
Appendix 8.3 Collision Risk Assessment 

 

 

 

 

 

 

 

 

 

 

 

 

 

March 2021 

Registered Office: Coilintra House, High Street, Grantown on Spey, Moray PH26 3EN Tel:   

 



Sallachy Wind Farm Collision Risk Assessment 

Page 2 

Introduction 

As part of the assessment of the potential ornithological impacts of the proposed Sallachy 

Wind Farm (referred to as the Proposed Development), Alba Ecology Ltd. was commissioned 

to carry out a Collision Risk Assessment (CRA), based on the 9-turbine wind farm design 

layout (provided by ITPEnergised via email on 26/11/2020), and the turbine metrics (provided 

by ITPEnergised via email on 25/11/2020) for the main ornithological interest species of the 

Site. 

This is an assessment of collision risk only, and does not take into account construction, 

displacement, or any other potential impacts on birds, which are dealt with separately in EIA 

Report Chapter 8. 

The main sources of NatureScot (formerly Scottish Natural Heritage (SNH)) guidance used to 

assess collision risk are (plus relevant updates/amendments): 

• SNH. 2000. Wind farms and birds: Calculating a theoretical collision risk assuming no 

avoiding action; 

• SNH. 2014. Flight Speeds and Biometrics for Collision Risk Modelling. SNH Advisory 

Note; 

• SNH. 2017. Recommended bird survey methods to inform impact assessment of 

onshore wind farms. SNH Advisory Note; and 

• SNH. 2018 v2. Avoidance Rates for the onshore SNH Wind Farm Collision Risk Model. 

SNH Guidance Note. 

Methods 

Study Area and Survey Dates 

The Study Area for the purposes of this CRA is provided in Figure 1 and includes turbine 

locations within the nine-turbine design, the outer blade sweep area for each turbine (66.5 m) 

plus a buffer of 500 m. The total Study Area is 494.1 ha. The Study Area is covered by five 

Vantage Points (VPs) (Figure 2). For the collision risk model, all flight-lines within the Study 

Area recorded from VPs were considered (SNH, 2017, Figure 3). 

The VP data was collected by Alba Ecology from April 2017 to March 2019 and a summary is 

provided in Appendix 8.1: Birds Technical Report. 

Survey Methods 

The avian survey components follow the NatureScot best practice guidelines (SNH, 2017). 

VP watches are designed to record larger birds using the Study Area but not necessarily 

breeding there; and include the collection of data on the activities and flight paths of these 

birds, including height from the ground, duration of sighting, and activities of the birds. Birds 

recorded by this method include raptors, wildfowl, divers, waders and other large birds. 
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Methods are outlined in SNH (2017), with data collected ultimately resulting in an analysis of 

collision risk (Band et al., 2005) and flight-line distribution. 

This method involves selecting VP locations that provide a good view of the turbine locations 

and surrounding land, but do not make the observer too conspicuous to birds potentially using 

the proposed turbine airspace. For the purpose of this survey, all VPs were selected to cover 

the majority of the proposed turbine locations and associated outer blade sweep (66.5 m) plus 

a 500 m buffer. Best practice guidance recommends that VP locations should not be within 

the Study Area to reduce the chances of the observer influencing sensitive bird species 

behaviour e.g. golden eagle Aquila chrysaetos flights. There is a well-recognised VP trade-off 

between detectability and inadvertently influencing bird behaviour by scaring them off if VP 

surveyors are too close. The selected VPs were deliberately located all outside the Study Area 

and had very good coverage for most of the site (Figure 3). For CRA analysis purposes, and 

following NatureScot guidance (SNH, 2017), these viewsheds are clipped down to 2 km, 

covering all but 40.0 ha of the 494.1 ha Study Area (i.e., ca. 92 % coverage). The wind farm 

layout is a line of nine turbines running north-west to south-east, part way down the undulating 

slope to Loch Shin. Turbine 5 in this line falls within a very small gap between the clipped 2 km 

VP viewsheds. However, this airspace was well covered in the field by the (unclipped) 

viewsheds, as evidenced by flight-lines through the airspace, including those of golden eagle 

and kestrel Falco tinnunculus and other species, being recorded over this area. This small gap 

has been covered in the analysis by using all flight-lines of relevant species within the CRA by 

extending the viewshed of VP3 and VP5 to 2.5 km (Figure 4). Thus relevant viewsheds have 

been used within the CRA. The flight-lines within the small gap were included in the CRA by 

extending the viewsheds. However, the additional area metric from the 2.5 km viewsheds was 

not added to the model. This is because it would have artificial reduced the overall collision 

risk (because the model considers the collision risk as a proportion of the viewed area). Thus, 

the model represents a slight over estimation of collision risk (rather than a larger under 

estimation). 

