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Abstract 

Knowledge of the long-term impacts of offshore wind energy on seabird populations is in its 

infancy. Ambitious European Union renewable energy targets mean that the North Sea 

contains more offshore wind farms than anywhere else globally, with many further sites 

proposed. 

 

Most North Sea seabird species are undergoing long-term declines, yet wind turbines are 

known to present issues for birds, including direct collision mortality.  

 

The Environmental Impact Assessment process for a large-scale wind energy development 

must include an analysis of the potential collision risk to birds. This analysis is undertaken 

via collision risk models, which require the input of an in-flight bird density figure.  

 

It is the derivation of this density figure which has received little attention thus far from 

ornithologists and marine planners. Usually a mean figure derived following two years of 

baseline surveys is used. However, it is arguable that mean densities are not always either 

representative or sufficiently precautionary, and this serves to compromise any attempt at 

wider Cumulative Impact Assessment. Another area of concern is the length of time accorded 

to species’ breeding seasons, which may influence the impacts attributable to any particular 

Special Protection Area (SPA) designated for that species. 

  

In this research, comparisons and analyses were made of the implications of differences in 

the expression of bird density and of the definition of breeding seasons relating to four 

exemplar taxa (northern gannet Morus bassanus, lesser black-backed gull Larus fuscus and 

black-legged kittiwake Rissa tridactyla) across a total of six large wind farms in the UK 

section of the southern North Sea.  

 

This reinterpretive review suggests it is more precautionary to measure density via a peak, 

rather than a mean figure. However, wider questions are raised regarding the central role of 

density for collision risk modelling purposes. A further conclusion is that the definition of a 

species’ breeding season significantly influences the assessment of the impacts of offshore 

development on the integrity of any breeding sites designated for that species. 
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Glossary 

Appropriate Assessment (AA): An official document outlining the decision made by the 

Secretary of State for Energy & Climate Change as to the potential impacts of a proposed 

development upon the integrity of a European Union-designated Special Protection Area 

(which see). 

 

British Trust for Ornithology (BTO):  A leading independent UK ornithological research 

body, involved in a significant amount of research relating to offshore ornithological impact 

assessment over recent years. 

 

Cumulative Impact Assessment (CIA): A requirement for most offshore wind farms, 

involving an analysis of the combined impacts exerted by the development in question upon 

various receptors, intensified by other developments, and undertaken within a wider 

Environmental Impact Assessment. In this research, ‘Cumulative Impact Assessment’ is used 

interchangeably with ‘In-combination Assessment’ (see below). 

 

Collision-Risk Modelling (CRM): A quantitative modelling technique used to attempt to 

estimate the direct collision mortality risk to bird species posed by the rotating blades of the 

wind turbines comprising a wind farm, usually expressed per year, and usually for a range of 

different species. In the UK this is most commonly associated with the work of one 

individual, Dr Bill Band of Scottish Natural Heritage. 

 

Collaborative Offshore Wind Research Into the Environment (COWRIE): A working 

group comprised of various stakeholders (and later a limited company); in existence during 

2001 – 2010, which undertook research into the potential impacts of offshore renewables on 

the marine environment. Succeeded by the Strategic Ornithological Support Services group. 

 

The Crown Estate: A property portfolio owned by the Crown and owner of most of the 

seabed in UK territorial waters. Responsibilities include letting areas of sea for the 

construction and operation of offshore wind farms.  
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Displacement: The forcing of birds away from established foraging, migratory and 

commuting sites and routes. 

 

Environmental Impact Assessment (EIA): Usually required by all EU member states to  

assess the impact of major developments on biodiversity and the environment. As enshrined 

in the EU Environmental Impact Assessment Directive (1985). 

 

Environmental Statement (ES): The publicly-available finished product of an 

Environmental Impact Assessment, usually written by a team of environmental consultants 

working on behalf of a developer or group of developers. 

 

Habitats Regulations Assessment (HRA): A mandatory assessment undertaken to inform 

an Appropriate Assessment (which see) to determine the impacts upon the integrity of a 

European Union-designated Special Protection Area for birds (SPA) or Special Area of 

Conservation for other taxa (SAC) (jointly, Natura 2000 sites) of a proposed development  

considered to have the potential to impact upon the integrity of that protected area. 

 

In-combination Assessment: Undertaken to establish the potential in-combination impacts 

of existing or proposed developments on the integrity of a Natura 2000 site. In this research, 

‘In-combination Assessment’ is used interchangeably with ‘Cumulative Impact Assessment’. 

 

Joint Nature Conservation Committee (JNCC): A UK-wide statutory body which, among 

other functions, has responsibility for the provision of conservation advice relating to 

offshore habitats. 

 

Marine Data Exchange (MDE): An online resource created by the Crown Estate which 

contains free-to-download Environmental Impact Assessment and Habitats Regulations 

Assessment documentation in relation to offshore wind farms which have undergone the 

planning process.  

 

Marine Management Organisation (MMO): The organisation responsible for licensing, 

regulating and planning marine activities in English and Welsh territorial waters. 
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Non-governmental Organisation (NGO): Usually used to describe charitable organisations 

and trusts. Examples in this subject area include the BTO and RSPB, both which see. 

National Infrastructure Planning Portal: An online resource created by Planning 

Inspectorate which contains free-to-download EIA and HRA documentation for 

developments currently in the planning application process. 

Natural England (NE): The Statutory Nature Conservation Organisation in England, with 

some input into conservation issues in the context of marine planning. 

 

Offshore Wind Farm (OWF):  Collection of marine wind turbines offshore for the purposes 

of electricity generation. 

 

Royal Society for the Protection of Birds (RSPB):  Major UK and European conservation 

non-governmental organisation with a large science department and many casework 

personnel, with some influence in terms of offshore wind farm decision-making. 

 

Scoping: In Ecological Impact Assessment terms, refers to the undertaking of surveys to 

determine baseline species numbers and distributions prior to a proposed development. 

 

Scottish Natural Heritage (SNH): The Statutory Nature Conservation Organisation in 

Scotland, with some input into conservation issues in the context of marine planning. 

 

Stochasticity: Lacking any definable pattern or predictability: randomness. For example, as 

applied to a dataset.  

 

Strategic Environmental Assessment (SEA): An extensive assessment of the potential 

impacts of a proposed development, usually wider in scope than an Environmental Impact 

Assessment and incorporating socio-economic impacts. As enshrined in the European 

Union’s Strategic Environmental Assessment Directive. 

 

Strategic Ornithological Support Services (SOSS) Group: A former collection of UK 

stakeholders which worked together to identify and understand key ornithological issues with 
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the potential to impact on offshore wind farm development. Succeeded by the Offshore 

Renewables Joint Industry Programme. 

 

Statutory Nature Conservation Organisation (SNCO): Government-funded regulatory 

body tasked with protecting biodiversity and habitats. In the case of this research, the two 

primary such bodies are Natural England (NE) and the Joint Nature Conservation Committee 

(JNCC). 

 

Special Protection Area (SPA): Highly-protected sites, classified in accordance with the 

European Union Birds Directive for populations of rare and vulnerable bird species. 

Development of such sites is usually not permitted by law or at least subject to stringent 

conditions. 

 

Valued Ornithological Receptor (VOR): A bird species of national or international 

significance and usually accorded a higher level of importance than certain other species 

during an Environmental Impact Assessment. 

 

Wildfowl & Wetlands Trust (WWT): A leading conservation and research charity with a 

consulting division which services the offshore renewables industry. 
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Chapter 1: Introduction 

1.1 Background to the problem  

Climate change is the greatest threat we face and wildlife is likely to be the earliest victim 

(Langston, 2010). The European Union (EU) is seeking to position itself as a global leader in 

the development and deployment of decarbonised, renewable energy technologies (Scrase 

and Gove, 2012), with the EU Renewable Energy Directive setting the ambitious target of 

20% of member states’ energy consumption to be derived from renewable energy by the year 

2020 (European Parliament and European Council, 2009).  

Of all EU member states, the UK has made by far the greatest investment in marine 

renewable energy and has been the industry world leader since 2008, with almost 1 gigawatt 

(one billion watts) of installed capacity, constituting as much as the rest of the world 

combined (Huddleston 2010; Renewable UK, 2014). Furthermore, very large wind farm 

developments, some numbering hundreds of turbines per site, are currently in the planning 

process for UK waters following the ‘Round 3’ process of site allocation which commenced 

in 2008. 

Despite the issues associated with continued reliance on fossil fuels, renewable technologies 

can present risks to local biodiversity if they are not developed sensitively (Scrase and Gove, 

2012). In terms of offshore renewables, it has been claimed that a time will arise when every 

individual North Sea seabird will at some point in its lifetime be in some proximity to an 

offshore wind turbine (Vanermen et al., 2013).  

 

Within the complex marine ecosystems of UK and neighbouring waters are internationally-

important numbers of several seabirds, most notably Manx shearwater Puffinus puffinus, 

northern gannet Morus bassanus, great skua Stercorarius skua and lesser black-backed gull 

Larus fuscus. For these four species alone, UK waters contain over 50% of their global 

populations (Mitchell et al., 2004).  In total, the UK hosts 25 species of seabird in 

internationally-important numbers, of which 24 are given protection by the EU Birds 

Directive (Stroud et al., 2001). Since 2000, however, there has been a decline of nine percent 

in the total number of seabirds breeding around the UK, which is likely to be due to a variety 

of factors (Langston, 2010). A network of Marine Protected Areas is in the process of being 
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designated for some of these species (Joint Nature Conservation Committee and Natural 

England, 2012).  

The main risks for birds from offshore wind farms (OWFs) are considered to be: 

 Collision with the turbine rotor blades, other parts of the turbine infrastructure or 

injury or death resulting from associated turbulence 

 Disturbance or displacement, equating to habitat loss 

 Direct or indirect effects on habitats or prey species 

 Barriers to movement – intercepting regular flights between feeding and nesting areas 

or disrupting longer migratory flights.  

(Langston, Allen and Crutchfield, 2010) 

Seabirds are K-strategists (long-lived with comparatively low annual productivity) for which 

increased mortality rates could potentially impact negatively over relatively short time-scales 

on population levels (Newton, 2013). For example, northern fulmar Fulmaris glacialis has a 

typical lifespan of 44 years but does not breed until it is between six and 12 years old, 

producing just one egg per year (Robinson, 2005; Cramp 1977).  

The construction of multiple OWFs in a concentrated area has the potential to exert 

cumulative and in-combination impacts above which survival and reproduction are 

significantly affected, which could potentially lead to a decrease in population levels at the 

wider (international) scale (Poot et al., 2011).  

It is the first of the above risks – collision impacts – and aspects relating to the manner in 

which they are calculated, which was the focus of this research. 

 

The ornithological Environmental Impact Assessment (EIA) and Habitats Regulations 

Assessment (HRA) documentation for a total of six UK offshore wind farms in the southern 

North Sea was analysed: Galloper Wind Farm, Triton Knoll Offshore Wind Farm, Dogger 

Bank Creyke Beck A, Dogger Bank Creyke Beck B, East Anglia One and Hornsea Project 

One. For each development there exists a significant collection of documents, reports and 

summaries, often running to thousands of pages. 
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These sites were selected for two reasons: firstly, their size (each is anticipated to amount to 

over 100+ turbines) and secondly, the manner in which a.) the collision risk of seabirds was 

assessed and b.) the extent to which their EIA and HRA documentation was freely available 

online. Galloper and Triton Knoll constitute parts of the ‘Round 2’ process of offshore 

development, announced in 2003. The remaining four sites are part of the later ‘Round 3’ 

process, occurring from 2008 onwards.  None of the sites were operational at the time of 

writing. 

1.2 Justification for the research  

Globally-unprecedented numbers of offshore wind turbines are being planned, proposed and 

constructed in the southern North Sea. There remains significant uncertainty and expert 

disagreement as to their potential collision impacts on ornithological receptors (Scottish 

Natural Heritage and Band, 2000; Chamberlain et al., 2006; Fox et al., 2006; Band et al., 

2007; Band, 2012;  Cook et al., 2012; Thaxter et al., 2012; Wright et al., 2012; Johnston et 

al., 2014). 

