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NOTATION

The following is a list of acronyms, itralisms, and abbreviationssed in this document.

Argonne Argonne National Laboratory

ASWG Avian-Solar WorkingGroup

BACI beforeaftercontrokimpact

BBCS Bird and Bat Conservation Strategy
BGEPA Bald and Golden Eagle Protection A¢t1940
BLM Bureau of Land Management

BMP bestmanagement practice

BWEC Bats and Wind Energy Cooperative

°C degree(s) Celsius

CFR Code of Federal Regulations

CSP concentratingolar power

CWG Collaborative Working Group

DOE U.S.Department of Energy

EIA Energy Information Administration

ESA Endangered Species Aatt 1973

FR Federal Register

GW gigawatt(s)

GWh gigawatthour(s)

ISEGS lvanpah Solar Electric Generating Station
kw kilowatt(s)

LSA Largescale Solar Association

m?2 square meter(s)

MBTA Migratory Bird Treaty Act of 1918

MW megawatt(s)

NEPA National Environmental Policy Adf 1969
NGO non-governmental organization

NREL National Renewable Energy Laboratory

NWCC National Wind Coordinating Collaborative
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PEIS programmatic environmental impact statement
PV photovoltaic

SEIA Solar Energy Industries Association

UsC United State Code

USFWS U.S. Fish and Wildlife Service

USGS U.S. Geological Survey

WEST Western EcoSystems Technology, Inc.
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EXECUTIVE SUMMARY

Recenfederal incentives arglate mandates to deploy renewable engatpng with
rapid advances in the efficiency of solar energy technoloaye led to a proliferation of utility
scale solar energy development acrosdJhiged StatesDespite its potential environmental
benefits, utilityscale solar development can directly and indirectly impact birdsnaydalso
potentially impacbird populations. Avian interactions with utilitgcale solar development, in
particular avian fatalities, are not well understcart, if not properly addressed, could affect
avian populations and present an impediment to meeting federal and state renewgyle ener
goals.Uncertainty regardingrobableavian impacts has the potential to cause delays in project
approvals and/or increased costs associated with avian monitoring actiitisssbetter
understanding of the nature and magnitude of avian interaetitmsitility-scale solar facilities
is importantin order to support welhformedagency decisions regarding permitting and
development of appropriate minimization, mitigation, and conservegguirements

Recognizing the need for interagency commaition and collaboration on advancing the
knowledge of aviaisolar interactionsyarious federal and state agencies have established a
Multiagency AvianSolar Collaborative Working Group (CWGQ)he primary goal of the CWG
is to develop better informationahcan be used to inform future agency actions to reduce the
impacts of solar energy development on birds. To achieve this goal, the CWG is preparing this
Avian-Solar Science Plan to accomplish the following objectives:

A Synthesize the currenhderstanding of aviasolar interactions and related
activities;

A Identify and prioritize information needs to better understand interactiods;

A Provide an implementation framework that will guide future agency
management and research activities, cemgnt the research effort of other
groups, andupportthedevelopment of appropriate and ceffiective
monitoring and mitigation measures.

The AvianSolar Science Plan presented Hages out a framework for future aviaolar
research activities by clearly identifying a collective set of information needs and establishing
research prioritiednformation needs and research priorities are drivein&ynanagement
guestiondacing the @VG member agencig¢3able1-3). This framework identiesand
prioritizesinformation needs based on an understanding of how solar gevatb may impact
birds (Sectior2) andanunderstanding of existingzen-solar information (SectioB). The
aviansola conceptual modd€Figure2-2) identifiesmanytopical areasvhere more information
is needed in ordgo understand avian mortality risk at solar facilities. These include (but are not
limited to):
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A Technologyspecific factors that contribute to riskge.collision,solarfluxl
effects)

A Project and site desigilonsiderationsncluding retention of habitat within
facility boundaries

A Impacts of ancillary facilitiese(g.,fences, transmission lines)
A The role of facility attraction to birds and preyg.,flake effect hypothesis;

A Construction and operational practices that contribute to risk (e.g., seasonal
timing, implementation of best management practices [BNIPs])

A Exogenous factors that contribute to risicluding local and regional habitat
conditions time of day and yeafunctional guild taxonomy life cycle,
residencyand transience

A Indirect, direct, and cumulative impagts
A Populationlevel consequences of avianlar interactions

A Potential baefits to avian populations from best management practices for
solar energy development and reducatbon dioxideemissions

A Methodologies foidentifying cause of death

A Effectiveness ofxsting monitoring protocolsgata qualityand
comparability and

A Effectiveness of mitigation measures (e.qg., deterrents)

An important objective of this Science Plan is to provide a framework for prioritizing
thoseresearch and monitoring activities that woptdvide the greatest advancements in terms
of improving theunderstanding of aviasolar interactions and aséigf in the development of
appropriate siting, permitting, monitoring, and mitigation decisiBesearch is important to
better understand the mechanisms by which birds or bird populations ratigdied by solar
energy developmenandsuch researchill lead to the development of appropriate monitoring
methods. Monitoring thas scientifically supporteavill allow for the necessary data to be
collected to better understand the impacts of stdaelopments on birgand, through an
adaptive management process, inform the selection of appropriate minimization and mitigation

1 Some sol ar power technologies concentrate the sunds e
birds to increased energy leveBolarflux is a measure of the amount of solar energy passing through an area.
The amount of solar flux from anditsunlightis equivalent to about 1 kW per square meter (k9y/m

Vi
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measuresThe CWG developkseveral criteria, with input from stakehold@ro facilitate the
prioritization ofresearch neds. These criteria are as follois orderof importancé):

1. Sequence/FoundationalityFundamental questions that need to be addressed
prior to addressing others. This criterion prioritizes the more immediate
guestions that need to be addressed poiaddressing other questioiifie
CWG believes that addressing information needs in sequence and prioritizing
activities that are prerequisites to other information needs is of upmost
importance to understanding awaaolar interactions. One example of a
foundational data need is better understandiray@n baseline movement
across the landscape to inform how solar facilities may interact with avian
migration routes.

2. Management This criterion prioritizes questions that are important for
agencydecisionrmaking There are several information needs of management
importance, such as the development of methods to better understand guild
and populatiodevel impacts from solar development. There is a sequence
(criteria #1) to addressing some managermesstions. For example,
understanding whether and to what degree solar facilities may attract birds is
needed to understand the nature and magnitude of avian impacts in order to
make management decisions.

3. Basic Proces$ This criterion prioritizes consideration bésic ecological
processes that influence avian behavior and natural higtawgesses such as
habitat associations and predapoey relationships are addressed under this
criterion. These questions also addyéise net effects on bird&lthough this
criterion was not ranked as highly as sequence and manageveest there
may be a sequence/foundational need to understand some basic processes.

4. Timeliness This criterion prioritizes questions that candddressed in under
3 yearsWhile it is preferred to have the results of research activities
disseminated as soon as possible, the CWG recognizes thattiemger
research designs may be neettealddress information gaps in a scientifically
sound manneAdditional effort may be required as bird activity is subject to
inter-annual variation.

5. Overlapi This criterion prioritizes questions that are shared by more than one
agency.

6. Budgeti This criterion prioritizes @nsiderations for cost. Underidkcriterion,
guestions that can be addressed with-¢mst activities are favored.

2 |n the stakeholder workshop held in May 2016, stakeholders were asked to comment on management question
prioritizationcriteria.

3 The CWG ranked these criteria in order of most impottaigast important (see Sectibh

Vi
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On the basis of the ranked criteria presented above and catisidefthe information
gaps discussed in Section 4, research priorities have been identified to &¥lf&éss
management questions. These CWG prior{iigscussed in Sectids) fall within three broad
research themes:

1. Baseline understanding of regional avian activity, abundance, and potential
for solar interactions;

2. Mechanisms by which birds intetagith solar facilities, such abe role of
avian attraction in causing avian fatalities at solar facilities (@.g.,.a k e
effecto); and

3. Methods to better understand the magnitude of populairoguild-specific
impacts.

Table ES'1 summarizeshe selection of thesesearclprioritiesand presenta
recommended schedule for the development of research to address them.

Section6 presents information on how this Science Plan may be implemented. This
section discusses agency roles and respditisthi potential funding sources and requirements
for future aviarsolar research activities, use of research results to support adaptive management
approaches, and future updates to the Science IPlaranticipated that future research will tier
from the Science Plan and that CWG member agencies will use the Science Plan to support
internal budgetary actions, the premise being that the plan provides justification for specific
research initiatives and funding allocations.

viii
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TABLE ES-1 Summary ofNear-term CWG Research Priorities

CWG Management Recommended
Research Priority Description Questions Addresséd Schedule
1. Baseline avian The CWG identified this as a higgriority information need 1. Baseline Information Initial research
activity, because it represents a foundational need to address other and Landscape activities should begin
abundance, and questions and inform agency decisimaking. This priority Considerations soon; some results may

potential for
interaction

2. Mechanisms by
which birds
interact with
solar facilities

3. Methods to
understand the
magnitude of
avian impacts

directly addresses seve@WG management questions; it was
also identified as an information need in Tadl&. Such
activities will aid in the identification of avian migratory
flyways and inform decisions on project site selection and th
selection of avoidance, minimization, amitigation measures.

