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Acronyms & Definitions

Abbreviations / Acronyms

Abbreviation / Acronym \ Description

AMS Agricultural Management Strategy

BNG Biodiversity Net Gain

CLG Community Liaison Group

DAD Design Approach Document

DCO Development Consent Order

DPS Design Principles Statement

DRP Design Review Panel

ECC Export Cable Corridor (offshore ECC or indicative onshore ECC)
EIA Environmental Impact Assessment

EMP Ecological Management Plan

ES Environmental Statement

ExA Examining Authority

GIS Geographic Information System

GW Gigawatt

IDB Internal Drainage Boards

ISH Issue Specific Hearing

JNCC Joint Nature Conservation Committee

LCC Lincolnshire County Council

LMP Landscape Management Plan

LPA Local Planning Authority

ODOW Outer Dowsing Offshore Wind (The Project)

OLEMS Outline Landscape and Ecological Management Strategy
PAMP Public Access Management Plan

PEIR Preliminary Environmental Information Report

PRoW Public Right of Way

SoC Statement of Commonality

SoCG Statements of Common Ground
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1 The Applicant’s Response to Action Points from ISH 5

1. This section is provided in response to Action Points arising from Issue Specific Hearing (“ISH”) 5
held on Wednesday 12 February 2025.
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Response to Action Point 2 from Issue Specific Hearing 5
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Applicant Response

ISH5 AP2

Discuss with the Marine Management Organisation (MMO) and
then submit additional wording for Condition 13 in relation to the
Offshore Reactive Compensation Platform (ORCP) design, and
any revisions to the Outline ORCP Design Principles Statement.

The Applicant has updated the wording of condition 13(1)(a), Part 2, Schedule 11 of the DCO to secure the ORCP design principles
statement. This wording has been agreed with the MMO.

The Applicant has also updated the wording of the ORCP Design Principles Statement to reflect this.

1.2 Applicant’s Response to Action Point 3

Response to Action Point 3 from Issue Specific Hearing 5

Applicant Response

ISH5 AP 3 | Provide further details of the applicant’s position regarding the
duty to further the purposes of National Landscapes contained
on the recent DEFRA guidance.

The Applicant has provided its position in Appendix 1 of Document 22.4 The Applicant's Written Summary of Oral Case put at the Issue
Specific Hearing 5 held on 12 February 2025

1.3 Applicant’s Response to Action Point 6

Response to Action Point 6 from Issue Specific Hearing 5

Applicant Response

ISH5 AP6

Undertake discussions regarding the need, or not, for a badger
and otter licence or Letter of no Impediment (LoNI) and provide
a note on the outcome of these discussions as well as discussing
other outstanding matter from the Risk & Issues Log.

The Applicant has engaged with Natural England in respect of all outstanding matters from the Risk and Issues Log and will be in a
position to provide a further update by Deadline 5 including specifically an update on the outcome of Natural England’s internal
discussions as to the issue of whether badger and otter licences or LONIs are necessary.

1.4 Applicant’s Response to Action Points 7 and 8

Response to Action Point 7 and 8 from Issue Specific Hearing 5

Applicant Response

ISHS5 AP7

Submit its preferred approach to dealing with any additional
mitigation for the Wash Special Protection Area (SPA) qualifying
features.

The Applicant’s position is that the existing mitigation measures are adequate to avoid an adverse effect on the integrity of The Wash
SPA and Ramsar site, as evidenced in Sections 9.5 and 10.5 of the Report to Inform Appropriate Assessment (RIAA) [REP-032] and
summarised in the Applicant’s response to points five and seven of the Natural England Risk and Issues Log [REP4-113].

The Applicant met with Natural England on 20 February 2025 to discuss the additional pink-footed goose mitigation options requested
by Natural England. Following that meeting, and in addition to the existing mitigation measures, the Applicant has committed to
developing a management plan for pink-footed goose. The outline proposals are documented in Section 3.7.5 of the OLEMS (version
6, deadline 4a).

ISH5 AP8

Provide comments on whether additional land might be available
outside of the Order Limits in relation to an additional mitigation
scheme (in relation to Option 2).

The outline management plan proposals provided in the OLEMS (version 6, deadline 4a) describe that firstly construction activities will
be coordinated with local farmers to seek to avoid key crops utilised by foraging pink-footed geese in the core winter period. Where
that is not possible, additional food resource would be provided, within a location within the Project Order Limits therefore it is intended
that no additional land outside the Order Limits would be required to deliver this measure, further details of the proposals will be
developed post consent in conjunction with Natural England as set out within the OLEMS .
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1.5 Applicant’s Response to Action Point 9
ID \ Response to Action Point 9 from Issue Specific Hearing 5 Applicant Response
ISH5 AP9 | Consider amendments to the wording in the OLEMS and Outline | Section 6.14 of the Code of Construction Practice (document reference 8.1 version 6) and the corresponding section within the OLEMS
Code of Construction Practice (OCoCP) in relation to severed land | (document reference 8.10 version 6) has been updated accordingly in respect of the provisions relating to the use of severed land and
and the compensation potential for skylark and yellow wagtail. how this can be utilised for compensation for skylark and yellow wagtail.
Provisions for agreeing the extent of land which is impractical to farm and therefore will qualify as severed land under these sections
are set out in the voluntary Heads of Terms which have been secured with 95% of landowners along the ECC route. To date, the
Applicant has secured 42% of option agreements across the Onshore ECC which all contain provisions with regard to severed land. The
Applicant is therefore confident that agricultural land which will be temporarily severed due to the nature of the agricultural operations
in this area and the size of machinery required, would be able to provide the compensatory habitat required for the skylark and yellow
wagtail. The Applicant is therefore confident that the mitigation measures are secured and can be implemented.
Final details of the management measures for the severed land will be set out in the final Ecological Management Plan to be submitted
under Requirement 12 and approved by the LCC in consultation with the relevant parties set out in that Requirement, as secured within
section 3.7.5 of the OLEMS (document reference 8.10 version 5) .
1.6 Applicant’s Response to Action Point 10
ID \ Response to Action Point 10 from Issue Specific Hearing 5 Applicant Response
ISH5 Assess the wording of the relevant documents to either improve | The Applicant has commitment to delivering a net gain in biodiversity, is set out in paragraph 105 - 106 of 9.5 Biodiversity Net Gain
AP10 the commitment to achieving a degree of biodiversity gain or to | Project Principles and Approach (APP-302).
indicate where in the submitted documentation this
commitment is already secured. The commitment reads as follows:
“If there is a shortfall in overall biodiversity units from any metric type (habitat, hedgerow, or river), as a result of the Project, offsite
habitat enhancement to deliver an overall net gain for the Project will be agreed and incorporated.
The delivery of offsite enhancements will be secured through an agreement between the Applicant, or it’s agent and the
landowner/responsible body.”
To provide certainty that this commitment is secured, the same wording has been added to the new section 9 of the update version of
the OLEMS, submitted at Deadline 4a.
1.7 Applicant’s Response to Action Point 11

Response to Action Point 11 from Issue Specific Hearing 5

Applicant Response

ISH5
AP11

Consider any knock-on consequences for other documents
should a legal agreement be signed for the Ecological Steering

Group, Environment Compliance Officer and Ecology

Enhancement Fund

Should a s106 agreement be entered into the following provisions within the OLEMS will be updated to reference the provisions
currently set out in the draft agreement namely:

®  Section 3.9.1.1. Compliance Audits to be updated to reference the role of the Environmental Compliance Officer
= References to external review group in section 3.9.1 will be updated to refer to the Ecological Steering Group
= References to the Ecology Enhancement Fund will be included where biodiversity net gain commitments are currently set out
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1.8 Applicant’s Response to Action Point 12

Response to Action

Applicant Response

Point 12 from Issue

Specific Hearing 5

ISH5 Provide a | The table below provide a detailed list of all infrastructure types, both temporary and permanent, and details how they impact upon the different agricultural land classification
AP12 breakdown of the | (ALC) grades across the Project Order Limits (assessed on a worst case basis).
predicted
Agricultural Land | For context, these have also been presented as percentages of the latest regional and national Utilised Agricultural Area (“UAA”)1 2 3.
Classification (ALC)
rade for the
Eermanent Total Area by Impact Provisional ALC Grade Areas (Ha) Ha f:g?oizrlcjzf]ge of ﬁ:;;?;:\i?ﬁfi
infrastructure and
habitat Grade Grand
enhancement and | LInfrastructure Type and Impact 1 Grade 2 | Grade 3 | Ungraded | Total 1,172,000.00 Ha 8,746,899.82 Ha
disturbed / | | Total Area Of Onshore Order
undisturbed land. Limits 477.29 184.10 181.23 12.79 855.41
Disturbed 244,32 | 118.00 | 106.95 0.00 469.27 0.040% 0.0054%
Permanent Impact 36.28 0.06 0.14 0.00 0.003% 0.0004%
Infrastructure 16.24 0.06 0.14 0.00 16.44 0.001% 0.0002%
Habitat Enhancement 20.04 0.00 0.00 0.00 20.04 0.002% 0.0002%
Temporary Impact 208.04 | 11794 | 106.82 0.00 432.79 0.037% 0.0049%
Infrastructure 208.04 | 117.94 | 106.82 0.00 432.79 0.037% 0.0049%
Undisturbed 232.85 66.16 74.33 12.79 386.13 0.033% 0.0044%
477.17 | 184.16 | 181.29 12.79 855.41
The table shows that of the total Order Limit area of 855.41 Ha, on a worst case assessment up to 36.48 Ha will be permanently impacted. Of this 16.44 Ha will be resulting from
permanent project infrastructure, and 20.04 Ha as a result from landscape planting / habitat enhancement. It is important to recognise that these values represent a maximum
design scenario. The low resolution of the Provisional ALC mapping data does not distinguish between various current land uses, such as existing roads, farm tracks, hedges, and
watercourses, all of which contribute to a reduction in available agricultural land. Upon completion of the detailed project design and comprehensive soil surveys, it will be possible
to account for these finer details. This will demonstrate that the actual impact on land in agricultural use is less than indicated in the table above.
In addition to the above permanent infrastructure, a further 432.79Ha will be temporarily disturbed, whilst the remaining 386.13 will remain undisturbed. Areas within the Order
Limits which are classed as undisturbed include; sections subject to trenchless construction techniques, where there will be no need to disturb the ground surface (excluding haul
roads), and the temporary duct storage area, where again, surface excavation would not be required.

1 Agricultural Land Use in United Kingdom at 1 June 2024, Defra, 2024. Available at:
2 Agricultural facts: East Midlands region, Defra, 2024. Available at:

(accessed 25.02.2025)
(accessed 25.02.2025)

3 Agricultural Land Use and Crop Areas in England at 1 June, Defra, 2025. Available at:

(accessed 25.02.2025)
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Applicant Response

In preparing the response to this Action Point, the Applicant has identified an inaccuracy in the reported value of permanently lost agricultural land within ES Chapter 25: Land Use
(AS1-050) and Chapter 29: Socio-Economic Characteristics (APP-084). Both chapters reported a permanent loss of 26.38 hectares of agricultural land, whereas the correct figure is
36.48ha as shown above.

The conclusion of the assessment reported in Chapter 25 Land Use was that there would be a significant adverse effect using the adopted methodology. Whilst the area reported
as lost is increased, that does not change the conclusion in that chapter. The conclusions of the assessment reported in Chapter 29 Socio-Economic Characteristics has not changed
as a result of this increase in area, and continues to be a not significant effect. Both chapters have been revised and resubmitted at Deadline 4a to reflect the updated figure.
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1.9 Applicant’s Response to Action Point 13

Response to Action Point 13 from Issue Specific Hearing 5 Applicant Response
ISH5 Provide the updated plan for the revised figure 1.14 Q1 LU 1.2 | An updated version of The Applicant’s Response to the Examining Authority’s Written Questions 2 has been submitted at this deadline
AP13 which maps the routes considered. (document 21.2 version 2) which includes the updated plan for revised figure 1.14 Q1 LU 1.2.

Applicant’s Response to Action Point 14

ID Response to Action Point 14 from Issue Specific Hearing 5 Applicant Response
ISH5 Engage in discussions and provide a note of respective positions | The Applicant has outlined its position on cable corridor width and micrositing within 22.2 The Applicant's Comments on Responses to
AP14 regarding the cable corridor width and ability for micro-siting. the Examining Authority's Written Questions - Q2 LU1.3 and 22.4 The Applicant's Written Summary of Oral Case put at the Issue Specific

Hearing held on 12 February 2025.

The Applicant has met with TH Clements on Wednesday 12 February and subsequently on Wednesday 19t February and Thursday
20% February. The Applicant then sent TH Clements the Applicant’s position on cable corridor width in writing on the 20th February in
an attempt to reach agreements on this matter before D4a. The Applicant has not received feedback from TH Clements regarding this
matter and assumes that TH Clements will respond in writing to the ExA.

1.10 Applicant’s Response to Action Point 15

ID Response to Action Point 15 from Issue Specific Hearing 5 Applicant Response
ISH5 Consider additional wording to the drafting of the consultation | oSMP consultation
AP15 requirements with affected landowners to be set out in the Soil | It would not be practical to consult, in a timely manner, with every landowner and tenant on the content of final plans such as the CoCP

Management Plan (SMP) and provide a commentary note on this | and SMP on an individual basis. A decision was therefore made for the LIG, who represent 88.75% of landowners affected by the project,
and also on the issue of when after a period of heavy rain the land | to be the consultees.

would be able to accommodate heavy machinery on it.
Following ISH5, where TH Clements made a request to be a consultee, the Applicant has also committed in paragraph 3 of section 2.1
that the views of TH Clements and the LIG will be submitted to the discharging authority with the final CoCP and SMP. The outline
Organic Land Protocol (“oOLP”) has also been updated to mirror the requirement that the views of the LIG will be submitted to the
discharging authority with the final oOLP.

Heavy Rain/adverse weather

The oSMP Section 1.19 sets out requirements for soil handling in the event of adverse weather. The measures set out within this section
are derived from guidance within Code of practice for the sustainable use of soils on construction sites (DEFRA) and Good Practice
Guide for Handling Soils in Mineral Workings (1Q, 2021). In relation to soil handling after periods of heavy rain the following criteria
must be met before soil handling can recommence “If sustained heavy rainfall (e.g., >10mm in 24 hours) occurs, soil handling operations
must be suspended. Soil operations must not restart until the ground has had at least one full dry day or an agreed moisture criteria of
the soil can be met (such as ‘drier than the plastic limit’) as advised by the SCoW;”

After heavy rain, soils can become overly saturated and exceed their plastic limit, which can lead to compaction and soil structure
damage. Understanding the plastic limit and ensuring soils are below their plastic limit before handling ensures that soil handling

operations are conducted efficiently and safely, minimising environmental impact and ensuring structural stability.
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Response to Action Point 15 from Issue Specific Hearing 5

Applicant Response

It was noted during ISH5, that TH Clements requested it would be more appropriate that s1.19 be amended to state that ‘soil operations
must not restart until the ground has had at least one full dry day and an agreed moisture criteria of the soil can be met (such as ‘drier
than the plastic limit’) as advised by the SCoW;’ The Applicant maintains the position that this should be ‘or’ as currently drafted as this
follows best practice guidance within DEFRA Construction Code of Practice for the Sustainable Use of Soils on Construction Sites and
the Institute of Quarrying Good Practice for Handling Soils.

1.11

Applicant’s Response to Action Point 16

Response to Action Point 16 from Issue Specific Hearing 5

Applicant Response

ISH5 Clarification to be provided on the current f"md _futl,_lre role and In Autumn 2022, The Applicant was advised that a working group of land agents had formed known as the Land Interest Group (LIG)
AP16 status O,f the Land In'Ferest Group and an.y implications for the who represent 88.75% of landowners affected by the Project. To date the Applicant has used this forum to share project updates, to
appropriate consultation body for the outline SMP and oCoCP. develop Heads of Terms and to obtain feedback on application documents such as the oCoCP and the oSMP. Going forward, this group
will continue to be used for sharing project updates and obtaining feedback as and when required. The Applicant is of the opinion that
this group is very much needed through to the end of Examination and on-going in the lead up to construction to streamline
communication with landowners given there are over 160 interests affected by the Project. It would not be practical to consult, in a

timely manner, with every landowner and tenant on the content of final plans such as the CoCP and SMP on an individual basis

1.12  Applicant’s Response to Action Point 19

Response to Action Point 19 from Issue Specific Hearing 5

Applicant Response

ISH5 Consider providing amendments to the wording of the Soil | The Applicant has amended the paragraph 92 of the oSMP (document 8.1.3) to clarify that the approach proposed by the Applicant of
AP19 Management Plan to ensure there is no deterioration of the ALC | reinstating land to its pre-development quality as far as is reasonably practicable will result in the land being returned to its baseline
grade, whilst also safeguarding the need to restore soil profiles to | agricultural land classification, and is therefore in compliance with NPS EN-5 paragraph 2.9.25 as it relates to mitigating effects on ALC
their pre-construction condition. grade land.
1.13  Applicant’s Response to Action Point 20

ISH5
AP20

Response to Action Point 19 from Issue Specific Hearing 5
Amend wording in the CoCP to remove the ‘where practical’
tailpiece in regard to cable burial depth.