This uncertainty is compounded by reliance on qualitative, as opposed to quantitative, data, 

and lack of clear agreement between individual ecological consultants, statutory nature 

conservation organisations and different EU countries over how to assess cumulative impacts 

across several OWFs and over time (Masden et al., 2010; Busch et al., 2012). In the onshore 

environment at least, there have been occasions where rival developers have reportedly been 

unwilling to share data with each other in respect to proposed wind farms in close proximity, 

allegedly due to concerns over the implications for development of potential cumulative 

impacts (Gove, 2013a). 

For EU states, the European Environmental Impact Assessment Directive (European 

Parliament and European Council, 1985) and Habitats Directives (European Council, 1992) 

set out the requirements for a Cumulative Impact Assessment (CIA) to be undertaken for a 

wind farm development. Such an undertaking involves an attempt to ascertain the combined 

effects – on various receptors - of both the development in question, as well as of 

neighbouring developments. However, this requirement is challenging, unclear and often 

poorly addressed by developers (Langston, 2013).  
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Issues of data compatibility and replication in terms of seabird densities are highlighted in the 

CIA guidance document produced by King et al. (2009), which states:  

 

“...density estimates and population estimates for all bird species ....should [therefore] 

be reported in the Environmental Statement, together with a clear description of how 

they were calculated. Unless this approach is adopted, then the status quo will be 

maintained and qualitative assessments will continue to be carried out where 

quantitative assessments are not possible.” (King et al., 2009) 

This research focused on two areas where improvements could be made to the quantitative 

elements of the offshore ornithological EIA process: the expression of species’ densities and 

the definitions of species’ breeding seasons. 

Density estimates of flying birds are required to be expressed on a monthly basis over the 

stipulated two-year period of baseline ornithological surveys for a proposed offshore wind 

farm (Natural England and Joint Nature Conservation Committee cited in Thornton et al., 

2013). This constitutes an important element of the Band (2012) collision risk model and 

earlier models subsequently modified for use offshore (Scottish Natural Heritage and Band 

(2000); Band (2007) et al.  

 

However, relative stochasticity, or randomness, of bird densities between two years of survey 

is arguably a significant issue in the derivation of density estimates. For example, at Dogger 

Bank Creyke Beck A offshore wind farm (one of the sites examined in this research) 

population estimates of black-legged kittiwakes and northern gannets varied considerably 

between the two baseline survey years of 2010 and 2011, with the result that the collision risk 

estimates of both species in 2011 were almost double what they were in 2010 (Burton et al., 

2013). Maclean et al. (2013) noted that seabird numbers fluctuate greatly at any given 

location and Barton et al. (2012) recorded ‘moderate’ to ‘large’ annual variations in annual 

species abundance at the proposed Neart na Gaoithe offshore wind farm, which they 

attributed to differences in food availability caused by hydrodynamic features and weather.  

These variations in density may also serve to complicate assessments of the post-construction 

impacts of wind farms on seabird populations (Barton, et al. 2012, Maclean et al., 2013), 

although that issue was not examined in this research. 
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None of the Band models are accompanied by significant discussion as to whether a peak or 

mean expression (or any other statistical expression) of density estimate over the two years 

should be used, although Band (2012) defines density as “the average [my italics] number of 

birds in flight in daytime at any height, per square kilometre, as derived from field 

observation.” However, that author also concedes: “...survey data is sampled, often both in 

time and space, and usually exhibits a high degree of variability. Mean estimates can only be 

representative of flight activity.” 

  

A mean density figure for a two-year survey period can arguably mask a peak (for example, 

if one year provides a high density figure and the other year a significantly lower figure).   

Incidentally, the fact that these models only require input of the birds recorded in flight and 

not on the water is highly likely to underestimate densities (since at least some proportion of 

those sitting birds is likely to have flown through the area in question to be where they are on 

the water surface). However, this was beyond the scope of the present research. 

In this reinterpretive review, the EIA documentation for six large (100-plus turbine) offshore 

wind farms in UK waters in the southern North Sea was examined in detail. For all six sites, 

the developers concentrated on the use of a mean species’ density figure in the CRM process. 

This author is only aware of one UK offshore wind farm where peak density was used instead 

of mean density (Navitus Bay offshore wind farm) but the reasons for this are unclear to this 

author (APEM, 2014). 

A conclusion of this research was that use of a mean density is insufficiently precautionary. 

The robustness of offshore ornithological CIA could therefore be enhanced by using peak 

density CRM figures rather than the mean. This is covered in greater detail in Chapter 2. 

A second area explored in this research was the implications for CRM and subsequent CIA of 

the manner in which species’ breeding seasons are defined.  The definition of a species’ 

breeding season is important in the production of a Habitats Regulations Assessment (HRA) 

by a developer, in turn used to inform an Appropriate Assessment (AA) by the Secretary of 

State for the Department of Energy and Climate Change as to the impacts of a proposed 

development upon the integrity of an EU-designated Special Protection Area (SPA), accorded 

to those sites which hold bird populations of importance at a European level.  
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This research has identified significant discrepancies between developer-defined breeding 

season periods and those defined by the ornithological literature. The collision impacts of a 

proposed development on an SPA breeding population can vary by an order of magnitude 

depending on the length of time considered to constitute the species’ breeding season. This 

has important implications for ornithological CIA and is also developed in Chapter 2. 

Cumulative impacts on ornithological and other biodiversity interests have become an issue 

of significant importance and uncertainty - as well as cost - for UK offshore wind developers 

(Renewable UK, 2013). There are several high-profile UK examples in recent years where 

biodiversity interests have played a key part in decisions not to proceed with development.  

For the purposes of this research, the terms cumulative and in-combination impacts are used 

interchangeably (although, in the context of the EU Directives, both have distinct and discrete 

legal definitions). Hyder (1999) defines cumulative impacts as: “Impacts that result from 

incremental changes caused by other past, present or reasonably foreseeable actions together 

with the project.” The impacts of an increasing number of OWFs in the southern North Sea 

may be significant and greater than the sum of individual parts acting alone (Masden, et al. 

2010). 

Docking Shoal, a proposed wind farm off the coast of North Norfolk, failed to receive 

planning consent from the UK government’s Department of Energy & Climate Change due to 

its predicted potential cumulative collision impacts on Sandwich terns Sterna sandvicensis, 

one of the qualifying species of the North Norfolk Coast Special Protection Area (SPA) 

(DECC 2012). The developer, Centrica, spent over £10m in research and development over 

the course of three and half years in relation to this site (Macalister, 2012). 

The development consortium behind the proposed London Array 2 wind farm, designed as an 

extension to the existing London Array offshore wind farm, announced in February 2014 that 

they were not going to proceed with the extension. The reason given for this decision was 

because of the extension site’s predicted cumulative impacts on a wintering red-throated 

diver Gavia stellata population of European importance (Harvey, 2014).  

Concerns over the impacts on local populations of great northern diver Gavia immer and 

basking shark Cetorhinus maximus of the proposed Argyll Array offshore wind farm off the 

west coast of Scotland were cited as one reason for the developer, Scottish Power 
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Renewables, announcing in December 2013 that it had no further plans to develop the site, 

although the challenging environmental conditions at this site were the primary constraint on 

development (Gill, 2012; BBC News website, 2013).  

There is a pressing need for more quantitative assessments of the population-level effects of 

collision mortality for a range of breeding and, or, wintering seabird species at different 

spatial scales, from the SPA site level (i.e., individual colonies) to the biogeographical 

population scale (Langston, 2013).  

It is arguable that the standardisation of offshore ornithological cumulative impact 

assessment is important, not only in terms of the work of statutory nature conservation 

organisations, non-governmental organisations and researchers. It could also help to avoid 

further instances of developers investing in sites which are found to contain vulnerable 

biodiversity and where planning consent presents issues. As a global leader in offshore wind 

farm development, the EU should arguably be at the forefront of the standardisation of 

offshore ornithological EIA and CIA. 

1.3 Scope of the research 

This research examined how two key parameters impact upon the collision risk outputs for 

six large (100-plus turbines) offshore wind farms in UK waters in the southern North Sea, a 

sea area which contains more wind farms than anywhere else on earth (Renewable UK, 

2014). 

EIA documentation relating to wind farms is generally available online from websites such as 

the Marine Data Exchange http://www.marinedataexchange.co.uk/ (for proposed sites which 

have completed the planning process) and the National Infrastructure Planning portal 

(http://infrastructure.planningportal.gov.uk/) for sites currently in the planning application 

process. 

This research was not a comparison of the Band collision risk model with other collision risk 

models, neither was it a comparison of collision risk modelling procedures in the UK with 

those elsewhere. The latter had been considered early on in the research but was deemed 

impractical given timescales and issues with regards to the translation of documents. 

http://www.marinedataexchange.co.uk/
http://infrastructure.planningportal.gov.uk/
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Of the six wind farms included in this research, two were from the earlier ‘Round 2’ tranche 

of developments dating from 2003 to 2010, while the remaining four related to the 

subsequent ‘Round 3’ process, which dates from 2010 onwards (Renewable UK n.d.). The 

smaller ‘Round 1’ sites, many of which are also in the same sea area, were not included, 

primarily due to the advances in CRM which have been made since they were constructed, 

which makes it challenging to replicate their datasets. Not all of the 100-plus turbine ‘Round 

2’ sites were examined, also, because their online EIA and HRA documentation contained 

insufficient data to allow replication of collision risk modelling. These included Thanet, 

Greater Gabbard and London Array.  Dudgeon and Race Bank are two further ‘Round 2’ sites 

which were not included on account of continuing uncertainties as to their final size. 

1.4 Outline of the dissertation  

The abstract summarises the research aims and activities, hinting at the ultimate 

recommendations made in the conclusion. As an employee of the RSPB Centre for 

Conservation Science, the author was very fortunate to be in contact with some leading 

biologists, some of whom are mentioned in the acknowledgements. 

This subject area is not without its share of technical terms and abbreviations. An extensive 

glossary attempts to address this. 

Chapter 1 starts with the background to the problem, emphasising the conflicting concerns 

regarding both climate change and of the potential impacts of renewable energy 

developments on local biodiversity. The risk of seabirds colliding with rotating wind turbine 

blades is the impact explored in this research, although other impacts can occur. 

The scope of the research is outlined: A reinterpretive review of ornithological collision risk 

modelling for six large offshore wind farms on three species of seabird in the UK section of 

the southern North Sea. Admission is made of the fact that predicted impacts on birds have 

led to some wind energy projects failing to receive planning consent. 

An extensive literature review in Chapter 2 places this research in context. Chapter 2 also 

states the aims and objectives of this research. 

Chapter 3 outlines the research methods and techniques selected. 
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Chapter 4 provides analysis and interpretation of the results obtained. Of particular note are 

the figures displaying mean versus peak annual estimated collision mortality for northern 

gannet, lesser black-backed gull and black-legged kittiwake, as well as comments relating to 

developer definitions of the breeding season for lesser black-backed gull at Galloper Wind 

Farm and northern gannet at East Anglia One wind farm. 

Chapter 5 contains conclusions and recommendations for further research.  Beyond Chapter 5 

is an Appendix containing an extended abstract and a sample Band (2012) Collision Risk 

Modelling spreadsheet. 
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Chapter 2: Research definition  

2.1: The practical problem  

There were essentially two practical problems addressed in this research: firstly, relating to 

the manner in which seabird density estimates are derived for the purposes of offshore 

ornithological collision risk modelling, and secondly, concerning the expression of species’ 

breeding seasons for the purposes of calculating the potential collision mortality impacts 

upon SPA populations. Both of these are explored and defined in turn in this section. 

The only collision risk model which is advocated by the UK statutory nature conservation 

organisations (SNCOs) is that associated with the work of Band (e.g., Scottish Natural 

Heritage and Band, 2000; Band et al., 2007; Band 2012). The Band (2012) offshore model, 

accompanied by relatively user-friendly macros-enabled Microsoft Excel spreadsheets, is 

freely-available as a download on the Strategic Ornithological Support Services (SOSS) 

website (http://www.bto.org/science/wetland-and-marine/soss). Other collision risk models 

exist (for example, Folkerts, 2008, although, like Band, 2012, this model is heavily 

influenced by density). This author is not aware of any other models, aside from those 

developed by Band (or Band working with others) being employed as part of the formal EIA 

process in the UK (King, 2013; Broadbent, 2012). 

