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Introduction 
 

Development of renewable energy provides important benefits, including enhancing our energy 

security and independence, increasing the diversity of our energy resources, and helping us shift 

away from an over-reliance on fossil fuels that contribute to numerous negative environmental 

and wildlife impacts. Currently, the Department of the Interior is on track to permit more than 30 

―fast track‖ wind and solar generation and transmission projects on public lands, and has 

committed to a performance goal of 9,000 megawatts of renewable energy by the end of 2011.  

In 2010, the Department of the Interior approved a dozen renewable energy projects on public 

lands, including nine commercial-scale solar energy initiatives that combined will create more 

than 7,000 construction and operational jobs and produce almost 4,000 megawatts of energy, 

enough to power 1.2 million American homes.  So far eight of eleven western states have 

adopted Renewable Portfolio Standards requiring utilities to generate 15-33% of energy from 

renewable sources. It is likely that the U.S. will have nearly 30,000 MW of new wind power 

online in the U.S by 2020.. 

Our early experiences with permitting and constructing wind and solar energy facilities has 

demonstrated that meaningful renewable energy development at the pace and scale needed to 

transition away from fossil fuels needs to be done ―smart from the start.‖  That means 

establishing a proactive approach to siting and conservation strategies that protect wildlife and 

wildlands while allowing renewable energy deployment to ramp up.  This document explores a 

set of Best Management Practices (BMPs) for renewable energy siting and development in the 

west that strives to achieve these goals. 

These Best Management Practices for renewable energy siting and development draw on 

scientific, peer-reviewed research.  While primarily written for conservationists who are working 

to positively affect renewable energy development in the West (and primarily on public lands) 

this manual can also help to better inform wind and solar energy developers, stakeholders and 

decision-makers about the link between renewable energy development and consequences to 

wildlife and the functions of their habitat. The goal of these BMPs is to enable developers, 

wildlife agencies, conservationists and other stakeholders to work with a consistent knowledge 

base and set of appropriate technical questions and well-established guidelines to assess a given 

project location and to develop wind and solar energy in a way that is smart from the start for 

wildlife and their habitats. This guidance document is an improvement over the hundreds of 

other available guidances on the topic, as this one is meant to deliver a ―one stop shopping‖ 

approach for all aspects of affecting renewable energy development in the west. 

These BMPs were designed to guide conservationists to positively affect renewable energy siting 

and development outside of the built environment.  There is tremendous potential of distributed 

small-scale generation, such as rooftop solar, coupled with energy efficiency measures, to meet 

Western energy needs. However, the broad consensus from renewable energy and climate 

change analysts is that utility scale renewable will be needed to produce the short-term carbon 

reductions needed immediately to mitigate climate change.  There are now literally hundreds of 

proposed wind and solar projects – outside of the built environment – on the books for the 

coming decades, and we must work to ensure that these developments are done right with regard 

to wildlife species and their habitats.  Decreasing energy demand in our cities through efficiency 
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and other demand-side measures that reduce the need for large-scale renewable energy facilities 

to be built outside of our cities is essential but this topic is outside the scope of this document.  

 

Similarly, this document does not address geothermal development.  Instead, we refer readers 

working on geothermal plant siting and environmental issues to a number of other useful 

publications, including the Bureau of Land Management‘s and U.S Forest Service‘s 

Programmatic Environmental Impact Statement for geothermal leasing in the Western U.S (BLM 

and USFS 2008a and b), the Wilderness Society‘s publication on geothermal development on 

public lands (TWS 2010), the Geothermal Energy Association‘s A Guide to Geothermal Energy 

and the Environment (GEA 2007), and the U.S. Department of Energy‘s Geothermal Power 

Plants – Minimizing Land Use and Impact  (USDOE 2008). 

 

Mitigation for any documented environmental impacts of renewable energy development, 

especially for bird and bat fatalities at wind farms, is a critical element of renewable energy 

planning, development, and adaptive management of those facilities.  Detailed mitigation 

strategies for environmental and wildlife impacts at solar and wind facilities is beyond the scope 

of this document.
1
   

 

The guidelines and BMPs are not designed to address decommissioning, or transmission beyond 

the point of connection to the transmission system. The national grid and proposed smart grid 

systems are beyond the scope of this document.  For wildlife and habitat related issues regarding 

transmission impacts and transmission planning, we refer readers to Smart Lines: Transmission 

for the Renewable Energy Economy (Resource Media and WRA 2008), the Western Electric 

Coordinating Council‘s Environmental Data Task Force‘s Preliminary Environmental 

Recommendations for the Transmission Planning Process (WECC 2011), and the Avian Power 

Line Interaction Committee‘s Suggested Practices for Avian Protection on Power Lines (APLIC 

2006).
2
 

 

Use of this BMP and guidance document by the conservation community and others should help 

reduce potentially adverse impacts to most species of concern and their habitats present at 

renewable energy project sites. These BMPs and associated guidelines will evolve over time as 

additional experience, monitoring and research regarding minimizing wildlife and habitat 

impacts from wind and solar energy projects becomes available. As such, we plan to continue 

work with industry, developers, the conservation community and other stakeholders and states to 

evaluate, revise and update these BMPs and guidelines on a periodic basis. 

 

                                                 
1
 However, developers that are planning to use promised mitigation to clear NEPA hurdles should pay very close 

attention to a recent memo from the Council on Environmental Quality (CEQ 2011) clarifies the appropriateness of 

―mitigated Findings Of No Significant Impact (FONSI)‖ and the importance of carefully monitoring environmental 

mitigation commitments (and conservationists watch-dogging renewable developers should similarly take note of 

this memo). 
2
 NOTE to readers: Unfortunately, none of these documents adequately addresses the very serious concerns of 

habitat fragmentation and wildlife displacement.  Indirect effects are often the driving forces in biological/ecological 

systems, and few guidance or NEPA documents provide either a thorough analysis or mitigation that addresses 

quantified impacts.  Funding towards applied research in this area is critically needed. 
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Laws and Regulations for Renewable Energy Development 
 
Numerous laws, federal regulations, state ordinances, and Executive Orders either directly or 

indirectly provide management, regulatory and policy guidance for siting, zoning for, and 

permitting solar and wind energy development on both private and public lands.  Much more 

detailed guidance on these topics has been published by the National Wind Coordinating 

Collaborative (2002), American Wind Energy Association (2008) and Stoel Rives, LLP (2010).  

While these guidelines for understanding zoning, siting, regulatory, and permitting process are 

primarily focused on wind energy and wind energy developers and utilities, they are still useful 

for conservationists trying to affect these processes for both solar and wind development. 

 
Executive and Interior Secretarial Orders relating to energy development 

 

On May 18, 2001, President George W. Bush issued Executive Order (E.O.) 13212, ―Actions to 

Expedite Energy-Related Projects,‖ which established a policy that federal agencies should take 

appropriate actions, to the extent consistent with applicable law, to expedite projects to increase 

the production, transmission, or conservation of energy.  

 

In 2009, the Secretary of the Department of the Interior Ken Salazar issued Secretarial Order 

Number 3285, which acknowledged the need to identify suitable areas for both wind and solar 

development on Interior Lands and also prioritized environmentally responsible renewable 

energy development.  This was a great stride toward creating a policy framework capable of 

tackling the challenge inherited by the Obama administration, when it inherited an Interior 

bureaucracy focused on oil and gas development, and faced with hundreds of wind and solar 

permits languishing in a queue dating back to 2002.  This Secretarial Order was clarified in 2010 

by Secretarial Order 3285A1 which ordered the Department of the Interior to identify and 

prioritize locations best suited for solar development. 

 

Inter-agency MOUs 

 

Also in May of 2001, the President‘s National Energy Policy Development Group (NEPDG) 

recommended to President Bush, as part of National Energy Policy, that the Departments of the 

Interior, Energy, Agriculture, and Defense work together to increase renewable energy 

production (NEPDG 2001). In July 2001, the Departments created an interagency task force to 

address the issues associated with increasing renewable energy production on federal lands 

(USDOE and USDOI 2002).  The task force developed a Memorandum of Understanding 

(MOU) among the U.S. Department of Energy, U.S. Department of the Interior, U.S. Department 

of Agriculture, U.S. Environmental Protection Agency, Council on Environmental Quality and 

the members of the Western Governors‘ Association to establish a framework for cooperation 

between western states and the federal government to address energy problems facing the West 

and to facilitate renewable energy production. Ten years later, it is clear that this framework of 

cooperation among western states has been established and has resulted in many new wind and 

solar projects in the west. 

 

Moreover, a number of MOU‘s have been signed between the USFWS and virtually all of the 

federal land management agencies that might have wind and solar development cropping up on 
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their holdings.  These MOU‘s with the Department of Defense, Department of Energy, 

Department of Agriculture, Forest Service,  Federal Energy Regulatory Commission, 

National Park Service, and Bureau of Land Management outline how these agencies will abide 

by the 2001 Executive Order to Protect Migratory Birds, and outline how the agencies will 

protect migratory birds while allowing various land uses on those holdings.  This includes 

renewable energy development.  All of the MOUs can be viewed at 

http://www.fws.gov/migratorybirds/PartnershipsAndIniatives.html.   Of particular relevance is 

the migratory bird conservation MOU in 2010 between the BLM and the USFWS (BLM 2010d), 

which calls on the BLM evaluate any effects at the project level on BLM lands on migratory 

birds, and identify where take may have a measurable negative effect on migratory bird 

populations, focusing first on species of concern, priority habitats, and key risk factors. In such 

situations, according to the MOU, BLM will implement approaches lessening such take.  In 

addition, the MOU specifically requires the BLM to integrate migratory bird conservation 

measures, as applicable, into future operating standards and guidelines for renewable (wind, 

solar, and geothermal) energy development NEPA mitigation.  

 

Energy Legislation 

 

On August 8, 2005, the President signed into law the Energy Policy Act of 2005 (P.L. 109-58). 

Section 211 of the Act states, ―It is the sense of the Congress that the Secretary of the Interior 

should, before the end of the 10-year period beginning on the date of enactment of this Act, seek 

to have approved non-hydropower renewable energy projects located on the public lands with a 

generation capacity of at least 10,000 megawatts of electricity.‖ 

 

Renewable Energy on Tribal Lands 

 

Tribal lands are not federal public lands or part of the public domain, but are rather retained by 

Tribes or set aside for tribal use pursuant to treaties, statutes, court orders, executive orders, 

judicial decisions, or agreements.  Thus, Tribal lands are not subject to the controls or restrictions 

set forth in federal public land laws, and Tribes manage Indian lands in accordance with tribal 

goals and objectives, within the framework of applicable laws.  Many tribal traditional lands and 

tribal rights extend outside federal lands onto state regulated lands, and tribal interests can be 

impacted by private land developments. Therefore, it is critical to coordinate with Tribes to 

solicit their input on applicable solar and wind projects. 

 

Bureau of Land Management  

 

We chose to focus chiefly on the Bureau of Land Management (BLM) for this guidance 

document because the majority of applications for and already permitted solar and wind facilities 

on public lands thus far have been on BLM lands.  The American Wind Energy Association's 

(AWEA) Wind Energy Siting handbook (2008) addresses wind energy development on lands 

administered by other federal agencies, such as Bureau of Reclamation, Bureau of Indian Affairs, 

U.S. Forest Service, and U.S. Department of Defense.  While AWEA‘s handbook primarily 

addresses siting, zoning, permitting, and regulatory issues surrounding development of wind 

projects, there is also applicability to solar energy development in terms of these issues and 

processes on a variety of federal lands.  

http://www.fws.gov/migratorybirds/Partnerships/DoDMOUfinalSignature.pdf
http://www.fws.gov/migratorybirds/Partnerships/DOEMOUfinalsignature.pdf
http://www.fws.gov/migratorybirds/Partnerships/MOU%20USFSFinal.pdf
http://www.fws.gov/migratorybirds/Partnerships/Final%20signed%20FERC%20MOU.pdf
http://www.fws.gov/migratorybirds/Partnerships/Final%20signed%20FERC%20MOU.pdf
http://www.fws.gov/migratorybirds/Partnerships/Final%20signed%20FERC%20MOU.pdf
http://www.fws.gov/migratorybirds/Partnerships/BLM%20EO13186MOU.pdf
http://www.fws.gov/migratorybirds/PartnershipsAndIniatives.html
http://www.fws.gov/migratorybirds/Partnerships/MMS-FWS_MBTA_MOU_6-4-09.pdf
http://www.fws.gov/migratorybirds/Partnerships/MMS-FWS_MBTA_MOU_6-4-09.pdf
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BLM Wind PEIS and permitting.  In 2005 the Bureau of Land Management (BLM) issued a 

Record Of Decision (ROD) on the implementation of a wind energy development program and 

how this would affect 52 land use plans in nine states (basically by amendment of the Resource 

Management Plans governing BLM lands in those states).  The decision (BLM 2005a) 

established policies and Best Management Practices for the administration of wind energy 

development activities and established minimum requirements for mitigation measures. The 

policies and BMPs were evaluated in the Final Wind Energy Programmatic Environmental 

Impact Statement, or PEIS (BLM 2005b).   The amendments to the 52 land-use plans were to 

include (1) adoption of the BLM‘s Wind Energy Development Program policies and best 

management practices (BMPs), and (2) identification of specific areas where wind energy 

development will not be allowed.  

 

The ROD for the Wind PEIS explains how site-specific concerns, and the development of 

additional mitigation measures, will be addressed in project-level reviews, including NEPA 

analyses, as required. It also requires that at this site-specific level, natural resource issues and 

concerns must be addressed by project-specific plans, programs, and stipulations during each 

phase of wind energy development, and that mitigation measures protecting these resources will 

be required to be incorporated into project Plans Of Development. This will include 

incorporation of specific programmatic BMPs as well as the incorporation of additional 

mitigation measures contained in other, existing and relevant BLM guidance, or developed to 

address site-specific or species-specific concerns.   

