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1 Introduction 

1. On 11th August 2021, Norfolk Vanguard Limited (the Applicant) received a request 
from the Department for Business, Energy and Industrial Strategy (BEIS), on behalf of 
the Secretary of State (SoS), to provide certain information in relation to 
consideration of Habitats Regulations Assessment (HRA) issues in respect of an 
application for development consent for the Norfolk Vanguard Offshore Wind Farm 
(Norfolk Vanguard). One request related to the Flamborough and Filey Coast (FFC) 
Special Protection Area (SPA) as follows:  

In relation to in-combination impacts on the kittiwake, razorbill, gannet, and 
guillemot features of the Flamborough and Filey Coast SPA, the Applicant is 
requested to provide the latest in-combination assessments for collision and/or 
displacement effects, with and without Hornsea Project Four Offshore Wind Farm, 
including: 

• The predicted in-combination kittiwake collision mortalities, including the 
Hornsea Project Three Offshore Wind Farm in the assessment. 

• The results of updated PVA models for all of the above species and a 
comparison of the predicted SPA population sizes after 30 years, with and 
without the development. 

1.1 Requirement for updated PVA and collision risks 

2. The Applicant submitted the additional information requested (above) for Norfolk 
Vanguard on 25th August 2021. The same request had been made previously by the 
SoS to Norfolk Boreas Limited in respect of the Norfolk Boreas Offshore Wind Farm, 
the sister project to Norfolk Vanguard, for which results were submitted on 20th 
August 2021. The Applicant applied the same PVA methods for both Norfolk 
Vanguard and Norfolk Boreas, with only the impact estimates differing in each 
submission. 

3. On 1st October 2021, Natural England,  with respect to the Norfolk Boreas PVA 
submission (ExA.AS-2.D21.V1, submitted 20th August 2021) advised Norfolk Boreas 
Limited that they considered slightly different values should be used for some input 
parameters (productivity rates for all species and higher starting population sizes for 
guillemot and razorbill). Norfolk Boreas Limited presented these updates in a revised 
PVA submission (ExA.AS-4.D22.V1, submitted 21st October 2021), and this 
demonstrated that the changes made no material difference to the conclusions 
obtained. Natural England, having undertaken similar analysis themselves, also 
confirmed this to be the case for the Norfolk Boreas project in their submission of 
21st October 2021 to the Norfolk Boreas request for information.  
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4. In addition, Natural England informed Norfolk Boreas Limited on 28th July 2021 that 
they would shortly be providing revised guidance on collision avoidance rates, based 
on a recent Natural England commissioned project by the British Trust for 
Ornithology (BTO; Cook 2021). The SoS, in a letter1 to Norfolk Boreas Limited dated 
22nd September 2021, also requested Norfolk Boreas Limited to present collision risk 
estimates calculated using the revised avoidance rates, which Norfolk Boreas Limited 
did in the submission dated 21st October 2021 (ExA.AS-4.D22.V1). In addition, 
Norfolk Boreas Limited also submitted a re-analysis of Cook (2021) which highlighted 
that one of the studies included was of questionable reliability, was a statistical 
outlier and importantly had a strong influence on the overall avoidance rate 
estimate (see Appendix 3 – Review of Cook (2021) Additional analysis to inform SNCB 
recommendations regarding collision risk modelling. BTO Research Report 739). 
Natural England has now agreed (in their submission of 21st October 2021 in respect 
of the Norfolk Boreas project) that the study identified in the review of Cook (2021) 
should not have been included and as a consequence Natural England has reverted 
to the previous advice on avoidance rates (JNCC et al. 2014), as used by the 
Applicant in all previous project collision assessments for the Norfolk Vanguard 
project.  

5. Thus, for gannet and kittiwake both the collision estimates and the PVA used to 
assess them provided in the Norfolk Vanguard submission on 25th August 2021 
(ExA.AS-2.D12.V1) were produced using methods which Natural England agree are 
valid, and there is therefore no requirement to revise the PVA for these species. 

6. However, for guillemot and razorbill the range of impacts to be assessed for Norfolk 
Vanguard and the PVA methods used do generate additional outputs and therefore 
this document provides updated guillemot and razorbill PVA results in accordance 
with the latest Natural England advice. 

7. In addition, the SoS requested updated PVA for lesser black-backed gull in relation to 
the Norfolk Boreas project, which was submitted by Norfolk Boreas Limited on 
August 20th 2021 (ExA.AS-2.D22.V1). Therefore PVA for this species in relation to 
Norfolk Vanguard has also been provided in this document. 

8. The PVA results were obtained using the online version of the Natural England 
commissioned PVA tool2. Each run of this model generates a log file of the input 
parameters used and model settings which permits independent validation of the 
results obtained. These log files are provided in Appendix 2 – PVA log files. 

 
1 https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010087/EN010087-
002866-NORB_SoS_Consultation_September_2021.pdf  
2   

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010087/EN010087-002866-NORB_SoS_Consultation_September_2021.pdf
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2 Methods – density dependence 

9. The Natural England PVA tool includes an option to switch the model to run as either 
density independent, with no connection between population size and the 
demographic rates (survival and productivity) or density dependent, which includes a 
feedback link between population size and one or more demographic rates. For 
example, this could take the form of a negative relationship between population size 
and productivity, such that as the population increases productivity decreases, and 
vice versa. In this manner the simulated population in the model is maintained 
around a stable level. Such feedback responses often occur in real populations due 
to competition between individuals for limited resources such as breeding space, 
breeding partners or food. There is a large amount of theoretical and empirical 
evidence for such population regulation, including for seabirds, although it must be 
acknowledged that the mechanisms and strength for how this operates in seabirds is 
less well understood, primarily due to the challenges of collecting the necessary 
data. 

10. The Applicant has reviewed the Natural England PVA guidance on how density 
dependence is included in the online version of the tool. The density dependent 
function provided has been set to operate in a very weak manner, scaled to operate 
with a 10-fold change in population size. Comparted within the extent to which 
seabird populations change across periods of 30 years (as simulated here) changes of 
this size would be the exception rather than the norm (e.g. a population would need 
to increase from 10,000 individuals to 100,000, or decrease by this amount, for the 
full effect of density dependence to be observed). The practical consequence of this 
for the PVA tool is that density dependent model runs produce outputs which are 
largely indistinguishable from density independent outputs and little insight is gained 
as to how the population response to an impact varies with and without density 
dependence. This approach to modelling density dependence differs from that used 
in previous PVA for the FFC SPA (e.g. MacArthur Green 2018 as referenced in Norfolk 
Vanguard Offshore Ornithology Auk Displacement Assessment Update for Deadline 
8; REP8-069) which applied density dependence in a manner consistent with seabird 
populations (e.g. Cury et al. 2013). Indeed, the version of the Natural England PVA 
tool which can be run within the R programming environment3 (rather than online) 
offers greater flexibility in this regard, with options to select different forms of 
density dependence which are better supported by the, albeit limited, empirical 
evidence. It is not explained why these options were not included in the online 
version (which Natural England has advised the Applicant should use). 

11. Hence, while the Applicant had intended to run the PVA models using the Natural 
England PVA tool under both density dependent and density independent options 

 
3  
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and provide the results for comparison, due to the way the PVA tool is currently set 
up it was determined that there was little additional insight to be gained from doing 
so. It is acknowledged that care must be taken when setting the form and strength of 
density dependent regulation in a population model. However, it remains the case 
that density independent PVA predictions are, with very few exceptions, less realistic 
than density dependent ones which have been based on life history theory and 
evidence of how seabird populations are regulated. Indeed, if density dependence is 
considered as a continuum, from fully density independent to strongly density 
dependent, density independent predictions can be considered to have the least 
scientific support and to provide the least reliable predictions. While this could be 
justified on the basis of being precautionary and basing decisions on an assessment 
of the worst case outcomes, the Applicant considers that such an interpretation is 
overly simplistic for two reasons. Firstly, density dependent PVA undertaken in an 
appropriate manner is still precautionary. Secondly, density independent PVA is 
Natural England’s preferred approach not because there is supporting evidence for 
density independent growth but because of the challenges in estimating how density 
dependence operates in natural populations. In almost all instances a density 
independent model will be over-precautionary and will provide unrealistic 
predictions. 

12. Inclusion of density dependence also influences consideration of which 
counterfactual outputs are more appropriate. PVA counterfactuals are relative 
measures of population metrics, derived as the impacted value divided by the 
unimpacted (or baseline) value. Thus, if the impact has no effect on (for example) 
population size, the counterfactual metric will have a value of 1, while any reduction 
in the metric caused by the impact will result in a counterfactual with a value less 
than 1. These are often presented interchangeably on both a proportional scale (i.e. 
between 0 and 1) and also converted into percentages. 

