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Abstract

The cumulative impaaif offshore wind farms is likely to become one of the largest factors
in delaying or preventinthe construction of renewable energy. Cumulative effects
assessments are carried out on a range of species and industries, but there needs to be
consistency in thepecieghat are assessedumulativdy. Acriticalstep in understanding

the impacton sensitive species is the ability to detect seabird changes in abundance
through careful survey design. Minimising the displacement of birds by altering the spatial
despn of a wind farm is also a key factor in marine planrifigdicting fiture cumulative

displacement using a range of displacement metrics is further required to mitigate impacts.

Environmental Statements of spatially cldgKoffshore wind farms were reviewed, and
the species included in their cumulative assessments were comparedhReded diver
(Gavia stellatadistribution datafrom 1979 to 2012vas used to investigate how survey
design variables influenced the statistical power of being able to detect displacement
Satistical analysis was undertaken to determine whether wind farm design is a factor in
seabird displacement. Furtherore, seabird distribution was overlain witt8 operational
and planned windarms, anddisplacement scenariosere simulated to investigate

cumulative impact®n a Special Protection Areas the southern North Sea

This research found thatumerous approaches have been taken to assessing cumulative
impactson seabirds, seemingly without standardisation, potentially leading to either
underestimates or overestimates. When looking to predict and confirm displacement
impacts, consideration needs to be given to alterable but costly factach as spacing
transects and the number of surveys, and to sipecific factorssuch as the density of
birds. The wind farm design could be further modified, for instarimespacing turbines
further apart tominimise displacemenCumulative displacementithout mitigationmay

lead to massive areas of habitat loss.
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Chapter lintroduction

Offshore wind farm development is set to rise significantly in the near future, and with it
the challengeassociated with understanding the cumulative environmental impacts of
developments with other project&@soodale and Milman, 2016)he continual growth of
more, larger wind farms in UK coastal waters will lead to a substantial area of the sea being
used to generate renewable energyith wind farms being siated in relative proximity to
one another, the interaction of environmental impacts, or cumulative environmental
impacts, is becoming an increasing concern. The environmental effects of offshore wind
farms can be direct (e.g. mortality, injury) or indiréetg. behaviourahabitat, or prey
changes)They could also bgositiveor negative. Individual effects can be small, but when
combined with effects from other projectihey can be quite significant and surpass
thresholds of reversible changKinget al., 2009) This thesis is an investigation into various
aspects of the cumulative effects of seabirds from offshore wind farms, focussihg on

displacement of seabirds.

This chapter first describebe importance of determining the cumulative seabird
displacement caused by offshore wind farritsgoes on talescribe the aims and objectives
of the research before providing context how the research for this thesis has been

carried out Finally, the structure of the thesis is described.

1.1 The importance of determining the cumulative seabird

displacement caused by offshore wind farms

Research has shown that there is no area of the marine ecosystem that is unaffected by the
presence of human@alpernet al,, 2008) Up to 66%o0f the marine environmenias been
significantly altered and is strongly affected by more than one human adiiBES, 2019)

An unprecedented rate of global change in nature has been obsefiieddrivers of tis

include changes in sea and land ube exploitation of specieslimate changgepollution

of the air, land and wateand nonnative invasive speci€fPBES, 2019)he progression of

climate change is subsequently the driver of the development of energy from renewable



sources. Many ambitious targets have been set globally for the reduction of greenhouse gas
emissions and renewable energy developments. The Paris Agreement was the first legally
binding deal aiming to limit global warming to below 2°C and ideally 1.5f@2 WK, this

has been translated into law by setting the first net zero emissions law, requiring zero net
emissions by 205(®epartment for Business Energy & Industrial Strategy, 2@

aspect of reaching this target is the Offshore Wind Sector @&aled 2019)which aims to
increase the installed capacity of offshore wind to 30GW by 2030, providing a third of the
UK® electricity demand@HM Government, 2019)

However, the progression of renewable energy faces a conundiudriver of biodiversity
change is climate change, and renewables form part of the solutlowever, another
driver of biodiversity change is land and sea cisangeto which renewable energy
development contributes. Therefore, sustainable developmeiichtakesecological

interactionsat multiple scaleinto accountis required

Despite much research having been carried out on Cumulative Effects Assessments (CEAS),
it is still an area that is lacking within Environmental Impact Assessments (EIAs). A large
reason for this appears to be the fact that CEAs are assation of EIA,st they have very

different focuses. The receptors assessed through both EIA and CEA are usually classified as
Valued Environmental Components (VECSs), meaning that their conservation is the main

aim. However, whilst CEA puts the focus on the status o¥/tB8€ by assessing all of the

factors that may affect it, EIAs simply assess the effect of a single project on the VEC and
disregard other pressures. Whilst CEAs remain assghion of EIAs, the priority is their

improvement(Duinker and Greig, 2006)

The continual growth of more, larger offshore witamshasled to, and will continue to

lead ta much of the sedeingused to generate renewable energy. The cumulative impact
of windfarms has become an increasing concern for regulatory authorities and statutory
consultees alik¢Broadbent and Nixon, 2019; Natural England, 20TBjs is largely

because the cumulative displacement of birds is generally unkriMasdenet al., 2015)

The assessment, or lackassessmenbf such cumulative impactsasled to delays in

granting consenfLeigh, 2021; Raymond Stephen Pearce v Secretary of State for Business
Energy and Industrial Strategy, 202Ihis can have implications for the start of

construction and operation. The novelty of this work largely lies in the unknowns prevailing

in the cumulative environmental effects of developments. This is enhanced by the sudden



expansion of wind energy developments onshore and offshore. The understanding of the
environmental impacts of wind energy has lagged behind wind energy development. The
cumulative effects of many developments atleerefore, evenmore unknown; many
questions remain as to how cumulative effects occur and the scales invtezdeet al,,
2023) The uncertainties associated with predicted individual Warch impactsare

consequently multiplied when trying to predict cumulative effects.

Further to the uncertainties surrounding environmental impacts themselves, the process of
carrying out CEAs as part of the EIA varies widely across offshoréawitel These

variations exist in terms of the procedure of assessment, spatial and temporal scales, the
scoping of species and the pathways between pressures and receptors, to name but a few
(Willsteedet al., 2018) Consideration of cumulative effects at appropriate scales for
receptors is needed to better understand the implications of renewable developments,

which is likely to need a transboundary appro#Bluschet al.,, 2013)

The interactions between offshore winfhrms and seabirds are largely unknown. Much
progress has been made with regard to the collision of birds with féinds, both onshore
and offshore. However, the movement of birds in response to the presence of offshore
wind farms remains unknown. Research is required to investigate several aspects of bird

movements:

How far, spatiallydo birds mové
How long, temporallydo birds take to move to a different locati@n

How long, temporallygo birds remain in a different locatiéh

1

1

1

91 Dobirds move from this different location back towards the wiadn?

1 How long, temporallydoesit take to move back towards the wirfdrm?

1 How close to the winfarmsdo birds move

1 Doesthe transition away from and/or towards the wirfdrm occur in one event or
in stage®

1 What is theavailability and reliability of data to determine these tofics

The movement of birds away from offshore wifadims may effectively constitute the loss

of habitat which they previously utilisg®rewitt and Langston, 2006)he area may have

been used for foraging, feeding, or simply moving between other sites. This habitat loss has
the potential to limit food sources, affect the quality of food sowgdacrease foraging

time, and increase travel time. Each of these may have a conseqtleicafectsenergy



acquisition and expenditur@Masdenet al,, 2010a) Fewof these effects are understood, as

are the impacs on reproductive success and individual survilhsdenet al., 2015)

Therefore, scaling these effects to a cumulative levels, particularly for mobile species which
may come into contact with multiple stressors is even less well understood, yet more

important to understandDuinkeret al,, 2013)

Redthroated divergGavia stellataFigurel.l) are one of the most sensitive species to
displacement from offshore wind farm3here are numerous designated areas for the
species, and large areas of their habitat coincide with multiple marine indugkigaesset
al., 2013; JNCC, 2020a; JNCC, 2020b; Gairdde 2023) Thereforethis thesis focuses on
red-throated divers as a key species for investigating the extent of displacement,
monitoring and mitigating their displacement, and predicting future cumulative
displacement. Further investigation and justification for investigatedthroated divers

areprovided inChapter 2.
- /

Figurel.1l A redthroated diver (Gavia stellata) in summer plumage, showing red colouring
to the throat. Copyright Emmidall 2020

With many windfarms already operational and many more to be built in the future,
understandinghe effectsand impacton sensitive species is crucial to previeigt negative
implications and enhancingpsitives. By understanding how birds are affected, efforts can
be made toplan and design future developments bettdihis can be implemented at

various levels. Accounting for interactions with seabirds at an early stage in the design
process is beneficiér wind farm developerssaving time and money prido examination

by the consenting authority. Environmental consultancies providing advice and guidance at
various stages of development can better inform both developers and consenting
authorities with an improved understanding of ecological interactions. Consenting

authorities themselves will benefit from more understanding and reduced uncertainty



surroundingtheseinteractions. This is particularly true where cumulative effects are
concernedandconsenting authoritiehave aresponsibiliy to ensure notsignificant
environmental effects whilst promoting renewable energy developments in order to meet

government targets.

Adequate monitoring is required to acquire empirical evidenceeabgdwind farm
interactionsin order to begin understanding them. Howeythis is a tweway process.
Without an understanding of the movements of birds away from wardhs, current
monitoring programmes may nabvera sufficient study area and/or timescdle provide
evidence of this interactiornherefore adaptivemonitoringand managemenis a crucial

aspect of validating predictiorend furthering our understanding.

These uncertainties and unknowns associated with assessing, predicting, and
understandinghe environmental impacts of offshore wirfdrms are key areas where
improvements need to be made, and there is much scope to do so. An area of work that
links the assessent, prediction and understandingf environmental impacts ithe

validation of predictions through environmental monitoring. This addresses some of the
uncertainties from predicting effects and may highlitjt advantages and/or

disadvantages of the assessment process whilst also increasing scientific understanding.
Validating predictions of cumulative effects is yet another unknown, as cumulative effects
are assessed at the planning stage, along with individirad farm impacts. However,

whilst individual windarm effects are subsequently monitored during construction and
operation, this only applies to the impact of individual wiladms; cumulative effects are

not monitored. There is a wealth of publicly available data collected from individual
operational windfarms, yet it has not been analysed in a cumulative manner in order to try

to validate predictions.
1.2 Research aim and objectives

The overall aim of tisthesis is to analysedw cumulative seabird displacement from
offshore wind farmgs assessea@ndverified andto explorewhat current and future
cumulative displacemermightlook like This aim is addressed through several objectives

in each chapter of the thesis.

The research objectives are as follows:



a) to review the methods used to predict cumulative seabird displacement and the
empirical evidence of rethroated diver displacement from offshore wind farms

b) to investigate whih species and impacts are assessed for displacement in offshore
wind farm cumulative assessments

c) to explore tow offshore wind farm design influenseed-throated diver
displacement

d) to investigate low much monitoring is sufficient to detect reétdroated diver
displacement from offshore wind farms

e) to determine fow redthroated diver displacement changeith distance from
offshore wind farmsand

f) to explore vhat future cumulative redhroated diver displacement from offshore

wind farmsmightlook like
1.3 Context of how the research for this thesis has been carried out

The research throughout this thesis is set within the context of when and how it was
carried out. For the first 16 month¢he researchwas undertakerfull-time within the
context of a PhD student at the University of Strathclyde. After this, the research was
undertakenpart-time whilst workingfull-time as a marine ornithologist at th#int Nature
Conservation Committee (JNCGQrtRer details of this, including a description of what |
have learned through working at JINCC and how this has influenced the thegispwded
in Appendix A

1.4 Structure of the thesis

The thesis consists afne chapters, each individual but also sequentialaddition to the
introduction (Chapter 1)and the conclusiofiChapter 8)there are seven chapteras

shown inFigurel.2.

Ly [/ KI LI S Niteratdire rBwew af duin@afive geabird displacemerr 1 KS NXa S| N
begins by reviewinthe methods used to predict cumulative seabird displacement and the
empirical evidence of rethroated diver displacement from offshore wind farn¥his helps

to set the scene for the current understanding of cumulative displacement.

/ Kl LJi SNJ onhichSpedies antl iPactsiare assessed for displacement in offshore
wind farm cumulative assessments? T 2 £ f 2 reviewing Kol affshdré wind farm ElAs

approach cumulative displacement impact assessmdhtdsoexploreshow offshore wind
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into how cumulative displacement is assessed within an EIA to provide a prediction of what
cumulative displacement might look like. This links to the next chapter, which investigates

howwind farm design influensed-throated diver displacement

/ K LI SNJ Haw dSeg affshbre 8l facm design influence thdated diver
displacement® T dviks e phichmeters which can be used to quantify displacemgnt
goes on to dtermine which wind farm design parameteaffect displacemenand finally
discuseshow wind farms could be designed to minimise displacemenbrder to

determine the true extent of displacement, seabird distribution surveys need to be carried
out. Besides the introduction and conclusion, the content of Chapter 4 is published in

Environmental Impact Assessment Rev{élall and Black, 2024)

/ K I LJG SoMdmpch madiitoring is sufficient to detect ré¢roated diver displacement

from offshore windfarms? 32 Sa 2y (G2 I RRNXaa GKS FoAfAdGe
Different red-throated diver displacement scenariage first generated beforpower

analy®s on survey desigrae runto check if they are sufficient to detect displacement

Once it is established whether or not surveys are capable of detecting displacement, the

details of the extent of displacement can be explored.

/ KI LJi SNJ ¢ 3 -thrbaged diver 2li§pEacemNadtRhange with distance from offshore

GAYR FIFNXYaKé NB@GASsa GKS SEGSyd 2F RAALX | OSY
spatial scales. This chapter also uses evidence of displacement across digtamcerind

farms to generate representative displacement gradients. This aids with understanding the

typical extent of displacement, but also provides evidebased displacement rates that

developers and regulators could use in wind farm displacemermisaggents.

Finally, knowledge from all previous chapters is brought together to hypothesise future

RAALI FOSYSy(d Ay [/ KI LJi SNJ 1 Zthréateddivér displacarieint F dzii dzN
FTNRY 2FFaAK2NB 6AYR Tl Niypical tlighlacemehtxateSand ® CA NBR ( X
maximum displacement distancase generated to explore numerous scenarios. Then, the

extent of currentandfuture cumulative reethroated diver displacemeris simulated. This

uses an ugo-date evidence base to assess the existing level of cuimeldisplacement as

well as predict the potential future cumulative displacement. This gives an indication of the

impact of future wind farms, which will aid the siting of these developments, thereby

providing a strategic environmental assessment ofttewated diver displacement.



This chapter has provided an introduction to the research conducted throughout this thesis,
including the overall aim and objectives. The next chapter will, therefore, begin describing

in detail the first part of this research, a literature review of cuative seabird

displacement.



Literature review of cumulative
seabird displacement

To review the methods used to
predict cumulative seabird
displacement and the empirical
evidence of red-throated diver
displacement from offshore wind
farms

How much monitoring is sufficient

to detect red-throated diver

displacement from offshore wind

farms?

To model different red-throated
diver displacement scenarios and
run a power analysis on survey
designs to check if they are
sufficient to detect such
displacement

To find the lowest detectable level
of displacement for a given survey

design and the transect spacing

and number of surveys required to

detect a given displacement rate

Which species and impacts are
assessed for displacement in
offshore windfarms cumulative
assessments?

To review how offshore wind
farm ElAs approach cumulative
displacement impact assessments

To explore how offshore wind
farms interpret the outcome of
other wind farms’ individual
assessments

How does red-throated diver
displacement change with
distance from offshore wind
farms?

To review how displacement
change with distance from wind
farms

To explore how a representative
displacement gradient be
generated for application within
impact assessments

Figurel.2. Thesis structure, includitige objectivesaddressed irach chapter.
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How does offshore wind farm design
influence red-throated diver
displacement?

To review the parameters which can be
used to quantify displacement

To determine which wind farm design
parameters effect displacement

To discuss how wind farms could be
designed to minimise displacement

What might future cumulative red-
throated diver displacement from
offshore wind farms look like?

To generate a range of typical
displacement rates and maximum
displacement distances may occur from
offshore wind farms

To simulate the extent of current
cumulative red-throated diver
displacement

To simulate the extent of future
cumulative red-throated diver
displacement



Chapter 2Literature reviewof cumulative

seabird displacement

The aim of this chapter is to review theethods used to predict cumulative seabird
displacement and the empirical evidence of Htbdoated diver displacement from offshore
wind farms. This chapter begins by setting the context of seabird species within the UK,
followed by the industrial setting of offshore wind farms. Subsequently, the chapter
reviews the effect®f offshore wind farms on seabirds, including collisions, displacement,
barrier effects, and indirect effects. The chapter continues by evaluatingoéhges most
sensitive to displaceant from offshore wind farmsThe ecology of the most sensitive
species, redhroated divers, is describgtbllowed bya review ofevidence oted-throated
diver displacementrom individual offshore wind farmandthen from multiple offshore
wind farms. The role of Environmental Impact Assessments and Cumulative Effects
Assessments are then describ&ahally the methodsthat can be used tassesshe impact

of red-throated diver displacemerftom offshore wind farmare reviewed.
2.1 Marine birds in the UK

The UK hosts a range of bird species which utilise the marine environment, including true
seabirds, divers and grebes, and waterfolllere are 25 species of breeding seabirds in the
UK; six of these species are on the UK Birds of Conservation Concern Red List, whilst 18 are
on the Amber ListEatonet al,, 2015) Mary specieshave been oare currentlyin decline
(Table2.1) (JNCC, 2021a¥ith 13 seabird species declining in abundance by an average of
24% since 198@INCC, 20215imilarly, waterbirds have been facing continual declines

over the past 25 years, with the likes of greater scaup and velvet scoter seeing decreases if
68% and 59% in abundance since 1996, and 68% decline irttnleated diver since 2011
(Table2.2) (Woodwardet al,, 2023) Marinebirds utilise a range of habitats, feed on a

range of trophic levels, and often migrate large distanegsich makes thengood

indicators of the health of the marine environmeiiialloryet al., 2010)
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Table2.1. Population trends in UK seabirds from 1986 to 2@den fomthe Seabird
Monitoring ProgrammgJNCC, 2021and from 2000 to 2013, taken frofMacDonald et
al., 2015)

Population change (%)
Species 196970to | 198588 to 2000 to 2000 to
198588 19982002 2019 2013
Arctic skua
Arctic tern

Atlantic puffin

Black guillemot
Blackheaded gull
Blacklegged kittiwake
Common guillemot
Common gull
Common tern
European shag
European storrrpetrel
Great blackbacked gull
Greatcormorant
Great skua

Herring gull

Lesser blackacked gull
Little tern

Manx shearwater
Mediterranean gull
Northern fulmar
Northern gannet
Razorhbill

Roseate tern
Sandwich tern

Note: Pink shaded cells indicate an increase in the species. Purple shadéadoedie a
dedinein the species.

Watenmirds face a range of pressures, most notably climate change, through changes in
forage fish supply and extreme weather causing mortal®slemaret al, 2012; Daunt

and Mitchell, 2013; Daurgt al., 2017) Highly Pathogenic Avian Influern#PAlhas most
recently become a larger pressure on seabirds and mammals, with most seabird species
testing positive for the disease throughout 2023. More than 25% of the only UK breeding
colony of Roseate tern$ferna dougalljiand 11% of great skuaStércorarius skyavere

lost in the summer of 202RSPB, 2023Barnacle geese were also impacted by HPAI during
2022 and 2023 generating a loss in abundafWeodwardet al., 2023)
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Table2.2. Population trends in Ukaterbirds from 196 to 22, taken fom the Wetland
Bird Survey Annual RepdWoodward et al., 2023)
Population change (%)
10year trend 25-year trend
(2011/122021/22) | (1996/97-2021/22)

Species

Blackthroated diver
Great northern diver
Redthroated diver
Slavonian grebe
Greater scaup
Common eider
Common goldeneye
Common scoter
Velvet scoter
Greatcrested grebe
Longtailed duck

Note: Pink shaded cells indicate an increase in the species. Purple shaded cells indicate a
decline in the species.

2.2 Offshore wind farm development

Since the firsbffshore wind farm, Vindehyff the coast of Denmark, was built in 1991

there has been a rapid upscaling of the size, number, and capacity of this renewable energy
technology.In 2022 there were 8.8GW ofnhew offshore windinstallationsglobally,yet this

figure is predicted to rise tan average of 26Wannually over the neXive years, meaning
130GW of new offshore winidy 2@7 (Global Wind Energy Council, 2028)the UK, as of
September 2023, there are 44 offshore wind farms fully operational with a total capacity of
13,663MW, with a further eight wind farms under construction, 15 with consent to build,

and 38 in the early stages of developmeligure2.1). If all of these are builthere could

be 105 wind farms with a total capacity of up88,984W, more than twice the number

of wind farms and over six times the capacity currently installéae Crown Estate, 2023)
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Offshore wind farms
Operational
Under construction
Consented
In-planning
Pre-planning application

— UK territorial waters

Exclusive Economic Zone

Figure2.1. The location of offshore wind farmsound the UK at different stages of
development.

Data source: The Crown Estate Offshore Wind Site Agreements (England, Wales & NI),
2023.

Given the vast deployment of offshore wind required to meet climate goals, the
development of such projects needs to be carefully planned from initial site selection to
beginning operation. This includes accounting for the time taken to select, plan, and
construct a project. In the UK, it typically takes an average of eight years from granting of a
seabed lease to the start of operation for an offshore wind farm (lreland = four years,
Scotland = eight years, Wales = nine years, England = 10 (@afsl Wind Energy

Council, 2022)A large part of this time scale is due to the permitting process required to

gain consent to build and operate a project.
2.3 Effects of offshore wind farmen seabirds

There are numerous environmental effects associated with offshore wind farms, which
occur at many stages of development aaffkct different species in different ways. Impacts
may occur during the construction of the wind farm, such as impacts on seabed

morphology and benthic species from cable installation, disturbance to birds from
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construction traffic, and noise disturbance to marine mammals and fish from pile driving
(Dannheimet al,, 2019; Fliessbadtt al, 2019; Gill and Wilhelmsson, 2019; Nedtlsl,,

2019; Rees and Judd, 201Bhpacts during operation can include bird collisions with
turbines, displacement of birds from the wind farm area, colonisation of the turbines and
scour protection by epibenthic speciéBannheimet al., 2019; King, 2019; Vanerman and
Stienen, 2019)The method of decommissioning will determine the impact that this has on
species. For instancthe full removal of turbine structures will impact species that have
colonised structures, removing their habitat aaffecting species thatitilise the species as

a food source. Repowering turbine structures with newer technology or extending the life
of the wind farm, on the other hand, may benefit these species ifs#structures retain
this ecosystentHallet al.,, 2022)

In terms ofseabirdsthe effectsof offshore wind farms typically happen through collisions
with turbines, disturbance (which can be split into displacement from habitat and barrier
effects whilst flying), and indirect effecislasdenet al., 2010a; Perrovet al., 2011; King,
2019; Vanerman and Stienen, 201Birds that fly at the height of wind turbine rotors have
the potential to collide with them, likely resulting in direct mortaliand, 2012)
Disturbance can generally be described as a behavioural response to an anthropogenic
activity (Beale, 2007)In response to offshore wind farms, the disturbance of seabirds can
be categorised into tweffects displacement and barrier effectBased on thebehaviour

of an individual prior to disturbance occurriraydifferent physical reactiois seenSeabirds
in flight can perceive an offshore wind farm as an effective obstruction to jfligéxteby,

this disturbance is termed @arrier effect (Masdenet al, 2010a) The reduction in the
number of birds on the watewithin or adjacent to a wind farns termedddisplacemerd
(Drewitt and Langston, 2008pisplacement can be described by two metrics: displacement
rate and displacement distance. Displacement rate is the proportion of birds that are
displaced from an offshore wind farm and adjacent area. Displacement distance is the
distance from the boundargf an offshore wind farm that birds are displaced. Neither
displacement nor barrier effects are likely to result in immediate mortality of an individual
but instead may resulh lost foraging habitat, foraging in less productive areas, or
increa®d time and energy spent flying or forag (Masdenet al,, 2010a; Searlet al,,

2014; Welcker and Nehls, 2018)jrect mortality by seabird collisions is usually assessed
through Collision Risk Models (CRMhich predict the number of birds at risk of collision;
the wellestablished and commonly used CRM is the Band n{&deld, 2012)impacts that
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result in indirect mortality or reduced productivity, such as displacement and barrier
effects, have been much harder to moqdEbx and Petersen, 2019he consequence of
these types of disturbance may be changes in breeding success and survival of adults or
dependantsFigure2.2. Indirect effects to seabigimay arise through changes in prey
resource, for example the change in habitat and associated new life growing on turbine
foundations may generate a reef effeantd hence a more pigiful and diverse prey
resource(Linleyet al., 2007) Changes in hydrodynamics miayther influence prey
availability(van Berkeét al, 2020) Both positive and negative effects may may seen, with
reef effects potentially being positive, whilst negative effects may occur due to noise
produced during wind farm construction, causing injury or death to(ffgrowet al,,

2011) These trophic level effects are far less understood compared to collisions and
displacement, and as yet there is no standard approach to assessing the implications to

seabirds.

In the UK, adverse impacts to seabirds have led to a wind farm being denied consent to
build and operate and other wind farms needing to compensate for the remaining impacts
that cannot be mitigated. Consent to construct and operate an offshore wind faowik

as Docking Shoal was refused in 2012 due to an inability to rule out adverse effects to
breeding Sandwich tern§ternasandvicensisfrom nearbyNorth Norfolk CoasSpecial
Protection Area$%PA due to the cumulative effects with other offshore wifatms

(Department of Energy & Climate Change, 20A8)the scale of offshore wind

development increases, the need for more precise information on environmental impacts

in order to reduce uncertainty (and therefore reduce reliance on a precautionary approach)
will become increasingly pertinentorhsea Three offshore wind farm was granted
development consent despite the Secretary of State concluding Adverse Efféaet on

Integrity d the Flamborough and Filey Coast Special Protection Area (SPA), North Norfolk
Sandbanks and Saturn Reef Special Area of Gatgsr (SAC), and the Wash and North
Norfolk Coast SAC. However, ugba condition of compensatory measures for qualifying
features of these designated sites (Blefged kittiwakeRissa tridactyland sandbanks

af A3KiGte O2@0SNBR o0& grFdSNI LG Fff GAYSao |
hdSNNARAY3I tdzof AO LYGSNBaué oLwhtLO FyR

solutions, meant that development consent was granteeigh, 2020)
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Offshore wind farm causing avoidance

Hazard factor
response

Physical effect

Increased flight Effective habitat

Ecological effect distance loss

Reduced energy
Increased energy intake and/or
consumption increased energy
expenditure

Energetic cost

Changes to annual
Fitness consequence breeding output
and survival

Figure2.2. The physical effects and consequences of barrier effectdispldcemento
seabirddrom offshore wind farms adapted froRetersen et al. (2006)

2.4 Jeciesmost sensitiveto displacement from offshore wind

farms

Several studies have assessed the relative sensitivity of bird species to displacement.
Marqueset al. (2021)undertook a review of the literature surrounding the displacement of
all bird species to both onshore and offshore wind farms and grouped the results by bird
order. The study also categorised the results by displacement rate and displacement
distance.Gaviiformes (diversometimes called loons, including rddoated divel) had the
highest average displacement raded displacement distance of the groups studiEdjure

2.3 andFigure2.4, respectively). Due to the vast development of onshore wind prior to the
industry also moving offshore, there were many more studies of the effect of displacement

as a result of onshore wind farms than offshore wind fa(Marqueset al., 2021)
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Figure2.3. Average, minimum and maximum displacement rates of bird orders from global
studies of displacement from onshore and offshore wind farms (adaptedviianaues et
al. (2021).

Note: Gaviiformes include rethroated diver, the species of study within this thesis.
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Figure2.4. Average, minimum and maximum displacement distances of bird orders from
global studies of displacement from onshore and offshore wind farms (adapted from
Marques et al. (202})

Note: Gaviiformes include rethroated diver, the species of study within this thesis.
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Several studies have quantified the vulnerabilitysefird and waterbirdspecies to
displacemendue to wind farms. These tend to use a combination of conservation status
(such as status in the Birds Directive, adult survival rate, and percentage of the global or
biogeographic population that occurs in the WY aspects of behaviour to provide
relative scores of vulnerabilitfzurnesset al. (2013)generated a disturbance score for a

range of marine birdkcated in Scottish watetsased orEquation2.1.
e e A A QOEET QI DG RE D DE DQ
O Qi 001 IWDE WD X

Equation2.1. Relative disturbance of seabirds to displacement from offshore wind fi
from (Furness et al., 2013)
where

a =score ofdisturbance by wind farm structuresdship and helicopter traffic
between one and five

b =score ofhabitat specialisatiotetween one and five

A collision risk score was also calculatethis studyand combined with thelisplacement
score to generate and overall species vulnerability sc@re digplacementcalculation
included the division by an arbitrary value of 10 due to the lower impact of mortality from

displacemenin comparison to that from collisiofFurnesst al,, 2013)

Bradburyet al.(2014)carried out a similar study of displacement vulnerability to offshore
wind farms but expanded the species to cover those across English waters. The same
eguation to calculate disturbance vulnerability was usedRomesst al. (2013) Wadeet
al. (2016)went a step further by incorporating data uncertainty into the factors
contributing to the vulnerability scores. This study also split displacement by structures and
displacement by vessels and/or helicopters into two separate factors and gave more weight
to displacement by structureg€quation2.2).
A A ©EET QI DOGEEDDHEDQ

pT

T~ 7 \ ,‘,'?"?‘un"i'A
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Equation2.2. Relative disturbance of seabirds to displacement from offshore wind f:
from (Wade et al., 2016)

where

b =score ofhabitat specialisatiotetween one and five

18



c = score of displacement by structures between one and five

d = score of displacement by vessels and/or helicopters between one and five

The resulting vulnerability scores for the top five species from each of these three studies

show that diver species consistently come out as the most sensitive species to

displacementTable2.3).
Table2.3. Bird species with the highest relative vulnerability to displacement from offshore
wind farms.

Rank | Furness et al 2013 Bradbury et al. 2014 | Wade et al. 2016

Blackthroated diver

Redthroated diver

Blackthroated diver

Redthroated diver

Blackthroated diver

Redthroated diver

Great northern diver

Common scoter

Great northern diver

Common scoter

Great northern diver

Common scoter

Common goldeneye

Common goldeneye

Common goldeneye

Redthroateddivers are often cited as one of the most sensitive seabird species to
displacement from offshore winfhrms(Furnes<t al,, 2013; Dierschket al.,, 2016; Natural
England, 2016; Welcker and Nehls, 20B88sessing the impact of displacemented-
throateddivers on a local scale is importantvaisd farms can act as barriers to local
movements(Topping and Petersen, 201 Dareful spatial planning may reduce negative
impactson red-throateddivers, for instancgby avoiding important foraging areas when

placing wind farms at se¥ilelaet al., 2020)

This thesis focuses on the displacement oftleated dives due totheir high sensitivity
to offshore wind farms. The ecology of rdttoated divers is discussed in the next section,
with further detail provided on empirical evidence of rduoated diver displacement in

the subsequent section.
2.5 Redthroated diver ecology

Redthroated dives are a widespread migratory species breeding and avietering across

the northern hemisphereThey utilise both marine and freshwater environments

throughout the year, breeding beside freshwater lakes during summer and foraging in both
marine and freshwater ecosyster(isriksson and Sunberg, 1991; Duckwetial, 2021)

then spending the winter period entirely at sdauckworthet al., 2022) The utilisatiorof

the marine environment is restricted to around 9km from the coast during the breeding
seasonWoodwardet al,, 2019) During the norbreeding seasarthey are more

widespread but tend to bsite-faithful (Dierschkeet al., 2017; Duckwortlet al., 2022)
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Their diet often consists of a mix of prey species, fompeids, gadoidsandmackerelto
flatfish and sand lanceghe proportions of which ofteghangethrough the seasons,

making them generalists and using an opportunistic foraging strgtéggeet al., 2009;
Kleinschmidet al,, 2019) Redthroated divers typically forage using relatively shallow dives
(mean 5.4m), but can take deeper divers (maximum 20m), with dives being shallower in
lower light conditiongDuckworthet al., 2020) Foraging activities have been seen to occur
for up to 60% of daylight time during autumn migration at reservoirs in PqRathk and
Ciach, 2007)and as little as 23% of the time during the summer at lakes in Finland
(Duckworthet al, 2020) Estuarine fronts often seem to be predictors for {tbdoated

diver occurrence, possibly due to these being reliable locations for food resdi@kes

and Prins, 2001 During the summer, the characteristed throat is presentFigurel.1),

which changes to white in winter.