 

The ROD also outlines how the BLM will initiate consultation early in the process of wind 

development on BLM lands with the following, as appropriate and required by law: Indian Tribal 

governments, U.S Department of Defense, the U.S. Fish and Wildlife Service, and the State 

Historic Preservation Office.  It goes on to say that the level of environmental analysis to be 

required under NEPA for individual wind power projects will be determined at the Field Office 

level, will incorporate public involvement, and will include analyses of project site configuration 

and micrositing considerations, monitoring program requirements, and appropriate mitigation 

measures. The BLM also requires financial bonds for all wind energy development projects on 

BLM-administered public lands to ensure compliance with the terms and conditions of the 

rights-of-way authorization and the requirements of applicable regulatory requirements, 

including reclamation costs.  

 

With the decision to implement the Wind Energy Development Program, the BLM Interim Wind 

Energy Policy (BLM 2002) was replaced by a new policy in 2006 (Wind Energy Development 

Policy IM 2006-16) that incorporates the programmatic policies and BMPs evaluated in the 

PEIS.   That framework was carried forward and supplemented by BLM‘s revised Wind Energy 

Development Policy IM 2009-043, issued in 2008.  One major revision in the 2008 IM compared 

to the 2006 IM allows wind energy development on a case-by-case basis in Areas of Critical 

Environmental Concern (ACEC) to the extent that it would be consistent with the management 

prescriptions of those individual ACECs. 

 

On BLM lands, wind project development usually proceeds in two phases: (1) a site testing and 

monitoring phase and (2), if the wind resource is viable, a project construction and operation 
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phase. BLM permits all wind facilities, whether for testing and monitoring or for project 

construction and operation, through use of Right of Way (ROW) grants authorized by the 

Federal Land Policy and Management Act (―FLPMA‖), 43 U.S.C. §§ 1701-1784. BLM offers 

three types of BLM wind energy ROWs: a Site Specific Grant for Testing and Monitoring (―Site-

Specific Grant‖), a Project Area Grant for Testing and Monitoring (―Project Area Grant‖), and a 

Development Grant for project construction and operation. 

 
BLM Solar PEIS and permitting. In 2007, the BLM developed and issued a Solar Energy 

Development Policy (BLM Instruction Memorandum 2007-097) to establish procedures for 

processing Right of Way applications.  This policy was updated in 2010 by two more detailed 

policies (BLM Instruction Memorandums 2010-141 and 2011-003). In accordance with these 

policies, the BLM currently evaluates solar energy ROW applications on a project-specific basis.  

In 2010 the BLM issued a Draft Programmatic Environmental Impact Statement (PEIS) (BLM 

2010a) in order to develop a new Solar Energy Program.  The PEIS will determine which lands 

are open for applications for development and support utility scale solar energy development on 

BLM-administered lands that would be applicable to all pending and future solar energy 

development applications upon execution of the Record of Decision (ROD) and implementation 

of this decision through amendment of relevant BLM land use plans in six western states. 

 

The Solar PEIS evaluated the potential effects of establishing the solar energy program elements 

and strategies across the six-state study area (California, Nevada, Utah, Arizona, Colorado and 

New Mexico).  As part of the PEIS, the BLM has identified 24 Solar Energy Zones within the 

six-state study area.  These Solar Energy Zones were identified based on criteria developed by 

BLM‘s Washington office, analyses performed by Argonne National Laboratories, and input 

from BLM state and field office personnel, BLM has proposed  24 locations (Solar Energy 

Zones) where  utility-scale solar development should be prioritized.  These areas have high 

resource potential and were judged by BLM to have a low level of environmental conflict.  Joint 

comments submitted by a coalition of environmental groups in response to the BLM proposed 

zones may be found at http://wilderness.org/content/comments-draft-solar-programmatic-eis. In 

addition to presenting general design features to best develop solar resources, the Solar PEIS 

identified specific design features for projects developed within individual Solar Energy Zones.  

However, the PEIS also explains that the BLM‘s proposed solar energy program would require 

that site-specific and species-specific issues be addressed during individual project reviews.  

These evaluations would tier to the programmatic analyses in the Solar PEIS and the decisions 

implemented in the resultant ROD.  The PEIS is still in development, and will be refined in the 

Final PEIS expected to be published in late 2011. 

 
BLM regulations pertaining to both solar and wind energy. In the case of either wind or solar 

development on BLM lands, BLM Manual 6840 ―Special Status Species Management‖ (BLM 

2001) would require that appropriate survey, avoidance, and mitigation measures be identified 

and implemented prior to any construction activities in order to avoid impacting any sensitive 

species or the habitats on which they rely.  Also, in areas that experience ground disturbing 

activity, it is important to remember that the BLM Standards and Guidelines for Healthy 

Rangelands (CITE), still apply to those lands.  This is particularly important to consider when, 

for example, wind turbines are erected in an active grazing allotment. 

 

http://wilderness.org/content/comments-draft-solar-programmatic-eis
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Also, in February 2011 the BLM issued three Instruction Memoranda (IM 2011-59, IM 2011-60 

and IM 2011-61) to reiterate and clarify existing BLM National Environmental Policy Act 

(NEPA) policy to assist offices that are analyzing externally-generated, utility-scale renewable 

energy right-of-way applications.  It includes examples and guidance applicable to renewable 

energy right-of-way applications that supplement information in the BLM‘s NEPA Handbook 

(H-1790-1).  Utility-scale renewable energy projects are distinct from many other types of land 

and realty actions due to their size and potential for significant resource conflicts, as well as the 

priority that has been placed on them by the Department of the Interior. 

 

Amending BLM land use plans in light of Solar and Wind Programmatic Environmental 

Impact Statements  

Land use plans are important in siting renewable energy facilities.  Such a planning process 

provides a means to comprehensively address the diverse topics described in this best 

management practice guide.  In most settings, compliance with approved land use plans is a legal 

requirement for a large project on public lands.   

 

The American Planning Association defines a land use plan as ―an adopted statement of policy, 

in the form of text, maps, and graphics, used to guide public and private actions that affect the 

future.  A plan provides decision makers with the information they need to make informed 

decisions affecting the long-range social, economic, and physical growth of a community‖ (APA 

2006).  Given goals or end results that are desired, planners determine the best means for 

achieving them.   

 

Since more of the future renewable energy proposed for the West will occur on BLM lands than 

on any other government agency‘s land, here we focus on the application of land use planning by 

BLM.   BLM‘s land use planning process is guided by BLM Handbook 1601-1 (BLM 2005c).  

Required by an act of Congress (FLPMA, 43 U.S. C. 1711-1712), BLM land use plans are called 

Resource Management Plans (RMPs).  BLM‘s handbook directs land use plans to establish goals 

and objectives for resource management (desired outcomes) and measures to achieve these goal 

and objectives (management actions and allowable uses).  Such RMPs are to make decisions that 

guide future land management actions and site specific implementation (BLM 2005). 

 

Three types of land use plan decisions are described in BLM‘s planning handbook – desired 

outcomes, allowable uses, and management actions.  These can be defined as follows:  

 Desired outcomes are ―expressed in terms of specific goals and objectives.‖  Goals are 

―broad statements of desired outcomes (e.g. maintain ecosystem health and productivity, . 

. .).‖  Where possible, objectives are quantifiable and measurable within an established 

timeframe for achievement.   

 Allowable use identifies the type of use and where it is allowed or prohibited.  The 

resulting plan then defines which areas allow, prohibit, or put limitations on actions or 

uses.  

 Management actions include active restoration or administrative designations for areas 

such as Areas of Critical Environmental Concern or Research Natural Areas.  For 

example, where undesired habitat conditions may not correct themselves on their own, 

management actions may be necessary to restore habitat to land use plan objectives.  Any 

action that BLM takes must by law conform to an approved land use plan.  Conformance 
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means that the action is consistent with the terms, conditions, and decision of the plan (43 

CFR 1601.0-5(b).  For example, a decision to permit a drilling operation in an area where 

the approved RMP prohibits surface activity would not conform to the plan.   

 

 

(in final, published “glossy version” of report this part will be a “box” 

In practice, BLM has defined planning more narrowly than its handbook describes.  Many of 

BLM‘s RMPs focus primarily on one of the three types of decisions: allowed uses.  For example, 

BLM‘s RMP for the Kemmerer area in southwest Wyoming has excellent potential for 

renewable energy facilities, especially wind power.  The Kemmerer RMP outlines land use 

decisions of the allowed use type; therefore, to describe ―allowed uses‖ for wind energy 

production, this plan presents preferred wind power development sites and exclusion areas.  In 

considering renewable energy, most BLM land use plans provide ―avoidance areas‖ and 

―exclusion areas‖ for wind energy.  These avoidance areas are areas with important or sensitive 

resource values and thus will be excluded or avoided (BLM 2005). 

 

In 2008, the state of Wyoming updated its greater sage-grouse management plan that identified 

sage-grouse core areas based on lek location and potential nesting habitat use areas.  These core 

areas are designated so as to limit surface disturbing activities, including the installation of 

renewable energy facilities
3
 (Freudenthal 2010). BLM‘s Wyoming state director found it 

appropriate for BLM to ―base our management strategy on these core areas‖ (Simpson 2008).   

But in the Kemmerer RMP issued in 2010, BLM did not designate these core areas as 

development avoidance or prohibition areas.  Instead this plan allows, and in fact encourages in 

some sage-grouse core areas surface disturbing development. The Kemmerer RMP‘s preferred 

areas for renewable energy overlap about half of the sage-grouse leks identified in the planning 

process.  Over 154,000 acres are excluded from wind power which is 5% of all lands BLM 

manages in this area.   BLM promised to address sage-grouse issues on a case by case basis but 

not in the land use plan.   

 

Summary, use of BMPs on BLM Lands  

Within the BLM, the use of BMPs is at the discretion of the decision-maker to a greater degree 

than with other agencies, such as the Department of Defense.  A ―performance-based approach‖ 

may be one avenue to pursue on BLM lands.  This might involve, for example, a commitment to 

offset adverse effects, and, for species with declining populations, to provide additional 

enhancement. Otherwise, what we may be faced with in the near future, with many renewable 

energy projects coming down the pike, are cumulative impacts from scored of renewable projects 

that contribute to declining populations for multiple species.  This ―performance approach‖ 

should be coupled with a commitment to partner with the other players on the same piece of 

ground to achieve this goal, not just with other wind or solar operators, but with recreationists, 

traditional energy development, grazing permittees, conservationists, etc. 

 

Other Applicable Federal Laws  

                                                 
3
 The Governor‘s Executive Order that updated the sage-grouse management plan in 2010  states that development 

is permitted as long as the developer can demonstrate that its activities will not cause declines in sage-grouse 

populations.  Once adequate studies have determined what the impact of wind turbines is on grouse, wind energy 

development may be able to proceed (depending on the results of the research).   
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For all solar and wind projects on federally managed lands, issuance of land use permits and 

right-of-way authorizations by the relevant federal agency does not relieve the applicant of 

obtaining any and all other permits and authorizations that may be required for the proposed 

project, and abiding by various federal laws and acts, many of which also apply on private lands. 

A multitude of laws have sections that are applicable to the siting, development, permitting, and 

operation of wind and solar energy, and therefore also provide a foundation for the Best 

Management Practices described in this document.  Below is a list of the most important of these 

laws, with a brief description of how each may apply. 

 

 The National Environmental Policy Act (NEPA) (42 U.S.C. §§ 4321-4370f).  NEPA will 

be triggered by the developer‘s need for a federal permit (such as a take permit under the 

Bald & Golden Eagle Protection Act) or approval, siting of the project on federal lands, 

accessing a federally owned transmission line, or being eligible for federal grants for the 

project.  Depending on the type of actions and the potential for impacts, the federal 

agency involved at the development site may have to prepare an Environmental 

Assessment or Environmental Impact Statement for the project before it can act. The 

NEPA process requires public involvement in identifying issues to be considered and in 

commenting on the agency‘s analysis. Also, under NEPA various alternatives for the 

project must be assessed before carrying out an action that may significantly affect the 

integrity of the land and its uses.  And, potential cumulative impacts must be assessed
4.

 

The reviewing agency may use the results of the NEPA review (a Record of Decision or a 

Finding of No Significant Impact or a Categorical Exclusion) to clarify requirements for 

mitigation and monitoring to address the project‘s environmental impacts.
5
 

 

 The Endangered Species Act (ESA) (16 U.S.C. § 1536(a)(2) requires that agencies insure 

that permitting solar and wind development ―is not likely to jeopardize the continued 

existence of any endangered species or threatened species or result in the destruction or 

adverse modification‖ of critical habitat of such species.  The U.S Fish and Wildlife 

Service (USFWS) has primary responsibility for terrestrial and freshwater organisms 

protected under the Act.  To insure that there is no harm to federally listed species, the 

developer will need to consult with the USFWS under section 7 of the Act.  To be in 

compliance with the ESA, the developer or relevant agency might have to write a 

Biological Assessment if there are any predicted impacts of the project to a federally 

listed species, and the USFWS, which typically administers the ESA, would then write a 

Biological Opinion is response to the Biological Assessment. Unlike NEPA, the ESA has 

the authority to actually stop a project based on a potential taking of endangered species 

or habitat (while NEPA only requires analysis of impacts).   

 

                                                 
4 
Cumulative impact analysis should include determining which species of concern or their habitats within the 

landscape are most at risk of significant adverse impacts from renewable development in conjunction with other 

reasonably foreseeable significant adverse impacts. The magnitude and extent of the impact on a resource 
depends on whether the cumulative impacts exceed the capacity for resource sustainability and productivity. 

(USFWS 2010a). 
5
 Also see Council on Environmental Quality 2011, which outlines the appropriate use of planned mitigation and 

monitoring for NEPA analysis  
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 Federal Noxious Weed Act -- Public Law 93-629 (7 U.S.C. 2801 et seq.; 88 Stat. 2148), 

enacted in 1975, established a Federal program to control the spread of noxious weeds.  

Under this law, renewable developers must demonstrate that their project is not likely to 

lead to significant spread of noxious weeds, and lay out a plan to reduce or control the 

spread of noxious weeds if an outbreak occurs post construction. 

