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\WELCOME TO CWW 2023!

Welcome to the 7t" Conference on Wind Energy and Wildlife
Impacts — CWW 2023, organised under the patronage of the
European Parliament.

The scientific program of the conference, centred around the theme of “Nature inclusive upscal-
ing of wind energy”, encompasses three keynote speeches, two panel discussions, six workshops,
four special sessions, 108 oral presentations, and nearly 90 poster presentations.

The abstracts featured in this book showcase the highest achievements in the field and are in-
tended to start productive discussions and contribute to finding innovative solutions to prevent,
minimize, and mitigate the impacts of wind farms on wildlife.

While we have aimed to compile as complete a book of abstracts as possible, some talks and ses-
sions were in the final stages of planning when we drafted this book of abstracts, and therefore
some details may be missing or may be slightly inaccurate for those talks/sessions.

We trust that you will discover both the abstracts and the conference at large to be insightful and

inspiring.
With warm regards,
Dalibor Hatic, Mirna Mazija, David Tidhar,
Chair Organizing Committee, Co-chair Organizing Chair Scientific Advisory
Oikon Ltd. - Institute of Committee, Committee,
Applied Ecology Supernatural Ltd. Masdar
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REGULATING CLIMATE FOR NATURE VERSUS REGULATING
NATURE FOR CLIMATE

Johann Koppel, Technical University Berlin/Uppsala University, Campus Gotland and
Roel May, Norwegian Institute for Nature Research

For more than a decade, the CWW community has presented the current state of knowledge and
perspectives on wind energy’s wildlife implications. Rarely have we seen such a targeted joined
effort to bring science on the agenda of developers and regulators. Over the very same time span,
our globe faced the hottest years since systematic monitoring, and wildfires and floods accompany
our pathways to Croatia. Simultaneously, massive upscaling of wind energy is on the forefront.
Thus, how can we ensure to provide knowledge and tools to keep the wind energy and wildlife sci-
ence - policy - practice gap as close as possible? Have we truly embraced our shared responsibility
for both nature and climate? With a set of relevant hypotheses and questions, we wish to provide
food for thought to reflect on during the conference, its closing session and in its aftermath.
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TOWARDS SOLVING THE GLOBAL WIND ENERGY-BAT CONFLICT:
CURRENT STATE AND FUTURE PERSPECTIVES

Christian C. Voigt, Leibniz Institute for Zoo and Wildlife Research, Berlin, Germany
ccvoigt@googlemail.com

Wind energy production is growing rapidly around the world in an effort to reduce greenhouse gas
emissions. However, wind energy production is not environmentally neutral and efforts must be
made to reconcile the environmental goals of protecting our climate and our biodiversity. Using
bats as an example, | will review the state of knowledge on the conflict between wind energy pro-
duction and bats in Europe and worldwide. | will identify obvious and hidden problems, point out
concrete solutions, highlight gaps in our knowledge and formulate perspectives that will help solve
an important green-green dilemma.
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THE FUTURE OF CWW

David Tidhar?, Aonghais Cook?, Branko KarapandZa3, Cris Hein*, Dalibor Hatic®, Duro Huber®,
Ed Arnett’, Emma Bennett’, Johann Koppel®®, Kate Williams'’, Laith El-Moghrabi'?,

Mirna Mazija'?, Roel May*3, Sytske van den Akker**, Winifred F. Frick'>, Wouter Lengkeek!®
!Masdar, *British Trust for Ornithology, *Fauna C&M, “National Renewable Energy Laboratory (NREL),

*Oikon Ltd. - Institute of Applied Ecology, °The Wildlife Society, "Monash University, éTechnische Universitdt Berlin,
SUppsala University, Campus Gotland, *Biodiversity Research Institute, Fieldfare Ecology, **Supernatural Ltd.,
BNorwegian Institute for Nature Research, *Vattenfall, *Bat Conservation International,

“Waardenburg Ecology

dtidhar@yahoo.co.uk

The Conference on Wind Energy and Wildlife (CWW) has reached an important milestone in this,
it’s seventh event. The 7" CWW has exceeded well over 500 in person attendees from over 30
countries, attracting nearly 200 abstract submissions from leading researchers, consultants, stake-
holders, industry representatives, project developers and owner-operators, students, regulators,
and others. CWW is unusual in that it has no formal organization and all the conferences to-date
have been initiated and developed by an iterative group united in a shared vision in the value of
this knowledge sharing and networking event. In this presentation, the current Chair of the CWW
Scientific Advisory Committee will present some of the key challenges and risks to CWW, discuss
the SAC’s strategy for CWW in the foreseeable future, and invite the audience - the CWW commu-
nity - to offer their ideas, so that together we can ensure the future success of CWW.
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INCREASING CONNECTION AND LEARNINGS IN THE
INTERNATIONAL STUDY OF WIND ENERGY AND WILDLIFE

Taber D. Allison?, ‘Renewable Energy Wildlife Institute, 20005, Washington, DC, United States
tallison@rewi.org

In Europe and the U.S., researchers in wind energy and wildlife regularly gather to share the latest
scientific results to better understand the risk of on and offshore wind energy to wildlife and how
to mitigate that risk. Despite important differences in the natural and regulatory environment,
common themes have emerged. These themes have informed what we know and have influenced
how we manage the necessary growth of wind energy to mitigate the great risk of global climate
warming to wildlife while simultaneously minimizing the risks of that growth to wildlife. In the
U.S., the bi-annual Wind-Wildlife Research Meeting (WWRM) has alternated with the Conference
on Wind Energy and Wildlife. The two meetings attract largely different audiences, but there is an
overlap in participation and presentation of research from both sides of the Atlantic in the differ-
ent meetings. Organizers of both meetings realize that the potential connections between the two
meetings could be improved, and there is an opportunity to carry over themes and research out-
comes from one meeting to the next. In this presentation, | will describe major themes that have
emerged from the most recent WWRM meetings, integrate those with the themes of the recent
CWW meetings, and propose recommendations for how the two meetings moving forward, can
build on and continue our work.

Key words: wind-wildlife science, mitigation, communication, technology
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A LAUNCHING AND TRAINING (WITH IN-FIELD COMPONENT) OF
THE GOOD PRACTICE HANDBOOK ON POST-CONSTRUCTION
FATALITY MONITORING (PCFM) FOR ONSHORE WIND PROIJECTS
IN EMERGING MARKETS AND ITS AUTOMATED DECISION
SUPPORT TOOL

David Tidhar!, Paul Rabie?, Kate MacEwan?,Zoe Howell3, Lori Anna Conzo*, Robert Adamcyzk®
!Masdar Clean Energy, “Western EcoSystems Technology Inc., *Natural Power, *International Finance Corpora-
tion, °European Bank for Reconstruction and Development

dtidhar@yahoo.co.uk

The impacts associated with onshore wind energy facilities (WEFs) are highly unpredictable, even
when robust pre-construction baseline survey results are available (Ferrer et al. 2012; Hein, Gru-
ver, and Arnett 2013; Solick et al. 2020). Although rigorous pre-construction baseline studies are
necessary to characterize risks, post-construction fatality monitoring (PCFM) is the only way to
understand the actual collision impacts of WEFs on birds and bats. Implementing a robust PCFM
program during the operational phase of a WEF is therefore critical for effective management and
mitigation of biodiversity impacts. A soon-to-be published PCFM Handbook and Decision Support
Tool has been developed by the International Finance Corporation (IFC), the European Bank for
Reconstruction and Development (EBRD) and Kreditanstalt Flir Wiederaufbau (KfW), with the core
aim of providing a resource that develops and consolidates PCFM good practice for use in emerg-
ing market countries and elsewhere. Attendees of this all-day workshop will receive training in
the design and implementation of PCFM, including: a) introduction to all of the primary aspects of
PCFM; b) detailed overview of the Handbook, and key supporting tools to assist in the monitoring
design; c) overview of key analysis tools, including GenEst; d) introduction and practice of the main
field elements of PCFM, and; e) insights on avoiding and dealing with common implementation
challenges.

12
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COLLISION RISK MODELS AT 40: CURRENT STATUS AND
APPROACHES TO IMPROVE GLOBAL COORDINATION AND UTILITY

Kate Williams?, Evan Adams*, Andrew Gilbert*, Aonghais Cook?, Pamela Loring?

IBiodiversity Research Institute, Center for Research on Offshore Wind and the Environment,
04103 Portland, Maine USA, ?British Trust for Ornithology, The Nunnery, IP26 4BG Thetford,
Norfolk, UK, 3U.S. Fish and Wildlife Service, Division of Migratory Birds, 02813 Charlestown, Rhode Island,
USA, “Biodiversity Research Institute, Quantitative Wildlife Ecology Research Lab, 04103 Portland, Maine USA
kate.williams@briwildlife.org

The first collision risk model (CRM) was published in 1983. Forty years later, we will identify key ave-
nues to continue improving CRMs for use in terrestrial and marine contexts worldwide. The goals of the
workshop will be to (1) Review different CRM approaches around the globe, (2) Discuss emerging topics,
including integrating different data types/taxa/life history stages into density models and developing
better frameworks for estimating cumulative impacts with CRMs, and (3) Identify interest in developing
a global working group focused on these issues. The first half of the agenda will include presentations
and panel discussion on the current state of the science, focusing on scientific priorities for making
CRMs more useful and broadly applicable and on key challenges for implementing CRMs in a global
context. Presentations will include: (1) Review of the types of CRMs in current use (Aonghais Cook, BTO),
(2) Using movement data to predict collision risk for endangered shorebird and seabird species in the
U.S. Atlantic (Andrew Gilbert/Evan Adams, BRI), (3) An individual-based CRM for lesser black-backed
gulls (Floor Soudijn, Wageningen Marine Research), and (4) StochLab R package and RShiny interfaces
for creating and running CRMs (Grant Humphries, BlackBawks Data Science). The second half of the
workshop will consist of small group discussions, followed by a final full group discussion on the poten-
tial development of a global working group focused on CRM issues. Breakout group discussions will
address questions such as: (1) What does a “good” CRM look like (e.g., transparency, freely available
code/software, clearly defined input parameters, sensitivity analysis)? (2) What are the minimum data
requirements for CRMs? (3) How do we more effectively structure CRMs to allow for estimation of effects
across projects over time (e.g., to address cumulative effects questions)? (4) How can/should the results
of CRMs be used in a regulatory context, including in emerging markets, and how can we get further
regulatory input on this question? and (5) Are there standards, guidelines, or other products that could
be developed to help to facilitate the use of scientifically appropriate CRMs around the world? By the
end of the workshop, we will have identified a preliminary list of working group members, gathered a
range of ideas on further development and implementation of CRMs, and started to develop a workplan
to pursue workgroup funding and align the group with existing initiatives such as the Convention on
Migratory Species (CMS) Energy Task Force.

Key words: collision risk model, standards, cumulative effects, offshore, land-based
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The Shutdown on Demand Workshop features the following two
abstracts:

HOW MUCH IS SHUTDOWN ON DEMAND THE SOLUTION FOR
BIRD MORTALITY AT WIND FARMS?

Ricardo Tomé’, Filipe Canario®, David Wilson?
The Biodiversity Consultancy Ltd, Cambridge, CB2 1SJ, United Kingdom
ricardo.tome@thebiodiversityconsultancy.com

Shutdown on Demand (SDOD) is considered the most effective mitigation measure for reducing
bird collision risk at wind farms, and consists of shutting down turbines temporarily in response
to the presence of species of concern or high numbers of individuals at risk. SDOD can be observ-
er-assisted, technology-assisted (i.e., using radar or camera detection) or a combination of both.
This method has been applied in different geographies, and targeting different groups of birds (e.g.
migrating and resident raptors, migrating passerines), and available results indicate that mortality
rates of target species can be reduced between 50% to close to 100% with very low impacts on
energy production (generally < 0.5%). Nevertheless, the application of this method can be quite
challenging and many questions remain, especially as wind projects expand into new areas: How
can we predict production losses from SDOD in the planning or permitting phases? How can SDOD
be operated offshore or in wind farms placed in remote locations, where there are no field observ-
ers available and/or where technologies are less effective or difficult to deploy? How to choose
between observers and technology (or a mix of both)? Is SDOD feasible in very large-scale wind-
farms, occupying areas of thousands of km2? Losses in production seem to be negligible, but what
about operation costs? How to monitor SDOD performance? How can we define shutdown criteria
and mortality thresholds? Should SDOD allow for permitting under any circumstances? Hoping to
promote a comprehensive discussion between researchers, consultants, developers, lenders and
regulators, we propose to organize a four-step interactive workshop on SDOD, comprising: i) An
initial presentation reviewing and presenting the state-of-the-art results from SDOD operation and
addressing main present and future challenges; ii) Discussion in small groups, addressing the main
topics involving SDOD; iii) Presentation of main conclusions from each group; iv) Wrap-up general
conclusions and recommendations. We expect the workshop to last for 2h (step 1 - 15 min; step
2 - 40 min; step 3 - 40 min; step 4 - 25 min); c. 40 people are expected to attend.

Key words: Shutdown On Demand, mitigation, mortality, efficiency, birds
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THE ATMP CONSTRAINTS AND SOLUTIONS: GOOD
INTERNATIONAL INDUSTRY PRACTICES

Ali Khazma!, Ahmed Khalil!, Rana Alkady !, Khuzama Wardeh!, Mohamed Sherwali!
'RCREEE, Department of ESG & Sustainability, Cairo, Egypt
ali.khazma@rcreee.org

Egypt is one of the main crossroads for soaring birds migrating from breeding grounds in Europe
and Asia to wintering areas in Africa, of particular concern, the Gulf of Suez lays on the heart of
the migration flyway for soaring birds, where majority of flyway populations cross the area during
spring and autumn migrations. In this regard, the Regional Centre of Renewable Energy and Energy
Efficiency (RCREEE) launched the first of its kind strategic and operational program evaluating
environmental impacts and monitoring soaring birds’ migration in Egypt entitled ‘Active Turbine
Management Program’ (ATMP). The ATMP is a global flagship effort taking place in the Gulf of Suez
region in Egypt, which is undertaken through a joint protocol between RCREEE, the Egyptian Envi-
ronmental Affairs Agency (EEAA), the Egyptian Electrical Transmission Company (EETC) and New
and Renewable Energy Authority (NREA). Thus, this study will address the fact that the ATMP trusts
that in order to adequately address cumulative effects on biodiversity from wind power projects
for more than 3,000 MW wind projects, a coordinated approach at the national level represents
good practice. Therefore, to ensure that the expansion of the wind energy sector does not com-
promise priority biodiversity values, practitioners, regulators and lenders will need to regularize
the management of biodiversity risk through the following measures: a Collective Bird Monitor-
ing Program (BMP), a Predictive Fixed Shutdown Program (PFS-Program), Shutdown on Demand
Program (SOD-Program), and a Fatality Monitoring Program (FMP). With that, despite the various
constraints the ATMP has dealt with (during both pre- and post- construction phases) the ATMP is
deemed to be a technical, financial and environmental solution for lenders, investors, government
authorities, environmental experts, etc. Additionally, the ATMP can be considered as one of the
good examples of best international industry practices through its solution.

Key words: ATMP, Innovative Solutions, Lessons Learnt
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DEALING WITH UNCERTAINTY — PARTICIPATORY IDENTIFICATION
OF LEVERAGE THRESHOLDS FOR IMPACTS

Roel May!, Miguel Mascarenhas?, Cris Hein?

!Norwegian Institute for Nature Research (NINA), 7485 Trondheim Norway, 2BE Bioinsight, 2675-690 Odlivelas,
Portugal, *National Renewable Energy Laboratory (NREL), 80007 Arvada (CO), USA

roel.may@nina.no

The expansion of wind energy poses challenges to policy- and decision-makers to address nec-
essary carbon reduction goals while limiting conflicts with wildlife. Environmental impact
assessments are used to ensure that the potential environmental consequences of plans and
projects are considered before the project is licensed. Based on these, decision-makers need to
balance the potential environmental cost with the socio-economic benefits. However, what if the
likelihood or magnitude of an impact is uncertain due to lack of knowledge on the species or
ecosystem, limited available data, or validity of statistical models? Conflicts may arise when there
are discrepancies between what is deemed ‘good enough’ and ‘acceptable’, and are often asso-
ciated with difficulties of prediction where impacts are subject to considerable uncertainty. This
requires decision-makers to deal with different sources of uncertainty: natural stochasticity, sta-
tistical variance, social doubt, technical inefficiency, and indecisiveness. Still, we must work with
the best available knowledge, and act to the best of our ability. In addition to this, decision-makers
must also deal with social issues and an increasingly polarized society, not only technical uncer-
tainty but also intolerance and a lack of space for the much-needed collective reflection required
for decision-making in the face of uncertainty. Uncertainty will always be here; it is crucial that,
as a species and collectively, we know how to cope with it. Aim: This workshop aims to take up
these different dimensions of uncertainty and allows the participants interactively discuss what
defines these, and how to improve setting appropriate thresholds in the face of uncertainty. Form:
The workshop will be introduced by several invited speakers illustrating different perspectives of
uncertainty. Thereafter, using an interactive Delphi design (online survey, mind-mapping, SWOT)
participants will discuss how ‘dealing with uncertainty’ can best be pursued and which leverage
thresholds may be best to support sustainable decision-making. Proposed invited speakers and
panel (not contacted yet): « Liz Masden (UHI) [ecological perspective] « Paul Rabie (WEST) [statisti-
cal perspective] « Gesa Geiller (BOKU) [planning perspective] » Regulator [decision perspective] «
Development bank [financial perspective] « Industry [practice perspective]

Key words: uncertainty, impact thresholds, acceptable
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MODELLING FUTURE WIND ENERGY BUILD OUTTO
UNDERSTAND EMERGING CONSERVATION AND SOCIAL
CHALLENGES. CAN IT BE DONE IN YOUR COUNTRY?