Applicant Response

The Applicant has at Deadline 4a updated 8.1 Outline Code of Construction Practice (revision 6) paragraph 109 to accommodate the
changes discussed at ISH5 and set out in 22.4 The Applicant's Written Summary of Oral Case put at the Issue Specific Hearing held on
12 February 2025.

Revised wording has been shared with TH Clements and the revised wording has been updated to state ‘The cable shall be installed
300mm below any current drainage system or any alternative drainage system installed by the Applicant’ The Applicant has removed
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Response to Action Point 19 from Issue Specific Hearing 5 Applicant Response

the wording ‘where practical’ at the request of TH Clements but has, as set out at ISH5 (document 22.4) added ‘or any alternative
drainage system installed by the Applicant’ in order to account for drainage buried at significant depths. For example, this would be
relevant where land drainage outfalls can be up to 2m deep and it would not be practical for the Applicant to bury cables 300m below
this depth. In instances where this occurs, a post construction drainage scheme would be installed above the cable to ensure the
integrity of the land drainage in the field. The Applicant has been advised that TH Clements do not agree with the amendments that
have been made. The Applicant will continue proactive discussions with TH Clements.

1.14  Applicant’s Response to Action Point 21

Response to Action Points 21, from Issue Specific Hearing 5 Applicant Response
ISH5 Arrange discussions to investigate any disparities between their | The Applicant understands that TH Clements is now content with the approach to severed land within the oCoCP (document 8.1, version
AP21 respective assessments of severed land now that the relevant | 6). The Applicant had issued plans to the land agent for review pre ISH5, and following ISH5 on 12t February, TH Clements’ agent met
shapefiles have been reviewed with the Applicant on 19t February to review the indicative severed land plans and jointly marked up plans which show the indicative

area of severed land to be 42.9 acres for the land in which TH Clements either own or occupy. The Applicant awaits confirmation from
the agent that they are in agreement with this figure.

1.15 Applicant’s Response to Action Point 23

Response to Action Point 23 from Issue Specific Hearing 5 Applicant Response
ISH5 Confirm how the final documents will take account of the | The Outline Air Quality Management Plan (AQMP) (document 8.1.2, version 2) has been updated to confirm that the construction dust
AP23 detailed construction data once the Principal Contractor is | assessment will be revised as part of the final AQMPs for each stage of the onshore transmission works. This revision will incorporate
appointed and will account for evolving best practices in relation | detailed construction data once the Principal Contractor is appointed and will reflect evolving best practices in dust mitigation and
to dust contamination. control.

1.16 Applicant’s Response to Action Point 26

Response to Action Point 26 from Issue Specific Hearing 5 Applicant Response
ISH5 Respond to Natural England’s recommendations regarding the | See response to 22.2 The Applicant's Comments on Responses to the Examining Authority's Written Questions 2, Document 22.2, Q2
AP26 Peat Management Plan LU 1.5.

1.17 Applicant’s Response to Action Point 27

Response to Action Point 27 from Issue Specific Hearing 5 Applicant Response
ISH5 Respond to the argument put forward by TH Clements in regard | See response to 22.2 The Applicant's Comments on Responses to the Examining Authority's Written Questions 2, Document 22.2,
AP27 to climate change and the increased frequency of heavy rainfall | section 2.3 Applicant’s Comments on T.H. Clements Responses to ExXA WQ2 — Q2 LU1.12

event will leave less time for land to drain
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ISH5
AP28

Response to Action Point 28 from Issue Specific Hearing 5
Applicant to examine the wording of their response to ExQ2 DCO
1.2 and clarify the extent of external independent reviews of the
OnSS design that will be undertaken as part of the detailed design

process.

Applicant Response

Post-consent, ongoing consultation will involve Lincolnshire County Council (LCC), the Community Liaison Group (CLG), the Local Design
Panel, the Design Review Panel (DRP) and local landowners. The Local Design Panel includes representatives from the CLG and LCC. The
DRP is a separate and external independent review group who were appointed by the Applicant in June 2024 to provide impartial
feedback on the design of the onshore substation. This involved a design review session, with a site visit to a selection of the LVIA
viewpoints around the onshore substation, followed by a workshop session to discuss issues relating to the onshore substation design
more fully. The Applicant proposes to continue engagement with the DRP by instructing a DRP review at critical stages in the
development of the detailed design.

The number and frequency of these engagements will be determined by the evolution of the design process, with an anticipation that
the DRP’s feedback will be most valuable at stages when options are being explored, for example the design of the roof structures, the
application of colour on the buildings, and the interaction between landscape and built form.

The Applicant proposes to update the Design Approach Document (DAD) (REP4-075) for the Deadline 5, which will further outline an
indicative process for post-consent consultation with all interested parties, including the DRP. The Design Principles Statement (DPS),
Table 3.1 will also be updated to ensure the commitment to this review process is further secured. The Applicant will engage with LCC
ahead of Deadline 5 to ensure they are in agreement with the wording of the updated DAD.

The DPS is currently secured under Requirement 9 of the dDCO (document 3.1, version 8). The Applicant is proposing to commit the
process as outlined above, by including the DAD as a secured document. The dDCO has been updated with this commitment at Deadline
4a.

At ISH 5, under Agenda Item 3.6, a discussion was recorded regarding how the Applicant planned to secure good design [Agenda Item
3.6, page 47 — 51 of Document 22.4]. Despite there not being an action point on this issue included in the Planning Inspectorate’s
‘Hearing Action Points’ [EV9-001], the Applicant considers this issue requires further explanation and, as such, has included the
following written response to outline the Applicant’s plans with regard to securing good design.

In response to feedback from the Planning Inspectorate through the Examination Process, updates were made at Deadline 4 to the
Design Approach Document (DAD) [REP 4-075] and Design Principles Statement (DPS) [Rep 4-077] and further updates are to be made
at Deadline 5. These updates clarify the process through which good design will be secured.

The route to good design is embedded in the draft DCO [Rep 4-008], starting with Requirement 9 (1), which requires that the Applicant
produce detailed design covering the layout, scale, building elevations and external appearance of the onshore substation. Requirement
9 (3) then requires that the detailed design will be in accordance with the DAD and DPS produced by the Applicant. (At Deadline 4a the
Applicant has updated Requirement 9(3) of the draft DCO so that the design details specified in Requirement 9(1), also must be in
accordance with the DAD). As Requirement 9 (1) stipulates that the construction of the onshore substation will not commence until
the detailed design has been submitted and approved by Lincolnshire County Council (in consultation with the relevant planning
authority), the onus is on the Applicant to ensure good design is delivered, following the process and principles set out in the DAD and
DPS, and implemented through the careful consideration of the detailed design.

Securing good design will require close collaboration and consultation with Lincolnshire County Council, as well as engagement with
the Design Review Panel, Community Liaison Group and independent Design Review Panel. This will ensure an open and transparent
process and will give interested parties the opportunity to provide feedback at important stages of the detailed design.
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Response to Action Point 28 from Issue Specific Hearing 5 Applicant Response

The DAD and DPS combine to ensure that the emerging detailed design for the onshore substation will comply with current policy on
good design, with Section 1.2 of the DPS setting out how the project has taken on board the Planning Inspectorate’s ‘Advice on Good
Design’ and Section 3.2 of the DAD setting out how the project’s process fulfils design guidance set out in the National Policy
Statements. Furthermore, page 48 to 52 of the Policy Compliance Document (REP4-090) and Table 6-6 of the Planning Statement (APP-
297) sets out how 4.7 of EN-1 (Criteria for good design for Energy Infrastructure) are complied with through the approach taken by the
Applicant.

Should the DCO be granted, the above route map will ensure that the Applicant, and those it instructs and employs, will be required to
comply with the DCO and hence ensures that good design is secured.

1.19 Applicant’s Response to Action Point 29

Response to Action Point 29 from Issue Specific Hearing 5 Applicant Response
ISH5 AP | LCC to provide a list of consented orders that include a table | The Applicant’s position remains as outlined in The Applicant’s Written Summary of Oral Case Put at Issue Specific Hearing 5 held on
29 listing the ‘relevant planning authority’ and both parties to have | 12 February 2025 that amending the DCO as suggested by LCC does not address their concerns regarding being able to enforce the
further discussions and update the ExA on this matter. relevant provisions of the DCO. To address this issue, the Applicant has proposed a new Article 48 (Transfer of functions of the relevant

local planning authority) which provides for the transfer of enforcement functions under Part 8 of the Planning Act 2008 of the relevant
local planning authority to Lincolnshire County Council, for the purposes of the Outer Dowsing Offshore Wind Farm Order only, in
respect of certain specified articles and requirements.

1.20 Applicant’s Response to Action Point 30

Response to Action Point 30 from Issue Specific Hearing 5 Applicant Response
ISH5 Applicant to update and check the wording of works plans to | The Applicant has at Deadline 4a submitted an updated Works Plan Onshore (document 2.1, version 4), and Works Plan Offshore
AP30 match the wording within Schedule 1, Part 1 (document 2.2, version 4), to align with the wording within 3.1 Draft Development Consent Order, Schedule 1, Part 1.

1.21 Applicant’s Response to Action Point 32

ID \ Response to Action Point 32 from Issue Specific Hearing 5 Applicant Response

ISH5 Applicant to provide confirmation of work Nos that it proposes to | Work No. 23, as set out in the draft DCO (document 3.1, version 8), covers ‘landscaping works including bunding and planting, drainage

AP32 maintain for the lifetime of the project and expand on the | works, and formation of footpaths and access’. The Applicant proposes that this Work No will be maintained for the lifetime of the
relationship between Requirements 10 and 11(2). LCC to be | Project, in respect of the final mitigation planting plan associated with the onshore substation, and the Outline Landscape and Ecological
consulted and to also provide a response in this regard. Management Strategy (OLEMS) (document 8.10, version 7) has been updated at Deadline 4a to provide further clarity on this.

Requirement 10 of the draft DCO (document 3.1, version 8) requires the Applicant to submit a landscape management plan(s) and
associated work programme(s), which will present the detail regarding the implementation of the replacement planting and will also
detail the works required for the management and maintenance of Work Nos 23 over the lifetime of the project, with guidance on the
implementation of adaptive management that will be necessary to respond to our changing climate.

Requirement 11(1) of the draft DCO requires that all landscaping works are carried out in accordance with the landscape management
plan(s) approved under requirement 10 (provision of landscaping), and in accordance with the relevant recommendations of
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Response to Action Point 32 from Issue Specific Hearing 5 Applicant Response

appropriate British Standards. Requirement 11(2) then goes on to set out that unless the approved landscape management plan(s)
require something different, the Applicant is required to replace any planting within a period of five years after planting, where
specimens have died, are seriously damaged or diseased or have been removed. This commitment applies to all planting associated
with the Project, including planting proposed at the landfall, along the onshore cable corridor and around the onshore substation.

Landscape management at the landfall and along the onshore ECC will cover a five year period. Landscape management at the onshore
substation will cover the lifetime of the Project. In respect of all onshore infrastructure, including the landfall, onshore ECC and onshore
substation, there will be a five year replacement planting period. There is a difference between landscape management generally and
what is to be done to trees which die within the first 5 years. The landscape management plan for the onshore substation will provide
details of the measures that will be employed to maintain the landscaping forming part of Work No. 23 for the lifetime of the
development to ensure appropriate screening remains in place, however, it would not necessarily be appropriate to replace trees
beyond the five-year period set out in Requirement 11(2). This is because beyond five years the potential for plant failures to arise
reduces notably. Moreover, five years marks the point at which thinning of planting will be undertaken to ensure the healthiest
specimens are given the space required to establish more strongly. Damaged, diseased and dead plants will be removed as part of the
thinning process but would not be replaced as overstocking would hamper the continued development of the stronger plants emerging.
Requirement 11(2) does not therefore provide for replacement planting of the landscaping forming part of Work No. 23 for the lifetime
of the Project. Appropriate ongoing maintenance will be secured in the landscape management plan to be submitted and approved
under Requirement 10.

The Applicant has shared this response with LCC and can confirm at they are in agreement with the approach in principle, but will await
reviewing the OLEMS (document 8.10, version 7) once submitted at Deadline 4a for final confirmation.

1.22  Applicant’s Response to Action Point 33, 34 and 35

Response to Action Point 33, 34, 35 from Issue Specific Hearing 5 Applicant Response

ISH5 Applicant and MMO to set out why there is such a gap in their | The Applicant has continued to engage with the MMO in relation to this matter, including most recently at a meeting on 20 February

AP33 relative interpretations of Article 6 and what further steps each | 2025. The Applicant considers that this is a matter on which the Applicant and the MMO are unlikely to reach agreement by the close
party will undertake to reach agreement prior to the close of the | of the Examination. Following the meeting on 20 February 2025, the Applicant and the MMO agreed the following statement:
examination.

The Applicant and the MMO have continued to engage in relation to their differing views on the inclusion of Article 6 (Benefit of the
Order) of the Development Consent Order, including most recently at a meeting on 20 February 2025. Both parties acknowledge that
provisions similar to those set out in Article 6 have been included in numerous previous DCOs for offshore wind farms. However, the
Applicant and the MMO disagree on the principle of whether such a mechanism ought to be included in DCOs. The Applicant and the
MMO consider it unlikely that a resolution will be reached in respect of this issue prior to the close of Examination.

The Applicant has set out its position and summarised its understanding of the key difference in views between the Applicant and the
MMO at reference 1.3.3, Applicant’s Comments on Deadline 4 Submissions (22.3).

ISH5 Applicant and MMO to seek alignment of the wording in | The Applicant notes that the wording of requirement 29(2) is substantially the same as the wording in paragraph 9 of Part 2, Schedules
AP34 paragraph 29 of Schedule 1 with the wording set out in the DMLs. | 10-15 and paragraph 8 of Part 2, Schedule 16, which is stated to be agreed in the MMO’s Deadline 4 submission (REP4-129). Following
discussions with the MMO at a meeting on 20 February 2025, the Applicant understands that this issue is now resolved.
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Response to Action Point 33, 34, 35 from Issue Specific Hearing 5 Applicant Response

ISH5 Applicant and MMO to provide reports updating on their most | The Applicant and the MMO have had two further meetings on 20 and 24 February 2025 to discuss the outstanding matters between
AP35 recent discussions following the meeting proposed to be held | the parties. Table 2 of the Applicant’s Comments on Deadline 4 Submissions (22.3) responds to each of the points raised by the MMO
after the hearings. including identifying, where appropriate, the areas in which matters have progressed as a result of these further discussions.
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2 The Applicant’s Response to Action Points from ISH 6

2. This section is provided in response to Action Points arising from ISH 6 held on Thursday 13
February 2025.
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Applicant’s Response to Action Point 2
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ISH6 AP2

Response to Action Point 2 from Issue Specific Hearing 6

Tables 12.25 and 12.27 whether the final 2 columns should refer
to the construction phase percentage increase in baseline
mortality, or whether those final two columns should instead
refer to the operation and maintenance phase, and amend, if
required, in the updated version of ES Chapter 12 that is due to
be submitted.

Confirm in Environmental Statement (ES) Chapter 12 [AS1-040]

Applicant Response
The Applicant has amended Tables 12.25 and 12.27 in the updated version of Chapter 12 Offshore and Intertidal Ornithology (Document
Reference 6.1.12, V3 submitted at Deadline 4A)

1.24  Applicant’s Response to Action Point 3

ID \ Response to Action Point 3 from Issue Specific Hearing 6 Applicant Response

ISH6 AP3 | Confirm that the second and third columns of Tables 7.1 and 7.2 | The Applicant has updated Tables 7.1 and 7.2 to correct the table labels in the updated version of Without Prejudice Additional
of the Without Prejudice Additional Measures for Compensation | Measures for Compensation of Guillemot and Razorbill (Document Reference 7.7.6, V3 submitted at Deadline 4A).
of Guillemot and Razorbill [REP4-065] that give potential
compensation figures for guillemot and razorbill based on a ‘high’
or a ‘low’ compensation scenario have been labelled incorrectly.