 

 The Federal Land Policy and Management Act (FLPMA) as amended (43 U.S.C. 1701 et 

seq.) recognizes the value of public lands and provides a framework in which they can be 

managed in perpetuity for the benefit of present and future generations. FLPMA defined 

BLM‘s mission as one of multiple use.  Under FLPMA, the BLM is authorized to grant 

Right of Ways on BLM land for solar and wind installations. 

 

 The Migratory Bird Treaty Act, as amended (16 USC 703-712), implements a variety of 

treaties and conventions among the United States, Canada, Mexico, Japan, and Russia. 

This treaty makes the take, killing, or possession of migratory birds, their eggs, or nests 

unlawful, except as authorized under a valid permit. Most of the bird species reported 

from the 11 western states are classified as migratory under this act. The USFWS 

maintains a list of migratory birds protected by the MBTA.  In addition, Under E.O. 

13186, each federal agency that is taking an action that has or is likely to have negative 

impacts on migratory bird populations must work with the USFWS to develop an 

agreement to conserve those birds. The protocols developed by this consultation are 

intended to guide future agency regulatory actions and policy decisions.  Notably, E.O. 

13186 is also in furtherance of NEPA, the ESA, and the Bald and Golden Eagle 

Protection Act. 

 

 The Bald and Golden Eagle Protection Act (16 U.S.C. 668-668c. 50 Code of Federal 

Regulations [CFR] 22) provides for the protection of both bald and golden eagles by 

prohibiting take unless allowed by permit. In September 2009 the U.S. Fish and Wildlife 

Service published a final rule (Eagle Permit Rule) under the Bald and Golden Eagle 

Protection Act authorizing limited issuance of permits to take bald and Golden Eagles 

‗‗for the protection of . . . other interests in any particular locality‘‘ where the take is 

compatible with the preservation of the bald eagle and the golden eagle, is associated 

with and not the purpose of an otherwise lawful activity, and cannot practicably be 

avoided (USFWS 2009a)
6
.  The Eagle Permit rules fall under 50CFR 22.  Section 22.26 

                                                 
6
 The programmatic permits under the BGEPA were originally envisioned to be broad, industry wide take permits. 

However, the greatest demand in practice has been from individual companies, and as a result, the USFWS is seeing 

a demand for many smaller-scale permits covering individual installations that may take few eagles individually, but 

cumulatively could take many (USFWS 2011a).  In the Final Rule establishing permits for take of eagles and eagle 

nests under 50 CFR 22.26 and 50 CFR 22.27, the Service defined ―compatible with the preservation of the bald 

eagle and the golden eagle,‖ the standard by which the Service must determine whether take can be permitted, to 

mean  ―consistent with the goal of stable or increasing breeding populations.‖  But note that the BGEPA does not 

specifically protect the habitat supporting bald eagles and golden eagles or their prey.  Incremental, cumulative 

losses and fragmentation of eagle habitat can lead to declining breeding populations without individually violating 

the Eagle Act.  Declining breeding populations would not be compatible with the preservation of the bald eagle and 

golden eagle, would further limit the availability of permits for take of golden eagles, and increase mitigation levels 

required to offset the take that occurs (Personal Communication, Diana Whittington, USFWS). Thus, the Service 

recommends that developers evaluate effects to habitat and prey that would result in negative effects to breeding 

populations of eagles, and carefully address cumulative impacts that may involve other projects nearby. 

http://www.fws.gov/scripts/exit-to-fed.cfm?link=http://www.access.gpo.gov/uscode/title7/chapter61_.html&linkname=GPO
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deals with take of eagles, while Section 22.27 deals with nests.   The Draft Eagle 

Conservation Plan Guidance (USFWS 2011a) explains the Service‘s approach to issuing 

programmatic eagle take permits specifically related to wind energy development under 

this authority, and provides guidance to permit applicants, Service biologists, and 

biologists with other jurisdictional agencies on the development of draft Eagle 

Conservation Plans to support permit issuance. Currently, the draft ECP guidance 

suggests that USFWS will be applying a ―no-net-loss‖ standard to permit issuance.  There 

may be significant adverse cumulative effects from loss or fragmentation of habitat, and 

displacement of eagles, which may not individually lead to take under the Eagle Act.  In 

order to meet federal responsibilities under E.O. 13186, these effects should be addressed 

through the NEPA process of either the federal agency permitting the action or through 

the USFWS NEPA on the Eagle Act permit. 

 

 The Clean Water Act (33 USC 1251-1387) governs impacts to water resources. The 

Clean Water Act has a broad goal of restoring and maintaining the chemical, physical, 

and biological integrity of the nation‘s waters. Among other things, the Act establishes 

the basic structure for regulating discharges of pollutants into the waters of the United 

States and managing polluted runoff. In particular, wind energy projects may be subject 

to Water Quality Certification under Section 401 of the CWA and permit requirements 

under Sections 402 and 404 of the CWA. 

 

 The National Historic Preservation Act (of 1966, as amended through 1992.  Public Law 

102-575) established a program for the preservation of historic properties throughout the 

nation.  Renewable energy development cannot be built within sites that are on the 

National Register of Historic Sites.  In addition, the Act allows for native American take 

of golden eagles, so it is important that all activities (such as renewable energy 

development) do not suppress local golden eagle populations, so there are strong, healthy 

populations that can sustain some level of permitted native American take if desired. 

 

State Permitting, Siting and Regulation of Renewable Energy 

 

Extensive discussions have been taking place around the country on the issue of siting wind and 

solar energy facilities. Federal, state and local governments have long governed siting and 

permitting of energy facilities in the United States. As renewable energy has become more 

prominent, numerous states have developed (or are in the process of developing) siting 

guidelines, model ordinances, statutes, and checklists that address specific issues that are 

frequently raised in siting and permitting solar and wind energy facilities. While many of the 

guidelines being developed will be optional, and many renewable energy projects will be up and 

running prior to these guidelines being approved, it is a start towards achieving guidance where 

previously none had existed.   

 

Jurisdiction over siting energy facilities varies from state to state. In some states, siting authority 

rests with a local branch of government. In these cases, county commissions, planning and 

zoning boards, or other local government departments are responsible for approving wind farms 

and other energy facilities. Other states retain primary siting authority at the state level.  Often 

other state regulatory agencies are involved in permitting processes. For example, when wildlife 
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or other environmental issues arise, a state environmental protection agency may become 

involved.  

 

Most state guidelines dealing with specific siting issues make reference to pre- and post-

construction surveying and monitoring to ensure that no threatened or endangered species, nor 

their habitats, are affected by development of wind or solar energy. In most cases, state 

guidelines call for applicable authorities to consult with agencies charged with implementing the 

Endangered Species Act and other habitat protection requirements.  Not all state approaches call 

for consideration of non-wildlife environmental issues, such as visual, noise, and construction-

related effects. Others set clear limits on allowable levels of state influence in these areas. In 

most cases, granting of stormwater management permits for construction activities will be issued 

by a state‘s environmental quality department.  Still other permits such as conditional use 

permits, building permits, and encroachment permits are handled at the county level, usually 

with a county planning and zoning department, but we will not go into detail on that level of 

planning in this guidance document. 

 

In summary, the regulatory process for siting and permitting wind or solar energy projects varies 

widely from state to state.  Both the American Wind Energy Association‘s Wind Energy Siting 

Handbook (2008), and the National Wind Coordinating Collaborative State Siting and Permitting 

of Energy Facilities Fact Sheet (2006) discuss the typical state-level and local regulatory 

frameworks that a wind developer is likely to encounter, and go into more detail on these state-

level processes than we can go into here.  ―The Law of Wind‖ (Stoel Rives 2010) similarly gives 

good guidance on siting and permitting wind facilities on the state and local level.  And ―Lex 

helius: The law of solar energy‖ (Stoel Rives 2009) does the same for solar facility permitting.  

A particularly helpful guidance document for wind and solar projects on BLM lands was 

released by the BLM in November 2010 (BLM 2010c).  This document, ―Best Management 

Practices and guidance manual: Desert renewable energy projects,‖ is an excellent source for 

developers going through the federal regulatory process for siting on public lands, for both the 

pre-application and post-application periods.  

 

Typical Steps in Wind and Solar Permitting Process 

 

Pre-application.  During the pre-application phase, project developers often meet with nearby 

landowners, community leaders, Tribes, environmental groups, and other potentially affected 

interests. This acquaints the developer with any initial concerns and allows the developer to 

respond to questions regarding the project. In some jurisdictions, the project developer is 

required to hold public meetings or submit a public notice regarding the project during this 

phase.  At this stage, on public lands, pre-NEPA preliminary environmental screening analysis is 

recommended (especially by the BLM), since this pre-NEPA analysis is often reviewed by 

potential investors as they evaluate the feasibility and risks associated with a proposed project 

and how much capital may be required. This is also when the developer should be coordinating 

with the U.S. Fish & Wildlife Service.  Wildlife issues can translate into additional NEPA for 

USFWS take permits, (such as BGEPA permits), and, on private lands, for any Habitat 

Conservation Plan that is developed to obtain an Incidental Take Permit under ESA.  If the US 

Fish & Wildlife Service is aware early on of another agency‘s or entity‘s pre-NEPA analysis, 

they have a greater ability to partner on it and adopt it as theirs. 
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Application review.  For most agencies, the application review for projects on public lands 

begins when the project developer files a permit application.  Any NEPA-related environmental 

assessment and review would occur during this stage.  The public has an opportunity to 

participate in this stage, through public scoping and comments periods associated with the 

preparation and publication of any NEPA documents such as Environmental Assessments and 

Environmental Impact Statements. 

 

Decision-making.  Based on the application review phase above, the relevant federal agency not 

only determines whether or not to allow a proposed wind or solar facility to be constructed and 

operated (on public land), or to permit take of listed species or eagles via its activity, but also 

whether environmental mitigation and other construction, operation, or decommissioning 

requirements are needed. This phase frequently includes one or more public hearings.   For Bald 

and Golden Eagle Protection Act permits, the U.S. Fish & Wildlife Service evaluates whether 

and which supplemental permit conditions to apply, as well as the monitoring requirements.  

Also, if there is mitigation for any agency‘s NEPA analysis, monitoring is required (CEQ2011).   

 

Administrative Appeals and Judicial Review. Appeals of all or a portion of a final decision on 

public land renewable energy development are considered during the administrative and judicial 

review phase.  The public can be an appellant but first must make sure they have standing.  This 

requires that the organization or individual would have participated in every opportunity to 

register interest in the project, such as submitting comments during every opportunity.  The first 

avenue of appeal is directed to the decision-maker. Only after all administrative appeals have 

been exhausted are challenges to the decision reviewed by the courts. Appeals to the courts most 

frequently are directed at determining whether the permitting process was executed fairly and in 

accordance with the review requirements. 

 

Permit Compliance. The permit compliance phase extends throughout a solar or wind project's 

lifetime, and may include inspection or monitoring to ensure that the project is constructed, 

operated, and decommissioned in compliance with the terms and conditions of its various 

permits and all applicable laws. 
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Best Management Practices for Wildlife and Habitat for 

Solar and Wind Development on Western Lands 
 

These Best Management Practices are broken up into six sections according to the species or 

resource affected: (e.g. raptors, vegetation/hydrology, etc.).  Each section provides 

recommendations for those species and resources and, afterwards, reviews research on solar and 

wind energy production and its impacts to lowlands and desert systems in the West using the best 

available science.  The BMPs below are separated into ―Siting BMPs‖, ―Planning and 

preconstruction BMPs‖, ―Construction/Operation BMPs‖, and ―Monitoring BMPs.‖  This 

breakdown reflects the different decision-making processes that land managers often encounter.  

There is an additional, seventh, section on how to address renewable energy development within 

the land-use planning context.   These BMP‘s do not cover decommissioning of a site.  

 

We wish to be very clear that the Best Management Practices featured below are not meant to be 

―one size fits all‖; project specific analysis is very important at the site level for every proposed 

project.  The BMPs below are expected to be adapted to the needs of specific site conditions after 

careful environmental screening and analysis.   

 

1.0  Siting - General 
 

Not all lands are suitable for renewable energy development, and difficult choices will be 

required to minimize the environmental impacts of significantly expanded renewable 

energy.  The following screening suggestions is an amalgamation of screening 

recommendations of dozens of different sources
7
.  There was considerable overlap with 

the screening recommendations of all of these sources.  We note that screening 

recommendations from the BLM for both wind (BLM 2005b) and solar (BLM 2010a) 

were also incorporated into this list.  Based on this comprehensive collection of all other 

renewable screening guidance we could locate, categories of land that should be 

prioritized for wind and solar development include: 

 

 (for solar) Lands identified by the BLM in the 2010 Solar Programmatic Environmental 

Impact Statement (PEIS) as Solar Energy Zones (BLM 2010a)
8
. By guiding projects to 

zones that have already been analyzed in the PEIS, BLM will be able to rely on some of 

the environmental analysis already conducted, making project-specific environmental 

evaluation and development of any needed mitigation measures faster. Further, because 

the zones have been selected for their low conflicts with other resources and uses, 

opposition to projects that leads to extended conflicts may be reduced. By reducing the 

time required to approve projects and the conflicts with stakeholders, project approvals 

                                                 
7
 Sources include BLM 1992, BLM 2005b,  Clean Energy States Alliance 2006, National Wind Coordinating 

Collaborative 2007, Audubon 2008, Molvar 2008, Oregon Natural Desert Association 2009, BLM 2010a, California 

Desert & Renewable Energy Working Group 2010,  The Wilderness Society (TWS) 2010, TWS et al. 2010, US Fish 

and Wildlife Service 2010a, Wyoming Game and Fish 2010, Wyoming Outdoor Council 2010, American Bird 

Conservancy 2011, USFWS 2011b, and BLM Instruction Memoranda IM 2011-59, IM 2011-60 and IM 2011-61. 
8
 Note that during the public comment period on the Draft PEIS that many members of the public recommended that  

some of the proposed Solar Energy Zones be refined, and that a few be removed from consideration. 



 15 

may cost less if they are built in the already identified Solar Energy Zones. In addition, 

because projects are likely to be located closer to existing roads and transmission lines, 

there will be fewer costs associated with constructing new supporting infrastructure.  