The CWG identified thigs a higkpriority information need 3. Sources of Mortality
because it represents a foundational need to understand ott and Injuy;
management questions and inform agency decisiaking. It
was also identified as an information need in T&ble This 4. Avian Behavior
priority will be used to better undstand the role and scale of (Attraction/Avoidance);
avian attraction to solar facilities in causing avian mortality. |
can also be used to understand the need for and the develo| 6. Taxonomic and
of appropriate minimization and mitigation measures and Guild-Specific Impacts
BMPs.
7. Minimization,
Mitigation, and
Adaptive Management

The CWG identified this as a higriority information need 2. Methods To Evaluate
because of its management importance in agency decision Avian Risk and Impacts
making. Itwas also identified as an information need in

Table4-1. Prioritized research will focus on developing and

testing methodology to better understand impacts, as well a:

synthesize existing data to understand impact magnitude. Tl

development and testing nfethodology to evaluate impacts

could occur concurrent with other, more foundational, activiti

be available within
1lyear.

Initial research
activities to understand
avian attraction to solar
facilities may be
completed within

2i 3 yearsResults will
be important in
understanding avian
mortality risk.

Initial research to
develop methods to
understand avian
impacts may be
completed within

1i 2 years.

a8 See CWGManagement Questions in Talil8. Questions are numbered and ordered as they appear in Table 1

iX
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1 INTRODUCTION

1.1 BACKGROUND ON SOLAR ENERGY DEVELOPMEN T IN THE
UNITED STATES

Stretching back over a decade, a nundfdederal mandates and policies have been
issued promoting expedited development of domestic renewable energy resources. The
i mportance of this development was wunderscore
Climate Action Plan (Executive Office dig¢ President 2013), which set a priority on reducing
carbon emissions to limit climate change and related public health impacts, throaigh
accelerated deployment of renewable energy technologies, including sty solar power.
This priority isconsistent with and supported by stieel Renewable Portfolio Standards that
establish timelines for achieving specific levels of electricity generation from renewable sources
within a given state. Accordingly, increased development of ustgle star energy is
considered critical in the fight against climate change, although this devel@pienall forms
of energy developmeditmust be done in an environmentally sound manner.

Renewable energy development has been increasing as an alternatsgi-fadl-based
technologies, in large part to reduce toxic air emissions and cdrbxide-induced effects on
climate (Shafiee and Topal 2009; Allison et al. 20A¢cording to the U.S. Energy Information
Association EIA 2014), electric generation fmorenewables in the United States has increased
by more than 50% since 2004, and renewable energy sources currently provide approximately
14% of t he nat i-energybasedlteehndlogias cepreésgnt a rapidly developing
renewable energy sectthat has seen exponential growth in recent years (Lewis 2007; Bolinger
and Weaver 2013).

Utility -scale solar energy projects generate electricity for delivery via the electric
transmission grid and sale in the utility mark®io | ar pr o] eadfténsonsidrediblie a r e
utility -scale (Ong et al. 2013)This differs from distributed solar energy systems which are
designed at smaller scales (<1 MW). According to the Solar Enedggtites Association
(SEIA 2018), there currently armore tharil,200utility-scale solarmergy projects@ MW)
that are under construction or in operation in the Urtiiades, representing nearly 18 G#
electric capacity. Most of thatility-scale solar energy development in the United States to date
has occurred in the southwestern statdeere the greatest solar resource potential is located
(Figure 1-1).

There are two basic types of solar energy technafdglle 1-1): photovotaic (PV) and
concentrating solar power (CSP). Photovoltaic systems use cells to convert sunlight to electric
current, whereas CSP systems use reflective surfaces to concentrate sunlight to heat a receiver.
The heat is converted to etdcity using a thenoelectric power cycle. CSP systems typically

4 The Bureau of Land Management (BLM) considatiity-s c al e sol ar projects to be 02
DOE 2012).
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TABLE 1-1 Common Utility -Scale Solar Technologies

Technology Key Features

Photovoltaic A Simple design
(PV) A May be fixedtilt (no f
movement of the panels %
with the sun) or tracking to
allow panels to follow the
sun
A Thin-film or silicon cells
A No cooling water
requirement

Concentrating A Linear receivers with

Solar Power single-axis tracking

(CSP i A can include thermal energy

Parabolic storage

Trough A Can be et or dry-cooled
may include evaporation
ponds

A Most common CSP

technology

CSPi1 Power A Two-axis tracking heliostats
Tower surround a central tower
mounted receiver
A Can include thermal energy
storage
A More cost effective than
parabolic troughs
A Can be wet or dry cooled
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includepower tower systems with heliostats (angled mirrors) and parabolic trough systems
(parabolic mirrors). In the United Statepproximately 75%f the electricity produced by
utility-scale solar energy projects is generated using PV technologies 2Z8Ei4).

Despite its benefits, utilitgcale solar development can impact ecological systems and
other environmental resources, including specieslagid habitats (Lovich and Enn@011;
Hernandez et al. 2014)hemostobviousimpactof a solar power plant isthe occypiedlandarea.

In gened, sdar plants occupybetween 8and D acrespermegawatt (MW) of electricityand
between 3 ad 4 aces per amual gigawatt-hour (GWh) of geneation (Ongetal. 2013. Such
large human footprints, which may excee@l00 acres for a single solar project, may result in
habitat loss anddgmentation for many wildlife species. In addition, recent studies have
demonstrated that utilitgcale solaprojecs represent a source of fatality feildlife such as
birds (e.g.Kagan et al2014) However, there are relatively few systematic and empirically
based studies that address aviartalityissues asolar facilities (See Sectidhl).

1.2 REGULATORY CONTEXT

Several fedel andstate regulations providethelegal framework for addressing avian
fatality issues at sdar energy fadlities. The Migratory Bird Treaty Act (MBTA) (18SC703) is
the cornerstone of migratory bird conservation by protecting most native species of birds in the
United States. The MBTA makesitn | a wf u | migratoryibirds {orthieir nests or eggs).
TheU.S. Fish and Wildlife ServicaJSFWS is currently considering a proposed rule to
authorize the incidental take of migratory birds, which would evaluate several approaches to
regulating irtidental take, and establish appropriate standards to ensure that incidental take is
appropriately mitigated (80 FR 3003Zp minimize impacts on migratory birds, the USFWS
recommends development of a projspecific Bird and Bat Conservation StrategB(ES). The
USFWS is also currently developing programmatic guidance for the development of BBCSs at
solar energy facilitie@USFWS2016a).

In addition to the MBTA, the Endangered Species Act (ESA) provides the regulatory
framework for the protection armnservation of threatened or endangered bird species. While
threatened and endangered species may be discussed ingpejgfit BBCSs, if solar projects
have the potential to impact ESisted species, impacts on these species are required to be
addresed through ESA consultation with the USFWS or National Marine Fisheries Service

Bald and golden eagles are protected under the Bald and Golden Eagle Protection Act
(BGEPA) (16 USC 668668d). The BGEPA authorizes the USFWS to permit the take of eagles
under certain circumstances, so long as it is compatible with the preservation of eagles
(16 USC668a). The USFWS recently proposed changes to the BGEPA regulations governing
permits for incidental take of bald and golden eagles (USBWSD).

Solar projects sitedanddedgned with afedeal nexus (e.g, congructedon or having one
or more components constructed on fedenad) are requiredto usethe Nationa Environmertal

S AiTakeo is defined as Apur sue, huntCFR¥H2.0t, wound,

4
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Policy Act (NEPA) processto evaluate environmental impacts associated with the proposed

project, including impacts on migratory birds and those listed under theTHE®Aanalysis of

impacts presented in NEPA assessments may be used to inform necessary consultation with the
USFWSunder Section 7 of the ESA and in the preparation of preatific BBCSs.

In addition tofederal regulations, there are also state regulations governing the impacts to
migratory bird species. For example, California Game Code Section 3513 makasgvfulito
take or possess any migratory nongame bird species designated in the MBTA or any part of such
migratory nongame bird except as provided by rules and regulatimpéed by the Secretary of
the Interior under provisions of the MBTA.

