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Glossary

Air Gap The gap between the mean sea level and the lowest point of a wind turbine rotor
blade.
Avoidance Probability that a bird takes successful evasive action to avoid collision with a wind

turbine.

Biologically Defined
Minimum Population Scales

Seasonal subdivision of bird population size. The rationale behind these subdivisions
is that the likely origin of a bird in a particular location depends on the time of year.

Collision risk

Risk of a bird lethally colliding with a wind turbine within a wind farm.

Collision risk model

A model that calculates collision risk for a species within a wind farm based on a set
of wind farm and bird species specific parameters. Collision risk models can be run
deterministically or stochastically.

Deterministic model

Model where a single value for each input parameter that goes into the model is used,
leading to a single output without variation.

Large array correction

Adjustment to the probability of bird collision to account for the depletion of bird
density in later rows of a wind farm with a large array of wind turbines.

Light Detection And Ranging
(LIDAR)

A remote sensing method using pulsed lasers to measure distances to the earth.

Lowest Astronomical Tide

The lowest level of the sea surface with respect to the land.

Maximum Design Scenario

The wind farm design scenario that is considered the worst case from the perspective
of collision risk.

Mean Sea Level

The average level of the sea surface with respect to the land.

Nocturnal Activity Factor

The percentage of a bird species that is considered active at night.

Ornithology

Ornithology is a branch of zoology that concerns the study of birds.

Parameter

Parameters are the input elements of a model that together affect the output of a
model. In collision risk models, examples of parameters are the number of wind
turbines and the length of the bird. All input parameters are described in Table 1.1
and Table 1.2.

Stochastic model

Model where the input parameters that go into the model are allowed to vary, leading
to a range of output.

Acronyms

BDMPS Biologically Defined Minimum Population Scale
LAT Lowest Astronomical Tide

LCI/UCI Lower/Upper Confidence Interval

LiDAR Light Detection And Ranging

MDS Maximum Design Scenario

MSL Mean Sea Level

NE Natural England

NAF Nocturnal Activity Factor
RPM Rotations Per Minute
(s)CRM (stochastic) Collision Risk Model
SPA Special Protection Area
Units

MW Megawatt

km Kilometres

m/s Metres per second

m Metres

cm Centimetres
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Offshore ornithology non-migratory seabird collision risk
modelling

Introduction

Background

During the operations and maintenance phase of the Morgan Offshore Wind Project
Generation Assets (hereafter referred to as the Morgan Generation Assets), the
turning rotors of the wind turbines may present a risk of collision for seabirds.
Stationary structures, such as the tower, nacelle or when rotors are not operating, are
not expected to result in a material risk of collision. When a collision occurs between
the turning rotor blade and the bird, it is assumed to result in direct mortality of the
bird, which potentially could result in population level impacts.

Species differ in their susceptibility to collision risk, depending on their flight behaviour
and avoidance responses, and the vulnerability of their populations (Garthe and
Huppop, 2004; Furness and Wade, 2012; Wade et al., 2016). The structure and
operation of the wind turbines can also affect the risk to birds, with factors such as
rotor speed, blade size, pitch angle and height above the sea surface all influencing
the magnitude of risk. Artificial lighting may also change the risk for some species (e.g.
shearwaters and petrels), although there is little available evidence to quantify that
risk.

The ability of seabirds to detect and manoeuvre around wind turbine blades is also a
factor that is considered when modelling and assessing the risk. In response to this it
is standard practice to calculate differing levels of avoidance for different species or
species groups. Avoidance rates are applied to collision risk models to predict levels
of impact more realistically, based on available literature and expert advice about
seabird behaviour and their flight response to wind turbines.

The significance of collision mortality within an offshore wind farm on any given
species of bird varies in response to the size of its population, the density of the
population within the windfarm site, background annual mortality rates and estimated
rates of avoidance. As a general rule, a single individual lost from a small population
will have an increased significance in comparison to a single individual lost from a
large population. The loss of an individual bird will also be more significant if it is lost
from a species that occurs at low density, is relatively long-lived and reproduces at a
low rate. The opposite is also true where birds are relatively abundant, have high
densities within an area, are short lived and have high reproduction rates, where the
impact of collision fatality at the population level can be considered to be of negligible
magnitude due to only causing a slight difference to the baseline conditions.

Aim of report

This technical report describes the methods and modelling parameters used to
guantify the potential collision risk to seabirds as a result of the Morgan Generation
Assets using baseline data from the digital aerial surveys described in volume 4,
annex 10.1: Offshore ornithology baseline characterisation report of the Preliminary
Environmental Information Report (PEIR). The report considers the most abundant
seabird species recorded during the 12 digital aerial surveys carried out between April

113

1.13.1

2021 and March 2022. Only 12 months of the 24-month programme of digital aerial
survey data was available for the analysis and assessment presented in this PEIR.

Study area

Collision risk is an impact associated with the operation of wind turbines and their
associated offshore structures. As a result, the offshore cable laid on the seabed will
not contribute to any additional collision risk associated with this aspect of the
development. The collision risk assessment has therefore been carried out using
seabird in flight abundances within the Morgan Array Area only (Figure 1.1). The
Morgan Array Area (i.e. the area within which the offshore wind turbines will be
located) is located in the east Irish Sea, approximately 22.3km (12nm) from the Isle of
Man and 36.2km (19.5nm) from the northwest coast of England (when measured from
Mean High Water Springs (MHWS)). The Morgan Array Area is 322.25km? in size (see
Figure 1.1).