The number of hours spent at each selected VP is cumulative, and a minimum of 36 survey 

hours per summer season per VP were conducted. An effort was made to vary the timing of 

surveys to reflect potential different diurnal flight patterns of target species. Targeted diver 

VP’s were not undertaken as no divers were recorded breeding within 1 km of the Study Area. 

VP surveys were conducted during daylight hours, when visibility allowed a clear view of the 

surrounding area (this is graphically represented in Appendix 8.1 Birds Technical Report). 

Table 1 provides a summary of the VP survey hours undertaken. 

The Study Area was covered by five VPs. These are shown Figure 4 and Table 1.
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 Number of hours watched  

Vantage point 
(VP) 

Grid reference 
Main viewing 

direction 

Summer 
(Apr – Sept) 

2017 

Winter 
(Oct – Mar) 
2017 - 2018 

Summer 
(Apr – Sept) 

2018 

Winter 
(Oct – Mar) 
2018 - 2019 

Visible area of 
Study Area (ha)1 

1 NC 40160 22756 SW 36 36 36 36 69.26 

2 NC 38075 21178 E 36 36 36 36 26.04 

3 NC 39885 20103 E 36 36.08 36 36 214.17 

4 NC 40425 19449 SE 36 36 36 36 42.34 

5 NC 43978 20616 SW 36 36 36 36 199.45 

Table 1: Locations of VPs overlooking the Study Area and survey effort at Proposed Development.

 

1 Calculated using 2km viewshed. 
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Weather permitting, VP watches typically lasted for a three-hour period. If successive VP 

watches were undertaken, a minimum of a 30-minute break was taken between surveys as 

per best practice guidance. Up to an 180o arc was scanned with binoculars every five minutes. 

All target birds that were seen were recorded. Where a bird was seen, the length of time the 

bird was in view for was recorded, with the flight path mapped every 15 seconds alongside 

details of direction, height from the ground and behaviour. 

Flights of target species seen from VPs (raptors, wildfowl, divers, waders and other large birds) 

were recorded within three height bands. 

• <20m, 20-150m, and >150m 

While these heights may not match the dimensions of turbines exactly, there is a certain 

margin of error on the part of the fieldworker in estimating heights of birds from a distance, 

and fieldworkers are practised in estimating heights, plus this is regularly reinforced by using 

a hand-held clinometer on objects of known height. In practice, birds vary their flight height all 

the time, but it is usually easy to place bird heights within three bands: high flights are usually 

well above turbine height. Any borderline records are placed within the middle height band. 

Only the middle height band (20-150 m) represents the ‘risk height’ (based on the turbine 

heights and indicative rotor diameter) and is therefore relevant for CRA. 

Surveyors were instructed to put all birds close to ‘risk height' (hereafter referred to as ‘at risk’ 

height) into that height band. Consequently, all birds at or just above the 150 m height, or at 

or just below the 20 m height. were included in the 'turbine height' band. Only where the flight 

height was judged to be well above or below the 'turbine height' band were flights recorded on 

sheets as above or below 'turbine height'. Turbine models used in the wind farm industry have 

varied in size and even at the time of writing (January 2021) the actual model and size of 

turbines available in the future at the time of construction is unknown. The turbines used in 

this Proposed Development are described in Chapter 4: Project Description. Thus, the turbine 

height bands used to record bird flight-lines closely matches the maximum and minimum 

height of the turbine blades to be used (20 – 150 m versus 16.9 - 149.9 m). 

For all target species, flight-lines were plotted in QGIS, and divided into sections where birds 

exhibited different behaviours or travelled at different height bands. From this, length of flight-

lines within the Study Area were measured. 

Full details of ornithological survey methodologies and data collected can be found in 

Technical Appendix 8.1: Birds Technical Report. 

Collision Risk Assessments 

A method of assessing collision risk of birds with turbine blades has been developed by Band 

and co-workers (2005). Collision risk is given as the product of: 

a) The number of birds flying through the rotor(s) (stage 1); 

b) The probability of a bird flying through a rotor being hit (stage 2). 

