigating the co-existence of fisheries and offshore
renewable energy in the UK: Identification of a mitigation agenda for fishing effort displacement [Article].
Ocean and Coastal Management, 102(PA), 7-18. https://doi.org/10.1016/j.ocecoaman.2014.08.013

Dwyer, J., & Bidwell, D. (2019). Chains of trust: Energy justice, public engagement, and the first offshore wind farm
in the United States [Article]. Energy Research and Social Science, 47, 166-176.
https://doi.org/10.1016/j.erss.2018.08.019

Gerritsen, H.D. and Lordan, C. 2014. Atlas of Commercial Fisheries Around Ireland, Marine Institute, Ireland. 59
pPp-
Hogan F., Hooker, B., Jensen, B., Johnston, L., Lipsky, A., Methratta, E., Silva, A., Hawkins, A. (2023) Fisheries and

Offshore  Wind Interactions:  Synthesis of Science. Available from: https://repository.li-
brary.noaa.gov/view/noaa/49151

EC, Regulation (EU) 2017/1004 of the European Parliament and of the Council of 17 May 2017 on the establishment
of a Union framework for the collection, management and use of data in the fisheries sector and support for
scientific advice regarding the common fisheries policy and repealing Council Regulation (EC) No 199/2008

EC, Commission Delegated Decision (EU) 2021/1167 of 27 April 2021 establishing the multiannual Union pro-
gramme for the collection and management of biological, environmental, technical and socioeconomic data in
the fisheries and aquaculture sectors from 2022

Firestone, J., & Kempton, W. (2007). Public opinion about large offshore wind power: Underlying factors. Energy
Policy, 35(3), 1584-1598. https://doi.org/https://doi.org/10.1016/j.enpol.2006.04.010

Flora, C. B., Flora, J. L., & Fey, S. (2004). Rural Communities: Legacy and Change (2nd ed.). Westview Press.

ICES (2021). Workshop on Socio-economic Implications of Offshore Wind on Fishing Communities
(WKSEIOWEC). ICES Scientific Reports. 3:44. 33 pp. https://doi.org/10.17895/ices.pub.8115

ICES. (2022). Working Group on Spatial Fisheries Data (WGSFD; outputs from 2021 meeting). ICES Scientific Re-
ports. 4:92. 151 pp. https://doi.org/10.17895/ices.pub.21630236

ICES (2024). Workshop on Trade-offs between the Impact of Fisheries on Seafloor Habitats and their Landings and
Economic Performance (WKTRADE4). ICES Scientific Reports. Report.
https://doi.org/10.17895/ices.pub.25288936.v1

ICES (2025). Workshop to develop guidelines on how to approach the ecological, economic and social trade-offs
between offshore renewable energy developments (wind farms) and fisheries (WKWIND). ICES Scientific Re-
ports. 7:8. 47 pp. https://doi.org/10.17895/ices.pub.28229543

Marsh et al. (2022). Summary of the Evidence for Co-Existence and Co-Location of Offshore and Marine Renewable
Energy and Fisheries - ME5608

Mengist, W., Soromessa, T. and Legese, G. (2020). Method for Conducting Systematic Literature Review and Meta-
Analysis for Environmental Science Research. MethodsX, [online] 7(7).
doi:https://doi.org/10.1016/j.mex.2019.100777

Rijksoverheid (2022a) https://www.rijksoverheid.nl/actueel/nieuws/2022/06/10/planning-windenergie-op-zee-
2030-gereed#:~:text=Samen %20met%20de%20al %20eerder naar%20land %20aan%20te%20leggen

Rijksoverheid (2022b) https://www.rijksoverheid.nl/actueel/nieuws/2022/09/16/nederland-maakt-ambitie-wind-
op-zee-bekend-70-gigawatt-in-2050

49



50

ICES SCIENTIFIC REPORTS 7:45 |

Schadeberg A, Kraan M, Hamon KG. (2021) Beyond métiers: social factors influence fisher behaviour. ICES Journal
of Marine Science. Aug 4;78(4):1530—41.