RPS_EOR0801_Morgan_PEIR_Vol6_10.3_00 CRM TR_FINAL
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Figure 1.1: Morgan Offshore Ornithology Array Area study area, and the Morgan Array Area used for collision risk modelling.
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1.2.1.2

1.2.1.3

1.2.2

1.22.1

Methodology

Collison risk modelling

Collision risk modelling was undertaken using the Stochastic Collision Risk Model
(sCRM) developed by Marine Scotland (McGregor et al., 2018). The SCRM provides
a user-friendly ‘Shiny App’ online interface which allows for variability in input
parameters to be incorporated into the model, producing predicted collision estimates
with associated uncertainty. Additionally, the SCRM provides a useful audit trail of
input parameters and outputs, enabling reviewers to easily assess and reproduce the
results of any modelling scenario. The User Guide for the SCRM Shiny App provided
by Marine Scotland (Donovan, 2017)! has been followed for the modelling of collision
impacts predicted for the Morgan Array Area.

The collision risk models incorporated draft guidance on recommended avoidance
rates, bird size, flight speed, flight type and nocturnal activity scores (Natural England,
pers. comm., 7 July 2022). In some instances, values for certain species (e.g. northern
fulmar Fulmarus glacialis and Manx shearwater Puffinus puffinus) had not been
provided within the Natural England guidance document. SCRM parameters therefore
for these species followed best available evidence (e.g. Garthe and Hippop, 2004;
Pennycuick, 1997; Gibb et al., 2017; Robinson, 2005). All proposed parameters are
set out in Table 1.1 and Table 1.2.

Collision risk models were run using Band Option 2 of the SCRM. The proportion of
birds flying at collision risk height was determined using generic flight height data
rather than site-based data. This generic data was taken from Johnston et al. (20144a;
2014b), who analysed flight height measurements from surveys conducted at 32 sites
around the UK.

Screening species for collision risk assessment

SCRM has been carried out for ornithological receptors that are potentially vulnerable
to collision with offshore wind turbines. A screening process was undertaken based
on the density of flying birds recorded within the Morgan Array Area and consideration
of their perceived risk from collision (Garthe and Hippop, 2004; Furness and Wade,
2012; Wade et al., 2016). Five seabird species were identified as potentially at risk
due to their recorded abundance in the Morgan Array Area and their likelihood of flying
at potential collision height between the lowest and highest sweep of the wind turbine
rotor blades above sea level. Additionally, consideration was given to species that
may not have been accurately captured during baseline digital aerial surveys due to
the diurnal timing of the surveys, with such species likely to be more active during the
nocturnal, dusk and dawn periods (e.g. Manx shearwater and northern fulmar). In
total, SCRM was carried out on seven species:

o Black-legged kittiwake Rissa tridactyla
o Great black-backed gull Larus marinus

o European herring gull Larus argentatus

1 https://www.gov.scot/publications/stochastic-collision-risk-model-for-seabirds-in-flight/

1.2.2.2

1.2.3

1.23.1

1.2.3.2

1.2.4

1241

1.2.4.2

1.2.4.3

e Lesser black-backed gull Larus fuscus
e Northern gannet Morus bassanus

e Northern fulmar

e Manx shearwater.

Despite being recorded in high numbers, auk species (e.g. common guillemot Uria
aalge, Atlantic puffin Fratercula arctica and razorbill Alca torda) are not considered to
be vulnerable to collision risk impacts due to flying at low altitudes (flying below 20m)
and therefore were excluded from the collision risk assessment.

Density estimates

Monthly density estimates of seabirds in flight within the Morgan Array Area, including
upper and lower 95% confidence limits, were generated from the data collected
through the programme of digital aerial surveys carried out in the Morgan Offshore
Ornithology Array Area Study Area, which extended 10km around the Morgan Array
Area. The full methods and results of the digital aerial surveys are presented in volume
4, annex 10.1: Offshore ornithology baseline characterisation report of the PEIR.

There was one density estimate for each calendar month as the baseline survey
programme spanned 12 digital aerial surveys carried out between April 2021 and
March 2022. For running a stochastic CRM, 1,000 bootstrapped values were
generated for each month using either MRSea or design-based outputs.

Modelling parameters

Species biometrics

The sCRM incorporates several parameters relating to the birds and their behaviour,
as well as physical parameters relating to the wind turbines, to provide the mechanistic
prediction of collision risk. It is necessary to incorporate degrees of uncertainty in
some of those parameters to ensure that the risk is not underestimated. At the same
time, it is widely acknowledged that additive layers of precaution in all parameters may
lead to overestimation of risk and therefore alternative values may also be presented
where emerging evidence indicates it is appropriate to do so. This is particularly the
case in relation to avoidance rates and nocturnal activity factors, which have some of
the biggest influences on the predicted magnitude of risk.

Following advice from the Offshore Ornithology Expert Working Group, the SCRM has
incorporated the updated avoidance rates presented in draft guidance (Natural
England, pers. comm., 7 July 2022), which was based on a review by Ozsanlev-Harris
et al. (in prep). With use of Band Option 2, these included a range incorporating
variability or uncertainty (+1S.D.) (Table 1.1).