Survey effort at the VPs is given in Table 1 and VP viewsheds are given in Figure 4 and show 

the site coverage of the viewsheds. 
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The ‘flight risk area’ of the wind farm is the turbine locations plus rotor radius. All flight-lines in 

the flight risk area plus an additional 500 m were considered for the CRA, i.e. the Study Area 

(494.1 ha). 

The probability of a bird colliding with a turbine blade when making a transit through a rotor 

depends on many factors, several of which are unknown. Although as more wind farm work 

progresses in the UK the statistics become more reliable due to the increasing data. Not least, 

the avoidance factor whereby birds are able to take evasive action when approaching turbines, 

which for each of the relevant species is given thereinafter. The following calculation initially 

gives a value for probability which assumes birds would take no evasive action; unlikely to 

happen in practice, but gives a baseline estimation to work from. A number of simplifications 

have to be made, adding to the potential for error, and Band et al. (2005) suggest an 

interpretation of the results within a wide margin, e.g. ±10%. Simplifications include: 

• Birds are assumed to be a simple cruciform shape; 

• Turbine blades are assumed to have width and pitch angle but no thickness; 

• The effects of slipstream will have no effect on the bird flight; and 

• Birds fly through turbines in straight lines. 

The calculation is further based on the following technical parameters (Table 2) provided by 

ITPEnergised by email on 25/11/2020. 

Number of blades 3 

Pitch (average, degrees) 52 

Rotation period (maximum, s) 9.23 

Rotation period (minimum, s) 4.62 

Rotor diameter (m) 133m 

Number of turbines 9 

Operation time average, estimated (%) 85 

Turbine height to hub (m) 83.4 

Max chord (m) 3.94 

Table 2. Technical parameters 

As described before, the calculation proceeds in two stages (SNH 2000): 

• Stage 1: The number of birds flying through the rotor(s); and 

 

2 Average pitch degree as suggested by ITPEnergised, based on “2 to 3 degrees pitch angle at cut-in 

i.e. 3 ms-1, 0 degrees at approximately 5-8 ms-1, pitching out starts at about 8 ms-1 at 2 degrees pitch 

angle and reaches a max of 30 degrees at 25 ms-1” 
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• Stage 2: The probability of a bird flying through a rotor being hit. 

For stage 1 there are two standard approaches depending on the species and flight behaviour. 

1) Regular flights through a wind farm – where birds make regular flights through the wind 

farm possibly in a reasonably defined direction within habitually-used flight corridors 

such as divers. 

2) Birds using the wind farm airspace – most appropriate for birds that occupy a 

recognised territory such as raptors and waders. 

1) Birds making regular flights through the wind farm airspace 

None of the species in the Study Area that required a CRA had the pre-requisites for utilising 

this modelling approach (regular flights through a wind farm where birds make regular flights 

through the wind farm in a reasonably defined direction within habitually-used flight corridors, 

such as divers or geese) and so this model was not used in this instance. 

2) Birds using the wind farm airspace 

A total of two target species had more than one flight-line crossing the Study Area within the 

‘at risk’ height, and were selected for this type of CRA; kestrel and golden eagle. 

As kestrel and golden eagle flight-lines are generally more randomly distributed than flight-

lines of e.g. divers and geese which follow a regular pattern, the approach for “birds using the 

wind farm airspace” was used (Band et al., 2005). 

For birds using the wind farm airspace (kestrel and golden eagle) the calculation was made of 

the time (in seconds) spent at different heights within the Study Area and also within the 

polygon viewshed from the vantage point at which the bird was seen, as a proportion of the 

total flight time in sections where birds were assumed to be moving at a uniform speed, using 

the equation: time in flight-line section = (total time/total length) × length of flight-line section. 

Each flight time was subsequently multiplied by the number of birds recorded during that flight 

and then added to give a total flight time within the collision risk zone. 

The details for the CRA for kestrel and golden eagle are provided. 

Kestrel 

Kestrels are present all year round in upland Sutherland (although it is noted that some 

migrate), thus both winter and summer data are used for CRA calculations. 

During the summer season 2017, no kestrel were recorded from VP1-VP5 (Table 3). 

During the winter season 2017/18, no kestrel were recorded from VP1-VP5 (Table 3). 

During the summer season 2018, a total of three flight-lines were recorded from VP1-VP5 

involving three kestrels. Only birds seen within the relevant viewshed of the associated VP 

and within the wind farm flight risk area plus 500 m buffer were included in the calculation. For 
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the summer season 2018 this applied to all three flight-lines involving three birds with 212 

seconds (s) of flight recorded within the potential ‘at risk’ height (Table 3). 

