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Product 

Description 

 

The 2016 final rule revising the permitting of incidental take under 
the U.S. Bald and Golden Eagle Protection Act (BGEPA) indicated 
that new protocols and permit terms and conditions will be 
developed for take by transmission and distribution line projects, but 
at the present time many of the details are uncertain. This report is 
intended to provide an overview of the issues involved and a 
summary of some of the changes that may be enacted, as well as 
opportunities that exist for stakeholder contributions to the emerging 
framework. 

Background 
Unpermitted incidental take of eagles in the United States is 
prohibited under the BGEPA. Concern over turbine-related 
fatalities amid rapid growth in the wind energy sector led to the 
development of a quantitative framework for predicting and assessing 
incidental take at wind farms, and in a final rule released at the end 
of 2016, the U.S. Fish and Wildlife Service (FWS) announced it will 
apply this framework to other activities. However, it acknowledged 
that some activities warrant their own protocols. Transmission and 
distribution (T&D) projects were cited as a specific example of an 
activity that requires changes to the incidental take permitting 
framework, but details on those changes were not part of the final 
rule.  

Objectives 
 To identify similarities and differences between the frameworks 

for wind and T&D 
 To give technical detail on the FWS approach to permitting 

incidental eagle take at T&D projects 

 To identify aspects of the approach that remain unclear or 
undecided 

 To identify opportunities for the electric power industry to 
contribute to the emerging framework 

Approach 
Investigators conducted interviews with FWS personnel to gain 
insight into their approach to and progress toward a quantitative 
framework for permitting the incidental take of eagles at T&D 
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projects. This information was further enhanced through the review 
of online resources, peer-reviewed literature, and the 2016 final rule. 

Results 
The research and development of tools for predicting fatalities at 
T&D projects is being led by the Western Golden Eagle Team 
(WGET) within the FWS, and this group and its collaborators have 
made significant progress toward developing the new framework for 
T&D projects. Their approach is highly quantitative and depends on 
multiple models to predict eagle abundance and electrocution hazard, 
the topics that have been the focus of research so far. Release of final 
guidance is expected in late 2019 or early 2020.  

Several aspects of the framework are still unclear or undecided. 
Significantly, no specific information on post-construction fatality 
monitoring was identified. WGET personnel indicated that they are 
yet undecided on their approach to predicting electrocutions. They 
have developed one approach that predicts power pole density from 
landscape features as a proxy for electrocution hazard. However, they 
indicated that their preferred approach would utilize a GIS database 
of pole locations and configurations. 

The high data demands of the proposed framework, as well as the 
need for regional coordination of data collection, create opportunities 
for the electric power industry to contribute to both the development 
and the maintenance of data products for use in T&D project 
permitting. WGET also acknowledged that their models are trained 
on golden eagle data but will be applied to bald eagles, as well. The 
electric power industry could contribute to the development of a 
parallel set of models and parameters for bald eagles, likely 
facilitating better management outcomes. 

Applications, Value, and Use 
Having an understanding of the specific goals for the developing 
framework, as well as the decisions that remain to be made, provides 
an opportunity to educate stakeholders prior to the release of final 
guidance. EPRI is available to develop collaborative research projects 
and facilitate dialogue between the electric power industry and FWS 
staff. 

Keywords 
BGEPA 
Eagles 
Electrocution  
Incidental take 
Transmission and distribution 
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Deliverable Number: 3002014192 
Product Type: Technical Update 

Product Title: From Wind to Wires: Insight into a Developing Framework for Incidental 
Take Permits for Eagles 

 
PRIMARY AUDIENCE: Environmental managers at electric utilities and wind operating companies 
SECONDARY AUDIENCE: Interested researchers and agency staff engaged in golden eagle management 
issues 

KEY RESEARCH QUESTION 

The 2016 final rule revising the permitting of incidental take under the Bald and Golden Eagle Protection Act 
(BGEPA) indicated that new protocols and permit terms and conditions will be developed for take by 
transmission and distribution (T&D) line projects. What will this framework share in common with the 
framework for wind farms? What parts will differ and what new approaches will be used? 

RESEARCH OVERVIEW  

This report is intended to provide a quick but thorough overview of issues around an emerging BGEPA 
incidental take permit framework for transmission and distribution. Research being conducted to support the 
development of this framework is being led by the Western Golden Eagle Team (WGET), a group within the 
U.S. Fish and Wildlife Service (FWS) with a large network of private and academic collaborators. Insight into 
their approach and progress was gained through interviews and augmented by a review of online resources, 
peer-reviewed literature, and the text of the final rule itself. This report summarizes the T&D incidental take 
framework and provides technical detail on developments in golden eagle abundance estimation, prediction 
of electrocutions, and mitigation options. This information is supported with background on the existing 
permitting protocol for wind farms and an independent evaluation of possible approaches to electrocution risk 
assessment.  

KEY FINDINGS  
• The incidental take permitting protocol for T&D projects is still in development, but significant progress 

has been made and is supported by peer-reviewed publications. 
• The approach to predicting and managing take at T&D projects uses multiple quantitative 

mathematical models. These models address local population size (step 1 in Figure 1), historical 
patterns of wires-related eagle fatality (step 2), and calculation of compensatory mitigation (step 3). 
This report reviews the modeling involved in all of these steps in detail. 
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Figure 1. Cumulative incidental eagle take will be managed through a framework incorporating eagle 
population density and dynamics, activity-specific impacts, and options for compensatory mitigation. 

• Local eagle population abundance will be estimated using multiple habitat-based models for the 
breeding season, migration, and winter (Figure 2).  

 
Figure 2. FWS is developing tools to better understand where, when, and how many eagles are 
exposed to the hazard of incidental take. 

• Regarding T&D sector impacts, WGET’s research focuses on golden eagle electrocution (circled in 
the middle column of Figure 3) on distribution equipment. Collision does not seem to be a focus, and 
transmission is not mentioned outside of the generic label for the industry sector. The framework and 
parameter values developed for golden eagles will also apply to bald eagles. 

• Electrocutions may be predicted in one of two ways. The initial approach is likely to base electrocutions 
on a combination of predicted power pole density and eagle habitat (circled in the left column of Figure 
3). A more detailed model based on specific relationships between pole configurations and 
electrocution hazard will not be useful until a comprehensive GIS database of pole configurations is 
available. 
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• The model-based approach to predicting electrocutions will reduce reliance on project-specific pre-
construction monitoring. FWS has not yet decided whether pre-construction monitoring will be required 
at all projects or at a subset of projects that meet certain conditions. No detail is available yet on the 
protocol for post-construction fatality monitoring. 

 
Figure 3. Take will be predicted by different models at wind energy and T&D projects. It appears that 
FWS will use predicted power pole density to determine electrocution hazard. 

• FWS and collaborators are exploring new mitigation options for incidental eagle take (Figure 4). A 
2017 publication by WGET and the American Wind Wildlife Institute (AWWI) indicated interest in 
developing a mitigation banking system. The 2016 final rule facilitates such development by allowing 
third-party mitigation at sites removed from the project footprint. 