Nocturnal Activity Factors (NAFs) also have a large influence on the CRM outputs.
They are applied to account for a level of flight activity at night when it is not possible
to sample bird flight density in the survey area. Nocturnal activity is generally
considered to be lower than during the day, therefore a percentage uplift is applied to

RPS_EOR0801_Morgan_PEIR_Vol6_10.3_00 CRM TR_FINAL

rps e Page 3



MORGAN OFFSHORE WIND PROJECT GENERATION ASSETS

bp

EnBW

Partners in UK offshore wind

1.2.4.4

1.2.4.5

Table 1.1:

the diurnal densities derived from the digital aerial surveys. Natural England (pers.
comm., 7 July 2022) states that NAFs are currently under review and in the meantime
recommend the NAFs shown in Table 1.1.

Various other biometric parameters of each bird species are needed for species-
specific SCRM, including bird length, wing-span, flight speed and flight type. The
parameters are shown in Table 1.1, complying with draft recommendations provided
by Natural England (pers. comm., 7 July 2022). For the sCRM, all species are
assumed to use ‘flapping’ flight and have 50% proportions of flights upwind/downwind.

Additionally, the updated guidance from Natural England (pers. comm., 7 July 2022)
states that the suggested approach to northern gannet SCRM involves the reduction
of the density of birds in flight by an agreed macro-avoidance rate. Macro-avoidance
is accounted for this species due to an expected high level of macro-avoidance to
offshore wind farms being displayed by northern gannet. A project has currently been
commissioned by Natural England to inform this rate using best available evidence,
however in the meantime, Natural England has recommended the use of a macro-
avoidance rate of 70%. Densities within the Morgan Array Area therefore were
reduced by 70% for northern gannet.

Species biometrics and input parameters for CRM.

a Body length and wing-span values from BTO Bird Facts (Robinson, 2005).

b Flight speeds for black-legged kittiwake, great black-backed gull, European herring gull, lesser black-backed gull and northern gannet are as specified in Natural
England (2021), derived from Pennycuick (1987, 1997) and Alerstam et al. (2007). Northern fulmar flight speed from Pennycuick (1997). Manx shearwater flight speed
is the mean ground speed reported by Gibb et al. (2017) for flapping flight.

¢ Specific avoidance rates are not provided in advice documents for northern fulmar and Manx shearwater, therefore the default 99.1% avoidance rate applies (pers.
comm., 7 July 2022). Evidence based NAF for gannet based on 8% nocturnal flight activity during the breeding season and 4% during the non-breeding season
(Furness et al., 2018). Standard NAF derived from Natural England (pers. comm., 7 July 2022) and King et al. (2009).

Species

d Updated avoidance rates taken from Natural England draft guidance, which was based on Ozsanlev-Harris et al. (in prep).

Avoidance
rate (%)

Body length Wing-span

(m)?

Flight speed
(m/s)P

Nocturnal Activity
Factor®

(m)?

1.2.4.6

Table 1.2:

Wind turbine model

The wind farm and wind turbine parameters that represent the Maximum Design
Scenario (MDS) in relation to collision risk were incorporated into the SCRM. The wind
turbine parameters representing the MDS for the Morgan Generation Assets are
shown in Table 1.2 and were taken from Table 1.14 in volume 4, chapter 10: Offshore
ornithology report of the PEIR.

Wind turbine parameters in the MDS for CRM.

a Maximum parameter values presented are specific to the wind turbine option one model (volume 1, chapter 3: Project description of the PEIR).

Parameter?@

Source/Reference

Parameter value

Max. number of wind turbines 107 Volume 6, chapter 10: Offshore ornithology of the
PEIR

Number of rotor blades per wind 3 Volume 6, chapter 10:; Offshore ornithology of the

turbine PEIR

Max. chord width (m) 6.8 Volume 6, chapter 10: Offshore ornithology of the
PEIR

Average blade pitch (degrees) 10 Volume 6, chapter 10: Offshore ornithology of the
PEIR

Max. rotor radius (m) 125 Volume 6, chapter 10: Offshore ornithology of the
PEIR

Average rotation speed (rpm) 6.4 Volume 6, chapter 10: Offshore ornithology of the

PEIR

Tidal offset (m) (MSL)

+/-4 Volume 6, chapter 10: Offshore ornithology of the

PEIR

Lower blade tip height above Lowest |34
Astronomical Tide LAT (m)

Volume 6, chapter 10: Offshore ornithology of the
PEIR

Air gap (MSL) (m) 30

Air gap relative to Mean Sea Level (MSL) allowing
for -4m tidal offset between LAT and MSL

Morgan Array Area width (km) 28.79 Calculated in R
Latitude 54.00 Calculated in R
Large array correction YES Standard procedure

Black-legged 0.39 (+0.005) 1.08 (+0.0625) |13.1 (£0.40) 0.375 (+0.0637) 0.993
kittiwake (25-50%) (£0.0003)
Great black- 0.71 (+0.0375) |1.58 (+0.0375) |13.7 (£1.20) 0.375 (+0.0637) 0.994
backed gull (25-50%) (x0.0004)
European herring |0.60 (0.0225) |1.44 (£0.03) 12.8 (+1.80) 0.375 (+0.0637) 0.994
Lesser black- 0.58 (+0.03) 1.42 (+0.0375) |13.1 (£1.90) 0.375 (+£0.0637) 0.994
backed gull (25-50%) (x0.0004)
Northern fulmar | 0.48 (£0.0125) |1.07 (+0.025) 13.0 (£1.98) 0.75 (x0.00) 0.991
(75%) (£0.0004)c
Manx shearwater | 0.34 (£0.02) 0.82 (+0.0325) |11.46 (+ 2.23) 1.0 (= 0.00) 0.991
(100%) (x0.0004)c
Northern gannet |0.94 (£0.0325) |1.72 (+0.0375) |14.9 (x0.00) 0.08 (+0.10) 0.993
(0-25%) (and 4-8%) (+0.0003)