Jay Diffendorfer!, Anthony Lopez?, Bethany Straw?, Trieu Mai2, Charles Labuzzetta*,
Ashton Wiens®

LU.S. Geological Survey, Geosciences and Environmental Change Science Center, Denver, Colorado, 80225,
USA, ?National Renewable Energy Laboratory, Golden, Colorado, 80401, USA, 3U.S. Geological Survey, Fort
Collins Science Center, Fort Collins, Colorado, 80526, USA, * U.S. Geological Survey, Upper Midwest Environ-
mental Sciences Center, La Crosse, Wisconsin, 54603, USA, * U.S. Geological Survey, Geology, Energy and
Minerals Science Center, Reston, Virginia, 20192, USA

Jjediffendorfer@usgs.gov

Goal. Can we achieve deep decarbonization without negatively impacting wildlife? What effect
would broad-scale turbine curtailment or strict local siting regulations have on national energy
strategies and electricity prices? This workshop focuses on understanding the ecological and social
challenges associated with expanding wind energy. Methods and tools exist to site new wind energy
and reduce impacts to wildlife. However, few approaches can forecast detailed wind turbine devel-
opment and link this to environmental information so that bi-directional analysis can occur. For
example, how will future wind energy impact a species AND how will species conservation mea-
sures constrain development? The workshop will describe one approach to consider wind energy
futures and ask participants to frame how they could address similar questions in other parts of the
world. Materials and Methods. In the first 30 minutes, we will describe an approach developed by
a U.S. multi-agency, interdisciplinary working group that integrates energy development forecast-
ing, social and environmental constraints, bat fatality modelling, and the BatTool - a generalizable
bat population demography model. We introduce the National Renewable Energy Laboratories
(NREL) Renewable Energy Potential/ Regional Energy Deployment System (reV/ReEDS) models,
describing inputs, outputs, and key processes. These open-source models simulate the electric
sector, the spatial distribution of wind turbines, and have been used to investigate how technol-
ogy, social opposition, and transmission choices affect wind development. We then explain the
integration of environmental constraints on wind deployment into reV/ReEDS to study 1) interac-
tions between conservation and national decarbonization strategies and 2) future wind energy
impacts on bats by linking future turbine forecasts, to bat fatalities predictions, to bat demography.
In the remaining hour, we facilitate an interactive activity to explore how the approach could be
implemented in other countries or offshore. Groups will discuss how the framework, or a similar
approach, can be applied in their country, what the approach might look like in emerging markets,
where data may be limited, and how useful the approach is. Results. Participants will leave the

17
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workshop with an understanding of the framework and how they could implement an approach
in their country or region of interest. Conclusion. The workshop will end with a summary of the
interactive session that highlights scientific and methodological gaps, how we can consider issues
associated with future deployment in emerging markets, and other issues related to large-scale
wind energy deployment and integrative science.

Key words: bat fatalities, development limits, energy modelling, population demography, trade
offs
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WHERE DO YOU START? CONCEPTIONAL FRAMING OF
COMPENSATORY MITIGATION FOR ONSHORE AND OFFSHORE
WIND FARMS

Atma Khalsa?, Scott Johnston?, Laura Nagy?, Kate Williams*
!Avangrid, 2U.S. Fish and Wildlife Service, *Vineyard Offshore, “Biodiversity Research Institute
atma.khalsa@avangrid.com

Many wind projects, both onshore and offshore, require compensatory mitigation. Although mit-
igation for some species is clearly defined, creative mitigation solutions are increasingly required
as renewables expand into new regions where there is no precedent for compensatory mitigation
and/or new species may be affected by large-scale development, including species that are legally
protected or of substantial conservation concern. In this panel, we will introduce a conceptual
framework that developers and regulators must navigate to identify and enact compensatory
mitigation efforts, from high level determination of focal species/habitats for mitigation and
opportunity identification (i.e., actions to increase survival or conserve habitat) to a narrower list
of feasible options for mitigation actions, to creating the supporting logic and metrics to determine
the appropriate mitigation levels and measure outcomes. Following this introduction, panelists
will highlight: 1) examples of where cooperation between the permitting agency and developer
allowed creative solutions to move forward, 2) how sharing of information among cooperat-
ing partners and experts can provide substantive insight and lead to better outcomes, 3) where
well-intentioned regulatory language can result in conflicts between regulatory requirements
and biologically meaningful solutions, and 4) similarities and differences in how the conceptual
framework for compensatory mitigation may also apply to net positive impact goals. We will then
provide examples for species impacted both onshore and offshore, and focus on substantial time
for discussion among panelists, including perspectives from regulatory agencies, developers, and
other stakeholders.

Panelists will include Peter Robson (Scottish Power), Kari Soltau (Burns & McDonnell), Samir Whita-
ker (Orsted), Atma Khalsa (Avangrid), and Scott Johnston (U.S. Fish and Wildlife Service).

19
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NATURE POSITIVE WIND ENERGY? AN OVERVIEW OF THE
CHALLENGES AND OPPORTUNITIES

Samir Whitaker (Orsted), David Wilson (The Biodiversity Consultancy),

Jay Diffendorfer (U.S. Geological Survey), Lori Anna Conzo (International Finance Corporation),
Luc Hoogenstein (ENECO), Peter Robson (Scottish Power)

Moderator: Ed Arnett, The Wildlife Society

The scale and pace of wind energy developments required to meet global climate targets is
unprecedented. The global climate and biodiversity crises are interlinked, and it is vital that this
expansion of new energy must adhere to the mitigation hierarchy to ensure there is no net loss of
biodiversity, and there are increasing regulatory requirements and voluntary commitments (and
a clear need) to go beyond and ensure net positive and nature positive outcomes for biodiversity.
This session will aim to provide the audience with perspectives on how developers, financial insti-
tutions, researchers and consultants understand and approach the concepts of “nature positive”
and how “net positive impact” fits within it with focus, case studies and lessons from wind energy
projects and associated infrastructure.

This panel discussion features the following two abstracts:
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NET POSITIVE IMPACT FOR BIODIVERSITY AND OFFSHORE
WIND — CHALLENGES AND CONSIDERATIONS

Claire Fletcher', David Wilson?, ‘The Biodiversity Consultancy, CB2 1SJ, Cambridge, UK
david.wilson@thebiodiversityconsultancy.com

Offshore wind is critical to the energy transition and the pace of development is accelerating. It
is crucial this does not happen at the expense of nature, and there are increasingly ambitions
for wind projects to have a Net Positive Impact (NPI) on biodiversity. While this sounds a simple
concept (and, importantly, different from the emerging ‘nature positive’ concept), it conceals a sig-
nificant amount of complexity and challenges - some specific to offshore wind and some common
to biodiversity management and mitigation in general. This presentation will outline key steps and
actions, and explore some of the challenges, needed to demonstrate project-level NPI for biodiver-
sity. 1. Define what features will be tracked. NPI for every single biodiversity feature is not likely to
be practical or feasible, so projects will need to complete some form of prioritisation to define the
features of importance. How does a project identify priority features: conservation status, stake-
holder importance, sensitivity to impacts? Then, does an NPI objective apply to all features, or a
subset (e.g., those with significant residual impacts). 2. Set a metric and sampling or monitoring
approach for each feature. This is likely to be different for each feature, although proxies could
be useful for some groups of similar species. Area, or area*quality, and number of individuals
are commonly used metrics, but what about more challenging situations like when projects may
impact migration routes? 3. Establish baseline conditions: this may require targeted surveys or
existing datasets depending on the feature. These conditions need to be established for both the
negatively-impacted population and where positive actions (i.e., offsets) are likely to be imple-
mented - noting these may be in very different areas. 4. Be transparent about how to deal with
‘impossibilities and uncertainties’ - features for which impacts or gains cannot be meaningfully
quantified, which have large uncertainties, or for which gains are not feasible. How should these
cases be addressed and incorporated into an NPl commitment? 5. Define a process for aggregating
and reporting on results, both to determine when project-level NPl has been achieved, and, where
relevant, aggregating project results from across a portfolio to determine when corporate-level
NPI has been achieved. Does project-level NPl mean NPI for all features or for a majority? Is impact
significance or sensitivity a factor, and should any weightings be applied? Being clear on what can
be claimed, and when, is essential for credibility, reporting and disclosure.

Key words: Planning, mitigation, NPI
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BIODIVERSITY METRIC: TOWARDS A NET POSITIVE EFFECT ON
BIODIVERSITY

Luc Hoogenstein?, Eneco, 3000 BA, Rotterdam, The Netherlands
luc.hoogenstein@eneco.com

Eneco’s ambition on biodiversity is that all its investment decisions on new renewables assets
should have a net positive effect on biodiversity from 2025 onwards. Eneco wants to apply this
for the construction and operational phase, for both on- and offshore renewable energy assets.
Arcadis has developed an approach for Eneco to restore nature and become net biodiversity posi-
tive for each new project. This approach is on top of business as usual, which already minimizes the
negative impact on biodiversity. The Biodiversity Metric 3.1, a tool in use with the United Kingdom
authorities, was found most suitable to support Eneco’s purposes. In 2023 6 pilot projects have
started to test the Biodiversity Metric on new sustainable energy projects, including the proposed
wind farm at Houffalize, Belgium. During our presentation we will give insight on the following
subjects based on our experiences in Houffalize: « Biodiversity impact of new Eneco’s wind farms «
The Biodiversity Metric explained « First results Within scope of the Biodiversity Metric are: « Direct
local impacts on biodiversity at the site of specific planned assets. « Impact drivers limited to land
use change (including fragmentation, collision risk, etc.) as this is by far the main pressure at site
level. « Construction phase (of access roads, platforms, and the transport of material) and opera-
tion phase (including maintenance and anything to make the energy asset run properly). In parallel
to the usual practice to be compliant with the relevant legislation (EIA, permits), Eneco applies the
Biodiversity Metric 3.1 to calculate both the negative impact an asset may have (pre biodiversity
units) and the required volume of nature recovery to achieve biodiversity positive. Nature recovery
measures can be applied within the project site, near the project site (locally) and/or further away,
as far as the combined restoration measures are sufficient for achieving biodiversity positive.

Key words: Biodiversity, method, net positive effect
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THE ROLE OF IFIs IN REDUCING BIODIVERSITY RISKS AND
IMPACTS AT RENEWABLE ENERGY PROIJECTS, CASE STUDIES

Carla Maria Arinez Sanjines?, Alexandra Lima Lopes Martins de Freitas?, Lori Anna Conzo?,
Beatrice Yulo Gomez3, Robert Adamczyk*

IFMO, 2International Finance Corporation, *Asian Development Bank, *European Bank for Reconstruction and
Development

Moderator: Tris Allinson, BridLife International

Development Finance Institutions (DFIs) are key facilitators in the deployment of renewable energy
globally. Such institutions not only provide financing for such developments but also require proj-
ects to comply with environmental and social safeguards which often surpass national regulatory
standards. In this panel, representatives from national and multilateral DFIs will discuss biodiver-
sity aspects of these safeguards in the context of wind energy projects in the Balkan Region, as well
as emerging renewable energy markets.
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HOW TO DO BUILT AN ECOLOGICALLY FRIENDLY WINDFARM?

Marin van Regteren'?, Hermione van Zutphen?, Jeroen Kwakkel?, Lisa Hoekema?

IEneco, Offshore Wind, 3068 AV Rotterdam, The Netherlands, *Ecowende, wind farm development, 2288 GK
Rijswijk, The Netherlands, *Waardenburg Ecology, 4101 CK Culemborg, The Netherlands
marin.vanregteren@eneco.com

Proposal for a special session with oral presentations under topic 5 or 7, with multiple presenters
on different subtopics of the Windfarm Ecowende. Proposed subtopics are 1) generic introduction;
2) birds and bats; 3) marine mammals and 4) nature enhancement for fish, benthos and habitats.
Details of separate topics did notfit the maximum word count. If preferable, we can submit these
abstracts separately. In December 2022, the Dutch government awarded the permit to develop
Hollandse Kust West (HKW) site VI to Ecowende. Ecowende will build the first offshore wind farm
with a focus on ecology - from design, construction and operation to research and knowledge
sharing. We do this by minimizing the negative effects on the ecosystem as much as possible while
stimulating positive effects. As such, we find ourselves at the start of the mission to develop future
wind farms with a net positive impact and we are working together with various ecological experts,
organizations and institutions to stimulate a flourishing ecosystem: minimize impact on marine
mammals, birds and bats, and promote a vibrant marine life. We will provide insight in our vision
for HKW site VI and how this vision is integrated into the design, construction, installation and
operations of the wind farm. To make the most positive contribution possible, our approach meets
five requirements: « Holistic, because everything is connected within the North sea ecosystem; «
Customized, because the effects of our measures will differ per species (group); « The full project
lifecycle, because every phase will have a different impact on the ecology; « Continuous improve-
ment, throught the evaluation of new insights; « Filling knowledge gaps, so that future wind farms
will have more knowledge regarding the ecology of the North Sea and the effectiveness of our
measures.

Key words: Offshore wind, ecological research, mitigation measures, nature enhancement, knowl-
edge sharing
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GRAND CHALLENGES IN WIND ENERGY RESEARCH — UPDATES
FROM TEM #109

Amanda Hale!, Cris Hein?, Samantha Rooney?
"Western EcoSystems Technology, Inc. (WEST), *National Renewable Energy Laboratory
ahale@west-inc.com

In early 2023, the International Energy Agency Wind Technology Collaboration Programme (IEA
Wind) convened a Topical Expert Meeting (TEM #109) on the Grand Challenges in the Science of
Wind Energy. This meeting brought together approximately 100 experts from around the world
to discuss how to design wind turbines and wind plants for wind energy to supply up to 50% of
future electricity demand in a carbon-neutral energy system. To do this, experts from the following
five research areas - atmosphere, turbine, plant and grid, environment, and social - met in their
own groups and in breakout sessions with members of other groups to identify knowledge gaps
and opportunities to advance research. Considerable time was spent identifying links between
the five traditionally separate scientific areas, identifying cross disciplinary issues, and propos-
ing initiatives to create a more holistic approach to the design and deployment of wind energy
facilities. In this presentation we will 1) share information with CWW attendees about the afore-
mentioned meeting; 2) summarize the critical issues for environmental co-design, initiatives, and
need for holistic design; and 3) provide multiple perspectives on how we collaborate to advance
these efforts. If this abstract is selected as part of a panel discussion at the CWW, the objectives
would be the same as above. Although the final panelists have not been identified, the panel will
include a moderator and someone to provide an overview of critical issues identified at the TEM
#109. It will also include three to five individuals who can speak to these issues with expertise in
wind turbine engineering, technology integration, wind plant operations, and regulatory frame-
works. We have been in contact with several of our colleagues who participated in TEM #109 and
they will be attending the upcoming CWW. We are confident that we will be successful in recruiting
excellent speakers who collectively will represent a range of countries and have varied expertise
and perspectives.

Key words: Environmental co-design, environmental costs and benefits, future impacts and
tradeoffs, holistic design

27



SPECIAL SESSIONS oierence on www.cww2023.0rg

REDUCING UNCERTAINTY AND ASSESSING BAT POPULATIONS
IN DOMINICAN REPUBLIC

Caleb Gordon!, Rosa Palmer?, Paul Rabie?, Kevin Murray?, Theodore Owen?,

Miguel Nunez-Novas?

Xenops Environmental, LLC, Tucson, Arizona, USA, 2WEST, Inc., USA, *Natalus Consultoria, Santo Domingo,
Dominican Republic

caleb@xenops-env.com

In this session, three of the collaborating scientists will present an overview of a recently com-
pleted acoustic bat inventory of the Dominican Republic, a project whose primary objective was
to gain new insights into the national population sizes of three species of bats that are from col-
lision-susceptible taxa, and that have elevated conservation status, but whose distribution and
abundance on Hispaniola were previously virtually unknown, due to a historical lack of acoustic
bat surveys on the Island. Caleb Gordon, the project director, will present an overview of the
project's background, purpose, and the significance of the results in the context of wind-wildlife
science. Rosa Palmer, the project's lead mammalogist, will describe the project's primary field
and acoustic analysis methodology, as well as a biological perspective on the study's principal
findings. Paul Rabie, the project's lead statistician, will describe the statistical modeling approach
used to make inferences about bat population sizes derived from bat acoustic activity data, with
an emphasis on future research that is needed in order to realize the full potential of this model-
ing technique as a tool for understanding the population sizes of bats of interest to wind-wildlife
scientists.
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THE EMERGING COLLISION RISKS TO OLD WORLD FRUIT BATS

Kate MacEwan', Emma Bennett?, Inka Veltheim?, Jennefer McClean* and Jessica Meade®
'WEST, Inc., USA, “Monash University, Australia, *Biosis, Australia * Tolga Bat Rescue and Research, Australia®
Western Sydney University, Australia

emma.bennett@monash.edu

Fruit bats are predominantly found in tropical and subtropical regions in Africa, Asia, Australia and
parts of the Pacific Islands. They occupy a pivotal ecological niche as both pollinators and seed
dispersers contributing significantly to the health and stability of the ecosystems they inhabit.
Fruit bats face many challenges including habitat loss, hunting, conflict with farmers, heat stress
and climate change. With the expansion of wind energy into these regions, collision with turbines
is an emerging issue and creates a unique set of challenges for sustainable energy generation and
the conservation of these Old World fruit bats.
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This special session features the following three abstracts:

HOW CAN AUSTRALIA LEAD THE EMERGING ISSUE AROUND
FRUIT BAT COLLISIONS?

Emma Bennett'?

Elmoby Ecology, Clunes, 3370 Australia, 2Monash University, School of Biological Sciences, Clayton, Victoria,
Australia

elmobyecology@gmail.com

Australia is lagging behind in its response to mitigating and reducing bat collisions at wind farms.
This may in part be due to the poor image of bats and the misconception that bats are large, noisy
and invasive in our cities and towns as when Australians think of bats, they think of our flying foxes.
All of our microbats are data deficient, but our flying foxes are easy to see and much easier to study.
Large old world fruit bats (LOWFB) include flying foxes are subject to many pressures including
habitat loss, human wildlife conflict, hunting for food and heat stress which has led to over 70% of
the global LOWFBs being listed as vulnerable or worse. Australia is similar, of the 6 species we are
custodians of, 1 flying fox is critically endangered, another due to be up-listed from endangered
to critically endangered and another listed as vulnerable. LOWFBs are keystone species and their
loss will have cascading affects for pollination and seed dispersal across their regions. Australia
is now beginning to record wind farm impacts to flying foxes and it is likely that across the entire
global range of LOWFBs collisions with turbines is adding another pressure. There is limited global
knowledge and sharing in this space with few operators prepared to release information and many
of the countries where this conflict could occur absent from meetings like CWW. With limited infor-
mation from south east Asia and Oceania being presented in global forums, how we collectively
respond to this emerging issue is a question the industry needs to consider if it is to continue to
develop sustainably, particularly in regions with low socio economics and a poor history of protec-
tion for LOWFBs. Despite a poor response to microbats, Australia could be an ideal place to provide
research leadership on this issue. What is needed is strong collaborations, sharing of knowledge
and a willingness to work together to create these better outcomes.

