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SPECIES NAMES

Species

Scientific Name

Black-legged kittiwake (hereafter: kittiwake)

Rissa tridactyla

Common gull

Larus canus

Greater black-backed gull

Larus marinus

Lesser black-backed gull

Larus fuscus

Herring gull Larus argentatus
Arctic tern Sterna paradisaea
Great skua Stercorarius skua
Guillemot Uria aalge
Razorbill Alca torda

Atlantic puffin (hereafter: puffin)

Fratercula arctica

European storm petrel

Hydrobates pelagicus

Northern fulmar (hereafter: fulmar)

Fulmarus glacialis

Manx shearwater

Puffinus puffinus

Northern gannet (hereafter: gannet)

Morus bassanus

Bar-tailed godwit

Limosa lapponica

Bittern

Botaurus stellaris

Black-throated diver

Gavia arctica

Common scoter

Melanitta nigra

Corncrake Crex crex
Curlew Numenius arquata
Dotterel Charadrius morinellus
Dunlin Calidris alpina
Eider Somateria mollissima

Golden plover

Pluvialis apricaria

Goldeneye

Bucephala clangula

Goosander

Mergus merganser

Great northern diver

Gavia immer

Greenshank Tringa nebularia
Grey plover Pluvialis squatarola
Hen harrier Circus cyaneus

Icelandic Greylag Goose

Anser anser
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Species Scientific Name
Knot Calidris canutus
Lapwing Vanellus vanellus

Long-tailed duck

Clangula hyemalis

Mallard

Anas platyrhynchos

Marsh-harrier

Circus aeruginosus

Merlin Falco columbarius
Nightjar Caprimulgus europaeus
Osprey Pandion haliaetus
Oystercatcher Haematopus ostralegus
Pink-footed goose Anser brachyrhynchus
Pintail Anas acuta

Purple sandpiper

Calidris maritima

Red-breasted merganser

Mergus serrator

Redshank

Tringa totanus

Red-throated diver

Gavia stellata

Ringed plover

Charadrius hiaticula

Ruff Philomachus pugnax
Sanderling Calidris alba
Scaup Aythya marila
Shelduck Tadorna tadorna

Short-eared owl

Asio flammeus

Shoveler

Anas clypeata

Slavonian grebe

Podiceps auritus

Snipe

Gallinago gallinago

Spotted crake

Porzana porzana

Svalbard Barnacle Goose

Branta leucopsis

Svalbard Light-Bellied Brent Goose

Branta bernicla

Taiga bean goose

Anser fabalis

Tufted duck

Aythya fuligula

Turnstone

Arenaria interpres

Velvet scoter

Melanitta fusca

Whimbrel

Numenius phaeopus
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Species Scientific Name
Whooper swan Cygnus cygnus
Wigeon Anas penelope
Wood sandpiper Tringa glareola
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Introduction

Seabird collision risk modelling (CRM) was carried out for the wind turbine generators (WTGs)
within the Array Area of the Buchan Offshore Wind Farm (hereafter referred to as ‘the
Proposed Offshore Development’) using the collision risk model (CRM) tool (called Stochastic
CRM (sCRM)) recommended by NatureScot (2023), implemented by Caneco et al. (2022). The
approach used during the assessment has been agreed in consultation with the relevant
regulators (Table 1-1). Collision risk assessment followed the most recent joint SNCB guidance
(SNCB et al., 2024), which was updated based on the work by Cook (2021) and Ozsanlav-Harris
et al. (2023), and NatureScot guidance (2023).

In addition to these seabird collision risk models, migratory collision risk was qualitatively
assessed based on work published by Wildfowl & Wetlands Trust (WWT) (2014), while
accounting for updates published in Woodward et al. (2023). In the absence of the upcoming
quantitative migratory collision risk modelling (mCRM) tool, this qualitive approach was
supported by NatureScot and Marine Directorate Licencing Operations Team (MD-LOT) during
consultation (Table 1-1).

Table 1-1. Summary of consultation point in relation to collision risk assessment with the relevant

regulators.
Consultee | Date/Docume Summary Implementation
nt
Collision Risk Modelling
NatureScot | 14/03/2023 - | Confirmed the following approach: e Species were
Pre-scoping e Species selection should be selected based on
workshop based on abundance during on-site presence;

digital aerial surveys (DAS) and
abundance estimates of in-
flight birds within the Array
Area;

CRM run using the sCRM tool
following NatureScot Guidance
Note 7;

Requested CRM to be run using
both Option 2 and 3. It was
clarified that Option 3 can also
be run using generic flight data.
Site-specific avoidance rates
are needed only if site-specific
flight height data are used;
Results required for both
stochastic and deterministic
models;

Confirmation of the biometric
parameters to be used; and
Macro-avoidance should not be
included.

e CRMs were run
using the most
recent version of
the sCRM tool;

e sCRM wasrun
using Band Option
2, following later
consultation point
dated 20/11/2023;

e Both stochastic
and deterministic
estimates are
presented;

e Biometric
parameters which
were confirmed
with NatureScot
were used in
models; and

e Models were run
without in-flight
densities
corrected to
account for
macro-avoidance.
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rate for gannet.

Consultee | Date/Docume Summary Implementation
nt
RSPB 11/08/2023 - | RSPB requested additional An additional
Scoping presentation of collision risk scenario was
opinion assessment using a 98% avoidance modelled using a

98% avoidance
rate for gannet.

NatureScot | 20/11/2023 -

The approach outlined is considered

Band Option 3 was

It is required to include deterministic
and stochastic outputs for Option 2
in the EIA Report.

Scoping appropriate as it is in line with not modelled;
opinion Guidance Note 7. It was indicated Both deterministic
that Option 3 was no longer and stochastic
required, but both deterministic and estimates are
stochastic output should be presented; and
presented. Avoidance rates are in Avoidance rates
line with those presented in used were those
Guidance Note 7 (NatureScot, 2023), from Guidance
but an updated review should be Note 7, which
available soon. mirrors those in
Joint SNCB
guidance from
2024.
MD-LOT 20/12/2023 - | Recommendations to follow NatureScot’s
Scoping NatureScot response regarding approach was
opinion overall approach for CRM. followed; and

Both deterministic
and stochastic
estimates are
presented.

NatureScot | 13/11/2024 -
Post DAS
completion
consultation

Provided final confirmation on:

e List of species included in the
quantitative assessment.
Request that number of
observations is provided
monthly as well as annual
estimate to support decision on
the inclusion/exclusion of
species from the assessment;

e Biometric parameters for all
species and updated ones
provided for fulmars;

e Macro-avoidance rate for
gannet should not be
considered;and

e Collision estimates for months
that encompass two seasonal
definitions should be allocated
proportionally within each
relevant season.

The confirmed
species list was
modelled;

Mean and
maximum monthly
densities are
presented in Table
2-1, and monthly
summaries of
occurrence are
presented in
Volume 3
Appendix 9.1
Offshore and
Intertidal
Ornithology
Baseline Report ;
Confirmed
biometric
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Consultee

Date/Docume
nt

Summary

Implementation

It was also noted that new joint
SNCB guidance (SNCB et al., 2024)
available for CRM (collision risk
modelling).

parameters were
used in models;

e Macro avoidance
was not used for
any species;

e Estimatesin
months included
in multiple
seasons were split
proportionally (see
Volume 3,
Technical
Appendix 9.4:
Ornithological
Impact
Apportioning,
Cumulative
Impact Derivation
and Population
Viability Analysis
Screening); and

e Joint SNCB
guidance (SNCB et
al., 2024) was
considered.

