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PALEN SOLAR ELECTRIC GENERATING SYSTEM
BIOLOGICAL RESOURCES
SUPPLEMENAL OPENING TESTIMONY
AVIAN IMPACTS
I.

Names:
Wally P. Erickson
Dr. Ken Levenstein

II.

Purpose:
Our supplemental testimony addresses the potential impacts, mitigation
and adaptive management techniques for Biological Resources – Avian,
associated with the construction and operation of the Palen Solar Electric
Generating System (PSEGS) (09-AFC-7C).

III.

Qualifications:
Wally P. Erickson:
I am the Chief Operating Officer/Senior Biometrician at Western
EcoSystems Technology, Inc (WEST) and have been employed in that
capacity since 1991. I have a MS in Statistics and have over 23 years of
consulting experience related to the design and analysis of environmental
and wildlife studies. I have been the lead statistician/project manager for
WEST for baseline studies, environmental permitting, and/or operational
monitoring/research at wind energy projects in over 30 states. I have
participated in numerous assessment and monitoring projects related to
understanding and assessing the effects of wind turbines on birds and
bats, and in avian and bat risk reduction studies. I have been involved in
studies involving use of radar, and other remote sensing methods, for
detecting birds and bats at wind facilities, and with methods used to
reduce or minimize impacts such as prey reduction, acoustic and visual
deterrents and other methods. I have also developed Avian and Bat
Protection Plans (ABPP), Bird and Bat Conservation Strategies (BBCS)
and Eagle Conservation Plans (ECP) for several wind projects. I prepared
Exhibit 1139 which provides a description of currently available avian
deterrent methods that will be considered for incorporation into the BBCS.
I also prepared Exhibit 1156 which provides an estimate of the avian
mortality expected from a 500 MW wind energy project. I am also
currently preparing the BBCS for the Palen Solar Electric Generating
System (PSEGS). A detailed description of my qualifications has been
previously provided in Attachment A to Palen Solar Holding’s (PSH)
Opening Testimony package.
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Dr. Ken Levenstein:
I am a Project Manager and Avian Ecologist at Western EcoSystems
Technology, Inc (WEST) and have been employed in that capacity since
2011. I have a Ph.D. in Environmental Science with a focus in Avian
Ecology and have been involved in avian research for 20 years. In
previous positions I have worked in the area of avian research throughout
the U.S., in Central America, and conducted my doctoral dissertation
research on the reproductive ecology of Galápagos hawks (Buteo
galapagoensis) in the Galápagos Islands, 600 miles west of Ecuador. As a
postdoctoral research associate with the University of Washington,
Seattle, I worked in the Northern Mariana Islands (a U.S. Commonwealth
in the Western Pacific) as Director of Field Research on the federally
endangered Mariana crow and Rota bridled white-eye. Since entering the
world of environmental consulting, I have been able to apply my expertise
in avian behavior and ecology to the field of renewable energy
facility/wildlife interaction research. As a Project Manager for WEST, I
have managed baseline studies, environmental permitting, and/or
operational monitoring/research at a number of wind energy projects in
southern California and have been involved in baseline studies at several
solar facilities. The work I have conducted and managed at the locations
of proposed solar facilities has included golden eagle nest surveys (by air
and by ground), golden eagle spatial use surveys, bird use count surveys
(BUCs), small bird count surveys (SBCs), raptor migration surveys, and
nocturnal songbird migration studies using radar. I have also developed
Avian and Bat Protection Plans (ABPP), Bird and Bat Conservation
Strategies (BBCS) and Eagle Conservation Plans (ECP) for several wind
projects. I have co-managed the baseline avian studies for PSEGS since
summer 2013 and am currently managing and one of the authors on the
BBCS for the Project. A detailed description of my qualifications is
attached...
III.

Opinion and Conclusions:

Avian Comparison Table
The Committee provided direction at the PMPD Conference that it would like the
PSEGS evidentiary record to provide a comparison of avian impacts with other
technologies. To provide a rough comparison we have compiled Exhibit 1133
which provides publicly available avian mortality data reported by First Solar for
its Desert Sunlight Project (DSP) photovoltaic (PV) facility, NextEra for its
Genesis Solar Energy Project (GSEP) solar trough facility; and the Ivanpah Solar
Electric Generating System (ISEGS) solar power tower facility.
As the
Committee acknowledged at the PMPD Conference, the data reported by the
facilities are imperfect but are the only publicly available data. While there are
differences in data collection methods and the quantity and quality of the data,
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they provide some information on the similarities or possible differences in the
species and taxa composition among the different technologies. Based on a
comparison of the mortality data collected to date, imperfect as it is, it appears
that the potential impacts from highly concentrated solar flux, as it occurs in an
area immediately surrounding the solar collector tower, may warrant specific
mitigation and adaptive management techniques since this sort of highly
concentrated solar flux zone is not generated at either solar trough or PV
facilities. However, as was suggested in a USFWS Office of Law Enforcement
(OLE) preliminary study of mortalities at DSP, GSEP, and ISEGS, it also appears
that heliostat fields may pose a reduced risk to birds relative to PV or solar trough
facilities due to less dense spacing and multi-axis mobility. Compared to PV
panels and parabolic troughs, heliostats also offer the greatest potential to
employ adaptive management techniques involving different stowing positions to
reduce avian collision impacts at PSEGS.
Some Parties have argued that the Committee should require years of data from
ISEGS in order to be able to evaluate the potential impacts associated with
highly concentrated solar flux for the PSEGS. However, the data on avian
mortality from the various technologies and particularly the data from ongoing
monitoring efforts at ISEGS, which began collecting data over a year ago, do not
support such a contention.
First, the ISEGS project is one of very few solar projects that have conducted
systematic searches and reported findings to date. It is our understanding that
the area around each tower, within 850 feet, has been searched systematically
since spring 2013 at ISEGS, and 20% of the heliostat fields surrounding each
tower have been searched since October 2013. These systematic searches
provide a better data set to understand what is happening at the ISEGS project.
Although systematic monitoring at other projects is anticipated in the future,
currently, the other datasets are largely composed of incidental reporting. For
DSP and GSEP, the avian mortality monitoring consists of reporting dead birds
that are found incidentally by construction workers or biological monitors while
conducting other activities. The number of carcasses reported in incidental
monitoring is likely a function of the amount of activity and effort in the facility
during construction and operations. That common sense relationship does
appear to be apparent based on the index of activity compared to carcass finds
from DSP and GSEP and the USFWS OLE is aware of this (Exhibit 1154).
Second, the projects are at various stages of construction and operation and are
also of different sizes and at different locations and encompass different avian
settings and habitat types. The GSEP is a 250 MW solar trough facility
encompassing approximately 1,800 acres. The DSP is a 550 MW PV facility
encompassing approximately 3,761 acres, and ISEGS is a 377 MW solar power
tower facility encompassing approximately 3,200 acres. In order to provide a
more accurate estimate of the potential avian mortality that could occur from the
No Project Alternative (500 MW solar trough), mortality data would need to be
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extrapolated based on metrics like the acreages of solar fields, number of
buildings, length of transmission or distribution lines, etc. (See Exhibit 1155).
Third, and most importantly, the avian mortality studies conducted to date do not
include any effort to evaluate deterrent methods or adaptive management
techniques. As the Committee knows, PSH has committed to a comprehensive
adaptive management program embodied in Conditions of Certification BIO-16b,
which will require the development, testing and implementation of deterrent
methods tailored to the avian species that are being impacted by the PSEGS. In
addition, the PSEGS is the only project that has committed to the funding of
substantial mitigation activities (Condition of Certification BIO-16a) up front that
the Technical Advisory Committee (TAC) can direct to programs to benefit the
actual species or group of species being impacted by the PSEGS.
To place the potential impacts in a broader context, based on our experience, we
would expect the monitoring of wind turbines at a wind project with the capacity
to generate 500 MW in an area with an avian setting similar to the PSEGS to
result in avian mortality of approximately 1,700 carcasses per year on average.
Based on studies in the region, we would expect most fatalities at a wind project
would be songbirds, with some raptors, waterfowl, waterbirds, and other avian
groups represented as well.
Based on our risk assessment and a comparison of species composition data
amongst current studies, which is included in the Draft BBCS (Exhibit 1139), the
