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Glossary 

Defined term Definition 

Applicant (the) Ayre Offshore Wind Farm Limited (AOWFL). 

Appropriate Assessment 
(AA) 

An assessment to determine the implications of a plan or 
project on a European site in view of that site’s conservation 
objectives. An Appropriate Assessment forms part of the 
Habitats Regulations Appraisal (HRA) and is required when a 
plan or project (either alone or in combination with other 
plans or projects) is likely to have a significant adverse effect 
on a European site. 

Array Area The Array Area is the area in which the Offshore Generation 
Assets will be located and is shown shaded in purple in Figure 
1.1 of this Offshore EIA Report.  

Ayre Offshore Wind 
Farm Limited (AOWFL) 

A Special-Purpose Vehicle (SPV) (legal entity) for the purpose 
of developing the Project. Ayre Offshore Wind Farm Limited 
will be the Applicant for the Offshore Application. 

Cumulative effects  The effects of the Proposed Development assessed together 
with effects from the Onshore Infrastructure forming the 
Project as well as one or more different projects on the same 
receptor/resource. 

Digital Aerial Surveys 
(DAS) 

A method for undertaking baseline ornithological and marine 
mammal data collection surveys. Usually undertaken over a 
period of 24 months. 

Effect Term used to express the consequence of an impact i.e. the 
result of change or changes on specific environmental 
resources or receptors. The significance of an effect is 
determined by correlating the magnitude of the impact with 
the importance, or sensitivity of the receptor or resource in 
accordance with defined significance criteria. 

Embedded mitigation  Measures that are adopted as part of the Proposed 
Development and therefore assessed within the EIA. The 
proposed approach for the EIA for the Proposed Development 
is that Embedded Mitigation includes both primary mitigation 
and tertiary mitigation. These are defined by the ISEP as 
follows: 
Primary: Modifications to the location or design of the 
development made during the pre-application phase that are 
an inherent part of the project, and do not require additional 
action to be taken. 
Tertiary: Actions that would occur with or without input from 
the EIA feeding into the design process. These include actions 
that will be undertaken to meet other existing legislative 
requirements, or actions that are considered to be standard 
practices used to manage commonly occurring environmental 
effects. 

Environmental Impact 
Assessment (EIA) 

Assessment of the potential likely significant effects of the 
Proposed Development on the physical, biological, and human 
environment during construction, Operations and 
Maintenance (O&M) and decommissioning. 
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Defined term Definition 

Export Cable Corridor The area seaward of Mean High Water Springs (MHWS) shaded 
in blue on Figure 1.1, which connects the Array Area with the 
Landfall Area within which the Offshore Export Cables will be 
installed. 

Further mitigation Also referred to as secondary mitigation which is defined by 
IEMA as: Actions that will require further activity in order to 
achieve the anticipated outcome. These may be imposed as 
part of the planning consent, or through inclusion in the EIA 
Report (sic). 

Impact  A change caused by an action that occurs during a project’s 
lifetime. 

Impulsive sound Sound which is broadband, very brief with a high rise time and 
high peak level compared to the energy averaged sound level. 

Maximum design 
scenario (MDS) 

The scenario within the design envelope likely to result in the 
greatest impact on a particular topic receptor, and therefore 
the one that should be assessed for that topic receptor. 

Mitigation Measures to avoid, prevent, reduce or control effects on the 
environment. See also definitions for Embedded Mitigation 
and Additional Mitigation. 

Mysticete An animal that belongs to a family of whales which use 
keratinaceous baleen plates in their mouths to sieve 
planktonic creatures from the water, a sub-group of the order 
Cetacea. 

Non-impulsive (or 
continuous) sound 

Sound which is either continuous or intermittent but without 
the characteristics described above for impulsive sound. 

Odontocete An animal that belongs to the family of toothed whales, a 
sub-group of the order Cetacea. 

Offshore Application Term used to refer to the applications associated with the 
Proposed Development. The Applicant will apply for: 
• A Section 36 Consent under the Electricity Act 1989; and 
• Marine Licence(s) under Marine Scotland Act 2010 and 
Marine and Coastal Access Act 2009. 

Offshore Substation 
Platform(s) (OSPs) 

OSPs comprise the support structure, topside and electrical 
components used for collecting and/or converting electricity 
generated by the wind turbines for transmission by the 
Offshore Export Cables. 

Piling The action of installing piles: installation can use various 
methodologies, the most common of which are impact piling 
(in which the piles are struck by a “hammer”) and drilling 
(during which a hole is drilled into the seafloor, the drilling 
tool is removed, and the pile is slotted into that hole). 

Project (the) An overarching term for the Ayre Offshore Wind Farm (Ayre 
OWF) comprising the offshore and onshore infrastructure 
required to generate and transmit electricity from the Array 
Area to the onshore grid connection point. The Project 
includes both the Offshore Generation Assets, the Offshore 
Transmission Assets and the Onshore Transmission Assets.  
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Defined term Definition 

Project Design Envelope 
(PDE) 

A description of the range of possible elements that make up 
the design options for the Proposed Development under 
consideration when the exact engineering parameters are not 
yet known. 

Proposed Development  Term used to define the Offshore Infrastructure associated 
with the Project seaward of MHWS for which consent is being 
sought. Further details of the parameters are included in 
Section 3: Project Description. 

Significance Effect factor that is determined by the magnitude of impact 
along with the sensitivity of the receptor. 

Study area For each environmental topic, the baseline environment will 
be characterised, and the potential environmental impacts 
will be described within a topic-specific study area. Specific 
study areas are defined for each topic and are based on the 
maximum spatial extent across which potential impacts of 
the Project may be experienced by the relevant receptors (i.e. 
Zone of Influence). 

Subsea noise Noise which propagates underwater 

Thistle Wind Partners 
(TWP) 

The Joint Venture (JV) of DEME Group, Qair, and Aspiravi as 
the energy companies that have partnered to develop the 
Proposed Development. 
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Acronyms 

Acronym Definition 

AA Appropriate Assessment 

ABPMer ABP Marine Environmental Research 

ADD Acoustic Deterrent Device 

AfL Agreement for Lease 

AIS Automatic Information System 

AoS Areas of Search 

AOWFL Ayre Offshore Wind Farm Limited 

ASA Acoustic Society of America 

BAP Biodiversity Action Plan 

BEIS Department for Business Energy and Industrial Strategy 

BERR Department for Business, Enterprise and Regulatory Reform 

BOWL Beatrice Offshore Wind Farm Ltd. 

CaP Cable Plan 

CCS Carbon Capture and Storage 

CEA Cumulative Effects Assessment 

CEF Cumulative Effects Framework 

CEFAS Centre for Environment, Fisheries, and Aquaculture Science 

CEMP Construction Environmental Management Plan 

CES Crown Estate Scotland 

CfD Contracts for Difference 

CGNS Celtic and Greater North Seas 

CI Confidence Interval 

CIEEM Chartered Institute for Ecology and Environmental 
Management 

CITIES Convention on International Trade in Endangered Species of 
Wild Fauna and Flora 

CL Confidence Limit 

CNS Central North Sea 

CoCP Code of Construction Practice 

CV  Coefficient of Variance 

DAS Digital Aerial Surveys 

DEFRA Department for Environment Food and Rural Affairs 

DESNZ Department for Energy Security and Net Zero 

EcIA Ecological Impact Assessment 

EEA European Economic Area 

EEZ Exclusive Economic Zone  

EIA Environmental Impact Assessment 
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Acronym Definition 

EMEC European Marine Energy Centre 

EMF Electromagnetic Field 

EMODNet European Marine Observation and Data Network 

EMP Environmental Management Plan 

EOWDC European Offshore Wind Deployment Centre 

EPS European Protected Species 

ES Environmental Statement 

EU European Union 

FCS Favourable Conservation Status 

GES Good Environmental Status 

GIS Geographical Information System 

HDD Horizontal Directional Drilling 

HRA Habitats Regulations Assessment 

HVAC High Voltage Alternating Current 

HVDC High Voltage Direct Current 

IAC Inter-Array Cable 

IAMMWG Inter-Agency Marine Mammal Working Group 

IEF Important Ecological Feature 

IEMA Institute of Environmental Management and Assessment 

INTOG Innovation and Targeted Oil and Gas 

iPCoD Interim Population Consequences of Disturbance Model 

JNCC Joint Nature Conservation Committee 

LSE Likely Significant Effects 

MARPOL ‘Marine Pollution’ - International Convention for the 
Prevention of pollution from Ships 

MASA Marine Archaeology Study Area 

MBES Multibeam Echosounder 

MCAA Marine and Coastal Access Act 

MD Marine Directorate 

MDS Maximum Design Scenario 

MD-LOT Marine Directorate-Licensing Operations Team 

MD-SEDD Marine Directorate – Science, Evidence, Data and Digital 

MLWS Mean Low Water Spring 

MMMP Marine Mammal Mitigation Plan 

MMO Marine Management Organisation 

MoD Ministry of Defence 

MORL Moray Offshore Renewables Ltd.  

MPA Marine Protected Area 

https://www.morayeast.com/document-library/navigate/229/144
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Acronym Definition 

MPCP Marine Pollution Contingency Plan 

MPS Marine Policy Statement 

MSFD Marine Strategy Framework Directive 

MU Management Unit 

NAMMCO North Atlantic Marine Mammal Commission 

NE Natural England 

NMFS National Marine Fisheries Service 

NMP National Marine Plans 

NMPi National Marine Plan interactive 

NNS Northern North Sea 

NOAA National Oceanographic and Atmospheric Administration 

NS NatureScot 

OSP Offshore Substation Platform 

OSPAR Oslo Paris [Convention] 

OWF Offshore Wind Farm 

O&M Operation and Maintenance 

PAC Pre-Application Consultation 

PDE Project Design Envelope 

PEMP Project Environmental Monitoring Plan 

PMF Priority Marine Feature 

POA Plan Option Area 

RIAA Report to Inform Appropriate Assessment 

rms Root Mean Square 

ROV Remotely Operated Vehicle 

SAC Special Area of Conservation 

SBP Sub-bottom Profiler 

SCANS Small Cetaceans in European Atlantic Waters in the North Sea 

SCIs Sites of Community Importance 

SCOS Special Committee on Seals 

SD  Standard Deviation 

SEA Strategic Environmental Assessment 

SEL Sound Exposure Level 

SMP Sectoral Marine Plan 

SMP IPR Sectoral Marine Plan Iterative Plan Review 

SMU Seal Management Unit 

SNCBs Statutory Nature Conservation Bodies 

SNH Scottish National Heritage 
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Acronym Definition 

SPA Special Protection Area 

SPL Sound Pressure Level 

SSE Scottish and Southern Electricity 

SSEN Scottish and Southern Electricity Networks 

SSS Side Scan Sonar 

SSSI Site of Special Scientific Interest 

TTS Temporary Threshold Shift 

TWP Thistle Wind Partners Limited 

VHF Very High Frequency 

VMNSP Vessel Management and Navigation Safety Plan 

VMP Vessel Management Plan 

VMS Vessel Monitoring System 

ZoI Zone of Influence 

Table of Units 

Units Definition 

dB Decibel 

kJ Kilojoule 

MW MegaWatt 

% Percent 
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1 Introduction 

1.1 Overview 

1.1.1 Ayre Offshore Wind Farm Limited (AOWFL) (hereafter referred to as the 
‘Applicant'), are developing the offshore elements of the Ayre Offshore 
Wind Farm Project (hereafter referred to as the Proposed Development).  

1.1.2 The Proposed Development covers the Option to Lease Area (OLA) located 
in the NE2 Plan Option Area (POA) as detailed in the Sectoral Marine Plan 
(SMP) for Offshore Wind Energy (Scottish Government, 2020), and the 
Export Cable Corridor. The Array Area, located 22 km offshore at its 
closest point, is an area of 200 km2 and comprises the Wind Turbines 
(either floating or fixed), Inter-Array Cables (IACs), Subsea Collectors, 
Offshore Substation Platforms (OSPs), Interconnector Cables and any 
necessary scour/cable protection. 

1.1.3 This Interim Population Consequences of Disturbance (iPCoD) Technical 
Report provides a description of the methods used for the assessment of 
marine mammal population trajectories in relation to construction piling 
for the Proposed Development. An interpretation of the results for the 
Proposed Development alone, and cumulatively with all other relevant 
projects is provided.  

1.1.4 An Environmental Impact Assessment (EIA) has been carried out to 
determine the potential effects of the Proposed Development on marine 
mammals from a range of impacts (Volume 2, Chapter 10: Marine 
Mammals). This iPCoD report provides the information to support the EIA 
assessment for marine mammals.  

1.1.5 Subsea noise modelling was undertaken (Volume 3, Technical Appendix 
10.4: Subsea Noise Technical Report) to predict the potential spatial scale 
of the impact of piling associated with the installation of 40 floating 
foundations (360 piles) and two OSP (36 piles).   

1.1.6 Two piling scenarios were modelled: a temporal scenario representing 
sequential piling of the foundations, and a spatial scenario representing 
concurrent piling where two piles are installed at the same time. The 
temporal scale reflects the largest number of days where piling may occur, 
and the spatial scale represents the potential for a greater number of 
animals disturbed but over a shorter timeframe. The piling scenarios are 
hereafter referred to as the ‘maximum temporal scenario’ and the 
‘maximum spatial scenario’, respectively. For both scenarios, a maximum 
of 396 piles are expected to be installed: 360 piles for Wind Turbine 
anchors, and 36 piles for OSP foundations (Section 2.2). 

1.1.7 Population modelling was carried out to determine the potential for a 
short to medium term exposure to piling to result in long term population-
level effects on any marine mammal species. Piling could occur 
intermittently within a 18-month piling period, within the five-year 
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offshore construction timeframe (expected to occur between 2030 and 
2034, inclusive), In this context short term refers to the duration of 
individual piling operations (i.e. days), medium term refers to the duration 
of the piling phase (i.e. up to five years) and long term refers to the period 
of time over which iPCoD models are able to predict population 
trajectories (i.e. up to 25 years). 

1.1.8 The iPCoD model was developed by the Sea Mammal Research Unit 
(SMRU) with a team of researchers at the University of St Andrews (SMRU 
Consulting & University of St Andrews, 2019).  

1.2 Background 

1.2.1 The iPCoD model simulates the potential changes in a population of 
marine mammals over time, for both an “impacted” and an “un-impacted 
population”. This provides a counterfactual comparison of the modelled 
population trajectories and includes consideration of population changes 
as a result of natural environmental variation, demographic stochasticity 
(i.e. variability in population growth rates) and anthropogenic disturbance 
(Harwood et al., 2014; King et al., 2015). This approach has been widely 
used in previous offshore wind applications, and consented projects in 
the UK (e.g. Berwick Bank Offshore Wind Farm (SSE Renewables, 2022a), 
Awel y Môr Offshore Wind Farm (RWE Renewables UK, 2021), Hornsea Four 
Offshore Wind Project (Ørsted, 2021) and Hornsea Project Three Offshore 
Wind Farm (Ørsted, 2018b)). 

1.2.2 The iPCoD model is a framework whereby the user enters key information, 
such as basic demographic rates, with an estimate of population size, and 
the number of individuals at risk of injury and/or disturbance, together 
with a day-by-day piling schedule.  

1.2.3 The model calculates the total number of disturbance days experienced 
by each individual animal and then assigns the level of disturbance into 
categories; the model then modifies the survival and fertility rates in 
response to the disturbance category to simulate population effects. The 
levels of disturbance and the degree of modification of vital rates used 
within the model were informed by an expert elicitation process for five 
key UK marine mammal species (harbour porpoise Phocoena phocoena, 
bottlenose dolphin Tursiops truncatus, minke whale Balaenoptera 
acutorostrata, harbour seal Phoca vitulina, and grey seal Halichoerus 
grypus) initially in 2013-2014 (Harwood et al., 2014).  