 

Band (2012) has been used by developers in respect to all Round 3 offshore developments in 

the UK section of the southern North Sea. Prior to this, developers used a version of Scottish 

Natural Heritage and Band (2000), modified for offshore purposes. 

 

All versions of the Band model require an estimate of bird density (analogous to ‘flux’ or 

‘occupancy’ in the earlier models) as a key parameter. In practice, this is usually expressed in 

terms of birds (of each individual species considered in the assessment) per km
2
. 

 

Density estimates are derived via baseline surveys, which usually involve both boat-based 

and aerial surveys taking place over the stipulated site-scoping period of two years, providing 

data for each month twice. Boat-based surveys are undertaken by experienced field 

ornithologists, while the latest aerial technology allows high-definition video or images to be 

saved and viewed at a later date (Burton et al., 2013).  

http://www.bto.org/science/wetland-and-marine/soss
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Boat-based and aerial surveys are generally regarded as being complimentary to each other 

(Camphuysen et al., 2004; Huddleston, 2010) during the process of establishing an 

ornithological baseline.  Boat-based surveys provide greater accuracy for species 

identification, are useful for collecting fine-scale behavioural data, and can also be 

undertaken in conjunction with other surveys, for example, for accurate marine mammal 

surveys. Aerial surveys can cover a large area in a relatively short space of time, allow access 

to shallow sea areas that boats may not be able to enter and exert less disturbance upon 

sensitive inshore species such as red-throated diver and common scoter Melanitta nigra 

(Camphuysen et al., 2004).  

 

All but one of the six of the wind farms analysed in this research used a combination of boat-

based and aerial surveys. The exception was Hornsea Project One, which apparently utilised 

boat-based surveys only. Admittedly, for many sites, aerial surveys had been undertaken 

several years previously as part of other EIA studies (for example, Galloper). However, the 

author is not aware of the reasons for the lack of aerial surveys being undertaken for Hornsea 

Project 1. Although outside the scope of this research, this is arguably a concern, since this 

site lies in relatively close proximity to the Flamborough Head-Bempton Cliffs Special 

Protection Area, designated for several breeding seabird species. (Joint Nature Conservation 

Committee, 2001). 

 

It is important also to note that the Band models provide only estimates of collision mortality, 

and are influenced by a range of parameters aside from bird densities. These include the 

unresolved and contested issue relating to the rates at which birds are understood to avoid 

turbines (from near-scale micro-avoidance within the vicinity of a turbine, to large-scale 

macro-avoidance at some distance from a wind farm) as well as the proportion of birds 

considered to be flying through the rotor-swept areas of a wind farm at potential collision 

height. The issue of avoidance rates is beyond the scope of this research. 

 

In terms of proportions of birds at rotor height, Option 2 of the Band (2012) model was used, 

which utilises modelled flight-height distributions (Johnston et al., 2014). 
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All of the sites examined in this research concentrated on a mean density figure over two 

years of baseline surveys. In many instances this equated to a significantly lower density 

figure being used than if a more precautionary peak figure was incorporated into CRM. 

 

The second practical problem relates to the expression of bird breeding seasons for the 

purposes of apportioning collision risk to SPA populations. It is demonstrated in Section 4 

that the definition of a species’ breeding season can impact on collision estimates by an order 

of magnitude. 

 

2.2 Existing relevant knowledge  

As described above, Band first published an ornithological CRM tailored for proposed 

onshore developments with Scottish Natural Heritage in 2000 (Scottish Natural Heritage and 

Band 2000) and modified it, with others, over the following years (e.g., Band et al., 2007). 

However, it was not until 2012 that the same author produced a CRM relating specifically to 

marine avifauna (Band, 2012).  

Onshore and offshore ornithological collision risk modelling differ primarily in the way that 

they gather and present information on bird flight activity (Band, 2012). Onshore collision 

risk modelling is based on data collected by observers undertaking a series of timed vantage 

point surveys, recording the behaviour, flight-paths and estimating heights (in standardised 

height bands) of various species from a fixed viewpoint, often from an elevated area of land, 

such as a hilltop (Scottish Natural Heritage and Band, 2000; Band et al., 2007). For all except 

the most coastal sites, or those designated to be close to existing built structures in the marine 

environment, such as oil platforms, undertaking vantage point surveys at sea is rarely 

possible. Instead, boat-based and aerial bird surveys are required. Surveying from a moving 

boat or plane as it journeys across a site is clearly very different to surveying from a fixed-

position vantage point on land. Incidentally, there are also issues, particularly for boat-based 

surveying, relating to the accuracy of estimating bird flight heights and flight paths from a 

boat on an undulating sea surface and without the aid of landscape-markers such as trees, to 

help estimate bird flight height, although these issues were not explored in this research. 

In terms of boat-based surveys, Band (2012) attempts to compensate for these differences 

primarily by advocating the collection of ‘snap’ counts of birds, by skilled and experienced 

field ornithologists on board the vessel, of birds in flight at regular time intervals. Band 



Andrew Tongue  13 B8144678 

 

(2012) stops short, however, of detailed guidance relating to seabird survey methodology, 

since this is covered in depth elsewhere – for example Camphuysen et al. (2004). 

Incidentally, it is of concern to some stakeholders, e.g., the RSPB, that CRM only utilises 

flight data, and not birds sitting on the water. In many cases, it is reasonable to assume that 

birds on the water are likely to have arrived in the survey area by at least some flight activity. 

This issue is beyond the scope of this research. Aerial surveys provide a direct method of 

sampling the density of birds in flight per unit area (Band, 2012). 

Baseline survey data are usually subject to some form of distance sampling to account for 

undetected birds. Furthermore, divers Gavia, for example, are sensitive to disturbance and 

can be flushed by boats and potentially missed by observers. Baseline survey data should 

therefore be viewed as a best-estimate (Rexstad and Buckland n.d.; Buckland et al., 2001). 

 

The fact that the developers of several of the earlier OWFs in the southern North Sea utilised 

onshore CRM, while those involved with the later sites have increasingly used the offshore 

model may have implications for subsequent CIA and attempts to standardise cumulative 

ornithological collision risk modelling for the rapidly-developing renewable energy 

infrastructure of the southern North Sea. It has certainly been an issue for this research in 

terms of the ease of comparison of potential impacts between Round 2 and Round 3 sites, 

since CRM outputs have differed significantly, with often significantly higher predicted 

collision outputs for the earlier sites, compared to the more recent sites. It is unclear why this 

has been the case, but the key factor seems to be that the more recent sites have utilised 

different options of the Band (2012) model and, sometimes, higher avoidance rates. 

 An Environmental Statement (ES) for an OWF should include a quantitative estimate of 

collision risk for all bird species present on the site for which the level of risk has the 

potential to be important (Band, 2012). Whether a level of risk is ‘important’ is ultimately 

decided by government – from lower levels (such as SNCOs) up to Cabinet level, via the 

Secretary of State for Energy & Climate Change through an Appropriate Assessment 

statement. Other key organisations such as RSPB usually make recommendations relating to 

Ornithological EIA documentation which are incorporated into the decision-making process. 

In general, however, species-specific levels of risk appear to relate to a combination of the 

species’ scarcity, status, biometric and behavioural parameters, the existence or otherwise of 

nearby colonies for that species and often, at least some, potential likely cumulative impacts 
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(APEM, 2012b; Burton et al., 2013; DECC, 2012; East Anglia One, 2013; SmartWind Ltd, 

2013a). 

The following information is required to undertake offshore CRM using Band (2012):  

- The number of birds flying through or around the site and their flight height (obtained 

through EIA-stipulated boat-based or aerial surveys and, increasingly, augmented by 

species-specific  flight height distributions following Cook et al. (2011), revised by 

Johnston et al. (2014). 

- Bird behaviour: Certain species are known to avoid (for example, divers) and to be 

attracted (for example, gulls) to OWFs, while some (again, such as gulls) are more 

active at night, when it may be more difficult for the birds to detect moving turbine 

blades, and is discussed in greater detail on pages 15 and 16. 

- Turbine details: the number, their size and their rotation speed. 

- Bird details: The size and speeds of the species present within the proposed OWF 

envelope.  

There are six stages of the model which are followed via a relatively user-friendly macros-

enabled Microsoft Excel spreadsheet (provided with the paper online): 

Stage A: Assemble data on the number of flights which, in the absence of birds being 

displaced or taking other avoiding action, or being attracted to the wind farm, are potentially 

at risk from wind farm turbines;  

 

Stage B: Use that flight activity data to estimate the potential number of bird transits through 

the rotors of the wind farm. The core measures of flight activity used are the density of flying 

per birds unit horizontal area of the wind farm (usually expressed in km
2
) and the proportion 

flying at turbine height; 

 

 Stage C: Calculate the probability of collision during a single bird rotor transit; 

  

Stage D: Multiply these to yield the potential collision mortality rate for the bird species in 

question, allowing for the proportion of time that turbines are not operational, assuming 

current bird use of the site and that no avoiding action is taken; 
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Stage E: Allow for the proportion of birds likely to avoid the wind farm or its turbines, either 

because they have been displaced from the site or because they take evasive action and allow 

for any attraction by birds to the wind farm, e.g., in response to changing habitats;  

  

Stage F: Express the uncertainty surrounding such a collision risk estimate (influence of 

avoidance rates, for example).This author found limited evidence of this stage being 

undertaken in EIA and HRA documentation for the six sites examined in this research. 

As mentioned earlier, although not an explicit focus of this research, a significant area of 

uncertainty within the field of CRM concerns the extent to which birds are able to take 

avoiding action to prevent collision with turbine blades (Chamberlain et al. 2006; Bullman 

2014).  

 

It is important to note that Band (2012) recommends that collision risks be evaluated 

assuming four different rates of avoidance:  95%, 98%, 99% and 99.5%, effectively resulting 

in four different collision calculations produced per species per EIA.  

The potential collision height of species may vary from site to site, influenced by local factors 

such as sea state, tidal range, turbine specifications, food availability, disturbance and other 

issues (Band, 2012; Langston and McCluskie, 2013).  

Different seabird species and groups are, nevertheless, understood to have a greater or lesser 

likelihood of colliding with rotating turbine blades, depending on their general ecological and 

behavioural traits and size and proportions (Langston, 2010; Furness and Wade, 2012; Cook 

et al., 2012; Johnston et al., 2014), although opinions differ as to the susceptibilities of some 

species.  

Average flight heights vary significantly between taxa. Auks tend to fly no more than a metre 

or so above the sea surface: Cook et al. (2012) in modelling generic flight-height 

distributions to be used in conjunction with Options 2 and 3 of Band (2012) estimated that 

just 0.01% of flights made by guillemots Uria aalge put this species at risk of collision with 

turbine blades. Conversely, 31.1% of great black-backed gull Larus marinus flights were 

estimated to be at potential collision height.  Gulls are generally accorded more 

‘precautionary’ higher avoidance rates of around 98% by developers and SNCOs for the 

reasons given above.  
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Maclean et al. (2009) assert that although certain high wing-loading groups, such as divers, 

are at higher risk of collision should they approach a turbine, they are in fact more likely to 

avoid wind farms altogether. In fact, divers are generally regarded to be at greater risk of 

displacement by turbines rather than collision (Furness, et al. 2013). Conversely, other 

groups, such as terns, although more manoeuvrable, are less likely to be displaced by 

turbines, and are therefore potentially at a greater risk of collision.  

Even so-called ‘precautionary’ avoidance rates, which are close to 100%, sound high, even 

despite the logarithmic orders of magnitude of collision risk between, for example, 98% and 

99.5% (Band, 2012). 

Organisations such as the RSPB urge caution in use of avoidance rates as presently 

formulated (Gove, 2013b). Band (2012) states: “In reality, birds mostly do take effective 

avoiding action so as to avoid collision with wind turbines.” However, the author goes on to 

state, on p.25 of the same document: 

“The lack of firm evidence surrounding avoidance rates will almost certainly 

dominate the uncertainty inherent in the collision risk estimate...for marine species 

there is limited firm data as yet on which to base predictions. It should be noted that 

avoidance behaviour may vary seasonally, and between groups of birds of the same 

species.” (Band, 2012) 

 

It is also arguable that the fact that four different rates are suggested by the model indicates a 

certain degree of uncertainty about exactly which avoidance rate should receive greatest 

focus from EIA practitioners. 