Also, because these projects are in areas that have fewer conflicts with natural and 

cultural resources, there should be fewer costs associated with design adjustments and 

mitigation measures to address potential damage to other values (TWS 2010). 

 Western Renewable Energy Zones identified by the Western Governors Association‘s 

Western Renewable Energy Zone initiative. 

 Lands that have been previously degraded or disturbed, such as fallow or abandoned 

agricultural fields, landfills, reclaimed mine sites or any tract of land that has resulted in 

―type-conversion‖ from native vegetation through plowing, bulldozing or other 

mechanical impact. 

 Private lands of comparatively low resource value, or public lands of comparatively low 

resource value located adjacent to degraded and impacted private lands, which would 

allow for the expansion of renewable energy development onto private lands.
9
 

 Brownfields and contaminated or previously-contaminated sites, including abandoned 

mines.
10

 

 Areas of land previously disturbed by energy development, such as oil, gas and coalbed 

methane fields. 

 Privately owned feedlots and lands currently in intensive agricultural production
11

 

 Locations adjacent to urbanized areas.  This can also provide jobs for local residents 

often in underserved communities, while also minimizing workforce commute and 

associated greenhouse gas emissions.  

 Locations that minimize the need to build new roads. 

 Locations that could be served by existing substations. 

 Locations proximate to load centers. 

 Locations with adequate access to transmission lines. 

 

Categories of land to be prioritized for avoidance include: 

 Units of the National Landscape Conservation System, including National Parks, 

National Monuments, National Wildlife Refuges, Wild and Scenic Rivers, National 

Conservation Areas, and designated Wilderness areas. 

                                                 
9
 Private lands development offers tax benefits to local government.  Also, in a Netherlands study, van den Berg 

(2008) found that respondents with direct economic benefits (such as private land owners siting wind farms on their 

properties) were more accepting of wind turbines from visual and noise perspectives. This suggests that siting 

turbines on private lands may entail greater acceptance as landowners realize direct benefits while the public does 

not perceive direct compensation for the development of utility-scale wind projects on public lands. 
10

  This can also revitalize idle or underutilized industrialized sites, which is what the EPA ―RE-Powering America‖ 

projects are attempting to do. 
11

 The National Wind Coordinating Collaborative (2002) considers agriculture as ―a wind-compatible resource.‖ 

Because wind developments typically take less that 2% of the land out of agricultural production and yield 

additional sources of revenue, they may be especially attractive to private agricultural landowners (Molvar 2008).  

In addition, crop fields support a monoculture of non-native vegetation and tend to provide ecologically 

impoverished fauna and low biodiversity.  In general, bird fatalities at sites located in agricultural croplands have 

been at the lower end of the spectrum (Erickson et al. 2003, Molvar 2008).  
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 Special federal land management designations, such as Areas of Critical Environmental 

Concern (ACECs), Desert Wildlife Management Areas (DWMAs); Research Natural 

Areas (RNAs), Outstanding Natural Areas (ONAs), and other areas that have been 

identified by a federal agency for the protection of important wildlife resources, 

ecological features, and significant historical, paleontological, and archeological 

resources. 

 Wilderness Study Areas and other wilderness quality lands, including USFS Inventoried 

Roadless Areas, areas where there is an applicable land use plan decision to protect lands 

with wilderness characteristics, and other inventoried roadless areas. 

 Lands that support federally threatened/endangered and candidate species, including 

federally designated and proposed critical habitat, and other lands that provide important 

habitat for federal T/E/Candidate species, such as greater sage-grouse core breeding areas 

(called ―Sage-Grouse Core Areas‖). 

 Globally ―Important Bird Areas‖ identified by the Audubon Society. 

 Key Raptor Areas identified by the Bureau of Land Management. 

 Wild and Scenic rivers, wetlands, riparian areas and ecologically significant intermittent 

washes. 

 All areas where the applicable land use plan designates no surface occupancy, or Right of 

Way Exclusion or Avoidance Areas, or is otherwise precluded for development by law or 

regulation. 

 Landscape level biological linkages, including lands in wildlife corridors, such as Big 

Game Migratory Corridors identified in land use plans. 

 Big Game Winter Ranges identified in applicable land use plans. 

 Historic Property/National Register lands, and cultural sites eligible for National Register 

or areas with a high density of cultural resources requiring inventory and consultation. 

 Lands purchased or acquired by exchange for conservation purposes including lands 

conveyed to the BLM. 

 State wildlife management areas and state parks. 

 Important wildlife habitat as identified in State Wildlife Action Plans.  Good 

examples are the ―Wildlife Action Plan Focus Areas‖ outlined in Utah‘s State 

Wildlife Action Plan (UDWR 2005). 

 Lands identified as portfolio sites in Nature Conservancy Ecoregional Plans or as ―core 

areas‖ in regional Conservation Area Designs or Wildlands Network Designs. 
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2.0 BMPs for Siting, Constructing, Operating and Monitoring Wind 

and Solar Development on Western Lands 

These Best Management Practices for renewable energy siting and development draw on 

scientific, peer-reviewed research, with the goal to enable developers, wildlife agencies, 

conservationists and other stakeholders to work with a consistent knowledge base and set of 

appropriate technical questions and well-established guidelines to assess a given project location 

and to develop wind and solar energy in a way that is smart from the start for wildlife and their 

habitats. These BMPs are a generalized set of recommendations, and specific project best 

practices might differ based on unique sites/conditions/projects. All Best Management Practices 

below outlines below apply to both wind and solar developments, unless specifically stated that 

it applies to one or the other.   There are a number of BMPs that are relevant to raptors, sage 

grouse and all birds, which are only listed in the ―All birds‖ BMP section, rather than to repeat 

these BMPs in the sage grouse and/or raptor section.  

 

2.1 BEST MANAGEMENT PRACTICES FOR SAGE-GROUSE   

The Siting, Planning/Preconstruction, Construction/Operation, and Monitoring BMPs for sage-

grouse, below, is an amalgamation of BMP‘s gathered from numerous different sources.
12

 The 

bullets below are based on scientific studies, analysis and conclusions that are summarized in the 

Justification Section that follows the BMP bullets. 

 

2.1.1 Siting BMPs for Sage-Grouse for Wind Installations 

 Wind Turbines should not be located within designated Sage-Grouse Core Areas.
13

 

 Wind turbines and met towers should not be sited within 5km of an active sage-grouse 

lek. 

 Wind turbines should not be sited within sage-grouse nesting and brood-rearing habitat, 

and should be sited away from other high-use sage-grouse areas identified in 

preconstruction surveys (see below).   

 

2.1.2 Planning and Preconstruction BMPs for Sage-Grouse  

 Consult with the state fish and game agency to determine locations of sage-grouse leks, 

nesting and brood-rearing habitat, and wintering areas based on past surveys. 

 Use scientifically sound, peer reviewed research protocols to determine how sage-grouse 

use a proposed project area. If possible, try to determine whether the site has a resident or 

migratory population.  

 Populations of sage-grouse at the site should be assessed by lek counts (a count of the 

maximum number of males attending a lek) during the breeding season (e.g., Connelly et 

al. 2000). Methods for lek counts require repeated visits to known sites and a systematic 

search of all suitable habitat for leks, followed by repeated visits to active leks to estimate 

the number of grouse using them (USFWS 2010a).  If resources are not sufficient to 

                                                 
12

 Sources include Manville 2004, Molvar 2008, ONDA 2009, Wyoming Outdoor Council 2009, U.S Fish & 

Wildlife Service 2010a, USFWS 2011b. 
13

 If turbines must be placed in sage-grouse core areas, Governor Freudenthal‘s 2010 Executive Order states that 

placement of wind turbines in core areas must occur at levels that are known not to cause sage-grouse declines. 
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conduct a lek count, lek surveys (classification of known leks as active or inactive) may 

be adequate. 

 If resources allow, monitor radio-tagged sage-grouse on the proposed development site 

for at least two years preconstruction. 

 Suitable nesting and brood rearing habitat at the site should be mapped to the best of the 

developer‘s ability, in conjunction with the state wildlife agency.
14

   

 Conduct a basic risk assessment. This should include the formulation of likely risk to 

sage-grouse from developing a site, a determination of risk exposure, an assessment of 

possible effects if the project goes forward, and a characterization of risk based on the 

overall review.  Adjust siting and facility design based on the results of these assessments 

to reduce potential impacts to sage-grouse. 

 

2.1.3 Construction and Operation BMPs for Sage-grouse 

 If possible, all transmission lines (including high-voltage DC lines) sited within 5km of a 

grouse lek should be buried  

 As practicable, do not conduct surface-use activities within crucial sage-grouse wintering 

and areas from December 1 through March 15.  Also restrict ground disturbance activities 

in known sage grouse lekking and nesting areas from March 15 to June 1. 

 Use sage-grouse diverters on any fences in the project area.   

 

2.1.4 Monitoring BMPs for Sage-grouse 

 Post construction populations of sage-grouse at the site should be assessed by lek counts 

during the breeding season (e.g., Connelly et al. 2000).  

 Monitor radio-tagged sage-grouse on the project site for at least five years post-

construction (ten years is preferable).
15

 

 If many fences have been built at the project site, conduct fenceline fatality surveys.   

 

2.1.5  JUSTIFICATION FOR SAGE-GROUSE BMPS  

 

The area within five km of a sage-grouse lek is crucial to both the breeding activities and nesting 

success of local sage-grouse populations in unfragmented habitat
16

 (Manville 2004, USFWS 

2010a).  Hulet et al. (1986) found that 10 of 13 hens nested within two miles of the lek site 

during the first year of their southern Idaho study, and 100% of hens nested within two miles of 

the lek site during the second year of this study.  In addition, research has shown that a four-mile 

buffer around leks encompasses 74-80% of sage-grouse nests (Moynahan 2004, Holloran and 

Anderson 2005).   Because lek sites are used traditionally year after year and  many researchers 

suspect that they represent selection for optimal breeding and nesting habitat, it is important to 

protect the area surrounding lek sites from impacts if possible. 

 

                                                 
14

 This may require radio-tagged birds in both core and non-core habitats for an accurate representation of different 

habitat types in the project areas, and the incorporation of vegetation covariates into a Resource Selection Function 

(RSF) model. 
15

 This length of time is supported by the literature describing post construction monitoring findings of radio tagged 

sage-grouse in gas fields.   
16

 This distance may be greater in fragmented habitat (personal communication, Matt Holloran, Wyoming Wildlife 

Consultants, LLC) 
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Sage-grouse have an innate aversion to vertical structures because predators such as raptors can 

perch and hunt from these structures (Utah Department of Natural Resources 2010).  Thus, sage-

grouse may be negatively impacted by wind energy development, not so much from the 

standpoint of direct mortality from collisions but from displacement from favored habitats due to 

behavioral avoidance of tall structures like met towers and turbines.   

 

For example at the Cotterel Mountain wind project site in Idaho, there were nine known sage-

grouse leks on Cotterel Mountain prior to the placement of eight meteorological (met) towers 

erected to measure wind velocity for a commercial wind power feasibility study  (Reynolds 

2004).  Overall sage-grouse population estimates were 59 to 72 individuals in 2004 and 2005 

(Reynolds and Hinckley 2005).  In spring 2006, after the met towers were erected, the population 

of sage-grouse on Cotterel Mountain declined to an estimated 16 individuals and seven of nine 

leks were unoccupied, while sage-grouse populations elsewhere in the county exhibited steady 

population trends in 2004 and 2005 and only a very slight dip in 2006 (Collins and Reynolds 

2006). It is instructive that the Cotterel Mountain sage-grouse population crashed following 

installation of met towers across the crest of Cotterel Mountain.  With relevance for solar 

installations as well, transmission towers
17

 for power lines also serve as perches for hunting 

raptors so may cause abandonment of sage-grouse habitats through behavioral avoidance. An 

unpublished study found that sage-grouse habitat use increased with distance (up to 600 meters) 

from powerlines (Braun, unpublished data, reported in Strickland 2004). 

 

Much of what is known about the tolerance of sage-grouse to industrial development derives 

from studies on oil, gas, and coalbed methane development. To the extent that both wind power 

and solar power development also involve habitat fragmentation and loss from new construction 

and development, road construction and subsequent vehicle traffic, human activity and noise 

associated with maintenance, some of the impacts recorded in the context of oil and gas 

development may apply to varying degrees to wind and solar power developments (Molvar 

2008).  For example in a study near Pinedale, Wyoming, sage-grouse from disturbed leks where 

gas development occurred within 3 miles of the lek site showed lower nesting rates (and hence 

lower reproduction), traveled farther to nest, and selected greater shrub cover than grouse from 

undisturbed leks (Lyon 2000).  Walker et al. (2007) found that coalbed methane development 

within two miles of a sage-grouse lek had negative effects on lek attendance. Holloran (2005) 

found that active drilling within 3 miles of a lek reduced breeding populations, while wells 

already constructed and drilled within 2 miles of the lek reduced breeding populations. Both 

Holloran (2005) and Walker et al. (2007) documented the extirpation of breeding populations at 

active leks as a result of oil and gas development in the Upper Green River Valley and Powder 

River Basin, respectively.  Lyon and Anderson (2003) found that in habitats fragmented by 

natural gas development, only 26 percent of hens captured on disturbed leks nested within 2 

miles of the lek of capture, whereas 91 percent of hens from undisturbed areas nested within the 

same area. Based on this research on the impacts of oil and gas development, USFWS (2010a) 

stated, ―Based primarily on data documenting reduced fecundity (a combination of nesting, 

clutch size, nest success, juvenile survival, and other factors) in sage-grouse populations near 

roads, transmissions lines, and areas of oil and gas development/production (Holloran 2005, 

Connelly et al. 2000), development within three to five miles (or more) of active sage-grouse 

                                                 
17

 While this document is not meant to cover transmission, this information supports the argument that tall structures 

can be problematic for sage grouse.   
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leks may have significant adverse impacts on the affected grouse population.‖ Currently, most of 

what we know about the impacts of oil and gas development on sage-grouse, which could have 

implications for renewable energy development, is summarized by Naugle et al. (2011). 