Migratory Collision Risk Modelling

NatureScot | 20/11/2023 - | Potential for collision risk to | The mCRM tool was not
Scoping migratory species should be assessed | available in an approved
opinion following updated review of | state within the timelines

migratory routes and vulnerability | of this assessment,
across the uk (Woodward et al., | therefore a qualitative
2023). This work included the | approach was adopted,
development of a  stochastic | using the updated
migration CRM tool (mCRM) to | migratory routes from
support quantitative assessment of | Woodward et al., (2023).
risks to migratory SPA species. The

updated review is now available

while the tool that is recommended

should be available shortly.

MD-LOT 20/12/2023 - | Support recommendations made by | The mCRM tool was not
Scoping NatureScot on the use of the updated | available in an approved
opinion review and the mCRM tool. state within the timelines

of this
therefore a
approach was adopted,
using the updated
migratory routes from
Woodward et al., (2023).

assessment,
qualitative
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consultation

mCRM tool should be available on
GitHub even though not formally
published.

Consultee | Date/Docume Summary Implementation
nt

MD-LOT 12/07/2024 Migratory collision (mCRM) tool | The mCRM tool was not
should be released in autumn/winter | available in an approved
2024, however follow current advice | state within the timelines
in its absence. of this assessment,
therefore a qualitative
approach was adopted,
using the updated
migratory routes from

Woodward et al., (2023).
NatureScot | 13/11/2024 - Considered the applicant proposed | The mCRM tool was not
Post DAS gualitative approach appropriate. | available in an approved
completion However, noted that beta version of | state within the timelines

of this
therefore a
approach was adopted,
using the updated
migratory routes from
Woodward et al., (2023).

assessment,
gualitative
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2.1

2.1.1

Methodology
SEABIRD COLLISION RISK MODELLING

CRM predicts the likelihood of birds colliding with wind turbine blades. The CRM tool (sCRM
version 0.1.1) (Caneco et al., 2022) used for seabird CRM is a development of the Band (2012)
offshore avian collision risk model, based on work by Masden (2015) and McGregor et al.
(2018) to incorporate stochasticity. The original Band (2012) model predicts collision rates for
a proposed development as a function of: WTG specifications, the density of seabirds at the
site, their flight heights and species specific biometric and behavioral data. The stochastic
model builds on this by allowing the incorporation of uncertainty in the input parameters by
randomly sampling from a range provided for each parameter where variation is provided, in
an iterative process. The collision risk estimates, from each iteration, generates a distribution
which allows summary statistics such as the median and confidence intervals (Cls) around
predictions to be calculated.

CRMs were run for the Proposed Offshore Development using Band “option 2” only, as advised
by NatureScot during Scoping (Table 1-1). Option 2 assumes that the distribution of bird flight
height is uniform within the entire rotor-swept area and estimates the number of birds at
collision risk height (CRH) based on a distribution of their flight heights. Here, generic flight
height distributions published by Johnston et al. (2014) were used, as recommended by
NatureScot (2023). These generic flight height data were used to implement option 2 for all
CRMs conducted for the Proposed Offshore Development. As per NatureScot guidance
(NatureScot, 2023), for each species, collision risk models were run both stochastically
(incorporating uncertainty) and deterministically (without uncertainty).

As detailed in Volume 3, Technical Appendix 9.1: Offshore and Intertidal Ornithology
Baseline, densities of seabirds at the Array Area were estimated using both design-based and
model-based approaches. Densities of flying birds within the Array Area used in CRMs were
estimated using a model-based approach (i.e. MRSea). However, for surveys where models
did not produce valid results, density estimates were derived using a design based approach
(for more details see Annex A of Volume 3, Technical Appendix 9.1: Offshore and Intertidal
Ornithology Baseline). Annex A of this Appendix outlines for each species and survey whether
the density data used were estimated using a model- or design-based approach.

Only the stochastic results are carried forward to impact apportioning (Volume 3, Technical
Appendix 9.4: Ornithological Impact Apportioning, Cumulative Impact Derivation and
Population Viability Analysis Screening), but deterministic results were also presented for
comparison with older assessments where only deterministic results were derived.

Modelled species

Following the DAS) campaign at the Array Area, detailed in Annex A of Volume 3, Technical
Appendix 9.1: Offshore and Intertidal Ornithology Baseline, all seabird species observed
within the Array Area were initially considered for potential CRM. The total number of in-flight
observations, mean and maximum in-flight densities within the Array Area were used to
inform screening decision (Table 2-1). As requested during the consultation process (Table
1-1), Annex A provides a more detailed breakdown of the number of in-flight observations
within the Array Area per species per survey. Of these species, CRM was undertaken for those
where sensitivity to collision (from Bradbury et al., (2014)) is considered to be moderate or

Buchan Offshore Wind
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high and where a total of more than five individuals were recorded in flight within the Array
Area during the DAS campaign.

8. For one species, namely fulmar, despite receptor sensitivity to collision being considered ‘very
low’ and the receptor being screened out for assessment in relation to collision mortality in
the EIA chapter (Volume 2, Chapter 9: Offshore and Intertidal Ornithology), CRM has been
undertaken. CRM for fulmar is presented within this Technical Appendix for context and
precedent for consideration of collision risk for this receptor within other recent Offshore
Wind Farm applications (Muir Mhor, 2024; Ossian, 2024).

Buchan Offshore Wind
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Table 2-1. All species observed in-flight in the Array Area during DAS campaign, their total count,
maximum and mean estimated monthly design-based density, and sensitivity to collision as per
Bradbury et al. (2014) which informed the screening decision.

Common In- Mean monthly Maximum Sensitivity CRM
name flight | density (individuals / | monthly density | to collision | undertaken?
count km?) (individuals /
km?)

Herring gull 19 0.023 0.440 High* Yes
Great black- 13 0.016 0.090 High* Yes
backed gull
Lesser 1 0.001 0.030 High* No
black-
backed gull
Common 2 0.003 0.040 High No
gull
Gannet 61 0.080 0.300 High Yes
Kittiwake 124 0.154 1.060 High Yes
Great skua 1 0.001 0.030 | Moderate No
Arctic tern 2 0.005 0.060 Low No
European 3 0.004 0.060 Low No
storm petrel
Fulmar 427 0.538 1.250 | Very low™ (Yes)
Guillemot 147 0.184 1.320 Very low No
Razorbill 14 0.018 0.180 Very low No
Puffin 42 0.053 0.860 Very low No
Manx 2 0.003 0.030 Very low No
shearwater

Source: Annex A of Volume 3, Technical Appendix 9.1: Offshore and Intertidal Ornithology Baseline

*In Bradbury et al., 2014, the sensitivity of these species is assessed as very high. Due to the receptor sensitivity criteria used within the impact
assessment of the EIAR chapter (Volume 2, Chapter 9: Offshore and Intertidal Ornithology) not including a ‘very high’ category, very high and high
sensitivity receptor are both treated as high for impact assessment purposes.

** In spite of the very low sensitivity CRM will still be undertaken to assess the impacts given the high number of observations.
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2.1.2
2.1.2.1

9.

2.1.2.2

10.

Input parameters
General model parameters

The CRMs were each run for 1000 iterations. The sCRM tool (Caneco et al., 2022) allows the
inclusion of a “large array correction”, which accounts for a decay in bird densities at later
rows within the wind farm. The large array correction was not used as it is generally used for
large wind farm sites (>100 turbines). Not using this correction also provides a more
precautionary approach as it does not reduce densities of birds for later rows of turbines, and
instead risk is estimated per turbine and assessed across the windfarm additively. Simulations
were undertaken using both the stochastic and deterministic approaches. The proportion of
upwind flights for all species was assumed to be 0.5 and the random seed for all runs was 52.