 

Avoidance rates are likely to remain a fundamental issue for the foreseeable future in terms 

of the impacts of wind energy on bird populations (Chamberlain et al., 2006). One key issue 

going forward in this regard may be the time and effort required to survey increasingly 

remote offshore wind farms to understand how birds respond to turbines and to amass 

evidence of collision. The extent to which birds collide with coastal and offshore turbines is 

certainly unclear and contested. Furness and Wade (2012), assert that marine collisions are 

“apparently extremely rare”.  Langston and Pullan (2003) noted the lack of research into and 

monitoring of the effects of wind projects on birds (both onshore and offshore). Later, 



Andrew Tongue  17 B8144678 

 

Langston (2013) commented that there had been an increase in relevant peer-reviewed 

publications over the previous decade, but that there remained a substantial ‘grey literature’. 

Another arguably valid criticism of all manifestations of the Band model is that it does not 

consider the likelihood of birds colliding with the standing tower, instead focusing 

exclusively on the potential for collision with the rotating blades. Birds (for example, certain 

grouse Phasianidae species) have been recorded colliding with the standing tower at some 

onshore wind farms (Douglas, 2014), and it is plausible that this could be an issue offshore, 

especially in periods of reduced visibility, such as cloud or darkness. 

 

Another significant area of dispute regarding the Band (2012) model relates to the availability 

of a choice of one of four different ‘options’ to use. These are summarised in Table 2.1. 

 

Table 2.1: The different Collision Risk Modelling ‘options’ recommended for offshore 

wind farms 

‘Option’ Methodological details 

‘Option 1’ (‘Basic Model’)  Assumes uniform distribution of bird 

flight heights across rotor-swept area. 

 Uses site-based density data. 

‘Option 2’ (‘Basic Model’)  Assumes uniform distribution of bird 

flight heights across rotor-swept area. 

 Uses generic flight-height data 

produced by Cook et al. (2012), 

(subsequently amended: Johnston et 

al., 2014). 

‘Option 3’ (‘Extended Model’)  Attempts to compensate for flight-

height distributions being skewed to 

towards the lower end of potential 

collision height by allocating generic 

flight height data to 1m bandwidths. 

‘Option 4’ (‘Extended Model’)  Attempts to compensate for flight-

height distributions being skewed to 

towards the lower end of potential 

collision height by allocating site-

specific flight height data to 1m 

bandwidths. 

  Source: Langston and McCluskie (2013). 

This variety of ‘options’ hinders attempts at standardised ornithological CIA. Furthermore, 

the RSPB has voiced concerns with the ‘extended model’, which produce a lower estimate of 

collision risk. It is the ‘extended model’ which is increasingly being used by developers. 
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In this research, site comparison was standardised via use of ‘option 2’. In reality, however, 

different developers undertook CRM for the six sites in question focusing on a range of 

options, as summarised in table 2.2, below: 

 

Table 2.2: Collision Risk Modelling ‘options’ utilised by developers in respect to the six 

sites examined in this research 

Site Offshore Round ‘Options’ used in CRM 

Galloper Wind Farm
1
 Round 2 ‘Option 1’ 

Triton Knoll Offshore Wind 

Farm
2
 

Round 2 ‘Option 1’ 

Dogger Bank Creyke Beck A
3
 Round 3 ‘Option 3’ 

Dogger Bank Creyke Beck B
3
 Round 3 ‘Option 3’ 

East Anglia One
4
 Round 3 ‘Option 3’ 

Hornsea Project One
5
 Round 3 ‘Option 4’ for northern 

gannet, black-legged 

kittiwake, lesser black-

backed gull and great black-

backed gull; ‘Option 1’ for 

all other species. 

Sources: 1: Strong et al. (2011); 2: Green et al. (2011); 2 & 3: Burton et al. (2013); 4: 

Environmental Resource Management Ltd (2012); 5: SmartWind Ltd (2013b). 

 

It is noteworthy that Hornsea Project One utilised ‘Option 4’ for the species considered most 

at risk of collision, especially in light of the concerns associated with this ‘option’. 

 

The fact that offshore wind farms may, to some extent, exert an underwater ‘reef’ effect, 

encouraging the aggregation of fish and other marine life (and potentially sustained by the 

practical and legal restrictions on fishing activities in and around wind farms) may increase 

collision risk. It could also possibly benefit seabirds by providing high-quality foraging sites 

(Inger et al., 2009; Band, 2012; Bolton, 2013). 

Onshore sensory ecology work indicates that a human perspective of the problems posed by 

man-made objects in the natural environment is unhelpful and that birds in flight may 

instinctively predict an uncluttered environment (Martin, 2011). However, this view has been 
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disputed, at least, again, for certain species onshore, especially pigeons Columba (Guilford, 

2014). 

It is of concern that some of the earlier offshore wind farm EIA used avoidance rates based 

on studies of passerine (songbird) flight characteristics as a substitute for the equivalent 

information relating to seabirds which are often considerably larger and with a very different 

wing-loading and behavioural characteristics (Chamberlain et al., 2006). Again, such 

disparities in EIA practice have implications for attempts to establish cumulative collision 

risk across a suite of sites. 

In terms of calculations of bird density, Band (2012) makes limited recommendations as to 

how, in terms of statistical expression (for example, mean, peak or median - or any other 

expression), bird densities should be expressed. It is arguable that this lack of guidance could 

lead to repercussions in terms of attempts to standardise CRM modelling for the purposes of 

CIA.   

In Section 1.2 (above), the work of both Maclean et al. (2013) and Barton et al. (2012) 

relating to offshore densities was discussed. Maclean et al. (2013) is particularly important in 

highlighting problems relating to the ease of detection of changes in bird density, for the 

purposes of comparing site densities before and after construction. The authors found that 

mean recorded counts across sites were highly variable. For example, of the 19 sites analysed 

for northern gannet, mean counts ranged from 0.25 birds to 74 birds.   

Inter-annual variation of northern gannet foraging locations was noted for birds fitted with 

satellite tags at Bempton Cliffs, England, during the early breeding and post-breeding period 

in 2010, 2011 and 2012, although there was noticeable overlap of foraging with the large 

Hornsea offshore development zone, the closest of such zones to Bempton, located on the 

coast of East Yorkshire (Langston and Boggio, 2011; Langston and Teuten, 2012; Langston, 

Teuten and Butler, 2013). 

King et al. (2009) is a source of ornithological CIA guidance (for both developers and 

Statutory Nature Conservation Organisations, SNCOs). The authors state that their aim was 

to “develop written guidance for developers to assist in the process of cumulative impacts of 

OWFs on bird populations”, though go on to add that “these guidelines are the first stage of 

an iterative process.” It will be important to monitor the extent to which OWF cumulative 
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collision risk assessments going forward are in keeping with the recommendations made by 

King et al .(2009).  

 

Busch et al. (2012) highlight the implications of southern North Sea OWF expansion on 

seabirds from the perspective of the EU Marine Strategy Framework Directive (European 

Parliament and European Council, 2008). This paper champions improved transnational co-

operation between North Sea states as a means of better assessing the potential regional 

impacts of marine renewables developments on seabirds. The implications are that it may be 

of merit to explore and compare not only CIA in UK waters, but also those in other territorial 

waters. The authors assert on p.222: “While current statutory CIA is restricted to OWFs in 

the direct vicinity, the overall consequences of OWF development at the North Sea scale are 

neglected.”  

Masden et al. (2010) echoes Busch et al. (2012) in asserting that CIA should be elevated to a 

strategic level (i.e. falling under the remit of the EU’s Strategic Environmental Assessment 

Directive, which examines proposed developments at a larger spatial, environmental and 

socio-economic scale than EIA). The authors state, on p.6: 

 

 “With increasing numbers of wind farms comes concern not only over isolated 

environmental effects but also the cumulative environmental impacts, and despite 

awareness of the issue, there seems to be a lack of understanding and research in the 

area of cumulative impact assessment” (Masden, et al., 2010) 

 

The Marine Management Organisation (MMO), the UK’s body responsible for marine 

management, planning and licensing, recently produced a distillation of OWF CIA best-

practice for a range of receptors, including birds, in UK territorial waters (MMO, 2013). This 

report made three recommendations of best-practice in terms of ornithological CIA, which 

were: 1. Quantitative data on numbers and density for all species at a site should be included 

in the ES to allow quantitative CIA to be undertaken retrospectively if necessary. 2. Raw bird 

numbers, density estimates and population estimates should be reported for all species, 

together with a description of their methods of calculation. 3. An ES should include data on 

density / passage rate for each species by date / season.  
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The potential impacts of collision risk for land birds migrating over the southern North Sea 

are discussed in detail by a BTO SOSS paper (Wright et al. 2012), while another BTO-led 

paper built on a large number of tracking studies to produce the central-place foraging ranges 

for a suite of UK-breeding seabirds. This has been used by developers to determine the likely 

impacts of different developments on different SPA populations (Thaxter et al., 2012). 

Two further papers have had a bearing on the present research. Cook et al. (2012) produced 

modelled flight height distributions for use with the Band (2012) model. Following discovery 

that the distributions in this paper were skewed toward lower altitudes, further work was 

undertaken, resulting in a corrigendum published two years later (Johnston et al., 2014). 

It is important to note that this author has not located existing peer-reviewed research which 

examines the implications of the length of the breeding season upon assessments of the 

potential collision impacts on SPA populations. 

 

 2.3 Aim, objectives, methods, tasks and deliverables  

Aim: 

To make tentative recommendations for offshore collision risk modelling based on an 

analysis of how the use of different expressions of bird density and breeding season for 

northern gannet, black-legged kittiwake and lesser black-backed gull impacts upon collision 

risk calculations for those species in respect to six offshore wind farms. 

 

Objectives:  

1. Undertake a literature review of offshore ornithological collision risk research and 

guidance. 

2. Locate a group of large (100-plus turbines) offshore wind farms in a relatively 

concentrated area for which suitable data was in the public domain.  

3. Collate EIA and HRA documentation for each site (obtained online). 

4. Analyse CRM calculations to establish which measures of density and were used and 

how the breeding season was expressed.  
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5. Establish how the use of a more precautionary measure of density produces different 

estimates of collision risk. 

6. Establish how the use of alternative definitions of species’ breeding seasons to those 

used by developers influence the estimated collision risk impacts upon SPA populations.  

 

Methods: 

This research has employed reinterpretive review as the primary method. Reinterpretive 

review can be defined as: “either reviewing an established theory in the light of new data, 

reinterpreting existing data in the light of a new theory or methodology, or combining two or 

more data sets” (The Open University, 2012a). 

 

Tasks: 

1 Analyse the relevant density and breeding season elements of CRM for the wind 

farms in question. 

2  Marshall the above data into a basic Microsoft Excel database. 

3 Using the database, along with the literature reviewed above and other sources of 

information, including contact with a range of people involved in the offshore wind 

farm sector, to draw observations and conclusions, as presented in this document. 

 

 

Deliverables: 

 

The deliverables for this research have been as follows: 

 Undertake an iterative literature review.  

 Obtain EIA / HRA documentation for OWFs in the southern North Sea. 

 Continue to monitor media reports, web forums and ornithological literature for 

developments in the area of density calculations for offshore ornithological CRM 

purposes. 

 Produce a report with tentative conclusions as regards best practice going forward. 
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Chapter 3: Methodology  

3.1: Methods and techniques selected 

Reinterpretive review, as defined in section 2.3, was considered the most appropriate research 

method: the work constituted the review of an established theory in the light of new 

methodology. 

An exemplar case study research method had been considered. However, the work did not fit 

the true definition of case study in the sense that it did not rely on multiple sources of 

evidence and that the boundaries between phenomenon and context were relatively clearly 

evident (Yin, cited in The Open University, 2012c). 