1.3 MULTIA GENCY AVIAN -SOLAR
COLLABORATIVE WORKIN G GROUP

Avian interactions with utilityscale solar development, in particular avian fatalities, are
not well understood and, if not properly addressed, could affect avian populations and present an
impediment to meeting federal and state renewable energy goals.-&iidig/ solar project
development costs are driven in part by the costs of project siting, design, permitting, and timely
access to sgltaple tracts of Iahlhcertalr_\ty regarding 2016 CWG Member Agencies
potential avian impacts has the potential to cause delays
in project approvals and/or increased costs@atal A Arizona Game & Fish Department
with avian monitoring activitiedJnderstanding the A Bureau of Indian Affairs
nature and magnitude of avian interactions with utility | A Bureau of Land Management
scale solar facilities is an important first step toward theA California Department of Fish &
development of better project siting decisions and the|  Wildlife o
implementation of scieneeased and cosffective ﬁ California Energy Commission
monitoring, avoidance, minimization, and mitigation | g California Public UtlitiesCommission
protocols. To this endn January 20164arious federal | National Park Service

.. . - o Nevada Department of Wildlife

and state agncies involved in solar faqllty siting apd A U.S. Department of Energy
sol_ar technology devel_opment e_stabllshed a Multiagency ; s Department of Defense
Avian-Solar Collaborative Working Group (CW®&) A U.S. Department of the Interior,
share aviassolar information and coordinate activities Solicitorés Offic
that will lead to more informed decisior@urrent CWG | A U.S. Fish & Wildlife Service
memberagencies are listed in the text ioxthe right. A U.S. Geological Survey
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As described inhe textbox to the right the CWG Goal and Objectives
overall goal of the CWG is to develop better informatian
that can inform futur@agencyactions to reduce the Goal:

impacts of solaenergy development on birdacluding | Todevelop better information that can be
decisionon project siting and design and the selection ¢f€d 10 inform future actions to reduce th
appropriateand costeffectivemeasures to reduce and mictg of solar energy development on
mitigate potential impactd o achievethis goal, the '
CWG hasdevelodthis Avian-Solar Science Plan Objectives:

(A Sci e n yteat aBdessas the current science, Develop an AviarSolar Science Plan that
identifies information gaps within the current science, | Will

and provides a framework for futuseientific research | A Synthesize the current understanding
that will enable accurate assessment of project impacts aviansolar interactions ahrelated

and costeffective monitoring and migation. activities;

A Identify and prioritize information need
to better understand interactions;

A Provide an implementation framework
that guides future agency managemen

The ultimate objective of th&cience Plaand
follow-on CWG effortsis toguide thedevelopnent of

appropriate scieneleased andosteffective monitoring and research activities, complement th
and mitigation decisionsTechnical and logistical research efforts of other groups, and
support for the CWG is currentprovided by Argonne develgpment of appropriate and cest
National LaboratoryArgonng and the National effective monitoring and mitigation

measures.

Renewable Energy Laboratory (NREMore
information about the CWG, including links to related
documents, is currently availablehdtp://blmsolar.anl.gov/program/aviaolar/

1.4 TIMELINE OF CWG ACTI VITIES

Table 1-2 summarizes the CWG meeting schedule and completed activities inT2@L6.
CWG held two irperson meetings a CWG kickoff meeting in January and a public stakeholder
meeting in May. A public webinar will be held in late summer of 201ldigseminate
information about th®raft Science Plan and to receive stakeholder input on questions and
priorities for futureactivities. The CWG plans to meet internally and with stakeholders on an
annual basis in the future to share new information as it is received.

15 CWG MANAGEMENT AND RESEARCH QUESTIONS

This Science Plahas been developed provide a framework faxddressingjuestions
identified by CWG member agencieyarding aviassolar interactionsThe specificissues,
guestionsand concernglentified by these agencidstedin Appendix A, represenguestions
that agencies face in making decisions regarditiliy -scale solar projects. Specifically, these
are questions thatould improvethe understanding of aviasolar interactionand assist in


http://blmsolar.anl.gov/program/avian-solar/
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TABLE 1-2 Timeline of CWG Activities in 2016

Date Activity
January 2016 Kickoff meeting in Sacrament&alifornia, to establish the CWG.
May 2016 Stakeholder workshop in Sacramento, Califortasshare information with the public

and receive feedback on CWG goals, objectives, and management questions.

Late Summer 2016 Stakeholder webinar to share information aboutitest Science Plan and receive
(anticipated) public comments.

Fall 2016 (anticipated) Final Science Plan published.

& The CWG plans to meet internally and with stakeholders on an annual basis in the fshame toew
information as it is received.

the development of appropriate siting, permitting, monitoring, and mitigd&oisionsThese
specificquestions havbeensummarized andonsolidatednto 14 management questioasd
grouped into7 broad categorieg.he questions in Appendix A represent the more applied
management and research questions that underpin the overarching management questions
presented iTable 1-3, whichserve as the basis for recommendations made in this Science Plan
The list of CWG management questions may be revised in the future as new information
becomes available to ensure research and activities stay relevant to agency objectives.

16 COMPONENTS OF THE SCIENCE PLAN

This firstsection provide background on asinsolar interactionghe development of the
CWG, including its organization and goals and objectigaad the objectives of this Science
Plan.

Section2 presents the scientific foundation for the Science Plan by discussing the
conceptual framewonwithin which aviansolar interactions may occur. This framework
illustrated by graphicahodels,describes the ways solar energy development may directly and
indirectly affect birds and their habisat

Section3 presents a summary of existing informatiod alated activities. This section
serves as a collective summary of the current state of the science in understandigglavian
interactionsFive topicsarediscussed in this section:

1. Overview of existing aviasolar information. This section summarizes
existing avian monitoring information at solar facilitiafong with a
preliminary evaluation of existing fatality data.
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2. Completed and current research to address avian inteaatittnsolar
energy facilitiesThis sectiorfocuses on studies developed by the
U.S.Geological SurveyUSGS)and the California Energy Commission
(CEC)on related wildlife monitoring, mitigain, and evaluation approaches.

3. Studiesthataddress soldtux-related impacts. The third topic focuses on
recent and ongoing CS$pecific studies to evaluate the potential for solar flux
impacts and measures to reduce such impacts.

4. Efforts related to the CWG. Thisurthtopic focuses on related efforts to
address aviasolar interactions by industry and ngavernmental
organizations (NGOSs).

5. Potentially applicable wind energy experiences and lessons ledaimetfth
topic includes discussion of potentially applicable effostshe wind industry
to address adverse impaais wildlife.
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TABLE 1-3 Summary of Avian-Solar CWG Management Questions

1. Baseline Information andandscape Considerations

la. What are the largescale avian movement patterns in the region (including seasonal movemefastarsl
that influence avian movements such as the presence of stopover sites in the landscape)?

1b. Is there a landscapkevel threshold to cumulative impacts (i.e., how much human development can a
landscape sustain?)

1c. What is anticipated solar engrdpuild-out for the foreseeable future (e.g., project size, locatiod,
technology type)?
2. MethodsTo Evaluate Avian Risk and Impacts
2a. What are the best methodologies for monitoring and evaluating avian mortality?

2b. What are the best methodsdiwaracterize bird communities that would be most vulnerable
(pre-construction) and assess impaotsbird populations during construction and operation
(postconstruction)?
3. Sources of Mortality and Injury

What are the major mortality/injury mechamis (what, how, and context when and where)?

4. Avian Behavior (Attraction/Avoidance)

4a. How do solar facilities affect landscafevel movements of birds (i.e., migration and dispersal moveme
and what factors (e.g., location, habitat characteristics, time of ygatspecies) affect these movements

4b. How do solar facilities affect localcale movements/behaviors of birds.(iforaging and breeding
behaviors), and what factors affect these behaviors?
5. Impactson Habitat and Other Wildlife That Might Affect Birds
What are the impacts of solar developmemother wildlife (such as predators or prey) and habitat that migl
affect birds?
6. Taxonomic and GuikEpecific Impacts
6a. Do solar developments affect different bird taxa or guilds differently?
6b. Do solar developments affect populations of individual bird species?

6¢. Which population or speciespecific impacts are of greatest conservation concern?

7. Minimization, Mitigation, and Adaptive Management

7a. What are the most effectim@nimization and mitigation methods to reduce or eliminate avian mortality’
(e.g., project siting, project design, construction timing, operational parameters, deterrents, or offset)

7b. What offsite mitigation is most effective for-@#tting mortalitis for affected populations/species?
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Sectiord utilizes information presented in Sections 2 and 3 to identify and discuss the
information gaps that impede the development of effective means to avoid, minimize, and
mitigate adverse aviasolar interactns. This section discusses the importance of addressing
information gaps to understanding avian rigkg.,the potential for impact resulting from
interaction with solar facilities)

Section5 presents the framework for prioritizing the research amitoring needs to
better understand avigolar interactions. In this section, the CWG management questions
(Table 1-3) are reviewed in the context of the information gaps presented in Séction
Prioritization criteria are presented and used to ideatifjprioritize CWG management
guestions.

Section6 presents information related to implementation of the Science Plan. This
section discusses agency roles and responsibilities, potential funding sources and requirements
for future aviarsolar researchcéivities, the use of research results to support adaptive
management approaches, and future updates to the Science Plan.

1.7 SCIENCE PLAN REVIEW

This Science Plan is intended to be an evo
periodically as new data are collected and resaaels angriorities change. However, the
Science Plan is intended to be sufficiently broad so that it magdzkto idatify and guide
specific projects and avoid major revisions. The purposeretamflexibility to study an array
of issues in the coming years without havingitmificantlyrevise the Science Plan.