 
Figure 4. Power-pole retrofits are the only compensatory mitigation option that has been fully 
developed so far. New mitigation options are being explored. FWS is also open to mitigation banking. 
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• Based on this research, the emerging T&D will only differ from the existing wind energy framework in 
how take is predicted and how post-construction fatality monitoring will be conducted (Figure 5). 

 
Figure 5. Incidental take permitting for wind energy and T&D projects. Boxes extending across both 
columns indicate shared protocols. 

• Release of full guidance is expected in late 2019 or early 2020. 
• Opportunities for contributions from the electric power industry arise from the framework’s large data 

demands, the need for regionally coordinated data collection, and possible benefits of technological 
innovation for pole inventory and fatality monitoring (summarized in Section 9). 
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WHY THIS MATTERS 

The process of developing the framework for incidental take of eagles by wires projects is still underway. This 
report integrates the partial information available to the public with a technical understanding of the data 
demands and modeling techniques being used. Having an understanding of the specific goals for this 
framework, as well as the decisions that remain to be made, provides an opportunity to educate stakeholders 
prior to the release of final guidance. 

HOW TO APPLY RESULTS 

This report identifies several aspects of the emerging incidental take permit framework for T&D that remain 
either undecided or unclear, such as how electrocutions will be predicted, how local eagle abundance will 
enter this calculation, and how post-construction fatality monitoring will be conducted. The report also 
highlights potential opportunities for participation by the electric power industry and other stakeholders. 
Interested stakeholders may read this document to gain a comprehensive understanding of the emerging 
framework ahead of its release. Electric Power Research Institute (EPRI) members may direct research 
toward specific technological challenges, such as artificial intelligence-assisted collection of distribution pole 
inventory data or the design and validation of statistically sound fatality monitoring studies at T&D projects. 
There is also a need to customize both wind and T&D frameworks to bald eagles. EPRI members may wish 
to continue dialogue with FWS (and WGET in particular) to keep abreast of new information.  

LEARNING AND ENGAGEMENT OPPORTUNITIES 
• EPRI is available to develop collaborative research projects and facilitate dialogue between the electric 

power industry and FWS staff involved in BGEPA. 
• A 2015 overview of WGET objectives and progress is summarized here: Williams et al., 2015. 
• This report may be of interest to environmental managers at electric utilities as well the broad range 

of industry, academic, nonprofit, and agency researchers engaged in golden eagle management and 
bald eagle issues. 

• The report provides a framework for future research opportunities including bald eagle habitat 
modeling, T&D inventory methods, and eagle fatality monitoring.   

• EPRI previously funded research that took an approach to eagle abundance estimation very similar to 
that being pursued by FWS. Members may be interested in EPRI report 3002004770, Population-
Level Impacts of Wind Energy Development on Golden Eagles (Aquila chrysaetos): A Framework for 
Quantitative Risk Assessment.  

EPRI CONTACTS: Becca Madsen, Senior Technical Leader, bmadsen@epri.com; Christian Newman, 
Principal Technical Leader, cnewman@epri.com  

PROGRAM: Protected and Endangered Species, P195 
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Section 1: Introduction 
Unpermitted incidental take of eagles in the United States is prohibited under 
the Bald and Golden Eagle Protection Act (BGEPA). Concern over turbine-
related fatalities amid rapid growth in the wind energy sector led to the 
development of a quantitative framework for predicting and assessing incidental 
take at wind farms. In a final rule released at the end of 2016 (referred to 
hereafter as “the 2016 rule”), the U.S. Fish and Wildlife Service (FWS) 
announced that it will apply this framework to other activities (FWS 2016b). 
However, it acknowledged that some activities warrant their own protocols. 
Transmission and distribution (T&D) projects were cited as a specific example of 
an activity that requires changes to the incidental take permitting framework, but 
details on those changes were not part of the final rule. 

By early 2017, there was interest and some concern regarding upcoming changes 
to the rules. The outline of those changes was not immediately apparent, but a 
number of statements in the final rule indicated that the framework for 
permitting wind farms would be applied to T&D (or “wires”) projects.  

The question arose whether the data requirements and mathematical model 
FWS uses to predict incidental take at wind projects could be applied to T&D 
projects. Ultimately, this question gave rise to the original purpose of the present 
report: to determine which parts of the wind energy framework would work for 
wires, which would not, and what changes would be necessary. 

However, in our research we have found the questions that motivated this report 
are already being considered but still left uncertainty as to how FWS might 
approach transmission and distribution. As stated in the 2016 rule, FWS 
recognizes that eagle interactions with wires differ from those with wind farms 
and that the sheer magnitude of T&D projects demands a specialized protocol 
(81 FR 91522).  In fact, this was not a forward-looking statement. FWS has 
already identified specific changes and is actively developing the knowledge and 
tools necessary to implement them. The Service’s approach to understanding 
eagle interactions with wires is highly dependent on multiple quantitative 
mathematical models. These models address local population size (step 1 in 
Figure 1-1), historical patterns of wires-related eagle fatality (step 2), and 
calculation of compensatory mitigation (step 3) (Figure 1-1). This model-based 
approach differs most significantly from the wind farm protocol in its potential 
shift from project-specific pre-construction monitoring to regional monitoring. 

 

 
As stated in the 2016 rule, 
FWS recognizes that eagle 
interactions with wires differ 
from those with wind farms 
and that the sheer 
magnitude of T&D projects 
demands a specialized 
protocol (81 FR 91522). 
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Figure 1-1 
Three components of management for the cumulative incidental take of eagles 

One thing is clear: the focus of FWS’s research is on golden eagle electrocution 
on distribution equipment. Collision does not seem to be a focus and no mention 
is made of transmission projects outside of the generic label for the industry 
sector, “transmission and distribution.” As with the existing framework for wind 
energy projects, relatively little attention is being paid to bald eagles and their 
interaction with wires. The framework and parameter values developed for 
golden eagles will also apply to bald eagles. 

Significant opportunities exist for the electric power industry, which routinely 
collects and reports data on T&D-related avian fatality, to contribute to the data 
and organizational needs of the emerging incidental take permit framework for 
wires. Low-hanging fruit includes administration of regional programs for the 
collection and maintenance of T&D equipment inventory data. Such programs 
would need to standardize data protocols across service areas and address data-
poor regions serviced by rural co-ops. Other opportunities include innovation in 
post-construction fatality monitoring and the coordination of eagle population 
information to improve the prediction of incidental take. A more difficult task in 
need of leadership is the data collection and analysis necessary to derive 
parameters specific to bald eagles for the wires model. Section 9 of this report 
describes opportunities and research needs in greater detail. 