Schulze T., Schulte K., Hamon K.G., (2012) COEXIST Deliverable 3.2: Report on economic analysis in coastal fish-
eries on the Dbasis of revenue for individual profession and fishing trips. 18 p.
https://literatur.thuenen.de/digbib_extern/dn062602.pdf

Snyder, B., & Kaiser, M. J. (2009). A comparison of offshore wind power development in europe and the U.S.:
Patterns and  drivers of development [Article]. Applied Energy, 86(10), 1845-1856.
https://doi.org/10.1016/j.apenergy.2009.02.013

Thébaud O., ] R Nielsen, A Motova, H Curtis, F Bastardie, G E Blomqvist, F Daures, L Goti, ] Holzer, ] Innes, A
Muench, A Murillas, R Nielsen, R Rosa, E Thunberg, S Villasante, ] Virtanen, S Waldo, S Agnarsson, D Cas-
tilla Espino, R Curtin, G DePiper, R Doering, H Ellefsen, J ] Garcia del Hoyol, S Gourguet, P Greene, K G
Hamon, A Haynie, ] B Kellner, S Kuikka, B Le Gallic, C Macher, R Prellezo, ] Santiago Castro-Rial, K Sys, H
van Oostenbrugge, B M ] Vastenhoud, (2023) Integrating economics into fisheries science and advice: pro-
gress, needs, and future opportunities, ICES Journal of Marine Science, Volume 80, Issue 4, May 2023, Pages
647-663, https://doi.org/10.1093/icesjms/fsad005

ICES



ICES

WKCOMPORE 2025 |

PART 3

Review of the ecological, hydrographic, fisheries and select species
impacts of ORE developments

This section addresses WKCOMPORE ToRs a.ii,, iii., iv. and v. (see section 1.3) that provide the scien-
tific basis to answer request questions d), f), g) and h) (see section 1.1):

d) Summarize the known ecological impacts of ORE developments and their intensity (se-

vere, medium, limited, unknown) on main commercial fish species14 for the areas
listed above and at population levels (positive and negative impacts) looking at the
different phases of ORE development (survey, construction, operation, decommission-
ing). A specific case study on the effects on recruitment of western Baltic herring and
of the effects on harbour porpoises should be developed.
Provide a review, based on the most recent literature, to describe how changes on hy-
drodynamic conditions produced by ORE may change the food availability to filter-
feeders and influence phytoplankton primary production;
Provide a review, based on the most recent literature, of the ways artificial structures
could influence the colonization of new areas by species, both indigenous and non-in-
digenous species. Based on data available for other structures (e.g. oil & gas), also from
other locations (e.g. US), extrapolate how this colonization will affect ORE develop-
ments.
Provide a review, based on the most recent literature, of the ways in which pelagic spe-
cies (especially commercial fish species) may react to dynamic cables suspended in the
water column (floating wind);

14 species included in the ICES advice on list of Descriptor 3 species to support reporting by EU Member States under MSFD
Article 17 (https://doi.org/10.17895/ices.ad vice.21332967)
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3.1 General introduction

ToR a.ii to a.v are related to the effects of the different phases of the life cycle of fixed and/or floating
offshore wind farms on marine ecosystem components:

ToR a.

ii. ~ The known ecological impacts of ORE developments and their intensity (severe, medium,
limited, unknown) on main commerecial fish species for the areas listed above and at pop-
ulation levels (positive and negative impacts) looking at the different phases of ORE de-
velopment (survey, construction, operation, decommissioning). A specific case study on
the effects on recruitment of western Baltic herring and of the effects on harbour por-
poises should be developed;

iii. ~ How changes on hydrodynamic conditions produced by ORE may change the food avail-
ability to filter-feeders and influence phytoplankton primary production;

iv.  The ways artificial structures could influence the colonization of new areas by species,
both indigenous and non-indigenous species. Based on data available for other structures
(e.g. oil & gas), and from other locations (e.g. US);

v.  The ways in which pelagic species (especially commercial fish species) may react to dy-
namic cables suspended in the water column (floating wind);

To maximise consistency between these ToRs, experts agreed on common understanding of different
life stages of (floating or fixed) offshore wind farms and pressures associated with them. In addition,
we agreed on a confidence scoring strategy applied for these ToRs.