1.2.4.7

Flight heights

Flight heights for sCRM may take the form of simple species-specific proportions at
rotor swept height, or of species-specific flight height distributions. Either can be
derived from site-specific data collected during baseline surveys, or from ‘generic’
flight height distributions in published literature. The application of site-specific flight
height data collected by LIiDAR survey was considered at the outset of the survey
programme but was not undertaken following consultation with Natural England. At
the time of consultation, Natural England did not endorse the use of LIDAR as a
method for collecting flight height data to parameterise CRMs due to the lack of an
established body of scientific evidence. Other methods to collect site-specific flight
height data (e.g. derived from aerial imagery) are not currently considered to be
sufficiently robust or precise in their estimates and have associated issues with the

RPS_EOR0801_Morgan_PEIR_Vol6_10.3_00 CRM TR_FINAL
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Table 1.3:

Species

application of appropriate avoidance rates. Generic flight height distributions
published by Johnston et al. (2014a; 2014b) were therefore used in sSCRM for the
Morgan Offshore Wind Project. Flight height distributions used within sCRM for each
species are presented within Appendix A.

To account for levels of uncertainty in flight heights, the estimated mortality was
presented for the median values and the upper and lower confidence intervals limits
of the flight height distributions.

Seasonality

Collision risk is reported for each ‘bio-season’. Bio-seasons were defined according
to the breeding, non-breeding and migratory periods using seasonal divisions
proposed for Biologically Defined Minimum Population Scales (BDMPS) by Furness
(2015) as shown in Table 1.3. The estimated collision risks are presented on a monthly
basis with no apportioning to colonies (i.e. the total predicted collision rates).

Seasonal definitions, from Furness (2015).

Non-
breeding/winter
season

Post Breeding
Season/autumn
migration

Pre-Breeding Breeding season

Season/spring
migration

August to December | n/a

Black-legged January to April April to August

kittiwake

Great black- n/a Late March to August  |n/a September to March

backed gull

European n/a March to August n/a September to February

herring gull

Lesser black- March to April April to August August to October November to February

backed gull

Northern December to March | March to September September to n/a

gannet November

Northern fulmar | December to March |January to August September to October | November

Manx Late March to May | April to August August to early n/a

shearwater October

1.25.2 The values derived from the sCRMs are presented in full, including all variations that
incorporate variability and uncertainty in input parameters as described above for bird
densities, flight heights, nocturnal activity factors and avoidance rates.

1.2.5.3 For the breeding season, the assessment was undertaken against an appropriate

regional population scale (covering the total colony counts within mean-maximum
foraging range plus one standard deviation). Foraging ranges were identified from
Woodward et al. (2019). Species-specific mean-max (+1S.D.) foraging ranges
compiled by Woodward et al. (2019) were used to select the relevant colonies (SPA
and non-SPA) and calculate appropriate breeding population sizes. The locations of
the breeding sites were sourced from data.gov.uk (Seabird Nesting Counts (British
Isles)). The latest colony counts were sourced from the Seabird Monitoring
Programme (SMP) online database (https://app.bto.org/seabirds/public/index.jsp).

1.254

1.255

Table 1.4:

Similarly, the assessment was undertaken against an appropriate population scale
during the non-breeding season and migratory periods using biological populations
(BDMPS) defined by Furness (2015).

The magnitude of the collision risks to each species has been preliminarily assessed
against a threshold of 1% increase in the rate of baseline mortality, derived from
Horswill and Robinson (2015). Where this threshold is exceeded, the impact will be
subject to further consideration such as population modelling. Where the 1% threshold
is not exceeded, the impact of the project alone is not considered likely to be significant
but will be examined in the context of the assessment of cumulative or in-combination
impacts. Population figures and average baseline mortality rates used within the
sCRM assessment are presented within Table 1.4.

Bio-season population sizes and average background mortality rate used
within the assessment.

Species Pre-breeding Breeding season Post-breeding Non-breeding/ Average
season/spring Season/autum winter season Mmortality
migration n migration rate

Black-legged |January to April April to August August to n/a 0.157

kittiwake (691,526) (393,449) December

(911,586)
Great black- | n/a Late March to August |n/a September to 0.096
backed gull (10,480) March
(17,742)
European n/a March to August n/a September to 0.172
herring gull (100,561) February
(173,299)
Lesser black- | March to April April to August August to October | November to 0.124
backed gull | (163 304) (96,971) (163,304) February
(41,159)
Northern December to March |March to September | September to n/a 0.187
gannet (661,888) (448,235) November
(545,954)
Northern December to March |January to August September to November 0.181
fulmar (828,194) (393,701) October (556,367)
(828,194)
Manx March to May April to August August to early n/a 0.131
shearwater (1,580,895) (1,974,500) October
(1,580,895)

1.3 Results

1.3.1 Black-legged kittiwake

1311 The monthly expected number of collisions for black-legged kittiwake are presented

in Figure 1.2 and Table 1.5. The corresponding increase in baseline mortality across
bio-seasons is presented in Table 1.6.
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1.3.1.2 Black-legged kittiwake had monthly densities of flying birds of up to 2.56 per km?2. The
annual number of expected collisions is 40, ranging from 23 to 62. The corresponding
increase in annual baseline mortality ranges from 0.0161% to 0.0434%, which is well
below the 1% threshold.

