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Abstract

Between 1998 and 2003, avian mortality surveys were conducted at the Altamont Pass Wind
Resource Area (APWRA), a 37,000-acre site in central California where over 5,000 turbines have
been installed since 1966. In 2005, the Alameda County Board of Supervisors approved the
continued operation of wind power projects in the APWRA and, as one condition of this

approval, established the Avian Wildlife Protection Program and Schedule (AWPPS), a collection of
management actions intended to reduce turbine-related avian fatalities in the APWRA. As a result of
litigation by environmental groups, the AWPPS was amended in 2007 to include a goal to reduce
turbine-related raptor fatalities by 50% from an estimate generated from the 1998-2003 survey
data (herein referred to as the baseline study), with emphasis on four focal species: American
kestrel, burrowing owl, golden eagle, and red-tailed hawk. This report evaluates the evidence of
progress toward achieving this 50% reduction goal and assesses the effectiveness of three key
measures in aiding the effort: seasonal shutdowns, hazardous turbine removal/relocation, and
turbine repowering. The primary purpose of this report is to evaluate the evidence for or against a
50% reduction in turbine-related avian fatalities from the baseline study period.

Data from the baseline study were compared against data from subsequent avian mortality surveys
conducted between 2005 and 2009 (herein referred to as the current study). However, differences in
the way turbine strings were sampled made valid comparisons difficult. Major differences included
the geographic distribution of sampled turbines strings and the allocation of sampling effort (i.e.,
sampling intensity, frequency, and duration). To control for these potential biases, comparisons
were made using a subset of data—the common strings dataset—that included only those turbine
strings sampled in both studies and searched for at least 3 consecutive years with a search interval
of 60 days or less. Mortality rates were also compared using the all strings dataset, which included
all turbine string data from complete bird years.

When using either the all strings or common strings datasets, comparisons of the baseline and
current study data indicate an overall increase in mortality for the four focal species as a group,
contrary to expectations given the steady decrease in the installed capacity of the APWRA over time.
Mortality rates for red-tailed hawk and American kestrel decreased slightly using the common
strings dataset; however, estimates of mortality for burrowing owl increased substantially.
Comparisons of overall mortality between the baseline and current study periods were substantially
influenced by a relatively large spike in fatalities during the 2006 bird year; this spike likely
corresponds with an increase in bird use of the area.

Results also suggest that seasonal shutdown of turbines during winter results in a decrease in
mortality for red-tailed hawk, but it may adversely affect American kestrel and burrowing owl.
Mortality rates for the repowered Diablo Winds operating group were substantially lower than rates
estimated for all other monitored operating groups, suggesting that repowering of turbines could
result in a significant decrease in raptor mortality in the APWRA.
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Chapter 1
Introduction

The Altamont Pass Wind Resource Area (APWRA) is located in central California approximately 56
miles (90 kilometers) east of San Francisco (Figure 1-1). Differential air temperatures between the
warmer Central Valley east of Altamont Pass and the cooler marine air from San Francisco Bay cause
steady winds of 15-30 miles per hour (25-45 kilometers per hour) to blow across the APWRA
during mid-afternoon and evening between April and September. Winter wind speeds average 9-15
miles per hour (15-25 kilometers per hour). The spring and summer high wind period is when 70-
80% of the wind turbine power is generated in the APWRA (Smallwood and Thelander 2004).

Permits have been granted for 5,400 wind turbines, which together have a rated capacity of
approximately 580 megawatts (MW), distributed over 37,000 acres (150 square kilometers) of
rolling grassland hills and valleys in the APWRA. Turbines are arrayed along ridgelines and other
geographic features in turbine strings. These turbines were not installed all at once; rather they were
brought online in a series of projects beginning in the 1960s and continuing into the 1980s. These
projects typically share a common turbine type, geographic location, and owner/operator, and are
referred to as operating groups in this report. The number of turbines in operation varies over time
as a result of mechanical breakdowns, maintenance, seasonal and weather-related shutdowns,
attrition of turbines, strategic turbine removals intended to reduce turbine-related avian mortality,
and repowering of turbines. Repowering refers to the replacement of old, smaller turbines with
newer and larger (both in size and rated capacity) turbines. Information provided by power
companies with wind projects in the APWRA indicates that the total installed capacity—defined as
the total rated megawatt capacity of each string based on the number of installed and functioning
turbines each year—in the APWRA has changed significantly over time, dropping from
approximately 560 MW in 1998 to approximately 450 MW in 2009 (Figure 1-2).

At least 13 different turbine types have been installed in the APWRA since the first project was built
in 1966. These turbine types vary widely in rated capacity (defined as the amount of power a
turbine can produce at its rated wind speed), height, configuration, tower type, blade length, tip
speed, and other characteristics (Table 1-1). They also differ in their geographic distribution and
abundance (Figure 1-3). Appendix A provides representative photographs of turbine types in the
APWRA.

The APWRA supports a broad diversity of resident, migratory, and wintering bird species that
regularly move through the wind turbine area (Orloff and Flannery 1996). In particular, diurnal
raptors (eagles and hawks) use the prevailing winds and updrafts for soaring and gliding during
daily movement, foraging, and migration. Birds passing through the rotor plane of operating wind
turbines are at risk of being injured or killed. Multiple studies of avian fatality at the APWRA show
that golden eagles, red-tailed hawks, American kestrels, burrowing owls, barn owls, and a diverse
mix of non-raptor species are killed each year in turbine-related incidents (Howell and DiDonato
1991; Orloff and Flannery 1996; Howell 1997; Smallwood and Thelander 2004). Most of those
species are protected by both federal and state wildlife legislation.

In September 2005, the Alameda County Board of Supervisors approved the continued operation of
wind power projects in the APWRA and adopted conditions of approval aimed at achieving major
reductions in turbine-related avian mortality. These conditions included the establishment of an
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Avian Wildlife Protection Program and Schedule (AWPPS), the formation of a Scientific Review
Committee (SRC), and retention of an independent consultant to implement monitoring of turbine-
related avian mortality (the Monitoring Team [MT]).

e The AWPPS consists of several measures and management actions such as strategic removal of
turbines, strategic turbine shutdowns, and other actions aimed at reducing turbine-related avian
fatalities.

e The SRC provides independent review and expertise on research related to wind energy
production and avian behavior and safety. To this end, the goals of the group are to provide a
neutral forum for open dialogue among experts in the field with different perspectives, reach
agreement on analysis and interpretation of data, and ensure sound and objective scientific
review of avian safety strategies. To date the SRC has advised Alameda County and the power
companies on actions to reduce turbine-related avian fatalities; these have included
identification of hazardous turbines for removal or relocation and recommendations for the
timing and duration of seasonal shutdowns. In addition, the SRC has advised the MT on study
design, set study priorities, suggested analyses, and reviewed and commented on reports.

e The MT implements the avian mortality monitoring program, analyzes data collected, and
reports results in line with recommendations made by the SRC. Originally composed of three
organizations and headed by WEST, Inc., the MT has undergone several changes since its
formation. Management of the MT was assumed by ICF Jones & Stokes (now ICF International)
in 2008.

As aresult of litigation by environmental groups, the AWPPS was modified in 2007 to include a goal
to reduce turbine-related raptor fatalities by 50% from an estimate of avian mortality generated
from data collected during the period 1998-2003 (hereinafter referred to as the baseline study)
(Smallwood and Thelander 2004). According to the settlement agreement, monitoring was to focus
on four target species: golden eagle, red-tailed hawk, American kestrel, and burrowing owl.

The primary objective of the current turbine-related avian mortality monitoring program, which has
been operating continuously since 2005 and is hereinafter referred to as the current study, is to
assess progress toward achieving the 50% reduction target. Information collected has also been
used to examine the efficacy of specific measures intended to reduce turbine-related avian fatalities.
These measures have included wintertime shutdowns as well as removal or relocation of turbines
from high-risk locations (Smallwood and Thelander 2004; Smallwood and Spiegel 2005a, 2005b,
2005c). The effect of repowering turbines has also been examined.