Key words: Fruitbat, collaboration, policy, knowledge sharing
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GREY-HEADED FLYING-FOX MOVEMENTS — AN EMERGING
ISSUE FOR WIND ENERGY DEVELOPMENT IN AUSTRALIA

Inka Veltheim?, lan Smales!, Mark Venosta!, Emma Bennett?
!Biosis Pty Ltd, 38 Bertie Street, Port Melbourne VIC 3207, Australia, Elmoby Ecology, Melbourne, Australia
iveltheim@biosis.com.au

South western Victoria has seen a rise in wind energy developments over the past two decades.
Understanding Grey-headed Flying-fox movements in response to changes in resource suitability
and availability is important to assess potential impact of wind energy on such mobile species.
The Grey-headed Flying-fox distribution extends from north-eastern to south-eastern Australia
and over recent decades the population has been expanding further south. The species has now
formed a number of seasonal and permanent camps in Victoria and South Australia. The species
moves in response to seasonal food availability and part of the population migrates annually from
southern latitudes to northern Australia in autumn, before the onset of the cooler winter months.
Individuals also move shorter distances locally, flying out to feed from temporary camps, which
also form in autumn. Recently, collisions of Grey-headed Flying-foxes have been recorded at wind
farms in areas where the species had not been previously recorded or detected in pre-operational
surveys. The dynamic nature of the species’ movements and formation of seasonal camps has
made it challenging to identify areas of risk for wind energy developments as it has not been pos-
sible to predict such movements or camp locations. Understanding how to assess the potential
collision risk and implementing impact avoidance and mitigation has become an emerging issue
for managing the potential impact of wind energy developments to the Grey-headed Flying-fox
population.

Key words: Collision risk, local movements, mitigation and management
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USING NEW WORLD TECHNOLOGY TO TRACK OLD WORLD FRUIT
BATS - THERE IS NOT A ONE-SIZE-FITS-ALL APPROACH.

Kate MacEwan?, Michael Gerringer’, Larisa Bishop-Boros’, Todd Mabee’, Caroline Lotter?
"Western EcoSystems Technology, Inc. (WEST), ’Inkululeko Wildlife Services (Pty) Ltd
kmacewan@west-inc.com

A variety of Old World fruit bats (Pteropodidae) occur throughout the tropics and sub-tropics of
the Africa, Asia, and the Pacific Islands. They are vital pollinators and seed dispersers, contrib-
uting to forest regeneration and pollination of economically important plants. Fruit bats face a
myriad of known threats globally, such as habitat destruction, roost disturbance, conflict with
fruit growers, epidemic disease, hunting and trade, tropical storms, and recently, wind energy. As
a result, some species are facing serious population declines. Global numbers of fruit bat fatalities
related to wind energy are unknown, due to limited publicly available literature from countries
with fruit bats, however, fruit bat fatalities are known from South, East and West Africa. As wind
energy development accelerates in emerging market countries in Africa and Asia-Pacific, the risk
of wind turbine-related fruit bat fatalities will also increase, along with detrimental impacts on the
ecosystem services these bats provide. Monitoring insectivorous bat activity using ultrasonic bat
detectors to predict, minimize, or avoid bat fatality risk at wind energy facilities is common practice
globally. However, the majority of fruit bats do not echolocate, and because they are nocturnal,
they cannot be visually surveyed for risk during the day. Risk assessments for fruit bats require
alternative monitoring methods to determine bat activity levels at wind energy facilities. This is
particularly important in areas where large concentrations of fruit bats are expected at certain
times of the year, (e.g., migrating African Straw-coloured Fruit Bat [Eidelon helvum]) in Zambia
during late spring/ early summer. Understanding the strengths and limitations of various alter-
native technologies, tailoring the monitoring approach to the landscape, biology, and behavior
of the fruit bats in that area, and having a clearly defined question with regards to the study are
vital in determining appropriate technology, and how and when to use them. Such technologies
can also be very expensive; choosing the correct solution for a particular study is important. We
have designed and implemented numerous bat and avian surveys using a variety of technological
solutions; such experience can be transferred for the purpose of monitoring fruit bat activity at
wind energy facilities. We present examples of the various technologies available to monitor fruit
bat activity (e.g., migration, roost sites, emergence, and foraging activity) and when and where it
is appropriate to use each; these include radar, stationary thermal cameras, drones, night-vision
goggles, and thermal binoculars.

Key words: Fruit bats, technology, wind energy, monitoring
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SETTING OBIJECTIVES FOR NATURE-INCLUSIVE OFFSHORE
WIND FARM DEVELOPMENT

Remment ter Hofstede!?, Jan Mulder3, Mark van Koningsveld*?

IDelft University of Technology, Civil Engineering and Geosciences, 2628 CN Delft, The Netherlands, Van Oord
Dredging and Marine Contractors, Environmental Engineering, 3063 NH Rotterdam, The Netherlands, *Mulder
Coastal Consultancy, 2343 MV Oegstgeest, The Netherlands

r.terhofstede@tudelft.nl

Rapid changes in the marine environment are taking place, including the huge roll-out of offshore
wind farms. These changes require structured policies with clearly defined objectives to find middle
ground between nature values and wind farm development. Without proper objectives, the poli-
cies could go into all directions and interfere with each other. Setting policies for different systems
involving different usages, would benefit from a generic approach to determine the objectives.
Such an approach should include standards for creating objectives as well as forimplementing tar-
gets to achieve them. In general, marine infrastructure is primarily designed to meet engineering
and financial criteria, without considering its value as habitat. However, it modifies seascapes by
replacing natural habitats and changing environmental conditions critical to habitat persistence.
Marine infrastructure can be designed to incorporate ecological principles that benefit marine life.
When setting the ecological objectives for infrastructural development in the marine environment,
one can define objectives for limiting its negative impact, but even better, on can try to stimulate
positive impact with the usage function. The successful development and implementation of a
policy for nature-inclusive development of marine infrastructure, including offshore wind farms,
requires the definition of clear strategic and operational objectives. These will support guidance to
the developers in designing and constructing the infrastructure nature-friendly, and in setting up
relevant monitoring programs to evaluate the measures taken. We present a systematic approach
to identify the nature-inclusive design potential of new marine infrastructure. It is a stepwise pro-
cedure, assessing the local natural and anthropogenic system, making an inventory of potential
nature friendly design solutions, and ranking measures systematically to support decision making.
We demonstrate the approach by applying it to offshore windfarm development in the North Sea.
Key words: objective, policy, nature, offshore wind
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FINDING SOLUTIONS FOR OFFSHORE WIND AND NATURE IN
ENGLAND

Victoria Copley?, Alex Fawcett!, Alex Banks?, Hannah Reed?, Joshua Parker!, James Bussell?
IStrategic Solutions Team, Strategy & Government Advice, Natural England, UK, *Specialist Services, Natural
England, UK, *Transformation Team, Natural England, UK

Copley-Fawcett.jobshare@naturalengland.org.uk

The ambitious British Energy Security Strategy aims to deliver 50GW of offshore wind by 2030. To
achieve this, it sets out to consider the environment at a strategic level allowing speeding up devel-
opment while improving the marine environment. Underpinning this, Natural England’s ‘Approach
to Offshore Wind’ describes a vision for thriving marine and coastal nature alongside low impact
offshore wind energy, tackling both climate and biodiversity emergencies. Key case studies will
be presented to demonstrate how the aims of this approach are being met. POSEIDON is a multi-
year, multi-partner project establishing a robust evidence base to be made accessible through
new mapping tools. These will support authorities, developers, and policy makers to make better
informed decisions and minimise conflict by providing up-to-date, high-quality data that identifies
the most appropriate sites for development and mitigation opportunities. Existing data about
seabirds, marine mammals, and benthic habitats have been collated and assessed. New surveys
are designed to address knowledge gaps through collecting new data, collaborating with other
data collection projects, factoring in confidence in current models and priority areas for offshore
wind development. Work has started on design of the mapping and modelling tools. Outputs will
include updated spatial models for key receptors most vulnerable to offshore wind impact and
an environmental risk and opportunity map to help guide future offshore wind development and
feed into wider marine planning. Natural England has published ‘Offshore Wind Marine Environ-
mental Assessments: Best Practice Advice for Evidence and Data Standards’ . This project aims to
facilitate the development of low impact offshore wind by increasing clarity for industry, regulators
and other stakeholders over data and evidence requirements for key ecological receptors which
pose a consenting risk for projects. This is done for each stage of offshore wind development,
from pre-application through to post-consent. Integral to the project, the team undertook exten-
sive engagement with a stakeholder focus group to obtain input, feedback and advice. The advice
documents are considered ‘live’ and will be periodically updated to reflect evolving best practice
in environmental assessments, new evidence, planning reforms and in response to Government
policy and initiatives. As well as introducing the above significant projects, the presentation will
provide up to date news on delivery of the fast-paced objectives of the British Energy Security
Strategy.

Key words: offshore wind, wildlife, planning, mapping, advice
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UPSCALING WINDENERGY: HOW TO PREDICT FUTURE
CUMULATIVE IMPACTS OF OFFSHORE WINDFARMS IN THE
NETHERLANDS?

Martine Graafland?, Marije Siemensma?, Meik Verdonk!
'Rijkswaterstaat Sea & Delta, Rijswijk, the Netherlands, *Marine Science & Communication, Utrecht, the Netherlands
martine.graafland@rws.nl

The Netherlands are working towards sustainable energy that is available to everyone. When
implementing the plans for large-scale development of offshore wind energy, the government
takes the different interests at sea into consideration. The planning starts with the designation of
a windfarm zone, by designing preliminary sketches for the sites per wind farm zone, leading to
the moment of actual construction and the successive operational phase. In all steps an assess-
ment of the cumulative ecological effects, at North Sea scale, of offshore windfarms is made. So
far, two strategies of assessing ecological impacts of different aspects of future offshore wind farm
developments have been developed: VECI (the Exploration of ecological cumulative impact) and
KEC (Framework Ecology and Cumulation). The VECI assesses in a qualitative manner the effects of
longer-term wind scenarios. The KEC addresses quantitatively the shorter-term scenarios for which
more exact information on both the intended development and the possible ecological effects
can be compiled. Points addressed in both strategies are b.e. effects of collision and habitatloss
on birds, effects of impulsive underwater sound during construction on marine mammals, colli-
sion risk of migrating bats and ccosystem effects. Both assessments use the same density maps
with habitat suitability components, the same insights into effects and the same acceptable levels
of impact, which determine the ecological thresholds. Both strategies are developed under the
Wozep research program. The KEC and VECI approach mainly differ in the way the results should be
interpreted. The VECI approach for the longer-term future scenarios is more qualitative, providing
an estimated insight for future scenario’s based on current knowledge that is more susceptible to
change compared to the KEC approach, that is dealing with shorter-term plans and permits. By
making an ecological assessment for every step of the regulatory and planning proces of windfarm
projects, the cumulative ecological impact will be getting more clear. By using both VECI and KEC
we can make the best possible estimation of the cumulative impact, so we are not faced with last
minute insights some scenario’s will have too much ecological impact. Because of the assessments
the point of focus for research by the Wozep-programm, mitigation measures, allocation, etc. can
be addressed in an early stage. By example, the KEC pointed out a threshold for pilingnoise was
necessary. So in the permits this is implemented. In this way the two strategies will contribute to
an environmentally responsible building of offshore windfarms.

Key words: Offshore, Cumulative impact, focus research/mitigation in time
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INTEGRATING SPECIES CONSERVATION CONSIDERATIONS
INTO STRATEGIC, REGIONAL WIND ENERGY PLANNING USING
HABITAT MODELLING

Gesa GeiBRler, Kathrina Baur?, Alexandra Jiricka-Piirrer!, Johann Koppel?, Nico Krieger3,
Andrew Rasmussen3, Marc Reichenbach®, Tim Steinkamp?*, Dirk Sudhaus?, Jessica Weber?
University of Natural Resources and Life Sciences Vienna, Institute of Landscape Development, Recreation
and Conservation Planning, 1180, Vienna, Austria, *Fachagentur Windenergie an Land e.V. (FA Wind), 12435,
Berlin, Germany, *Technical University Berlin, Environmental Assessment and Planning Research Group, 10623,
Berlin, Germany, “The Regional Planning and Environmental Research Group (ARSU GmbH), 26121, Oldenburg,
Germany

g.geissler@boku.ac.at

Wind power development is crucial for meeting climate targets, but finding suitable space for
onshore wind power is increasingly challenging due to conflicts with competing land uses, includ-
ing nature and species conservation. To address this issue, our project aimed to demonstrate the
suitability of habitat modelling approaches for identifying core priority areas for the conserva-
tion of sensitive bird populations to support strategic regional wind energy planning in German
states. We developed a model based on publicly available geodata on land-use (Copernicus sat-
ellite program) and bird monitoring data from German states, focusing on three relevant species:
Milvus milvus, Milvus migrans, and Pandion haliaetus, which show different habitat preferences.
The modelling was conducted using logistic regressions in R, achieving good evaluation results.
Our lean model can predict species occurrence based on habitat parameters with high confidence,
enabling us to identify core priority areas for the conservation of the three bird species populations
in our study regions. Our presentation will discuss the strengths and limitations of the habitat
modelling approach, including the need for high-quality data and the importance of incorporating
uncertainty and variability into the modelling process. We will also discuss the potential of the
identification of core priority areas for bird populations for promoting sustainable and environ-
mentally responsible wind energy development and supporting the designation of go-to or no-go
areas for wind energy, as required by recent EU regulations. The presentation will be of interest
to wind energy developers, environmental planners, and policy makers involved in wind energy
development and interested in the use of habitat modelling for species conservation and strategic
wind energy planning. Our work demonstrates the potential of incorporating species conservation
considerations into strategic planning for wind energy projects and offers a replicable and trans-
parent approach for identifying core priority areas for species conservation in the context of wind
energy development.

Key words: regional planning, wind energy sites, red kite, osprey, habitat suitability
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THE NEED FOR REGIONAL COLLABORATION TO UNDERPIN
ENVIRONMENTAL IMPACT ASSESSMENTS OF BIRDS FOR
OFFSHORE WIND PROIJECTS IN AUSTRALIA'S BASS STRAIT

Kim Derriman?, ‘Flotation Energy, Melbourne, Australia
kimderriman@flotationenergy.com

Offshore wind energy is in its infancy within Australia with enabling legislation, the Offshore Elec-
tricity Infrastructure Act 2021, taking effect in June 2022. Nevertheless, momentum is building and
it is emerging as a significant potential contributor to Australia’s overdue energy transition. The
first applications for tenure, in the form of a Feasibility Licence, have been lodged in April 2023.
These tenure applications are for projects off the Gippsland coastline in south-eastern Australia
within the Bass Strait. Australia faces some unique challenges in environmental impact assessment
as its’ first offshore wind projects progress towards approval applications. These include a regula-
tory framework split between jurisdictions and the lack of marine spatial planning. Furthermore, a
relative absence of baseline species information alongside an abundance of potentially impacted
fauna species leaves Australia at a relative disadvantage in order to efficiently undertake com-
prehensive environmental impact assessments. There remains limited guidance on cumulative
impact assessment methods and therefore a risk of different projects applying different methods
and assumptions for the same species. All of these challenges are occurring in the context of a scar-
city of the appropriate expertise, resources and equipment. Comparing to the state of knowledge
of bird species in Europe’s North Sea, this presentation will look at the still evolving environmental
impact assessment requirements for birds for offshore wind projects in Australia’s Bass Strait. The
areaisimportant for seabirds, shorebirds and terrestrial migrants. Intensive baseline surveys over
2-3 years are required. It is likely that some overlap and duplication of significant effort will occur
across different projects. This also introduces the potential for excessive disturbance of sensitive
populations from the surveys themselves. To tackle these complex issues, collaboration to better
understand the presence of and risks to listed threatened species, requires cooperation from across
the offshore wind sector, scientists, research institutions, advisers and regulators. Commencing a
collaborative effort has increasing urgency and this presentation will consider regional cooperative
models from other parts of the world and their potential for application within Australia.

Key words: birds, offshore, environmental, impact, assessment
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THE ROLE OF STRATEGIC ENVIRONMENTAL ASSESSMENT
(SEA) FOR TAKING PRECAUTIONARY DECISIONS AT REGIONAL
LEVEL — CHALLENGES AND CHANCES FOR WIND ENERGY
DEVELOPMENT

Alexandra Jiricka-Piirrer', Birthe Uhlhorn !, Gesa GeiBller’, ‘University of Natural Resources and
Life Sciences Vienna
alexandra.jiricka@boku.ac.at

A comprehensive transformation of the energy production and consumption is needed to meet
climate targets. Particularly wind and solar energy deserve strategic planning in order to identify
possible conflicting interests with competing sectors as well as health and/ or biodiversity targets
and to minimize them as far as possible. In this context experts discuss the role of Strategic Envi-
ronmental Assessment (SEA) in order to make trade-offs transparent and evident and prepare
decision-making at regional level through an integrated look at environmental issues and their
interrelationships. With the REPowerEU plan and the emergency measures adopted by the EU
commission in 2022 which aim at streamlining development of renewable energy using “go-to”
areas for renewable energy production and simplified permitting procedures relevance of SEA and
regional decision making has further gained importance. However, several open questions remain,
not alone suitability of species assessments in strategic regional level planning for wind power
development. With studies pointing out the lack of data (or its accessibility) relevant for deci-
sions about wind energy projects to be taken at the regional level. In our contribution we discuss
the potential of SEAs as currently performed in practice as basis for project level decisions about
wind energy projects using Austrian and German cases. In particular we evaluate the consideration
of species concerns in SEAs and the data and information being used on strategic level. We will
critically discuss the level of uncertainty related to data basis in SEAs. Finally, we will outline the
likely potential of improved environmental data management and data access for strategic wind
energy planning. Approaches such as comprehensive online data platforms, which provide up to
date, harmonized, and usable digital environmental data can support the execution of impact
assessments such as SEAs. Automated data capture and interrogation, integrated GIS and the use
of interactive technologies are digital solutions and approaches that have been integrated recently
into environmental planning and impact assessments (Gonzalez Del Campo 2017, Bressane et al.
2020). Some studies discuss artificial intelligence (Al) approaches from the perspective of increas-
ing efficiency in data analysis through machine learning methods for impact assessment practice
(Ulibarri et al. 2019, Elia et al. 2020).