1.2.4 The relationship between disturbance and survival/reproduction assumes 
that individual animals would have a limited ability to alter their activity 
budget to compensate for a reduction in time spent feeding (Houston et 
al., 2012; King et al., 2015). The individual's ability to provision/care for 
young, evade predation or resist disease could be affected, and it is 
expected that effects would be reflected in changes to vital rates. Note, 
however, that this relationship is highly simplified (Harwood et al., 2014), 
and an individual’s response to disturbance will depend on factors 
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including the context of the disturbance, the individual's existing 
condition and its exposure history (Ellison et al., 2012). The iPCoD 
framework applies simulated changes in vital rates to infer the number of 
animals that may be affected by disturbance to iteratively project the size 
of the population. 

1.2.5 Following the initial development of the iPCoD model, a study was 
undertaken to update the transfer functions on the effects of Auditory 
Injury and disturbance on the probability of survival and giving birth to 
viable young for harbour porpoise, harbour seal and grey seal (again via 
expert elicitation) (Booth & Heinis, 2018; Booth et al., 2019). The iPCoD 
model code has been updated in light of additional work undertaken since 
it was originally launched in February 2014 (version 1) and iPCoD version 
5.2 was used in the modelling for this report (Harwood et al., 2014; Sinclair 
et al., 2019). 

Limitations 

1.2.6 There are several precautions built into the iPCoD model which means the 
results are considered to be highly precautionary, and likely to 
overestimate the true population effects.  

1.2.7 There is no form of density dependence incorporated into the model due 
to the uncertainties as to how to estimate carrying capacity or how to 
model the mechanism of density dependence. As discussed in Harwood 
et al. (2014), the concept of density dependence is fundamental to 
understanding how animal populations respond to a reduction in 
population size. Density-dependent factors, such as resource availability 
or competition for space, can limit population growth. If the population 
declines, these factors no longer become limiting and therefore, for the 
remaining individuals in a population, there is likely to be an increase in 
survival rate and reproduction. This then allows the population to expand 
back to previous levels at which density-dependent factors become 
limiting again (i.e. population remains at carrying capacity). 

1.2.8 The latest expert elicitation process (Booth & Heinis, 2018; Booth et al., 
2019) did not update minke whale parameters, such that the model 
assumes that minke whales will not forage for 24 hours after being 
disturbed, now considered to be precautionary.  

1.2.9 The estimates of the number of animals disturbed is taken from noise 
impact assessments with many layers of precaution (see Volume 3, 
Technical Appendix 10.4: Subsea Noise Technical Appendix for more 
details).  
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2 Methodology 
2.1.1 The iPCoD model v5.2 (Harwood et al., 2014) was set up using the program 

R v4.5.0 (R Core Team, 2023) with RStudio v 2024.12.1+563 (Posit team, 
2023) as the user interface. To enable the iPCoD model to be run, the 
following input data is required: 

• reference population size (Section 2.4) and demographic parameters 
(Section 2.5) for the key species; 

• residual days of disturbance (Section 2.5); 
• number of animals predicted to experience disturbance during piling 

(Section 2.7); and 
• estimated piling schedule during the proposed construction 

programme (Section 2.8). 

2.2 Maximum Design Scenario 

2.2.1 The maximum design scenario (MDS) for piling at the Proposed 
Development has been developed on the basis that pile driving operations 
would be required for the installation of up to 396 piles across: 

• 40 floating Wind Turbine foundations (25 MW) with hammer energy 
up to 4,500 kJ; and 

• 2 OSP foundations with hammer energy up to 4,500 kJ. 

2.2.2 Full details of the MDS are presented in Volume 2, Chapter 10: Marine 
Mammals. 

Maximum Temporal Scenario 

2.2.3 The maximum temporal scenario is represented by piling occurring over 
the greatest number of days, resulting from piling at only one location at 
a time. Sound introduced into the marine environment over a longer 
period of time may prolong the risk for disturbance to marine mammals, 
with potential effects during multiple stages of a species’ annual cycle. 

2.2.4 The maximum temporal scenario was assessed on the number of piles 
that could be installed within one 24-hour period. Piling is expected to 
take up to 20 hours for each pile, meaning that the maximum temporal 
scenario (i.e. the longest duration of piling) would be represented by up 
to one pile being installed around a single turbine location or at a single 
OSP location, in a single day (24 hours), equating to 396 days for the 
installation of 396 piles. 

2.2.5 The PDE has an option for 67 (15 MW) floating Wind Turbine foundations, 
which would require the piling of 402 piles. Whilst this is numerically 
greater than the MDS chosen to take through to modelling, it would take 
up to 6 hours for each pile, meaning in 24 hours, four piles would be 
installed, effectively resulting in a lower number of piling days than the 
MDS selected. 

2.2.6 A summary of the maximum temporal scenario used for iPCoD modelling 
is presented in Table 2.1. 
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Table 2.1: Summary of the Maximum Temporal Scenario used in iPCoD for Piling of Offshore 
Foundations at the Proposed Development 

Piling 
Operation 

Number 
of Piled 
Locations 

Number 
of Piles 

Maximum 
Hammer 
Energy 
(kJ) 

Mean 
Piles 
Per 
Day 
(24 
Hours) 

Number 
of 
Vessels 

Max Piling 
Days (24 
Hours) 

Wind Turbine 
anchor 

40 360 4,500 1 1 360 

OSP 
foundation 

2 36 4,500 1 1 36 

Total 42 396 - - - 396 

Maximum Spatial Scenario 

2.2.7 For the maximum spatial scenario, the largest hammer energy and 
maximum spacing between concurrent piling events would reduce the 
time required for piling operations overall but would lead to the largest 
spatial area of ensonification at any one time. Minimum spacing between 
concurrent piling locations represents the highest risk of injury to marine 
mammals as sound from adjacent foundations could combine to produce 
a greater radius of effect compared to a single piling event. 

2.2.8 Within the overall piling period, concurrent piling for Wind Turbine anchors 
(i.e. at two Wind Turbines within the same 24 hour period) would occur 
over 180 days. Concurrent piling of Wind Turbine anchors and OSP jacket 
foundations would occur over 36 days of the overall piling period. The 
maximum duration of piling for the maximum spatial scenario would be 
216 days. 

2.2.9 A summary of the maximum spatial scenario used for iPCoD modelling is 
presented in Table 2.2. 

Table 2.2: Summary of the Maximum Spatial Scenario used in iPCoD for Piling of Offshore 
Foundations at the Proposed Development 

Piling Operation Number 
of Piled 
Locations 

Number 
of Piles 

Maximum 
Hammer 
Energy 
(kJ) 

Mean 
Piles Per 
Day (24 
Hours) 

Number 
of 
Vessels 

Max 
Piling 
Days (24 
Hours) 

Wind Turbine 
anchor 
(concurrent) 

40 360 4,500 2 2 180 

Wind Turbine 
anchor + 
OSP jacket 
foundation 
(concurrent) 

2 36 4,500 2 2 36 

Total 42 396 - - - 236 



  

TWP-AYR-RPS-ENV-RPT-00036   Page 6 
 

Ayre Offshore Wind Farm, Offshore EIA Report 
Volume 3, Technical Appendix 10.3: Marine  
Mammals iPCoD Modelling Report 

2.2.10 It is estimated that piling activity at Proposed Development will take place 
within a five-year timeframe (2030 to 2034) (Volume 1, Chapter 3: Project 
Description). Piling is currently estimated to take place in Q2 and Q3 in 
2031 and 2032, and in Q2 in 2033. Based on this, a piling schedule was 
created to be used within the iPCoD model. 

2.3 Key Species 

2.3.1 Marine mammal species considered were those that were determined to 
be important marine mammal features within the both the Local Marine 
Mammal Study Area and the Regional Marine Mammal Study Area (Volume 
2, Chapter 10: Marine Mammals), following a review of Proposed 
Development’s  Digital Aerial Survey (DAS) data, and available published 
data sets (see Volume 3, Technical Appendix 10.2: Marine Mammal Digital 
Aerial Survey Report), and for which a population model in iPCoD was 
available. 

2.3.2 The baseline characterisation for Proposed Development identified the 
following marine mammal species within the Regional Marine Mammal 
Study Area (Volume 3, Technical Appendix 10.1: Marine Mammal Technical 
Report): 

• harbour porpoise Phocoena phocoena; 
• bottlenose dolphin Tursiops truncatus; 
• common dolphin Delphinus delphus; 
• Risso’s dolphin Grampus griseus; 
• white-beaked dolphin Lagenorhynchus albirostris; 
• long-finned pilot whale Globicephala melas; 
• killer whale Orcinus orca; 
• minke whale Balaenoptera acutorostrata; 
• humpback whale Megaptera novaeangliae; 
• grey seal Halichoerus grypus; and 
• harbour seal Phoca vitulina. 

2.3.3 Currently, no parameters are available to construct a suitable population 
model for common dolphins, white-beaked dolphins, Risso’s dolphins, 
long-finned pilot whales, killer whales, and humpback whales in the 
iPCoD framework, so population modelling for these species has not been 
undertaken. 

2.3.4 Therefore, the species included for iPCoD modelling were: 

• harbour porpoise; 
• bottlenose dolphin; 
• minke whale; 
• grey seal; and 
• harbour seal. 

2.3.5 The piling parameters defined in the MDS (see Section 2.2) were 
subsequently incorporated into an acoustic sound propagation model to 
predict the potential range of effect (injury and disturbance) for each key 
species. 
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2.3.6 The assessment presented a range of densities for each key species (as 
listed in Paragraph 2.3.2), however, for the purpose of undertaking the 
population modelling the most precautionary densities and relevant 
reference populations were taken forward). The total number of animals 
potentially disturbed for each species was quantified by applying the 
highest density estimate to the dose-response curve derived by Graham 
et al. (2019). This approach considers a proportional response within 
consecutive mapped contours denoting incremental 5 dB decreases in 
received single strike sound exposure level (SELss) predicted using the 
underwater noise model. To this end a 100% disturbance was predicted in 
all species at received levels >180 dB SELss. The predicted rate of 
disturbance then decreases proportionally in response to received level, 
reducing at greater distances from the piling source. The dose-response 
relationship based on published empirical evidence and further detail is 
provided in Volume 2, Chapter 10: Marine Mammals. 

2.4 Reference Populations 

2.4.1 Key species population estimates based upon Management Units (MUs) 
were specified in the iPCoD models as the reference populations against 
which any effects (i.e. number of animals experiencing disturbance) were 
assessed. Relevant MUs were determined by their coincidence with the 
location of Proposed Development. This section details these reference 
populations. 

2.4.2 For harbour porpoise and minke whale, only one MU for each species 
occurs in the vicinity of Proposed Development (IAMMWG, 2022), and the 
respective population estimates for these MUs have been used for iPCoD 
modelling: the North Sea MU for harbour porpoise (Figure 2.1) and the 
Celtic and Greater North Seas MU for minke whale (Figure 2.3). 

2.4.3 For bottlenose dolphin, the Coastal East Scotland (CES) MU and the 
Greater North Sea (GNS) MU (Figure 2.2) was used as the relevant 
reference population, given the location of Proposed Development 
overlaps with both. Therefore, for bottlenose dolphin the reference 
population comprises the sum of the population estimates for the CES 
MU and GNS MU.   

2.4.4 The site boundary coincides with the boundary between two seal MUs 
(SMU) (Figure 2.4), so for grey seal and harbour seal the reference 
population comprises the sum of the population estimates for the North 
coast and Orkney SMU and the Moray Firth SMU (SCOS, 2022). 

2.4.5 The population estimates used to parameterise iPCoD models were taken 
from IAMMWG (2022) for cetacean species and from Stevens (2024) 
(SCOS, 2023) for the pinniped species the population estimates are 
summarised in Table 2.3. 
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Table 2.3: Reference Populations Used in the iPCoD Modelling 

Species Management Unit/ 
Seal Management 
Unit 

Population 
Estimate UK 
portion (Number of 
Animals) 

Reference 

Harbour porpoise North Sea MU 159,632 IAMMWG (2022) 

Bottlenose dolphin Coastal East 
Scotland MU and 
Greater North Sea 
MU 

224 + 1,885 = 2,109 IAMMWG (2022) 

Minke whale Celtic and Greater 
North Seas 

10,288 IAMMWG (2022) 

Grey seal North coast and 
Orkney SMU and 
the Moray Firth 
SMU 

34,191 + 7,380 = 
41,571 

Stevens (2024) 

Harbour seal North coast and 
Orkney SMU and 
the Moray Firth 
SMU 

1,951 + 958 = 2,902 Stevens (2024) 
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Figure 2.1: Harbour Porpoise North Sea Management Unit (IAMMWG, 2022) 
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Figure 2.2: Bottlenose Dolphin Coastal East Scotland Management Unit and Greater North 
Sea Management Unit (IAMMWG, 2022) 
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Figure 2.3: Minke Whale Celtic and Greater North Seas Management Unit (IAMMWG, 2022) 
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Figure 2.4 Seal Management Units and Designated Haul Out Sites (SCOS, 2022) 
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2.5 Demographic parameters 

2.5.1 Demographic parameters for the key species that have been used in the 
population models are presented in Table 2.4. These were selected from 
Sinclair et al. (2020). 

Table 2.4: Marine Mammal Vital Rates Used to Parameterise iPCoD Models, from Sinclair et 
al. (2020) 

Species Calf/Pup 
Survival 

Juvenile 
Survival 

Adult 
Survival 

Fertility Age of 
Independence 
(Years) 

Age of First 
Birth (Years) 

Harbour 
porpoise 0.8455 0.85 0.925 0.34 1 5 

Bottlenose 
dolphin 

0.80 0.94 0.94 0.25 2 9 

Minke 
whale 

0.70 0.77 0.96 0.91 1 9 

Grey seal 0.222 0.94 0.94 0.84 1 6 

Harbour 
seal 0.24 0.78 0.80 0.85 1 4 

2.6 Residual days disturbance 

2.6.1 Empirical evidence from the constructed Beatrice and Horns Rev 2 
offshore wind farms (Brandt et al., 2011; Graham et al., 2019) suggests that 
the detection of animals returns to baseline levels in the hours following 
disturbance from piling and therefore, for the most part, it can be 
assumed that the disturbance occurs only on the day (24 hours) that piling 
takes place. 

2.6.2 Due to the potential duration of piling occurring at Proposed Development 
(e.g. up to 20 hours maximum piling per pile, therefore one pile installed 
per day, associated with Wind Turbine anchors), in a 24 hour period. 
Therefore, the number of residual days of disturbance has, conservatively, 
been selected as one, meaning that the model assumes that disturbance 
occurs on the day of piling and persists for a period of 24 hours after piling 
has ceased. 

2.7 Number of Animals Experiencing Injury and Disturbance 

2.7.1 The number of animals predicted to experience disturbance or auditory 
injury as a result of piling at Proposed Development was based on the 
density values provided as part of the individual species baseline 
assessments in Volume 3, Technical Appendix 10.1: Marine Mammal 
Technical Report. 

2.7.2 For the assessment of auditory injury an average density value was applied 
to the potential area of effect; calculated from the range out to which the 
injury threshold was modelled to be exceeded for each marine mammal 
hearing group. 
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Table 2.5: Summary of Species Densities Used in Calculating Numbers of Animals At Risk of 
Disturbance 

Species Density (Animals per km2) Source 

Harbour porpoise 0.516 Gilles et al. (2023) 

Bottlenose dolphin 0.004 Gilles et al. (2025) 

Minke whale 0.016 Gilles et al. (2025) 

Grey seal 0.615 Design-based DAS 

Harbour seal 0.020 Carter et al. (2025) 

2.7.3 To estimate the number of animals potentially disturbed during piling at 
Proposed Development, the sound contours were mapped, and a dose-
response approach applied to calculate the number of animals within 
each 5 dB isopleth using the density values as described in Table 2.5. For 
both seal species rather than using the single density estimate, the 
quantitative assessment was undertaken by overlaying the unweighted 
SELss contours on at-sea density maps (Figure 2.5; Figure 2.6) produced 
by Carter et al. (2025). The number of animals in each 5x5 km grid cell 
was summed for each isopleth and corrected using the proportional 
response as per Whyte et al. (2020). 
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Figure 2.5: Mean Grey seal at Sea Usage Maps based on Carter et al. (2025) 
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Figure 2.6: Mean Harbour seal at Sea Usage Maps based on Carter et al. (2025) 
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2.7.4 Maximum potential numbers of animals disturbed for the maximum 
temporal scenario is presented in Table 2.6 and maximum numbers of 
animals disturbed for the maximum spatial scenario is presented in Table 
2.7. 

