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1 Introduction 

Background 

1.1 In early 2018, Applied Ecology Ltd (AEL) was commissioned by Banks Renewables (Harting 
Rig Wind Farm) Ltd (“the Applicant”) to carry out a review of the hen harrier and merlin 
collision risk assessment undertaken for the 2014 Environmental Statement (ES)1 prepared 
for the original Kype Muir Extension which was consented in 2016.  The update was 
required as a result of proposed changes to the size of the turbines consented in the 
original Application and the removal of three turbines from the proposals.  This new layout 
is referred to here as “the proposed Development”, and now comprises 15 turbines south 
and south-west of the existing Kype Muir Wind Farm, which is currently under construction.  
A plan showing the location of the Site is provided in Figure 1.1.   

1.2 The 2014 Environmental Statement was supported by a number of technical ecological and 
ornithological appendices, including a range of bird surveys carried out by NRP and an 
additional post-submission report2.  A review of these data was therefore considered 
necessary to inform an OIA of the proposed Development, as part of a wider Environmental 
Impact Assessment Report (EIAR). 

Purpose of this report 

1.3 This Technical Appendix supports Chapter 5 (Ornithology) of the EIAR for the proposed 
Development.  It covers specifically the potential collision risk associated with the revised 
proposals in relation to hen harrier and merlin.  The review was required in order to 
establish whether or not the options for revised turbine dimensions represent altered 
collision risk ratings for these species.  Details regarding the methodologies adopted for the 
collision risk modelling can be found in the NRP (2015) report and are not replicated in 
detail here.  This report should therefore be read in conjunction with the material 
submitted for the original (consented) application. 

Report qualification 

1.4 The analysis and reporting presented here were undertaken in accordance with the best 
practice methodologies current at the time of commissioning.  Site circumstances, scientific 
knowledge or methodological requirements can change during the course of a project, and 
these external factors may impact on the scope of subsequent work requirements.  The 
field surveys underpinning this report were carried out by NRP and AEL holds no 
responsibility for the quality or coverage of those data.  However, all reporting here was 
undertaken by experienced and qualified ecologists and ornithologists, in accordance with 

                                                      
1
 Banks Renewables Ltd (2014).  Kype Muir Wind Farm Extension: Environmental Statement.   

2
 NRP (2015).  Kype Muir Wind Farm Extension: Collision Risks for Hen Harrier and Merlin – Baseline and Habitat Changes.  

Unpublished contract report produced for Banks Renewables.  March 2015. 
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the Code of Professional Conduct of the Chartered Institute of Ecology and Environmental 
Management (CIEEM) and BS 42020:2013 (Biodiversity).   

1.5 All ecological surveys have an expected validity period, owing to the tendency of the 
natural environment to change over time.  This validity period varies from feature to 
feature, and is also dependent on the degree of change in a site's management and overall 
landscape ecology.  Where the potential for change is considered to be relevant to the Site, 
this is highlighted in the appropriate section.   

1.6 This report does not purport to provide detailed, specialist legal advice.  Where legislation 
is referenced, the reader should consult the original legal text, and/or the advice of a 
qualified environmental lawyer.   
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2 Methodology 

Collision risk analysis – 2015 methodology 

Hen harrier 

2.1 Full details regarding the approach to collision risk modelling can be found in the 2015 NRP 
report.  In brief, the standard SNH approach was adopted3 using flight data gathered from 
various Vantage Points, clipped using a geographical information system (GIS) to a 500 m 
buffer of the turbines. 

2.2 The number of flight seconds recorded within the observed area was weighted by 
observation effort per vantage point to give a total number of seconds of bird occupancy 
for one sampling year (breeding season only). 

2.3 Two different potential turbine heights were assessed in the 2015 analyses.  The turbine 
parameters used in the collision risk model therefore represented the minimum and 
maximum rotor sweep zones of these two options combined, with an averaged hub height 
calculated as the mid-point between these two values.   