13. The SoS requested comparisons of the SPA population sizes after 30 years with and 
without the development (Norfolk Vanguard). This metric is referred to as the 
counterfactual of population size (CPS). A second informative metric from PVA 
analysis is the counterfactual of the population growth rate (CPGR) which compares 
the population’s rate of annual growth with and without the impact (averaged across 
a period of years).  

14. Although both counterfactual measures (CPS and CPGR) are provided in this report, 
the Applicant considers that they are not equally appropriate for model 
interpretation in all cases, due to the role of density dependence. As discussed 
above, a density independent population has no constraint on growth. Thus, a 
density independent population with a positive growth rate will grow exponentially 
and the baseline and impacted populations will diverge by an increasing amount as 
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the duration increases. In other words, the CPS is sensitive to the period it is 
measured over. But neither the baseline nor impacted population projections are 
likely to be credible since seabird populations are constrained by factors such as nest 
site availability, prey availability etc., as explained above (i.e. aspects which lead to 
density dependence). Hence a density independent CPS is a comparison of two 
unrealistic population predictions. Furthermore, a density independent CPS which 
indicates a smaller population size in the presence of the impact (e.g. a CPS of 0.8 
indicates the impacted population will be 20% smaller than one without the impact) 
may have the appeal of being readily understandable to the non-expert, but often 
this represents a difference between two increasing population projections, one 
simply growing at a faster rate than the other. Thus, what at face value may appear 
to be a concerning result (a population 20% smaller than it might be otherwise) is in 
fact still an increasing and healthy population. 

15. In contrast, the CPGR is time invariant; the value is the same whether the simulation 
runs for 20 years, 30 years or 100 years (while the CPS for these would be very 
different, and increasingly unreliable as a prediction as the time period increases). All 
else being equal, a measure with lower sensitivity to input parameters is to be 
preferred, which in the case of density independent PVA is the CPGR.  

16. The stable state for a density dependent population is a growth rate of 1. Therefore, 
if the PVA model is run with density dependence then the population growth of both 
the baseline and impacted runs will stabilise to 1 (i.e. zero net growth), but the 
impacted population will have a lower (average) stable population size. In this case 
the CPGR is of limited utility since it will have a value of around 1 irrespective of the 
impact magnitude, but the CPS will provide a measure of how much smaller the 
impacted population is predicted to be.  

17. Thus, in summary if the PVA is density independent (as here) the CPGR is considered 
more robust and informative, while if the PVA is density dependent then the CPS is 
more robust and informative.  

18. For these reasons, while both CPS and CPGR are provided, the interpretation of the 
density independent PVA outputs focusses on the CPGR. 

19. In all cases models were run for 5,000 simulations, as advised by Natural England. 
The full model inputs are provided in Appendix 2 – PVA log files. 
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3  Results 

3.1 Guillemot 

20. The summary cumulative and in-combination guillemot displacement estimates are 
provided in Table 3.1. These are presented using the displacement percentage of 
70% and a mortality rate of 2%, which corresponds to Natural England’s assessment 
that a mortality increase of no more than 0.5% would be expected. (In REP9-057 
Natural England stated: "We do not expect the mortality to exceed a level where the 
population growth rate would decline by more than approximately 0.5% per 
annum"). In addition, to cover the full range of displacement impacts advised by 
Natural England, the upper and lower displacement impacts obtained with 30% 
displacement and 1% mortality and 70% displacement and 10% mortality have been 
provided.  
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Table 3.1 Guillemot cumulative and in-combination displacement apportioned to the FFC SPA, 
using combinations of displacement rates of 70% and a mortality rate of 2% (shaded rows, as 
applied by Natural England – see text for details), and the upper and lower estimates from the 
advised full range (i.e. 30% displacement and 1% mortality to 70% displacement and 10% 
mortality). The ‘Previous OWFs’ is a summed total including all wind farms in the assessment up to 
East Anglia THREE in England and Moray West in Scotland (full table of population abundances in 
Appendix 1).  

Wind Farm Breeding Nonbreeding Annual 
Total FFC SPA Total FFC SPA Total FFC SPA 

Previous OWFs 1944.6 244.4 1833.8 80.7 3778.4 325.1 
Hornsea Project Three - revised 187.2 0.0 248.8 10.9 436.0 10.9 
Norfolk Vanguard 60.5 0.0 66.9 2.9 127.3 2.9 
Norfolk Boreas 108.7 0.0 192.9 8.5 301.6 8.5 
East Anglia TWO 29.1 0.0 23.5 1.0 52.5 1.0 
East Anglia ONE North 58.6 0.0 26.4 1.2 85.0 1.2 
DEP and SEP (PEIR) 50.1 0.0 121.4 5.3 171.5 5.3 
Hornsea 4 (PEIR) 213.4 213.4 973.8 42.8 1187.2 256.3 
Total exc. PEIR (70%D 2%M) 2388.7 244.4 2392.2 105.3 4780.9 349.7 
Total inc. PEIR (70%D 2%M) 2652.2 457.8 3487.4 153.5 6139.6 611.3 
Total exc. PEIR (30%D 1%M) 511.9 52.4 512.6 22.6 1024.5 74.9 
Total inc. PEIR (30%D 1%M) 568.3 98.1 747.3 32.9 1315.6 131.0 
Total exc. PEIR (70%D 10%M) 11943.5 1222.0 11961.0 526.5 23904.5 1748.5 
Total inc. PEIR (70%D 10%M) 13261.0 2289.0 17437.0 767.5 30698.0 3056.5 

 
21. The annual mortalities entered into the PVA and the counterfactual outputs (CPS and 

CPGR) for the total in-combination FFC SPA guillemot displacement estimates, with 
and without Norfolk Vanguard are provided in Table 3.2.  

Table 3.2 Guillemot FFC SPA mortalities and population modelling results using the Natural 
England PVA tool  

Impact Scenario Norfolk 
Vanguard 
(mortality 
included) 

Adult 
mortality 

Density independent 
counterfactual metric 
(after 30 years) 

Growth 
rate 

Population 
size 

Displacement 
 

Total exc. PEIR (@70%D 2%M) 0 346.8 0.9968 0.9051 
2.9 349.7 0.9968 0.9043 

Total inc. PEIR (@70%D 2%M) 0 608.4 0.9944 0.8394 
2.9 611.3 0.9943 0.8388 

Total exc. PEIR (@30%D 1%M) 0.6 74.9 0.9993 0.9788 
Total inc. PEIR (@30%D 1%M) 131.0 0.9988 0.9630 
Total exc. PEIR (@70%D 10%M) 14.5 1748.5 0.9838 0.6031 
Total inc. PEIR (@70%D 10%M) 3056.5 0.9717 0.4110 

 

22. At the lower end of the Natural England advised displacement assessment range 
(30% displaced and 1% mortality), the reductions in growth rate with and without 
the PEIR projects were 0.12% and 0.07%, respectively. At the upper end of the 
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displacement assessment range (70% displaced and 10% mortality), the reductions in 
growth rate with and without the PEIR projects were 2.83% and 1.62%, respectively. 

23. At the lower end of the Natural England advised displacement assessment range 
(30% displaced and 1% mortality), the impacted population after 30 years with and 
without the PEIR projects would be 96.3% and 97.9% of the unimpacted population, 
respectively. At the upper end of the displacement assessment range (70% displaced 
and 10% mortality), the impacted population after 30 years with and without the 
PEIR projects would be 41.1% and 60.3% of the unimpacted population, respectively. 

24. The above range of outputs notwithstanding, Natural England has stated that they 
do not expect displacement mortality for the majority of projects included in the in-
combination assessment to result in a decrease in the population growth rate of 
more than 0.5% (which equates to 70% displaced, 2% mortality). 

25. The results obtained at 70% displaced and 2% mortality indicate a maximum 
reduction in growth rate for an in-combination displacement mortality of 611 was 
0.57% (0.9943). At this mortality the CPS indicates the guillemot population after 30 
years would be 83.9% (0.8388) of the baseline (unimpacted) size.  

26. Comparing the in-combination displacement mortality results with and without 
Norfolk Vanguard, the population growth rate was reduced by 0.003% (0.9968-
0.9968) and 0.002% (0.9944-0.9943), for simulations excluding and including PEIR 
projects respectively. The equivalent reductions in population size were 0.08% and 
0.06%, however as noted above the CPS is considered a less reliable metric for 
density independent simulations. The Applicant presented results from density 
dependent PVA in the Norfolk Vanguard application (e.g. REP8-069) which 
demonstrated that with a mortality of 50 (i.e. over 16 times the revised estimate) 
the impacted population would be no more than 0.9% smaller than the unimpacted 
one after 30 years. 

