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TECHNICAL APPENDIX 8.5: KILLEAN WIND FARM COLLISION 
RISK MODELLING CALCULATIONS 

INTRODUCTION 

This Technical Appendix sets out the collision risk modelling undertaken to support the ornithological 
assessment of the proposed Killean Wind Farm (the ‘Proposed Development’). The collision risk 
modelling was carried out for all the key target species recorded flying through the collision risk zone 
at rotor height (as per NatureScot guidance, SNH 2018). Rotor height will be 25-180 m above ground 
level. 

The modelling included seven target raptor species (white-tailed eagle, golden eagle, osprey, red kite, 
hen harrier, peregrine and merlin), black grouse and golden plover. The collision risk for each species 
was modelled using the non-direct flight model. In addition, whooper swans, Greenland white-fronted 
geese, greylag geese, red-throated divers and herring gulls were observed flying through the collision 
risk zone and were also modelled to determine their collision risk. The direct flight model was applied 
as their flights were largely direct ones through the site. No other key species was recorded flying 
through the collision risk zone at rotor height. 

The collision risk model used in this assessment (Band et al. 2007) was run as a two-stage process. 
Firstly, the risk is calculated assuming that flight patterns are unaffected by the wind turbines' presence, 
i.e., no avoidance action is taken.  This is essentially a mechanistic calculation, with the collision risk 
calculated as the product of (i) the probability of a bird flying through the rotor swept area, and (ii) the 
probability of a bird colliding if it does so.  This probability is then multiplied by the estimated numbers 
of bird movements through the wind farm rotors at the risk height (i.e. the height of the rotating rotor 
blades) to estimate the theoretical numbers at risk of collision if they take no avoiding action. 

The second stage then incorporates the probability that the birds, rather than flying blindly into the 
turbines, will actually take a degree of avoiding action, as has been shown to occur in all studies of birds 
at existing wind farms.  NatureScot has recommended a precautionary approach, using a value of 98% 
as a general default avoidance rate, 99% for some larger raptors (including red kite and hen harrier) 
and 99.8% for geese (SNH 2017). This precautionary approach is useful as an initial filter to identify sites 
where collision risk is clearly not an issue, but does not necessarily provide a realistic estimate of actual 
likely collision rates when compared with data from existing wind farms. The magnitude of the impact 
was determined as a percentage increase in the existing baseline mortality (to put the potential wind 
farm mortality into the ecological context of the birds’ population dynamics), though professional 
judgement was also applied in the assessment of any non-negligible magnitude collision risks predicted. 

Body sizes and baseline mortality rates were taken from Robinson (2005) and flight speeds from 
Alerstam et al. (2007). 

BAND MODEL SPREADSHEETS (STAGE 1) 

Firstly, the standard Band model spreadsheets (Band et al. 2007) are presented for each species 
modelled in turn. These provide the information used to calculate the risk that individuals of each 
species would face if they flew through the Proposed Development rotor swept area. For the first 
species, for example, whooper swan, this gives an overall average 7.4% chance of collision. 
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KEY SPECIES FLIGHT ACTIVITY AND COLLISON RISK: DIRECT FLIGHT 
MODEL (STAGE 2) 

The second section of this Technical Appendix provides example calculations of the key species’ flight 
activity within the collision risk zone and the resultant collision risk. 

The model was run separately for each zone across the collision risk area that was visible from each of 
the two Vantage Points (VPs) and the overlap zone that was visible from both. Bird flight activity within 
each of these zones was calculated separately. These zones are shown in Figure 8.5.1. A 200 m buffer 
around the wind farm to define the risk zone, reduced from the standard 500 m as the locations of VPs 
and well-defined habitat edges (forest /moorland) meant that these direct flights could be more 
accurately mapped. 

For the direct flight variant of the Band model (used for whooper swan, Greenland white-fronted goose, 
greylag goose, red-throated diver and herring gull), flight activity was calculated as the total number of 
flights through each of the three collision zones (delineated according to which VPs the zone was 
visible), estimated from the VP data (clipping mapped flights in QGIS to those zones and calculating the 
numbers of flights per hour at rotor height over each season). An example calculation is given below in 
Table 8.5.1. The total risk for the whole wind farm was calculated as the sum of the risks for each of 
the three zones (A-C), and the last row gives the total estimated risk for each winter. 
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Table 8.5.1: Collision risk calculations for Greenland white-fronted goose for the 2021-22 and 2022-23 winters using the direct flight Band model. 
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KEY SPECIES FLIGHT ACTIVITY AND COLLISON RISK: NON-DIRECT FLIGHT 
MODEL (STAGE 2) 

As for the direct flight modelling, this model was run separately for each of the zones across the collision risk 
area that was visible from each of the two Vantage Points (VPs) (all areas were visible from only a single VP, with 
no overlap). Bird flight activity within each of these zones was calculated separately. A 500 m buffer was used to 
define the collision risk zone for non-direct flights (Figure 8.5.2). 

As an example, for the variable non-direct flight modelling, the collision risk calculations for golden eagle for each 
of the winter and breeding baseline periods (breeding 2022 and 2023, winter 2021-22 and 2022-23) is shown in 
Table 8.5.2. This requires an estimate of the amount of time that each species was present within the collision 
risk zone for its bird activity input, calculated from the amount of time observed in each zone during the VP 
surveys (as the percentage occupancy rate of each zone, i.e. the percentage of observation time that each species 
was observed flying at rotor height within the zone).  This occupancy of the collision risk zone was determined 
from the flight tracks and divided by the observation time for each zone for each month to give the monthly 
occupancy rate (percentage of time present in the collision zone). The overall occupancy was then calculated for 
each of the four survey periods (breeding 2022 and 2023, winter 2021-22 and 2022-23). The survey results for 
these periods are given in Technical Appendices 8.1, 8.2, 8.3 and 8.4 respectively. 

As for the direct flight model, the total risk for the whole wind farm was calculated as the sum of the risks for 
each of the three zones. 
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Table 8.5.2. Collision risk calculations for golden eagle using the non-direct random flight Band model. 
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