mortality from an average wind energy project is not unlike what is estimated for
this solar facility. Furthermore, this solar facility and an average wind energy
project would be expected to generally affect similar assemblages of bird taxa.
An example of an expected difference in assemblages is that we anticipate
potentially more turkey vulture mortality at PSEGS compared to the other
projects.
It is very important to put these numbers into some context. In fact, the most
significant concern over impacts to many wildlife populations, including birds, is
over the effects of climate change (Foden et al. 2013) and habitat loss (BirdLife
International website). Climate change has already affected birds and their
habitats in a number of ways, causing: 1) changes in behavior and phenology,
such as timing of migration and nesting; 2) range shifts (displacement) and
contractions; 3) disruption of species interactions and communities; and 4)
exacerbation of other threats and stresses, such as disease, invasive species
and habitat fragmentation, destruction and degradation (BirdLife International
2008). Over the past 40 years, climate change has produced shifts in the
abundances and distributions of species and has been implicated in at least one
species-level extinction (Thomas et al. 2004). PSEGS directly contributes to
combating climate change as part of the State’s shift to renewable energy.
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After the effects of climate change and habitat loss, studies to date have
indicated the highest mortality of birds due to anthropogenic causes comes from
predation by domestic and feral cats (Loss et al. 2013) followed closely behind by
collisions with windows (e.g., from houses, office towers, commercial structures;
Klem 2009). Other sources that are not easily quantified in terms of total number
of annual fatalities, but are well documented mortality sources, include power
lines, vehicles (Loss et al. 2014), communication towers (Longcore et al. 2012),
oil field wastewater disposal facilities, wind turbines (Zimmerling et al. 2013),
aircraft, lead poisoning from hunting ammunition (Kerlinger 2013), power plant
discharge ponds, fences, fishing nets, oil spills, and parking lots (see Exhibit
1157).
Songbirds appear to be the most common group impacted by colliding with tall
towers (particularly the guy wires often associated with these structures),
buildings and vehicles, while ducks and other waterfowl appear to make up a
small percentage of birds that collide with these sources. The primary
anthropogenic source of waterfowl mortality is legal hunting, which resulted in the
harvest of nearly 19 million ducks and geese in the U.S. alone in 2012. Other
sources of mortality for waterbirds and waterfowl include road vehicle collisions,
powerline electrocutions and collisions, communication tower collisions, cat
predation, agricultural pesticides, and marine gillnets (Calvert et al. 2013). Nest
destruction is associated with haying and mowing, commercial forestry,
powerline maintenance, hydroelectric reservoirs, terrestrial oil and gas activities,
mining, and road maintenance (Calvert et al. 2013). Studies like Longcore et al.
(2013) and Erickson et al. (2014, in review) suggest that avian mortality
cumulatively from thousands of communication towers and wind turbines for the
great majority of waterfowl, songbirds, and waterbirds, is a relatively minor
source of mortality for individual species populations.
In addition, the data in Exhibit 1157 can be used to identify mitigation
opportunities by the TAC when directing the PSEGS mitigation funding.
Some of the risk factors associated with bird mortality at structures include siting
of the facilities, use of guy wires, lighting, and height of structures. Based on the
extensive pre-construction survey data for PSEGS, the project does not appear
to be in a high bird use area. While turkey vulture use is relatively high, the site
has low raptor use (excluding vultures) when compared to other projects in the
region. In addition, guy wires at communication and meteorological towers
appear to be a very significant risk factor for birds. No guy wires are associated
with the PSEGS solar power towers. Solid red lights on infrastructure also appear
to be an attractant to birds at night, especially during poor weather conditions,
and this has led to large nighttime fatality events at some structures, especially
those with guy wires. While the PSEGS towers are relatively tall, the risk of
collision at night should be relatively low, given there are no guy wires. It is
important that the minimum amount of lighting to meet FAA standards is used on
the towers. The PSEGS towers are solid which is different than the lattice
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structure employed at ISEGS, so internal safety lighting (on stairways, walkways,
and platforms, for example) will not be viewable from the outside, thereby
reducing lighting attraction. In addition, according to the meteorological data and
our experience on the site, the area doesn’t experience frequent foggy
conditions, thereby decreasing the potential for a large avian fatality event.
One avoidance measure that has been considered for wind energy projects is
curtailment of individual turbines or groups of turbines when birds are
approaching. This measure has been employed, for example, at the Ocotillo
wind project using observations of incoming birds by biological monitors with the
aid of radar and other technology. This curtailment approach has been
considered feasible in some cases at wind energy facilities because the turbines
can be controlled individually, and the turbine rotors or blades can be slowed to
decrease risk to birds in less than a minute or so.