Much of the content of this report is based on conversations with FWS 
personnel. Where further clarification on the technical approaches or state of 
progress was needed we relied on the FWS Western Golden Eagle Team’s 
(WGET’s) progress reports (Woodbridge and Williams 2016; Woodbridge and 
Williams 2017) and FWS staff slide presentations (Woodbridge 2015; Williams 
2017), which are publicly available online resources that reiterate much of what 
was discussed interviews, while providing more technical information. Peer-
reviewed literature and the text of the 2016 final rule were also useful resources. 

 
The focus of FWS’s 
research is on electrocution 
as opposed to collision. 
Additionally, there is a 
focus on distribution 
whereas transmission is 
rarely noted. 

 
Little attention is given to 
bald eagles. What is 
developed for golden 
eagles will also apply to 
bald eagles. 
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Uncertainty remains in aspects of the emerging framework, such as which of two 
electrocution risk models will be used and how post-construction fatality 
monitoring will be conducted. This uncertainty is highlighted where appropriate 
in the report. In some cases we obtained confirmation that matters have not yet 
been decided. In other cases, we have relied on our familiarity with the process of 
mathematical modeling to speculate about technical approaches and the possible 
future evolution of model complexity. Instances of speculation will be clearly 
indicated as such. Importantly, the framework for wires is a work in progress and 
has not yet been set forth in any official guidance document or rule. Statements 
in this technical update about FWS intentions or approaches should be treated as 
forward-looking and therefore subject to modification. 

Roadmap 

This report is intended to give environmental managers and researchers a quick 
but thorough overview of emerging issues around permitting incidental eagle take 
by electric distribution projects. The update begins by summarizing statements in 
the 2016 rule relevant to the question of how incidental take by T&D projects 
will be treated. Section 3 summarizes previous research on opportunities for 
improving predicting incidental take at wind farms. These points serve as a 
prelude to the approach FWS is taking with wires. Section 4 then illustrates the 
spectrum of possible approaches that could theoretically be used to predict 
incidental take by distribution projects, from simple to complex. In Section 5 we 
give an overview of the framework proposed by FWS for permitting the 
incidental eagle take by T&D projects and summarize how it will differ from that 
for wind. Sections 6-8 go into greater technical detail on the components of that 
framework: models of eagle abundance, prediction of electrocution risk, and 
developing options for mitigation. Finally, Section 9 lays out several 
opportunities for stakeholders to participate in the development of the wires 
permitting framework for eagles. 

 

 
The framework for wires is 
a work in progress and has 
not yet been set forth in any 
official guidance document 
or rule. In this report, any 
statements about FWS 
intentions or approaches 
should be treated as 
forward-looking and 
therefore subject to 
modification. 
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Section 2: T&D-Related Statements in the 
2016 Final Rule 

The 2016 final rule included a number of statements, mostly in response to 
comments, that give some insight into the intended design of T&D-specific 
permitting for eagle take (FWS, 2016b). All references to 81 FR below are page 
numbers within the final rule. 

Activity-Specific Protocols (81 FR 91520) 

In response to comments that application of the survey protocol for wind would 
be inefficient for other activities, FWS replied that it intends to develop 
protocols specific to other activities. Until such standards are developed, however, 
the existing wind framework will be applied. 

A Protocol for Transmission and Distribution (81 FR 91522) 

FWS agreed with comments that eagle mortality associated with T&D projects 
differs from other sources of mortality due to the substantial magnitude of such 
projects. This difference warrants special “pre-permitting data standards and 
permit terms and conditions for monitoring incidental take of eagles.” 

Compatibility of Local Area Population (LAP) Analysis with 
Long Linear Projects (81 FR 91527) 

FWS dismissed objections that its LAP analysis cannot be applied to industries 
other than wind. The concept of the LAP addresses the problem of defining 
what population is being impacted by a permitted activity. Golden eagles can 
disperse over long distances during their lifetimes, making it hard to delineate 
local or regional populations. Therefore, FWS defines the local population as the 
area encompassed by a buffer around the project footprint equal to the average 
distance a juvenile settles from its natal nest, 175 km. There is some tedious GIS 
work involved in calculating the number of eagles expected to reside within the 
local area (FWS 2009), so FWS has developed a tool that automates their 
calculation (FWS, 2016b). The tool can accommodate any project of any size or 
shape within the United States. 

Regardless of activity, if cumulative permitted take is expected to exceed 5% of 
the LAP, a National Environmental Policy Act (NEPA) analysis is triggered. 
Concerns that this creates a priority effect and penalizes later-arriving projects 

 
In the 2016 final rule, FWS 
acknowledged that T&D 
projects warrant a separate 
approach to incidental take 
permitting for eagles. 
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have some validity. There is extra cost and time involved if NEPA is triggered. 
However, FWS points out that the 5% threshold does not impose a limitation on 
further take. For golden eagles, FWS has determined that the golden eagle 
population will decline with any additional take if such take is not mitigated. 
Hence, even in cases where cumulative LAP take is less than 5%, a compensatory 
mitigation plan will be necessary if golden eagle fatalities are expected. 

Take Prior to 2009 (81 FR 91534) 

The western golden eagle population is considered stable (FWS 2016a). This 
stability has been achieved in the presence of many sources of mortality, 
including electrocution by existing T&D projects. Therefore, FWS considers 
projects existing prior to 2009 to be part of the baseline environment in which 
they have measured eagle demography and assessed population stability. Some 
risk of prosecution exists for unpermitted take of eagles prior to 2009 insofar as 
permit applicants remain open to enforcement actions. However, this risk seems 
to be mitigated by the 5-year statute of limitations on enforcement of 
unpermitted take violations, suggesting that take prior to the 2009 baseline will 
not be prosecuted. 

Mitigation and Third-Party Monitoring 

Though not specific to wires, the final rule included two important changes to 
eagle take permitting. Both apply only to permits of greater than 5 years, which is 
relevant to wires projects. The first is that, following a 5-year review of post-
construction monitoring data, any excess compensatory mitigation that has been 
performed can be rolled into the following 5-year period (81 FR 91516). The 
second is that post-construction monitoring must be performed by an 
independent third party (81 FR 91503). This party must be “qualified, 
independent entities.” No mention is made of new certifications for monitoring 
services, and the text of the rule refers to the common existing practice of 
employing consultants for project monitoring. 
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Section 3: How the Wind Framework 
Could Be Improved 

As a prelude to considering how to predict electrocutions on distribution poles, 
we summarize previous research on potential improvements to the framework for 
predicting incidental eagle take at wind farms. This starting point provides a 
reference for the changes in the proposed T&D framework. 

Eagle Abundance Affects Risk 

The FWS collision risk model (CRM) predicts collisions using project design 
parameters and field measurements of eagle activity (New et al. 2015). The CRM 
is based on the Band collision model (Band et al. 2007) (Whitfield 2009). A 
study of the Band collision model, “Collision fatality of raptors in wind farms 
does not depend on raptor abundance” (de Lucas et al. 2008), has been broadly 
interpreted to indicate that the number of collisions is not proportional to 
abundance. However, a close reading reveals its main conclusion is that the Band 
model had no predictive value in that study. 