Key words: Strategic Environmental Assessment, Got-to areas, Regional planning, green-to-green
conflict
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BALANCING SOCIO-ECOLOGICAL & ECONOMY TRADE-OFFSIN
SPATIAL PLANNING OF WIND-POWER PROJECTS

Frank Hanssen, Roel May’, Jiska van Dijk', Reto Spielhofer!, Thomas Kvalnes®
!Norwegian institute for nature research (NINA)
frank.hanssen@nina.no

Reconciled siting of onshore/offshore wind power - accounting for restriction areas, ecosystem ser-
vices, wind resources, production potential (kWh), technical requirements and levelized costs of
energy production (Euro/kWh) is a challenging exercise for developers, spatial planners, and deci-
sion makers. ConSite Wind (developed by NINA) is an open web-app designed to overcome these
challenges, based on cloud-computing resources and a user interface customized for non-expert
end users. A core component in ConSite Wind is the ecosystem approach which helps to highlight
the socio-ecological values and multi-functionality of the landscape (in terms of diversified land
use, complex landscape structures and competing stakeholder interests). Based on the stakeholder
preference weights, a socio-ecological map is aggregated as a trade-off between the provision-
ing, regulating, cultural and supporting ecosystem service maps. The next step is to balance these
socio-ecological landscape values with the landscapes production potential (in terms of kWh per
year). The resulting trade-off map is then spatially filtered to account for compliance with relevant
decision rules for siting of wind power plants (wind conditions, installed capacity requirements,
production costs, turbine design, distance to grid-connection, technological and environmental
requirements). As a part of this process “No-go zones” (areas with hard restrictions) are automatically
excluded from further consideration. To prioritize and further facilitate the scoping process ConSite
Wind helps to identify suitable development areas (high production potential/low socio-ecological
values), areas requiring mitigation (medium to high production potential/low to medium socio-eco-
logical values) and areas to avoid due to high conflict potential/kWh (low production potential/low
to high socio-ecological values and low to high production potential/high socio-ecological values).
The suitable areas and the areas requiring mitigation can finally be further evaluated according to
wind farm layout and installed capacity requirements (type and number of a given turbine design)
to segment the most suitable development areas based on patch size and shape. The diversity of
interests in wind power development projects is high, and it is most often very difficult to obtain full
consensus about a final decision. The purpose of ConSite Wind web-app is not necessarily to reach
unanimity, but to predict and visualise spatial consequences of different decision scenarios and thus
enable developers, consenting/environmental authorities, and the public to take more informed,
transparent, and re-examinable decisions in future wind power development projects. This, we hope
to demonstrate in our presentation of the web-app at CWW 2023.

Key words: Spatial MCDA, Ecosystem services, socio-ecological-economical trade-offs
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SHARING THE SPACE? - A MULTI-CRITERIA SCENARIO
FRAMEWORK TO MODEL THE ENERGY-BIODIVERSITY-LAND
NEXUS FOR REGIONAL RENEWABLE ENERGY PLANNING

Jessica Weber?, ‘Berlin Institute of Technology (TU Berlin)
j.weber@campus.tu-berlin.de

Balancing renewable energy supply and biodiversity conservation has become increasingly vital
amid the climate, energy, and biodiversity crises. It often triggers trade-offs such as competition
for land use and potential impacts on species and habitats. In Germany, state- and regional-spe-
cific spatial targets for wind energy are now to be achieved through a positive planning approach.
To enhance bird and bat species protection early on, relevant spatial designations are discussed
for the regional planning level, known as ‘priority zones’ for species. These are areas with a high
degree of habitat suitability and significant breeding relevance. However, species priority zones
also raise the question of whether the limited areas suitable for wind energy are further reduced,
and whether the state- and regional-specific spatial targets of around 2% of sites for wind energy
can still be achieved. To support decision makers, a multi-criteria scenario framework has been
developed and analyzed. This invokes a habitat model of priority zones for species conservation
and uses techniques from the intuitive logics scenario planning method. Based on a regional case
study, scenarios were developed to elaborate how planning criteria that may compete with wind
energy still can go hand in hand to achieve the energy targets (e.g., priority zones for species pro-
tection, settlement buffers, forests, as well as ground-mounted solar energy in the energy mix, and
others). The results suggest that, compared to other planning criteria, the species priority zones
had limited competition with the spatial wind energy targets. The spatial target can be achieved
with only minimal adjustments, such as allowing wind energy in 1-3% of so far completely pro-
tected landscapes with a recreational focus. Alternatively, sufficient space would exist to allow
part of the wind energy spatial targets to be replaced by ground-mounted solar energy, while also
still achieving the necessary solar development targets. More flexible planning approaches can
obviously help resolve the otherwise conflict between wind energy and species protection. It is
shown that the framework allows for the quantification of ‘costs’ and ‘benefits’ in wind energy
planning. It provides transparent assessments of trade-offs in terms of multiple objectives. How
far these benefits can be achieved within the confines of preoccupied and siloed organizations is
an ongoing research topic.

Key words: Wind (and PV) renewable energy planning, species priority zones, multi-objective opti-
mization, trade-offs, spatial energy targets
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VALUE AGGREGATION IN ENVIRONMENTAL PERMIT
ASSESSMENTS FOR WIND ENERGY FACILITIES, -AN EXAMPLE
FROM SWEDEN

Asa Elmquist!, Ulla Ahonen-Jonnarth?, Magnus Hjelmblom® ‘University of Gdvle, Depar-
tment of Building engineering, Energy systems and Sustainability science, 801 76 Gdvle, Sweden
asa.katarina.elmqvist@hig.se

Transparency and predictability are requirements that are often mentioned in the public discus-
sion in the context of wind power establishment. Decision support tools based on theoretically
sound reasoning models can facilitate meeting these requirements. To lay the groundwork for a
decision-making tool it isimportant to know how the decision-making process proceeds and what
kind of problems decision-makers face during the process. Furthermore, factors regulating the
decision-making need to be considered. The work presented here focused on a decision-making
model that could be useful in the context of wind power establishment, and specifically for permit
officers when they evaluate permit applications. Assessment of an environmental application for
wind power establishment is a multi-criteria problem including the core problem: whether to grant
permission or not. In Sweden, County Administrative Boards decide the outcomes of these kinds of
applications. In this study, five permit officers were interviewed and their difficulties regarding nec-
essary assessments and trade-offs was investigated. From an MCDA point of view, we investigated if
permit officers use condition-based aggregation, value difference-based aggregation or a combina-
tion of both when evaluating permit applications. When the permit officers interviewed in this study
evaluate an application with its EIA, in most cases they inspect each aspect separately to assess if it
is on an acceptable level for a wind power establishment or not, i.e., they do not combine aspects
and add up pros and cons. The commonly used type of aggregation was condition-based aggre-
gation. Aggregation based on value differences, which means weighing together aspects for and
against the wind power establishment, was considered difficult to apply by the respondents. Most of
them agreed that some of the aspects that speak against granting permission could be aggregated
but that aggregation of all aspects would be hard due to differences between aspects. In addition,
the value of the main aspect that speaks for permission, climate friendly energy supply, is very dif-
ficult to estimate. Our findings indicate that aggregation based on value differences is difficult to
handle. In the presentation, we will discuss how it could be done. If policymakers wish to make it
possible to take both positive and negative aspects into consideration and to discuss the trade-offs
transparently, the investigated method can be a way forward. Based on the article: Multi-criteria
reasoning models for value aggregation in wind power permit application assessment Authors: Ulla
Ahonen-Jonnarth, Asa Elmquist, Magnus Hjelmblom https://doi.org/10.1016/j.ref.2023.04.006

Key words: MCDA, trade-offs, permitting processes
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ASSESSING ENVIRONMENTAL AND SPATIAL FACTORS FOR
OFFSHORE RENEWABLE ENERGY DEVELOPMENT IN CROATIA

Branimir Radun?, Zoran Poljanec?, Zeljko Koren?, lvan Komus$anac?
I0ikon Ltd. - Institute of Applied Ecology, 10020 Zagreb, Croatia, *Solar Blue d.o.o., 10000 Zagreb, Croatia
bradun@oikon.hr

With the growing adoption of wind as a renewable energy source in Croatia and the development of
onshore wind farms, the exploration of offshore wind farms and other offshore renewable energy
sources has become essential for achieving national and EU-level energy independence and cli-
mate neutrality by 2050. This is accelerated by the political climate in Europe and the REPowerEU
Plan, the European Commission's plan which emphasizes rapidly deploying solar and wind energy
projects and expediting permitting for renewables in low-risk renewable acceleration areas with
the goal of rapid diversification of energy sources. An important step in this direction for Croatia
was taken through the Action Plan for the uptake of Offshore Renewable Energy Sources. The key
aspects of the study presented here include the environmental impacts of offshore renewable
energy sources (ORES) and the identification of maritime areas for offshore renewables in Croatia,
with a focus on wind power. The study examines the effects of ORES on marine benthic habi-
tats, protected marine areas, NATURA 2000 sites, fish, marine mammals and turtles of the Adriatic
Sea, bird breeding grounds and migratory routes. Additionally, the study analyzes the impacts of
ORES on the landscape and seascape, considering the numerous coastal protected areas in Cro-
atia and the significant contribution of tourism to the economy, and explores the possibilities for
co-existence with other sectors. The research included a spatial analysis of potential development
areas for ORES in the Adriatic Sea under Croatian jurisdiction, taking into account environmental
impacts, technological limitations, and existing spatial constraints due to oil & gas exploitation
concession fields and commercial marine traffic areas. As the first high-level, comprehensive
approach to ORES in Croatia, this study provides valuable insights and a crucial starting point for
further detailed studies, spatial planning, and the identification of "renewable acceleration" areas
for ORES in the country.

Key words: Offshore renewable energy sources, environmental impact, offshore wind farms, spa-
tial analysis
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MIGRATION OF BATS AND OFFSHORE WINDFARM
DEVELOPMENT IN DENMARK

Morten Christensen?, Bjarke Laubek?

'WSP Denmark, Nature and Environment, Linnés Allé 2, 2630 Taastrup, Denmark, *Vattenfall, Jupitervej 6,
6000 Kolding

morten.christensen@wsp.com

The development of offshore wind in Denmark and the surrounding countries include a large num-
ber of planned parks in the Baltic Sea and Kattegat. Denmark is also situated on the main corridor
of the bat migrating from Fennoscandia to western Europe for the winter. Since 2020 more than
150 bat detectors have been installed for long-term monitoring of the bat activity on more than 100
locations along the coast of Norway, Sweden, Germany and Denmark and on buoys and on existing
wind turbines in the Baltic Sea and Kattegat. Preliminary analyses show presence of bats even far
from the coast, verifying that bats migrate across the sea. Data also suggest movement of resident
bat populations to forage at sea especially in late summer. Several species are observed. However,
a large majority of all observation are three species: Nathusius’ Pipistrel, Common Noctule and
Parti-coloured Bat. Observations on the sea are most frequent during autumn at night with low
wind speed and weak tail wind. The time of the season and weather history of previous days are
important factor in the prediction of bat migration. Attraction by the wind turbines is addressed
through a study using similar bat detectors on the base of the wind turbine and on buoys around
the wind turbines. Development of offshore windfarms should include survey of bats in areas in
the Baltic Sea and in the southern part of the Kattegat Sea where bat migration is most likely. Post
construction survey and adjustment of cut-in speed in certain time periods can be necessary in
areas with potential risk for significant bat migration.

Key words: Bat migration, offshore wind farms, Environmental Impact Assessment, Nathusius’
Pipistrel, Common Noctule
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ASSESSING AVIAN COLLISION RISK AND SUSCEPTIBILITY IN
BRAZILIAN WIND FARMS: A COMPARATIVE STUDY WITH GLOBAL
TRENDS

Miguel Mascarenhas?, Vanderlei Debastiani?, Marcelo Konrath?, Sandra Rodrigues?,
Paulo Cardoso?, ‘Bioinsight&Ecoa, R&D, 2675, Odivelas, Portugal, ?Bioinsight&Ecoa, R&D, PortoAlegre, RN, Brazil
miguel.m@bioinsight.pt

The effects and impacts of wind farms (WF) on birds have been widely studied in recent decades.
However, the development and expansion of WFs have increased in recent years, occupying regions
of the globe where this type of project did not previously exist and where there is significant avian
diversity. In our study, we compiled information on bird species that occur in WFs and data on fatal-
ities reported for some of these areas. The WFs are located in four Brazilian states: Rio Grande do
Norte, Paraiba, Bahia, and Rio Grande do Sul. The species present in the WFs and those for which
fatalities were recorded were grouped according to the bird orders they belong to. For fatalities, we
used existing data from fatality monitoring programmes and harmonised them to assess collision
values for bird orders, in accordance with Thaxter et al.'s study (2017). This enabled us to evaluate
and compare whether global trends in susceptibility and collision risk are maintained in Brazil.
In the studies analysed, a total of 244 species were identified across the 5 locations. Fatality data
were collected over 2 to 3 years, totalling 6,202 individual searches of wind turbines. Fatalities were
recorded for 12 species (belonging to 8 Orders), all with low conservation concern status, non-mi-
gratory, and with a broad geographical distribution in Brazil. The total observed mortality per
turbine per year was 0.07 (+- 0.1) birds. The orders with the highest number of recorded individuals
were Cathartiformes, Falconiformes, and Accipitriformes. The affected species were not the most
abundant, indicating a weak relationship between bird abundance onsite and collision risk (which
was expected). Important to highlight that one of the most affected orders (Cathartiformes) is due
to the high number of fatalities recorded for american black vulture (Coragyps atratus), which are
quite common throughout Brazil. Although not a specie with a threatened conservation status,
special attention should begin to be given to this specie due to the significant development of
new projects throughout Brazil. The results highlight that despite the great bird diversity in Brazil,
only a small fraction of species was found to be affected by direct mortalities due to collision. At
the order level, the results indicate that the affected groups were similar to those on a global scale.
Thaxter's collision index can be used as an initial measure of species affected; however, other fac-
tors must be considered in the prediction of bird fatalities.

Key words: Collision, avian, susceptibility, Wind, Brazil
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SEABIRD SENSITIVITY TO OFFSHORE WIND FARMS: AN
INDIVIDUAL-BASED MODELLING APPROACH

Lila Buckingham?, Elizabeth A. Masden?, Nina Dehnhard?, Per Fauchald?, Arnaud Tarroux?,
Signe Christensen-Dalsgaard!

!Norwegian Institute for Nature Research (NINA), Trondheim, Norway, 2Environmental Research Institute, UHI
North Highland, Thurso, Scotland, *Norwegian Institute for Nature Research (NINA), Tromsa, Norway
lila.buckingham@nina.no

Offshore wind development is a key part of the strategy many countries are proposing to achieve net
zero. However, such development can have negative impacts on protected species, such as seabirds,
through collision or displacement. Collisions have a lethal effect, while displacement has energetic con-
sequences with sub-lethal effects, potentially impacting future breeding success and/or survival. The
non-breeding season is an under-studied period of the year with regards to offshore wind farm impacts
on seabirds. However, improvements in tracking technology have enabled us to increase our under-
standing of thisimportant part of the annual cycle. Our goal was to develop an individual-based model
to predict the impacts of a floating offshore wind farm in the northern North Sea during the non-breed-
ing season on two Norwegian populations of two seabird species: common guillemots Uria aalge
breeding at Sklinna and black-legged kittiwakes Rissa tridactyla breeding in Alesund. We used long-
term tracking data obtained from geolocation-immersion loggers, collected as part of the SEATRACK
project, to calculate distribution and activity budgets for each population throughout the non-breeding
season. We ran simulations to estimate the overlap of each population with the wind farm development
area. We calculated the risk of collision in kittiwakes using the stochastic Collision Risk Model and risk of
displacement in guillemots using values from Peschko et al. (2020). We quantified the sub-lethal effects
of displacement on guillemots by assuming an additional 30 minutes of flight to their activity budget
and adjusted their energy expenditure accordingly. As the energetic impacts of displacement on guil-
lemots are poorly understood, and may include reduced access to food, reduced foraging time, and
increased escape behaviours, this additional flight time represented an energetic cost of displacement.
Preliminary results indicated that 23% of kittiwakes overlapped with the development area for at least
one day of the non-breeding season, but that kittiwakes had a very low risk of collision. We estimated
0.05% of the guillemot population was displaced, which had a negligible effect on total non-breeding
season energy expenditure. Based on our results, this development s likely to result in minimal impact
on these populations during the non-breeding season. However, the impact of this development when
considered alongside other threats already occurring in the area (and any breeding season impacts) are
unknown; thus, we aim next to expand our model to quantify the cumulative effects of this development
and other threats on seabird populations breeding in the North-East Atlantic.

Key words: offshore wind, seabirds, individual-based modelling
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FIRST GRIFFON VULTURES FATALITY MONITORING PROGRAM IN
CROATIA
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bozic.boris88@gmail.com

Croatia holds a Griffon vulture Gyps fulvus population of around 100 pairs which have been the
result of a long-term conservation effort. The population breeds in the Kvarner archipelago on
the northern part of the Adriatic Sea and represents an important stronghold for the long-term
preservation of the species in Europe. Nationally the population is considered endangered (EN),
recently being removed from critically endangered due to the stabilisation in its population size.
Nonetheless, several national and international projects strive to increase its conservation status.
On the other hand, the boom in wind energy development introduced a new risk to the national
population and could potentially jeopardise other conservation efforts. As a result of intensive
wind energy development in recent years one of the largest wind farms in the region (39 turbines)
was built in the proximity (less than 20 km) from the Vulture’s colony in the mainland. The collision
risk model predicted 1 vulture/year suggested that the fatalities could exceed national acceptable
thresholds. Based on the suggestion from the baseline study additional management with the aim
of mitigating the potential impacts at the site would be required. To monitor the fatalities and to
assess the effectiveness of future mitigation measures a robust post-construction fatality monitor-
ing program (PCFM) tailored around the habitat and Griffon Vulture characteristics at the site has to
take place. The habitat at the site is a mixture of open land used for cattle grazing and beech forest
with all three large European carnivores recorded (Brown Bear, Wolf, and Eurasian Lynx). This is
the first PCFM program for Griffon Vultures in Croatia and represents a case study on how to design
and conduct the fatality monitoring program for the species in the region. The griffon vulture is one
of the most affected raptor by the wind energy, especially in Spain with an average fatality rate of
0.13 birds/turbine and year (range 0.04-0.54). We compare the existing PCFM protocols and asso-
ciated biases (searcher efficiency and carcass removal) in the fatality estimation, and the effect of
temporal variations in vulture fatalities related to food availability and livestock management, an
aspect not included in the CRM models.

