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Defined Terms 

Term Definition 

Applicant  Cerulean Winds Aspen Project Limited.  

Aspen Array Area  The area in which the generation infrastructure for Aspen Offshore 
Wind Farm (OWF), including Wind Turbine Generators (WTGs) and 
Offshore Substation Platforms (OSPs) will be located.  

Aspen Lease Area  The site for which Cerulean Winds (UKCS) Ltd was awarded an 
Exclusivity Agreement. The Aspen Lease Area totals 333 km2 in which 
the Aspen Array Area will be sited.  

Environmental Impact 
Assessment (EIA) 

A statutory process whereby planned projects must be assessed 
before a formal decision to proceed can be made. It involves 
assessment requirements outlined in the EIA Regulations, including 
the collection and consideration of environmental information, 
which fulfils the publication of an Environmental Impact Assessment 
Report (EIAR). 

Inter-array Cables (IACs)  Cables which link the Wind Turbine Generators (WTGs) to each other 
and to the Offshore Substation Platforms (OSPs) within the Aspen 
Array Area.  

Inter-link Cables  Cables that will link Offshore Substation Platforms (OSPs) within the 
Aspen Array Area.  

Landfall  The area between Mean Low Water Spring (MLWS) and Mean High 
Water Spring (MHWS) where the Offshore Transmission Cables 
(OTCs) will connect onshore to offshore. 

Marine Directorate - 
Licensing Operations Team 
(MD-LOT)  

The Marine Directorate responsible for Section 36 Consents, and 
marine licensing within the Scottish inshore region (between 0 and 
12 nautical miles (nm)) and in the Scottish offshore region (between 
12 and 200 nm). MD-LOT acts on behalf of the Scottish Ministers.   

Offshore Environmental 
Impact Assessment Report 
(Offshore EIAR) 

The published report of the EIA that will be undertaken for the 
Proposed Development. 

Offshore Substation 
Platform (OSP)  

Offshore platform consisting of High Voltage Alternating Current 
(HVAC) substations or High Voltage Direct Current (HVDC) 
substations. 

Offshore Transmission 
Cable Corridor (OTC 
Corridor) 

The area within which the Offshore Transmission Cables (OTCs) will 
be installed. 

Offshore Transmission 
Cables (OTCs) 

The subsea electricity cables running from Landfall in the region of 
Stonehaven to the Offshore Substation Platform(s) (OSP(s)) in Aspen 
Array Area. The OTCs will act as both a demand and supply cable. 
The OTCs will provide both traditional supply of power to grid but 
also ensures robust secure power supply to oil and gas assets when 
the Aspen Array Area is not generating sufficient renewable power 
to support their demand. 

Offshore Wind Farm (OWF) The proposed generation infrastructure comprising of Wind Turbine 
Generators (WTGs) and associated, Offshore Substation Platform(s) 
(OSP(s)), foundations and substructures and Inter-array Cables 
(IACs). 
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Term Definition 

Project Aspen Offshore Wind Farm (OWF) - comprises the wind farm and all 
associated offshore and onshore components. 

Proposed Development The offshore components of the Project (Aspen Offshore Wind 
Farm) which include all offshore infrastructure associated with 
Aspen Array Area and the Offshore Transmission Cables (OTCs). 

Wind Turbine Generator 
(WTG) 

The wind turbine that generates electricity consisting of tubular 
towers and blades attached to a nacelle housing mechanical and 
electrical generating equipment. 
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Acronyms 

Term Definition 

1D One-Dimensional 

2D Two-Dimensional 

ACF Autocorrelation function 

ANOVA Analysis of Variance 

AoI Areas of Interest 

ASL Above Sea Level 

CI Confidence Interval 

CREEM Centre for Research into Ecological and Environmental Modelling 

CReSS Complex Region Spatial Smoother 

CRM Collision Risk Model 

CV Coefficient of Variation 

DAS Digital Aerial Survey 

GAM Generalised Additive Model 

GIS Geographic Information System 

GLM Generalised Linear Model 

GSD Ground Sampling Distance 

GVIF Generalised Variance Inflation Factors 

MRSea Marine Renewables Strategic Environmental Assessment 

OWF Offshore Wind Farm 

QA Quality Assurance 

QBIC Quasi-Bayesian Information Criterion 

SALSA Spatially Adaptive Local Smoothing Algorithm 

SNCB Statutory Nature Conservation Bodies 
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1 Introduction 

1.1 Project Background 

 Cerulean Winds Aspen Project Limited (hereafter referred to as the ‘Applicant’) is proposing to 

develop the Aspen Offshore Wind Farm (hereafter referred to as ‘the Project’). The Project is 

made up of both offshore and onshore components. The subject of the Offshore Environmental 

Impact Assessment Report (Offshore EIAR) is the offshore infrastructure of the Project seaward 

of Mean High Water Springs (MHWS) which is hereafter referred to as ‘the Proposed 

Development’.  

 The Aspen Array Area covers an area of approximately 333 km2 and is located approximately 

84 km east of Peterhead on the east coast of Scotland. The offshore infrastructure of the 

Proposed Development includes Wind Turbine Generators (WTGs) and associated floating 

foundations, Offshore Substation Platform(s) (OSP(s)) and associated foundations, the Inter-

array Cables (IACs), Inter-link Cables, Offshore Transmission Cables (OTCs) and Landfall.  

 The Proposed Development will consist of the following components: 

▪ Up to 72 offshore Wind Turbine Generators (WTGs) and associated infrastructure (nacelle 

and blades), floating foundations, foundation moorings and foundation anchors; 

▪ Up to three OSPs and foundations; 

▪ IACs - Cables which link the WTGs to each other and to the OSP(s) within Aspen Array Area; 

▪ Inter-link Cables - Cables which link OSPs; 

▪ OTCs - The subsea electricity cable running from Landfall to the OSP(s) in Aspen Array Area; 

and 

▪ Cable protection on unburied or shallow buried sections of cables and at cable crossings as 

and when required. 

1.2 Report Scope 

 This report is an Appendix to Volume 2, Chapter 12: Offshore and Intertidal Ornithology. This 

report provides a summary of the analysis conducted on pre-construction Digital Aerial Surveys 

(DAS) for the Proposed Development. Surveys were carried out over a two-year period, across 

23 consecutive months, between April 2023 and February 2025 (inclusive). 

 This report presents model-based abundance and density estimations using the Marine 

Renewables Strategic Environmental Assessment (MRSea) modelling framework, which is 

created specifically for offshore renewable developments (Scott-Hayward et al., 2013b). A 

single model run was completed for each species of interest to determine receptor distribution 

across all surveys. A second model was run for both gannet and kittiwake, for flying only 

behaviour, to generate bootstrap values for collision risk modelling purposes. 
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2 Survey Methods 

2.1 Survey Design - Digital Aerial Surveys 

 The DAS survey programme was carried out from April 2023 and was conducted over a 23-

month period which concluded in February 2025 (inclusive) (Table 2.1). Two surveys were 

conducted within April 2023, with the first being used as a proxy for March 2023 due to survey 

protocol being finalised with the client in April 2023 (HiDef, 2025). The programme was carried 

out over the Aspen Array Area plus a 6 km buffer zone (hereafter referred to as “the survey 

area”). 

 The survey design consisted of 17 transect lines, spaced 2 km apart, and was flown at a 

consistent altitude of approximately 500 - 550 m above sea level (ASL) to achieve a transect 

sampled width of 500 m (Figure 2.1). The imagery captured attained approximately a 12.5% 

sample of the survey area. Flights were conducted at a consistent speed; however, variations 

occurred due to the wind conditions on the day of each survey. 

 Survey conditions were required to adhere to criteria established in agreement with UK 

statutory nature conservation bodies (SNCBs) to ensure the effective identification of seabirds, 

and other marine megafauna, at or near the water surface. The criteria established is as follows: 

▪ Cloud base: above survey altitude; 

▪ Visibility: greater than 5 km; 

▪ Wind speed: below 30 knots; 

▪ Sea state: 4 or lower (equivalent to Beaufort scale 5 or 6); and 

▪ Absence of icing conditions. 

 Digital imagery enabled the identification, abundance estimation, and spatial distribution 

analysis of all recorded individuals. Each survey was completed within the timeframe of a single 

day. 

Table 2.1 All DAS Surveys Available for use in MRSea Analysis 

Survey Number Survey Month 
2023 

Survey Number Survey 
Month 2024 

Survey 
Number 

Survey 
Month 
2025 

1 April (I) 11 January 23 January 

2 April (II) 12 February 24 February 

3 May 13 March   

4 June 14 April   

5 July 15 May   

6 August 16 June   

7 September 17 July   

8 October 18 August   

9 November 19 September   

10 December 20 October   

  21 November   

  22 December   
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2.2 Data Collection 

 Flight planning software determined the required altitude and speed based on the camera 

specifications, lens configuration, and target pixel resolution. Digital still imagery was acquired 

at a Ground Sampling Distance (GSD) of 2 cm. 

 Survey data were analysed to generate maps depicting species distribution and density within 

a Geographic Information System (GIS) framework. Photographs were geo-referenced using 

the WGS84 coordinate system, and the following data were recorded: 

▪ Count and identification of each individual species: 

▪ Behavioural state (flying, resting, submerged, or surfacing); 

▪ Position (latitude/longitude or UTM easting/northing); 

▪ Morphometric data (body length, wingspan); 

▪ Ageing of birds (where possible based on species which show seasonal variation in 

plumage); 

▪ Heading (degrees); and 

▪ Date and time of image capture. 

 For MRSea analysis, only species identification, count, position, date, and time stamp were 

utilised, along with relevant effort information. 

 Months with fewer than 10 recorded bird observations for a given species were excluded from 

further MRSea analysis on a species-by-species basis as per relevant guidance (NatureScot, 

2023). 

2.3 Quality Assurance Procedure 

 Data were viewed by trained reviewers who marked any objects in the footage as requiring 

further analysis, as well as determining which were birds, marine megafauna or anthropogenic 

objects such as ships or buoys.   