10
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2 CONCEPTUAL FRAMEWORK OF AVIAN -SOLAR INTERACTIO NS

The conceptual framework of avigolar interactions presented in this section is based
on knowledge gained and hypotheses formed through relevant assessments and research
activities (e.g BLM and DOE 2012Hernandez et al. 201Kagan et al. 204; Lovich and
Ennen2011;, Walston et al. 2015)his section (1§liscusses background information on avian
life cycle conservation(2) discusesthe potential mechanisms (pathways) by which birds may
be impactd by solar facilities, and (provides the foundation for identifying information gaps
and developing research and monitoring priorifidgs conceptuaramework is illustrated in
conceptual modeadiagrans, which aresisual representati@of a system thatentify system
components and theielationships or interactions. Conceptual models can be useful tools for
identifying relationships between drivers and important receptors and for prioritizing the
pathways that should be subject to future reseanc monitoring (Maddogtal. 1999). Tlese
models also assist researchers in the development of working hypotheses for future study.

Understanding the spatiotemporal aspects of avian life cycles is important to
understanithg the impacts of solar energy development on bird populatindghebest
approaches for mitigating those impacts and helping conserve sgami¢isis reason, Section
2.1 discusses avian life cycle dynamics and karious factors (e.g., climate change and human
developmentjnay impact bird populations. Section 2.2 pr@dd more detailed discussion of
the potential solarelated impacting factors, as depicted through a conceptual model that
presents the potential relationships between usltigle solar energy development and birds. The
conceptual framework was develdpen the basis of the professional espnce of the CWG
with input from stakholdersThis conceptual modedhould be treated ashypothesisbased
mode] subject to testing through monitoring and research activitisgy be refined as data are
colleded and the understanding of avsolar interactions increases.

2.1 AVIAN LIFE CYCLE CON SERVATION

Most bird species in North America make seasonal migrations between wintering and
breeding habitatd{SFWS 201@). Migratory connectivity is the geograig linking of
individuals and populations between one life cycle change and another (e.g., between breeding
and wintering locations for a migratory bird) (Marra et al. 2014). Knowledge of migratory
connectivity and optimal conditions at breeding, wintgrignd stopover habitats is important for
understanding the potential impact of stressors, particularly climate change, that can harm or
reduce bird populations. Figurel2shows the annual cycle of an example migratory bird species,
the Tree SwallowTachycinetabicolor), that highlights the importance of each season for the
birdés survival and reproductive success.

11
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Number and quality
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breeding and
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Winter climate and
habitat quality are
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breeding season
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influence the
timing and rate
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Figure 2-1 Annual Life Cycle of the Tree Swallow (modified from SmalLorenz et al.
2013).

Understanding habitat use and timing during the annual cycle of migratory birds is
necessary to ensure that conservation investments are conducted at the right place or time.
Effective conservation of migratory birds requires the need to conserve breeiditeging, and
migratory stopover site habitats because reproductive success and species abundance may be
limited by the habitat quality at any of these annual life cycle sites (Drake et al. 2014; Marra et
al. 2014; Rushing et al. 2016).

Migratory birds are faced with cumulative threats throughout their annual cycle as a
result of climate change and human development activity (both direct and indirect impacts; see
Section 2.2 for examples of impacts related solar energy development). Impacts to ynigrator
birds can occur during migration, as well as during their wintering or breeding periods. For this
reason, the full annual cycle needs to be accounted for when considering the conservation of
migratory birds (SmalLorenz et al. 2013). Thus, it is impantao consider sensitivity,
exposure, and adaptive capacity to impacting factors across seasons and in several locations for
linked populations. The development and use of spatially explicit sensitivity maps that
incorporate the annual cycle of migratoiyds is encouraged to gauge the potential impacts of
human development (such as renewable energy development; Smith and Dwyer 2016) and from
impacts of climate change (Marra et al. 201djthout an understanding of the migratory
patterns of bird species,may be difficult to conserve avian populations through local (i.e., site
specific) management actions alone (Fontaine et al. 2B&§)onal compensatory mitigation
sites and actions may be able to mitigate for the loss of some of the birds anduitegirélated

12
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to climate change and human development, provided these sites and actions are selected on the
basis of a solid understanding of avian life cycle needs.

2.2 CONCEPTUAL HYPOTHESIS MODEL OF AVIA N-SOLAR INTERACTIONS

Figure 2-2 presents the conceptual hypothesis model of asader interactions. This
conceptual model describes how solar energy development (including its ancillary facilities such
as roads, transmission lines, and facility fencing) may affect birds, and hovc#tien of a
solar project (the landscape context) may play an important role in determining the nature and
magnitude of potential impacts birds. To support the objectives of this Science Plan, this
model is focused on identifying and understandingptitential for adverse impacts on avian
populations and habitat and, therefore, does not capture the potential beneficial effects of solar
energy, such as reduction in carbon emissions and mitigation of climate change.

2.2.1 Solar Energy System Componesitand Impacting Factors

Several sources have discussed general potential avian Solar Energy System
impacts of utilityscale solar energy development (BLM and Components
DOE 2012; Hernandez et al. 2014; Lovich and Ennen 2001A¢.
commonality amongtility-scale solar facilities of all technology / Solar Energy \
types is that they occupglatively large spatial footprints to
captur e t h déevslapmentsanddangecaledgployment Development

of utility-scale solar facilities, therefore, represent a large human Roads,
land u® in the environment, which has the potentiaffect birds transmission, &
and bird communities in a number of ways and during all project fencing
phasesd.g.,construction, operations, and decommissioning).
PV Technologies
The most common type of avian impact associated with
solar energylevelopment is habitat loss. Impacts could also occu csp

from interaction (e.g., collision) with all project components and Technologies
ancillary structures such as panels, heliostats, buildings and tOW\ = /
roadways, roadways, fences, and transmission lines.

13
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The nature and magnitude of impacts on bird populations and communities are generally
related to three primary projespecific factors: location, size, and technology (PV vs. CSP)
(Lovich and Ennen 2011; BLM and DOE 2012). Bird abundance and activity vary by habitat
availability and distribution of other physical features in the environment (e.g., terrain) (Flather
and Sauer 1996). Therefoes discussed below in Secti@2.4,the locaton of a solar energy
project relative to bird habitats, such as migration flyways, wetlands, and riparian vegeiation
influence the impacts of solar energy development on birds; avoidance or minimization of siting
in these sensitive areas can greeglyuce impacts on birds. Different solar technologies may
vary in the types and magnitude of impacts on birds. For example, projects employing wet
cooling technologies would require greater amounts of water than dry cooling technologies,
which may increaseater demand and alter the availability of surface and groundwater sources
to sustain bird habitats such as riparian vegetation (BLM and DOE 2012).

Impacts are also related to the size and scale of solar development. In geagraater
the size othe project site, the greater the potential for more individindsto be killed or
injured. McCrary et al. (198&pecuhatedthat larger CSP facilities (compared to theM®/
Solar One facility they studied) could produce nonlinear increases in the eaian mortality,
especially coupled with the removal of large tracts of land from biological production. Timing of
construction activities could also affect the number of birds injured or killed. For example,
construction during the reproductive permicgroundnesting species such as sage grouse would
have a greater potential to kill or injure birds compared to construction at a different time
(BLM and DOE2012).

2.2.2 Direct Effectson Birds

Direct effects are defined as those caused bgdtien ,,
(i.e. solar energy development) and occur at the same time aj
place (4 CFR1508.9; they arecommonlyunderstood to be the
immediate effects on species and habithe conguction and
operation of a solar facility and its associated ancillacifities
can directly cause bird mortality or sublethal effects (i.e., injur Sublethal Effects
or energetic costs), the latter of which may lead to mortality of (injury, energetic costs)
the individual not contributing to the population (etgability k j
to reproduce)Table 2-1 lists the khownand hypothesized
causes of these direct effganhichare described in greater detail in Section

. § et - B 2 :_
Mortality

(construction mortality, collision,
flux, stranding, predation)

15
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TABLE 2-1 Known and Hypothesizedirect Effects of Solar Energy Developmenbn
Birds

Cause Effect

Collision Impactrelated injuries and mortalitgsulting from collision with panels or
heliostats, other structures, vehicles, or transmission lines

Solar flux Tissue burns leading to mortality and singeing of feathers or eye damage le
to impaired flight capability

Predation or starvatior Collision- or flux-related injuries make birds vulnerable to predators or starve

Construction activities Direct injury or death of birds unable to avoid construction activities
(e.g.,nestlings) and destruction of nests and eggs

Contact with Electrocutionoccurring as a result of simultaneous contact with energized ar
transmission lines grounded surfaces

Sources: BLM and DOE (2010, 201Kagan et al. (2024 Lovich and Enneif2011); McCraryetal.
(1986)

Additional research is needed to confirm the effect of the causes listathlm2-1.
Research is also needed to determine whether birds are specifically attracted to solar facilities,
thereby being susceptible to these potential direct effects, auj vifhat is the source of
attraction. Possible sources of attraction that have been identified, but not verified, include the
following:

A The @l ake e dthaeproposds tha B\ parels and power tower
heliostats are reminiscent of a large botlwater (or open sky) and may
attract waterfowl or wading birds (Kagan et al. 2014);

A Glare from panels and mirrors, unexpected fluctuations in lighting, increased
illumination, and night lighting that could disorient birds in flight or attract
them to sar facilities (BLM and DOE 2010, 2@1 Hockinetal. 1992;
Longcoreetal. 2008; Navara antlelson 2007; Longcore and Ri2004);

A Polarized light caused by PV panels and other lighting aberrations (as listed
above) that could attract insects which theraatbirds (Kagaretal. 2014;
Horvéathetal. 2009, 2010; Longcore and Rich 2004);

A Enhanced vegetation near panels and mirrors that result from excess water

runoff during cleaning activities and attracts prey species (BLM and
DOE 2010, 2012); and

16
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A Preence of roadkilled carrion, water bodies, garbage, and perch sites that are
attractive to diférent bird species (BLM and DQ10, 2012; Knight and
Kawashimal993).