2.4 A standard run of the model was carried out which assumed a 99 % avoidance rate, and a 
15 % turbine down-time. 

2.5 Additional iterations of the model were undertaken to represent: 

• an estimate of the potential proportional change in hen harrier collision as a result of 
post-construction increases in the proportion of open ground within the study area; 

• proportional changes in hen harrier collision as a result of increasing or decreasing the 
frequency at which a nearby nest location was occupied; 

• changes in hen harrier collision as a result of Habitat Management Plan (HMP) 
proposals. 

2.6 Analyses were limited to the breeding season (April – August) because there were no 
observations of hen harrier in the non-breeding season. 

Merlin 

2.7 The 2015 NRP report did not quantify the collision risk for merlin.  This was primarily 
because the low number of flights recorded within the turbine buffer zone under 
consideration in that report (57 seconds over 490 hours of observation) would have 
returned an almost meaningless collision risk probability.  All of these flights were within 
the buffers around T2-T5. 

                                                      
3
 Band, W., Madders,M., & Whitfield, D.P. 2007. Developing field and analytical methods to assess avian collision risk at wind 

farms in: de Lucas, M., Janss, G.F.E. & Ferrer, M. (eds.) Birds and Wind Farms: Risk Assessment and Mitigation, pp. 259-275. 
Quercus, Madrid. 
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Alterations made to methodology in 2017 

Hen harrier 

2.8 Turbines comprising the proposed Development can be grouped according to their ranges 
of potential dimensions for both blade length and hub height, within limits for the 
maximum and minimum overall dimensions.  These are summarised in Table 2.1 below and 
Figure 2.1. 

 

Table 2.1:  Summary of turbine dimension ranges. 

Turbine 
Group 

Turbines in 
group 

max tip 
(m) 

min tip 
(m) 

max blade 
(m) 

min 
blade 
(m) 

max range (m) min range (m) 

A 4, 5, 6, 17 156 150 65 55 (91 to 101) + 65 (85 to 95) + 55 

B 7, 10, 13, 14 200 150 70 55 (130 to 145) + 70 (80 to 95) + 55 

C 8, 9, 11, 12 220 150 70 55 (150 to 165) + 70 (80 to 95) + 55 

D 15, 16, 18 176 150 70 55 (106 to 121) + 70 (80 to 95) + 55 

 

2.9 In their response to the Scoping Report for the proposed Development, SNH stated that: 

“we strongly recommend that you use the real turbine dimensions in any modelling and if 
that means modelling at individual turbine level then that is what should be done.  This is 
our advice because while a larger rotor swept area may increase collision risk, larger 
turbines may rotate slower so there is likely to be a compensatory effect.  It can also mean 
that the proportion of flights at risk height may also change.” 

2.10 It would not be practical to use the “real” turbine dimensions in the collision risk model, as 
to do so would require a large number of potential configurations of turbine height, hub 
height and blade length.  Therefore, for each group of turbines, the maximum turbine 
sweep was calculated, to represent the worst case scenario for a collision zone for that 
group of turbines.  The theoretical hub height was then calculated as the midpoint between 
the upper and lower limits of this distance, and the theoretical blade length as half of this 
total length.  None of these measurements represent a real-life turbine option, but 
collectively they encompassed the worst case elements in terms of collision risk.  The 
dimensions thus adopted for each group of turbines are summarised in Table 2.2 below. 

 

Table 2.2:  Turbine dimensions used in collision risk modelling. 

Turbine group 

(see Table 2.1) 

Lowest sweep 
height (m) 

Greatest tip 
height (m) 

Swept vertical 
distance (m) 

Blade length for 
CRM (m) 

Hub height for 
CRM (m) 

A 24 156 132 66 90 

B 22 200 178 89 111 

C 22 220 198 99 121 

D 22 176 154 77 99 
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2.11 The horizontal 500 m buffer of all of the turbines was then subdivided to allow cumulative 
summation of the collisions associated with these individual groups of turbines.  The use of 
a specific 500 m buffer for each group would have resulted in a significant overcalculation 
of the swept volume due to the overlap between the buffers generated for each group of 
turbines.  The horizontal space was subdivided using the horizontal midpoints between 
pairs of turbines in adjacent groups.  This is illustrated in Figure 2.1.  Although this is a 
simplification of the 3D space which is used in collision risk modelling, it represented the 
most straight forward and objective means for dividing up the risk volume in these 
circumstances. 