Table 2.6: Maximum Temporal Scenario: Estimated Number of Animals Predicted to be 
Disturbed at Any One Time During Piling 

Species Activity Potential Number of 
Animals Disturbed 
(No. Individuals) 

Harbour porpoise Wind Turbine anchor Piling 1,633 

OSP Piling 1,633 

Bottlenose dolphin Wind Turbine anchor Piling 13 

OSP Piling 13 

Minke whale Wind Turbine anchor Piling 51 

OSP Piling 51 

Grey seal Wind Turbine anchor Piling 1,864 

OSP Piling 1,864 

Harbour seal Wind Turbine anchor Piling 57 

OSP Piling 57 

 

Table 2.7: Maximum Spatial Scenario: Estimated Number of Animals Predicted to be 
Disturbed at Any One Time During Piling 

Species Activity Potential Number of 
Animals Disturbed 
(No. Individuals) 

Harbour porpoise Wind Turbine anchor 
(concurrent) Piling  

2,747 

Wind Turbine anchor Piling + 
OSP foundation Piling 

2,747 

Bottlenose dolphin Wind Turbine anchor 
(concurrent) Piling  

22 

Wind Turbine anchor Piling + 
OSP foundation Piling 

22 

Minke whale Wind Turbine anchor 
(concurrent) Piling  

86 

Wind Turbine anchor Piling + 
OSP foundation Piling 

86 

Grey seal Wind Turbine anchor 
(concurrent) Piling  

2,293 

Wind Turbine anchor Piling + 
OSP foundation Piling 

2,293 

Harbour seal Wind Turbine anchor 
(concurrent) Piling  

81 

Wind Turbine anchor Piling + 81 
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Species Activity Potential Number of 
Animals Disturbed 
(No. Individuals) 

OSP foundation Piling 

2.8 Indicative Piling schedule 

2.8.1 The piling schedule used in the iPCoD modelling was developed from 
Volume 1, Chapter 3: Project Description. This provides an estimate of the 
maximum number of days of piling required for installation of the Wind 
Turbine anchors and OSP jacket foundations, within a defined piling 
window. 

2.8.2 The piling phase for Proposed Development is expected to occur across 
15 months within the five-year offshore construction phase (i.e. between 
2030 and 2034), with piling for Wind Turbine anchors expected to be 
completed in year three (i.e. 2033). Offshore construction activities are 
anticipated to take place only in Q2 and Q3 of each year. 

2.8.3 For the purposes of developing the piling schedule for iPCoD (a required 
input for all models) indicative programmes were specifically developed 
for the maximum temporal scenario, maximum spatial scenario, and 
cumulative scenarios, tailored to each species and based on a realistic 
installation approach, with piling spread across the years. It is important 
to note, however, that while indicative piling schedules are intended to 
provide a realistic basis on which iPCoD models are run, these schedules 
are not intended to reflect the actual final piling operations for an 
individual project. Fine-scale variability such as seabed composition, 
environmental factors (such as weather conditions) and transit time 
between piling locations would be too complex to predict at this stage in 
the project development process, and the iPCoD framework does not 
facilitate such nuance. 

2.8.4 For the maximum temporal scenario, piling was assumed to occur over 
the greatest time frame. The 396 piling days (Table 2.1) have therefore 
been spread as evenly as practicable across the three-year construction 
phase, with an interval of one to two days between piling for Wind Turbine 
anchors (360 piling days) and two to three days between OSP foundations 
(36 piling days). 

2.8.5 For the maximum spatial scenario, piling was assumed to generate greater 
levels of underwater noise, but to occur over a shorter time frame than 
for the maximum temporal scenario. Concurrent piling has been assumed 
at the Wind Turbine anchors and the majority of OSP jacket foundations, 
and all piling at these locations has subsequently been assumed to occur 
across 216 piling days (Table 2.2). 

2.8.6 A summary of the piling schedules for the maximum temporal scenario 
and maximum spatial scenario used in the iPCoD models is presented in 
Table 2.8, and the time points selected from the iPCoD model outputs are 
summarised in Table 2.9. 
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Table 2.8: Indicative Piling Programme for Each Piling Scenario for Proposed Development 
Within the Three-Year Offshore Construction Phase 

Ye
ar

 

Q
u

ar
te

r 
Number of Piling Days 

Maximum Temporal Scenario Maximum Spatial Scenario 

Wind Turbine 
(Single Piling)  

OSP 
(Single Piling) 

Wind Turbine 
(Concurrent 
Piling)  

OSP 
(Concurrent Piling)  
  

Ye
ar

 1
 

Q1 No piling No piling 

Q2 72 - 36 - 

Q3 72 36 36 36 

Q4 
No piling No piling 

Ye
ar

 2
 

Q1 

Q2 72 - 36 - 

Q3 72 - 36 - 

Q4 
No piling No piling 

Ye
ar

 3
 

Q1 

Q2 72 - 36 - 

Q3 
No piling No piling 

Q4 

Total 360 36 180 36 

 

Table 2.9: Selected Time Points from iPCoD Simulation Output and Corresponding Events 

Time 
Point 

Indicative 
Year 

Corresponding Event 

2 2031 1st year of piling 

3 2032 2nd year of piling 

4 2033 End of 3rd year of piling 

7 2038 Six years after start of piling  

11 2042 Ten years after start of piling 

16 2047 15 years after start of piling  

26 2056 25 years after start of piling: maximum extent of model predictions 

2.9 Cumulative projects 

2.9.1 Cumulative projects for marine mammal species were considered across 
the Regional Marine Mammal Study Area. Screening in of cumulative 
projects for iPCoD included those projects for which their piling phase is 
expected to temporally overlap directly with piling for Proposed 
Development, as well as those which may be piling in the one year before 
and after. To fully include other projects’ piling schedules one year either 
side has resulted in three years before and five years after the piling at 
Proposed Development being included. Only projects for which 
quantitative information was available, were included in iPCoD modelling. 
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Projects for which quantitative information was not available were not 
included in models as any estimate would be unlikely to reflect realised 
piling programmes. 

Piling Schedules 

2.9.2 As noted above, to capture the offshore construction phase for the other 
cumulative projects identified, the cumulative iPCoD models included 
additional years before piling at Proposed Development commenced. A 
summary of cumulative projects and an indicative overview of offshore 
piling schedules (by year) is provided in Table 2.10. A more detailed Gantt 
chart is presented in Figure 2.7, and is useful in the interpretation of model 
results in Section 3.
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Table 2.10: Indicative Overview of Offshore Piling Programmes and Schedules for Cumulative iPCoD Modelling 

Project Operation Number 
of piles 

Total 
Piling 
Days 

Indicative Year 

2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 

Proposed 
Development 

Wind Turbine  360 360 
   

      
     

OSP 36 36 
   

  
       

Ossian  Wind Turbine  1,590 530 
   

            
  

OSP 216 72 
   

            
  

Berwick Bank Jacket 
Foundation 

1,432 95 
   

  
       

OSP 192 17 
   

  
       

Caledonia Jacket 
Foundation 

404 105           
      

Anchors 702 410 
  

      
      

Muir Mhòr Wind Turbine 603 151 
 

      
       

OEP 12 24 
 

      
       

Salamander Anchors 80 80   
          

West of 
Orkney 

Monopile and 
OSP 

580 290       
        

Cenos Semi-sub 855 285 
   

      
     

OSP 12 8 
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Proposed Development 

2.9.3 The Proposed Development piling scenario carried forward to the 
cumulative assessment was the maximum temporal scenario, as this 
represented the largest potential effect from piling from the model 
simulations for Ayre alone. Although the number of animals potentially 
affected was greater for the maximum spatial scenario (Table 2.6 and 
Table 2.7), the results of the iPCoD model based upon the maximum 
temporal scenario predicted a greater effect on the respective impacted 
populations due to extended temporal impact. 

Ossian  

2.9.4 The maximum temporal scenario for piling at Ossian (taken from the 
Ossian iPCoD Modelling report (OWFL, 2024a)) is expected to take place 
for 530 days between Q2 to Q4 2031 to 2037 for Wind Turbine foundations 
and for 72 days for OSPs between Q2 to Q4 2031 to 2038, and therefore 
piling days were spread across these specified time periods for the 
Cumulative Effects Assessment (CEA) model (see Figure 2.7).  

Berwick Bank 

2.9.5 Berwick Bank’s piling schedule is in two phases (2026 to 2027 and 2031). 
Since the duration of predictions from iPCoD modelling is limited to 25 
years, to maintain focus on predictions from the Array only the second 
phase included in the cumulative iPCoD models (2031). For Berwick Bank, 
the second piling phase comprises one third of the total piling programme 
(one year out of a total of three-piling years across both phases), so this 
has been modelled as one third of the total piling days (SSE Renewables, 
2022a). 

2.9.6 The maximum temporal scenario for piling at Berwick Bank is expected to 
take place for 95 days between April and December 2031 for Wind Turbine 
foundations and for 17 days between March and December 2031 for OSPs, 
and therefore piling days were spread evenly across these time periods 
for the CEA model (see Figure 2.7). 

Caledonia 

2.9.7 The maximum temporal scenario for piling at Caledonia is expected to 
take place for 65 days between October 2028 and February 2030 for fixed 
jacket foundations, 40 days between March 2030 to February 2032 for 
bottom-mounted jackets and for 17 days between March and December 
2031 for OSPs, and therefore piling days were spread evenly across these 
time periods for the CEA model (see Figure 2.7). 

Muir Mhòr 

2.9.8 The maximum temporal scenario for piling at Muir Mhòr is expected to 
take place for 151 days for fixed jacket foundations and for 24 days for 
OSPs between March 2029 to October 2031, and therefore piling days were 
spread evenly across these time periods for the CEA model (see Figure 
2.7). 
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Salamander 

2.9.9 The maximum temporal scenario for piling at Salamander is expected to 
take place for 80 days between April to October 2028, and therefore piling 
days were spread evenly across these time periods for the CEA model (see 
Figure 2.7). 

2.9.10 Whilst piling is due to be finished three years prior to piling at Proposed 
Development, the Salamander piling window overlaps with the West of 
Orkney offshore wind farm, which was screened in as it overlaps with 
piling at Proposed Development.  The piling period at West of Orkney 
begins in 2028; therefore, on a precautionary basis, the decision was taken 
to include Salamander in the CEA model.  

West of Orkney 

2.9.11 The maximum temporal scenario for piling at West of Orkney is expected 
to take place for 580 days between May 2028 to October 2030, and 
therefore piling days were spread evenly across these time periods for the 
CEA model (see Figure 2.7). 

Cenos 

2.9.12 The maximum temporal scenario for piling at Cenos is expected to take 
place for 285 days between April 2031 to August 2033  for floating wind 
turbine foundations and for eight days in March 2031 for OSPs, and 
therefore piling days were spread evenly across these time periods for the 
CEA model (see Figure 2.7). 
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Figure 2.7: Gantt Chart of Detailed Piling Schedules for CEA Projects used in Cumulative iPCoD Modelling. 
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Number of Animals Experiencing Injury and Disturbance 

2.9.13 There is no potential for significant cumulative impacts for auditory injury 
from elevated underwater noise during piling for the cumulative projects 
presented in Table 2.11 as iPCoD simulations for these projects have 
modelled zero animals experiencing auditory injury. 

2.9.14 The iPCoD models were set up as described in Sections 2.4 and 2.5 for 
reference populations and demographic parameters, respectively, and 
with the same number of days of residual disturbance and number of 
animals experiencing disturbance and injury specified in Section 2.7. 

2.9.15 Cumulative projects were only included in species’ models if they overlap 
spatially with the species-specific Management Units described in Table 
2.3 and were included in each specific project’s assessment. For harbour 
porpoise, minke whale and grey seal this included Proposed Development, 
Ossian, Berwick Bank, Caledonia, Muir Mhòr, Salamander, West of Orkney 
and Cenos. For bottlenose dolphin this includes Proposed Development, 
Ossian, Berwick Bank, Caledonia, Muir Mhòr and Salamander. For harbour 
seal this includes Proposed Development, Berwick Bank, Caledonia, Muir 
Mhòr, Salamander and West of Orkney. 

2.9.16 The number of animals affected for each of the key species and number 
of days on which piling occurred was taken from the MDS for each of the 
cumulative projects (Caledonia OWF Ltd., 2024 ; SSE Renewables , 2022; 
Cenos Offshore Windfarm Ltd., 2024; Muir Mhòr Offshore Wind Farm, 
2024; Ossian OWFL, 2024; Salamander OWF, 2024; West of Orkney 
Windfarm, 2023, Caledonia OWF Ltd, 2024; (Ørsted, 2018a; SSE 
Renewables, 2022b). A summary of the number of animals for each 
species affected and number of piling days for each cumulative project is 
provided in Table 2.11. In cases where less than one animal was expected 
to experience disturbance, this was rounded up to one animal for the 
relevant models. 

Table 2.11: Summary of Number of Animals Predicted to Experience Disturbance for 
Cumulative iPCoD Scenario 

Project Foundation 
Type 

Piling 
Days 

Harbour 
Porpoise 

Bottlenose 
Dolphin 

Minke 
Whale 

Grey 
Seal 

Harbour 
Seal 

Berwick 
Bank 

Jacket 
foundation  95 2,815 5 132 1,450 3 

OSP 17 1,828 4 86 720 1 

Caledonia  Jacket 
foundation 
(includes 4 
OSP) 

105 8,201 87 502 4,426 144 

Anchors 410 6,648 73 415 2,960 45 

Cenos  Semi-sub 285 8,863 - 358 127 - 

OSP 8 9,529 - 384 137 - 

Muir Mhòr  Wind Turbine 151 14,630 82 735 1,156 1 
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Project Foundation 
Type 

Piling 
Days 

Harbour 
Porpoise 

Bottlenose 
Dolphin 

Minke 
Whale 

Grey 
Seal 

Harbour 
Seal 

OEP 24 15,245 82 777 1,176 1 

Ossian  Wind Turbine  530 3,857 2 169 131 - 

OSP  72 7,310 4 319 344  

Salamander  Anchors  80 12,366 84 603 1,395 3 

West of 
Orkney 

Monopile and 
OSP 

290 1,349 - 90 2,887 176 

2.9.17 The model was run for 25 years, corresponding to the time points in Table 
2.12. Time points selected in reporting of results in Section 3 from the 
iPCoD model outputs coincide with key periods in the piling schedule, and 
with statutory reporting periods of six years for Special Areas of 
Conservation (SAC) and these time points are summarised in Table 2.12. 

Table 2.12: Selected Time Points from iPCoD Simulation Output and Corresponding Events 
for Cumulative Scenario. Shaded Out Time Points Represent Year With No Corresponding 
Event 

Time 
Point 

Indicative Year Corresponding Event 

1 2028 Piling at Salamander starts and ends. 
Piling at West of Orkney and Caledonia begins. 

2 2029 Piling at Caledonia, and West of Orkney continues. 
Piling at Muir Mhòr begins, 

3 2030 Piling at Caledonia and Muir Mhòr, continues. 
Piling has ended at West of Orkney. 

4 2031 Piling At Proposed Development begins. 
Piling begins at Ossian, and Cenos. 
Piling at Berwick Bank starts and ends. 
Piling continues at Caledonia. 
Piling has ended at Muir Mhòr..  

5 2032 2nd year of piling at Proposed Development. 
Piling continues at Ossian and Cenos. 
Piling has ended at Caledonia.  

6 2033 3rd year of piling at Proposed Development, ends June 
2033. 
Piling continues at Ossian.   
Piling has ended at Cenos.  

7 2034 1 year following cessation of piling at Proposed 
Development. 
Piling continues at Ossian. 

8 2035 2 years following cessation of piling at Proposed 
Development. 
Piling continues at Ossian. 

