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COMBINING BIOLOGY-BASED AND POLICY-BASED TIERS OF PRIORITY FOR DETERMINING WIND TURBINE RELOCATION/SHUTDOWN TO REDUCE BIRD FATALITIES IN THE APWRA 
Shawn Smallwood and Linda Spiegel, California Energy Commission Staff
1 June 2005
Introduction

Smallwood and Spiegel (2005a; January 19) assessed mitigation measures proposed by WEST, Inc. on behalf of the wind turbine owners in the Altamont Pass Wind Resources Area (APWRA).  Our assessment relied on significant associations between fatalities and measured environmental variables reported in Smallwood and Thelander (2004) and Smallwood and Neher (2005).  These associations were used to identify high risk turbines that are candidates for shutdown and to estimate the effect several scenarios would have on reducing bird fatalities and power output.  Our product consisted of five tiers of turbines arranged in priority order for relocation/shutdown.  We concluded that shutdown of turbines in Tiers 1 and 2 as well as some turbines in Tier 3 would likely result in a significant reduction of bird fatalities.  The five tiers we identified from our January 19 assessment will be hereafter referred to as Group A.

WEST, Inc. suggested the wind turbines recommended for removal/relocation by Smallwood and Spiegel (2005a) included a disproportionately large number of large wind turbines, and that the tests for association in Smallwood and Thelander (2004) should be performed again, this time including rotor-swept area in the sampling effort term.  Additionally, Seawest requested that we explore whether including turbine size will result in a more equitable distribution of wind turbines recommended for selective shutdown/relocation.  Smallwood and Spiegel (2005b; March 25) performed the requested analysis.  We found that turbine size did not substantially change the tests for association, but arbitrarily adjusting the collision threat ratings by turbine size did generate more efficient results. In our March 25 assessment we identified another five tiers of turbines arranged in priority order for relocation/shutdown, but we identified 3 Tiers of turbines as candidates for shutdown (Tiers 1 through 3).  The tiers we constructed from this assessment will be hereafter referred to as Group B.  Group B differed from Group A because turbine size was arbitrarily used to adjust the collision threat ratings, so Group B was largely influenced by a non-biological factor.
However, after our March 25 assessment was released, the owners of small wind turbines felt that we identified a disproportionately large number of small wind turbines for priority removal/relocation (i.e., the top tiers in Group B).  As a result of this newest concern, we combined tiers of priority between Groups A and B in order to obtain a more balanced distribution of wind turbines to remove/relocate.  This new set of tiers will be hereafter referred to as Group C, and will be formulated by both the biologically based Group A and the more arbitrarily based Group B.  Remember that Group B had been strongly influenced by wind turbine size, so we combined the biologically based Group A with the policy based Group B. 
Overall, the top tiers in Group C were more effective at reducing raptor fatalities, and more equitably distributed turbines in the top tiers among owners of different-sized turbines. We believe that the information presented herein will be very useful to the turbine operators, County, and regulators for identifying which turbines should be shutdown; that is, turbines in Group C. 
Methods and Results

Group A (derived from Smallwood and Spiegel’s January assessment) was combined with Group B (derived from Smallwood and Spiegel’s March assessment) to arrive at Group C as shown in Table 1.  Six tiers were identified (Figures 1 and 2).  Figure 3 depicts the spatial distribution of the turbines composing Group C.
The combination of Groups A and B were simple (Table 1).  If a wind turbine was assigned to Tier 1 in both Groups A and B, then it was assigned to Tier 1 in Group C.  Fifty-four turbines met this condition, accounting for 5.01 MW of rated capacity.  If a wind turbine was assigned to Tier 1 in Group A and Tier 2 in Group B, or if it was assigned to Tier 2 in Group A and Tier 1 in Group B, then it was assigned to Tier 2 in Group C.  One hundred and one turbines met these conditions, and accounted for 9.02 MW of rated capacity.  All combinations of tiers in Groups A and B were thus used to assign turbines to tiers in Group C. 