2.12 Individual collision risk ratings were then calculated for each turbine group, and summed to 
provide the whole-site collision risks.  In practice, no hen harrier flights at collision height 
were recorded within the 500 m buffers generated by turbines groups A and D.  These two 
groups were therefore discounted from the collision risk model. 

Merlin 

2.13 The 2015 NRP report did not calculate collision risk for merlin on the basis of a very low 
number of flights within collision risk height, as well as the difficulties associated with 
deriving realistic collision risk values for this species (Madders and Whitfield, 2006)4.  The 
report noted that all of the recorded flights were within open ground around T2-T5.   

2.14 Due to the 2016 consented layout omitting turbines T1-T3, the majority of these flights no 
longer fall within the 500 m buffer of the turbines being assessed.  The removal of these 
turbines from the proposed Development means that the collision risk will be reduced even 
further from the insignificant levels predicted by the 2015 NRP report.  Therefore, collision 
risk for merlin was not calculated as part of this update report. 

                                                      
4
 Madders, M. and Whitfield, D.P. (2006)  Upland raptors and the assessment of wind farm impacts.  Ibis, 148 pp43-56. 
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3 Results and Discussion 

Standard hen harrier collision modelling 

3.1 The revised 2015 CRM reported a weighted estimated collision risk of c. 0.002 hen harrier 
per year, which is equivalent to one bird every 491 years. 

3.2 The CRM calculations for this update report can be found in Appendix A.  Despite the 
increased turbine sweep area represented by the proposed Development, no additional 
hen harrier flights fell within the rotor sweep zone, and therefore the total flight time of 
hen harrier was identical to that used in the 2015 analyses.  However, this total time was 
divided proportionally between turbine groups B and C through which the flights passed, 
according to the length of time the bird(s) were recorded in each zone. 

3.3 The updated estimated collision risk for hen harrier is therefore 0.0027 birds per year, 
which is equivalent to one bird every 377 years.  The rate has increased slightly from that 
calculated in 2015 due to the increased turbine sizes and hence a greater risk zone.  
However, this value is still very low and, as the 2015 report concluded, would not 
contribute materially to any potential adverse risk on the SPA interest. 

Adjusting CRM to accommodate potential changes in open 
ground 

3.4 The initial collision estimate derived in 2015 was subsequently adjusted to accommodate 
the proportional increase in open ground which would be present within the Development 
Area as a result of keyhole felling.  The 2015 NRP report estimated that there would be an 
increase of 16.2 ha, representing a proportional change from 24.9 % to 32.9 % of open 
ground. 

3.5 Based on the figures given in Chapter 9 – Forestry, open ground within the forested part of 
the Site will increase from 198.3 ha to 350.6 ha out of the total of 623.5 ha (see Table 3.1).  
This will represent a proportional change from 31.8 % to 56.2 % of the current forested 
area5. 

3.6 Although a notable proportion of the post-construction landscape will not represent 
habitat of interest to foraging hen harrier (due to being comprised of hard standing areas), 
this proportional change in open ground theoretically increases the collision risk by a factor 
of 1.77, resulting in a worst case scenario of 0.00705 strikes per year, or just under 
142 years to kill one bird. 

 

 

 

                                                      
5
 This suggests that the pre-development area of open ground was under-calculated in the 2015 NRP report. 
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Table 3.1:  Proposed future forestry cover for development and non-developed site. 