9 2036 3 years following cessation of piling at Proposed 
Development. 
Piling continues at Ossian. 
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Time 
Point 

Indicative Year Corresponding Event 

10 2037 4 years following cessation of piling at Proposed 
Development. 
Piling continues at Ossian(OSPs only). 

11 2038 5 years following cessation of piling at Proposed 
Development. 
Piling has ended at Ossian(OSPs only). 

12 2039 6 years following cessation of piling at Proposed 
Development. 
Piling for all CEA projects ended. 

13 2040   

14 2041   

15 2042   

16 2043 10 years following cessation of piling at Proposed 
Development. 

17 2044   

18 2045   

19 2046   

20 2047   

21 2048 15 years following cessation of piling at Proposed 
Development. 

22 2049   

23 2050   

24 2051   

25 2052   

26 2053 20 years following cessation of piling at Proposed 
Development. 

2.10 Summary of iPCoD scenarios 

2.10.1 A total of 16 iPCoD modelling scenarios were run for the Proposed 
Development Array Area alone and the cumulative effect assessment, and 
these are summarised in Table 2.13 for each of the five key species for 
which iPCoD modelling has been possible. 



  

TWP-AYR-RPS-ENV-RPT-00036   Page 28 
 

Ayre Offshore Wind Farm, Offshore EIA Report 
Volume 3, Technical Appendix 10.3: Marine  
Mammals iPCoD Modelling Report 

Table 2.13: Summary of iPCoD Scenarios Modelled for Key Species Associated with 
Proposed Development and Relevant Cumulative Projects 

Scenario Population 
Unit 

Population 
Estimate 
(Number of 
Animals) 

Harbour porpoise 

HP-
01 

Maximum temporal scenario: 140 dB capped - 
single piling and single OSP 

North Sea 
MU 

159,632 

HP-
02 

Maximum spatial scenario: 140 dB capped - 
concurrent piling (anchor vs. anchor) or 
concurrent piling (anchor vs. OSP) 

HP-
C1 

Cumulative scenario, incorporating: Proposed 
Development, Ossian, Berwick Bank, Caledonia, 
Muir Mhòr, Salamander, West of Orkney and 
Cenos 

HP-
C2 

Cumulative scenario excluding Proposed 
Development, incorporating: Ossian, Berwick 
Bank, Caledonia, Muir Mhòr, Salamander, West of 
Orkney and Cenos 

Bottlenose dolphin 

BND-
01 

Maximum temporal scenario: 140 dB capped - 
single piling and single OSP 

Coastal East 
Scotland MU 
and Greater 
North Sea 
MU 

2,109 

BND-
02 

Maximum spatial scenario: 140 dB capped - 
concurrent piling (anchor vs. anchor) or 
concurrent piling (anchor vs. OSP) 

BND-
C1 

Cumulative scenario, incorporating: Proposed 
Development, Ossian, Berwick Bank, Caledonia, 
Muir Mhòr, and Salamander 

Minke whale 

MW-
01 

Maximum temporal scenario: 140 dB capped - 
single piling and single OSP 

Celtic and 
Greater 
North Seas 
MU 

10,288 

MW-
02 

Maximum spatial scenario: 140 dB capped - 
concurrent piling (anchor vs. anchor) or 
concurrent piling (anchor vs. OSP) 

MW-
C1 

Cumulative scenario, incorporating: Proposed 
Development, Ossian, Berwick Bank, Caledonia, 
Muir Mhòr, Salamander, West of Orkney and 
Cenos  

Grey seal 

GS-
01 

Maximum temporal scenario: 140 dB capped - 
single piling and single OSP 

North Coast 
and Orkney 
SMU + 
Moray firth 
SMU 

41,571 

GS-
02 

Maximum spatial scenario: 140 dB capped - 
concurrent piling (anchor vs. anchor) or 
concurrent piling (anchor vs. OSP) 
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Scenario Population 
Unit 

Population 
Estimate 
(Number of 
Animals) 

GS-
C1 

Cumulative scenario, incorporating: Proposed 
Development, Ossian, Berwick Bank, Caledonia, 
Muir Mhòr, Salamander, West of Orkney and 
Cenos  

Harbour seal  

HS-
01 

Maximum temporal scenario: 140 dB capped - 
single piling and single OSP 

North Coast 
and Orkney 
SMU + 
Moray firth 
SMU 

2,902 

HS-
02 

Maximum spatial scenario: 140 dB capped - 
concurrent piling (anchor vs. anchor) or 
concurrent piling (anchor vs. OSP) 

HS-
C1 

Cumulative scenario, incorporating: Proposed 
Development, Berwick Bank, Caledonia, Muir 
Mhòr, Salamander, West of Orkney 

2.11 Model Outputs 

2.11.1 The outputs of the iPCoD models are focussed on describing the potential 
impact on a given marine mammal population under the relevant 
development scenario, relative to the population in the absence of the 
development. An estimate is provided for every time step in the scenario 
(here given as 25 years after commencement of piling), for each simulation 
(n = 1,000) and is presented in Figure 3.1 to Figure 3.17. The ratio of the 
simulated impacted population to the un-impacted population sizes can 
then be expressed as a ratio, termed the ‘counterfactual’ of population 
size. A counterfactual of one would therefore correspond to a prediction 
of no difference in size between the impacted and un-impacted 
populations. Counterfactuals of <1 would correspond to the impacted 
population being smaller than the un-impacted population. 

2.11.2 The mean estimate (plus 95% confidence interval) of impacted and un-
impacted population sizes across all simulations, and the corresponding 
counterfactuals, are reported for each species, and each scenario (Table 
3.1 to Table 3.16). The median counterfactual is also presented since this 
measure can be less sensitive to outliers. However, it is important to note 
that the median counterfactual may not always be representative of 
overall projections, and should be interpreted with caution, since this is 
calculated simply as the central value in the ordered set of 
counterfactuals from all simulations. 
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3 Results 

3.1 Harbour Porpoise 

Scenario HP-01: Maximum Temporal Scenario 

3.1.1 Results for the maximum temporal scenario indicate a very small 
difference in the growth trajectory of harbour porpoise between the un-
impacted population and impacted population (Figure 3.1). At all time 
points, there was little difference in the mean size of the impacted and 
un-impacted  populations, with a maximum difference of 516 individuals 
(approximately 0.32% of the North Sea MU reference population) at time 
point 4, corresponding to the years of completing of the piling phase 
(Table 3.1). 

 

Figure 3.1: Simulated Harbour Porpoise Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Temporal Scenario HP-01 

3.1.2 At time point 11, which corresponds with seven years after the end of the 
piling phase for Wind Turbine anchors, and ten years after the start of the 
piling phase the difference between the impacted and un-impacted  
populations was 377 animals, approximately 0.23% of the reference 
population. 
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Table 3.1: Modelled Estimates for the Un-impacted and Impacted Harbour Porpoise 
Populations and Counterfactuals of Population Size for the Maximum Temporal Scenario 
HP-01 

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 160,487 147,143 171,926 160,426 146,919 171,926 0.999964336 0.999616927 

3 160,725 144,581 175,568 160,424 144,581 175,375 0.999425581 0.998137926 

4 161,098 141,451 180,051 160,582 141,104 179,421 0.998946041 0.996824573 

7 163,498 137,285 189,884 163,121 137,016 188,855 0.999317487 0.997724875 

11 166,535 136,624 199,872 166,129 136,340 199,078 0.999286834 0.997592792 

16 169,655 130,669 213,272 169,244 130,225 212,966 0.999290232 0.99760811 

26 175,970 126,092 233,427 175,546 125,273 233,038 0.999266819 0.997609532 

3.1.3 At time point 26, which represents the population at the end point of the 
iPCoD modelling, 25 years after the start of piling (and 22 years after the 
completion of the piling phase), this difference is 424 animals, 
corresponding to approximately 0.27% of the reference population (Table 
3.1). This suggests that there would not be a long term effect from piling 
at Proposed Development upon the harbour porpoise population within 
the North Sea MU. 

3.1.4 The median counterfactual for this scenario fluctuated between 1.0000 
and 0.9989 throughout the 26-year simulation, whereas the mean 
counterfactual was 0.9976 by the end of the simulation. Therefore, given 
that the differences in disturbed to un-disturbed populations approaches 
a ratio of one there is not considered to be a potential for a long term 
effect from this piling scenario upon harbour porpoise within the North 
Sea MU. 

Scenario HP-02: Maximum Spatial Scenario  

3.1.5 Results for the maximum spatial scenario indicate a very small difference 
in the growth trajectory of harbour porpoise between the un-impacted  
population and impacted population (Figure 3.2). At all time points there 
was little difference in the mean size of the impacted and un-impacted  
populations, with a maximum difference of 962 individuals (approximately 
0.60% of the North Sea MU reference population) at time point 4, 
corresponding to the years of completing of the piling phase (Table 3.2). 
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Figure 3.2: Simulated Harbour Porpoise Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Spatial Scenario HP-02 

3.1.6 At time point 11, which corresponds with seven years after the end of the 
piling phase for Wind Turbine anchors, and ten years after the start of the 
piling phase the difference between the impacted and un-impacted  
populations was 745 animals, approximately 0.47% of the reference 
population. 

Table 3.2: Modelled Estimates for the Un-impacted and Impacted Harbour Porpoise 
Populations and Counterfactuals of Population Size for the Maximum Spatial Scenario  

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 160,558 145,992 172,036 160,437 145,822 171,892 0.999898907 0.999245026 

3 160,961 143,229 177,134 160,396 142,417 176,621 0.998508557 0.996499051 

4 161,633 142,577 181,350 160,671 141,091 179,942 0.997128881 0.99408674 

7 163,369 138,226 191,446 162,676 137,761 191,214 0.998287557 0.995827204 

11 166,043 134,191 202,229 165,298 133,923 199,457 0.998154573 0.995565963 

16 169,421 129,884 213,690 168,667 129,671 213,201 0.998159932 0.995597906 

26 175,843 126,276 239,396 175,068 125,424 238,986 0.998148334 0.995597229 
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3.1.7 At time point 26, which represents the population at the end point of the 
iPCoD modelling, 25 years after the start of piling (and 22 years after the 
completion of the piling phase), this difference is 775 animals, 
corresponding to approximately 0.49% of the reference population (Table 
3.2). This suggests that there would not be a long term effect from piling 
at Proposed Development upon the harbour porpoise population within 
the North Sea MU. 

3.1.8 The median counterfactual for this scenario reduced from 1.0000 to 
0.9981 at the end of the 26-year simulation, while the mean 
counterfactual was 0.9956 by the end of the simulation. This is slightly 
worse than the corresponding counterfactual from the maximum 
temporal scenario, suggesting that the maximum spatial scenario may 
result in a greater impact. 

3.1.9 Given that the differences in disturbed to un-disturbed populations 
approaches a ratio of one there is considered to be no potential for a long 
term effect from this piling scenario upon the North Sea MU population 
of harbour porpoise. 

Scenario HP-C1 and HP-C2: Cumulative Scenarios 

3.1.10 For scenario HP-C1, the simulated trajectories of harbour porpoise 
between the un-impacted population and impacted population (Figure 
3.3) demonstrate there is a considerable short term impact between the 
two scenarios, with the impacted population showing recovery from 2038. 

3.1.11 Table 3.3 presents the modelled population estimates for the un-
impacted and impacted harbour porpoise populations, alongside the 
median and mean counterfactuals and years of piling per project (shaded 
blue). Results are interpreted focusing on key time points in the model 
(Table 2.12), which gives context to the modelled scenarios. 
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Figure 3.3: Simulated Harbour Porpoise Population Trajectories in an Un-impacted Versus 
Impacted Population, for Cumulative Scenario HP-C1 
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Table 3.3: Modelled Estimates for the Un-impacted and Impacted Harbour Porpoise Populations and Counterfactuals of Population Size for 
Cumulative Scenario HP-C1. Bold lines indicate piling years at the Proposed Development. 
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1 159,632 159,632 1.000 1.000 2028                 
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3 160,495 158,214 0.989 0.986 2030                 

4 161,386 156,746 0.977 0.971 2031                 

5 162,502 152,919 0.948 0.941 2032                 

6 162,864 147,321 0.913 0.905 2033                 

7 163,454 145,924 0.903 0.893 2034                 
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9 164,770 148,678 0.914 0.903 2036                 

10 165,354 149,074 0.914 0.902 2037                 

11 166,022 149,373 0.912 0.900 2038                             

12 166,713 149,923 0.912 0.900 2039                             

13 167,776 150,897 0.912 0.900 2040                             
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14 168,224 151,342 0.912 0.900 2041                             

15 168,950 152,033 0.912 0.900 2042                                                   

16 169,622 152,651 0.912 0.900 2043                             

17 170,297 153,273 0.912 0.900 2044                             

18 171,303 154,186 0.912 0.900 2045                             

19 172,336 155,079 0.912 0.900 2046                             

20 173,011 155,654 0.912 0.900 2047                             

21 173,547 156,142 0.912 0.900 2048                             

22 174,479 156,969 0.912 0.900 2049                             

23 175,070 157,479 0.912 0.900 2050                             

24 175,636 158,006 0.912 0.900 2051                             

25 175,885 158,219 0.912 0.900 2052                             

26 176,910 159,139 0.912 0.900 2053                             
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Figure 3.4: Gantt chart of detailed piling schedules for CEA projects used in cumulative 
iPCoD modelling. Blue hashed line represents period where majority of projects are piling. 

3.1.12 At time point 4 (2031), which corresponds to the 1st year of piling at 
Proposed Development and also piling at Ossian, Berwick Bank, Caledonia 
and Muir Mhòr and Cenos, the difference between impacted and un-
impacted  populations is 4,640 animals (which equates to 2.91% of the UK 
portion of the MU reference population/1.34% of the full MU) (Table 3.3). 
It is important to highlight that the three years prior also includes piling 
at Caledonia, Muir Mhòr, Salamander and West of Orkney and therefore 
there is already an increased cumulative effect on harbour porpoise prior 
to the start of Proposed Development’s piling campaign (see Figure 3.4), 
with a difference between the impacted and un-impacted  populations of 
4,640 animals (1.43% of the UK portion of the MU reference 
population/0.66% of the full MU) before piling commences at Proposed 
Development (Table 3.3). The median counterfactual of population size at 
time point 4 was 0.977, while the mean counterfactual was 0.971. 

3.1.13 At time point 5 (2032), which corresponds to the 2nd year of piling at 
Proposed Development and follows consecutive piling at Ossian,  
Caledonia and Cenos, the difference between impacted and un-impacted  
populations is 9,583 animals (which equates to 6% of the UK portion of 
the MU reference population/2.76% of the full MU) (Table 3.3).  

3.1.14 It is important to note that a fixed reference population (see Table 2.3) is 
used to calculate proportions of the MU impacted and does not reflect 
any possible increase in MU size. Given both the un-impacted population 
and impacted population for harbour porpoise appears to increase over 
time, it is considered possible that this could be the case for the total 
number of animals in the reference MUs, and this is not reflected in the 
proportion of MU impacted when calculated using the fixed MU value from 
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time point 1. The median counterfactual of population size at time point 
5 was 0.948, while the mean counterfactual was 0.941. 

3.1.15 At time point 6 (2033), which corresponds to the final year of piling at 
Proposed Development  and follows consecutive piling at Ossian and 
Cenos, and following the end of piling at Berwick Bank (2031) and 
Caledonia (2032), the difference between impacted and un-impacted  
populations is 15,543 animals (which equates to 9.73% of the UK portion 
of the MU reference population/4.49% of the full MU) (Table 3.3). The 
median counterfactual of population size at time point 6 was 0.913, while 
the mean counterfactual was 0.905. 

3.1.16 At time point 12 (2039), six years after the end of piling at Proposed 
Development and end of all piling at CEA projects, the difference between 
impacted and un-impacted  populations is 16,790 animals (which equates 
to 10.52% of the UK portion of the MU reference population/4.84% of the 
full MU) (Table 3.3), showing some recovery between the impacted and 
un-impacted populations. The median counterfactual of population size 
at time point 12 was 0.912, while the mean counterfactual was 0.900. 