The purpose of this report is to evaluate the evidence of progress toward achieving the 50% raptor
mortality reduction goal and to evaluate the effectiveness of the various measures taken to date in
achieving that goal. However, key design differences between the current and baseline studies and
lack of information regarding the timing of turbine removals/shutdowns in the APWRA have made
comparing datasets difficult. To facilitate appropriate comparisons, these datasets have been parsed
and analyzed in various ways. This has necessarily resulted in potential biases in the resulting
estimates of the total annual average number of turbine-related avian fatalities in the APWRA.
Therefore, estimates of total turbine-related avian fatalities presented in this report should not be
construed as representing the best estimates of total turbine-related avian fatalities occurring
annually in the APWRA.
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Methods used in the baseline and current studies are detailed in Chapter 2, along with the analytical
methods used to compare mortality rates generated from baseline and current study datasets.
Results of these analyses are presented in Chapter 3. A discussion of the various factors influencing
or potentially influencing the results is presented in Chapter 4, along with conclusions.
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Chapter 2
Methods

Field Methods

Field methods used during the baseline and the current studies are generally similar; however, there
were a few minor exceptions to this general similarity. For example, the turbines in the Tres
Vaqueros operating group were searched using a 50-meter search radius in the baseline study but
using a 60-meter search radius in the current study. Also, the baseline study adopted no standard
definition of what constitutes a fatality; such determinations were based on the professional
judgment of the surveyor.

While differences in field methods between the two studies were minor, there were significant
differences in study design and implementation. These differences include the manner in which
turbines and turbine strings were selected for study, the geographic distribution of sampled
turbines, the allocation of sampling effort, and the resulting sample size of fatalities. Differences in
allocation of sampling effort include the intensity, frequency, and duration of sampling at turbine
strings; this difference in sampling effort is reflected in differences in an important metric—the
search interval (defined as the time between successive searches of the same turbine string).

In both studies, the turbine string was the basic sampling unit. The particulars of each study are
detailed below.

Baseline Study

Approximately 4,074 turbines were surveyed during the baseline study (Figure 2-1) from March
1998 through May 2003 (Smallwood and Thelander 2004). Turbines were not selected for
monitoring using an a-priori sampling scheme; they were added to the study as access became
available.

Surveys conducted during the baseline study occurred in two distinct phases. The National
Renewable Energy Laboratory (NREL) funded the first phase. During the NREL phase of the study,
105-165 turbine strings were surveyed an average of 6.1 times per year with an average search
interval of 53.6 days over a period of approximately 55 months (March 1998-September 2002,
Table 2-1, Figure 2-1). The California Energy Commission (CEC) funded the second phase. During
the CEC phase of the study, 283 turbine strings were surveyed an average of 2.0 times per year with
an average search interval of 99.0 days over a 9-month survey period (September 2002-May 2003).

January 2011
ICF 00904.08
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Table 2-1. Allocation of Sampling Effort during the Baseline and Current Studies

Annual Average Length of Study
Strings Searches per Period (months) Average Search
Study Searched String (+ SD) Interval (days)
Baseline (NREL) 105-165 6.1+1.7 55 53.6+8.9
Baseline (CEC)? 283 2.0+0.0 9 99.0+10.9
Current 302-340 11.3£3.0 48 38.1+11.6

a Assumes CEC study starts at the beginning of the 2002 bird year.

Current Study

Approximately 2,500 (55%) of the 4,500 turbines currently operating in the APWRA are monitored
in the current study (Figure 2-1). Monitoring began in October 2005 and continued unchanged
through the 2009 bird year. This report is based on information collected from 2005 through the
2008 bird year. The entire APWRA was divided into blocks that were stratified by geographic
location and turbine size. Each block contained 10-60 turbines aligned in 1-7 turbine strings. All
blocks containing very small (40-65 kW) and large (>250 kW) turbines (e.g., the Diablo Winds, Tres
Vaqueros, Altech operating groups) were selected. Eighty-four additional blocks were randomly
selected for monitoring from the set of blocks containing medium-sized turbines (95-200 kW).

The area around each turbine was systematically searched for carcasses approximately every 30-40
days. The search area for each turbine extended 50 meters from the turbine in all directions, except
for the Tres Vaqueros operating group in Contra Costa County, where the search radius was 60
meters, and the Diablo Winds operating group, where the search radius was 75 meters. The distance
between transects (defined as the path followed by a searcher) averaged 6-8 meters, depending on
the terrain, vegetation height, and height of the individual searcher.

When evidence of a fatality was found, the location was documented and specific data on the
condition of the find was recorded. To be considered a fatality, each find must have included body
parts or feathers. In the case of feathers, at least five tail feathers, two primaries from the same wing
within 5 meters of each other, or a total of 10 feathers must have been found. Whenever partial
remains were found, the data were cross-referenced with finds from previous searches and adjacent
turbines to avoid double-counting. The location of the find was marked with flagging, and the search
continued until the entire search area was covered. A complete description of field methods and
protocols is given in Appendix B.

During the current study, approximately 302-340 turbines strings were searched an average of 11.3
times per year with an average search interval of 38.1 days over a period of 48 months (Table 2-1).
However, the search interval has decreased slightly each year of the current study (Figure 2-2).

Differences between the baseline and current study periods in the variation in search interval are
depicted in Figure 2-3).

Management Actions and Measures

As aresult of litigation, the power companies agreed to implement a series of management
measures designed to significantly reduce turbine-related avian mortality. These have included
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shutting down most of the turbines for various periods of time during the winter and removal of
high risk or hazardous turbines. Repowering turbines is another action with potential to reduce
turbine-related avian mortality that is expected to become more common in the near future.

Seasonal Shutdown of Turbines

During the first 2 years of the current study (2005-2007), a crossover experiment was implemented
to assess the effectiveness of shutting down turbines during the winter season as a means of
reducing turbine-related avian fatalities. A crossover design is a sampling approach whereby a
stratification of sampling units each receives the experimental treatment in sequence; such an
approach is useful in cases with no suitable control groups. In this case, the APWRA was divided into
north and south treatment groups. Turbines in each group were shut down for 2 months during the
winter period. Turbines in the northern treatment group were shut down from November 1 to
December 31, 2005, while turbines in the southern group remained operational. Turbines in the
southern treatment group were shut down from January 1 to February 28, 2006, while turbines in
the northern unit remained operational. The order of shutdown was reversed during the winter of
2006-2007.

The effectiveness of this sampling design was called into question by the SRC, and the experiment
was discontinued in February 2007. Information available at the time indicated that current
management strategies would be insufficient to achieve the 50% mortality reduction goal; as a
result, the SRC recommended a 4-month seasonal shutdown.

However, a 2-month APWRA-wide winter period turbine shutdown was implemented beginning in
November 2007. Non-monitored turbines were shut down on November 1, 2007, and reactivated on
January 1, 2008, while monitored turbines were shut down and reactivated in phase with the fatality
sampling schedule to ensure that all fatalities could be accurately placed into the correct treatment
category (i.e., each monitored string was shut down immediately following the last search of that
string prior to the shutdown period). The shutdown of monitored turbines began on October 29,
2007, and concluded on November 29, 2007. Reactivation of monitored turbines began on January
10, 2008, and concluded on February 16, 2008.

The seasonal shutdown was extended to 3 months in the fourth year of the current study. Non-
monitored turbines were shut down on November 1, 2008, and reactivated on February 1, 2009.
The shutdown of monitored turbines began on October 31, 2008, and concluded on December 2,
2008. Reactivation of monitored turbines began on February 2, 2009, and concluded on February
24, 2009. Characteristics of the various winter shutdown treatments are provided in Table 2-2.