1.25 Applicant’s Response to Action Point 4
ID \ Response to Action Point 4 from Issue Specific Hearing 6 Applicant Response
ISH6 AP4 | RSPB to submit the following two papers into this Examination: | The Applicant notes that this was an action formally directed at the RSPB but the Applicant has provided the two papers requested in

e Madsen et al (2015) ‘Renewable energy developments in
an uncertain world: the case of offshore wind and birds in
the UK’

e Searle et al (2023) ‘A framework for improving treatment
of uncertainty in offshore wind assessments for protected
marine birds’.

Appendix 5 of this document, in order to assist the Examining Authority and will provide further commentary as appropriate at Deadline
5.

The Applicant notes that the papers identify causes of uncertainty in assessment and advocates for next steps to be taken in reducing
the level of uncertainty in assessments to improve decision-making. The Applicant does not dispute that there are uncertainties in the
assessments — this is an inherent feature of environmental assessments, is recognised in the Infrastructure Planning (Environmental
Impact Assessment) Regulations 2017 through the requirement to identify “details of difficulties (for example technical deficiencies or
lack of knowledge) encountered compiling the required information and the main uncertainties involved, which the Applicant has done
throughout the assessment.

The Applicant and Natural England disagree on the level of precaution which should be applied in order to address these uncertainties.
The Applicant maintains that it has applied an appropriate level of precaution throughout the assessment, proportionate to the level
of uncertainty in the assessment. In this regard the Applicant makes the following observations.

Searle et al (2023) states at page 2:

“In impact assessments, following the precautionary principle, the degree of precaution applied should be proportional to the extent of
scientific uncertainty, but due to mistreatment of uncertainty, precaution may often be applied incorrectly.”

The Applicant agrees with this statement and confirms that it has applied a suitable level of precaution across the assessments.

Searle et al goes on to explain the challenges with layering precaution on precaution, as the Applicant has highlighted throughout the
Examination at page 9 (emphasis added):
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Applicant Response

Response to Action Point 4 from Issue Specific Hearing 6

“End-to-end propagation of uncertainty

Additional structural uncertainty may arise within the framework either if there are impacts other than those currently considered within
the assessment process or if components between the tools interact. For example, displacement and collision risks are assessed
independently and their impacts are added together, which ignores any biological interaction between the movement and the
behavioural processes that underpin displacement and collision effects. At present, precaution can be magnified through this process,
with precautionary outcomes from each stage of the assessment (Figure 2) compounded together.”

Finally, Searle et al concludes by warning of the consequences of failing to correctly recognise and quantify the level of uncertainty in
models and data and that this results in “poorly informed decision-making where the rationale is unclear, rather than providing
transparent, objective, evidence-based decision-making informed by proportionate risk assessment. It is therefore imperative that we
undertake ornithological [offshore renewable energy development] impact assessments with properly quantified uncertainty to inform
the appropriate degree of precaution.”

1.26  Applicant’s Response to Action Point 5

Response to Action Point 5 from Issue Specific Hearing 6

Applicant Response

ISH6 AP5 | Provide any updates required in relation to the reduction of lead-

in times for guillemot and
Structure(s)

razorbill at Artificial Nesting

The Applicant has provided a response to this action in Appendix 1 of this document - "Lead-in periods for guillemot and razorbill on
ANS”.

1.27 Applicant’s Response to Action Point 6

Response to Action Point 6 from Issue Specific Hearing 6

Applicant Response

ISH6 AP6 | Provide a note to clarify the meaning of the use of ‘best
endeavours’ in regard to the updated wording provided in
paragraph 42 of [REP4-084] and paragraph 30 of [REP4-086]

The Applicant has considered this question and provided a response in detail in Document 22.7, Clarification Note: Meaning and use of
Best Endeavours.

1.28 Applicant’s Response to Action Point 7

Applicant Response

Response to Action Point 7 from Issue Specific Hearing 6

ISH6 AP7 | Applicant and MMO to provide an update on their respective
positions in respect to the spread of Invasive Non-Native Species
following their upcoming meeting

The Applicant has updated the Offshore In Principle Monitoring Plan (document reference 8.03) at Deadline 4A to include monitoring
of INNS, as requested by the MMO.

1.29 Applicant’s Response to Action Point 8

ISH6 AP8

Response to Action Point 8 from Issue Specific Hearing 6
In response to the MMOQO's concern mentioned in Section 3.2,
paragraph 3.2.1 of [REP4-129], the Applicant will signpost and

provide further information

regarding the assessment of

Applicant Response
The Applicant has responded to the MMOQ’s concerns in The Applicant's Comments on Deadline 4 Submissions (Document Reference
22.3, submitted at Deadline 4A)
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ID \ Response to Action Point 8 from Issue Specific Hearing 6 Applicant Response

potential impacts from sediment mobilised due to erosion | As outlined in Section 7.12.2.2 of Chapter 7 Marine Physical Processes (APP-062), scour around foundations will be limited by the

occurring during scour development. installation of scour protection where required for engineering purposes (as outlined in Chapter 3 Project Description (APP-058)). As a
result, potential impacts from the remobilisation of sediments due to erosion occurring during scour development are within the
envelope assessed for seabed preparation around foundations as they will occur within the construction phase and over a smaller
spatial footprint than seabed preparation activities. Elevated SSC is predicted to become indistinguishable from background levels
within several tidal cycles, and therefore sediment plumes are not considered additive.

1.30 Applicant’s Response to Action Point 10

ISH6
AP10

Response to Action Point 10 from Issue Specific Hearing 6
Applicant to provide an update to their approach to supporting
habitat and NE to respond to this approach.

Applicant Response

The Applicant has undertaken the analysis of supporting habitat for Sabellaria spinulosa with a view to defining areas where removable
cable protection could be deployed based on the advice provided by Natural England. This information was provided to Natural England
for review via email on the 18th February 2025, with a view to seeking agreement on the interpretations of the methodology and
results of the mapping exercise. The Applicant received feedback from Natural England related to this issue on 24 February 2025 which
it is considering.

The Applicant has proposed a commitment to the installation of removeable cable protection on the defined areas of supporting habitat
for S. spinulosa reef within the IDRBNR SAC as further mitigation for the impacts of the Project on the IDRBNR SAC at this deadline,
Deadline 4A (see change notification submitted by the Applicant on 20" February 2025 (Document Reference 21.22)).

The Applicant has updated the Outline Specification and Installation Plan (8.5) and the Outline Scour Protection and Cable Protection
Management Plan (8.21) to introduce this commitment.

131

Applicant’s Response to Action Point 11

ISH6
AP11

Response to Action Point 11 from Issue Specific Hearing 6
Applicant to provide an update on their proposed benthic
compensation measures, outlining those that they are proposing
to keep and those they are proposing to drop, with reasons.

Applicant Response

The Applicant welcomes alignment with Natural England on the appropriateness of the Applicants preferred primary measure of
compensation and the confirmation through the Written Ministerial Statement and associated interim guidance that the strategic
extension of Marine Protected Area will be delivered by Defra, should the Secretary of State (“S0S”) deem compensation necessary
for the Project.

It is expected that, should compensation be required in relation the IDRBNR SAC, then the measure to be used would be the strategic
extension of Marine Protected Areas delivered by Defra through the MRF.

However, it should be noted that until the SoS has made their decision on any necessary compensation, and detail on magnitude, cost
and timing on any MPA designation or extension delivered by Defra is available, it is prudent for the Applicant to retain the ability to
deliver other measures, even in the event there is a lack of agreement with Natural England on those measures the Applicant is
proposing to retain.

It will be for the SoS to make the final decision on which method will ultimately be delivered (if deemed necessary), noting the
Applicant’s full agreement with Natural England on the appropriateness in principle of Marine Protected Area designations and/or
extensions delivered by Defra.
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Applicant Response

The Applicant’s proposed compensation measures are set out below. On the basis of this, and in light of the ExA’s acceptance of
“Change 2” described in the Applicant’s Change Notification dated 20 February 2025, the Applicant will be updating the following
documents at Deadline 5:

- Without Prejudice Sandbank Compensation Plan (REP4-047);

- Without Prejudice Biogenic Reef Compensation Plan (REP4-049); and

- Without Prejudice Benthic Compensation Evidence Base and Roadmap (REP4-051).

Measures to be retained under Schedule 22 of the DCO

The Applicant proposes to keep the following measures within the DCO for the reasons outlined above, notwithstanding the current
status of agreement with Natural England:

e Anthropogenic Pressure Removal — Redundant Infrastructure

The Applicant’s position is that it would be possible to deliver this measure on a Project alone basis, as it has progressed conversations
with telecommunication owners and has received a letter of comfort from British Telecommunications PLC (BT), the main asset owner
(submitted at Deadline 2, REP2-063). The letter confirms that BT is supportive of the proposal to remove redundant
telecommunications cable systems within designated sites that are within its ownership, if this is required. This demonstrates that BT
would be willing to enter into an Out of Service Cable Recovery Agreement with the Project for such removal should such compensation
be deemed necessary. Any such future agreement will, among other things, identify which section/s of cable are to be removed.

e Anthropogenic Pressure Removal — Aggregate Industry Pressures

The Applicant’s position is that it would be possible to deliver this measure on a Project alone basis, as it has held initial conversations
with aggregate licence holders and notes Natural England’s previous support for this measure. The Applicant will update the ExA as
further updates are available on this measure.

e Creation of Biogenic Reef

The Applicant’s position is that it would be possible to deliver this measure on a Project alone basis. The Applicant has submitted a
Letter of Comfort into the examination process at Deadline 4 (Document Reference 21.17; REP4-122) from The Oyster Restoration
Company (TORC), which states that they are able to provide the necessary services that would be required for this compensation
measure, should it be required. This letter serves to provide confidence that adequate oyster seed and cultch can be provided to create
a self-sustaining native oyster reef to the scale that might be required on a worst-case assumption.

The Applicant also refers to the letter of Comfort from The Crown Estate (REP2-062) which confirms their ability to grant the rights
which are anticipated as being required in respect of the construction of the biogenic reef within territorial waters, assuming the

conditions set out in the letter can be met.

Measures to be removed under Schedule 22 of the DCO

It is acknowledged that there is significantly increased confidence in the availability of strategic delivery of the Applicant’s and Natural
England’s preferred measure through the MRF. Therefore, as proposed in the Change Notification of 20 February 2025 accepted by the
ExA, the Applicant is removing the following measures from the DCO:
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Response to Action Point 11 from Issue Specific Hearing 6 Applicant Response

e Alternative protection measures

The Applicant proposes to drop this Project alone measure from its proposed compensation measures considering the increased
likelihood of the availability of the agreed preferred measure through the MRF and the fact that the necessary alternative protection
measures required are beyond the control of the Applicant.

e Anthropogenic Pressure Removal and Marine Debris and Awareness campaign

The Applicant proposes to drop this Project alone measure from its proposed compensation measures considering the increased
likelihood of the availability of the agreed preferred measure through the MRF, noting Natural England’s position on the measure and
difficulties in delivery encountered by other projects.

e Seagrass Habitat Creation/Restoration

The Applicant proposes to drop this Project alone measure from its proposed compensation measures considering the increased
likelihood of the availability of the agreed preferred measure through the MRF, noting Natural England’s position on the very small
amount of compensation that this measure could (e.g. less than <10% of the required compensation and/or potential adaptive
management and only as a delivering that as part of a package of compensation measures). The Applicant also acknowledges the likely
difficulty in delivering this measure.

1.32  Applicant’s Response to Action Point 15

ID Response to Action Point 15 from Issue Specific Hearing 6 Applicant Response
ISH6 AP | Applicant to explain how the wake loss assessment methodology | The Applicant has provided this explanation in Document 22.8 The Applicant’s Wake Loss Methodology Clarification Note
15 differs from that considered for Mona Offshore Wind Farm.

1.33  Applicant’s Response to Action Point 17

Response to Action Point 11 from Issue Specific Hearing 6 Applicant Response
ISH6 AP | Provide an update on the requirement for the @rsted IPs | The Applicant has set out its explanation as to why protected provisions are not required in the Applicant's Comments on Responses
11 Protective Provisions. to the Examining Authority's Written Questions 2 (document reference 22.2 submitted at Deadline 4a) and the Applicant’s Written
Summary of Oral Case Put at the Issue Specific Hearing 6 held on 13 February 2025 (document reference 22.5 submitted at Deadline
43).

The Applicant’s Wake Loss Technical Note (REP4-114) shows that the Applicant has demonstrated that potential wake loss effects even
when considered on a precautionary basis cannot, in the context of the Project, be considered significant in EIA terms or materially
affect the overall planning balance. There is therefore no justification for the inclusion of protected provisions.
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AP19

Response to Action Point 19 from Issue Specific Hearing 6

Applicant to provide an update on discussions with the Defence
Infrastructure Organisation (DIO) regarding whether mitigations
for primary surveillance radar will be in place before 2030 when
the project might be operational, and provide drafting of the
related requirement.

Applicant Response

The Applicant wrote to the Defence Infrastructure Organisation (DIO) via e-mail requesting a meeting to seek further progress in
relation to mitigation for primary surveillance radar on 13 February 2025. The Applicant wrote the DIO again on 18™ February 2025
and provided a draft of the requirement included within the draft DCO at Deadline 4a (document reference 3.1, version 8) requesting
comments by Friday 215t February 2025 in order to provide an update to the ExA at Deadline 4a in response to this action. No responses
have been received from the DIO.

1.35

Applicant’s Response to Action Point 21

H Response to Action Point 215 from Issue Specific Hearing 6
ISH6AP21 | Add the DIO as a consultee for requirement 18 of the draft
Development Consent Order.

Applicant Response
The Applicant has provided an update to Requirement 18 in the draft DCO submitted at Deadline 4a (3.1).

1.36 Applicant’s Response to Action Point 22

ISH6 AP
22

Response to Action Point 22 from Issue Specific Hearing 6
Applicant to confirm whether the commitment expressed in table
3.1 of the updated Design Approach Document [REP4-075] to
construct a maximum of 50% of foundations as gravity-based
structures refers to the offshore construction area as a whole or
only to the construction of the Offshore Reactive Compensation
Platforms.

Alternatively provide signposting to where this confirmation can
be found in documents already submitted to this examination.

Applicant Response

Requirement 4(1), Part 3, Schedule 1 of the DCO requires that the maximum number of gravity base structure foundations must not
exceed 50% of the total number of wind turbine generators, offshore electrical installations, accommodation platform and offshore
artificial nesting structures combined.

On 20 February 2025, the Applicant submitted a Change Notification advising the ExA that it proposes to remove the option to install
gravity base structure foundations for the Offshore Reactive Compensation Platforms. The Applicant is not proposing to amend
Requirement 4(1) as a result of this change.
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Additional Requests from ISH 6

3. In addition to the Action Points raised during ISH 6, the requests below were made by the ExA of the Applicant. Responses to these requests are provided below.

ID \ Response to Action Point 22 from Issue Specific Hearing 6 Applicant Response

1 | Applicant to provide a post hearing note to set out how the Hornsea compensation methodologies | The Applicant has provided a response to this action in Appendix 3 - Compensation calculation at ‘additional
(03 and 04) apply across a suite of species and compensation measures south-west sites’.

2 | Annex 1 (NE HOWO04 and philopatry), submitting D4 WQ response again The Applicant has appended this to the resubmitted The Applicant's Responses to the Examining Authority's
Written Questions 2 (Document Reference 21.2, V2 submitted at Deadline 4A).

3 | Summary of the offshore ornithology calculations (NE vs applicant) - precaution note The Applicant has provided a response to this action in Appendix 2 - The effect of precaution in the
assessment of impacts and calculation of compensation

4 | Applicant to respond to NE requests in App K, if we can update assessments/ why not The Applicant has responded to Natural England’s Appendix K in The Applicant's Comments on Deadline 4
Submissions (Document Reference .22.3, submitted at Deadline 4A))
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Appendix 1 Lead-in periods for guillemot and razorbill on ANS

4.

10.

11.

12.

The Applicant has presented a without prejudice derogation case for guillemot and razorbill in the event that the Secretary of State concludes that
adverse effects on these species at the Flamborough and Filey Coast SPA cannot be ruled out.