Forestry 
cover 

Baseline forest cover at time 
of surveys 

Baseline Forest Plan End 
(2040) (if no development) 

Development Forest Plan End 
(2040) 

Area (ha) % Area (ha) % Area (ha) % 

Forested Area 425.2 68.2 325.8 52.3 272.9 43.8 

Open Ground 198.3 31.8 297.7 47.7 350.6 56.2 

Total 623.5 100.0 623.5 100.0 623.5 100.0 

 

Adjusting CRM according to nest occupation frequency 

3.7 As noted earlier, and as described in full in the 2015 NRP report, the estimated predicted 
collision risk of 1 bird killed every 142 years refers to an occupancy rate of the nearest SPA 
nest site of one year in four.  In a scoping response to the original 2014 Proposed Layout, 
SNH requested an evaluation of an average nest occupancy frequency of one year in five, 
and extremes of once every three and seven years.   

3.8 The predicted collision risk rates associated with these differing frequencies of nest 
occupation are summarised in Table 3.1 below.  The estimates are based on the collision 
risk values after the proportional change in open ground has been taken into consideration. 

 

Table 3.2:  Summary of estimated hen harrier collisions under differing nest occupation 
scenarios. 

Collision risk rates Nest occupancy rate 

One year in three One year in four One year in five One year in seven 

Strikes per year 0.00940 0.00705 0.00564 0.00403 

Years for one strike 106 142 177 248 

 

3.9 The predicted lifespan of the Development is 30 years, and based on the values given in 
Table 3.1, levels of hen harrier flight activity within the turbine envelope would need to 
increase by a factor of six times to result in a predicted collision under the average nesting 
scenario of once every five years.  This is taking into account the expected increase in open 
ground. 

3.10 Based on these calculations which are all worse-case estimations, it can be concluded that 
the proposed wind farm in isolation would not have an adverse effect on the hen harrier 
interest feature of the SPA.  This conclusion applies even if nesting frequencies in parts of 
the SPA closest to the Development are higher than the one year in four rate recorded in 
the recent past.  It is unlikely that even a strike rate of one bird in 30 years (the intended 
lifespan of the Development) would have a discernible adverse impact on the SPA’s 
population of hen harrier. 
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In combination (cumulative) effects and the potential for 
population recovery 

3.11 In the 2015 report, in combination effects were deemed to be insignificant, due to the 
small values presented by the collision risk estimates calculated for the proposed 
Development in isolation.  The loss rates of birds resulting from this particular application 
would have no influence on any cumulative development pressures as they are significantly 
smaller than those which occur naturally.  The recovery of the SPA’s hen harrier population 
is likely to be dependent on factors other than wind farm developments.  This was 
considered to be acceptable by SNH, and the 2016 Consented Layout was granted planning 
permission on these grounds (inter alia). 

3.12 In their February 2018 scoping response, SNH advised that an updated in-combination 
assessment would be required, even if the revised collision risk modelling figures were 
similar to those generated by the original application.   

3.13 Equivalent figures for hen harrier collisions at all wind farm developments comprising three 
turbines or greater, and within 2 km of the SPA, were obtained, wherever publicly available.  
These included wind farms at application, consented or operational stages, together with 
those which are or could be subject to an appeal against a recent refusal of permission.  
Wind farms at scoping stage were not included.  These collision rates are summarised in 
Table 3.2 below. 

 

Table 3.3:  Summary of hen harrier (breeding season) collision rates for wind farms 
surrounding the SPA. 

Wind Farm Development Annual breeding season collision 
rating for hen harrier 

Andershaw CRM not required for hen harrier 

Auchrobert CRM not required for hen harrier 

Bankend Rig 0.216000 

Bankend Rig Extension 0.000004 

Cumberhead 0.001000 

Dungavel Hill 0.013600 

Galawhistle 0.008000 

Glenmucklock Farm 0.017900 

Kennoxhead 0.003000 

Kype Muir “Negligible” 

Kype Muir Extension 0.002000 

Lethans 0.006800 

Nutberry CRM not required for hen harrier 

Penbreck 0.005000 

Total without Kype Extension 0.273304 

Kype Extension 0.007050 

Total with Kype Extension 0.280354 

Total omitting Dungavel Hill and Bankend Rig 0.050754 
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3.14 It should be noted that the main sources of error in cumulative assessments arise where 
published data have been superseded by further post-submission work, or where 
assessment have used data not necessarily relevant to the SPA populations under 
consideration.  Searches were therefore made to try and ensure that the most recent data 
sets were incorporated.  However, data are not always available for all schemes in a form 
which is wholly transparent as to its derivation, and variations in methodology may mean 
that obtained values are not truly additive.   