Key words: Gyps fulvus, PCFM, endangered species, carcass persistence, searcher efficiency
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NUMBER OF BIRD COLLISIONS WITH ONSHORE WIND TURBINES
IN JAPAN AND DEVELOPMENT OF SPECIES SENSITIVITY INDEX

Tatsuya Ura'?, Makoto Hasebe?, Hironobu Tajiri, Wataru Kitamura®
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ura@wbsj.org

As of the end of June 2022, 2,605 onshore wind turbines (Total output 4,691MW) have been installed
in Japan. As the number of installations increases, so too does the risk of bird mortality as a result of
collisions with turbines. We created species sensitivity scores for 157 land birds in Hokkaido, Japan,
where there are many installed wind turbines, to understand which species are most vulnerable to
collision mortality and other impacts associated with wind turbines. The results showed that, with
the exception of the Yellow-breasted Bunting Emberiza aureola, the species with the highest scores
were Accipitriformes or other large species, including: White-tailed eagle Hariaeetus albicilla, Steller's
sea eagle H. pelagicus, Oriental white stork Ciconia boyciana, Eastern marsh harrier Circus spilono-
tus, Red-crowned crane Grus japonensis, Mountain hawk-eagle Nisaetus nipalensis, Bean goose Anser
fabalis, Peregrine falcon Falco peregrinus and Greater white-fronted goose A. albifrons. To test our
sensitivity index, we compiled information on the number of carcasses detected around wind tur-
bines in Japan. Drawing from a review of post-construction EIA reports, and personal observation
from members of the WBSJ, we identified 604 bird collisions of 87 species up to January 2023, of
which about 25% were reported following incidental observations by WBSJ members and 75% were
reported in post-construction reports. These included: 94 Black kites Milvus migrans, 73 White-tailed
eagles, 22 Black-tailed gull Larus ichthyaetus, 21 Common buzzard Buteo buteo, 18 Oriental turtle
dove Streptopelia orientalis, 16 Slaty-backed gulls L. schistisagus, 15 Jungle crow Corvus macrorhyn-
chos, 12 Eastern spot-billed duck Anas zonorhyncha, 10 Rhinoceros auklet Cerorhinca monocerata, 9
Common pheasant Phasianus colchicus, 9 Western osprey Pandion hariaetus, 8 Narcissus flycatcher
Ficedula narcissina, 7 Japanese bush warbler Cettia diphone and 7 Meadow bunting E. cioides etc.
There were spatial and seasonal patterns in carcass detections, with seabirds restricted to coastal sites
and a peak in Passeriformes carcasses during the autumn migration season. In common with Atienza
etal. (2014) and Thaxter et al. (2017), and as predicted by our sensitivity index, we found a high rate of
collisions involving Accipitriformes, Charadriiformes and Passeriformes. However, we also detected
high collision rates for Anseriformes, Galliformes and Columbiformes species which previous studies
have suggested may be at relatively lower risk of collision. Previous analyses have been dominated by
data collected from Europe and North America. Our results highlight the importance of considering
data from other regions when making global assessments of species vulnerability to collision.

Key words: Collision death, Species sensitivity index, Japan, Onshore wind turbines, Regional dif-
ference
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SYNTHETIC ANALYSIS OF POST-CONSTRUCTION
DISPLACEMENT OF MARINE BIRDS FROM WIND ENERGY AREAS
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Displacement of marine birds from at-sea foraging, resting, and migratory habitat is frequently
observed following construction of offshore wind energy installations. However, effects have var-
ied widely among monitoring methods, locations, and species. The drivers of this variation are
unclear but likely include a combination of study design parameters, differences in the magnitude
of responses among species and seasons, and differences in wind farm locations and layouts.
An understanding of the underlying factors driving both occurrence and detection of displace-
ment effects is required to inform wind farm design and develop best practices for monitoring.
We conducted a synthetic meta-analysis of existing literature to assess the state of knowledge
on displacement effects. Drawing from 37 studies and reports on displacement of marine birds
by wind energy infrastructure, we extracted the likelihood of detecting a change in distribution
compared to pre-construction and/or reference sites, as well as the percent change in use of the
wind energy area. We then modeled these outcomes as functions of wind farm characteristics
(e.g., turbine density, latitude, distance from shore), bird characteristics (e.g., species, taxon, age,
season), and the observation process (e.g., monitoring method, control area size and distance,
years post-construction). We found that displacement effects varied among species, with the stron-
gest effects observed during the breeding season. Effect detection increased with overall study
area footprint and diminished with increasing distance from wind turbines. Wind farm character-
istics were highly correlated with one another, but we observed stronger displacement effects at
high-latitude, nearshore sites. Density of turbines within the wind farm footprint did not appear
to affect displacement levels. More broadly, we found that extracting standardizing responses for
meta-analysis was challenging due to differences in reporting among studies. We recommend that
future monitoring studies clearly report both means and standard errors of underlying metrics
(i.e., abundance and/or density) within clearly defined study areas to allow for robust comparison
among sites, species, and survey methodologies.

Key words: displacement, marine birds, meta-analysis, offshore wind
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REVIEW OF EVIDENCE TO SUPPORT GANNET (MORUS
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APEM undertook an evidence-based review and meta-analysis of gannet (Morus bassanus), to deter-
mine displacement rates for use in Environmental Impact Assessment (EIA) reporting. Evidence was
collated from multiple sources, including 25 offshore wind farm (OWF) technical monitoring reports,
published research papers and grey literature study reports that provide data on displacement effects
associated with gannet. Avoidance behaviours observed by birds to OWFs are reported to have various
impacts, which include displacement effects from the OWF footprint and surrounding area, avoidance
effects to wind turbine generators (WTGs) (macro-, meso- and micro-) and barrier effects. This review
focussed on displacement effect and macro-avoidance, which refers to avoidance to the presence of
an OWF and not individual WTGs resulting in re-distribution of birds inside and outside of the OWF.
The review collated and critically appraised studies from 25 OWFs encompassing 34 years of combined
data from 30 reports and publications. Gannet displacement effects varied from no evidence of avoid-
ance to strong avoidance, however, reported effects would either show; a) inferred macro-avoidance
or adisplacement rate of 60% or higher or b) imply a lack of evidence for macro-avoidance or displace-
ment. The compilation of data and OWF design metrics provided the opportunity to determine which
variables are associated with displacement effects seasonally. Fourteen variables were tested for dif-
ferences in pairwise comparisons between OWFs grouped according to whether a high displacement
effect (>75%) was shown or inferred and those suggested to have displacement effects of <75%. Four
variables were shown to be significantly different between groups inferring an association with high
displacement effect and avoidance behaviours, these variables were: density (WTGs/km2), OWF area,
distance between WTGs and distance from shore. The review found a seasonal difference in displace-
ment rates, significantly lower in the breeding season compared to the non-breeding season, across
these data. Displacement rates for the breeding season ranged from 40-60% and from 60-75% during
the non-breeding season. In summary, the review highlights that multiple factors may be associated
with the magnitude of displacement effects from OWFs with similar attributes likely to demonstrate
similar displacement effects dependent upon the season. Therefore, by considering OWF site attri-
butes and the season when gannets reside within the study area the displacement rate can be refined
from the broad range reported across all OWFs and tailored to an individual development based on
similar attributes known to effect displacement rate and thereby removing a high level of uncertainty.
Key words: Gannet, displacement, offshore wind farms
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RANGE EXPANSION OF THE GREAT CORMORANT THANKS TO
BOOMING OFFSHORE WIND FARM DEVELOPMENTS IN THE
NORTH SEA
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Jente Kraal!, Ruben Fijn!
Waardenburg Ecology, Department of Bird Ecology, 4100 AJ, Culemborg, The Netherlands
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As aresult of the limited water resistance of their plumage, Great Cormorants Phalacrocorax carbo
cannot forage far offshore. They need to dry their feathers at loafing sites near the foraging area
before being able to fly again longer distances. At sea, only human infrastructure can provide these
places. For long, the only such offshore structures were buoys and measuring masts. However, in
recent years, offshore wind farms (OWFs) seem to increasingly attract large numbers of cormo-
rants. Planned large-scale OWFs in the (Dutch) North Sea (but in fact in all offshore areas within
the geographical range of the species) could thus potentially lead to a significant range expansion
of Great Cormorants. In OWFs, they would not only benefit from artificial resting places, but also
from increased food availability due to fishing restrictions in OWFs. At the same time, the attrac-
tion to OWFs may also affect the number of birds that are posed with collision risk. Furthermore,
wind farm developers perceive bird droppings as a health and safety issue. In the Dutch North Sea,
the first OWF about 13 km off the coast is operational since 2007. Until this year, four more wind
farms have been added about 20-25 km from the shore. In 2023, two more large wind farms will be
developed about 18-30 km offshore, and further large-scale plans exist for the near future for many
more large OWFs. We demonstrate that these large-scale OWF developments resulted in a signifi-
cant offshore range expansion of cormorants throughout the years. First of all, we show based on
long-term aerial and ship-based surveys in the Dutch North Sea that while cormorants had hardly
ever occurred farther offshore before the appearance of the first OWF, the number of observations
increased parallelly with the number of OWFs arising. We discuss that based on measured forag-
ing ranges of breeding Great Cormorants tagged with GPS loggers before the development of any
OWFs in the vicinity of their coastal colony such offshore distances have not been reached. Namely,
despite a mean foraging distance of 20 km from the colony and mean of 50 km total distance of
foraging trips, the average maximum distance of these trips was only 8 km from the coast. Finally,
we provide the illustrate through the results visual observations that the numbers of cormorants
are even higher inside OWFs than outside (48% difference), indicating a strong attraction effect of
these offshore structures.

Key words: foraging range, attraction, aerial survey, GPS logger, OWF
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IN VITRO EVALUATION OF EXPOSURE OF EARLY LIFE-HISTORY
STAGE (ELHS) MARINE FISHES TO ELECTROMAGNETIC FIELDS
(EMF)
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Philippe Lenfant33, Anais Gudefin?, Gilles Lecaillon?

!Ecocean, 34070 Montpellier, France, University of Bristol, School of Biological Sciences, Bristol, UK, *University
of Perpignan, UMR 5110 CNRS/UPVD - CEFREM, 66000 Perpignan, France, “RTE, 92060 La Defense Paris, France
gilles.lecaillon@ecocean.fr

The rapid growth of marine renewable energy (MRE) installations means that submarine power
cables are growing in number, with increasing potential to impact marine biodiversity, especially
via electromagnetic fields (EMF). The 2-year CEMFISH project aims to study the impact of different
offshore electromagnetic fields on the early life-history stages of marine fishes. The study was
conducted at Marseille marine station, which enabled long term (3 month) experimentation. Four
levels of EMF (0, 10, 100 and 500 micro-Tesla), corresponding to levels observed in situ at different
distances from cables at MRE installations, were tested during 12 continuous weeks in four differ-
ent experiments. Those levels correspond to 50 Hz fields in Alternating Current (AC). In addition,
two experiments were conducted with Direct Current (DC) exposures at three levels (0, 100 and
500 micro-Tesla). Fish survival, growth and stress were surveyed over the experimentation period.
Three different species were studied: seabass (Dicentrachrus labrax), European eels (Anguilla
anguilla) and European salmon (Salmo salar); eels and salmon are known to be sensitive to EMF.
Every week, body length and mass, and stress (based on measurement of opercular beat rate
(OBR)) were measured. Seabass and European eels were studied in AC and DC currents. European
salmon were studied only in AC currents. Fish sizes ranged from 20 mm at the start of experiments,
to more than 100 mm after 12 weeks of growth. Results show no significant differences observed
for fish survival, growth or stress between all levels of EMF for the three fish species. We found
some slightly significant results for growth rates that we consider to be artefacts of the experi-
ment. However, other studies should be conducted to explore the effects of EMF on migration and
orientation behaviour of salmon and European eels to determine population-wide implications.
Key words: Electromagnetic field, marine fishes, AC&DC currents, in vitro long-term experimenta-
tion
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HETEROGENEITY IN HARBOUR PORPOISE PRESENCE NEAR
TWO FLOATING OFFSHORE WIND FARMS
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In recent years, significant advances in floating offshore renewable energy infrastructure have been
made. The use of floating wind turbines is expected to increase globally, expanding rapidly into deeper
waters, further from shore, within highly productive shelf seas. It is therefore crucial to understand
species’ responses and impacts at individual, population and ecosystem levels. The ecological signifi-
cance of floating turbines, in terms of impacts (positive and/or negative) on mobile species such as the
harbour porpoise, remains poorly understood but could be substantial based on current knowledge of
fixed wind farms and other static structures such as oil and gas platforms. Harbour porpoise presence is
often reduced during construction of fixed wind farms due to piling noise and vessel activity, although
relative densities typically recover subsequently. However, data on porpoise presence and behaviour
surrounding floating turbines are lacking. Due to differences in operational noise, with the sound sig-
nature of floating turbines less predictable due to movement of the structure’s mooring components,
the influence on animal behaviour might be different compared to fixed structures. Porpoise presence
data were collected as part of the FORTUNE project (https://supergen-ore.net/projects/fortune) which
collected underwater sound data at the Kincardine and Hywind Scotland floating offshore windfarms
(Scotland, UK). Data were collected during early winter at Kincardine (November 2021 - January 2022,
9 MW Vestas turbines, semi-submersible platform) and spring-early summer at Hywind Scotland (May-
June 2022, 6 MW Siemens turbines, spar-buoy platform) using automated click detectors (F-PODs).
Detectors were deployed within each wind farm (distance to nearest turbine ~600 m at Kincardine, 300
m at Hywind Scotland) and at a secondary site outside of each farm (~1,500 m at Kincardine, 2,400 m at
Hywind Scotland) to compare presence and behaviour at different distances from the turbines. Initial
results indicate fewer porpoise detections closer to the turbines than at the distant sites for both loca-
tions, although overall patterns were similar between the close-by and distant sites. Results suggest
porpoises may be displaced from operation, or that vocalisation is reduced near turbines; there is no
evidence of strong attraction. Differences in presence between sites were observed, which could be a
seasonal effect, related to habitat variables, differences in noise levels due to arrays/substructures, ves-
sel presence, or a combination of these factors. This study is one of the first investigations of presence,
foraging patterns and inter-site variability of a top predator at floating offshore wind farms.

Key words: floating offshore wind, harbour porpoises, top predators, behaviour, distribution
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INTERACTIONS BETWEEN SEALS AND OFFSHORE WIND FARM CONSTRUCTION

Gordon Hastie!, Katherine Whyte'2, Debbie Russell'?

ISea Mammal Research Unit, Scottish Oceans Institute, University of St Andrews, KY16 8LB, Scotland,
“Biomathematics and Statistics Scotland The King's Buildings, Peter Guthrie Tait Road, Edinburgh, EH9 3FD,
Scotland, *Centre for Research into Ecological and Environmental Monitoring, The Observatory, Buchanan
Gardens, University of St Andrews, KY16 9LZ, Scotland

gdhl0@st-andrews.ac.uk

Many countries have set ambitious targets for renewable energy, with energy from offshore sources
anticipated to form an important part of this; this has led to the proposed installation of many
thousands of wind turbines in coastal areas. High levels of underwater noise associated with the
installation of the turbine foundations has a range of potential impacts including hearing damage
and behavioural responses. Here we summarise over a decade of research into the interactions
between offshore wind farms and harbour seals (Phoca vitulina). We present the results of a range
of studies of wild seal behaviour in areas where wind farms were being constructed. We deployed
animal-borne GPS tags on 24 seals during 2012. Tags provided location and dive data, allowing
investigation of their proximity to pile driving, and to estimate hearing damage in each seal. The
closest range of individual seals to piling varied from 3.9 to 40.4 km and cumulative sound expo-
sure levels (weighted for seal hearing) varied between 134 and 176 dB re 1 Pa2.s; although the
prediction of auditory damage in marine mammals is a rapidly evolving field of research, based
on published auditory injury criteria, these results suggest that low numbers (17%) of the seals
received levels sufficient to cause temporary shifts in hearing sensitivity. Analyses of behaviour
of seals during pile driving showed that there was significant avoidance of the piling activity by
seals; within a distance of 25km, there was a 19 to 83% (95% confidence intervals) reduction in
abundance. Further analyses of responses by individual seals to pile driving included summarizing
metrics of seal movement (speed, direction, diving) using a multivariate statistical metric to objec-
tively identify unusual changes in movement (responses). We quantified the response probability
as a function of pile driving sound level using a Bayesian hierarchical model. Identified responses
included increases in speed, increased variability in heading, and changes in dive behaviour during
pile driving. The estimated p50 (sound level at which half of the population would have responded)
was 175 (95% Cl: 167-180) dB re:1pPa2.s. The results presented here show clear behavioural and
physiological responses by seals to offshore wind farm construction; however, information on how
responses vary with factors such as location, habitat type, and species, and how seals interact with
offshore wind farms in the long term is critical to ensure that seals can co-exist with developments
at the scales currently being envisaged for the industry.

Key words: Marine mammals, pile driving, construction, behaviour, physiology
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HARBOUR PORPOISES AND OPERATIONAL OFFSHORE WIND
FARMS; OCCURRENCE AND RESPONSES IN TIME AND SPACE
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With the ongoing development of offshore wind energy in the North Sea, a substantial part of
the distribution of harbour porpoises (Phocoena phocoena) will overlap with offshore wind farms
(OWFs) in the near future. Effects of the construction of OWFs on the distribution and ecology of
harbour porpoises has received a lot of attention in research and impact assessments for many
years, however, data on the presence of harbour porpoises in and around operational OWFs are
relatively scarce. Gaining more knowledge on the spatial and temporal occurrence of harbour
porpoises in OWFs is a prerequisite for adequate impact management. As part of ornithological
monitoring programmes, around 150 visits to multiple OWFs in the North Sea were carried out
between 2007 and 2022. Following standardized observation protocols for birds, marine mam-
mal observations were also recorded during these visits. Additionally, harbour porpoises were
recorded during Digital Aerial Surveys (DAS) in and around the operational wind farm Borssele in
2021. Commissioned by the Dutch Governmental Offshore Wind Ecological Programme (Wozep),
we combined all harbour porpoise observations from these studies with the aim to study temporal
and spatial use of operational OWFs. Harbour porpoises were seen year-round inside OWFs with
highest abundances in winter, and animals were recorded even at close distances to wind turbines
and platforms. Behaviour was not systematically recorded but foraging behaviour inside the wind
farm area was observed on a small number of occasions. A comparison of observations in two
nearby OWFs separated by a decade suggests an increase in the abundance of harbour porpoises
in the area over time. Data of DAS indicates that the density of harbour porpoises in and around
Borssele did not differ from their densities in a reference area north of Borssele. Furthermore,
preliminary analysis of corridor use suggests that harbour porpoise densities are higher inside
a wind farm corridor compared to the wind farm border or inside the wind farm area, although
sample sizes are currently too small to draw any statistically significant conclusions. These data
will be integrated with the data collected from the Wozep Passive Acoustic Monitoring project (Por-
poise Network Borssele) and the harbour porpoise tagging pilot commissioned by Wozep and the
Dutch Ministry of LNV. Based on data from various data sources we show when and how harbour
porpoises use OWF areas, contributing to our understanding on the responses of and impacts on
harbour porpoises to operational OWFs.