3.1.1 Fixed and Floating offshore wind farms

Due to the increasing demand for renewable energy, a growing number of offshore wind farms (OWF)
are already operational and more offshore wind farms are planned. The overwhelming majority of off-
shore wind farms to date have been constructed as ‘fixed” structures (Figure 3.1), often surrounded by
a ‘scour protection layer’ (SPL), which is a layer of coarse stones around a foundation to prevent sedi-
ment scouring. Such SPL is needed around gravity-based and monopile foundations, which together
account for almost 90% of the in installed fixed turbines (Negro et al., 2017).
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Figure 3.1 Fixed wind turbine foundations (Puruncajas et al., 2020)

‘Fixed’” offshore wind farms are generally constructed in shallow waters (< 70m) at a relatively short
distance to shore (Diaz and Guedes Soares, 2020). However, this is not always possible in areas with
narrow continental shelves and/or steep bathymetry. Accordingly, there is a relatively recent trend to
test the deployment of floating offshore wind (FLOW) turbines (Figure 3.2.) in these areas, which can
be installed to a depth up to 900 m (Sclavounos et al., 2009). The deployment of FLOW is in its early

stage, with few deployments (mostly experimental/pilot projects) in Portugal, Spain, France, UK and
Norway and China (IRENA, 2024).

Figure 3.2 Different types of FLOW turbines foundations (IRENA 2021)
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The following sections mainly report effects of fixed OWF with the exception of the report for ToR a.v)
that specifically tackles potential effects of dynamic cables of FLOW on commercial fish species and
ToR a. iv) in which potential effects of heating of the cables on biofouling are described.

3.1.2 OWEF phases

For the sake of this report, four different phases in the lifetime of an OWF were defined. Each of them
imposes specific pressures on marine ecosystems (see below). These phases are recognised both for
fixed and floating offshore wind farms:

e Pre-construction survey: period during which the physical environment (bathymetry, sea floor,
underwater heritage, obstructions, hydrodynamic conditions, etc) of a future (floating) OWF is
investigated. This period ends when the survey is completed. Pre-construction pressures are
only related to survey ACTIVITIES.

o Construction phase: period during which the OWF is built. This period starts with the first con-
struction activity and ends when the OWF is fully constructed. Construction period pressures
are related to construction ACTIVITIES (sea floor levelling, cable burial, turbine piling, SPL
installation...) only and do not reflect the effects of the presence of turbines.

o Operational phase: starts with the end of the construction phase and ends with the start of the
decommissioning activities. Pressures are related to PRESENCE of operational turbines, and
maintenance ACTIVITIES.

e Decommissioning phase: starts with the first activities leading to removal of the OWF and ends
when the OWF is fully removed. Pressures are related to decommissioning ACTIVITIES only.

3.13 Pressures

While the marine environment is affected during all phases of the OWF life cycle, there are differences
in the nature of the underlying mechanisms, and their spatial and temporal extent. An assessment of
these effects requires an understanding of the cause-effect relationships (Dannheim et al., 2020) linking
human activities and/or the presence of the structure with their potential effects. To assess OWF impacts
in a standardised way, it is important to clearly define the pressures that cause the changes to the envi-
ronment. In the context of OWF related pressures, literature (Bergstrom et al., 2014; Wawrynskowski et
al.2025, Galparsoro et al., 2022), earlier (ICES 2011, 2019) and ongoing (WGMBRED 2025) ICES work as
well as web-based tools (ORIES https://pml.ac.uk/science/offshore-renewable-impacts-on-ecosystem-
services/) provide pressure lists. These lists were reviewed, harmonised and related to the OWF life
phases for further use (Table 3.1).