In terms of the research methods, it was fundamentally important to have a clear 

understanding of the basic mechanics of the Band (2012) model. It did not make sense to 

create a ‘new’ collision risk model, or to use the only other alternative model that this author 

is aware of (Folkerts 2008), since Band (2012) is that recommended by Natural England and 

JNCC for offshore collision risk assessment. Perrow (2012) found that, although the Band 

and Folkerts models produced different results, both use density as a key parameter and the 

differences provided by either model among species were small. That study concluded that 

either of them could be used ‘with reasonable confidence’. 

A comparison of the outputs of the Band (2012) model across different options had been 

considered for this research, but there was limited time available to do this alongside the key 

aim of establishing how outputs could be impacted by changes in two key parameters that 

have rarely been questioned in the literature. 

The role of underlying theories and paradigms is rarely far from the surface of any research 

undertaking (The Open University, 2012b). At all times during this research, the researcher 

was careful to adopt a systems-thinking viewpoint, having an awareness that his own position 

was influenced by personal beliefs, frames and prejudices and that he himself was a 

stakeholder in the debate over the impacts of renewable energy developments on local 

wildlife as an employee of the RSPB, the largest wildlife non-governmental organisation 

(NGO) in Europe.  
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Alongside his Open University tutor, the researcher was supervised by a Senior Conservation 

Scientist at the RSPB Centre for Conservation Science, the organisation’s scientific research 

department, although the course fees were entirely funded by the author and all work was 

undertaken outside of office hours. 

The RSPB’s policy on renewable energy is summarised on the organisation’s website: 

 “Switching to renewable energy now, rather than in ten or twenty years, is essential if 

we are to stabilise greenhouse gases in the atmosphere at safe levels...Some poorly-

sited wind farms have caused major bird casualties... If wind farms are located away 

from major migration routes and important feeding, breeding and roosting areas of 

those bird species known or suspected to be at risk, it is likely that they will have 

minimal impacts.” (RSPB, 2013) 

The RSPB operates from a key paradigm that biodiversity needs human protection. Climate 

change has been conclusively shown to be impacting negatively on biodiversity (for example, 

Pearce-Higgins and Green, 2014). The RSPB believes that climate change is the greatest 

threat to global biodiversity. Therefore, the impacts of renewable energy developments on 

local wildlife may, in some instances, be potentially acceptable when viewed in a global 

context. 

In reality, in this area at least, the UK government appears to operate from a similar 

paradigmatic standpoint, recognising the need for sensitivity over the location of wind farms 

(Department of Energy & Climate Change, 2013). However, the RSPB does object to 

approximately six per cent of the wind farm applications that it engages with per annum, due 

to their potential threat to bird populations (RSPB, 2013).  

In many respects, this research has been strongly guided by theories and assumptions. The 

Band (2012) collision risk model is a supremely theoretical construct, operating in a 

rigorously positivist and reductionist manner: it receives numerical data and, through the use 

of algorithms in-built into a spreadsheet, produces estimates of collision risk. Nevertheless, 

the model comes with many assumptions and caveats, and it is important for those involved 

in the assessment of the impacts of renewable energy developments on seabirds to bear these 

in mind. They include the assumption of birds being a simple cruciform shape, of high 

avoidance rates, which some have argued require further clarification and research 
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(Chamberlain et al. 2006), as well as the assumption of discounting birds encountered on the 

water during baseline surveys – birds which it is reasonable to assume are likely to have 

flown through at least part of the area proposed for development. This research also 

concludes with questions over the use of density as a key parameter. As the renewable energy 

industry continues to grow, it seems that it will be increasingly important for collision risk 

models to incorporate more realistic assumptions. 

3.2: Justification 

The choice of employing a reinterpretive review approach to this research was justified on the 

grounds that it constituted a review of the applied use of a dominant model (developers using 

Band, 2012) in the light of changes to the model’s methodology: using peak, rather than 

mean bird densities, and broadening the definition of the breeding season used by developers 

when utilising the model for the purposes of examining the potential impacts on the integrity 

of European-designated breeding sites. 

3.3: Research procedures 

Table 3.1, below, summarises details of the six offshore wind farms examined in this 

research, while Figure 3.1 displays their approximate and relative locations. 

Collision risk modelling was undertaken according to recognised practice, via the use of  

Band (2012), which is accompanied by macros-enabled spreadsheets  into which species and 

site-specific data can be entered by the user. A new spreadsheet was used for each new site, 

each new species and for mean and peak density data. It was not necessary to create new 

spreadsheets for different definitions of the breeding season, as collision mortality is 

displayed by the model on a monthly basis. In order to achieve familiarity with the model, the 

worked example which accompanies it was followed from an early stage. 

All input data, except for generic flight height distributions, were entered on the first page of 

the spreadsheet (labelled ‘input data’; as displayed in Appendix 2). 
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 Table 3.1: The six offshore wind farms considered in this research 

Site Crown 

Estate 

Offshore 

Round 

No. of 

turbines  

Total site 

capacity 

(Megawatts) 

Developer/s Site status 

Galloper Round 2  140  504 MW Scottish & 

Southern 

Energy, RWE 

NPower 

Renewables 

Expected 

operational 

2017 

Triton Knoll Round 2 Up to 288  Up to 900 MW RWE NPower 

Renewables 

Likely 

operational 

post-2016 

Dogger Bank 

Creyke Beck A 

 

Round 3 200 To be 

confirmed by 

developers 

Scottish & 

Southern 

Energy, RWE 

NPower 

Renewables, 

Statoil, 

Statkraft 

Pre-

construction 

expected 2015 

Dogger Bank 

Creyke Beck B  

 

Round 3 200 To be 

confirmed by 

developers 

Scottish & 

Southern 

Energy, RWE 

NPower 

Renewables, 

Statoil, 

Statkraft 

Pre-

construction 

expected 2015 

East Angia 

One 

Round 3 Up to 325 Up to 1,200 

MW (1.2 GW) 

Scottish Power 

Renewables, 

Vattenfall 

Work to 

commence 

2016 

Hornsea 

Project One 

(will comprise 

three separate 

wind farms) 

Round 3 150 – 332 Up to 1,200 

MW (1.2 GW) 

Mainstream 

Renewable 

Power, 

Siemens 

Ventures  

In planning 

process 
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In terms of this input data, it was important to ensure that there was a level of standardisation.  

Figure 3.1: Outline map of the United Kingdom to display the approximate locations of 

the six offshore wind farms analysed in this research (Taken from La Tene / EWEA, 

2011).  1: Galloper Wind Farm; 2: Triton Knoll Offshore Wind Farm; 3 & 4: Dogger 

Bank Creyke Beck A and B; 5: East Anglia One; 6: Hornsea Project One. 

Map not to scale. 

2 

6 

1 

3 & 4 

5 
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Species-specific morphometric (bird length and wingspan) and behavioural parameters (flight 

speed and the species’ general nocturnal activity rate) were standardised for each species 

using the most commonly-cited references for these details (British Trust for Ornithology 

n.d.; Pennycuick, 1987; Alerstam et al., 2007; Garthe and Huppop, 2004) as shown in Table 

3.2, below. These parameters are important, since species of greater size, slower average 

flight speeds and with higher levels of nocturnal flight activity are accorded a higher risk of 

collision probability by the model. The opposite also applies, of course. The model assumes 

the same flight speed for flights upwind and downwind, as well as equal proportions of 

flights made upwind and downwind. 

The spreadsheet requires the input of either ‘gliding’ or ‘flapping’ flight for each species. Use 

of the ‘flapping flight’ option is considered to be slightly more precautionary for points where 

bird is passage is level with the rotor hub (Band, 2012), and therefore this option was selected 

across all species and sites. 

Table 3.2, below displays the morphological and behavioural parameters selected for each of 

the three species across the six sites for the purposes of collision risk modelling using Band 

(2012). 

Table 3.2: The morphological and behavioural parameters inputted into the Band 

(2012) collision risk model for the three exemplar taxa analysed in this research 

Species Length (m.)
1
  Wingspan 

(m.)
1
  

Flight speed 

(m./sec.)  

Nocturnal 

activity 

factor
4 

 

Flight type 

(‘flapping’ / 

‘gliding’)
 
 

Northern 

gannet 

0.94 1.72 14.9
2
 2 ‘flapping’ 

Lesser black-

backed gull 

0.58 1.42 13.1
3
 3 ‘flapping’ 

Black-legged 

kittiwake 

0.39 1.08 13.1
3
 2 ‘flapping’ 

Sources: 1: Robinson (2005); 2: Pennycuick (1987); 3: Alerstam et al. (2007); 4: Garthe and 

Huppop (2004). 
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CRM for all sites and species was undertaken using Option 2 of Band (2012), which utilities 

the modelled seabird flight height distributions developed by Cook et al. (2012) and further 

developed by Johnston et al. (2014) specifically for use with Band (2012). These models 

were developed using baseline survey data for 32 proposed offshore wind farms and provide 

a further input for the Band (2012) spreadsheet: a column of modelled flight height 

proportions over a distance of 0-299 metres, which can be pasted onto the ‘flightheight’ tab, 

as displayed in Appendix 2. This data is available on the BTO Strategic Ornithological 

Support Services for the UK offshore wind industry website (BTO – SOSS, 2012). In this 

research, the revised, Johnston et al. (2014) distributions were used, utilising the modelled 

‘best-estimate’.  

Day-time aerial bird densities, per month, were inputted into the spreadsheet, firstly using 

mean densities for each species across each site and repeated using peak densities. This 

information was obtained for each site following study of their respective EIA and HRA 

documentation which, for each of the six sites in question, was freely available either on the 

Marine Data Exchange website or the National Infrastructure Planning portal (relating, 

respectively, to whether the planning process had, or had not, at the time of this research, 

been concluded for individual sites). 

The spreadsheet also requires further input parameters: site latitude, number of turbines, tidal 

offset, turbine model, number of blades, rotation speed, rotor radius, hub height, monthly 

proportion of time operational, maximum blade width, pitch and a large array correction 

(derived from the area of the width of the wind farm, in kilometres). 

Of these parameters, three were standardised across all sites: tidal offset, maximum blade 

width and pitch. 

A standard tidal offset (the difference between highest astronomical tide and mean sea level) 

of 3.25 metres was selected for all sites, given that Band (2012) states that it can make a 

‘substantive difference’ to calculated collision risk. The same author also states “...the 

difference is typically 2-3m, but may be up to 5m or more in estuarine locations.” None of 

the sites were in estuarine locations.  A site-specific tidal offset was not provided by 

developers for all sites examined in this research. 
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The maximum width of all turbine blades was standardised at 4.2 metres across all sites as 

this information was not found for every site.  

The pitch, defined as the angle between the blade surface and the angle of the rotor, was 

again, not found for every site.  The documentation for several sites had provided a pitch of 

20° and this value was selected for all sites, although it is slightly higher than the average 

pitch of 25-30° described as reasonable for a typical large turbine in Band (2012). 

It was decided not to standardise certain other turbine specifications because of the impact it 

may have exerted on the potential collision height provided by developers for different 

species at each site, which was used ‘as is’. Therefore, individual sites ‘retained’ their 

developer-provided details for rotation speed, rotor radius and hub height. Where developers 

did not provide a monthly proportion of time operational, a standard figure of 85% for each 

month was used. 

The CRM outputs derived for all sites were based on the ‘large array correction’, which 

attempts to compensate for the progressive depletion of bird densities, due to collisions, 

across a site. In reality, this correction made trivial impacts on CRM outputs.  In order to 

calculate the correction, the spreadsheet requires the width of the wind farm to be inputted. 

Width was often not provided by developers, although the area of the wind farm invariably 

was. For modelling purposes, the wind farm is taken as occupying a circular site. Width was 

therefore calculated as for the standard diameter of a circle, i.e.: 

Width of wind farm in km
2 

(diameter of circular area)       =     √ area in km
2 



For each site, the site-specific developer-defined ‘Rochdale Envelope’ array scenario was 

used. This can be defined as the ‘worst case’ scenario of the highest density of turbines across 

the site in question. Practical issues regarding the use of the ‘Rochdale Envelope’ and 

recommendations for further research in this area are discussed in Chapter 5. 
 

The results of this analysis are presented in graphical form in Figures 4.1, 4.2 and 4.3 in 

Section 4. 