Key words: harbour porpoise, offshore wind farms, digital aerial surveys, temporal and spatial use
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WIND ENERGY DEVELOPMENT IN LATIN AMERICA AND THE
CARIBBEAN: RISK ASSESSMENT FOR FLYING VERTEBRATES
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Wind turbines occupy the altitude range of the airspace with the highest abundance of flying fauna,
which can have negative impacts on wildlife species, particularly birds and bats. These animals
may collide with turbines or associated power lines, suffer habitat loss, or be displaced. In this
study, we provided an update of the scientific knowledge on the impacts of wind farms on birds
and bats in Latin America and the Caribbean (LAC). In addition, we used available information
on the distribution of threatened species to map hotspots of exposure to wind farm infrastruc-
ture. Finally, we used wind potential density to identify areas where wind industry development
could pose a risk to threatened species. We identified approximately 857 wind farms, with more
than 16,000 wind turbines in 20 countries. However, we found that with only 19 scientific papers
investigating different impacts on bird and bat species, the amount of research on the impact of
wind farms on flying fauna is still very limited. Six countries in the region studied the issue, with
11 articles in Mexico, five in South America and three in Central America and the Caribbean. The
impact studies included 114 bird and 60 bat species, an insignificant number given the large bio-
diversity hotspot that the LAC region represents. The impact of wind farms on three species of bats
classified as globally threatened by the IUCN, the Minor Red Bat (Lasiurus minor), the Red Fruit Bat
(Stenoderma rufum) and the Lesser Long-nosed Bat (Leptonycteris yerbabuenae), was recorded.
No studies identified globally threatened bird species affected by wind farm development. Still,
our maps showed that there is high exposure to wind farm impacts for threatened bird species in
Mexico, northeastern Brazil, the southern coast of Brazil, the coast of Uruguay, and central Chile. In
addition, our results showed that the highest values of wind potential, where there are currently no
wind farms, are distributed below 40° South latitude. These areas, which have not yet been greatly
affected by wind energy development, could be prime locations for future wind farms, which could
negatively affect the population dynamics and demography of species sensitive to these installa-
tions. Here, we highlight the urgent need for field surveys in the LAC region and provide not only
overlay maps to identify the most sensitive current and future areas, but also a list of threatened
species that may be affected now or in the future.

Key words: human infrastructure, airspace, renewable energy, aero-ecology, mortality
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Goal: To meet climate goals, wind energy development is expected to increase in the coming
decades. Concerns over the impacts wind energy infrastructure may pose to wildlife have risen as
mortality from collisions of volant species have been documented. Though research for mitigating
wind energy-related mortality is being conducted, some bat species continue to decline in the face
of multiple stressors, including from wind energy generation. The current accepted metric for bat
mortality resulting from wind energy generation is to use rated capacity as the primary predictor of
bat mortality risk, often summarized as a mortality rate in bats per megawatt. This proxy is limited
in its ability to accurately capture mortality risk to bats because it fails to characterize other aspects
of wind turbine technology and advancement (such as the rotor swept zone) and ecological bat
characteristics (such as abundance and habitat use, and their interactions). Our multi-agency
interdisciplinary team analyzed facility-level mortality data from 260 U.S. wind facilities and over
500 reports to quantify the impacts of wind energy development on U.S. bat populations. Material
and methods: We use a multivariate community N-mixture model to relate bat mortality to wind
energy technology and spatial habitat and bat ecosystem characterizations. These covariates help
explain the observed mortality counts, with mortality estimators (corrected for unsearched area
and portion of year) serving as prior information on detection probabilities. Results: We identify
which covariates have significant relationships with observed mortality and compare predicted
mortality to observed mortality. Conclusion: Importantly, the fitted model moves beyond the cur-
rent practice of using only megawatts to predict bat mortality risk and can be used to predict risk
with greater accuracy, which will benefit conservation managers and decision makers.

Key words: population ecology, bat mortality, extinction risk, wind energy, Bayesian statistics
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EFFECTS OF OPERATING AND PROPOSED OFFSHORE WIND
FARMS ON COMMON GUILLEMOTS (URIA AALGE) IN THE
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The pressure for governments to massively reduce the greenhouse gas emissions is currently stron-
ger than ever, and large-scale offshore wind farms (OWFs) are approved worldwide. Top predators are
strongly affected by changes in the environment and by anthropogenic activities. The common guille-
mot (Uria aalge) is prone to interfere with OWF, because it is one of the most numerous seabird species
in the world. We assessed the cumulative effect of all operating and proposed OWFs on guillemotsin the
German North Sea based on a long-term and large-scale dataset on their distribution and abundance. A
‘before-after control impact’ (BACI) analysis was applied within the framework of generalized additive
models to estimate the relative change of the guillemot density in the area influenced by operating OWFs,
as well as to evaluate the response range to the OWFs. Furthermore, two different analysis approaches
were applied to estimate the potential effect of proposed OWFs on common guillemot occurrence: 1.
The effects of operating OWFs revealed by the BACI approach were applied in combination with the
current German plans for OWF implementation on the known distribution of common guillemots, 2.
a combination of regression and mechanistic models was applied to also consider potential spatial
reorganisation as well as natural and anthropogenic variables additionally influencing spatio-tempo-
ral animal abundance. If OWFs were implemented according to the current maritime spatial plan for
the German Exclusive Economic zone, the OWFs would cover 13 % of the German North Sea. During
autumn, the season when guillemot numbers are highest, the offshore waters of the German North Sea
host approx. 90 000 individuals. The BACI approach revealed that guillemot density in autumn was sig-
nificantly reduced up to a radius of 19.5 km around operating OWFs. Applying this disturbance distance
to the current installation plans 70 % of the German North Sea would be affected for guillemots. Based
on the two different analysis approaches investigating potential future OWF effects we estimate that
68 - 76 % of the common guillemots occurring in the German North Sea would experience habitat loss.
Our study clearly illustrates the pressure to guillemots in the southern North Sea by an implementation
of the current plans of the German government. The estimates provided here are highly relevant for
marine spatial planning and management recommendations to decision-makers.

Key words: Cumulative effects, Habitat loss, Common guillemot
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VULNERABILITY OF GOLDEN EAGLE POPULATIONS TO FATALITIES AT WIND ENERGY FACILITIES
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As renewable energy production expands across North America, regulatory guidelines often call
for estimates of population level impacts of renewable energy-derived fatalities on wildlife species.
However, such estimations are difficult and rarely accomplished. Here we implement a framework for
estimating population level consequences of renewable energy development for an iconic apex pred-
ator with a circumpolar distribution. Our approach is unique because we first define the geographic
origin of individuals killed at renewable facilities and then implement demographic models for those
origin populations. An integral part of this assessment is defining the geographic origin of highly
motile species killed at wind facilities. Previous studies have used stable hydrogen isotopes (62H)
for this purpose. However, the uncertainty associated with 6"2H-based estimates of geographic
origin is typically large, making it challenging to use this approach to identify the origin of a given
individual for species with multiple distinct breeding and wintering subpopulations. To overcome
these challenges, we used a multi-isotope approach to geolocation, considering isotopes of 6"2H,
carbon (6713C), and sulfur (634S) to evaluate population of origin for Golden Eagles found dead at
wind energy facilities in Wyoming. Subsequently, we used a Bayesian integrated population model to
identify vulnerability of subpopulations of Golden Eagles to fatalities from wind energy development.
Preliminary data suggest that the multi-isotope assignment process using 8*2H, 613C, and &"34S
resulted in substantially improved estimates of population of origin than with a single isotope alone.
Demographic models identified widely varying levels of vulnerability among subpopulations, with
notable differences between migratory and resident populations. Our approach illustrates the rele-
vance of multi-element isoscapes to further classify population of origin or identify subpopulations
of interest and how those origin data can then be used to assess vulnerability of species potentially
affected by wind energy development. The tools we illustrate here are widely applicable to a range
of different avian and chiropteran species that may be affected by fatalities at wind energy facilities.
Key words: anthropogenic effects, bird populations, wildlife mortality
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The Lesser Kestrel Falco naumanni is a small migratory falcon and its population experienced a
rapid decline in Western Europe. The species occupies preferably the southwestern Iberian Pen-
insula in Spain and Portugal. It is rarely detected at migratory bottlenecks worldwide during its
migrations. However, after the breeding season and prior to the autumn migration, its population
develops a pre-migratory dispersal northwards in the Iberian Peninsula far from their areas of
origin. We analyzed the fatality patterns at two joining regions (Aragon and Soria, Northern Spain)
totaling 47,969 sq. km and hosting 140 and 44 wind farms where the species either breeds or is just
a summer visitor respectively. We reviewed the post-construction fatality monitoring reports from
which we extracted 175 and 57 fatalities in between 2003 and 2022. Spain extends from 43° lati-
tude N to 36° in southern Andalusia. Secondly, we analyzed the ring recoveries available from the
Spanish ringing Office, selecting Lesser Kestrels recovered or re-sighted in northern Spain coming
from birds ringed in southern regions. Forty-three died because of any type of collision with human
infrastructure, but five (11.62%) occurred at wind farms far from their breeding origin. Results
showed that fatalities mostly occurred between July and October, with maximums in August and
September (80-98.25%), regardless of happening near or away from the breeding areas. Near or
within the breeding areas, fatalities also occurred between March and June (8-14%) but not in the
dispersal areas. Results suggest that fatalities at wind farms may pass underestimated, having an
effect on the population dynamics of the species as demonstrated in other countries, e. g. France.
They involve both local and birds from colonies far away, impacting an area that extends beyond
the footprint of single projects and beyond the Spanish distribution range of the species. Either pre
or post-construction studies did not consider cumulative impacts on the Lesser Kestrel, requiring
a broader approach rather than a project-by-project basis. This could be also reinforced by a not
proper pre-construction monitoring studies, where the species would be undetected.

Key words: Lesser Kestrel, catchment area, population, migration
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ENOUGH IS ENOUGH? DELIVERING SEABIRD COMPENSATION
TO KEEP OFFSHORE WIND ON TRACK
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The UK s at the forefront of the development of offshore wind power and is second only to Chinain
installed generating capacity. But the UK also hosts internationally important numbers of breeding
seabirds, many of which are facing pressures from climate change, over-fishing and disease. The
addition of predicted wind farm impacts has therefore raised significant concerns of adverse effects
on many populations of these species. While individual offshore wind farms are rarely predicted
to have significant population scale impacts on seabirds, collectively the predicted cumulative
numbers of collisions for some species’ populations have reached levels which the UK’s statutory
conservation advisors can no longer agree are acceptable. As a consequence, the UK Government
has only awarded planning consent to recent offshore wind farms on the basis that their impacts
on these species are fully compensated. This talk focusses on the delivery of required compensa-
tion for protected populations of two seabird species, kittiwake and lesser black-backed gull, in
relation to the predicted cumulative collision effects from the Norfolk Vanguard and Norfolk Boreas
Offshore Wind Farms, and the need to work very quickly to avoid delays in delivery of the 3.6GW of
electricity from these wind farms. Although the outline compensation plans were agreed prior to
the wind farms being consented, the actual delivery for both species was achieved in less than 12
months: the first steering group meetings were held in April 2022 and both compensation schemes
were completed by February 2023. The process included agreeing implementation plans, design-
ing appropriate structures, finding suitable sites and obtaining necessary permissions, developing
monitoring protocols, appointing contractors and completing construction. Both compensation
schemes were in place prior to the 2023 breeding season and are expected to be on track to deliver
the required compensation before the wind farms are operational. Important lessons were learned
and best practice suggestions are made to assist in achieving similar outcomes elsewhere.

Key words: Compensation, seabirds, collision risk
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OFFSHORE WIND ENERGY SUITABILITY, ENVIRONMENTAL
IMPACT AND CUMULATIVE IMPACT ANALYSIS — DELIVERED
WITHIN THE MARITIME SPATIAL PLANNING PROCESS

Andrej Abramic?, Victor Cordero Penin !, Alejandro Garcia Mendoza?, Ricardo Haroun'
University Institute ECOAQUA, University Las Palmas de Gran Canaria
andrej.abramic@ulpgc.es

The Canary Islands are an ideal location for the development of offshore wind energy (OWE) due
to their location in the Atlantic Ocean and strong winds. However, the development of this sec-
tor must take into account the potential environmental and social impacts, as well as technical
and economic feasibility. The University Institute ECOAQUA initiated the PLASMAR (2017-2020)
and PLASMAR+ (2020-2023) research and development projects to study the introduction of this
novel sector and its impact on the marine environment, considering fragile ecosystems. To iden-
tify suitable areas for the development of offshore wind energy, a multiparameter methodology
was developed. This methodology considers the environmental sensitivity of the area, restrictions
related to marine conservation, oceanographic potential, land-sea interactions, and potential con-
flicts with current maritime and coastal activities. An extensive literature review was conducted on
the environmental effects and changes that offshore wind energy can have on the Good Environ-
mental Status (GES) described by the European Marine Strategy Framework Directive (2008/56/
EC). An environmental impact assessment (EIA) checklist was developed to evaluate the com-
patibility of offshore wind energy developments with the maintenance of the GES of the marine
environment. Finally, a system to calculate the Cumulative Impact Assessment (CIA) was devel-
oped to assess the impact of offshore wind energy developments on the existing pressures from
other maritime sectors such as maritime transport, aquaculture, and mineral extraction. Studies,
analyses, and related results were conducted over a Canary Islands marine area of 45,613.5 km2,
supporting Maritime Spatial Planning within the archipelago and the Macaronesia European out-
ermost region.

Key words: Offshore Wind Energy, Environmental Impact Analysis, Cumulative Impact Analysis
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HIERARCHICAL ESTIMATION OF TURBINE-LEVEL MULTI-SPECIES
BAT MORTALITY WHILE ACCOUNTING FOR HETEROGENEOUS
SEARCH EFFORTS

Charles Labuzzetta', Ashton Wiens?, Bethany Straw?, Jay Diffendorfer?, Brad Udell®, Megan
Seymour®, Anthony Lopez®, Trieu Mai°, Amber Schorg’, Wayne Thogmartin*
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Survey, Fort Collins Science Center, Fort Collins, Colorado, 80526, USA, “U.S. Geological Survey, Geosciences and
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Goals. Mortality at wind facilities may be reported at various scales. Compared to aggregated
reports of fatalities across wind facilities, data describing individual carcasses found during turbine
searches can support fine-scale modeling of variability in search effort and turbine-level effects.
Our research advances the science on assessing the impact of future wind energy development
on bat mortality via a U.S. multi-agency interdisciplinary collaboration. Materials and Methods.
We introduce a Bayesian multi-species N-mixture model to estimate monthly bat mortality at the
turbine-level across multiple wind facilities. We apply our model to a dataset of regular turbine
searches with heterogeneous search efforts across a group of wind facilities in lowa. Our model
includes standard estimates of imperfect detection by adjusting for search area, searcher efficiency,
and carcass persistence probability over variable search intervals. However, we account for spatial,
multi-species, and hierarchical variability in bat mortality via advanced methods integrated into a
Bayesian framework that propagates all input uncertainties to final model predictions. First, by uti-
lizing a layer of access roads from Open Street Maps and turbine locations from the United States
Wind Turbine Database, we approximate the area of each search plot. We account for search effort
by modeling the distance-dependent density of carcasses around a turbine and integrating over
the search area to estimate the probability a carcass falls within the area searched. Additionally, we
model the correlation between the observed species of bat fatalities at each facility via correlated
random effects. While the ecological context of these correlations can be difficult to decipher, these
effects allow the model to better estimate trends in mortality for bat species that are less often
observed. Finally, we include a hierarchical parameterization to estimate the influence of facility
and turbine-level covariates. We considered multi-scale covariates such as local land cover, habitat
suitability, facility layout, and turbine design. Results. Variability in search effort, especially among
heterogeneous road and pad layouts and full plot searches over variable search intervals, greatly
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influences the total number of carcasses found at each turbine over time. Accurately accounting
for this variability is more feasible at the turbine-level compared to aggregated reports of fatal-
ities across facilities. Using our model, we can infer whether individual turbine characteristics
have a disproportionate effect on bat mortality. Conclusions. Such an analysis may inform future
decisions on turbine placement and design characteristics that can minimize the impact of wind
energy on bat mortality.

Key words: bat, multi-species, turbine-level, mortality, estimation
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HABITAT SUITABILITY MODELS AS A BASIS OF CUMULATIVE
ASSESSMENT FRAMEWORKS

Chen Chun?, Susanne van Donk!, Rob van Bemmelen?, Tamara Vallina?, Ralf van Hal’,
Eleni Melis?, Ingrid Tulp*

"Wageningen University and Research, Wageningen Marine Research, 1976 CP [Jmuiden, The Netherlands,
“Waardenburg Ecology, 4101 CK Culemborg, The Netherlands

chun.chen@wur.nl

Habitat suitability models form the basis of most cumulative wind farm effect studies on animals
at sea. The spatial densities that the models predict give an indication of the spatial habitat use
of animals and thereby the potential severity of disturbance by wind energy development per
area. In this project, habitat suitability models are developed for a large number of seabird spe-
cies in the southern and central North Sea, based on Dutch (MWTL) and international (ESAS) bird
observation data. The habitat models are based on statistical correlations in space and time (INLA)
between relevant co-variables (environmental factors) and observed seabird numbers. In addition
to spatial density predictions, the models provide information about the reliability and statisti-
cal uncertainty regarding the predicted densities. In cumulative impact assessments for seabirds,
spatial density predictions can be used to quantify potential numbers of casualties per area due
to collisions with turbines and habitat loss due to wind farm avoidance. This information can then
be used in the site selection process, to try to avoid overlap of wind energy development areas
with essential seabird habitat. Moreover, the models provide insight in the ecological factors that
are important for seabird habitats. Special attention is given in this project to the relation between
fisheries activity and habitat suitability for the different seabird species, as fisheries patterns are
expected to change drastically due to the deployment of offshore wind farms and the rising fuel
costs. A thorough understanding of the relation between environmental factors, such as fisher-
ies intensity, hydrodynamics and proximity of breeding colonies, and habitat use by seabirds is
needed to provide future predictions of the effects of offshore wind farms on seabirds.