27. The guillemot breeding numbers at the Flamborough and Filey Coast SPA have 
increased at every census of the colony since 1969 and the population was most 
recently estimated to comprise 121,754 individuals in 2017 (Lloyd et al. 2019). The 
average annual growth rate since 1969 has been 4%. Using a 70% displacement rate 
and a 2% mortality rate, as applied by Natural England, a maximum reduction in this 
of 0.57% would almost certainly not be detectable. Furthermore, the contribution 
from Norfolk Vanguard is only 0.002% (i.e. a difference between a growth rate 
reduction of 0.565% and 0.563%). 

28. On the basis of the population model predictions for this level of impact, the number 
of predicted displacement mortalities at Norfolk Vanguard in-combination with 
other North Sea wind farms with potential connectivity to the FFC SPA is not at a 
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level which would trigger a risk of population decline but would only result in a slight 
reduction in the growth rate currently seen at this colony. 

29. The contribution of Norfolk Vanguard to the in-combination totals is also very small, 
making an additional reduction to the growth rate of no more than 0.003% and an 
additional reduction in the CPS of no more than 0.08%, which means that the 
population size would be 0.08% below the size it would reach without the wind farm. 

30. Therefore, it can be concluded that, even with the high degree of precaution in the 
assessment (see REP8-067) the impacts will only slightly reduce the population 
growth rate which will remain positive and there will therefore be no adverse effect 
on the integrity of FFC SPA from impacts on guillemot due to in-combination 
displacement mortality.  

3.2 Razorbill 

31. The summary cumulative and in-combination razorbill displacement estimates are 
provided in Table 3.3. These have used a displacement percentage of 70% and a 
mortality rate of 2%, which corresponds to Natural England’s assessment that a 
mortality increase of no more than 0.5% would be expected. (In REP9-057 Natural 
England stated "We do not expect the mortality to exceed a level where the 
population growth rate would decline by more than approximately 0.5% per 
annum”). In addition, to cover the full range of displacement impacts advised by 
Natural England, the upper and lower displacement impacts obtained with 30% 
displacement and 1% mortality and 70% displacement and 10% mortality have been 
provided. 

Table 3.3 Razorbill cumulative and in-combination displacement apportioned to the FFC SPA, using 
combinations of displacement rates of 70% and a mortality rate of 2% (shaded rows, as applied by 
Natural England – see text for details), and the upper and lower estimates from the advised full 
range (i.e. 30% displacement and 1% mortality to 70% displacement and 10% mortality). The 
‘Previous OWFs’ is a summed total including all wind farms in the assessment up to East Anglia 
THREE in England and Moray West in Scotland (full table of population abundances in Appendix 1). 

Wind Farm 
Breeding Autumn Nonbreeding Spring Annual 

Total FFC SPA Total FFC SPA Total FFC SPA Total FFC SPA Total FFC SPA 

Previous 
OWFs 410.2 45.8 445.5 15.1 256.9 6.9 402.1 13.7 1514.7 81.5 
Hornsea 
Project Three 
- revised 8.8 0.0 28.3 1.0 51.1 1.4 29.5 1.0 117.7 3.4 
Norfolk 
Vanguard 12.3 0.0 12.1 0.4 11.7 0.3 12.9 0.4 49.1 1.2 
Norfolk 
Boreas 8.8 0.0 3.7 0.1 14.9 0.4 4.8 0.2 32.2 0.7 
East Anglia 
TWO 3.9 0.0 0.6 0.0 1.9 0.1 3.2 0.1 9.7 0.2 
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Wind Farm 
Breeding Autumn Nonbreeding Spring Annual 

Total FFC SPA Total FFC SPA Total FFC SPA Total FFC SPA Total FFC SPA 

East Anglia 
ONE North 5.6 0.0 1.2 0.0 0.8 0.0 2.9 0.1 10.5 0.2 
DEP and SEP 
(PEIR) 8.1 8.1 83.4 2.8 9.6 0.3 19.1 0.6 120.2 11.9 
Hornsea 4 
(PEIR) 14.9 0.0 60.1 2.0 18.3 0.5 5.9 0.2 99.2 2.7 
Total exc. 
PEIR (70%D 
2%M) 449.7 45.8 491.4 16.7 337.3 9.1 455.4 15.5 1733.9 87.1 
Total inc. 
PEIR (70%D 
2%M) 472.8 53.9 635.0 21.6 365.3 9.9 480.4 16.3 1953.3 101.7 
Total exc. 
PEIR (30%D 
1%M) 96.4 9.8 105.3 3.6 72.3 2.0 97.6 3.3 371.6 18.7 
Total inc. 
PEIR (30%D 
1%M) 101.3 11.6 136.1 4.6 78.3 2.1 102.9 3.5 418.6 21.8 
Total exc. 
PEIR (70%D 
10%M) 2248.5 229.0 2457.0 83.5 1686.5 45.5 2277.0 77.5 8669.5 435.5 
Total inc. 
PEIR (70%D 
10%M) 2364.0 269.5 3175.0 108.0 1826.5 49.5 2402.0 81.5 9766.5 508.5 

   

32. The annual mortalities entered into the PVA and the counterfactual outputs (CPS and 
CPGR) for the total in-combination FFC SPA guillemot displacement estimates, with 
and without Norfolk Vanguard are provided in Table 3.4.  

Table 3.4 Razorbill FFC SPA mortalities and population modelling results using the Natural England 
PVA tool  

Impact Scenario Norfolk 
Vanguard 
(mortality 
included) 

Adult 
mortality 

Density independent 
counterfactual metric 
(after 30 years) 

Growth 
rate 

Population 
size 

Displacement 
 

Total exc. PEIR (@70%D 2%M) 0 85.9 0.9975 0.9251 
1.2 87.1 0.9974 0.9237 

Total inc. PEIR (@70%D 2%M) 0 100.5 0.9971 0.9125 
1.2 101.7 0.9970 0.9117 

Total exc. PEIR (@30%D 1%M) 0.3 18.7 0.9995 0.9831 
Total inc. PEIR (@30%D 1%M) 21.8 0.9993 0.9800 
Total exc. PEIR (@70%D 10%M) 6.0 435.5 0.9873 0.6723 
Total inc. PEIR (@70%D 10%M) 508.5 0.9851 0.6284 

 



 

                       

 

Updated PVA: FFC SPA & AOE SPA Norfolk Vanguard Offshore Wind Farm ExA.AS-2.D13.V2 
November 2021   Page 11 

 

33. At the lower end of the Natural England advised displacement assessment range 
(30% displaced and 1% mortality), the reductions in growth rate with and without 
the PEIR projects were 0.07% and 0.05%, respectively. At the upper end of the 
displacement assessment range (70% displaced and 10% mortality), the reductions in 
growth rate with and without the PEIR projects were 1.49% and 1.27%, respectively. 

34. At the lower end of the Natural England advised displacement assessment range 
(30% displaced and 1% mortality), the impacted population after 30 years with and 
without the PEIR projects would be 98.0% and 98.3% of the unimpacted population, 
respectively. At the upper end of the displacement assessment range (70% displaced 
and 10% mortality), the impacted population after 30 years with and without the 
PEIR projects would be 62.8% and 67.2% of the unimpacted population, respectively. 

35. Natural England has stated that they do not expect displacement mortality for the 
majority of projects included in the in-combination assessment to result in a 
decrease in the population growth rate of more than 0.5% (which equates to 70% 
displaced, 2% mortality). 

36. The results obtained at 70% displaced and 2% mortality indicate a maximum 
reduction in growth rate for an in-combination displacement mortality of 102 was 
0.3% (0.997). At this mortality the CPS indicates the razorbill population after 30 
years would be 91.2% (0.9117) of the baseline (unimpacted) size.  

37. Comparing the in-combination displacement mortality results with and without 
Norfolk Vanguard, the population growth rate was reduced by 0.005% (0.9975-
0.9974) and 0.003% (0.9971-0.9970), for simulations excluding and including PEIR 
projects respectively. The equivalent reductions in population size were 0.14% and 
0.09%, however as noted above the CPS is considered a less reliable metric for 
density independent simulations. The Applicant presented results from density 
dependent PVA in the Norfolk Vanguard application (REP8-069) which demonstrated 
that with a mortality of 50 (i.e. over 40 times the revised estimate) the impacted 
population would be no more than 5.1% smaller than the unimpacted one after 30 
years. 

38. The razorbill breeding numbers at the Flamborough and Filey Coast SPA have 
increased at each census since 1969, with an average annual growth rate of nearly 
6% (Lloyd et al. 2019). Using a 70% displacement rate and a 2% mortality rate, as 
applied by Natural England, a maximum reduction in this of 0.3% would almost 
certainly be undetectable, and the contribution from Norfolk Vanguard is no more 
than 0.003% (i.e. a difference between a growth rate reduction of 0.2979% and 
0.2948%). 
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39. On the basis of the population model predictions, the number of predicted 
displacement mortalities at Norfolk Vanguard in-combination with other North Sea 
wind farms with potential connectivity to the FFC SPA is not at a level which would 
trigger a risk of population decline but would only result in a slight reduction in the 
growth rate currently seen at this colony. 