A significant proportion occur in European waters, and recent declines in the region mean
that they are listed on Annex | of the EU Birds Direclitee EU Birds Directive is legislation
whichrequires Member States to protect all wild bird specikslso requires the

protection and restoation of wild birdhabitats. ecieslisted under Annex| havespecfic
conservation measuramplemented in ordeto ensure their reproductiomndsurvival In
practice, this meangpatial areas are designated, known$secial Protection Areas (SPAS).
Within UK waters, the largest aggregation of wintering-tisated divers occurs in the

Outer Thames Estuary SRith 6,466 individuals based on surveys between 18892007
(JNCC, 2020a)his SPA is designated for+thdoated dives during the nonbreeding

season, as well as for breeding little ter@ternula albifronsand common tern§Sterna
hirundg. There are many activities and developments within the local marine environment
such as shipping, offshore wind farms, and aggregate extractionthReated divesare

known to be sensitive to disturbance and displacement by shipping and wind farms around
wider European waters and within this S@évin et al,, 2019) Wintering redthroated

divers are also qualifying features of the Greater Wash SPA, which abuts the northern end
of the Outer Thames Estuary SPA and hosts 1,407 individbd®xC, 2020cnd the

Liverpool Bay SPA which spans the north coast of Wales and northeast coast of England,
hosting 1,171 individualdNCC, 2020b)

Now that the ecology of rethroated divers has been described, the next section will

review empirical evidence of retthroated diver displacement from offshore wind farms.
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This includes the type and extent of surveys, modelling techniques to generate abundance

estimates from raw survey data, and how displacement has been calculated.

2.6 Evidence ofndividual and cumulativered-throated diver

displacementfrom offshore wind farms

There is a multitude of evidence of roroated diver displacement from offshore wind
farms.Redthroateddiverdisplacement distances are very varied; reports show diver
displacement from 1km to 16kifWwelcker and Nehls, 2016; Mendslal., 2019; Heindnen
et al, 2020) Some studies report the displacemeate observed, typically in terms difie
percentage removal of birdsfter wind farmconstruction compared to preonstruction.
However, many reports do not describe the displacemard; a statistically significant
removalis sometimes stated instead. With such variable displacement disteamesates

it is difficult to provide guidance on how to adequately monitor displacement and what
Displacementate might be detecable. Marqueset al. (2021)give a range of examples of
good practicefor onshore and offshore displacement studies. This includes-yedti and
multi-location studies to enable both a control site and natural fluctuations to be accounted
for, a sufficiently large study area to encapsulate the full extent of displacement,
appropriate survey techniques, aadjood study design capable of providing statistically

significant results where possiblslarqueset al., 2021)

The literature search revealed 16 studigsich quanified red-throated diver displacement
from offshore wind farmgseedetails inAppendix B)Due to theoverlap indistribution of
red-throated dives and operational offshore wind farms, studies have almost exclusively
concentrated on the North Seaften within Danish, German, and UK watdise majority

of studies have been carried out by either aerial or bioased surveysor sometimes a
combination of the twoThere has been a range the spatial aml temporal scale of
displacement widies.Most transects were placed 2km apart from one another when
covering the wind farm area, but were often spadedher apartto survey the surrounding
area. The maximum distance surveyed from an individual wind farms was 32km from Horns
Rev | in Denmar{Peterseret al, 2006)whilst the small distance covered was 2km outside
the wind farm at Thanein English water@Percival, 20130n average, 16km was surveyed
outside the wind farmThis distance was not always the same in any direction from the

wind farm, meaning an uneven area around the wind farm was often surveyed.
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The majority of studies utilised data from both prenstruction and postonstruction of

the wind farm in question, and therefore used either a BefAfter or BeforeAfter-
Controtimpact (BACI) approach to quantifying displacement. Where this was noatiee

a couple of studies undertook a comparison of the density ofthedated diver within (and
sometimes around) the wind farm to the density a some distance away from the wind farm
using postconstruction data onlyWelcker and Nehls, 2016; Bettal,, 2017) Similarly,

some studies modelled the potential distribution of birds without the wind farm compared
to the known distribution with the wind farm, again within and outside the wind farm and

using only postonstruction datgKrijgsvelcet al, 2011; Heindneet al., 2020)

The combination of survey type and displacement analysis method appears to be spread
geographically, with DAS, bebased, and a combination of the tvib@ingused across the

UK, the Netherlands, Germany, and Denmdithke method used to examine displacement
was also reasonably evenly spre&ib(re2.5). Thedifferent survey method could be

partly explained by time and experience. Both bbased surveys and DAS were carried

out during these earlier studies, but behased surveys alone became less prevalent over
time unless used in combination with DAS. It is likely, thaknowledge of rethroated

diver disturbance by vessels grew, bdigised surveys were used less to limit tieeration

in distribution due to the survey metho&ven aerial surveys need to be planned to avoid
disturbance.A review of techniques to survey seabirds using aerial methods recommended
that a minimum flight altitude of 450m should be used to avoid disturbing sensitive species,
preventing the survey itself from altering the distribution of bifdaxter and Burton,

2009)

Individual offshore wind farms may have a displacement effect orthezhted divers and
other species, but seabirds may interact with multiple wind farms within the marine
environment. Given the large spatial scale over whichtredated diver displacema has
been observed and wind farms often built in clusters, cumulative displacement is likely to
occur(Goodale and Milman, 2016; Mendstl al,, 2019; Garthest al,, 2023) Studying over a
larger spatial scale within the vicinity of a wind farm may aid in detecting effects over a
larger area and also pick up where birds have moved once disp(iizadielet al., 2019)
Indeed, several of the rethroated diver displacement studies considered the effect of

multiple wind farms.
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Figure2.5. Map of the survey methods and pliscanent analysis methods used to study
redthroated diver displacement in the literatu¢&6 studies spanning 2006 to 2023)

To date, most studies into the cumulative effect of multiple wind farms ortheahted
divers have centred on the German North Sea. This is an important wintering area-for red
throated divers and has SPAs where divers are a qualifying fe@ar¢heet al., 2012) In

addition, it is an area of extensive offshore wind farm developné@Offshore, 2023)

Vilelaet al.(2020)studied the effect of 20 offshore wind farms acr@8625knt of the
German North Sedisplacement was categorised as occurring within the dratred-
throated diver density was significantly lower than the mean density ofathele study
area.Therefore, displacement was not attributed to wifafmsindividually, indeed there

was no mention of whether displacement rates were different within each wind farm.

A study byMendelet al. (2019)of five wind farms around the Eastern German Bight SPA
used visual aerial and bohased surveyand a beforeafter analysis of the survey data,

and found that significant displacement occurred up to 16.5km from the wind farms. Again,
displacement across the entire study area only was assessed, without mention of

displacement at each individual wirfarm.
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Another study of the German North Sassessed displacement at the same wind farms as
in Mendelet al. (2019) butadditionally used telemetryThe telemetry and digital aerial
survey data were used separately to create two density maps, and both were used to
consider the spatial extent of displacement, but only the aerial map was used to quantify

the displacement ratéHeinaneret al., 2020)

A widerscale study was carried out Mjlelaet al. (2020)covering six wind farms in and

around the Eastern German Bight SPA along with 15 wind farms further southwest. Various
sources of data were used collectively, mostly from wind farm monitoring but all aerial
surveys. Displacement was assessed based otiveeldistributions across the entire study
area. A beforeafter approach was also taken, but because the 21 wind farms were all
constructed during different years, having a fm@nstruction phase and a pesbnstruction
phase without either category incliuty a wind farm under constructioand potentially

adding to the displacement effeanade the results less reliable.

The latest study of rethroated diver displacement in the German North Sea also used data
from multiple sources, including baseline studies for EIAs, wind farm monitoring studies,
the German Biodiversity Monitoring project, and various research pro{&astheet al.,,

2023) The surveys used visual aerial, digital aesiad, boatbased methods. A BACI

approach was taken, defining the pecenstruction and postonstruction phases

individually for five wind farm clusters. Wind farm clusters were spatially distinct from one
another. The Dan Tysk cluster had just one wind farsndid the Butendiek cluster. The
Helgoland cluster contained three wind farms, the BARD/Austerngrun cluster had two wind
farms, and the North of Borkum cluster included three wind farm. Displacemenianetr

were produced for the wind farm clusters and the study area as a whole.

A study into the cumulative effects of shipping and offshore wind farms was carried out for
the north Welsh coastlinéBurtet al,, 2017) This study used digital aerial survey data
collected across the entirety of the Liverpool Bay SP¥pping density and locations of
offshore wind farms were included as covariates in generating a model dhredted

diver distribution.

It was quite variable whether displacement rates were calculated and provided in the
literature. Thespatial extent over which a displacement rate was calculatad also

variable, for instance in discrete 1km distance bands around a wind farm or over the
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entirety of the wind farm plus a 10km bufféfhe quantification of displacement rates

across distances are described and interrogated in more detail in Chapters 4 and 5.

An extension to the London Array offshore wind farm located in English waters of the
southern North Sea was cancelled due in part to the concern over impacts-toneated
divers. The original wind farm and the proposed extension are located in a Special
Protection Area (SPA), of which rttoated dives are a qualifying featurdJNCC, 2020a)
Monitoring ofthe London Array with regard to its impact on rdtroated diveswas
required before a decision could be made ashte effect the London Array and an
extension would have upon this designated population. Time scales for collecting data,
along with technical challengesre cited as the reasons the extension did not go ahead

(London Array, n.d.)

Notably, large distances over which retroated diver displacement has been observed
resulted in a recommendation that a round of seabed leases in English waters are not
placed within 10km of the Greater Wash Special Protection Area (SPA) witiroated
diversas a qualifying feature. Further, it is recommended by Statutory Nature Conservation
Bodies (SNCB) in the UK that a distdmemaintained between the Outer Thames Estuary
SPA and The Greater Wash SPA 1(tatutory Nature Conservation Bodies, 2022a)

2.7 Environmental Impact Assessment

Environmental Impact Assessment (EIA) is a globally widespread method of assessing the
potential effects of proposed developments on the environment &wften required

under legislatio(Morgan, 2012)The European Union mandates the implementation of EIA
through the EIA Directive (2014/52/EW)hichis translated ito domestic lawThe

European Union has shaped EIA legislation in the UK sincel@@8ig to the current EIA
legislation such as th&€onservation of Offshore Marine Habitats and Species Regulations
2017 (as amendednd territorial equivalentsThe Electricity Work (Environmental Impact
Assessment) (England and Wales) Regulations, 20T he Infrastructure Planning
(Environmental ImpacAssessment) Regulations 20This legislation remains valid in 2023

despite the exit of the UK from the European Union in 2020.

Where developments may impaEldesignated areas (Special Areas of Conservation (SAC)
protecting habitats and Special Protection Areas (SPA) protecting marine birds), Habitats

Regulations Assessments (HRA) are also requigaln these are EU requirements
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translated into domestic laysothey remain the same as of 2023. The network of

protection sites previously nandgt b I G dzNI wHnnné aArAiaGaSa INB y26 ylI
bSGgaAN)] &2ald ylradAizya 2F (KS | W20y R o6& YENK IKSI y
withdrawal from the EUn 2020 These assessments first consider whether or not a

development may have a Likely Significant Effect on the site, and if that cannot be ruled

out, then an Appropriate Assessment is undertaken to determine whether the

developrent will have an Adverse Effect on Site Integrity. The stages of HRA are specifically
applicable to SACs and SPAs, with the impacts of a proposed development assessed again

the conservation objectives of the designated site.
2.8 Cumulative Effects Assessment

The bespractice for assessing the impacts of development isaionly do a project or

plan alone assessment but also to carry out a cumulative assessment of the project or plan
in combination with other pressures. This is supportedh®/ ElAegislationmentioned in
section2.7that bind offshore windarm consentingwhichcontain a requirement to

consider the cumulative effects of the project with other developme8thedule 4

paragraph Sf The Infrastructure Planning (Environmental Impact Assessment) Regulations
2017states that, included within an Environmental Statement, there should be a
description of the likely significant effects of the development on the environrasrat

NE & dzf the c@niilationXof effects with other existing and/or approved projects, taking
into account any existing environmental problems relating to areas of particular

environmental importance likely to be affected or the use of natueaburces.

Cumulative Effects Assessment (CEA) is often defined as a method of assessing multiple
developments and pressures and their combined effect on recefj@aster and Ross,

2010; Foleyt al., 2017; Willsteeeet al., 2017) The purpose of a CEAdsensurethat
thresholds of development are not exceed@hnter and Kamath, 199%jowever, the

exact metric to use as a threshold value is a matfatebate(Duinkeret al,, 2013) Several
studies have concluded that both CEA practices and researttte@mvironmental impacts

of windfarmsare not sufficient to fully understand the effects and allow regulators to
make informed decisions during the consenting prog&sswartet al, 2007; Folegt al,

2017; Willsteeckt al,, 2018) Uncertaintiesabout predicted environmental impactsave

been cited as causeof delays in granting consent for wind farm development, which can
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have an adverse impaoh the start of construction and operation, costing time and money
(O'Hagan, 2012)

2.9 Methods of carrying out an impact assessment for rddoated

diver displacement

In the UK, the method of assessing the displacement of seabird displacement is relatively
simplisti¢ using whaits known as a displacement matrbhere are three inputs to a
displacement matrix: the abundance of birds at risk of displacement, a displacement rate,

and a mortality rate.

The densityor abundanceof birds within the proposed wind farm plus a buffer is used as
the basis of the assessment. The densitiabundanceaused is calculated as the mean of
the seasonal peak populations from baseline surveys. In other words, for a particular
seasonthe peak population within each year thife survey should be usednd a mean
calculated. This may overestimate the population if lower numbers are present during
other periods within the season and may doubt count individuals that represent year
round. However, baseline surveys are a snapshot in time of abunddmecefore may

underestimatethe population.

Adisplacement rate is applied to the mean seasonal peak value to determine the number
of birds displaced. Due to a lack of empirical evidence on displacement rates for some
seabird species and ranges of rates for other species, a range of displacemerd rates
usually used. These displacement rates are based on the score of disturbance frsm ship
helicopters, and wind farms fronBradburyet al. (2014)(ain Equation2.1). Species with

the highest disturbance from ship, helicopter, and wind farm score of 5 would be assigned a
displacement rate of 90% to 100%. A score of three would lead to a displacement rate
range of 30% to 70%, and those with a low score of one wouwld halisplacement rate of

less than 10% applied. Tlssa result ofa number of birds displaced from a proposed wind

farm and surrounding area.

The displacement matrix themsesa mortality rate, or range of mortality rates, to the
displaced birds to determine the number of mortalities due to displacensz# example
for an abundance a0 birds inTable2.4). The range of mortality rates is based on the
score ofhabitat specialisatin; those with higher scores are less able to utilise other

habitatsand, therefore more likely to be impacted by displacement. Mortality rates of
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between 1% and 100% are usédt in reality, between 1% and 10% mortality is more
likely (Statutory Nature Conservation Bodies, 2023the estimate of number of mortalities

is therefore calculated througBquation2.3.

Table2.4. Example displacement mattix calculate the range of potential mortalities on an
abundance 080.

Mortality rate (%)
1/2|5]10{20| 30| 40 | 50 | 60 | 70 | 80 | 90 | 100
10/0.1/0.2{04|08|16| 24| 3.2 | 40| 48 | 56 | 64| 7.2 | 8.0
20/0.2/0.3/0.8|16|32| 48| 6.4 | 80| 9.6 |11.2|12.8|14.4| 16.0
30/0.2/105/1.2|24|48| 7.2 | 9.6 | 12.0| 14.4| 16.8| 19.2| 21.6| 24.0
40|0.3|0.6/ 16| 3.2|6.4| 9.6 | 12.8|16.0| 19.2| 22.4| 25.6| 28.8| 32.0
50/0.4/0.8/ 2.0| 4.0/ 8.0 12.0| 16.0| 20.0| 24.0| 28.0| 32.0| 36.0| 40.0
60 (0.5/1.0/24|48|9.6|14.4|19.2|24.0| 28.8| 33.6|38.4| 43.2| 48.0
70|0.6/1.1| 2.8 | 5.6 |11.2| 16.8| 22.4| 28.0| 33.6| 39.2| 44.8| 50.4| 56.0
80/0.6/1.3| 3.2|6.4(12.8/ 19.2| 25.6| 32.0| 38.4| 44.8| 51.2| 57.6| 64.0
90|0.7({1.4| 3.6 | 7.2|14.4/ 21.6| 28.8| 36.0| 43.2| 50.4| 57.6| 64.8| 72.0
100/0.8/1.6| 4.0 | 8.0|16.0| 24.0| 32.0| 40.0| 48.0| 56.0| 64.0| 72.0| 80.0

Displacement rate (%)

i~ Q Q
Q Q — —
PTITM PTT

Equation2.3. Calculation of displacement mortalities through the displacement mat

where
e =number of displacement mortalities
f =abundance of birds within the proposed wind farm plus a buffer
g =displacement rate (%)

h = mortality rate (%)

The consequences of displacement on-thtbateddiver populations are largely unknown,
meaning there is a need to understand how populations shift (for instahoeugh

potential biological removgBusch and Garthe, 20)6how individuals behave, energetics
are impacted, and demography changes (for instance through indivizhssld models
(Searleet al,, 2021) following displacement. This is difficult to monitor at the scale of an
individual wind farm, and strategic research is underway to try and improve understanding
of the behavioural and energetic consequences of displacer(ieatkworthet al., 2020)
Individual wind farm monitoring cafiowever, improve understanding of the number of

individuals displacednd thedistance they are displaced from a development footprint.
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Comparison between predicted displacement and actual displacement at a wind farm.
Using the displacement matrix approach, the number of birds displaced is based on the
number of birds in the baseline environment, the area and location of the wind farm, and
the displacement rate. The number of birds in the baseline may well fluctuate in the future,
but the use of peak mean seasonal population and inclusion of confidence intervals helps to
account for this. The location of a wind farm is not likely to chagiyen that seabed

leases are given prior to a displacement assessment being carried out. The displacement
rate may be correct or incorrect for that particular location, but as tredre is no

consensus on whether displacement rates are different in different locations and why to be

able to apply sitespecific rates.

The area of a wind farm may change between a displacement assessment and the building

of a wind farm. A project design envelope is usethatassessment stage to predict the

02dzyRa 2F I gAYR Tl NXV¥QAa RSA&A 3Johse scerarwithiK S A Y LI
the design envelope is often used to provide a precautionary approach to the assessment.

This does mean thdhe impacts assessed may be larger than those actually occurring once

the wind farm is built if the wind farm built it the worst-casescenario, assuming the

rest of the impact assessment is accurate. If assessments are more often precautionary

than not, when cumulative impacts are assessed, the precaution may be compounded.

There may in fact be headroom between the predicted cumulatiyeaict and the actual

cumulative impactWomble Bond Dickinson, 2021)

| 26 SOSNE adzZFFAOASY(d Y2yAlG2NRAy3 2F SIOK 6AYR
impact assessments were accurate. Assessments ehredted diver displacement in UK
waters have previously underestimated the extent of displacement by assuming
displacement only occurred out to 4km from the wind farm boundary. A 100%

displacement rate was assumed to occur across the wind farm and 4km buffer, which was a
compromise between the fact that displacement may occur further than 4km but is

probably less tha 100% within 4km. Thereforthe number of birds displacedill be

equivalent assuming large displacement rates over a small area compared to lower
displacement rates over a larger area. However, the area of lost habitat due to
displacement is also an important factor in assessing the imfsatefore, assuming it only
happens over 4km from a wind farm may vastly underestintiagetrue impact. This is

important at the cumulative leveWwhere thedisplacemenaffectedareas from multiple

wind farms may osrlap, potentially leading to mass areas of habitat loss.
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In summary, this chapter has revealed thatl-throated divesare highly sensitive to
displacement from offshore wind farms and that multiple studies have investigated this
effect. Such studies have varied widely in their survey method, displacement analysis, and
presentation of results. Both individual wind farmpmlecement and cumulative

displacement from multiple wind farm have been studied. With such varied approaches to
displacement analysis, it is difficult to say how comparable they are, yet tigensus

remains that reethroated divers are a key species for furthevestigation and

management of effectsThe overall research gap analysis found that knowledge and
methods to predict, assess, and mitigate future cumulative displacement of seabirds from
offshore wind farmsre lacking, yet may prove to be a major factor in restricting renewable
development.The next chapter will revie&l/fsto assess howpecies and impactsave

been scoped into cumulativaffshore windfarm assessments
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Chapter 3How are impact assessments of
cumulative redthroated diver displacement

from offshore wind farmscarried out?

Abstract

The continual growth of more, larger wind farms in coastal waters will lead to a substantial
area of thesea being used to generate renewable energy. With vamohs being sited in
relative proximity to one another, the interaction of environmental impacts, or cumulative
environmental impacts, is becoming an increasing condgenoosing which species,

impacts, and other plans and projects to include in a cumulative assessment will determine
the scope of the assessmeiithe generic approach to assessingnulative seabird
displacemenivas evaluated in 18 offshorewind farm Environmental Impact Assessments
inthe UK and in detail usingix case studies from Scottish wateffis work found that

species and impacts included in individual and cumulative vary, even in spatially close wind
farms. The outputs from one wind farm assessment is sometimes interpreted in different
ways by other developments when considering the cumulative impact, fomosta
considering a low number of birds present to equal a negligible impact. 8wlivédual

wind farm impacts are quantified seasonally, whilst others are done so agntil

unclear how these differing results have been combined across multiple wind farms. In
addition, some individual wind farm assessment conclude multiple or between significance
levels, such as minor/major. Again how this was treated at a cumulatietitemnclear.

One cumulative assessment may concladearticular significance level, whilst another
assessment conclude a different significance level, despite including the same other wind
farms in the assessment. With variabilities within impactasments, and wind farms in
different locations, years, and with different design parameters, the cumulative assessment
already contains large uncertainties. This is then extrapolated further when the impacts,

species, and inclusion of other projects alsmies widely across cumulative assessments.
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3.1 Introduction to how cumulative seabird displacement is

assessed for offshore wind farms

As discussed ihapters 1 and 2, offshore wirfdrm development is set to rise significantly
in the nearfuture around the globeand with it the challenge associated with
understanding the cumulative environmental impacts of developments with other projects
(Goodale and Milman, 2016yhe cumulative impact of wifdrms has also become an
increasing concern for regulatory authorities and statutory consultees @it@adbent and
Nixon, 2019; Natural England, 201%his is largely because the cumulaiivpactof
developmentdgslargely uncertairfMasdenet al, 2015) The assessment, or lack, of such
cumulative impact$asled to delays in granting conserduch as with theedetermination

of the Norfolk Vanguaravind farm(Raymond Stephen Pearce v Secretary of State for
Business Energy and Industrial Strategy, 2@tixhe delay toconsent for theNorfolk
Boreaswind farmon the grounds of cumulative effects of the two developmd(hisigh,
2021) This can have implications for the start of construction and operati@n offshore

wind farm

ElAlegislation such as The Infrastructure Planning (Environmental Impact Assessment)
Regulations 201 &tipulates which developmentareto be included in a Cumulative Effects
Assessment (CEA) by statiexisting andbr approvedprojects. What developments are
Of | a ae&iRingroadapproved A& | YOoAJd2dzas LI NIfeé& oSOl dzaS
existing developments are already part of the baseline and so form thdgrelopment
scenario that would be assessed against, rather than grouping thenpastdevelopment
impacts.However this may result in assessments not accounting for a shifting baseline
(Pauly, 1995)Regardless, the developments to include are at least somewhat specified
whilstthe species and impacts to be assessed are not speeifi@t as they vary
depending on the location of each wifarm. Several pieces @fKguidance suggesthich
species should be included in assessments (both individually and cumulatively) and
methods for how tadetermine whichspeciedo include Thismayinclude completing a
standardisedkey features document which assesses species in relation to their

vulnerability to windfarm impactstheir designaibon at a protectedsite, andtheir potential

for cumulative impact¢Kinget al., 2009)

Other guidance (for onshore wirfdrms) has indicated that a variety of scales can be used

to assess cumulative effectdowever, NatureScot (previously Scottish Natural Heritage)
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proposes a national scale should be ysadhis case restricted to Scotlaf@cottish

Natural Heritage, 2012 he inference is that all developments that could possibly have an
effect on the same species exludedin the main Environmental Impact Assessment (EIA)
should be included in the CEPRhe process of determinirthe species, impacts, and other

plans and projectthat are includedn assessments is known as scoping.

The previous chapter reviewed the literature for empirical evidendedifidual and

cumulative displacement. This chapter now reviduliésto assess howpecies and impacts

have been chosen famumulative assessments in offshore wind fariwithin the overall

aim of the thesis, this chapter addresdesv cumulative seabird displacement from

offshore wind farms is assesseélhis is done bgeviewing how offshore wind farm EIAs
approach cumulative displacement impact assessmantiexploting how offshore vind
FIENXYE AYOGSNIINBG GKS 2dzi02YS 2F 20KSNJ 6AyR

This chapter begins by describing how cumulative seabird displacement has been assessed
through the EIA process and analysing any differences or similarities in approaches. The
results of the investigation are described with comparison across wind famadlyF

possible reasons for diverging approaches are suggestedharadlvantages and

disadvantages of these approaches are discussed.

3.2 Method usedto investigate how cumulative seabird

displacement is assessed for offshore wind farms

In terms of investigating how cumulative seabird displacement is assessed for offshore

wind farms, two things were dorfer this thesis

a) Evaluate how it is done for 18 publicly available offshore wind takAsacross the
UK

b) Evaluate in detail using six case studies from Scottish waters

3.2.1 Methods to investigate how species and impacts are scoped in for EIAs of

offshore wind farms across the UK

Publicly available Environmental Statements (ES) from offshore wind farms were collated
from web searchesarried out in2019.The search found 18% fromoffshore windfarms
in the UK(Table3.1). These Bs provided a range of ages in terms of when the EIA was

written andwhen the wind farm was consented and became operational. Wind farms
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yet to be fully operational were also included. The oldest wind farm had adaEd 2002
and was operational in 2005, and the most recent wind farm had an EIA dated 2018 and
became operationah 2023.

Table3.1. Offshore wind farmsised toinvestigae how cumulative seabird displacement
was assessed for offshore wind faratsoss the UKas of October 2023).

Location| Offshore wind farm vear of Year of vear .Of Stage of
EIA consent | operation | development
England | Kentish Flats 2002 2003 2005 | Operational
England | Barrow 2002 2003 2006 | Operational
England | Burbo Bank 2002 2003 2007 | Operational
England | Gunfleet Sands 2002 2004 2010 | Operational
England | Greater Gabbard 2005 2007 2013 | Operational
Wales | GwyntY Mor 2005 2008 2015 | Operational
England | Lincs 2007 2008 2013 | Operational
England | Humber Gateway 2008 2011 2015 | Operational
England | Dudgeon 2009 2012 2017 | Operational
England | Kentish Flats Extension| 2011 2013 2015 | Operational
Scotlang| European Offshore Wing ), 2013 2018 | Operational
Development Centre
England | Galloper 2011 2013 2018 | Operational
Scotland| Beatrice 2012 2014 2019 | Operational
Scotland| Moray East 2012 2014 2022 | Operational
Scotland| Neart na Gaoithe 2012 2014 N/A Construction
England | Burbo Bank Extension 2013 2014 2017 | Operational
Scotland| Inch Cape 2013 2014 N/A Consented
Scotland| Seagreen 2018 2018 2023 | Operational

Aseries of 1juestions vere generated to analyse the different ways thatividual and
cumulative wind farmassessients were carried oufThe questions, justifications for the
questions, and the possible answers to said questaza shown iriTable3.2. All EIAs from
the wind farms inTable3.1 were examined to answer the questions, and the answmegre
noted in a spreadsheet. The answers were then analysed to pull out themes, determine
similarities and differences between wif@ms, and make comparisons between

approaches.

Table3.2. Questions usei analyseElAs of offshore wind farms in the UK to comhee
different ways that individual and cumulative wind faassessmemthave beercarried out

Question Answer options | Justification for question
Is there a section dedicate¢ Independent To determine whether cumulative
to cumulative effects? section, within effects were assessed

impact
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Question

Answer options

Justification for question

assessment
section, within
species section,
cumulative
effects not
analysed within
appendix

Was the scopin@ of
species the same as or
different to that within the
main impact assessment?

Same or different

To determine whether species were
treated differently between individual
and cumulative assessments

In what way was the
scopingn of species
different to the main
impact assessment?

Free text

To determine in what ways species
were treated differently between
individual and cumulative
assessments

Was a reason given for
scopingn the species that
were assessed?

Yes to all, yes to
some, or no, free
text

To determine why species were
treated differently between individual
and cumulative assessments

Was the scopinin of
impacts the same as main
impact assessment or
different?

Same or different

To determine whether impacts were
treated differently between individual
and cumulative assessments

In what way was the
scopingn of impacts
different to the main
impact assessment?

Free text

To determine in what ways impacts
were treated differently between
individual and cumulative
assessments

Were all species scoped in
andanalysed with respect
to every impact?

All species and a
impacts, species
specific impacts,
Or no assessmen
of the species

To determine whether blanket rules
were applied to the assessment of
impacts to species or whether specie
specific approaches were taken in
individual and cumulative

and impact assessments
Were potential impacts List of stages To determine which stage of the
considered at different which could process impacts were assessed at

stages of the project?

include any or all
of construction,
operation, and
decommissioning

What types of potential Free text, To determine the range of impacts
impactswere specified? impacts split by | identified from different stages of a
stage ofthe project
project
Did the assessment includq Yes or no To determine whether a specific wing
displacementin the farm assessed the main impact and
operational phase of the stage of interest to this study
wind farnt?
If no information was Free text To determine how wind farms dealt

available from another

with missing or lack of information
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Question Answer options | Justification for question

wind farm site, what action regarding the impact of other wind

was taken? farms in cumulative assessments

What is the mechanism for| Summed, To determine how cumulative impact

calculatingcumulative synergistic (more| were calculated, whether this was a

impacts? than the sum of | simple summation or more complex
parts), or modelling was involved

antagonistic (lesg
than the sum of
parts)

Thespecies chosefor individual and cumulative assessmentd the reasons for their
inclusionwere noted from each EShe type of impact (for instanceollision,
displacement, barrieeffectg and why that impact was investigated for that species was
also analysed. The species and impacts scoped in and out of assesamilenéthods used
for scopingwere compared across offshore wifems to determine whether a standard
approach has been taken. A comparison was also made between the seppiggch
donefor an individual windarm assessment and a cumulative assessment to further

investigatethe level of standardisation

3.2.2 Method of how species and wind farms are scopgdfor individual and

cumulative displacementassessments: Scottish case study

Case studies gflanned or builtwind farm EIA and CEAsScottish east coast watengere
then studied in more detail to compare the species and impacts assesggexhrby wind
farms. These wind farms were labelled A to F for ease of presenting and describing the
results Table3.3).

Table3.3. Scottish offshoravind farms used to investigate hapeciesand wind farms
were scoped in for individual and cumulatdlisplacement assesgnts

Offshore wind farm Label
Beatrice A
Moray East B
Seagreen C
Inch Cape D
Neart naGaoithe E
European Offshore Wind Development Cen F

The impact of specific interest wése displacement of seabirgsherefore, the result of
individual and cumulative assessment in terms of displacement was noted for each wind

farm and each species. The result of these assessments in an EIA context is usually
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described in terms ahe significance of potential effects. Thissddermined froma
combination of the magnitude of the effect and the sensitivity of the receptor. This is often
presented as a matrix, such @able3.4.

Table3.4. The matrix often used in Elfdsdetermine the level dfignificance, combining the
magnitude of effect and the sensitivity of the receptor.

Magnitude
High Medium Low Negligible
High Major Major Moderate Minor
Sensitivity Medium Major Moderate Minor Negligible
Low Moderate Minor Minor Negligible
Negligible Minor Negligible Negligible Negligible

Asignificance matrix is a method capable of putting impacts from different developments
into a standard and comparable format, providing a single value of a level of significance
from negligible to major, and can be used to describe both positive and negative effects.
Therefore the level of significance was retrieved from the Environmental Statements for
wind farms inTable3.1 for both the individual and cumulative impact assessment. The
wind farmsthat were scoped into the cumulative assessments were also noted to
determine whether there was a difference between which wind farms were included or not

in cumulative assessments.

3.3 Resultsof investigating how cumulative seabird displacement is

assessed for offshore winthrms

The results of investigatirthow cumulative seabird displacement is assessed for offshore
wind farmsare split into two sections. Firsthe results of low species and impacts are
scoped into individual and cumulative wind farm Ed8mss the Uldre described This is
followed by tow speciesand wind farmsare scoped for a displacement assessnfent

individual anccumulative assessments using a Scottish case study.

3.3.1 Results of how species and impacts are scoped into individual and

cumulative wind farm ElAs across the UK

The results from a broad range of questions on scoping show that the majority of EIAs
(72%) used a different set of species between the individual ¥eimd assessment and the
cumulative assessmerfor some species and wind farm, this meant more species were

assessed individually than cumulatively, and for others the opposite occutrmeds often

37



stated that impacts from wind farm alone were sufficiently small to not require assessing
cumulatively. In comparison, at other wind farms the species list was expanded for the
cumulative assessment to take account of effects at other wind farms. Thelsampened
with regard to the impacts assessed individually and cumulatively but to a lesser degree.
Around half of wind farmased a different set of impacts between the individual wiadn

assessment and the cumulative assessn{seeFigure3.1).

Species assessed

Comparison of
individual and
cumulative
assessment

. Different
. Same

Impacts assessed 1

0 25 50 75 100
% of developments

Figure3.1. The percentage of wind farms which assessed the same or different species and
impacts between individual and cumulative assessments (for tloéfdt8re windlarms in
the UK.