2.2.3 Indirect Effectson Birds

Indirect effects are definegk those effecthat result
from the action (i.esolar energy development) that are not
immediate but occur later in time and may occur outside the
project boundary @ CFR1508.9. Indirect effecton birds
that may occur as a result of solar energy development
primarily m_clude effects res_ultlng from habitat loss, Habitat degradation
fragmentation, or degradation. Such impacts may occur duek —)
site grading and removal of vegetation; the resulting
encroachment of nenative, invasive species; the
development of the solar plant and ancillary facilities in the midst of or across intact habitat;
changes in surface or groundwater hydrology; or the deterioration of habitat qudlithanges
in bird behavioresulting from inceased dust, noise, and human presence.

Habitat Loss &
Fragmentation

Potentialeffects that birds may suffer as a result of these factors in(Bidé and
DOE 2012; Lovich and Ennen 2011; Hernandez et al. 201Hollowing

A Decreased reproduction as a result of reducedatiesidance, nest failures,
reduced nest building, increased predation on eggs and nestlings, nest
abandonment, inhibition of laying, exposure of eggs to heat or cold, and
lengthening of the incubation period;

A Altered foraging and migration behavitue toshifting away from a preferred
feeding site or loss or degradation of food souatesmigratory stopover
habitat and

A Physiological effects, such as energy depletion, increased stress levels,
decreased immune response, reduced reproductive success, alte
communications, and hearing damage.

Further research is needed to determine the nature of indirect effdxtds, and their
causesandto examine the information publishedtimeliterature

2.2.4 Landscape Context Considerations
P Landscape Context

A number of factors would influence the direct Project location, proximityo
and indirect impacts of the construction and operation  Wetlands, riparian areasagriculture
of a solar energy facility on bird§heseinclude factors flywaysstopover sites, and other
associated with the project location, such as its human landises
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proximity to habitats such as wetlands, ripariabitats, and agricultural areas; and migratory
flyways and stopover siteBor example, projects located near riparian areas that are used as
stopover sites by migratory birds may pose a greater avian mortality risk than projects located
farther away frontiparian stopover site§he abundance of the affected speeiethe project
locationand surrounding areas would also directly influence popukiioel effects

2.3 SUMMARY

Impacts on birds at the various types of solar facilities indkadamatic impact with PV
panels, heliostats, mirrors, and other solar structures, and burn trauma associated with solar flux
at power tower facilities (Hernandez et al. 2014; Kagan et al. 2blddidition to trauma
associated with collision and solarx|ipredation is another cause of avian mortality at solar
facilities (partly associated with stranding fromnfatal impact trauma) (Kagaal. 2014).
Birds representing a broad range of body sizes, ecological types, resident aadident, and
noctunal and diurnal species can be impacted by solar facilities. Therefore, actions to reduce or
mitigate avian mortality will need to be designed on asiecific basiswhichwill require more
data on the bird communities and the causes of fitpria eat site (Kagaretal. 2014).
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3 SUMMARY OF EXISTING AVIAN -SOLAR INFORMATION
AND RELATED ACTIVITI ES

3.1 OVERVIEW OF EXISTING AVIAN -SOLAR INFORMATION

This section presents a summary of existing as@ar information based on published
reports and gevious studies. There at@ee parts to this section: (d9urceof aviansolar
information; (2)summary okexisting aviarsolar informationand(3) existing avian monitoring
requirements, mitigation measures, and best practices at solar fa@@gsn 2 provideda
conceptual framework for understanding the various demonstrated and potential impacts that
solar energy facilities have on birds and bird populatibhse.overview of existing avian
information presented in this section focuses primamlyhe direct impacts associated with
avian mortality.

3.1.1 Sources of AvianSolar Information

The primary sources of avigolar information aréstedbelow. These sources were used
to summarize existing avissolar information presented 8ection3.1.2.

A Projectspecific technical reportsuch as documents prepared uridEPA
(e.g., Environmental Impact Statements), Biological Assessments, 8BCS
and avian monitoring reports prepared under a BB@8le 3-1 summarizes
the data and informi@in available at solar facilitieéa the United States
collected as oMay 2016 In total, avian monitoring plans and/or fatality data
are known to exist for@solar energy facilities

A Avian Mortality at Solar Energy Facilities in Southern California: A
Preliminary AnalysigKagan et al. 2014). This report by the National Fish and
Wildlife Forensics Laboratory summarized data on bird mortality at three
solar energy facilities in southern California: Desert Sunlight, Genesis, and
lvanpah Solar Electric Gerating Station (ISEGS). €meportdocuments
direct avian mortality at all three facilitisghich employ three different solar
energy technologieand attribute solarrelated avian fatalities to two main
caused impact trauma (which may occur with abtlar technologies) and
exposure to solar flux (which may only occur at power tower facilitie®. Th
report also discusses the potential for birds and insect prey to be attracted to
solar facilities through the reflection of polarized light from panels and
mirrors.
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TABLE 3-1 Summary of Current Avian Monitoring Activities at Utility -Scale Solar Facilities as of May 2016

Technology Type Known Collection
and MW Land Available Avian of Avian Fatality
Project Name Location (in parenthesgs Current Status Type Monitoring Plan Data
Blythe Solar Riverside County, CA PV (485) Underconstruction Public Yes Yesi Incidental
and systematic
Blythe MesaSolar Project Riverside County, CA PV (485) Underconstruction Private Yes NA2
California Solar One Daggett, CA CSPi Powertower(10)  Decommissioned in Private NA Yesi Systematic
1987
California Valley Solar San Luis Obispo PV (250) Operational Oct 2013  Private Yes Yesi Systematic
Ranch County,CA
Campo Verde Imperial County, CA PV (139) Operational Oct 2013  Private NA Yesi Incidental
and systematic
Centinela Solar Energy Imperial County, CA PV (170) Operational Aug. 2013 Private Yes NA
Crescent Dunes Nye County, NV CSPi Powertower (110) Construction completed Public Yes Yesi Systematic
Desert Sunlight Desert Center, CA PV (550) Operating and under Public Yes Yesi Incidental
construction and systematic
Genesis Blythe, CA CSPi Trough (250) 1st Unit Operational Public Yes Yesi Incidental
Nov. 2013 and systematic
2nd Unit Operational
March 2014
Ivanpah Solar Electric San Bernardino CSPi Powertower(377) Operational Oct. 2013 Public Yes Yesi Incidental

Generating System (ISEGS County, CA

and systematic
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TABLE 3-1 (Cont.)

Technology Type Known Collection
and MW Land Available Avian of Avian Fatality
Project Name Location (in parentheses) Current Status Type Monitoring Plan Data
McCoy Solar Riverside County, CA PV (750) Operational (250 MW)  Public Yes Yesi Incidental
and under construction and systematic
Mojave Solar Harper Dry Lake, CA CSPi Trough (250) Operational Jan 2015 Private NA Yesi Incidental
and systematic
Rice Solar Riverside County, CA CSPi Powertower(150) Construction on hold Private No NA
Silver State North Primm, NV PV (50) Operational May 2012 Public Yes NA
Silver StateSouth Primm, NV PV (250) Under construction Public Yes Yes- Incidental
Solana Generating Station Maricopa County, AZ CSPi Trough (280) Operational Private No No
Stateline Solar San Bernardino PV (300) Under construction Public Yes Yesi Incidental
County, CA
Topaz Solar Farm Carrizo Plains, CA PV (550) Under construction Private Yes Yesi Systematic

2 NA = not applicable.
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A Sources of Avian Mortality and Risk Factors Based on Empirical Data from
Three Photovoltaic Solar Facilitig§VEST 2014). This reporpresenta
preliminary evaluation of avian mortality at three PV facilities: California
Valley Solar Ranch, Desert Sunliglhhnd Topaz Solar Farm. Avian fatalities
were recorded at each site. Mortality at each site was evaluated by taxonomic
classification, feeding behavior, and migration behavior. Passerines were the
most highly represented bird type found dead at all a@kties. The
number of watedependent bird speciés.g.,loons, grebes, rails, coots,
shorebirds, waterbirds, and waterfowdried among facilities. Water
dependent birdsomposed larger proportion of fatalities at one facility
(Desert Sunlight) thnatthe other facilities.