40. The contribution of Norfolk Vanguard to the in-combination totals is also very small, 
making an additional reduction to the growth rate of no more than 0.003% and an 
additional reduction in the CPS of no more than 0.14%, which means that the 
population size would be 0.14% below the size it would reach without the wind farm. 

41. Therefore, it can be concluded that, even with the high degree of precaution in the 
assessment (see REP8-067) the impacts will only slightly reduce the population 
growth rate, which will remain positive, there will be no adverse effect on the 
integrity of FFC SPA from impacts on razorbill due to in-combination displacement 
mortality.  

3.3 Lesser black-backed gull 

42. The summary cumulative and in-combination lesser black-backed gull collision 
estimates are provided in Table 3.5.  

Table 3.5 Lesser black-backed gull cumulative and in-combination collisions apportioned to the 
AOE SPA. The ‘Previous OWFs’ is a summed total including all wind farms in the assessment up to 
Hornsea Project Three in England and Moray West in Scotland (full table in Table 0.3). 

Wind Farm 
Breeding Nonbreeding Annual 

Total AOE SPA Total AOE SPA Total AOE SPA 
Previous OWFs 138.4 31.8 358.8 14.3 497.2 46.1 
Norfolk Vanguard 8.4 2.5 3.6 0.1 12.0 2.6 
Total  146.8 34.3 362.4 14.4 509.2 48.7 

 

43. The annual mortalities entered into the PVA and the counterfactual outputs (CPS and 
CPGR) for the total in-combination FFC SPA kittiwake collision estimates, with and 
without Norfolk Vanguard are provided in Table 3.6.   

Table 3.6 Lesser black-backed gull AOE SPA mortalities and population modelling results using the 
Natural England PVA tool  

Scenario 
Norfolk 

Vanguard 
(mortality 
included) 

Total 
additional 

adult 
mortality 

Density independent 
counterfactual metric (after 30 

years) 

 Growth rate Population 
size 

Norfolk Vanguard alone 2.6 2.6 0.9990 0.9708 
In-combination minus Norfolk Vanguard 0 46.1 0.9827 0.5817 
In-combination  2.6 48.7 0.9817 0.5635 
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44. The  density independent PVA results indicate that the maximum reduction in 
growth rate was 1.83% (0.9817) for an in-combination collision mortality of 48.7. At 
this mortality the CPS indicates the lesser black-backed gull population after 30 years 
would be 56.3% (0.5635) of the baseline (unimpacted) size.   

45. Comparing the in-combination collision mortality results, the addition of Norfolk 
Vanguard reduced the population growth rate by 0.1% (0.9827-0.9817). The 
equivalent reduction in population size was 1.8%, however as noted above the CPS is 
considered a less reliable metric for density independent simulations.  

46. The AOE SPA lesser black-backed gull population has remained relatively stable for 
over 10 years (see RSPB submission for Norfolk Boreas4, 20th August 2021). 
Therefore, the maximum predicted reduction in growth rate of less than 2% is not 
considered likely to result in a decline in this population, especially when the sources 
of precaution (e.g. density independent predictions, consented rather than as-built 
collision estimates, etc.) are taken into account.  

47. On the basis of the population model predictions, the number of predicted collision 
mortalities at Norfolk Vanguard in-combination with other North Sea wind farms 
with potential connectivity to the AOE SPA is not at a level which would trigger a risk 
of population decline but would only result in a slight reduction in the growth rate 
currently seen at this colony. 

48. The contribution of Norfolk Vanguard to the in-combination totals is also very small, 
making an additional reduction to the growth rate of no more than 0.1% and an 
additional reduction in the CPS of no more than 1.8%, which means that the 
population size would be 1.8% below the size it would reach without the wind farm.  

49. Given the degree of precaution in collision assessments and the very small 
contribution from Norfolk Vanguard, it is concluded that there will be no adverse 
effect on the integrity of the Alde Ore Estuary SPA due to in-combination collisions of 
lesser black-backed gull. 

 

 
4 https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010087/EN010087-
002859-
Norfolk%20Boreas_RSPB%20response%20to%20BEIS%20consultation_August%202021_Overview%20and%20
Summary%20(FINAL).pdf  

https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010087/EN010087-002859-Norfolk%20Boreas_RSPB%20response%20to%20BEIS%20consultation_August%202021_Overview%20and%20Summary%20(FINAL).pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010087/EN010087-002859-Norfolk%20Boreas_RSPB%20response%20to%20BEIS%20consultation_August%202021_Overview%20and%20Summary%20(FINAL).pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010087/EN010087-002859-Norfolk%20Boreas_RSPB%20response%20to%20BEIS%20consultation_August%202021_Overview%20and%20Summary%20(FINAL).pdf
https://infrastructure.planninginspectorate.gov.uk/wp-content/ipc/uploads/projects/EN010087/EN010087-002859-Norfolk%20Boreas_RSPB%20response%20to%20BEIS%20consultation_August%202021_Overview%20and%20Summary%20(FINAL).pdf
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Appendix 1 - Cumulative and in-combination collision and displacement tables 

Table 0.1 Updated guillemot numbers at risk of cumulative and in-combination displacement. 
Note these are abundance estimates, not mortalities. 

Tier Wind farm Breeding season Nonbreeding 
season 

Annual 

  Total FFC SPA Total FFC SPA Total FFC SPA 
1 Beatrice Demonstrator - - - - - - 
1 Greater Gabbard 345 0 548 24.1 893 24.1 
1 Gunfleet Sands 0 0 363 16 363 16 
1 Kentish Flats 0 0 3 0.1 3 0.1 
1 Kentish Flats Extension 0 0 4 0.2 4  
1 Lincs & LID 582 0 814 35.8 1396 35.8 
1 London Array 192 0 377 16.6 569 16.6 
1 Scroby Sands - - - - - - 
1 Sheringham Shoal 390 0 715 31.5 1105 31.5 
1 Teesside 267 267 901 39.6 1168 306.6 
1 Thanet 18 0 124 5.5 142 5.5 
1 Humber Gateway 99 99 138 6.1 237 105.1 
1 Westermost Rough 347 347 486 21.4 833 368.4 
1 Hywind 249 0 2136 94 2385 94 
2 Kincardine 632 0 0 0 632 0 
2 Beatrice 13610 0 2755 121.2 16365 121.2 
2 Dudgeon 334 0 542 23.8 876 23.8 
2 Galloper 305 0 593 26.1 898 26.1 
2 Race Bank 361 0 708 31.2 1069 31.2 
2 Rampion 10887 0 15536 683.6 26423 683.6 
2 Hornsea Project One 9836 4554.1 8097 356.3 17933 4910.4 
3 Blyth Demonstration Project 1220 0 1321 58.1 2541 58.1 
3 Dogger Bank Creyke Beck A  5407 1892.5 6142 270.2 11549 2162.7 
3 Dogger Bank Creyke Beck B 9479 3317.7 10621 467.3 20100 3785 
3 East Anglia ONE 274 0 640 28.2 914 28.2 
3 European Offshore Wind 

Deployment Centre 
547 0 225 9.9 772 9.9 

3 Firth of Forth Alpha 13606 0 4688 206.3 18294 206.3 
3 Firth of Forth Bravo 11118 0 4112 180.9 15230 180.9 
3 Inch Cape 4371 0 3177 139.8 7548 139.8 
3 Methil 25 0 0 0 25 0 
3 Moray Firth (EDA) 9820 0 547 24.1 10367 24.1 
3 Neart na Gaoithe 1755 0 3761 165.5 5516 165.5 
3 Dogger Bank Teesside A  3283 1149.1 2268 99.8 5551 1248.9 
3 Dogger Bank Teesside B 5211 1823.9 3701 162.8 8912 1986.7 
3 Triton Knoll 425 425 746 32.8 1171 457.8 
3 Hornsea Project Two 7735 3581.3 13164 579.2 20899 4160.5 
4 East Anglia THREE 1744 0 2859 125.8 4603 125.8 
4 Moray West 24426 0 38174 1679.7 62600 1679.7 
4 Hornsea Project Three 13374 0 17772 782 31146 782 
5 Norfolk Vanguard 4320 0 4776 210.2 9096 210.2 
5 Norfolk Boreas 7767 0 13777 606.2 21544 606.2 
5 East Anglia TWO 2077 0 1675 73.7 3752 73.7 
5 East Anglia ONE North 4183 0 1888 83.1 6071 83.1 
6 Hornsea 4 (PEIR) 15245 15245 69555 3060.4 84800 18305.4 
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Tier Wind farm Breeding season Nonbreeding 
season 