During the winter season 2018/19, a total of two flight-lines were recorded from VP1-VP5 

involving two kestrels. Birds seen within the relevant viewshed of the associated VP and within 

the wind farm flight risk area plus 500 m buffer were included in the calculation. For the winter 

season 2018/19 this applied to one bird with 29s of flight recorded within the potential ‘at risk’ 

height was recorded (Table 3). 

For further details of flight-lines recorded see Annex 1. 

  Flight time within collision risk window (s) 

Season Total Risk height 

Summer 2017 0 0 

Winter 2017/18 0 0 

Summer 2018 227 212 

Winter 2018/19 30 29 

Table 3. Summary of kestrel flight-lines recorded within the Study Area ‘at risk’ height within 

the relevant viewsheds of associated VPs 

The biological parameters used within the CRA for kestrel are in Table 4. 

Bird length (m, Snow & Perrins, 
1997) 

0.32 – 0.35 

Wingspan (m, Snow & Perrins, 1997) 0.71 – 0.80 

Bird speed (m/s, Alerstam et al. 2007) 10.1 

Hours per day present (summer) 16 

Days per season present (summer) 183 

Hours per day present (winter) 9 

Days per season present (winter) 182 

Avoidance rate (%, SNH, 2018) 95 

Flight type(s) considered Flapping 

 Table 4. Biological parameters for kestrel CRA 

The hours of likely flight activity presented are considered average ‘likely activity periods’ in a 

day for each of the two seasons; winter and summer. Nine hours in winter is an approximate 

mean of day length across the winter months and 16 hours in summer is an approximate mean 

of day length across the summer months (www.timeanddate.com). 

Individual birds vary in their size (length and wingspan). The metric used in the CRA was the 

largest in the range provided in Handbook of the Birds of the Western Palearctic as a 
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precaution (the larger the bird the greater this collision risk). Reality is not all birds seen would 

have been this size, this is a recognised limitation of the CRA. 

Probability of a bird flying through the rotor swept area 

Table 5 displays the predicted collisions per season, assuming no avoidance. 

Season 

Collisions per season/year, assuming no avoidance 

4.62s rotation, flapping bird 9.23s rotation, flapping bird 

Summer 2017 0 0 

Winter 2017/18 0 0 

Summer 2018 1.505 (1 bird per 0.7 seasons) 1.226 (1 bird per 0.8 seasons) 

Winter 2018/19 0.115 (1 bird per 8.7 seasons) 0.094 (1 bird per 10.6 seasons) 

Year 1 (summer 2017 plus winter 

2017/18) 

0 0 

Year 2 (summer 2018 plus winter 

2018/19) 

1.620 (1 bird per 0.6 years) 1.320 (1 bird per 0.8 years) 

Table 5. Predicted kestrel collisions assuming no avoidance 

Allowing for birds taking evasive action before colliding with turbine blades is difficult. 

NatureScot suggests 95% avoidance should be adopted for kestrel as an avoidance value 

(SNH, 2018). Assuming a 95% avoidance factor for kestrels gives the following number of 

predicted collisions (Table 6): 

Season 

Collisions per season/year, assuming 95% avoidance 

4.62s rotation, flapping bird 9.23s rotation, flapping bird 

Summer 2017 0 0 

Winter 2017/18 0 0 

Summer 2018 
0.07525 (1 bird per 13.3 

seasons) 
0.06128 (1 bird per 16.3 

seasons) 



Sallachy Wind Farm Collision Risk Assessment 

Page 10 

Season 

Collisions per season/year, assuming 95% avoidance 

4.62s rotation, flapping bird 9.23s rotation, flapping bird 

Winter 2018/19 
0.00576 (1 bird per 173.6 

seasons) 
0.00469 (1 bird per 213.2 

seasons) 

Year 1 (summer 2017 plus winter 
2017/18) 

0 0 

Year 2 (summer 2018 plus winter 
2018/19) 

0.08101 (1 bird per 12.3 years) 0.06597 (1 bird per 15.2 years) 

Table 6. Predicted kestrel collisions assuming 95% avoidance 

To obtain a total collision risk for each full year surveyed, the seasonal collision risks per 

season were added together, the reciprocal then gives the number of years in which a bird 

potentially collides with a turbine. 