Turbine parameters

Three different windfarm design scenarios from the Proposed Offshore Development’s design
envelope were assessed, the turbine parameters for each are presented in Table 2-2. The
design represented by scenario 1 is the most likely scenario (MLS) based on the Proposed
Offshore Development design envelope. As per the results presented below (Section 3),
scenario 1 is also assumed to be the worst-case scenario (WCS) in terms of estimated impact
for all species assessed, except for fulmar, for which Scenario 3 is the WCS. The other scenarios
represent other possible windfarm specifications which were modelled for comparison.

Table 2-2. Turbine parameters used for CRM with standard deviations presented in brackets.

Parameter Scenario 1 Scenario 2 Scenario 3
Number of turbines 70 47 41
Latitude (degrees) 58.4 58.4 58.4
Number of blades 3 3 3
Rotor radius (m) 118 138 155
Air gap (m) 30 30 30
Tidal offset 0 0 0
Blade width (m) 5.1 7.5 9.59
Pitch (degrees) 5.39 (£ 0.06)* 5.39 (+ 0.06)* 5.39 (+ 0.06)*
Rotation speed (rpm) 7.21 (+0.17)* 6.00 (+0.17)* 5.16 (+0.17)*

* Standard deviations were not used in the deterministic models as they do not incorporate variability.

11. The operational times of the wind farm assumed for the model are presented in Table 2-3,

Buchan Offs

based on windspeeds from December 2022 to November 2023 at 150 m for Scenario 1, and
180 m for Scenarios 2 and 3. The maintenance downtime was assumed to be the default
provided by Caneco et al. (2022). Blade pitch and rotation speed were modelled using their
estimated truncated normal distributions, constructed from a mean and standard deviation
as opposed to a wind-speed relationship.

hore Wind
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Table 2-3. Operational times of the Proposed Offshore Development used for all three scenarios of
the CRMs. Maintenance downtime values use the sCRM tool default values (Caneco et al. 2022).

Month Time operational (%)* Maintenance

Scenario 1 Scenario 2 Scenario3 | Downtime (%)
January 98.97% 98.49% 98.53% 7.15 (£ 1.74)
February 99.27% 98.48% 97.84% 3.88 (+ 1.56)
March 97.57% 96.52% 97.36% 6.22 (+ 1.97)
April 97.65% 96.69% 97.63% 6.02 (+ 1.30)
May 96.34% 94.68% 96.48% 7.47 (+ 1.80)
June 91.96% 86.40% 91.50% 4.84 (+ 1.70)
July 94.54% 92.31% 94.57% 3.38 (+ 1.53)
August 91.98% 88.43% 91.96% 7.72 (£ 1.98)
September 97.98% 95.75% 97.46% 3.82 (+1.57)
October 98.59% 97.71% 93.67% 4.51 (£1.57)
November 95.53% 91.23% 94.66% 3.35(+1.93)
December 98.10% 97.09% 97.89% 7.22 (+1.03)

Source of maintenance downtime: Caneco et al. (2022).

* For Scenario 1, wind availability was calculated based on wind speeds at 150 m, while for Scenario 2 and 3, values at 180 m were used.

2.1.2.3

12.

13.

14.

Species Biometric Parameters

The species-specific biometric parameters used in all models are presented in Table 2-4.
Species biometric parameters were extracted from NatureScot (2023) and checked against
the most recent SNCB guidance (SNCB et al., 2024).

Where species’ body length and wingspan parameters were not provided in either sources,
these were taken from Snow & Perrins (1998). For fulmar, the body length and wingspan
values pre-loaded in the sCRM tool of 0.45m (0.025) and 1.07m (0.025) respectively, differ
from those calculated from the Snow & Perrins (1987) range of 0.475m (0.0125) and 1.11m
(0.005); in this case the values calculated from Snow & Perrins (1998) were used as these
larger estimates will result in more precautionary collision estimates. Where a species’ flight
speed was not given in NatureScot (2023), the values were taken from Alerstam et al. (2007).
Each parameter and its source are detailed in Table 2-4. All species were modelled with a
“flapping” flight type apart from fulmar which was modelled as “gliding”.

For great-black backed gull and herring gull, guidance (SNCB et al., 2024) presented a range of
values for nocturnal activity 25-50%, as such two assessments were carried out as per joint
SNCB guidance (SNCB et al., 2024), one with nocturnal activity set at 25% and one set at 50%,
both results are presented in Annex C.
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Table 2-4: Bird biometric data used for CRM (numbers in brackets are standard deviations).

Species Body length (m) Wingspan (m) Flight speed (m/s) | Nocturnal activity (%) Avoidance rate Flight type
Deter. Stoch. Deter. Stoch. Deter. Stoch. Deter. Stoch. Deter. Stoch.
Gannet 0.94 0.94 1.72 1.72 14.9 14.9 14% 14% 0.9923 0.9929 Flapping
(£ 0.0325) (£ 0.0375) (£0.0) (£ 10%) (£ 0.0003)
Kittiwake 0.39 0.39 1.08 1.08 13.1 13.1 40% 40% 0.9923 0.9929 Flapping
(+ 0.005) (+0.0625) (+0.4) (£ 12%) (+ 0.0003)
Great black- 0.71 0.71 1.58 1.58 13.7 13.7 25% & 37.5% 0.9936 0.994 Flapping
backed gull (+0.035) (+0.0375) (£1.2) 50% (£ 6.37) (+ 0.0004)
Herring gull 0.6 0.6 1.44 1.44 12.8 12.8 25% & 37.5% 0.9936 0.994 Flapping
(£ 0.0225) (£ 0.03) (£1.8) 50% (£ 6.37) (£ 0.0004)
Fulmar* 0.45 0.45 1.07 1.07 13.0 13.0 75% 75% 0.9923 0.9929 Gliding
(£ 0.025) (£0.025) (x0.0) (x0.0) (£ 0.0003)
* Fulmar body length and wingspan were extracted from (Robinson, 2005), flight speed from Pennycuick (1987) and nocturnal activity from (2004; Wade et al, 2016).
Ofthoe Ornihelogy Collsion ik Page 10




15. For gannet, in addition to the avoidance rate provided by NatureScot (2023), presented in
Table 2-4, the Royal Society for the Protection of Birds (RSPB) requested that this species was
assessed with an avoidance rate of 98% during the breeding season (no standard deviation
was provided with this — see Table 1-1). Therefore, gannet CRMs were also run using the
parameters above (Table 2-4) but with an avoidance rate of 0.98 during the breeding season.
This value of 98% avoidance is seen as conservative compared to the current guidance to use
99.23% or 99.29% avoidance rates (Table 2-4), but are presented for comparison. Two annual
gannet estimates are therefore presented in the results, one derived from the avoidance rate
in Table 2-4 used in both breeding and non-breeding season CRMs, and one from the
combination of the breeding season CRM estimate using the RSPB avoidance rate and the non-
breeding season estimate using the avoidance rate in Table 2-4.

2.1.24 In-flight densities

16. As detailed in Annex A of Volume 3, Technical Appendix 9.1: Offshore and Intertidal
Ornithology Baseline, density estimates of birds in the Array Area and surrounding buffer
were derived from DAS data collected on site. Collision risk models were parameterized with
a monthly distribution of 2000 bootstrapped density estimates of birds in flight within the
Array Area, for each species, when using stochastic models. This approach follows NatureScot
(2023) guidance, and these bootstrapped data are available upon request for reproducibility
as per guidance. As the deterministic models do not account for variability, only the point
estimates values of the density estimations were used in the deterministic CRMs. Point-
estimate densities were calculated as the mean of the distribution used in the stochastic
models. Deterministic density inputs are presented in Annex B.