 

The US Fish and Wildlife Service generally agrees with the prediction of wind power impacts on 

sage-grouse, similar to those made in the reviews and studies above, stating in its recent 12-

month finding of whether to list the sage-grouse under the ESA, ―wind power typically require[s] 

many of the same features for construction and operation as do nonrenewable energy resources. 

Therefore, we anticipate that potential impacts from direct habitat losses, habitat fragmentation 

through roads and powerlines, noise, and increased human presence…will generally be similar to 

those …for nonrenewable energy development‖ (USFWS 2010b). 

 
 

2.2  BEST MANAGEMENT PRACTICES FOR RAPTORS 

 

The Siting, Planning/Preconstruction, Construction/Operation, and Monitoring BMPs for raptors, 

below, is an amalgamation of BMPs gathered from numerous different sources.
18

  Many of the 

BMPs in the section following this one, ―Best Management Practices for All Other Birds,‖ 

include many BMPs that are also relevant to raptors.  BMPs that overlap both categories are thus 

included in the Birds BMP section, not this one, to avoid redundancy.  The bullets below are 

based on scientific studies, analysis and conclusions that are summarized in the Justification 

Section that follows the BMP bullets. 

 

2.2 1  Siting BMPs for Raptors for Wind Installations 

 Avoid all development in Key Raptor Areas identified by the Bureau of Land 

Management, as well as ―important eagle use areas,‖ as defined in the 2009 USFWS 

regulations (50 Code of Federal Regulations Parts 13 and 22) (CFR Vol. 74, No. 175). 

 Avoid placement of turbines in known raptor nesting concentration areas, including 

within high-use raptor areas identified in preconstruction surveys (see below).   

 Configure turbines so as to avoid landscape features known to attract raptors, such as cliff 

and rim edges, canyons, and passes (or ―dips‖ or ―notches‖) in ridgelines. Turbines 

should be set back at least 100 m. from cliff and rim edges, or at least two times the total 

height of the turbine.    

 Rows of turbines should be oriented parallel to known migratory raptor 

movements/corridors (if known a priori) rather than perpendicular to them. 

 Avoid placement of turbines in sites that potentially have high concentrations of prey 

such as prairie dogs and ground squirrels. 

 

 

 

                                                 
18

 Sources include BLM 1992, U.S Fish & Wildlife Service 2002, the Kansas Renewable Energy Working Group 

2003, Smallwood and Neher 2004; Smallwood and Thelander 2004, 2005; Lamphier-Gregory et al. 2005;  
Smallwood and Spiegel 2005; The Clean Energy States Alliance 2006, California Energy Commission 2007, Molvar 

2008, Oregon Natural Desert Association 2009, Smallwood 2009a, 2009b;  the 2010 National Golden Eagle 

Colloquium, Pagel et al. 2010, USFWS 2010a, Wyoming Outdoor Council 2010, USFWS 2011a, USFWS 2011b, 

personal communication with Steve Slater, Hawkwatch Intl, and personal communication with staff of the USFWS. 
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2.1.3 Planning and Preconstruction BMPs for Raptors 

 Consult with state fish and game agency and collect and synthesize any and all pre-

existing information on raptor nests, reproductive activity and chronologies, natal 

dispersal, pertinent data from VHF and satellite telemetry, winter roosts, migration 

corridors, and foraging habitats contained within 10 miles of areas slated for 

development.  In addition, consult with other wildlife and conservation organizations that 

may be particularly knowledgeable of the area and potential raptor issues (e.g., 

HawkWatch may have location data for nesting raptors). 
 For at least one full year pre-construction, assess all four seasons of use by raptors within the 

project area (either typical home ranges of species, telemetry defined use areas, or a standard 

buffer size).   

 Preconstruction raptor surveys should follow science based, peer-reviewed protocols and 

comply with BLM, USFWS,
19

 and state wildlife agency guidelines.  For wind projects, 

the USFWS (2010a) guidelines recommend that raptor surveys should be done using 

point counts.
20

  The point count method and systematic observation are recommended to 

be used together for bald and golden eagle surveys (USFWS 2011a, personal 

communication, Jeep Pagel and Diana Whittington, USFWS).  It is important that the 

survey radius for a given survey be less than 800 m.
21

 Preconstruction raptor surveys 

should also collect vertical (such as flight height) as well as horizontal data to identify 

levels of activity within what will be the turbine rotor‐swept zone. Observation of and 

delineation of habitat use of adult non-breeders (floating population) should be 

undertaken.  Background mortality surveys of raptors at the project site should also be 

undertaken.   

 Presence of a raptor migration corridor or stopover site in the project area is best 

documented and delineated by using a standard hawk migration counting protocol
22

. 
Surveys will need to identify the locations of migration routes and movements during 

migration in relation to proposed turbines and rotor‐swept area. 
 Raptor nest searches during the breeding season within the project site and within at least 

three miles of the project site are also recommended. Per the Draft Eagle Conservation 

Plan Guidance (USFWS 2011a), in order to determine whether there are nesting golden 

                                                 
19

 We refer readers to the USFWS (2010a) Wind Turbine Guidelines Advisory Committee Policy Recommendations 

and Guidelines, and USFWS 2011 a and 2011b, for further guidance on designing and implementing pre and post 

wind facility construction inventories, surveys and monitoring plans for raptors, and Pagel et al. 2010 for designing 

and implementing pre and post wind facility construction inventories (including presence/absence), surveys and 

monitoring plans for golden eagles, as well as information on contributing survey data to a USFWS regional office 

or to the Division of Migratory Bird Management for collation into a national database.  Pagel et al. (2010) also 

include protocols on how to complete golden eagle inventories with minimal disturbance to golden eagles, which is 

very important since human-caused nesting failure and nest-site abandonment constitutes take under the Bald & 

Golden Eagle Protection Act. 
20

 Point counts alongside direct observation by observers on the ground is the most desirable way to truly assess the 

project area‘s use by eagles pre construction (Personal communication, ―Jeep‖ Pagel, USFWS). 
21

 Smallwood (2009) states that ―one of the largest problems [with prior raptor surveys at wind development sites] is 

the extremely large survey areas being used to count birds. A common survey radius has been 800 meters, … but 

detection rates of even large birds decline rapidly with increasing survey radius [see Smallwood et al. 2009b]. A 

survey radius of 800 meters is scientifically indefensible unless analytical adjustments are made to the data before 

comparing them to utilization rates made from plots with different survey radii (Smallwood and Neher, Unpublished 

Data).‖ 
22

 See guidelines published by the Hawk Migration Association of North America: http://www.hmana.org/   
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and bald eagles near the project site, and to adequately describe the nesting territory and 

whether its occupied and if so how productive it is, direct observation (including aerial 

surveys), telemetry or a combination of both for at least three years is recommended by 

the USFWS (2011a and references within).  To detect and document bald and golden 

eagle communal roosts and other nesting sites, direct, systematic observation in early 

morning and evening is recommended (Pagel et al. 2010 USFWS 2011a).  See Pagel et 

al. (2010) for specific guidance on when and how a golden eagle nesting territory or 

inventoried habitat can be designated as unoccupied by golden eagles. 
 Nests of raptors located during surveys should have non-disturbance buffer zones 

delineated around them.   Avoid siting turbines within the home range of local eagles.  

The USFWS is currently recommending at least a four mile buffer of no development 

around golden eagle territory. 

 Per the Draft Eagle Conservation Plan Guidance (USFWS 2011a), the developer should 

identify the location and type of ―important eagle use areas‖ (those that contain nesting, 

roosting and foraging habitat) within a 10-mile radius surrounding a wind project footprint. The 

10-mile radius is derived from the definition of project area nesting population in the 

regulations of the Bald and Golden Eagle Protection Act. The Service goes on to say in the 

Draft Guidance that size and shape of important eagle use areas can vary seasonally, so 

documentation of spatial use by resident eagles should encompass all seasons (USFWS 2011a, 

and references therein).  This evaluation includes an assessment of the relative importance of 

various areas to resident breeding and non-breeding eagles, and to migrant and wintering eagles 

(see Pagel et al. 2010). 

 It is critical that all raptor inventories, surveys and nest searches be conducted by competent 

and experienced observers.  Pagel et al. (2010) outline the observer qualifications recommended 

by the USFWS for golden eagle inventories and surveys.   

 Per the Draft Eagle Conservation Plan Guidance (USFWS 2011a), the USFWS 

recommends that preconstruction survey data for proposed wind facilities be used in 

standardized models linked to the Service‘s adaptive management process to generate 

predictions of eagle risk (based on height estimates) in the form of a predicted number of 

fatalities per year. These models can be used to comparatively evaluate alternative siting, 

construction, and operational scenarios,
23

 a useful feature in quantifying the predicted 

effects of ―Advanced Conservation Practices‖ that are recommended as ―pre-emptive‖ 

mitigation strategies for golden eagles.  It is critical that these models use the best 

possible information available about eagle flight paths and specific behaviors leading to 

collisions (Smallwood 2009a). 

 Wind developers with operating or soon-to-be operating facilities at the time the USFWS 

Draft Eagle Conservation Plan Guidance were first released (January 2011) that are 

interested in obtaining a programmatic eagle take permit should coordinate with the 

Service (USFWS 2011a) as soon as possible. An applicant may need to provide 

up‐to‐date biological information about eagles that breed, feed, shelter, and/or migrate in 

the vicinity of the activity and may potentially be affected by the proposed activity (Pagel 

et al 2010).  There must be a demonstrated no-net-loss for eagles due to the project to be 

                                                 
23

 Also note that et al. (2007) describe a landscape analysis ―tool kit‖ they developed that was designed to screen 

wind resource areas for potential bird and raptor  impacts caused by wind farm development, which may also be 

helpful for modeling a-priori impacts of turbines providing that suitable behavior data has been collected, and that 

suitable digital data inputs are available.   
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eligible for take permitting.  When developing a new alternative energy project, project 

proponents should meet with the Service at their earliest opportunity (pre-project 

planning). 
 Wind developers should consider development of a detailed eagle conservation plan 

which would be used as an integral part of the permit process (USFWS 2011a).  The plan 

should document how the applicant will comply with the regulatory requirements for 

programmatic take permits and the associated NEPA process by avoiding and minimizing 

the risk of taking eagles up-front, and formally evaluating possible alternatives in 

(ideally) siting, configuration, and operation of wind projects, as well as discuss 

advanced conservation practices, and if all alternatives are used to prevent take but take is 

still likely, development of compensatory mitigation to offset predicted take necessary to 

achieve no-net loss. 

 

2.2.3 Construction and Operation BMPs for Raptors for Wind Power 

 Cluster turbines as much as possible.  

 Avoid placing external ladders and platforms on wind towers that can be used by birds as 

perches or nest sites.  

 Design the turbine/towers to position the blades at a height domain that is less likely to kill 

raptors at a particular location, based on pre-construction surveys. 

 There must be spatial and temporal protections for raptors during construction based on 

the species known to be present.  Consult USFWS 2010a, and regional offices of both 

USFES and state wildlife agency to devise best set of temporal and spatial protections 

during construction for the specific project site. 

 Conduct proper vegetation management around turbines to avoid attracting greater than 

normal amounts of rodent prey resources for raptors. Reduce the vertical and lateral edge 

in slope cuts and nearby roads to lessen attraction to burrowing animals.  Retrofit tower 

platforms to prevent under-burrowing by small mammals, including spreading gravel 

around the pad out to 5 feet.  Exclude cattle grazing from wind turbine zones as resulting 

stature of taller vegetation may discourage raptor foraging near wind turbines. 

 Cease wind turbine operations during seasons, weather events or times of day (such as 

times of peak activity) that are more likely to kill raptors, based on pre-construction 

surveys, especially those times corresponding with generation of relatively less power.  

 Remove broken/defunct turbines that cannot be fixed or are unnecessary, allowing towers 

to remain at ends of rows to experimentally determine whether these may be beneficial as 

flight diverters. 

 

2.2.4 Monitoring BMPs for Raptors 

 For at least three years
24

 post construction, conduct carcass searches within 65 m. of 

turbines to determine whether the project siting efforts were successful or if raptors are 

being killed.  Post-construction monitoring carcass surveys should always include 

appropriate scavenger removal and searcher efficiency trials.  Some turbines should be 

searched most days, and if there are a small number of turbines (i.e. 10 or less), all 

                                                 
24

 Per the Draft Eagle Conservation Plan Guidance (USFWS 2011a), the USFWS will require wind-facility 

operators to monitor eagles for at least three years post construction, to include a minimum of three years of 

operation, then assess monitoring data to consider whether additional ―Advanced Conservation Practices‖ for eagles  

are appropriate and warranted. 
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turbines should be monitored.
25

 Fatality rates should be reported on either a ―per 

megawatt-hour‖ (MW/h) or per-GW/h basis. Necropsies of bird carcasses should be done 

to more accurately determine cause of death and time since death. 

 Post-construction raptor surveys
19

 should be done using the same methods that were used 

for pre-construction surveys.  These surveys should also collect vertical as well as 

horizontal data to identify levels of activity within the rotor‐swept zone. 

 Using the same methods as used pre construction, survey for active raptor nests within 

three miles of the project area.  Be sure to make adjustments in pre and post survey 

methods when survey sites vary in topography (Smallwood 2009a)
26

 

 Compare post construction survey data with pre construction survey data, using BACI 

(Before After Control Impact) monitoring design.  Manage adaptively through changes in 

site operation (i.e retrofitting certain hazardous turbines with markings, paint or devices 

to help avert collisions; operation of certain turbines that are particularly hazardous or 

relocation of those turbines to less hazardous areas, or experimental winter shut-down of 

turbines) if monitoring indicates that total raptor population (adult breeders and floaters) 

numbers might be in decline compared to pre-construction levels.  A Scientific Advisory 

Team should be established to review monitoring results and make suggestions regarding 

the need to adjust site operations or mitigation and monitoring requirements.  