A A Review of Avian Monitoring and Mitigation Information at Existing Utility
Scale Solar FacilitiegWalston et al. 2015). This report prepared for the
U.S.Department of Energgummarize existing aviarsolar information at
utility -scale solar energy facilities. More specifically, this report:

- Summarizeswvailable avian fatality data and issues;

- Summarizegnonitoring activities and reporting requirements;

- Summarizesvian mortality data for nesolar activities;

- Summarizesnitigation measures in other activities that may be effective
in solar developments;

- Examinessolar technologygpecific aspects of avian fatality; and

- Recommendfuture steps

A Additional aticles related to aviagolar interactionghatare published in
various peereviewed journal¢e.g., Hernandez et al. 2014;
Horvéathetal. 2009; Lovich and Ennen 2011; McQyaet al. 1986; Smith
andDwyer 2016; Walston et al. 2016).

3.1.2 Summary of Existing Avian-Solar Interactions

Estimating avian mortality atgiven facility is important to understaind the overall
impacts of these facilities on avian populations. Unfortunalelyever, there has been little
synthesis and analysis of this dataavian fatality data are available from only a few solar
projecs (Table 3-1). In addition, there is variability in current monitoring approachdsch
makes data assimilation and comparison diffidettr exampletwo types of fatality data may be
collected at a project depending on the nature of the obse@adtiomental and systematic.
Incidental data include fatalities observed incidentally during other activities that were not part
of focused systematic searches for carcasses. Systematic data include fatalities observed during
the course of dedicated search dHoirhe collection and reporting of both types of data may be
required for a particular solar project through permits issued by state or federal agencies, as a
condition of the environmental review process, or as established in the BBS&cience Plan
focuses on systematic avian fatality ded#lection to address the CWG management and
research questions.
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Despite the variability in the available aviaolar informationthe available information
has been used t@slcribegeneral patterns of mortafitn terms of(1) cause of deatl{2)
associatiorwith bird guilds, and (3) egional residency statKagan et al. 2014; WEST 2014;
Walston et al. 2015 he following text summarizes the observed patterns of avian mortality
from thesestudies:

1 Cause oDeath’ The causes of death documented at solar facilities include solar flux,
impact trauma, predation traungectrocution, and emaciationottever, the cause of
death is often unknowmn many caseshe cause of death could not be determined for
thevastmajority of birdcarcasses discoveredsadar facilities For carcasses that could
be associated with an observable cause of death, solar flux was the leading cause of death
at power tower facilities and collision was a leading cause of death attPMoaer
trough facilities.

1 Species Composition Passerinearethe taxonomic group most frequently found dead
or injured at solar facilities, ranging between 40% to nearly 63% of all at@litiesat a
site. The proportion of watetependent speci€s.g., loons, grebes, rails, shorebirds, and
waterfowl)found at solar projects haanged between less than 1%approximately
45%. In general, the proportion of watdependent bird species found dead at PV
facilities was higher than other solar teclogiés, suggesting that there may be an
attraction of watedependent birds to PV facilities (e.g., lake effect hypothesis).
However, no studies have been conducted to test this hypothesis.

1 Residency In Walston et al. (2015) vaan fatalitiesfor the saithern California region
were divided into two residency groups: resident (breeding, winter, oryead
resident) and migrant (passage migrant). The majority of avian fatalities at solar facilities
were of resident species. The proportion of fatalitiesle up of migrants varied
seasonally. This trend was observed during one year at ISEGS, where migratory species
accounted for a larger proportion of avian fatalities during the spring than at other times
of the year.

3.1.3 Existing Avian Monitoring Requirements, Mitigation Measures, and Best
ManagementPractices at Solar Facilities

Table 3-1 lists the solar energy projects for which a BBCS (or similar avian monitoring
plan) has been developed. CurrBBICSs require operators tonduct preconstruction surveys
to assess baseline avian abundance and activities. Some plans established specific
preconstruction monitoring requirements, such as the number of years and seasons of baseline
data collection, collection of cHite baselingata, and minimum surveyor requiremeiitse
BBCSs also list projeedpecific minimization and mitigation measures that would be
implemented to reduce avian impacts. The USFWS is currently developing programmatic
guidance for BBCSs at utijitscale solafacilities (USFWS2016). Recommendelbest
managemenpractices BMPs) and minimization and mitigation measures for BBCSs are
discussed in Kagan et al. (2014), Walston et al. (2015), and USFWS)2016
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3.1.4 Conclusion

In conclusion, the majority ofitdls found killed or injured at solar energy facilities are
passerines. &use of deatls not knowrfor the majority of bird deaths, amariability in survey
designmay result in mortality estimates that are difficult to compare. Becaasgfatality
detections consisted only of feather sp@sgy., the presence of feathers concentrated in a small
area), improving the consistency in assessment of feather spots and other elements of a
systematic avian fatality survey protocol will improve the reliabadiyl comparability of
mortality estimates

Additional research is needed to addi@gsotheses regarding how solar facilities may
interact with bird populationdg’'he hypothesis that some bird guilds may be attracted to solar
facilities (i.e., lake effechypothesisynay be supported at some solar facilitte@wever the
preliminarydatacurrently availablelo not show a cledr | a k e ass6ciatmmcross all solar
projects. With the limited sample sizeid therefore too speculative using the emrgstlata ¢
make any conclusions about how birds may be attracted to solar facNdditonal research
should also consider avian behavior (ggrception and settling response) in evaluating the role
of attraction.

In addition,little is known alwut background mortality to understand the populaiewel
implications of aviarsolar mortality. Many of the affected species are {disgance migranis
thus making populatiordevel effects difficult to determine.

According to data compiled ifiable 3-1, systematic avian monitoring is currently being
conducted a® solar projectshat have projeespecificavian monitoring plansThe USFWS is
presentlydeveloping programmatic guidance for BBCSs at utditale solar facilities (USFWS
2016&). Recommeded BMPs and minimization and mitigation measures are identified in this
BBCS guidance document as wellia®ther sources (e.gkaganetal. 2014).

3.2 RESEARCH THAT ADDRES SES AVIAN INTERACTIO NS WITH SOLAR
ENERGY FACILITIES

This section summarizegveral current and recently completed effortsheyJSGS and
its partners tassessvildlife interactions with energy developments. Results of these efforts may
be used to better understand species and guilds most at risk of impact from solar energy
devdopment, methods to monitor and evaluate avian impacts at solar facilities, and develop
appropriate BMPs and mitigation measures.

3.2.1 Habitat Modeling To Inform Energy Development
A series of studies by the USGS evaluated the potential impacts of renewable energy

development on animal and desert plant species to assist resource managers in habitat
conservation prioritization. Habitat suitability models for over 50 desert plantamelaspecies
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were used to rank potential habitat loss in the Mojave Ecoré@iond et al. 2012; Inman et al.
2014) This effort also included status assessments and monitoring protocols for select species
(Inman et al. 2014; Matocq et al. 2013; Dilteet2015; Shryock et al. 2015; Simes et al. 2015;
Inman et al2016. Landscape connectivity, species distribution and dispersal models, and
climate change models are being incorporated to predict future distributions of species of
conservation concer(lts et al. 2015Inman et al. 2016).

3.2.2 Monitoring Methodology for Solar Facilities

This effort was developed lige USGSand USFWSo respond to a need for monitoring
methodology guidancer wildlife mortalitiesat solar facilities. Theublication Mortality
Monitoring Design for UtilityScale Solar Power Facilitig@{uso et al. 2016provides a
framework to produce consistent carcass search methods at solar fathisagport discusses
methods to account for sources of imperfatality detections at solar facilities to ensure that
resulting data are sufficient for estimating mortality using newly formulated estimators.
general distance sampling approach was developed and recommended fegcat#itgolar
facilities. Despite the broad applicability of this approach, the authors recognize that there may
be unique aspects at each solar facility that may require adjugortee survey design.

3.2.3 Efficacy of Wildlife Monitoring Technologies

This USGS study was conducted at ISEGS in 2014. The objectives were to evaluate the
potential effectiveness of electoptical and thermal video cameras, radar, and invetgebra
sampling equipment to observe and monitor birds, bats, and insects flying in the vicinity of flux
fields produced at the ISEGS. Video observations suggest that most flying animals impacted by
solar flux were insects, although some birds were also itmgpad echnologies examined show
promise for developing a camebpased reatime system for monitoring flying animals entering
solar flux fields (Diehl et al 2016).

~

324Sol ar Fatality Estimator and AEvidence of A

This effort was deveped bythe USGS to respond to a need for consistent and accurate
methods to detect and estimate fatalities from carcass searches at solar facilities. The objectives
of this study are to modify existing mortality estimation software to produce unbidsedtes
of fatalities at solar facilities and fieviden
also define sources of fatality and estimate searcher efficiency and carcass persistence at solar
facilities. This project is exgrted to be cometed in Spring2017.

3.2.5 Assessment of Energy Development Impacts Sensitive Bird and Bat Species
and Populations
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With funds provided by the CEGi¢ USGSdeveloped this projetd respond to a need
for more accurate fatality estimates and betteterstanding of mitigation techniques at
renewable energy facilities. This project will use demographic information to assess how
fatalities affect populations and determine best practices for conducting risk assessments and
predicting mitigation outconse This project is expected to be completed in 2018.