For both guillemot and razorbill, the Applicant maintains that the Plémont Seabird Reserve can deliver the full requirement of compensation
based on the Applicant’s approach to calculating compensation. Any additional requirement would then be addressed through disturbance
reduction measures to be implemented at the suite of sites in Devon and Cornwall, for both species or through allocation of space on an ANS. The
Applicant has also allowed for compensation to be delivered through collaboration of through the Marine Recovery Fund (including predator
reduction measures) within the Development Consent Order. As such the Applicant notes that the question of lead-in periods for guillemot and
razorbill on ANS should be considered in light of the fact that this forms part of a package of proposed measure and is unlikely to be relied upon as
a sole measure, unlike the proposed kittiwake compensation.

Where compensation measures rely on the generation of new breeding pairs, Natural England advise that an appropriate lead-in period should be
in place so that measures can provide compensation at the point at which the impact begin. The provision of a lead-in period aims to reduce (but
cannot guarantee to eliminate) the accrual of compensation debt (a compensation debt is accrued where the level of compensation required has
not been generated by the compensation measure(s)).

The Applicant considers that a more appropriate and realistic approach to addressing potential accruals of compensation debt is to
overcompensate during the lifetime of the Project.

The Applicant has provided growth models within REP4-104 which show that, in the case of the Applicant’s approach with an ANS with 300 AONs,
the compensation provided for kittiwake over the anticipated approximate 35-year lifetime of the Project would outweigh the cumulative
requirement by over 800 birds.

Production of a comparison similar to that provided for kittiwake is not possible for auks. In REP4-104, colony growth and cumulative outputs (i.e.
the number of young surviving to adulthood summed over the years of operation) are compared against summed impacts (i.e. the annual impact
of the Project, summed over the years of its operation). For kittiwake, cumulative outputs have been modelled using an impact agreed with
Natural England and assuming all of the impact is addressed by the ANS. In the case of guillemot and razorbill, the impact has not been agreed
with Natural England and there are two other measures providing compensation. As such, the specific requirement from the ANS is unknown and
therefore cannot be compared to modelled outputs from the ANS.

Confidence that an ANS could provide adequate compensation for auks during the lifetime of the Project can be found from a study of an existing
ANS. Data from a bespoke ANS auk colony in the Baltic Sea demonstrates that colonisation and colony growth at an ANS can be rapid (Carlsen et
al., 2025) (much more so than for kittiwake). Using data from this ANS to inform a model that calculates the growth and outputs from the
proposed Project ANS suggests that a structure that can accommodate approximately 1,600 breeding pairs of guillemot would take approximately
13 years to reach capacity . The cumulative contribution of this structure over 35 years would be 10,702 adult birds; this value is just below the
cumulative summed impact for guillemot, based upon Natural England’s preferred approach to impact assessment and a 1:1 ratio, of 13,132 birds.

Data from the same auk colony suggest that razorbill colonisation and growth is slower than that of guillemot and that, at the point of a fully
established guillemot colony, a razorbill colony on the Applicant’s ANS may number approximately 400 pairs. An ANS accommodating a razorbill
colony of this scale would be within the design parameters proposed for the Project ANS and therefore the Applicant is confident that the ANS can
be colonised to full capacity. Razorbill impacts using the Applicant’s approach are 10.5 birds; razorbill impacts under Natural England’s approach
are substantially lower than that of guillemot (69 razorbills compared to 375 guillemot). The Applicant therefore considers that it is highly likely
that suitable overcompensation can be provided in order to offset any compensation debt accrued.

In summary, the Applicant maintains that a more appropriate and realistic approach to addressing potential accruals of compensation debt (as
opposed to a specific lead in time) is to overcompensate during the lifetime of the Project. The Applicant is confident that, based on published
colonisation data for auks, should compensation be required for these species, in addition to that which can be delivered by predator eradication
measures at the Plemont Seabird Reserve and the disturbance reduction measures at the suite of south-west English sites, this can be provided by
a Project ANS.
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Appendix 2 The effect of precaution in the assessment of impacts and calculation of compensation

13. The levels of precaution introduced within each stage of the assessment, apportioning process and subsequent calculation of compensation

guanta, have been discussed in REP2-057, REP3-059 and within subsequent responses to written questions and submissions.

14. In order to illustrate how precaution is introduced, the Applicant has provided a worked example using the guillemot assessment; this example
highlights the effect that introducing each element of precaution has on the outcomes of the assessments and the calculation of compensation.

15. Precaution is introduced into assessments as mitigation against scientific uncertainty; the levels of precaution used should be proportionate to the
levels of uncertainty, in line with the purpose of the precautionary principle.

16. The Applicant maintains that the levels of precaution used in the Applicant’s approach, within both the impact assessment and the compensation
calculations, are suitably evidence based and proportionate to the levels of uncertainty; whereas using the Applicant’s understanding of Natural
England’s preferred approach results in levels of compensation calculated which are significantly disproportionate.

17. Using the Applicant’s approach to impacts, an annual impact of 18.2 guillemots has been predicted. Using the Applicant’s preferred approach to
compensation calculation (Hornsea Four) results in a compensation requirement of 75 breeding pairs.

18. Table 2 presents the effects that introducing each additional level of precaution recommended by Natural England has on the impact, both
individually and in-combination, with the other already applied elements of precaution.

Table 1. Effects of precautionary elements in the impact assessment for guillemot

Element of Precaution  Applicant Natural England Individual effect Individual effect of Effectincombination | Combined precaution
approach approach of using Natural using Natural with other precaution
England rate on England rate on applied (percentage
Applicant Applicant approach increase inimpact)
approach (percentage
(increase increase in impact)
impact
Density estimate Mean estimate UCI estimate 7.6 41.7% - -
Bioseasons Furness 2015 Furness 2015 + | 30 164.9% 330.1% NE bioseasons + UCI
bespoke post-
breeding
bioseason
Apportioning to SPA - | 50% 100% 47.3 259% 452.3% NE bioseasons + UCI +
breeding and post- NE Apportioning
breeding
Adult proportion 57% 100% 12.2 67.2% 636% NE bioseasons + UCI +
NE Apportioning + NE
ad proportion
Displacement rate 50% 70% 7.3 40% 932% NE bioseasons + UCI +
NE Apportioning + NE
ad proportion + NE
displacement
Mortality rate 1% 2% 18.2 100% 1962% NE bioseasons + UCI +
NE Apportioning + NE
ad proportion + NE
displacement + NE
mortality

19. As presented in Table 2, the additional precaution advised by Natural England for the assessment stage alone increases the impact by 1,962% from

that predicted by the Applicant’s precautionary approach.

20. Table 3 presents how the compensation calculation stage further amplifies this precaution. In Table 3, the outputs of Natural England’s preferred
approach to calculating compensation are compared to the Applicant’s predicted compensation requirement at ratios of 1:1, 2:1 and 3:1. The

example uses the impact derived from the Natural England preferred approach for assessment and compares the compensation outputs with
those derived from the Applicant’s approach to impact assessment and to compensation calculation.

Table 2. Effects of use of precautionary compensation calculation method (Hornsea 3 part 2) when compared to the Applicant’s approach which

requires compensation of 75 breeding pairs.

Compensation requirement (pairs) Percentage increase on Applicant’s

approach

Compensation increase from 5,222.1 7,062.9%
Applicant approach using NE

approach (1:1)

Compensation increase  from 10,444.3 14,125.7%
Applicant approach using NE

approach (2:1)

Compensation increase from 15,666.4 21,188.6%
Applicant approach using NE

approach (3:1)
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Table 3 shows that, using Natural England’s preferred approach for calculating compensation, the compensation requirement increases by 7,063%

at a 1:1 ratio and by 21,119% when a 3:1 ratio is applied. The Applicant maintains that a compensation requirement of 15,666 pairs of guillemot to
compensate for impacts that the Applicant has precautionarily calculated to be 18.2 birds per year is entirely inappropriate.

1.36.1 Areas of greatest amplification

22.

23.

24.

Across the whole process, the use of Natural England’s preferred approach to compensation calculation has the greatest single effect on the
compensation requirement calculated for guillemot and razorbill.

Within the assessment process, the addition of the bespoke post-breeding bioseason (along with the bespoke apportioning rate to be used of
68.5%) has the greatest single effect on the impact calculated. Other precautionary elements of the assessment also have substantial impact on
the assessment, with the use of Natural England’s preferred apportioning, adult proportion and mortality rate each effectively doubling the
impact. Removing these two precautionary elements (i.e. calculating compensation using Natural England’s approach across the piece but with the
Applicant’s bioseasons and the Applicant’s compensation calculation (using the Hornsea Four approach)) reduces the compensation required, at a
1:1 ratio, from 3,224 (UCl impact) or 2,352 (mean impact value) pairs of guillemot to 948 (UCl impact) and 683 (mean impact value) pairs of
guillemot. The Applicant still considers this to incorporate an unreasonable level of precaution.

For razorbill, there are a number of parameters that have a substantial impact on the assessment. Use of the published apportioning rate for the
post-breeding bioseason (as opposed to the bespoke rate advised by Natural England) reduces (mean) impacts from 68.9 birds to 48.4. Increasing
the mortality rate from 1% to 2% doubles any impacts and the use of Natural England’s precautionary adult proportion of 100% (as opposed to the
57% published in Furness 2015) increases impacts from 38.9 to 68.9 birds. Using the Applicant’s approach in each of these scenarios reduces the
compensation required (calculated using the mean impact value and using the Hornsea Four approach) from 424.8 (Natural England’s preferred
approach) pairs to 298.4 pairs (using the Furness post-breeding bioseason apportioning rate), 212.7 pairs (using the 1% mortality rate) and 242.3
pairs (using the Furness adult proportion). Using the UCl value, the respective reductions would be from 667.1 pairs to 433.3 pairs (using the
Furness post-breeding bioseason rate), 366.0 pairs (using the 1% mortality rate) and 379.8 pairs (using the Furness 2015 adult proportion). Table 2
and 3 demonstrate both the influence that individual elements of precaution can have in calculating impacts and compensation requirements, and
how multiple incidences of precaution can amplify impacts or compensation requirements. The Applicant considers that their approach to
predicting impacts and calculating compensation is suitably precautionary (as evidenced in REP2-057 Levels of precaution in the assessment and
compensation calculations for offshore ornithology, REP2-058 Consideration of bioseasons in the assessment of guillemot and REP2-059 Rates of
displacement in guillemot and razorbill) and that the additional multiple layers of precaution advised by Natural England is not required in this
case.
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Appendix 3 Compensation calculation at ‘additional south-west sites’

25. Guillemot and razorbill colonies in the south-west of England have been selected from a long list of potential sites for without prejudice compensation for
impacts to FFC SPA from the Project (Table 51). Of these sites, five colonies were selected to form the basis of a potential compensation implementation plan.
These sites have been monitored throughout the 2024 breeding season to better understand how the sites are used by both species, potential sources of
anthropogenic disturbance, and identify other key pressures such as predators and incidences of habitat loss through vegetation encroachment.

26. Unlike ANS, where potential benefits can be calculated by multiplying the number of available nests by a standard productivity rate, consideration of the
potential benefits from the proposed measures in the south-west is more complex.

27. As the presence of pressures can impact both productivity and the size of a colony (to the point of total collapse in some cases), the calculation of the benefits
of the proposed measures must consider both productivity and population. A reduction in anthropogenic disturbance is highly likely to have positive impacts
on both parameters.

28. The methods used to calculate the benefits of the south-west compensation measures (measured in increased population and productivity) are outlined below
and are based on productivity and colony size. It should be noted that the success of, or the need for, adaptive management (as opposed to the benefit) should
be measured through a reduction in the levels of disturbance around sites.

29. To estimate compensation, each site requires:

A population (in breeding pairs — i.e. the count of individual birds of each species multiplied by 0.667; Walsh et al., 1995).

Productivity for the colony (a colony-specific rate generated from recent data).

30. Historical and current site populations were taken from the Seabird Monitoring Programme (SMP) database (BTO, n.d.). Site-specific survey data were also used
to determine site populations.

31. Projected regional productivity rates for guillemot (0.82) and razorbill (0.64) (Horswill and Robinson, 2015) have been used to calculate the compensation
potential at each site. Current site-specific productivity rates (based on 2024 monitoring) have been used to calculated existing productivity at the selected
sites.

32. Where productivity has been monitored at a site during the 20204 surveys and no productivity has been recorded, (i.e. productivity data were collected, but no
young were fledged), expected productivity rates have been applied to the highest known colony count to calculate potential outputs from that site.

33. Across all sites, the calculation of potential compensation considers the expected productivity at the regional rate for all new breeding pairs generated and, for
existing breeding pairs, the colony specific rate subtracted from the regional rate is used, in order to generate a number of additional individual fledglings. The
region-specific productivity rate, as presented in Horswill and Robinson (2015), has been used for this calculation; for the SW sites this is 0.82 for guillemot and
0.64 for razorbill. Both of these rates are higher than the national average productivity, but as they are region-specific, and productivity is expected to be
higher in an environment with reduced pressures, the Applicant considers that they are appropriate.

34. For sites where current populations are lower than historical peaks, the calculation of potential benefit from the measures considers the potential for a site’s
population to return to a previous high as a result of increased productivity, along with the associated retention of adults. Therefore, for these sites, the
potential colony growth in relation to the historical peak population must be added to the expected change in productivity for the recent population.

35. The potential benefit of the measures can be calculated as follows:

A site with 300 IND guillemot has 200 pairs (300*0.667) (Note: 0.667 is the standard rate applied when converting individuals to pairs for auks).
The colony at the site has a current site-specific productivity rate of 0.5.
The historical peak of this population is 400 IND guillemot, which equates to 268 pairs.

Potential individual fledglings generated would therefore be (200*(0.82—0.5)) + (68*0.82). (Note: 0.82 is the published regional productivity rate for
guillemot).

Therefore, in this case, the number of new fledglings generated per year would be 119.8.

36. For sites that are currently at their peak population, the current population (in pairs) is multiplied by the change in productivity rate between the expected
regional productivity and the current productivity.

37. An example of this calculation is given below.
A site has 200 guillemot pairs and a current productivity rate of 0.5.
Potential new birds generated would be (200*(0.82—0.5)).
Therefore, in this case, the number of new individual fledglings generated per year would be 64.

In summary, the calculation of compensation benefit from the south-west measures differs from the calculation used when considering ANS or any
other measures that generates a new colony. This is because the south-west measures will be implemented at existing colonies. This appendix provides
worked examples of how the benefits of compensation will be calculated should compensation be required and this measure is taken forward.

The Applicant's Response to ISH 5 Action Points Deadline 4a Page 29 of 34
Document Reference: 22.9 February 2025



OUTER
DOWSING

OFFSHOREWIND

N

Appendix 4 Response to the Report on the Implications for European Sites (RIES)

38. The Examining Authority’s Report on the Implications for European Sites (RIES) was published on the Monday 17" February 2025.

39. The Applicant agreed during the attendance of the ISH6 on Thursday 13t February 2025, that they would respond to as many of the RIES
guestions as possible for Deadline 4a. The remaining questions will be responded to at Deadline 5.

40. The table below provides the Applicant’s response on questions outlined in the RIES.

RIES
ID

RIES
Q.1

RIES Question / Extract

Figure 5.4 in [REP4-037] identifies the River

Derwent SAC and this site is further identified
in table 3.1 of [REP4-039]. Please confirm
where the conclusions relating to this site
have been provided?

Question
Addressed to

The Applicant

Applicant Response

The inclusion of the River Derwent SAC within Figure 5.4 of REP4-037 and Table
3.1 of REP4-039 is a mistake from a previous iteration of the application
documents. Given the distance between all aspects of the Proposed
Development and the site (>100km) and the feature of relevance designated at
the site (sea lamprey), the Applicant can confirm that no LSE has been
identified for this site and therefore there is no AEol for this site from the
Project either alone or in-combination.

RIES | [REP4-030], paragraph 108, sets out a single|Natural The Applicant can confirm that the conservation objectives outlined in
Q.4 |set of conservation objectives for the 7 benthic| England paragraph 115 (REP4-030) apply to all 7 benthic and subtidal ecology sites.
a.nd‘ subtidal ecol.ogy sites ass.esse‘d for AEOI_' AlThe Applicant |The Applicant can confirm that the conservation objective information for SACs
similar approach is taken for sites in the marine i ) , ) ) )
] is derived from Natural England’s Access to Evidence website where available.
mammals receptor group. Can the applicant ( )
confirm the conservation objectives applied to '
all these sites, and provide appropriate Inner Dowsing, Race Bank and North Ridge SAC:
references to where this information derives
from? Wash and North Norfolk Coast SAC:
Humber Estuary SAC:
For the North Norfolk Sandbanks and Saturn Reef SAC, the best available
information was derived from the JNCC 2017 document, “Conservation
Objectives for North Norfolk Sandbanks and Saturn Reef Special Area of
Conservation” , available at
As Ramsar sites do not have conservation objectives of their own, the
objectives of the underpinning designated sites were used to consider the
Ramsar features as follows:
Humber Estuary Ramsar (derived from the Humber Estuary SPA):
Gibraltar Point RAMSAR (derived from the Gibraltar Point SPA):
The Wash RAMSAR (derived from the Wash SPA):
RIES [The information provided as to whether a site | The Applicant [The Applicant notes that the condition status is assigned per feature rather than
Q.5: |is in favourable or unfavourable condition is by site. It is worth noting, that not all sites and features have been assessed by

either not present or unclear. The applicant is
requested to confirm which sites screened into
the assessment of adverse effects are in
unfavourable condition.