3.1.17 At time point 26 (2053) (the final year modelled), 20 years after the end 
of piling at Proposed Development, the difference between impacted and 
un-impacted  populations is 17,771 animals (which equates to 11.13% of the 
UK portion of the MU reference population/5.13% of the full MU, (Table 
3.3). The median counterfactual of population size at time point 26 was 
0.912, while the mean counterfactual was 0.900. 

3.1.18 Given that the differences in disturbed to un-disturbed populations 
approaches a ratio of 0.91 at time points 16 and 26 (10 and 20 years post 
piling at Proposed Development) there is considered to be potential for a 
long term population-level effect from this cumulative piling scenario 
upon harbour porpoise within the North Sea MU. However, it is important 
to highlight Proposed Development’s relative contribution to this 
cumulative effect, given the high level of activity expected in the Regional 
Marine Mammal Study Area. 

3.1.19 As such, Scenario HP-C2 modelled the cumulative projects without the 
inclusion of Proposed Development (Figure 3.5). For scenario HP-C2 the 
simulated trajectories of harbour porpoise between the un-impacted  
population and impacted population is almost identical to Scenario HP-
C2 (Figure 3.5). The results comparing HP-C1 against HP-C2 indicate that 
the potential cumulative impact arises from the simultaneous aggregation 
of multiple projects rather than from any single project in isolation. 

3.1.20 At time point 4 (2031), the difference between impacted and un-impacted 
harbour porpoise populations is 5,682 animals (3.56% of the UK MU 
portion). Median and mean counterfactual population sizes were 0.972 
and 0.965, respectively. 
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3.1.21 At time point 5 (2032), the difference between impacted and un-impacted  
harbour porpoise populations is 11,102 animals (6.95% of the UK MU 
portion). Median and mean counterfactuals were 0.942 and 0.932. 

3.1.22 At time point 6 (2033), the difference between impacted and un-impacted  
harbour porpoise populations is 16,359 animals (10.25% of the UK MU 
portion). Median and mean counterfactual population sizes were 0.910 
and 0.900. 

3.1.23 At time point 12 (2039), the difference between impacted and un-
impacted  harbour porpoise populations is 17,919 animals (11.23% of the 
UK MU portion). Median and mean counterfactuals were 0.907 and 0.893. 

3.1.24 At time point 26 (2053), the difference between impacted and un-
impacted  harbour porpoise populations is 18,960 animals (11.87% of the 
UK MU portion). Median and mean counterfactuals were 0.907 and 0.894. 

3.1.25 Therefore, when comparing HP-C1 with HP-C2, a similar pattern is 
observed, with a short term decrease in animals followed by a steady 
recovering increasing population. The mean and median ratios are lower 
for HP-C2 than HP-C1, but should be interpreted with caution as models 
show a level of stochasticity with each iteration run (Table 3.4). 

 

Figure 3.5: Simulated Harbour Porpoise Population Trajectories in an Un-impacted Versus 
Impacted Population, for Cumulative Scenario HP-C2 (without Proposed Development)
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Table 3.4: Comparison of Modelled Estimates for the Un-impacted and Impacted Harbour Porpoise Populations and Counterfactuals of 
Population Size for Cumulative Scenario HP-C1 and HP-C2. Bold lines indicate piling years at the Proposed Development 

Year Time 
Point 

Scenario HP-C1 - all CEA projects Scenario HP-C2 - Without Proposed Development 

Un-impacted 
Pop Mean 

Impacted 
Pop Mean 

Animals 
Difference 

Median Mean  Un-impacted 
Pop Mean 

Impacted 
Pop Mean 

Animals 
Difference 

Median Mean 

2028 1 159,632 159,632 0 1.000 1.000 159,632 159,632 0 1.000 1.000 

2029 2 159,826 159,584 -242 0.999 0.998 160,313 160,030 -283 0.999 0.998 

2030 3 160,495 158,214 -2,281 0.989 0.986 161,009 158,021 -2,988 0.986 0.981 

2031 4 161,386 156,746 -4,640 0.977 0.971 161,759 156,077 -5,682 0.972 0.965 

2032 5 162,502 152,919 -9,583 0.948 0.941 162,273 151,171 -11,102 0.942 0.932 

2033 6 162,864 147,321 -15,543 0.913 0.905 162,675 146,316 -16,359 0.910 0.900 

2034 7 163,454 145,924 -17,530 0.903 0.893 163,213 146,236 -16,977 0.908 0.896 

2035 8 164,229 147,499 -16,730 0.911 0.899 163,881 147,293 -16,588 0.912 0.899 

2036 9 164,770 148,678 -16,092 0.914 0.903 164,781 147,984 -16,797 0.912 0.899 

2037 10 165,354 149,074 -16,280 0.914 0.902 165,396 147,856 -17,540 0.909 0.895 

2038 11 166,022 149,373 -16,649 0.912 0.900 165,894 147,928 -17,966 0.906 0.892 

2039 12 166,713 149,923 -16,790 0.912 0.900 166,776 148,857 -17,919 0.907 0.893 

2040 13 167,776 150,897 -16,879 0.912 0.900 167,395 149,532 -17,863 0.908 0.894 

2041 14 168,224 151,342 -16,882 0.912 0.900 167,807 149,958 -17,849 0.908 0.894 

2042 15 168,950 152,033 -16,917 0.912 0.900 168,391 150,483 -17,908 0.907 0.894 

2043 16 169,622 152,651 -16,971 0.912 0.900 169,298 151,246 -18,052 0.907 0.894 
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Year Time 
Point 

Scenario HP-C1 - all CEA projects Scenario HP-C2 - Without Proposed Development 

Un-impacted 
Pop Mean 

Impacted 
Pop Mean 

Animals 
Difference 

Median Mean  Un-impacted 
Pop Mean 

Impacted 
Pop Mean 

Animals 
Difference 

Median Mean 

2044 17 170,297 153,273 -17,024 0.912 0.900 170,041 151,921 -18,120 0.907 0.894 

2045 18 171,303 154,186 -17,117 0.912 0.900 170,459 152,274 -18,185 0.907 0.894 

2046 19 172,336 155,079 -17,257 0.912 0.900 171,587 153,283 -18,304 0.907 0.894 

2047 20 173,011 155,654 -17,357 0.912 0.900 172,675 154,213 -18,462 0.907 0.894 

2048 21 173,547 156,142 -17,405 0.912 0.900 173,549 155,002 -18,547 0.907 0.894 

2049 22 174,479 156,969 -17,510 0.912 0.900 174,092 155,491 -18,601 0.907 0.894 

2050 23 175,070 157,479 -17,591 0.912 0.900 174,762 156,105 -18,657 0.907 0.894 

2051 24 175,636 158,006 -17,630 0.912 0.900 175,657 156,912 -18,745 0.907 0.894 

2052 25 175,885 158,219 -17,666 0.912 0.900 176,541 157,713 -18,828 0.907 0.894 

2053 26 176,910 159,139 -17,771 0.912 0.900 177,414 158,454 -18,960 0.907 0.894 
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3.2 Bottlenose Dolphin 

Scenario BND-01: Maximum Temporal Scenario 

3.2.1 Results for the maximum temporal scenario indicate a small difference in 
the growth trajectory of bottlenose dolphin between the un-impacted  
population and impacted population (Figure 3.6). At all time points there 
was little difference in the mean size of the impacted and un-impacted  
populations, with a maximum difference of ten individuals (approximately 
0.47 % of the CES MU and GNS MU reference population) at time point 4, 
corresponding to the years of completing of the piling phase (Table 3.5). 

 

 

Figure 3.6: Simulated Bottlenose Dolphin Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Temporal Scenario BND-01 

3.2.2 At time point 11, which corresponds with seven years after the end of the 
piling phase for Wind Turbine anchors and ten years after the start of the 
piling phase, the difference between the impacted and un-impacted 
populations was seven animals, approximately 0.33% of the CES MU and 
GNS MU reference population. 
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Table 3.5: Modelled Estimates for the Un-impacted and Impacted Bottlenose Dolphin 
Populations and Counterfactuals of Population Size for the Maximum Temporal Scenario 
BND-01 

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 2,092 1,890 2,226 2,091 1,886 2,226 1 0.999548231 

3 2,081 1,814 2,274 2,075 1,800 2,264 1 0.997233152 

4 2,071 1,770 2,314 2,061 1,746 2,308 1 0.995249225 

7 2,046 1,688 2,368 2,037 1,680 2,354 1 0.995908156 

11 1,997 1,590 2,396 1,990 1,586 2,390 1 0.996479436 

16 1,939 1,450 2,406 1,932 1,446 2,406 1 0.996131871 

26 1,818 1,280 2,448 1,811 1,272 2,448 1 0.996314715 

3.2.3 At time point 26, which represents the population at the end point of the 
iPCoD modelling, 25 years after the start of piling (and 22 years after the 
completion of the piling phase), this difference is seven animals, 
corresponding to approximately 0.33% of the CES MU and GNS MU 
reference population (Table 3.5). This suggests that there would not be a 
long term effect from piling at Proposed Development upon the 
bottlenose dolphin population within the CES MU and GNS MU. 

3.2.4 The median counterfactual for scenario BND-01 remained at 1.0000 
throughout the 26-year simulation, whereas the mean counterfactual was 
0.9961 by the end of the simulation. Given that the differences in 
impacted to un-impacted  populations approaches a ratio of one there is 
considered to be no potential for a long term effect from this piling 
scenario upon bottlenose dolphin within the CES MU and GNS MU. 

Scenario BND-02: Maximum Spatial Scenario 

3.2.5 Results for the maximum spatial scenario indicated a small difference in 
the growth trajectory of bottlenose dolphin between the un-impacted  
population and impacted population (Figure 3.7). At all time points there 
was little difference in the mean size of the impacted and un-impacted  
populations, with a maximum difference of 19 individuals (approximately 
0.90% of the CES MU and GNS MU reference population) at time point 4, 
corresponding to the years of completing of the piling phase (Table 3.6). 
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Figure 3.7: Simulated Bottlenose Dolphin Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Spatial Scenario BND-02 

3.2.6 At time point 11, which corresponds with seven years after the end of the 
piling phase for Proposed Development, and ten years after the start of 
the piling phase the difference between the impacted and un-impacted  
populations was 14 animals, approximately 0.66% of the CES MU and GNS 
MU reference population. 

Table 3.6: Modelled Estimates for the Un-impacted and Impacted Bottlenose Dolphin 
Populations and Counterfactuals of Population Size for the Maximum Spatial Scenario 
BND-02 

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 2,096 1,886 2,238 2,094 1,886 2,236 1 0.998902835 

3 2,087 1,832 2,278 2,076 1,818 2,272 1 0.994634128 

4 2,079 1,808 2,318 2,060 1,774 2,296 1 0.991020221 

7 2,047 1,664 2,358 2,032 1,646 2,348 1 0.992641994 

11 2,000 1,550 2,408 1,986 1,546 2,398 1 0.99333066 

16 1,945 1,418 2,432 1,930 1,418 2,408 1 0.992724037 
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Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

26 1,837 1,250 2,472 1,824 1,240 2,464 1 0.992758341 

3.2.7 At time point 26, which represents the population at the end point of the 
iPCoD modelling, 25 years after the start of piling (and 22 years after the 
completion of the piling phase), this difference is 13 animals, 
corresponding to approximately 0.62% of the CES MU and GNS MU 
reference population (Table 3.6). This indicates that there would not be a 
long term effect from piling at Proposed Development upon the 
bottlenose dolphin population within the CES MU and GNS MU reference 
population. 

3.2.8 The median counterfactual for scenario BND-02 remained at 1.0000 
throughout the 26-year simulation, whereas the mean counterfactual was 
0.9928 by the end of the simulation. This is less than the corresponding 
counterfactual from the maximum temporal scenario, suggesting that the 
maximum spatial scenario may result in a slightly bigger impact. 

3.2.9 Given that the differences in impacted to un-impacted populations 
approaches a ratio of one there is considered to be no potential for a long 
term effect from this piling scenario upon bottlenose dolphin. 

Scenario BND-C1: Cumulative Scenario 

3.2.10 For scenario BND-C1, the simulated trajectories of bottlenose dolphin 
between the un-impacted  population and impacted population (Figure 
3.8) suggest there may be a short term impact, but not at a level that is 
expected to cause long term population-level effects. 

3.2.11 Table 3.7 presents the modelled population estimates for the un-
impacted and impacted bottlenose dolphin populations, alongside the 
median and mean counterfactuals and years of piling per project (shaded 
blue). Results are interpreted focusing on key time points in the model 
(Table 2.12), which gives context to the modelled scenarios. 

 

 



  

TWP-AYR-RPS-ENV-RPT-00036   Page 46 
 

Ayre Offshore Wind Farm, Offshore EIA Report 
Volume 3, Technical Appendix 10.3: Marine  
Mammals iPCoD Modelling Report 

 

 

Figure 3.8: Simulated Bottlenose Dolphin Population Trajectories in an Un-impacted Versus 
Impacted Population, for Cumulative Scenario BND-C1 
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Table 3.7: Modelled Estimates for the Un-impacted and Impacted Bottlenose Dolphin Populations and Counterfactuals of Population Size for 
Cumulative Scenario BND-C1. Bold lines indicate piling years at the Proposed Development. 
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1 2,108 2,108 1.000 1.000 2028            

2 2,094 2,091 1.000 0.998 2029            

3 2,083 2,058 1.000 0.987 2030            

4 2,072 2,030 1.000 0.979 2031            

5 2,060 1,992 0.998 0.967 2032            

6 2,050 1,966 0.998 0.959 2033            

7 2,040 1,962 0.998 0.962 2034            

8 2,031 1,958 0.998 0.964 2035            

9 2,017 1,948 0.998 0.966 2036            

10 2,001 1,936 0.998 0.967 2037            

11 1,990 1,927 0.998 0.968 2038                       

12 1,981 1,919 0.998 0.969 2039                       

13 1,966 1,904 0.999 0.968 2040                       

14 1,950 1,887 0.999 0.968 2041                       

15 1,937 1,873 0.999 0.967 2042                       
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16 1,926 1,861 0.999 0.967 2043                       

17 1,917 1,853 0.999 0.966 2044                       

18 1,906 1,842 1.000 0.966 2045                       

19 1,897 1,832 1.000 0.967 2046                       

20 1,888 1,824 1.000 0.967 2047                       

21 1,876 1,813 1.000 0.967 2048                       

22 1,863 1,800 1.000 0.967 2049                       

23 1,855 1,793 1.000 0.967 2050                       

24 1,844 1,782 1.000 0.967 2051                       

25 1,838 1,777 1.000 0.967 2052                       

26 1,827 1,766 1.000 0.967 2053                       
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At time point 4 (2031), which corresponds to the 1st year of piling at Proposed Development 
and also piling at Ossian, Berwick Bank, Caledonia and Muir Mhòr, the difference between 
impacted and un-impacted  populations is 42 animals (which equates to 1.99% of the UK 
portion of the MU reference population/1.87% of the full MU) (Table 3.7). It is important to 
highlight that the three years prior also includes piling at Caledonia, Muir Mhòr, 
Salamander and West of Orkney  and therefore there is already an increased cumulative 
effect on bottlenose dolphin prior to the start of Proposed Development’s piling campaign 
(see Figure 3.4

 

3.2.12 Figure 3.4), with a difference between the impacted and un-impacted  
populations of 25 animals (1.33% of the UK portion of the MU reference 
population/1.11% of the full MU) at time point 3, before piling commences 
at Proposed Development (Table 3.7). The median counterfactual of 
population size at time point 4 was 1.000, while the mean counterfactual 
was 0.979. 

3.2.13 At time point 5 (2032), which corresponds to the 2nd year of piling at 
Proposed Development and consecutive piling at Ossian, and Caledonia, 
the difference between impacted and un-impacted  populations is 68 
animals (which equates to 3.22% of the UK portion of the MU reference 
population/3.03% of the full MU) (Table 3.3). The median counterfactual 
of population size at time point 5 was 0.998, while the mean 
counterfactual was 0.967. 