Using 6 months of VP data per season, relevant viewshed coverage, taking the visible areas 

from VPs as being maxima of 20 m above the ground, with kestrel present over 12 months, 

and taking NatureScot's recommended 95% avoidance factor and assuming no evasive 

behaviour, the collision risk varies between 0.08101 collisions per year (1 bird per 12.3 years) 

in the worst scenario, very windy conditions, flapping bird, (year 2), to 0 collisions per year 

(year 1). 

Golden eagle 

Golden eagles are present all year round in upland Sutherland, thus winter and summer data 

are used for CRA calculations. 

During the summer season 2017, a total of four flight-lines involving four golden eagles were 

recorded from VP1-VP5. Only birds seen within the relevant viewshed of the associated VP 

and within the wind farm flight risk area plus 500 m buffer were included in the calculation. For 

the summer season 2017 this applied to two flight-lines involving two birds with 14s of flight 

recorded within the potential ‘at risk’ height (Table 7). 

During the winter season 2017/18, a total of three flight-lines involving three golden eagles 

were recorded from VP1-VP5. Only birds seen within the relevant viewshed of the associated 

VP and within the wind farm flight risk area plus 500 m buffer were included in the calculation. 

For the winter season 2017/18 this applied to one flight-line involving one bird with 22s of flight 

recorded within the potential ‘at risk’ height (Table 7). 

During the summer season 2018, a total of seven flight-lines involving eight golden eagles 

were recorded from VP1-VP5. Birds seen within the relevant viewsheds of the associated VP 

and within the wind farm flight risk area plus 500 m buffer were included in the calculation. For 

the summer season 2018 this applied to four flight-lines involving five birds with 487s of flight 

recorded within the potential ‘at risk’ height (Table 7). 
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During the winter season 2018/19, a total of 11 flight-lines involving 12 golden eagles were 

recorded from VP1-VP5. Only birds seen within the relevant viewshed of the associated VP 

and within the wind farm flight risk area plus 500 m buffer were included in the calculation. For 

the winter season 2017/18 this applied to nine flight-lines involving nine birds with 491s of 

flight was recorded within the potential ‘at risk’ height (Table 7). 

For further details of flight-lines recorded see Annex 1. 

 Flight time within collision risk window (s) 

Season Total Risk height 

Summer 2017 28 14 

Winter 2017/18 112 22 

Summer 2018 565 487 

Winter 2018/19 591 491 

Table 7. Summary of golden eagle flight-lines recorded within the Study Area ‘at risk’ height 

within the relevant viewsheds of associated VPs 

The biological parameters used within the CRA for golden eagle are in Table 8: 

Bird length (m, Snow & Perrins, 1997) 0.75 – 0.88 

Wingspan (m, Snow & Perrins, 1997) 2.04 – 2.20 

Bird speed (m/s, Alerstam et al. 2007) 11.9 

Hours per day present (summer) 16 

Days per season present (summer) 183 

Hours per day present (winter) 9 

Days per season present (winter) 182 

Avoidance rate (%, SNH, 2018) 99 

Flight type(s) considered Flapping & Gliding 

Table 8. Biological parameters for golden eagle CRA 

The hours of likely flight activity presented are considered average ‘likely activity periods’ in a 

day for each of the two seasons; winter and summer. Nine hours in winter is an approximate 

mean of day length across the winter months and 16 hours in summer is an approximate mean 

of day length across the summer months (www.timeanddate.com). 

Individual birds vary in their size (length and wingspan), with golden eagle females significantly 

larger than males. The metric used in the CRA was the largest in the range (i.e. large female) 

provided in Handbook of the Birds of the Western Palearctic as a precaution (the larger the 

bird the greater this collision risk). Reality is not all birds seen would have been this size, this 

is a recognised limitation of the CRA. 
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 Probability of a bird flying through the rotor swept area 

A total of four seasons of data was used to assess the impact on golden eagle. 

Table 9 displays the predicted collisions per season, assuming no avoidance. 