Natural England and given a FCS, and those sites where such an assessment has
not been undertaken are not presented here. Transboundary sites also do not
have a condition status assigned to them and therefore their condition is
unknown. For those sites without a condition status, due to this lack of
information, the assessment has been based on a precautionary condition status
of unfavourable. The Applicant has listed below the sites and features
considered within the assessment which have a status of unfavourable condition
assigned to them:

Inner Dowsing, Race Bank, and North Ridge SAC:

= Sandbanks which are slightly covered by sea water all the time;
and

= Reef.
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The Wash and North Norfolk Coast SAC:

= Sandbanks which are slightly covered by sea water all of the
time (predominantly in a favourable condition, however 28% of
the feature at this site is considered to be unfavourable-but
recovering);

® Mudflats and sandflats not covered by seawater at low tide;

® Large shallow inlets and bays (60% of the feature at this site is
considered to be unfavourable-no change); and

= Reefs.

RIES
Q.28

Confirm whether MMO request can be
addressed in Outline Offshore In-Principle
Monitoring Plan.

The Applicant

In Table 3.1, item 3.1.6 Pre-construction surveys of the Report on the
Implications of European Sites (PD-022) the MMO requested “that the outline
offshore in-principle monitoring plan include drop-down video at the previous
areas where substantial low and medium reef was observed in still images as it
is known to be difficult to distinguish reef from the surrounding coarse/ mixed
sediments.”

The Offshore In-Principal Monitoring Plan (document reference 8.3) has been
updated at Deadline 4a to incorporate this request.

RIES
Q.32

The ExA upon review of [REP4-082] is not able
to locate the commitment to disposal
upstream of the sandbank qualifying features
or the use of a fallpipe. The applicant is
requested to provide references for these
commitments or provide further commentary.

The Applicant

The Outline Cable Specification and Installation Plan (document reference 8.5)
has been updated at Deadline 4a to include the following commitment:

“In the event that disposal of dredged sediment (associated with seabed
preparation works or cable installation) is required, material will be
deposited, upstream, within an area of similar sediment characteristics, in
close proximity to the dredge location, in order to retain sediment within the
sediment transport system.”

The Applicant is not able to commit to the use of a fallpipe as the sandwave
clearance operations that may occur on the applicable areas will fall under the
final detailed design of the competent contractor in accordance with approval
by the client (The Applicant) and in accordance with the DCO (including dMLS)
and all other relevant obligations. The Project cannot confirm at this stage of the
development process which contractor or methodology will be proposed; this
flexibility needs to be retained in order to ensure that any procurement process
remains competitive. It is not common that many dredger vessels utilise rigid
pipe solutions for dredging and disposal.

Environmental constraints, such as shallow water depth and high currents, may
necessitate other methods such as ROV operable dredging spreads, mass flow
pumps, or shore/platform based suction dredging.

The constraint to only use a rigid fall pipe dredging vessel (e.g. trailer hopper
suction dredger) may also have a number of negative effects that will be
considered in the engineering of the final solution. This includes the lower
operating weather limits for a dredging vessel operating in shallow water with
high currents, which in turn may adversely affect the overall construction
schedule. Secondly, fall pipes are limited to their disposal rates, lengthening the
offshore working time.

RIES
Q.34

Provide the full reference details for Kraus and
Carter (2018).

The Applicant

Kraus, C. and Carter, L. (2018) ‘Seabed recovery following protective burial of
subsea cables-Observations from the continental margin’. Ocean
engineering, 157, pp.251-261.

RIES
Q.44

Provide full reference details for Peritus
International Ltd (2022).

The Applicant

Peritus International Ltd. (2022) ‘Scour and Cable Protection Decommissioning
Study’. NECR403. Natural England.

RIES
Q.85

Alternative protection methodologies.

Can the applicant confirm whether this
measure will be removed following the
publishing of DESNZ guidance referred to
above.

The Applicant

The Applicant has set out its position of benthic compensation measures in
writing in response to the Examining Authorities ISH6 Action Point 11 which is
provided in ISH6 AP11 in this document. This position includes information
about the removal of several compensation options and why these conclusions
have been reached. The draft DCO has also been updated to remove this
option (3.1).
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RIES
Q.88

Anthropogenic pressure measure / debris
awareness.

Provide an update on views on the inclusion of
this measure.

Natural
England

The Applicant

The Applicant has set out its position of benthic compensation measures in
writing in response to the Examining Authorities ISH6 Action Point 11 which is
provided in ISH6 AP11 in this document. This position includes information
about the removal of several compensation options and why these conclusions
have been reached. The draft DCO has also been updated to remove this
option (3.1).

RIES
Q.90

Seagrass restoration measure.

Can the applicant confirm whether it is
progressing with this measure.

Natural
England

The Applicant has set out its position of benthic compensation measures in
writing in response to the Examining Authorities ISH6 Action Point 11 which is
provided in ISH6 AP11 in this document. This position includes information
about the removal of several compensation options and why these conclusions
have been reached. The draft DCO has also been updated to remove this
option (3.1).
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Appendix 5 Madsen et al (2015) and Searle et al (2023)
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consenting process. This study examines the sources of uncertainty in environmental impact assess-
ments and provides recommendations as to how these may be reduced, using the example of birds and
wind farms. In the assessment of environmental impacts, uncertainty not only enters through the
availability of empirical data but also data collection and analysis methods, linguistics and policy
frameworks. Identifying and quantifying sources of uncertainty in environmental and cumulative impact
assessments is critical to facilitating the development of an environmentally sustainable offshore wind
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1. Introduction

As governments pledge to invest in reducing carbon emissions,
they are increasingly focussing on renewable-energy solutions, to
reduce reliance on fossil fuels, though the environmental effects of
such developments remain highly uncertain. Growing numbers of
proposed marine renewable energy developments within strategic
development zones create increasing pressures on the environment,
making cumulative impacts, ie. the environmental impacts from
multiple projects or activities, a timely issue. Such has been the case
in the UK, where concerns have been raised over the negative impacts
of wind farms on birds [1], and where the scale of development now
represents an unprecedented industrialisation of the marine
environment.

Within the UK, the legal framework for the assessment of
environmental and cumulative effects related to marine renewable
energy refers to the EIA Directive (85/337/EEC), through The Marine
Works (Environmental Impact Assessment) Regulations 2007, as well
as ornithological impacts being considered in relation to the Birds
Directive (2009/147/EC) and the Habitats Directive (92/43/EEC). In
recent years the quality of assessments of ornithological impacts of
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renewable energy developments in the UK has been improving, with
cumulative impacts now routinely considered. Variation remains
however, in the quality and quantity of information provided and
uncertainty still surrounds cumulative impacts and their inclusion in
environmental impact assessment (EIA). There is also little recognition
of the inherent uncertainty within the EIA process (including cumu-
lative impact assessment; CIA) despite the fact that “...the knowledge
base available for decision-making on environmental risks...is char-
acterized by imperfect understanding of the complex systems
involved” [2]. The aim of this paper is to highlight uncertainty within
environmental and cumulative impact assessments, so to streamline
the assessment and application process for marine renewable energy
developments, whilst adequately assessing the potential impact of
developments on marine wildlife. Sources of uncertainty are discussed
and recommendations provided for methods of presenting and
reducing uncertainty in environmental assessments. We focus on
uncertainty relating to birds and offshore wind farms in the UK, but
the principles are broadly transferable.

2. Types of uncertainty

“There are almost as many definitions of uncertainty as there
are treatments of the subject” [3]. In this article we define
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Fig. 1. Hierarchical description of uncertainty within wind farm cumulative impact assessments. Dark grey boxes depict uncertainty in data and model parameters, on which

collision risk estimation depends.

uncertainty as a lack of knowledge, or “incomplete information
about a particular subject” [4]. In order to manage uncertainty, it
must first be identified and categorised and it is useful to consider
a hierarchical framework when determining where uncertainty
enters the environmental assessment process Fig. 1.

2.1. Level 1: Random and systematic uncertainty

Uncertainty can be categorised as random or systematic. Ran-
dom (or aleatory) uncertainty is the natural variability related to
the randomness or stochasticity of ecological systems. Systematic
(or epistemic) uncertainty is therefore the non-random portion of
uncertainty and is a function of human understanding and
measurement of a situation or environment; for example, our
perception of how a bird may be affected by a wind turbine and
the subsequent measurement and collection of data. Increasing
amounts of data can often reduce systematic uncertainty but this
is not the case for random uncertainty particularly if the environ-
ment is inherently variable, though the natural variability can be
characterised if measured [5].

2.2. Level 2: Linguistic, decision-making and knowledge uncertainty

2.2.1. Linguistic uncertainty

Linguistic uncertainty (or ambiguity) arises because language is
vague and/or the precise meaning of words changes over time or
between disciplines [5]. For example, cumulative impacts have
previously been defined as “Impacts that result from incremental
changes caused by other past, present or reasonably foreseeable
actions together with the project” [6], with much ambiguity in
phrases such as “reasonably foreseeable”.

2.2.2. Decision-making uncertainty

Decision-making uncertainty relates to how knowledge and
predictions are interpreted, communicated and used in the man-
agement and policy arena. It includes uncertainty in the priorities
of decision-makers, e.g. government policies regarding renewable

energy, as well as uncertainty in the regulatory process and
surrounding the values of society. Decision-making uncertainty
can be closely linked to linguistic uncertainty. For example, “When
high uncertainty is not properly explained or understood, it can
delay action or cause the selection of an inappropriate manage-
ment decision” [5]. This is increasingly becoming a problem for
wind farm applications where uncertainty surrounding cumula-
tive impacts leads to a delay in the application process. Uncer-
tainty also enters the decision making process in relation to CIA
because data may not always be available for all proposed
developments at the same time; this is therefore linked to knowl-
edge uncertainty. Furthermore, this uncertainty increases where
the application of legislation is unclear. For example, governments
have a legal responsibility to maintain the integrity of the Natura
network of protected sites, under Directive 79/409/EEC, as
amended. However, in the context of already declining popula-
tions of seabird species, it is often unclear how legislation should
be applied in consenting decisions for wind farm developments.

2.2.3. Knowledge uncertainty

Knowledge uncertainty refers to the limitation of our knowl-
edge and understanding of a system. It may be caused by a lack of
data, particularly because ecological data can be difficult to collect.
Knowledge uncertainty is of particular importance when consid-
ering cumulative impacts because multiple projects will be
involved such as the wind farms in the Firths of Forth and Tay in
Scotland, each with associated knowledge uncertainty, thus
knowledge uncertainty likely increases with increasing numbers
of projects in a cumulative impact assessment.

2.3. Level 3

It is thought that birds are affected via four main pathways
regarding offshore wind farms: habitat loss, collision mortality,
barrier effects, and disturbance [7,8]. It is possible however, that
our scientific understanding of the interactions of birds and wind
farms is incomplete and the four main processes described above
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may not encapsulate all of the processes by which wind farms may
affect birds. Knowledge is constantly changing and theories are
challenged.

2.4. Level 4

Within each of the four main processes in Level 3 there may be
uncertainty surrounding not only the theoretical understanding of
the problem but also data collection and analysis. This can affect
both our understanding of the probability of occurrence of an
event and the severity of the event. For example, birds are known
to collide fatally with wind turbines but the issue is one of
frequency of interaction, persistence, conservation status, resili-
ence of populations and how collisions may be minimised, all of
which require understanding of the mechanisms leading to a
collision. These mechanisms include the ecological attributes of
species that may make them more or less likely to collide, but can
be difficult to quantify [9]. Collision mortality uncertainty can be
sub-divided into the uncertainty associated with: i) the under-
standing of the collision process i.e. the interaction between the
bird and the wind turbine(s), ii) data and parameters, iii) model
structure e.g. choice and structure of collision risk models and iv)
model output. Further, for data and parameters, there may be
uncertainty in data collection methods (for example, survey
design), or in parameter estimation.

3. Reducing uncertainty in environmental assessments
3.1. Linguistic uncertainty

The first step to reduce overall uncertainty in environmental
assessments is to reduce linguistic uncertainty and develop a
standardised vocabulary. Reduced linguistic uncertainty will
ensure that the expectations of those involved in assessments
are aligned at an early stage of a project. Careful and consistent use
of terms in documents across the renewable energy sector will
help to reduce some of this uncertainty with a necessary addition
being a glossary of terms to ensure there is no ambiguity in
definitions. Establishing standard guidance documents and case
study examples will also help to achieve reduced linguistic
uncertainty [7,10-12].

3.2. Decision-making uncertainty

To minimise decision-making uncertainty, results from envir-
onmental assessments must be conveyed adequately to decision-
makers to be useful in the policy arena. Keeping results and
findings clear and simple where possible is important. There is a
balance to be achieved between i) presenting a simplified account
of a more complex situation which may be persuasive though pay
insufficient attention to the reliability of the results and ii)
emphasising the uncertainties in the results which may make
them less accessible and less usable for policy-makers [4]. For
example, when estimating the potential impacts of wind farms on
birds, a deterministic model of collision mortality [13] may some-
times suffice, but not always; therefore the importance of uncer-
tainty must be assessed in terms of the decision-making process.

3.3. Knowledge uncertainty

Uncertainty is inherent in scientific research and need not be
detrimental. It may not always be possible or necessary to
minimise knowledge uncertainty and often we simply need to
know enough and know how to best use the available information
to inform a decision. This dictates however, that the uncertainty

should always be described either quantitatively where possible or
qualitatively, to provide a measure of confidence in the data which
underpin decisions.

Current environmental assessments often lack measures of
uncertainty around impacts that have been measured. It is not
always possible to provide a quantitative measure of uncertainty,
but a qualitative measure should be given. Equally, if an estimate
for a parameter is cited, a measure of uncertainty should be given
with this estimate [14]. The Intergovernmental Panel on Climate
Change (IPCC) provide a system which comprises seven descrip-
tors [15]. The uncertainty associated with underlying theories
should also be assessed. For example, is the understanding of a
system well-established and agreed upon [16]? The IPCC also
suggest a verbal scale to express confidence in the theoretical
understanding of a system using qualifiers such as ‘low’, ‘medium’
and ‘high’ [15]. This scale was recently used by Thompson et al.
[17] to summarise their confidence in the data available in their
study and should be used in all CIAs to present knowledge
uncertainty.

There are well-established quantitative methods for calculating
and expressing uncertainty, such as confidence limits which may
be estimated directly or by techniques such as bootstrapping
[4,16]. These metrics present a measure of confidence in the data
which is unambiguous. It is often necessary to also consider the
potential effect of any uncertainty. This is possible using sensitivity
analyses and can show potential variation in key results should
information or data in the study be incorrect. Sensitivity analyses
were used to assess the effects of data uncertainty in a population
viability analysis of the north Norfolk Sandwich tern population
related to wind farm developments [18]. Not only do sensitivity
analyses provide information on the implications of uncertainty
but they can help to direct future studies or data collection [17]
and therefore should be carried out wherever possible.