3.2.14 At time point 6 (2033), which corresponds to the final year of piling at 
Proposed Development and consecutive piling at Ossian and following the 
end of piling at Berwick Bank (2031) and Caledonia (2032), the difference 
between impacted and un-impacted  populations is 84 animals (which 
equates to 3.98% of the UK portion of the MU reference population/3.74% 
of the full MU) (Table 3.7). The median counterfactual of population size 
at time point 6 was 0.998, while the mean counterfactual was 0.959. 

3.2.15 At time point 12 (2039), six years after the end of piling at Proposed 
Development and end of all piling at CEA projects, the difference between 
impacted and un-impacted  populations is 62 animals (which equates to 
2.94% of the UK portion of the MU reference population/2.76% of the full 
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MU) (Table 3.7), showing some recovery between the impacted and un-
impacted  populations. The median counterfactual of population size at 
time point 12 was 0.998, while the mean counterfactual was 0.969. 

3.2.16 At time point 26 (2053) (the final year modelled), 20 years after the end 
of piling at Proposed Development, the difference between impacted and 
un-impacted  populations is 61 animals (which equates to 2.89% of the 
UK portion of the MU reference population/2.72% of the full MU) (Table 
3.7). The median counterfactual of population size at time point 26 was 
1.000, while the mean counterfactual was 0.967. 

3.2.17 Given that the differences in impacted to un-impacted  populations is 
1.000, 20 years after the end of piling, there is considered to be no 
potential for a long term population-level effect from this cumulative 
piling scenario upon bottlenose dolphin within the reference population. 

3.3 Minke Whale 

Scenario MW-01: Maximum Temporal Scenario 

3.3.1 Results for the maximum temporal scenario indicate a very small 
difference in the growth trajectory of minke whale between the un-
impacted  population and impacted population (Figure 3.9). At all time 
points, there was no difference in the mean size of the impacted and un-
impacted  populations, with a maximum difference of zero individuals 
(0.00% of the Celtic and Greater North Sea MU reference population) 
(Table 3.8). 
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Figure 3.9: Simulated Minke Whale Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Temporal Scenario MW-01  
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Table 3.8: Modelled Estimates for the Un-impacted and Impacted Minke Whale Populations 
and Counterfactuals of Population Size for the Maximum Temporal Scenario MW-01 

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 10,253 9,092 11,148 10,253 9,092 11,148 1 1 

3 10,236 8,946 11,404 10,236 8,946 11,404 1 0.999998813 

4 10,199 8,676 11,621 10,199 8,676 11,621 1 0.999998667 

7 10,225 8,541 12,120 10,225 8,541 12,120 1 1 

11 10,196 8,198 12,664 10,196 8,198 12,664 1 1 

16 10,131 7,900 13,052 10,131 7,900 13,052 1 1 

26 10,044 7,350 13,649 10,044 7,350 13,649 1 1 

3.3.2 This suggests that there would not be a long term effect from piling at 
Proposed Development upon the minke whale population within the 
Celtic and Greater North Seas MU. 

3.3.3 Both the median and mean counterfactual remained at 1.0000, except for 
a few years with a mean of 0.999, throughout the 26-year simulation, 
indicating no discernible difference in the ratio of the impacted to un-
impacted  populations and no potential for a long term population-level 
effect from this piling scenario upon minke whale. 

Scenario MW-02: Maximum Spatial Scenario 

3.3.4 Results for the maximum spatial scenario, indicated a very small 
difference in the growth trajectory of minke whale between the un-
impacted  population and impacted population (Figure 3.7). At all time 
points there was little difference in the mean size of the impacted and 
un-impacted  populations, with a maximum difference of one individual 
(approximately 0.005% of the Celtic and Greater North Seas MU reference 
population) at various time points in the simulation (Table 3.9). 
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Figure 3.10: Simulated Minke Whale Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Spatial Scenario MW-02 

 

3.3.5 At time point 11, which corresponds with seven years after the end of the 
piling phase for Wind Turbine anchors, and ten years after the start of the 
piling phase the difference between the impacted and un-impacted  
populations was zero animals, 0.00% of the reference population. 

Table 3.9: Modelled Estimates for the Un-impacted and Impacted Minke Whale Populations 
and Counterfactuals of Population Size for the Maximum Spatial Scenario MW-02 

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 10,275 9,110 11,194 10,275 9,110 11,194 1 0.999993748 

3 10,229 8,825 11,534 10,229 8,825 11,534 1 0.999947349 

4 10,218 8,784 11,746 10,217 8,784 11,746 1 0.999917539 

7 10,220 8,459 12,094 10,220 8,459 12,094 1 0.999959584 

11 10,216 8,184 12,666 10,216 8,184 12,666 1 0.999984341 

16 10,218 7,804 13,125 10,218 7,804 13,125 1 0.999978916 

26 10,182 7,252 14,237 10,182 7,252 14,237 1 0.999980965 
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3.3.6 At time point 26, which represents the population at the end point of the 
iPCoD modelling, 25 years after the start of piling (and 22 years after the 
completion of the piling phase), this difference is zero animals, 
corresponding to 0.00% of the reference population (Table 3.9). This 
indicates that there would not be a long term effect from piling at 
Proposed Development upon the minke whale population within the 
Celtic and Greater North Seas MU. 

3.3.7 The median counterfactual for scenario MW-02 remained at 1.0000 
throughout the 26 year simulation, whereas the mean counterfactual was 
0.9999 by the end of the simulation. Indicating no discernible difference 
in the ratio of the disturbed to un-disturbed populations and no potential 
for a long term population-level effect from this piling scenario upon 
minke whale. 

Scenario MW-C1: Cumulative Scenario 

3.3.8 For scenario MW-C1, the simulated trajectories of minke whale between 
the un-impacted  population and impacted population (Figure 3.11) 
demonstrate there is potential for a small short term impact between the 
two scenarios, with populations showing recovery from 2035 and stable 
trajectory. 

3.3.9 Table 3.10 presents the modelled population estimates for the un-
impacted  and impacted minke whale populations, alongside the median 
and mean counterfactuals and years of piling per project (shaded blue). 
Results are interpreted focusing on key time points in the model (Table 
2.12), which gives context to the modelled scenarios. 
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Figure 3.11: Simulated Minke Whale Population Trajectories in an Un-impacted Versus 
Impacted Population, for Cumulative Scenario MW-C1 
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Table 3.10: Modelled Estimates for the Un-impacted and Impacted Minke Whale Populations and Counterfactuals of Population Size for 
Cumulative Scenario MW-C1. Bold lines indicate piling years at the Proposed Development. 
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1 10,288 10,288 1.000 1.000 2028                 

2 10,298 10,297 1.000 1.000 2029                 

3 10,301 10,280 1.000 0.998 2030                 

4 10,302 10,260 1.000 0.996 2031                 

5 10,302 10,204 1.000 0.990 2032                 

6 10,285 10,136 1.000 0.986 2033                 

7 10,304 10,176 1.000 0.988 2034                 

8 10,278 10,177 1.000 0.990 2035                 

9 10,278 10,199 1.000 0.992 2036                 

10 10,281 10,219 1.000 0.994 2037                 

11 10,270 10,221 1.000 0.995 2038                             

12 10,262 10,224 1.000 0.996 2039                             

13 10,266 10,234 1.000 0.997 2040                             
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14 10,279 10,249 1.000 0.997 2041                             

15 10,262 10,228 1.000 0.997 2042                             

16 10,261 10,225 1.000 0.997 2043                             

17 10,246 10,208 1.000 0.996 2044                             

18 10,228 10,188 1.000 0.996 2045                             

19 10,239 10,198 1.000 0.996 2046                             

20 10,231 10,190 1.000 0.996 2047                             

21 10,243 10,201 1.000 0.996 2048                             

22 10,237 10,196 1.000 0.996 2049                             

23 10,207 10,166 1.000 0.996 2050                             

24 10,203 10,162 1.000 0.996 2051                             

25 10,206 10,166 1.000 0.996 2052                             

26 10,207 10,167 1.000 0.996 2053                             
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3.3.10 At time point 4 (2031), which corresponds to the 1st year of piling at 
Proposed Development and also piling at Ossian, Berwick Bank, Caledonia 
and Muir Mhòr and Cenos, the difference between impacted and un-
impacted  populations is 42 animals (which equates to 0.41% of the UK 
portion of the MU reference population/0.21% of the full MU) (Table 3.10). 
It is important to highlight that the three years prior also includes piling 
at Caledonia, Muir Mhòr, Salamander and West of Orkney and therefore 
there is an increased cumulative effect on minke whale prior to the start 
of Proposed Development’s piling campaign (see Figure 3.11), with a 
difference between the impacted and un-impacted  populations of 21 
animals (0.20% of the UK portion of the MU reference population/0.10% of 
the full MU) at time point 3 before piling commences at Proposed 
Development (Table 3.10). The median counterfactual of population size 
at time point 4 was 1.000, while the mean counterfactual was 0.996. 

3.3.11 At time point 5 (2032), which corresponds to the 2nd year of piling at 
Proposed Development and consecutive piling at Ossian, Cenos, and 
Caledonia, the difference between impacted and un-impacted  
populations is 98 animals (which equates to 0.95% of the UK portion of 
the MU reference population/0.49% of the full MU) (Table 3.10). It is 
important to note that a fixed reference population (see Table 2.3) is used 
to calculate proportions of the MU impacted and does not reflect any 
possible increase in MU size. The median counterfactual of population 
size at time point 5 was 1.000, while the mean counterfactual was 0.990. 

3.3.12 At time point 6 (2033), which corresponds to the final year of piling at 
Proposed Development and consecutive piling at Ossian and Cenos, and 
following the end of piling at Berwick Bank(2031) and Caledonia(2032), the 
difference between impacted and un-impacted  populations is 149 
animals (which equates to 1.45% of the UK portion of the MU reference 
population/0.74% of the full MU) (Table 3.10). The median counterfactual 
of population size at time point 6 was 1.000, while the mean 
counterfactual was 0.986. 

3.3.13 At time point 12 (2039), six years after the end of piling at Proposed 
Development and end of all piling at CEA projects, the difference between 
impacted and un-impacted  populations is 38 animals (which equates to 
0.37% of the UK portion of the MU reference population/0.19% of the full 
MU) (Table 3.10), showing some recovery between the impacted and un-
impacted populations. The median counterfactual of population size at 
time point 12 was 1.000, while the mean counterfactual was 0.996. 

3.3.14 At time point 26 (2053) (the final year modelled), 20 years after the end 
of piling at Proposed Development, the difference between impacted and 
un-impacted  populations is 40 animals (which equates to 0.39% of the 
UK portion of the MU reference population/0.20% of the full MU(Table 
3.10). The median counterfactual of population size at time point 5 was 
0.912, while the mean counterfactual was 0.996. 
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3.3.15 Given that the differences in impacted to un-impacted  populations is a 
median ratio of one throughout, there is considered to be no potential for 
a long term population-level effect from this cumulative piling scenario 
upon minke whale within the MU. 

3.4 Grey Seal 

Scenario GS-01: Maximum Temporal Scenario 

3.4.1 Results for the maximum temporal scenario indicate a small difference in 
the population trajectory of grey seal between the un-impacted  
population and impacted populations (Figure 3.12). At all time points, there 
was little difference in the mean size of the impacted and un-impacted  
populations, with a maximum difference of 12 individuals (approximately 
0.03% of the North Coast & Orkney and the Moray Firth SMU reference 
population) at several time points (Table 3.11).  

 

 

Figure 3.12: Simulated Grey Seal Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Temporal Scenario GS-01 

3.4.2 At time point 11, which corresponds with seven years after the end of the 
piling phase for wind turbine anchors, and ten years after the start of the 
piling phase the difference between the impacted and un-impacted 
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populations was 11 animals, approximately 0.02% of the reference 
population. 

Table 3.11: Modelled Estimates for the Un-impacted and Impacted Grey Seal Populations 
and Counterfactuals of Population Size for the Maximum Temporal Scenario GS-01 

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 41,847 38,082 44,540 41,847 38,082 44,540 1 0.999999761 

3 42,056 37,423 45,684 42,052 37,423 45,684 1 0.999888381 

4 42,257 36,979 46,406 42,247 36,979 46,406 1 0.999747041 

7 43,217 36,631 49,786 43,208 36,631 49,786 1 0.999786845 

11 44,282 35,615 53,726 44,271 35,615 53,726 1 0.999752261 

16 45,695 34,566 57,323 45,684 34,566 57,323 1 0.999756058 

26 48,634 34,866 64,527 48,622 34,865 64,527 1 0.999753445 

3.4.3 At time point 26, which represents the population at the end point of the 
iPCoD modelling, 25 years after the start of piling (and 22 years after the 
completion of the piling phase), this difference is 12 animals, 
corresponding to approximately 0.03% of the reference population (Table 
3.11). This indicates that there would not be a long term effect from piling 
at Proposed Development upon the grey seal population within the North 
Coast & Orkney and Moray Firth SMU. 

3.4.4 The median counterfactual for this scenario fluctuated stayed at 1.0000 
through the 26-year simulation, whereas the mean counterfactual was 
0.9997 by the end of the simulation. Therefore, given that the differences 
in disturbed to un-disturbed populations approaches a ratio of one there 
is not considered to be a potential for a long term effect from this piling 
scenario upon grey seal within the North Coast & Orkney and Moray Firth 
SMU. 

Scenario GS-02: Maximum Spatial Scenario 

3.4.5 Results for the maximum spatial scenario indicate a small difference in 
the population trajectory of grey seal between the un-impacted  
population and impacted populations (Figure 3.13). At all time points, there 
was little difference in the mean size of the impacted and un-impacted  
populations, with a maximum difference of 16 individuals (approximately 
0.04% of the North Coast & Orkney and the Moray Firth SMU reference 
population) at several time points (Table 3.12). 
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Figure 3.13: Simulated Grey Seal Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Spatial Scenario GS-02 

3.4.6 At time point 11, which corresponds with seven years after the end of the 
piling phase for Wind Turbine anchors, and ten years after the start of the 
piling phase the difference between the impacted and un-impacted  
populations was 14 animals, approximately 0.03% of the reference 
population. 

Table 3.12: Modelled Estimates for the Un-impacted and Impacted Grey Seal Populations 
and Counterfactuals of Population Size for the Maximum Spatial Scenario GS-02 

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 41,850 38,467 44,420 41,850 38,467 44,420 1 0.999999755 

3 42,134 37,521 45,592 42,127 37,520 45,592 1 0.999838524 

4 42,457 37,197 46,668 42,442 37,193 46,668 1 0.999649345 

7 43,175 36,467 49,503 43,165 36,467 49,503 1 0.99974867 

11 44,286 35,903 53,109 44,272 35,903 53,109 1 0.999674537 

16 45,680 35,530 57,130 45,666 35,530 57,130 1 0.999682604 

26 48,690 34,828 65,765 48,674 34,828 65,765 1 0.999681127 
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3.4.7 At time point 26, which represents the population at the end point of the 
iPCoD modelling, 25 years after the start of piling (and 22 years after the 
completion of the piling phase), the difference is 16 animals, 
corresponding to approximately 0.04% of the reference population (Table 
3.12), This indicates that there would not be a long term effect from piling 
at Proposed Development upon the grey seal population within the North 
Coast & Orkney and Moray Firth SMU. 

3.4.8 The median counterfactual for scenario GS-02 remained at 1.0000 
throughout the 26-year simulation, whereas the mean counterfactual was 
0.9997 by the end of the simulation. This is equal to the corresponding 
counterfactual from the maximum temporal scenario, suggesting that the 
maximum spatial scenario may result in a similar impact. 

3.4.9 Given that the differences in impacted to un-impacted populations 
approaches a ratio of one there is considered to be no potential for a long 
term effect from this piling scenario upon grey seal. 

Scenario GS-C1: Cumulative Scenario 

3.4.10 For scenario GS-C1, the simulated trajectories of grey seal between the 
un-impacted  population and impacted population (Figure 3.14) 
demonstrate there is only a very minor difference between the two 
scenarios, with both the impacted and non-impacted scenario showing 
an increase in population size. 