In addition, as it can be seenkhiigure3.2, the majority of cumulative effects assessments

looked at speciespecific impacts (61%), whifgwertook a blanket approach and

assessed all species against all impacts (22%)

38



. All species and all impacts
. Species-specific impacts

. No specific species and no impacts

Figure3.2. The percentage of wind farms which assessed all impacts to all species,-species
specific impacts, and no impact to a specific species (for tofdt®re windfarms in the

UK.

Figures 3.1 and 3.2 bo#howthat there isa disparity across the approaches takenaigd
farms Thereasongyivenfor why a species was scoped into a cumulative effects

assessment include:

Target specieer Valued Ornithological Receptor

Meets or exceeds 14f the Great Britishpopulation on site
Species ohigh-sensitivity

Species observed at the site

Species present durirthe breeding season

Speciesre at least at minor risk of impact

=A =4 =4 =4 A4 A -

Species included in the assessment at a site scoped in

Some of these directly relate to scoping for the individual warcth assessment, such as a
target species and species of national importaaoe were given as reasons for inclusion in
the individual assessment and cumulative assessni@titerswere more related to
cumulative effectssuch as whether a species was included in the assessmamtiffi¢rert

site. THsraises severalquestions:

1 For what reasons should a species be scoipefr cumulative effectevaluatior?
9 Should species scef inbe the same foa cumulative assessmeas forindividual

wind farm assessment?
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1 Should a wider range of species be assessed to take into account the broader

spatial and temporal scale of cumulative effects?

Other reasons for species scoping in or out simply relate to data iéSigese3.3). For

instance, the sparsity of environmental data when early developments were assessing
cumulative effects hindered a quantitative assessmerthefimpact offuture sites. This

still exists to some extent todawith limited data on &her the baseline environmeruf a
potential site or what thasite® impact might be. There have also been changes in methods
of assessment used to assess different species and impacts. For instance, some species and
impacts have been assessed quantitatively and others qualitatively. This was seen when a
new approach was brought in for assessing bird displacernmep015 meaning that across
developmentsdata and reults were presented in a different state, making it harder to
directly compare developments using these different approaches. These factors have led to
increasing uncertaintydyond what already exists as a result of data collectiogthods,
naturalvariation,and the use oflesignenvelopes. It also has the potential to increase the

assessment burdeaof having to transform data to be uséd acumulativeassessment

Earliest impact assessments
had little data to use from -
other sites Increasing
uncertainty
Data
issues
Increasing
Different methods of assessment burden
assessmentand/or
calculation

Figure3.3. Data issues identified from reviewing offshore wind farm EIAs regarding
cumulative seabird displacement assessments. Issues lead to increasing uncabi@inty
what cumulative impact there may be and an increasing burden upon developers to fill
knowledge gaps.

The absence of data for species at a site has been dealt with in numerous ways by
developers, further enhancing the disparity in approaches. For half of the sites where there
was no data available from another project, that development was not includdiCEA.

25% of the timeif no quantitative data was available from another site, a qualitative

assessment was made instead. Occasionally, a negligible impact was asshenedov
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data was available to be assesskdrequently, datawassourced elsewhere to enable the

project to be included in the assessment.

These differehactions in response to a lack of data reedlin different outcomes

between individual and cumulative assessnsiitt an individual windarm level, a lack of
seaird data has sometimesgen stated as theeason for especieqot beingassessed. At a
cumulative assessment level, this has often resulted inatimel farmnot being included in
the CEAHowever there have been cases where an individwald farmhad not assessed a
speciedecause of dack of databut the CEA of anothewind farm included tre firstwind
farm, andanegligible effect was assume@ther times, at an individual wirfdrm level,

the lack of data was taken agiaegligible effecton the speciesAt a cumulative
assessment level, theind farmwas then included in the CE&nda negligible impactvas
assumed athe result of the individual winéarm impact assessment. This is summarised in
Figure3.4.

/ \ /" WindfarmB

Wind farm A reports
reports individual cumulative result:
result:

does not include
wind farm A in
Wind farm A not assessed cumulative

individual impact ;/ ﬂ/

not assessed due to
a low number of /ﬁ
birds Wind farm A Wind farm B
reports individual reports
result: cumulative result:

does include
‘negligible wind farm Ain

impact’ the CEA
Figure3.4. Actionsby different wind farms in their cumulative assessmamtgsponse to a
lack of dataor assessment from othevind farms.

This raises important issuas to how CEAs should be conducted. For exampleyit be

argued that lack of assessment should not be stated as a negligible, eféechouldsites

with a lack of data be included in other S@eumulative assessmenfBhis research

indicates that the resultsf individual windfarm assessmesthavebeen amended by

'y20KSNI aA0GS5SQa OdzY dz thoil dsg8Sedlbecause i Yadkbfldate S I 0 T

osite has negligible impagtwithout reasoning. The suitability of amending a result
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therefore, comes into question, particularly with regard to whether terms suctnas
enough data for assessmérandénegligible impagt | NB Ay G§ SNOKI y3ISt ot So
case, then the changing of terms mayfact generate misleading results of a cumulative

assessment-ull answers to ajuestions are provided iAppendixC

3.3.2 Results of low speciesand wind farmsare scoped in for a displacement
assessmentor individual and cumulative assessmentaScottish case

study

The inclusion of individual species irsi@offshore windfarm CEAs was analysed in terms
of cumulatively assessing displacement. For each Yaimd, the species that were analysed
for cumulative displacemenwere noted. Arecordwas also made of the other wirfdrms
that were included in the cumulative displacement of the species in quesitus.
information was translated into a set ofagjrams tovisualisethe conclusion of individual

and cumulative assessmentsight themes came out of this analysis:

1 Theme 1: One wind farm including all other wind farms in its cumulative
assessment, but none of the other wind farms including that wind farm in their
cumulative assessment (sectiBr.2.])

1 Theme 2: A wind farm assessing and concluding their cumulative effect with other
wind farms, whilst those other wind farnimavenot deemed it necessary to carry
out an assessment of their own individual impact (sec8¢h2.2

1 Theme 3: A wind farm assessing and concluding their cumulative effect with other
wind farms, whilst those other wind farniavenot hada chance to carry out their
own assessment as they are further behind in the consenting process (section
3.3.2.3

1 Theme 4: A wind farm assessing but not concluding their cumulative effect with
other wind farms, whilst those other wind farrhavenot hadachance to carry out
their own assessment as they are further behind in the consenting process (section
3.3.29

1 Theme 5: Wind farms concluding larger cumulative effects than their individual
assessment due to comparatively large effects from other wind farms acting in
combination (sectior3.3.2.5

1 Theme 6: Wind farms assessing one another cumulatively but coming to differen

conclusios on the cumulative assessment (sect®8.2.9
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1 Theme 7: Wind farms assessing individual and cumulative effects either annually or
splitting effects per season (secti@rB.2.7)
1 Theme 8: Wind farms providing more than aignificancdevel for individual and

cumulative assessments (sectidr3.2.9

Each of these themes is analysed further in the subsequent sections, with examples of

species where the theme is apparent.

3.3.2.1 Theme 1: One wind farm including all other wind farms in its cumulative
assessment, but none of the other wind farms including that wind farm in their

cumulative assessment

The first theme when analysing individual and cumulative assessrisethat ane wind
farmwouldincluce all other wind farms in its cumulative assessment, but none of the other
wind farms incluéd that wind farm in their cumulative assessmeifhis can be seen in the
diagram forthe northern fulmar Fulmarugylacialig, as shown irFigure3.5. In this figure,

wind farm D assessed all other wind farms cumulatively, but none of those wind farms

included wind farm D in their cumulative assessment

Northern fulmar

Individual Cumulative

Minor (a) Minor (a)

Individual Cumulative . Individual Cumulative
Negligible (a) Negligible (a) Minor {a) Minor (a)

Individual Cumulative Individual Cumulative
Not assessed Not assessed Not assessed Not assessed

Individual Cumulative
Negligible (b,nb) | Negligible (b,nb}
Figure3.5. A schematic view of the result of each wind farm in the case study in terms of the
individual project displacement assessmandl thecumulative displacemerssessmenof
northern fulmar.

Note: The arrow represents the wind farms included in the cumulative assessment. The
origin of the arrow is the wind farm carrying out the cumulative displacement assessment.
The end point of the arrow is the wind farm that was included in the origin wind®asém
assessment. Where multiple results are presented in one box, this was either due to wind
farms presenting two results as if unsure of the exact answer or somewhere in between the
two results or as a result of the wind farm splitting impacts betwgenbreeding season,

noted by (b), and the nebreeding season, noted by (nb), or annual, noted by (a).
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It is not clear why wind farm D included all other wind farms in its cumulative assessment,
nor why the other wind farms did not include wind farm D in their cumulative assessment
This suggests that an inconsistent approach was taken, at least between wind farm D and
the other wind farms. Howeveas no criteriavere given for why each wind farmas

scoped in or oubf other wind farms, the rationale is unknown. Perhaps thees

something about this species that meant different scoping results betwend farm D

and all the other wind farms. Without an explanation, it is hard to say whaithermethod

or reason for scoping is any better or worse or more or less applicable. Furthermore, there
is no way to know whethethiese differences in scopimgade a meaningful difference to

the results of the cumulative impact assessment.

3.3.2.2 Theme 2: A wind farm assessing and concluding their cumulative effect with
other wind farms, whilst those other wind farmbavenot deemed it necessary

to carry out an assessment of their own individual impact

The second theme when analysing individual and cumulative assessinéms ane wind
farmwould come to a conclusion in tltemulative assessmenwhich included other wind
farms, but those wind farmsavenot assessed that species individually. This can be seen in
the diagram fomorthern fulmar, as shown irFigure3.5, and in the diagram for northern
gannet(Morus bassanysas shown ifrigure3.6. In these figures, imd farm D assessed the
cumulative effect in combination with wind farm E and wind farm C, but those wind farms

did not assess the species individually or cumulatively

44



Northern gannet

Individual Cumulative
Negligible (a)
Individual Cumulative \ Individual Cumulative
Negligible (a) Negligible (a) i Minor {(a) Minor (a)
Individual Cumulative Individual Cumulative
Not assessed Not assessed Not assessed Not assessed

Individual Cumulative

Negligible (b,nb) | Negligible (b,nb)
Figure3.6. A schematic view of the result of each wind farm in the case study in terms of the
individual project displacement assessment and the cumulative displacement assessment of
the northern gannet

Note: The arrow represents the wind farms included in the cumulative assessment. The
origin of the arrow is the wind farm carrying out the cumulative displacement assessment.
The end point of the arrow is the wind farm that was included in the origin wind®adm
assessment. Where multiple results are presented in one box, this was either due to wind
farms presenting two results as if unsure of the exact answer or somewhere in between the
two results or as a result of the wind farm splitting impacts betwtdenbreeding season,

noted by (b), and the nebreeding season, noted by (nb), or annual, noted by (a).

This can also be seen in the diagrams for great Hiacked guli (Larus marinug as shown

in Figure3.7, and for lesser blackacked gu#i (Larus fuscys as shown ifrigure3.8. Forthe
great blackbacked gull, iwnd farm Dassessed the cumulative effect in combination with
wind farm F and wind farm E, but wind farm E did not undertake an individual assessment
of the speciesFor lesser blackacked gu#i, wind farm D assessed the cumulative effact
combination with all wind farms, yet three of the four other wind farms had not assessed

the individual effect on the species
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Great black-backed gull

Individual

Cumulative

Negligible (a)

Individual Cumulative Individual Cumulative
No effect (a) Negligible (a) Minor {a) Minor (a)

Individual Cumulative Individual Cumulative
Not assessed Not assessed Not assessed Not assessed

Individual

Cumulative

Negligible (b,nb)

Negligible (b,nb)

Figure3.7. A schematic view of the result of each wind farm in the case study in terms of the
individual project displacement assessment and the cumulative displacement assessment of
the great blackbacked gull

Note: The arrow represents the wind farms included in the cumulative assessment. The
origin of the arrow is the wind farm carrying out the cumulative displacement assessment.
The end point of the arrow is the wind farm that was included in the origin wind®adm
assessment. Where multiple results are presented in one box, this was either due to wind
farms presenting two results as if unsure of the exact answer or somewhere in between the
two results or as a result of the wind farm splitting impacts betwtdenbreeding season,

noted by (b), and the nebreeding season, noted by (nb), or annual, noted by (a).

Lesser black-backed gull

Individual Cumulative
Negligible (a) Negligible (a)
Individual Cumulative
Not assessed Not assessed

Individual

Cumulative

Not assessed

Not assessed

()

A

Individual

Cumulative

Not assessed

Not assessed

Individual

Cumulative

Not assessed

Not assessed

Individual

Cumulative

Negligible (a)

Negligible (a)

Figure3.8. A schematic view of the result of each wind farm in the case study in terms of the
individual project displacement assessment and the cumulative displacement assessment of

lesser blaclbacked gull

Note: The arrow represents the wind farms included in the cumulative assessment. The
origin of the arrow is the wind farm carrying out the cumulative displacement assessment.
The end point of the arrow is the wind farm that was included in the origin wind®sém
assessment. Where multiple results are presented in one box, this was either due to wind
farms presenting two results as if unsure of the exact answer or somewhere in between the
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two results or as a result of the wind farm splitting impacts between the breeding season,
noted by (b), and the nebreeding season, noted by (nb), or annual, noted by (a).

This theme also raisdssues, firstlywhy a wind farm without an individual assessmena of

LI NI A Odzf  NJ ALJISOASE KIFIa 6SSy aONBSYySR Ayiz2 |y
Perhaps more importantlyt is uncertain howa cumulative assessmeaanaccount forthe

effects of wind farmswhichdid not carry out anndividualassessmenof that speciesif a

wind farm did not assesanimpact because it was certain thdtdre would be no impact

onthe species (for instangéhe species is not present at the wind fgkrthen there

appears to be no reason to include said wind farm in a cumulative assessment. Without

knowing whatsignificance levelas assigned tthis other wind farm thereis the

possibility that its impact was overestimated, thereby generatingnaccuratecumulative

assessment.

3.3.2.3 Theme 3: A wind farm assessing and concluding their cumulative effect with
other wind farms, whilst those other wind farmbhave not hada chance to carry

out their own assessment as they are further behind in the consenting process

The next themehat appeared wa that a wind farm could conclude a cumulative
assessment result despite an assessment on the impact of the other wind farms not being
made yet. This can be seen in tiagram fomorthern fulmar, northern gannet, great
blackbacked gull, and lesser blabkcked gullas shown irFigure3.5, Figure3.6, Figure

3.7, andFigure3.8, respectively. It can also be seen in the diagram for Hiegiyed

kittiwake, as shown ifrigure3.9. In these figures, wind farm F came to a conclusion on the
cumulative effect despite not including other wind farms in the assessment. In the
Environmental Statement for this wind farmwas stated that the cumulative effect was
likely negligible but could not be fully assessed due to a lack of data from other wind farms,
as they hadot carried out their impact assessment yet. For northern fulmar, northern
gannet, and lesser bladlacked gullthe individual wind farm assessment result was
negligible, and the cumulative assessmenatsalso negligible. Howevgior great black

backed gu#i and blackegged kittiwakesthe individual assessment resiadno effect, yet

the result of the cumulative assessment was negligible.
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Black-legged kittiwake

Individual Cumulative

Negligible (a)

Individual Cumulative \ Individual Cumulative
F B
No effect (a) Negligible (a) Minor {a) Minor (a)
Individual Cumulative £ - » c Individual Cumulative
Negligible L ~ Minor {(a) Minor (a)
Tt Negligible (b)

[y

Individual Cumulative

Figure3.9. A schematic view of the result of each wind farm in the case study in terms of the
individual project displacement assessment and the cumulative displacement assessment of
blacklegged kittiwake.

Note: The arrow represents the wind farms included in the cumulative assessment. The
origin of the arrow is the wind farm carrying out the cumulative displacement assessment.
The end point of the arrow is the wind farm that was included in the origin wind®adm
assessment. Where multiple results are presented in one box, this was either due to wind
farms presenting two results as if unsure of the exact answer or somewhere in between the
two results or as a result of the wind farm splitting impacts betwtdenbreeding season,

noted by (b), and the nebreeding season, noted by (nb), or annual, noted by (a).

There are tirther queries from this themebeginning with the obvious uncertainties
associated with estimating thenpact from other wind farrmwhich have yet to be formerly
calculated. For these examples, it was not stated what the assumed impact of these other
wind farmswas;therefore, no judgment can be made as to whether these are under
over-estimates. It is necessary to include future developments in a cumulative assessment.
However, without transparency as to the assumed impatthese developments,

uncertainty is high and confidence in the cumulative assessment is low.

3.3.2.4 Theme 4: A wind farm assessing but not concluding their cumulative effect with
other wind farms, whilst those other wind farmbhave not hada chance to carry

out their own assessment as they are further behind in the consenting process

The fourth theme, in a ways an inverse of the third theme. In the third thepzewind
farm made a conclusion of the cumulative effect from other wind fatimas had not yet
assessed their impadtiowever in the fourth theme a wind farm did not make a

conclusion on the cumulative effeatith other wind farmswhichagain had not yet
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assessed their impact. The other notable aspect of this theme is that the individual effect of
the focal wind farm was much larger than in the third thefmbis can be seen in the case of
wind farm FE This wind farmhad a moderate individual effect dhe common guillemot

(Uria aalg@, as shown irrigure3.10, and a minor individual effect on razorl{firca tordg

and Atlantic puffin(Fratercula arcticd, as shown ifrigure3.11 and Figure3.12,

respectivelyHoweverthe cumulative assessment for these species was inconclusive.

Common guillemot

Indlwdual Cumulative

Neghglble (a)
Individual Cumulative ; Individual Cumulative
Moderate (a) Inconclusive (a) Minor {a) Minor (a)
Individual Cumulative E Individual Cumulative
Negligible Negligible (b,nb) Minor {a) Minor (a)
{b,nb,a) D

Individual Cumulative

Figure3.10. A schematic view of the result of each wind farm in the case study in terms of
the individual project displacement assessment and the cumulative displacement
assessment aiommon guillemot.

Note: The arrow represents the wind farms included in the cumulative assessment. The
origin of the arrow is the wind farm carrying out the cumulative displacement assessment.
The end point of the arrow is the wind farm that was included in the origin wind®sém
assessment. Where multiple results are presented in one box, this was either due to wind
farms presenting two results as if unsure of the exact answer or somewhere in between the
two results or as a result of the wind farm splitting impacts betwtenbreeding season,

noted by (b), and the nebreeding season, noted by (nb), or annual, noted by (a).
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Razorhbill

Individual Cumulative

Minor (a) Minor (a)

Individual Cumulative Individual Cumulative

Inconclusive (a) Minor {a) Minor (a)
Individual Cumulative Individual Cumulative
Negligible - Minor {(a) Minor (a)
Tt Negligible (b,nb)

Individual Cumulative

| Moderate or
Minor !
N Minor (b)
Negligibl N
Negligible (nb)

Figure3.11. A schematic view of the result of each wind farm in the case study in terms of
the individual project displacement assessment and the cumulative displacement
assessment afzorbill.

Note: The arrow represents the wind farms included in the cumulative assessment. The
origin of the arrow is the wind farm carrying out the cumulative displacement assessment.
The end point of the arrow is the wind farm that was included in the origin wind®adm
assessment. Where multiple results are presented in one box, this was either due to wind
farms presenting two results as if unsure of the exact answer or somewhere in between the
two results or as a result of the wind farm splitting impacts betwtdenbreeding season,

noted by (b), and the nebreeding season, noted by (nb), or annual, noted by (a).

Atlantic Puffin

Individual Cumulative
Negligible (a)
Individual Cumulative Individual Cumulative
Inconclusive (a) Minor {(a) Minor (a)
Individual Cumulative Individual Cumulative
Minor (b,nb,a) Minor (b,nb) Minor {a) Minor (a)

Individual Cumulative

! Moderate or
Minor K
Negligibl MinoriSg
glig Negligible (nb)

Figure3.12. A schematic view of the result of each wind farm in the case study in terms of
the individual project displacement assessment and the cumulative displacement
assessment dhtlantic puffin.

Note: The arrow represents the wind farms included in the cumulative assessment. The
origin of the arrow is the wind farm carrying out the cumulative displacement assessment.
The end point of the arrow is the wind farm that was included in the origin wind®aém
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assessment. Where multiple results are presented in one box, this was either due to wind
farms presenting two results as if unsure of the exact answer or somewhere in between the
two results or as a result of the wind farm splitting impacts between thediregy season,

noted by (b), and the nehreeding season, noted by (nb), or annual, noted by (a).

This theme posefurther considerationslt would appear that wind farm F, with its larger
impactsonthree species, could not come to a conclusion on the cumulative effect. Again
the reasoning for this was not stated. Howe)éis possible that due to a nemegligible
impactfrom the individualwind farm, there was a likelihood that there would also be non
negligible impacts from other wind farms. Including these unknown but potentially larger
impacts in a cumulative assessment would, perhaps, resaltimulative conclusion with
anuncertainty higher than it is usefuRegardless of the reason, tlgsyetanother
inconsistency in approaches. Where some wind farms estimateuhaulative effect with

no individual assessments to use, other wind farms make a conclusion without any
information from the other developments. Again, what is unclear is whether these
differences make an appreciable difference to the overall outcomeimiutative

assessments.

3.3.2.,5 Theme 5: Wind farms concluding larger cumulative effects than their individual
assessment due to comparatively large effects from other wind farms acting in

combination

Another theme arose on inspection of how cumulative assessment had been carried out.
This theme centrearound the level of cumulative effect compared to the level of

individual effects. In the case of northern gannet, as showkignre3.6, and the case of
blacklegged kittiwake, as shown kigure3.9, the individual effect of wind farm A was
negligible, and the individual effect of wind farm B was minor. In its cumulative assessment
wind farm A concluded the cumulative effect of itself in combination with wind farm B to

be minor. Similarly, wind farm B concluded the cumulative effect of itself in combination
with wind farm A and wind farm F (with an individual effect of negligitlgémnet and no

effect for blacklegged kittiwake) to be minor.

Thereare some interesting points to note from this theme. Fir$tistsuggestthat one
wind farm ispredictedto have darge effect compared to the other. The second point is
that both wind farms recognised that one wind farm in particular had a larger effect, and

this was reflected in the result of the cumulative assessment. Lastly, this raises an
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important note relating to themes three and four. Two wind farms may have different
individual effectstherefore, it is not necessarily right to assume that other wind farms may
have a similar individual effect to the focal wind fartnis likely unfair tause this

assumption when no assessment has been carried out for those other wind farms, as

appears to have been done in themes three and four.

3.3.2.6 Theme 6: Wind farms assessing one another cumulatively but coming to

different conclusionson the cumulative assessment

Wind farms coming to different conclusions on the level of cumulative eiesntother
theme coming out of this analysis of cumulative effects assessment. This can be seen in the
diagrams for blackegged kittiwake, common guillemot, and razorbill, as showriguire
3.9, Figure3.10, andFigure3.11, respectively, where theesults of the cumulative
assessment were very differerroim wind farm Ewind farm C and wind farm Dwind
farm E took its own negligible effect, the minor effect from wind farm C, the minor
breeding season and negligible nbreeding season effect from wind farm D, and
concluded a negligible cumulative effebteanwhile wind farm C took the same three
individual effects from itself, wind farm E, and wind farm D, but concluded a minor
cumulative effectWind farm D took a similar approach to wind farm C, concluding a
moderate or minor cumulative effect in tHereeding seasortHHowever the approach was

more similar to wind farm E in the neéareeding season, concludimgth a negligible effect.

It would appear thamultiple wind farms ame to different conclusions on the cumulative
effect when presented with the same information. Unless there were legitimate reasons for
these differences (reasons which are not mentioné&d}y concerning that diverging
conclusions are reached. Perhaps thalsls for determining the significancdevel of effect

were different across assessmeni$is suggests that diverging approaches have resulted in
a meaningful differencen the overall outcome otumulative assessmesitHoweveryhich

results are the most accurate remains unknown

3.3.2.7 Theme 7: Wind farms assessing individual and cumulative effects either

annually or splitting effects per seaso

The penultimate themgwhichis apparent with some species and wind faymsshe
assessment of either annual effects or splitting effects between the breeding and the non
breeding seasondn the latter approach, for one wind farm combination of seasonal

results was not provided to conclude an annual effect, but another wind farm did provide
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annual results as well as seasonal results. In the case of all species, wind farm D split
individual and cumulative effect results between the breeding and thebreeding

season. Meanwhilevind farm E provided individual effect results for the breeding season,
non-breeding season, and annually for bldegged kittiwake, common guillemot, razorbill,
and Atlantic puffin Figure3.9, Figure3.10, Figure3.11, andFigure3.12, respectively).
However wind farm E presented cumulative effect results for the breeding and non

breeding season only, and ev#re breeding season only for blatdégged kittiwake.

From thisresearchit appears that cumulative assessments are somehow able to combine
impacts across different temporal scal@is includes combining different seasons into an
annual effect and also splitting annual effects into seasonal oftesmethodology for
undertaking either a splitting or combining not giventherefore, the validity of the

approaches is unknown

3.3.2.8 Theme 8: Wind farms providing more than orsggnificancdevel for individual

and cumulative assessments

The final theme from this analysis of cumulative effects assessintrat some wind farms
presened more than one effect levelnlike theme seveywhere this was due to different
temporal scales of effect, this was just presented as the possibility that either effect level
could be the true effect, but there was uncertainty around the level. This can be seen in the
cumulative assessmenf the great blackbacked gull and herring g(llarus argentatus

from wind farm A Figure3.7 andFigure3.13, respectively). It can also be seen in both the
individual and cumulative assessments for bietged kittiwake, common guillemot,

razorbill, and Atlantic puffin from wind farm Bigure3.9, Figure3.10, Figure3.11, and
Figure3.12, respectively).
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Herring gull

Individual Cumulative

Negligible (a)

Individual Cumulative Individual Cumulative
No effect (a) Negligible (a) Minor {a) Minor (a)

Individual Cumulative Individual Cumulative
Not assessed Not assessed Not assessed Not assessed

Individual Cumulative

Negligible (a) Negligible (a)
Figure3.13. A schematic view of the result of each wind farm in the case study in terms of

the individual project displacement assessment and the cumulative displacement
assessment dferring gull.

Note: The arrow represents the wind farms included in the cumulative assessment. The
origin of the arrow is the wind farm carrying out the cumulative displacement assessment.
The end point of the arrow is the wind farm that was included in the origin wind®sém
assessment. Where multiple results are presented in one box, this was either due to wind
farms presenting two results as if unsure of the exact answer or somewhere in between the
two results or as a result of the wind farm splitting impacts betwtenbreeding season,

noted by (b), and the nebreeding season, noted by (nb), or annual, noted by (a).

This theme raiseseveral things of notdfirstly, the cause of the uncertainty in the

cumulative resultPrevious themes indicasmme of thedifferences in approaches to

scoping other wind farms and utilising results frother wind farms, which may be some

of the causes of uncertaintido uncertainties stem from individual wind farm uncertainties,
the mechanism behind cumulative effects from multiple sourcgdoth? Sone wind

farmswere able to generate one cumulative significance level whilst othvere not;

again it is unclear why that is the case, particularly where the same species is concerned.
Perhaps it is the case that a cumulative assessment with one significance level is reflective
of the certainty of individal effects. Meanwhilea range of cumulative significance levels
account for uncertaintyn individual wind farneffects. This could suggest that a divergent

approach is favourable in order to clearly display uncertainties.
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3.4 Discussioron how cumulative seabird displacement is assessed

for offshore wind farms

The ways in which seabirds and impacts have been chosen for individual and cumulative
assessments and which wind farms were included in cumulative assessments have varied
across wind farm ElAs around the UK. As scoping is one of the first stages of an EIA, this
non-standard approach is likely to mean that EIA results are inconsistent.gtbign
assessment itselstandard methods are applied for collision and displacement, barring any
major changes in techniques. The use of standard methods applied tssassvidual

impacts may give a false sense that EIAs are carried out in a standardised nivafay

the scoping of species, impacts, and wind farms can result in markedly diftermomes.

With wind farms in different locations, in different yeassidwith different design

parameters, it is obvious that there will be differences between the outconfiesnd

farms. However, when the method of scoping is different across wind farms, all else being

equal, there would be inconsistencies when the appgioto scoping is variable.

There may, of course, be legitimate reasons for taking a specific approach to individual and
cumulative assessments. One key reason, for instance, may be that prior to 2015, there was
no standard quantitative approach to assessing the displacement ofrdsdbdm offshore

wind farms in UK waters. Therefore, it may be inevitable that there are differences in the
approaches to which species and wind farms were assessed for this impact. In 2015, the UK
Statutory Nature Conservation Bodies (SNCB) publishedlarge note advising on which
species may need to be assessed for displacement and a standard methodology for doing
so(Statutory Nature Conservation Bodies, 2022ih)erefore wind farms with Bs written

after 2015 are more likely to have a standard approach to the species assessed for

displacement.

Similarly, when scoping in wind farms to a cumulative assessment, the spatial scale over
which a species may be impacted is a key consideralmdetermine which wind farms a
species may interact with requisé&nowledge of where these birds travel to and from. With
increasing knowledge about seabird movements, which may be different throughout the
year, this may again lead to later wind farms taking a different approach to earlier wind
farms. It may also be th@ome wind farms are not included in a cumtide assessment if
seabirds do not cover a large area, or conversatiuding more wind farms should a

species range over a larger area.
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Anotherreason why wind farmdiffer in their approach may be that later wind farms
attempt to re-calculate the impact of earlier wind farms, particularly once a standardised
approach to displacement was generated. Therefore, there may be new displacement
results compared to those pduced by early wind farms to be included in cumulative
assessments, leading to overall diffetenmulative outcomes. Indeed, it may be pertinent
to re-analyse the impact of operational wind farms once new methodologies foigdsn

are generatedUnder theassunption that these give more accurate impact predictions, the

cumulative impacshouldbe more accurately calculated.

The legislation surrounding the need for a cumulative assessimambiguous as to which
projects should be included in a cumulative assessment. Botkhdirectivand UK
legislation state thattie combinationof effects with other existing and approved
developmentsshould be considered but offer no guidance on how to determine what these
projects are. In an advice note from the Planning Inspectorate, the body through which
some offshore wind farms in the UK are consented, it states that any projegileted
beforethe proposedprojectis consentedit K 2 dzt R ¥ 2 NY LJ NI 2Fhed KS
Planning Inspectorate, 2019)Vhat this means in practicthough is not described.

Without clear instructios on how to scope other projects into a cumulative assessment,

individual projects are agaleft to determine this.

Similarly, how to use and interpret thhesults from other wind farms when calculating the
cumulative impact has been done in a range of ways, and is ambiguous as to how it should
be carried out. Guidance on using data from other developments does not appear to be
available in the public domaiget the variety of ways this has been done, as seen

throughout this chapter, suggests that it would be warranted to generate standardised and
appropriate methodsA top-down approach to generate standardisation would be

applicable here, but also with input from those undertaking cumulative assessments of

projects in order taunderstand the issues with data interpretation and use.

It would appear that for the assessment by some wind farms, the other wind farms were
scoped in or out of the cumulative assessment before consideration was given to whether a
species may be affected cumulatively due to those other wind faltnis therefore,

possible that the cumulative effect of wiridrms on some speciegas excluded before the
species hd evenbeen consideredThisis animportant consideration, especially where

species of importance a@fected, and impacts are significant, whethen an individual
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wind farm or cumulative basisf species are considered first when scoping a cumulative
assessment, perhapsy applyinga speciessite-specific approachthere is the potential for
important species at one site not being cumulatively assessed at anotheinsitead,using

a blanket approach might help encompass species and impacts over the broader spatial and
temporal scalever whichcumulative effect®occur. This would need to be done an

efficient manner to prevent increasing the burden of carrying assessments. It would

also need to ensure that the existing uncertainties in agsess are not increased further.

A key question is whether a nestandard approach to scoping makes a difference to the
overall outcome of the EIA to the point that standard approaches would be advantageous.
Ideally, this question would be answered by proving that the EIA was accurate in its
predictions for each wind farm. As it stands, however, a combination of factors makes this
difficult to achieve. The project design envelope allows for a weoaise scenario of wd

farm development to be assessed, with the likelihood that a less ithpagind farm will
actually be built. Indeedmany wind farms are btilo a lower capacity than is assessed
(Womble Bond Dickinson, 202Therefore assessing the actual impact of an operational
wind farm doesot provide a direct comparison to the predicted impact in the EIA. Even if
the wind farm was built exactly as described in the EIA, rigorous monitoring of each seabird
species would be needed after construction was complete to accurately gauge the actual

impact.

Monitoringwould need to cover each stage of a prajéncluding decommissioning. In
reality, only key species are chosen for monitoyeugd often only displacement is
monitored; collisions are rarely monitored due to the complexityobgervinghis impact
(Collieret al,, 2011) Then, even if all seabirds were sufficiently morgthrthere needs to

be an appropriate level of certainty that the observed effegtse due to the wind farm
itself, as opposed to natural fluctuations in bird movements, distribution, or behaviour. It
can be challenging to attribute an effect to a wind farm, in part because it relies on a good
baseline characterisation of those parametérg also because a wind farm may have
indirect effectson seabirds. Changes in forage fish distributions, for exapmpéey occur

due to the presence of a wind farm, which mayturn, influence the distribution of
seabirddRaowet al., 2017; Oliret al,, 2020) However, monitoring of an ecosystasnot
currently caried out, so indirect effects are not fully undeost and cannot be attributed

to the wind farm, neither individuallgor cumulativelyBorjaet al,, 2016; Declerckt al,
2023)
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3.5 Conclusiorof how cumulative seabird displacement is assessed

for offshore wind farms

In conclusionthis chapter has shown that cumulativénd farm impact assessments have
eachscopael in different species and impacts and have differing reasons for doing so. These
various approaches and issues with data collection and assessment furthers the uncertainty
already associated with largely unknown cumulative effétite inconsistencies and

problems mentioned are just a few of the queries regarding cumulative assessments;
scoping projects, time frame cuiff, appropriate baselines, use of thresholds, and whether
additive calculations are accurate to reality are jusa others. These all pport the need

for a more consistent approach, and doing so in a strategic way such that more robust

assessments of cumulative effects can be made.