It should be noted that there are several minor exceptions potentially confounding the seasonal
shutdown treatment. The Tres Vaqueros operating group in the Contra Costa County portion of the
APWRA did not participate in the seasonal shutdown until after the completion of the crossover
experiment in 2007. Also, the Diablo Winds operating group did not participate in any of the
seasonal shutdowns because it consists of next generation, modern repowered turbines. Also, the 40
KW Enertech turbines (the Altech operating group) have always been shut down during the winter
as part of standard operations. The Santa Clara operating group was shut down from January 2006
to February 2007 because of a transfer in project ownership. Other minor exceptions also occurred.
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Table 2-2. Timing, Duration, and Other Characteristics of the Winter Shutdown of Turbines in the
APWRA

Shutdown Type Year November December January February
Crossover 2005-06  Crossover  Crossover Crossover Crossover
Crossover 2006-07 Crossover  Crossover Crossover Crossover
Phased Universal 2007-08  Phased Shutdown Phased Phased
2-month Shutdown

Phased Universal 2008-09  Phased Shutdown Shutdown Phased

3-month Shutdown

Crossover = Turbines in half of the APWRA were shut down while the other half continued normal
operations.

Phased = Individual turbine strings were shut down immediately following a search of that string by the
MT.

Shutdown = All turbines were completely shut down.

Removal of High Risk and Hazardous Turbines

In an effort to achieve the 50% reduction goal, two efforts have been made to identify turbines
whose removal and/or relocation would result in a decrease in turbine-related avian mortality.
Smallwood and Spiegel (2005a) examined associations between the location of turbine-related
avian fatalities and various physical attributes of turbines as well as environmental variables to
assess the collision threat posed by those turbines. Only those turbines with the requisite data (i.e.,
those studied in the baseline study by Smallwood and Thelander [2004]) were evaluated. Based on
these associations, turbines were ranked from 1 (highest risk) to 6 based on their perceived risk to
birds. They concluded that the removal of turbines ranked 1-3 would significantly reduce avian
fatalities. This subset of turbines consisted of 152 turbines with a total of 15.23 MW of capacity. As
of September 2009, 118 of these turbines with a total capacity of 11.8 MW have been removed. An
additional 438 turbines ranked 4-6 with a total capacity of 30.9 MW have also been removed.

At the request of Alameda County and the power companies, the SRC conducted a field review in
December 2007 of turbines in strings with relatively high numbers of turbine-related avian
fatalities. Based on the configuration and environmental settings of these turbines, the SRC ranked
them from 0.5 to 10 in increments of 0.5 based on their perceived hazard to birds, with 10 being the
most hazardous. Based on this work, the SRC recommended the removal of 331 turbines ranked 8-
10 with a capacity of 24.9 MW. As of September 2009, 147 turbines ranked 7.5-10 with a total
capacity of 12.8 MW have been removed.

The two ranking systems are not mutually exclusive; some turbines ranked using Smallwood and
Speigel’s system were also ranked using the SRC’s system.

Repowering Turbines

Repowering refers to the replacement of older turbines with newer ones that are substantially
larger with a greater rated capacity. Several smaller, old-generation turbines can be replaced by a
single new generation turbine without any loss of rated capacity. Therefore, repowering of turbines
may have potential to reduce turbine-related avian mortality in the APWRA. To date, four operating
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groups in the APWRA have been repowered. One of these—the Diablo Winds operating group—is in
the current study monitoring program.

Analytical Methods

Three types of fatality records were documented during the baseline and current studies: those
documented during searches, those documented by sampling crews outside of standard searches
(incidental records), and those documented by operations and maintenance (0&M) crews (Wildlife
Reporting Response System [WRRS] records).

The WRRS is the power companies’ fatality reporting system. All records of fatalities documented by
power company O&M personnel are recorded in this system and classified as WRRS records for
purposes of this report. Prior to 2007, all fatalities found by power company O&M personnel were
documented and removed from the field when found (and therefore rendered unavailable to be
found by search crews). Beginning in 2007, all fatalities except golden eagles found at monitored
turbines were marked and left in the field for search crews to find. It is important to note that all
golden eagles found by O&M personnel are removed from the field immediately due to permit
requirements associated with protections afforded golden eagles under the Bald and Golden Eagle
Protection Act.

A total of 5,306 fatalities were documented during the baseline and current studies (Table 2-3). The
percentage of records composed of incidental and WRRS records was similarly small between the
two periods. Because incidental and WRRS records are not part of the sampling scheme and
therefore are not associated with a search interval, all incidental and WRRS records, with one
exception, were excluded from the analyses. Because golden eagle carcasses found by 0&M
personnel were immediately removed from the study area when found during both the baseline and
current study periods—thus making them unavailable to be detected during searches—all
documented fatalities of golden eagles were included in the analyses, regardless of whether they
were found by surveyors during searches or by power company O&M personnel, provided that the
fatality was documented at a monitored turbine string. A total of 16 golden eagles were documented
by WRRS crews at monitored strings and are treated as survey records.

Table 2-3. Number and Percentage of Avian Fatalities by Study Period and Record Type

Study Survey WRRS and Incidental (except golden eagle) Total
Baseline 1,135 (96.2%) 45 (3.8%) 1,180
Current 3,938 (95.4%) 188 (4.6%) 4,126

Total 5,073 (95.6%) 233 (4.4%) 5,306

A significant percentage of fatalities documented during the two studies consisted of nonnative
species, particularly rock dove and European starling (Table 2-4, Figure 2-4). While the proportion
of total fatalities consisting of nonnative species was greater during the current study than during
the baseline period, nonnative species were excluded from most analyses because they are not
protected under current law or regulation, are not of any management concern, and constitute a
large enough percentage of the records to potentially influence some analyses.
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Table 2-4. Number and Percentage of Avian Fatalities Comprised of Native and Nonnative Avian

Species

Study Native Nonnative Unknown Total
Baseline 832 (73.3%) 260 (22.9%) 43 (3.8%) 1,135
Current 2,047 (52.0%) 1324 (33.6%) 567 (14.4%) 3,938

Total 2879 (56.8%) 1584 (31.2%) 610 (12.0%) 5,073

Carcasses are occasionally found outside the standard search radius. As the distance from the
turbine increases, searcher coverage becomes spottier and less predictable. Therefore all carcasses
found more than 125 meters from turbines were excluded from the analyses. The percentage of
fatalities documented more than 125 meters from turbines was similarly small for both the baseline
and current studies (Table 2-5), indicating that exclusion of the records would not differentially bias
comparisons between the baseline and current studies.

Table 2-5. Number and Percentage of Native Avian Fatalities within and beyond 125 Meters from

Turbines

Study Within 125 Meters Beyond 125 Meters Total
Baseline 868 (99.2%) 7 (0.8%) 875
Current 2,592 (99.2%) 22 (0.8%) 2,614

Total 3460 (99.2%) 29 (0.8%) 3,489

The proportion of fatalities classified as older than 90 days was somewhat greater during the
baseline study than during the current study (Table 2-6). Because inclusion of these records would
differentially affect the baseline and current study results, these records were excluded from the
analyses.

Table 2-6. Number and Percentage of Native Avian Fatalities within 125 Meters Classified as Less
or More Than 90 Days Old

Study Less than 90 Days Old More than 90 Days Old Total
Baseline 683 (78.7%) 185 (21.3%) 868

Current 2,111 (81.4%) 481 (18.6%) 2,592
Total 2,794 (80.8%) 666 (19.2%) 3,460

All analyses are presented on the basis of a bird year. A bird year was defined as October through
September to better reflect the timing of annual movements of birds through the study area. All
mortality rates were calculated using only complete bird years. Consequently, fatalities collected
from March through September of 1998 (the 1997 bird year) and October 2002 to May 2003 (the
2002 bird year) were not used to estimate annual mortality rates (Table 2-7).