The technology at a
concentrated solar facility cannot be changed in such short order, so a similar
curtailment application like the one at Ocotillo and other wind energy projects is
not possible for this facility. As described in the Exhibit 1137, Biological
Resources Supplemental Opening Testimony of Gustavo Buhacoff, it would take
up to 30 minutes to discontinue production of highly concentrated solar flux by
moving the heliostats from focusing on the receiver to the stow position. While
the heliostats can be moved to a standby position in a shorter time period, the
risk to birds could potentially be increased because moving heliostats to a
standby position can potentially increase the area of highly concentrated flux
away from the tower. Therefore, quick curtailment to respond to incoming birds
would not be as effective for PSEGS as for a wind turbine project. The more
effective approach would be to use deterrent methods in such an event (see
further discussion below). In addition, the data collected at ISEGS have not
shown that any large fatality events (e.g., greater than 25 birds on a search day)
have occurred at the facility. Since solar flux is not generated at night, concern
over significant or large impacts to migrating songbirds is greatly reduced.
Bird and Bat Conservation Strategy (BBCS)
PSEGS is currently in the process of preparing a BBCS for the PSEGS and has
completed a first draft of the document (see Exhibit 1139). The BBCS includes
the methods and results of all avian and bat related baseline studies conducted
to date at the Project site and provides a risk assessment for various avian
species-groups (e.g., waterfowl, diurnal raptors, passerines, etc.) based on the
results of the baseline studies. A large number of studies have been and
continue to be conducted at the site, far exceeding efforts at other solar projects.
See Exhibit 1158 for a summary of these efforts. In fact, the preconstruction
surveys provide more comprehensive baseline information on avian use for any
solar energy project considered by the California Energy Commission. The
wealth of baseline data at the PSEGS provides an excellent starting point to
further study the changes in avian use at the site during construction and
operation of a power tower facility. Studies at a facility such as PSEGS, which
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can rely on a robust set of baseline data, will lead to a better understanding of
the relationship between large scale solar projects and avian use during and after
construction. This data can be used to inform future siting decisions and it can
assist PSEGS and future projects to design monitoring, detection, and deterrent
methods.
Risk Assessment
The data collected as a result of the PSEGS pre-construction surveys can be
used to evaluate avian species use and composition, determine how avian use at
this site compares to other sites, and estimate potential exposure to solar flux.
For example, overall, use of the Project study area (including a 1-mile buffer), by
diurnal raptors has been low relative to the locations of other proposed
Southwestern U.S. renewable energy (wind) projects where pre-construction
studies have been conducted (see Exhibit 1159)
We conducted a quantitative risk assessment based on the pre-construction
information and models of highly concentrated solar flux surrounding the solar
collector tower to better understand and estimate the potential level of magnitude
of impacts to a number of taxonomic groups from the zone of risk. We
conservatively predicted numbers of bird passages, by major taxonomic groups,
through the area where levels of highly concentrated solar flux equals or exceeds
levels that may cause effects. The predicted numbers of flights accounted for
various assumptions about bird avoidance of concentrated solar flux and
operational conditions at the towers over the course of one year.
We were provided a simulation of flux around a tower at PSEGS (Exhibit 1160)
which, according to the assumptions provided to us, include conservative
operational conditions (i.e., larger and/or more intense flux conditions than are
likely to be present during much of the operational time). Using this simulation,
we assigned risk to a region in space, centered near the top of the tower,
including the majority of regions ranging from 25 kW/m2 to and including all
regions of 50 kW/m2 or greater flux. This risk region takes the form of a cylinder
100 m in radius extending from 176 to 280 m above ground level. As shown on
Exhibits 1161 and 1162, which plot the ISEGS avian data, this level of highly
concentrated flux is consistent with the mortality data collected at ISEGS where,
as indicated by the distribution of flux damaged carcasses, the vast majority of
flux damage appears to be taking place near the tower.
Systematic bird use surveys were conducted at the PSEGS site during fall 2013.
Surveys targeted larger birds, such as diurnal raptors, waterfowl, and vultures, as
well as small song birds. Flight path data were recorded, as well as estimated
flight height upon detection. Using these data, we estimated the number of flight
paths potentially passing through the region of risk.
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In lieu of any comparable model for ‘collision’ with the concentrated flux zone (or,
non-avoidance) we adopted a frame work similar to that of the USFWS fatality
prediction model for eagles (USFWS 2013). After estimating bird exposure, we
modeled non-avoidance probability (the complement of avoidance) using four
scenarios with progressively lower mean (decreasing probability of flight through
risk zones) and lower variance. This method assumes that birds will actively