 As part of HiDef’s quality assurance (QA) process, an additional ‘blind’ review of 20% of the raw 

data was performed and the results compared with those of the original review (HiDef, 2025). 

If 90% agreement was not attained during the QA process, then corrective action was initiated: 

the remaining data set was reviewed and where appropriate, the failed reviewer’s data 

discarded and all data re-reviewed. If required, additional training was given to improve 

performance.  

 Objects were only recorded where they reached a reference line (known as ‘the red line’) which 

defined the true transect width of 125 m for each camera. By excluding objects that did not 

cross the red line, biases to abundance estimates caused by flux (movement of objects in the 

video footage relative to the aircraft, such as where the survey craft is buffeted by airflow) were 

eliminated. 
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2.4 Survey Information 

 The Aspen Array Area is 332.4 km2, with the Aspen Array Area plus a 2 km buffer and survey 

area being 487.1 km2 and 870.4 km2 respectively. Detailed survey information for the DAS 

surveys used within MRSea analysis can be found in Volume 3, Appendix 12.1 Offshore and 

Intertidal Ornithology Technical Baseline Report. 

2.5 Model-based Data Analysis 

 To provide a greater understanding of species activity within the Aspen Array Area, Aspen Array 

Area plus a 2 km buffer zone and overall survey area, model-based data analysis was 

conducted. MRSea analysis was utilised to provide statistically robust estimates of species 

distribution and abundance, underpinned by observations recorded in the DAS imagery (Scott-

Hayward et al., 2013b). MRSea enables the incorporation of environmental variables into the 

analysis, enhancing the predictions of abundance and density distributions within the array and 

survey areas. 

 MRSea is a statistical analysis package for R (R Core Team, 2024), developed by the Centre for 

Research into Ecological and Environmental Modelling (CREEM). It supports baseline site 

characterisation and, where data allows, pre- and post-construction analysis when assessing 

changes in bird distributions following Offshore Wind Farm (OWF) development. MRSea uses 

a “Complex Region Spatial Smoother” (CReSS) and a “Spatially Adaptive Local Smoothing” 

algorithm (SALSA) within a Generalised Additive Model (GAM) framework (Scott-Hayward et 

al., 2013a) to estimate bird distributions. Designed for spatial abundance data, it effectively 

handles spatial autocorrelation and zero inflation, making it well-suited for evaluating 

environmental changes such as wind farm impacts (Scott-Hayward et al., 2021). 

Species Selection 

 MRSea modelling was undertaken for fulmar, gannet, guillemot, and kittiwake. These species 

had sufficient survey observations (more than ten) for several months. These frequent survey 

observations that allowed for model outputs with high levels of statistical certainty. Months 

with fewer than ten recorded bird observations for a given species were excluded from further 

MRSea analysis on a species-by-species basis as per relevant guidance (NatureScot, 2023). 

Species with six months or less of sufficient data had poor model fit and resulted in outputs 

with high levels of estimate variability and statistical uncertainty. For example, puffin had 

sufficient observations in only six months, and four of these months had less than 20 

observations, meaning there was limited bird count data to input into the MRSea analysis to 

create ecologically representative outputs. Therefore, design-based estimates were used for 

all other species with poor model fit. 

Modelling Approach Details 

 Specific model configurations and environmental variables differ by species. All species' 

behaviours were included, with additional models for flying specific behaviours of gannet and 

kittiwake to generate bootstrap estimates for Collision Risk Modelling (CRM) (Annex 2.5.13)  
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 A spatially adaptive GAM was used to model non-linear relationships for each covariate (e.g. 

depth, distance to coast and distance to oil and gas platform). Collinearity was assessed using 

Generalised Variance Inflation Factors (GVIF) in R (Fox and Weisberg, 2019). GVIF values and 

correlation plots identified interdependencies. GVIF values were within acceptable limits 

(below 20), ensuring no adverse effects on model performance. Model selection was based on 

Quasi-Bayesian Information Criterion (QBIC) scores, removing non-informative terms and 

comparing linear and smoothed terms.  

 X and Y coordinates were included as a two-dimensional spatial smoother. The survey variable 

was added as a factor with an interaction term between the survey variable and smoothed 

spatial terms (X and Y), allowing knot coefficients to vary across surveys. 

Model Specifications 

 Seabird count data typically follows an over-dispersed Poisson distribution. Model assessment 

was performed visually to identify the appropriate error structure. Temporal correlation in data 

collected across transects and repeated surveys was evaluated using runs tests and 

autocorrelation function (ACF) plots. 

 A CReSS basis was used to fit the spatial density surface. Model flexibility was determined by 

the number of knots (anchor points) and the effective range (r) of the basis function for each 

knot. A two-dimensional SALSA model optimized knot placement and r parameters, with QBIC 

used for model selection.  

Spatially Explicit Inference 

 Data for the modelling were collected as part of the Proposed Development’s DAS programme 

between April 2023 and February 2025. In spatial analyses, geo-referenced locations close 

together often show more similar counts than those further apart in time and space. Omission 

of key environmental variables affecting species abundance can lead to residual patterns, 

violating the error independence assumption of statistical analyses like GAMs. This violation 

can undermine model precision and reduce the reliability of abundance predictions. 

 If residual correlation was detected, robust standard errors were applied to account for 

autocorrelation and provide accurate uncertainty estimates. To manage residual correlation, a 

blocking structure was used, correlating residuals within blocks while maintaining 

independence between them. The blocking structure was defined by Survey ID (month as a 

numeric variable) and Transect ID, ensuring data from the same transect within a survey were 

treated as correlated, while data from different transects and surveys were independent. These 

assumptions were validated through visual assessment of ACF plots. 

Model Selection 

 In the initial one-dimensional (1D) SALSA model, a knot was placed at the median of the variable 

range. Additional knots were added in regions requiring more model flexibility during the 

optimisation process. For the two-dimensional (2D) SALSA model, initial knot locations were 

distributed to maximize spatial coverage, and their positions were refined through the model 

selection process. QBIC was used to determine optimal model flexibility, adding or removing 

knots based on spatial variability. 
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 Model fit was evaluated by assessing residual autocorrelation with ACF plots and run tests. 

Model selection was guided by an ANOVA to examine p-values for each term. Two-dimensional 

relationships were plotted for biological plausibility, and an F-test on cumulative residual plots 

assessed the adequacy of covariate modelling. A ten-fold cross-validation was conducted to 

compare the final two-dimensional model to the previous iterations (one-dimensional and 

initial general linear model) to confirm its selection was appropriate. 

 A detailed model summary, validation and diagnostic plots for each modelled species are 

presented in Annex A. 

 The final models for each species are summarised in Table 2.2. A detailed version of each 

selected final model is presented in Annex A. 

 Model selection for all species initially included covariates for survey, depth, distance to coast, 

smoothed X and Y coordinates (spatial term), an interaction term between survey and the 

spatial term, and an area offset. Distance to coast was excluded for all species due to high GVIF 

values (> 20) during the initial model selection process. Distance to oil and gas platform was 

included within the assessment of kittiwake. 

Table 2.2 Final MRSea Model (Simplified) for Each Assessed Species 

Species Final Model 
Fulmar count ~ Survey + depth + LRF.g + Survey:LFR.g + offset 

Gannet count ~ Survey + depth + LRF.g + Survey:LFR.g + offset 

Guillemot count ~ Survey + depth + LRF.g + Survey:LFR.g + offset 

Kittiwake count ~ Survey + depth + distance to oil and gas platform + LRF.g + Survey:LFR.g + 
offset 

Prediction Grid 

 To allow for the inclusion of environmental variables and to visualise model outputs a 

prediction grid was generated by overlaying a 1 km² grid onto the survey area and clipping it to 

the defined spatial extent (QGIS Development Team, 2024; Figure 2.2). Each grid cell was 

assigned values for depth (bathymetry) and distance to coast (km), derived from the geospatial 

information collected during survey observations. For kittiwake analysis, a separate prediction 

grid was created that included distance to oil and gas platform (km) values.
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Model Distribution 

 Abundance estimates, density per km², and lower and upper confidence intervals (CIs) were 

calculated for the survey area. The 95% CIs were derived from 1,000 bootstrap replicates 

generated during the modelling process. Abundance estimate values were used to visualise 

species density across the multiple Areas of Interest (AoI). 

 Model outputs were produced for both the Aspen Array Area array area and the Aspen Array 

Area with a 2 km buffer zone by clipping them to the appropriate AoI shapefile and are 

presented in the Results section. Additionally, model outputs covering the entire survey area 

(the Aspen Array Area plus a 6 km buffer zone) are presented, including spatial distribution 

plots of the coefficient of variation, in Annex C.  

 Apportioned model outputs were based on the values provided by the design-based estimates. 

Availability bias was accounted for by using the standard approach (Thaxter et al., 2010 and 

Spencer, 2012) with the method described in detail in Volume 3, Appendix 12.1 Offshore and 

Intertidal Ornithology Technical Baseline Report. 
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3 Results 

3.1 Fulmar 

Abundance Estimates 

 Fulmar were recorded in all surveys except for April 2024. The peak raw count for fulmar within 

the survey area was recorded in February 2025 (204 individuals). Raw counts for each month 

are presented in Table 3.1. 