&

S 201

[72]

% season

(8] )
- . breeding
..g 10 - . non-breeding
(]

o

>

" i i

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Figure 1.2: Black-legged kittiwake expected collisions across months.

Table 1.5: Black-legged kittiwake expected collisions across months including lower

(LCI) and upper (UCI) confidence intervals.

Density (birds / km?) Expected
collisions
January 0.72 4.99 2.89 8.03
February 0.37 2.52 1.49 3.89
March 0.70 5.67 3.34 8.40
April 0.29 251 1.49 3.69
May 0.11 1.06 0.43 2.10
June 0.08 0.71 0.28 1.49
July 0.07 0.72 0.31 1.43
August 0.00 0.00 0.00 0.00
September 0.00 0.00 0.00 0.00
October 0.26 2.01 0.75 4.24
November 0.30 2.08 1.12 3.30
December 2.56 17.54 10.97 25.59
TOTAL 0.46 39.80 23.06 62.16

Table 1.6:

Black-legged kittiwake expected additional mortality due to collisions with
wind turbines across bio-seasons.

Bio-season Regional baseline  Baseline Collision mortality Increase in baseline
population mortality (number of birds) mortality (%)

Pre-breeding |691,526 108,570 7.71t020.3 0.0071% to 0.0187%
Breeding 393,307 61,771 25t08.7 0.0041% to 0.0141%
Post-breeding |911,586 143,119 12.8 10 33.1 0.0090% to 0.0231%
Annual 911,586 143,119 23.110 62.2 0.0161% to 0.0434%
1.3.2 Great black-backed gull

1.3.2.1 The monthly expected number of collisions for great black-backed gull are presented

in Figure 1.3 and Table 1.7. The corresponding increase in baseline mortality across
bio-seasons is presented in Table 1.8.

1.3.2.2 Great black-backed gull had monthly densities of flying birds of up to 0.04 per km?2.
The annual number of expected collisions is three, ranging from one to seven. The
corresponding increase in annual baseline mortality ranges from 0.0561% to
0.4086%, which is below the 1% threshold.
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Figure 1.3: Great black-backed gull expected collisions across months.

Table 1.7: Great black-backed gull expected collisions across months including lower
(LCI) and upper (UCI) confidence intervals.

Density (birds / km?)

Expected
collisions

January 0.03 0.71 0.32 1.34
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o
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October 0.00 0.00 0.00 0.00 Month
November 0.00 0.00 0.00 0.00 . . .
Figure 1.4: European herring gull expected collisions across months.
December 0.00 0.00 0.00 0.00
TOTAL 0.01 2.81 0.96 6.96

Table 1.8: Great black-backed gull expected additional mortality due to collisions with
wind turbines across bio-seasons.

Regional Baseline |Baseline Collision mortality Increase in baseline

Bio-season Population Mortality (number of birds) mortality (%)
Breeding 10,480 1,006 0.61t05.6 0.0631% to 0.5581%
Non-breeding 17,742 1,703 0.3t01.3 0.0188% to 0.0790%
Annual 17,742 1,703 1.0t0 7.0 0.0561% to 0.4086%
1.3.3 European herring gull

1.33.1 The monthly expected number of collisions for European herring gull are presented in

Figure 1.4 and Table 1.9. The corresponding increase in baseline mortality across bio-
seasons is presented in Table 1.10.

1.3.3.2 European herring gull had monthly densities of flying birds of up to 0.28 per km?2. The
annual number of expected collisions is 12, ranging from four to 27. The
corresponding increase in annual baseline mortality range is 0.0138% to 0.0895%,
which is well below the 1% threshold.
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Table 1.9:

Herring gull expected collisions across months including lower (LCI) and
upper (UCI) confidence intervals.

Density (birds / km?)  Expected
collisions
January 0.28 6.00 2.37 12.36
February 0.03 0.58 0.19 1.37
March 0.03 0.63 0.11 2.31
April 0.00 0.00 0.00 0.00
May 0.00 0.00 0.00 0.00
June 0.00 0.00 0.00 0.00
July 0.00 0.00 0.00 0.00
August 0.07 1.94 0.47 4.98
September 0.00 0.00 0.00 0.00
October 0.00 0.00 0.00 0.00
November 0.00 0.00 0.00 0.00
December 0.13 2.66 0.97 5.65
TOTAL 0.04 11.82 4.10 26.67

Table 1.10: European herring gull expected additional mortality due to collisions with
wind turbines across bio-seasons.