This chapterhasevaluaed the first part ofthe cumulative seabird displacement
assessment by considerihgw species are spedinto a cumulative assessmerithe
disparity in approaches taken and the potential implications of this to the overall result of a
cumulative assessment have been discussed. THiewsever, only one source of
uncertainty in understandig the cumulative displacement of seabimtsthe point of
assessing potential impact®ther sources of uncertaintguch as in collecting emuiail
evidence of displacement and how cumulative displacement is calcukate@xplored in
subsequent chapterd he next chapter will follow thisne by exploringanother aspect of
assessing displacement but with more direct implications for the building of wind farms.
Thiswill entail investigating howeabird displacement maye influenced by the design of a
wind farm This wilfocus on one of the most sensitive species to displacemastred-

throated diver.
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Chapter 4How doesoffshore wind farm design

iInfluencered-throated diverdisplacemen®

Abstract

Renewable energys being built around the worl@t a rapid pacend to aid this,
minimisingnegativeimpacsto sensitive species is crucidihe dsplacement of seabirds

from offshore wind farms isne such way that species can be negatively impacted.
Reduction or mitigation of displacement effectzigrently difficult toachieve due to the
presence of structures being the cause of displacement. Therefore, there are few options
besidesemoving turbinesTherefore, thsresearch aimed to determine whether elements

of wind farm design has an influence on the displacement of one of the most sensitive
species, redhroated divers Ameta-analysisvas undertakerof red-throated diver
displacement evidete from postconstruction monitoring, and statistically analysed
correlations with parameters of wind farm design, such as the number of turbines and wind
farm area. Results indicated that high densities of turbines, smaller wind farm areas, and
closely died turbines resulted in larger displacement within wind farms. Meanwhile,
displacement occurred over a larger distance from the large wind farms and when more
turbines were present. Therefore, when designing the area of a wind farm, both the within
wind farm displacement rate and displacement distance need to be carefully considered to
take account of the whole displacement effect within and outside the wind farm. This study
indicates that there may opportunities to modify wind farm design to minimiseeffect of
displacement on redhroated divers, but a holistic view would be needed to consider the
impact to other species and other impacts so as whether collisions with turbines would

increase or decrease.

4.1 Introduction to how offshore wind farm design influencesd-

throated diverdisplacement
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Mitigation of the effects of displacemerghard toachieve The mitigation hierarchy states
that impacts should first be avoided, then minimis#dten the environment restoredand
finally, any remaining impact®mpensated Glasson and Therivel, 2019; The Biodiversity
Consultancy, 2022The behavioural response of seabirds to the presence of an offshore
wind farm means that avoidance can only really be obtained by not building the wind farm
in the location where an impact may occur. Where an impact cannot be avoided,

minimisation can play a large part in the mitigaticd ¥ | RS @St 2 LJySy i Qa 2 @SN

The mitigation otollisions may be obtaine@l @ Ay ONB I a Ay 3 { KsBthall dzND A ¥y S ¢
less of the rotor swept area overlaps with the flight height of seabiftiss means that

wind farm power capacity can be retained but impacts reduced. Howéwemere

presence of the turbines is the cause of displacemB&moving a proportion of the

turbines couldtherefore, minimise impacts; however, this would likely come with an

associated loss of wind farm capacitizere is no consensus on whether the sphtesign

of a wind farm has any bearing on this behavioural resppasd few studies have explored

this idea Suppose it is the case that certain wind farm parameters have more of an impact

on displacement than others. In that case, there may be a potential mitigation route

through modifying these parameters whilst retaining wind farm capacity.

The previous chapter evaluated part of the first stage of the proessnsideringhe
cumulative displacement of seabirds by assessingdmmwhyspecies are spedinto a
cumulative displacement assessment. This chapter follows by evaluating how wind farm
design may influence seabird displacemanorderto understand how reductions to both
individual and cumulative displacement impacts may be achidwedstigations into
mitigation of impacts would bearried out at an impact assessment stage Wwatild also

utilise empirical evidence of displacement at existing wind farms.

Within the overall aim of the thesis, this chapter addredses cumulative seabird
displacement from offshore wind farms is assesard verified byreviewingthe
parameters which can be used to quantify displacemedaterminingwhich wind farm
design parameteraffect displacementanddiscusgg how wind farms could be designed
to minimise displacemenihe chapter focuses on reélroated divers as one of the most
sensitive species to displacemetitbeginsby discussinghe parameterghat can describ
displacement and reviewing studies thmention wind farm parameters in relation to

displacement. The chapter then collates evidence ofttedated diver displacement and
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relevant parameters of the wind farms in questidtthen performs statistical analyses to
determine whether wind farm design could be a factor in diver displacement. It ends by

discussing how wind farms may be designed to mitigatetihedlated diver displacement.

4.2 Parameters of displacement considered in this study

Several parameters can be used to descdisplacement:

9 displacement rate the proportion of birds that are displaced from an offshore
wind farm and adjacent area

1 displacement distance the distance from the boundary of an offshore wind farm
that birds are displaced

1 gradient of displacement the change in displacement rate with distance fram
offshorewind farm

9 distance band the distance region within which a displacement rate is described

These displacement parameters are used throughout this thesis to describe displacement

and are explored in more detail in ChapteiT®e parameters can be seenHigure4.1,

GAGK a! ¢ NBLINBaSyiGaAy3d Iy 2FFakK2NB gAYyR Tl N¥I
RAalGlIyOST a/¢é¢ NBLINBaSylGAy3d G4KS RA&AGHYOS ofF yR
displacement rate, and the displacement gradient seen as a change in displacement rate

with distance from the wind farnfigured.1 shows a withirwind farm displacement rate

of 100%distance bands of 1km, a declining displacement gradient of 10% every 1km

distance band, and a maximum displacement distance of 5km. As displacement outside of a

wind farm is described in terms of its distance from the wind farm boundary, displacement

inside the wind farm boundary is referred to as witaifishore wind farm disiacement, or

simplydOWE for ease in tables and figures. Fotample, Table4.1 descibes the

displacement rates at distance bands-igure4.1.

Table4.1. Example displacement rates in distance bands within and around an offshore
wind farm.

Distance band Displacement rate (%)
Within offshore wind farm (OWF) 100
0t 1km 85
1t 2km 70
21T 3km 55
3T 4km 40
41 5km 25
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Displacement rate (%)
100

85
70
55
40
25

A = offshore wind farm
B = maximum
displacement distance
(e.g. 5km)

C = adisplacement band
(e.g. 1-2km)

Figured.1. A top-down representation of a wind farm, where A is the wiarh with
concentric rings around the wind farm describing displacement outside of the wind farm
within each of the distance bands (in this catistance bands are 1km wide).

These are the typical parameters whicdin be used talescribe the number of birds

displaced from the wind farm and the surrounding area. However, an additional parameter,
mortality rate, is used during ampactassessient to describe the proportion of displaced
birds likely to die due to being disturbed. This parameter has not been observed during
post-construction monitoring of wind farms due to the difficulty in detecting mortalities at
sea, as any carcasses arellike be washed away or predated. Evig carcasses are

detected, determining that the mortality was due to being displaced would be problematic
as any fatality is likely to occur sometime after the disturbance and possibly some distance
from the wind farm. The mortality rate is therefore nobnsidered further within this

research as there is no empirical evidence of displacement mortality to analyse against
wind farmdesignparameters. It may be feasible that wind farm parameters may have a
bearing on mortality rates; however, it cannot cently be investigated due to a lack of

evidence from existing wind farms
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4.3 Displacement in relation to turbine parameters from previous

studies

Reports from several wind farms have posed the idea thatparameters of wind farm
design may havinfluenced thedisplacemenbf birds(Hotker, 2006; Krijgsvekt al.,, 2011;
Leopoldet al, 2011) Turbine density may affect the withiwind farm displacement ratef
auks;for instance a higher density of turbines at Princess Amalia wind farm was proposed
as a reason for a higher displacement rate inside the wind farm, compared to a
neighbouring wind farm with a lower density of turbines and lower associated
displacement raté€Leopoldet al., 2011) Alternatively, the space between turbines may
influencewithin-wind farm displacemenKrijgsvelcet al. (2011)found that more birds flew
between turbines spaced further apart, prompting the notion that wind falisplacement

is lower when turbines are spaced further apdrhe height of turbines potentially affects

the displacement distance of lapwing from onshore wind farms, with data from 24 studies
globally contributing to a significant rise in displacement distance with turbine height
(Hotker, 2006) Other terrestrial species, however, showed no statistically significant trend
in displacement distance with turbine height, suggesting this justybe a speciespecific

phenomenon.

Alternatively, rather than looking for a trend in wind farm parameters and displacement
parametersone set of studies looked tetermine whether there was any significant
difference in wind farm parameters at wind farms witlignificant displacement effecio
guillemotsand razorbi (APEM, 2022k@nd northern gannefAPEM, 2022ajompared to
wind farmsthat had no displacement effect. They found thhé densityof the rotor-swept
area (total rotorswept area as a proportion of total wind farm area) and distandéé¢o
coast were significantly differefitetweenwind farmswith a significant displacement effect
on auksandthose thathad no displacement effecThissuggessthese parameters could
influence displacemertAPEM, 2022bpisplacement of gannstvas significantly
correlated with the area of a wind farnturbine density (number of turbines per Kinthe
maximum distance between turbines, and distance to sigfeEM, 2022apgain, there

appear to be some specispecific effects of these wind farm parameters.

Forguillemot, razorbilland gannet, wind farms further from the coast showed higher
displacement rate$APEM, 2022b; APEM, 2022)was hypothesised that this could be

due to less spatial constraint on foraging activity further from the coastline, feitier
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sources of anthropogenitisturbance, g locations outside of a wind farm would be more
readily used for foraginAPEM, 2022b; APEM, 202ZH)is maythen mean that close to

shore where space is more limited and other sources of disturbance alsq guikémot,
razorbill, and gannetontinue to forage within wind farsx Perhaps this is because other
anthropogenic activities are a stronger source of disturbance, or they have become tolerant
to some disturbance, or competition for resources is higthat is unclear ighe level of

impact on a population as a wholkt is also not clear whether there is a difference

between lo@tions with leswind farmrinduced displacemerand multiple other

disturbance sources or spatial restrict&ysompare to locationswith more wind farm
displacemenbut less other disturbance sources or spatial restrictisrit the case that

lower displacement close to shoresults frommany sources of disturbance such that the
presence of a wind farm is the lesser soun€disturbance? lithis case, potentially

detrimental levels of disturbance are present at a cumulative scale, and the fact that a wind

farm close to shore haes lower displacement effect reot necessarily a good thing.

Variables outside of those directly related to wind farm parameters mayisfls@nce
displacement rater compound the effects due to certain desigAdowabundance of
guillemot and razorbill was associated with larger displacement effects, possibly because
competition for food idower, so they can move to areas away from sources of disturbance.
Conversely, high competition in areas of high seabird density may restrict where they
forage, meaning not being displaced by a wind f8&REM, 2022b) arger displacement
effects have been seen in the breeding season compared to théoremding season for
gannet(APEM, 2022apuillemot and kittiwak€Peschkaet al., 2020) Againthis may be

due to other environmental factors across seasons and may have different population
effects, for instancgf it results in reduced chick provisioning and survival during the

breeding seasofPeschkeet al., 2020)

Redthroated divers arene of the most sensitive species to disturbane#éh evidence of
large displacement rates with displacement occurring over vast §reterseret al., 2006;
Percival, 2014; Mendet al.,, 2019; Vilelat al,, 2020; APEM, 2021yet, no studies have
been carried out on the impact of wind farm design on-tkabated diver displacement.
Mitigation of detrimental impacts to the rethroated diver is necessary as wind farms
continue to be built across inshore European watdherefore, his work aingto
investigate if and how any aspects of physical wind farm désgnainfluenced the

distance and proportion ddisplaced reethroated divers
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The null hypothesis was that there was no correlation between parameters of displacement

and wind farm design parameters

1.

10.

11.

12.

No correlation between withikwind farm displacement rate and the rotor
diameter

No correlation between withiswind farm displacement rate and thetor swept
area

No correlation between withiwind farm displacement rate and thesight of
turbines to tip of blade

No correlation between withiswind farm displacement rate and the air gap
No correlation between withiswind farm displacement rate and thesdsity of
rotor sweptarea(total rotor swept area as percentageof total wind farm area
No correlation between withi#wind farm displacement rate and theimber of
turbines

No correlation between withiswind farm displacement rate artie area ofthe
wind farm

No correlation between withiswind farm displacement rate and ttarerage
spacing of turbines (blade tip to blade tip)

No correlation between withiswind farm displacement rate and ttaerage
spacing of turbines (tower to tower)

No correlation between withiswind farm displacement rate and thdensity of
turbines(turbines/kny)

No correlation between withiswind farm displacement rate and theind farm
capacity

No correlation between withikwind farm displacement rate and thdistance to

coast

These 12 hypotheses were then replicated by replacing withind farm displacement rate

with the maximum distanceed-throated diversare displaced from the wind farm

4.4 Method to investigate the influence of wind farms ored-

throated diverdisplacement

To investigate the potential influence of built wind farm parameters on the displacement of

seabirdsgvidence of reethroated diver displacement was collected frgost-
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construction monitoringeportsfrom operational windfarms, published reports and peer
reviewed articles. In addition, information regarding thebaslt parameters of offshore
wind farms was sourced via internet searches on the wind farm in que&mal.1 shows
the wind farm variableshat were explored within this investigation.

Box4.1. Wind farm variables from parameters of individual turbines to the wind farm as
a whole

Parameters of individual turbines: Parametersof the wind farm as a whole:
1 Rotor diameter (m) 1  Number of turbines
{1 Rotor swept area (A  Area of wind farm (kf)
9 Height of turbines to tip of blade (m) | Average spacing of turbines (blade tip
1 Airgap (m) to blade tip) (m)
1 Density ofrotor sweptarea(total rotor | 1 Average spacing of turbines (tower to
swept area as percentageof total tower) (m)
wind farm area) 1 Density of turbinegturbines/knr)
1 Wind farm capacity (MW)
9 Distance to coast (km)

Redthroated diver dsplacement was also explored througho mainparameters:

1 Rate of displacement within the wind farm (%)
1 Maximum distanceed-throated diversare displaced from the wind farm (km)

At the time of the research (June 2023}ptal of 15 reports were found to quantify the

displacement of redhroated divers from offshore wind farms. Eleven of these analysed
the effect of individual wind farms or wind farms in very close proximity to one another.
The remaining five reports cowlgired redthroated diver displacement over a much wider

area, including multiple wind farms spread apart.

Thellindividual reportquantifyingred-throated diverdisplacemendid so at dfshore

wind farms in foulEuropean country jurisdiction3 hese wind farms were Horns Rev |

Horns Rev II; Nysted; Alpha Ventus; Egmond aan Zee; Gunfleet Sands; Kentish Flats; Lincs,
Lynn and Inner Dowsing; London Array; North Hoyle; and Th@hetlilt parameters of

these wind farms are listed ilsppendixTableD1. Note that Lincs OWF and Lynn and Inner
Dowsing OWF are two separate wind farimswever,they arelocated adjaent to one

another with postconstruction monitoring of redhroated diver displacement analysed for

the two wind farms together. Therefore, the wind farm parameters for the Lincs OWF and
the Lynn and Inner Dowsing OWF have been described separatelylé@DIan Appendix

D, but parameters either averaged (e.g. rotor diameter) or summed (e.g. the number of
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turbines) for analysis against displacement parameters. The five reports analysing red
throated diver displacement across multimiéfshore wind farmsvere located in German
waters. However, the broader spatial scope of these analyseke it difficult to assess the
impact of specific wind farm parametetterefore, theywere only selectively used

throughout this researchThese wind farms are listedTiableD2 in AppendidD. Details of

red-throated diver displacemerftom the 11 individual wind farm reportare listed in

Table4.2, whilst thered-throated diver displacemerftom the five multiple wind farm

reports is listed ifmable4.3.

Table4.2. Redthroated diver displacement rates and displacement distances at individual

offshore wind farmas reported in the literature and monitoring reports.

Offshore Distance Displacement | Number of] Wind farm| Displacement
Wind Farm | band (km) | rate (%) turbines | area (km) | reference
Horns Rev I| Within OWF | 100 80 20 Peterseret
Denmark 0.0t 2.0 Not quantified al. (2006)
Horns Rev I| Within OWF | Not quantified | 91 35 Peterseret
Denmark T 6.0 al. (2014)

Within OWF | Not quantified

T 13.0
Nysted Within OWF | 100 72 21 Peterseret
Denmark 0.0t 2.0 Not quantified al. (2006)
Alpha Within OWF | 90 12 4 Welcker and
Ventus 0.0t 1.5 Not quantified Nehls (2016)
Germany
Egmond Within OWF | 68 36 27 Krijgsveldet
aan Zee al. (2011)
Netherlands
Gunfleet | Within OWF | 91.29 48 18 NIRAS (2015)
Sands 0.0t 1.0 65.80
UK 1.0t 2.0 20.95
Kentish Within OWF | 94 30 10 Percival
Flats 0.0t 05 77 (2014)
UK 0.5t 1.0 69

1.01 2.0 53

2.0t 3.0 56
Lincs, Lynn | Within OWF | 83.3 129 55 Webbet al.
& Inner 00t 1.0 [77.4 (2017)
Dowsing 1.0t 2.0 71.4
UK 2.0t 3.0 62.5

3.01 4.0 55.2

4.01 5.0 50.8

5.0t 6.0 44.8

6.0t 7.0 42.3

7.01 8.0 33.6

Within OWF | 54.68 175 100 APEM (2021)
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Offshore Distance Displacement | Number of| Wind farm| Displacement
Wind Farm | band (km) | rate (%) turbines | area (km) | reference
London 0.0t 0.5 47.91
Array 0.5t 1.0 44.92
UK 1.0t 1.5 41.00

151 2.0 38.91

2.0t 25 40.38

2.5t 3.0 41.18

3.0t 3.5 39.9

3.51 4.0 36.07

401 45 33.02

451 5.0 31.55

5.0t 5.5 32.96

551 6.0 35.00

6.01 6.5 36.08

6.5t 7.0 35.58

7.01 7.5 40.07

7.5t 8.0 41.29

8.0t 8.5 44.88

8.51 9.0 45.13

9.0t 9.5 44.19

9.5t 10.0 |39.61

10.0t 10.5 | 34.44

10.5t1 11.0 | 23.88

11.0t 11.5 | 12.62
North Hoyle| Within OWF | Not quantified | 30 10 May (2008)
UK T 25
Thanet Within OWF | 73 100 35 Percival
UK (2013)

Note: Number of decimal places is the same as those reported in the relevant literature or

monitoring report.
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Table4.3. Redthroated diver displacement rates and displacement distances at multiple

offshore wind farmgas reported in the literature

Offshore Wind Farn| Distance band (km)| Displacement rate (% Reference
Butendiek & OWFt 3.0 70.8 Mendelet al
Helgoland Cluster | OWFt 10.0 445 (2019) '
Germany OWFt 16.5 Not quantified

German Bight OWFt 5.0 90 Hein&neret
Germany OWFt 15.0 Not quantified al. (2020)
ggm:zy'\'orth S8 | owrr 10.2 Not quantified Eg'g‘z'%‘?t al.
German North Sed | OWFt 1.0 94 Gartheet al.
Germany OWFt 10.0 52 (2023)
b“éerpoo' Bay OWFr 3.8 Not quantified (legi% al.

Note: Number of decimal places is the same as those reported in the relevant literature or

monitoring report.

The methods used to determine displacement parameters across the 15 reportsddiéfer
to the type ofsurvey andnethod ofdata analysis. For instance, studies used Hazsted,

visual aerial, digital aerial, radar, and telemetry methods to surveythrezhted divers,

with the method sometimes differing across the study period. These survey methods can

result in different abundnce estimategHenkelet al, 2007) Boatbased surveys, in
particular, can be less accurate due to a combination oftiead identification with no

opportunity for review and behavioural response to the presence of vessels which can

either attract or displace different speci€Briggset al., 1985; Henkett al., 2007)

5FGF Ffaz

survey transec{Thomaset al., 2010) This is also required for visual aerial surveys;
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however, flights are less likely to prompt a behavioural response from individuals, thereby

providing a more accurate abundance estimédeicklancet al., 2012) In addition, some
studies used a BeforAfter-Controtimpact approach (BACWyhich compares abundance
and distribution estimates after wind farm construction to estimates prior to wind farm
construction Other studies used solely pesbnstruction data to look at the spatial

patterns in abundance (sefpendix Tabld3 for a full list of the wgrvey, modelling, and

displacement calculation methods tiife red-throated diver displacement studigs

Therefore, these differences must be considered when compgatisplacement

parameters across studies using different survey and data analysis methods.
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The wind farms ranged from 12 small turbine sites covering?4&rh75 large turbine sites
covering 100krf from close to shore (closest to shore = 5.2km) to further offshore
(furthest from shore = 45.0km). Some small wind farms were located close to shore whilst
others were sited far from shore, and likewise, large wind farms were sited both close to

and further from land.

The first null hypothesis was that displacement rate didawtelate with any wind farm
parameter.The second null hypothesis was that maximum displacement distance did not
correlate with any wind farm parameter. Therefooesrelation test were chosen to test
these null hypothesed he Shapiro test fanormal distribution showed thathe majority of
displacement and wind farm parameters had agormal distributions. In addition, there
were several outliers in the wind farm and displacement parameiférerefore, Kendall tau
tests were chosen as the statistical ttés investigate relationships between displacement
and wind farm parameters he analysis was carried out in R (R Core Team, 2022). The R

markdown code is available in Appendix E.

An alternative method to investigating trendswind farm design against displacement
parameters is to determine whether there is a significant difference in wind farm
parameters between those sites for which there is evidence of displacement versus sites for
which there is evidence of no displacemenhis type of analysis has been carried out for
the displacement oauks (APEM, 2022kBnd gannes (APEM, 2022aHowever, for red
throated diversvery few reports showffshore wind farms had little to no displacement
effects.For exampleBarrowOffshore Wind &m found no significant changes in the
density or distribution of redhroated divers after three years of pesbnstruction
monitoring survey¢Barrow Offshore Wind, 2010pther wind farms had totew red-
throated diver densities to detect any density changest-construction, such as at Robin
Rigg offshore wind farr(E.ON Climate & Renewables, 2018)erefore, comparing wind
farms with little or no displacement against those with substantial displacement is not

feasible statistically.

4.5 Results for the wind farms that quantified displacement of red

throated divers

For the 11 individualoffshore wind farms that quantified displacement of rddoated

divers initial statistical tests for normal distribution show nowrmal data distributions for
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both displacement parameters and wind farm parameters. In addition, small sample sizes
mean that Kendall correlation tesése the best choice for the data. Kendall tests were
performed on eachvind farm parametemagainst both withiawind farmdisplacement rates

and maximum displacement distance values.

Resultdn this sectiorare split by displacement parameter: displacement rate within the
wind farm (%)the maximum distance thated-throated diversare displaced from the wind
farm (km), and displacement rate at the maximum distarezkthroated diversare

displaced from the wind farm (%).
4.5.1 Displacement rate within the wind farm

Of the 1l individualwind farmsthat indicated redthroated diver displacemenhine
reported the displacement rate within the wind farfhable4.2). This displacement rate

ranged from 54.68% to 100%, with a mean of 838anda median of 9000%.

Thereare some differences in the withiwind farm displacement rate when considering
the survey platform or the method of calculating displacement, with Humged surveys
reporting similar withiawind farm displacement rates and the two visual aerial surveys
reporting the same withirwind farm displacement raté={gure4.2). These two survey
methods result in higher withivind farm displacement rates than the other survey
methods However, there are few data points for these other method¥erefore, it is hard

to come to a conclusion as to whether the survey methodkesa meaningful difference to
the displacement rates reported. The BACI data analysis method appears to generate a
range of displacement rates, suggesting the survey method may be a larger factor in
determining what those rateare. Thereare two studies which report withi#wind farm
displacement rates lsg other analytical method One of these&eompaesthe assumed
distribution, had thewind farmnot been built to the actual distribution of birds after wind
farm construction. The other method compardistribution within the wind farm to that
outside the wind farmEach study, regardless of survey type, generated a displacement
rate which is a relative metric, be it a comparison before and after wind farm construction
or inside and outside an operational wind farm. Therefore, displacement rates from all

studies werdreated in the correlation analysis.
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Figure4.2. Redthroated diverdisplacement ratesithin offshorewind farms across

European wind farmsnd the survey and displacement methods used to calculate,them
stated in the literature and monitoring reporgsine studies spanning 2006 to 2021)

When considering whether therge any relationships between the displacement rate
within the wind farm and wind farm parameters, several significant correlatomseen A
significant positive correlatioaxistsbetween theturbine density and the withirwind farm
displacement rateR = 0.74,n = 9,p < 0.01) Wind farmswith higherdensityturbinesshow
higher displacement rates within the wind faisnd vice versa, from a density of 1.8
turbines/kn¥ and 54.68% displacement up to 4.0 turbinesAand 100% displacement
(Figure4.3). Displacement within the wind farns also correlatedalthough not as
significanty, with diameter R =-0.48, n=9,p = 0.®). Snaller diameter turbines show
higher displacement rates within the wind faiend vice versa, from 100% displacement at

80m diameter turbines to 54.68% displacement at 120m diameter turbirigsi(e4.4).
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Figure4.3. A significant relationship (p < 0.01) showirgigher density of turbines within a
wind farm correlates with higher retiroated diver displacement rates within wind fasm

Note: Shaded area = 95% confidence intervals.
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Figure4.4. Asomewhatsignificant relationship (p < 0.10) showing larger turbine diameter
correlates with lowered-throated diverdisplacement rategvithin wind farms.

Note: Shaded area = 95% confidence intervals.
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The dsplacement ratds higher at wind farms with smaller rotor diameter turbirsexd

higher in wind farms with higturbine densites. Whilst it makes sense intuitively that
higherdensity turbines result in higher displacement rates as hindy perceive less space
uninterrupted by anthropogenic structures, it is less obvious why smaller turbines result in
higher displacement rates. However, it may be that either turbine density or rotor diameter
isthe actual cause of displacement, whilst the other éads linked to the first, but itself is

not a cause of displacement.

The small rotor diameter ankiigh turbine density suggest that turbines with smaller
diameters are placed close to one another in a given area, resulting in a high density of
turbines. Indeed, therés anegativecorrelation between rotor diameter and turbine
density R =-045,n=9,p= 011). This makes sense from a wind farm power perspective,
with turbines increasing in sizmdneeding to be spaced further apad reduce wake
interactions resulting in lower turbine densit{stevenset al,, 2016) This interaction
between rotor diameter and turbine density was subsequently investigated through a
partial correlation between turbindensity and withirwind farm displacement rate
controlling for rotor diameterA significant positive correlatias apparentbetween the
turbine density and the withirwind farm displacement rat&vhen controlling for turbine
diameter(R = 067,n=9,p =0.02). Thissuggessthat turbine densitycorrelates with
within-wind farm displacement rataegardless of whethesr nat rotor diameter is

controlled for,

Similarly, theréds a correlation between the height (to blade tip) of turbines and

displacement rate within the wind farm, wherellyere isa higher displacement rate when
smaller turbinesare presentR =-0.45,n=9,p=0.11). Again, this is likely due to more

dense wind farms consisting of smaller (in height) turbines. Indeed, a partial correlation
between turbine density and withiwind farm displacement whilst controlling for height

(R =0.69n=9,p=0.02) showshat density carexplain the correlatiomegardless of

heightt CdzNIi KSNXY 2 NBE X | (i dzNbhe otbr@diameter?ad & gap nkeslsh 3 K
to be maintained between the bottom of the rotor and the sea surfaterefore as

turbine diameter increases, so does turbine heidRt50.93n=11,p = <0.01)henceit

makes sense that height is also a covariate.
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It, therefore, seems plausible that the causetb® high displacement rate is the density of
turbines, which occurs where there are turbines with small rotor diame(ansl turbines of
lower height) However it maybe that the distance between towers, rather than the size of
the rotors, is more important. This would make sense asttawated divers spend much of
their time sitting on and diving througthe water, potentially perceiving things lower tioe
water surface more than higher in the air. Wherflight, redthroated divers spend 98% of
the time below 30m above the sea surface and given that the average air gap between the
sea surface and the bottom of the rotewept areais 27.4m (min = 220m, max = 3.5m),

even in flight reethroated divers often do not enter the rotor swept aréohnstoret al,,
2014) The sameorrelationis seen fodisplacement rate and average turbine spacing
when considering the spacing between towarsd fordisplacement rateandaverage

turbine spacing when consideritige spacindetween tips of bladeR =-0.42,n=9,p=

0.12 andR =-0.42, n=9,p = 012, respectively Again this suggessthat perhaps the rotor
diameter does not directly influence displacement raftgg(ire4.5 and Figure4.6).
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Figure4.5. A relationship showing larger spaces between turbine towers corseldtte
higherredthroated diverdisplacement rates within the wind farm.

Note: Shaded area = 95% confidence intervals.
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Figure4.6. A relationship showing larger spaces between turbine blade tips coseldlte
higherred-throated diverdisplacement rates within the wind farm.

Note: Shaded area = 95% confidence intervals.

The other wind farm parameteiiavestigateddo not significantly correlate with whin-

wind farm displacement rates. Theukity ofthe rotor swept area meaning theotal rotor
swept area as proportion of the wind farm areds not significantly correlated with
displacement rate, further suggesting that the size of the r@garot asignificantfactor
influencing displacement ratét may be that over timgas technology improves, turbines
get larger and more spaced apart, but also further from the coast. However, ithae
significant correlation between displacement rate and distancéhéocoast.Thereis no
significant correlation betweethe displacement rate within the wind farm andl ather
wind farm parameters (number of turbines, turbine height, wind farm area, rotor swept

area, wind farm capacity, and turbine air gap).
4.5.2 Displacement distance from the wind farm

Ofthe 15reportsthat investigaed the displacement of redhroated divers with sufficient
data to analysetwo present displacemeniates within only the wind farm, with the
remaining 13 indicating a range of maximum displacement distances from 1.5km to 16.5km

(Figure4.7). The average maximum displacement distarecékm (median = 3km, range =
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within OWF to 16.5kmNot all of thesereportspresent displacement ratesithin the

maximum displacemerdistancesmaking it difficult to know whether the actual maximum
displacement distance Isdbeen found For instance, if a wind farm reported that
displacement was seen up to 7km from the wind farm boundary but did not state the
displacement rate in the outermost distance band, it is not known whether there was
potential for displacement to have also occedrfurther than 7km. It is often also unknown
whether surveys would have even been able to detect small displacement rates that might

have occurred either at 7km or further than 7km.
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Figure4.7. A histogram of the maximuned-throated diverdisplacement distances
reportedby the literature and monitoring reports from offshore wind farms

Tests were carried out to determine whether any windhfiadesign parameters had a
bearing on the maximum distance from the wind farm over which displacement was seen.
However, hereis no significant correlation betwedhe maximum distance from the wind

farm thatdisplacemenis observedind anyof the wind farm parameters

There may be a range of other factdhait might influence the displacement rates and
distancesenvironmental, ecological, and anthropogenic. Some of these may be known or

measurable factors, whilst others are harder to determine. These may be factors such as
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the relative quality or importance of a habitat where a wind farm is built; the survey
platform, survey design, distribution modelling method, and statistical analysis of data;
variability in densites and distributions of speci@sross monthsseasonsandyears and

existing levels of disturbance and habituation to anthropogenic activity.

4.6 Discussion of bw offshore wind farm design influences red

throated diver displacemen

This is the first investigation of how wind farm design parameters may have influenced the
displacement of redhroated dives. The study found that turbine diameter, distance
between turbines, and density of turbines all correlated with the withind farm
displacement ratelarger turbines spaced further apart over an area resalit lower
displacement within the wind farm boundary. Furth@ore, the number of turbines

correlated with the area over which displacement was observed to take place, with more
turbines resulting in a larger overall area affected by displacement. All other parameters of
wind farm design that were assessed did not appear to have had a bearing on metrics of

displacement.

Currently, wind farm design parameters are not accounted for when assessing the impact
of seabird displacementvith the exception of wind farm aresaThis is used to determine

the number of birds present in the wind farm and appropriate distance band, and
subsequentlythe number of birds which are predicted to be displaced. Thergfoig

assumed that wind farm area is the sole factor influencing the number of birds displaced;
however, these results suggest that this is not necessarily the betead turbine

diameter, the distance between turbines, atite density of turbines are all parameters
whichappear to have the potential to affect ratiroated diver displacement rate. There

may be a case to include some design parameters within an impact assessment, much like
how a collision risk model uses aspects such as the number of turbines and rotor swept
area to determine the number of birds at collision risk. However, whilst wind farm area is
something not likely to change between impact assessment and the final wind farm design
and subsequent construction, turbine diameter, distance between turbined dansity of
turbines are all parameters which have the potential to change between the impact
assessment, the consent conditions, and final wind farm design and construction.