Annual 

  Total FFC SPA Total FFC SPA Total FFC SPA 
6 Dudgeon Extension and Sheringham 

Extension (PEIR) 
3576 0 8671 382 12247 382 

 Total (all projects) 189442 32702 249100 10961 438542 43663 
 Total (minus Hornsea Project Four 

& Dudgeon and Sheringham 
Extensions) 

170621 17457 170874 7519 341495 24975 
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Table 0.2 Updated razorbill numbers at risk of cumulative and in-combination displacement. Note these are abundance estimates, not mortalities. 
Tier Wind farm Breeding season Autumn migration Nonbreeding 

season 
Spring migration Annual 

  Total FFC SPA Total FFC SPA Total FFC SPA Total FFC SPA Total FFC SPA 
1 Beatrice Demonstrator - - - - - - - - - - 
1 Greater Gabbard 0 0 0 0 387 10.5 84 2.8 471 13 
1 Gunfleet Sands 0 0 0 0 30 0.8 0 0 30 1 
1 Kentish Flats - - - - - - - - - - 
1 Kentish Flats Extension - - - - - - - - - - 
1 Lincs & LID 45 0 34 1.1 22 0.6 34 1.1 134 3 
1 London Array 14 0 20 0.7 14 0.4 20 0.7 68 2 
1 Scroby Sands -  - - - - - - - - - 
1 Sheringham Shoal 106 0 1343 45.7 211 5.7 30 1 1690 52 
1 Teesside 16 0 61 2.1 2 0.1 20 0.7 99 3 
1 Thanet 3 0 0 0 14 0.4 21 0.7 37 1 
1 Humber Gateway 27 0 20 0.7 13 0.4 20 0.7 80 2 
1 Westermost Rough 91 91 121 4.1 152 4.1 91 3.1 455 102 
1 Hywind 30 0 719 24.4 10 0.3   759 25 
2 Kincardine 22 0  0  0   22 0 
2 Beatrice 873 0 833 28.3 555 15 833 28.3 3094 72 
2 Dudgeon 256 0 346 11.8 745 20.1 346 11.8 1693 44 
2 Galloper 44 0 43 1.5 106 2.8 394 13.4 587 18 
2 Race Bank 28 0 42 1.4 28 0.8 42 1.4 140 4 
2 Rampion 630 0 66 2.2 1244 33.6 3327 113.1 5267 149 
2 Hornsea Project One 1109 534.5 4812 163.6 1518 41 1803 61.3 9242 800 
3 Blyth Demonstration Project 121 0 91 3.1 61 1.6 91 3.1 364 8 
3 Dogger Bank Creyke Beck A  1250 375 1576 53.6 1728 46.7 4149 141.1 8703 616 
 Dogger Bank Creyke Beck B 1538 461.4 2097 71.3 2143 57.9 5119 174 10897 765 
3 East Anglia ONE 16 0 26 0.9 155 4.2 336 11.4 533 17 
3 European Offshore Wind Deployment 

Centre 
161 0 64 2.2 7 0.2 26 0.9 258 3 

3 Firth of Forth Alpha 5876 0   1103 29.8   6979 30 
3 Firth of Forth Bravo 3698 0   1272 34.3   4970 34 
3 Inch Cape 1436 0 2870 97.6 651 17.6   4957 115 
3 Methil 4 0 0 0 0 0 0 0 4 0 
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Tier Wind farm Breeding season Autumn migration Nonbreeding 
season 

Spring migration Annual 

  Total FFC SPA Total FFC SPA Total FFC SPA Total FFC SPA Total FFC SPA 
3 Moray Firth (EDA) 2423 0 1103 37.5 30 0.8 168 5.7 3724 44 
3 Neart na Gaoithe 331 0 5492 186.7 508 13.7   6331 200 
3 Dogger Bank Teesside A  834 250.2 310 10.6 959 25.9 1919 65.2 4022 352 
3 Dogger Bank Teesside B 1153 345.9 592 20.1 1426 38.5 2953 100.4 6125 505 
3 Triton Knoll 40 0 254 8.6 855 23.1 117 4 1265 36 
3 Hornsea Project Two 2511 1210.3 4221 143.5 720 19.4 1668 56.7 9119 1430 
4 East Anglia THREE 1807 0 1122 38.1 1499 40.5 1524 51.8 5952 130 
4 Moray West 2808 0 3544 120.5 184 5 3585 121.9 10121 247 
4 Hornsea Project Three 630 0 2020 69 3649 99 2105 72 8404 240 
5 Norfolk Vanguard 879 0 866 29.5 839 22.7 924 31.4 3508 84 
5 Norfolk Boreas 630 0 263 8.9 1065 28.8 345 11.7 2303 49 
5 East Anglia TWO 281 0 44.1 1.5 136.4 3.7 230 7.8 692 13 
5 East Anglia ONE North 403 0 85 2.9 54 1.5 207 7 749 11 
6 Hornsea 4 (PEIR) 580 580 5960 202.6 685 18.5 1361 46.3 8586 847.4 
6 Dudgeon Extension and Sheringham 

Extension (PEIR) 
1064 0 4295 146 1310 35 420 14 7089 195 

 Total (all projects) 33768 3848 45355 1542 26090 705 34312 1166 139523 7262 
 Total (minus Hornsea Project Four & 

Dudgeon and Sheringham Extensions) 
32124 3268 35100 1194 24095 651 32531 1106 123848 6220 
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Table 0.3 Lesser black-backed gull cumulative and in-combination collision risk. Note that the AOE 
annual total includes all the apportioned nonbreeding season estimates plus apportioned 
breeding season estimates for wind farms within 141km. 

Windfarm 
Breeding season Nonbreeding 

season 
Annual 

Total AOE SPA Total AOE SPA Total AOE SPA 
Beatrice Demonstrator -  - - - - - 
Greater Gabbard 12.4 8 49.6 2 62 10 
Gunfleet Sands 1 0.3 0 0 1 0.3 
Kentish Flats - - - - - - 
Kentish Flats Extension 0.3 0.1 1.3 0.1 1.6 0.2 
Lincs 1.7 

 
6.8 0.3 8.5 0.3 

London Array - - - - - - 
Lynn and Inner Dowsing - - - - - - 
Scroby Sands - - - - - - 
Sheringham Shoal 1.7 0.3 6.6 0.3 8.3 0.6 
Teesside 0 

 
0 0 0 0 

Thanet 3.2 1.4 12.8 0.5 16 1.9 
Humber Gateway 0.3 

 
1.1 0 1.4 0 

Westermost Rough 0.1 
 

0.3 0 0.4 0 
Hywind 0 

 
0 0 0 0 

Kincardine 0 
 

0 0 0 0 
Beatrice 0 

 
0 0 0 0 

Dudgeon 7.7 1.1 30.6 1.2 38.3 2.3 
Galloper 27.8 18 111 4.4 138.8 22.4 
Race Bank 43.2 

 
10.8 0.4 54 0.4 

Rampion 1.6 
 

6.3 0.3 7.9 0.3 
Hornsea Project One 4.4 

 
17.4 0.7 21.8 0.7 

Blyth Demonstration Project 0 
 

0 0 0 0 
Dogger Bank Creyke Beck Projects A and B 2.6 

 
10.4 0.4 13 0.4 

East Anglia ONE 5.9 2.2 33.8 1.4 39.7 3.6 
European Offshore Wind Deployment Centre 0 

 
0 0 0 0 

Firth of Forth Alpha and Bravo 2.1 
 

8.4 0.3 10.5 0.3 
Inch Cape 0 

 
0 0 0 0 

Methil 0.5 
 

0 0 0.5 0 
Moray Firth (EDA) 0 

 
0 0 0 0 

Neart na Gaoithe 0.3 
 

1.2 0 1.5 0 
Dogger Bank Teesside Projects A and B 2.4 

 
9.6 0.4 12 0.4 

Triton Knoll 7.4 
 

29.6 1.2 37 1.2 
Hornsea Project Two 2 

 
2 0.1 4 0.1 

East Anglia THREE 1.8 0.4 8.2 0.3 10 0.7 
Moray West 0 

 
0 0 0 0 

Hornsea Project Three (revised) 8 
 

1 0 9 0 
Norfolk Vanguard 8.4 2.5 3.6 0.1 12.0 2.6 
Total without Norfolk Vanguard 138.4 31.8 358.8 14.3 497.2 46.1 
Total with Norfolk Vanguard 146.8 34.3 362.4 14.4 509.2 48.7 
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Appendix 2 – PVA log files 

Guillemot 

Population Viability Analysis Parameter log 
5 Set up 

The log file was created on: 2021-10-26 16:12:20 using Tool version 2, with R version 3.5.1, 
PVA package version: 4.17 (with UI version 1.7) 

##                Package          Version 
## popbio         "popbio"         "2.4.4" 
## shiny          "shiny"          "1.1.0" 
## shinyjs        "shinyjs"        "1.0"   
## shinydashboard "shinydashboard" "0.7.1" 
## shinyWidgets   "shinyWidgets"   "0.4.5" 
## DT             "DT"             "0.5"   
## plotly         "plotly"         "4.8.0" 
## rmarkdown      "rmarkdown"      "1.10"  
## dplyr          "dplyr"          "0.7.6" 
## tidyr          "tidyr"          "0.8.1" 

6 Basic information 

This run had reference name “Guillemot DI FFC SPA1_8”. 
PVA model run type: simplescenarios. 
Model to use for environmental stochasticity: betagamma. 
Model for density dependence: nodd. 
Include demographic stochasticity in model?: Yes. 
Number of simulations: 5000. 
Random seed: 50. 
Years for burn-in: 0. 
Case study selected: None. 