Additionally, all fatalities backdated to incomplete bird years were excluded from the analyses. A
backdate is the estimated date of death for a particular carcass, and it is based on the presence of
insects, brittleness of feathers, degree to which bones are bleached, and other characteristics of the
carcass. However, variations in carcass size, species, weather, and environmental characteristics of
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the location where a carcass is deposited result in large variations in the rate at which carcasses
change. This results in imprecision in the estimates of the time of death of a carcass.

Table 2-7. Number and Percentage of Fatalities that Backdate into Complete Bird Years

Study Complete Bird Year Incomplete Bird Year Total
Baseline 552 (80.8%) 131 (19.2%) 683
Current 2,063 (97.7%) 48 (2.3%) 2,111

Total 2,615 (93.6%) 179 (6.4%) 2,794

Adjusting Fatalities

Avian mortality rates were estimated for various groups of fatalities by adjusting raw fatalities to
account for individual fatality events that were missed due to removal of carcasses between
searches and incomplete detection by observers (known as searcher efficiency). This method—
which originated as the Horvitz-Thompson estimator—is now widely used in the wildlife sciences
(Horvitz and Thompson 1952; Cochran 1977; Steinhorst and Samuel 1989; Williams et al. 2002) and
is commonly applied in monitoring studies of avian fatalities at wind power facilities (California
Energy Commission and California Department of Fish and Game 2007). Williams et al. (2002:256)
presented a general form of the estimator as

. C
N = Z,‘% (Equation 1)
-1 Ui

where the hat symbol (*) distinguishes the estimated total fatalities (i.e., N ) from the actual total
fatalities (i.e.,, N ), C is the number of fatalities actually counted, and f; is the detection probability for
the ith fatality. Note that if the detection probability is equal for all fatalities, then the estimator
simplifies to
NoC

B (Equation 2)

The two major factors that influence the probability of detection in studies of turbine-related avian
mortality are searcher efficiency and carcass removal (the removal of carcasses from the search area
between searches). It has become common practice to apply Equation 1 to Altamont fatalities using
a detection probability of

. = . X A. .
B =Reixp, (Equation 3)
where RCi is the estimated probability of the carcass remaining in the search area after being
deposited at any time since the previous search, and p, is the estimated probability that the carcass

is detected by an observer given that it is still present at the time of the search (Smallwood 2006,
2007, Smallwood and Thelander 2008).
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Searcher Efficiency (p)

Searcher efficiency trials were not conducted for this study. Instead, estimates of searcher detection
probabilities presented by Smallwood (2007) in his meta-analysis of searcher detection
probabilities in carcass searches conducted at wind power facilities were used. These searcher
efficiency values for various bird groups are listed in Table 2-8.

Table 2-8. Searcher Detection Probabilities for Various Bird Groups in the APWRA

Bird Group Searcher Detection Probability
Medium and Large Raptors 100%
Medium and Large Non-Raptors 80%
Small Raptors 75%
Small Non-Raptors 51%

Source: Smallwood 2007

Carcass Removal Estimates (R,)

The R value in Equation 3 is the cumulative number of bird carcasses remaining at the survey site
(Rc) after a specified time period, where time can be measured as days from the last survey.

R. can be calculated using the following equation:

_IR

R.=
¢ 14100

(Equation 4)
where R;is the percent of carcasses remaining on the it" day since the last search.

R. was estimated for medium and large raptors based on data collected in the APWRA during the
scavenger removal trial study (ICF Jones & Stokes 2008). In that study, fresh carcasses of medium
and large raptors found during fatality searches were tracked over time until evidence of their
presence disappeared or became insufficient to meet the fatality definition. Carcasses were
generally checked each day for the first 3 days after discovery, twice per week for the next 2 weeks,
then once per week for the remainder of the trial period. By using carcasses that are naturally found,
potential biases associated with using artificially placed carcasses were minimized, such as biases
caused by scavenger attraction or scavenger swamping.

The Kaplan-Meier product limit estimator (White and Garrott 1990) was used to calculate daily
survival rates (i.e., persistence of evidence that a fatality occurred) for the sample of carcasses. An
exponential model was then fit to the survival rates to produce carcass removal curves depicting the
daily probability of a carcass remaining within the search area (R; of Equation 4). The resulting
carcass removal curve was similar to that provided by Smallwood (2007) (Figure 2-5).

Carcass removal rates for small raptors and small, medium, and large non-raptors were taken from
Smallwood (2007) and are also depicted in Figure 2-5.

Estimating Mortality Rates

The CEC has recommended that avian mortality rates associated with wind turbines be estimated on
the basis of the megawatt capacity of the turbine, turbine string, operating group, or the entire wind
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generation facility (California Energy Commission and California Department of Fish and Game
2007). The rated megawatt capacity of a turbine is defined as the amount of power an individual
turbine could generate under ideal conditions. The rated megawatt capacity of turbine strings and
wind generation facilities are therefore the sum of the rated megawatt capacity of the individual
turbines.

Because the rated megawatt capacity of the APWRA was dynamic over the course of the study, the
following terms are defined for use in presentation of the analyses. Maximum nameplate capacity is
defined as the rated megawatt capacity of each turbine address, based on the turbine type that
currently occupies that address or, if a turbine no longer occupies that address, the turbine type that
historically occupied that turbine address. The maximum nameplate capacity of a turbine string or
the APWRA as a whole therefore does not change over time. Installed capacity is defined as the total
rated megawatt capacity of each string based on the number of installed and functioning turbines
each year. Estimates of the installed capacity of each string for each year of the study were provided
by the power companies.

Annual mortality rate estimates for each monitored string (complete bird years only) were
calculated by summing the unadjusted fatalities and then the adjusted fatalities and dividing each
total by the string’s maximum nameplate capacity. Using maximum nameplate capacity of a turbine
string to calculate mortality rates is a conservative approach because any differences in mortality
rates of turbine strings between the two studies would be due to actual changes in the number of
fatalities, not to changes in the installed capacity of the turbine strings between the two study
periods. The uncertainties regarding the timing of some turbine removals made mortality rates
based on maximum nameplate capacity a better metric than installed capacity for assessing changes
in total fatalities between the two study periods.

The mortality rates were then averaged across strings to obtain an overall average annual mortality
rate. We expanded the estimated mortality rates in two ways to estimate the annual number of
turbine-related avian fatalities APWRA-wide. In the first expansion we used the maximum
nameplate capacity of the APWRA in 1998 (556 MW). This number was used as the basis for the
expansions because of the uncertainty associated with changes in the installed capacity over time
and because expanding the mortality rates in this way is likely to reflect any actual changes in
numbers of birds killed. However, this approach overestimates the total number of birds killed in
the APWRA because the monitoring effort was biased towards turbine strings where turbine
removals did not occur. Therefore, we also used the installed capacity in a given year as the basis for
expanding the estimated mortality rates to the entire APWRA. Using maximum nameplate capacity
to calculate the mortality rates and then expanding to the entire APWRA using installed capacity is
known to underestimate total annual turbine-related avian fatalities. The annual mortality rates and
annual estimates of the total number of fatalities were calculated for each focal species and for
several species groups. An overall average annual mortality rate was then calculated across years
for the baseline and current studies.

As noted above, there were differences between the baseline and current studies in the way turbine
strings were selected for study and in the intensity and duration of sampling at selected strings. We
therefore attempted to adjust for this potential bias by creating two datasets from the baseline and
current studies with which to calculate mortality rates. The first set, referred to as the all strings
dataset, comprised data associated with all searches of all turbine strings. The second set, referred
to as the common strings dataset, was used in an attempt to control for differences in the allocation
of sampling effort between the two studies. This dataset comprised data associated with only those
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searches of turbine strings that were sampled during both the baseline and current studies and
searched for at least 3 consecutive monitoring years with a search interval of 60 days or less.

Approach to Evaluating Progress toward the 50% Reduction Goal

Several comparisons were conducted to assess the degree to which the goal of reducing avian
mortality among the four focal species by 50% was achieved. Both unadjusted and adjusted average
annual mortality rates based on nameplate capacity using the all strings and common strings
datasets were compared to determine to what degree a reduction in mortality of the four focal
species occurred. Estimates of the average annual number of fatalities using the all strings and
common strings datasets were also compared for the four focal species.