3.15 No equivalent cumulative calculations were made in the 2015 NRP report, and therefore a 
comparable approach with the previously consented situation is not possible.  However, 
Table 3.2 shows that without any mitigation or enhancement in place for hen harriers, Kype 
Extension increases the in combination cumulative collision risk by 2.5 %.  This would 
represent an increase from 3.66 years to achieve one bird strike to 3.57 years.  Given the 
likely calculation error associated with these collision risk calculations and the worse-case 
scenario of the Kype Extension figures, this is not considered to be a significant increase.  

3.16 The totals in Table 3.2 are potentially skewed by the predicted collision risks presented by 
the Dungavel Hill and Bankend Rig wind farms.  Both of these schemes have large-scale 
Habitat Management Plans which seek to reduce hen harrier usage of their respective 
turbine areas and/or enhance areas away from turbines for preferential use by harriers, 
with the intention of reducing the actual collision risks associated with those schemes.  
Removing the hen harrier collision rating for those two developments brings the 
incombination effects down to a rate of 0.051 birds per year (equivalent to one strike every 
19.7 years).  As described above, even this rate would likely result in undiscernible impacts 
on the SPA hen harrier population compared to expected natural fluctuations in numbers, 
and/or the other influences at play within the SPA which affect mortality rates. 
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4 Habitat Management Plan – 
Enhancement Measures for Hen Harrier 

4.1 A revised draft Habitat Management Plan (HMP) has been submitted as part of the revised 
application (see TA6.4 – Draft Habitat Management Plan).  The aims and objectives of this 
version of the HMP are identical to that of the HMP submitted in support of the original 
2014 application, and include provision for the management of an area currently under 
coniferous plantation for the benefit of hen harrier.  That particular part of the HMP is not 
considered to be mitigation, because as described in Chapter 3 of this report, potential 
effects on hen harrier will not be significant.  Instead, the proposals represent an 
enhancement measure, and are aligned with the good development practice promoted by 
the Banks Group. 

4.2 However, following discussions with consultees, in particular a lack of agreement from 
Forestry Commission Scotland regarding the removal of forestry for biodiversity 
enhancement, SNH proposed that a compromise could be reached via a reduction in the 
proposed hen harrier area, rather than wholesale removal of this objective from the HMP. 

4.3 The extent of the area proposed for hen harrier enhancement will not make a material 
difference to the estimated collision risk for the species.  It is at some distance from the 
turbines (820 m at its closest point and outwith the collision risk zone used in the 
calculations here), and is contiguous with the SPA.  In a similar vein to that reported by NRP 
in 2015, it should also be noted that the HMP hen harrier enhancement area will be: 

• equivalent to nearly 70 % of the physical extent of the open ground created during key-
holing, if its total area is considered; 

• positively managed for hen harrier rather than managed for discouragement (as will be 
the case for the key-holes); 

• an extensive area of contiguous open ground, as opposed to the fragmented nature of 
the pockets of non-forested habitat represented by the keyholes; 

• closer to historically used hen harrier nest sites than the key-holes and will therefore be 
more likely to be used by breeding hen harrier and/or merlin. 

4.4 Although estimates of collision risk are associated with an inherent error level, the 
provision of the enhancement area could result in collision rates that can be equated to 
those derived prior to the adjustment for creation of open ground, i.e. those presented at 
para 3.3, namely an average risk for hen harrier with a nest occupancy frequency of once in 
every five years, of approximately one strike in 0.0021 years (471 strikes per year). 

4.5 The HMP will not therefore negatively affect collision risk for hen harrier, and may serve to 
reduce further the insignificant levels calculated. 
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5 Conclusions 

5.1 A revised application is being sought for the consented Kype Muir Wind Farm Extension, for 
taller height turbines.  As the number of consented turbines is also less than that in the 
original application, it was necessary to reconsider the potential ornithological impacts and 
effects associated with the new proposed turbine heights and the 2016 Consented Layout. 