7 Baseline demographic rates 

Species chosen to set initial values: Common Guillemot. 
Region type to use for breeding success data: Country. 
Available colony-specific survival rate: National. Sector to use within breeding success 
region: England. 
Age at first breeding: 6. 
Is there an upper constraint on productivity in the model?: Yes, constrained to 1 per pair. 
Number of subpopulations: 1. 
Are demographic rates applied separately to each subpopulation?: No. 
Units for initial population size: breeding.adults 
Are baseline demographic rates specified separately for immatures?: Yes. 
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7.1.1 Population 1 

Initial population values: Initial population 121754 in 2025 

Productivity rate per pair: mean: 0.716 , sd: 0.076 
Adult survival rate: mean: 0.94 , sd: 0.025 
Immatures survival rates: 
Age class 0 to 1 - mean: 0.56 , sd: 0.058 , DD: NA 
Age class 1 to 2 - mean: 0.792 , sd: 0.152 , DD: NA 
Age class 2 to 3 - mean: 0.917 , sd: 0.098 , DD: NA 
Age class 3 to 4 - mean: 0.938 , sd: 0.107 , DD: NA 
Age class 4 to 5 - mean: 0.94 , sd: 0.025 , DD: NA 
Age class 5 to 6 - mean: 0.94 , sd: 0.025 , DD: NA 
 
8 Impacts 

Number of impact scenarios: 8. 

Are impacts applied separately to each subpopulation?: No 
Are impacts of scenarios specified separately for immatures?: No 
Are standard errors of impacts available?: No 
Should random seeds be matched for impact scenarios?: No 
Are impacts specified as a relative value or absolute harvest?: relative 
Years in which impacts are assumed to begin and end: 2026 to 2056 

8.1 Impact on Demographic Rates 

8.1.1 Scenario A - Name: mort346.8 

8.1.1.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.002848366, se: NA 

8.1.2 Scenario B - Name: mort349.7 

8.1.2.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.002872185, se: NA 

8.1.3 Scenario C - Name: mort608.4 

8.1.3.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.004996961, se: NA 
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8.1.4 Scenario D - Name: mort611.3 

8.1.4.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.00502078, se: NA 

8.1.5 Scenario E - Name: mort74.9 

8.1.5.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.000615175, se: NA 

8.1.6 Scenario F - Name: mort131.0 

8.1.6.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.00107594, se: NA 

8.1.7 Scenario G - Name: mort1748.5 

8.1.7.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.01436092, se: NA 

8.1.8 Scenario H - Name: mort3056.5 

8.1.8.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.0251039, se: NA 

8.2 Output: 

First year to include in outputs: 2026 
Final year to include in outputs: 2056 
How should outputs be produced, in terms of ages?: whole.population 
Target population size to use in calculating impact metrics: NA 
Quasi-extinction threshold to use in calculating impact metrics: NA 
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Razorbill 

Population Viability Analysis Parameter log 
9 Set up 

The log file was created on: 2021-10-27 08:53:27 using Tool version 2, with R version 3.5.1, 
PVA package version: 4.17 (with UI version 1.7) 

##                Package          Version 
## popbio         "popbio"         "2.4.4" 
## shiny          "shiny"          "1.1.0" 
## shinyjs        "shinyjs"        "1.0"   
## shinydashboard "shinydashboard" "0.7.1" 
## shinyWidgets   "shinyWidgets"   "0.4.5" 
## DT             "DT"             "0.5"   
## plotly         "plotly"         "4.8.0" 
## rmarkdown      "rmarkdown"      "1.10"  
## dplyr          "dplyr"          "0.7.6" 
## tidyr          "tidyr"          "0.8.1" 

10 Basic information 

This run had reference name “Razorbill DI FFC SPA1_8”. 
PVA model run type: simplescenarios. 
Model to use for environmental stochasticity: betagamma. 
Model for density dependence: nodd. 
Include demographic stochasticity in model?: Yes. 
Number of simulations: 5000. 
Random seed: 50. 
Years for burn-in: 0. 
Case study selected: None. 

11 Baseline demographic rates 

Species chosen to set initial values: Razorbill. 
Region type to use for breeding success data: Country. 
Available colony-specific survival rate: National. Sector to use within breeding success 
region: England. 
Age at first breeding: 5. 
Is there an upper constraint on productivity in the model?: Yes, constrained to 1 per pair. 
Number of subpopulations: 1. 
Are demographic rates applied separately to each subpopulation?: No. 
Units for initial population size: breeding.adults 
Are baseline demographic rates specified separately for immatures?: Yes. 

11.1.1 Population 1 

Initial population values: Initial population 40506 in 2025 

Productivity rate per pair: mean: 0.641 , sd: 0.068 
Adult survival rate: mean: 0.895 , sd: 0.067 
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Immatures survival rates: 
Age class 0 to 1 - mean: 0.63 , sd: 0.067 , DD: NA 
Age class 1 to 2 - mean: 0.63 , sd: 0.067 , DD: NA 
Age class 2 to 3 - mean: 0.895 , sd: 0.067 , DD: NA 
Age class 3 to 4 - mean: 0.895 , sd: 0.067 , DD: NA 
Age class 4 to 5 - mean: 0.895 , sd: 0.067 , DD: NA 
12 Impacts 

Number of impact scenarios: 8. 

Are impacts applied separately to each subpopulation?: No 
Are impacts of scenarios specified separately for immatures?: No 
Are standard errors of impacts available?: No 
Should random seeds be matched for impact scenarios?: No 
Are impacts specified as a relative value or absolute harvest?: relative 
Years in which impacts are assumed to begin and end: 2026 to 2056 

12.1 Impact on Demographic Rates 

12.1.1 Scenario A - Name: mort85.9 

12.1.1.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.00212018, se: NA 

12.1.2 Scenario B - Name: mort87.1 

12.1.2.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.002149805, se: NA 

12.1.3 Scenario C - Name: mort100.5 

12.1.3.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.002480462, se: NA 

12.1.4 Scenario D - Name: mort101.7 

12.1.4.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.002510087, se: NA 
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12.1.5 Scenario E - Name: mort18.7 

12.1.5.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.00046166, se: NA 

12.1.6 Scenario F - Name: mort21.8 

12.1.6.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.000538192, se: NA 

12.1.7 Scenario G - Name: mort435.5 

12.1.7.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.01075149, se: NA 

12.1.8 Scenario H - Name: mort508.5 

12.1.8.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.0125537, se: NA 
 

12.2 Output: 

First year to include in outputs: 2026 
Final year to include in outputs: 2056 
How should outputs be produced, in terms of ages?: whole.population 
Target population size to use in calculating impact metrics: NA 
Quasi-extinction threshold to use in calculating impact metrics: NA 

  



 

                       

 

Updated PVA: FFC SPA & AOE SPA Norfolk Vanguard Offshore Wind Farm ExA.AS-2.D13.V2 
November 2021   Page 26 

 

Lesser black-backed gull 

Population Viability Analysis Parameter log 
13 Set up 

 The log file was created on: 2021-10-27 11:40:10 using Tool version 2, with R version 3.5.1, 
PVA package version: 4.17 (with UI version 1.7) 

##                Package          Version 
## popbio         "popbio"         "2.4.4" 
## shiny          "shiny"          "1.1.0" 
## shinyjs        "shinyjs"        "1.0"   
## shinydashboard "shinydashboard" "0.7.1" 
## shinyWidgets   "shinyWidgets"   "0.4.5" 
## DT             "DT"             "0.5"   
## plotly         "plotly"         "4.8.0" 
## rmarkdown      "rmarkdown"      "1.10"  
## dplyr          "dplyr"          "0.7.6" 
## tidyr          "tidyr"          "0.8.1" 

14 Basic information 

This run had reference name “LBBG DI AOE SPA”. 
PVA model run type: simplescenarios. 
Model to use for environmental stochasticity: betagamma. 
Model for density dependence: nodd. 
Include demographic stochasticity in model?: Yes. 
Number of simulations: 5000. 
Random seed: 50. 
Years for burn-in: 0. 
Case study selected: None. 