Table 2-5: Summary of in-flight density distribution within the Array Area. Values are medians,
with 95% Cls in brackets
Month Fulmar Gannet Great black- | Herring gull Kittiwake
backed gull
January 0.422 0 0 0 0
(0.286 - 0.62) (0-0.087) (0-0.141) (0-0) (0-0.172)
February 0.401 0 0 0 0.218
(0.071 - (0-0.174) (0-0.085) (0-0) (0-0.977)
1.006)
March 0.176 0 0 0 0.237
(0.07 - 0.33) (0-0.087) (0-0.086) (0-0) (0.115 - 0.458)
April 0.165 0.085 0 0 0.176
(0.092 - (0-0.284) (0-0) (0-0.086) (0.056 - 0.42)
0.292)
May 0.239 0.007 0 0 0.051
(0.083 - (0-0.139) (0-0) (0-0) (0-0.342)
0.415)
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Month Fulmar Gannet Great black- | Herring gull Kittiwake
backed gull
June 0.379 0.118 0 0 0.022
(0.262 - (0.056 - (0-0) (0-0) (0-0.206)
0.547) 0.231)
July 1.183 0 0 0 0.175
(0.935 - (0-0.333) (0-0) (0-0) (0.028 - 0.447)
1.698)
August 1.072 0.03 0 0.029 (0 - 0.251
(0.722 - (0-0.118) (0-0) 0.088) (0.043 -0.617)
1.443)
September 0.219 0.152 0 0 0.059
(0.096 - (0-0.38) (0-0) (0-0) (0-0.149)
0.523)
October 0.261 0.089 0 0 0.021
(0.095 - (0-0.21) (0-0.087) (0-0) (0-0.348)
0.979)
November 0.503 0.102 0.059 0 0.125
(0.25-0.978) (0-0.161) (0-0.149) (0-0.086) (0-0.332)
December 0.792 0.011 0.067 0.091 0.022
(0-1.252) (0-0.13) (0.029 - (0-0.429) (0-0.255)
0.178)
2.1.25 Temporal periods
17. In accordance with current guidance (NatureScot, 2023), CRM results were calculated for both

18.

19.

the breeding and non-breeding seasons. Species specific seasonal definitions are detailed in
Section 6.1 of Volume 2, Chapter 9.1: Offshore and Intertidal Ornithology. As agreed during
the consultation process (Table 1-3 in Volume 2, Chapter 9: Offshore and Intertidal
Ornithology), definition of breeding seasons were based on NatureScot (2020), while non-
breeding seasons were defined following those described in Furness (2015). When Furness
(2015) non-breeding seasons definitions extended into the breeding seasons these were
foreshortened.

Some seasonal definitions include ‘half months’ i.e. the break between the seasons occurs in
the middle of a month rather than at the end. Following consultation (Table 1-1), NatureScot
advised estimates for months which were split between seasons were allocated equally to
each season with a proportion of 0.5.

For the stochastic models, within each month of the year, 1000 iterations of each CRM were
run. From this distribution of estimated collisions, monthly, seasonal and annual median

Buchan Offshore Wind
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2.2

20.

21.

22.

collision estimates, and their 95% Cls were separately calculated for each combination of
species, and scenario.

MIGRATORY COLLISION RISK MODELLING

In addition to foraging seabirds, offshore wind farms may also present a collision risk to
migrating birds. As introduced in Volume 2, Chapter 9: Offshore and Intertidal Ornithology,
a total of 52 migratory bird species were identified from Woodward et al. (2023) as having
migration corridors overlapping with the Array Area. This overlap puts these species at
potential risk of collision during migration and, consequently, were identified as Important
Ornithological Features (IOFs). These species are presented in Volume 3, Technical Appendix
9.1: Offshore and Intertidal Ornithology Baseline. This migratory collision risk can be
quantitively assessed by estimating the number of birds (per species) expected to pass
through a development and then undertaking sSCRM using migration specific bird biometrics.
Such a quantitative assessment for nine Scottish offshore windfarms was commissioned by
Marine Scotland and conducted by WWT consulting (WWT, 2014), in which an indicative
threshold of 1% of the passage population being impacted was used to inform which species
were of concern.

As part of Scotland’s National Marine Plan (Marine Scotland Science, 2015) a strategic study
of collision risk for birds on migration was commissioned and aims to update the process of
assessing migrant collision risk such that it is comparable with that of seabirds and can
incorporate uncertainty. Currently, only the first work package of this study has been
published which is a review of birds migrating in Scottish waters by Woodward et al. (2023),
this updates:

° Population estimates;

° Migratory routes;

° Timing of migration;

° Migratory flight heights;

° Migratory flight speeds; and

. Avoidance behavior and rates.

The second work package of this study is the development of a stochastic CRM tool for
migratory bird species; whilst this model now exists in its Beta version, it has not yet been
approved by NatureScot or incorporated into guidance at the time of the present assessment.
As such, during consultation (Table 1-1), NatureScot and Marine Directorate supported a
qualitive approach to assess migratory collision risk. This qualitive approach was undertaken
relative to WWT (2014) while considering the updates presented in Woodward et al. (2023).
On review of the updated parameters in Woodward et al, (2023), it is apparent that less than
1% of each species’ migrating population would be at risk of collision with the Array Area even
before undertaking a quantitative assessment. This forms the basis of the method of qualitive
assessment used here and is outlined below.

The proportion of each species’ migratory population at risk of collision with the Proposed
Offshore Development was assessed following methodology used by WWT (2014) but with

Buchan Offshore Wind
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updated parameters from Woodward et al. (2023). The methods used by WWT (2014) to
estimate the proportion of the population at risk are summarised in Equation 1 below.

Population proportion susceptible to collision =

average WFw

1—AR) X
( ) MFw

X P X pCRH

Where:

pCRH = proportion at collision risk height
AR= avoidance rate

WFw = windfarm width

MFw = migration front width

P = proportion of population on windfarm coast

Equation 1: Equational summary of the method used by WWT (2014) to estimate the proportion of
a species’ migrating population at risk of collision with a windfarm.

23.

This method (Equation 1) has been modified to estimate the proportion of each species’
passage population susceptible to collision in a more precautionary way and using the more
recent avoidance rates and proportions at (CRH) from Woodward et al. (2023) as outlined in
Equation 2 below.

Population proportion susceptible to collision =

Largest WFw

(1 — AR(Updated)) x Narrow Cw

X pCRH (Updated)

Where:

pCRH = proportion at collision risk height
AR= avoidance rate

WFw = windfarm width

Cw = migration corridor width

Equation 2: Equational summary of the proposed methods to estimate the proportion of a species’
migrating population at risk of collision. Updated = Woodward et al., (2023)

24,

In addition to updating the proportion at CRH and avoidance rate to those from Woodward et
al. (2023), three precautionary/conservative changes are made to Equation 1, as outlined in
Equation 2.

. The average width of the windfarm has been replaced with the largest width of the
windfarm for two reasons, firstly, how the average width was calculated is not detailed
in WWT (2014). Secondly, using the largest width provides a precautionary approach
as it assumes all species migration fronts have maximum overlap with the Proposed
Offshore Development, yet this not the case;

Buchan Offshore Wind
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The proportion of the population expected to be migrating over a front which overlaps
the Proposed Offshore Development has been removed from the equation. This was
done as these proportions are not updated in Woodward et al. (2023) and is
precautionary as it assumes 100% of each population will migrate over a front which
overlaps the Proposed Offshore Development, yet this is not the case; and

The migration front width has been replaced with a "narrow” migration corridor width
as Woodward et al. (2023) does not provide updated migration fronts. Use of the
migration fronts in WWT (2014) were considered however, these fronts only apply to
Scottish birds yet the updates in Woodward et al. (2023) apply to all UK birds, all UK
birds don’t fly through that species’ Scottish migration front only. Thus, use of a
subjective "narrow’ migration corridor width is used. This “narrow™ migration corridor
width will be measured from one extreme of the species’ corridor to the other on the
same coast/flyway as the Proposed Offshore Development, crucially the width chosen
will be obviously narrower than that which overlaps the Proposed Offshore
Development. This method will result in a precautionary proportion of each species’
population overlapping the Proposed Offshore Development. This will be done using
the species’ migration corridors obtained from the mCRM tool (Caneco et al., 2022).
As in the point above, it is also precautionary as it assumes all birds will be flying over
the same coast as the Proposed Offshore Development and disregards any additional
corridor traveling in a different direction. This method of assessing the proportional
overlap of birds in the migrating population with the Proposed Offshore Development
by dividing the largest width of the windfarm by a ‘narrow” width of the species’
migration corridor assumes birds are evenly distributed across the width of the
corridor.