Therefore, although the worstase scenario is assessed, thisoisnecessarily what occurs
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post-construction. Howeveran assessment accounting for differences in design may help

indicate the least impactful design.

Designing to minimise displacement and designing to minimise collision may not also be
compatible, as the worstase scenario for collision estimates may not be the same as the
worst-case scenarifor displacement. For examplargerdiameter turbines appear to be
advantageous in terms of reducing displaceméwwever,they would likely be worst in

terms of collision mortalitieddowever, when considering that larger diameter turbines are
spaced further aparand higher above the sea surface, this mayeptially be

advantageous in terms of collision mortalities. Whether or not this would negate the effects
of larger diameter turbines would require further calculation. If this is the case, then larger
turbines spaced further apart couloh fact be better in terms of both displacement effects
and collision mortalities. This is merely a hypothesis at this stage, as there is no way to
know what the effect would be of changing wind farm parameters witradirect

comparison with an unchanged wind farm. Tlagigble nature of behavioural responses to
wind farms means direct comparison would not be possittavever, repeating thestudy
describedn this chapterutilising more displacement data as it becomes availahkey

shed more light on any differences that wind farm design parameters may make.

In order to shed more light on the effect of displacement and how to mitigate it, several
improvements to data collection are required. As seen throughoutthi@sis displacement
has been describeith a range of different waysee Chapter 6 for further investigation)
This include both quantitative and qualitativenetrics different methods of analysisnd
calculationswithin different size distance bands. This all makes comparisons across wind
farms challenging, particularly on top of differencesunvey methods and natural

variation in species abundances, distributions, and behavioural responses.

Therefore,a standardised methodology for describing displacement is urgently needed to
enablea better understanding of the effect of displacement and how it may be reduced
going forward. Based on the findings of this chapter and subsequent clsapteopinion

on what standardised displacement studies could look like is providin iconclusion
Undertaking surveys at a sufficient spatial scale to capture all displacement is also required
to fully understand the extent of effecttn addition considerdion is also needed as twow
displacement should be describedera large aregasdisplacementates may balifferent

on opposite sides of a wind farm
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Data on reethroated diver displacement, in a comparative format, is reasonably scarce.
Therefore this investigation is limited in the number of data sources that could be used to
explore the influence of wind farm design tire displacement of this species. Therefore,
more studies using consistent approaches are needed to quantify the evidence of
displacement. This will allow more robust research into the influence of wind farm design
such that more confidence can be given to anggested mitigation. Ftivermore, this
chapterhasspecificallyfocussedon red-throated dives; therefore, further work is needed

to consider how other species interact with different wind farm designs, and a holistic view

will be needed to minimise impacts to all speaefiectively

4.7 Conclusion of bw offshore wind farm design influences red

throated diver displacemen

In conclusiorthis first investigatiorinto the influence ofwind farm design parameteien

the displacement of redhroated diver has found thaurbine diameter, distance between
turbines, and density dfurbines all correlated with withitwind farm displacement ratdn
addition, the number of turbines correlated with the area over which displacement was
occurred Noother parameterappeared to influence rethroated diverdisplacementThis
study has demonstrated the vast differences in displacement effects, ways that
displacement is described, and indicated that some aspects wind farm design may be
having more of an influence of the effect of displacement. This opens the door for further
studies to investigate displacement mitigation options for other species and subsequently

test and validate alternative wind farm designs.

This chapterhasreviewedthe influence d offshore wind farm desigon red-throated diver
displacementThis has used and reviewed empirical evidence of displacement.
Comparisons between approaches to calculating displacement from evideaegplored
further in Chapter 6. However, before looking into evidence of displacement, it is important
to understandwhether surveys argn fact, sufficient to detect displacement in the first
instance. This is also a crucial step linkiredictions made in th@npact assessment with

the impacts that happen in reality. Therefotée nextchapterwill exploe the design of

pre-construction and postonstructionsurveygo detect displacement
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Chapter 5SHow much monitoring is sufficient to
detect redthroated diver displacement from

offshore wind farm®

Abstract

Offshore renewable energy developments have grewhstantially over the last 20 years,

yet there remains a large knowledge gap in the effect they have on the movement of
seabirds. Being able to detect seabird movements and changes in abundance is a crucial
step in understanding the impact to populatiootsensitive and vulnerable species. Careful
survey design is one way of enhancing the detectability of seabird displacement. This study
used redthroated diver (Gavia stellata) survey data from the Outer Thames Estuary Special
Protection Area to investiga how the statistical power of a survey to detect a given
displacement rate was influenced by spacing between transects, the density-of red
throated diver and the number of survey days. This was done through the use of a-Before
After study design, compang mean densities of rethroated diver before (préempact) and

after (postimpact) the construction of a wind farm. The results indicated that transect
spacing minorly affects the statistical power of being able to detect a given displacement
rate. The nmber of survey days can have an impact on the power to detect displacement,
however the variable able to make the largest improvement to the survey power was the
displacement rate to be detected. A sufficiently powerful survey can require an
impracticallylarge number of posimpact survey days, particularly where low displacement
rates are to be detected, which would be unreasonably cobi#urally, higher

displacement ratesa large number of survey daysgher densities of rethroated diver,

With the exception of the introduction and conclusion, the content of this chapter is
published as Hall, R. and Black, J. (2U24at level of monitoring is enough to detect
displacement effects of offshore wind farmEAvironmental Impact Assessment Reyie
105 107449
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and combinations of these factors were all more likely to result in higher statistical power
of a survey. However, some of these variables are not alterable, such as the density of red
throated diver, and others have vast casiplications, such as increasing the number of
survey days. Therefore, careful consideration of these variables at an early stage of

designing a survey can help ensure desired displacement can be detected.

5.1 Introduction to how much monitoring is sufficient taletect red-

throated diverdisplacement

Survey design is important within EIA at several stages, from collecting adequate baseline
information about the development site to monitoring surveys to satisfy consent
conditions.In terms of baseline data, current advicethe UK$to assesslisplacement
impact within thewind farmplus a buffer of 2km for all species except divers and seaduck
a 4km buffer is recommendddr these speciegStatutory Nature Conservation Bodies,
2022h) Thee is a furtherexception for reethroated dives, where 10km is suggested
(Statutory Nature Conservation Bodies, 2022d&)ere do not appear to be any standard
survey designs to undertake pesbnsent studies (including p@nstruction and post
construction) in order to validate displacement effects, though this is important to be able
to detect displacemenfMarqueset al., 2021) No other survey design attributes are
recommended, and the detectability of displacement effects basesusrey design

remairs largely unknown.

It is essential that postonsent monitoring of offshore wind farms is effective and improves
understanding of impacts on marine wildlife, including displacement of sensitive species.
This is especially critical given the potential for uncertainty in ifpeifsccance othe
environmental impacts of proposed offshore wind farm developments, particularly at the

cumulative scaléMasdenet al., 2010b)

The previous chapter revieweatw offshore wind farm design influengead-throated

diver displacementOnce a wind farm has beelesigned and its impactssesseand then
mitigated, confirmation is needed as to whether these predicted impacts are accuraee.
need for verification of impacts is twofold. First, knowing whether an impact has been
underestimated is needeas it may be that further mitigation is required to reduce the

impact. Second, it provides a feedback loop between impact assessmehtiseareality of
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impacts, such that impact assessment methods can be improved to provide more accurate

predictions.

The first stage in tk procesof verifying impactss to understand whether theurveys
carried outpre-construction and postonstruction of a wind farmare sufficient to detect
the impact. Tis chapter explores thisyomodeling different scenarios ofed-throated diver
displacementind ruminga power analysis on survey designs to check if they are sufficient
to detectsuchdisplacementThe chapter begins by describing the method usednalys
how much monitoring is sufficient to detect redroated diver displacementlt then
describes the results stinninga power analysis odifferent survey designs toheckif

they are sufficient to detect such displacemeiihis is done byodifying the transect
spacing (or number of transects), the mean density ofttedated divers, the standard
deviation in density of redhroated divers, andhe number of survey days. Finally, the
results are discussed within the context of tBeiter Thames Estuary Special Protection

Area (SPA) study area

5.2 Method of analysinghow much monitoring is sufficient taletect

red-throated diverdisplacement

This section first defirethe study areaandthen describes the data used befadescribing
the scenarios used to analyse whewel of monitoring isufficientto detectred-throated
diverdisplacementFinally, this sectioavaluates how power analyses were used to

determine sufficientevel of monitoring
5.2.1 Study area; the Outer Thames Estuary Special Protection Area

There are 28&pecial Protection AregSPA) across the UK, coveBag83knY of land and
sea(JNCC, 2023)25 of these have a marine componeptptecting bird species that are
dependent on the marine environment for all or part of their lifecydRCC, 2020dyhe

study area of interest is th@uter Thames Estuary SP&the southern North Sea and the
surrounding offshore wind farm developments that potentially impact this SPA. This area
was chosen as it is one of the busissrineareas around the UKyith shipping lanes,

offshore wind farms, aggregate extraction areas, and recreational water sports among the
numerous anthropogenic activities occurring in the region. The Outer Thames Estuary SPA
for the largest wintering aggregation of réldroated diversin the UKwhich is estimated to

be 6,466 individual&INCC, 2020e)yhe SPA extends from the Thames Estuary in the south
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to Great Yarmouth in the north, from the coastline to beyond 12 nautical miles offshore.

The location of the Outer Thames Estuary SPA relative to the UK is shieigorib. 1.

Legend
. Outer Thames Estuary SPA

[— e s
s 0 50 100 150 200 250km

Figure5.1. The location of the Outer Thames Estuary Special Protection Area (SPA) in
relation to the UK

The area of the Outer Thames Estuary SPAZI&M?, making it the second largest SPA

with a marine component by area in the UKeTcited population of redhroated divesin

the SPA is,866 individualsineaning the site hosts the largest aggregation of wintering
red-throated divers in the UK his value was based on visual aerial surveys undertaken
between 1989 and 200(NCC, 2020ehut digital aerial survey data fro@2012 t02013
suggessthat the peak population of rethroated divers within the SPA is 14,161
individuals(APEM, 2013)The most recent surveys from 2018 suggest 21,997 individuals
(Irwin et al., 2019) therefore, Natural England uses a mean population of 18,079 individuals

as the current estimate of the wintering populati¢Natural England, 201.3)
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There are multiple operational wind farms within and in close proximity to the Outer
Thames Estuary SPA. In addition, there are several wind farms that have development
consent allowing them to be built in the future and proposed wind farms which have not
yet submitted a development consent application but have seabed leases giving them right

to a particular area of seabed for wind farm developmeig(re5s.2).

Legend
Outer Thames Estuary SPA
Outer Thames Estuary SPA 16km buffer

Offshore wind farms

London Array
Offshore wind farm Operational

Consented

Pre-planning application
20 30 40 km

Figure5.2. The location of the Outer Thames Estuary Special Protection Area (SPA) and
nearby offshore wind farms at various stages of development (&sly#023).

Thefootprint of the London Array offshore wind farfas seen ifrigure5.2) was usedo
represent a typical wind farm footprint. It should be noted that this chapter makes no
assessment of the impacts of any individual wind farm onthedateddivers and the

London Array footprint was simply used to conveniently represent a realistic scenario for
the purposes othis analysisThe maximum extent of rethroated diver displacement from
a wind farm in the literature was 16k(Mendelet al., 2019) Thereforethis analysis
considered the detectability of displacement within an example wind farm plus 16km

outside the wind farm
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As redthroated divers are one of the most sensitive species to anthropogenic disturbance,
the largest aggregation of rethroated divesis present during the wintering period, and
there are multiple pressures herthis region of UK waters is prime for investigating the

cumulative displacement from offshore wind developments, current and future.

5.2.2 Datasetsused in analysing how much monitoring ssifficient to detect

red-throated diver displacement
Several publicly available datasets were used in thisystindlare described ifable5.1:

1 ¢KS / NRgy 9aidl iSQa hFFakKz2NB 2AyR {AdGS ! 3N
dataset, providing spatial offshore wind farm lease agreement information
f blFGdz2Nyf 9y3Ifl yRQa hdziSNJ ¢KI YS&a 9aiddza NB {L
Tableb.1. Datasets used tanalysehow much monitoring is sufficient to detect red
throated diver displacement

Dataset |/ NP gy 9Qaill 6SQa HhHbl GdzNI f 9y 3t yR(
Agreements (England, Wales & NI) EstuarySpecial Protection Area

shapefile (SPA) survey data shapefiles
Overview |atial offshore wind farm lease | Spatial information onesabirds
agreement information within the Outer Thames EstuaSPA

Spatial England, Wales &ad¥thern Ireland | TheOuter Thames EstuaBSPA
scale

Temporal |Data as of July 2023. Covers all | Surveys carried out in February 20

scale former, current, and proposed wing
farms since 2000
Detailed |Contains bundariesof lease Digital aerial surveywere flown

information| agreements for offshore wind farmgwith transectsspaced3.3km apart
This is not necessarily the boundar across theDuter Thames Estuary
of built wind farmsbut rather the SPA. Raw observations of seabirds
boundary of the area that can be |were recorded and formatted as
built upon. shapefiles.

The footprint of the London Array offshore wind farm was obtained fromQiwsvn

94l 1SQa hFFaK2NB 2 Ae/IRforakian 6n redBdaledSdwE&y Ga & K| LIS
distribution in and around the wind farm was obtained fromt § dzNJ £ s@yéyddf | Y RQ &

the Outer Thames Estuary SHAe SPA was surveyedHdabruary 201®y digital aerial

surveyswith transects flown 3.3km apaftrwin et al,, 2019) Raw data of bird sightings

from this survey was provided by Natural England for use within this chaptdydata on
red-throateddiverswere used, and only thosstting on the water were included in the

data analysisindividualsflying were removedrom data analysis as although they were
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passing through, it was unknown as to whether they were using the area for resting or
foraging on the sea surface and hence susceptible to displacement. Indiviakiatg off
were also excluded due to the uncertainty surrounding their use of the area prior to the

surveyor observing the bird.

5.2.3 Modellingundertaken toanalyse how much monitoring is sufficient to

detect redthroated diver displacement

The MRSea packag¢@®cottHaywardet al., 2017)was usedn Rto convert raw observations
into a density distribution map. This package was specifically designed by the cteators
analyse changes the abundance and distribution of species before and after offshore
renewables constructioThe package takes digital aerial survey data and anydefered
covariates along with §patially Adaptive Local Smoothing Algorithm (SAldS#enerate a
density distribution mapThe operational offshore wind farms within and in close proximity
to the study regin may have had an influence on the distributioned-throateddivers at
the time of the surveyHowever, the aim was to obtain a representative distributionret-
throateddivers therefore, the location of thewind farms was not considered covariate in
the model. Similarly, shipping was not included as a covaftatthe same reason
Bathymetry was included as a covariate, as it¢@ssistently been found as a predictive
covariate in describing rethroateddiver distributions(Macleanet al., 2006; APEM, 2016)
A density surface map was created on a 25@nd. This map was used as the baseline

distribution to represented-throated diversin the area.

5.2.4 Creation of scenariosised toanalyse how much monitoring is sufficient to

detect redthroated diver displacement

A 16km buffer around the London Array wind farm footprint was generated, and the red
throated diver density distribution map was clipped to the wind faptasa 16km buffer
Hypothetical transects were laid over tliensity surface mafo simulate survey transest
Transects with a width 00m were generatedndspaced apart by 0.5km, 1km, 1.5km,
2km, 2.5km, and 3km from theansectcentre. The transects @ve oriented in the same
direction as used in the originakrial surveyapproximatelyperpendicuér to water depth
contours(lrwin et al,, 2019) The 0.5krspaced transect coveretD0% othe study area
without any overlaps or gaps antherefore, represented the baseline tassess all other
transect spacings againdthe other transect spacing scenatitieerefore, coveredsmaller

proportions of the survey area, as outlinedTiable5.2. Results are presented in terms of
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changes to transect spacintgowever, this term could easily be replaced withe number

of transectsthe area covered by transesgtor the proportion of survey area covered by
transects.

Tableb.2. Parameters of hypothetical transects laid over the Outer Thames Estuary Special

Protection Area in the study of simulating levels of monitoring to deteethmedted diver
displacement from offshore wind farms.

Transect Number of Area covered by Proportion of survey area
spacing (km) | transects transects (knd) covered by transects

0.5 87 1174 1.00

1.0 43 585 0.50

1.5 29 391 0.33

2.0 21 293 0.25

2.5 18 234 0.20

3.0 15 193 0.16

The density of redhroated divers within each transect spacing scenario was sampled from
the baseline distribution map, and the mean density and standard deviation ef red
throated divers across the entire study amare calculated for each transect spacing.
Compared to the 0.5km transect spacing scenario, the mean density -tifireated divers
detected was higher in each of the other transect spacing scenarios, rangin@.ft8%

(1.5km transect spacing) to 2.2% (2.5km transect spacing) l&figer¢5.3). The standard
deviation of redthroated diver density also differed between transect spacihgsvever, it

was both higher (up to 2.0%) and lower (up to 1.9%) than the 0.5km transect spacing

scenario Figure5.4).
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Figure5.3. Percentage difference in meeed-throated diverdensity in each transect
spacing scenario compared to the 0.5km transect spacing scenaistudy of simulating
levels of monitoring to detect rettiroated diver displacement from offshore wind farms.
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Figure5.4. Percentage difference the standard deviation ofed-throated diverdensity in
each transect spacing scenario compared to the 0.5km transect spacing séeeasindy
of simulating levels of monitoring to detect rttoated diver displacement from offshore
wind farms
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In this simulation, 100% of the retiroated divers within each transect were counted. In
practice, digital surveysan have a reasonably high detectability of seabirds due to the
ability to review collected footage posurvey in the case of video survayg, & Rtaf, A a
2019) There is also less disturbance and attraction of species than can occur with boat
based surveyf-liessbaclet al., 2019) However, reehroated divers spend much of their
daylight hours foraging, with hundreds of dives per (@yckworthet al,, 2020) Therefore,
the detectability of reethroated divers when they are diving is very low. This can be
accounted for by applying an availability bias, which describes the ratio of time spent
underwater to above watefWebb and Nehls, 2019)here is no standaravailability bias
value for redthroated divers; therefore, one could not be applied in this study. However, in
all likelihood this has resulted in a lower density of-thtbated divers being detected
across the study site, therefore only the density ed-throated divers is affected. This
study was designed to investigate changes in survey design using a representative
distribution of redthroated divers, as opposed to investigating a specific circumstance

therefore the results ar@ot expected to have been impacted significantly.

5.2.5 Setup of the power analyset® explorehow much monitoring is sufficient

to detect redthroated diver displacement

Power analyisis a statistical tool used to determine the sample size required in order to
detect an effect with a certain level of likeliho@dcDonald, 2018)Power analysswere

run on a set of input variablés order to analyse the effecf different survey designsn

both the power to detect displacemerdnd the number of survey days needed to achieve a

minimum statistical powe(Tableb.3).
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Tableb5.3. Variables within the power analysis used in a study of simulating levels of
monitoring to detect redhroated diver displacement from offshore wind farms.

Input Variable Variable value

Number ofpre- Number ofpre-impact

. 12,24
impactsurvey days| survey days

5, 10(adjusted for the proportional
difference compared tohe 0.5km
transect spacing scenario)

Preimpactred-throated
diver density (birds/krf)

Effect size Displacementate (%) pZ MnX MpXdp

2, 4 (adjusted for the proportional
difference compared tdhe 0.5km
transect spacing scenario)

Pooledstandard deviation|
(birds/kn)

Significance level | Type | error probability | 0.05

1 minus Type Il error

probability 0.8

Power

Note: Power analyses were rua either determine power or the number of survey days. In
the case of determining power, the power variable was null. In the case of determining the
number of survey days, the number of survey days variable was null.

CKS AGFGAEGAONT L2 6 Spwrtdestds Ry REICHYTERY, dza Ay 3
202208 Ay LiziGAy3d GKS ydzyoSNI 2F adNpSeas G(KS §

usingEquation5.1, ard the significanelevel, and outputting the power.

0°000 g i of

Equation5.1. Effect size parameter within statistical power test.

where
of is the mean of population 1 (the pimpact density of regdhroated divers)
of is the mean of population 2 (the peshpact density of redhroated divers)

i is the pooled standard deviation (as calculate@&guation5.2)

G

Equation5.2. Pooled standard deviation parameter within statistical power test.

where

i isthe standard deviatiomf population 1 (the prempact density of reg¢hroated
divers)
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i isthe standard deviatiomf population 2 (the posimpact density of red
throated divers)

Displacement was defined in this study as the movement of birds away from a wind farm or
the surrounding area. The reduction in the density of-teaated divers was calculated
and quantified as a displacement rate, meaning the difference in the derfgiggo

throated dives pre-impact to postimpact as a percentage of the density of #thdoated
divers pre-impact. Therefore, the postpact density of redhroated divers was calculated
based on the displacement rate in question. For instance, if thempact density of red
throated divers was 5 birds/kfrand the displacement rate in question was 40%, the post
impact density of redhroated divers was 3 birds/khf40% of prampact redthroated

divers were displacedherefore 60% of prémpact redthroated divers remain)-or
simplicity, displacement was assumed to occur evenly across the studyfGeaame
principle was applied to calculate the standard deviation pogiact: the displacement

rate in question was applied to the pimpact standard detion. The preémpact and
postimpact densities, awell as prémpact and posimpact standard deviatiorwere then
adjusted to account for transect spacing using the proportional difference in density and

standard deviation compared to the 0.5km transect spacing scenario.

Thefirst set ofpower analyss assumed the same numberafrvey daysvere taken pre

and postimpact This was done using 12 and 24 survey days in the power analysis, meaning
12 preimpact and 12 posimpact survey days (24 total) and 24 pnepact and 24 post
impact survey days (48 total), respectivefipwever, in reality, it may not always be the
casethat there are the same number of survey days-prgact and posimpact Pre

impact surveys may be designed to describe the baseline environment avidi@i@base

on which to predict potential impacts. The design of pogpact surveys may come later
once a baseline has been established, impacts have been predicted, awththéarmhas
been built (having previously been a range of potential designs undegrtiject design
envelope, as described 8ection 29 (Caine, 2018) Thereforeasecond set opower
analygswascarried out which alloved for different numbers of survey daye be
assessedrlhis used a similar function Rywhich allows for different numbers of survey
days preimpact and postt Y LJ- O (p&r.t26.t&s8 e preimpact number oburvey
dayswas predetermined, and a range of peshpactnumbers of survey daysvas assessed
to determine the power of the surveyfhe preimpact number of survey days was again set

as 12 and 24 in the two scenarios.
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The same survey area was sanggbee-impact and posimpact; therefore it was likely that
the preimpact and posimpact samples werdependent as redthroated divers are known
to returnto the same area year on year, be it breeding sites or wintering gro{Bldsket
al., 2015; Duckwortlet al,, 2022) It follows thatpaired powert-tests were carried ouin

the power analysisvhen the number of preimpact and posimpact survey days were the
same. However, the nature bfiving a differenhumber of surveys prampactand post
impact meant that paired-tests could nd be usedwhen assessing the effect of differing
number of survey days pfienpact and posimpact. Consequently, for these scenarjos

unpairedt-tests were used

Finally, variables for th@uter Thames Estuary Special Protection A8RBArase study

were applied to power analgs in order to get sitespecific resultsising mean redhroated
diver density and standard deviation from this SPAe same displacemerdtes were

I LILJX ASR | & LINB JA 2 dzehis &as tifiglyXons usingithe maseie dudipelz 0 @
of survey days preampact and posimpact, then aifferent number of survey days prand
postimpact was also allowed henumber of survey dayequired © detect various
displacementateswas calculatd and compared to a baseline 28 survey dayswhich
accouned for one survey per month fawo years.The power analysis was carried out

using 4.5 birds/krf) the average density of rethroated divers fronthe population

estimate of the SPArwinet al,, 2019) It should be noted that although a range in the
number of survey days was examined and often compared to a baseline sfiorey per
month for two years, this study considered nbreeding redthroated dives, which are
typically only present in the Outer Thames Estuary SPA between October and May.
Therefore in reality, perhaps only eight surveys per year would actually detect the species,
so theamount of time a species pgesentneeds to be accounted favhen designing

surveys The analysis was carried out in R (R Core Team, 2022). The R markdown code is

available in Appendix F.

5.3 Resultsof analysing low muchmonitoring is sufficient to detect

red-throated diver displacement
This section first discusses the results of using the same number of survey daypace
and postimpact on being able to detect rettiroated diver displacement from offshore

wind farms.The influence ofising a different number of prnpact and posimpact

survey dayssthen described. The case study of #doated divers in the Outer Thames
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Estuary SPA is then discussed, first using the sdo@ie a different number of survey days

pre-impact and posimpact. Finally, a comparison is made between varying the

displacement rate and the number of survey days in terms of the detectability of red

throated diver displacement.

5.3.1 Usingthe same number of survey dayse- and postimpactto detect red

throated diver displacement

The impact of transect spacing on the power to detect displacement rates was investigated

for a given number of survey days and tedoated diver density, and how this changed

with changing the density of rethroated divers, number of survey days, andratard

deviation. For example, §birdskm? are presentpre-impactwith a standard deviation of 2

birdskm?, with 12 preimpactsurvey daysand the same number pogipact the surveys

are powerful enough to deteci35% displacementisingall transect pacinggFigureb.5). If

the number of survey dayisincreagdto 24 pre-impact and24 postimpact, andb

birdskm? are still presentpre-impact, the surveyare powerful enough to deteci25%

displacement with all transect spacin@8gure5.5). Note that this doubling of number of

survey dayss assumed to occur over the same time period.
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Figure5.5. The trend irthe statistical power of a survey with tlensityof red-throated
diversandthe number of prempact survey days with comparison across transect spacings
The mean redhroated diver density was set &thirds/kn? with a standard deviation d?

birdskm?.
Note:

1 Figureb.5a shows 12 survey dayendHgure5.5.bshows 24 survey days
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1 Figuresshow that moresurveys result in higher statistical power and allow a lower

displacement rate to be detected

If thereis a higher density of prienpactred-throated diversat 10 birds/kn?, again with 2

survey daypre-impact and the same number peshpact the surveyis powerful enough

to detect20% displacement with all transect spacirfggure5.6). If both the number of

survey days and density of reéldroated diversare larger at24 pre- and 24 posimpact

survey daysind 10 birdé&km?, the surveysare powerful enough to deteckl5%

displacement withmosttransect spacing@-igure5.6).
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Figure5.6. The trend irthe statistical power of a survey with the density of-thdoated

divers andhe number of preéimpact survey days with comparison across transect spacings
The mean redhroated diver density was set at 10 birds/Awith a standard deviation of 2
birds/kn?.

Notes:

I Figureb.6a shows 12 survey dayandFHgure5.6b shows 24 survey days

9 Figures bow that more survey day®sulted in higherstatistical power and allowed a
lower displacement rate to be detected.

The standard deviation oéd-throated diver densityvas also taken into account in the
power analysisA lower standard deviation resutin lower displacementate detectability.
For instance, setting theensityat 5 birds/knt and thenumber of survey dayat 24, a
standard deviation o birds/kn? allows25% displacement to be detected by transects of
all spacing. Astandard deviation of birds/kn¥ allows40% displacement to be detected by

transects of all spacingkigure5.7).
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Figure5.7. Thetrend in statistical power of a survey withe standard deviation of the
density ofred-throated diverswith comparison acrossansect spacingsrhe mean red
throated diver density was set at 5 birds/kmand the number of survey dayss24.
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Note:

1 Figure5.7a shows a standard deviation of 2 birdsAkmandFigure5.7b shows a
standard deviation of 4 birds/kfn

9 Figuresshow that less variation ired-throated diverdensity resulsin higher statistical
power and allowed a lower displacement rate to be detected.

The differences in mean retihroated diver density and standard deviatianrossransect
spacingscenariosnfluencethe statistical power. The 3km transect spacing resinlia
reasonably high mean density relative to the 0.5km scenario (0.77% higher) and a much
lower standard deviation relative to the 0.5km scenario (1.94% lower). This combination of
high density and low standard deviati@conducive to a higher power. The 1km transect
spacing resuftin a similarly high mean density relative to th&Km scenario (0.72%

higher} however, there i® much higher standard deviation relative to the 0.5km scenario
(0.80% higher). This combination of high density and high standard devistionducive

to a lower power. This can be sebylooking at individual displacement rate results, such
as for the5 birdskm? pre-impactand 12 preimpactsurvey days scenaridiere the 3km
transect spacing results in the highest power and the 1km transect spacingsiashi

lowest power of all the transect spacisgenariosigureb.8).
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Figure5.8. The influence of transect spacing on power showing the 3km transect spacing
resulting in the highest power and the 1km transect spacing resulting in the lpoxgst
(in this casewith 12 survey days ar@D% displacement).

Thissame trends seen throughout the remaining analysis. This phenomenon could be due
to the exact placement of the transects, and placing them in slightly different, but still
parallel to the original, locationsouldresult in different means and standard deviations in

red-throated diver density.

This section discussed the results of assurttiegsame number of surveyare undertaken
before and after wind farm construction. The next section will go on to explore how these
results change when a different number of surveys are undertaken before and after wind

farm construction.

5.3.2 Usingadifferent number of survey days preand postimpactto detect

red-throated diver displacement

Resultgn this sectiorare analysed where the number of survey days-aed postimpact
are different. The posimpact number of survey days required to detect displacement by
different transectspacings is investigated, and agdie influence of the number of pre
impact survey days arttie density of redthroated diverssexamined. The mean red

throated diver density was set at 10 birds/kmith a standard deviation of Birds/kn¥.
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For a given displacemerdte anda setnumber of preimpactsurvey daysdifferent
transectspacingsequire a different number ofpostimpactsurvey daysFor instanceto
detect 15% displacemenwith 12 pre-impactsurvey daysan impractical number of post
impact survey dayis required: between 256 and,325 postimpact survey dayslepending
on transect spacinflable5.4). Naturally, larger displacement rateesult in more practical
numbers of postimpact survey days. Howevesometimes only smalimodifications to the
displacement ratare needed.For instanceto detect 20% displacemena more

manageable 15 to 17 survey days is required (depending on transect spacing), and only
seven survey days (for all transect spacings) are reqtorddtect 25% displacement.
Table5.4. Influence of displacement rate and numbepod-setpre-impact survey days on

number of posimpact survey days with comparison across transect spadifegsn red
throated diver density = 10 birds/Krand standard deviation = 2 birds/Km

Scenario Number of postimpact survey days required
Displacement Number of pre 1km 1.5km | 2km 2.5km | 3km
impact survey
rate (%) days transect | transect | transect | transect | transect
15 24 26 26 25 26 24
20 24 10 9 9 10 9
25 24 5 5 5 5 5
30 24 3 3 3 3 3
15 12 N/A* 1327 846 7325 256
20 12 17 16 16 16 15
25 12 7 7 7 7 7
30 12 4 4 4 4 4
15 6 N/A* N/A* N/A* N/A* N/A*
20 6 N/A* N/A* N/A* N/A* N/A*
25 6 16 15 15 16 14
30 6 7 7 7 7 6
Notes:

1 (*) acalculation was not possible using pwr.t2n.téstaybe becausthe value was
larger than the bounds of theearchable number of survey days

1 Table shows that both a lower number of grepact survey days and lower levels of
displacement forced an increase in the number of gogbact survey days.

At alower number of prempactsurvey daysthe samedisplacementates require a larger
number of postimpactsurvey days, often too high to be able to calculdtal{le5.4).
However by halving the number of prampact survey days to six, 25% displacememtle
detected using between 14 and 16 pastpact survey days (depending on transect
spacing) This iscompared to a similar number of peshpact survey days being able to

detect 20% displacement with 12 pmapact survey dayglable5.4). Therefore to detect a
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very similar displacement rate and uaeimilar number of posimpact survey days, the

number of presurvey days could be substantially reduced.

Of course, the opposite is also true, whereby the moreiprpact surveysre carried out,
the fewer postimpact surveysrerequired. If 24 prampact survey dayare used, nine or
ten postimpact survey days would be required to detect 20% displacement, or 24 to 26
survey days to detect 15% displacement. Howggaution is advised in reducing the
number of surveys too far, either pimpact or postimpact, as this may result in obtaining
insufficient informationto characterise monthly, seasonal, and aahvariations in

abundance and distribution.

These last twesectiors havediscussed the results of assumigither the same number or a
different numberof survey undertaken before and after wind farm constructiorhe

following two sections will repeat this process but within the context of a case study of the
Outer Thames Estuary SPA population ofttedated divers. This is first done assuming

the same numbeof survey are undertaken before and after wind farm construction.

5.3.3 Resultsof the case study of the Outer Thames Estuary Special Protection
Area using the samaumber of survey daygre- and postimpactto detect

red-throated diver displacement

The power analysis walsen applied to the case study site of tter Thames Estuary
Special Protection Aredirst assuming the same number of survey days anel post
impact.To detect displacement in th&tudy site examplehe density of redthroated
divers within the SPA was usedpopulation of 18,079 individuals making an average

density of 4.6 birds/krhand maintaining a standard deviation obRds/km?.