While abundance is not considered for collision prediction in the United States, 
it is incorporated by methods used in other countries (Smales et al. 2013). Doing 
so may have value even if collisions are not strictly proportional to population 
size. For instance, knowledge of local abundance sets an upper limit on the 
number of birds at risk, providing a “sanity check” in scenarios where a project is 
expected to cause, say, 5 fatalities a year when only one breeding pair inhabits the 
surrounding area. 

Eagle abundance is a difficult thing to quantify. Some eagles are resident 
breeders and may be easy to enumerate during the breeding season. Others are 
non-territorial and likely have much larger home ranges and can exhibit long-
range relocations, adding a certain amount of flux to the local population size. 
The problem of counting birds is further complicated by winter migrants, which 
may settle locally for part of the year or may simply pass through. 

Hence, the incorporation of abundance into collision prediction, even if limited 
to sanity checking, requires a detailed understanding of the seasonal spatial 
dynamics of eagle populations that is most appropriately pursued on a regional or 
even national basis. Large-scale studies of the eagle population can produce 
mathematical models of abundance. The value of such models would be realized 

 
Knowledge of local 
abundance sets an upper 
limit on the number of birds 
at risk, providing a “sanity 
check” in scenarios where a 
project is expected to 
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year when only one 
breeding pair inhabits the 
surrounding area. 
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through easier site scoping and a reduced need for project-specific monitoring 
prior to construction. 

As will be described in Section 6, FWS is addressing the complicated seasonal 
patterns of abundance through a multi-model approach based on extensive 
empirical survey and tracking efforts. The resulting models may inform take 
predictions for both wind and wires, though the methods for incorporating this 
information are not yet clear.  

Stage- and Season-Specific Risk 

The CRM for wind, as well as the calculation of compensatory mitigation 
requirements, assumes that collisions are random with respect to the age and 
status of birds. Early research on turbine collisions at the Altamont Wind 
Resource Area highlighted a concentration of collision risk in non-territorial 
subadult and adult life stages (Hunt 2002). Juveniles and breeding adults were 
rare among fatalities. Modern turbines have changed significantly from the 
relatively short lattice-tower designs common in the Altamont study, so it is 
unclear whether this non-random pattern of risk exists at other wind farms. 
However, it is easy to imagine an explanation for the pattern: juveniles remain in 
or near their nests and breeding adults remain within their territories, but non-
territorial subadults and adults spend more time moving through the landscape 
and perching near foraging areas, possibly placing a greater proportion of their 
activity in the vicinity of turbines. 

An age or status bias in fatality risk can also indicate seasonal changes in risk. For 
instance, if non-territorial individuals are at higher risk of collision, then winter 
migrants, all of which are non-territorial during the winter months, may account 
for a disproportionate share of annual fatalities. 

Understanding what ages or types of individual are most affected by a particular 
activity can improve management in at least two ways. The first is that it could 
add information to the CRM. Knowing, for instance, that migrants are at higher 
risk might suggest putting more weight on the activity measured during winter 
months. The second advantage to understanding individual variation in risk is 
that it provides greater insight into the potential impact of fatalities on 
population viability. Activities that affect adults may tend to have a higher impact 
on population growth rate than those that affect juveniles (Tack et al. 2017). 

Studies of electrocution on distribution equipment by FWS personnel and 
collaborators have indicated a strong bias toward juvenile fatalities (Lehman et al. 
2010; Mojica et al. 2018). How this information will enter into the fatality 
prediction and compensatory mitigation calculation is not yet clear. Section 7 
discusses juvenile risk in greater detail. 

Update the Avoidance Prior 

The CRM that currently applies to wind and all other activities (in the absence 
of other protocols) is a Bayesian model (New et al. 2015). In practice, this means 

10399377



 

 3-3  

that analyses begin with an accepted understanding of the range of possible 
activity and avoidance rates characteristic of eagle populations interacting with 
wind farms. These starting points are called priors, and each is a distribution 
rather than just a point value or a range. Pre-construction monitoring adds 
project-specific information to the prior for eagle activity. The more data are 
collected, the less effect the prior has on the answer. 

A recent study suggested that the current prior for eagle avoidance is too low 
(Bay et al. 2016), leading to overestimates of predicted collision fatalities at wind 
farms. While the FWS approach is intentionally conservative, it is intended to 
produce an accurate estimate of expected collisions; caution is then added to this 
estimate by using the upper 80% Bayesian confidence limit. FWS has addressed 
the need for updated priors. Revised golden eagle activity and avoidance priors 
were released for public comment in Jun, 2018 (83 FR 28858). 

Develop a Separate Avoidance Prior for Bald Eagles 

Development of the incidental take permitting process has focused largely on 
golden eagles, while bald eagles have received less attention. This may be because 
golden eagles comprise a larger number of collision fatalities at wind farms than 
do bald eagles. There are relatively more bald eagles in the United States, though 
their local distribution is more restricted due to a largely fish-based diet. 
Currently, bald eagle collision predictions use golden eagle parameters. This most 
likely overestimates predicted incidental take of bald eagles at wind farms. In 
practice, the burden of this overestimate is reduced by the allowance of some bald 
eagle take without mitigation (FWS 2016b). 

The newly released activity and avoidance priors for the wind CRM include 
separate priors specific to bald eagles (83 FR 28858). Both feature greater 
variance than the golden eagle priors. FWS explains that this is due to larger 
variation among facilities in bald eagle local population density and interaction 
intensity. A larger variance in the priors leads to an a priori higher expected 
number of fatalities at the 80% upper quantile used to assess future take. While 
local pre-construction monitoring will modify the activity prediction on a site-
by-site basis, the avoidance prior is only updated periodically. Hence, continued 
data collection on turbine-related bald eagle fatalities and research into the 
factors that determine site-specific risk continue to have value. 

 

 
A recent study suggested 
that the current prior for 
eagle avoidance is too low 
(Bay et al. 2016), leading 
to overestimates of 
predicted collision fatalities. 
FWS personnel indicated 
that an updated avoidance 
prior will be released in 
June or July of 2018. 
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Section 4: A Menu of Models for 
Electrocution Prediction, from 
Simple to Complex 

How should electrocutions be predicted? As part of the answer to this question, 
it is important to consider the ever-present tradeoff between model simplicity 
and realism. This section gives a brief overview of three levels of detail that could 
be incorporated into an electrocution risk model (ERM). This is not speculation 
about the FWS approach. Rather it is a tour of the menu of options facing 
anyone charged with developing an ERM. What emerges is an argument for a 
fairly complex model in line with what FWS may be developing. 

Simplest Approach 

As late as 2012, organizations like the National Wind Coordinating 
Collaborative and the National Renewable Energy Laboratory discussed avian 
fatalities at wind farms in terms of collisions per turbine or per rotor-swept area. 
The current CRM is really a minor increase in complexity from this model of 
constant unit risk. The avoidance parameter of the CRM is a constant 
representing the rate of collisions per unit of eagle exposure per rotor-swept area. 
That rate is assumed to be the same everywhere. The major innovation of the 
CRM and the Band model on which it is based is that it incorporated site-
specific eagle activity. 