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There were constraints imposed by the T802 process. It is arguable that more species and 

more sites could have been included in this analysis if the stipulated literature review process 

had been shortened or arranged so as to run in parallel with at least the early analytical work. 

 

3.4: Ethical considerations 

No significant ethical problems were identified in the execution of this research, although, 

unfortunately, it was not possible to obtain final consent from some sources regarding certain 

insightful face-to-face conversations and the author accepts final responsibility for any 

inadvertent misrepresentation of views or opinions expressed in this document. 

The quantitative element of the research was undertaken in a manner that would allow it to be 

replicated by others in future. An in-depth diary was kept of the notes and observations made 

during the collision risk modelling. 
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Chapter 4: Analysis and interpretation 

4.1: Summary of data collected  

This section is arranged as follows: 

- Section One: A total of three graphs (one per species) displaying comparisons of 

CRM outputs across six sites, using mean and peak densities. 

- Section Two: A total of four tables illustrating key findings relating to how SPA-

related collision risk modelling can be influenced by the manner in which species’ 

breeding seasons are defined. 

Section One: Summary of CRM outputs using mean versus peak density 

1a Northern gannet 

Figure 4.1, compares the differences in predicted annual collision mortality, expressed per 

month, for northern gannet, utilising mean (dark grey bars) and peak (pale grey bars) density 

figures for the six sites included in this research, obtained via the Band (2012) spreadsheet. 

The collision risk outputs are derived using a relatively precautionary 98% avoidance rate, 

with Johnston et al. (2014)-modelled flight-height distributions (using ‘best-estimate’), with 

the large array correction applied.  

The disparate y-axis scales between sites are a result of significantly different estimates of 

collision mortality between them. There are several reasons for this. They include variation in 

the numbers of birds recorded at each site, but there are other factors involved, including the 

different Band (2012) options used by developers, as discussed in Section 2.2.  

Related to these disparities are the high collision estimates derived here (compared to those 

derived by developers).These are partly a function of the ‘precautionary’ 98% avoidance 

rates used in this research (although, for all of the Round 3 sites disparities are also due to 

different Options of the Band model being used). Developers tend to use an avoidance rate of 

99% for northern gannet, based predominantly on work by Krigsveld et al. (2011), though the 

way these findings are sometimes used by developers (for foraging, rather than migration 

flights) are disputed by RSPB (Gove, 2014), which advocates use of more precautionary 

avoidance rates for this species.
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b.) 

Figure 4.1: Northern gannet Morus bassanus: Comparison of estimated annual collision mortality between mean and peak in-flight 

densities at a precautionary 98% avoidance rate using Option 2 of Band (2012) with Johnston et al. (2014)-modelled flight height 

distributions (best-estimate) across six offshore wind farms in the southern North Sea: a.) Galloper; b.) Triton Knoll; c.) Dogger 

Bank Creyke Beck A; d.) Dogger Bank Creyke Beck B; e.) East Anglia One; f.) Hornsea Project 1.  Large array correction applied.  
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Key: 
Dark grey bars: CRM outputs using mean monthly in-flight densities over two-year baseline 
Pale grey bars: CRM outputs using peak monthly in-flight densities over two-year baseline 

 

a.) c.) 

d.) e.) f.) 
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1b Lesser black-backed gull 

Figure 4.2 displays the equivalent data for lesser black-backed gull, comparing the 

differences in predicted annual collision mortality, expressed per month, utilising mean (dark 

grey bars) and peak (pale grey bars) density figures for the six sites included in this research, 

obtained via the Band (2012) spreadsheet. The collision risk outputs are derived using a 98% 

avoidance rate, Johnston et al. (2014)-modelled flight-height distributions (‘best estimate’), 

with the large array correction applied.  

Again, there are significant disparities in the estimated annual collisions across the six wind 

farms. As with northern gannet, this is partly attributable to differences in terms of density 

across the six sites, but there are other factors influencing this which are discussed in section 

4.2. 

1c Black-legged kittiwake 

Figure 4.3 shows annual CRM outputs for the six sites for black-legged kittiwake, a small 

gull species which has undergone notable declines in some areas due to overfishing and other 

oceanographic changes (Frederiksen et al., 2004, cited in Maclean et al., 2013).  

The same conditions apply: Mean density-derived CRM outputs are displayed via dark grey 

bars and peak-density figures with pale grey bars. Again, an avoidance rate of 98% was used, 

alongside the Johnston et al. (2014)-modelled flight-height distributions (‘best estimate’), 

with the large array correction applied.  

Note that black-legged kittiwake CRM for site e.), East Anglia One, produced significantly 

lower predicted collision mortality estimates for this species than the other five sites. In this 

case, the reason would appear to be that relatively low densities of this species were recorded, 

compared to the other sites. 
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Figure 4.2: Lesser black-backed gull Larus fuscus: Comparison of estimated annual collision mortality between mean and 

peak in-flight densities at a precautionary 98% avoidance rate using Option 2 of Band (2012) with Johnston et al. (2014)-

modelled flight height distributions (best-estimate) across six offshore wind farms in the southern North Sea: a.) 

Galloper; b.) Triton Knoll; c.) Dogger Bank Creyke Beck A; d.) Dogger Bank Creyke Beck B; e.) East Anglia One; f.) 

Hornsea Project 1.  Large array correction applied.  
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a.) b.) c.) 

d.) e.) f.) 

Key: 

Dark grey bars: CRM outputs using mean monthly in-flight densities over two-year baseline 

Pale grey bars: CRM outputs using peak monthly in-flight densities over two-year baseline 
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Section Two: Summary of analyses of predicted CRM impacts on SPA populations based on 

alternative breeding season definitions 

Two examples are particularly illustrative of how a ‘wide’ or a ‘narrow’ definition of a 

species’ breeding season can impact on estimates of breeding season collision risk, and 

therefore of potential importance as regards calculations of SPA breeding season collision 

mortality. 

2a Lesser black-backed gull estimated crude collision mortality figures for the breeding 

season – Galloper Wind Farm 

Tables 4.1 and 4.2 display crude collision risk estimates for lesser black-backed gull at 

Galloper Wind Farm, of which a proportion will pertain to the nearby Alde-Ore SPA colony. 

Table 4.1 is based on the developer’s definition at this colony, defined as running from 

March to August (Strong et al., 2011, p.109). Table 4.2 is more precautionary, utilising a 

breeding season running from February to September. This is based upon the presence of 

birds at the Alde-Ore SPA colony from February (British Trust for Ornithology, 2012) and 

Cramp (1983), which states that colony attendance, for countries bordering the North Sea, 

can continue until early September. Although these are crude figures, the use of a ‘wide’ 

definition of the breeding season predicts 80% more collisions per annum than when the 

‘narrow’ breeding season definition is used. 

Table 4.1, below: Galloper Wind Farm: Lesser black-backed gull crude collision risk 

estimates based on developer-defined length of the breeding season.  Figures derived 

using a 99% avoidance rate using Option 2 of Band (2012) and mean density, Johnston 

et al. (2014) modelled flight-height distributions (best estimate). Large array correction 

applied. Note that these collision outputs are considerably higher than the developer’s, as 

discussed in the text. 

Month March April May June July August 

Collision 

rate (no of 

birds) 

277 198 262 602 532 278 

Total predicted breeding season bird deaths:  2,149 
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Figure 4.3: Black-legged kittiwake Rissa tridactyla: Comparison of estimated annual collision mortality between mean 

and peak in-flight densities at a precautionary 98% avoidance rate using Option 2 of Band (2012) with Johnston et al. 

(2014)-modelled flight height distributions (best-estimate) across six offshore wind farms in the southern North Sea: a.) 

Galloper; b.) Triton Knoll; c.) Dogger Bank Creyke Beck A; d.) Dogger Bank Creyke Beck B; e.) East Anglia One; f.) 

Hornsea Project 1.  Large array correction applied.  

 

Key: 

Dark grey bars: CRM outputs using mean monthly in-flight densities over two-year baseline 

Pale grey bars: CRM outputs using peak monthly in-flight densities over two-year baseline 
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Table 4.2, below: Galloper Wind Farm: Lesser black-backed gull crude collision risk 

estimates based on a BTO (2012) and Cramp (1983)-defined length of the breeding 

season.  Figures derived using a 99% avoidance rate using Option 2 of Band (2012) and 

mean density, with Johnston et al. (2014) modelled flight-height distributions (best 

estimate). Large array correction applied. 

Month  February March April May June July August September 

Collision 

rate (no. 

of birds) 

157 277 198 262 602 532 278 155 

Total predicted breeding season  bird deaths: 2,461 

 

2b Northern gannet estimated crude collision mortality figures for the breeding season – East 

Anglia One wind farm 

Tables 4.3 and 4.4 compare estimated collision mortality outputs between the developer-

defined breeding season and an alternative definition of the breeding season for northern 

gannet at East Anglia One wind farm. The developer-defined breeding season is May to 

August (Banks et al., 2012).  It should be noted that Banks et al. (2012) is described as being 

in draft form and it has not been possible to locate a more up-to-date version. It is therefore 

unclear whether this breeding season definition was ultimately used.  

Nevertheless,  a more precautionary definition would be January to November, as given in 

Nelson, cited in Birdguides (n.d.), which states for this species: “Occupies colony from 

January (occasionally late December) several weeks before laying. Remains several weeks 

after juvenile fledges, giving longest seasonal occupation of any British seabird. Departs mid- 

October to late November.” Referring specifically to the Flamborough Head – Bempton 

Cliffs northern gannet population, Nelson (2002) states: “Back in force in late January; some 

flying birds in late December; has been returning earlier since numbers increased.” East 

Anglia One falls within the maximum foraging range of birds breeding at this site (Thaxter et 

al. (2012), which represents the species’ nearest colony to this proposed development. 
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Table 4.3, below: Northern gannet crude collision risk estimates for East Anglia One 

offshore wind farm based on a breeding season defined by Banks et al. (2012). Figures 

derived using a 99% avoidance rate using Option 2 of Band (2012) and mean density, 

with Johnston et al. (2014) modelled flight-height distributions (best estimate). Large 

array correction applied. 

Month  May June July August 

Collision rate 

(no. birds) 

0 0 1 1 

Total predicted breeding season bird deaths: 2 

 

Table 4.4, below: Northern gannet crude collision risk estimates for East Anglia One 

offshore wind farm based on a breeding season defined by Nelson cited in Birdguides 

(n.d.). Figures derived using a 99% avoidance rate using Option 2 of Band (2012) and 

mean density, with Johnston et al. (2014) modelled flight-height distributions (best 

estimate). Large array correction applied. 

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

Collision 

rate (no. 

birds) 

1 1 4 0 0 0 1 1 1 9 75 

Total predicted breeding season bird deaths: 93 
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4.2 Data analysis and discussion 

This section has been divided into two primary parts: Analysis of CRM outputs derived from 

the use of more precautionary peak densities, as opposed to developer-utilised mean densities 

(with each species examined in turn), followed by analysis of the impacts on SPA-focused 

CRM derived from the narrower breeding season definitions used by developers, versus those 

derived through the use of more precautionary (wider) definitions.  

Collision Risk Modelling outputs derived via the use of mean vs peak densities 

For northern gannet, it can be seen from Figure 4.1 that, for almost all months, across all 

sites, peak densities were higher than the actually-used mean densities. This disparity 

effectively amounts to 2,069 birds being ‘lost’ from CRM calculations, although it should be 

noted that this represents the use of more precautionary avoidance rates (98%) than have been 

used by developers (99%) and also differences in Band (2012) options used. These 

differences are presented in Table 4.5, below. 

Table 4.5: Differences in northern gannet estimated annual collision risk mortality 

between the use of mean and peak density figures for six offshore wind farms in the 

southern North Sea. Figures derived using a 98% avoidance rate using Option 2 of 

Band (2012) with Johnston et al. (2014) modelled flight-height distributions (best 

estimate). Large array correction applied. 