A displacement rate of 35%detectable with a similar number of surveys as a typical

survey regime (12 surveys pipact and the same number peshpact). However, any
smaller displacement rates require more survey days, with an almost exponential growth in
the number of surveys ae very low displacement rates are considered, e.g. over 500 pre

impact and over 500 posinpact surveys to detect 5% displacemehalfle5.5).
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Table5.5. Influence of displacement rate and numbewafiablepre-impact survey days on
number of posimpact survey days with comparison across transect spaditegsn red

throated diver density = 4.6 birds/Krand standard deviation = 2 birds/Km

Scenario Number of survey days required

Displacement | 1km 1.5km 2km 2.5km 3km
rate (%) transect | transect | transect | transect | transect
5 567 560 556 565 537
10 136 135 134 136 129
15 59 58 58 59 56
20 32 32 32 32 31
25 21 20 20 20 20
30 14 14 14 14 14
35 11 11 10 11 10
40 8 8 8 8 8
45 7 7 7 7 7

50 6 6 6 6 6

Note: Tableshowsthat both a lower number of prémpact survey days and lower levels of
displacement fored an increase in theumber of postimpact surveydays.

A pragmatic vievis therefore neeed with regard to the number of surveys it would be
feasible to carry out and the displacement rate the surveys would be aiming to detect. Note
should also be given to how a small change in the number of survey days can achieve quite
a different displacementate at higher displacement rates. For example, there are only two
daysof difference (both preémpact and posimpact) in the number of survey days to

detect a 40% displacement rate and a 50% displacement rate.

The case study of the Outer Thames Estuary SPA is now used to contextualise the results of
assuminan different numberof surve are undertaken before and after wind farm

construction.

5.3.4 Resultsof the case study of the Outer Thames Estuary Special Protection
Area using a different number of survey dapse- and postimpactto
detect redthroated diver displacement
The power analysis was applied to the case study site oDtiter Thames Estuary Special
Protection Areaassuming a different number of survey days-jamed postimpact. The

meanred-throated diverdensity was set at 4.6 birds/Kiwith a standard deviation ¢t
birds/kn?.

Alow number of preimpactsurvey days promgtthe need for a largaumber of post

impactsurvey days, often too high to be able to calculdtal{le5.6) unless a sufficiently
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large displacement ratis considered. As this @ssite-specific case, it gives an indication as
to the number of survey days which would be required to detect various levels of
displacement and highlights the need to consider bothipnpact and posimpact surveys
early when designing monitoring. Fortasce, if six préampact surveysire undertaken and
the aimis to detect 45% displacement, between 25 and 32 fiogiact survey days
(depending on transect spacingfe required. However, if 12 prampactsurveysare
undertaken to detect the same 45% displacement, only ninempostimpact survey days
would be required Table5.6).

Table5.6. Influence of displacement rate and numbepod-setpre-impact survey days on

number of posimpact survey days with comparison across transect spadifesn red
throated diver density = 4.6 birds/Krand standard deviation = 2 birds/Em

Scenario Number of postimpact survey days required
Displacement N“”?ber of 1km 1.5km 2km 2.5km 3km
rate (%) pre-impact transect | transect | transect | transect | transect
survey days
30 12 N/A* N/A* N/A* N/A* 439
35 12 36 34 34 35 30
40 12 16 15 15 16 14
45 12 10 9 9 9 9
50 12 7 6 6 6 6
30 6 N/A* N/A* N/A* N/A* N/A*
35 6 N/A* N/A* N/A* N/A* N/A*
40 6 N/A* N/A* N/A* N/A* 1671
45 6 32 30 29 31 25
50 6 16 13 13 16 12
Notes:

1 (*) acalculation was not possible using pwr.t2n.tésiaybe becausthe value was
larger than the bounds of the searchable number of survey)ays

91 Table shows that both a lower number of grapact survey days and lower levels of
displacement forced an increase in the number of gogbact survey days.

In comparing whetheor notthe same number of prenpact and posimpact surveys
should be sought, consideration should be given to the displacement rate required to be
detected. For instance, if 12 pimpact survey dayare chosen and fixed, and 30%
displacements to be detected, at least 439 pastpact survey days would be required
(under the 3km transect spacing scenario), amounting to 451 surveyidéytal (Figure

5.9). However, if 30% displacement detectisrthe aim and the number of prienpact and

postimpactsurveysare calculated at the beginning tife survey design, only 24 pre
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impact samples and 24 peshpact samples would be required (under the 3km transect

spacing scenario), amounting to only 48 survey ddiggjether.
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Figure5.9. Comparisorof the number of posimpact survey days required with a fixed
number of prampact survey days (12) when different displacement rates are required to be
detected showshat detecting very small displacement rates would require very large
numbers of posimpact survey days.

A sensible option would be to run through a range of-jpn@act and posimpact surveys in
order to determine the least total number of survey days ng@act plus posimpact)

that would be requiredA thoughtmay also be given tthe limitations of undertaking
surveys prampact when time is limited before wind farm construction begins, but time is
less constrained after the wind farm becomes operational. Therefbreay be inevitable
that there will bean unequal number of survey days pnepact and pstimpact. Yet

thought still needs to be given to the number of pirapact surveys, particularly when
aiming to detect low displacement rates. As seefable5.6, too few preimpact surveys

can still lead to a disproportionately large number of pmspact surveys.
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5.3.5 Comparison of varying the displacement ratersusvarying thenumber of

survey days on the detection of rethroated diver displacement

It is clear that a number of variabl@sluence the power of survey desigtherefore, their
modificationcan increase or decrease power. However, some of these variables are
unalterable within the survey design, such as the numbenarability in the densityf
red-throated diverspresent in the study area. Nevertheless, th@mber of survey days
may be adaptedand the detectable displacement rate may be an adjustable attmeof
survey designAs has been investigated in previous sectidims number of survey days
anddisplacement rate aahave a large impact on the statistical power. The obvious next
question istherefore, which makes the most difference to statistical powamd how

should this be taken into account when designing a survey?

To investigate this,lte mearnred-throated diverdensity was set at 4.6 birds/Knwith a

standard deviation o birds/knt as per the case study. To detect 15% displacement with

12 survey days results in a survey power of 0.22. Doublinguheber of survey days to 24
(and keeping the 15% displacement rate) results in a survey power of 0.44. Conversely,
doubling the displacement rate to 30% (and keeping the 12 survey days) results in a power
of 0.71 Table5.7). This suggesthat the power changes more quickly with displacement

rate than the number of survey days. This trend generallgdat a range of displacement
rates and number of survey days, but thésea larger increase in power when increasing

the number of survey days when the displacement iiathigh.

Obviously, increasing the number of survey days in conjunction with increasing the
displacement rate results in tHeest improvement in power, but this is a small
improvement over increasing thdisplacement ratalone {Table5.7). However, as noted
above, some variables which go into the power analysis are adjustable through survey
design. The displacement rate will be determined by the effect of an offshore wing farm
therefore, having an indication of the displacement rate that might be expected or the

displacement rate thatvould ideally be detectable will guide the survey design
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Table5.7. Changes isurvey powewith displacement rate anthe number of survey days
show theinterplay between the number of survey days at different displacement rates on
statistical power, in this casasing lkntransect spacing.

Number of survey days

12 14 16 18 20 22 24
15 0.22 0.25 0.29 0.32 0.35 0.38 0.44
20 0.36 0.42 0.48 0.53 0.58 0.62 0.66
Displacement| 25 0.54 |0.61 0.68 0.74 0.79 0.83 0.86
rate (%) 30 0.71 0.79 0.85 0.89 0.92 0.95 0.96
35 0.85 0.91 0.95 0.97 0.98 0.99 0.99
40 0.94 |0.97 0.99 0.99 0.99 0.99 0.99

Note: Mean redthroated diver density=4.6 birds/knt andstandard deviatiors 2
birds/kn?.

Statistical power

Consideration should be given to whether the addition of a small number of surveys would
be beneficial in the wider objective of the survey. For instanadfiple 12 surveys are
typically carried out in order to understand the baseline environment of an offshore wind
farm site as this ensures a full yeancluding a month in each seasas surveyed.

Therefore, increasing the number of survey days nrafact, mean increasing by 12 such

that a whole additional year is surveyed, and the data can be insgglsonal summary
statistics. Increasing the number of survey days might provide an increase in statistical
power whenthe detection of a specific displacement rate is requireldwever, a balance

must be struck between the costs associated with adding in additional surveys and the

power gained.

5.4 Discussioron how muchmonitoring is sufficient to detect red

throated diver displacement

Giventhe need foranimproved understanding dahe potential impacts of offshore wind
development on marine wildlife, this study examined the power of mastsent (pre

impact and posimpact) monitoring This will aid in theollecion of data that will reduce
uncertainty in estimating the scale of displacement of a sensitive marine bird species to
future developments. The aim of such pa@sinsent monitoring surveys can be varied, and
objectives might includénhe detection of displacement at different scal&sg.site-wide or
within a specific region or buffer. Monitoring aims and objectives should dictate
appropriate survey desigitsregoryet al,, 2004) but in reality, factors such as resources,
logistics, time and weather constraintgc., can have a considerable influence on survey

design.
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Biological aspects of survey design also need to be accofmtelda instance the

detectability of distributed or clustered species and the potential for autocorrelation with
transects close togethdMacleanet al,, 2006; Petersert al,, 2011) Species that tend to
collect in flocks may be missed where wider transects are,Usading to an under
representation of the population or an ovesstimate if they are seen in transedfBhaxter

and Burton, 2009; Bucklarat al., 2012) Consideration must also be given to spatial
autocorrelation such that close transects together do not erroneodslyble-count
individuals(Lichsteiret al, 2002) A gridbased sampling design, as opposed to line

transects, may be one method to overcome problems with biases associated with clustered

species and autocorrelatiofBucklancet al., 2012)

The broad aim of postonsent wind farm monitoring is usually ¥alidak predictions made

in an EIA oHabitats Regulations Assessment (or Habitats Regulations Appraisal in Scotland)
(HRA (Marine Management Organisation, 201@pjectives usually relate to detecting
displacement, althougthey are not always clear nor precise in terms of displacement

rates, distances or spatial patterns being tested.

Survey design needs depend on specific objectives: for example, if an objectideiedb

a certain displacemenmtte, then the requiredcombination ofnumber of survey dayand
transect spacingboth preimpact and posimpact,can becalculatedin orderto achievea

high power to detect that displacement ratalternatively, ifan objectives to detect
displacement for a certaidensityof pre-impact birds for a givenumber of survey daysr

a range okurvey daysthe detectable displacememate can be calculated. Thigensityof
pre-impact birds could be an dstated average for the site @n estimatewithin a

particular region of interestlt may also ban estimate of an acceptable maximum effect

size in terms ofhe density of birds potentially affectetHow such an acceptable threshold

is determined may vary according to the relevant legislation but could be based on societal

values or on population viability analysésr example(Greenet al., 2016)

Designing the study in order to detect displacement if it were occurring in the region with
the lowest density of birds (the hardest to detect displacemehgeve itoccurg would

ensure that displacement in all other regions would be detectabtavever, for a cost
effective surveythis should be based on the level of chartlgat needsto be detected It
should also considerhether the change needs to be detected across the wholeosite

only where higher bird densitieare present. The level of change to be detected could be

105



that which would cause a change in the population trend. For instance, the level of
mortality of birds would cause a change in the population status from increasing to

flatlining or causing a certain percentage increase in the baseline mortality rate.

The variation in abundance is also a key consideration in determining survey desigte
spread of datanay lead to insignificant results even when the density of birds,
displacement rate, and number of surveys are large. The variability of birds per month, per
season, or per year may be very different, so consideration also needs to be given to the
temporalscale of the preand postimpact phases of a displacement study and the

variability that may be present in these phases.

Consideration of posimpact surveyneeds as part gbre-impact surveydesign would
maximisethe overall effigency of pre and postimpact surveys, especially where there is
some knowledge of birdensitiesexpectedin the study regionThis may be the case for
protected area%r for species thahave been extensivelurveyed omodelled(Wakefield

et al, 2017; Waggitet al, 2019) However, in order to make the most of surveys, a clear
aim and objectivarerequired. This mayin part, be dictated by licence conditions, but
regulators and statutory nature conservation bodies can play a part in deciding what the

aims and objectives should be.

A strategic and objectivedriven approach to monitoring and survey design could lead to
improvements in the ability of postonsent monitoring to infornthe overall understanding
of displacement effects of offshosgind farns onred-throateddivers and other sensitive
species of marine bird3his in turn, can give a more accurate evidence base for other
tools and assessment techniques, such as relative seabird sensitivity asseg$fuamss

et al, 2013; Bradburgt al, 2014)and estimates of energetimosts caused by displacement
leading tochanges in adult survival and productiif§earleet al., 2021) This could
ultimately reduce uncertainty in the impact assessment process and facilitate marine

renewable energy goals and climate emission reduction targets.

Postconsent monitoring reports from offshore wind farms are intended to detect impacts
and confirm whether those predicted in the EIA actually occur and at the levels expected.
However, they need to be designedreet this aim sufficientlyThe design and spatial
coverage of surveys can have a large effeoctvbether or not displacement can be

detected, especially where displacement occurs over a large area outside of the wind farm

but surveying does not cover the same area. The limited spatial covefageeral early
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offshore wind farms is thought to have contributed to the survey design having a lower

power to detect changes in species distributightarine Management Organisation, 2014)

The considerations listed here are, of course, based on the intention to diilrest
evidence. However, the cost implications of survey design must also be examined in order
to make costeffective decisions. A balance mutsterefore, be sought between

expenditure and the quality of data obtained.

In broad terms, the spacing of transects influenced the statistical power or number of
surveys required based on a combination of the mean densitgdbthroated diversthe
transects could detect and the standard deviation. If the same spacing transects had been
positioned across the survey area slightly differently, it could be that the densities and
standard deviations for each transect spacing were different. Tmeumiform distribution

of redthroated dives has likely led to some transect spag@migtecting hotspots of high
densityred-throated diversand other transect spacings detecting lower densitiesedt

throated divers hence the differences in mean density and standard deviaGompared

to the number of survey days and displacement rate, the transect spacing in this study only

made a small difference to the power of survey design.

Naturally, the number of survey days affected the power to detect displacement, but in a
different manner to how transect spacing did. Whilst the transect spacing related to the
precisionof data collectedvithin individual surveysa larger source of variability was likely
due to variability between survey€areful planning of the number of survey days is
required, particularly with regard to the displacement rate to be detected and the relative

number of samples pranpact and posimpact.

The variable making the largest difference to the power was the displacement rate. This
variable is a factor to be detected by the survaysl, therefore is not necessarily

adjustable however, surveys can be designed with the aim of being able to detect a
minimum displacement rate thus can be a very useful aspect of designing a stivene
red-throated dives are considered, studies have typically shown a very high displacement
rate, often above 7%;therefore, this chapterhas shown that most scenario$ survey

design would be able to detect such a change intredated diver density{Dierschkest

al., 2016; Mendeét al, 2019; Heindnemt al., 2020; Marquet al,, 2021) However for

other species less susceptible to displacement from offshore wind farms, different survey

desigrs may be required to detect smaller displacement effects.
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A higher density afed-throated diverdan the study region with a low standard deviation
(outside of how this is affected by transect spacing) also increases the statistical power. The
impact of variation imed-throated diverdensity was only briefly assessed here, as it was

not the focus of the studyhowever, this is likely to also have a large impact on the
detectability of changes ithe densityof red-throated divergMacleanet al., 2013) and

can for some species and regions be roughly anticipated based on available information.

Monitoring the impact of offshore wind farmisplacement has been investigated in this
chapter. Howeverthe principles of designing surveys and carrying out power anayses
widely applicable to other industries and other impacts. Seabird collisions with wind
turbines are monitored less frequently than distributional changes, in part because of the
technical difficulties in doing d&ollieret al, 2011) Regardless, monitoring carried out in a
standardised manner, or at least with comparable methods or presentation of results
makes for better utilisation of data (s€@zsanlaxHarriset al. (2023)for an example of

comparability and utilisation of empirical seabird collision data).

The data collected from preonstruction and postonstruction surveys is critical to
understandngthe true impact of offshore wind farm developmenihe quality of such data
may make the difference betwegiroving the predicted level of impaand not knowing
the level of impact. This is also true with regard to mitigation; the abiligetmonstrate

that mitigation has succeedent not is determined by the quality of the data collected.

Data quality also plays a roleénhancingscientific knowledge

5.5 Conclusion ohow muchmonitoring is sufficient to detect red

throated diver displacement

This chapter has demonstrated how aspects of survey design interact with baseline red
throated diver densities and levels of impact to influence the statistical power to detect
changes in redhroated diver densities as a result of anthropogenic impateisb shows

the importance of considering such factors early in order to obtain sufficiently powerful
surveys prior to carrying them out. This is particularly pertinent at thecorestruction

phase of development, but also during Environmental Impacegssaents such that

impacts can be verified pesbnstruction. The highly dependent nature of survey attributes
on the detectability of change within one species shows how-saseific this issue is. The

research has been illustrated using a specific gsegiet the method is replicable for
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others, as well as different locations and causes of change. This work has shown how power
analysis can be used to tailor surveys such that the goal of the survey can be achieved, and

contingencies accounted for.

The adequacy of data collection has been explored in this chaptexamiring the power
of detectingred-throated diver displacemerthroughthe design ofore-construction and
post-constructionsurveys. Thepresentation andanalysis of datare other aspects that
influencethe quality and usefulness of dafBhe next chaptertherefore, exploresthe

results ofmonitoring surveysand methods of calculating rethroated diver displacement
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Chapter 6How does redthroated diver
displacementchange withdistance from

offshorewind farms?

Abstract

Offshore wind developments are becoming more prevalent across the ginblegur
understanding ofnteractions with a multitude of environmental receptagsows with it.

Certain species, such as rddoated diver, are known to have strong behavioural

responses to operational wind farms. Evidence suggests that the response is strong within
the wind farm, but also occurs outside the wind farm, but to a ledsgree. Thisesearch
collated and evaluated existirgyidence of reghroated diver displacement tas within

and outside of offshore wind farms. It then suggests and reviews methods of generating a
representative gradient of displacement rates for application in displacement assessments.
This study found that displacement rates do decline with distance from wind farms, at
some wind farm in a linear manner, and less so at other diteésoindicatesthat lower

rates of displacement within wind farnmsay beassociated with displacement affects over

a large region outside the wind farrA.range of methds to generate a representative
gradient have been analysed, each with their own benefits, drawbacks, and potential for
different applications. The analysis within this chapter may aid offshore wind farm impact
assessments by providing representative geats of redthroated diver displacement for

use within displacement assessments. It also provides information on the interaction
between the largest displacement rates and the greatest spatial extent of displacement.
This indicates further research is neegllinto individual responses to wind farms, the

implications of this to populations, and how these effects can be reduced or mitigated.
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6.1 Introduction to changes irred-throated diverdisplacement at

distances fromoffshorewind farms

Spatial planning of offshore wind farms is crucial to avoid environmental impaetsange

of receptors, particularly as they may be located in areas overlappingheétioraging

ranges of numerous seabird species. One method of assessing the potential scale of
displacement of a particular species is to assume a certain percentage of birds
(displacement rate) move away from a wind farm and some area around the wind farm. F
instance, in the UKhis has lately been done using a 100% displacement rakensthe

wind farm and within 4km from the wind farm boundary. Howe\ss there is evidence

that redthroated diver displacement can occur much furttiean 4km from a wind farm,

the assessment procesgms updatedn 2020to analyse displacement within a 10km region
around a wind farn{Statutory Nature Conservation Bodies, 2022ajlisplacement rate to
use within the 10km region is therefore required to complete the assessment. It is unlikely
that even the most sensitive species are completely displaced from this wider area, and it is

hypothesised that a lower proportion of birdse displaced further from a wind farm.

Therefore, a gradient of displacement rates is likely to occur with distarere have not
been many wind farms whereby a gradient of displacement with distance from the wind
farm has been required to be assessed. Natural England advised that for the East Anglia
OneNorth and East Anglia Two wind farms, an assessment should include the declining
displacement rate of rethroated diver as 100% within the wind farm and the surrounding
1km distance band, then a linearly declining gradient to 0% at 12kmtfrerwindfarm
(MacArthur Green and Royal HaskoningDHV, 2@ith evidence of such a gradient and
generalisation of a gradierire required in order to assess the fulttent of red-throated

diver displacement. This is crucial for marine spatial planning of future wind farm
development locations and assessmefeéfects in combination with multiple other

anthropogenic and natural pressures.

This chapter aimto analysehow displacement changavith distance from wind farmst
also ainsto exploredifferent options for generating representative displacement
gradient This was done in order to consider the potential application of each metaod,

examplewithin impact assessments
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Thelastchapte evaluated the design aurveys to determine the power to detect red

throated diver displacement. Following peenstruction and postonstruction surveys, the

full extent of displacement can then be assessed, which is done in this chapter. Within the
overall aim of the thesis, this apter addressebow cumulative seabird displacement from
offshore wind farms igerified. This chapter begins by evaluating evidence ofttedated

diver displacement rates both within and outside of offshafiad farms. It then suggests

and reviews methods of generating a representative gradient of displacement rates for
application in displacement assessments. Finally, the results are discussed in the context of
red-throated divers within the Outer Thamest&sry Special Protection Area (SPA).

6.2 Method of investigating changes ired-throated diver

displacement at distances fromffshorewind farms

The method is split into several stagEfst, the datasets used in this analysis are
described. Therthe spatial extent of redhroated diver displacement from offshore wind
farms is explored through the use of distance bands, displacement rates in these distance
bands, and maximum displacement distandésxt, displacement rates arte spatial

extent of displacement are converted into relative metrics to standardise parameters of
displacement from different wind farms. Then, different ways of genegatin

representative displacement gradient from the data are explored. Firsaligpresentative
displacement gradientvas usedo calculatethe total displacement impachcross a range

of scenarios and then applied to a case study of the Outer Thames Estuary SPA.

6.2.1 Datasets used tanvestigat changes in reehroated diver displacement at

distances from offshore wind farms

In order to investigatgradients of reethroated diver displacementhe evidence of
displacement collected in chapter 4 and presented in table 4.2 was used. These 11 reports
analysed the displacement effect of individual wind farms or wind farms in very close

proximity to one another.

6.2.2 Method of exploring dsplacement rates in terms of the spatial extent of

displacement

First, redthroated diver displacement was investigated with regard to how displacement

was described across different spatial areas in and around the wind farms and compared
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across wind farms. This included considering the size of the distance bands, the maximum
displacement distance recorded, and whether the wind famdthe adjacentareawere
described together or separately. This was carried out to gain an understanding of the
manner in which displacement has been quantified tmdetermine whether the data

could subsequently be analysed together. Displacement parameters were described
through scatter plots, histograms, and talewn maps to better illustrate the spatial nature

of displacement.

6.2.3 Method of exploring elative displacement rates with relative distances

from wind farms

Redthroated diver displacement data was transformed by converting it to proportional
values. This was done by calculating the displacement rate within each distance band as a
proportion of the withirwind farm displacement rate. Similarly, each distanardwas
described as a proportion of the maximum displacement distafib&s gave a holistic view

as to how quickly the displacement rate declined with distance from each wind Tdrese
proportion calculations were done to generate nrdimensional datawhich allowed

subsequent direct comparisons between wind farms.
6.2.4 Methods of generating a representative displacement gradien

Representative displacement gradients were generaiguch could be used to assess

future wind farm displacement where displacement happens at a range of distances from a
wind farm.Datawas usedrom wind farms with displacement rates in distance bands
outside of the wind farra. Different methods of summarising displacement data to

generate representative displacement gradients were explpvdtich may each have

different applications

a) a! ft RI (gThe firgt ;athod wras to plot all the available data
displacement rate against the distance band and generate a linear regression line
through the data. The equation of the line was then used to generate a value for
each 1km distance band. KA & YSUOK2R gt a ylIYSR a!ft RIFGI
available displacement data poinfBhisgradientcould be used should it be
intended to have a representative gradient where all data points are incorporated.
b) ! SNI IS mJABécond Béthd@wRs to average data before generating

a trend line. The displacement rate within each 1.0kntagiseband was averaged,
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andthen a linear regressiowasperformed on this averaged data as with the first
method. Again, the equation of the line was used to generate a value for each 1km
distancebandt KA a YSGK2R gl a ylIYSR da! @SNI IS wm] Y¢
each 1km distance bandhis gradient could be used where all data are used, but
extremes data points have less of an influence through averaging in each 1km
distance band.

c) dal EAYdzY wmcWhe thfdniefd Ras to retain only the maximum
value within each distance band and once again generate a linear regression to
obtain a value for each 1km distance baftidKk A & YS Ui K2R 461 & ylI YSR &
m 1 Ybécause it tookhe maximum value in each 1km distance bafkiis gradient
represents arguably the most precautionary gradient in terms of its use within a
displacement impact assessment, as the highest displacement rates within each
1km distance band are used. Given the uncertaamtyund redthroated diver
displacement at different wind farms, this gradient may characterise the wase
scenario.

d awSft I (A OSThe fiNabnieth@ Ras to calculate displacement rates within
distance bands as a percentage of the displacement rate within the wind farm. It
also calculated each distance band as a percentage of the maximum displacement
distance This generated relative values of both displacement rate and
displacement distance. These values were plotted with a linear regression, and
values within each 1km distance band were obtained from the equation of the
regression line. This method was nameadv S@3$ 61 ARdzS (2 GKS dzaS 27F
displacement rates and displacement distances. This method is the most easily
transferrable in terms of generating gradients with different witkvind farm
displacement rates and maximum displacement distances. It also @aisctour
differences in maximum displacement distance and withind farm displacement
rate bygeneratingnon-dimensional values, therefore best describes the variety of

gradients from wind farms.
6.2.5 Methods of extrapolating displacement beyond the bounds of the survey

However, lefore these gradientscould be calculated, it was imperative to understand
whether the full extent of displacement had been captured by the existing stuéfiesthe
studies where displacement was only recorded within the wind farm, it was assumed that

this was the full extent of displacement. This may not actually be the case, but without
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another displacement rate, e.g. at some distance outside the wind farm, it cannot be
establishedfithere was a declining gradient with distanaeif displacement may have
actudly occurred outside the wind farm as well as withirTite redthroated diver
displacement gradients reported from the Gunfleet Sands, Kentish Flats, and Lincs, Lynn
and Inner Dowsing offshore wind farms extend to a limited area around the wind threns
to the area @werwhich surveys were carried out. In the furthermost distance bands from
these wind farms, the displacement rate is not very low, indicating that displacecoeid
have occurred outside of these furtherntaggions This is further evidenced by the
decline in displacement rate with distance from the wind farm, which indicates that
displacementouldcontinue tozero percent Table6.1).

Table6.1. Redthroated diver displacement rates with distance fr@unfleet Sand¥entish

Flats andLincs, Lynn and Inner Dowsigshore wind farmss reported in the literature
and monitoring reports

Offshore wind farm Distance band (km) | Displacement rate (%)
Gunfleet Sands Within OWF 91.29
(NIRAS, 2015) 0-1 65.80
1-2 20.95
Kentish Flats Within OWF 97
(Percival, 2014) 0-0.5 77
0.51 69
1-2 53
2-3 56
Lincs, Lynn and Inner| Within OWF 83.3
Dowsing 0-1 77.4
(Webbet al,, 2017) 1-2 71.4
2-3 62.5
3-4 55.2
4-5 50.8
5-6 44.8
6-7 42.3
7-8 33.6

Note: Number of decimal places is the same as those reported in the relevant literature or
monitoring report.

Table6.2 shows that he London Array wind farm was surveyed beyond the point of
displacement rates declining beyond zero, which provides more certainty that the full
spatial extend was surveyed, and what the maximum displacement distance was. In the
11.0km to 11.5km distanceabd, the displacement rate wd.626, and in the 11.5km to
12.0km distance band the displacement rate wa2%.A negative displacement rate

indicates that the density of birds after wind farm construction was higher than before
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wind farm constructionThe remaining area outside of this distance band all reported
negative displacement rates, indicating an increase irthedated diver density before and
after construction of the wind farrfirable6.2).

Table6.2. Redthroated diver displacement rates witlistance from the London Array

offshore wind farnmover the entire survey area showing loss of birds up to 11.5km, and
increase in birds beyond 11.5km from the wind farm boun@faREM, 2021)

Distance band (km) | Displacement rate (%)
Within OWF 54.68
0.0-0.5 47.91
0.51.0 44.92
1.01.5 41.00
1.52.0 38.91
2.02.5 40.38
2.53.0 41.18
3.03.5 39.50
3.54.0 36.07
4.04.5 33.02
4.55.0 31.55
5.05.5 32.96
5.56.0 35.00
6.0-6.5 36.08
6.57.0 35.58
7.07.5 40.07
7.58.0 41.29
8.0-8.5 44.88
8.59.0 45.13
9.09.5 44.19
9.510.0 39.61
10.010.5 34.44
10.511.0 23.88
11.011.5 12.62
11.512.0 -7.20
12.012.5 -20.00
12.513.0 -33.43
13.013.5 -47.95
13.514.0 -46.05
14.014.5 -59.02
14.515.0 -77.48

Note: Number of decimal places is the same as those reported in the relevant literature or
monitoring report.

In order to generate displacement rates out to the &phtial extent of displacement, the
following method was applied to the existing displacement gradient from Gunfleet Sands,

Kentish Flats, and Lincs, Lynn and Inner Dowsing offshore wind farms.
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A linear regression was put through the existing displacement gradient for each wind farm.
This generated an equation of the linear regression. This equation was used to generate
displacement rates for displacement distances beyond those which alreadgdeXer

example, a linear regression through the Lincs, Lynn and Inner Dowsing offshore wind farm

data (Figure6.1) resulted inthe trend shown inEquation6.1.
W PO Y
Equation6.1 Linear regression through the Lincs, Lynn and Inner Dowsing offshore
farm red-throated diver displacememtata.
where

y =displacement raten distance banc

x =distance band

Equation6.1 was then used to generate displacement rates beyond H3&m distance

band (the maximum distance band surveyed at this wind farm), in 1km distance bands, until
a negative displacement rate was found. In the 12KBkm distance band, there was a
displacemenrate of 2.57%, and in the 13kfvkm distance band, there was a

displacement rate 0f3.58%(Figure6.2Figure6.2. Extrapolated ed-throated diver
displacemengradient at the Lincs, Lynn and Inner Dowsing offshore wind, faubto the
maximum spatial extent of displacemeusing a linear regression through the original

data.). Therefore, it could be suggested that displacement actually occurred out to 13km

from this wind farm.
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Figure6.1. Linear regression trend linrough redthroated diver displacement gradient at
the Lincs, Lynn and Inner Dowsing offshore wind faimgoriginal wind farm data.
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Figure6.2. Extrapolated ed-throated diver displacememgradient at the Lincs, Lynn and
Inner Dowsing offshore wind farmut to the maximum spatial extent of displaceresing
a linear regression through the original data
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For the Kentish Flats wind farmJinear regression through the data resulted in the trend

shown inEquation6.2 and Figure6.3.
W pEO YBY

Equation6.2. Linear regression through the Kentish Fatshorewind farmred-throated
diver displacemerdata.

Extrapolation of the existing data via linear regressgemerated displacement rates out to

a spatial extent of 6km from the wind farm. In the 5l&km distance band, there was a
displacement rate of 11.29%, and in the 6iKkm distance band, there was a displacement
rate of-1.16% Figure6.4). A negative values means an increase in bird density after wind
farm construction, therefore displacement only occurs in regions of a positive displacement

rate value.

1101

100
. y =-12.4483x + 85.9828
90 R?=0.81

801
701

60 1

501

40

Displacement rate (%)

301

201

101

0 1 2 3
Maximum of distance band (km)

Figure6.3. Linear regression trend linroughred-throated diver displacement gradient at
the Kentish Flateffshore wind farmusingoriginal wind farm data.

119



100 1

90

801

701

60 1

501

40

301

Displacement rate (%)

201

101

-10-

0 1 2 3 4 5 6 7
Maximum of distance band (km)

Figure6.4. Extrapolated ed-throated diver displacement gradient at the Kentish Flats
offshore wind farmout to the maximum spatial extent of displacement using a linear
regression through the original data

For the Gunfleet Sands wind farmlinear regression through the data resulted in the trend

shownin Equation6.3 and Figure6.5.
W oD WBQ

Equation6.3. Linear regression through tl@unfleet Sandsffshorewind farmred-
throated diver displacememata.

Extrapolation via linear regression showed that in the &m distance band there would
be a negativeralue, where a higher density of birds would be preg€idure6.6).
Theefore theexistingdata, showing displacement otd 2km from the wind farmfully

described the extent of displacement and hertbere was no need for extrapolation.
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Figure6.5. Linear regression trend linrough redthroated diver displacement gradient at
the Gunfleet Sands offshore wind fausingoriginal wind farm data.
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Figure6.6. Extrapolatedred-throated diver displacememgradient at the Gunfleet Sands

offshore wind farmout to the maximum spatial extent of displacement using a linear
regression through the original data
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In summaryFigure6.2 and Figure6.4 show thatthe original surveys did not cover the full
spatial extent of displacement, amktrapolation of wind farm data beyond the extent of
surveys wasequiredfor Kentish Flats and Lincs, Lynn and Inner Dowsing wind farms.
comparison, in the case Gunfeet Sands and London Array wind fayniee surveys had
coveredthe full spatial extent of displacemertherefore extrapolation was not required

The final displacement gradients for each wind farm are showrabie6.3.