The individual adjusted annual estimates of total mortality for the four focal species calculated using
the all strings and common strings datasets were plotted to assess trends in mortality over time. In
addition, the number of fatalities per search (using unadjusted fatalities) was calculated for the four
focal species to assess how well it tracks with the magnitude and direction of changes in mortality
rates over time.

Approach to Evaluating the Effectiveness of the Seasonal
Shutdown

To assess the effectiveness of the various seasonal shutdowns, the average numbers of fatalities per
month were examined for both the baseline and current studies. Fatalities were placed into the
month in which they were backdated to facilitate comparisons between the two studies.

To control for large swings in the total number of fatalities documented each year, the proportion of
total annual fatalities that occurred during the winter period (defined as November through
February) were calculated for both the baseline and current studies based on the backdated time of
death and using only information from complete bird years. A backdate of 90 days prior to detection
was assigned for carcasses found during the baseline study classified as older than 90 days. The
proportion of total annual fatalities documented during the winter period was also calculated for
each bird year of the current study based on backdate.

We also compared seasonal patterns in the timing of fatalities between the baseline and current
studies by graphing the average number of fatalities per month based on backdate.

Approach to Evaluating the Effectiveness of Repowering

To assess the effectiveness of repowering as a means of reducing turbine-related avian mortality,
the adjusted average annual mortality rate for the Diablo Winds operating group (repowered in
2004) was compared with the adjusted average annual mortality rate estimated from all other
monitored turbine strings using the common strings dataset from the current study.

The annual number of fatalities expected to occur APWRA-wide was then calculated by
extrapolating the Diablo Winds operating group mortality rates to the installed capacity of the
APWRA. These values were compared to the annual number of fatalities expected to occur APWRA-
wide based on the mortality rates calculated from all monitored strings exclusive of the Diablo
Winds operating group expanded to the same installed capacity of the APWRA.
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Chapter 3
Results

A total of 2,615 fatalities documented during searches of turbine strings in the APWRA consisted of
native species found within 125 meters of a turbine and classified as less than 90 days of age.
Approximately 79% of these fatalities were documented during the current study. The proportion
of raptors documented during the baseline study was substantially higher than the proportion
found during the current study (Table 3-1). Overall, the proportions of small, medium, and large
birds were roughly equal between the two studies, although the proportions of small and medium
birds were slightly greater during the current study (

Table 3-2).

Table 3-1. Number and Percentage of Avian Fatalities for Raptors, Non-Raptors, and Unknown
Species by Study

Study Raptor Non-Raptor Unknown Total
Baseline 295 (53.4%) 241 (43.7%) 16 (2.9%) 552
Current 942 (45.7%) 867 (42.0%) 254 (12.3%) 2,063

Total 1,237 (47.3%) 1,108 (42.4%) 270 (10.3%) 2,615

Table 3-2. Number and Percentage of Avian Fatalities by Size Class and Study

Study Small Medium Large Unknown Total
Baseline 256 (46.4%) 44 (8.0%) 237 (42.9%) 15 (2.7%) 552
Current 1,069 (51.8%) 222 (10.8%) 770 (37.3%) 2 (0.1%) 2,063

Total 1,325 (50.7%) 266 (10.2%) 1,007 (385%) 17 (0.7%) 2,615

Seasonal Variation in the Number of Fatalities

The average numbers of fatalities detected per month (+1 standard deviation [SD]) for all birds,
raptors, and non-raptors based on backdate for both the baseline and current studies are shown in
Figure 3-1; the average numbers of fatalities detected per month for the four focal species are shown
in Figure 3-2. For raptors as a group, there is a clear spike in fatalities evident in the current study in
January and again in August, although this pattern is not evident in the baseline dataset. Trends over
time for all birds and non-raptors are generally consistent between the baseline and current study
datasets, with a clear spike in fatalities during January evident for non-raptors.

American kestrel exhibits a gradual increase in fatalities during the fall and winter, with the number
of fatalities spiking in December and August. Burrowing owl exhibits a similar spike in fatalities
during the winter, although the peak occurs in January, one month later than American kestrel.
Conversely, red-tailed hawk fatalities exhibit a marked decrease in December and peak in
September and October. There is a similar spike in fatalities in the fall for golden eagle, although his
pattern was not evident in the baseline dataset for this species.
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Comparison of Baseline and Current Study Mortality
Rates

The average annual unadjusted mortality rates calculated using the all strings and common strings
datasets are presented in Table 3-3. Using the all strings dataset, unadjusted mortality rates
increased substantially for the four focal species between the baseline and current study periods,
ranging from a relatively modest 33% increase for red-tailed hawk to 133% increase for golden
eagle. The same pattern did not hold true using the common strings dataset. Using the common
strings dataset, the increase in unadjusted mortality rates between the baseline and current study
periods was substantially less for all focal species except burrowing owl. The unadjusted mortality
rate for burrowing owl using the common strings dataset increased by approximately 109%.
Conversely, the unadjusted mortality rate for red-tailed hawk decreased by a modest 3%.

Table 3-3. Average Annual Unadjusted Mortality Rates

All Strings Dataset

Common Strings Dataset

Species/Category Baseline Current Baseline Current
American kestrel 0.08+0.04 0.13+0.04 0.10+0.10 0.11+0.02
Burrowing owl 0.11+0.08 0.19+0.15 0.11+0.06 0.23+0.24
Golden eagle 0.03+0.03 0.07+0.04 0.03+0.03 0.05+0.04
Red-tailed hawk 0.21+0.12 0.28+0.12 0.32+0.26 0.31+0.10
Total focal species  0.42 0.66 0.55 0.71
Small raptors 0.18+0.08 0.32+0.15 0.21+0.09 0.34+0.26
Medium raptors 0.01+0.01 0.02+0.02 0.02+0.02 0.03+£0.02
Large raptors 0.36+0.15 0.49+0.21 0.48+0.32 0.53+0.26
Total raptors 0.52 0.84 0.71 0.89
Small non-raptors 0.28+0.15 0.62+0.14 0.31+0.15 0.64+0.25
Medium non-raptors  0.06+0.10 0.17%0.09 0.05%£0.07 0.15+0.09
Large non-raptors 0.08+0.05 0.19+0.06 0.12+0.09 0.29+0.10
Total non-raptors 0.42 0.99 0.47 1.08
Nonnatives 0.37 1.07 0.43 0.69

All birds 1.31 2.90 1.61 2.66

The average annual adjusted mortality rates for the all strings and common strings datasets are
presented in Table 3-4. Patterns in the adjusted mortality rates for the four focal species generally
paralleled those for the unadjusted mortality rates except that the increases between the baseline
and current study periods were substantially smaller. Also, the mortality rate for American kestrel
decreased between the baseline and current study periods using the common strings dataset. The
decrease in mortality rate for red-tailed hawk using the common strings dataset was still evident
after adjusting for searcher efficiency and carcass removal.
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Table 3-4. Average Annual Adjusted Mortality Rates

Results

All Strings Dataset Common Strings Dataset
Species/Category Baseline Current Baseline Current
American kestrel 0.60+0.22 0.67+0.14 0.66+0.36 0.56+0.10
Burrowing owl 0.77+0.49 0.96+0.70 0.77+0.45 1.15+£1.18
Golden eagle 0.03+0.03 0.07+0.04 0.03+0.03 0.06+0.04
Red-tailed hawk 0.22+0.13 0.29+0.13 0.33+0.27 0.32+0.11
Total focal species 1.62 1.99 1.80 2.09
Small raptors 1.36£0.55 1.63+0.8 1.44+0.40 1.74£1.22
Medium raptors 0.01+.012 0.03+0.02 0.03+£0.02 0.03+0.03
Large raptors 0.38+0.15 0.52+0.26 0.50+0.33 0.54+0.27
Total raptors 1.71 2.18 1.97 2.3
Small non-raptors 2.64+1.00 4.26+0.8 2.71+0.77 4.41+1.45
Medium non-raptors 0.17+0.26 0.40+0.20 0.12+0.19 0.37£0.22
Large non-raptors 0.23+0.14 0.45+0.12 0.32+0.22 0.68+0.20
Total non-raptors 3.03 5.11 3.16 5.39
Nonnatives 1.40 3.74 1.31 2.93
All birds 6.11 11.04 6.44 10.61