 Apportioned and unapportioned model-based population estimates are also presented in Table 

3.1 alongside the design-based population estimates. The peak apportioned abundance in the 

Aspen Array Area plus 2 km buffer, was estimated in February 2025, with 1,520 fulmar. Within 

the array area alone, the peak apportioned abundance was estimated to be 883 fulmar for the 

same period. The design-based abundance estimates were lower with a peak apportioned 

abundance of 1,172 fulmar estimated in February 2025 in the Aspen Array Area plus 2 km 

buffer. 
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Table 3.1 Monthly Fulmar DAS raw Count Data, Along With Design-based and MRSea Abundance Estimates (Both Unapportioned and Apportioned) for the 
Aspen Array Area and the Aspen Array Area plus a 2 km Buffer Zone, With Confidence Intervals (95%) Included in Brackets 

Survey 
Number 

Survey Date DAS 
Data 
Count 
- 
Array 
Area 

DAS 
Data 
Count 
- 
Array 
Area 
plus 2 
km 
buffer 

Design-based 
Abundance 
Estimate - 
Array Area 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
(apportioned) 

Design-based 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area plus 2 km 
buffer 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

1 March, 2023 1 1 8 (0 - 24) - - 8 (0 - 23) - - 

2 April, 2023 5 12 40 (15 - 66) 59 (25 - 428) 59 (25 - 428) 94 (30 - 191) 131 (59 - 682) 133 (61 - 684) 

3 May, 2023 12 14 92 (53 - 135) 80 (41 - 161) 79 (40 - 160) 110 (66 - 163) 115 (58 - 232) 115 (58 - 232) 

4 June, 2023 22 34 171 (112 - 
228) 

169 (108 - 263) 170 (109 - 264) 257 (175 - 348) 246 (157 - 386) 248 (159 - 388) 

5 July, 2023 41 57 331 (209 - 
492) 

233 (138 - 404) 249 (154 - 420) 457 (308 - 634) 352 (208 - 611) 365 (221 - 624) 

6 August, 2023 20 39 156 (81 - 237) 154 (95 - 259) 154 (95 - 259) 318 (193 - 464) 244 (149 - 410) 244 (149 - 410) 

7 September, 
2023 

22 30 165 (97 - 233) 125 (82 - 195) 126 (83 - 196) 244 (165 - 322) 202 (134 - 312) 204 (136 - 314) 

8 October, 2023 57 88 437 (290 - 
603) 

423 (292 - 616) 418 (287 - 611) 676 (498 - 
888) 

646 (435 - 968) 643 (432 - 965) 

9 November, 
2023 

41 51 324 (253 - 
392) 

230 (144 - 380) 232 (146 - 382) 384 (283 - 
496) 

343 (212 - 573) 346 (215 - 576) 

10 December, 
2023 

53 69 397 (276 - 
529) 

333 (220 - 517) 336 (223 - 520) 533 (389 - 
696) 

504 (329 - 795) 506 (331 - 797) 

11 January, 2024 5 9 54 (14 - 106) 77 (40 - 237) 92 (55 - 252) 115 (44 - 196) 146 (76 - 393) 175 (105 - 422) 

12 February, 2024 65 111 525 (214 - 
930) 

317 (111 - 1,425) 336 (130 - 
1,444) 

888 (459 - 
1,390) 

702 (280 - 2,603) 717 (295 - 
2,618) 

13 March, 2024 12 12 94 (0 - 212) 40 (16 - 134) 41 (17 - 135) 96 (8 - 218) 69 (31 - 207) 71 (33 - 209) 



                                            

 

ASPEN OFFSHORE WIND FARM 

Revision: 01 
22 of 124 

 

Survey 
Number 

Survey Date DAS 
Data 
Count 
- 
Array 
Area 

DAS 
Data 
Count 
- 
Array 
Area 
plus 2 
km 
buffer 

Design-based 
Abundance 
Estimate - 
Array Area 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
(apportioned) 

Design-based 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area plus 2 km 
buffer 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

14 April, 2024 - - - - - - - - 

15 May, 2024 38 45 299 (8 - 834) 245 (52 - 837) 263 (70 - 455) 335 (30 - 887) 349 (79 - 819) 344 (74 - 614) 

16 June, 2024 56 63 410 (64 - 863) 276 (108 - 872) 255 (87 - 851) 491 (97 - 
1,023) 

442 (187 - 1,276) 445 (190 - 
1,279) 

17 July, 2024 16 26 124 (37 - 224) 96 (47 - 215) 95 (46 - 214) 200 (116 - 303) 155 (79 - 334) 151 (75 - 330) 

18 August, 2024 5 9 40 (15 - 68) 41 (20 - 91) 42 (21 - 92) 71 (31 - 110) 63 (30 - 137) 64 (31 - 138) 

19 September, 
2024 

80 102 659 (212 – 
1,280) 

576 (287 - 1,235) 576 (287 - 
1,235) 

786 (314 - 
1,474) 

815 (406 - 1,734) 796 (387 - 
1,715) 

20 October, 2024 29 39 232 (180 - 
287) 

189 (134 - 265) 188 (133 - 264) 314 (232 - 403) 281 (196 - 407) 279 (194 - 405) 

21 November, 
2024 

19 41 156 (89 - 225) 211 (146 - 303) 215 (150 - 307) 330 (222 - 449) 328 (222 - 484) 325 (219 - 481) 

22 December, 
2024 

77 101 591 (312 – 
1,024) 

385 (218 - 719) 382 (215 - 716) 798 (452 - 
1,320) 

558 (306 - 1,085) 561 (309 - 
1,088) 

23 January, 2025 33 44 249 (134 - 
390) 

224 (129 - 394) 226 (131 - 396) 360 (213 - 554) 331 (191 - 580) 349 (209 - 598) 

24 February, 2025 53 151 410 (192 - 
754) 

882 (522 - 1,534) 883 (523 - 
1,535) 

1,172 (703 - 
1,727) 

1,512 (899 - 
2,619) 

1,520 (907 - 
2,627) 
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Density Estimate Plots 

 Density of fulmar was predominantly clustered around the edges of the survey area (Aspen 

Array Area plus a 6 km buffer). However, notable density estimates (> 5 birds/km2) were 

observed to extend into the Aspen Array Area across multiple months (February 2024, May 

2024, September 2024 and February 2025) (Figure 3.1 and Figure 3.2). Peak density of fulmar 

(> 300 birds/km2) occurred in February 2024, in the northern limit of the survey area, and is 

likely linked to fishing activity detected within the associated DAS data for this month. 
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3.2 Gannet 

Abundance Estimates 

 Gannet were recorded in all but three surveys (November 2023, January 2024 and January 

2025). The peak raw count for gannet within the survey area was recorded in June 2024 (106 

individuals). Raw counts for each month are presented in Table 3.2. 

 Apportioned and unapportioned model-based population estimates are also presented in Table 

3.2 alongside the design-based population estimates. The peak apportioned abundance in the 

Aspen Array Area plus 2 km buffer, was estimated in June 2024, with 518 gannet. Within the 

Aspen Array Area alone, the peak apportioned abundance was estimated to be 387 gannet for 

the same period. The design-based abundance estimates showed similarity with the model-

based estimates with a peak apportioned abundance of 471 gannet estimates in June 2024 in 

the Aspen Array Area plus 2 km buffer. 
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Table 3.2 Monthly Gannet DAS raw Count Data, Along With Design-based and MRSea Abundance Estimates (Both Unapportioned and Apportioned) for the 
Aspen Array Area and the Aspen Array Area plus a 2 km buffer zone, With Confidence Intervals (95%) Included in Brackets 

Survey 
Number 

Survey 
Date 

DAS 
Data 
Count - 
Array 
Area 

DAS 
Data 
Count 
- 
Array 
Area 
plus 2 
km 
buffer 

Design-based 
Abundance 
Estimate - 
Array Area 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
(apportioned) 

Design-based 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area plus 2 km 
buffer 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

1 March, 
2023 

15 19 116 (44 - 201) 118 (64 - 221) 117 (63 - 220) 161 (83 - 243) 160 (87 - 299) 157 (84 - 296) 

2 April, 2023 5 7 39 (0 - 115) 29 (9 - 243) 28 (8 - 242) 55 (0 - 149) 59 (19 - 527) 58 (18 - 526) 

3 May, 2023 9 23 70 (31 - 116) 96 (55 - 170) 97 (56 - 171) 180 (119 - 248) 149 (83 - 266) 147 (81 - 264) 

4 June, 2023 17 31 132 (66 - 200) 112 (58 - 220) 112 (58 - 220) 243 (148 - 339) 173 (89 - 340) 173 (89 - 340) 

5 July, 2023 21 33 163 (59 - 295) 173 (106 - 312) 173 (106 - 312) 258 (130 - 408) 292 (180 - 530) 292 (180 - 530) 

6 August, 
2023 

5 8 39 (0 - 82) 52 (24 - 130) 52 (24 - 130) 63 (29 - 101) 70 (32 - 168) 69 (31 - 167) 

7 September, 
2023 

6 7 45 (8 - 95) 47 (19 - 148) 46 (18 - 147) 56 (8 - 115) 73 (29 - 211) 76 (32 - 214) 

8 October, 
2023 

18 35 140 (78 - 203) 184 (118 - 293) 185 (119 - 294) 272 (171 - 376) 273 (176 - 431) 272 (175 - 430) 

9 November, 
2023 

- - - - - - - - 

10 December, 
2023 

1 2 8 (0 - 23) - - 16 (0 - 39) - - 

11 January, 
2024 

- - - - - - - - 
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Survey 
Number 

Survey 
Date 

DAS 
Data 
Count - 
Array 
Area 

DAS 
Data 
Count 
- 
Array 
Area 
plus 2 
km 
buffer 

Design-based 
Abundance 
Estimate - 
Array Area 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
(apportioned) 

Design-based 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area plus 2 km 
buffer 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

12 February, 
2024 

3 9 23 (0 - 59) 45 (23 - 93) 44 (22 - 92) 70 (29 - 118) 159 (82 - 320) 158 (81 - 319) 

13 March, 
2024 

6 8 46 (0 - 137) 23 (6 - 109) 23 (6 - 109) 64 (0 - 172) 40 (11 - 188) 42 (13 - 190) 

14 April, 2024 7 8 55 (8 - 121) 41 (16 - 188) 41 (16 - 188) 69 (22 - 127) 62 (25 - 253) 61 (24 - 252) 

15 May, 2024 3 10 24 (8 - 46) 53 (19 - 180) 54 (20 - 181) 78 (8 - 168) 82 (28 - 314) 82 (28 - 314) 

16 June, 2024 46 60 356 (138 - 647) 383 (174 - 1,213) 387 (178 - 
1,217) 

471 (241 - 768) 523 (249 - 1,502) 518 (244 - 
1,497) 