3.4.11 Table 3.13 presents the modelled population estimates for the un-
impacted  and impacted grey seal populations, alongside the median and 
mean counterfactuals and years of piling per project (shaded blue). 
Results are interpreted focusing on key time points in the model (Table 
2.12), which gives context to the modelled scenarios. 
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Figure 3.14: Simulated Grey Seal Population Trajectories in an Un-impacted Versus 
Impacted Population, for Cumulative Scenario GS-C
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Table 3.13: Modelled Estimates for the Un-impacted and Impacted Grey Seal Populations and Counterfactuals of Population Size for 
Cumulative Scenario GS-C1. Bold lines indicate piling years at the Proposed Development. 
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1 41,572 41,572 1.000 1.000 2028                 

2 41,724 41,724 1.000 1.000 2029                 

3 42,079 42,047 1.000 0.999 2030                 

4 42,245 42,149 1.000 0.998 2031                 

5 42,571 42,309 1.000 0.994 2032                 

6 42,853 42,472 1.000 0.991 2033                 

7 43,172 42,808 1.000 0.992 2034                 

8 43,397 43,047 1.000 0.992 2035                 

9 43,630 43,279 1.000 0.992 2036                 

10 43,978 43,588 1.000 0.991 2037                 

11 44,332 43,908 1.000 0.991 2038                             

12 44,620 44,194 1.000 0.991 2039                             

13 44,921 44,496 1.000 0.991 2040                             

14 45,246 44,823 1.000 0.991 2041                             
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7 43,172 42,808 1.000 0.992 2034                 

15 45,583 45,160 1.000 0.991 2042                             

16 45,972 45,548 1.000 0.991 2043                             

17 46,240 45,811 1.000 0.991 2044                             

18 46,558 46,125 1.000 0.991 2045                             

19 46,840 46,403 1.000 0.991 2046                             

20 47,199 46,760 1.000 0.991 2047                             

21 47,493 47,050 1.000 0.991 2048                             

22 47,739 47,293 1.000 0.991 2049                             

23 48,040 47,593 1.000 0.991 2050                             

24 48,376 47,928 1.000 0.991 2051                             

25 48,629 48,179 1.000 0.991 2052                             

26 48,937 48,484 1.000 0.991 2053                             
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3.4.12 At time point 4 (2031), which corresponds to the 1st year of piling at 
Proposed Development and also piling at Ossian, Berwick Bank, Caledonia 
and Muir Mhòr and Cenos, the difference between impacted and un-
impacted  populations is 96 animals (which equates to 0.23% of the UK 
portion of the MU reference population) (Table 3.13). It is important to 
highlight that the three years prior also includes piling at Caledonia, Muir 
Mhòr, Salamander and West of Orkney  therefore there is already an 
increased cumulative effect on grey seal prior to the start of Proposed 
Development’s piling campaign (see Figure 3.14), with a difference 
between the impacted and un-impacted  populations of 32 animals 
(0.08% of the UK portion of the MU reference population) before piling 
commences at Proposed Development (Table 3.13). The median 
counterfactual of population size at time point 4 was 1.000, while the 
mean counterfactual was 0.998. 

3.4.13 At time point 5 (2032), which corresponds to the 2nd year of piling at 
Proposed Development and consecutive piling at Ossian, Cenos and 
Caledonia, the difference between impacted and un-impacted  
populations is 262 animals (which equates to 0.63% of the UK portion of 
the MU reference population) (Table 3.13). The median counterfactual of 
population size at time point 5 was 1.000, while the mean counterfactual 
was 0.994. 

3.4.14 At time point 6 (2033), which corresponds to the final year of piling 
Proposed Development and consecutive piling at Ossian and Cenos, and 
following the end of piling at Berwick Bank (2031) and Caledonia (2032), 
the difference between impacted and un-impacted  populations is 381 
animals (which equates to 0.92% of the UK portion of the MU reference 
population) (Table 3.13). The median counterfactual of population size at 
time point 6 was 1.000, while the mean counterfactual was 0.991. 

3.4.15 At time point 12 (2039), six years after the end of piling at Proposed 
Development and end of all piling at CEA projects, the difference between 
impacted and un-impacted  populations is 426 animals (which equates 
to 1.23% of the UK portion of the MU reference population) (Table 3.13), 
showing some recovery between the impacted and un-impacted  
populations. The median counterfactual of population size at time point 
12 was 1.000, while the mean counterfactual was 0.991. 

3.4.16 At time point 26 (2053) (the final year modelled), 20 years after the end 
of piling at Proposed Development, the difference between impacted and 
un-impacted  populations is 453 animals (which equates to 1.09% of the 
UK portion of the MU reference population) (Table 3.13). The median 
counterfactual of population size at time point 26 was 1.000, while the 
mean counterfactual was 0.991. 

3.4.17 Given that the difference in the impacted to un-impacted  populations 
approaches a median ratio of one throughout, there is considered to be 
no potential for a long term population-level effect from this cumulative 
piling scenario upon grey seal. 
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3.5 Harbour Seal 

Scenario HS-01: Maximum Temporal Scenario 

3.5.1 Results for the maximum temporal scenario indicate no difference in the 
population trajectory of harbour seal between the un-impacted 
population and impacted populations (Figure 3.15). At all time points, there 
was no difference in the mean size of the impacted and un-impacted 
populations, with a maximum difference of zero individuals 
(approximately 0.00% of the North Coast & Orkney and the Moray Firth 
SMU reference population) at all time points. At time point 11, which 
corresponds with seven years after the end of the piling phase for Wind 
Turbine anchors, and ten years after the start of the piling phase the 
difference between the impacted and un-impacted  populations was 11 
animals, approximately 0.02% of the reference population (Table 3.14). 

 

 

Figure 3.15: Simulated Harbour Seal Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Temporal Scenario HS-01  
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Table 3.14: Modelled Estimates for the Un-impacted and Impacted Harbour Seal 
Populations and Counterfactuals of Population Size for the Maximum Temporal Scenario 
GS-01 

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 2,535 2,318 2,722 2,535 2,318 2,722 1 1 

3 2,214 1,994 2,432 2,214 1,994 2,432 1 0.999999112 

4 1,926 1,702 2,160 1,926 1,702 2,160 1 0.999997973 

7 1,283 1,060 1,542 1,283 1,060 1,542 1 0.999997019 

11 746 576 952 746 576 952 1 1 

16 375 262 532 375 262 532 1 1 

26 97 50 160 97 50 160 1 1 

3.5.2 At time point 26, which represents the population at the end point of the 
iPCoD modelling, 25 years after the start of piling (and 22 years after the 
completion of the piling phase), this difference is zero animals, 
corresponding to approximately 0.00% of the reference population (Table 
3.14). This indicates that there would not be a long term effect from piling 
at Proposed Development upon the harbour seal population within the 
North Coast & Orkney and Moray Firth SMU. 

3.5.3 The median counterfactual for this scenario stayed at 1.0000 through the 
26-year simulation, whereas the mean counterfactual fluctuated between 
a maximum of 1.0000 and a minimum of 0.9999, to finish at 1.0000 by the 
end of the simulation. Therefore, given that the differences in impacted 
to un-impacted  populations approaches a ratio of one there is not 
considered to be a potential for a long term effect from this piling scenario 
upon harbour seal within the North Coast & Orkney and Moray Firth SMU. 

Scenario HS-02: Maximum Spatial Scenario 

3.5.4 Results for the maximum spatial scenario indicate a small difference in 
the population trajectory of harbour seal between the un-impacted  
population and impacted populations (Figure 3.16). At all time points, there 
was little difference in the mean size of the impacted and un-impacted  
populations, with a maximum difference of one individuals (approximately 
0.03% of the North Coast & Orkney and the Moray Firth SMU reference 
population) at time point 22 (Table 3.15). 
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Figure 3.16: Simulated Harbour Seal Population Trajectories in an Un-impacted Versus 
Impacted Population, for the Maximum Spatial Scenario GS-02 

Table 3.15: Modelled Estimates for the Un-impacted and Impacted Harbour Seal 
Populations and Counterfactuals of Population Size for the Maximum Spatial Scenario GS-
02 

Time 
Point 

Un-impacted Population 
(Number of Animals) 

Impacted Population 
(Number of Animals) 

Counterfactual 

Mean Lower 
2.5% 

Upper 
97.5% 

Mean Lower 
2.5% 

Upper 
97.5% 

Median Mean 

2 2,531 2,318 2,710 2,531 2,318 2,10 1 1 

3 2,209 1,976 2,438 2,209 1,976 2,438 1 0.99999348 

4 1,929 1,690 2,154 1,929 1,690 2,154 1 0.999984447 

7 1,286 1,052 1,562 1,286 1,052 1,562 1 0.999973358 

11 744 572 968 744 572 968 1 0.999975367 

16 378 258 520 378 258 520 1 0.999989181 

26 96 48 158 96 48 158 1 1 

3.5.5 At time point 26, which represents the population at the end point of the 
iPCoD modelling, 25 years after the start of piling (and 22 years after the 
completion of the piling phase), this difference is zero animals, 
corresponding to 0.00% of the reference population (Table 3.15), this 
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indicates that there would not be a long term effect from piling at 
Proposed Development upon the harbour seal population within the North 
Coast & Orkney and Moray Firth SMU. 

3.5.6 The median counterfactual for scenario HS-02 remained at 1.0000 
throughout the 26-year simulation, whereas the mean counterfactual 
fluctuated between a maximum of 1.0000 and a minimum of 0.9999, to 
finish at 1.0000 by the end of the simulation. This is equal to the 
corresponding counterfactual from the maximum temporal scenario, 
suggesting that the maximum spatial scenario may result in a similar 
impact. 

3.5.7 Given that the differences in impacted to un-impacted  populations 
approaches a ratio of one there is considered to be no potential for a long 
term effect from this piling scenario upon harbour seal. 

Scenario HS-C1: Cumulative Scenario 

3.5.8 For scenario HS-C1, the simulated trajectories of harbour seal between 
the un-impacted  population and impacted population (Figure 3.17) 
demonstrate there is a no visible difference between the two scenarios, 
with populations showing recovery from 2038. 

3.5.9 Table 3.16 presents the modelled population estimates for the un-
impacted  and impacted harbour seal populations, alongside the median 
and mean counterfactuals and years of piling per project (shaded blue). 
Results are interpreted focusing on key time points in the model (Table 
2.12), which gives context to the modelled scenarios. 

 

Figure 3.17: Simulated Harbour Seal Population Trajectories in an Un-impacted Versus 
Impacted Population, for Cumulative Scenario HS-C1 
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Table 3.16: Modelled Estimates for the Un-impacted and Impacted Harbour Seal Populations and Counterfactuals of Population Size for 
Cumulative Scenario HS-C1. Bold lines indicate piling years at the Proposed Development. 
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1 2,902 2,902 1.000 1.000 2028            

2 2,532 2,532 1.000 1.000 2029            

3 2,216 2,216 1.000 1.000 2030            

4 1,928 1,927 1.000 0.999 2031            

5 1,683 1,681 1.000 0.999 2032            

6 1,469 1,467 1.000 0.999 2033            

7 1,279 1,277 1.000 0.999 2034            

8 1,118 1,117 1.000 0.999 2035            

9 976 975 1.000 0.999 2036            

10 854 853 1.000 0.999 2037            

11 747 746 1.000 0.999 2038                     

12 650 649 1.000 0.999 2039                     

13 570 569 1.000 0.999 2040                     
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11 747 746 1.000 0.999 2038                     

14 498 497 1.000 0.999 2041                     

15 436 435 1.000 0.999 2042                     

16 379 379 1.000 0.999 2043                     

17 332 332 1.000 0.999 2044                     

18 290 290 1.000 0.999 2045                     

19 253 253 1.000 0.999 2046                     

20 220 220 1.000 0.999 2047                     

21 192 192 1.000 0.999 2048                     

22 168 168 1.000 0.999 2049                     

23 148 147 1.000 0.999 2050                     

24 128 128 1.000 0.999 2051                     

25 112 112 1.000 0.999 2052                     

26 98 98 1.000 0.999 2053                     
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3.5.10 At time point 4 (2031), which corresponds to the 1st year of piling Proposed 
Development and also piling at , Berwick Bank, Caledonia and Muir Mhòr, 
the difference between impacted and un-impacted  populations is one 
animal (which equates to 0.03% of the UK portion of the MU reference 
population) (Table 3.16). It is important to highlight that the three years 
prior also includes piling at Caledonia, Muir Mhòr, West of Orkney and 
therefore there is already an increased cumulative effect on harbour seal 
prior to the start of Proposed Development’s piling campaign (see Figure 
3.17). The median counterfactual of population size at time point 4 was 
1.000, while the mean counterfactual was 0.999. 

3.5.11 At time point 5 (2032), which corresponds to the 2nd year of piling 
Proposed Development and consecutive piling at , Caledonia, the 
difference between impacted and un-impacted  populations is two 
animals (which equates to 0.07% of the UK portion of the MU reference 
population) (Table 3.16). It is important to note that a fixed reference 
population (see Table 2.3) is used to calculate proportions of the MU 
impacted and does not reflect any possible increase in MU size. The 
median counterfactual of population size at time point 5 was 1.000, while 
the mean counterfactual was 0.999. 

3.5.12 At time point 6 (2033), which corresponds to the final year of Proposed 
Development and following the end of piling at Berwick Bank (2031) and 
Caledonia (2032), the difference between impacted and un-impacted  
populations is two animals (which equates to 0.07% of the UK portion of 
the MU reference population) (Table 3.16). The median counterfactual of 
population size at time point 6 was 1.000, while the mean counterfactual 
was 0.999. 

3.5.13 At time point 12 (2039), six years after the end of piling at Proposed 
Development and end of all piling at CEA projects, the difference between 
impacted and un-impacted  populations is one animals (which equates 
to 0.03% of the UK portion of the MU reference population) (Table 3.16), 
showing some recovery between the impacted and un-impacted 
populations. The median counterfactual of population size at time point 
12 was 1.000, while the mean counterfactual was 0.999. 

3.5.14 At time point 26 (2053) (the final year modelled), 20 years after the end 
of piling at Proposed Development, there was no difference between the 
impacted and un-impacted  population (Table 3.16). The median 
counterfactual of population size at time point 26 was 1.000, while the 
mean counterfactual was 0.99. 

3.5.15 Given that the difference in the impacted to un-impacted  populations 
approaches a median ratio of one throughout, there is considered to be 
no potential for a long term population-level effect from this cumulative 
piling scenario upon harbour seal. 
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4 Summary 
4.1.1 This Technical Report presents the results of iPCoD modelling for harbour 

porpoise, bottlenose dolphin, minke whale, grey seal and harbour seal 
populations as a result of Proposed Development alone and cumulatively 
with other projects. The numbers of animals potentially experiencing 
disturbance were based on two maximum design scenarios. The 
maximum temporal scenario of a combination of anchor piling 4,500 kJ 
and OSP piling 4,500 kJ across 396days, and the maximum spatial 
scenario of the same maximum hammer energies, incorporating 
concurrent anchor piling, and concurrent anchor piling with OSP piling, 
across a total of up to 396 days. The iPCoD modelling presented 
represents a conservative precautionary assessment, which uses 
maximum hammer energies at all piling locations as the MDS. 

4.1.2 The results suggest that, even with the conservative assumptions made, 
there would be no population-level effects for any of the species 
investigated as a result of piling at Proposed Development alone or for all 
species, except harbour porpoise, when considered alongside cumulative 
projects.  

4.1.3 There is considered potential for a long term population-level effect from 
this cumulative piling scenario upon harbour porpoise within the North 
Sea MU. However, it is important to highlight the Proposed Development’s 
negligible relative contribution to this cumulative effect, given the high 
level of activity expected in the Regional Marine Mammal Study Area. 

4.1.4 The assessment adopted a precautionary approach throughout, 
considering the maximum design scenario for Ayre, precautionary 
demographic parameters for each species, conservative assumptions in 
the noise modelling and conservative estimates for the densities of key 
species to apply to the quantitative assessment. 