Table6.3. Redthroated diver displacement rates with distance from offshore wind farms for
the full spatial extent of displacement. Extrapolated values in the yellow shaded cells

Offshore wind farm Distance band (km) | Displacement rate (%)
Horns Rev | Within OWF 100
Nysted Within OWF 100
Alpha Ventus Within OWF 90
Thanet Within OWF 73
Egmond aan Zee Within OWF 68
Gunfleet Sands Within OWF 91.29
0-1 65.80
1-2 20.95
Kentish Flats Within OWF 94
0-0.5 77
0.51 69
1-2 53
2-3 56
3-4 36
4-5 24
5-6 11
Lincs, Lynn and Inner| Within OWF 83.3
Dowsing 01 77.4
1-2 71.4
2-3 62.5
3-4 55.2
4-5 50.8
5-6 44.8
6-7 42.3
7-8 33.6
8-9 27.2
9-10 21.0
1011 14.9
11-12 8.7
12-13 2.6
London Array Within OWF 54.68
0.00.5 47.91
0.51.0 44.92
1.01.5 41.00
1.52.0 38.91
2.025 40.38
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Offshore wind farm Distance band (km) | Displacement rate (%)
2.53.0 41.18
3.03.5 39.50
3.54.0 36.07
4.04.5 33.02
4.55.0 31.55
5.05.5 32.96
5.56.0 35.00
6.0-6.5 36.08
6.57.0 35.58
7.07.5 40.07
7.58.0 41.29
8.0-8.5 44.88
8.59.0 45.13
9.09.5 44.19
9.510.0 39.61
10.010.5 34.44
10.511.0 23.88
11.011.5 12.62

6.2.6 Method of using a representative displacement gradient to calculate total
displacement impact
¢KS awSftlGA@S¢ed RAALIX I OSYSyld 3INIRASY(H Oly
range of maximum displacement distances. Therefore, this gradient was taken forward to
investigate how the total displacement effect may differ when there are differe
displacement rateand maximum displacement distances within the wind falmithis
chapter,so farit has been seen that when displacement occurs over a ldisiance, the
displacement rate within the wind farm is smaller. Therefore, therecisteal question
that a representative displacement gradient may be able to answer: How different is the
displacement across the entire displacemeffected area when displacement occurs over
a small distance but with a high displacement r@téhin the wind farnm) compared to
displacement over a large distance but with a low displacement rate? There are multiple
factors at play here, in part due to the displacement rate within the wind farm and the
maximum displacement distance but also due to the sizb@wind farm itselfln this
investigation, he distance bands are set at 1km for a consistent application across wind

farms However, the size of a wind farm will diffeas may the displacement rate, and
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henceinfluence the number of birds displaced. It also influences the area of the 1km

distance bands, again influencing the number of birds displaced within each distance band

The trendpreviously generated (see sectiér.3 of within wind farm displacement rate

with maximum displacemertistance was used to generate a seéslisplacement rates.

These were done for a set ofaximum displacement distances, from a minimum of within

wind farm only up to 3km from the wind farm boundanfhese generated displacement

rates for within the wind farmonlyt KS awSft I G A @S¢ NBLINBaSy il G§AGS
was then used to generatdisplacement rates within each distance band between the wind

farm and the maximum displacement distasic® ¢ KS awSft I A @S¢ RA&ALI I O
used as this wathe sole displacement gradient which could be applied to other scenarios

of maximum displacement distance and displacement rates within a wind farm.

6.2.7 Method of applying a representative displacement gradieno calculate
the total displacement impacbf wind farms inthe Outer Thames Estuary

JoecialProtection Area

The Outer Thames Estuary SPA was used as an exampletiofoaied diver density, as
the SPA hosts the largest UK population of-bomeding diversas described in section
5.2.1 The latest population estimate for the SPA8s079individuals which covers
3,924&m?, therefore giving a reethroated diver density o#.61birds/km?. One wind farm
was assumed to be present, with an area equal to the average wind farn{2giear) from
the 11 wind farms from which displacement data is availésée sectiort.4 and Appendix
TableD1). The displacement rates (calculated in sectich 6 were applied to each
distance band in each maximum displacement distance scenario. For simplicity and to
maintain comparative scenarios, the réttoated diver density o#t.61birds/km? was
applied evenly to the wind farm and surrounding aréhetotal displacementaffected

area was calculated usirigguation6.4.

— ~

Q Q-
Equation6.4. Total dsplacement affected area

where
i =total displacement affected area (Kin
j =OWF area (krf)

k =maximum displacement distance (km)
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To calculate the area of each distance band, the above calculation was usek, with
representing the distance band in question, minus the same calculation but with k

representing the nexsmaller distancdand (Equation6.5).

a T s @ 0o
Equation6.5. Digance band area

where
m =distancebandarea (kn)
n = digance bandkm)

p = nextsmallest distance band (km)

The reduction in redhroated diveswithin each distance band was calculated, and thus
the total displacement rate over the entire displacemeifectedwas calculatedn each
scenario.The same principle of investigating relative overall displacement rates across the
displacemeniaffected areasvasthen applied to the four wind farms wittlisplacement
gradient information. This was done using the displacement gradients as stated in the
literature and monitoring reports from these wind farms to analyse the real displacement
observed at these wind farms. However, to make the results more aoamte across wind
farms, a flat distribution of redhroated divers based on the average dengityhe Outer
Thames Estuary SPA was used. In reality, three of these four wind farms are located in
different areas of the Outer Thames Estuary SPA, andsomatside of the SPAherefore,
densities at those wind farms are highly likely to be different to each other and different to
the average for the Outer Thames Estuary SPA, but this fact makes them less directly

comparable.

The analysis was carried out in R (R Core Team, 2022). The R markdown code is available in

Appendix G.

6.3 Resultsof investigating changes ired-throated diver

displacement at distances fromffshorewind farms

This section first discuasthe results of exploring the spatial extent of rédtroated diver
displacement from offshore wind farm%his is doné terms of the distance bands used to
describe displacementhe displacement rates observed in these distance bands, and over
differing maximum displacement distances. Néhg results of converting these

displacement rates and spatial extent of displacement into relative metrics are described to
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standardise parameters of displacement from different wind farms. Then, the results of
using different ways of generating a representative displacement gradidrith may be
used to assess future wind farm displacement, are describeé resultof using a
representative displacement gradient to calculate the total displacement imgr&ct
presented. Finally, the application of a representative displacement gradient to calculate

the total displacement impact of wind farms in the Outer Thames Estuary pRSsénted.

6.3.1 Results of exploring displacement rates in terms of the spatial extent of

displacement

The wind farms range from having displacement only within the wind farm to up to 16.5km
from the wind farm boundary. The average maximum distance at which displacésnent
detectedis 3.6km, with a median 00.0km.Where displacement was recorded outside the
wind farm, average maximum distance at which displacement is detected is 8.1km, with a
median of 8.8kmDisplacement rates within the wind farm range from 54.68% to 100%,
with an average of 83.81% aadnedian of 90%. A displacement ragenot always

provided for all diancebands outside the wind farm, and some studies report
displacement across very wide distance bands, which sometimes isch&leind farm.

These wider distance bands with a single displacement rate value do not provide data on a
gradient of displacement over distanctherefore, in this thesisany displacement rates

given within distancéandslarger than 2km were removed from further analysis of

displacement gradients.

Displacement rate ancthaximumdisplacement distancare often recordedn reports.
However, whatis less often recordeis the displacement ratat those maximunaistances
or within distance banddg~or instance, the largest reported displacement distance of
16.5km aesnot record the displacement rate at that distance. In addition, thene
differences in thesize of thedistance bands. For example, one wind farm reedrthe
displacement rate in each 0.5km distance band from the wind fasondary whilst others
did so in each Dkm distance band. Another report analysing the effect of multiple wind
farms recoredthe displacement rate over a@km radius around the wind farms and also
over a 10km radius of the wind farmshich incorporatsthe 3.0km radius. Therefore, not
only does the distance band over which displacement rate is calculated differ between

reports, but also whether discrete distance bamisumulative distance bands are used
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The displacement rate acrodsstance bandis quite different across the wind farms, as
well as the distance over which displacemenseen. The gradient of displacement with
distancetherefore verydifferent, but all wind farms with displacement beyond the wind
farm boundary(and with discrete distance bandslow a declining displacement rate with
distance(Figure6.7).

The displacementate detected at the maximum distanég also different across the wind
farms For instance the Gunfleet Sandw/ind farm recoreéd a 20.9%% displacement rate at
the maximumdistance from the wind farn2km), whilstthe London Array wind farm
detected a 12.62% displacement rate at the maximum distance (11.5kméylbe that
aspects of survey desigm dot allow for lower displacement rates to be detectddhe
displacement rate is usually calculated as the differen@eabirddensity preconstruction
to postconstruction of the wind farm. The design of grenstruction and post
construction surveys may not [sifficiently statistically powerful enough to detect lower
displa@ment rates, which are likely to occur at larger distances from a wind farm (see
Chapter 5).
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Figure6.7. Displacement rateof red-throated divesat distancesrom 11offshorewind
farms, taking account of the different distance bands over which displacement has been
measured as reported in the literature and monitoring repoftgth extrapolation)

Note: SeeTable4.2 for study references.

As previously mentionedlifferent offshorewind farms reported displacement rates in a
range of differemsize distance bands. Téedistance bands range from 0.5km to 10km,

with one wind farm even reporting in both 0.5km increments for the distance band closest
to the wind farm and 1km increments in distance bands further from the wind {&igure

6.7). Particularly striking are the very large distance bands of the Butendiek and Helgoland
Cluster andthe German Bight stud Both these studies reported displacement rates for
areasthat included wind farms pludistance band The Butendiek and Helgoland Cluster
study also presemidtwo displacement rates, one covering the wind farm plus a 3km
distance band (Butendiek and Helgoland Cluster (Bjgare6.7), and another covering the
wind farm plus a 10km distance band (Butendiek and Helgoland ClusterHiguie6.7).

For these studies, there are few data points and the displacement rate is only described
over one very large area, giving no indication as to whether displacement rates vary across

the survey area. Meanwhile, for other studies, such as at London Arralyiaesl Lynn and
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Inner Dowsingthere aremanydata pointsproviding a detailed view of how displacement

changes with distance.

Table6.4 displays these different size distance bands and whether or not the windigarm
included within a distance band. The German Bight study regartdisplacement rate
within an area covering the wind farm and 5km outside the boundane to these studies
including both the distance band aimkidethe wind farm in one value of displacement and
the much larger distance bands, these were excluded from further analysis ohtpser

as they were less comparable with the other studies.

Thereare several wind farms reporting displacement at a range of distances from the wind
farm, meaning at eactlistance bandthere is often more than one wind farm reporting a
displacement rateHowever, as also mentioned, the distance bands used to calculate the
displacement rate themselves are also different across the studies. For instance, in a 1km
wide distance band, some wind farms just calculate one value for the whole width of the
distane band, whilst other wind farms present two values, eacl dithe width of the

distance band.
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Table6.4. Displacement distance band sizsgdin the literatureto quantify redthroated
diver displacement at offshore wind farms

Distance band :
Distance band
Wind farm wind farm | Wind farm wind farm size beyond
only and distance | and distance | OWF

bands band together | boundary

separate
Alpha Ventus \% N/A
Butendiek &
Helgoland Clustg(a) v 3.0km
Butendiek &
Helgoland Cluste(b) v 10.0km
Egmond aan Zee \Y N/A
German Bight V 5.0km
Gunfleet Sands \% 1.0km
Horns Rev | Vv N/A
Kentish Flats V 0.5km, 1.0km
Llncs,_ Lynn & Inner Vv 1.0km
Dowsing
London Array \% 0.5km
Nysted V N/A
Thanet Vv N/A

Note: SeeTable4.2 for study references.

Within-wind farm displacement rates, maximum displacement distancestlansize of
distance bands appear quite different when viewed asdopn diagramsof the wind

farms themselvedgrigure6.8 shows how the displacement rates in the distance bands
actually appear around wind farms (which themselves are also different sizes). The wind
farms in the figure are depicted as simple circles but with the same area as the built wind
farms for comparisonThe much larger withiwind farm displacement rate at the smaller
wind farms can clearly be seefhis is compared tihe larger wind farms displaying smaller

within-wind farm displacement rates. Similarly, the larger decline in displacement rate in
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each distance banid seen at the small wind farms, with a afushallower change in

displacement rate in distance bands around the larger wind farms.

Gunfleet Sands KKentish Flats

Displacement rate (%)
0-5
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40-45
45-50
50-55
55 -60
60 - 65
65-70
70-75
75-80
80 -85
85-90
90-95
95 - 100

Figure6.8. Redthroated diver displacement rates at offshore wind farms, with each circle

size proportional to the areal extent of each wind fdmeluding extrapolationtop left

Gunfleet Sands; top right Kentish Flats; bottom left London Array; bottom right Lincs, Lynn &
Inner Dowsing)

Note: Wind farm areas are equivalent to those built but shown schematically as circles.

The displacement rate in the distance baigishown inFigure6.8 as the same throughout
each individual distance band, i.e. at a particular distance from the wind faesame
value is seen in every direction from the wind farm. The values reported for these distance
bands are typically averages for the distance band, howeherikelihood that the same
displacement rate actually ocain every direction seems low. Some asymmetries in
displacement rate might be expected due to the variability in environmental factors and
red-throated diver distribution across the Outer Thames Estuary SPA and surrounding
region This directional difference in effeit seen in sevellsstudies investigating species
distributions in response tother anthropogenic pressurg®enitezLopezet al., 2010) This
effectis also seen in two of the case studig®e German North Sea study and the Horns
Rev | Theseboth foundthat largerdisplacement rates were seen in sowlieectionsfrom

the windfarms compared to othedirections(Peterseret al,, 2014; Vilelat al., 2020)
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The same may well be true for the four wind farm$igure6.8. Gunfleet Sands, Kentish
Flats, Lincs, Lynn and Inner Dowsing are all positioned relatively close to the coast, with
variations in water depth surrounding the wind farms and a range of other anthropogenic
activity around them. A busy shipping lane runsvietn Gunfleet Sands and London Array
and north of Kentish Flats, further adding to potential sources of disturbance in particular
directions from the wind farms. In additiothe London Array sitat the boundary of the

Outer Thames Estuary SPA, suggesting that larger densities-thfroaded dives are to be
expected on the side of the wind farm within the SPA compared to the side of the wind
farm outside of the SPA. This potential for differing displacement rates on opposite sides of
a wind farm is prol@matic when generalising the displacement rate within a distance band,
particularly if that distance band is several kilometres from the wind farm boundary. For
instance, the outer distance band showing a displacement effetttedtondon Array was
11.5km from the wind farm boundary. Therefore, thecould be up to 34km between the
northern extentandthe southern extent of thedisplacemenrvaffected area assuming the

wind farm is circular. Ireality, this wind farm is not circular, so at its widest extghie

11.5km distance band is almost 37km from one side to the other. Thus, summarising the
displacement rate within a distance band spanning several tens of kilometres without
considering the directional differences may result in the loss of localisethd&pent

information as well as the potential directional differences.

6.3.2 Results of exploring relative displacement rates with relative distances

from wind farms

To understand the gradient of displacement rate with distancis, lielpful togenerate

relative displacement rateand displacement distaneso that wind farmsan be directly
compared.Thisis done by calculating, for each distance band, the percentage of the
distance from the maximum displacement distance. Similarly, the displacement rate within
each distance banid calculated as a percentage of the withiind farm displacement

rate. Figure6.9 shows thatGunfleet Sands, Kentish Flats, and Lincs, Lynn and Inner Dowsing
wind farms all hae a similar gradient ofelative displacement rate withielative

displacement distance, at least out t6% of the maximum displacement distance. This
showsthat, even though the wind farms ke different within-wind farm displacement

rates and different maximum displacement distances, the gradient of displacement rate

with distanceis very similar. For example, at 50% of the maximum displacement distance
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the wind farms all hee a displacement ratef around60% of the withiawind farm
displacement rateThe data fronthe London Array wind farrs a little different as the
displacement rate desnot continually decline over all of the distance bands but instead
declines, then increass, and finally declineagain. As the maximum displacement distance
for this wind farmis so large (11.5km), it is possible that other environmental or
anthropogenic factorslso playa part in redthroated diver distribution at those outer

distance bands.
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Figure6.9. Relative redhroated diver displacement rates (displacement rate within a
distance band as a percentage of the witiiimd farm displacement rate) at relative
distances from an example wind farm (distance band as a percentage of the maximum
displacemat distance).

Although not statistically significarfor these four wind farms shown Figure6.9, thereis

a general trend in the maximum displacement distance with displacement rate within the
wind farm The largerthe distance over which displacement ocsuthe lower the within-

wind farm displacementR =-0.38, n= 4,p= 0.3, Figure6.10). This relationship can be
described byEquation6.6.
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W PP odo

Equation6.6. Linear regression afithin-wind farmdisplacement rate witlmaximum
displacement distance

Gunfleet Sands and Kentish Flgt®wmuch higher withiawind farm displacement rate
(91% and 94%, respectively) and lowl&placementistances (2km andékm, respectively).
This is compared to the lower withimind farm displacement rate (83%) and larger
maximum distancel3.0km)at Lincs, Lynn and Inner Dowsing, and even lower

displacement rate (55%) and large distance (11.5rhpndon Array.
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Figure6.10. A nonsignificant but negative trend shows a lower fthdoated diver
displacement rate within wind farms with a larger maximum displacement distance

Note: shaded area = 95% confidence intervals

The data irFigure6.10 may suggest that the lower withiwind farm displacement rates
occur when displacement affects a much larger area tharwind farm aloneTherefore,
basing mitigation measures on how wind farm parameters influence withia farm
displacemenbnly may not be the most appropriate optiof hiswould notconsiderthe

possibilitythat reducing withinwind farm displacement may cause displacement to instead
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occur at greater spatial scales, albeit at a lower displacement rate. The issue in investigating
how the spatial scale of displacement outside the wind farm may be interacting with wind
farm design parameters is that few studies quantify this informatiaking it difficult to

analyse statistically
6.3.3 Results of gnerating arepresentativedisplacement gradient

Four representative displacement gradieate generated from available reithroated

diver displacement data usirdifferent methods to summarise the data. @ methods
include using all the dataAll dat& daking an average displacement rate within each 1km
distance bandd ! @S NJ 3 &king fhe/ndaximum displacement rate within each 1km
distance bandd a | E A Y dz)yaneitakifig relative displacement rates and distances
@@wSt)idAr@Se

¢KS TFTANRG YS i kkedsplagement rat&kdgainstéhz thsc#band and
generatesa linear regression line through the data.igimethod hathe advantage of
directlyusing each data point and accoundy for different numbes of data points at
different digancebands. However, due to the large spread of data, the linear regression
lineis not very representative of thew data (R = 0.38) (Figure6.11). The relationship can
be described b¥quation6.7.

W THO Qe v

Equation6.7.a ! f f difpladement gradient.
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Figure6.11. Linear regressiodza A y3 G KS & !of dl red®troatedddivey S (i K 2 R
displacement rates available with displacement distance from offshore wind farms.

Note: Shadel area = 95% confidence intervals.

A different approach to takes to average data before generating a trend line. Within each
1.0km disanceband the displacement ratés averagedandthen a linear regressiois
performed on this averaged data. Unlike the previous method, the trend line better
represensthe averaged data as theis only one data point per distance band ¢R081).
However, the very notion of averaging firss&ssome detail within the data. Furthermore,
any outliers in the averaged data could have a large influendbeslope of the linear

regressionigure6.12). The relationship can be described Bguation6.8.
w T80 0B W

Equation6.8. & Verage 1lkm displacement gradient.
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Figure6.12. Linear regressiodza A y 3 (G KS & ! @ SdiithehgeragelredrioatydS K 2 R
diver displacement rate within 1km distance bands with displacement distance from
offshore wind farms

Note: Shaded area = 95% confidence intervals.

Similar to the prior method, the third optiois to take the maximum displacement rate

within each distance band and generate a linear regression from these values. The same
issues exist with this method as the |asut it hasthe advantage of being a more
precautionary approach. Larger displacement rates could be lost through averaging, but by
taking only the highest rate, the worstise scenarig accounted for. This may be an
approach preferred by nature conservation bodies due to its precautionatyr@&at he

reverse could also be done by taking the lowest displacement rate indésteimceband in

order to obtain the bestase scenario. This method genersitiee highest Rvalue of 091,
suggesting the trend most closely follsthe data However, caution is advised with this
method, as there is generally a lower statistical power to delmoer displacement rates,

SO uncertainty in these rates can be hiiglure6.13). The relationship can be described by

Equation6.9.
W Y PP w

Equation69.6d al EAYdzY M1 Yé RA&LX I OSYS
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throated diver displacement rate within 1km distance bands with displacement distance
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Note: Shaded area 85% confidence intervals.

138



The finaimethodis moredistinct than the previous three. As offshore wind farms four
different displacement rates and different maximum displacement distances, fairly
comparing them is troublesome. However, putting displacement rates and displacer
distances into relative tens helsto better compare them. This lsdhe advantage of
accounting for different maximum displacement distances and prestgging many
data points at some distance bands and very few at others. The other key advantag
the previous three methodss that the resultsre in relative terms, meaning the
trendline can be easily applied to any maximum displacement distance. The
displacement rate within each distance baisdilso relative to the displacement rate
within the wind farm Therefore different within-wind farm displacement ratesaa be
assumedand the displacement rate within each distance band recalculated. Teaitdl
a disadvantage to this approach in thatsithighly reliant on the maximum displacemer
distance actually being the furdlst that displacement occarlf displacement occar
beyond the maximum displacement distance, but thare no data points, then the
relative data pointsre likely to be less accurate. The linear regressimesdot fully
follow the data (R= 058); therefore, caution is also warranted for this approadtigure

6.14). The relationship can be described Bguation6.10.
W THD O X
Equation6.10.a wSf | G A @S¢ RA&ALI I OSYSy(
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Figure6.14. Linear regressiodzi A y 3 G KS & woSthelralative @dhroafed dive2 R
displacement rate with relative displacement distance from offshore wind farms

Note: Shaded area = 95% confidence intervals.

Table6.5 shows the displacement rate within each distance band usingligydacement

gradient from thefour methods, assuming a maximum displacement distancekrnIfor

€€ | LILINBIF OKS&ad C2NJ (KS T aimNErm displScéniet Rited 6 wS |
i@ &aadzySR (G2 0SS mnmxg:d ¢KS a!ftt RIFEGFEE YR a! ¢
RAALI I OSYSyd NridSa Ay SIFOK RAallFyOS olyRZ | &
method resulsin higher displacement rates close to the wind farm but then deslioa

lower displacement rate in the furthest distance bané.a steeper gradient. The

awSt I ( ho@i§ ot divestlif comparable to the other methods due to the different

units of this method (% of maximum displacement distance and % of witimich farm

displacement rate, as opposed to distance bands in km and displacement ratesSime%o)

GwSt I GAGS¢E YSOK2R Aa Llzi Ayid2 O2YLI NIXofS dzya
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Table6.5. Redthroated diver ésplacement rates within distance banfdlesm a hypothetical
wind farmbased ora linear regression using four summarising mettod

Displacement rate (%)
Distanceband AII data Av_erage 1km Ma>'<imum 1km Relative
(Figure6.11) (Figure6.12) (Figure6.13) (Figure6.14)
Within OWF 69 65 86 100
0t 1km 64 60 80 87
1t 2km 59 56 74 82
21 3km 55 52 68 77
31 4km 50 48 62 73
41 5km 46 43 57 68
51 6km 41 39 51 63
6T 7km 36 35 45 59
71 8km 32 31 19 54
81 9km 27 27 33 50
91 10km 22 22 27 45
10t 11 km 18 18 22 40
11t 12 km 13 14 15 36
12t 13 km 9 10 10 31

Note: Thea ! f f m&todused all the displacement rateshed ! @S NI Fr@thod 1 Y £
averaged the displacement rates within 1km distance banite & a | E A Y dzYhethod Y &
took the maximum displacement rate within 1km distance bgrathdthe a wSt | G A @S ¢
methodtook the relative displacement rate and relative displacement distance btmal.
GwSt I GAGSE RAALI I OSYSy G NI G Svind fari@splacgmedt I O
rate. If the withinwind farm displacement rate was 100%, then the figure is the table are
also the displacement rates. If the within wind farm displacemerg ves60%,then the
displacement rates in each theceband would be the listed percentages&ii%. So for
example in the 2-13km diseinceband the displacement rate woulttB81% of the within

wind farm displacement rate50%), making thactualdisplacement ratel 9%.In addition,

if a different maximum displacement distance was used, the values would be scaled
accordingly

LIS

¢KS ! ff RFEGEFEEST &! GSNI IS waie HlkbasedogtRe réda | E A Y dzY

throated diver displacement as stated in the literatuEach wind farnreport presens

different displacement gradients, including the maximum distance over which displacement
is observed. The representative gradieats generated out to the maximum displacement
distance observed at one wind farm, but all other wind farms only detected displacement
at much smaller distances. Therefore, it is debatable that amalgamatingcispént

gradients from studies with different maximum displacement distances geneadieily

representative displacement gradietiowever, tt6 awSft I G A @Sé¢ RAsihel | OSYS

only method thatcould be used to calculagegradientfor a hypothetical wind farm with a
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large or small displacement rate within the wind farms or a large or small maximum
RAALE F OSYSyli RA&AGIYOSd ¢KSNBT2NBX GKS awSt i
an assessment of displacement at a future wind farm development by assumingificspec
displacement rate within the wind farm and a specific maximum displacement distance or a

range of displacement rates within the wind farm and a range of maximum displacement

distances.

6.3.4 Results of using a representative displacement gradient to calculate total
displacement impact

Ly 2NRSNJ G2 | LlLXe GKS awStlGdA@SE RAaLI I OSYSy

displacement distance, firsthe displacement rate within the wind faria generated.

Figure6.10 shows that a lowedisplacement rate within the wind farms associateavith a

largermaximumdistance Therefore usingEquation6.6 a series of withirwind farm

displacement ratesre generated for a series of maximum displacement distances, from a

minimum of withinwind farm only up to 3km from the wind farm boundaryT@ble6.6).

Using these combinations of withimind farm displacement rates and maximum

displacement distances ifable6.6, and thedisplacement graént from Equation6.10,

displacement gradientare generatedFigure6.15).

Table6.6. Simulated withirwind farmred-throated diverdisplacement ratebased on the

maximumdisplacementistanceusingEquation6.6.
Maximum displacement|  Within-wind farm

distance (km) displacement rate (%)

0 98.53
96.35
94.17
91.99
89.81
87.63
85.45
83.27
81.09
78.91
76.73
74.55
72.37
70.19
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Figure6.15. Simulated reethroated diver displacement rates across distance bands from a
hypothetical wind farm for eackcenario of maximum displacement distance (Okm to
13km), generated fronEquation6.6 and Equation6.10.

This method of generating a range of displacement gradients for different displacement
rates within the wind farm and different maximum displacement distances could be
replicated using any value of displacement rate within the wind farm and maximum
displa@ment distance. Therefore, this could be used to generate simulations of the

displacement effect of future wind farms.

6.3.5 Results of @plyinga representative displacement gradient to calculatiee
total displacement impact éwind farmsin the Outer Thames Estuary

JoecialProtection Area

The displacement rates within each of the scenarios of maximum displacement distance
from Okm tol13kmarethen related to the reethroated diver density within the Outer
Thames Estuary SPA. Calculation of the reduction wihmected diver density, i.e. the
overall displacement rate, within solely the areas affected by displacement in each of the

maximum disfpcement distance scenarios is showTable6.7. This shows that the
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lowest maximum displacement distance scend@ikm from the wind farm boundary)
resulted in the largest overall displacement r§®8.53%,)
Table6.7. Simulated overatied-throated diverdisplacement rate at a hypothetical wind

farm across thalisplacementaffected area for each maximum displacement distance
scenariodrom Okm to Bkm.

Maximum displacemen| Displacementrate | Size of affected| Number of birds
distance (km) within affected area (%] area (knf) displaced
0 98.53 28 127
1 67.17 50 154
2 60.42 78 217
3 56.07 113 290
4 52.92 153 373
5 50.14 200 465
6 48.30 254 564
7 46.53 313 670
8 44.93 379 783
9 43.41 451 901
10 41.70 530 1016
11 40.42 614 1143
12 38.92 705 1263
13 37.68 803 1391

The scenario odilarge displacement rate over a smaller area resinlia lownumber of
birdsdisplacel, compared to smalleoveralldisplacement rate over a larger arebaple

6.7). Thereis anon-linear relationship betweethe various parametetsThisis due to the
non-linear increase in the size of the affected area with maximum displacement distance
(seeEquation6.4). Although the displacement rates across the entire affected area is
smaller when maximum displacement distance is large, the overall loss of birds is much

larger due to thesize of thearea affected.

Indeed this can be seen if the displacement rates in distance bands reported for the four
wind farms with displacement gradient informatiamne used, along with a flat density of
red-throated diver.Gunfleet Sands OWF $he second highest withivind farm

displacement rate (91.29%), smallest maximum displacement distance (2km), and smallest
displacememiaffected area§Okm?). Whilst this results in the largest displacement rate

over this affected area (55%), the actual number of birds displaced was by faibst lof

the four wind farmgqTable6.8). Lincs, Lynn & Inner Dowsing OWAS the largest maximum

displacement distance 8m), and largest displacemeaffected area (98km?). The
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displacement rate over the affected area is the smallest (34%), but the number of birds

displaced is very large.

London Array OWF had the largest number of birds displaced, despite Lincs, Lynn & Inner
Dowsing OWF having a larger affected area. This is due to the higher displacement rates
within the smaller inner distance, and the comparatively lower displacemens raitinin

the larger outer distance bandsg Lincs, Lynn & Inner Dowsing OWF, compared to London
Array OWFThis is in addition to London Array being almost twice the size of Lincs, Lynn &
Inner Dowsing OWF (100Kkmand 55kni, respectively), therefore eactisiance band

around London Array contains more birds to be displadée. 1km buffers around London

Array and Lincs, Lynn & Inner Dowsing measure 3@kih 29kn3, respectively.

While Kentish Flats and London Array have very similar displaceates{38.02% and
38.38%, respectivelyver the whole affected area, the area affectdd®Oknt versus
923knt) and number of birdslisplaced333 versus 163®re vastly different.

Table6.8. Overall redthroated diver displacement rategross the displacemesaffected

area, size of affected area, and number of hypothetical birddatisgd atfour offshore wind
farms using displacement rates in the literature and monitoring reports

Offshore wind _MaX|mum Dlsplac_err_lent Size of affected| Number of
farm d!splacement rate within area (kn¥) birds displaced
distance (km) | affected area (%
Gunfleet Sand 2 55.06 60 151
Kentish Flats 6 38.02 190 333
LLID 13 34.47 928 1471
London Array, 115 38.38 923 1630

These differenceshow the importance ofvhichmetric, or more apththe combination of
metrics, of displacemeris usedn order to appropriatelyunderstand displacement effects
and tocompare wind farm. These results describe a scenario assuminfiat distribution

of redthroated diver, but spatial fluctuation in densitiesmore likely to occur. Therefore,
the actual density of rethroated divesin practice wouldalso need ® be consideredio

understand the implications for the Outer Thames Estuary. SPA

6.4 Discussion omed-throated diver displacement changeith

distance fromoffshore wind farms

These results have indicated that the larger area over which displacement occurs happens

when there is a lower withiwind farm displacement rate. This may have implications for
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future wind farm design in relation to mininiig) the effect of displacement. If mitigatios

to beput in place in order to reduce withiwind farm displacement rates, there is a
possibility that doing so may cause a larger overall displacement effiisplacement
spreadsout over a wider area around the wind farm. This is a hypothesis at this stage, as
there is no way of knowing whether changing wind farm parameters from ttieenight
cause high withirwind farm displacement to those that loweiithin-wind farm

displacement would have the effect of reducing or enlarging overall displacement.

There are many questiomemainingbecause they directly relate to retiroated diver
behaviour and being able to understand the driver of that behayiwhich cannot be

obtained through a study of this sofor instance, a question remains as to why some wind
farms appear to have low displacement rates inside the wind fahitst red-throated

divers are also displaced from a vast distance surrounding the wind farm. One might
assume that lower displacement within the wind farm might suggest some acceptanc
habituation to the presence of turbines, but the fact that réutoated divers several

kilometres outside the wind farm have redistributed even further from the wind farm
adza3Saita GKSe NB AYyONBRAOT ®erimyhis is indicati®e 2
of very individuabased behaviour.