avoid regions of highly concentrated solar flux based on both visual cues (higher
light intensity and/or presence of the tower) and/or through deterrent
technologies.
Results
It is estimated that approximately 665 to 1228 flight paths of birds would be
exposed to solar flux within the danger zone per year under a no avoidance or no
attraction assumption. Of the taxonomic groups investigated, and using the more
conservative assumptions, passerines have the potential for the highest level of
exposure (229 – 764) while turkey vultures are the second most common group
identified (332). Other large bird taxonomic groups that are expected to have
some potential exposure include diurnal raptors (30), with buteos (16) having the
most potential for exposure, followed by falcons (7).
In addition, we modeled exposure rates under the assumption that there would
be some level of avoidance by birds of the area around the tower. Birds are
known to avoid potential collision with buildings and other tall structures,
especially during the day when the flux is occurring. In addition, it is anticipated
that deterrents will be used to increase avoidance around the tower. With
assumptions of 50%, 75%, 90%, 95% and 99% avoidance, the number of
estimated fatalities is reduced in a proportional progression.
Monitoring Plan
The BBCS also includes a comprehensive monitoring plan to quantify the levels
of impact from the project, and focus additional monitoring, research and
mitigation through an adaptive management process which will include testing
and updating of the risk assessment. The monitoring plan will be designed to
estimate Project impacts to birds and bats, and will incorporate measures to
adjust the data for uncertainty.
Experimental bias trials that are standard in avian fatality monitoring studies will
be conducted to correct for missed birds due to searcher efficiency bias and
scavenger bias. It has also been hypothesized that birds passing through highly
concentrated solar flux may be vaporized (i.e., completely incinerated). Based
on the information collected to date at ISEGS, it does not appear that
vaporization of birds is possible. We have seen very little difference in the
condition of birds that show signs of concentrated flux damage at ISEGS. If
some birds were being vaporized, it would be expected that at least some bird
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carcasses would also show feather charring or more severe damage from highly
concentrated flux than is being observed among the carcasses found at ISEGS.
It is likely that a bird’s impaired ability to continue to fly after being exposed to
flux would keep it from traveling through the flux zone to a point of vaporization.
The condition of birds with injuries from exposure to highly concentrated flux
and/or any further evidence encountered will be monitored during operations to
provide additional information useful for investigating the vaporization theory, but
at this point it appears highly unlikely such a hypothesis has any merit.
In addition to the currently unsupported vaporization hypothesis, it has also been
hypothesized that some birds may be slightly injured from exposure to highly
concentrated flux and then fly offsite before they die. The same concern is
associated with wind energy facilities where birds injured from collision may fly or
walk away outside the search area depending on their condition and go
undetected by searches.
There are some differences between the morbidity issue at a wind energy facility
and this solar facility. First, monitoring at a wind energy facility focuses on the
area around turbines, typically within a maximum distance from the turbines
equivalent to the height of a turbine to the tip of one of its blades in vertical
position. Searches are not generally conducted more than approximately 100
meters away from a turbine string (group of turbines in a row). However, since
searches will be conducted in a large area around the solar power tower, as well
as within the heliostats, we will be able to gather evidence to evaluate the
morbidity issue at the project. For example, searches will be conducted within
heliostats up to approximately 2,700 meters from the nearest tower and
approximately 5,400 meters from the tower that is not the nearest tower, which
will provide some information on morbidity of birds injured from exposure to
highly concentrated solar flux at great distances from the towers. In addition,
some sampling will be conducted offsite, which will provide further information on
whether birds impacted by the project are subsequently moving offsite before
they die.
Data from ISEGS do not appear to support the hypothesis that monitoring will
significantly underestimate mortality due to birds being impacted by the project
and landing outside the search areas. Exhibit 1162 shows a superimposed
picture of concentrated solar flux modeled for Palen and the flux injury fatalities
at ISEGS based on the information provided in the monthly reports through April
2014. Very few of the carcasses landed outside the estimated area of
concentrated solar flux and most of those that did were close to the edge of the
area. There have been few birds with flux related injuries found outside this
area, and the density of birds with flux related injuries clearly shows a rapidly
declining rate with increasing distance from the tower (Exhibit 1162), with the
evidence of decline initiating well within an 850 feet radial perimeter. It is our
understanding the area within 850 feet of the tower has been searched since
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March 2013. This evidence suggests that few birds with flux related injuries
would be expected to end up outside the area of searches.