Table 1.  The combinations of Group A (January 19 assessment) and Group B (March 25 assessment) to arrive at Group C.
	Tiers in Group A
	Tiers in Group B
	Tiers in Group C
	No. of turbines
	In Group C

	
	
	
	
	No. of turbines
	MW of capacity

	1
	1
	1
	54
	54
	5.01

	1
	2
	2
	64
	101
	9.02

	2
	1
	2
	37
	
	

	2
	2
	3
	152
	152
	15.23

	2
	3
	4
	31
	297
	27.60

	3
	2
	4
	61
	
	

	3
	1
	4
	12
	
	

	3
	3
	4
	149
	
	

	1
	3
	4
	43
	
	

	1
	4
	5
	42
	1323
	125.71

	2
	4
	5
	116
	
	

	3
	4
	5
	151
	
	

	4
	4
	5
	788
	
	

	4
	1
	5
	3
	
	

	4
	2
	5
	12
	
	

	4
	3
	5
	211
	
	

	5*
	1*
	6
	2133
	2133
	254.00

	
	
	Total
	
	4059
	436.58


*  All combinations of Tiers 5 in Groups A and B.
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Figure 1. Frequency distribution of wind turbines grouped into tiers of priority for shutdown/relocation.
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Figure 2.  Frequency distribution of megawatts of rated capacity among wind turbines grouped into tiers of priority for shutdown/relocation.
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Figure 3.  Map of wind turbine locations depicting Ratings of Raptor Threat across the APWRA, based on Group C. 

Table 2 summarizes the performance of tiers in Group C based on a posteriori loading of documented fatalities into the top tiers.  Overall, the top tiers of Group C performed better than did the top tiers of Groups A and B.  For example, golden eagle fatalities occurred in Tier 1 about 6.8 times more often than expected by chance, and American kestrel fatalities occurred there more than 12 times expected by chance, both of which were substantial improvements over the top tier adjusted by turbine size.  Burrowing owl fatalities did not load at all into Tier 1, but it did in Tiers 2 and 4.
  The recorded fatalities in the categories of all raptors and all birds also loaded strongly into the top tiers of priority shutdown/relocation, improving over previous assessments and indicating that our focal raptor species served as relatively effective indicators of collision threat posed by wind turbines to other bird species.  

Table 2.  Performance of tiers of priority for wind turbine shutdown/relocation, where GOEA = golden eagle, RTHA = red-tailed hawk, AMKE = American kestrel, and BUOW = burrowing owl.

	Tier of Priority
	MW of capacity
	Observed ÷ Expected No. of Fatalities

	
	
	GOEA
	RTHA
	AMKE
	BUOW
	Raptors
	Birds

	1
	5.01
	6.77
	3.47
	12.40
	0.00
	5.69
	2.86

	2
	9.02
	5.61
	4.79
	1.71
	4.46
	4.13
	2.37

	3
	15.23
	5.75
	3.92
	3.51
	0.00
	3.42
	2.07

	4
	27.60
	1.75
	1.79
	1.92
	2.22
	1.80
	1.82

	5
	125.71
	1.67
	1.35
	0.95
	1.46
	1.32
	1.34

	6
	254.00
	0.56
	0.72
	0.86
	0.72
	0.73
	0.78


Tables 3 through 6 summarize our estimates of ongoing annual fatalities among the existing wind turbines used in our assessment (n = 4,074), as well as our estimated percentage reductions of annual fatalities that could be achieved for four key raptor species, all raptors and all birds by shutting down turbines in the selected tiers. The total fatality estimates provided in these tables are 1) the mid-points between the high and low ranges of  annual fatality estimates by species from the 4,074 turbines surveyed in the APWRA (Smallwood and Thelander 2004; Chapter 3, Tables 10 and 11) and 2) the number of annual fatalities estimated for the turbines in each specified tier. Thus, in Table 3, the mid-range, annual fatality estimate for golden eagle is 72 among the 4,074 turbines surveyed. Annual fatalities are estimated to average about six among the 54 turbines in Tier 1. Therefore, shutting down these 54 turbines could result in six fewer golden eagle fatalities per year, or a reduction of 8.3%.
Shutting down wind turbines in Tier 1 should reduce golden eagle fatalities in the APWRA by 8.3%, or more than 7 times the loss of power resulting from the shutdown (Tables 2 and 3).  Removing these turbines could reduce American kestrel fatalities by nearly 13 times the loss of power, and could reduce raptor fatalities overall by nearly 6 times the loss of power.
Table 3.  Summary of fatality reductions after shutting down all wind turbines within priority Tier 1, totaling 5.01 MW of rated capacity or 1.1% of the capacity used in this exercise.