4. Conclusions

With increasing numbers of renewable energy developments,
environmental and cumulative impact assessment is becoming
ever more important. This paper has focussed on uncertainty
within environmental assessments, which is one aspect which
needs attention. There is much uncertainty surrounding the
environmental impacts of the renewable energy sector and this
uncertainty is not only associated with knowledge and data but
also more strategically within language and decision-making
processes. The task of assessing the environmental impacts of
multiple developments will likely be a challenge for many years to
come, but current methods should address and highlight uncer-
tainties in the assessment process. In doing so, the challenges
ahead may become more tractable and it may then be possible to
cope with those uncertainties that are irreducible. In the case
presented, more certain assessments of developments can be
made to the benefit of sustainable offshore renewable industry
and internationally important populations of seabirds [19].
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Governments worldwide are setting ambitious targets for offshore renewable energy development (ORD). However, deployment is constrained
by a lack of understanding of the environmental consequences of ORD, with impacts on protected birds forming a key environmental consenting
challenge. Assessing the impacts of ORD on marine birds is challenging, utilizing interlinked approaches to understand complex behavioural,
energetic, and demographic processes. Consequently, there is considerable uncertainty associated with ORD assessments for marine birds,
with current methods failing to quantify uncertainty in a scientifically robust, evidence-based manner. This leads to a high degree of precaution
and a lack of confidence in the evidence used to inform ORD consenting decisions. We review the methods used to estimate ornithological ORD
impacts in the UK, a country at the forefront of ORD. We identify areas in which uncertainty quantification could be improved through statistical
modelling, data collection, or adaptation of the assessment process. We develop a framework for end-to-end quantification of uncertainty,
integrating uncertainty estimates from individual stages of the assessment process. Finally, we provide research recommendations to better
quantify and reduce uncertainty, to lower future ORD consenting risk. These recommendations extend beyond the UK and could improve impact
assessments in other countries with different legislative frameworks.

Keywords: environmental variation, impact assessment, marine birds, offshore wind energy, precaution, seabirds, uncertainty.

Introduction

Ambitious targets for expansion of offshore renewable en-
ergy power generation are being set by governments in many
countries around the world. Environmental policies in these
countries require that this growth is delivered in a sustain-
able manner. At the heart of this sustainability goal is the
need to quantify effects on protected wildlife and, in some
regulatory contexts, demonstrate no adverse effect on pop-
ulations of protected species, in particular top predators such
as seabirds. For example, under the EU Birds Directive, Spe-
cial Protection Areas (SPAs), classified for their nationally and
internationally important aggregations of seabirds, require a
Habitats Regulation Appraisal (HRA) where any planned de-
velopment is deemed to potentially have an adverse effect
on an SPA (https://www.gov.scot/policies/environmental-asse
ssment/habitats-regulations-appraisal-hra/). Offshore renew-
able energy developments (ORDs) have the potential to af-
fect protected seabird populations through collisions with tur-
bine blades and through displacement from important habitat
(Drewitt and Langston, 2006; Busch et al., 2013; Thaxter et
al., 2015; Dierschke et al., 2016; Welcker and Nehls, 2016).
Seabirds are long-lived animals, meaning their populations are
sensitive to small increases in adult mortality. Survival and

productivity rates could be impacted by ORDs, and because
these developments have long proposed lifespans spanning
several decades, the potential population consequences of the
developments on protected seabird populations could be sig-
nificant.

Assessing the impacts of ORDs on protected marine bird
populations requires the use of data from multiple sources
and a range of modelling approaches to understand a set of
complex behavioural, energetic, and demographic processes
in the context of a dynamic marine environment. Inevitably,
results from these assessments have considerable uncertainty
associated with them (Masden et al., 2015). Where scien-
tific data do not exist or are incomplete and it is there-
fore not possible to complete a full evaluation of the possi-
ble risks an activity may cause to the environment, regula-
tors in many countries implement the precautionary princi-
ple (De Sadelaar, 2009; RSPB, 2019). For example, the Eu-
ropean Commission advises that “The implementation of an
approach based on the precautionary principle should start
with a scientific evaluation, as complete as possible, and where
possible, identifying at each stage the degree of scientific
uncertainty” (https://eur-lex.europa.eu/LexUriServ/LexUriSer
v.do?uri=COM:2000:0001:FIN:EN:PDF). However, the un-
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Figure 1. Summary of the sources of uncertainty affecting ornithological offshore windfarm assessments. Redefined from Masden et al. (2015).

certainty itself can be difficult to evaluate and propagate
through the assessment process due to data paucity, the mod-
elling of complex environments, and the limitations of statisti-
cal techniques. Current assessment processes do not quantify
the overall uncertainty associated with the impacts of ORDs
in a scientifically robust, evidence-based manner (Green et
al., 2016). In impact assessments, following the precaution-
ary principle, the degree of precaution applied should be pro-
portional to the extent of scientific uncertainty, but due to
mistreatment of uncertainty, precaution may often be applied
incorrectly. Approaches for quantifying uncertainty vary be-
tween different stages of the assessment process, and there
is a lack of consensus on how uncertainty should be pre-
sented and interpreted. Historically, uncertainty has been
viewed by the offshore wind sector as a feature of the pro-
cess that can only be managed through additional empirical
data collection. However, better statistical treatment of un-
certainty and a holistic approach to managing uncertainty
from the beginning to the end of the assessment process are
likely to yield greater confidence in predicted impacts and
quantitative estimates of uncertainty associated with them,
thereby reducing the degree of precaution that needs to be
applied in key policy mechanisms such as HRA. Ultimately,
improved treatment of uncertainty in the assessment process
will lead to better evidence use in decision making, and the
first step in this process is acknowledging that uncertainty ex-
ists. Removing uncertainty is not the goal; rather, the objec-
tive is to make a good decision, which requires a robust as-
sessment of the relevant uncertainties (Bickel and Bratvold,
2008).

Here, we review the relevant sources of uncertainty in
ornithological offshore wind assessments and the current
estimation and use of uncertainty in assessments. We use the
UK as an example because it holds internationally important
populations of marine birds (Mitchell et al., 2004) and has
recently set out plans to accelerate ORD power genera-
tion [British Energy Security Strategy (https:/www.gov.uk
/government/publications/british-energy-security-strategy)].
We provide a generic framework for the end-to-end prop-
agation of uncertainty throughout the ORD assessment
process, alongside a series of recommendations for im-
proved quantification and reduction of uncertainty in future
research.

Defining and identifying sources of
uncertainty

When assessing environmental impacts, the level and form
of uncertainty depend on the availability of relevant empir-
ical data, data collection and sampling methodologies, anal-
ysis and modelling methods, the linguistics used by different
stakeholders, and policy frameworks (Masden et al., 2015).
We redefine the framework developed by Masden et al. (2015)
to recognize how understanding ecological processes relies on
separating and quantifying the contributions and impacts of
systematic uncertainty versus natural variability (Figure 1; see
the Glossary for full definitions of key terms, Supplementary
Material S1). Natural variability is a property of natural sys-
tems, which may have many causes. For seabirds, variabil-
ity exists between individuals within a breeding colony re-
lating to physiology, age, or sex (termed individual variabil-
ity), between sub-colonies through social processes and local
gene flow, between colonies due to differing habitat charac-
teristics, and across years due to environmental conditions or
other aspects of the ecosystem (termed environmental vari-
ability; Figure 1). As natural variability is a property of the
ecological system, it cannot be reduced. However, it can be
characterized and quantified through measurement, such as
by including explanatory covariates used within models or
analyses of ecological processes, ideally clearly separating its
impacts from those arising from uncertainty. However, char-
acterizing and quantifying natural variability to successfully
differentiate it from uncertainty may require substantial data
collection over long time periods, particularly for long-lived
species such as seabirds.

Uncertainty is introduced due to limitations in describ-
ing, measuring, and representing an ecological system. This
has been termed knowledge uncertainty (Masden et al.,
20135; Figure 1). Within ornithological offshore wind assess-
ments, knowledge uncertainty arises from constraints in un-
derstanding and representing the ecological processes through
which seabirds are affected by ORDs and in understanding
their baseline dynamics. For example, in the UK, three types
of seabird interactions are typically considered: displacement
from habitat, barrier effects, and collision impacts. These cat-
egories capture many underlying behavioural mechanisms,
some of which may be explicitly represented within the as-
sessment process. However, many behaviours are currently
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Figure 2. A schematic diagram summarizing the modelling tools involved in the ornithological offshore wind impact assessment process in the UK.

not included, such as habituation, impacts on other trophic
levels affecting predator—prey interactions, and foraging site
fidelity. Most of the underlying behavioural mechanisms can
only be partially described and measured, resulting in knowl-
edge uncertainty that affects ornithological assessment out-
comes. Furthermore, all behaviours have energetic and fitness
consequences for individuals, which translate to long-term ef-
fects on demographic rates for populations and can only par-
tially be described and measured. These limitations all con-
tribute to knowledge uncertainty in assessments.

Knowledge uncertainty is comprised of structural uncer-
tainty and parameter uncertainty. Structural uncertainty de-
pends on how fully the mathematical representation of a
model captures ecological processes. Our definition of param-
eter uncertainty depends on the quality of the data used to
parameterize the model so that measurement and sampling
errors are adequately described (Figure 1). Although natural
variability is often characterized as a component of parameter
uncertainty, we decouple these definitions so that the treat-
ment of each element can be considered in isolation. Better
data collection through experimental design, improvements
in data analyses, and more advanced statistical modelling ap-
proaches can reduce knowledge uncertainty, leading to more
precise estimates.

Within ornithological impact assessments, uncertainty also
arises through linguistic and decision-making processes. Lin-
guistic uncertainty arises because language is vague and/or the
precise meaning of words changes over time or between disci-
plines (Masden et al., 2015). For instance, the use of the word
“precautionary” within assessments was established to have a
precise meaning and interpretation, yet it has a different inter-
pretation for various stakeholders. Moreover, the term “pre-
cautionary” is often used with qualifiers such as “overly” or
“excessive”, further clouding the definition of the term and its
use within decision-making. Decision-making uncertainty re-
lates to how knowledge and predictions are interpreted, com-
municated, and used in the management and policy arenas
(Masden et al., 2015). Whilst important, we do not consider
these two additional sources of uncertainty in depth within
this review, instead focusing on knowledge uncertainty and
environmental variability.

This paper focuses on how environmental variation and
structural and parameter uncertainty are recognized, quan-
tified, and propagated through the assessment process.
These two processes—natural variability and knowledge
uncertainty—are often confused by practitioners and can be
difficult to disentangle, but conflating variability with uncer-

tainty can lead to incorrect specification of error (see Supple-
mentary Material S1 for an example). The complexities of nat-
ural systems and limitations of ecological data collection mean
that uncertainty cannot be, in practice, either perfectly quan-
tified or reduced to zero. Yet, its importance within impact
assessment approaches results in a critical need for improve-
ments aimed at both uncertainty quantification and reduction.

Review of current modelling tools and
estimation of uncertainty: UK example

In the UK, the current modelling framework for the assess-
ment process comprises interlinked modelling tools that ad-
dress aspects of seabird ecology or ORD impact, including the
spatial distributions of seabirds at sea, collision risk, displace-
ment, and barrier risks, the apportioning of seabirds at sea to
protected breeding colonies, and population viability analysis
(PVA; Figure 2).

At-sea surveys and tracking data (e.g. from Global Position-
ing System tags, “GPS”) as well as biotic (e.g. colony counts)
and abiotic (e.g. environmental data) information are synthe-
sized to define baseline spatial distributions of birds, poten-
tially separated by behaviours such as flight or foraging, to
produce continuous maps of mean density estimates with un-
certainty (e.g. Johnston et al., 2015; Waggitt et al., 2018). The
spatial distribution maps serve as inputs, along with energetic
and growth information, prey data, windfarm-specific char-
acteristics, and behavioural responses to ORDs, to estimate
displacement and barrier effects in different seasons. The spa-
tial maps are also combined with models of the behavioural
responses to ORDs to provide estimates of collision risk in
the breeding and non-breeding seasons. To understand the im-
pacts of displacement, barrier, and collision risks of the pro-
posed ORD on protected populations, most often in Special
Protected Areas (SPAs), apportioning is used within the assess-
ment process to attribute effects on seabirds in the breeding
and non-breeding seasons to each candidate population. Fi-
nally, PVA produces predictions of long-term population con-
sequences, which are the final outputs of this approach (Butler
et al. 2020a). Below, we summarize the current methods used
to estimate uncertainty within the ORD ornithological assess-
ment process in the UK.

Spatial distributions

Spatial data are used in the assessment process at vary-
ing scales: broad-scale, offshore wind farm project-level, and
breeding colony-level. Broad-scale data are usually based on
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offshore aerial or boat-based surveys, capturing spatial dis-
tributions of birds and providing insight into seasonal space
use (Waggitt et al., 2020), which may then be used for ma-
rine spatial planning. Project-level abundance data are col-
lected through surveys of ORD footprints and analysed using
either design- or model-based methods. Design-based meth-
ods use formulae for estimating the quantity of interest (e.g.
mean abundance) directly from the raw data, based solely on
the survey design used for data collection, without the need
for a model. Design-based methods can be used for analysing
project-level data because they are collected using a simple,
standardized design (i.e. a systematic survey). Model-based
methods instead use an explicit model and so rely on addi-
tional assumptions. In the context of project-level abundance
data, this involves using spatial smoothers and covariates to
estimate abundance in unobserved areas within the survey re-
gion (e.g. Mackenzie et al., 2013). Simpler model-based ap-
proaches, such as generalized linear models (GLMs), could
also be used, but the advantage of including a spatial smoother
is that it can account for underlying spatial patterns that can-
not be explained by the covariates. Whilst mean estimates of
project-level abundance from spatial models are robust, the
models perform poorly for species present in low numbers, so
it is necessary to use design-based estimates with bootstrap-
ping to obtain confidence intervals. In contrast, if missing data
(e.g. transects missed due to weather conditions) mean that
the data collection does not reflect the intended design, then
design-based approaches are unlikely to be appropriate and
model-based approaches will be needed. In many situations,
it will be appropriate to apply both design-based and model-
based approaches to investigate the causes of any substantive
differences.

Finally, colony-level utilization distributions of birds in the
breeding season are derived from tracking data (e.g. Wake-
field et al., 2017) and are used to provide spatial estimates of
the space use and density of birds in the marine habitat around
each breeding colony. Here, GLMs or their variants (GLMMs,
GAMMs) are used to empirically describe the colony-specific
spatial distributions of birds in relation to both accessibility
(distance to the breeding colony) and environmental hetero-
geneity, although residual autocorrelation is typically not ac-
counted for within these models and so uncertainty cannot be
defensibly quantified.

Displacement and barrier effects

Quantifying the consequences of displacement by ORDs on
a seabird population requires estimates of the proportion of
birds displaced and the impact of that displacement on the
population’s demographic rates. Displacement is estimated
through distributional changes in seabirds before and after
the wind farm is built, usually based on comparisons of pre-
and post-construction monitoring data (e.g. Vanermen et al.,
2015; Dierschke et al., 2016). However, such changes could
result from some other cause operating in parallel or from
natural seasonal and yearly variability in space use. There-
fore, this distributional approach suffers from the conflation
of both natural variability and knowledge uncertainty. Un-
til recently, accurately estimating the proportion of birds dis-
placed has proved challenging (but see Heindnen et al., 2020;
Peschko et al., 2020a, b, Peschko et al., 2021), with natural
variability in the marine environment compounding the diffi-
culty in quantifying displacement rates. Historically, this prob-
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lem has been exacerbated by inconsistent approaches, low sta-
tistical power (Maclean er al.,2013), and poor design of post-
construction monitoring studies (Marine Management Orga-
nization, 2014). However, more recently, the MRSea package
in R (Mackenzie et al., 2013) provides a more consistent ap-
proach to address some of these issues by defining and pro-
ducing a range of outputs and metrics that are relevant to
the estimation of displacement and by providing a modelling
framework that can be used to derive these from project-level
data. The spatial modelling approach used within MRSea is
not the only statistical approach that could be used to estimate
displacement. More sophisticated statistical approaches (e.g.
R-INLA) and simpler approaches (e.g. GLMs or generalized
additive models, GAMs) could also be used, and the applica-
tion of these different approaches is context-dependent. How-
ever, MRSea has the advantage of being specifically tailored to
the estimation of displacement and is widely known and ac-
cepted in the offshore renewable energy industry. Studies have
also highlighted clear inter-specific differences in displacement
rates. For example, divers, gannets, and to a lesser extent auks,
show a consistent negative response to wind farms, whereas
others, such as cormorants, show evidence of attraction, and
several other species show no clear response (Dierschke et al.,
2016). This highlights the need for species-specific approaches
to estimating displacement and barrier effects.

Having quantified the proportion of birds displaced from
an ORD, it is necessary to consider the impact of this dis-
placement on protected populations. At a population level,
displacement may affect birds through a reduction in survival
due to the energetic costs associated with losing an area used
for commuting, foraging, or other essential behaviours and/or
a reduction in breeding success due to the increased energetic
costs of provisioning young or increased predation risk of eggs
and chicks due to adults spending longer away from the nest.
At present, there is little evidence with which to quantify the
impacts of displacement on demographic rates, although bi-
ologging is increasing our understanding of the behaviour and
energetics of marine birds (Dunn et al., 2020; Duckworth et
al., 2022; Buckingham et al., 2023) and enabling the effects
of behavioural change arising from ORDs on demography
to be estimated empirically. Studies that estimate these links
will be critical because analyses suggest that increased ener-
getic costs can have a more significant effect on adult sur-
vival than has been assumed in previous assessments (Searle et
al.,2020). Furthermore, life history theory predicts long lived
species such as seabirds will prioritize their own survival over
that of their dependent young. Evidence suggests that seabirds
do attempt to buffer the impacts of increased energetic costs
through reduced parental investment in chicks (Suryan et al.,
2006; Regular et al., 2014), potentially reducing productivity.