Site Annual collision mortality 

estimate derived via use of 

mean bird density 

Annual collision mortality 

estimate derived via use of 

peak bird density 

Galloper Wind Farm 642 884 

Triton Knoll Wind Farm 998 2,694 

Dogger Bank Creyke Beck A 50 76 

Dogger Bank Creyke Beck B 66 100 

East Anglia One 191 248 

Hornsea Project One 42 56 

Total 1,989 4,058 

 

For lesser black-backed gull, again, for almost all months, at all sites, CRM outputs derived 

via use of peak density were higher than those obtained via use of mean densities, although 

Dogger Bank Creyke Beck A and B showed similar mean and peak figures during autumn, 

which suggests relatively low and uniform densities at these sites during this period. 

Nevertheless, peak density-derived collision mortality was 1,850 higher than derived via 

mean densities for this species across all sites, as displayed in Table 4.6, below. The very 
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high counts of collision mortality again relate to differences in CRM methodology utilised in 

this research compared to that used by developers and further serves to reiterate the confusion 

around avoidance rates and the choice of Band (2012) options. 

Table 4.6: Differences in lesser black-backed gull estimated annual collision risk 

mortality between the use of mean and peak density figures for six offshore wind farms 

in the southern North Sea. Figures derived using a 98% avoidance rate using Option 2 

of Band (2012) with Johnston et al. (2014) modelled flight-height distributions (best 

estimate). Large array correction applied. 

Site Annual collision mortality 

estimate derived via use of 

mean bird density 

Annual collision mortality 

estimate derived via use of 

peak bird density 

Galloper Wind Farm 5938 7197 

Triton Knoll Wind Farm 283 570 

Dogger Bank Creyke Beck A 29 43 

Dogger Bank Creyke Beck B 38 56 

East Anglia One 305 550 

Hornsea Project One 43 70 

Total 6,636 8,486 

 

For black-legged kittiwake, collision risk estimates derived using peak densities were, again, 

almost always higher than when mean densities were used, as shown in Figure 4.3. The most 

noticeable disparity between mean and peak-derived collision risk estimates was for East 

Anglia One in the month of November, where mean density predicted a monthly collision 

mortality of 19 birds, whereas peak density predicted a collision mortality of 255 birds, a 

figure 13 times higher. Table 4.7, overleaf, displays collision estimates per site for this 

species. 

 

 

 

 

 

 

 



Andrew Tongue 42 B8144678 

 

Table 4.7: Differences in black-legged kittiwake estimated annual collision risk 

mortality between the use of mean and peak density figures for six offshore wind farms 

in the southern North Sea. Figures derived using a 98% avoidance rate using Option 2 

of Band (2012) with Johnston et al. (2014) modelled flight-height distributions (best 

estimate). Large array correction applied. 

Site Annual collision mortality 

estimate derived via use of 

mean bird density 

Annual collision mortality 

estimate derived via use of 

peak bird density 

Galloper Wind Farm 813 1188 

Triton Knoll Wind Farm 992 2182 

Dogger Bank Creyke Beck A 506 742 

Dogger Bank Creyke Beck B 679 990 

East Anglia One 93 332 

Hornsea Project One 127 179 

Total 3,210 5,613 

 

Collision Risk Modelling outputs derived via different definitions of the breeding season  

Tables 4.1 and 4.2, displaying predicted lesser black-baked gull collision mortality according 

to wide and narrow definitions of the breeding season, depict some high collision mortalities, 

but it is important to note that these figures are significantly higher than the figures derived 

by the developer. There are several reasons for this. Some of these have been discussed 

above, (differences in the Band options used, differences in avoidance rates used). In this 

case, there are reasons specific to the manner in which the Habitats Regulation Assessment 

was undertaken (Strong et al. 2011).  One of these is that it is based on the assumption that 

less than 50% of the birds using the Alde-Ore Estuary SPA during the breeding season are in 

fact breeding adults, with a large proportion consisting of non-breeders, following Reeves 

and Furness (2002).  

Even if this is the case at the Alde-Ore Estuary, it is nevertheless arguable that this view lacks 

precaution: at least a proportion of the ‘non-territorial surplus’ non-breeders (after Jenkins et 

al., 1963, 1964, cited in Newton, 2013) which are effectively scoped out of the HRA process 

might later go on to become breeding adults at the colony – or another North Sea SPA colony 

By discounting them, the developer could be accused of adopting a short-term perspective 

and of paying insufficient attention to cumulative impacts.  

Tables 4.3 and 4.4 display estimated northern gannet collision mortality for East Anglia One 

wind farm, firstly with developer-defined breeding seasons, and secondly with a breeding 
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season defined by Nelson, cited in Birdguides (n.d.). This second table produces a 

dramatically higher annual collision risk estimate (93 birds, compared to just two using the 

narrower developer-defined period). The developer asserts that their breeding season 

definition is justified as it is based on that given for this species in Wernham et al. (2002) 

(Banks et al. 2012). As mentioned earlier, Banks, et al. (2012) is a draft document and may 

not reflect the breeding season used in final CRM calculations. A closer inspection of the 

northern gannet chapter in Wernham et al. (2002) does not bear out this assertion in such an 

unequivocal manner. Figure 1 on p.130, entitled ‘Ringing locations of birds later recovered’ 

shows two maps of the UK, with the map labelled ‘Breeding’ stating ‘May to September’ in 

brackets. Despite this, the developer has used May to August as the breeding season, though 

the reasons for this are not made clear in Banks et al. 2012. Of even greater concern is the 

fact that p.131 of Wernham et al. (2002) echoes Nelson cited in Birdguides (n.d.), stating: 

“...the [northern] gannet has a prolonged breeding season and adults attend colonies from 

January (occasionally even December) to November, with chicks fledging from August to 

October.”  

It is important to consider bird activity at different periods of the breeding season, however, 

since this may, at least in part, account for the examples above of developers opting to use 

narrower definitions of the breeding season. For example, although northern gannet may 

commence colony occupation as early as the preceding winter months, it is reasonable to 

expect that bird activity will be considerably greater during that window of the breeding 

season when adults are provisioning young. Recent research by Robertson et al. (2014) found 

that during incubation, black-legged kittiwakes foraged at significantly greater distances from 

the nest than when feeding young, although there was notable between-year variation in 

foraging areas used during the chick-rearing phase. 

4.3 Interpretation in relation to the objectives   

Seven objectives were outlined in Section 2.3. Each is dealt with in turn here. 

1. Undertake a literature review of offshore ornithological collision risk research and 

guidance. 

A significant amount of existing knowledge was reviewed and referred to during the 

research. However, it is noteworthy that no literature specifically examining the impacts of 
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either density, or definition of the breeding season on the outcomes of collision risk 

modelling, was found by the author. 

2. Locate a group of large (100-plus turbines) offshore wind farms in a concentrated 

area for which suitable data was in the public domain.  

A total of six sites were selected, based on their size (100-plus turbines) and the extent of 

their publically-available EIA and HRA documentation.  

3. Collate EIA and HRA documentation for each site (obtained online). 

Key websites and contacts provided the relevant documentation. 

4. Analyse CRM calculations to establish which measures of density were used and 

how the breeding season was expressed.  

This was undertaken using mean and peak densities and various alternative breeding season 

definitions for each species. 

5. Establish how the use of a more precautionary measure of density produces 

different estimates of collision risk. 

This was most notably demonstrated through the use of figures and tables in Section 4. 

Mean density produces arguably significantly lower estimates of collision risk and could 

therefore be argued to be insufficiently precautionary. 

6. Establish how the use of alternative definitions of species’ breeding seasons to those 

used by developers influence the estimated collision risk impacts upon SPA 

populations.  

Again, this was most clearly demonstrated in Section 4. What is of particular concern is the 

way that it was possible to find a ‘wider’, more precautionary definition of the breeding 

season compared to that used by developers for almost all of the three species at each of the 

six sites. 

4.4 Interpretation in relation to the research aim  

To reiterate, the aim of this research is was: To make tentative recommendations for offshore 

collision risk modelling based on an analysis of how the use of different expressions of bird 

density and breeding season for northern gannet, black-legged kittiwake and lesser black-
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backed gull impacts upon collision risk calculations for those species in respect to six 

offshore wind farms.  

Although further recommendations for research going forward are summarised in Section 5, 

an overriding recommendation follows from this analysis, which is that ongoing research 

should take place to explore, at a greater level of sophistication, and across a wider range of 

sites, the potential impacts on collision risk estimates from the use of mean, rather than peak 

density measures (as well as other measures of mean) and the definitions of species’ breeding 

seasons as regards impact assessment on SPA breeding populations. 
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Chapter 5: Conclusions  

5.1: Conclusions about the objectives  

It is arguable that a total of six objectives was somewhat large, especially considering that 

some could have been combined (for example, Objectives 2 and 3 – selecting sites and 

obtaining EIA and HRA documentation). Nevertheless, the author is relatively satisfied as 

regards the general manner in which the objectives were pursued. During earlier stages of the 

research, the author was not clear about the nature of the objectives in relation to the research 

aim and proposed methods. Personally, it seemed as these were variations on fundamentally 

the same theme and some time was required to disentangle these. 

In general, the objectives represent an attempt to address two areas of offshore ornithological 

collision risk modelling which are rarely discussed or considered in significant detail in EIA 

or HRA documentation. In this sense, they can be considered to have some originality:  

reinterpreting established practice in a new light. 

 

5.2: Conclusions about the research aim  

The aim was to be able to conclude with some tentative recommendations as to how collision 

risk modelling for offshore wind farms might be more precautionary in approach. Two such 

recommendations were provided in Section 4. As with the objectives, it took some time to 

formulate a research aim. It is in fact arguable that had a research aim been defined earlier by 

the author it would have allowed time to compare UK EIA and HRA practice with that 

undertaken elsewhere for other countries bordering the southern North Sea.  

The author has been conscious that the research aim sounded somewhat presumptious: the 

notion of making recommendations relating to the ornithological assessment of offshore wind 

farms to those who undertake such work on a daily basis – usually experienced ornithological 

consultants. Nevertheless, it is arguable that this research at least serves to highlight two areas 

of CRM which are rarely, if at all, discussed, particularly in formal EIA and HRA 

documentation. 
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It is important to clarify that the recommendations do not apply exclusively to consultant 

ornithologists but also to SNCOs and possibly also to other stakeholders, such as the RSPB 

and academic researchers as an area worthy of more detailed exploration. 

5.3: Further work  

This author is interested to be involved in the development of this research. Possible 

developments are summarised in this section. 

A Delphi Method-style questionnaire on the feasibility of any changes to CRM methodology 

directed at an expert panel and subsequently published in a peer-reviewed journal is an option 

for carrying this research forward.   

It is also important to undertake more quantitative work on the implications for CRM outputs 

of a range of different density expressions for a wider range of species across a wider suite of 

sites of different sizes and locations (for example, beyond the confines of the southern North 

Sea).  

One area of research that time did not permit on this occasion is comparisons of EIA, HRA 

and CRM practice in the UK with that undertaken elsewhere. This could include 

neighbouring North Sea countries, but could equally be widened to consider practice 

undertaken in other states where offshore renewable energy development is advancing 

rapidly, such as China (Wu et al., 2014) or where it is predicted to do so, such as the United 

States (Dumaine, 2013). 

Since the Band (2012) collision risk model operates using a wide range of parameters, there 

are various opportunities to explore in greater detail the interrelationships between these 

different parameters and how values for a range of parameters inputted into the model impact 

on collision estimates. Such parameters include species’ nocturnal activity factors, rotor 

radius and hub height. 

The examination of breeding season impacts on European-designated sites could be widened 

to include an analysis of the attention accorded to nationally-designated Sites of Special 

Scientific Interest (SSSIs) in the UK countries - which may also contain important seabird 

populations - during the planning process. 
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As has been discussed, gulls are generally considered to be one of the most at-risk groups in 

terms of offshore seabird collision. The past 20 years have witnessed considerable taxonomic 

developments relating to the large white-headed gull complex (Newton, 2003). Yellow-

legged gull Larus michahellis and Caspian gull Larus cachinnans are two relatively novel 

taxa which are now being recorded in UK waters on an increasingly frequent basis, although  

these birds can be challenging to differentiate from related species (Malling Olsen and 

Larrson, 2004). Although neither species is understood to be presently threatened or in 

decline (IUCN a and IUCN b, n.d.), it is arguably of concern if these taxa are effectively 

being scoped out of CRM in the southern North Sea as a result of their subtle field 

identification features. It is notable that neither of these species was mentioned in the EIA 

documentation relating to the six wind farms analysed in this research. It is also notable that 

Wright et al. (2011) mentions neither species in their assessment of offshore renewables 

impacts on migrants. Neither are these species mentioned in the modelled flight-height 

distributions produced by Cook et al. (2012) or Johnston et al. (2014). Perhaps a survey of 

developer and observer awareness of the possibility of coming into contact with these, and 

possibly other ‘new’ species in other genera, particularly petrels, could be undertaken. 