Electrocutions could be predicted in a similar manner. The simplest approach is 
to use a constant fatality rate per pole or kilometer of wire. However, a light case 
study quickly makes it clear that this approach will not work. 

Brief Case Study of Constant Electrocution Rate Per Pole 

Lehman et al. (2010) estimated a rate of 0.0036-0.0066 golden eagle 
fatalities/km/year due to electrocution in an area of the Intermountain West with 
a high density of high-risk pole configurations. To extrapolate this to a west-
wide estimate of golden eagle fatalities, consider that there could be 165-203.5 
million distribution poles in the United States (Loss et al. 2014). For simplicity, 
assume that all golden eagle electrocutions occur in the western states and that 
poles are distributed in proportion to the human population. The Census Bureau 
estimated that 316.2 million people lived in the United States in 2013, of which 
23.5% resided in the western coterminous states. Holding the per-pole 

 
A case study illustrates why 
using a constant fatality rate 
per pole or kilometer of 
wire does not work. 
Extrapolating a constant 
rate out to the entire 
Western U.S. suggests that 
a magnitude of 100,000-
300,000 golden eagles 
would be electrocuted, but 
only 31,000 golden eagles 
have been estimated for the 
entire U.S. and FWS 
estimates there are only 
504 electrocutions 
annually. 

10399377



 

 4-2  

electrocution rate constant suggests there are 140,000-315,000 golden eagle 
electrocutions annually. However, FWS estimates the entire national population 
of golden eagles to comprise only 31,000 individuals and suggests there are only 
504 electrocutions annually (FWS 2016a). 

Intermediate Complexity 

The above case study is obviously limited in part by the use of an electrocution 
rate measured from an area with high-risk equipment. Risk factors for raptor 
electrocution on distribution poles are well understood. This knowledge has led 
to the development of best practices for new construction and retrofitting of older 
equipment (APLIC 2006). Retrofitting high-risk poles has the potential to 
greatly reduce eagle mortality (Janss and Ferrer 1999; Janss and Ferrer 2001). 

A consideration of the types of pole configurations in a project is likely to show 
great gains in predictive performance over an electrocution risk model with a 
constant per-pole risk. With enough data relating existing pole configurations to 
eagle fatalities, a statistical model can be developed to forecast incidental take at 
proposed projects. 

The equipment-based approach has limitations. Most notable is the challenge of 
cataloging pole inventory data, given the magnitude of distribution projects. 
Another limitation is that risk per configuration will not be the same everywhere. 
Factors contributing to spatial variation in risk include population density and 
habitat (Mojica et al. 2018). 

The “Full Monty” 

The most comprehensive approach to predicting electrocutions would consider 
local eagle abundance. To parameterize the ERM, statistical relationships 
between equipment and fatalities would need to be adjusted for local eagle 
population density. To use the ERM, eagle population density would need to be 
known along the route of new distribution projects. 

As described in Section 3, enumerating eagles is difficult. Demands for eagle 
abundance data for both retrospective and forecasting analyses could be met 
using models that relate landscape and habitat characteristics to variation in eagle 
population density. Such models could reduce or eliminate the need for project-
specific eagle surveys during pre-construction phases and would provide insight 
into areas of high risk. 

FWS will consider eagle distribution or abundance along with equipment 
information when predicting incidental take by electrocution on distribution 
poles, placing their approach in the “full Monty” category of models described in 
this section. 

 

 
With enough data relating 
existing pole configurations 
to eagle fatalities, a 
statistical model can be 
developed to forecast 
incidental take at proposed 
projects. Aggregating this 
inventory would be 
challenging. The approach 
would also be incomplete in 
that it ignores other risk 
factors. 
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Section 5: Incidental Eagle Take at T&D 
Projects: An Overview 

FWS has assembled a team to coordinate golden eagle research meant to support 
incidental take permitting. The group, called the Western Golden Eagle Team 
(WGET) has been working since 2013. WGET itself is small, with between four 
and eight FWS personnel on the team. But it has an extensive network of 
collaborators, including industry consultants, NGOs, and academic scientists 
(Woodbridge and Williams 2016; Woodbridge and Williams 2017). 

The approach to predicting and managing take at T&D projects relies heavily on 
mathematical models and is comprehensively quantitative. One set of models 
projects eagle population density across the landscape. Additional models 
incorporate population and project information to predict electrocutions. As with 
wind, cumulative take is managed through local area population (LAP) analysis, 
and compensatory mitigation requirements are assessed through the use of a 
demographic model. 

Most of the framework for wires is shared with that for wind (Figure 5-1). 
Besides the prediction of take, the only other difference from wind will be in 
post-construction fatality monitoring. The methods for this survey activity are as 
yet undecided. WGET team member Gary Williams mentioned an interest in 
drone technology for locating carcasses. However, we speculate that the fatality 
monitoring protocol will use study plots representing a subset of the project, just 
as monitoring at wind farms is performed near a subset of turbines. 

 
The approach to predicting 
and managing take at T&D 
projects relies heavily on 
mathematical models and is 
comprehensively 
quantitative. One set of 
models projects eagle 
population density across 
the landscape. Additional 
models incorporate 
population and project 
information to predict 
electrocutions. 
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Figure 5-1 
Incidental take permitting for wind energy and T&D projects. Boxes extending 
across both columns indicate shared protocols. 

Much of the work performed by WGET and its collaborators is now coming to 
press in the peer-reviewed literature. This includes an entire issue of the Journal 
of Raptor Research in 2017. That issue included papers on the following topics: 
 Sources of fatality for mitigation (Allison 2012; Herring et al. 2017) 
 Prey, diet, and reproduction (Bedrosian et al. 2017; Preston et al. 2017) 

 Management units with respect to eagle distribution and migration (Brown 
et al. 2017) 

 Electrocution at improper retrofitted poles (Dwyer et al. 2017) 

 
Most of the framework for 
wires is shared with that for 
wind. Besides the prediction 
of take, the only other 
difference from wind will be 
in post-construction fatality 
monitoring. 

 
Much of the work 
performed by FWS’ WGET 
group is now coming to 
press in the peer-reviewed 
literature, including an 
entire issue of the Journal of 
Raptor Research in 2017. 
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 Juvenile dispersal (Murphy et al. 2017) 
 Impact of take for religious ceremonial purpose (Stahlecker et al. 2017) 

 Conservation action prioritization (Tack et al. 2017) 
 Spatial demographic modeling (Wiens et al. 2017) 

Other recent publications from the WGET group include a model to predict 
power pole density (Dwyer et al. 2016) and a review of risk factors for 
electrocution (Mojica et al. 2018). Other research efforts by FWS personnel 
continue to expand knowledge about eagle populations status, including a spatial 
model to predict summer activity based on the ongoing west-wide aerial eagle 
survey (Nielson et al. 2016). 