326 Assessing Californiads Mitigation Guideline
Renewable Energy Development

The CECfunded this project by the Zoological Society of San Diego. With planned
facility expansions in burrowing owl! habitat, renewable energy projects potentially represent a
major contributing factor in the continued decline of the species. Translocatioriramay
project sites is an important impact minimization method for owls impacted by development, but
there is significant uncertainty around the effectiveness of the main two approaches (active and
passive translocation) due to the difficulty of trackingsolng enough to determine their post
translocation fates. This project will use satellite telemetry to study and test the consequences of
both passive and active relocation methods for burrowing owls that are displaced from renewable
energy developmente@as. This project is just commencing and is expected to be completed in
2019.

3.2.7 Development of a Genoscape Framework for Assessing Populati@vel Impacts of
Renewable Energy Development

The CECfunded this project by the University of California Los Angeles. Because
populationlevel assessments of the impact of renewable energy on vulnerable species do not
exist, monitoring efforts are costly and ineffective. Previous methods developed tatdeline
migratory routes either have low success rates, poor resolution, or are extremely expensive. The
research team has developed a-tmst method that capitalizes on genomic data to create high
resolution spatial maps of bird populations and migratiotesou his technology will be
extended to identify migration routes for additional vulnerable and endangered species, assess
populationlevel impacts of fatalities at renewable energy facilities, and map migration hotspots.
Accurate understanding of the tlisutions of vulnerable populations in space and time will lead
to more effective siting, monitoring, and operation. This project is just commencing and is
expected to be completed in 2019.

3.3 STUDIES THAT ADDRESS SOLAR FLUX-RELATED IMPACTS

This setion addressssolar flux at power tower facilities. Although collision mortality
may occur at solar energy facilities of all technology types, solaréiated impacts may only
occur at power tower facilitie® number of completed and currently ongostgdies have
addressed solar flubelated impacts at power tower faciliti@me of these efforts have been
described irKagan et al. (2014Walston et al. (2015and Diehl et al. (2016%olar flux is a
measure of the amount of solar energy passiraygih an area. The amount of solar flux from
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ambient sunlight is equivalent to about 1 kW per square meter (R\WPmwer towers generate
regions of high solar flux near the receiver tower as sunlight is reflected from surrounding
heliostats.

At the sohr tower receiver, flux levels can reach as high as 1,000 RWWiny object
(such as birds) exposed to the flux will absorb energy and be affected by that energy based on the
objectdés size, its mass, and ther mal heat in
object in the region of solar flux can be calcethbased on the area of the object exposed,
intensity of the light, absorptivity of the object, length of exposure time, and mass of the object.
BrightSource Energy and the USFWS have performed preliminary tests on the effect of sunlight
on bird featherdn one preliminary assessmeBtjghtSource (2012) found no observable effects
on bird feathers exposed to flux levels of 50 k\Wfor 30 seconds. Higher flux levelawsed
visible effects within 2@o 30seconds. As reported in Kagan et al. (2014), thEWS exposed
bird feathers to hot air for 38econd durations. Visible effects were noted starting at
temperatures of 400°C. These preliminary analyses suggest that flux zones greater than 50
kW/m2 andthatreach temperatures in excess of 400°C represamieum threshold of
concern for fluxrelated effects on bird®espite these preliminangsults CEC testimony
provided during the hearing process for the proposed Palen Solar Power Project suggest that flux
levels between-3 kW/n? may be harmful to bits (CEC 2014).

As reported in Walston et al. (2015), flaxapping methods were developed to predict
solar flux levels in the vicinity of a power tower receiver underlidd and fulstandby modes.
These methods examined the effects of alternate teglimisning strategies on peak flux, as well
as the airspace region exceeding threshold flux levels. The preliminary results suggest that
various approaches to standby aiming could significantly reduce flux levels and their impact on
avian fatality. Theresianecdotal evidence supporting the application of this aiming strategy to
reduce avian fatalities on bir@$:or example, at the Crescent Dunes solar power tower facility
near Tonopah, Nevada, witnespresumably observadore tharl0O0avian fluxrelateddeaths
during heliostat testing operations. Since that time, the operators at Ci2sneshave
adjusted the standby aiming points for the heliostats to reduce peak liass thart kwW/m?;
theyhave since reported zero bird fatalities following tthiange Systematic monitoring is
currently being conducted at Crescent Dunefetermine whether these anecdotal observations
canbesupportedddi ti onal research is being developed
for birds and to identify addiinal minimization measures to reduce the risk of-fiebated
injury of mortality.

3.4 EFFORTS RELATED TO THE MULTI -AGENCY CWG
In addition to the CWG,tdeast one other working group has been established to better

understan@viansolar interactionsgConvened by the Largecale Solar Association (LSAhe
Avian-Solar Working Group (ASWG) is @ollaborative group of environmental organizations,

6 AD elapment of Tools, Training, and Outreach to Address Solar Glare ansRduk at ed Avi an | mpact
presented by Timothy Wendelin, NREL, at the Multiagency AxBatar Collaborative Working Group
Stakeholder Workshop, May .01, 2016, Sacramento, California.
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academics, solar companies, andsioldustry representatives with a missioratbance
coordinated scientific research to better understand how birds interact with solar facilities
(Mills 2016) The ASWG is interesteith protecting avian speciegiven the threats of climate
changeandin developing solar projects in an environmentadisponsible and a commercially
viable manner.

The ASWG is a collaborative assembly of parties who have experience wittharade
interested in the interaction of avian species with wdigle solar facilities. The purpose of the
ASWG is to betteunderstand and address potential avian interactions with <sitlgthe solar
projects with an approach that blends collaboration, issue identification, science, and action. The
ASWG hasa national scope, while recognizing the location of many solar fesititroughout
the six southwestern statgscluding Arizona, California, Colorado, Nevada, Utahd
New Mexico. ASWG dbjectives include the following:

1. Identify the fundamental research questithag need to be answered

2. Identify which questios can be answered with existing data, existing and
proposed research initiatives, and which require further research

3. Supplement the recergport byWalston et al(2015)with existing data, and
map all available data on the interactions betweers laindl solar power
facilities to identify information gaps and inform future data collection
methods

4. Develop and implement standardized field methods forteear data
collection to fill information gaps

5. Continue to refine and improve datallection methods based on findings and
conclusions
6. Explore the implications of the data/research findings on golicy

7. Communicate, on an ongoing basis, relevant information and findings to
governmental agencies and stakeholdensl

8. As appropiate, develop industry best practices to reduce adverse avian
impacts.

Because of the similarities between the objectives of the CWG and the ASWG, efforts
are being made to ensure appropriate communication between the two groups and to identify
opportunities for coordination and collaboration that will leverage available research Tureds.
ASWG has drafted a set of fundamental questions that represent the aggregate research interests
of the group as a whol&his preliminary list of research questicarsd a matrix of how they
align with CWG management questiarepresented i\ppendix B. While the current ASWG
researclguestions are not necessaalyeflection of théts priorities, they will be used in future
activities to establish research prim# and explore funding stegies to conduct the research
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3.5 POTENTIALLY APPLICAB LE WIND ENERGY EXPER IENCES
AND LESSONSLEARNED

The development of the CWIG address aviasolar interactionsgs reminiscent of similar
forums developed in the wind egg sectorestablished to address problematic wimttllife
interactionsCollaborative working groups provide opportunities to leverage resources to find
solutions for common challenges. For wind, the National Wind Coordinating Collaborative
(NWCC) wasformed includingfederalandstateagenciesutilities, NGOs, wind industry
developerandmanufacturers, consultantgd academic# number of other wind industry
environmental collaborativefforts wereformed in the last few decadeascluding the Gassland
Shrub Steppe Species Collaborative, the Sage Grouse Collaborative, the Bats and Wind Energy
Cooperative (BWEC)andthe International Energy Agency Wind T3k

Experiencedrom thesewind energy deploymerollaborative working groupsay be
used as lessons learned to better address avian interactions within the solar energyamaetor
overarching themes that are described more fully belkamine the importance:of

A Adequate assessment
A Interdisciplinary discussions

A Developnent ofstudy gudelinesfor promoting consistency and
standardizatiopand

A Establishment obbjectives that lead to good outcomes

3.5.1 Importance of Adequate Assessment

Solar energy can benefit from the lessons leahydtie wind industryn the area of
assessing and then addressing wildlife impact issues. Years of delays in addressing known issues
in the wind sector have led to delays in the identification of solutions. For solar energy, it is
therefore important to first determine whathgiansolar interactions (including fatalities) are
an issue and require action. It is then important to understaioth speciesareimpacted and
clarify what is known about these species. At that time, suggested BMPs and mitigation
measures may be codered.