Adaptive Management
Monitoring information collected at the PSEGS will feed into an adaptive
management process for making management and operational decisions. An
extensive series of mitigation measures and advanced conservation practices
(ACPs) will be incorporated into the construction and operation phases of the
Project to reduce any risk that might be posed by the facility to birds and bats.
Inherent to the adaptive management process at the PSEGS will be a plan to
experimentally test a series of methods aimed at reducing risk that might be
posed by the Project to birds and bats. These methods will include:
 Detection and deterrent methods to determine the most effective
technologies for implementation at the Project.
 An experimental test of heliostat positioning regimes
 Potentially modifying the lighting scheme at the Project
 Direct compensatory mitigation funds proportional to species/taxa groups
impacted
To mitigate potential risks posed by the PSEGS to birds and bats, PSH is
committed to testing methods, identified through review of the above studies and
included in the Adaptive Management chapter of the PSEGS BBCS, aimed at
mitigating for and potentially having a net benefit to bird and bat populations in
the area, even given potential mortalities at the Project.
Deterrent Methods
Exhibit 1130 provides a description of current and developing avian deterrent
methods and techniques. Avian deterrent technology is developing rapidly and
Exhibit 1130 was included to provide the Committee with some examples of the
types of methods and techniques available to the PSEGS and the Technical
Advisory Committee (TAC) organized pursuant to Condition of Certification BIO16b. As Exhibit 1130 identifies, the effectiveness of deterrent methods can be
highly dependent upon species and whether a species becomes acclimated to
the deterrent technique. Therefore, the approach that is anticipated by the
Conditions of Certification allows the TAC to recommend deterrent methods,
monitor those methods, and make modifications to deterrent methods or employ
new methods as data from the comprehensive monitoring of the PSEGS during
operation are collected.
We have observed videos of birds being deterred by sound in relation to a
transmission tower and have been collaborating with BirdsVision Ltd. on other
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applications of their technology. An advantage of using this technology at solar
energy facilities as opposed to wind energy facilities is that wind facilities
represent a cluttered environment with moving turbine tips and blades that make
it very difficult to detect birds. However, the technology has been successful in
deterring birds from stationary structures akin to those found at solar energy
facilities.
Performance Standards
The Committee directed the parties to consider using performance standards as
a way to mitigate uncertainty and implement adaptive management. We agree
that performance standards or adaptive management thresholds are a useful tool
that has been used in other similar contexts for implementing management
actions at wind projects. However, it is important to note that the traditional use
of performance standards is to ensure that impacts do not rise above the
threshold of significance set for evaluation under the California Environmental
Quality Act (CEQA). In the case of the PSEGS, PSH is not requesting the
Committee to find that the PSEGS does not result in significant impacts to avian
species. PSH is willing to proceed with a finding that avian impacts at the
PSEGS are significant and, due solely to uncertainty, may not be fully mitigated.
With that in mind, we believe that the best approach to incorporate performance
standards would be to propose performance standards that can be modified and
implemented by the TAC as appropriate. Performance standards may be
developed to help answer the questions below:
1. What are the most effective technologies or combination of technologies
for detection and deterrent methods to avoid and reduce mortality of birds
and bats?
2. What positioning of heliostats at night results in the least impact to birds
as determined by an experimental test of heliostat positioning regimes?
3. What is the best use of compensatory mitigation funds and how may they
best be proportionally applied to species/taxa groups impacted?
4. What additional monitoring, mitigation or research should be conducted if
mortality is higher than predicted?
5. If mortality on a given day or a given period is considered high based on a
specific threshold, what were the factors that appeared to be related to the
event or series of events?
Mitigation
PSEGS has voluntarily committed compensatory mitigation funds to help offset
bird mortality that occurs due to operations at the Project. These funds will be
directed to programs that benefit birds of taxa similar to those impacted by the
project. For example, if songbirds incur fatalities, contributions will be made to
programs that benefit songbirds. Some examples of the types of activities that
will lead to compensatory benefits for various bird groups are identified below.
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 Songbirds: Marking fences, feral cat control (e.g., neutering/spaying),
window markings
 Water birds/waterfowl:
overhead line marking