 Where take of bald or golden eagles is unavoidable at a wind facility, and when eagle 

populations at the project site are not healthy enough to sustain additional mortality over 

existing levels, the developer will likely be required by the USFWS to reduce the effect 

of permitted mortality to a ―no-net-loss‖ standard, best accomplished through 

compensatory mitigation. No-net-loss means that additional mortality caused by the wind 

facility is offset by compensatory mitigation that reduces another, ongoing form of 

mortality by an equal or greater amount (USFWS 2011a). 

 

2.2.5  JUSTIFICATION FOR RAPTOR BMPS  

 

There are indications that raptors are sensitive to wind turbines, partly because they tend to fly at 

heights within the rotor swept area (e.g. Kingsley and Whittam 2003). Golden Eagles are 

vulnerable to collisions with wind turbines (Hunt 2002, Chamberlain et al. 2006, Hunt and Hunt 

2006), and in some areas such collisions are a major source of mortality, (Hunt et al. 1999, Hunt 

2002), especially among floaters (or non-breeders) (Hunt and Hunt 2006, 2010 National Golden 

Eagle Colloquim)  This is a matter of great concern since Golden Eagle populations are believed 

to be declining throughout their range in the contiguous United States (Pagel et al. 2010, and 
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 Smallwood (2009) states that whether the sample of turbines is selected systematically or randomly should depend 

on the pool of turbines available in order to ensure that gradient effects are accounted for.   Psuedoreplication can 

easily result from taking a random sample of 10 turbines from a pool of 20, so he suggests that the only sure way to 

prevent psuedoreplication in a case like this would be to systematically sample from the pool. 
26

 Smallwood (2009) states that raptor use ―rates are… incomparable when survey sites vary in topography. The 

observer will view different proportions of the available airspace within the search radius depending on the 

complexity of the terrain and where the observer is stationed on the terrain. Without accounting for variation in 

visible airspace fatality rates will not relate to utilization rates spatially [see Smallwood et al. 2009b]. Smallwood 

and Neher (unpublished data) developed a methodology to subtract the hidden airspace from the survey radius-

defined airspace to arrive at the viewable airspace. This step needs to be taken along with adjusting the utilization 

rate for variation in maximum distance of birds from the observer to generate comparable utilization rates.‖ 
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references within).
27

  At Tehachapi Pass in California, Anderson et al. (2004) found that red-

tailed hawks, American kestrels, and great horned owls showed the greatest risk of collision of 

all bird species, and Osborn et al. (2008) concluded that raptors, along with waterfowl, were 

found to have the highest risk of turbine collision in Minnesota.   Moreover, it does not appear 

that raptors make behavioral adjustments to wind power facilities that reduce fatality rates over 

time. Indeed, Smallwood and Thelander (2005) found that per-capita risk of raptor fatalities for 

individual birds actually increased over 15 years of study at Altamont Pass in California, even as 

raptor densities decreased. 

 

The Altamont Pass wind site in California has been intensively studied (e.g. Hunt et al. 1999, 

Thelander and Rugge 2000, Hoover 2002, Hunt 2002,Smallwood and Thelander 2004, 2005, 

2008;  Hoover and Morrisson 2005, Hunt and Hunt 2006, Smallwood et al. 2009a, 2009b) and 

the most recent conclusions on the impacts of this wind farm on the local golden eagle 

population is that Altamont is essentially a resource sink, with the breeding population being 

kept stable by the influx of sub-adults and ―floaters‖ into the population (Hunt and Hunt 2006).  

Altamont is often cited as an example of how wind turbines cause direct mortality to a variety of 

birds, especially raptors.  Altamont has largely served as an example of how projects should not 

be sited and built, due to its location (right in the middle of avian migratory pathways, and in the 

middle of one of the highest known nesting concentrations of Golden Eagles), and the types of 

wind turbines in operation (fast-moving blades; short, latticed towers, etc).   

 

Siting turbines in canyons and passes increases the risk of fatalities for migrating raptors. In 

Montana, Harmata et al. (2000) found that more migrating raptors passed over valleys and 

swales than over high points; while migrating birds tended to avoid passing over high points 

during headwinds, low passes received greatest use by migrating raptors overall.  In general, 

raptors are known to concentrate along ridge tops, upwind sides of slopes, and canyons to take 

advantage of wind currents that are favorable for hunting and traveling, as well as for migratory 

flights (Barrios and Rodriguez 2004, Hoover and Morrison 2005, Manville 2009). Smallwood 

and Thelander (2005) found that golden eagles at the Altamont Pass facility were killed 

disproportionately by turbines sited in canyons. At Altamont Pass, Hoover (2002) noted that 

golden eagles preferred to use narrow corridors that transect large hills.  Also at Altamont Pass, 

Hoover and Morrisson (2005) reported that raptor kiting behavior was most frequently observed 

on steep windward slopes, and kiting raptors selected for the tallest peaked slopes; slopes where 

this behavior occurred had a disproportionate amount of red-tailed hawk mortality. In the context 

of the Foote Creek Rim project in Wyoming, Johnson et al. (2000) also reported higher than 

expected raptor use of rim edge habitats.  And the same was noted for raptor use at the Columbia 

Wind Farm #1 in Washington state (Erickson and Johnson 1999).  In addition, it has been noted 

that bald and golden eagles tend to migrate along north-south oriented cliff lines, ridges, and 

escarpments, where they are buoyed by uplift from deflected winds (Kerlinger 1989, Mojica et 

al. 2008). 

 

In addition to direct mortality, wind turbines have been shown to change how raptors use an area 

(USFWS 2011b).  For example, on Kodiak Island, Alaska, eagles discontinued flying over a 

portion of a ridge once turbine towers had been constructed along that portion of the ridge (Sharp 
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 At the 2010 North American Golden Eagle Science Meeting, attendees listed renewable energy in the top six 

concerns regarded for golden eagles. 
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et al. 2010). And, in a pre- and post-construction comparison study of Golden Eagle use for a 

wind facility in Scotland, a pair of resident Golden Eagles altered their ranging behavior to avoid 

the entire wind facility area post-construction, except when intercepting intruding birds (Walker 

et al. 2005). 

 

There is more to doing wind energy smart-from-the-start for raptors than just siting the wind 

turbines properly.  It is also important to ensure that ground disturbance between turbines is 

minimized. A disturbed ground surface can be more suitable for burrowing animals, many of 

which are attractive prey for raptors and other predators (NWCC 2002, Smallwood 2009b).  It is 

thus possible that disturbed soils under turbines can lure more raptors towards the turbines than 

would happen otherwise.  In general, preconstruction, construction, or maintenance of a facility 

can cause disturbance and result in loss of productivity at nearby nests or disturbance to nearby 

concentrations of eagles (USFWS 2011a). If this disturbance is permanent, it can result in the 

permanent or long-term loss of a nesting territory (NWCC 2002). Additionally, disturbances near 

areas that are important for roosting or foraging might stress eagles to a degree that leads to 

reproductive failure or mortality elsewhere (Hunt and Hunt 2006, USFWS 2011a). 

 

 

2.3 BEST MANAGEMENT PRACTICES FOR ALL OTHER BIRDS 
The Siting, Planning/Preconstruction, Construction/Operation, and Monitoring BMPs for all 

birds, below, is an amalgamation of BMPs gathered from numerous different sources.
28

 The 

bullets below are based on scientific studies, analysis and conclusions that are summarized in the 

Justification Section that follows the BMP bullets. 

 

2.3 1  Siting BMPs for Birds 

 Avoid known avian concentration areas such as wetlands, riparian areas, roosts, nesting 

colonies, staging areas, and known daily movement flyways (e.g., between feeding and 

resting or breeding areas), as well as away from high-use areas identified in 

preconstruction surveys (see below). 

 Avoid siting renewable energy projects in wintering areas and migratory corridors used 

by birds. 

 Avoid siting turbines in areas prone to fog, mist, low visibility, or low cloud ceilings.  

 

2.3.2. Planning and Preconstruction BMPs for Birds.  

 Gather information from the Natural Heritage Program database or comparable State 

wildlife database with past location information on sensitive bird species.  Consultations 

should occur with the state fish and game agency to determine sensitive bird species 

nesting locations, foraging areas, migration corridors, and concentration areas.  

                                                 
28

 Sources include National Wind Coordinating Collaborative 2002, the Kansas Renewable Energy Working Group 

2003, Smallwood and Neher 2004, Smallwood and Thelander 2004, 2005; BLM 2005a, BLM 2005b, Smallwood 

and Spiegel 2005, Canadian Wildlife Service 2006, the Clean Energy States Alliance (2006), California Energy 

Commission and California Dept of Fish and Game 2007, BLM 2008, ONDA 2009, Arizona Game and Fish 

Department 2010, U.S Fish & Wildlife Service 2007 and 2010a, WOC 2010, American Bird Conservancy 2011, 

USFWS 2011b. 
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 Field surveys should follow science-based, peer-reviewed protocols and comply with 

BLM, USFWS,
29

 and state Game and Fish guidelines.  Surveys should occur, if possible, 

in conjunction with the state fish and game agency.  Sampling should either be 

distributed randomly or systematically throughout the area of interest. 

 For wind developments, daytime and nighttime avian surveys
30

 during the spring and fall 

migration season to determine use of the proposed project area, and daytime avian 

surveys during the breeding season should be conducted for at least two years prior to 

construction.  

 For wind developments, the USFWS (2010a) recommends that avian surveys include 

surveys that allow calculations of indices of abundance in the area, such as weekly point-

counts (e.g. Reynolds et al. 1980) or transect surveys
31

 (similar to Schaffer and Johnson, 

2008).  These methods are most useful for preconstruction studies to quantify avian use 

of the project site by habitat, determine the presence of species of concern, and to provide 

a baseline for assessing displacement effects and habitat loss (USFWS 2010a).  

Standardized protocols for estimating avian abundance and temporal and spatial use of 

the project area are well‐established (e.g., Dettmers et al. 1999). 

 Nests of special status bird species located during surveys should have non-disturbance 

buffer zones delineated around them. 

 Conduct a basic risk assessment. This should include the formulation of likely risk to 

birds from developing a site, a determination of risk exposure, an assessment of possible 

effects if the project goes forward, and a characterization of risk based on the overall 

review.   

 For wind facilities, place and configure meteorological towers to minimize impacts on 

birds.  Sonic detection and ranging should be used instead of meteorological towers if 

possible. If met towers are used, un-guyed met towers are preferable.  Un-guyed towers 

should be tubular, not latticed (latticed towers attract perching and nesting birds). If un-

guyed met towers cannot be used (such as on temporary met towers), guy-wires should 

be fitted with recommended bird-deterrent devices, such bird flight diverters, or other 

high visibility marking devices. 

 

2.3.3 Construction and Operation BMPs for Birds 

 Avoid construction activities during breeding and nesting seasons, and within (buffered) 

areas of active nests identified during preconstruction surveys. 

 Design lighting to prevent skyward projection of lighting that may disorient night 

migrating birds.  Sodium vapor lights, widely used for streetlights and security lighting, 

should never be used at energy facilities because they have been shown to attract night-

flying birds.   
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 We refer readers to the USFWS (2010a) Wind Turbine Guidelines Advisory Committee Policy Recommendations 

and Guidelines for further guidance on designing and implementing pre and post wind facility construction 

monitoring plans and surveys for birds. 
30

 An index of migration activity can often be obtained by diurnal counts of a nocturnal migrating species during 

their daily stop-over (CESA 2006). 
31

 The Clean Energy States Alliance (2006) posits that in grasslands and shrub-steppe where passerines are the 

primary target, belt transects may be most appropriate for estimating species occurrence and relative abundance.  
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 Bury electrical collector lines in a manner that minimizes additional surface disturbance 

(e.g., along roads or other paths of surface disturbance).  Overhead lines can be 

considered in cases where burying lines would result in disturbance of significant habitat, 

but must be balanced with the concern for creation of additional bird perching 

opportunities.
32

 

 Ensure that all above-ground low and medium voltage lines, transformers, or conductors 

comply with Avian Power Line Interaction Committee (APLIC) standards (APLIC 

2006), including the use of bird deterrents. 

 There should be no permanently installed high intensity lighting at the facility.  Site 

lighting should be ―off‖ unless needed for specific tasks. 

 For wind facilities, for turbines that require lights for aviation safety, use a minimal 

number of simultaneously flashing white or red lights, unless otherwise requested by the 

FAA.  Lights with short flash durations that emit no light during the ―off phase‖ should 

be used—those that have the minimum number of flashes per minute and the briefest 

flash duration allowable. 

 For wind facilities, make sure that wind turbine arrays are built with the tops of blades 

positioned lower than nearby ridgetops.  Birds usually maintain altitude after crossing 

ridgetops (Mabee et al. 2006), suggesting that ensuring that arrays are lower than 

ridgetops could result in lower rates of mortality for migratory birds. 

 For wind facilities, use tubular, non-latticed turbines (with nor perchable surfaces or 

appendages) to reduce the ability of birds to perch on turbines. 

 For wind facilities, Design the turbine/towers to position the blades at a height domain that 

is less likely to kill birds at a particular location, based on pre-construction surveys. 

 For wind facilities, consider turbine blade ―feathering‖ or idling to avoid or minimize 

bird take. This strategy uses a radar detection system, which is designed to detect a 

certain number of approaching ―targets‖ and send a signal to all operating turbines within 

a facility to feather their blades. Once the radar determines that the risk has passed, a 

signal is sent to the turbines to change their blade pitch and begin operating once again. 

This measure needs further refinement, testing and validation.  

 For wind facilities, design the turbine to lock blades in place while the turbine is not 

generating power. 

 For wind facilities, synchronize the operations of the wind turbines to be on and off at the 

same times. 

 For wind facilities, ease wind turbine operations during seasons, weather events or times of 

day (such as times of peak activity) that are more likely to kill birds, based on pre-

construction surveys, especially those times corresponding with generation of relatively less 

power.  