The estimated APWRA-wide average number of fatalities per year based on the adjusted mortality
rates and expanded using the maximum nameplate capacity is presented in Table 3-5. The estimated
APWRA-wide average number of fatalities per year based on the adjusted mortality rates and
expanded using the installed capacity is presented in Table 3-6. The estimated APWRA-wide
number of fatalities for all four focal species combined increased between the baseline and current
study periods using both the all strings and common strings datasets. However, the estimated
APWRA-wide number of fatalities for American kestrel and red-tailed hawk decreased by
approximately 22% and 10%, respectively, using the common strings dataset expanded to the
installed capacity.
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Table 3-5. Estimated APWRA-Wide Adjusted Average Number of Fatalities per Year Expanded
Based on Maximum Nameplate Capacity (556 MW, value from 1998)

All Strings Dataset

Common Strings Dataset

Species/Category Baseline Current Baseline Current
American kestrel 333+138 374+89 366200 309458
Burrowing owl 427274 537+402 408+229 658+688
Golden eagle 19+14 3922 1716 3525
Red-tailed hawk 121472 166+73 185+151 182160
Total focal species 899 1,116 977 1,183
Small raptors 759+308 911446 775+229 967+717
Medium raptors 8+7 18+12 14%11 19+15
Large raptors 188488 294+148 280+185 308+151
Total raptors 956 1,224 1,069 1,294
Small non-raptors 1467+558 23784458 1508+504 24544929
Medium non-raptors 974145 226%113 71£111 205+126
Large non-raptors 126+80 255472 170+145 387112
Total non-raptors 1,691 2,860 1,749 3,046
Nonnatives 779 2,086 730 1,660
All birds 3,424 6,170 3,549 6,001

Table 3-6. Estimated APWRA-Wide Adjusted Average Number of Fatalities per Year Expanded
Based on Installed Capacity

All Strings Dataset

Common Strings Dataset

3-4

Species/Category Baseline Current Baseline Current
American kestrel 310+124 327483 347+164 270448
Burrowing owl 402+258 465+343 387+189 575+519
Golden eagle 17+13 3420 15+15 30.4+22
Red-tailed hawk 114+70 142+63 177+150 159+53
Total focal species 845 968 951 1,018
Small raptors 713+285 792+384 757+225 828+594
Medium raptors 8+6 15+11 14£10 16x14
Large raptors 177+86 249+107 267+184 267+131
Total raptors 898 1,062 1,030 1,124
Small non-raptors 1383+539 2069+424 1439467 21174775
Medium non-raptors 92+118 198+88 64+100 179+111
Large non-raptors 117+72 218+63 161+135 327103
Total non-raptors 1,590 2,485 1,664 2,624
Nonnatives 730 1,812 692 1,420
All birds 3,220 5,361 3,396 5,157
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Trends in Fatalities over Time

Trends in the adjusted annual estimates of the number of fatalities per year over the course of the
baseline and current studies for the four focal species based on the all strings and common strings
datasets are depicted in Figure 3-3. Trends over time in the estimated number of fatalities per year
for all four focal species are similar using both the all strings and common strings datasets, with the
exception of burrowing owls in 1999. For that species and year, the estimated number of fatalities
APWRA-wide increased over the estimate for 1998 using the all strings dataset but decreased using
the common strings dataset.

For red-tailed hawk, golden eagle, and burrowing owl, using both datasets, there is a marked
increase in the estimated number of fatalities APWRA-wide in the 2006 bird year. A similar spike
occurs for American kestrel in the 2007 bird year. For red-tailed hawk, the exceptionally high
number of fatalities in the 1998 and 1999 bird year substantially influence overall comparisons
between the baseline and current studies, as does the spike in 1999 for golden eagle. The relatively
large spike in mortality in the 2006 bird year also substantially influences the overall APWRA-wide
average mortality rates for the current study and thus also strongly influences the comparisons of
mortality between the baseline and current study periods.

Trends in the fatalities per search index are depicted in Figure 3-4. Changes in the fatalities per
search index were similar using both the common strings and all strings datasets. Trends in
fatalities per search generally paralleled trends in adjusted annual mortality rates for all species
except American kestrel for the current study period, but not for the baseline study period.

Assessment of the Effectiveness of the Seasonal
Shutdown

Table 3-7 presents the average percentage (+ SD) of fatalities occurring during the winter period
based on backdate for the baseline and current study periods; these percentages were generated
using only complete bird years from the common strings dataset. For all focal species except golden
eagle, the percentage of total fatalities documented during the winter period decreased from the
baseline to the current study. This result is expected because the seasonal shutdown of turbines
occurred only during the current study and not during the baseline period. The effect was most
pronounced for American kestrel.

The percentage of total mortality occurring during the winter for each year of the current study
based on backdate using the common strings dataset is presented in Table 3-8. The percentage of
mortality occurring during the winter period remained relatively constant across the four years of
the current study for red-tailed hawk and golden eagle, despite a general increase in the treatment
effect from year to year. However, the percentage of total American kestrel fatalities occurring
during the winter period increased each year of the current study, indicating a possible adverse
effect on American kestrel resulting from the seasonal shutdown of turbines. A similar pattern also
held for burrowing owl.

The finding that the percentage of total annual mortality that occurs during the winter shutdown
period generally increases each year of the current study for American kestrel, and to a lesser extent
for burrowing owl, appears to contradict the finding that the average percentage of total mortality
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from the baseline to the current study decreases. To explain this discrepancy we hypothesized that
the percentage of searches occurring during the winter shutdown period was greater during the
baseline study than during the current study, resulting in a greater percentage of total annual
mortality occurring during the winter periods of the baseline study. However, when we examined
the percentage of searches during a year that occurred during the winter shutdown period, there
was less than a 1% difference between the baseline and current studies. We therefore concluded
that the pattern observed was not the result of bias in the timing of searches. We then regressed the
annual adjusted estimate of the total number of American kestrel fatalities APWRA-wide against the
percentage of mortality occurring during the winter shutdown period (Figure 3-5). There is a
significant relationship between the percentage of annual mortality that occurs during the winter
period and the overall annual mortality rate. A similar, although less significant relationship occurs
for burrowing owl (Figure 3-5).

For American kestrel and burrowing owl, the average number of fatalities documented per month
based on backdate indicates an increase in mortality during the winter generally corresponding
with the seasonal shutdown of turbines (Figure 3-2), although this pattern was also evident for
American kestrel during the baseline period, when the seasonal shutdown was not in effect.
Conversely, red-tailed hawk exhibits a marked decline in the average number of fatalities
documented during the winter period in the current study relative to the baseline period.