Greater clarity in the approach to modeling both wind and wires will emerge as 
more papers come to press. More papers should be expected soon, as Williams 
indicated in February 2018 that FWS plans to release a full guidance document 
on eagles and wires in 18-24 months, or between August 2019 and February 
2020. 

A Note on Fatality Estimation 

For both wind and wires, the number of carcasses identified is used to estimate 
the total number of fatalities under the assumption that only a fraction of such 
fatalities was found (Huso 2011). A recent development in fatality estimation is 
the extension of this logic to the case where no carcasses are found (Huso et al. 
2015). That is, absence of evidence is not necessarily evidence of absence. As a 
result of this innovation, all projects are now estimated to have some fatality. 

One point of speculation is particularly relevant to wires: the inflation factor for 
total electrocutions is likely to be large. If monitoring covers a smaller percentage 
of a project, the number of carcasses will be inflated more. The use of Huso’s 
non-zero assumption may therefore indicate an appreciable level of incidental 
take. 

The zero-detect problem could be ameliorated in a number of ways, for instance 
by the incorporation of information about eagle population density that might 
give more or less credence to absence. However, if the same model of abundance 
is used to predict take and to estimate fatality, then fatality estimates cannot be 
used to train the prediction model. Established methodology around confirming 
extinction may provide a good reference for discerning absence. Optionally, 
survey effort could be kept high to minimize the inflation factor. 

 

 
WGET personnel indicated 
plans to release a full 
guidance document on 
eagles and wires in 18-24 
months. 

 
FWS is now estimating 
some fatality where zero 
carcasses are found. For 
T&D, with significant length 
and likely low percent of 
area covered by mortality 
monitoring, the use of this 
non-zero assumption may 
indicate an appreciable 
level of incidental take. 
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Section 6: FWS Models for Eagle 
Distribution and Abundance 

Previous sections (3 and 4) discussed how abundance may theoretically improve 
take predictions. This section describes efforts the FWS WGET group is taking 
to increase their understanding of local eagle population density. Their approach 
draws on a wide array of data sources to develop multiple models that will be 
considered in combination at points in the incidental take permitting process that 
consider abundance (Figure 6-1). 

 

Figure 6-1 
A diverse array of information and models will be used to better predict and 
manage incidental take of eagles. 

The 2016 final rule states that FWS will improve its understanding of the 
“spatial and temporal variation in eagle density” (81 FR 91524). This effort will 
likely affect the LAP analysis for both wind and wires projects by changing the 
estimated number of eagles in the LAP. The current approach recognizes that 
each eagle management unit (EMU) differs in its regional eagle population size. 
However, FWS assumes population density is uniform within EMUs. Hence, a 
given local area overlapping 5% of an EMU is assumed to affect 5% of the eagles 
in that region. An improved understanding of how the relative abundance of 
eagles changes with landscape and habitat features will enable a more nuanced 
projection of the population size within the local area. A similar EPRI-funded 
effort by Friedenberg and Shoemaker (2014) highlighted that a habitat-based 
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estimate of LAP size can deviate substantially from that based on the uniform 
assumption. 

Using a habitat-based model of eagle population density can impact the 
permitting process. For example, in areas projected to have high eagle density, a 
given amount of take will now represent a smaller percentage of the LAP and is 
therefore less likely to trigger a NEPA analysis. 

Three models are being developed to improve the assessment of spatial and 
seasonal variation in eagle abundance (Figure 6-2). The methods differ for each 
model, as do the data sources. 

 

Figure 6-2 
Three habitat models intended to improve the assessment of spatial and seasonal 
variation in eagle abundance. 
Image sources: breeding (Woodbridge and Williams 2017), winter and migration 
(Woodbridge and Williams 2016). 

Breeding Habitat Model 

FWS is using an enormous database of nest locations assembled from multiple 
studies. The database now includes more than 107,000 nests (Williams 2017). 
Nest surveys tend to concentrate on finding as many nests as possible and only 
report locations where nests are found. A habitat suitability model based on nest 
locations is therefore restricted to using presence-only data, meaning it has no 
information about the frequency with which nests are associated with particular 
habitats. Hence, such models cannot directly predict abundance. However, they 
can be taken as a measure of relative abundance. FWS will use the breeding 
habitat model to assess the relative abundance of EMU residents during the 
summer months. The model is fitted separately for each EMU, allowing different 
landscape features to drive the eagle distribution in different regions. 
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FWS has amassed an 
enormous database of more 
than 107,000 nest 
locations assembled from 
multiple sources. 
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Winter Habitat Model 

The winter distribution model has more data inputs and differs from the 
modeling approach used for breeding habitat. Data from multiple surveys and 
citizen science reports (eBird) are used to establish a history of presence and 
absence in each 100-km2 cell of a 10-km grid. This history is used to estimate a 
probability of occupancy in each cell of the grid. Occupancy is then related to 
landscape variables using a machine learning technique called boosted regression 
trees (Williams 2017). Images portraying preliminary results look somewhat like 
a more spread-out version of the breeding habitat model. As with the breeding 
model, FWS will use the winter model to assess the relative abundance of eagles 
within each EMU. 

Migratory Habitat Model 

Less detail is available about the migratory habitat model. Data from satellite-
tracked golden eagles will be used to describe patterns of migratory movements 
and then to develop a habitat-based model that may delineate habitat where 
migrants travel or locations where they are likely to settle. It is not clear whether 
this model would be used to add further information about the number of winter 
migrants in the LAP or if its use will be restricted to delineating migratory 
corridors. 

A recent study used the telemetry data to look at the correspondence between 
eagle migrations and various regional networks such as EMUs or landscape 
conservation cooperatives (Brown et al. 2017). 

 

 
The winter distribution 
model includes use of 
citizen science observations 
(eBird) and machine 
learning to estimate 
probability of occupancy in 
relation to landscape 
variables. 
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Section 7: FWS Approaches to Predicting 
Electrocutions 

This section describes the FWS WGET efforts to improve understanding of the 
risk of eagle electrocution at distribution projects. From the range of theoretical 
approaches that could be taken (described in Section 4), FWS has chosen a 
complex model that considers both equipment factors and eagle habitat. 
Electrocution prediction is the most obvious way in which a T&D-specific 
protocol will differ from that for wind farms, though it will contribute to 
decision-making under a cumulative take management framework that 
encompasses both activities (Figure 7-1). 

 

Figure 7-1 
Power pole density may be used as a proxy for more detailed equipment inventory 
in a model that predicts golden eagle electrocutions at distribution projects. 