Two methods have been used to estimate the demographic
impacts arising from the displacement effects of ORDs: the
“Displacement Matrix” approach (hereafter the matrix ap-
proach) and the use of individual-based models (IBMs). The
two methods differ in terms of the complexity of the approach,
the data required, the outputs, and the treatment of uncer-
tainty. The matrix approach uses the density of birds within
the wind farm footprint (and a buffer area around the wind
farm where birds are predicted to be affected) estimated from
local at-sea survey data multiplied by a displacement rate (per-
centage of adult birds within the footprint and buffer that are
assumed to be displaced, ranging from 0 to 100%) and a dis-
placement mortality rate (percentage of birds that are assumed
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to suffer mortality as a consequence of displacement, rang-
ing from 0 to 100%; Joint-SNBC 2017). The resulting matrix
approach table (i.e. proportion of birds potentially displaced
or dying as a result of ORD development) provides a visual
and qualitative consideration of uncertainty in displacement
impacts. The matrix approach only considers the mortality
of adult birds, with no consideration of potential effects on
dependents and, therefore, breeding success. An alternative
approach to estimating displacement is the use of stochastic
IBMs (e.g. SeabORD, Searle et al., 2014, 2018). IBM:s still re-
quire an input for displacement rates but improve the bio-
logical realism of displacement mortality rates by incorporat-
ing seabird behaviour, energetics, and demographic processes
into the model, as well as providing estimates of impacts on
both adult birds and their dependents. Current models include
some quantification of uncertainty (e.g. impact of prey levels)
and are relatively sophisticated in the way that variability (e.g.
individual variation in body mass or susceptibility to displace-
ment and choice of foraging location) is accounted for, and
these are aggregated and represented in model output using
confidence intervals (Searle et al., 2018). However, there are
many other parameters within SeabORD for which temporal
and inter-individual variability are not considered, largely due
to a lack of available information on the level of variability
that might plausibly be expected (Searle et al., 2022a).

Collision risk

In the absence of empirical estimates of collisions that can be
generalized to new locations, collision risk models are used in
EIAs to estimate risk. Whilst there are a variety of collision risk
models available (Masden and Cook, 2016), the most widely
used of these is the Band et al. (2007) model, subsequently
adapted for the offshore environment (Band, 2012), and then
into a simulation tool to account for stochastic variation in
parameters (the stochastic Collision Risk Model, sCRM; Mas-
den, 2015, McGregor et al., 2018). Three sets of parameters
are used in the model (McGregor et al., 2018): site-specific
seabird data (monthly densities of birds in flight, site-specific
or generic flight height distributions), generic seabird data
(biometrics, flight characteristics), and turbine and wind farm
data (rotor size, hub height, RPM, etc.). The model itself is
highly sensitive to particular input parameters for which there
is often limited empirical data, resulting in further uncertainty
surrounding predicted impacts (Masden et al., 2021). This
problem is exacerbated because there is often substantial nat-
ural variation in many of these parameters (e.g. flight speed
and height), linked to underlying environmental conditions,
and these relationships are not captured by existing models.
Finally, alternative options are available for implementing the
sCRM, which results in impact assessments presenting several
alternative versions of the collision predictions, introducing
additional complexity in interpretation.

Apportioning

Apportioning is currently used within the assessment process
to identify individuals that are likely to be affected by an ORD
and are part of a protected SPA population. In the UK, appor-
tioning in the breeding season is currently based either on a
simple distance—decay relationship (the NatureScot tool'), or
on spatial models derived from GPS tracking data (Butler et
al., 2020b; Wakefield et al., 2017). In both cases, the propor-
tion of individuals originating from an SPA within a particular

area of sea is assumed to be equal to the product of the esti-
mated usage of the area of sea by individuals from the colony
(based on colony-specific spatial models) and the colony size.
Apportioning in the non-breeding season is currently based on
a simpler regional approach, Biologically Defined Minimum
Population Sizes (BDMPS; Furness, 2015), which accounts for
individuals from non-UK as well as UK colonies. None of the
current apportioning tools account for variability or uncer-
tainty.

Population viability analysis

Population Viability Analysis (PVA) provides an established
statistical framework for translating effects on annual de-
mography into impacts on longer-term population trajectory
(Soulé, 1986; Beissinger and McCullough, 2002). Population
models are run forward in time for impacted and unimpacted
populations and then compared against each other using a
range of metrics (Cook and Robinson, 2016; Jitlal et al.,
2017). Metrics used in assessments that provide relative com-
parisons of impacted and baseline simulations are preferred
because they are less sensitive than absolute comparisons to
misspecification of baseline demographic rates and initial pop-
ulation sizes (Cook and Robinson, 2016). Currently, these are
the counterfactual of population size (CPS), which is the ratio
of the final population size of the impacted population divided
by the final population size of the unimpacted population,
and the counterfactual of population growth rate, defined as
the CPS raised to the power of the inverse of the number of
years of impact. Key inputs to PVAs are the initial population
size, the estimated combined annual impacts of the ORDs on
demographic rates, and the baseline demographic rates (age-
specific survival, productivity, and age at first breeding). PVAs
used for impact assessments typically assume closed popula-
tions (no immigration or emigration), and some models incor-
porate forms of density dependence. However, PVAs do not
usually include ongoing impacts such as projected changes to
baseline demographic rates under climate or other environ-
mental change (Horswill ef al., 2022, Searle et al., 2022b).

Recommendations for improving treatment of
uncertainty in the impact assessment process

Research prioritization

Decision-making in the face of uncertainty can be strength-
ened by recognizing which sources of uncertainty are “con-
trollable”, meaning they can be minimized and managed, and
which are “important”, having a significant and qualitative
effect on management outcomes (Milner-Gulland and Shea,
2017). We have used these concepts to lay out a set of re-
search priorities, identifying current evidence gaps that can
be addressed by scientific approaches and that are likely to
lead to positive management outcomes through better quan-
tification and a reduction in uncertainty. The recommenda-
tions focus on future empirical data collection and the use
of modern analytical methods to exploit information, map-
ping them to the current modelling framework. Quantifying
uncertainty is as important as reducing it in the context of
supporting the decision-making process (Milner-Gulland and
Shea, 2017). Where uncertainty appears to be reduced but
is not properly evaluated overall, the risk of unanticipated
outcomes increases. Therefore, for each research priority, we
provide a qualitative assessment of its contribution to the
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full quantification of uncertainty and to reducing uncertainty
(high or medium; Table 1). In the remainder of this section, we
make recommendations for a full evaluation of uncertainty
across the framework, identify the added value of incorpo-
rating post-construction monitoring data, and set out future
developments of statistical models that will help fill the evi-
dence gaps. Research priorities are mapped to the main text
through bold number referencing, e.g. (1).

Spatial distributions

Understanding the space use of birds, including behaviour-
specific habitat preference, and how these vary between in-
dividuals and in response to environmental variation, is a key
area in which uncertainty in assessments can be better quan-
tified and reduced (Table 1). More data are being collected
in relation to ORDs and spatial planning, with technological
advances leading to new survey methods and data types be-
coming available: aerial and boat-based surveys (Hammond
et al., 2002, 2013, 2018), drones (Rush et al., 2018), cam-
era imaging on wind farms to assess collisions (Skov et al.,
2018), biologging devices that track location and collect in-
situ environmental information (Cleasby et al., 2015; Isaks-
son et al., 2021), movement through accelerometers (tri-axial
movement) (Chimienti et al. 2016), and behaviour through
time-depth records (Peschko et al., 2020, Duckworth et al.,
2021). These advances in data collection present questions
as to the best use of these varying data types. Data collected
using different surveying techniques often has varying struc-
tures that require specific statistical analysis techniques to ad-
dress intrinsic issues such as autocorrelation and replication.
For example, boat-based observations generate information
about the abundance of animals at a snapshot in time. By
contrast, tracking data, generated from tags attached to in-
dividuals, provides spatial and temporal information for one
animal. Greater knowledge will be gained, and hence uncer-
tainty reduced, if at least some of these data types can be inte-
grated (Matthiopoulos et al., 2022; Schaub and Kery, 2021).
For effective integration, two criteria need to be met: data
must overlap or align either spatially or temporally, and sta-
tistical methods must be developed to deal with intrinsic data
issues and propagate uncertainty through the model. For ex-
ample, data integration could advance seabird assessments by
addressing the current failure to adequately consider the dis-
tribution of non-breeding birds during the breeding season,
leading to differences between assessments based on tracking
data and those based on at-sea surveys (Sansom et al., 2018;
Searle et al., 2020). New year-round tracking datasets will al-
low this to happen (Merkel et al., 2016; Buckingham et al.,
2022; Duckworth et al.,2022). Integrated modelling would al-
low the distribution of non-breeding birds to be estimated and
the uncertainty associated with this component of the popu-
lation to be quantified (1).

Movement models are used to predict behaviours (e.g. for-
aging, resting at sea, diving) and estimate activity budgets
of seabirds fitted with biologgers to investigate flight paths
with respect to collision risk, barrier effects, and displacement
(Cleasby et al., 2015; Warwick-Evans et al., 2017; Peschko
et al., 2020). A class of movement models used for analysing
tracking data are hidden markov models (HMM:s), which are
state—space time series models that assume the observed (state-
dependent) time series is driven by an unobservable (hidden)
state process. They sequence behaviours (states) and can ac-
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count for serial dependence between observations (Patterson
et al., 2008; Langrock et al., 2012). Depending on the com-
plexity of the behavioural states required, combining loca-
tional data with ancillary information such as accelerometers,
time-depth recorders (TDRs), or environmental covariates can
produce more plausible models. Using movement models in
the context of assessments can improve the quantification and
reduction of uncertainty because they can provide more in-
formation about how birds are using an area of sea, particu-
larly if two current limitations can be addressed: model valida-
tion and propagating uncertainty. Typically, model validation
is difficult to achieve because ground-truth data are generally
unavailable. However, where animals have been fitted with a
device that records Global Positioning System (GPS) and time-
depth records (TDR), there is an opportunity to fit a move-
ment model using only location data and use the depth in-
formation to validate the model’s accuracy in determining be-
havioural states (Browning et al., 2018). Validating a location-
only movement model could be useful in circumstances where
only some individuals had TDRs and/or accelorometers but
all had GPS functionality in the tag and a general movement
model was required (2).

Typically, HMMs do not consider observation error on lo-
cation but treat the state as part of a stochastic process (Pat-
terson et al., 2008). Continuous-time Markov chain Monte
Carlo models calculate velocity and momentum and allow for
behavioural switching to occur continuously in time rather
than at (discrete) observational times (Parton and Blackwell,
2017). They can account for observation error and for irreg-
ular observations. Using continuous-time models allows for
uncertainty to be quantified and for more biologically realistic
trips to be simulated (Blackwell, 2019). In this way, GPS and
at-sea survey data could be integrated through sampling from
a utilization distribution generated by the movement model
(1,2).

Non-breeding season distributions present a large com-
ponent of current uncertainty within ORD assessments and
should be prioritized for future research (3). Due to the eth-
ical and logistical challenges of deploying GPS tags on ma-
rine birds for extended periods, non-breeding season utiliza-
tion distributions are typically estimated from data from Ge-
olocators (GLS), which are light-level data loggers. They are
lightweight and long-lasting devices that can be attached to
leg rings, meaning they are suitable for deploying on marine
birds for extended periods. However, because a bird’s position
is estimated using ambient light intensities and elapsed time,
GLS locations have relatively large locational uncertainties up
to hundreds of km (Merkel et al., 2016), which hinders their
use in assessments relative to the scale of individual offshore
wind farms. Nevertheless, these data can offer insight into the
long-distance movements and distributions of seabirds during
the non-breeding season (Merkel et al., 2016; Buckingham et
al.,2022; Duckworth et al., 2022) and will be particularly use-
ful for reducing uncertainty in the apportioning methods used
in the non-breeding season (3).

Species distribution or habitat preference maps that form
the inputs to displacement and collision risk models are pro-
duced using spatial data (Wakefield et al., 2017, Waggitt et al.,
2019). Habitat preference models associate animal space use
with characteristics of their environment (Aarts et al., 2008).
When these models are used to predict space use, choosing ap-
propriate explanatory covariates is important; however, the
marine environment is dynamic and mostly inaccessible, so
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Table 1. Summary of research priorities for better estimating and reducing uncertainty in seabird offshore wind farm assessments, moving beyond current
tools and methodologies.

Contribution to Contribution to
quantifying reducing knowledge
Research priorities and relevant stage of assessment uncertainty uncertainty
1 Data integration from different sources and seasons for better knowledge of year-round High High
distributions to quantify and reduce uncertainty
Spatial distributions and apportioning
2 Improving uncertainty quantification in movement models High Medium
Spatial distributions and apportioning
3 Better understanding and quantification of year-round distributions and impacts of Medium High
displacement to quantify and reduce uncertainty
Spatial distributions, displacement, and apportioning
4 Better understanding and quantification of predator—prey interactions, relationship between High High
prey density and availability, impacts of ORDs on prey distributions and availability to
quantify and reduce uncertainty
Spatial distributions, displacement, and collision
5 Estimate link between displacement effects and changes in demographic rates (productivity and High High
survival) to better quantify and reduce uncertainty
Spatial distributions, displacement, and apportioning
6 Effects of displacement on different age classes, e.g. immatures and non-breeders to better Medium Medium
quantify and reduce knowledge uncertainty
Displacement
7 Improve uncertainty quantification within IBMs to better characterize and reduce structural High Medium
and parameter uncertainty
Displacement and collision
8 Assess sensitivity of collision risk model outputs to variation in input and structural Medium Medium
parameters; understand and quantify covariance between parameters used in collision risk
models to better quantify and reduce structural and parameter uncertainty
Collision
9 Improve estimates of flight speed and height for species to better characterize and reduce Medium Medium
parameter uncertainty, quantify influence of environmental conditions to better characterize
natural variability, and understand how variation in flight speed and flight height is related to
behaviour (e.g. commuting versus foraging) to reduce knowledge uncertainty
Collision
10 Improve estimates of avoidance rates and partitioned into micro-, meso-, and macro-avoidance High High
to better quantify and reduce structural and parameter uncertainty; improve understanding of
the influence of environmental conditions on avoidance to better characterize natural
variability; improve understanding of the contribution of model error to predicted collision
rates and the implications of this for estimates of avoidance rates
Collision
11 Improve estimates for abundance, productivity, adult and immature survival, carryover effects, High High
and inter-colony movements (including uncertainty in rates) to better quantify and reduce
parameter uncertainty
PVA
12 Empirical estimation of correlation in demographic rates and influence of environmental Medium High
stochasticity to better characterize natural variability and improve quantification of structural
and parameter uncertainty
PVA
13 Understand relationship between demographic rates and prey availability to better quantify High High
and reduce knowledge uncertainty; improve estimates for interactions between demographic
rates and climate and other environmental variables to include in population forecasts to better
characterize natural variability
PVA
14 Integrated population modelling and model fitting methods to better quantify structural and Medium Medium
parameter uncertainty by using all available abundance data to inform estimation of
demographic rates; improved models of observation error for abundance estimates to support
this
PVA
15 Sensitivity analyses for PVAs to help prioritize efforts to reduce structural and parameter Medium Medium
uncertainty
PVA
16 Better understanding and quantification of density dependent processes in populations to Medium Medium

reduce knowledge uncertainty
PVA

Priorities are grouped into “medium” and “high” contributions to (a) full quantification of uncertainty and (b) reduction of knowledge uncertainty. Note that
the order of priorities within the table broadly follows their relevance to each stage of the assessment process (shown in bold), moving from estimating spatial
distributions of birds and apportioning to quantifying displacement and collision impacts and comparison of impacts via population modelling and PVA. The
assignment of each research category into “medium” or “high” was done by expert judgement—i.e. the authors’ assessment for how much each proposed

research priority would improve quantification of uncertainty, and reduce knowledge uncertainty, within the context of the UK assessment process.
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collecting and defining appropriate covariates can be challeng-
ing. Currently, covariates that represent proxies for prey fields
are used due to the paucity of information (Tremblay et al.,
2009; Johnston et al., 2015; Waggitt et al., 2018). Associating
top predators with oceanographic covariates such as sea sur-
face temperature amidst many complex biological and physi-
cal processes can make habitat association modelling difficult
due to weak explanatory power where covariates do not ade-
quately capture heterogeneity in environmental space (Skov et
al., 2016; Wakefield et al., 2017; Waggitt et al., 2018). How-
ever, impact assessments need to account for pre, during, and
post-development activities, along with seasonal variation in
seabird habitat use due to life history stages (pre-breeding,
breeding, chick incubation, non-breeding, and migratory), as
well as population response to environmental variability. An
overriding issue is that a full understanding of the complex-
ity of ORD impacts on seabird behaviour and activity bud-
gets, as well as proper quantification of uncertainty, can only
be achieved through the collection of good quality covariates
from direct prey of seabirds. Using prey data (instead of prox-
ies) accounts not only for environmental variability but also
provides a direct link to the causal mechanisms of key drivers
in seabird demographics. Information on prey fields can then
be combined with oceanographic covariates to identify and
characterize different scales of seabird distribution and the un-
derlying mechanisms that drive change over space and time (4,
5).