Table 3-7. Average of Percentages of Total Fatalities during the Winter Period (November—
February) Based on Backdate Using the Common Strings Dataset

Study American Kestrel Burrowing Owl Red-tailed Hawk Golden Eagle
Baseline 71 (£26) 59 (£34) 52 (£21) 12 (£25)
Current 29 (£21) 40 (£29) 24 (£3) 12 (¢25)

Table 3-8. Percentage of Total Annual Fatalities during the Winter Period (November—February)
Based on Backdate Using the Common Strings Dataset

Bird Year American Kestrel Burrowing Owl Red-tailed Hawk Golden Eagle
2005 0 0 26 50

2006 29 51 24

2007 38 67 25

2008 50 40 20

Assessment of the Effectiveness of Repowering

The average annual adjusted mortality rates from the Diablo Winds operating group for the four
focal species based on the current study are presented in Table 3-9. The adjusted mortality rates are
consistently lower, in some cases substantially so, for all four focal species. The decrease was
greatest for American kestrel and smallest for burrowing owl. The estimated APWRA-wide average
annual number of fatalities expected to occur using the Diablo Winds operating group adjusted
mortality rate, and the adjusted mortality rate estimated from all other strings monitored during the
current study are also presented in Table 3-9. Applying the Diablo Winds operating group mortality
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rates across the APWRA, the average annual number of fatalities expected to occur would decrease
by approximately 96% for American kestrel, 87% for golden eagle, 33% for red-tailed hawk, and
29% for burrowing owl.

Table 3-9. Average Annual Mortality Rates and Estimated Average Number of Fatalities in the
APWRA for the Diablo Winds Operating Group and All Other Monitored Turbine Strings

Average Annual Mortality Estimated APWRA-Wide Average
Rate (Adjusted) Number of Fatalities per Year (Adjusted)
Species Diablo Group  Other Groups Diablo Group Other Groups
American kestrel 0.14+0.04 0.92+0.98 15+18 442+111
Burrowing owl 0.88+0.56 1.23+0.65 423+270 593+470
Golden eagle 0.02+0.03 0.10+0.06 6+12 46+28
Red-tailed hawk 0.26+0.14 0.38+0.19 122+69 183+89
Altamont Pass Wind Resource Area Bird Fatality Study 3.7 January 2011
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Chapter 4
Discussion

Comparison of the Baseline and Current Studies

Comparisons of the estimated average annual mortality rates and average annual total fatalities
based on both the all strings and common strings datasets and expanded using both the maximum
nameplate and installed capacities indicate an increase in mortality from the baseline to the current
study period for the four focal species as a group. This result is unexpected given that the installed
capacity of the APWRA has decreased over time as turbines have been removed or have ceased
operating. In addition, there has been a gradual decrease in annual turbine operation time because
of shutdowns associated with the crossover experiment and the 2-month and 3-month universal
seasonal shutdowns. Given these factors, collision risk would be expected to be lower during the
current study period than during the baseline study period.

However, comparisons between the baseline and current study periods based on the common
strings dataset did show a decrease in the adjusted mortality rates for American kestrel and red-
tailed hawk and in the estimated average annual total fatalities for these two species using both
expansion methods. However, these decreases were offset by substantial increases in the estimated
mortality rates for golden eagle and burrowing owl.

Compared to the all strings dataset, using the common strings dataset is expected to yield a more
valid comparison of the two periods because it includes only turbines sampled in both studies under
similar sampling parameters. However, significant differences between the two study periods in
both the average search interval and the variability in the search interval remain in the common
strings dataset. Results from the current study indicate that restricting the dataset in this way may
result in a geographic bias in estimated mortality rates. For example, both the adjusted and
unadjusted estimates of mortality rates for American kestrel and golden eagle are lower using the
common strings dataset relative to the all strings dataset. This may indicate that those turbine
strings excluded from the common strings dataset have a higher than average number of golden
eagle and American kestre] fatalities than other turbine strings. Conversely, both adjusted and
unadjusted mortality rates for red-tailed hawk and burrowing owl are higher using the common
strings dataset relative to the all strings dataset, indicating that turbines excluded from the dataset
have a lower than average number of red-tailed hawk and burrowing owl fatalities than other
turbine strings. These results underscore the importance of using a geographically stratified and
representative sampling scheme when attempting to estimate the number of birds killed annually
across the APWRA.

It should be noted that our estimates of mortality rates were based on the maximum nameplate
capacity of a string to facilitate a more valid comparison between the baseline and current study
periods. These estimates are known to be biased low. Likewise, we expanded these mortality rates
to the APWRA to obtain estimates of the total number of birds killed annually using the maximum
nameplate capacity of the APWRA (the estimated capacity in 1998) and the annual installed capacity
of the APWRA, which overestimates and underestimates the total number of birds killed annually,
respectively. The expansions were calculated in this way to facilitate a more valid comparison
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between the baseline and current study periods and should not be used as a best estimate of the
total number of birds killed annually in the APWRA.

Changes over time in the adjusted estimates of the total annual number of fatalities for the four focal
species as well as trends in the fatalities per search index both suggest that substantial inter-annual
variation exists. Such large swings in mortality are most likely due to inter-annual variation in the
number of birds passing through or wintering in the APWRA. Detecting significant trends over time
in a system with such large fluctuations is difficult at best and could take several years to establish.
In particular, mortality estimates from the 2006 bird year substantially influence the assessment of
progress toward achieving the 50% reduction in raptor mortality goal.

Other issues influencing the comparison of the baseline and current study datasets include
differences in the number of times turbine strings were sampled and the overall sample size of
fatalities.

Despite the difficulties outlined above, the lack of unequivocal evidence for a substantial decrease in
adjusted mortality rates between the baseline and current study periods for red-tailed hawk is
surprising given the substantial decreases in installed capacity over time and the decreasing
operating time of turbines during the current study due to the seasonal shutdown. Similarly, one
would expect to see a decrease in golden eagle mortality between the two periods, although the
comparison for this species is complicated by small sample sizes and differences in the way golden
eagle carcasses are treated because of the requirements of the Bald and Golden Eagle Protection Act.

Similarly surprising is that by all measures and using both datasets, there was a large increase in
burrowing owl mortality between the baseline and current study periods. This comparison is
strongly influenced by the spike in mortality in 2006 and also by the relatively low numbers of
burrowing owls detected during the last 2 years of the baseline study. There is some evidence to
suggest that the winter shutdown of turbines has an adverse effect on burrowing owls. Although the
average percentage of mortality occurring during the winter decreased between the baseline and
current study periods, the annual percentage of mortality occurring during the winter increased
each year of the current study except for 2008, roughly corresponding with an increase in the winter
shutdown treatment effect. Because burrowing owl carcasses resulting from predation often cannot
be distinguished from carcasses resulting from turbine collision, it is possible that the increase in
burrowing owl mortality during the current study relative to the baseline could be due to an
increase in predation if red-tailed hawk and other large perch hunting predators are utilizing the
shut down turbines during the winter as hunting perches. However, the reduction in the number of
active turbines in the APWRA over time resulting from turbine attrition and removal of high risk and
hazardous turbines would be expected to have the opposite, beneficial effect.

Although the unadjusted mortality rates using both datasets and the adjusted mortality rate using
the all strings dataset for American kestrel were higher in the current study relative to the baseline,
the adjusted mortality rate using the common strings dataset was lower for the current study
relative to the baseline. The same evidence for a potential adverse effect from the winter shutdown
of turbines observed for burrowing owl was also evident for American kestrel, yet overall mortality
between the two periods may have decreased rather than increased. The contrary patterns for
burrowing owl and American kestrel are difficult to explain, but they may be related to a relatively
higher collision risk for American kestrel relative to burrowing owl associated with their hover
hunting behavior and/or differences in the ecology of the two species, with burrowing owls
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occupying burrows and American kestrel occupying cavities, including in some cases the turbine
nacelle.

Assessment of the Effectiveness of the Seasonal
Shutdown

Because the winter shutdown occurred only during the current study, the consistent decrease in the
average annual percentage of mortality occurring during the winter period for the four focal species
using the common strings dataset indicates a possible beneficial effect of the seasonal shutdown.
However, the size of the treatment effect generally increased each year of the current study, and yet
there was no consistent decrease in the percentage of mortality occurring during the winter for any
of the four focal species. In fact, the percentage of annual mortality occurring during the winter for
American kestrel and burrowing owl generally increased over the course of the current study,
indicating a potential adverse effect of the winter shutdown. However, the positive relationship
between the estimates of total adjusted annual fatalities and the percentage of fatalities that occur
during the winter period also indicate a beneficial effect of the winter shutdown on American
kestrel. The increasing percentage of total annual mortality occurring during the winter period may
therefore be an anomaly.