5.2 A number of scenarios for hen harrier collision have been considered here, including the 
potential effects that creation of increased areas of open ground and occupancy 
frequencies of historic nest locations might have on hen harrier collision.  The number of 
merlin flights within the potential collision risk zone was considered too low to warrant 
sensible calculation of the risk of collision. 

5.3 Without any forms of enhancement, the estimated hen harrier collision risk (based on a 
worse case scenario), and the proportional change in the in combination risk for other 
developments around the SPA, were both considered to represent impacts that were not 
significant in terms of the conservation status of the local hen harrier population.  The 
inclusion of enhancement for hen harrier within the HMP for the proposed Development 
will decrease these collision rates even further.   

5.4 These conclusions will remain valid for any combination within the range of turbine 
dimensions under consideration and will be used to support Chapter 5 – Ornithology of the 
EIAR for the proposed Development. 
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Appendix A 
Summary of CRM Calculations 
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Table A1:  Wind farm parameters used in CRM. 

Windfarm parameters  Group B  Group C 

Size of windfarm envelope (ha) 152.17 184.78 

Number of turbines 4 4 

Rotor diameter (m) 178 198 

Hub height (m) 111 121 

Max. chord (m) 4.25 4.25 

Pitch (degrees) 13 13 

Rotation period (secs) 6.28 6.28 

Turbine operation time (%) 85 85 

 

Table A2:  Bird parameters used in CRM. 

Bird parameters  Quantity 

Length (m) 0.52 

Wingspan (m) 1.22 

Flapping (0) or gliding (+1) 0 

Assumed flight speed (m/secs) 12 

Number of hours birds potentially present (hr) 2438 

Assumed avoidance rate (%) 99 

 

Table A3: Observation band heights used in CRM. 

Band used to define ‘risk height’  Height above ground (m) 

Max. height (m) 150 

Min. height (m) 10 
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Table A4:  Summary of hen harrier flight times used in CRM. 

VP  Watch data  Bird flight data at ‘risk height’ 
(secs) 

Bird occupancy based on weighted 
observational effort from NRP 
report (secs/yr) 

Area (ha)  Time (secs) Group B Group C Total Group B Group C Total 

2 6.6 140400       

3 327.4 140400 45.7 16.9 62.6 713.9 264.6 948.5 

4 364.4 138600       

5 76.5 140400       

6 237.4 140400       

7 208.9 140400       

8 148.5 140400 24.9  24.9 389.5  389.5 

10 1.8 142200       

11 32.0 140400       

12 208.9 140400       

13 376.8 129600       

14 307.1 127800       

16 96.5 313400       

 

Table A5:  Collision risk calculations for hen harrier. 

Mortality estimate  Group B  Group C Total Units 

Flight risk volume (Vw) 270857260 365862420 n/a m3 

Total rotor swept area (Va) 99538 123163 n/a m2 

Rotor sweep volume (Vr) 474797 587488 n/a m3 

Bird occupancy (n) 1103 265 n/a secs/yr 

Bird occupancy of rotor swept volume (Bo) 1.93 0.42 n/a bird secs 

Bird transit time (t) 0.4 0.4 n/a secs 

No. of transits through rotors 4.87 1.07 n/a birds/year 

Estimated no. of collisions 0.26 0.05 0.31 birds/year 

Estimated no. of collisions after allowing for avoidance 0.0026 0.0005 0.0031 birds/year 

Estimated no. of collisions per year after allowing for avoidance 
and down-time 

0.0022 0.0005 0.0027 birds/year 

Estimated no. of collisions per 25 years after allowing for 
avoidance and down-time 

0.0548 0.0116 0.0664 birds/25 
years 

Estimated no. of collisions per 30 years after allowing for 
avoidance and down-time 

0.0658 0.0139 0.0797 birds/30 
years 

i.e. equivalent to one bird every: - - 376.6 years 
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