Regional Baseline | Baseline Collision mortality Increase in baseline
Bio-season Population Mortality (number of birds) mortality (%)
Breeding 99,462 17,296 0.6t07.3 0.0033% to 0.0422%
Non-breeding 173,299 29,807 3.5t019.4 0.0118% to 0.0650%
Annual 173,299 29,807 4.1t026.7 0.0138% to 0.0895%
1.3.4 Lesser black-backed gull
1.34.1 The monthly expected number of collisions for lesser black-backed gull are presented
in Figure 1.5 and Table 1.11. The corresponding increase in baseline mortality across
bio-seasons is presented in Table 1.12.
1.3.4.2 Lesser black-backed gull had monthly densities of flying birds of up to 0.03 per km?.

The annual number of expected collisions is one, ranging from zero to three. The
corresponding increase in annual baseline mortality range is 0.0009% to 0.0162%,
which is well below the 1% threshold.

121

Expected collisions

el

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 1.5:

Table 1.11:

Lesser black-backed gull expected collisions across months.

Month

season

. breeding
. non-breeding

Lesser black-backed gull expected collisions across months including lower
(LCI) and upper (UCI) confidence intervals.

Density (birds / km?)  Expected

collisions
January 0.00 0.00 0.00 0.00
February 0.02 0.44 0.09 1.42
March 0.00 0.00 0.00 0.00
April 0.00 0.00 0.00 0.00
May 0.00 0.00 0.00 0.00
June 0.00 0.00 0.00 0.00
July 0.00 0.00 0.00 0.00
August 0.00 0.00 0.00 0.00
September 0.03 0.55 0.09 1.86
October 0.00 0.00 0.00 0.00
November 0.00 0.00 0.00 0.00
December 0.00 0.00 0.00 0.00
TOTAL 0.00 0.99 0.18 3.28
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Table 1.12: Lesser black-backed gull expected additional mortality due to collisions with Table 1.13: Northern gannet expected collisions across months including lower (LCI) and
wind turbines across bio-seasons. upper (UCI) confidence intervals.
Regional Baseline |Baseline Collision mortality Increase in baseline Density (birds / km?) Expected collisions LCI
. : ; : o e A e it ittt bt R B
Bio-season Population Mortality (number of birds) mortality (%) January 0.01 0.05 0.01 013
Pre-br in 163,304 20,250 ) ) . 0 i 9
e-breeding 0.0t0 0.0 0.0000% to 0.0000% February 0.00 0.00 0.00 0.00
i 96,971 12,024 , . : 0 . 0
Breeding 0.0t0 0.0 0.0000% to 0.0000% March 0.01 0.06 0.01 014
- i 163,304 20,250 , . : 9 : 9 .
Post-breeding 0.1t01.9 0.0005% to 0.0092% April 0.02 0.19 0.04 0.50
Non-breeding |41,159 5,104 0.1to1.4 0.0017% to 0.0279%
May 0.01 0.08 0.02 0.23
163,304 20,250 _ _ : 9 : 9
Annual 0.2t03.3 0.0009% to 0.0162% June 0.00 0.00 0.00 0.00
July 0.04 0.46 0.12 1.06
1.3.5 Northern gannet August 0.04 0.37 0.10 0.78
. . September 0.06 0.52 0.12 1.26
1.35.1 The monthly expected number of collisions for northern gannet are presented in P
Figure 1.6 and Table 1.13. The corresponding increase in baseline mortality across October 0.03 0.20 0.05 0.48
bio-seasons is presented in Table 1.14. November 0.01 0.05 0.01 0.16
1.35.2 Northern gannet had monthly densities of flying birds of up to 0.06 per km?. The annual December 0.03 017 0.04 0.43
number of expected collisions is two, ranging from one to five. The corresponding : : : :
increase in annual baseline mortality range is 0.0004% to 0.0042%, which is well TOTAL 0.02 2.14 0.53 5.18

below the 1% threshold.

Table 1.14: Northern gannet expected additional mortality due to collisions with wind
T turbines across bio-seasons.

. non-breeding Post-breeding 545,954 102,093 0.1t0 0.6 0.0001% to 0.0006%

0.41 | I“I | ‘ Annual (BDPMS) |661,888 123,773 0.5105.2 0.0004% to 0.0042%
0.0 L ; ; ; 1.3.6

. . . . . , | | | , | | Northern fulmar
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1.2+
" 1 Regional Baseline Baseline Collision mortality Increase in baseline
c:) Bio-season Population Mortality (number of birds) mortality (%)
) 0.8 Pre-breeding 661,888 123,773 0.0t0 0.6 0.0000% to 0.0005%
5 season
) . , Breeding 448,235 83,820 0.4t04.0 0.0005% to 0.0047%
breeding
o
Q
-
3]
(5]
Q
x
L

Month 1.36.1 The monthly expected number of collisions for northern fulmar are presented in Figure
1.7 and Table 1.15. The corresponding increase in baseline mortality across bio-

Figure 1.6: Northern gannet expected collisions across months. seasons is presented in Table 1.16.
1.3.6.2 Northern fulmar had monthly densities of flying birds of up to 0.22 per km2. The annual

number of expected collisions is zero, ranging from zero to two. The corresponding
increase in annual baseline mortality range is 0.0000% to 0.0014%, which is well
below the 1% threshold.
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Figure 1.7:

Table 1.15:

Northern fulmar expected collisions across months.

Northern fulmar expected collisions across months including lower (LCI) and

Month

upper (UCI) confidence intervals.

Density (birds / km?)

Expected collisions LCI

season

. breeding
. non-breeding

Table 1.16: Northern fulmar expected additional mortality due to collisions with wind
turbines across bio-seasons.