Key words: Habitat suitability models, seabirds, INLA, spatial density predictions
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LIFE-CYCLE IMPACTS OF OFFSHORE WIND ENERGY DEVELOP-
MENT ON MARINE MAMMALS

Thomas Kvalnes!, Reto Spielhofer?, Frank Hanssen?, Roel May*

INorwegian Institute for Nature Research, Department of Terrestrial Ecology, NO-7485 Trondheim,
NORWAY, Norwegian Institute for Nature Research, Biodiversity data, NO-7485 Trondheim, NORWAY
thomas.kvalnes@nina.no

Wind-power farms are being developed and established at a rapid pace onshore and offshore,
requiring large areas and impacting biodiversity. While renewable energy has beneficial climatic
effects, investigations of the costs for biodiversity are often limited and made at a late stage in
the development of wind farms. Here we adapt a recently developed life-cycle impact assess-
ment (LCIA) method to investigate the impacts of offshore wind-power farms on marine mammals
during the operational phase in the North and Norwegian sea. Impact pathways for habitat loss
and disturbance are developed to characterise the potentially disappeared fraction of species for
recently constructed and planned offshore wind farms. We utilised occurrence data on marine
mammals in public data bases and use species distribution models to map species richness.
Presence data were combined with data on environmental variables know to be important for
predicting the relative occurrence rate for different species of marine mammals. Bathymetry, sea-
bed slope, sea surface temperature and the concentration of chorophyll-a were included, and the
resulting species-specific maps were combined to maps of species richness for marine mammals.
This facilitates the evaluation of biodiversity consequences of different wind farms and facilitates
the inclusion of effects on marine mammals as one of the criteria used when investigating conse-
quences of suggested novel sites for offshore wind farms. Biodiversity impact assessments using
LCIA could be an important tool for decisionmakers to reduce negative effects on biodiversity.
Key words: Underwater noise, habitat loss, seals, whales, wind energy
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LIFE-CYCLE IMPACTS OF OFFSHORE WIND ENERGY
DEVELOPMENT ON MIGRATING BIRD DIVERSITY IN
THE NORTH SEA

Emma Jane Critchley’, Anna Nilsson!, Roel May*
!Norwegian Institute for Nature Research (NINA), 7034 Trondheim, Norway
emma.critchley@nina.no

As offshore wind energy development increases it is vital that we have tools to assess the cumu-
lative impacts to biodiversity across multiple sites. Life cycle assessments, often used to predict
cumulative greenhouse gas emissions or other environmental impacts from industries, are a useful
tool for assessing and comparing cumulative effects over a large scale. Previous work by May et
al. (2020; 2021) developed life-cycle impact assessments (LCIA) to evaluate impacts of onshore
wind energy on bird species richness. We have adapted this methodology to assess collision,
disturbance and barrier impacts of offshore wind energy developments on migrating birds in Nor-
wegian waters. Migrating birds, particularly species that regularly travel thousands of kilometres
and already have very high energetic requirements, could be negatively impacted if multiple wind
farms are sited within their migration paths. The potentially disappeared fractions of species (PDF)
-ameasure of the potential loss of species richness in an area - for each impact was calculated for
modelled distributions of birds on migration, grouped taxonomically. Distributions were modelled
using a Brownian bridge approach and based on ring recoveries from countries surrounding the
North Sea Basin. PDF values were calculated for existing, approved, and planned wind farm devel-
opments separately and then summed for each category. Where site-specific turbine information
was not available a mean turbine size of 6MW was used for existing wind farm developments and
a 10MW turbine in approved and planned development areas. Our results show that collision,
disturbance, and barrier effects for existing wind farm developments have the greatest impact on
migrating raptors, gulls, and waterfowl species, similar to LCIA results for onshore wind develop-
ment in Norway. Raptors are the group most impacted by collision effects, whereas waterfowl rank
highest for disturbance and barrier effects. Maps highlight where cumulative PDF values for com-
bined collision, disturbance and barrier effects are expected to be highest, both by group and for all
migratory species combined. As the offshore wind energy industry in Norway is still at early stages
of development, LCIAs could be a useful tool for comparing potential impacts across proposed
sites as well as assessing the cumulative effects of large-scale offshore wind energy development.
The LCIA presented here could also be easily updated as better data on bird behaviour at offshore
wind farms becomes available.

Key words: Life-cycle impact, bird migration, species richness, offshore wind, North Sea
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A BAYESIAN FRAMEWORK USING INLA FOR AN ECOSYSTEM-BASED
CUMULATIVE EFFECT ASSESSMENT OF OFFSHORE WINDFARMS

Morgane Declerck?, Neda Trifonova’, Arianna Zampollo’, John Hartley?, Beth.E. Scott’
University of Aberdeen, School of Biological Sciences Zoology Building, AB24 2TZ Aberdeen, United Kingdom,
Hartley Anderson Limited Regent House 36 Regent Quay Aberdeen AB11 5BE United Kingdom
m.declerck.19@abdn.ac.uk

To alleviate climate change consequences, UK governments are pioneering offshore wind farms
(OWFs) to achieve the goal of 50 GW by 2030. The North Sea is a dynamic ecosystem with strong
bottom-up/top-down natural and anthropogenic drivers facing rapid climate change impacts. There-
fore, to ensure the compatibility of such large-scale developments with nature conservation needs,
effects must be evaluated through cumulative impact assessments (CIA). By excluding climate change
impacts, the current CIA procedures are failing to identify links between oceanic drivers and ecosystem
components, leading to high uncertainty in population-level predictions. This turns into highly uncer-
tain ecosystem assessments with a limited understanding of impacts that manifest from fine-scale
up through to ecosystem scales and therefore lacks the ability to inform future offshore wind leasing
rounds. This study will present a Bayesian framework using Integrated Nested Laplace Approximation
(INLA). Firstly, we will use predicted drivers of population trends which are the outcomes of ecosystems
models run over a 30-year time series. Secondly, we will use a fine-scale spatial modelling approach
involving INLA allowing analysis of high-resolution spatial information to assess cumulative effects.
The modelling framework will enable data-driven relationships between lower ecosystem compo-
nents, such as oceanic drivers changing with both climate change and offshore energy extraction and
their predicted effects across all trophic levels up to top predator populations (e.g., seabirds). The pro-
posed methodology will assess the corresponding population trends under climate change and OWF
scenarios across spatial scales. As a case study, we will use the Firth of Forth in Scotland, UK, a location
with internationally important seabird colonies where multiple OWFs (3.1 GW) have been consented.
We will present results for Northern gannets (Morus bassanus), a generalist species whose population
trends appear to be strongly linked to the oceanic driver: the Potential Energy Anomaly (PEA). PEA is
anindicator of the levels of stratification and mixing and is predicted to change significantly with both
climate change and the effects of introduced structures and wind energy extraction. The analysis will
output ecosystem-level population trends and then finer-scale distributions with associated levels
of uncertainty. Ultimately, our modelling framework will encapsulate the consequences of habitat
change under climate change and OWFs from both colony level to regional population level for use in
strategic CIAs, compensatory measures, and marine spatial planning.

Key words: marine spatial planning, climate change, Northern gannets, potential energy anomaly,
dynamic Bayesian network model
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WHAT’S FOR DINNER? BAT DIETS AND THE ROLE OF CROP PEST
EMERGENCE IN BAT FATALITIES AT WIND ENERGY FACILITIES

Amanda Hale!, Jennifer Stucker?, Paul Rabie?', Cecily Foo!
"Western EcoSystems Technology, Inc. (WEST)
ahale@west-inc.com

Although the ultimate drivers of bat fatalities at wind turbines are still not fully understood, active
foraging at operating turbines by insectivorous bats put them at increased risk of collision with
rotating blades. Wind energy facilities are commonly located in agriculture fields where bats can
exploit periodic superabundant insect emergence events in the late summer and early autumn.
Thermal imaging, acoustic monitoring, and bat carcass stomach content analyses show bats prey
upon insects on and near wind turbine towers. Studies, including in agricultural systems, have
shown a positive association between insect abundance and bat activity. To our knowledge, the
hypothesis that superabundant insect emergences near wind turbines increase bat fatalities by
creating efficient foraging conditions has not been explicitly tested. We conducted a systematic
review for four common bat species diets in the Midwest and northern Great Plains. The aim was
to synthesize existing knowledge across species; assess the extent to which these bat focal spe-
cies consume crops pests; and evaluate the potential for crop pest emergence models to predict
temporal and spatial patterns of bat fatalities in this region. The studies we reviewed indicated big
brown bats and eastern red bats consume a variety of crop pests including some for which emer-
gence models may be available. In contrast, there were few studies for hoary bats or silver-haired
bats, and the dietary evidence available in the literature has insufficient taxonomic resolution to
conclude that crop pests were consumed. To augment existing data and illuminate relationships,
we recommend that genetic diet analyses for bats, specifically hoary and silver-haired, be con-
ducted in the late summer and fall in this region. The results may provide additional candidate
insect models to evaluate bat fatality predictions at wind turbines and clarify whether the super-
abundant insect emergence hypothesis warrants further investigation. If the emergence of crop
pests can be correlated to bat abundance, predictive crop pest models have the potential to sup-
port or inform bat fatality minimization strategies. We will discuss the implications of these results
and their relevance to bat populations and fatality minimization efforts beyond North America.
Key words: Diet analysis, foraging behavior, trophic interactions
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REDUCING OPERATIONAL IMPACTS OF FUTURE WIND PARKS
ON AVIAN FAUNA THROUGH STRATEGIC SITE SELECTION IN
NORWAY

Jan Borgelt', Roel May?, Wouter Koch?, Francesca Verones!
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As the world increasingly embraces renewable energy sources, wind power has emerged as a
promising alternative to fossil fuels. However, the operation of wind turbines can have significant
negative impacts on the environment and wildlife, particularly on bird species. In this study, we
employed a life cycle assessment approach to estimate the potential impacts of planned wind
power facilities in Norway on avian fauna during the operational phase. The expected effects on
bird life were quantified as potentially disappeared fractions of native species for 13 taxonomic
orders and for four major impact pathways, namely collision, barrier effects, habitat loss, and dis-
turbance. The sensitivity of our estimates was assessed by performing a Monte-Carlo simulation
and iteratively altering the number and exact locations of wind turbines, their rotor diameter, as
well as varying estimates of species group specific collision probabilities and disturbance esti-
mates. The results highlight that the impacts of wind power facilities on native avian fauna are
location- and season-specific and vary based on the operational impacts considered. The study
identified the worst, as well as least detrimental facilities, in terms of their potential impact on bird
species and in relation to expected energy production. The findings provide recommendations for
planning and future scenarios to minimize the negative impacts on bird species. Overall, this study
provides a ranking of sites and valuable insights into the potential impacts of planned wind power
facilities on bird species in Norway. The findings can be used by policymakers, developers, and
stakeholders to make informed decisions about which of the planned facilities should be builtin a
way to maximize benefits while minimizing negative impacts on the environment and wildlife. The
study contributes to the ongoing efforts towards a sustainable and responsible energy transition.
Key words: LCA, planning, bird impacts, decision-support
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THE UNDERRATED CONTRIBUTION OF WIND ENERGY INFRA-
STRUCTURES IN LAND TAKE: AN EMERGING THREAT TO THE
BIODIVERSITY AND ECOSYSTEM SERVICES OF NATURAL AREAS

Vasiliki Kati', Christina Kassara', Panagiotis Panagos?, Lydia Tampouratzi', Dimitris Gotsis’,
Olga Tzortzakaki', Maria Petridou?’, Maria Psaralexi’, Lavrentis Sidiropoulos’, Dimitris
Vasilakis!, Sylvia Zakkak!?, Antonia Galani!, Nikos Mpoukas*
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The ongoing climate crisis, along with the recent energy crisis that has been escalating in the EU since
2022, are continuously driving policies towards more sustainable energy sources. Wind is among the
higher listed energy sources within the EU and national energy policy agendas. At the same time, the
need for the establishment of protected areas for biodiversity conservation is also strongly addressed
and incorporated into both EU and national policies. The increasing targets for renewable energy
sources (RES), along with regulations accelerating their establishment may jeopardize biodiversity
conservation efforts and consequently undermine climate change mitigation actions. Land use
change, in the form of land degradation, natural habitat loss, deterioration, and fragmentation, is
recognized as the top driver of biodiversity loss globally. The establishment of wind energy projects
in remote areas is expected to increase the footprint of terrestrial surface modification in the form
of land take. In this study we focus on Greece, a biodiversity hotspot, with a large proportion of
mountainous remote areas. Many of these areas attract high investment interest due to their great
wind potential, while at the same time, many of them are designated as Natura 2000 sites. In order
to quantify the land take of wind farms in Greece, we digitized the generation of artificial land by 90
wind power stations constructed between 2002 and 2020 (1.2 GW). According to our results 7,729 m2/
MW (3.5m2/MWh) of new artificial land, 148 m/MW of new roads and 174 m/MW of widened roads
were generated on average. This size is 3.5 times higher than the global generic estimate of land con-
sumption per annual power generation in an average year. The number and size of wind turbines,
the absence of other existing infrastructures and the elevational difference across new access roads
were the main factors that increased the generation of artificial land. Our study indicated an alarming
trend of selecting mountains, forests and seminatural areas to sit wind power stations in Greece, indi-
cating that spatial RES planning should consider the terrain and existing infrastructure, to minimize
the ecological footprint of windfarms, while at local scale, proper quantification of land take should
be included in appropriate assessments for sustainable investments.

Key words: land take, remote areas, landscape, biodiversity conservation, artificial land
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PELAGIO: PHYSICS-TO-ECOSYSTEM LEVEL ASSESSMENT OF
IMPACTS OF OFFSHORE WIND FARMS
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By 2050 it’s estimated >400 GW of energy will be gathered by offshore wind in the North Sea alone.
How will this increased anthropogenic use of our coastal seas impact already stressed marine eco-
systems? And how will that same production of renewable energy offset risks of extreme climate
change that, left unchecked, will increase biodiversity declines. An important effect of wind-en-
ergy extraction will be to reduce the amount of energy that would normally go into local ocean
currents via surface stress, altering mixing. Conversely, there will be local increases in turbulence
around turbine structures. Any change in ocean mixing may change the timing, distribution and
diversity of primary production, the base of the food chain for marine ecosystems. This has knock-
on-effects on the diversity, health and locations of pelagic fish that are critical prey species of
commercial fish, seabirds and marine mammals. The displacement of seabirds and fishing fleets
means they have potentially increased competition for fish. However, if OWFs are also de-facto
marine protected areas and positively affect primary production, they may provide good habi-
tat for fish population growth. So, what are the cumulative effects of current OWF developments
and the thousands of additional planned structures? Do the physical, biogeochemical and eco-
system changes exacerbate or mitigate those resulting from climate change? The new PELAgIO
project will address all of these questions through an inter-disciplinary, multi-scale observation
and modelling framework that spans physical mixing through to plankton production, on to the
response of fish and whole ecosystems. We will present how we will collect fine-scale data using
the latest multi-instrumented acoustic platforms set beside and away from OWFs, complemented
by autonomous submarine robots. The new approach to capture continuous and coincident data
from physics to fish, over multiple scales and seasons will allow understanding of the changes to
mixing and wind deficit impacts. This bottom-up, comprehensive approach will enable true cali-
bration and validation of 3D ocean-biogeochemical modelling systems, from the scale of turbine
foundations up to regional scales. These new data will also help to understand and quantify how
OWF expansion might change prey fish availability to seabirds and mammals with the identified

72



‘ TOPIC 4: Ecosystem and habitat effects of wind energy projects ‘

TOPIC 4: Ecosystem and habitat effects of wind energy projects To Content

changes integrated into Bayesian ecosystem models. The outcomes of these models, run under
different scenarios chosen by stakeholders, will enable the cumulative effects of ecological, social
and economic trade-offs of different policy approaches for OWFs to be quantifiably assessed for
present day conditions and under climate change.

Key words: Autonomous Platforms, Bayesian Ecosystem Models, Coupled FVCOM & ERSEM, Glid-
ers, Habitat Risk Assessment
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MODELLED IMPACTS OF OFFSHORE WIND FARMS ON PHYSICAL
MIXING AND PRIMARY PRODUCTION IN STRATIFIED WATERS
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The rapid growth of renewable energy development in shelf seas has raised the need to assess
the direct and indirect impacts of these new infrastructures on marine ecosystems. At least 260
GW of offshore wind farms (OWFs) are planned to be deployed in the North Sea by 2050 with very
large-scale OWFs (fixed and floating) arrays being deployed in Scottish shelf waters in the next 10
years. The targeted regions contain a range of different hydrodynamic conditions, from mixed to
seasonally stratified water columns, with many physical and biological processes predicted to be
affected. The spatial extent and temporal differences (pre and post spring bloom) of these effects
are uncertain but may impact whole ecosystems, from phytoplankton to top predators. To investi-
gate the possible effects of wind energy extraction, we have started by modelling areas targeted for
future floating and static wind farm deployments with good long-term baseline data. The region of
Firth of Forth and Tay Bay (Scotland, UK) has extensive wildlife and exemplifies an ecological and
economic area of interest for top predators (seabirds, mammals) and the fishing industry. We used
a 3D hydrodynamic model (FVCOM) coupled to a biogeochemical model (ERSEM) to investigate the
comparison of two modelled scenarios, one with and one without OWFs, in a period in which we
have high levels in-situ data (March to July 2003) to validate the coupled model. Comparing these
two scenarios showed an overall decrease in primary production before the bloom (-7%), with a
maximum daily decrease of 6% from wind farm deployments. Positive and negative variations in
plankton abundance (chlorophyll-a) did not linearly correlate to their distance from OWFs, and
large variations were identified close to (1-2 km) as well as far (75 km) from the farms. The wind
wake strengthened the stratification in 58% of the domain, positively or negatively affecting the
primary production depending on the changing hydrodynamic regime (i.e. less to more strongly
stratified). Overall, dipoles in sea surface height, temperature and salinity were observed distrib-
uted between coastal and offshore waters, centred at OWF locations. The date of spring blooms
appeared delayed in less stratified waters, and subsurface concentrations of plankton increased
in intensified stratified waters, exhibiting slight upwelling. This study shows that investigating the
impacts of OWF is imperative to understanding fine scale effects which are likely to influence spe-
cies (e.g. seabirds and fish) higher up the trophic chain.