Table 3.1 List of pressures associated with different stages of offshore wind development

PRESSURE Pre-con- Construction Operation Decommissioning
struction

Loss of soft sediment, presence of scour protection, cable

covered by scour mattresses, foundation footprint

protection

Introduction of artificial presence of scour protection, cable

hard substrate mattresses, foundation footprint

Change in sediment fining and organic enrichment of cable & SPL

composition sediment due to presence of fouling removal activities

fauna on turbines
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PRESSURE Pre-con- Construction Operation Decommissioning
struction
Sediment resuspension, Piles (fixed OWF) or Yes, scouring after installation of cable & SPL
transport and anchoring (FLOW) turbines and SPL (presence) removal activities
smothering installation, cable
trenching activity
Abrasion of sediment cable trenching, seabed FLOATING OWF: presence of dynamic
by seabed disturbance levelling activities; cables and mooring installations
floating cables &
moorings presence
Change in water presence of installations
current
Change in stratification presence of installations
Introduction of seismic UXO clearing and piling possible drilling,
Underwater noise: survey activities explosions, seismic
impulsive activity surveys
Introduction of noise generated by DP presence of devices, maintenance vessel traffic DP
underwater noise: vessel activity vessel activity vessel activity
continuous
Electromagnetic fields EMF survey EMF from presence of cables
activity
Introduction of presence of corrosion protection
synthetic and non- systems, anti-fouling paints, leaking
synthetic contaminants of lubricants and hydraulic fluids,
particles released during abrasion of
turbine bladed
Introduction of litter breaking of turbine blades, fires in
turbines
Collision risk maintenance vessel maintenance vessel activity
activity
Entanglement risk in seismic FLOATING OWF: presence of dynamic
cables survey cables
equipment

Visual disturbance

maintenance vessel
activity (and moving
ORE parts)

maintenance vessel activity: moving
ORE parts

presence of vessels

Introduction non-
indigenous species via
relocation of floating
turbines

presence of floating
ORE relocated from
other locations to farm
site

relocation activity of floating ORE
between farm and ports for repairs

Relocation of
floating ORE from
farms to
decommissioning
yard
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None of the pressures are present throughout the entire OWF life cycle, and the operational phase is
associated with the largest variety of pressures. It is clear that some ecosystem components will be
subjected to multiple pressures. The methodology to investigate multiple pressure on fisheries activities
is done according to the DPSIR approach (OECD 1993) as explained in the report in ToR a vi. Pressures
were therefore related to expected state changes by WKCOMPORE experts. It should be not noted that
not all ecosystem components are importantly affected by all pressures and associated state changes.
Pressures are considered of meaningful importance if it can be expected that they add significantly to
already existing pressures (i.e. introduction of noise by vessels for maintenance is not considered as a
relevant addition to noise in an area with heavy vessel traffic).

Some of these pressures are specific to the presence of (floating) OWF and formulated in such way that
they can be linked to the receptors defined in the WKCOMPORE Terms of Reference. To facilitate com-
parison with other frameworks, the identified pressures and corresponding state changes were mapped
to the pressure defined by the Marine Strategy Framework Directive (MSFD; Table 3.2).
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Table 3.2. Pressure/Impacts defined by WKCOMPORE experts (left column) and their relationship to MSDF themes and pressures

(right column).

Impact COMPORE

Corresponding MSFD- pressures (consolidated version June 2017 Ta-

ble 2 - https://eur-lex.europa.eu/eli/dir/2017/845/0j/eng)

State change

Loss of soft sediment, cov-
ered by scour protection

Physical - Physical disturbance to seabed (temporary or reversible)

Sediment/ nutrient/
contaminant fluxes

Introduction of artificial
hard substrate

Not covered by MSFD

Colonization of hard
substrate

Change in sediment com-
position

Physical - Physical disturbance to seabed (temporary or reversible)

Sediment/ nutrient/
contaminant fluxes

Sediment resuspension,
transport and smothering

Physical - Physical disturbance to seabed (temporary or reversible)