January 0.22 0.28 0.00 1.68
February 0.00 0.00 0.00 0.00
March 0.00 0.00 0.00 0.00
April 0.04 0.06 0.00 0.37
May 0.00 0.00 0.00 0.00
June 0.00 0.00 0.00 0.00
July 0.00 0.00 0.00 0.00
August 0.00 0.00 0.00 0.00
September 0.00 0.00 0.00 0.00
October 0.00 0.00 0.00 0.00
November 0.00 0.00 0.00 0.00
December 0.00 0.00 0.00 0.00
TOTAL 0.02 0.35 0.00 2.05

Regional Baseline Baseline Collision mortality Increase in baseline
Bio-season Population Mortality (number of birds) mortality (%)
Pre-breeding |828,194 149,903 0.0to 1.7 0.0000% to 0.0011%
Breeding 393,701 71,260 0.0t0 0.4 0.0000% to 0.0005%
Post-breeding |828,194 149,903 0.0 t0 0.0 0.0000% to 0.0000%
Non-breeding |556,367 100,702 0.0t0 0.0 0.0000% to 0.0000%
Annual 828,194 149,903 0.0t02.0 0.0000% to 0.0014%
1.3.7 Manx shearwater
1.3.7.1 The monthly expected number of collisions for Manx shearwater are presented in
Table 1.17. Because collisions are expected to be zero across each month, no figure
is presented. The corresponding lack of increase in baseline mortality across bio-
seasons is presented in Table 1.8.
1.3.7.2 Manx shearwater had monthly densities of flying birds of up to 0.71 per km?. As

mentioned previously, the annual number of expected collisions is zero even at the
upper range.

Table 1.17: Manx shearwater expected collisions across months including lower (LCI) and

upper (UCI) confidence intervals.

Density (birds / km?)

Expected collisions LCI

January 0.00 0.00 0.00 0.00
February 0.00 0.00 0.00 0.00
March 0.00 0.00 0.00 0.00
April 0.00 0.00 0.00 0.00
May 0.03 0.00 0.00 0.00
June 0.66 0.00 0.00 0.00
July 0.39 0.00 0.00 0.00
August 0.71 0.00 0.00 0.00
September 0.08 0.00 0.00 0.00
October 0.00 0.00 0.00 0.00
November 0.00 0.00 0.00 0.00
December 0.00 0.00 0.00 0.00
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Table 1.18: Manx shearwater expected additional mortality due to collisions with wind
turbines across bio-seasons.

Regional Baseline | Baseline Collision mortality Increase in baseline

Bio-season Population Mortality (number of birds) mortality (%)

Pre-breeding 1,580,895 207,097 0.0t0 0.0 0.0000% to 0.0000%
Breeding 1,974,500 254,336 0.0t0 0.0 0.0000% to 0.0000%
Post-breeding 1,580,895 207,097 0.0t0 0.0 0.0000% to 0.0000%
Annual (BDPMS) 1,974,500 254,336 0.0t0 0.0 0.0000% to 0.0000%

RPS_EORO0801_Morgan_PEIR_Vol6_10.3_00 CRM TR_FINAL
rps " Page 11



MORGAN OFFSHORE WIND PROJECT GENERATION ASSETS

bp

EnBW

Partners in UK offshore wind

1.4 References

Alerstam, T., Rosén, M., Backman, J., Ericson, P.G.P., Hellgren, O. (2007) Flight speeds among
bird species: allometric and phylogenetic effects. PLoS Biology 5(8): 1656-1662.

Band, W. (2012) Using a collision risk model to assess bird collision risks for offshore wind farms.
Report to The Crown Estate Strategic Ornithological Support Services (SOSS), SOSS-02.
Available: http://www.bto.org/science/wetland-and-marine/soss/projects. Accessed September
2022.

Cook, A.S.C.P., Humphries, E.M., Masden, E.A., and Burton, N.H.K. (2014) The avoidance rates
of collision between birds and offshore turbines. BTO research Report No. 656 to Marine Scotland
Science.

Donovan, C. (2018) Stochastic Band CRM — GUI User Manual, Draft V1.0, 31/03/2017.

Furness, B. and Wade, H. (2012) Vulnerability of Scottish Seabirds to Offshore Wind Turbines.
Report for Marine Scotland, The Scottish Government.

Furness, R.W. (2015) Non-breeding season populations of seabirds in UK waters: Population
sizes for Biologically Defined Minimum Population Scales (BDMPS). Natural England
Commissioned Reports, No. 164. Available:
http://publications.naturalengland.org.uk/publication/6427568802627584. Accessed August 2022.

Furness, R.W., Garthe, S., Trinder, M., Matthiopoulos, J., Wanless, S. and Jeglinski, J. (2018)
Nocturnal flight activity of northern gannets Morus bassanus and implications for modelling
collision risk at offshore wind farms. Environmental Impact Assessment Review 73. Available:
https://doi.org/10.1016/j.eiar.2018.06.006. Accessed September 2022.

Garthe, S and Huppop, O. (2004) Scaling possible adverse effects of marine wind farms on
seabirds: developing and applying a vulnerability index. Journal of Applied Ecology, 41, 724-734.

Gibb, R., Shoji, A., Fayet, A.L., Perrins, C.M., Guilford, T. and Freeman, R. (2017) Remotely
sensed wind speed predicts soaring behaviour in a wide-ranging pelagic seabird. Interface, 14
(132) 10.1098/rsif.2017.0262.