Raptor electrocution on distribution lines is a well-studied topic. This research 
led to industry guidelines for best practices in distribution design (APLIC 2006) 
and informs the only compensatory mitigation measure developed so far for the 
permitted eagle take, pole retrofitting (FWS 2013). 
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Risk Factors 

Equipment 

Factors contributing to electrocution were comprehensively reviewed by Mojica 
et al. (2018). The foremost risk factor for electrocution of raptors generally and 
golden eagles specifically is pole configuration, with equipment-bearing poles 
representing the greatest risk. Three methods of retrofitting can reduce or 
eliminate the chance of electrocution on risky poles (Dwyer et al. 2017). One of 
these is greater separation between contact points such that even a large raptor 
like a golden eagle cannot touch two energized components simultaneously. 
Insulation can also prevent direct contact with energized components, but this 
approach requires maintenance. Finally, structures added to poles can redirect 
eagles away from energized contact points by providing a safe perch or 
discouraging perching. 

Age 

Beyond the danger represented by equipment, the Mojica et al. review (2018) 
highlighted the strong bias toward juvenile eagles among electrocution fatalities. 
Of the 148 fatalities in their dataset, 53% were juveniles. However, even this 
number does not convey the extent to which electrocution risk is age-biased. 

To get a better sense of the relative risk for electrocution among age classes of 
eagle, we ran simulations of eagle population dynamics representative of a typical 
golden eagle population in the United States. We used the survival and fecundity 
parameters reported in the FWS eagle status update (FWS 2016a). Simulations 
were performed in RAMAS Metapop (Akçakaya and Root 2013) using a 
published custom module for territorial raptors (Monzón and Friedenberg 2018). 
Results were averaged over 1000 replicate population projections (Table 7-1). 
Juveniles are the rarest age class. Golden eagle populations are dominated by 
adults, which makes sense given their long life span and relatively low annual 
production of young. When the high rate of juveniles among fatalities is 
combined with their rarity in the population, we see that a juvenile is 15 times 
more prone to electrocution than an adult (Table 7-1). Subadults are also at 
elevated risk at four times the adult rate. 
  

 
Our analysis indicates 
juvenile golden eagles are 
15 times more prone to 
electrocution by distribution 
equipment than are adults. 
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Table 7-1 
Simulation results: electrocution risk by age class 

Stage Percent of 
populationa 

Percent of 
electrocutions 

Relative per 
capita riskb 

Juvenile 12% 53% 15 

Subadult 20% 27% 4 

Adult 68% 20% 1 
a Age distribution calculated using FWS survival and fecundity parameters (FWS 2016a) in 
a stochastic simulation using the territorial life history model of Monzón and Friedenberg 
(2018). 
b Per capita rate of electrocution relative to adults. 

The age bias in electrocution fatalities has conservation implications. First, it 
suggests that juvenile survival could be greatly enhanced through retrofitting or 
guidance-compliant new construction. As an example, a study of imperial eagles 
in Spain found electrocution risk of juveniles to be 23 times that of adults on a 
per capita basis (Janss and Ferrer 2001). Retrofitting about one-fifth of poles in 
the area was projected to reduce total fatality by over 50%, most of which would 
represent increased juvenile survival. 

A second conservation implication of the age bias in electrocutions is that their 
reduction may not have as great a benefit for the population as one might expect. 
For long-lived species with delayed maturation, the general rule is that adult 
survival is the highest-priority target for conservation. A small increase in adult 
survival has a far larger effect on population growth rate than does a similar 
increase for juveniles. A recent study suggested this rule holds true for golden 
eagles, as well (Tack et al. 2017). 

The current approach to resource equivalency analysis (REA) of pole retrofitting 
assumes there is no age bias among electrocutions; fatalities are proportional to 
age class abundance (FWS 2013). If FWS incorporates information on age bias 
in its REA for retrofitting, a greater amount of compensatory mitigation will be 
necessary to offset a given amount of projected incidental take. 

However, FWS could also incorporate the juvenile bias of electrocutions into its 
assessment of golden eagle population status. A shift in the attribution of existing 
levels of mortality toward juveniles will result in improved population growth 
characteristics. 

Deciding on an Electrocution Model 

Note: This and the following subsections address uncertain aspects of the emerging 
framework. Statements about FWS intentions or approaches should be treated as 
forward-looking and therefore subject to modification.  

 
A small increase in adult 
survival has a far larger 
effect on population growth 
rate than does a similar 
increase for juveniles. 

 
FWS will likely initially use 
a model predicting power 
pole density (PPD) to predict 
electrocutions. A GIS 
inventory of distribution 
poles would be needed 
before equipment-specific 
risks can be part of the 
prediction. 
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WGET researchers face real-world limitations on their ability to develop the 
ideal modeling framework to predict electrocutions. Their ideal would make use 
of spatially referenced information detailing pole locations and equipment (G. 
Williams, pers. comm.). We speculate that a comprehensive dataset on fatalities 
collected as part of a statistically sound survey effort would inform a statistical 
model that related landscape characteristics, habitat, eagle abundance, and pole 
configuration to the risk of a fatality. Unfortunately, neither the GIS database of 
poles nor the perfect study of electrocution risk is available. 

A decision on how electrocutions will be predicted has not yet been made. Based 
on our interpretation of statements from WGET personnel and the group’s 
dissemination products, it appears likely that an initial approach—using what 
information is currently available—will be improved or replaced over time as 
more data are gathered. The likely initial approach uses power pole density 
(PPD) as a measure of project complexity. WGET has been developing a model 
to predict PPD based on landscape features (Dwyer et al. 2016). Fatality data 
collected at projects of differing PPD can then be used to train a statistical model 
that uses PPD to predict the number of fatalities in any area. We expect the 
resulting function will predict that the rate of fatalities per pole increases with 
PPD, as more complex distribution projects likely include disproportionately 
more high-risk pole configurations (Dwyer et al. 2016; Williams 2017). 

It is not clear yet how eagle abundance or distribution information will enter the 
electrocution model. An ongoing study in cooperation with Powder River Energy 
Corporation is examining how the hazard quantified in PPD and the habitat 
value quantified in the golden eagle distribution models (Section 6) combine to 
predict electrocutions (Williams 2017). The approach may simply identify high-
risk areas as those with high habitat value. Alternatively, electrocution may be 
considered as a per capita rate derived from PPD that is then applied to an 
estimate of local population size obtained from the distribution models following 
a method similar to that used in LAP analyses. 

Project-Specific Pre-Construction Monitoring 

It is not yet decided whether pre-construction monitoring will be required. We 
surmise that it has therefore also not been decided what such monitoring would 
entail. Options being considered are to require monitoring at all proposed project 
locations or only at those where certain conditions indicate the need. What those 
conditions might be is unclear. 

One reason for a possible shift away from project-specific monitoring is that the 
large-scale spatial models being used to predict eagle abundance and 
electrocution risk may benefit more from systematic regional surveys. Permit 
applicants may pay a fee to support such regional programs. It is not yet clear 
who would administer the surveys, what information they would collect, or how 
they would be designed. 

 

 
FWS has not yet decided 
whether pre-construction 
monitoring will be required 
at all projects or at a subset 
of projects that meet certain 
conditions. 