Salton Sea habitat improvement efforts,

 Raptors: Power pole retrofits, marking fences, overhead lines
The compensatory benefits from these activities depend on many factors.
However, general resource equivalency models have been developed that do
demonstrate the benefits of these methods. PSH has indicated that they intend to
dedicate $300,000 to retro-fitting power poles as part of a mitigation package to
aid in migratory bird conservation. The 2013 U.S. Fish and Wildlife Service
(USFWS) Eagle Conservation Plan Guidance: Module 1 – Land-based Wind
Energy document recommends power-pole retro-fits as compensatory mitigation
to offset eagle take and provide a resource equivalency analysis (REA) to
quantify the number of power-pole retro-fits needed to offset the loss of an eagle
(USFWS 2013). The USFWS REA calculates the value of an eagle as well as the
reproductive value of the lost eagle over two generations. Therefore, by using the
USFWS power-pole retrofit REA, we can quantify the number of eagles (and the
reproductive value of those eagles over two generations) that are expected to be
mitigated for by retro-fitting a specified number of power-poles. Assuming that
eagles and other raptors have similar demographic characteristics, we can also
provide an estimate of the benefits of power-pole retrofits to other raptors given
the electrocution rates of other raptors relative to eagles based on publicly
available data from the literature.
The cost to retrofit (re-frame) power poles has been generally estimated to range
from $800 to $4000 per pole. For our analysis, we assume that it will cost $2,000
to retro-fit a power-pole, and under that assumption Palen is proposing to provide
funding to retro-fit 150 power-poles. One of the variables that influences the
number of power-pole retrofits needed to offset eagle take under the USFWS
power-pole retrofit REA is whether or not the retrofit(s) are installed upfront (prior
to take of an eagle) and how far in advance of the expected take the retrofits are
installed. If the retrofits are installed prior to operation of a 30 year project (i.e.,
the retrofitting is for some level of anticipated take over the next 30 years), the
number of retrofitted poles per eagle is approximately 9.2 (USFWS 2013).
Alternatively, if poles are retrofitted while take occurs, the number of retrofitted
poles per eagle is approximately 14.12. Both scenarios assume that the retrofits
are maintained for 30 years (retrofits result in 30 years of avoided eagle loss).
Since there is no predicted level of expected eagle or raptor take for the PSEGS,
we assume that 14.12 power-pole retrofits will offset the take of one eagle based
on the USFWS power-pole retro-fit REA. Therefore, we estimate that by
retrofitting 150 power-poles, Palen will mitigate for the loss of approximately 10
eagles and the reproductive value of those ten eagles over two generations.
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In addition to eagles, power-pole retrofits have the potential to benefit a number
of other raptor species. Over 30 raptor species have been reported as
electrocution mortalities in the U.S. (Hunting 2002). Lehman et al. (2010)
assessed patterns of raptor mortality due to electrocutions in northwestern
Colorado and northeastern Utah. Estimated mortality rates for hawks and owls
were similar to eagles, suggesting that hawks and owls were as likely to be
electrocuted as eagles in spite of inherent size differences (Lehman et al. 2010).
The authors hypothesized that the large numbers of poles in high-risk categories
may have contributed to unusually high mortality rates for hawks and owls.
Based on these findings, as well as the assumption that eagles and other raptors
have similar demographic characteristics, we estimate that Palen will mitigate for
the loss of an additional 10 other raptors (and the reproductive value of those ten
raptors over two generations) by retrofitting 150 high-risk power-poles.
Retro-fitting high-risk power-poles will provide a benefit to both eagles and other
raptors. Based on the above assessment, by retro-fitting 150 high-risk power
poles, Palen could mitigate for the loss of 20 raptors (10 eagles and 10 other
raptors) and the reproductive value of those 20 raptors over two generations.
WEST has investigated other measures that could be funded from the $1.2
million PSEGS contribution to bird conservation to voluntarily mitigate impacts to
birds as a result of solar flux.
As identified by many bird conservation groups, feral cats represent a significant
threat to bird and other wildlife populations. See Exhibit 1163, letter from
American Bird Conservancy, National Audubon Society, and others to the US
Secretary or Interior, and Exhibit 1164, letter from the American Bird
Conservancy to the US Secretary of Interior. After reviewing the letters, WEST
developed a resource equivalency analysis that equates bird mortality to a feral
cat removal or neutering (spaying) program (see Attachment A). PSEGS is not
proposing to conduct its own feral cat program, but believes the TAC could direct
funding to existing or new programs that can have a significant positive effect on
passerines and songbirds to adequately mitigate the mortality impacts the
PSEGS could have on those groups of birds. The current version of Condition of
Certification BIO-16a, developed by the Commission Staff and agreed to by
PSH, provides the flexibility of the TAC to direct funding to animal control
programs.
Determining the number of songbirds taken per cat per year is difficult because
predation is difficult to observe. Estimates of cat predation rates on songbirds
range from 4 to more than 100 per year (Exhibit 1165), again, with most
published estimates assumed to be conservative (i.e., low). We used a value
near the middle of the range of reported rates to calculate the number of
songbirds expected to be taken by a female cat, her daughters, and her
matrilineal granddaughters (see Attachment A). Each generation is calculated
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independently of the others, so the number of songbird mortalities resulting from
one cat plus one generation of her female offspring is 112 + 874 = 986 songbird
mortalities per female cat. Alternatively, if a neutering program is used, and
songbird credits are calculated over two generations of offspring, 874 songbirds
may be saved per female cat spayed.
By including two generations of offspring in the analysis, a spaying program
alone could result in 874+20,618 songbirds saved per female cat. Attachment A
and the values presented here are in terms of female cats produced per female.
If a cat control or spaying and neutering program is implemented for both sexes,
as is likely to be the case, total credits would be half of what is calculated here.
This is conservative inasmuch as male cat-years in generations two and three
are not counted towards the bird credit. Clearly, as suggested by the bird
conservation groups in the previously-mentioned letters, contributions to
programs designed to reduce bird mortality from feral cats could greatly benefit
birds, especially songbirds.
Other approaches that could be considered include marking other overhead lines
or fences or guy wires from tall structures with markers that make the wires more
visible to wildlife. Several studies have been conducted that have shown
significant reductions including up to 90% reduction in bird mortality by use of
marking in some cases. In addition, another very effective tool is to remove
fences or overhead lines that are no longer being used. Songbirds, game birds,
raptors, waterfowl and waterbirds are impacted by collision with wires. The
number of birds that might be saved by such measures will depend on the
location of the fences or overhead lines, but can be a very useful and effective
mitigation tool.
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A primer on Resource Equivalency Analysis and its application to a catcontrol
program as compensatory mitigation for incidental take of songbirds
Paul Rabie and Wally Erickson – WEST Inc.
Resource equivalency analysis (REA) is a modeling strategy that allows ‘apples to apples’
comparisons among apparently dissimilar resources. In this document we construct a
prototypical equivalency model that relates cats to songbirds through the process of predation.
We begin with the observation that cats kill songbirds and recognize a negative relationship
between numbers of cats and numbers of songbirds. But songbird predation is a process and as
such it unfolds through time. The number of songbirds accruing to a cat depends on the amount
of time that the cat has to hunt. Researchers typically calculate songbird predation as songbirds
per cat per year. It follows that the appropriate equivalency is songbirds per cat-year.
songbirds = cat - years * birds per cat per year
Because cat-years are important to the equivalency, it is necessary to calculate the number of
cat-years per cat. It immediately becomes apparent that removal of a kitten from the
population is more effective in terms predation reduction than removal of an elderly cat,
because the average kitten will live much longer than the average elderly cat.
Further, removal of a cat from the population reduces the amount of time available to that
particular cat, but also (if the cat is a female) the amount of time available to its kittens 1. Cats
are prolific reproducers, and accounting for cat-years due to future generations would quickly
produce numbers that are unwieldy. To avoid this problem we consider only two future
generations of cats 2: the single cat in question (generation 0, or Gen0 for short), plus the kittens
it would have had (Gen1), plus its kittens’ kittens (Gen2).
In calculating total cat years, we assume that Gen0 is drawn at random from the population, and
the number of years it might live is then the average life expectancy over the whole population.
Similarly, the number of kittens in Gen1 is the average number of kittens expected from a
random female cat in the population (note that this number includes kittens from multiple
litters). But the number of cat-years per cat in Gen1 and Gen2 are both equal to the life
expectancy of a kitten, and the number of cats in Gen2 is the number of kittens expected over
the life of a kitten. For the REA we have developed below, this calculation is:

Component
Gen0
Gen1
Gen2

Total cat years =
Average life expectancy +
Average number of kittens from a cat * life expectancy of a kitten +
Average number of kittens from a cat * average number of kittens from a kitten * life

1

As is the case for most population modeling exercises, males are considered nearly irrelevant to population
dynamics, and are ignored. The strategy is to base all calculations on females and then assume that half of the cat
population is female.

2

There is precedent for this in the USFWS REA for golden eagles, and use of this precedent here is conservative
because two generations of golden eagles live much longer than two generations of cats.
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expectancy of a kitten

In practice, the REA would be calculated on the basis of half of the cats removed from the
population because males contribute very little to population dynamics.
There is one further complication to the calculation of total cat years. In general, a bird
tomorrow is not valued the same as a bird today; there is a discount applied to future birds. In
the current context, we can discount future cat years and achieve the same effect. A typical
discount for future natural resources is 3% per year 3. The complete calculations to achieve a 3%
per year discount for future cat years are cumbersome but to illustrate the idea, the life
expectancy for a kitten in the REA below is 2.13 years. To apply a 3% per year discount means
that the number of cat-years credited to a kitten born this year is
1 * 0.970 + 1 * 0.971 + 0.13 * 0.972 = 2.09
and the number of cat-years credited to a kitten born next year is
1 * 0.971 + 1 * 0.972 + 0.13 * 0.973 = 2.03.
Determining the number of songbirds taken per cat per year is difficult because predation is
difficult to observe. Almost all published estimates of cat predation rates indicate that they are
conservative (i.e. probably low). Here we used a value near the middle of the range of reported
rates to calculate the number of songbirds expected to be taken by a cat, her daughters, and her
matrilineal granddaughters. Each generation is calculated independently of the others, so the
number of songbirds owing to one cat plus one generation of her female offspring is 112 + 874 =
986 songbirds per female cat. Alternatively, if a neutering program is used, and songbird credits
are calculated over two generations of offspring the credit per female cat neutered is 874 +
20,618 = 21,492 present-value songbirds per female cat. The table and the values presented
here are in terms of female cats per female. If a cat control or neuter program is implemented
for both sexes (as is likely to be the case), total credits would be half what is calculated here.
This is conservative inasmuch as male cat-years in generations two and three are not counted
towards the bird credit.

3

Again, by analogy to the USFWS golden eagle REA
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Calculation basis

Female
cat-years Present value female cat
calculated without years (after 3% per year
discount
discount)
One female cat
2.28
2.15
Female offspring from 19.6
16.8
one female cat
Second-generation
576.5
396.5
matrilineal
female
offspring
from
one
female cat
Total
598.3
415.4
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Present-value songbirds,
assuming 52 birds per cat
per year
112
874
20,618

21,600
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Peninsula,Washington–surveyedoldgrowthforestandtimberlandsforbreedingadults.
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