Assessment of the Effectiveness of Repowering to
Reduce Turbine-Related Avian Mortality

The comparisons of the Diablo Winds operating group with the rest of the monitored turbine strings
in the APWRA revealed a marked reduction in the average annual mortality rates and estimated
number of fatalities for all four target species. These results suggest that avian mortality could
potentially be reduced in areas where modern high-capacity turbines are deployed. The mortality
rates estimated for the Diablo Winds operating group and the conclusions based on them are
consistent with those reported for the recently repowered Buena Vista operating group in Contra
Costa County (Insignia Environmental 2009).

Conclusions

Results of the monitoring program contain considerable uncertainty, in part because the APWRA is
subject to considerable variability. However, the following conclusions are well supported by the
preponderance of evidence.

1) There is little or no evidence of a 50% reduction in raptor fatalities in the APWRA between the
baseline and current study periods for the four focal species as a group.

2) There is evidence to support the hypothesis that the seasonal shutdown has a positive effect for
some focal species. However, there is also evidence suggesting a possible negative effect of the
seasonal shutdown on the smaller focal species, particularly burrowing owls. However, there is
little or no evidence that the 2005-2009 seasonal shutdown has significantly reduced total
raptor fatalities in the APWRA.
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3) There is substantial evidence that repowering the APWRA with larger modern turbines would
substantially, if not significantly, reduce the number of raptors killed per megawatt of power
produced.

Despite concerns with the monitoring and analytical approach expressed above, the conclusions are
scientifically defensible based on the preponderance of evidence. While future or alternative
analytical approaches may result in increased confidence and power in the analyses, the
preponderance of evidence suggests that these conclusions are unlikely to be affected.
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Chapter 5
Glossary

adjusted mortality rate: see mortality rate.

adjustment factors: factors used to adjust raw fatality counts to compensate for those that may
have been missed due to scavengers (see carcass removal) or missed because they were not
detected by searchers (see searcher efficiency).

all strings dataset: the dataset including all information associated with all searches of all turbine
strings conducted in the baseline study and current study; one of two datasets used to calculate avian
mortality rates in this report.

Altamont Pass Wind Resource Area: a 37,000-acre site in central California where over 5,000
wind turbines have been installed since 1966; area subject of the baseline study and current study.

Avian Wildlife Protection Program and Schedule (AWPPS): a collection of management actions
including strategic removal of turbines, strategic turbine shutdowns, and other actions aimed at
reducing turbine-related avian fatalities; the Alameda County Board of Supervisors formed the
AWPPS in 2005 as one condition of its approval to allow continued operation of wind power
projects in the APWRA.

backdate: estimated date of death for a particular carcass, based on the presence of insects,
brittleness of feathers, degree to which bones are bleached, and other characteristics of the carcass.

baseline study: the period of avian fatality monitoring in the APWRA spanning 1998-2003; avian
mortality rates estimated from this study served as the benchmark from which to assess progress
toward achieving the targeted 50% reduction in turbine-related raptor fatalities in the APRWA.

bird year: the period October-September used as the basis for calculating annual mortality rates
because it reflects the timing of annual movement of birds through the APWRA study area.

carcass removal (Rc): a calculation of the expected cumulative number of bird carcasses remaining
at the survey site after a specified time period; one of two adjustment factors used to adjust raw
fatality counts in this report.

carcass removal curve: a mathematical model fit to estimates of persistence of evidence of a
fatality that depicts the daily probability of a carcass remaining within the search area.

common strings dataset: a dataset representing only those searches of turbine strings that were
conducted in both the baseline study and current study and that were searched for at least 3
consecutive monitoring years with a search interval of 60 days or less; one of two datasets used to
calculate avian mortality rates in this report.

crossover experiment (design): a sampling approach whereby sampling units each receive
treatment—in this case seasonal shutdown—in sequence; this experimental design is useful when a
suitable comparison or control group does not exist, as each sampling unit in effect serves as its own
control.
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current study: the period of avian fatality monitoring in the APWRA spanning 2005-2009; avian
mortality rates estimated from this study were compared against those from the baseline study to
assess progress toward achieving the 50% reduction in turbine-related raptor fatalities in the
APWRA.

fatality: evidence of an individual deceased bird; in the current study, defined as at least five tail
feathers, two primaries from the same wing within 5 meters of each other, or a total of 10 feathers.

focus species: the four raptor species—American kestrel, golden eagle, red-tailed hawk, and
burrowing owl—of concern in the targeted 50% reduction in turbine-related raptor fatalities in the
APWRA.

high risk or hazardous turbine: turbines identified as posing an increased risk of mortality to
avian species.

Horvitz-Thompson estimator: a statistical estimator of a population total in which the total
population of interest is estimated by the total number of individuals detected in that population
divided by the probability of detecting an individual in that population.

installed capacity: the summed rated capacities of all operational turbines in a turbine string each
year; the metric used in this report to extrapolate mortality rates to the entire APWRA.

Kaplan-Meier product moment estimator: a statistical estimator of daily survival rates that takes
into account censored data (i.e. cases where the ultimate fate of an individual is not known).

Monitoring Team (MT): an independent consultant team retained to implement the turbine-
related avian mortality monitoring program; the MT was originally comprised of three organizations
and led by WEST Inc., but has been led by ICF International since 2008; the Alameda County Board
of Supervisors formed the MT in 2005 as one condition of its approval to allow continued operation
of wind power projects in the APWRA.

maximum nameplate capacity: the total rated megawatt capacity of a turbine string, including the
rated capacity of turbines that historically occupied the string but are no longer extant.

megawatt capacity: the amount of power an individual turbine could generate under ideal
conditions.

mortality rate: the number of individuals killed per megawatt of maximum nameplate capacity or
per megawatt of installed capacity; the unadjusted mortality rate is the number of individual
carcasses observed per megawatt of capacity; the adjusted mortality rate is the number of
individual carcasses killed adjusted for searcher efficiency and carcass removal between searches
divided by the megawatt capacity.

operating group: a cluster of turbine strings that generally share a common turbine type,
geographic location, and owner/operator.

power company: a public or private entity that owns and operates a wind power project in the
APWRA.

rated capacity: the amount of power a wind turbine can produce at its rated wind speed, typically
the wind speed at which its conversion efficiency is at its maximum.

repowering: see turbine repowering.
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search interval: the period of time between successive searches of the same turbine string.

searcher efficiency: the proportion of carcasses available to be detected that are actually detected
by a search crew; one of two adjustment factors used to adjust raw fatality counts in this report.

seasonal shutdown: a management action involving shutting down turbines during the winter
season to reduce avian mortality.

Scientific Review Committee (SRC): a five-person committee that provides independent review of
research and study related to wind energy production and avian behavior and safety; the Alameda
County Board of Supervisors formed the SRC in 2005 as one condition of its approval to allow
continued operation of wind power projects in the APWRA.

survival rate: in this report, survival rate refers to the persistence of evidence that a fatality
occurred.

total installed capacity: the summed megawatt installed capacity at the APWRA,; this figure has
dropped from approximately 560 MW in 1998 to approximately 450 MW in 2009.

transect: path surrounding a turbine followed by a searcher

turbine repowering: replacement of older generation turbines with newer turbines that are
substantially larger with a greater rated capacity; although repowering does not add to the overall
installed capacity, it does increases the amount of energy being generated because repowered
turbines typically replace older, obsolete operating groups comprised of numerous non-functional
turbines.

turbine string: a linear series of turbines arrayed along ridgelines and other geographic features; in
this report, a turbine string is the basic sampling unit.

unadjusted mortality rate: see mortality rate

Wildlife Reporting Response System (WRRS): the power companies’ fatality reporting system as
documented by power company operations and maintenance (0&M) crews.

winter shutdown: see seasonal shutdown.
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