 Season Collisions per season/year, assuming no avoidance 

4.62s rotation, flapping bird 9.23s rotation, gliding bird 

Summer 2017 0.176 (1 bird per 5.7 seasons) 0.124 (1 bird per 8.1 seasons) 

Winter 2017/18 0.155 (1 bird per 6.5 seasons) 0.109 (1 bird per 9.2 seasons) 

Summer 2018 6.122 (1 bird per 0.16 seasons) 4.328 (1 bird per 0.23 seasons) 

Winter 2018/19 3.453 (1 bird per 0.29 seasons) 2.441 (1 bird per 0.41 seasons) 

Year 1 (summer 2017 plus winter 

2017/18) 

0.331 (1 bird per 3.0 years) 0.233 (1 bird per 4.3 years) 

Year 2 (summer 2018 plus winter 

2018/19) 

9.575 (1 bird per 0.10 years) 6.769 (1 bird per 0.15 years) 

Table 9. Predicted golden eagle collisions assuming no avoidance 

Allowing for birds taking evasive action before colliding with turbine blades is difficult. A study 

of existing wind farms has suggested different figures for golden eagles ranging from 98.64% 

to 99.89% (Whitfield, 2009). NatureScot suggests that a precautionary ‘worst case’ approach 

of 99% avoidance based on currently available evidence should be adopted for the model 

(SNH, 2018). Assuming an avoidance factor of 99% by which golden eagle may be able to 

take evasive action to avoid colliding with a turbine blade, gives the following number of 

predicted collisions (Table 10):  

Season Collisions per season/year, assuming 99% avoidance 

4.62s rotation, flapping bird 9.23s rotation, gliding bird 

Summer 2017 0.00176 (1 bird per 568.2 

seasons) 

0.00124 (1 bird per 806.5 

seasons) 
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Season Collisions per season/year, assuming 99% avoidance 

4.62s rotation, flapping bird 9.23s rotation, gliding bird 

Winter 2017/18 0.00155 (1 bird per 645.1 

seasons) 

0.00109 (1 bird per 917.4 

seasons) 

Summer 2018 0.06122 (1 bird per 16.3 

seasons) 

0.04328 (1 bird per 23.1 

seasons) 

Winter 2018/19 0.03453 (1 bird per 29.0 

seasons) 

0.02441 (1 bird per 41.1 

seasons) 

Year 1 (summer 2017 plus winter 

2017/18) 

0.00331 (1 bird per 302.1 

years) 

0.00233 (1 bird per 429.2 

years) 

Year 2 (summer 2018 plus winter 

2018/19) 

0.09575 (1 bird per 10.4 years) 0.06769 (1 bird per 14.8 years) 

Table 10. Predicted golden eagle collisions assuming 99% avoidance 

To obtain a total collisions risk for each full year surveyed, the seasonal collision risks per 

season were added together, the reciprocal then gives the number of years in which a bird 

potentially collides with a turbine. 

Using 6 months of VP data per season, using the relevant viewsheds, taking the visible areas 

from VPs as being maxima of 20 m above the ground, with golden eagle present over 12 

months, and taking NatureScot's recommended 99% avoidance factor and assuming no 

evasive behaviour, the collision risk varies between 0.09575 collisions per year (1 bird per 

10.4 years) in the worst scenario, very windy conditions, flapping bird, (year 2), to 0.00233 

collisions per year (1 bird per 429.2 years) in less windy conditions, gliding bird (year 1). 

Discussion 

Collision risk for kestrel and golden eagle have been calculated following standard methods. 

Any deviation from standard methods have been explained and described. 

The collision risk for kestrel was calculated to be between 0.08101 collisions per year (1 bird 

per 12.3 years) in the worst scenario, very windy conditions, flapping bird, (year 2), to 0 

collisions per year (year 1). 

The collision risk for golden eagle was calculated to be between 0.09575 collisions per year 

(1 bird per 10.4 years) in the worst scenario, very windy conditions, flapping bird, (year 2), to 

0.00233 collisions per year (1 bird per 429.2 years) in less windy conditions, gliding bird (year 

1) 
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The collision risks should be viewed as an indication of collision risk, rather than an absolute. 

This is due to the large number of limitations and assumptions associated with the model, for 

example that birds are assumed to be cruciform in shape. Band et al. (2005) suggest an 

interpretation of the results within a wide margin, e.g. ±10%. 

As a precaution measure this CRA has considered that golden eagle and kestrel are the 

largest in the range provided in Handbook of the Birds of the Western Palearctic (the larger 

the bird the greater this collision risk). In reality not all birds seen would have been this large 

size. For example, golden eagle females are larger than males. 

Golden eagles were assessed using 99% avoidance as recommended by NatureScot as a 

precautionary measure based on recommendations by Whitfield 2009. This study reported 

variation in golden eagle avoidance rates between 98.64% and 99.89%, with an overall ‘worst 

case’ estimate weighted by study scale of 99.33%. 
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Annex 1 Proposed Development Ornithology Studies: Vantage Point Survey Results – CRA species flight-

lines. 