3.5.2 Importance of Interdisciplinary Discussion

Interdisciplinary input into research and development priorities is crifindlit is
important for collaborative working groups have involvement froMIGOs industry,and
agenciesgnalogais to athreelegged stool)Research and development of tools is ongoing and
benefits from interdisciplinary approachgiich can be supported blyese interdisciplinary

forums.For exampl e, AThe Eagle Detection and Det e
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workshop was convened at NREL in December 2015 to gain insights into key gaps and potential
technology solutions that could yield fiscient
eagles at wind energy facilities. These insights were intendatbtan future research priorities.

It is also important to look across industries, such as wind, solar, aveatidn,
manufacturing, as information on specific species is often collected and analyzed and can and
should be shared.

3.5.3 Importance of Developing Study Guidelins

Programmaticstudyguidelinesdeveloped for the wind energy sedavehelpedto
promote consistency and standardization in the treatment of potential avian impacts across the
variouswind energytechnologies in usd.his consistency and standardizatioaveresulted in
collaborative approaches to reseaieyalsohaveresulted inselfmonitoring commitmentby
wind developers, which in tutmaveallowed formonitoring and mitigation costs to be spread
equitably rathethanbeingconcentrated within a single organizati@milar programmatic
approaches in the solar energy sector may also improve consistency and standardization in
assessment of aviaolar interactions. Initial efforts are currently underway througlultag
Bird and Bat Conservation Strategy guidelines for ut8itgle solar projects being developed by
USFWS(2016a)

3.5.4 Importance of Setting Objectives for Good Outcomes

As experienced in the wind energy sectbis important to understandoin the outset
what the objectives are both feagulatory agencgecisionmakingand for the solar energy
sector Establishing clear and unifying objectives for future research will maximize the value of
results in addressing specific issues. In addiitomill maximize collaboration and cooperation
on specific research projects, as well as-sbsring.
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4 |IDENTIFYING INFORMAT |ION AND DATA NEEDS

Based on theonceptual model provided Figure 2-2 andtheinformation presented in
Section3 about exsting information and ongoing studjdkis sectiordentifiesand discusssthe
information gapsnd uncertaintiedhatneed to be addressed in order to answer the CWG
management questiongable 1-3); that is,the gaps and uncertainties that aff@tihg and
permitting decisions ampede the developmeat appropriate avoidance, minimization, and
mitigation measures

The aviarsolar conceptual modalentifiesseveral topical areashere better
information is needetb understandvian mortalityrisk at solar facilities. These include (but are
not limited to):

A

A

Technologyspecific factorghat contribute to risk (e.gepllision, solarflux
effecty;

Project and site desigionsiderationgncluding retention of habitat within
facility boundaries

Impacts of ancillary facilitiegfences, transmission lines)
The role of facility attaction to birds and prey (e.¢ake effect hypothesis)

Construction and operational practi¢lat contribute to risk (e.gsgasonal
timing, implementation of BIM2s)

Exogenous factors that contribute to risicluding local and regional habitat
conditions time of day and yeafunctional guild taxonomy life cycle,
residencyand transience

Indirect, direct, and cumulative impagts

Populationlevel consequences of aviaolar interactions

Contribution of climate change tmderstanding populatielevel impacts and
cumulative impacts

Methodologies fordentifying cause of deatife.g., necropsy studies or
identifying hazardous project features)

Effectiveness of @sting monitoring protocolsgata qualityand
comparability and

Effectivenes of mitigation measures (e.geterrents)

31



Draft AvianSolar Science Plah Do Not Cite August2016

Uncertainties remain fazach of thenformation needs identified above as fefithe
efforts described isection3 have addressed these topical grattisoughsome of the recent
activities described in Secti@show progress toward understanding some of these topics. For
example, the synthesis of existing av&olar information in SectioB.1 provides some
informationregardingpatterns of avian mortality and insiglmto which species may be at risk
In addition, recentt SFWS and USG3ctivities to develop monitoring and fatality evaluation
guidarce at solar facilities (Sectidh?2) will help address inventory, monitoring, and assessment
needsStudies at CSP facilities (Secti@3) provide information on technologypecific factors
and BMPs that could be implemented to minimize fatality risk.

The information needs presented above weveewed in the context of the CWG
management questionggble 1-3) in order to identify those needs that are relevant to the CWG
me mb er a g e nganaking réquickmantd able 4 Ihsummarizes the current knowledge
and research activities for the CWianagement categoriaad the related data gafg$e
purpose of this table is to identify which management categories may be at least partly addressed
with existing information or current research programs and to identify which management
categoriehave gnificantinformation gaps. Information gaps in these management categories
will be evaluated in Sectidh.
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TABLE 4-1 Summary ofAvailable Information and Data GapsRelevant to the CWG Management

Categoriest

Management Category

Available Information/Data Gaps

1. Baselineinformationand
landscapeonsiderations

2. Methodsto evaluateavian
risk andimpacts

3. Sources ofMmortality and
injury

4. Avian behavior
(attractiorfavoidancé

5. Impactson habitatand
otherwildlife

6. Taxonomic andyuild-
specificimpacts

7. Minimization, mitigation,
andadaptivemanagement

General solar development projections exist but are not loespiecific. Little
information is available on regional movement pattefisirdsandother fauna
andthresholds for cumulative impacts.

Recent monitoring and fatality evaluation guidance developedddySFWS
and USGS and presented in Secfoh (Husoetal. 2016) will provide
information to improveavian monitoring methods. Little information exists to
determine populatictevel risks.

Preliminary observations of existing information at sdéailities presented in
Section3.1 identify sources of mortalipr only a subset of birds found dead
and discuss general patterns of mortality. Howevenytbehanism by which
birds encounter solar facilitiesontext, and magnitude of these interactions al
not well understood.

Some preliminary observations of existing information at solar facilities
presented in Sectio®h 1 support the hypothesis that solar facilities may attrac
birds, their predators, or their prey (e.g., lake effect hypothesis). However, t
hypothesis hasot yet been systematically tested.

Observations at some solar facilities suggest that certain project designs, si
those to maintain existing vegetation, might provide habitat for predators an
prey, whichcould influence avian activity and monitoring results. However, tl
topic has not been systematically testdiditional research on predatprey
relationships in the environments of solar energy development is needed.

Preliminary observations of existingformation presented in Secti@ril suggest
that passerines are the most abundant order of bird fatalities recorded at sc
facilities. Some observations also suggest that waterbirds may be atoisgthr
the lake effect hypothesis. However, no systematic research has been conc
to examine populaticror guild-level risks to solar energy development.

Recent efforts byhe USGS to evaluate nmitoring and mitigation strategies at
solar energy facilities (SectioB.2 [Husoetal. 2016) will provide additional
information on mitigation. In addition, studies on CSP designs by NREL anc
Sandia NationalaboratoriegSection3.3) have provided infonation on
heliostat positioning as mitigation at power tower facilities. Additional
systematic study of deterrents and other mitigation measures is needed.

a8 See Tabld-3 for CWG management questions in these categories.
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5 PRIORITIZING RESEARCH AND MONITOR ING NEEDS

This section focuses on using the information gaps identifidalhe 4-1 to prioritize
specific research activities that could be implemented to improve understanthegature and
magnitude of aviaisolar interactios. The research prioritiesscussed in this section are
identified as critical activitiethat wouldimprove agency decisions regarding permitting of solar
energy facilities and selection of appropriate monitoring and mitigation measures and BMPs.

An important objective of this Science Plan is to provide a framework for prioritizing
future research and monitoring activities that would improve understanding ofsaléan
interactions and assist in the development of appropriate siting, permittingprmazniand
mitigation decisionsResearch is important to better understand the mechanisms by which birds
or bird populations may be affected by solar energy development and will lead to the
development of appropriate monitoring methods. Monitoringitiadsed on sound scientific
need will allow for the necessary data to be collected to better understand the impacts of solar
developments on birds and, through an adaptive management process, inform the selection of
appropriate minimization and mitigatiomeasuresClearly, the list obpecific agency
managemenjuestions provided iAppendix A, although certainly not comprehensive, would
require a large commitment of finances, staff effort, and time to study adequately. As described
in Section2, developmet of a conceptual model is an important first step in setting priorities.

The CWGdeveloped sveral criteria, with input from stakeholdgrto facilitate the
prioritization of management questions. These criteria are as fdlilowsder of importance

1. Sequence/FoundationalitfrFundamental questions that need to be addressed
prior to addressing otherd.his criterion prioritizes the more immediate
guestions (i,efil ow hanging fruito) that need to «L
addressing other questioihie CWG believes that addressing information
needs in sequence and prioritizing activities that are prerequisites to other
information needs is of upmost importance to understanding-avian
interactions. One example of a foundational data need & lettierstanding
of avian baseline movement across the landscape to inform how solar
facilities may interact with avian migration routes.

2. Management This criterion prioritizes questions that are important for
agencydecisionmaking There are severaformation needs of management
importance, such as the development of methods to better understand guild
and populatiordevel impacts from solar development. There is a sequence
(criteria#1) to addressing some management questions. For example,
undersanding whether and to what degree solar facilities may attract birds is
needed to understand the nature and magnitude of avian impacts in order to
make management decisions.

7 In the stakeholder workshop held in M2§16, stakeholders were asked to comment on management question
prioritization criteria.
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