15 Baseline demographic rates 

Species chosen to set initial values: Lesser Black-Backed Gull. 
Region type to use for breeding success data: Country. 
Available colony-specific survival rate: National. Sector to use within breeding success 
region: England. 
Age at first breeding: 5. 
Is there an upper constraint on productivity in the model?: Yes, constrained to 3 per pair. 
Number of subpopulations: 1. 
Are demographic rates applied separately to each subpopulation?: No. 
Units for initial population size: breeding.adults 
Are baseline demographic rates specified separately for immatures?: Yes. 

15.1.1 Population 1 

Initial population values: Initial population 3022 in 2025 

Productivity rate per pair: mean: 0.4563 , sd: 0.2882 
Adult survival rate: mean: 0.885 , sd: 0.056 
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Immatures survival rates: 
Age class 0 to 1 - mean: 0.82 , sd: 0.056 , DD: NA 
Age class 1 to 2 - mean: 0.885 , sd: 0.056 , DD: NA 
Age class 2 to 3 - mean: 0.885 , sd: 0.056 , DD: NA 
Age class 3 to 4 - mean: 0.885 , sd: 0.056 , DD: NA 
Age class 4 to 5 - mean: 0.885 , sd: 0.056 , DD: NA 
16 Impacts 

Number of impact scenarios: 3. 

Are impacts applied separately to each subpopulation?: No 
Are impacts of scenarios specified separately for immatures?: No 
Are standard errors of impacts available?: No 
Should random seeds be matched for impact scenarios?: No 
Are impacts specified as a relative value or absolute harvest?: relative 
Years in which impacts are assumed to begin and end: 2026 to 2056 

16.1 Impact on Demographic Rates 

16.1.1 Scenario A - Name: mort2.6 

16.1.1.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.000860357 , se: NA 

16.1.2 Scenario B - Name: mort46.1 

16.1.2.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.0152548 , se: NA 

16.1.3 Scenario C - Name: mort48.7 

16.1.3.1 All subpopulations 

Impact on productivity rate mean: 0 , se: NA 

Impact on adult survival rate mean: 0.01611515, se: NA 

16.2 Output: 

First year to include in outputs: 2026 
Final year to include in outputs: 2056 
How should outputs be produced, in terms of ages?: whole.population 
Target population size to use in calculating impact metrics: NA 
Quasi-extinction threshold to use in calculating impact metrics: NA 
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Appendix 3 – Review of Cook (2021) Additional analysis to inform SNCB 
recommendations regarding collision risk modelling. BTO Research Report 739 
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EXECUTIVE SUMMARY 

Estimates of collision mortality are an important aspect of seabird impact assessments for offshore 
wind farms, obtained using collision risk models (CRM). A critical parameter in the model is the 
avoidance rate, which accounts for seabird responses to turbines. Since 2015 offshore wind farm 
collision risk assessments have used avoidance rate values estimated in a study by the British Trust 
for Ornithology (BTO), commissioned by Marine Scotland (Cook et al. 2014). Natural England 
recently commissioned a review and update of this work (Cook 2021) which made 
recommendations for lower avoidance rates, which for several species equate to increased 
collision mortality predictions.  

This report documents a review of the study data and analysis from Cook (2021) and explains how 
one study has been identified as a statistical outlier with a strong influence on the avoidance rate 
estimates. When this study, one of 415 in the analysis, is included in the analysis the avoidance rate 
for gulls is estimated to be 98.74%. When this study is omitted the avoidance rate increases to 
99.13%. While these may not appear to be large differences, the number of collisions predicted at 
the lower rate (98.74%) is 1.5 times higher, which considered cumulatively across wind farms 
represents a large difference.  

It is also notable that Cook et al. (2014) considered, but did not include, the study in question, 
rejecting it on the basis that some of the data collected were ‘extremely limited’ and that including 
this study ‘may have a significant, but unquantifiable impact on the final, derived within-windfarm 
avoidance rates’. No explanation for this study’s inclusion in Cook (2021) has been presented.  

As a consequence, the avoidance rates recommended by Cook (2021) are not considered to be 
based on a robust dataset and should not form the basis for collision risk assessment. Avoidance 
rates calculated with the outlying study omitted are considered to be more robust for impact 
assessment.   
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1 INTRODUCTION 

Natural England recently commissioned the BTO to undertake a review and analysis of collision risk 
avoidance rates. Natural England has made the following statements in relation to this work: 

Natural England recently commissioned BTO to undertake an analysis that combines 
avoidance rates from various sites as presented in Cook et al. (2014), with those derived from 
the ORJIP study (Bowgen & Cook 2018) and any additional sites where the appropriate data 
are available, in order to provide avoidance rates based on data across a range of sites where 
possible.  

The Offshore Renewables Joint Industry Programme (ORJIP) funded Bird Collision Avoidance 
(BCA) project represents one of the few studies of bird behaviour at an offshore windfarm, 
and a previous analysis, reported in Bowgen & Cook (2018), considered how the data collected 
could be used to parameterise avoidance rates for Collision Risk Models. However, these rates 
were based on the outputs from a single study and lacked the contemporary density data 
required in order to give more context to the observed collision rates. To support the 
development of SNCB advice in relation to CRMs, there was a need to consider how the data 
collected as part of the ORJIP BCA project should be combined with existing estimates of 
avoidance rates, hence the commission to BTO. 

Subsequently, Cook (2021) has presented further analysis and recommended species-specific 
avoidance rates for a range of gull species, including those species of particular relevance to 
offshore wind farm collision assessments (i.e. kittiwake, herring gull, lesser black-backed gull and 
great black-backed gull).  

In addition to species specific avoidance rates, the data were pooled to estimate combined 
avoidance rates for ‘small gulls’, ‘large gulls’ and ‘gulls’. The small gull category included data 
identified to species level (e.g. kittiwake, little gull, black-headed gull) and data identified as ‘small 
gull’ (e.g. ‘black-headed gull/common gull’). Similarly, the ‘large gull’ category includes species 
level data (herring gull, lesser black-backed gull, etc.) and data identified as large gull (e.g. ‘herring 
gull/lesser black-backed gull’). The ‘gull’ category includes all data for gulls; small, large and with 
no size description.  

The avoidance rate recommendation for kittiwake in Cook (2021) is reproduced below: 

Black-legged Kittiwake (and Little Gull) 

All gulls rate  

Rationale: Insufficient data to estimate species-specific avoidance rates. Whilst previous 
reports have recommended the small gulls rate, data collected at Thanet makes reference to 
collisions involving “unidentified gulls”, and it cannot be ruled out that these involved black-
legged kittiwakes. 

And for the large gull species the recommendation is:  

Lesser Black-backed Gull, Herring Gull, Great Black-backed Gull and other large gull species 

Large gulls rate  
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Rationale: Whilst robust data are available from the onshore environment to estimate 
avoidance rates for Herring and Lesser Black-backed Gull, uncertainty over the identification 
of species involved in collisions at Thanet means it may be more appropriate to use the large 
gulls rate for these species.  

Similarly, a lack of robust data suggests the large gull avoidance rates should also be used for 
Great Black-backed Gull and other large gull species. 

2 REVIEW AND RE-ANALYSIS OF COOK (2021) DATA ANALYSIS 

We are indebted to the BTO for making available the data and analysis scripts used by Cook (2021). 
They can be downloaded here: 

 

These data and scripts have been used to investigate the estimation of basic Band model avoidance 
rates. Although no analysis of the extended Band avoidance rates and those for use in the 
stochastic collision model has been undertaken, the methods detailed below, and subsequent 
conclusions, are also expected to apply to avoidance rates for these models presented in Cook 
(2021). 

The first point to make is that the data presented in Cook (2021), much of which was also used in 
the previous review, Cook et al. (2014), show that estimates of collision across numerous wind 
farms indicate strong site-specific differences; the data do not form a normal distribution of 
estimates around a mean. This statistical feature of the data indicates a need to consider carefully 
site-specific variations in risk and indicates that simply taking an average of such data does not 
provide an appropriate estimate of central tendency of the distribution. Statistically, the median 
value would be more appropriate than the arithmetic mean for these data. 

As noted above, the Cook (2021) recommendation is to use the generic ‘all gull’ and ‘large gull’ 
rates for all gull species. Here we present analysis undertaken to investigate the influence of each 
of the contributory datasets on the rates obtained (i.e. a form of sensitivity analysis).  

To perform this, the Cook (2021) script, which estimated the basic Band model avoidance rates, 
was run repeatedly, with each row of the input data (415 rows) removed in turn (i.e. on the first 
run just the first row was omitted, on the second run just the second row was omitted, etc. with 
415 runs of the code undertaken). The ‘all gull’ avoidance rates obtained from this jackknife analysis 
could then be compared to determine the influence of each row on the overall results (i.e. with all 
the data included). If the removal of a data row increases the estimated avoidance rate then that 
observation’s presence is decreasing the overall estimated avoidance rate, and the converse also 
applies; if the avoidance rate is decreased when a row is removed then that observation is 
increasing the overall avoidance rate. If the output when a row is removed is close to the average 
then it can be concluded it is not exerting a strong influence in either direction. 