Species Date VP 
No of 
birds 

Age of 
bird3 

Flight behaviour 

Total 
flight time 
all height-
bands (s) 

Within 
Study 
Area? 

Time ‘at risk’ 
height in 

seconds for 
inclusion in 
model (s)4 

Total time ‘at 
risk’ height (s) 
(time ‘at risk’ 
multiplied by 

no. birds) 

Golden eagle 01/05/2017 3 1 Immature 
‘At risk’ height for 25s total, 

flying NW to SE western 
section of proposed wind farm. 

25 Partially 13 13 

Golden eagle 04/05/2017 3 1 Immature 

Flying north to south through 
mid-section of proposed wind 
farm, generally flying above 

‘risk height’. 

87 Partially 1 1 

Golden eagle 05/05/2017 1 1 

Juvenile 
(2nd 

calendar 
year) 

Flying from N of Study Area S 
through the proposed wind 
farm to the west of Cnoc a’ 

Bhaid Bhàin. 

159 Partially 
n/a (outwith 
viewshed) 

n/a (outwith 
viewshed) 

Golden eagle 01/06/2017 2 1 Immature 
Above risk height, individual 

flying south to north to the east 
of the Study Area 

80 No n/a n/a 

Golden eagle 11/12/2017 1 1 Unknown 
Hunting ‘at risk’ height along 
ridge south of Study Area, 

flushed two red grouse 
185 No n/a n/a 

 

3 Golden eagles aged based on plumage observed as per criteria set out in Collins Bird Guide (Svensson et al., 2010); juvenile (1st to 2nd summer, large pure 

white areas on central wing and inner tail), immature (mixture of juvenile and adult tail and flight feathers) and adult (flight and tail feathers basally grey). 

Distance of bird or light conditions prevented ageing of some individuals. No attempt was made to age kestrel due to difficulty in separating juvenile males and 

females with adult females (e.g., Village et al.,1980). 

4 Only flight-lines present in Study Area seen within relevant viewshed of VP detected from (clipped if partially within) were included in model. 
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Species Date VP 
No of 
birds 

Age of 
bird3 

Flight behaviour 

Total 
flight time 
all height-
bands (s) 

Within 
Study 
Area? 

Time ‘at risk’ 
height in 

seconds for 
inclusion in 
model (s)4 

Total time ‘at 
risk’ height (s) 
(time ‘at risk’ 
multiplied by 

no. birds) 

Golden eagle 09/01/2018 1 1 Unknown 
Contouring to north round 

Maovally flying east, ‘at risk’ 
height. 

210 No n/a n/a 

Golden eagle 19/03/2018 3 1 Immature 

Flying from E of Cnoc Glas na 
Crionaiche heading N/NE 

through the Study Area, ‘at risk’ 
& above height. 

450 Partially 22 22 

Golden eagle 08/04/2018 1 1 Adult 
Contouring round north side 
Maovally flying east, ‘at risk’ 

height. 
60 No n/a n/a 

Kestrel 09/04/2018 5 1 n/a 
Contouring W - E slopes of 

Cnoc a’ Bhaid Bhàin in Study 
Area including ‘at risk’ height. 

165 Partially 155 155 

Kestrel 09/04/2018 5 1 n/a 
Hovering/hunting slopes of 

Cnoc a’ Bhaid Bhàin in Study 
Area including ‘at risk’ height. 

45 Yes 40 40 

Golden eagle 09/04/2018 5 2 
Immature 

& unknown 

Two individuals circling E of of 
Cnoc a’ Bhaid Bhàin, ‘at risk’, 

gaining height and flying N 
through Study Area 

270 Partially 195 390 

Golden eagle 10/04/2018 3 1 

Juvenile 
(2nd 

calendar 
year) 

Flying ‘at risk’ height W to E 
contouring along slope of Cnoc 

Glas na Crionaiche towards 
Cnoc a’ Bhaid Bhàin. 

90 Partially 16 16 

Golden eagle 11/04/2018 4 1 Unknown 

Circling ‘at risk’ height E of 
Cnoc Glas na Crionaiche S of 
the Study area, heading NW 

towards Study Area. 