10399377



 

 8-1  

 

Section 8: Mitigation 
The 2016 final rule confirmed that compensatory mitigation is required for all 
incidental take of golden eagles and cumulative take in excess of 5% of the local 
area population of bald eagles. Mitigation actions are agnostic to the cause of 
incidental take, meaning that the options for compensatory mitigation of wind 
turbine collision fatalities or distribution line electrocutions is the same. 
Differences in the process will enter in how fatalities are predicted (Figure 8-1). 
Theoretically, differences in the amount of mitigation required per fatality could 
also arise from activity-specific adjustments to the models used to calculate 
impacts to the population and the unit benefit of mitigation (Figure 8-1). 

 

Figure 8-1 
The mitigation assessment framework will be similar for wind and wires. 

Mitigation Ratio 

The 2016 final rule confirms a continued use of a 1.2:1 mitigation ratio. This 
ratio is applied to the future production foregone associated with projected take. 
The final rule did not indicate activity-specific changes in the assumptions of 
resource equivalency analysis. However, we speculate that the strong juvenile bias 
in electrocutions (Lehman et al. 2010) could warrant a wires-specific 
computation of production foregone. 
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New Mitigation Options on the Horizon 

To date, pole retrofitting remains the only compensatory mitigation option that 
has been fully developed. However, WGET is supporting research to identify 
and quantify sources of mortality that could be targets for mitigation. This work 
is being coordinated by the American Wind Wildlife Institute (AWWI). They 
are focused on reducing lead poisoning from ammunition fragments left in 
animal remains, reducing vehicle strikes by removing roadkill that attracts eagles, 
improving reproductive success and survival through prey management, nest site 
improvements, and the rehabilitation of injured or diseased eagles (Allison 2012). 
They have published a quantitative approach to mitigation credits for reduced 
lead poisoning (Cochrane et al. 2015). 

A Future for Mitigation Banking 

Mitigation can be performed in a location removed from the wind or wires 
project, and third-party mitigation is allowed. These rules create an informal fee-
based system for mitigation. FWS is open to the development of formal systems 
for fee-based mitigation as well as mitigation banking (Allison et al. 2017). 

Mitigation Roll-Over 

Projects with incidental take permits exceeding 5 years have 5-year reviews of 
post-construction fatality estimates. If the estimates are lower than expected, 
excess mitigation can be rolled into the next 5-year period. This roll-over option 
will likely be used often, for two reasons. The first is that the permitted take is 
intentionally inflated by using the upper 80% confidence limit of predicted 
fatalities. This inflation is conservative both in terms of protecting eagle 
populations and in terms of minimizing the regulatory risk associated with 
exceeding permitted take. Roll-over is also likely to be common because 
permittees are encouraged to “front-load” their mitigation efforts, making 
mitigation excessive in the early years of the permit. 

 

 
To date, pole retrofitting 
remains the only 
compensatory mitigation 
option that has been fully 
developed. However, 
WGET is supporting 
research (in coordination 
with the American Wind 
Wildlife Institute) to identify 
and quantify sources of 
mortality that could be 
targets for mitigation. 
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Section 9: Conclusion and Opportunities 
The developing framework for managing incidental take of eagles is highly 
quantitative. A multi-model framework built on a very large amount of data will 
be used (Figures 6-1, 7-1, and 8-1). Parts of this framework contribute to a 
general understanding of eagle populations, such as their distribution, abundance, 
and robustness to additional sources of fatality. These will be applied across types 
of activities, including wind and wires. 

Other parts of the framework will be activity-specific. For T&D projects, 
electrocution will be predicted using different models than wind turbine 
collisions. These models will have unique data requirements. It appears that there 
will be a shift toward regional monitoring programs supported by fees paid by 
permit applicants and a simultaneous shift away from pre-permit, project-specific 
monitoring. 

A Work in Progress 

Several aspects of the developing framework remain undecided. Prominent 
among these are: 
 Whether project-specific monitoring will be required at all projects or only 

on a conditional basis,  

 How electrocutions will be predicted, and 
 How post-construction monitoring will be conducted. 

These points and others will need to be decided quickly if FWS plans to adhere 
to its timetable of releasing full guidance for T&D eagle take permitting between 
August 2019 and February 2020. 

Opportunity 

The high data demand of the models being developed, along with the complexity 
and magnitude of T&D projects, introduces significant opportunities for 
industry-agency cooperation in research as well as electric power industry 
leadership of programs that will cross service areas and jurisdictions. 

Three general areas in which the electric power industry may be in a position to 
contribute to the data and organization demanded by the emerging eagles 
framework are inventory data collection, fatality monitoring, and eagle 
population data. 

 
Significant opportunities 
exist for research as well as 
leadership of programs that 
will cross service areas and 
jurisdictions. 
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T&D Inventory Data 

While FWS appears to be focused on initially using power pole density as a 
predictor of electrocution hazard, they indicated a preference for using more 
detailed information on the actual location and configuration of poles. This 
information needs to be gathered across the range of golden eagles, though it 
would be most useful to coordinate early inventory efforts with eagle fatality 
surveys so that the pole data and fatality data can contribute to an understanding 
of configuration-specific electrocution rates. 

Using pole location and configuration data has distinct advantages over predicted 
pole density. For instance, it delivers electrocution predictions that account for 
eagle-friendly equipment options. The existence of a comprehensive pole 
database also provides a means for identifying high-risk poles that are good 
targets for a compensatory mitigation plan. 

Electric utilities and their contractors have the training to take inventory and 
contribute data to regional or national GIS databases. Utilities may also be able 
to coordinate and administer inventory programs that cross service areas and 
address under-resourced areas served by co-ops. There may also be the possibility 
of deriving a dataset of pole location and configuration via imagery (e.g., satellite, 
Google Street View) and automated image classification, although technical 
capability is uncertain.  

Fatality Monitoring 

The protocol for post-construction fatality monitoring at T&D projects is not yet 
clear. Stakeholders may be able to contribute to the design and validation of 
monitoring protocols. WGET personnel expressed interest in technology that 
could enable more comprehensive or accurate fatality monitoring at T&D 
projects, such as the use of drones or aerial imagery in combination with artificial 
intelligence for carcass identification. However, a statistically sound sampling 
design is likely to achieve greater cost savings in the short term. 

Eagle Population Data 

Management of all sources of incidental take could be improved with a firmer 
understanding of the number and distribution of eagles. Data on eagles gathered 
during routine surveys of T&D projects could contribute to this understanding, 
particularly if collected using a standardized protocol and entered into a shared 
repository. 

Importantly, FWS has not tailored a set of models to bald eagles. The incidental 
take frameworks for both wind and T&D are built largely around research on 
golden eagles. Industry could contribute to the development of a parallel set of 
models and parameters for bald eagles, likely facilitating better management 
outcomes. Even with the release of new priors for the wind collision model that 
are specific to bald eagles, there is a need for an improved understanding of the 
factors that determine site-specific risks.  
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