Figure 1 presents the ‘all gull’ avoidance rates calculated with each row of the data omitted. It is 
apparent that most of the observations are clustered around the combined average and therefore 
are not strongly influencing the estimate. However, it can also be seen that the individual removal 
of a few (c. 10) of the observations changes the avoidance rate to a sufficient extent that, with 
them omitted (i.e. with the remaining 414 data rows), the avoidance rate lies outside the 95% 
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confidence intervals, either above or below. This is to be expected since these lines only bracket 
95% of the observations and, by definition, there will always be data points outside the 95% 
confidence intervals. However, it is also apparent that there is one data row which when removed 
results in an ‘all gull’ avoidance rate which is a considerable distance outside the range of the other 
data. This data row has such a strong influence on the avoidance rate that its removal alone 
increases the ‘all gull’ avoidance rate calculated using the remaining 414 rows from 98.74% to 
99.13%.  

 

Figure 1. Estimation of the ‘all gull’ avoidance rate for the basic Band collision model with each row removed 
in turn from the dataset (415 rows in total). Dots are the avoidance rate obtained using the remaining 414 
rows, the red line is the average avoidance rate and blue dashed lines are the upper and lower 95% 
confidence intervals (all obtained using 415 rows, i.e. as per Cook 2021). All analysis was conducted using the 
Cook (2021) R scripts.  

Further investigation of this largest outlier identified it as part of a study conducted at the Kleine 
Pathoweg wind farm (Brugge, Belgium) and the observation which was removed was recorded as 
‘herring gull or lesser black-backed gull’. The study was conducted in 2005 and 2006, although only 
the data from 2005 were included in Cook (2021). This study was identified and reviewed for the 
previous avoidance rate estimation undertaken by the BTO for Marine Scotland (Cook et al. 2014), 
but it was not included in that analysis (i.e. these data were not used to estimate avoidance rates). 
Cook et al. (2014) made the following observations in relation to the study and its suitability for 
inclusion in their analysis: 

Fatality data have been collected on a regular basis and following a robust methodology. 
Corrections have been applied to these data to account for the imperfect detection of corpses 
due to scavenger behaviour and searcher efficiency. 

The observational data that have been collected are extremely limited. Data collection has 
been restricted to the September to December period in a single year. It is unclear how 
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accurately this reflects bird movements within the windfarm over the rest of the study period. 
This may have a significant, but unquantifiable impact on the final, derived within-windfarm 
avoidance rates. In addition, it is unclear whether corrections have been applied to the 
observational data to account for the imperfect detection of birds.  

As it has been necessary to make spatial and temporal extrapolations to estimate avoidance 
rates, these data have not been used when deriving representative avoidance rates. 

Thus, this study, which as demonstrated in Figure 1 has a large influence on the ‘all gull’ avoidance 
rate and was considered unsuitable for use by Cook et al. (2014), has been included in Cook (2021). 
Notably, Cook et al. (2014) recognized this site could have ‘a significant, but unquantifiable impact 
on the final, derived within-windfarm avoidance rates’. Figure 1 provides quantification of this effect, 
and it is apparent that it is indeed highly significant and distinctly different from the results 
obtained at all other studied wind farms. 

Given this study is a statistical outlier (this point is almost 5 times further outside the confidence 
intervals than the next most influential point) and exerts a large influence on the ‘all gull’ avoidance 
rate, it is clear that careful consideration should be given to whether its inclusion is appropriate. 
However, this revision from Cook et al. (2014) was not explained by Cook (2021). These data were 
considered inappropriate to include by Cook et al. (2014) and we agree with that viewpoint for the 
statistical reasons outlined above.  

In addition, the justification for using the ‘all gull’ rate for kittiwake presented in Cook (2021) was 
that some of the observed gull collisions at Thanet may have been kittiwakes (i.e. the kittiwake 
collision rate may have been higher than that estimated if only those birds identified as kittiwakes 
is used). However, the fact that some of the collisions at Thanet were not identified to species level 
does not imply that data for known dissimilar species (in this case, large gulls: ‘herring gull or lesser 
black-backed gull’) should be used to estimate a kittiwake avoidance rate.  

Rather, taking the above observations for Thanet into consideration, an avoidance rate for 
kittiwake should be estimated using (in order of preference) kittiwake data, small gull data and 
unidentified gull data, but importantly the last should only include records of unidentified small 
gulls or unidentified gulls, not ones positively identified and recorded as large gulls. In contrast, 
Cook (2021) estimated the ‘all gull’ avoidance rate using data for birds identified to species level, 
identified as small gulls, identified as large gulls and birds identified simply as gulls. However, there 
is no justification provided for why birds known to be large gulls are included. This ‘all gull’ rate 
therefore appears to be appropriate for estimating collisions only for birds which are recorded as 
gulls, with no further size or species categorization. 

As noted above, the outlying observation from the Kleine Pathoweg wind farm was identified as 
relating to ‘herring gull or lesser black-backed gull’. Therefore, in addition to the fact that this site 
is a statistical outlier and exerts a large influence on the result, on the basis of the species involved 
its inclusion for estimating an avoidance rate for kittiwake must also be considered to be 
inappropriate.  

The ‘all gull’ avoidance rate was re-estimated using the data groups of small gulls and unidentified 
gulls but omitting unidentified large gulls. This was first done with the inclusion of Kleine Pathoweg 
data (relating to an observation identified as black-headed gull), which yielded an ‘all gull’ 
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avoidance rate for the basic Band model of 98.9% (this is the same rate currently recommended 
for kittiwake). However, since there is a strong case for excluding the Kleine Pathoweg data due 
to uncertainty about how robust the flight activity data were, the estimation was repeated without 
this data row. The ‘all gull’ avoidance rate without Kleine Pathoweg was 99.1%. 

A jackknife analysis of the data used to estimate the ‘large gull’ avoidance rate was also 
undertaken. There were 155 rows of data categorized as large gulls or gulls. Using these data, 
Figure 2 provides the large gull avoidance rate obtained when each row was omitted in turn. As 
found for the ‘all gull’ analysis (Figure 1), the largest statistical outlier for the ‘large gull’ rate in 
Figure 2 is the Kleine Pathoweg observation identified as ‘herring gull or lesser black-backed gull’. 
As for the ‘all gull’ rate, inclusion of this single data row reduces the ‘large gull’ avoidance rate from 
99.4% to 98.6%.  

 

Figure 2. Estimation of the ‘large gull’ avoidance rate for the basic Band collision model with one row 
removed in turn from the dataset (155 rows in total). Dots are the avoidance rate obtained using the 
remaining 154 rows, red line is the average avoidance rate and blue dashed lines are the upper and lower 95% 
confidence intervals (all obtained using 155 rows, i.e. as Cook 2021). All analysis was conducted using the 
Cook (2021) R scripts.  

3 CONCLUSIONS 

The analysis presented above has demonstrated that the avoidance rates in Cook (2021) have been 
strongly influenced by a single study, and furthermore that this site was previously excluded (Cook 
et al. 2014) on the basis that the flight activity observations were made over a short duration and 
were therefore potentially unrepresentative for the period of collision records. While collisions 
could be attributed to the entire period of study (in this case 4 months), only 4 hours of flight 
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activity were conducted in each of those months (i.e. less than 1.5% of the daylight time available 
for flight activity). Indeed, the author of the study where the results were originally reported 
(Everaert 2014) makes precisely this point:  

The results of this study should be treated with caution, because there are some 
methodological issues that might have affected the outcomes of the analysis. These issues 
mainly involve the corrections in the estimation of mortality rate, and the extrapolations due 
to the limited number of bird movement surveys. 

The current analysis has highlighted that the views of Cook et al. (2014) on this site were justified 
since this site is a clear statistical outlier. It is therefore unclear why this study has been included in 
Cook (2021) and further consideration should be given to whether or not its inclusion is 
appropriate. Furthermore, the method used to derive the avoidance rate recommended for 
kittiwake, the ‘all gull’ rate, included data which would appear to be of low suitability for this 
species (i.e. for species known to be large gulls rather than similar species). 

The re-estimated ‘all gull’ avoidance rate estimated without Kleine Pathoweg and with ‘large gull’ 
observations omitted, is 99.1%, which is slightly higher than the rate currently recommended for 
kittiwake (98.9%). This is unsurprising since the dataset is largely the same as used by Cook et al. 
(2014).  

The re-estimated ‘large gull’ avoidance rate, applying the same approach, is 99.4%. Again, this is 
very similar to the current rate of 99.5%, for the same reasons that most of the data are common 
to both analyses.  
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