Apportioning

Where apportioning is derived from habitat utilization models
developed using GPS tracking data (e.g. Butler et al., 2020b),
more thorough statistical approaches are needed to prop-
erly address the intrinsic complexities of spatial and tempo-
ral autocorrelation associated with such data. Use of such
approaches would mean that uncertainties around estimated
habitat utilization distributions could be incorporated into as-
sessments (1, 2). For species where colony-specific GPS track-
ing data are not yet available or are unobtainable due to
difficulties in accessing birds for deployment, the rate of de-
cay of utilization with distance can be estimated using forag-
ing ranges derived from published distributions (e.g. Wood-
ward et al., 2019), rather than being fixed as a constant as is
the current approach. Foraging ranges can also be disaggre-
gated by population, region, or meta-population as appropri-
ate (2), and the inter-population variability in foraging ranges
is used to quantify uncertainty in apportioning percentages.
Within the non-breeding season, models of geolocator data
can, where available, be used as a basis for apportioning in
place of the BDMPS, with these models accounting for the lo-
cational uncertainty associated with geolocator data (3).

Displacement and barrier risks

In the context of ORD displacement impacts, current IBMs
have limited uncertainty quantification. Structural uncertainty
within IBMs should also be addressed with future research
prioritizing improved representation of: flight paths and esti-
mated bird density maps (2); behaviour, energetics, and ORD
interactions outside the chick-rearing period (3); overall prey
availability and spatial heterogeneity in prey (4); the joint dis-
tribution between seabirds and prey spatio-temporal dynam-
ics (4); and the relationship between adult mass at the end
of the chick-rearing period and overwinter survival [(5); e.g.
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Daunt et al., 2020]; and better understanding and incorpo-
ration of impacts on immatures and nonbreeders (6). Uncer-
tainty estimates in IBMs can be improved by estimating pa-
rameters for which empirical data are not available, through
calibration of the model against observed data (7). Standard
calibration processes involve fitting against observed data to
identify the sets of input parameters that provide the best
match, according to some metric (e.g. sum of squared dif-
ferences, deviance), to observed data on one or more of the
model outputs. However, many commonly used calibration
methods do not account for the uncertainty associated with
calibration. Methods of likelihood-free inference, such as Ap-
proximation Bayesian Computation (ABC; Beaumont et al.,
2002; Marjoram et al., 2003; Sisson et al., 2007) do allow
for uncertainty to be estimated but are infeasible in practice
due to computational processing time. A potential solution
is emulation, which approximates the IBM using a statistical
model (Kennedy and O’Hagan, 2001). An emulator runs the
IBM for a relatively small number of sets of input parame-
ters and constructs a statistical model that describes how the
key outputs of the mechanistic model vary in relation to the
values of the input parameters (Oyebamiji et al., 2017; Piet-
zsch et al., 2020). Uncertainty associated with calibration can
be quantified whilst accounting for the uncertainty that arises
from the relatively small number of runs of the process-based
model.

Collision risk

By incorporating stochasticity, the sSCRM better accounts for
parameter uncertainty than the deterministic model on which
it is based. However, that underlying model remains un-
changed and lacks what are likely to be important features
of seabird behaviour, such as relationships with environmen-
tal conditions, variation across life history stages, and inter-
actions with the turbines themselves, thereby contributing to
structural uncertainty within the model. The current model
also lacks explicit consideration of covariance in model pa-
rameters and its impact on model output (8). Tracking of
flight paths in three dimensions through wind farms would
benefit collision estimates by reducing structural uncertainty
in how birds respond to turbines (9). This will require high-
resolution GPS tags (e.g. Thaxter et al., 2018; Johnston et
al., 2015, 2022), high-resolution cameras, and tracking algo-
rithms or combinations of both (Skov et al., 2018). Such tech-
nology is available but requires deployment on a large scale
to obtain sample sizes sufficient to begin addressing the be-
havioural and interaction questions of interest and to enable
robust assessment of potential device effects. Significant data
collection is likely to be needed before any substantial reduc-
tion in this component of structural uncertainty within colli-
sion models can be achieved. Collision predictions from the
sCRM are highly sensitive to assumptions about avoidance
rates, and this is a critical focus for impact assessment pur-
poses (10). Avoidance rates for the sCRM are estimated by
comparing the number of collisions recorded at a wind farm to
those that the model predicts would have occurred in the ab-
sence of any avoidance. As such, they combine the behavioural
response of the birds to the wind farm or turbine with struc-
tural uncertainty arising from the simplified model assump-
tions and parameter uncertainty due to imperfect underpin-
ning data. Current estimates are based on an amalgamation of
data sources, very little of which has been collected at opera-
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tional offshore wind farms due to the difficulty of undertaking
long-term studies at these locations (Cook et al., 2018).

Population viability analysis

We have identified three broad areas in which improvements
can be made to better characterize and reduce uncertainty in
PVAs: the representation of structural uncertainty and natural
variability within PVA models, the validation and calibration
of population models used in PVAs, and efforts specifically
aimed at reducing structural uncertainty in PVA models.

First, PVA should improve methods for representing struc-
tural uncertainty and natural variability. Knowledge uncer-
tainty and natural variability in initial population size could
be accounted for through the development of a plausible sta-
tistical model of observation error for seabird count data (11).
Most PVAs currently assume that stochastic variation in de-
mographic rates is independent over time, and that variation
in demographic rates (productivity and survival) are uncorre-
lated. Yet inter-annual variation in demographic rates is un-
likely to be independent because the underlying drivers, such
as climate, exhibit patterns of temporal dependence and be-
cause of carryover effects on demographic rates (Bogdanova et
al., 2017). Correlations between demographic rates are likely
to arise because stochastic environmental effects act simulta-
neously on demographic processes (e.g. adults may prioritize
their survival over productivity). Recent work has estimated
correlations in seabird demographic rates for a single species
breeding in the UK (Horswill et al., 2021), and further work
would improve uncertainty representation within PVAs (12,
13). In populations for which sufficient long-term data are
available, this approach would produce more defensible an-
nual estimates of both survival and productivity.

Second, validation and calibration of models underpinning
PVAs should be progressed (14). Running PVA models retro-
spectively (using the initial population size from a past year)
allows the resulting predicted trends to be compared against
observed trends seen in the population abundance data. Dis-
crepancies between predicted and observed trends indicate ei-
ther errors in the values of PVA inputs and/or structural errors
in the model underpinning the PVA. Statistical models have
been developed that use this discrepancy to estimate poorly
known demographic rates, which lack direct empirical data
and may only be poorly constrained by inference from expert
judgement, as is common for juvenile survival in most seabird
species. Although these models have been used in some con-
texts (e.g. Freeman et al., 2014), they have not been widely
implemented. They are effectively a partial form of data in-
tegration that can be used to quantify, and often reduce, pa-
rameter uncertainty in parameters that are otherwise difficult
to estimate and have a broader application than has currently
been utilized within assessments.

Third, efforts should be made to reduce structural uncer-
tainty within PVAs. The most substantive improvement for
PVA models in resolving structural errors is making their
underlying assumptions more biologically realistic. These in-
clude linking environmental stochasticity to prey availability
and climate change (12), empirically parameterizing density-
dependent processes (16), consideration of inter-specific inter-
actions, inclusion of interactions between different ORD im-
pacts (e.g. determining whether such impacts are synergistic or
antagonistic), consideration of carry-over effects, and includ-
ing dispersal, immigration, and emigration within the context

of metapopulations (11). Prioritizing these extensions requires
consideration of appropriate model complexity, the defensibil-
ity of additional model parameters underpinned by existing or
new data, and the likely impact of the extension upon the PVA
model outputs.

Synthetic approaches to adequately characterizing
and reducing uncertainty

Sensitivity analysis

Sensitivity analysis is a valuable tool for examining compo-
nents of a mathematical or statistical abstraction of a system.
This is particularly true in the case of simulations with Monte
Carlo treatment of uncertainties, such as those found within
the sCRM, IBMs, and PVAs. A sensitivity analysis evaluates
the practical importance of the various inputs to a model by
perturbing these with resulting changes in outputs examined
in practical terms (e.g. Cook and Robinson, 2016; Donovan
etal.,2017; Jitlal ef al., 2017). Sensitivity analysis is also infor-
mative about where research efforts can be focussed to reduce
structural uncertainty. If the analysis suggests the model is
sensitive to assumptions or parameters, then research to con-
firm the assumptions or increase the precision of the param-
eter estimates can be prioritized. Conversely, non-influential
assumptions or parameters warrant lesser consideration be-
cause model outcomes are more robust to these inputs. Sen-
sitivity analysis can be used to indicate which model inputs
contribute most to the precision of outputs and thereby to de-
velop a priority list for reducing uncertainties. This is likely
to be particularly helpful in the context of collision models (8,
10), but is also relevant to all modelling components of impact
assessment whose contribution to uncertainty cannot be eas-
ily evaluated by inspection. For instance, in PVA, commonly
used counterfactual metrics (e.g. ratios of impacted to baseline
population characteristics) are sensitive to inputs that relate
to annual ORD impacts on demographic rates and compara-
tively insensitive to the values of inputs relating to conditions
such as baseline demographic rates and initial population size
(Cook and Robinson, 2016; Jitlal et al., 2017). Further sen-
sitivity analysis can be used to determine whether potential
extensions to PVAs are likely to lead to substantive changes
in key PVA outputs, and prioritizing which of these exten-
sions will lead to substantial improvements in the application
of PVA within ornithological assessments (15).

End-to-end propagation of uncertainty

The standard assessment process for estimating ORD impacts
on seabirds uses outputs from a linked set of modelling tools
to inform the decision-making process. The choice of which
tools are linked together is dependent on the context of the
impact assessment and subjective user judgements such as the
choice of input data. Additional structural uncertainty may
arise within the framework either if there are impacts other
than those currently considered within the assessment process
or if components between the tools interact. For example, dis-
placement and collision risks are assessed independently and
their impacts are added together, which ignores any biolog-
ical interaction between the movement and the behavioural
processes that underpin displacement and collision effects. At
present, precaution can be magnified through this process,
with precautionary outcomes from each stage of the assess-
ment (Figure 2) compounded together. Therefore, it is im-
portant to address both the characterization of uncertainty
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within individual tools and the quantification of the propa-
gated uncertainty within the framework where multiple tools
are linked together, termed end-to-end uncertainty. The frame-
work of linked tools can be considered as a meta-model within
which inter- and intra-tool uncertainty can be quantified.

The simplest approach for linking uncertainties between
tools is via simulation. Each simulation randomly generates
the values of any inputs that contain uncertainty and/or
any internal tool components that involve stochasticity. This
approach can account for both uncertainty and variability
within the common framework. The distribution of the as-
sessment process outputs (e.g. PVA metrics) across simulations
then quantifies the end-to-end uncertainty associated with the
assessment process. The limitations of the approach are that:
end-to-end uncertainty will only be meaningful if uncertainty
within individual tools and inputs is comprehensive and statis-
tically defensible; a large number of simulations are required
to produce stable estimates of uncertainty; and the approach
assumes independence between tools. All of these represent
potentially substantive issues in the context of ORD assess-
ments. The first issue can be resolved through improved quan-
tification of uncertainty within the individual tools or within
the input data to the tools, and the second through compu-
tational approaches (e.g. parallel computing) that allow suf-
ficiently large numbers of simulations to be used. Solutions
to the final issue are likely to be context-dependent but may
need to involve restructuring the current models so that there
can be feedback between them (effectively making them com-
ponents of a larger, overarching model rather than separate
models).

Use of post construction monitoring

The tools within the assessment process predict the likely im-
pacts of future ORDs. As developments become operational,
a potential mechanism for reducing uncertainty is through
the incorporation of data that quantifies the impacts of ex-
isting ORDs. These data include at-sea monitoring such as
density and distribution data, radar and camera data to de-
tect collisions and micro-avoidance, and land-based/coastal
monitoring of foraging patterns, provisioning and nest at-
tendance behaviour, demographic rates, and colony counts,
which can be used to retrospectively assess the impacts of
ORDs upon seabird populations. The most obvious use of
post-construction monitoring data is to refine the estimates
of key input parameters, such as displacement rates, collision
rates, and avoidance behaviour, for use in future assessments.
As the amount of available data to be included in parameter-
izing models increases, knowledge uncertainty and, in partic-
ular, parameter uncertainty should be reduced. The other key
role of post-construction monitoring data is in data validation
to detect additional structural errors within the tools used for
assessment. Incorporating post-construction monitoring data
in this feedback mechanism may appear to increase uncer-
tainty if uncertainty is currently being underestimated (e.g.
properly accounting for natural variability). However, identi-
fying structural errors and providing the empirical basis to re-
solve them would lead to more biologically realistic modelling
tools and greater confidence in impact assessments. Broader-
scale data (e.g. on population size and abundance) can also be
used to detect whether the overall ORD impacts produced by
assessments are consistent with the levels of change in demog-
raphy and abundance that are seen after construction. How-
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ever, these data are not able to distinguish the cause of any
discrepancies—which components of the assessment process
are introducing error—and are also likely to have low statis-
tical power to detect differences (Cook et al., 2019). The pri-
mary focus of post-construction monitoring data collection
should therefore be on informing and validating specific as-
sumptions, inputs, and component tools used within the as-
sessment process.

Summary

Strategies to reduce uncertainty and obtain a better under-
standing of the impacts of offshore wind development on
the environment whilst ensuring the sustainability of the ma-
rine ecosystem are only feasible if the sources of uncertainty
are first identified and properly quantified. We have identi-
fied a broad range of areas in which uncertainty quantifi-
cation could be improved. Delivering the underpinning sci-
ence to enable accurate, robust, and defensible ornitholog-
ical ORD impact assessments requires developing and ad-
vancing a credible line of inference from our conceptual un-
derstanding of the ecological and behavioural processes in-
volved through to quantitative impact estimates with uncer-
tainty (Hobbs and Hooten, 2015). This involves represent-
ing our knowledge and understanding of the interactions be-
tween seabirds and ORDs with models and observations of
the key processes shaping these responses, such as seabird
spatial habitat use, displacement and barrier effects, and col-
lision impacts. Many of the more substantial evidence gaps
for which uncertainty could be reduced are ones that oper-
ate across large spatio-temporal scales. These should be ad-
dressed through strategic studies rather than at the level of in-
dividual offshore wind project post-construction monitoring
studies. Administering such strategic studies through an advi-
sory group with a core scientific remit and funding provided
by the relevant stakeholders (wind farm developers/operators,
regulators, and statutory agencies) would best facilitate the
large-scale studies needed. Such an approach would benefit
from cross-border and international research collaboration.
All models, whether conceptual, theoretical, or statistical, are
simplified abstractions of reality. We rely on the proper quan-
tification of natural variability and uncertainty to bridge the
gap between reality and our modelled representations to pro-
vide inference and to understand their validity for shaping
decision-making and policy. Similarly, the data that we col-
lect to inform a model will often only partially capture the
true underlying state of the process we are trying to observe.
A failure to recognize or quantify these uncertainties in mod-
els and data results in poorly informed decision-making where
the rationale is unclear, rather than providing transparent, ob-
jective, evidence-based decision-making informed by propor-
tionate risk assessment. It is therefore imperative that we un-
dertake ornithological ORD impact assessments with prop-
erly quantified uncertainty to inform the appropriate degree
of precaution.
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