4.1.5 Variation in demographic rates between years may exist as a result of 
changes in environmental conditions, as a result of random processes or 
chance events which impact vital rates (e.g. survival, fertility, etc.), or 
other sources of heterogeneity. In two, otherwise identical populations 
that experience exactly the same sequence of environmental conditions, 
demographic stochasticity will mean populations could follow slightly 
different trajectories over time. 

4.1.6 These models assume that the effects of environmental variation on 
survival and fertility are adequately reflected by the range of values 
obtained from the expert elicitation (and shown in the spread of simulated 
trajectories around the means). In addition, the models assume that 
survival and fertility rates are not density-dependent and are therefore 
not affected by population size. 

4.1.7 While it is understood that iPCoD is a relatively simple population model 
(simulating the link between days of disturbance and changes in individual 
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vital rates), the most obvious sources of uncertainty are considered to 
have been adequately captured in the development of these models. In 
addition, the precautionary approach applied throughout the marine 
mammal assessment has been adopted to buffer the uncertainties with 
respect to how animals respond to repeated piling over time. 

  



  

TWP-AYR-RPS-ENV-RPT-00036   Page 76 
 

Ayre Offshore Wind Farm, Offshore EIA Report 
Volume 3, Technical Appendix 10.3: Marine  
Mammals iPCoD Modelling Report 

References 
Booth, C., & Heinis, F. (2018). Updating the Interim PCoD Model: Workshop Report - 

New transfer functions for the effects of permanent threshold shifts on vital 
rates in marine mammal species (SMRUC-UOA-2018-006). (Report Code 
SMRUC-UOA-2018-006, submitted to the University of Aberdeen and 
Department for Business, Energy and Industrial Strategy (BEIS), June 2018 
(unpublished), Issue.  

Booth, C., Heinis, F., & Harwood, J. (2019). Updating the Interim PCoD Model: 
Workshop Report - New transfer functions for the effects of disturbance on 
vital rates in marine mammal species (SMRUC-BEI-2019-002).  

Brandt, M. J., Diederichs, A., Betke, K., & Nehls, G. (2011). Responses of harbour 
porpoises to pile driving at the Horns Rev II offshore wind farm in the 
Danish North Sea. Marine Ecology Progress Series, 421, 205-216. 
https://doi.org/10.3354/meps08888  

Caledonia OWF Ltd. (2024). Volume 2 Proposed Development (Offshore): Chapter 7 
Marine Mammals (Caledonia Offshore Wind Farm Environmental Impact 
Assessment, Issue.  

Carter, M. I. D., Boehme, L., Cronin, M. A., Duck, C. D., Grecian, W. J., Hastie, G. D., 
Jessopp, M., Matthiopoulos, J., McConnell, B. J., Miller, D. L., Morris, C. D., 
Moss, S. E. W., Thompson, D., Thompson, P. M., & Russell, D. J. F. (2022). 
Sympatric Seals, Satellite Tracking and Protected Areas: Habitat-Based 
Distribution Estimates for Conservation and Management [Original 
Research]. Frontiers in Marine Science, 9, 18. 
https://doi.org/10.3389/fmars.2022.875869  

Cenos Offshore Windfarm Limited. (2024). Cenos EIA: Chapter 11 – Marine Mammal 
Ecology. https://cenosoffshorewind.com/wp-
content/uploads/2025/02/CEN001-FLO-CON-ENV-RPT-0014-Cenos-EIA-
Vol.3-Chapter-11-Marine-Mammal-Ecology.pdf 

Donovan, C., Harwood, J., King, S., Booth, C., Caneco, B. and Walker, C. (2016). 
Expert Elicitation Methods in Quantifying the Consequences of Acoustic 
Disturbance from Offshore Renewable Energy Developments. In: Popper, A. 
and Hawkins, A. (eds.) The Effects of Noise on Aquatic Life II. Advances in 
Experimental Medicine and Biology. New York: Springer. 

Ellison, W. T., Southall, B. L., Clark, C. W., & Frankel, A. S. (2012). A new context-
based approach to assess marine mammal behavioral responses to 
anthropogenic sounds. Conserv Biol, 26(1), 21-28. https://doi.org/10.1111/j.1523-
1739.2011.01803.x  

Gilles, A., Authier, M., Ramirez-Martinez, N. C., Araújo, H., Blanchard, A., Carlström, 
J., Eira, C., Dorémus, G., Fernández-Maldonado, C., Geelhoed, S. C. V., Kyhn, 
L., Laran, S., Nachtsheim, D., Panigada, S., Pigeault, R., Sequeira, M., 
Sveegaard, S., Taylor, N. L., Owen, K., Saavedra, C., Vázquez-Bonales, J. A., 
Unger, B. and Hammond, P. S. (2023). Estimates of cetacean abundance in 
European Atlantic waters in summer 2022 from the SCANS-IV aerial and 
shipboard surveys. Final report published 29 September 2023 pp.64. 

https://doi.org/10.3354/meps08888
https://doi.org/10.3389/fmars.2022.875869
https://cenosoffshorewind.com/wp-content/uploads/2025/02/CEN001-FLO-CON-ENV-RPT-0014-Cenos-EIA-Vol.3-Chapter-11-Marine-Mammal-Ecology.pdf
https://cenosoffshorewind.com/wp-content/uploads/2025/02/CEN001-FLO-CON-ENV-RPT-0014-Cenos-EIA-Vol.3-Chapter-11-Marine-Mammal-Ecology.pdf
https://cenosoffshorewind.com/wp-content/uploads/2025/02/CEN001-FLO-CON-ENV-RPT-0014-Cenos-EIA-Vol.3-Chapter-11-Marine-Mammal-Ecology.pdf
https://doi.org/10.1111/j.1523-1739.2011.01803.x
https://doi.org/10.1111/j.1523-1739.2011.01803.x


  

TWP-AYR-RPS-ENV-RPT-00036   Page 77 
 

Ayre Offshore Wind Farm, Offshore EIA Report 
Volume 3, Technical Appendix 10.3: Marine  
Mammals iPCoD Modelling Report 

Gilles, A., Authier, M., Pigeault, R., Ramirez-Martinez, N. C., Benoit, V., Carlström, J., 
Eira, C., Geelhoed, S. C. V., Laran, S., Sequeira, M., Sveegaard, S., Taylor, N. L., 
Saavedra, C., Vázquez-Bonales, J. A., & Hammond, P. S. (2025). Spatial 
models of cetacean density in European Atlantic waters based on SCANS-IV 
summer 2022 survey data. Final report published 14 May 2025. 
https://www.tiho-
hannover.de/fileadmin/57_79_terr_aqua_Wildtierforschung/79_Buesum/down
loads/Berichte/SCANS-IV_Modelling_Report_final_20250514.pdf 

Graham, I. M., Merchant, N. D., Farcas, A., Barton, T. R., Cheney, B., Bono, S., & 
Thompson, P. M. (2019). Harbour porpoise responses to pile-driving diminish 
over time. Royal Society Open Science, 6(6), 190335. 
https://doi.org/doi:10.1098/rsos.190335  

Hammond, P. S., C. Lacey, A. Gilles, S. Viquerat, P. Börjesson, H. Herr, K. Macleod, V. 
Ridoux, M. Santos, M. Scheidat, J. Teilmann, J. Vingada and N. Øien. (2021). 
Estimates of cetacean abundance in European Atlantic waters in summer 
2016 from the SCANS-III aerial and shipboard surveys. Revised June 2021. 
pp.42. 

Harwood, J., King, S., Schick, R., Donovan, C., & Booth, C. (2014). A Protocol for 
Implementing the Interim Population Consequences of Disturbance (PCoD) 
Approach: Quantifying and Assessing the Effects of UK Offshore Renewable 
Energy Developments on Marine Mammal Populations (SMRUL-TCE-2013-
014). (Scottish Marine and Freshwater Science Volume 5 Number 2, Issue.  

Houston, A. I., Prosser, E., & Sans, E. (2012). The cost of disturbance: a waste of 
time and energy? Oikos, 121(4), 597-604.  

IAMMWG. (2022). Updated abundance estimates for cetacean Management Units in 
UK waters (JNCC Report No. 680 (Revised March 2022), Issue. 
https://hub.jncc.gov.uk/assets/3a401204-aa46-43c8-85b8-5ae42cdd7ff3 

King, S. L., Schick, R. S., Donovan, C., Booth, C. G., Burgman, M., Thomas, L., 
Harwood, J., & Kurle, C. (2015). An interim framework for assessing the 
population consequences of disturbance. Methods in Ecology and Evolution, 
6(10), 1150-1158. https://doi.org/10.1111/2041-210x.12411  

Lacey, C., Gilles, A., Börjesson, P., Herr, H., Macleod, K., Ridoux, V., Santos, M. B., 
Scheidat, M., Teilmann, J., Sveegaard, S., Vingada, J., Viquerat, S., Øien, N. 
and Hammond, P. S. (2022). Modelled density surfaces of cetaceans in 
European Atlantic waters in summer 2016 from the SCANS-III aerial and 
shipboard surveys. SCANS-III project report 2. University of St Andrews. UK 
pp.31. 

MD-LOT. (2023). Scoping Opinion for Ossian Array. Marine Directorate – Licensing 
Operations Team. Edinburgh 

Muir Mhòr Offshore Wind Farm. (2024). Volume 2, Chapter 12: Marine Mammals 
(Muir Mhòr Offshore Wind Farm Environmental Impact Assessment Report, 
Issue.  

Ørsted. (2018a). Hornsea Project Three Offshore Wind Farm Environmental 
Statement: Volume 2, Chapter 4 – Marine Mammals (Hornsea Project Three 

https://www.tiho-hannover.de/fileadmin/57_79_terr_aqua_Wildtierforschung/79_Buesum/downloads/Berichte/SCANS-IV_Modelling_Report_final_20250514.pdf
https://www.tiho-hannover.de/fileadmin/57_79_terr_aqua_Wildtierforschung/79_Buesum/downloads/Berichte/SCANS-IV_Modelling_Report_final_20250514.pdf
https://www.tiho-hannover.de/fileadmin/57_79_terr_aqua_Wildtierforschung/79_Buesum/downloads/Berichte/SCANS-IV_Modelling_Report_final_20250514.pdf
https://doi.org/doi:10.1098/rsos.190335
https://hub.jncc.gov.uk/assets/3a401204-aa46-43c8-85b8-5ae42cdd7ff3
https://doi.org/10.1111/2041-210x.12411


  

TWP-AYR-RPS-ENV-RPT-00036   Page 78 
 

Ayre Offshore Wind Farm, Offshore EIA Report 
Volume 3, Technical Appendix 10.3: Marine  
Mammals iPCoD Modelling Report 

Offshore Wind Farm Environmental Statement, Issue. 
https://infrastructure.planninginspectorate.gov.uk/wp-
content/ipc/uploads/projects/EN010080/EN010080-000534-
HOW03_6.2.4_Volume%202%20-%20Ch%204%20-
%20Marine%20Mammals.pdf 

Ørsted. (2018b). Hornsea Project Three Offshore Wind Farm Environmental 
Statement: Volume 5, Annex 4.1 – Marine Mammal Technical Report (A6.5.4.1). 
(Hornsea Project Three Offshore Wind Farm Environmental Statement, Issue.  

Ørsted. (2021). Hornsea Project Four: Environmental Statement Volume A5, Annex 
4.1: Marine Mammal Technical Report (A5.4.1).  

Ossian OWFL (2023). Ossian Array EIA Scoping Report. Ossian pp.353. 

Ossian OWFL. (2024). Volume 2, Chapter 10: Marine Mammals (Array Environmental 
Impact Assessment Report, Issue. https://marine.gov.scot/?q=node/25357 

Ossian OWFL. (2024a). Volume 3: Technical Appendix 10.3: Marine Mammals iPCod 
Modelling Report (Array EIA Report, Issue.  

Posit team. (2023). RStudio: Integrated Development Environment for R. In Posit 
Software, PBC. http://www.posit.co/ 

R Core Team. (2023). R: A Language and Environment for Statistical Computing. In 
R Foundation for Statistical Computing.  

RWE Renewables UK. (2021). PEIR: Volume 2, Chapter 7: Marine Mammals (Awel y 
Môr Offshore Wind Farm Preliminary Environmental Information Report, 
Issue.  

Salamander OWF. (2024). Volume ER.A.3, Chapter 11: Marine Mammals (Salamander 
Offshore Wind Farm Offshore EIA Report, Issue. 
https://salamanderfloatingwind.com/offshore-consent-application-
documents/ 

SCOS. (2022). Scientific Advice on Matters Related to the Management of Seal 
Populations: 2022. https://www.smru.st-andrews.ac.uk/files/2023/09/SCOS-
2022.pdf 

SCOS. (2023). Scientific Advice on Matters Related to the Management of Seal 
Populations: 2022. Natural Environment Research Council, Special 
Committee on Seals pp.206. 

Sinclair, R. R., Booth, C. G., Harwood, J., & Sparling, C. E. (2019). Helpfile for the 
interim PCoD v5 model.  

Sinclair, R. R., Sparling, C. E., & Harwood, J. (2020). Review Of Demographic 
Parameters And Sensitivity Analysis To Inform Inputs And Outputs Of 
Population Consequences Of Disturbance  Assessments For Marine 
Mammals (Scottish Marine and Freshwater Science Vol 11 No 14, Issue.  

SMRU Consulting & University of St Andrews. (2019). Interim Population 
Consequences of Disturbance (iPCoD) Model (Version 5.2) [Software]. 
https://www.smruconsulting.com/population-consequences-of-disturbance-
pcod 

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000534-HOW03_6.2.4_Volume%202%20-%20Ch%204%20-%20Marine%20Mammals.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000534-HOW03_6.2.4_Volume%202%20-%20Ch%204%20-%20Marine%20Mammals.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000534-HOW03_6.2.4_Volume%202%20-%20Ch%204%20-%20Marine%20Mammals.pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010080/EN010080-000534-HOW03_6.2.4_Volume%202%20-%20Ch%204%20-%20Marine%20Mammals.pdf
https://marine.gov.scot/?q=node/25357
http://www.posit.co/
https://salamanderfloatingwind.com/offshore-consent-application-documents/
https://salamanderfloatingwind.com/offshore-consent-application-documents/
https://www.smru.st-andrews.ac.uk/files/2023/09/SCOS-2022.pdf
https://www.smru.st-andrews.ac.uk/files/2023/09/SCOS-2022.pdf


  

TWP-AYR-RPS-ENV-RPT-00036   Page 79 
 

Ayre Offshore Wind Farm, Offshore EIA Report 
Volume 3, Technical Appendix 10.3: Marine  
Mammals iPCoD Modelling Report 

Southall, B. L., Bowles, A. E., Ellison, W. T., Finneran, J. J., Gentry, R. L., Greene Jr, 
C. R., Kastak, D., Ketten, D. R., Miller, J. H., Nachtigall, P. E. and Richardson, 
W. J. (2007). Marine mammal noise-exposure criteria: initial scientific 
recommendations. Aquatic Mammals, 33 (4). 

SSE Renewables. (2022a). Appendix 10.4: Marine mammal iPCoD modelling report 
(Berwick Bank Wind Farm Offshore Environmental Impact Assessment, 
Issue.  

Stevens, A. (2024). Seal haul-out and telemetry data in relation to the Ayre Wind 
Farm. Submitted to RPS Energy and TWP 

SSE Renewables. (2022b). Chapter 10: Marine Mammals (Berwick Bank Wind Farm 
Environmental Impact Assessment Report Volume 2, Issue.  

Taylor, B. L. and DeMaster, D. P. (1993). Implications of Non-linear Density 
Dependence. Marine Mammal Science, 9 (4), pp.360-371. 

West of Orkney Windfarm. (2023). Volume 1, Chapter 12 - Marine Mammals and 
Megafauna (West of Orkney Windfarm Offshore EIA Report, Issue.  

Whyte, K. F., Russell, D. J. F., Sparling, C. E., Binnerts, B., & Hastie, G. D. (2020). 
Estimating the effects of pile driving sounds on seals: Pitfalls and 
possibilities. The Journal of the Acoustical Society of America, 147(6), 3948. 
https://doi.org/10.1121/10.0001408  

 

https://doi.org/10.1121/10.0001408