 For wind facilities, remove broken/defunct turbines that cannot be fixed or are unnecessary, 

allowing towers to remain at ends of rows if deemed beneficial as flight diverters. 
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 The USFWS (2010a) states that ―Overhead lines may be acceptable if sited away from high bird crossing 

locations…such as between roosting and feeding areas or between lakes, rivers, prairie grouse and sage-grouse leks, 

and nesting habitats.  Overhead lines may be used when the lines parallel tree lines, employ bird flight diverters, or 

are otherwise screened so that collision risk is reduced.  
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2.3.4 Monitoring BMPs for Birds for Wind Facilities 

 Conduct fatality surveys
33

 to determine fatality rates of birds, including carcass searches 

and associated scavenger removal trials (to determine how many dead birds are removed 

from the site by scavengers) and searcher efficiency trials (to determine the proportion of 

dead birds actually found by searchers). These trials are important for adjusting fatality 

estimates.  Some turbines should be searched most days, and if there are a small number 

of turbines (i.e. 10 or less), all turbines should be monitored.  Fatality estimates should be 

reported on a ―per megawatt-hour‖ or per-GW/h basis.
34

 

 Avian presence/absence and/or breeding/nesting surveys
28

, using the same methods as 

used per-construction, should be conducted during the spring and fall migration periods 

and during the breeding season for at least two years post-construction.  

 Compare post construction survey data on bird abundance with pre construction survey 

data. Manage adaptively through changes in site operation (Manage adaptively through 

changes in site operation (i.e., operation of certain turbines that are particularly 

hazardous, or shut downs if research suggests that doing so would reduce fatalities) if 

monitoring indicates that bird fatalities are too high. If possible, a technical advisory 

committee should be established to review monitoring results and make suggestions 

regarding the need to adjust site operations or mitigation and monitoring requirements.  

 Consider conducting additional research on the site associated with the post construction 

monitoring data, such as GIS analysis of fatality data to identify topographic associations 

with mortality, testing for patterns between fatalities and wind turbine attributes such as 

rotor speed and blade configuration; and testing for patterns between fatalities and the 

percentage of time each turbine operated. 

 

2.3.5  JUSTIFICATION FOR BIRD BMPS   

 

Both solar and wind installations have the potential to impact a variety of avian species through a 

number of means.  These include direct mortality from collisions, loss of habitat from 

construction activities; habitat alteration as a result of soil erosion and/or introduction of non-

native vegetation; destruction of the nests of ground-nesting birds; increased predation by 

providing additional perches for raptors; and indirect effects as a result of increased human 

presence, noise, or motion of operating wind turbines (NWCC 2010).  Some of these habitat 

alteration effects and other indirect effects can lead to avoidance or abandonment of certain 

habitats, reduced nesting/breeding density, loss of refugia, habitat unsuitability, and behavioral 

effects (Stewart et al. 2004, 2007).  There are some cases where the impacts of habitat 

disturbance at a wind farm may actually be more egregious than the impacts of the turbine 

blades, such as the case of the Stateline Wind Resource Area, where impacts on grassland 

nesting passerines may have been largely due to the direct reduction of habitat from turbine pads 

and roads and the temporary disturbance of habitat between turbines and road shoulders, rather 

than due to collisions with turbines (Erickson et al. 2003b). 
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 Other good sources for designing scientifically rigorous post construction avian fatality surveys and monitoring 

studies are ―Studying wind energy/bird interactions: a guidance document‖ (NWCC 1999), and the USFWS (2011b) 

―Draft land-based wind energy guidelines.‖ 
34

 Reporting mortality rates on a per MWh basis will facilitate meaningful comparisons across a broader landscape, 

and will help standardize fatality monitoring results between facilities and time periods. 
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Principal sources of noise during construction activities for solar and wind facilities include truck 

traffic, operation of heavy machinery, and occasionally blasting (i.e. to level or place 

foundations). The most adverse impacts associated with construction noise could occur if critical 

avian life-cycle activities are disrupted (e.g., mating and nesting, NWCC 2002). If birds are 

disturbed sufficiently during the nesting season to cause displacement, then nest or brood 

abandonment might occur, and the eggs and young of displaced birds would be more susceptible 

to cold or predators (BLM 2005b). Much of the research on wildlife-related noise effects has 

focused on birds, and has shown that noise may affect territory selection, territorial defense, 

dispersal, foraging success, fledging success, and song learning (e.g., Reijnen and Foppen 1994; 

Foppen and Reijnen 1994; Larkin 1996). 

 

Wind turbine arrays have the potential to be major sources of bird mortality.
 
Erickson et al. 

(2001) reported that in a California study, 78% of mortalities were songbirds protected by the 

Migratory Bird Treaty Act, while only 3.3% of bird mortalities were unprotected, such as non-

native species like pigeons or starlings. At Wyoming‘s Foote Creek Rim wind facility, 92% of 

bird mortality between 1998 and 2002 was comprised of passerines, as opposed to raptors or 

waterfowl (Young et al. 2003).   

 

Fatality rates for birds due to direct impact with turbines vary. Birds have relatively poor 

hearing.  To make a comparison, human ears can detect wind turbines at roughly twice the 

distance as birds can (Dooling 2002).  Both resident and migratory birds are involved in 

collisions, although resident birds may have a higher probability of colliding with turbines than 

migrants, given that residents tend to fly lower and spend more time in an area than migrants 

(Janss 2000). Birds typically migrate at altitudes of 500 to 2,500 feet, well above the top of 

turbine blades in most locations (NWCC 2002, NWCC 2010). Therefore, collisions with wind 

turbines during actual migratory flights should be, and appear in actuality to be, rare.  However, 

studies have shown that songbirds are vulnerable to colliding with wind turbines during poor 

weather conditions that force them to lower altitudes (Erickson et al. 2001; Johnson et al. 2002; 

Manville 2009).  And, Osborneet al. (1998) noted that 75% of the bird mortality at the Buffalo 

Ridge Wind Resource Area occurs during migration periods.  

 

The USFWS (2010a) points out that collision risk to individual birds at a particular wind energy 

facility may be the result of complex interactions among species distribution, relative abundance, 

behavior, weather conditions (e.g., wind, temperature) and site characteristics. Put simply, the 

relative abundance of a bird species does not predict the relative frequency of fatalities per 

species (Thelander and Rugge 2000). For example, collision risk for an individual may be low 

regardless of abundance if its behavior does not place it within the rotor‐swept zone. If 

individuals frequently occupy the rotor‐swept zone but effectively avoid collisions, they are also 

at low risk of collision with a turbine (e.g. ravens). Alternatively, if the behavior of individuals 

frequently places them in the rotor‐swept zone, and they do not actively avoid turbine blade 

strikes, they are at higher risk of collisions with turbines regardless of abundance. For a given 

species, increased abundance increases the likelihood that individuals will be killed by turbine 

strikes, although the risk to individuals will remain about the same. It turns out apparently that 

bats are not alone at being attracted to turbines. Burrowing owls are reported as approaching 

turbines in the late evening hours (Smallwood et al. 2009b), and other birds routinely forage 

around them or perch on them while they are inactive or broken (Smallwood et al. 2009a, b). The 
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risk to a population increases as the proportion of individuals in the population at risk to collision 

increases (USFWS 2010a).  However, to date, the only known concern regarding population 

effects of wind energy on birds has arisen in the Altamont Pass wind development project, where 

poor siting of turbines resulted in greater than normal fatality of birds (NWCC 2002, NWCC 

2010).   That said, as wind turbines become more prevalent on the landscape, the number of birds 

killed is likely to increase.  More important, the cumulative impact of all of these factors plus the 

indirect effects from loss and fragmentation of habitat, currently and in the foreseeable future, 

should not be underestimated (many bird populations are in serious decline). 

 

Latticed rather than tubular turbine designs have been shown to be detrimental to birds, because 

latticed support towers offer many more perching sites for raptors and other birds than do 

monopole towers, and hence may encourage high raptor occupancy in the immediate vicinity, or 

rotor swept area, of wind turbines (Orloff and Flannery 1992; NAS 2007).  At Altamont pass, 

lattice turbine types were associated with a higher mortality rate than all other turbine types 

combined (Orloff and Flannery 1992).  Similar findings at multiple sites have led many 

researchers to call for tubular rather than latticed designs for turbines at wind farms.  It seems 

that this call has generally been heeded and tubular towers are used almost exclusively today. 

 

Reduced visibility because of fog, clouds, rain, and darkness may be a contributing factor in 

collisions of birds with wind turbines. For example as many as 51 of the 55 collision fatalities 

(93%) in a study at the Buffalo Ridge Wind Resource Area (WRA) may have occurred in 

association with inclement weather such as thunderstorms, fog, and gusty winds (Johnson et al. 

2002).  Sometimes birds experience reduced ability to detect moving blades because of motion 

smear.   

 

Interestingly, birds are also susceptible to collisions with mirrored heliostats at solar generation 

facilities.  At the 10-MW Solar One pilot power tower facility located in the Mojave Desert, 70 

bird fatalities involving 26 species were documented during a 40-week study.  81% of the birds 

died from colliding with mirrored heliostats, while the rest died from burns received by flying 

through standby points. The rate of mortality was estimated to be 1.9 to 2.2 birds per week. It 

was estimated that this represented 0.6 to 0.7% of the local population present at any given time. 

While this loss was considered minimal, it was concluded that larger facilities could produce 

nonlinear increases in the rate of avian mortality and, when coupled with the removal of large 

tracts of land from biological production, could be of concern with regard to the ecological 

effects of a solar energy project (McCrary et al. 1986). 

 

In terms of meteorological towers, studies have shown guy-wired towers can cause five times 

more bird mortality than towers without guy wires (Young et al. 2003), and in fact guyed towers 

may be more dangerous to birds than wind turbines (BLM 2005b, Erickson et al. 2005).  The 

Nine Canyon wind project in Washington used an unguyed meteorological tower, which resulted 

in no recorded bird or bat fatalities (Erickson et al. 2003a).  

 

Lighting requirements at facilities are determined by the Federal Aviation Administration and 

there is often little leeway on these requirements.  That said, steady-burning night lights, 

especially bright lights (both white and red), have been well documented to attract and kill a 

variety of night-migrating bird species especially during inclement weather events (BLM 2005b, 
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Gehring et al. 2009, Gehring et al. 2010 in press).  Often individual turbine lights span an entire 

wind farm.  While recent studies have concluded that there is no difference in avian mortality 

rates between a wind farm with flashing lights vs. no lights, the International Dark Sky 

Association still feels that there could be an issue with nocturnal environment disruption.  The 

presence of lighting on some turbines might attract birds to the area and increase the potential for 

collision mortality at both the lit and unlit turbines (Johnson et al. 2002).  Quickly flashing white 

strobes appear to be less attractive to birds (Ugoretz 2001). 
 

A note on conducting Risk Assessments for birds (including raptors) for wind projects
35

 

The USFWS, in their Draft Land-Based Wind Energy Guidelines (USFWS 2011b), recommends 

conducting basic risk assessments (or, preconstruction fatality estimates) before commencing 

with construction at a wind site, and gives some guidance on how to carry these assessments out.  
This includes the use of collision models for preconstruction risk assessments. Models have been 

used in Australia (Organ and Meredith 2004), Europe (Chamberlin et al. 2006), and the United States 

(Madders and Whitfield 2006). Models should be based on the best available empirical data. For 

example, estimating potential bird fatalities at a proposed site may be accomplished by comparing 

exposure estimates at the proposed site with exposure estimates and fatalities at existing projects with 

similar characteristics (e.g., similar technology, landscape, and weather conditions).  As with other 

prediction tools, model predictions should be evaluated and compared with post-construction fatality 

data to validate the models (USFWS 2011b). 
 

 

2.4 BEST MANAGEMENT PRACTICES FOR BATS 

 

The Siting, Planning/Preconstruction, Construction/Operation, and Monitoring BMPs for bats, 

below, is an amalgamation of BMP‘s gathered from numerous different sources.
36

 The bullets 

below are based on scientific studies, analysis and conclusions that are summarized in the 

Justification Section that follows the BMP bullets. 

 

2.4.1 Siting BMPs for Bats for Wind Projects  

 Avoid siting turbines near bat hibernacula, breeding colonies and maternity roosts. 

 Avoid siting turbines within wintering areas, migration corridors and flight paths among 

and between colonies and feeding areas   

 Site turbines away from wetlands, riparian areas, streams, ponds, canyon edges and 

woodlands to reduce potential bat/turbine interactions 

 Site turbines away from high-use bat areas identified in preconstruction surveys (see 

below). 

 

2.4.2 Planning and Preconstruction BMPs for Bats for wind projects  

 Consult with the state fish and game agency to determine the locations of crucial 

chiropteran habitats and migration corridors.  
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 While this is only a draft document as of the printing of this BMP document, it is unlikely to be substantially 

changed in the final version. 
36

 Sources include Kuenzi and Morrison 1998, O'Farrell et al. 1999, Smallwood and Neher 2004, BLM 2005a, BLM 

2005b, Smallwood and Neher 2005, Smallwood and Spiegal 2005, CESA 2006, BLM 2008, Molvar 2008, ONDA 

2009, Arizona Game and Fish Department 2010,  NWCC 2010, U.S Fish & Wildlife Service 2010a, WOC 2010, 

USFWS 2011b. 
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 Conduct bat surveys during the spring and fall migration season to determine use of the 

proposed project area, and conduct nighttime bat surveys during the breeding season. 

Surveys may include roost searches and exit counts of any cave or mine in close 

proximity to the proposed project area. 

 Surveys should follow science-based, peer-reviewed protocols,
37

 and can include 

acoustic, radar, and/or thermal imaging surveys to determine relative abundances and 

occupied habitats for bats in and near the project area prior to site selection, and foraging 

habitats and migration pathways used by these species. 

 If acoustic surveys are done, the USFWS (2010a) recommends placing acoustic detectors 

on existing met towers, approximately every two kilometers across the site where 

turbines are expected to be sited.  Acoustic detectors should be placed at high positions on 

each met tower to record bat activity at or near the rotor swept zone. In addition, sampling 

stations may be established at low positions (~2 meters) to increase coverage of the proposed 

project area.  Acoustic surveys should adequately cover periods of migrations and periods 

of known high activity for other (i.e., non-migratory) species.  

 Monitoring for a full year is recommended in areas where there is year round bat activity. 