Collision risk modelling is undertaken on the basis of a hypothetical ‘worst case’ turbine 

layout (‘Rochdale Envelope’) scenario, often based upon a larger number of smaller turbines, 

(with lower hub heights) , which are generally considered to present greater collision 

potential compared to a smaller number of larger turbines  with higher hub heights (Johnston, 

et al., 2014). However, this may lead to unrealistic or significantly imprecise CRM estimates 

if the built turbine arrangement differs significantly from this hypothetical layout. There is 

arguably a need for comparison studies of hypothetical and final turbine layout implications 

for collision risk estimates.  

This research has highlighted some of the issues of using two years of baseline data to derive 

robust density estimates. Although, across Europe as a whole, there exists great political will 

to combat climate change by developing renewable energy in relatively short timescales, 

consideration should also be given to extending the period of baseline surveys for offshore 

development. Deriving a mean figure from two years’ data is, arguably, statistically unsound. 

Perhaps extended baseline assessments could be undertaken for certain sites, on an 

experimental basis, at least. 
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Ultimately, it is arguable that the relative year-on-year stochasticity of seabird density 

seriously devalues density-based offshore collision risk models. Since existing models utilise 

density as a key parameter, it may be important to analyse the relative merits and de-merits of 

assigning greater importance to different parameters as part of the development and evolution 

of collision risk models for the offshore environment.  

5.4: Implications of the research  

An implication of this research is that certain stakeholders involved in the ornithological 

Environmental Impact Assessment process for offshore wind farms may be insufficiently 

precautionary in their approach to CRM. A considerable amount of EIA CRM documentation 

is produced for most wind farms (especially so in the case of the Round 3 sites), yet this 

ostensibly comprehensive documentation seldom considers in detail wider definitions of 

either bird densities, or breeding seasons. 

The research raises questions as to why there is so little discussion in the Band (2012) 

guidance of differences in the way that density can be expressed.  

Offshore wind farm development is a new and rapidly-developing sector. Although there is 

arguably a pressing need for the development of alternative, sustainable energy sources, there 

is a danger that the ‘wind rush’ has failed to consider adequately its impacts on local 

biodiversity. This research may help to make some small contribution towards addressing 

this. 

5.5: Reflections on the experience of the research process 

In this section, use is made of a first-person writing style. 

I have greatly enjoyed the opportunity to focus on a topical and relevant area of 

ornithological research for an extended period of time. My personal aim has been to become 

something of a ‘subject expert’ on the problems associated with both the use of different 

density expressions in collision risk modelling as developed by Band (2012) and of the use of 

breeding season definitions in HRA assessments. 

The research process has helped to develop my skills in terms of reviewing literature and 

writing and marshalling my thoughts on a scientific topic. It has also been an important 
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personal success to familiarise myself with the details of the Band (2012) offshore collision 

risk model and the assumptions upon which it is built. 

I enjoy networking with fellow professionals and grasped the opportunity to make contact 

with as many relevant people as I could. I’m grateful that all were keen to talk and discuss 

ideas. 

I do not claim that this research has been executed perfectly. Many of the CRM outputs 

displayed in Section 4 are considerably higher than those agreed by stakeholders and result 

from the use of different assumptions during the CRM process. Similarly, with better 

organisation, this research could have been extended to compare UK practice with that 

elsewhere in the EU. Had I a greater awareness and experience of quantitative statistical 

methods the data could have been analysed in a more scientifically rigorous manner. 

In conclusion, I have enjoyed the significant challenge of undertaking this research whilst 

working full-time, which included playing a role in the development of communication 

channels for the newly-created RSPB Centre for Conservation Science and a demanding field 

season researching yellow wagtail Motacilla flava ecology in arable crops. I will closely 

monitor research developments in respect to offshore collision risk modelling and very much 

hope to be able to produce peer-reviewed work exploring some of these issues. 
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Appendix 1:  Extended Abstract 

1. Motivation and research aim 

This reinterpretive review was motivated by the desire to explore the manner in which the 

impacts of offshore wind farms on seabirds are presently assessed. 

The key reference for this research has been Band (2012), which provides a freely-available 

spreadsheet-based model used by developers to attempt to predict numbers of birds likely to 

collide with offshore turbines.  

A key parameter of the Band (2012) model is the expression of seabird density – the number 

of birds per km
2
 as derived from baseline surveys over a two-year period (i.e., two density 

figures for each month of the year). This is usually expressed as a mean density. It is arguable 

that a mean density can mask peak figures if there are substantial differences between the 

first and second year of survey.  

A key element of the assessment of the potential impacts of proposed wind farms on bird 

populations occupying European Union-designated protected areas is to establish what 

proportion of that population may be susceptible to turbine collision. For assessments of 

impacts on breeding colonies, this can be influenced by the definition of the breeding season. 

A narrow definition of the breeding season (i.e., using data for fewer months of the year) is 

less precautionary than a wider one which uses a greater number of months. 

The research aim was: 

To make tentative recommendations for offshore collision risk modelling based on an 

analysis of how the use of different expressions of bird density and breeding season for 

northern gannet, black-legged kittiwake and lesser black-backed gull impacts upon collision 

risk calculations for those species in respect to six offshore wind farms.  

2. Summary of the methodology 

Reinterpretive review was considered the most appropriate research method since the work 

constituted the review of an established theory in the light of new methodology. 

The publicly-available Environmental Impact Assessment documentation and Habitats 

Regulations Assessment documentation for the six developments was obtained online. 
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Density data was analysed to produce peak figures which were put into the Band (2012) 

model using Option 2 which is based on generic flight height distributions. 

3. Key results 

The graph overleaf is illustrative of the potentially ‘hidden’ collision mortality arising from 

the use of mean, rather than peak densities. 
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Figure 1: Black-legged kittiwake Rissa tridactyla: Comparison of estimated annual collision mortality between mean and 

peak in-flight densities at a precautionary 98% avoidance rate using Option 2 of Band (2012) with Johnston et al. 

(2014)-modelled flight height distributions (best-estimate) across six offshore wind farms in the southern North Sea: a.) 

Galloper; b.) Triton Knoll; c.) Dogger Bank Creyke Beck A; d.) Dogger Bank Creyke Beck B; e.) East Anglia One; f.) 

Hornsea Project 1.  Large array correction applied.  

 

Key: 
Dark grey bars: CRM outputs using mean monthly in-flight densities over two-year baseline 
Pale grey bars: CRM outputs using peak monthly in-flight densities over two-year baseline 
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Tables 1 and 2 below demonstrate the differences in estimated ‘breeding season’ collision 

risk mortality for northern gannet at East Anglia One wind farm based on the developer’s 

definition of the breeding season, versus a wider definition of the breeding season. 

Table 1, below: Northern gannet crude collision risk estimates for East Anglia One 

offshore wind farm based on a breeding season defined by Banks et al. (2012). Figures 

derived using a 99% avoidance rate using Option 2 of Band (2012) and mean density, 

with Johnston et al. (2014) modelled flight-height distributions (best estimate). Large 

array correction applied. 

Month  May June July August 

Collision rate 

(no. birds) 

0 0 1 1 

Total predicted breeding season bird deaths: 2 

 

Table 2, below: Northern gannet crude collision risk estimates for East Anglia One 

offshore wind farm based on a breeding season defined by Nelson cited in Birdguides 

(n.d.). Figures derived using a 99% avoidance rate using Option 2 of Band (2012) and 

mean density, with Johnston et al. (2014) modelled flight-height distributions (best 

estimate). Large array correction applied. 

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

Collision 

rate (no. 

birds) 

1 1 4 0 0 0 1 1 1 9 75 

Total number of predicted breeding season bird deaths: 93 
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4. Summary analysis and discussion 

For black-legged kittiwake, collision risk estimates derived using peak densities were almost 

always higher than when mean densities were used, as shown in Figure 1. The most 

noticeable disparity between mean and peak-derived collision risk estimates was for East 

Anglia One in the month of November, where mean density predicted  a monthly collision 

mortality of 19 birds, whereas peak density predicted a collision mortality of 255 birds, a 

figure 13 times higher. 

Tables 1 and 2 display estimated northern gannet collision mortality for East Anglia One 

wind farm, firstly with developer-defined breeding seasons, and secondly with a breeding 

season defined by Nelson, cited in Birdguides (n.d.). This second table produces a 

dramatically higher collision risk estimate (93 birds, compared to just two using the narrower 

developer-defined period). The developer asserts that their breeding season definition is 

justified as it is based on that given for this species in Wernham et al. (2002) (Banks et al., 

2012). This is a draft document and may not reflect the breeding season used in final CRM 

calculations. A closer inspection of the northern gannet chapter in Wernham et al. (2002) 

does not bear out this assertion in such an unequivocal manner. Figure 1 on p.130, entitled 

‘Ringing locations of birds later recovered’ shows two maps of the UK, with the map labelled 

‘Breeding’ stating ‘May to September’ in brackets. Despite this, the developer has used May 

to August as the breeding season, though the reasons for this are not made clear in Banks et 

al. (2012). Of even greater concern is the fact that that p.131 of Wernham et al. (2002)  

states: “...the gannet has a prolonged breeding season and adults attend colonies from January 

(occasionally even December) to November, with chicks fledging from August to October.” 

It is unclear why the developers have opted for such a restricted definition of the breeding 

season as regards this species 

5. Key outcomes 

Offshore wind farm development is a new and rapidly-developing sector. Although there is 

an arguably pressing need for the development of alternative, sustainable energy sources 

there is a danger that the ‘wind rush’ has failed to consider adequately its impacts on local 

biodiversity.  Use of density over a two-year period as a key parameter of offshore collision 

risk modelling has its drawbacks given its stochastic nature.  
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Appendix 2: Band (2012) example spreadsheet 

The following pages provide an example of the Band (2012) Microsoft Excel Spreadsheet. 

They depict a selection of the Band (2012) spreadsheet tabs (‘sheets’) used for the estimation 

of collision risk for  black-legged kittiwake Rissa tridactyla for Dogger Bank Creyke Beck A 

offshore wind farm using mean densities and Johnston et al. (2014)-modelled flight-height 

distributions using best-estimate.  

Issues with reproduction (especially relating to CRM outputs) prevented all sheets from 

displaying in Microsoft Word (and also account for the intentionally blank page following 

this page), but the original spreadsheets are accessible via the BTO Strategic Ornithological 

Support Services website: http://www.bto.org/science/wetland-and-marine/soss/projects 

(select ‘Collision Modelling Tool [spreadsheet’]). 

There are a total of eight sheets in the Band (2012) spreadsheet. Sheets 1, 3, 4 and 5 (denoted 

in bold type below) are reproduced in this Appendix. The eight sheets, in total, are as follows: 

Sheet 1: ‘Input Data’ – Most data is inputted onto this sheet. 

Sheet 2: ‘Overall collision risk’ – the primary ‘results’ sheet. This example is set for results 

derived using ‘Option 2’: using modelled flight-height distributions.  Mortality rates are 

displayed for the following avoidance rates: 95%, 98%, 99% and 99.5%. 

Sheet 3: ‘Single transit collision risk’ – The collision risk of a single bird making one 

transit through the rotor-swept area. 

Sheet 4: ‘Extended’ – Devised for the extended BTO model which designates the 

proportions of flights across 1m height bands for Option 3. 

Sheet 5: ‘Flightheight’ – Site-specific or modelled flight height distributions based on 

Johnston et al. (2014) are inputted onto this sheet. 

Sheet 6: ‘Migrant collision risk’ – This sheet is specifically for modelling collision risk of 

migrating birds and was not used in this research. 

Sheet 7: ‘Daylight and nigh hours’ – Displays calculation of monthly available daylight 

hours, derived from inputting the site’s latitude. 
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