	Focal Raptor Species
	Total Fatality Estimate
	Total Fatality Reduction

	
	Among 4,074 turbines
	Among turbines in Tier 1
	

	Golden eagle
	72
	6
	8.3%

	Red-tailed hawk
	191
	8
	4.2%

	American kestrel
	152
	22
	14.5%

	Burrowing owl
	179
	0
	0%

	All Raptors
	821
	54
	6.6%

	All Birds
	2442
	80
	3.3%


Shutting down wind turbines in Tiers 1 and 2 should reduce golden eagle fatalities in the APWRA by 19.4%, or more than 6 times the loss of power resulting from the shutdown (Tables 2 and 4).  Removing these turbines could reduce raptor fatalities overall by nearly 5 times the loss of power.

Table 4.  Summary of fatality reductions after shutting down all wind turbines within priority Tiers 1 and 2, totaling 14.03 MW of rated capacity or 3.2% of the capacity used in this exercise.

	Focal Raptor Species
	Total Fatality Estimate
	Total Fatality Reduction

	
	Among 4,074 turbines
	Among turbines in Tiers 1 & 2
	

	Golden eagle
	72
	14
	19.4%

	Red-tailed hawk
	191
	27
	14.1%

	American kestrel
	152
	27
	17.8%

	Burrowing owl
	179
	16
	8.9%

	All Raptors
	821
	124
	15.1%

	All Birds
	2442
	200
	8.2%


Shutting down wind turbines in Tiers 1 through 3 should reduce golden eagle fatalities in the APWRA by nearly 39%, or nearly 6 times the loss of power resulting from the shutdown (Tables 2 and 5).  Removing these turbines could reduce raptor fatalities overall by 4 times the loss of power.

Table 5.  Summary of fatality reductions after shutting down all wind turbines within priority Tiers 1 through 3, totaling 29.26 MW of rated capacity or 6.7% of the capacity used in this exercise.

	Focal Raptor Species
	Total Fatality Estimate
	Total Fatality Reduction

	
	Among 4,074 turbines
	Among turbines in Tiers 1 - 3
	

	Golden eagle
	72
	28
	38.9%

	Red-tailed hawk
	191
	53
	27.7%

	American kestrel
	152
	46
	30.3%

	Burrowing owl
	179
	16
	8.9%

	All Raptors
	821
	222
	27%

	All Birds
	2442
	376
	15.4%


Shutting down wind turbines in Tiers 1 through 4 should reduce golden eagle fatalities in the APWRA by half, or nearly 4 times the loss of power resulting from the shutdown (Tables 2 and 6).  Removing these turbines could reduce raptor fatalities overall by 3 times the loss of power and could reduce bird fatalities overall by 2 times the power loss.

Table 6.  Summary of fatality reductions after shutting down all wind turbines within priority Tiers 1 through 4, totaling 56.86 MW of rated capacity or 13% of the capacity used in this exercise.

	Focal Raptor Species
	Total Fatality Estimate
	Total Fatality Reduction

	
	Among 4,074 turbines
	Among turbines in Tiers 1 - 4
	

	Golden eagle
	72
	36
	50%

	Red-tailed hawk
	191
	75
	39.3%

	American kestrel
	152
	64
	42.1%

	Burrowing owl
	179
	41
	22.9%

	All Raptors
	821
	315
	38.4%

	All Birds
	2442
	657
	26.9%


Conclusions
If selected for shutdown, the wind turbines identified in the top tiers of Group C were more effective at reducing raptor fatalities and were more equitably distributed among operators of different sized turbines than were turbines in the top tiers of Groups A or B. Using this analysis, interested parties can estimate what effect shutting down the selected number of turbines in each Tier will have on reducing annual fatalities for selected species or bird groups, as well as the loss of generating capacity.
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� Owners wanting to reduce burrowing owl fatalities will want to select turbines from Tiers 2 and 4.