17 July, 2024 6 8 46 (23 - 68) 47 (23 - 108) 46 (22 - 107) 62 (37 - 86) 70 (33 - 162) 69 (32 - 161) 

18 August, 
2024 

6 7 47 (22 - 69) 40 (19 - 98) 40 (19 - 98) 56 (30 - 81) 56 (27 - 129) 56 (27 - 129) 

19 September, 
2024 

7 8 53 (23 - 87) 39 (18 - 90) 38 (17 - 89) 62 (31 - 94) 52 (24 - 120) 51 (23 - 119) 

20 October, 
2024 

9 13 69 (23 - 120) 54 (31 - 100) 54 (31 - 100) 102 (53 - 154) 92 (52 - 175) 92 (52 - 175) 

21 November, 
2024 

1 1 8 (0 - 23) - - 8 (0 - 23) - - 

22 December, 
2024 

3 3 24 (7 - 46) - - 23 (0 - 46) - - 

23 January, 
2025 

- - - - - - - - 
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Survey 
Number 

Survey 
Date 

DAS 
Data 
Count - 
Array 
Area 

DAS 
Data 
Count 
- 
Array 
Area 
plus 2 
km 
buffer 

Design-based 
Abundance 
Estimate - 
Array Area 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
(apportioned) 

Design-based 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area plus 2 km 
buffer 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

24 February, 
2025 

15 30 118 (15 - 285) 99 (54 - 195) 98 (53 - 194) 239 (73 - 539) 246 (127 - 487) 249 (130 - 490) 
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Density Estimate Plots 

 Density of gannet was predominantly clustered around the edges of the survey area (Aspen 

Array Area plus a 6 km buffer). However, notable density estimates (> 2 birds/km2) were 

observed to extend into the Aspen Array Area across multiple months (July 2023, February 

2024, June 2024 and February 2025) (Figure 3.3 and Figure 3.4). Peak density of gannet (> 14 

birds/km2) occurred in February 2025, in the southern edge of the survey area, and is 

potentially associated with boundary effects outside of the designated survey area. Increased 

activity in February 2024 is likely linked with fishing activity detected within the associated DAS 

data for this month. 
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3.3 Guillemot 

Abundance Estimates 

 Guillemot were recorded in all surveys with the peak raw count recorded in December 2024 

(924 individuals) in the survey area. Raw counts for each month are presented in Table 3.3. 

 Apportioned with availability bias and unapportioned model-based population estimates are 

also presented in Table 3.3 alongside the design-based population estimates. The peak 

apportioned abundance with availability bias in the Aspen Array Area plus 2 km buffer, was 

estimated in December 2024, with 6,674 guillemot. Within the Aspen Array Area alone, the 

peal apportioned abundance with availability bias was estimated to be 4,489 guillemot for the 

same period. The design-based abundance estimates were lower with a peak apportioned 

abundance with availability bias of 6,399 guillemot estimated in December 2024 in the Aspen 

Array Area plus 2 km buffer. 
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Table 3.3 Monthly Guillemot DAS raw Count Data, Along With Design-based and MRSea Abundance Estimates (Both Unapportioned and Apportioned) for the 
Aspen Array Area and the Aspen Array Area plus a 2 km buffer zone, With Confidence Intervals (95%) Included in Brackets 

Survey 
Number 

Survey 
Date 

DAS 
Data 
Count 
- 
Array 
Area 

DAS 
Data 
Count 
- 
Array 
Area 
plus 2 
km 
buffer 

Design-based 
Abundance 
Estimate - 
Array Area 
(apportioned 
and corrected 
for availability 
bias) 

MRSea 
Abundance 
Estimate - Array 
Area 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
(apportioned 
and corrected 
for availability 
bias) 

Design-based 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned 
and corrected 
for availability 
bias) 

MRSea 
Abundance 
Estimate - Array 
Area plus 2 km 
buffer 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned 
and corrected 
for availability 
bias) 

1 March, 
2023 

39 57 392 (215 - 579) 308 (232 - 414) 409 (308 - 548) 571 (365 - 803) 449 (330 - 619) 600 (444 - 824) 

2 April, 2023 18 31 183 (86 - 303) 161 (98 - 267) 215 (131 - 354) 324 (175 - 483) 236 (139 - 403) 310 (183 - 531) 

3 May, 2023 3 5 32 (11 - 61) 37 (17 - 80) 48 (22 - 105) 54 (11 - 107) 57 (25 - 134) 73 (31 - 175) 

4 June, 2023 9 25 101 (32 - 194) 170 (113 - 260) 235 (161 - 354) 265 (138 - 411) 257 (166 - 407) 355 (236 - 552) 

5 July, 2023 69 110 707 (462 - 957) 534 (360 - 801) 694 (465 - 
1,046) 

1,115 (658 -
1,602) 

810 (540 - 1,231) 1,057 (700 - 
1,610) 

6 August, 
2023 

212 319 2,188 (1,714 - 
2,704) 

1,750 (1,467 - 
2,104) 

2,306 (1,934 - 
2,773) 

3,321 (2,504 - 
4,193) 

2,568 (2,124 - 
3,132) 

3,404 (2,820 - 
4,148) 

7 September, 
2023 

80 118 823 (686 - 961) 637 (491 - 830) 837 (644 - 
1,091) 

1,261 (986 - 
1627) 

988 (748 - 1,313) 1,304 (988 - 
1,732) 

8 October, 
2023 

107 161 1,180 (869 - 
1,489) 

909 (737 - 1,116) 1,201 (976 - 
1,475) 

1,654 (1,350 - 
1,950) 

1,357 (1,083 - 
1,695) 

1,789 (1,428 - 
2,235) 

9 November, 
2023 

40 63 429 (247 - 605) 275 (210 - 362) 404 (319 - 519) 658 (448 - 861) 419 (314 - 564) 597 (459 - 788) 

10 December, 
2023 

84 113 874 (741 - 990) 499 (383 - 658) 670 (517 - 880) 1,151 (969 -
1,336) 

724 (546 - 978) 961 (726 - 
1,295) 
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Survey 
Number 

Survey 
Date 

DAS 
Data 
Count 
- 
Array 
Area 

DAS 
Data 
Count 
- 
Array 
Area 
plus 2 
km 
buffer 

Design-based 
Abundance 
Estimate - 
Array Area 
(apportioned 
and corrected 
for availability 
bias) 

MRSea 
Abundance 
Estimate - Array 
Area 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
(apportioned 
and corrected 
for availability 
bias) 

Design-based 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned 
and corrected 
for availability 
bias) 

MRSea 
Abundance 
Estimate - Array 
Area plus 2 km 
buffer 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned 
and corrected 
for availability 
bias) 

23 January, 
2025 

98 148 984 (778 - 
1,192) 

809 (638 - 1,026) 1,067 (842 - 
1,352) 

1,520 (1217 -
1,843) 

1,185 (923 - 
1,525) 

1,570 (1,225 - 
2,018) 

24 February, 
2025 

15 17 161 (68 - 255) 94 (61 - 144) 134 (91 - 200) 183 (71 - 308) 139 (89 - 219) 195 (129 - 300) 
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Density Estimate Plots 

 Density of guillemot was predominantly distributed across the entirety of the survey area 

(Aspen Array Area plus a 6 km buffer). However, notable density clustering (> 6 birds/km2) was 

observed at the peripheries of the survey area across multiple months (July 2023, August 2023, 

September 2023, October 2023, August 2024 and November 2024) (Figure 3.5 and Figure 3.6). 

Peak density of guillemot (> 10 birds/km2) occurred in August 2024, in the western edge of the 

survey area, and is possibly due to increased rafting behaviour associated with the post 

breeding moult. Peak density of guillemot (> 10 birds/km2) also occurred in December 2025, 

across the entirety of the survey area, and is likely associated with increases in aggregation 

behaviour often detected in UK coastal waters throughout the non-breeding season 
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3.4 Kittiwake 

Abundance Estimates 

 Kittiwake were recorded in all but three surveys (September 2023, November 2023 and August 

2024). The peak raw count for kittiwake within the survey area was recorded in June 2023 (50 

individuals). Raw counts for each month are presented in Table 3.4. 

 Apportioned and unapportioned model-based population estimates are also presented in Table 

3.4 alongside the design-based population estimates. The peak apportioned abundance in the 

Aspen Array Area plus 2 km buffer, was estimated in June 2023, with 204 kittiwake. Within the 

Aspen Array Area alone, the peak apportioned abundance was estimated to be 124 kittiwake 

for the same period. The design-based abundance estimates were higher with a peak 

apportioned abundance of 235 kittiwake estimated in June 2023 in the Aspen Array Area plus 

2 km buffer. 

 Model-based abundance estimates from February 2024 were excluded from the Collision Risk 

Modelling (CRM) due to a significant discrepancy with the design-based estimates. This 

discrepancy was attributed to the presence of a vessel within the Aspen Array Area buffer, 

which influenced the model-based outputs for abundance within the Aspen Array Area. As a 

result, the more reliable design-based estimates were used for this period.  
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Table 3.4 Monthly Kittiwake DAS Raw Count Data, Along With Design-based and MRSea Abundance Estimates (Both Unapportioned and Apportioned) for the 
Aspen Array Area and the Aspen Array Area plus a 2 km buffer zone, With Confidence Intervals (95%) Included in Brackets 

Survey 
Number 

Survey 
Date 

DAS 
Data 
Count 
- 
Array 
Area 

DAS 
Data 
Count 
- 
Array 
Area 
plus 2 
km 
buffer 

Design-based 
Abundance 
Estimate - 
Array Area 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
(apportioned) 

Design-based 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area plus 2 km 
buffer 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

1 March, 
2023 

3 6 24 (0 - 60) - - 47 (15 - 103) - - 

2 April, 2023 6 7 48 (15 - 85) 43 (15 - 246) 43 (15 - 246) 55 (8 - 109) 78 (28 - 451) 77 (27 - 450) 

3 May, 2023 3 5 23 (0 - 45) 30 (9 - 106) 30 (9 - 106) 40 (8 - 78) 47 (14 - 173) 48 (15 - 174) 

4 June, 2023 20 30 165 (83 - 244) 122 (47 - 350) 124 (49 - 352) 235 (131 - 359) 201 (74 - 599) 204 (77 - 602) 

5 July, 2023 5 7 30 (0 - 61) 25 (8 - 88) 24 (7 - 87) 55 (16 - 106) 41 (13 - 137) 41 (13 - 137) 

6 August, 
2023 

1 1 8 (0 - 23) - - 8 (0 - 24) - - 

7 September, 
2023 

- - - - - - - - 

8 October, 
2023 

6 7 47 (8 - 98) 30 (9 - 107) 31 (10 - 108) 56 (16 - 103) 49 (16 - 173) 51 (18 - 175) 