Johnston, A., Cook, A.S.C.P., Wright, L.J., Humphreys, E.M. and Burton, N.H.K. (2014a)
Modelling flight heights of marine birds to more accurately assess collision risk with offshore wind
turbines. Journal of Applied Ecology 51, 31-41 doi: 10.1111/1365-2664.12191.

Johnston, A., Cook, A.S.C.P., Wright, L.J., Humphreys, E.M. and Burton, N.H.K. (2014b)
Corrigendum. Journal of Applied Ecology, 51, 1126—-1130 doi: 10.1111/1365-2664.12260.

King, S., Maclean, I., Norman, T. and Prior, A. (2009) Developing Guidance on Ornithological
Cumulative Impact Assessment for Offshore Wind Farm Developers (Report No. CIBIRD). Report
by British Trust for Ornithology (BTO). Report for Collaborative Offshore Wind Research into the
Environment (COWRIE).

McGregor, R.M., King, S., Donovan, C.R., Caneco, B., and Webb, A. (2018) A Stochastic
Collision Risk Model for Seabirds in Flight. Marine Scotland Report. Available:
https://tethys.pnnl.gov/sites/default/files/publications/McGregor-2018-Stochastic.pdf. Accessed
August 2022

Natural England (2021) Offshore Wind Marine Environmental Assessments: Best Practice Advice
for Evidence and Data Standards. Phase lll: Expectations for data analysis and presentation at
examination for offshore wind applications.

Pennycuick, C.J. (1987) Flight Of Auks (Alcidae) And Other Northern Seabirds Compared With
Southern Procellariiformes: Ornithodolite Observations. Journal of Experimental Biology. 128,
335-347.

Pennycuick, C.J. (1997) Actual and ‘optimum’ flight speeds: field data reassessed. The Journal of
Experimental Biology 200: 2355-2361.

Skov, H., Heinédnen, S., Norman, T., Ward, R.M., Méndez-Roldan, S. and Ellis, I. (2018) ORJIP
Bird Collision and Avoidance Study. Final report — April 2018. The Carbon Trust, United Kingdom.

R Core Team (2021) R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria.

Robinson, R.A. (2005) BirdFacts: profiles of birds occurring in Britain & Ireland (BTO Research
Report 407). BTO, Thetford (http://www.bto.org/birdfacts, accessed on 13/05/2022).

SNCB (2014) Joint Response from the Statutory Nature Conservation Bodies to the Marine
Scotland Science Avoidance Rate Review. Available:
https://www.nature.scot/sites/default/files/2018-
02/SNCB%20Position%20Note%200n%20avoidance%20rates%20for%20use%20in%20collision
%20risk%20modelling.pdf. Accessed September 2022.

Wade, H.M., Masden E.M., Jackson, A.C. and Furness, R.W. (2016) Incorporating data
uncertainty when estimating potential vulnerability of Scottish seabirds to marine renewable
energy developments. Marine Policy, 70, 108-113.

RPS_EOR0801_Morgan_PEIR_Vol6_10.3_00 CRM TR_FINAL

rps e Page 12


http://www.bto.org/science/wetland-and-marine/soss/projects
http://publications.naturalengland.org.uk/publication/6427568802627584
https://doi.org/10.1016/j.eiar.2018.06.006
https://tethys.pnnl.gov/sites/default/files/publications/McGregor-2018-Stochastic.pdf
https://www.nature.scot/sites/default/files/2018-02/SNCB%20Position%20Note%20on%20avoidance%20rates%20for%20use%20in%20collision%20risk%20modelling.pdf
https://www.nature.scot/sites/default/files/2018-02/SNCB%20Position%20Note%20on%20avoidance%20rates%20for%20use%20in%20collision%20risk%20modelling.pdf
https://www.nature.scot/sites/default/files/2018-02/SNCB%20Position%20Note%20on%20avoidance%20rates%20for%20use%20in%20collision%20risk%20modelling.pdf

bp

EnBW

Partners in UK offshore wind

MORGAN OFFSHORE WIND PROJECT GENERATION ASSETS

Appendix A Flight Height Distributions

Proportion
Proportion
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Height (m)
Figure A 2: Proportion of great black-backed gull flying at 1m height intervals (mean and

Figure A 1. Proportion of black-legged kittiwake flying at 1m height intervals (mean and 95% intervals of bootstrap data). Source Johnson et al. (2014a, 2014b).

95% intervals of bootstrap data). Source Johnson et al. (2014a, 2014b).
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Figure A 3: Proportion of European herring gull flying at 1m height intervals (mean and

95% intervals of bootstrap data). Source Johnson et al. (2014a, 2014b).

Figure A 4. Proportion of lesser black-backed gull flying at 1m height intervals (mean and
95% intervals of bootstrap data). Source Johnson et al. (2014a, 2014b).
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Figure A 5: Proportion of Northern gannet flying at 1m height intervals (mean and 95%
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Figure A 6: Proportion of Northern fulmar flying at 1m height intervals (mean and 95%
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intervals of bootstrap data). Source Johnson et al. (2014a, 2014b).
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Figure A 7: Proportion of Manx shearwater flying at 1m height intervals (mean and 95%

intervals of bootstrap data). Source Johnson et al. (2014a, 2014b).
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