Sediment/ nutrient/
contaminant fluxes

Abrasion of sediment by
seabed disturbance

Physical - Physical disturbance to seabed (temporary or reversible)

Sediment/ nutrient/
contaminant fluxes

Change in water current

Physical — Change to hydrological conditions

Turbulent wakes,
wind wakes

Change in stratification

Physical — Change to hydrological conditions

Changed thermal
stratification

Underwater noise: impul- Substances, litter and energy - Input of anthropogenic sound (impul- noise
sive sive, continuous)
Underwater noise: contin-  Substances, litter and energy - Input of anthropogenic sound (impul- noise
uous sive, continuous)
Electromagnetic fields Substances, litter and energy - Input of other forms of energy (includ-  noise

ing electromagnetic fields, light and heat)

Introduction of synthetic
and non-synthetic contam-
inants

Substances, litter and energy - synthetic substances, nonsynthetic
substances, radionuclides) — diffuse sources, point sources, atmos-
pheric deposition, acute events,

Sediment/ nutrient/
contaminant fluxes

Introduction of litter

Substances, litter and energy - Input of litter (solid waste matter, in-
cluding micro-sized litter)

Sediment/ nutrient/
contaminant fluxes

Collision risk

Biological - Disturbance of species (e.g. where they breed, rest and
feed) due to human presence

collision

Entanglement risk in ca-
bles

Biological - Disturbance of species (e.g. where they breed, rest and
feed) due to human presence

entanglement

Visual disturbance

Biological - Disturbance of species (e.g. where they breed, rest and
feed) due to human presence

Changed light clues

Introduction of non-indige-
nous species via relocation
of floating ORE

Biological - Input or spread of nonindigenous species

Colonization of hard
substrate
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It is clear that the MSFD pressure list is at a higher level when compared to the list identified by
WKCOMPORE experts (e.g. the MSFD pressures). Physical disturbance to seabed (temporary or re-
versible) is reflected by four different pressures recognised for documenting pressure-receptor links. It
must be noted that the offshore wind pressure ‘introduction of artificial hard substrate,” resulting in
alteration of hydrodynamical conditions (ToR a iii), and colonisation by indigenous and non-indige-
nous species (ToR a iv) is not recognised by the MSFD pressures.

3.1.4 Confidence

While many bottom fixed OWF are currently present in the marine environment, there is still a scarcity
in sound scientific knowledge on the effect of these structures at different spatial (local to regional) and
temporal (days to decades) scales. The current knowledge is often derived from relatively short-term
monitoring efforts, that are rather targeted towards documenting changes at the wind farm scale while
a sound understanding of cause-effect relationship and underlying mechanisms is needed to provide
the knowledge supporting energy policy developments, planning decisions and potential mitigation
actions (Hooper et al., 2017, Dannheim et al., 2020). Furthermore, access to offshore wind farms for
scientific research is often limited due to security reasons or hampered by the presence of turbines
(Coolenet al., 2022; Lipsky et al., 2024). As such, the information provided here is often based on indirect
knowledge (e.g. on knowledge of similar species, or similar pressure-receptor links in other environ-
ments, or at other types of structures) and/or expert knowledge. To take into account these shortcom-
ings in the scientific knowledge base supporting the different parts of this report, we used a confidence
scoring scheme (adopted from Dannheim et al., 2020) to reflect our confidence in the reported findings
and recommendations. Confidence was classified as ‘low” when information has been derived from
sources that only cover general understanding of the cause-effect relationship, or by “informed judge-
ment” where very little or no information is present at all on the cause-effect relationship. ‘Moderate’
confidence reflects a situation where information has been derived from sources that consider compa-
rable effects of a particular cause-effect relationship or outside the area of interest. Confidence was
scored as ‘high” when information has been derived from sources that specifically deal with the cause-
effect relationship of ORE in the area of interest and experimental, modelling or field work has been
done to investigate the specific cause-effect relationship.
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