25. These methods will estimate the proportion of a species’” migrating population at risk of
collision during migration. Crucially, this is the number of birds which would be fed into a
quantitative assessment, rather than the number expected to be impacted, and thus, does
not account for factors such as species’ biometrics or turbine parameters which would reduce
the number of impacted birds. If less than 1% of a species’ migrating population is at risk of
collision this methodology will conclude that the risk to that species is negligible, and no
further assessment required.
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3 Results
3.1 SEABIRD COLLISION RISK MODELLING

26. For each modelled species, the seasonal stochastic collision estimates for all three windfarm
design scenarios, along with the annual estimate are presented in Table 3-1. Monthly
estimates are presented in Annex A and visualized in Figure 3-1. Deterministic collision
estimates are presented in Annex C.
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Table 3-1. Stochastic, seasonal and annual collision estimates at the Array Area. Values are rounded
to 3 decimal places for display purposes only. Values are the median estimates from 1000 iterations
with 95% Cls in brackets.

Species Season Scenario 1 Scenario 2 Scenario 3

Kittiwake Autumn 1.356 (0.561 - 1.179 (0.484 - 1.274 (0.533 -

migration 2.95) 2.587) 2.751)

Breeding season 3.497 (1.95 - 3.036 (1.701 - 3.331(1.878 -

6.059) 5.239) 5.743)

Spring migration 3.045 (1.182 - 2.612 (1.031 - 2.776 (1.107 -

6.354) 5.585) 5.91)

Annual 8.224 (5.277 - 7.16 (4.524 - 7.723 (4.895 -

11.998) 11.089) 11.827)

Great black- Breeding 0(0-0) 0(0-0) 0(0-0)

backed gull Non-breeding | 2.85 (1.09 - 6.444) 2.346 (0.902 - 2.422 (0.943 -

5.342) 5.523)

Annual | 2.85 (1.09 - 6.444) 2.346 (0.902 - 2.422 (0.943 -

5.342) 5.523)

Herring gull Breeding 0.493 (0-2.196) | 0.406 (0 -1.825) 0.436 (0 - 1.939)

Non-breeding 2.379(0-6.336) | 2.004 (0 -5.356) 2.079 (0-5.621)

Annual 2.608 (0-6.955) | 2.174 (0 - 5.862) 2.264 (0 - 6.146)

Fulmar Autumn | 0.026 (0-2.076) | 0.023 (0-1.837) | 0.025 (0 -1.908)
migration

Breeding | 0.283(0-9.141) | 0.253(0-7.903) | 0.286 (0 - 8.737)

Spring migration 0.104 (0-5.229) | 0.096 (0-4.617) 0.105 (0 - 4.916)

Non-breeding 0.033(0-1.751) | 0.029 (0-1.493) 0.033 (0 - 1.659)

Annual 0.51(0-16.53) | 0.46 (0 - 14.34) 0.51 (0 - 15.58)

Gannet Autumn 0.54 (0.042 - 0.444 (0.035 - 0.448 (0.034 -

migration 2.051) 1.673) 1.698)

Breeding 2.977 (0.839 - 2.397 (0.685 - 2.526 (0.731 -

7.187) 5.805) 6.086)

Spring migration 0.211(0-1.442) | 0.175(0-1.186) 0.18 (0-1.211)

Annual 3.953 (1.15 - 3.213 (0.942 - 3.355 (0.989 -

9.161) 7.437) 7.776)
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Figure 3-1. Monthly predicted median collision estimates and their 95% Cls for all modelled species,
across three scenarios.
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27.

As requested by RSPB, seasonal results of gannet stochastic CRMs using an avoidance rate of
98% during the breeding season are presented in Table 3-2. The same result using the SNCB
(2024) avoidance rate is also presented for comparison. The non-breeding estimates using the
SNCB (2024) avoidance rate are presented here again as these were combined with the
breeding season estimate using the RSPB avoidance rate to calculate a different annual
estimate.

Table 3-2. Gannet stochastic, seasonal and annual collision estimates at the Proposed Offshore
Development using two different avoidance rate values. Values are rounded to 3 decimal places for
display purposes only. Values are the median estimates from 1000 iterations with 95% Cls in

brackets.
Avoidance Season Scenario 1 Scenario 2 Scenario 3
rate
0.9929 Breeding 2.977 (0.839 - 2.397 (0.685 - | 2.526 (0.731 - 6.086)
season 7.187) 5.805)
Annual 3.953 (1.15 - 3.213 (0.942 - 3.355 (0.989 -
9.161) 7.437) 7.776)
0.98 Breeding 5.656 (0.466 - 4.578 (0.365 - 4.858 (0.397 -
season 31.687) 25.661) 26.925)
Annual 7.477 (0.466 - 6.077 (0.365 - 6.38 (0.397 -
43.051) 34.981) 36.392)
3.2 MIGRATORY COLLISION RISK
28. For each species, avoidance rates and proportion at collision risk height (pCRH) were

extracted from Woodward et al. (2023). The ‘narrow” width of migration corridors (on the
same flyway as the Proposed Offshore Development) were measured in QGIS (v3.34) using
shapefiles of each species migration corridor as per Woodward et al. (2023), obtained from
the mCRM tool (Caneco et al., 2022). The largest width of the Array Area was obtained by
measuring the length of the Array Area’s eastern perimeter as this also represents its widest
part. All these input parameters and the resulting estimated population proportion
susceptible to collision are presented in Table 3-3. Maps visualizing each species’ migration
corridor and the location of the “narrow™ width which was measured are presented in Annex
D.

Table 3-3. The estimated percentage of each species’ migrating passage population at risk of
collision with the Array Area and the inputs used to obtain this estimation. pCRH = proportion at
collision risk height. Values are rounded to 3 decimal places for display purposes only.