9 November, 
2023 

- - - - - - - - 

10 December, 
2023 

1 1 8 (0 - 23) - - 8 (0 - 24) - - 

11 January, 
2024 

1 1 8 (0 - 23) - - 8 (0 - 24) - - 
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Survey 
Number 

Survey 
Date 

DAS 
Data 
Count 
- 
Array 
Area 

DAS 
Data 
Count 
- 
Array 
Area 
plus 2 
km 
buffer 

Design-based 
Abundance 
Estimate - 
Array Area 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
(apportioned) 

Design-based 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

MRSea 
Abundance 
Estimate - Array 
Area plus 2 km 
buffer 
(unapportioned) 

MRSea 
Abundance 
Estimate - 
Array Area 
plus 2 km 
buffer 
(apportioned) 

12 February, 
2024 

1 3 8 (1 - 24) 50 (15 - 269) 50 (15 - 269) 24 (1 - 47) 113 (34 - 545) 113 (34 - 545) 

13 March, 
2024 

9 10 69 (8 - 149) 24 (6 - 104) 22 (4 - 102) 77 (16 - 159) 41 (10 - 175) 41 (10 - 175) 

14 April, 2024 8 19 62 (29 - 102) 78 (32 - 211) 78 (32 - 211) 145 (69 - 233) 127 (53 - 346) 123 (49 - 342) 

15 May, 2024 9 9 70 (22 - 128) 18 (4 - 92) 18 (4 - 92) 68 (15 - 131) 30 (6 - 166) 28 (4 - 164) 

16 June, 2024 4 7 31 (8 - 67) 21 (6 - 78) 21 (6 - 78) 54 (15 - 107) 38 (11 - 138) 37 (10 - 137) 

17 July, 2024 4 7 31 (8 - 53) - - 55 (29 - 83) - - 

18 August, 
2024 

- - - - - - - - 

19 September, 
2024 

2 4 16 (0 - 37) - - 31 (8 - 59) - - 

20 October, 
2024 

1 1 9 (0 - 23) - - 8 (0 - 30) - - 

21 November, 
2024 

3 4 23 (0 - 58) 22 (6 - 89) 22 (6 - 89) 31 (0 - 74) 35 (10 - 152) 34 (9 - 151) 

22 December, 
2024 

2 2 16 (0 - 38) - - 16 (0 - 37) - - 

23 January, 
2025 

1 2 15 (0 - 34) - - 23 (0 - 45) - - 

24 February, 
2025 

- 2 - - - 16 (0 - 46) - - 
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Density Estimate Plots 

 Density of kittiwake was predominantly distributed across the edges of the survey area (Aspen 

Array Area plus a 6 km buffer), with notable clustering (> 3 birds/km2) observed in June 2023, 

February 2024 and April 2024 (Figure 3.7 and Figure 3.8). Peak density of kittiwake (> 16 

birds/km2) occurred in February 2024, in the northern edge of the survey area, and is likely 

associated with fishing activity detected within the associated DAS data for this month. 
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4 Summary 

 Key findings of this report are compiled below: 

▪ Fulmar were present within the Aspen Array Area in all months except for April 2024 (Table 

3.1). Abundances were highest in February 2024, September 2024 and February 2025. 

Density of fulmar was predominantly distributed around the edges of the survey area, with 

notable clustering observed, across select months, within the Aspen Array Area (Figure 3.1 

and Figure 3.2). 

▪ Gannet were only absent from the Aspen Array Area in November 2023, January 2024 and 

January 2025 (Table 3.2). Peak abundances were observed in July 2023 and June 2024. 

Density of gannet was predominantly distributed across the edges of the survey area, with 

notable clustering observed, across select months, within the Aspen Array Area (Figure 3.3 

and Figure 3.4). 

▪ Guillemot were abundant in all months throughout the Aspen Array Area with peaks 

occurring in August 2023, September 2024 and December 2024 (Table 3.3). Density of 

guillemot was predominantly distributed across the entirety of the Aspen Array Area, with 

notable clustering observed at the edges of the overall survey area within select months 

(Figure 3.5 and Figure 3.6). 

▪ Kittiwake were observed in low abundances in the Aspen Array Area with peaks observed in 

June 2023 and April 2024 (Table 3.4). Density of kittiwake was predominantly distributed 

across the edges of the survey area, with limited distribution observed within the Aspen 

Array Area itself (Figure 3.7 and Figure 3.8). 
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A  Full Species Model and Survey Area 

A.1 Full Species Models 

A.1.1 Final MRSea models (in full detail) selected for each species are provided below (Table 5.1). 

Table 5.1 Final MRSea Model (Detailed) Selected for Each Species 

Species Final Model 
Fulmar response(bird count) ~ Survey + bs(depth, knots = splineParams[[2]]$knots, degree = 

splineParams[[2]]$degree, Boundary.knots = splineParams[[2]]$bd) + 
LRF.g(radiusIndices, dists, radii, aR) + Survey:LRF.g(radiusIndices, dists, radii, aR) + 
offset(log(area)), family = quasipoisson(link = log), data = model_data, splineParams 
= splineParams) 

Gannet response(bird count) ~ Survey + bs(depth, knots = splineParams[[2]]$knots, degree = 
splineParams[[2]]$degree, Boundary.knots = splineParams[[2]]$bd) + 
LRF.g(radiusIndices, dists, radii, aR) + Survey:LRF.g(radiusIndices, dists, radii, aR) + 
offset(log(area)), family = quasipoisson(link = log), data = model_data, splineParams 
= splineParams) 

Guillemot response(bird count) ~ Survey + bs(depth, knots = splineParams[[2]]$knots, degree = 
splineParams[[2]]$degree, Boundary.knots = splineParams[[2]]$bd) + 
LRF.g(radiusIndices, dists, radii, aR) + Survey:LRF.g(radiusIndices, dists, radii, aR) + 
offset(log(area)), family = quasipoisson(link = log), data = model_data, splineParams 
= splineParams) 

Kittiwake Response(bird count) ~ Survey + bs(depth, knots = splineParams[[2]]$knots, degree = 
splineParams[[2]]$degree, Boundary.knots = splineParams[[2]]$bd) + bs(dist_ogplat, 
knots = splineParams[[3]]$knots, degree = splineParams[[3]]$degree, 
Boundary.knots = splineParams[[3]]$bd) + LRF.g(radiusIndices, dists, radii, aR) + 
Survey:LRF.g(radiusIndices, dists, radii, aR) + offset(log(area)), family = 
quasipoisson(link = log), data = model_data, splineParams = splineParams) 
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A.2 Survey Area (Aspen Array Area Plus a 6 km Buffer 

Zone) Abundance Estimates, Confidence Intervals and 

Spatial Distribution of Coefficient of Variation 

Fulmar 

Abundance Estimates and Confidence Intervals 

 Fulmar DAS data counts for the survey area (Aspen Array Area plus a 6 km buffer zone) in 

addition to MRSea and design-based abundance estimates (including confidence intervals in 

brackets) are provided below (Table 5.2). 
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Table 5.2 Monthly Fulmar DAS raw Count Data, Along With Design-based and MRSea Abundance Estimates (Unapportioned) for the Survey Area (Aspen Array 
Area Plus a 6 km Buffer Zone), With Confidence Intervals (95%) Included in Brackets 

Survey Number Survey Date DAS Data Count  Design Based Abundance 
Estimate  

MRSea Abundance Estimate  

1 March, 2023 2 16 (2 - 40) - 

2 April, 2023 62 498 (128 - 1,044) 487 (180 - 2,196) 

3 May, 2023 24 193 (112 - 281) 192 (94 - 413) 

4 June, 2023 53 417 (289 - 554) 424 (262 - 692) 

5 July, 2023 85 662 (444 - 888) 662 (387 - 1,210) 

6 August, 2023 65 522 (378 - 675) 518 (302 - 925) 

7 September, 2023 56 448 (320 - 577) 445 (291 - 708) 

8 October, 2023 157 1,257 (929 - 1,609) 1,249 (778 - 2,068) 

9 November, 2023 79 635 (450 - 843) 630 (376 - 1,107) 

10 December, 2023 120 962 (721 - 1,234) 956 (601 - 1,597) 

11 January, 2024 55 440 (200 - 721) 433 (199 - 1,124) 

12 February, 2024 799 6,412 (1,709 - 13,674) 6,221 (2,099 - 25,129) 

13 March, 2024 21 169 (48 - 313) 166 (83 - 419) 

14 April, 2024 - - - 

15 May, 2024 56 449 (88 - 1,041) 453 (116 - 874) 

16 June, 2024 120 961 (457 - 1,602) 951 (432 - 2,430) 

17 July, 2024 44 353 (225 - 521) 350 (178 - 743) 

18 August, 2024 15 120 (64 - 177) 120 (56 - 276) 

19 September, 2024 148 1,190 (627 - 1,930) 1,196 (602 - 2,523) 

20 October, 2024 64 515 (386 - 660) 512 (342 - 791) 

21 November, 2024 83 667 (546 - 795) 660 (424 - 1,042) 

22 December, 2024 121 971 (586 - 1,533) 967 (495 - 2,051) 

23 January, 2025 72 579 (394 - 788) 577 (333 - 1,021) 

24 February, 2025 442 3,552 (2,291 - 5,144) 3,479 (2,030 - 6,234) 
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Spatial Distribution of Coefficient of Variation 

 Coefficient of Variation (CV) for fulmar density and abundance estimates remained within 20% 

throughout the survey area and across most survey months (Figure 5.1). CV of greater than 

30% was observed in the northern section of the survey area within May 2024. 