205 Partially 
n/a (outwith 
viewshed) 

n/a (outwith 
viewshed) 

Golden eagle 11/05/2018 4 1 Immature 

Circling over Strath an Lòin and 
Cnoc Glas na /391 trig point 

then flying ‘at risk’ NW towards 
Study Area 

180 Briefly 
n/a (outwith 
viewshed) 

n/a (outwith 
viewshed) 
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Species Date VP 
No of 
birds 

Age of 
bird3 

Flight behaviour 

Total 
flight time 
all height-
bands (s) 

Within 
Study 
Area? 

Time ‘at risk’ 
height in 

seconds for 
inclusion in 
model (s)4 

Total time ‘at 
risk’ height (s) 
(time ‘at risk’ 
multiplied by 

no. birds) 

Golden eagle 06/06/2018 3 1 

Juvenile 
(2nd 

calendar 
year) 

Flying W to E through Study 
Area, ‘at risk’ height. 

90 Yes 71 71 

Kestrel 06/09/2018 3 1 n/a 
Contouring on the slopes of 
Cnoc Glas na Crionaiche, ‘at 

risk’ height, SE – NW. 
30 Partially 17 17 

Golden eagle 06/09/2018 3 1 Immature 

Flying along ridge, 391 trig 
point towards Cnoc Glas na 
Crionaiche, ‘at risk’ height, 

briefly in Study Area 

200 Partially 10 10 

Golden eagle 24/10/2018 2 2 Unknown 

Flying in area between 
Carrachan Dubh and Cnoc 
Glas na Crionaiche out with 

Study Area 

180 No n/a n/a 

Kestrel 06/11/2018 1 1 n/a 
Flying NE to SW near power 
station, out with Study Area, 

below risk height. 
105 No n/a n/a 

Kestrel 07/11/2018 3 1 n/a 

Flying W to E through 2km 
viewshed gap in Study Area, 

‘risk height’ and below, harrying 
buzzard. 

75 Partially 29 29 

Golden eagle 07/11/2018 4 1 Unknown 
Flying from Carrachan Dubh 

NE. Briefly in Study Area, 
above ‘at risk’ height. 

180 Briefly 
n/a (flying 

above) 
n/a (flying above) 

Golden eagle 27/11/2018 3 1 Unknown 

From E of Cnoc Glas na 
Crionaiche flying through Study 
Area towards power Station, ‘at 

risk’ height. 

60 Partially 29 29 

Golden eagle 02/03/2019 4 1 Unknown 
‘At risk’ height, flying N from 

Carrachan Dubh towards Study 
Area. 

30 Briefly 1 1 
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Species Date VP 
No of 
birds 

Age of 
bird3 

Flight behaviour 

Total 
flight time 
all height-
bands (s) 

Within 
Study 
Area? 

Time ‘at risk’ 
height in 

seconds for 
inclusion in 
model (s)4 

Total time ‘at 
risk’ height (s) 
(time ‘at risk’ 
multiplied by 

no. birds) 

Golden eagle 07/03/2019 3 1 Unknown 
‘At risk’ height flight, flying NE 
along norther slopes of Cnoc 

Glas na Crionaiche. 
95 Partially 79 79 

Golden eagle 07/03/2019 3 1 Unknown 

Flying along ridge from 391 trig 
point, circling over western 

section of Study Area before 
flying back to the ridge, flying 

‘at risk’ height and above. 

340 Partially 180 180 

Golden eagle 07/03/2019 3 1 Immature 
Flying S from Study Area to 

ridge near 391 trig point, above 
risk height. 

100 Partially 
n/a (flying 

above) 
n/a (flying above) 

Golden eagle 07/03/2019 3 1 Unknown 
Flying N through eastern half of 

Study Area, ‘at risk’ height. 
70 Partially 24 24 

Golden eagle 21/03/2019 4 1 Immature 
Flying NE ‘at risk’ height into 

Study Area from Duchally lodge 
direction. 

220 Partially 87 87 

Golden eagle 21/03/2019 4 1 Immature 
Flying including ‘at risk’ height 
SW from Cnoc a’ Bhaid Bhàin 

exiting Study Area. 
330 Partially 90 90 

Golden eagle 21/03/2019 4 1 Immature 

Flying ‘at risk’ height along 
ridge between Cnoc a’ Bhaid 

Bhàin and Cnoc Glas na 
Crionaiche. 

480 Briefly 1 1 
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Figure 1
Collision Risk Analysis Study Area
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Figure 2
Vantage point viewsheds
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Figure 3
Vantage point 2km viewsheds
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Figure 4
Vantage point relevant viewsheds