Key words: ERSEM, FVCOM, marine spatial planning, oceanography, primary production
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MOTIVATION: While major offshore wind farm (OWF) development projects are being developed
to support the green transition, the first OWFs are reaching the decommissioning phase. OWF
decommissioning potentially includes a broad range of options from “remove all” to “leave in
place” with different levels of impacts on biodiversity. Throughout the lifetime of an OWF, the
ecosystem around the wind farm structures often transforms into a more species-rich and diverse
ecosystem as the foundations act as artificial reefs. Practically applicable methods for assessing
anthropogenic impacts on marine biodiversity are essential to protecting and enhancing biodiver-
sity. However, objective methods for assessing such impacts are missing, limiting the options for
stakeholders and operators to consider marine biodiversity when planning OWF decommissioning.
Furthermore, it will be necessary to understand the social perception of different decommission-
ing options to ensure support from society. GOAL: This project aims to help the decision-making
process around OWF decommissioning by addressing the critical issues for biodiversity and social
acceptance. METHOD: We investigate the social perception and acceptance across national author-
ities, environmental NGOs, fisheries, and civil society around decommissioning of OWFs. The
social perception of decommissioning options and impacts on marine biodiversity is investigated
through a survey shared with around 50.000 Danes. Other social issues of relevance are identified
through interviews and workshops with NGOs, regulators, and fisheries. We will develop a Life
Cycle Impact Assessment (LCIA) method enabling the assessment of impacts on marine biodiver-
sity associated with the decommissioning scenarios considered for OWFs. Firstly, we have done a
systematic literature review to identify and quantify key (positive and negative) impacts on marine
biodiversity for different decommissioning options. The causalities between pressures, states, and
impacts are organized in so-called “impact pathways”, forming a basis for developing the desired
LCIA method. Finally, we investigate how LCIA can be used as a tool to communicate and support
the decision process. RESULTS PRESENTED AT CWW 2023: At CWW 2023, we will present the devel-
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oped impact pathways and preliminary results from the survey showing the social perception of
OWF decommissioning and its impacts on marine biodiversity in Denmark. The survey will also be
used to show how the level of information provided on the topic influences the perception.

Key words: Marine biodiversity, offshore wind farms, decommissioning, life cycle impact assess-
ment, social acceptance
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PREDICT: PREDICTING SEASONAL MOVEMENTS OF MARINE
TOP PREDATORS USING FISH MIGRATION ROUTES AS PREY
AVAILABILITY IN THE NORTH SEA

Georgina L. Hunt!, Beth E. Scott’, Benjamin J. Williamson?, Natalie Isaksson?, David Bould?,
Emma Ahart?, ‘University of Aberdeen, School of Biological Sciences, Zoology Building, Aberdeen, UK, AB24
2TZ, *Environmental Research Institute, University of the Highlands and Islands, Thurso, UK, KW147JD, *drsted,
Edinburgh, UK, EH2 2JR, *@rsted, Grimsby, UK, DN31 3NB

georgina.hunt@abdn.ac.uk

Seasonal distributions of seabirds and marine mammals are driven by the daily, weekly, and annual
migration patterns of their prey (fish). Spatial and temporal variations in fish migration routes, especially
important pelagic, zooplankton-eating species, may in turn, be driven by biweekly, seasonal and annual
changes in the timing and locations of where new primary production is created in shelf seas such as the
North Sea. There are a number of fine-scale oceanographic features that have been identified as import-
ant locations with very high and predictable primary production (i.e., foraging opportunities), including
fronts with high gradients of density change (tidal and shelf edge fronts) and bank/trough areas where
internal waves are created. Within the planning of future large-scale offshore wind developments in the
North Sea, there is a growing need to understand where top-predator distributions will have increased
probability of interaction with windfarms. However, existing environmental monitoring techniques are
currently based on tagging studies or aerial/ vessel-based snapshot surveys, which generate high variance
between individual species, seasons, years, and development sites. In collaboration with the University
of Aberdeen, @rsted, and the Environmental Research Institute at the University of the Highlands and
Islands, the PREDICT project aims to investigate these temporally ephemeral, but recurring fine-scale
oceanographic features to predict mechanisms of variability in pelagic fish migration patternsin the North
Sea. Using a Bayesian spatial modelling approach involving Integrated Nested Laplace Approximation
(INLA), we bring together multiple datasets (e.g., ICES length-at-age and NEODAAS satellite frontal data)
to investigate the years, regions and finer-scale features to recreate fish migration patterns of four pelagic
species: Atlantic herring Clupeas harengus, Atlantic mackerel Scomber scombrus, European sprat Sprat-
tus sprattus and sandeels Ammodytes spp. This approach will enable us to generate dynamic seasonal
maps of overlap for the four species to elucidate spatio-temporal trends in growth rates to enable a track-
ing of annual cohorts with a greater degree of precision, thereby allowing a greater understanding of
possible spatial effects driven by climate change. By focusing on these pelagic fish species, which are
focal prey for many seabirds and marine mammals, the creation of individual and combined migration
maps will help us to identify where locations of future offshore windfarms may overlap with fish high use
areas; thus allowing for locations of high risk during the annual cycle of fish movements to be identified.
Key words: pelagic fish, migration, top-predators, oceanographic features
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SYNTHESIZING MULTI-SCALE RELATIONSHIPS AMONG
FORAGE FISHES AND MARINE PREDATORS IN THE NORTHWEST
ATLANTIC OCEAN TO INFORM OFFSHORE WIND SITING

Evan Adams?, Chandra Goetsch?, Julia Gulka!, Kevin Friedland?, Andrew Gilbert?,

Holly Goyert!?3, lain Stenhouse?’, Kate Williams!, Arliss Winship?

!Biodiversity Research Institute, 276 Canco Road, Portland, ME 04038, 2NOAA Northeast Fisheries Science
Center, >NOAA National Centers of Coastal Ocean Science

evan.adams@briwildlife.org

Pelagic forage fish are key species in marine ecosystems, providing critical resources to upper
trophic-level predators. Offshore wind energy development alters marine food webs and predator
habitat use, and a better understanding of predator-prey relationships is needed to quantify and
forecast the potential effects of ecosystem change. Understanding the magnitudes and scales of
trophic interactions is vital to describing these marine communities, and the roles environmental
conditions play in driving community dynamics. Here, we synthesize results from a multi-faceted
project quantifying the relationships between forage fish and marine predators in the Northwest
Atlantic Ocean across multiple Wind Energy Areas. This project used marine surveys and individ-
ual tracking studies to assess multi-species spatiotemporal relationships. Dynamic surface and
subsurface environmental conditions were drivers of both species-level forage fish distributions
and the densities of multi-species forage fish surface aggregations - which are considered indica-
tors of prey availability for surface foraging predators. Among the several predictors that emerged
as influential, surface currents and water column stratification were particularly important in
predicting surface aggregations of forage fishes. Seabird telemetry models indicated that water
depth, surface temperature, and chlorophyll a were primary drivers of seabird foraging behaviors.
While the importance of these variables in driving forage fish distributions varied, seabird foraging
habitat correlated spatially with forage fish aggregation density, indicating a link between move-
ment behavior and prey availability. Moreover, we found a spatial correlation between forage fish
aggregations and marine predator distributions from digital aerial survey data. Density models
estimated that forage fish aggregations have strong relationships with aerial predators (gulls and
terns) and subsurface predators (piscivorous fishes and delphinids). These relationships varied
across seasons, with the strongest correlations between predator abundance and forage fish dis-
tributions occurring in the summer near freshwater inputs. Finally, we assessed the annual trends
in forage fish and seabird distributions from 2003-2019. The effective area of seabird distributions
tended to decrease over time with some detectable range shifts. Given prior evidence of forage fish
range shifts, this suggests links between long-term trends in seabird and forage fish distributions.
Together, these studies suggest complex relationships between marine predators and prey that
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must be accounted for when parsing the confounded effects of offshore wind energy development
on marine wildlife. We present examples of how to incorporate these relationships into project
siting and incorporate multi-species dependencies into forecasting of ecosystem change.

Key words: forage fish, seabirds, species interactions, movement, siting
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ECOSYSTEM APPROACHES TO DEAL WITH THE NEXUS OF
TRADE-OFFS BETWEEN OFFSHORE ENERGY AND FISHING
WITHIN THE CONTEXT OF CLIMATE CHANGE

Neda Trifonova’, Morgane Declerck?, Stephen Watson?, Claire Szostek?, Nicky Beaumont ?,
Beth Scott!

University of Aberdeen, School of Biological Sciences, Zoology Building, Tillydrone Avenue Aberdeen
Aberdeenshire AB24 2TZ, UK, *Plymouth Marine Laboratory, Prospect Place Plymouth PL1 3DH, UK
neda.trifonova@abdn.ac.uk

The UK is the current global leader in offshore wind with 10.4 gigawatts (GW) installed and a com-
mitment to increase its capacity to 50 GW by 2030. Therefore, decarbonising the UK energy supply
through increases in offshore wind will require an extremely rapid increase in the use of informa-
tion on the nexus of the implications of trade-offs between both direct and indirect environmental
effects, as well as spatial conflicts with other marine uses like food production (fisheries) and
marine protected areas. The interlinked effects of changes from the introduction of structures,
extraction of energy and displacement of fishing actives on the physical environment up through
the entire marine ecosystem are needed to provide accurate estimates of cumulative effects of eco-
logical, social, and economic trade-offs. We will present an ecosystem modelling and assessment
approach that captures evidence-based impacts of climate change and marine uses on ecosystems
and socio-economic impacts. Physical and biogeochemical outputs from 3D oceanographic mod-
els, created from in-situ measurements along with existing long-term biological measurements
will be used to develop the dynamic Bayesian network ecosystem model. The model allows for
the multiplicity of interactions amongst different ecosystem components (e.g., physical environ-
ment through to plankton, zooplankton, fish, and top predators), therefore, the habitat effects of
offshore wind will be upscaled across different spatial scales (regional vs shelf-wide). By using prior
information on changes over 30 years, this approach also incorporates climate change trends and
measures whole ecosystem, as well as individual species population level trends. The methods
therefore can assess changes in socio-economic value in response to offshore wind deployment
scenarios as well as climate change. An example of a specific case study that will be presented
is the “costing” of fisheries displacement from ORE developments in the North Sea. A choice of
scenarios framed around climate change (e.g., “business-as-usual”) and fisheries (e.g., increase
vs decrease in fishing pressure) is being co-designed with input from stakeholders. Through the
scenario analysis, outputs in a range of ecological (e.g., stock biomass in kilograms) and monetary
(e.g., Gross Value Added) metrics across a range of spatial scales and their predicted changes over
time will be produced. The outputs of population trends in combination with risk maps of eco-
system-level and socio-economic change will provide strategic advice and policy support on the
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balance of benefits and trade-offs between marine uses to deliver long-term environmental and
energy sustainability as well as economic benefits.

Key words: dynamic Bayesian network model, ecosystem functioning, cumulative effects, marine
spatial planning
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A COMPARISON OF PREDICTED BENTHIC HABITAT
DISTURBANCE BETWEEN BOTTOM-CONTACT TRAWLING AND
FLOATING OFFSHORE WIND ENERGY ALONG THE US WEST
COAST

Donna M. Schroeder?, Frank N. Pendleton'
1U.S. Bureau of Ocean Energy Management, Pacific Region, Camarillo, CA 93010, U.S.A.
donna.schroeder@boem.gov

Floating wind energy development presents a new use of the offshore marine environment. Some
stakeholders have expressed concern on how this new technology may affect benthic habitats,
especially those necessary to fish for spawning, breeding, feeding, or growth to maturity (also
known as Essential Fish Habitat). Energy infrastructure such as anchors, cables, and electrical ser-
vice platforms will directly impact the seafloor during construction of a floating offshore wind
project. Using data on the spatial extent of impacts from offshore projects with similar compo-
nents, we estimate that a generic 900 MW windfarm off the US West Coast would directly disturb
approximately 130 sq km of soft sediment habitat, primarily from the installation of transmission
cables. To put this in context, we compared this level of seafloor disturbance to that generated by
commercial fishing vessels that use bottom trawls to harvest marine species. Using vessel monitor-
ing system data that tracks the offshore spatial position and speed of a majority of trawlers along
the US West Coast, we estimate that fishers will directly disturb approximately 23 million sq km of
the seafloor during the lifetime of an offshore wind project on the US West Coast (~33 yrs). Thus,
the spatial extent of direct seafloor impacts from a generic floating wind energy project is expected
to be approximately 0.001% of the extent generated by commercial fishing activities. Two note-
worthy indirect effects to seafloor habitats will also occur from an offshore wind energy project:
(1) an artificial reef effect from the submerged portion of marine energy infrastructure, and (2) a
de facto marine protected area effect due to the preclusion of trawling from inside a floating wind
energy installation. Both indirect effects are likely to increase the local biomass and biodiversity
of marine benthic habitats.

Key words: Floating Wind Turbines, Seafloor Disturbance, Marine Protected Area, Commercial Fish-
ing, Artificial Reef
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UNDERWATER NOISE IN AND AROUND A DUTCH OFFSHORE
WINDFARM DURING CONSTRUCTION AND OPERATION

Joost Brinkkemper?, Pepijn van Tol', Roelant Snoek?, Niels Kinneging?

"WaterProof Marine Consultancy & Services BV, Lelystad, the Netherlands, *Rijkswaterstaat Water, Verkeer &
Leefomgeving, Lelystad, the Netherlands

joost.brinkkemper@waterproofbv.nl

The Southern North Sea is a busy area in which soundscapes are dominated by the noise emitted
by vessels. The countries bordering this sea have ambitious plans for the development of offshore
wind farms in the coming decades, a development that could impact the soundscape characteris-
tics in the area and subsequently affect marine ecology. As part of the integral research program
WOZEP (Offshore Wind Ecological Programme) and to study the impact of underwater noise on
harbour porpoise (Phocoena phocoena), sound levels were monitored in- and around the Dutch
Borssele offshore wind farm in both the construction- and operational phase. During the construc-
tion phase in 2019-2020, underwater sound levels were measured at seven fixed locations, with
measurements continuing in the operational phase for five years starting in 2021. Sound pres-
sure levels were analyzed in decidecade frequency bands per second for all measurements, in
agreement with defined standards in the JOMOPANS project. In the construction phase, highest
sound levels in the windfarm area were associated with pile driving activities, which occasionally
exceeded background noise levels up to 30 km distance from the installation location. Outside the
wind farm, underwater sound levels were primarily dominated by vessel noise. Inside the opera-
tional wind farm, sound levels were lower and consisted of both vessel noise and operational wind
turbine noise. Results show that operational noise emitted from the wind turbine foundations (8
- 9.5 MW) impact a larger area than was shown in earlier studies with smaller turbines. The pre-
sented unique dataset provides insight into the underwater soundscape in an offshore wind farm
during both the construction and operational phases, insight that is essential in determining the
environmental impact of the upscaling of offshore wind development in the North Sea.

Key words: underwater noise, OWF, measurements, MSFD
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PRELIMINARY INVESTIGATION OF OFFSHORE WIND ENERGY
SITES IN THE GERMAN EXCLUSIVE ECONOMIC ZONE

Kerstin Schiele!, Andreas Danhardt’, Sebastian Fuhrmann!
!German Federal Maritime and Hydrographic Agency (BSH)
kerstin.schiele@bsh.de

This abstract describes the preliminary investigation of offshore wind energy sites in the German
Exclusive Economic Zone conducted by the Federal Maritime and Hydrographic Agency (BSH). The
BSH starts a process of preliminary investigation of sites after the site development plan has deter-
mined areas for offshore wind energy. The preliminary investigation of sites comprises the biological
marine environment, subsoil, wind and oceanographic conditions as well as traffic suitability. The
assessment of potential environmental impacts is of particular interest in the development of off-
shore wind energy. The aim of the preliminary investigation of sites is to obtain and publish relevant
information prior to the tendering procedure and construction of wind farms. Except for traffic suit-
ability, all investigations involve offshore sampling campaigns. We present an overview of recent
site investigation activities in the German North Sea and Baltic Sea, with a focus on the biological
marine environment. Our investigations involve ship-based and airborne surveys to identify the
presence and spatial distribution of protected assets: Marine mammals, demersal fish, benthic spe-
cies, biotopes, bats, seabirds and bird migration. Sampling for benthic species and fish is carried out
in autumn, and spring & autumn of the consecutive year. The occurrence and spatial distribution of
harbour porpoises, harbour seals and grey seals are determined in ship-based and airborne transect
counts. The habitat use of harbour porpoises is continuously recorded with hydro-acoustic mea-
surements (POD stations). Seabirds and marine mammals are counted together on monthly ship
transects. The ship-based counts are supplemented by 8-10 flight transects with a HiDef video sys-
tem that allows for thorough digital analysis. Migratory birds are recorded from the ship with radar.
Species are identified by supplementary visual observations during the day or by flight call record-
ings at night. Migration intensity, flight height and flight directions are recorded. When recording
migratory birds and seabirds, special attention is paid to species which are protected in accordance
with national and EU regulations. Therefore, the individual species are identified. Marine mammals
and avifauna surveys take place for two successive, complete annual cycles. The results of these
investigations are used to examine the suitability of offshore wind energy sites. The BSH publishes
survey data, summary reports, environmental assessments and the suitability assessment on the
PINTA-Data Hub. We present a detailed account of our investigations and the results obtained and
show how to navigate the PINTA-Data Hub for all publicly available information.

Key words: site investigation, environmental assessment, offshore, biological sampling, public
data
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FIRST PROVEN EVIDENCE THAT REDUCING WIND TURBINE
ROTOR SPEED MAY REDUCE SIGNIFICANTLY COLLISION RISK
FOR APPROACHING MILVUS MILVUS

Anne S. Philippe-Beaudry (PhD)!, Henri-Pierre Roche (MSc)?,
!Biodiv-Wind, 34760 Boujan-sur-Libron, France
a.beaudry@biodiv-wind.com

Reducing bird fatalities is a pressing concern for the global wind energy industry and requires
operational solutions that also ensure sufficient power production. One solution available on
the market is the Safewind® technology, a camera-based device that detects and tracks birds in
approach and actively controls turbine rotation speed. Studies suggest rotor speed to be one of the
key variables that influences collision risk for birds in windfarms (Band et al., 2007, Marques et al.,
2014, Shimada et al. 2021). Our aim was to investigate whether Milvus milvus (Red kites) can better
see and avoid blades when blade tip speed is within their natural flight speed range, which is up
to 76 km/h (Burderer et al., 2001). We have compiled a unique dataset, leveraging all the recorded
detections, rotor crossings and collision events of Red kites and undetermined Milvus (Milvus sp.)
during a four-year period (2019-2023) within 251 Safewind®-equipped turbines across Europe.
Among our 400’000 video detections with associated blade tip speed, we observed more than
700 rotor crossings and 30 collision events. Our statistical analysis revealed that the proportion of
rotor crossings was significantly lower when blade tip speed was above 76 km/h (McNemar’s Chi-
squared test, p-value <2.2e-16), consistent with a natural avoidance behaviour. Moreover, 96% of
lethal collisions occurred above 76 km/h, with a tenfold increase in mortality when rotor crossing
occurred above this threshold. Additionally, 92% of lethal collisions by Red kites and Milvus sp.
occurred above 110 km/h. The analysis of the 30 collision events recorded by Safewind® revealed
that collisions can occur at very low speed (32 km/h), and can be nonlethal, including at high blade
tip speed (>270 km/h). These observations could be considered while developing future biodiver-
sity protection policies. Some synchronous wind turbines have c