Species Avoidance the Proposed Migration pCRH Population
rate Offshore corridor percentage at
Development Array ‘narrow’ risk per
Area’s max width width (km) passage
(km)
Bar-tailed godwit 0.999 35.430 888.128 1 0.004%
Bittern 0.995 35.430 626.004 1 0.028%
Buchan Offshore Wind
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Species Avoidance the Proposed Migration pCRH Population
rate Offshore corridor percentage at
Development Array ‘narrow’ risk per
Area’s max width width (km) passage
(km)
Black-throated 0.995 35.430 849.193 0.25 0.005%
diver
Common scoter 0.985 35.430 930.837 1 0.057%
Corncrake 0.995 35.430 856.407 1 0.021%
Curlew 0.999 35.430 901.986 1 0.004%
Dotterel 0.999 35.430 596.949 1 0.006%
Dunlin 0.999 35.430 931.479 1 0.004%
Eider 0.985 35.430 899.103 0.25 0.015%
Golden plover 0.999 35.430 522.87 1 0.007%
Goldeneye 0.985 35.430 898.5 1 0.059%
Goosander 0.985 35.430 900.476 1 0.059%
Great northern 0.995 35.430 1620.16 0.25 0.003%
diver
Greenshank 0.999 35.430 844.3 1 0.004%
Grey plover 0.999 35.430 898.076 1 0.004%
Hen harrier 0.995 35.430 863.951 1 0.021%
Icelandic Greylag 0.9996 35.430 351.007 0.5 0.002%
Goose
Knot 0.999 35.430 926.718 1 0.004%
Lapwing 0.999 35.430 898.198 1 0.004%
Long-tailed duck 0.985 35.430 902.247 1 0.059%
Mallard 0.985 35.430 899.704 1 0.059%
Marsh-harrier 0.995 35.430 821.434 0.5 0.011%
Merlin 0.989 35.430 522.134 1 0.075%
Nightjar 0.995 35.430 846.068 1 0.021%
Osprey 0.995 35.430 904.457 0.5 0.010%
Oystercatcher 0.999 35.430 932.17 1 0.004%
Pink-footed goose 0.9999 35.430 90.983 0.5 0.002%
Pintail 0.985 35.430 931.933 1 0.057%
Purple sandpiper 0.999 35.430 927.254 1 0.004%
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Species Avoidance the Proposed Migration pCRH Population
rate Offshore corridor percentage at
Development Array ‘narrow’ risk per
Area’s max width width (km) passage
(km)
Red-breasted 0.985 35.430 904.818 1 0.059%
merganser
Redshank 0.999 35.430 931.46 1 0.004%
Red-throated 0.995 35.430 994.949 0.25 0.004%
diver
Ringed plover 0.999 35.430 930.629 1 0.004%
Ruff 0.999 35.430 936.925 1 0.004%
Sanderling 0.999 35.430 930.611 1 0.004%
Scaup 0.985 35.430 521.791 1 0.102%
Shelduck 0.985 35.430 517.374 0.5 0.051%
Short-eared owl 0.995 35.430 992.917 1 0.018%
Shoveler 0.985 35.430 467.062 1 0.114%
Slavonian grebe 0.995 35.430 933.073 1 0.019%
Snipe 0.999 35.430 931.543 1 0.004%
Spotted crake 0.995 35.430 947.553 1 0.019%
Svalbard Barnacle 0.999 35.430 142.618 1 0.025%
Goose
Svalbard Light- 0.999 35.430 241.761 0.5 0.007%
Bellied Brent
Goose
Taiga bean goose 0.999 35.430 812.846 1 0.004%
Tufted duck 0.985 35.430 555.708 1 0.096%
Turnstone 0.999 35.430 931.398 1 0.004%
Velvet scoter 0.985 35.430 863.386 1 0.062%
Whimbrel 0.999 35.430 918.316 1 0.004%
Whooper swan 0.988 35.430 716.087 0.5 0.030%
Wigeon 0.985 35.430 500.181 1 0.106%
Wood sandpiper 0.999 35.430 845.231 1 0.004%
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29. The species with the highest percentage of the passage population at risk of collision is
shoveler with 0.114% at risk of collision, and only two other species (wigeon with 0.106% and
scaup with 0.102%) have a percentage within an order of magnitude of the indicative 1%
threshold.

30. These results estimate a precautionary/conservative percentage of each species migrating
population at risk of collision with the Array Area. The results show that even if 100% of each
species migrating population migrated via a front which overlaps the Array Area, and a
narrower part of their migration corridor overlapped with the widest part of the Array Area,
considerably less than the indicative 1% threshold of the passage population would be at risk.
Furthermore, this is the number at risk of collision and not the number impacted which would
be yet smaller should quantitative CRM incorporating species bio-metric and turbine
parameters be conducted.

31. Based on these results, it can be concluded that the Proposed Offshore Development poses a
negligible collision risk to migrating birds.
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Annexes

Annex A. Density data sources and in-flight observations

32. As detailed in Annex A of the Volume 3, Technical Appendix 9.1, Offshore and Intertidal
Ornithology Baseline, densities at the Array Area were estimated using both design-based and
model-based approaches. Table A-1 below presents a breakdown of which sources of
densities were used for each species (Annex A of Volume 3, Technical Appendix 9.1, Offshore
and Intertidal Ornithology Baseline). Fulmar densities were estimated using a model-based
approach for all surveys. When there was no observation of a species in a survey, density was
set to a zero.

Table A-1: Details on whether design or modelled based densities were used to prepare monthly
densities for collision risk modelling. “-“ indicates surveys were no observations of that species were
made, hence density was assumed to be zero.

Survey Gannet Great black- Herring gull Kittiwake
backed gull

March 2022 Design - - Model
April 2022 Model - - Model
May 2022 Model - - Model
June 2022 Model - - -

July 2022 - - - Design
August 2022 Design - Design Model
September 2022 Model - - Design
October 2022 Model Design - Model
November 2022 Model Model Design Design
December 2022 - Model Model Model
January 2023 Design Design - Design
February 2023 Model Design - Model
March 2023 - Design - Model
April 2023 Design - Design Model
May 2023 - - - -

June 2023 Model - - Model
July 2023 Model - - Model
August 2023 Model - Design Model
September 2023 Design - - Design
October 2023 Design - - -

November 2023 Design Design - Model
December 2023 Model Model - -
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Survey Gannet Great black- Herring gull Kittiwake
backed gull
January 2024 - - - -
February 2024 - - -
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Table A-2: Number of observations of in flight birds identified to the species levels during the DAS within the Array Area. Species names summarized using
the BTO code (AE = Arctic tern, CM = Common gull, TM = European storm-petrel, F. = Fulmar, GX = Gannet, GB = Great black-backed gull, NX = Great skua,
GU = Guillemot, HG = Herring gull, KI = Kittiwake, LB = Lesser black-backed gull, MX = Manx shearwater, PU = Puffin, RA = Razorbill). “-“ indicates surveys
were no observations of that species were made. In bold are highlighted species that were screened in the assessment.

Survey AE CM ™ F. GX GB NX GU HG Kl LB MX PU RA
March 2022 - - - 3 1 - - 1 - 10 - - - -
April 2022 - - - 8 1 - - 16 - 6 - - - 3
May 2022 1 - - 10 1 - - 8 - 3 - - 1 -
June 2022 1 - - 16 7 - 1 17 - - - 1 5 3
July 2022 - - - 43 - - - 5 - 3 - 1 - ;
August 2022 - - 2 43 1 - - - 1 18 - - - -
September 2022 - 1 - 10 10 - - - - 2 - - - 2
October 2022 - - - 30 7 1 - 1 - 2 - - - -
November 2022 - 1 - 21 5 2 - 1 1 2 - - - -
December 2022 - - - 36 - 3 - 1 15 6 - - - -
January 2023 - - - 14 1 2 - 23 - 3 - - - -
February 2023 - - - 20 3 1 - 22 - 37 - - - -
March 2023 - - - 7 - 1 - - - 6 - . _ -
April 2023 - - - 9 4 - - 44 1 3 1 - 29 6
May 2023 - - - 4 - - - 1 - - - - - -
June 2023 - - 1 11 3 - - 1 - 2 - - 6 -
July 2023 - - - 41 9 - - 3 - 8 - - 1 B,
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Survey AE CM ™ F. GX GB NX GU HG Kl LB MX PU RA
August 2023 - - - 31 1 - - - 1 4 - - i, -
September 2023 - - - 5 2 - - - - 2 - - - )
October 2023 - - - 4 2 - - - - - - - - -
November 2023 - - - 14 1 2 - 2 - 7 - - - -
December 2023 - - - 21 2 1 - - - - . - - -
January 2024 - - - 18 - - - - - - - - - -
February 2024 - - - 8 - - - 1 - - - - - -
Total 2 2 3 427 61 13 1 147 19 124 1 2 42 14

.