 

Figure 5.1 Spatial Distribution of Coefficient of Variation (CV) for Fulmar, Within the Survey Area 
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Gannet 

Abundance Estimates and Confidence Intervals 

 Gannet DAS data counts for the survey area (Aspen Array Area plus a 6 km buffer zone) in 

addition to MRSea and design-based abundance estimates (including confidence intervals in 

brackets) are provided below (Table 5.3). 
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Table 5.3 Monthly Gannet DAS raw Count Data, Along With Design-based and MRSea Abundance Estimates (Unapportioned) for the Survey Area (Aspen Array 
Area Plus a 6 km Buffer Zone), With Confidence Intervals (95%) Included in Brackets 

Survey Number Survey Date DAS Data Count  Design Based Abundance 
Estimate  

MRSea Abundance Estimate 

1 March, 2023 31 248 (144 - 369) 250 (132 - 479) 

2 April, 2023 21 169 (48 - 337) 166 (54 - 1,346) 

3 May, 2023 35 281 (185 - 378) 281 (149 - 524) 

4 June, 2023 38 305 (169 - 466) 307 (155 - 611) 

5 July, 2023 82 639 (436 - 849) 634 (373 - 1,226) 

6 August, 2023 13 104 (64 - 145) 105 (48 - 246) 

7 September, 2023 16 128 (64 - 192) 129 (52 - 350) 

8 October, 2023 60 480 (328 - 641) 482 (302 - 790) 

9 November, 2023 1 8 (1 - 24) - 

10 December, 2023 2 16 (2 - 40) - 

11 January, 2024 - - - 

12 February, 2024 125 1,003 (377 - 1,677) 961 (460 - 2,092) 

13 March, 2024 12 96 (24 - 209) 96 (24 - 439) 

14 April, 2024 14 112 (48 - 193) 112 (48 - 377) 

15 May, 2024 19 152 (56 - 272) 153 (49 - 585) 

16 June, 2024 108 865 (537 - 1,266) 866 (421 - 2,253) 

17 July, 2024 16 128 (72 - 193) 128 (56 - 316) 

18 August, 2024 12 96 (48 - 153) 96 (46 - 218) 

19 September, 2024 10 80 (40 - 121) 81 (35 - 189) 

20 October, 2024 25 201 (121 - 290) 200 (108 - 395) 

21 November, 2024 3 24 (3 - 48) - 

22 December, 2024 6 48 (16 - 88) - 

23 January, 2025 3 24 (3 - 48) - 

24 February, 2025 118 948 (482 - 1,575) 958 (474 - 1,880) 
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Spatial Distribution of Coefficient of Variation 

 CV was below 20% for most months, with some clustering observed in the southern edges of 

the survey area in April 2024 (Figure 5.2). An increase in CV (greater than 20%) was observed 

in February 2024, which was likely linked to distance effects caused by presence of a fishing 

vessel, and in March 2024. 

 

Figure 5.2 Spatial Distribution of CV for Gannet, within the Survey Area 
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Guillemot 

Abundance Estimates and Confidence Intervals 

 Guillemot DAS data counts for the survey area (Aspen Array Area plus a 6km buffer zone) in 

addition to MRSea and design-based abundance estimates (including confidence intervals in 

brackets) are provided below (Table 5.4). 
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Table 5.4 Monthly Guillemot DAS raw Count Data, Along With Design-based and MRSea Abundance Estimates (Unapportioned) for the Survey Area (Aspen 
Array Area Plus a 6 km Buffer Zone), With Confidence Intervals (95%) Included in Brackets 

Survey Number Survey Date DAS Data Count  Design Based Abundance 
Estimate  

MRSea Abundance Estimate 

1 March, 2023 99 793 (617 - 978) 792 (566 - 1,125) 

2 April, 2023 52 418 (241 - 618) 420 (240 - 748) 

3 May, 2023 13 104 (56 - 153) 104 (42 - 272) 

4 June, 2023 61 245 (136 - 373) 484 (303 - 796) 

5 July, 2023 193 1,503 (927 - 2,142) 1,495 (981 - 2,304) 

6 August, 2023 576 2,314 (1,430 - 3,269) 4,596 (3,724 - 5,736) 

7 September, 2023 227 909 (528 - 1,305) 1,823 (1,351 - 2,480) 

8 October, 2023 303 2,426 (2,002 - 2,770) 2,425 (1,889 - 3,113) 

9 November, 2023 97 260 (150 - 380) 770 (560 - 1,069) 

10 December, 2023 162 1,298 (970 - 1,643) 1,295 (953 - 1,793) 

11 January, 2024 34 272 (160 - 400) 271 (154 - 502) 

12 February, 2024 54 217 (120 - 321) 435 (268 - 743) 

13 March, 2024 23 185 (96 - 289) 186 (87 - 463) 

14 April, 2024 93 746 (545 - 955) 746 (487 - 1,150) 

15 May, 2024 37 296 (176 - 433) 294 (145 - 622) 

16 June, 2024 37 296 (144 - 481) 295 (137 - 665) 

17 July, 2024 72 578 (393 - 770) 575 (359 - 963) 

18 August, 2024 175 1,405 (795 - 2,087) 1,382 (966 - 2,011) 

19 September, 2024 447 3,595 (2,421 - 5,011) 3,590 (2,363 - 5,446) 

20 October, 2024 180 725 (451 - 990) 1,441 (1,068 - 1,996) 

21 November, 2024 384 3,084 (2,522 - 3,574) 3,066 (2,347 - 3,976) 

22 December, 2024 1,032 8,285 (7,049 - 9,562) 8,278 (6,571 - 10,450) 

23 January, 2025 261 2,100 (1,697 - 2,550) 2,091 (1,595 - 2,759) 

24 February, 2025 31 249 (161 - 354) 250 (157 - 403) 
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Spatial Distribution of Coefficient of Variation 

 CV of guillemot 0 – 1.0% across all months and the entirety of the survey area (Figure 5.3). 

Increased CV (greater than 2.0%) hotspots were observed in June 2023 and March 2024 at the 

edges of the survey area. This could be due to peak increase in density likely outside the survey 

area creating edge effects, increasing variation and uncertainty in the estimate. 

 

Figure 5.3 Spatial Distribution of CV for Guillemot, within the Survey Area 
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Kittiwake 

Abundance Estimates and Confidence Intervals 

 Kittiwake DAS data counts for the survey area (Aspen Array Area plus a 6km buffer zone) in 

addition to MRSea and design-based abundance estimates (including confidence intervals in 

brackets) are provided below (Table 5.5). 
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Table 5.5 Monthly Kittiwake DAS raw Count Data, Along With Design-based and MRSea Abundance Estimates (Unapportioned) for the Survey Area (Aspen 
Array Area Plus a 6 km Buffer Zone), With Confidence Intervals (95%) Included in Brackets 

Survey Number Survey Date DAS Data Count  Design Based Abundance 
Estimate  

MRSea Abundance Estimate 

1 March, 2023 9 72 - 

2 April, 2023 23 185 (48 - 393) 182 (59 - 1,062) 

3 May, 2023 11 88 (40 – 145) 88 (25 - 350) 

4 June, 2023 61 490 (265 – 762) 480 (165 - 1,631) 

5 July, 2023 10 78 (31 - 149 78 (26 - 255) 

6 August, 2023 2 16 (2 - 40) - 

7 September, 2023 - - - 

8 October, 2023 14 112 (48 - 176) 110 (36 - 379) 

9 November, 2023 1 8 (1 - 24) - 

10 December, 2023 1 8 (1 - 24) - 

11 January, 2024 4 32 (4 - 72) - 

12 February, 2024 69 185 (69 - 476) 533 (119 - 3,189) 

13 March, 2024 13 104 (32 - 209) 102 (26 - 427) 

14 April, 2024 35 273 (176 - 377) 277 (108 - 796) 

15 May, 2024 10 80 (16 - 152) 78 (16 - 439) 

16 June, 2024 11 88 (32 - 152) 87 (24 - 335) 

17 July, 2024 9 72 (40 - 104) - 

18 August, 2024 - - - 

19 September, 2024 8 64 (32 - 97) - 

20 October, 2024 2 16 (2 - 40)  

21 November, 2024 10 80 (24 - 145) 78 (21 - 364) 

22 December, 2024 3 24 (3 - 56) - 

23 January, 2025 4 32 (8 - 64) - 

24 February, 2025 9 72 (24 - 129) - 
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Spatial Distribution of Coefficient of Variation 

 Coefficient of Variation (CV) for kittiwake density and abundance estimates remained within 

15% throughout the survey area and across most survey months (Figure 5.4). However, a CV 

hotspot was observed in the eastern edge of the survey area in April 2024.  

 

Figure 5.4 Spatial Distribution of CV for Kittiwake, within the Survey Area 
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B MRSea Model Validation Methodology 

B.1.1The complete model validation methodology for Fulmar is detailed below. For subsequent species, 

only the relevant code snippets, plots, and necessary descriptions are provided. 

Fulmar 

Initial Setup 

B.1.2 The co-linearity of explanatory variables was initially assessed by observing Generalised Variance 

Inflation Factors (GVIFs). Covariates were removed if strong collinearity was detected (GVIF value 

over 20). All adjusted GVIF values were below this threshold except for distance to coast (Figure 

5.5). Despite using a non-linear approach to account for collinearity, distance to coast was 

excluded from the 1D and 2D smoothed models. 

 

Figure 5.5 Code Snippet Detailing Testing for Co-Linearity 

B.1.3 To fit the model, it was necessary for all levels of any categorical variables to have non-zero counts. 

The only categorical variable, “Survey” (a proxy for month), was checked and required no further 

action (Figure 5.6). 

 

Figure 5.6 Code Snippet Verifying non-zero Counts for all Factor Levels 

Generalised Linear Model 

B.1.4 Before creating more complex models, a simple Generalised Linear Model (GLM) was developed 

and run as an initial model (Figure 5.7). 
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Figure 5.7 Code Snippet Summarising the Initial GLM 

B.1.5 A runs test was conducted on the initial model (Figure 5.8), indicating significant residual 

correlation due to the highly significant p-value.  