These are the sorts of behavioural responses which a study of this nature cannot answer
but can hypothesise a reason. Perhaps, in an aigahigh levels of anthropogenic activity
just outsideawind farm, some birds perceive the wind farm to be the lesser source of
disturbance and so enter it, generating a relatively low displacement rate within the wind
farm. Meanwhile birds displaced from outside the wind farm are perhaps sufficiently
sensitive to both the other sources of anthropogenic activity dregresence of a wind

farm that they leave the wider aredhis wouldesult in a displacement effecver several
kilometres outside the wind farm. In this case, it is the combination of the wind farm and
other activities causing displacement rather than solely one source. Or perhaps in the event
that there is a low density of turbines, there is sufficienaep between turbines that birds

are displaced away from individual turbines but not a whole wind fafleanwhile other

birds perceive the wind farmsaa whole, and an attempt to remove oneself from the wind
farm results in a large distance travelled in order to make the wind farm appear as small as

possible against the backdrop of the seascape.
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What redthroated diver habitat preferences are is a further question which needs to be
considered, and may help to understand why and where birds movRetbthroated

divers prefer to utilise relatively shallow coastal areas up to around 20m (®lapket al.,
2015; Duckwortlet al., 2020) They tend to associate with estuarine fromtkere the
likelihood of encountering prey is thought to be high{&kov and Prins, 2001; Sleial.,

2016) One way to predict where displaced birds may move to would be to model the
current distributions of birds, the presence of anthropogenic activity, and depth contours.
The removal of anthropogenic activities may present information on where birds would
naturally occur, which may then help indicate where mitigation measures could be

implemented to remove anthropogenic activity.

Empirical evidence of rethroated diver displacement has been described and presented in
a range of different wayacrosseports in the literature Displacement has been defined
and calculated in different ways, from comparisons in density before andthgter
construction of wind farms to comparing assumed densities with and without the wind
farm. Displacement rates have been quantified in discrete regions, for instandistance
bands outside the wind farm and also across larger spatial scalessfande across a
wind farm plus 10km outside of it. Discrete distance bands of different,dizes 500m to
several kilometres, have also been us€lis norstandard approach tthe presentation of
displacemenmakes it difficult tounderstand the full extent of displacememgarticularly
when it is unknown whether the full spatial extent of displacement has been detei¢ted
also presents a challenge when using the data collectively, for instemgenerate
displacement rates or displacement gradiefds use in impact assessmenBased on the
disparities in current studies of retiroated diver displacement,raopinion on what

standardised displacement studies could look like is providéueironclusion

Replicating this study once more comparative monitotiag been carried ous likely to
provide more robust evidence of ratiroated diver displacementiowever caution is

noted with using data based on several factors.

9 First,the method of surveying should be considered, particularly as-baaed
surveys are more likely to result in a distribution modified by the survey itself
(Briggset al., 1985; Henkett al,, 2007; Fliessbadtt al., 2019)
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Detectability of species across survey methati®needs to be accounted faf

there is a possibility that digital and visual aerial surveys produce different
abundance estimates for different species, & Rf, 2049)

Other aspects of survey designch as the statistical power of detecting
displacement and whether surveys covered the full spatial extent of displacement
should be scrutinised to ensure the full picture of displacement is presented.

The method of translating raw survey data#o modelled distribution is yet another
factor that could influence the outcome of a displacement stuhd differences
across reports may need to be analysed.

The very definition of displacement may also differ between stygliessious

studies have used Befowfter and BeforeAfter-ControHmpactmethods assumed
distribution without the wind farmand comparisons in abundance inside and
outside the wind farm. Whether these are all directly comparable ways of
calculating could be questioned further in future studies.

More obvious differenceare also present between studies that should certainly be
taken into consideration. Theistance bands over which displacement is described
in previous studiebavevaried widely, from small discrete distance bands to tens
of kilometres covering the wind farm and surrounding area.

The spatial extent of the study should also be scrutinised. Some studies focus solely
on a particular wind farm, whilst others cover a larger area and account for the
impact ofmultiple wind farms and sometimes other sources of disturbance as well.
Teasing apart the influence of individual sources of displacement becomes difficult
with largerscale studiesHowever, the cumulative effect of multiple stressors may
be more accurately viewed. Any future medaalyses should consider this in the
aims of the stdy.

Whether the surveys have captured the full spatial extent of displacement should
also beconsidered; for a couple of wind farms it would appear that displacement
could have continued to occur beyond the extent of the surveys.

For some studieglisplacement rateare provided whilst for others they are not.

For those not presenting displacement rates, displacement distances are often
stated. Howeverwithout a displacement rate, half of the picture is missing; the

spatial extent is provided, but the quantity is not.
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1 Some dsplacement esultsare statistically significant resujtwhilst others arenot;
therefore, perhaps a weighting could be appliexithose statistically robust studies
carrying more weight. Judgements may be needed across those insignificant results

as to the validity of the displacement results presented.

It is possible that ithe same site was studied, baach of these aspectd survey design,
data analysis, and presentation of resultsrevdifferent, the outcomecould indicate
different displacement effect A fullinvestigation would be needed to determine if this is
true, and maybe a worthwhile future workhismay alsahen enablemore of theexisting

studies to be incorporated into a metmnalysis

Future useful work would be to look at the data behind the displacement of other species
to determine if the same issuese presentTheremay also bdessons from studies of
other species, or indeed lessons from studies ofttedated diver displacement to apply

to other species.

This chapter has suggested several ways to generate a representative displacement

gradient for different applications. Each method has its own advantages and disadvantages,

YR YIe& KIFI@®S RAFTFSNBYy(G dzaSaod ¢KS Yzad Slhaife
gradient, which preserves the relationship between maximum displacement distance and
within-g A YR FIFN¥Y RAALI FOSYSy(d NIXGS> NB3IFINRESaa 2
RIGlLé Y2ah | OOdaNY 6Sft & RSAONAROSR (H®EnNI ¢ RI G
gt dzSad ¢KS a! gSNIF 3S m{Yé ANFRASYyG YvYzad |00
1km distance bands, and is less susceptible to outliers. This advantage is also retained in the
Gal EAYdzY m1Yé 3IANFRASYy(G YSiK2 Rapproadaby thdi® OA RS &
the maximum values in each 1km distance band. This method may therefore be best

applied where a wortase scenario is investigated, for instance within impact assessments.

6.5 Conclusion of theehangein red-throated diver displacement

with distance fromoffshore wind farms

This chapter has shown the differences in hdigplacement has been surveyed, calculated,
and presented. These differences make direct comparison between studies difficult, and
can lead to a lack of consensus of displacement effects. Therefore, a key recommendation
for future research and future praice is to standardise displacement studidstural

variability and inherent uncertainties within each dataset also exist, mean further
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reductions in data quantity and/or quality exacerbates diffimd in understanding the
impact of displacement. Therefore, based on the learnings throughout this thesis, an

opinion on a standardised displacement monitoring study is provided in Chapter 8.

This chapter has examined evidence of the extent oftredated diver displacement from
offshore wind farmsand the different ways that displacement can be defined, quantified,
and presented The next chapter uses these findings and the findings of previous chapters
to consider the different ways that cumulative displacement can be defined and quantified.
This entails simulating the potential displacement effectbath existing anduture wind

farms.
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Chapter 7What might future cumulative red
throated diver displacement from offshore wind

farms look like?

Abstract

The installation of offshore wind farm infrastructure is set to rise significantly following an
already rapid rate of development. Minimising negative interactions is critical to aid
progressUnderstandinghe current level of impact and being able to predidiure

impacts, particularly on aumulativelevel, can play a role iminimising andnitigating
impacts.Displacement of birds away from wind farms can mean large areas of foraging
habitat is lost. Cumulative displacement could occur through sewszahanisms, including
birds being displaced solely due to the closest wind farm, birds being displaced solely by the
first wind farm built, or birds being displaced multiple times over due to more than one
wind farm. In this study, the impact of multipleenarios of maximum displacement
distance, gradient of displacement with distance from a wind farm, and method of
calculating cumulative displacement was investigafedthroated diverdistribution was
overlain with operational and planned wind farntisen scenarios were simulated to
investigate cumulative impacts on a Special Protection Ared&iwatersThe results
indicate that existing wind farms have had a large cumulative displacement d&adt)g

to massive areas of habitat logsiture wind farms will likely add a much smaller additional
impact.Regardless, the method of calculating cumulative displacement can generate a
wide range of results in terms of the area of impact and number of birds displeeedl. of

the three methods of calculatingumulative displacement may be true to realitigerefore

the method chosen could produce very different outcomes of an impact assesshinest
highlights the need for better understanding cumulativedisplacement effects and

impacts togainan accurate view of wind farwildlife interactions.
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7.1 Introduction to future scenarios of seabird displacement at

offshore wind farms

This thesis has so far examined how species are scoped into a cumulative displacement
assessment, whether wind farm design can mitigate displacement, the influescevaly

design on detecting displacement, and the extent of displacement. Given this knowledge of
displacementrom current offshore wind farms, the next step in addressing cumulative
displacement would be to simulate potential future wind farms and their displacement

effect.

However, he mechanism of cumulative displacement from multiple wind farms in close
proximity is also not clear. For instance, are more birds displaced if two wind farms are
present or displaced further from those wifiarms? Is the effect of two wind farms twice

the effect of one wind farm, more than twice, or less than twigd®refore, this chapter
explores threamechanisms of calculatirgumulative displacemenGiven the range of
displacement rates and maximum distances over which displacement has been observed,
this chapteralsoexplorescumulative displacement through a seriesdigplacement rates

and maximum displacement distancédis is done for both existing wind farms and the
addition of future wind farmsni order to gauge the current extent of displacement and the

impact of future development.

Different methods of calculating cumulative displacement have been used in impact
assessments in the UK. For example, the Awel Y Mor offshore wind farm in Welsh waters,
the buffer regions around the wind farm were cropped around the neighbouring
operationd Gwynt Y Mor offshore wind farm. This assumed that displacement was already
occurring within Gwynt Y Mor, and no additional displacement would occur in the same
location due to another wind farm being built nearby. It was established that displacement
wasonly occurring within Gwynt Y Mor, and not beyond the boundary, so there was no
need for considering how to calculate cumulative disturbance outside Gwynt YBdaet

al., 2022) In contrast, the North Falls offshore wind farm in the southern North Sea, carried
out a cumulative displacement assessment by merging buffers around operational
neighbouring wind farms. This assumed that displacement occurs due to the closest wind
farm. Then if wind farms or buffers of those not yet built or consented overlapped with

operational wind farms, the operational wind farm or buffer was prioritised. This assumed

GKFG RAALI FOSYSyid osFa FtNBIFRe 200daidlyy 3 gAGK
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occur in an overlapping region due to the addition of a future wind fiRayal
HaskoningDHV, 2023)

The intention behind this chapter it to solelyconsider which method is most likely to
occur, or which is most real. Rather, itasexplore the potential implications of different
methods of calculating cumulative displacement. Each method has advantages and
disadvantages, different applications, and different levels of biological realism. Regardless,
each could reasonably be applieglimpact assessments of displacement, therefore this
work aims to analyse how different the outcomiesm each methodnay be. This may help

to understand theconsequence of using different ways to calculate cumulative

displacement.

This chapter begins by describing the method used to simulate future scenarios of seabird
displacement at offshore wind farmigicluding the use displacement rates within and
outside wind farmswhichwere chosen based on the previous chapf@ue to the variety

of displacement rates, maximum displacement distances, displacement gradients, and
mechanisms of cumulative displacement that may exist, this chapter exilmrémpact of
each combination of these variables using the same methods that would beccaut in

an EIA The results of these simulationloth for existing and future wind farmare

presented within the context of the Outer Thames Estuary Special Protection Area (SPA).
Finally, the implications of the studyncluding recommendations for future practice and

future researchare discussed

7.2 Method to simulate future scenarios of seabird displacement at

offshore wind farms

This section first defirsthe study area, then the datasets used within the simulations are
detailed, followed by a description of how individual wind farm displacement was

simulated, and finallyjhow cumulative wind farm displacement was simulated.
7.2.1 Study area; the Outer Thames Estuaryp8cial Protection Area

The Outer Thames Estuary SPA and thetheahted diver qualifying feature of the SPA, as
described in sectiob.2.1, were again used as the context for this chapt@s mentioned
throughout this thesis, the maximum extent of réfstoated diver displacement from an

offshore wind farm in the literature was 16k{ilendelet al., 2019) Thereforein order to
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examine the potentialvorst-caseimpact of future wind farmesn the SPA,he entire SPA

plus a 16km buffer was used as the study area.

7.2.2 Datasets used isimulatingcumulative displacement of redhroated

divers
Several publicly available datasets were used in thisystaindlare described ifable7.1:

1 JINCQ &pecial Protection Areas (SPAs) with marine components (all UK waters)
shapefile dataset, providing spatial information on marine protected areas for birds
in UK waters.

1 The Seabird Mapping and Sensitivity Tool (SeaMaBVidesseabird density and
wind farm sensitivity maps for English waters.

z

In additon,t KS / N2 gy 9alGlFiSQad hTFakK2NB 2AyR {Al

shapefile datasetvas usedas described iffable5.1.
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Table7.1. Datasets used to simulatbe cumulative displacement of retiroated divers in
the Outer Thames Estuary Special Protection Area.(SPA)

Dataset Wb/ / Q& { LIS O|Seabird Mapping and Sensitivity Tool (SeaMay
Areas (SPAs) with marin
components (all UK
waters) shapefile
Overview |Spatial information on | Seabird density and wind farm sensitivity maps
marine protected areas
for birds
Spatial UK Exclusive Economic|English inshore (<12nm from coast) and offshg
scale Zone (>12nm from coast) waters
Temporal |Data as of March 2022. | Published 2019. Generated using survey data
scale Covers all existing SPAgfrom 1979to 2012
Detailed |Contains boundaries of | Tool mamingthe density of seabirds and
information|all SPAs with marine waterbirds and their sensitivity to offshore wing
components across the |farms in England. Density distribution data wag
UK, including the site | collated from aerial and bodtased surveys
code, site name, site undertaken between 1979 and 2012, and a
status, and country. An |density surface was created throutite use of a
associated spreadsheet|Generalised Additive Model (GAM) with distan
contains further detail or|to the coastasthe primary covariate (further
the protected features at information inBradburyet al.(2014) The density
each SPA. surface was mapped onto a 3km by 3km squal
grid, with bird density in each grid cell describe
in birds/kn?. Density distribution mapsplit by
breedingand non-breeding seasardatafrom
aerial, boatbased,andboth aerial and boat
based survey dataandbirds flying, birds sitting
on the water,andboth birds flying and birds
sitting on the water.
Wb/ / Qa {LISOAILf tNRISOGAZ2Y ! NBlFa o{t!ao

was used to obtain the boundary of the Outer Thames EstuaryTieééensityof non

breeding ed-throated divessitting on the water from aerial survey data from SeaMAST

used as the baseline for analysing displacemeshdwvn inFigure7.1, alongwith the

boundary of theOuter Thames Estuary SP¥sthe red-throated diver was the species of

interest, and the species is only present in the southern North Sea over the winter, the
SeaMAST dateovering the norbreeding season were used. Rémloated divesare

particularly susceptible to disturbance by vessels, including boats carrying out suheeys
maps based on data from aerial surveys were selected as they are more likely to accurately

capture the distribution of redhroated diveswithout the influence of the survey vessel.

155



Legend
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Figure7.1. The total density of sitting and flying ré¢ldroated dives based on aerial survey
data from 1979 and 2012, within the Outer Thames Estuary Special Protection Area (SPA),
southern North Sea, UK.

Finally, maps based on birds sitting on the water and birds flyarg used, as birds flying
through a proposed wind farm area could be affected by either barrier effects or
displacement. Flying birds may be transiting to another location #edefore, potentially

at risk of barrier effects due to the presence of a wind farm, or they may have been using
the proposed wind farm area for foraging ariderefore, potentially at risk of displacement
effects due to the presence of a wind farm. At present,abservation of a flying bird

during an aerial survey does not give information on whether the bird was transiting or
using the area for foraging. Therefore, it is assumed for this chapter that birds flying and
sitting on the water are potentially subjeat tlisplacementand both are often included in

a displacement assessment.

From a methodological point of view, it is important to determine if the SeaMAST dataset

gives a reasonable estimation of the wintering tbdoated diver population for use in this
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thesis.The SeaMAST data showed that ted-throated diverpopulationwithin the entire
SPA wa$5,195 individuals Thiscorroboratessurveys from 2013 and 2018 showing
populations ofl4,161and 21,997respectivelfAPEM, 2013; Irwiat al., 2019) giving

assurances on the use of the SeaMAST dataset for this analysis
7.2.3 Calculating wind farm displacement of retthroated divers

There were several stages to calculating wind farm displacerfrent,individual
displacement due texistingwind farmsto cumulativedisplacemenfrom existing and
future wind farms. The various stages of calculation are shown schematickityuire7.2
and explained in the subsequent sectiofkis section starts by describing how individual
wind farms displacement can be calculated, including aximum displacement
distances and displacement gradients are defined. The section conclioglddscribing the

ways in which cumulative wind farm displacement can be calculated.

Maximum
displacement Okm
Individual disfance (km)
wind farm
displacement | Displacemen . ) .
P P ac-e ent 100% within Basic gradient
gradient
Cumulative Calculating Impacted Impacted Impacted Impacted Impacted Impacted
wind farm cumulative once in once from | multiple once in once from multiple
displacement | displacement order closest times order closest times

Figure7.2. The variables included in simulating cumulative wind farm displacement-of red

throated divers showing the example of Okm maximum displacement distance

Note: There were 17 variables of maximum displacement distance (Okm shown, range 0O
MclYos (62 RAALIFOSYSyYyd 3INIRASyl(la damnm:z @Al
YSGUK2R& Ol f OdzA F GAy3 Odzydzf I GABS RAALA I OSYSyi
fromcloSa ¢33 aLYLI OGSR Ydzf GALX S GAYSaéduvd ¢KS 02
distances, two displacement gradients, and three methods of calculating cumulative

displacement gives a total of 102 scenarios of individual wind farm displacement.

7.2.3.1 Calculating individual wind farm displacement

Calculating individual wind farm displacement was split into several steps, each with several

variable values to model within them:

1 First, the maximum displacement distance was determined, with 17 variables

modelled

157



1 Second, the displacement rates to use within and outside of the wind farms
(termed displacement gradient) were calculated, with t@splacement gradients

modelled

For each of thd7 maximum displacement distarssghere wergwo displacement

gradient variablegresultingin a total of 34 scenarios of individual wind farm displacement.
Redthroated diver densities within and surrounding each wind farm boundary were
calculated in distance bandietween the wind farms out to the maximum displacement
distance The displacement ratesithin each of the two displacement gradiem&re

applied to the distance bands to calculate the full extent of displacement undercdaich

17 scenarios of maximum displacement distance
7.2.3.1.1 Maximum displacement distances

A worstcase scenario of displacement regarding spatial extent was based on the largest
known cited displacement distance of 16km from a wind farm site in the German North Sea
(Mendelet al,, 2019) Several slighter lower displacement distances have also been
observed (16L5km in the German North SéHeinaneret al,, 2020)and11.5km in the

southern North SeAPEM, 2021)making 16km a realistic maximum displacement

distance. Therefore, offshore wind farms within 16km of the Outer Thames Estuary SPA
boundary were selected for analysis and included wind farms at all stages of development.
The location and status of windrfas, the Outer Thames Estuary SPA, and a 16km

displacement distance around the S&#& shown inFigureb.2.

A range of maximum displacement distaneezsssimulated from within the wind farm only

up to 16km, at intervals of 1knRistance bands within each maximum displacement

distance were generated, each with a width of 1kmallow displacement rates to be

applied to each distance band, enabling a displacement gradient to be formed. For
example, for the scenario of maximum displacement distance of 3km, the impact areas
were split into within wind farm, Okailkm, 1km2km, and2km-3km distance bandg.he

value oflkm for distance bands was chosen as this has often been used by other studies
when reporting reethroated diver displacement (sé€eable4.2) and would also make these
results comparable witthe outputs of other studiesThe nonbreeding season red

throated diver density within the Outer Thames Estuary SPA was cropped to these rings so

that displacement rates could be assigned.
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7.2.3.1.2 Displacement rates within the wind farms

Two scenarios of displacemenatteswithin the wind farm were used. The firstasbased

on a worstcase scenario of a 1008isplacement rate withithe wind farm, and the second
washased on the maximum displacement distanceChapters, it was established that
studies of reethroated diver often report displacement rates within wind farms of 100%.
Chapter 5 also established that thesippears to be a trend in that the larger the maximum
displacement distance, the lower the wind farm displacement raterefore, both of

these were taken forward as possible scenarios of displacement rates within wind farms to

be simulated.

For the scenario of eiend in displacement rate withithe wind farmwith maximum
displacement distancegs shown irChapterb, an equation was generated from the trend
Therefore, the within-wind farm displacement rate for each maximum displacement

distance scenario wasased orEquation7.1.
W PP wdo

Equation?7.1. Trend irdisplacement rate within the wind farm with maximum
displacement distance

where
y = within wind farm displacement rate

X = maximum displacement distance

The displacement rates withihe wind farm for each of the 17 maximum displacement

distances are shown ihable7.2.
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Table7.2. Examplered-throated diver displacement rates withilne wind farm for 17
different maximum displacement distandesbe applied to the case study of cumulative
future displacement in the Outer Thames Estuary Special Protection Area (SPA)

Maximum displacement| Displacement rate
distance scenario within the wind farm (%)
Within wind farm 98.53
1 96.35
2 94.17
3 91.99
4 89.81
5 87.63
6 85.45
7 83.27
8 81.09
9 78.91
10 76.73
11 74.55
12 72.37
13 70.19
14 68.01
15 65.83
16 63.65

7.2.3.1.3 Displacement rates outside the wind farms

Once thered-throated diverdisplacement rates withithe wind farm had beemimulated

the next step was to determine the gradient of displacement out to each of the maximum
displacement distances. This was done for each scenario of maximum displacement from
Okm to 16km and each scenario of either a 100% displacement rate whthimind farm or
displacement rates withithe wind farm determined by the maximum displacement

distance as shown imable7.2.

The displacement gradient was generated by applying the method of averaging a
displacement gradient where relative distances and displacement rates are used, as
outlined inChapters. This method generatelquation?7.2, which can be used when

different wind farm displacement rates and different maximum displacement distances are

being simulated.
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Equation7.2. Trend irpercentage of within wind farm displacement rateith
percentage of maximum displacement
where
y = percentage of within wind farm displacement rate

x =percentage of maximum displacement distance

Thered-throated diverdisplacement rates withithe wind farm were either 100% under

the first scenario or those withifiable7.2 under the second scenario. The displacement

rates within each of the distance bands outside the wind farm cab&tefore, be

calculated from the proportion of the displacement rate within the wind faeach

distance band as a proportion of the maximum displacement distance. These two sets of
displacement gradients were generated for each of the 17 maximum displacement
RAAGFyOSad ¢KS G2 RA&ALIFOSYSyd 3AINFXrRASyGa 4S5
GKSNB (KS RAALI FOSYSyid NIridS 6A0GKAY GKS gAYR
the scenario where the displacement rate within the wind farm was based on the maximum

displacement distance.

Examples of the rates of displacement within each distance band when the maximum
displacement distance was 5km, 10km, and 16km, under either scenaria@ 60&o withirg
gradient or & asic gradiert, are shownin Table7.3. Under thedd 00% withiig scenario,

the displacement rate within the outermost distance band, regardless of maximum
displacement distance, wadi%. This was because the within windfiedisplacement rate

was always 100%, regardless of maximum displacement distance, and the displacement
rate in each distance band was based on a proportion of the within wind farm displacement
rate, depending on the distance band in question. Thereforedibplacement rate within

the distance band was always the same proportion of the witthéwind farm

displacement rate (100%), and the displacement rate in interim distance bands differed as
the maximum displaceant distance differed. In comparison, the within wind farm
displacement rate under thé asic gradier# scenario differed with maximum

displacement distance, and the displacement rate in each distance band was based on this
value. Thereforgthe outermost distance band always had a different displacement rate
regardless of maximum displacement distance and was #isocefore, different from

equivalent distance bands under tkb&00% withig scenario. Displacement rates used for
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all maximum displacement distances at®own inAppendixTableH1 andAppendixTable
H2.

Table7.3. Example redhroated diver displacement rates within each distance band, when
maximum displacement was 5km, 10km, and 16km, assuenl% displacement rate
within the wind farm ¢100% withig) and assuming the displacement rate within the wind
farms is determined by on the maximum displacement distai®a&s{c gradiers).

Displacement rate (%)
100% within Basic gradient
Distance band (kn1 5km max|10km max16km may 5km max|10km max16km max

Within wind farm| 100.00 | 100.00 | 100.00 | 87.63 76.73 63.65
0-1 7900 85.00 87.00 69.23 65.22 55.38

1-2 67.00 7900 83.00 58.71 60.62 53.47

2-3 5500 7300 7900 48.20 56.01 50.92

34 4300 67.00 76.00 37.68 51.41 48.37

4-5 3100 61.00 7200 27.17 46.81 45.83

5-6 N/A 5500 68.00 N/A 42.20 43.92

6-7 N/A 49,00 64.00 N/A 37.60 41.37

7-8 N/A 43.00 61.00 N/A 32.99 38.83

8-9 N/A 37.00 57.00 N/A 28.39 36.28

9-10 N/A 3100 53.00 N/A 23.79 34.37
1011 N/A N/A 49.00 N/A N/A 31.83
11-12 N/A N/A 46.00 N/A N/A 29.28
12-13 N/A N/A 4200 N/A N/A 26.73
1314 N/A N/A 38.00 N/A N/A 24.82
14-15 N/A N/A 34.00 N/A N/A 22.28
1516 N/A N/A 31.00 N/A N/A 19.73

7.2.3.2 Calculating cumulative wind farm displacement

Once displacement scenarios had been calculateginext methods of calculating future
cumulative displacement were explored. The 34 scenarios of individual wind farm
displacement (see sectioh2.3.] were taken through to then calculate cumulative wind
farm displacement in the final stage, with three scenarios of simulating cumulative wind
farm displacement described below. Therefore, 34 scenarios of individual displacement
multiplied by three scenaws of cumulative displacement resulted in a total of 102 different

scenarios were simulated.

The calculation of cumulative displacement from more than one wind farm was done in
several ways, based on realistic and precautionary approaches, and all hypothetical at
present. The scenarios were based on how the impact from multiple wind farms

overlappng the same area dhe seawascalculated:
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1 Cumulative displacement scenario 1: The first scenario assumed that overlapping

areas otthe sea were only impacted once, and due to the order in which wind

TFENXYa 6SNBE o0daAfdd ¢KAA ¢l a yra3RR aLYLI OGS
1 Cumulative displacement scenario 2: The second scenario also assumed areas of

the sea could only be impacted once, but that the impact was due to the closest

GAYR FINXY® ¢KAA ¢l & yIrYSR azY3®d0G6SR 2y O0S
1 Cumulative displacement scenario 3: The third scenario allowed for multiple wind

farms to each have an impact on an area of sea, such that impacts were additional.

CKA& 61&a YIYSR AGLYLI OF8R23ydzf GALX S GAYSa&

This was initially done for operational wind farms only, then with the addition of wind
farms under construction, consented in the planning system anepfaening application
submission. Within and around the Outer Thames Estuaryt8&w were only

operational, consented, and piglanning application submission wind farms.
7.2.3.2.1 Cumulative displacement scenario 1: Impacted once in order

In this first scenario, it was assumed that the first offshore wind feomstructed had an

impact on a particular area. A second offshore wind farm was built, and its impact covered
a particular area. If there were overlapping regions of impact from the first and second
wind farms, the area impacted by the first wind farm r@med the same a$ it alone was
constructed. The impact of the second wind farm was the area that its impact covered
minus the overlap with the existing OWF. Thhgre was no dould counting within an
overlapping impact area. It was assumed that any birds not displaced by the first wind farm
were also not displaced by the second wind farm. To a degineemay be true, as it may

be that a bird not displaced by the first wind farm is not very sensitive to the presgnce
anthropogenic structureand, therefore would not be displaced by a second wind farm.
However it may depend on how close the new wind farm is constructed relative to the bird
in question, compared to the proximityf the first wind farm. A bird not displaced sitting

on the water in the 16km distance band from the first wind farm may then also be sat on
the water within the second wind farm when it is constructedthat case, it would seem
unlikely that a bird would not be displaced by a wind surrounding it, just because it was not
displaced by a wind farm 16km awd&he orderin whichoperational OWFs were built is

shown inTable7.4 and shown along with distance bandsHigure7.3.
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Table7.4. The order in which currently operationéhd farms(as of July 2023) in and
around the Outer Thames Estu&pecial Protection Are&RAwere built.

OWF . Turbine construction | Turbine construction
number Offshore wind farm started finished
1 Scroby Sands 2003 2004
2 Kentish Flats 2005 2005
3 Gunfleet Sands 2009 2010
4 Thanet 2009 2010
5 Greater Gabbard 2010 2012
6 London Array 2012 2012
7 Gunfleet Sands demo 2013 2013
8 Kentish Flats extensior 2015 2015
9 East Anglia One 2019 2020

The order in which wind farms were constructed made a difference to the displacement

rate applied at a particular egea location due to the distance band at that location. For

instance Wind Farm Numberwo was built beforeaNind Farm Numberhiree, and there

were overlapping areas of impatttat were attributed to Vihd Farm Number Wo only.

Therefore, the spatial extent of the impact from wind farm numitéree was reduced.

Wind farm numbessixwas built after several other wind farms nearby, making its

attributable impact far smaller in spatial extent than if the other earlier wind farms were

not built. The orderin whichfuture wind farms will be built was unknovwand, therefore

was not modelled.
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Figure7.3. Map of how cumulative displacement was calculated under scenario 1: Impacted
once in order for operational wind farms.

Note: The fgureshowsthe impact of wind farms within 16km of the Outer Thames Estuary
SpeciaProtection Area (SPA), UK, and the distance bands around therwdhidd be
assigned to each wind farm. The ordemhichwind farms were built, and hence the
number indicated in the figure, are shownTiable7.4.

The same principle was then also applied separately to consented wind farms and pre
planning application wind farms. There were two consented wind farms within 16km of the
Outer Thames Estuary SPA and onegamning application wind farm. It is reasonakhfe

to assume that the two consented wind farms will get built before theesning
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application wind farm. However, it is far less certain which of the two consented wind
farms would be built first. Thereforevhen considering the consented wind farms, two
scenarios were simulated, with either wind farm being built first. Thdren considering
the of the preplanning application wind farm, two scenarios were simulated, again with
either consented wind farm being built fir§bllowed by the second, then the pyglanning
wind farms Table7.5). The order of operational conseand preplanning application wind
farms, along with distance bands,shown irFigure7.4.

Table7.5. The order in which operational, consented, andplaaning application wind

farms in and around the Outer Thames Esti@pgcial Protection Are8PAwere
simulated to be built.

Offshore wind farm order
Stage Offshore wind farm Consente_d build Consente_d build
scenario 1 scenario 2
Operational Scroby Sands 1 1
Operational Kentish Flats 2 2
Operational Gunfleet Sands 3 3
Operational Thanet 4 4
Operational Greater Gabbard 5 5
Operational London Array 6 6
Operational Gunfleet Sands demo 7 7
Operational Kentish Flats extensiol 8 8
Operational East Anglia One 9 9
Consented East Anglia One North 10 11
Consented East Anglia Two 11 10
Preplanning application| North Falls 12 12
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Legend
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Figure7.4. Map of how cumulative displacement was calculated under scenario 1: Impacted once in order for operational, consgarted, and

planning application wind farm&igure 7.1a assumes East Anglia One North is built first (number 10), followed by East Anglia Two (number 11).
Figure 7.4 assumes East Anglia Two is built first (number 10), followed by East Anglia One North (humber 11).

Note: The fgureshowsthe impact of wind farms within 16km of the Outer Thames Estuary Special Protection Area (SPA), UK, and the distance bands
around them thatwould be assigned to each wind farm. The orglewhichwind farms were built, and hence the number indicated in the figure, are
shown inTable7.5.
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7.2.3.2.2 Cumulative displacement scenario 2: Impacted once thaslosest

In this second scenario, it was again assumed that only one wind farm had an impact on a
particular area othe sea. Howevelin this scenario, where there were overlapping areas
from multiple wind farms, the impact was attributed to the wind farm closest to that area
of the sea. In practice, this meant that distance bands from different wind farms would
merge together once they overlapped. Depending on the distance between wind farms,
this meant different distance bands would be mergfa example all distance bands up to
and including the 5km distance bands from two wind farms 10km apart would not merge
together, but the 6km distance bands and larger would merge togethbe spatial extent

of some wind farms was reduced in this scenanibere they were closer than 32km to
another wind farm. The merged distance bands around operation wind farms, operational
and consented wind farms, and operational, consented aneptmaning application wind

farms are shown ifrigure?.5.

Since impacts were attributed to the closest wind farm and the displacement gradients
were applied to distance bands until the distance bands from multiple wind farms merged,

impacts athe same distance from each wind farm had the same displacement rate.

This is pobably the most likely scenario to occur in reality, as it would make ecological
sense that birds are most sensitive to and displaced by the wind farm closest to them. This
scenario does not, however, account for any increased displacement rates due to th
presence of multiple wind farms, particularly at locations which werewragl between

two wind farms. It is plausible that, at those locations, more birdssffeeted due to

increased anthropogenic pressure.
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Figure7.5. Map of how cumulative displacement was calculated under scendrigp2cted once from closestigure 7.5 operationalwind farms
Figure 7.% operational andonsentedvind farms,and Figure 7.5 operational, consented, anie-planning application wind farms.

Note: The fgureshowsthe impact of wind farms within 16km of the Outer Thames Estuary Special Protection Area (SPA), UK, and the distance bands
around them thatwould be assigned to each wind farm.
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