Annex B. Deterministic density inputs

Table B-1: Mean values of the in-flight density distribution used as the input for the deterministic
CRM:s. Values rounded to 3 decimal places for display purposes only.

Month Fulmar Gannet Great black- | Herring gull Kittiwake
backed gull
January 0.430 0.015 0.030 0.000 0.044
February 0.471 0.045 0.015 0.000 0.372
March 0.181 0.015 0.015 0.000 0.248
April 0.173 0.098 0.000 0.015 0.196
May 0.236 0.036 0.000 0.000 0.120
June 0.385 0.125 0.000 0.000 0.062
July 1.216 0.111 0.000 0.000 0.195
August 1.070 0.039 0.000 0.030 0.268
September 0.242 0.165 0.000 0.000 0.069
October 0.427 0.095 0.015 0.000 0.090
November 0.538 0.081 0.065 0.015 0.136
December 0.768 0.037 0.078 0.165 0.074
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Annex C. Seasonal, Annual and Monthly model-based Collision Estimate

Table C-1: Deterministic, seasonal and annual collision estimates at the Array Area. Values are
rounded to 3 decimal places.

Species Nocturnal Season Scenario 1 Scenario 2 Scenario 3
activity
Kittiwake 40% Autumn 1.623 1.41 1.509
migration
Breeding season 4.017 3.469 3.804
Spring migration 3.441 3.037 3.233
Annual 9.08 7.92 8.55
Great 25% Breeding 0(0-0) 0(0-0) 0(0-0)
black- Non-breeding 2.561 2.121 2.204
backed Annual 2.56 2.12 2.2
gull
50% Breeding 0(0-0) 0(0-0) 0(0-0)
Non-breeding 3.43 2.842 2.954
Annual 3.43 2.84 2.95
Herring 25% Breeding 0.63 0.521 0.556
gull Non-breeding 1.686 1.42 1.485
Annual 2.32 1.94 2.04
50% Breeding 0.712 0.588 0.628
Non-breeding 2.355 1.983 2.073
Annual 3.07 2.57 2.7
Fulmar 75% Autumn 0.064 0.058 0.062
migration
Breeding 0.376 0.333 0.377
Spring migration 0.201 0.182 0.200
Non-breeding 0.058 0.051 0.058
Annual 0.70 0.62 0.70
Gannet 14% Autumn 0.676 0.552 0.559
migration
Breeding 3.173 2.573 2.715
Spring migration 0.356 0.295 0.303
Annual 4.2 3.42 3.58
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Table C-2. Kittiwake stochastic and deterministic, monthly collision estimates at the Array Area.
Values are rounded to 3 decimal places. Stochastic values are the median estimates from 1000
iterations with 95% Cls in brackets.

Month Model Scenario 1 Scenario 2 Scenario 3
January Deterministic 0.18 0.159 0.169
Stochastic | 0.071 (0-0.687) | 0.068 (0-0.615) | 0.072 (0-0.652)
February Deterministic 1.551 1.371 1.447
Stochastic | 1.762 (0-4.143) | 1.582(0-3.657) | 1.671(0-3.858)
March Deterministic 1.205 1.062 1.139
Stochastic 1.051 (0.459 - 0.902 (0.414 - 0.967 (0.445 -
2.067) 1.892) 2.03)
April Deterministic 1.01 0.891 0.957
Stochastic 0.8 (0.261 - 0.703 (0.214 - 0.755 (0.23 -
2.116) 1.804) 1.939)
May Deterministic 0.668 0.584 0.634
Stochastic 0(0-1.838) 0(0-1.638) 0(0-1.773)
June Deterministic 0.343 0.286 0.323
Stochastic | 0.301(0-1.067) | 0.254 (0-0.897) | 0.287 (0-1.011)
July Deterministic 1.144 0.995 1.084
Stochastic 1.034 (0.151 - 0.868 (0.132 - 0.946 (0.144 -
2.456) 2.162) 2.362)
August Deterministic 1.357 1.159 1.285
Stochastic | 0.881(0.186 - 0.739 (0.155 - 0.821(0.172 -
2.928) 2.526) 2.799)
September Deterministic 0.349 0.304 0.329
Stochastic | 0.295 (0-0.754) | 0.253(0-0.673) | 0.273 (0-0.728)
October Deterministic 0.426 0.376 0.382
Stochastic 0(0-1.562) 0(0-1.324) 0(0-1.341)
November Deterministic 0.558 0.474 0.523
Stochastic | 0.483 (0-1.374) | 0.412(0-1.218) | 0.455(0-1.345)
December Deterministic 0.291 0.256 0.275
Stochastic 0(0-0.927) 0(0-0.841) 0(0-0.902)
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Table C-3. Great black-backed gull stochastic and deterministic (50% nocturnal activity), monthly
collision estimates at the Array Area. Values are rounded to 3 decimal places. Stochastic values are
the median estimates from 1000 iterations with 95% Cls in brackets.

Month Model Scenario 1 Scenario 2 Scenario 3
January Deterministic 0.464 0.39 0.401
Stochastic 0(0-1.956) 0(0-1.652) 0(0-1.702)
February Deterministic 0.228 0.192 0.196
Stochastic 0(0-1.201) 0 (0-1.006) 0(0-1.026)
March Deterministic 0.275 0.23 0.238
Stochastic 0(0-1.517) 0(0-1.264) 0(0-1.309)
April Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
May Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
June Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
July Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
August Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
September Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
October Deterministic 0.27 0.226 0.223
Stochastic 0(0-1.455) 0(0-1.226) 0(0-1.209)
November Deterministic 1.017 0.82 0.875
Stochastic | 0.817 (0-2.339) | 0.657 (0-1.892) | 0.702 (0 -2.012)
December Deterministic 1.177 0.984 1.021
Stochastic | 0.878 (0.348 - 0.736 (0.292 - 0.763 (0.302 -
2.542) 2.122) 2.188)
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Table C-4. Herring gull stochastic and deterministic (50% nocturnal activity), monthly collision
estimates at the Array Area. Values are rounded to 3 decimal places. Stochastic values are the
median estimates from 1000 iterations with 95% Cls in brackets.

Month Model Scenario 1 Scenario 2 Scenario 3
January Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
February Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
March Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
April Deterministic 0.233 0.197 0.206
Stochastic 0(0-1.281) 0(0-1.086) 0(0-1.137)
May Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
June Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
July Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
August Deterministic 0.478 0.391 0.422
Stochastic | 0.382(0-1.433) | 0.312(0-1.169) | 0.336 (0-1.257)
September Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
October Deterministic 0 0 0
Stochastic 0(0-0) 0(0-0) 0(0-0)
November Deterministic 0.198 0.162 0.174
Stochastic 0(0-1.023) 0(0-0.835) 0(0-0.891)
December Deterministic 2.156 1.821 1.9
Stochastic | 2.104 (0-5.734) | 1.767 (0-4.854) | 1.849 (0-5.048)

Buchan Offshore Wind

Appendix 9.2 Offshore Ornithology Collision Risk

Page 33



Table C-5. Fulmar stochastic and deterministic, monthly collision estimates at the Array Area. Values
are rounded to 3 decimal places. Stochastic values are the median estimates from 1000 iterations

with 95% Cls in brackets.