 

Figure 5.8 Code Snippet Highlighting the runs Test Results 

B.1.6 This finding was further supported by non-randomness in the runs profiles (Figure 5.9). 
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Figure 5.9 Runs Profile for the Initial GLM. Black Lines Display the Sequence of Positive and Negative 
Residuals. It is Expected to see Random Distribution of Lines in the Absence of Correlated Residuals. 
Significance of Correlation Within Each Variable is Displayed. 

B.1.7 Given the presence of correlation, it was deemed appropriate to incorporate a blocking structure 

moving forward. The blocking structure was based on the combination of Survey ID and Transect 

ID, allowing the model to treat data from each transect within a survey as correlated while 

assuming independence between different transects and surveys. An Auto-correlation Function 

(ACF) plot was used to assess the effectiveness of the blocking structure (Figure 5.10). Both the 

mean correlation in residuals (red line) and correlation in residuals within each block (grey lines) 

quickly moved to zero, indicating that the blocking structure was fit for purpose. 
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Figure 5.10 Auto-correlation Function (ACF) Plot Used for the Initial GLM. The Grey Lines Represent the 
Correlation of Residuals Within Each Block, While the red Line Indicates the Average Correlation of the 
Residuals. 

B.1.8 Cumulative residuals were plotted for explanatory variables (Figure 5.11 and Figure 5.12). The 

black line represents the modelled cumulative residuals, while the grey line highlights the expected 

model fit. Systematic over- and under-prediction were evident for both depth and distance to 

coast, necessitating the use of a more complex, non-linear model. 
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Figure 5.11 Cumulative Residuals for Initial GLM Structured by Depth. The Black Line Shows the 
Modelled Cumulative Residuals, While the Grey Line Shows Expected Model fit. 
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Figure 5.12 Cumulative Residuals for Initial GLM Structured by Distance to Coast. The Black Line Shows 
the Modelled Cumulative Residuals, While the Grey Line Shows Expected Model fit. 

One-Dimensional Smoothed Model 

B.1.9 Having applied an effective blocking structure and demonstrated a clear need for a non-linear 

modelling approach, 1D SALSA was carried out using the parameters specified below (Figure 5.13). 

Spline parameters were generated using the built-in makesplineParams function with a default 

degree of two. Since no "removal" term was specified in the runSALSA1D function, all variables 

were fitted with smooth splines, without linear terms or removals. Interaction terms are only 

supported in the 2D SALSA routine. 

 

Figure 5.13 Code Snippet Showing the Setup Process Used for 1D SALSA Model 

B.1.10 The SALSA 1D function produces multiple distinct models and compares them using a user-

specified fitness measure, Quasi-Bayesian Information Criterion (QBIC) in this instance. This 

process returns the model with the best fit, hereafter referred to as the “best model”, which is 

selected based on having the lowest QBIC value, indicating the best trade-off between model fit 

and complexity. A summary of the best model is provided below (Figure 5.14). 
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Figure 5.14 Code Snippet Detailing the Summary of the Best Fitting Model Through 1D SALSA 

Two-Dimensional Smoothed Model 

B.1.11 In the final stage, the SALSA 2D function was utilised to fit a Complex Region Spatial Smoother 

(CReSS) model to the existing best fit 1D model. Bird count served as the response variable, with 

x.pos and y.pos as spatial coordinates, and log(area) included as an offset. The model employed a 

quasi-Poisson error distribution with a log link and incorporated Transect ID as a panel identifier 

(Figure 5.15). 
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Figure 5.15 Code Snippet Demonstrating the 2D SALSA Model Setup 

B.1.12 SALSA 2D tested multiple models, selecting the one with the lowest QBIC validation score as the 

"best fitting 2D model". A summary of the best fit 2D SALSA model is shown below (Figure 5.16, 

Figure 5.17 and Figure 5.18). 

 

Figure 5.16 Code Snippet Summarising the Best Fitting Model From SALSA 2D (1/3) 
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Figure 5.17 Code Snippet Summarising the Best Fitting Model From SALSA 2D (2/3) 
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Figure 5.18 Code Snippet Summarising the Best Fitting Model from SALSA 2D (3/3) 

B.1.13 A ten-fold cross-validation was conducted to compare the final 2D model to the 1D and GLM 

models. Although the 2D model CV value was marginally higher than the 1D model, indicating a 

worse fit, it was still deemed appropriate to use the 2D model due to its increased ability to account 

for environmental complexity and incorporate smoothing parameters (Figure 5.19). 

 

Figure 5.19 Code Snippet Presenting Cross-Validation Error Estimates Comparing the 2D Model to the 
1D and Initial GLM Models 

Two-Dimensional Smoothed Model Diagnostics 

B.1.14 Additional model diagnostics for the best fitting SALSA 2D model are displayed below (Figure 5.20, 

Figure 5.21 and Figure 5.22). 

 

Figure 5.20 Observed Versus Predicted Values for the Best Fitting 2D Smoothed Model 
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Figure 5.21 Scaled Pearson Residuals by Fitted Value for the Best Fitting 2D Smoothed Model 

 

Figure 5.22 Mean-variance Relationship for Best Fitting 2D Smoothed Model 
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Gannet 

Initial Setup 

 Initial model setup validation is provided below (Figure 5.23 and Figure 5.24). 

 

Figure 5.23 Code Snippet Detailing Testing for Co-Linearity 

 

Figure 5.24 Code Snippet Verifying non-zero Counts for all Factor Levels 

Generalised Linear Model 

B.1.15Initial GLM summary and validation is provided below (Figure 5.25, Figure 5.26, Figure 5.27, Figure 

5.28, Figure 5.29 and Figure 5.30). 
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Figure 5.25 Code Snippet Summarising the Initial GLM 

 

 

Figure 5.26 Code Snippet Highlighting the runs Test Results 
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Figure 5.27 Runs Profile for the Initial GLM. Black Lines Display the Sequence of Positive and Negative 
residuals. It is Expected to see Random Distribution of Lines in the Absence of Correlated Residuals. 
Significance of Correlation Within each Variable is Displayed. 
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Figure 5.28 Auto-correlation Function (ACF) Plot Used for the Initial GLM. The Grey Lines Represent the 
Correlation of Residuals Within Each Block, While the red line Indicates the Average Correlation of the 
Residuals. 
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Figure 5.29 Cumulative Residuals for Initial GLM Structured by Depth. The Black Line Shows the 
Modelled Cumulative Residuals, While the Grey Line Shows Expected Model fit. 

 

Figure 5.30 Cumulative Residuals for Initial GLM Structured by Distance to Coast. The Black Line Shows 
the Modelled Cumulative Residuals, While the Grey Line Shows Expected Model fit. 

One-Dimensional Smoothed Model 

B.1.161D SALSA model summary and validation is provided below (Figure 5.31 and Figure 5.32). 
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Figure 5.31 Code Snippet Showing the Setup Process Used for 1D SALSA Model 
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Figure 5.32 Code Snippet Detailing the Summary of the Best Fitting Model Through 1D SALSA 

Two-Dimensional Smoothed Model 

B.1.172D SALSA model summary and validation is provided below (Figure 5.33, Figure 5.34, Figure 5.35 

and Figure 5.36). 
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Figure 5.33 Code Snippet Demonstrating the 2D SALSA Model Setup 
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Figure 5.34 Code Snippet Summarising the Best Fitting Model From SALSA 2D (1/2) 
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Figure 5.35 Code Snippet Summarising the Best Fitting Model From SALSA 2D (2/2) 

 

Figure 5.36 Code Snippet Presenting Cross-Validation Error Estimates Comparing the 2D Model to the 
1D and Initial GLM Models 

Two-Dimensional Smoothed Model Diagnostics 

B.1.182D SALSA model diagnostics are provided below (Figure 5.37, Figure 5.38 and Figure 5.39). 
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Figure 5.37 Observed Versus Predicted Values for the Best Fitting 2D Smoothed Model 
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Figure 5.38 Scaled Pearson Residuals by Fitted Value for the Best Fitting 2D Smoothed Model 
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Figure 5.39 Mean-variance Relationship for Best Fitting 2D Smoothed Model 
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Guillemot 

Initial Setup 

B.1.19Initial model setup validation is provided below (Figure 5.40 and Figure 5.41). 

 

Figure 5.40 Code Snippet Detailing Testing for Co-Linearity 

 

 

Figure 5.41 Code Snippet Verifying non-zero Counts for all Factor Levels 

 

Generalised Linear Model 

B.1.20Initial GLM summary and validation is provided below (Figure 5.42, Figure 5.43, Figure 5.44, Figure 

5.45, Figure 5.46 and Figure 5.47). 
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Figure 5.42 Code Snippet Summarising the Initial GLM 

 

Figure 5.43 Code Snippet Highlighting the Runs Test Results 



                                            

 

ASPEN OFFSHORE WIND FARM 

Revision: 01 

 

89 of 124 

 

 

Figure 5.44 Runs Profile for the Initial GLM. Black Lines Display the Sequence of Positive and Negative 
Residuals. It is Expected to see Random Distribution of Lines in the Absence of Correlated Residuals. 
Significance of Correlation Within Each Variable is Displayed. 

 

Figure 5.45 Auto-correlation Function (ACF) Plot Used for the Initial GLM. The Grey Lines Represent the 
Correlation of Residuals Within Each Block, While the red Line Indicates the Average Correlation of the 
Residuals. 
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Figure 5.46 Cumulative Residuals for Initial GLM Structured by Depth. The Black Line Shows the 
Modelled Cumulative Residuals, While the Grey Line Shows Expected Model fit. 

 

Figure 5.47 Cumulative Residuals for Initial GLM Structured by Distance to Coast. The Black Line Shows 
the Modelled Cumulative Residuals, While the Grey Line Shows Expected Model fit. 
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One-Dimensional Smoothed Model 

B.1.211D SALSA model summary and validation is provided below (Figure 5.48 and Figure 5.49). 