Month Model Scenario 1 Scenario 2 Scenario 3
January Deterministic 0.047 0.043 0.047
Stochastic | 0.034 (0-1.208) 0.031 (0-1.069) 0.034 (0-1.135)
February Deterministic 0.05 0.045 0.049
Stochastic 0.013 (0-1.9) 0.012 (0-1.669) 0.013 (0-1.769)
March Deterministic 0.021 0.019 0.021
Stochastic | 0.012 (0-0.642) 0.011 (0-0.567) 0.012 (0-0.61)
April Deterministic 0.02 0.018 0.02
Stochastic | 0.013 (0-0.521) 0.012 (0-0.459) 0.013 (0-0.495)
May Deterministic 0.028 0.025 0.028
Stochastic | 0.014 (0-0.845) 0.013 (0-0.743) 0.014 (0-0.809)
June Deterministic 0.044 0.038 0.044
Stochastic | 0.033 (0-1.109) 0.028 (0-0.933) 0.033 (0-1.057)
July Deterministic 0.15 0.134 0.151
Stochastic | 0.098 (0-3.643) 0.087 (0-3.161) 0.098 (0-3.455)
August Deterministic 0.119 0.105 0.12
Stochastic | 0.079 (0-3.115) 0.07 (0-2.654) 0.08 (0-2.946)
September Deterministic 0.028 0.025 0.028
Stochastic | 0.015 (0-0.838) 0.014 (0-0.734) 0.015 (0-0.798)
October Deterministic 0.05 0.045 0.048
Stochastic | 0.015 (0-1.731) 0.014 (0-1.54) 0.015 (0-1.574)
November Deterministic 0.058 0.051 0.058
Stochastic | 0.033 (0-1.751) 0.029 (0-1.493) 0.033 (0-1.659)
December Deterministic 0.083 0.075 0.083
Stochastic | 0.009 (0-2.544) 0.008 (0-2.237) 0.009 (0-2.395)
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Table C-6. Gannet stochastic and deterministic, monthly collision estimates at the Array Area.
Values are rounded to 3 decimal places. Stochastic values are the median estimates from 1000
iterations with 95% Cls in brackets.

Month Model Scenario 1 Scenario 2 Scenario 3
January Deterministic 0.048 0.04 0.041
Stochastic 0(0-0.335) 0(0-0.278) 0(0-0.284)
February Deterministic 0.163 0.135 0.137
Stochastic | 0.044 (0 - 0.824) 0.037 (0-0.68) 0.038 (0 - 0.689)
March Deterministic 0.068 0.056 0.058
Stochastic 0(0-0.518) 0(0-0.427) 0(0-0.441)
April Deterministic 0.505 0.418 0.433
Stochastic | 0.353(0-1.904) | 0.291(0-1.572) | 0.301(0-1.621)
May Deterministic 0.209 0.172 0.179
Stochastic 0(0-1.072) 0(0-0.872) 0(0-0.907)
June Deterministic 0.737 0.578 0.629
Stochastic | 0.664 (0.158 - 0.516 (0.125 - 0.561 (0.137 -
1.841) 1.438) 1.564)
July Deterministic 0.686 0.561 0.589
Stochastic | 0.313(0-2.87) | 0.259(0-2.333) | 0.275(0-2.445)
August Deterministic 0.201 0.161 0.173
Stochastic | 0.153 (0-0.785) | 0.122(0-0.626) | 0.131 (0-0.668)
September Deterministic 0.801 0.655 0.683
Stochastic | 0.567 (0-2.806) | 0.463 (0-2.279) | 0.485 (0-2.367)
October Deterministic 0.405 0.336 0.329
Stochastic | 0.344 (0-1.314) | 0.284(0-1.081) | 0.278 (0 - 1.054)
November Deterministic 0.27 0.216 0.23
Stochastic | 0.21(0-0.893) | 0.168 (0 - 0.709) 0.18 (0-0.752)
December Deterministic 0.111 0.092 0.095
Stochastic | 0.038 (0-0.531) 0.032 (0-0.44) 0.033 (0 - 0.455)
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Annex D. Species’ migration corridors

33. Each species migration corridor as per Woodward et al, (2023), obtained from the mCRM tool
(Caneco et al., 2022) is presented in Figure D - 1 to Figure D - 13. On each of these, the line
measured to obtain their corridor width and thus estimate proportional overlap with the Array
Area is also presented. The corridor widths (red lines) are relatively subjectively assigned as a
width which is less than that of the width where the migration front is actually likely to overlap
with the Array Area.
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Figure D - 1: The migration corridors (yellow) and narrower width line (red) of Bar-tailed Godwit,
Bittern, Black-throated Diver and Common Scoter. Migration corridors as per Woodward et al.
(2023), obtained from the mCRM tool (Caneco et al., 2022).
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Figure D - 2: The migration corridors (yellow) and narrower width line (red) of Corncrake, Curlew,
Dotterel and Dunlin. Migration corridors as per Woodward et al. (2023), obtained from the mCRM

tool (Caneco et al., 2022).
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Figure D - 3: The migration corridors (yellow) and narrower width line (red) of Eider, Golden Plover,
Goldeneye and Goosander. Migration corridors as per Woodward et al., (2023), obtained from the
mCRM tool (Caneco et al., 2022).
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Great Northern Diver Greenshank
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Figure D - 4: The migration corridors (yellow) and narrower width line (red) of Great Northern Diver,
Greenshank, Grey Plover and Hen Harrier. Migration corridors as per Woodward et al. (2023),
obtained from the mCRM tool (Caneco et al., 2022).
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Icelandic Greylag Goose

Knot

65°N

60°N 1

55°N 4

50°N A

Lapwing

Longtailed duck

65°N

60°N

55°N 1

50°N

25°W 20°W 15°W 10°W 5°W  0°

5°E 10°E25°W 20°W 15°W 10°W 5°W  0°

5°E 10°E

Figure D - 5: The migration corridors (yellow) and narrower width line (red) of Icelandic Greylag
Goose, Knot, Lapwing and Long-tailed duck. Migration corridors as per Woodward et al. (2023),

obtained from the mCRM tool (Caneco et al., 2022).
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Figure D - 6: The migration corridors (yellow) and narrower width line (red) of Mallard, Marsh-
Harrier, Merlin and Nightjar. Migration corridors as per Woodward et al. (2023), obtained from the
mCRM tool (Caneco et al., 2022).
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Figure D - 7: The migration corridors (yellow) and narrower width line (red) of Osprey,
Oystercatcher, Pink-footed Goose and Pintail. Migration corridors as per Woodward et al. (2023),
obtained from the mCRM tool (Caneco et al., 2022).
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Figure D - 8: The migration corridors (yellow) and narrower width line (red) of Purple Sandpiper,
Red-breasted merganser, Red-throated diver and Redshank. Migration corridors as per Woodward
et al. (2023), obtained from the mCRM tool (Caneco et al., 2022).
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Figure D - 9: The migration corridors (yellow) and narrower width line (red
Sanderling and Scaup. Migration corridors as per Woodward et al. (2023), o
tool (Caneco et al., 2022).
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Shelduck Shorteared Owl
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Figure D - 10: The migration corridors (yellow) and narrower width line (red) of Shelduck, Short-
eared owl, Shoveler and Slavonian grebe. Migration corridors as per Woodward et al. (2023),
obtained from the mCRM tool (Caneco et al., 2022).
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Figure D - 11: The migration corridors (yellow) and narrower width line (red) of Snipe, Spotted crake,
Svalbard barnacle goose and Svalbard light-bellied brent goose. Migration corridors as per
Woodward et al. (2023), obtained from the mCRM tool (Caneco et al., 2022).
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Figure D - 12: The migration corridors (yellow) and narrower width line (red) of Taiga bean goose,
Tufted duck, Turnstone and Velvet scoter. Migration corridors as per Woodward et al. (2023),
obtained from the mCRM tool (Caneco et al., 2022).
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Figure D - 13: The migration corridors (yellow) and narrower width line (red) of Whimbrel, Whooper
swan, Wigeon and Wood sandpiper. Migration corridors as per Woodward et al. (2023), obtained

from the mCRM tool (Caneco et al., 2022).
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