 

Figure 5.48 Code Snippet Showing the Setup Process Used for 1D SALSA Model 
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Figure 5.49 Code Snippet Detailing the Summary of the Best Fitting Model Through 1D SALSA 

Two-Dimensional Smoothed Model 

B.1.222D SALSA model summary and validation is provided below (Figure 5.50, Figure 5.51, Figure 5.52 

and Figure 5.53). 
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Figure 5.50 Code Snippet Demonstrating the 2D SALSA Model Setup 
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Figure 5.51 Code Snippet Summarising the Best Fitting Model From SALSA 2D (1/2) 
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Figure 5.52 CODE Snippet Summarising the Best Fitting Model From SALSA 2D (2/2) 

 

Figure 5.53 Code Snippet Presenting Cross-Validation Error Estimates Comparing the 2D Model to the 
1D and Initial GLM Models 

Two-Dimensional Smoothed Model Diagnostics 

B.1.232D SALSA model diagnostics are provided below (Figure 5.54, Figure 5.55 and Figure 5.56). 
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Figure 5.54 Observed Versus Predicted Values for the Best Fitting 2D Smoothed Model 
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Figure 5.55 Scaled Pearson Residuals by Fitted Value for the Best Fitting 2D Smoothed Model 
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Figure 5.56 Mean-variance Relationship for Best Fitting 2D Smoothed Model 
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Kittiwake 

Initial Setup 

B.1.24Initial model setup validation is provided below (Figure 5.57 and Figure 5.58) 

 

Figure 5.57 Code Snippet Detailing Testing for Co-Linearity 

 

Figure 5.58 Code Snippet Verifying non-zero Counts for all Factor Levels 

Generalised Linear Model 

B.1.25Initial GLM summary and validation is provided below (Figure 5.59, Figure 5.60, Figure 5.61, Figure 

5.62, Figure 5.63, Figure 5.64 and Figure 5.65). 
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Figure 5.59 Code Snippet Summarising the Initial GLM 

 

Figure 5.60 Code Snippet Highlighting the Runs Test Results 
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Figure 5.61 Runs Profile for the Initial GLM. Black Lines Display the Sequence of Positive and Negative 
Residuals. It is Expected to see Random Distribution of Lines in the Absence of Correlated Residuals. 
Significance of Correlation Within Each Variable is Displayed. 
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Figure 5.62 Auto-correlation Function (ACF) Plot Used for the Initial GLM. The Grey Lines Represent the 
Correlation of Residuals Within Each Block, While the red Line Indicates the Average Correlation of the 
Residuals. 



                                            

 

ASPEN OFFSHORE WIND FARM 

Revision: 01 

 

103 of 124 

 

 

Figure 5.63 Cumulative Residuals for Initial GLM Structured by Depth 
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Figure 5.64 Cumulative Residuals for Initial GLM Structured by Distance to Coast 

 

Figure 5.65 Cumulative Residuals for Initial GLM Structured by Distance to oil and gas Platform 

One-Dimensional Smoothed Model 

B.1.261D SALSA model summary and validation is provided below (Figure 5.66 and Figure 5.67). 
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Figure 5.66 Code Snippet Showing the Setup Process Used for 1D SALSA Model 
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Figure 5.67 Code Snippet Detailing the Summary of the Best Fitting Model Through 1D SALSA 

Two-Dimensional Smoothed Model 

B.1.272D SALSA model summary and validation is provided below (Figure 5.68, Figure 5.69 and Figure 

5.70). 
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Figure 5.68 Code Snippet Demonstrating the 2D SALSA Model Setup 
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Figure 5.69 Code Snippet Summarising the Best Fitting Model From SALSA 2D
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Figure 5.70 Code Snippet Presenting Cross-Validation Error Estimates Comparing the 2D Model to the 
1D and Initial GLM Models 

Two-Dimensional Smoothed Model Diagnostics 

B.1.282D SALSA model diagnostics are provided below (Figure 5.71, Figure 5.72, Figure 5.73). 

 

Figure 5.71 Observed Versus Predicted Values for the Best Fitting 2D Smoothed Model 
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Figure 5.72 Scaled Pearson Residuals by Fitted Value for the Best Fitting 2D Smoothed Model 
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Figure 5.73 Mean-variance Relationship for Best Fitting 2D Smoothed Model



                                            

 

 

 

 

 

 

Annex C Flying Model Outputs
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C Flying Model Outputs 

Gannet 

Model Outputs 

C.1.1Model outputs are provided below (Table 5.6).
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Table 5.6 Monthly Flying Gannet DAS raw Count Data, Along with Design-based and MRSea Abundance Estimates (both Unapportioned and Apportioned) for 
the Aspen Array Area With Confidence Intervals (95%) included in Brackets 

Survey Number Survey Date DAS Data 
Count - Array 
Area 

Design Based Abundance 
Estimate - Array Area 
(apportioned) 

MRSea Abundance Estimate - 
Array Area (unapportioned) 

MRSea Abundance 
Estimate - Array Area 
(apportioned) 

1 March, 2023 3 23 (0 - 58) 24 (10 - 59) 23 (9 - 58) 

2 April, 2023 5 39 (0 - 114) - - 

3 May, 2023 4 32 (8 - 54) 32 (15 - 78) 33 (16 - 79) 

4 June, 2023 11 86 (24 - 170) 78 (30 - 204) 78 (30 - 204) 

5 July, 2023 8 62 (22 - 101) 71 (33 - 170) 72 (34 - 171) 

6 August, 2023 3 24 (0 - 57) - - 

7 September, 2023 2 16 (0 - 46) - - 

8 October, 2023 12 94 (51 - 146) 119 (77 - 185) 120 (78 - 186) 

9 November, 2023 - - - - 

10 December, 2023 1 8 (0 - 23) - - 

11 January, 2024 - - - - 

12 February, 2024 - - - - 

13 March, 2024 3 24 (0 - 69) - - 

14 April, 2024 7 55 (8 - 123) 35 (9 - 133) 35 (9 - 133) 

15 May, 2024 - - - - 

16 June, 2024 25 191 (69 - 340) 150 (70 - 356) 149 (69 - 355) 

17 July, 2024 5 39 (15 - 62) 41 (20 - 89) 41 (20 - 89) 

18 August, 2024 5 39 (15 - 62) 36 (16 - 80) 36 (16 - 80) 

19 September, 2024 7 55 (22 - 89) 34 (16 - 73) 35 (17 - 74) 

20 October, 2024 8 62 (22 - 113) 53 (24 - 123) 52 (23 - 122) 

21 November, 2024 - - - - 

22 December, 2024 2 16 (0 - 37) - - 

23 January, 2025 - - - - 

24 February, 2025 4 31 (0 - 66) 67 (39 - 119) 67 (39 - 119) 
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Diagnostic Plots 

C.1.2Diagnostic plots are provided below (Figure 5.74, Figure 5.75, Figure 5.76 and Figure 5.77). 

 

Figure 5.74 Auto-correlation Function (ACF) Plot Used for the Initial GLM. The Grey Lines Represent 
the Correlation of Residuals Within Each Block, While the red Line Indicates the Average Correlation 
of the Residuals. 
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Figure 5.75 Observed Versus Predicted Values for the Best Fitting 2D Smoothed Model 
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Figure 5.76 Scaled Pearson Residuals by Fitted Value for the Best Fitting 2D Smoothed model. 
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Figure 5.77 Mean-variance Relationship for Best Fitting 2D Smoothed Model 

Kittiwake 

Model Outputs 

C.1.3 Model outputs are provided below (Table 5.7).  
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Table 5.7 Monthly Flying Kittiwake DAS raw Count Data, Along with Design-based and MRSea Abundance Estimates (both Unapportioned and Apportioned) 
for the Aspen Array Area, With Confidence Intervals (95%) Included in Brackets 

Survey Number Survey Date DAS Data 
Count - Array 
Area 

Design Based Abundance 
Estimate - Array Area 
(apportioned) 

MRSea Abundance Estimate - 
Array Area (unapportioned) 

MRSea Abundance 
Estimate - Array Area 
(apportioned) 

1 March, 2023 - 8 (0 - 23) - - 

2 April, 2023 2 47 (8 - 86) 38 (19 - 114) 38 (19 - 114) 

3 May, 2023 - 24 (8 - 46) 27 (11 - 67) 28 (12 - 68) 

4 June, 2023 5 84 (46 - 121) 97 (52 - 184) 96 (51 - 183) 

5 July, 2023 - - - - 

6 August, 2023 - 8 (0 - 23) - - 

7 September, 2023 - - - - 

8 October, 2023 - 47 (8 - 99) 28 (10 - 81) 28 (10 - 81) 

9 November, 2023 - - - - 

10 December, 2023 - - - - 

11 January, 2024 - 8 (0 - 23) - - 

12 February, 2024 - - - - 

13 March, 2024 - 33 (0 - 74) - - 

14 April, 2024 - 54 (23 - 87) 87 (45 - 170) 86 (44 - 169) 

15 May, 2024 4 55 (8 - 116) - - 

16 June, 2024 4 32 (0 - 68) - - 

17 July, 2024 1 32 (8 - 54) - - 

18 August, 2024 - - - - 

19 September, 2024 - - - - 

20 October, 2024 - - - - 

21 November, 2024 - 16 (0 - 37) - - 

22 December, 2024 - 16 (0 - 38) - - 

23 January, 2025 - 8 (0 - 23) - - 

24 February, 2025 - - - - 
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Diagnostic Plots 

  Diagnostic plots are provided below (Figure 5.78, Figure 5.79, Figure 5.80 and Figure 5.81). 

 

Figure 5.78 Auto-correlation Function (ACF) Plot Used for the Initial GLM. The Grey Lines Represent 
the Correlation of Residuals Within Each Block, While the red line Indicates the Average Correlation of 
the Residuals. 
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Figure 5.79 Observed Versus Predicted Values for the Best Fitting 2D Smoothed Model 
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Figure 5.80 Scaled Pearson Residuals by Fitted Value for the Best Fitting 2D Smoothed Model 
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Figure 5.81 Mean-variance Relationship for Best Fitting 2D Smoothed Model
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