 Data on environmental variables such as temperature and wind speed should be collected 

concurrently with acoustic monitoring so these weather data can be used in the analysis 

of bat activity levels. 

 Pre‐construction survey efforts may be recommended to determine whether known or 

likely bat roosts in mines, caves, bridges, buildings, or other potential roost sites occur 

within the project vicinity, and to confirm whether known or likely bat roosts are 

occupied by bats. 

 Conduct a basic risk assessment. This should include the formulation of likely risk to bats 

from developing a site, a determination of risk exposure, an assessment of possible 

effects if the project goes forward, and a characterization of risk based on the overall 

review.   

 

2.4.3 Construction and Operation BMPs for Bats for Wind facilities 

 Lighting for operation and maintenance facilities and substations should be hooded 

downward and directed to minimize horizontal and skyward illumination. Minimize use 

of high‐intensity lighting, steady‐burning, or bright lights such as sodium vapor, quartz, 

halogen, or other bright spotlights  
 If turbines are sited across migratory routes, consider curtailing, or raising the minimum 

cut-in speed of,  turbines during  migration 

 Focus most construction activities in either summer or winter, if possible. 

 Because some studies have demonstrated that bat fatalities occur primarily on nights with 

low wind speed and typically increase immediately before and after the passage of storm 

fronts, consider curtailing turbines during these weather conditions.  

 Design the turbine/towers to position the blades at a height domain that is less likely to kill 

bats at a particular location, based on pre-construction surveys. 

 Design the turbine to lock blades in place while the turbine is not generating power. 
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 We refer readers to the USFWS (2010a) Wind Turbine Guidelines Advisory Committee Policy Recommendations 

and Guidelines for further guidance on designing and implementing pre and post wind facility construction 

monitoring plans and surveys for bats. 
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 Synchronize the operations of the wind turbines to be on and off at the same times. 

 Cease wind turbine operations during seasons, weather events or times of day that are more 

likely to kill bats (such as times of peak activity), based on pre-construction surveys, 

especially those times corresponding with generation of relatively less power.  

 

2.4.4 Monitoring BMPs for Bats for Wind Facilities 

 A Technical Advisory Committee (TAC) should be established to review study designs 

and monitoring results, and should make suggestions regarding the need to adjust 

monitoring requirements, site operations, or mitigation. 

 Conduct daily to weekly fatality surveys to determine fatality rates of bats.
38

   Fatality 

studies also should conduct carcass removal and searcher efficiency trials using accepted 

methods (Anderson 1999, Morrison et al. 2001, Kunz et al. 2007a, Arnett et al. 2007, 

NRC 2007, Huso 2010).  For large facilities, a subset of turbines should be searched, but 

for facilities with 10 or fewer turbines, all should be monitored. Fatality estimates should 

be reported bats/turbine, bats/MW, and bats/megawatt-hour basis.‖
39

 

 Post-construction bat fatality surveys should be conducted from spring through fall for 

two years. 

 Compare post-construction survey data with pre-construction survey data. Data should be 

related to weather variables to determine patterns of activity and fatality. 

 Manage adaptively through changes in site operation (i.e., if high fatality rates occur, 

consider curtailing turbines on low wind nights).  Shut down turbines during seasons, time 

periods, or wind speeds found to be killing surprisingly large numbers of bats, or that present 

reasonable tradeoffs between power generation and bat fatalities  

 

2.4.5  JUSTIFICATION FOR BAT BMPS  

 

Overall, the impacts of wind development on bats are well documented (Arnett et al. 2008, 

Johnson (2005), Kunz et al. 2007a, b, National Wind Coordinating Collaborative 2010). 

Bats not only collide with turbine blades, but also are vulnerable to barotrauma, or 

decompression associated with air pressure gradients caused by spinning turbines (Arnett et al. 

2008, Baerwald et al. 2008).  At most projects, bat fatalities are higher than bird fatalities, but the 

exposure risk of bats at these facilities is not fully understood (National Research Council 2007).  

In their literature review on patterns of bat facilities at wind energy facilities in North America, 

Arnett et al. 2008 noted that none of the studies they reviewed reported bat fatalities associated 

with meteorological towers. These findings support the contention that bats collide with moving 

objects (i.e., spinning turbine blades) and that they do not strike stationary blades or towers 

(Arnett 2005). Across North America, taller towers with greater rotor-swept area induce greater 

bat mortality rates than smaller, shorter wind turbines (Arnett et al. 2008). As the trend within 

                                                 
38

 Alternatively, Arnett (2005) recommends daily carcass searches rotating through a subset of the turbines, so that 

there are some carcass data coming in each day.  Also, the Clean Energy States Alliance (2006) posits that  initial 

post-construction bat mortality surveys can be done at a modest level of intensity (e.g., weekly or biweekly at a 

sample of turbines during the migration period) to determine a general level of bat mortality. However, if the 

monitoring indicates larger than expected bat fatalities, additional monitoring will be needed.  USFWS 2011b gives 

more comprehensive guidance for bat fatality studies for wind facilities. 
39

 Reporting mortality rates on a per MWh basis will facilitate meaningful comparisons across a broader landscape, 

and will help standardize fatality monitoring results between facilities and time periods. 
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the industry is toward taller wind turbines with larger propellers, bat fatality rates presumably 

will increase over time. 

 

Almost 75% of all bats killed by wind turbines nationwide are made up of three species
40

 of tree-

roosting, migratory Lasiurids: the foliage-roosting eastern red bat (Lasiurus borealis), hoary bat 

(Lasiurus cinereus), and tree cavity-dwelling silver-haired bat (Lasionycteris noctivagans) (NAS 

2007, Kunz et al. 2007b, Arnett et al. 2008).  All three of these species have spring and fall 

migration periods (NatureServe 2011).  In general, migrating bats most vulnerable to wind 

development and resident, breeding, or foraging bats have a lower risk of  mortality (Erickson et 

al. 2003, Johnson et al. 2003, Johnson and Strickland 2004, Johnson et al. 2004).   The National 

Wind Coordinating Collaborative (2010) stated that, ―all studies of bat impacts have 

demonstrated that fatalities peak in late summer and early fall, coinciding with the migration of 

many species (Johnson 2005; Kunz et al. 2007a;Arnett et al. 2008). 

 

Kunz et al. (2007a) reported that bat fatalities at wind power facilities ranged from 0.8 to 53.3 

bats per megawatt per year, with the highest mortality rates in forested ridgelines of the Eastern 

United States.  In their literature review on patterns of bat facilities at wind energy facilities in 

North America, Arnett et al. 2008 noted that estimates of bat fatalities were highest at wind 

energy facilities in the eastern United States (which are often located on forested ridges), and 

lowest in the Rocky Mountain and Pacific Northwest regions. High levels were first reported 

from the Mountaineer wind power facility in the forested mountains of West Virginia (Arnett 

2005).  Fiedler (2004) reported that bat fatalities in 2004 at a wind power facility in mixed 

hardwood forest in eastern Tennessee were an order of magnitude greater than at 8 other 

facilities in the region, and blamed siting on a prominent ridgeline surrounded by forests with 

rocky outcrops for the higher bat mortality at this site and the Mountaineer wind farm.  Johnson 

et al. (2004) found that turbines located near woodlands also experienced higher levels of bat 

activity at the Buffalo Ridge facility in southwestern Minnesota.  Arnett et al. (2005) found that 

forested ridges pose especially high fatality risks to bats at wind facilities.   

 

Bats may be more vulnerable to mortality at wind power facilities than birds
41

 because bats seem 

to be attracted to operating turbines. Kunz et al. (2007b) suggested a number of hypotheses as to 

why bats may be attracted to wind turbines and provided thermal images of bats attempting to 

land or actually landing on stationary blades. It is possible that migrating tree-roosting species 

perceive turbines as potential roost trees (Arnett 2005, Kunz et al. 2007b, Horn et al. 2008). 

Others (Cryan and Brown 2007)  have suggested bats are attracted to the tallest features on the 

landscape for use as mating sites. Arnett (2005) hypothesized that hoary bats may confuse 

turbine movements for flying insects and be drawn toward operating turbine blades. The 

attraction of bats to wind turbines during feeding was validated experimentally by Horn et al. 

(2008), who videoed foraging bats approaching and pursuing moving turbine blades and then 

being trapped by their vortices of air. Other researchers also have noted that many turbines are 
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 Arnett et al. (2008) and Miller (2008) report that the Brazilian Free‐tailed Bat comprised a large proportion (41–

86%) of the bats killed at developments within this species‘ range. 

 
41

 Bats are also more susceptible to population-level effects of turbine mortality compared to birds since they have 

lower reproductive rates and are relatively long-lived, making bat populations less able to recover from  the 

cumulative effects of individual mortalities. 



 36 

located on ridge top sites where there are often elevated numbers of insect prey (Horn et al. 

2008).  Similarly,  

 

Bat fatalities occur primarily on warm nights with low wind speed and typically increase 

immediately before and after the passage of storm fronts. Therefore, weather patterns may be a 

useful predictor of bat activity and fatalities, and mitigation efforts focusing on these high risk 

periods may reduce bat fatalities substantially (Arnett et al. 2008).  Studies have shown that by 

curtailing wind turbines or raising the cut-in speed (i.e., the speed at which turbines begin 

spinning and generating electricity), bat fatalities may be reduced by 44–93% (Arnett et al. 2010, 

Baerwald et al. 2009). Future research efforts should focus on ―fine-tuning‖ this mitigation 

strategy to minimize power loss (i.e., amount of time turbines are curtailed), while maximizing 

reductions in bat fatality. 

 

 

2.5 BEST MANAGEMENT PRACTICES FOR WILDLIFE – GENERAL  

 

The Siting, Planning/Preconstruction, Construction/Operation, and Monitoring BMPs for 

(general) wildlife, below, are an amalgamation of BMP‘s gathered from numerous different 

sources.
42

  The bullets below are based on scientific studies, analysis and conclusions that are 

summarized in the Justification Section that follows the BMP bullets.  While the previous 

sections described BMPs specific just to sage grouse, raptors, all other birds, and bats, this 

section summarizes BMPS that pertain to all wildlife, including ungulates and special status 

species.   

 

2.5.1 Siting BMPs for Wildlife  

 Avoid development in critical big game winter and parturition ranges. 

 Avoid development in core areas, linkages and portfolio sites identified in Nature 

Conservancy Ecoregional Plans or other conservation areas designs or reserve designs.  

 Avoid siting in important, sensitive, or unique habitats in the vicinity of the 

project (i.e., away from riparian habitats, streams, wetlands, drainages, or other 

critical wildlife habitats). See below on surveys that may be needed to identify 

these important wildlife areas. 

 For wind facilities, place turbines in such a way to minimize fragmentation of 

large contiguous tracts of wildlife habitat, and to avoid wildlife migratory 

pathways and known travel corridors. 

 

2.5.2 Planning and Preconstruction BMPs for Wildlife should include pre‐construction 

evaluations conducted at potential solar and wind energy sites, which can help indicate whether a 

renewable power development is likely to cause wildlife impacts at levels of concern, help 

identify sites to avoid, and help to design a less impactful project. For all wildlife, including 

sage-grouse, raptors, and bats, developers should closely follow the recommendations outlined in 

the U.S. Fish and Wildlife Service‘s Draft Land-Based Wind Energy Guidelines (USFWS 
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 Sources include BLM 2005a, BLM 2005b, Clean Energy States Alliance 2006, California Energy Commission 

2007, BLM 2008, Molvar 2008, ONDA 2009, Wyoming Outdoor Council 2009, Arizona Game & Fish Dept. 2010, 

BLM 2010a, U.S Fish & Wildlife Service 2010a, Wyoming Game and Fish 2010, U.S. Fish and Wildlife Service, 

2011b. 
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2011b). The preconstruction surveys should use scientifically sound, peer reviewed research 

protocols to determine how wildlife temporally and spatially utilize a proposed project area 

during breeding and non-breeding seasons. The estimation of displacement risk requires an 

understanding of animal behavior and population demography in response to a project and its 

infrastructure, and a pre‐construction estimate of relative abundance or estimated absolute 

abundance of species whose behavior would cause them to avoid areas in proximity to turbines, 

roads and other components of the project. Adjust siting and facility design based on the results 

of these studies to reduce potential impacts to the animals. The following are recommended 

preconstruction and operation BMPs: 

 Consult with the state fish and game agency to determine locations of species of concern 

other special-status species identified by the agency in past surveys.  In addition, consult 

with other wildlife and conservation organizations that may be particularly 

knowledgeable of the area and potential wildlife issues. 

 Conduct surveys for federally listed and state-protected species, as well as for other 

species of concern such as other special-status species identified by the state fish and 

game agency. Submit survey protocols with ample time to the USFWS and appropriate 

lead state fish and game agency agencies for review, comment, and approval.  Most listed 

species have required protocols for detection and descriptions of these protocols can be 

obtained from the U.S. Fish and Wildlife Service.  Also know that some surveys may 

impact other listed or sensitive species, and that alternatives to those field efforts should 

be considered (i.e. bighorn sheep and Golden Eagle aerial surveys) 

 Conduct surveys to determine the spatial and temporal use of the project area by key and 

important species of wildlife.  

 Relate wildlife use to site characteristics (e.g., covariates such as vegetation and 

topography).  The statistical relationship between wildlife use and these covariates can be 

used to predict occurrence in un-surveyed areas during the survey period and for 

surveyed areas in the future. 

 Consult with the state fish and game agency to determine the locations of crucial ungulate 

habitats and migration corridors.  

 Preconstruction studies should be sufficiently rigorous and detailed to create maps of 

special status species habitats (e.g. wetlands or riparian habitat, and large, contiguous 

tracts of undisturbed wildlife habitat) as well as other local species movement corridors 

(e.g., deer, elk, pronghorn, eagles, other raptors, bats, waterfowl, etc) that are used daily, 

seasonally, or year-round. 

 Consider whether there are areas of intact habitat in the area of influence where 

development would result in habitat degradation, loss or fragmentation. This should 

include an analysis and assessment of the current habitat quality and spatial configuration 

of the area of influence with respect to the potential species sensitive to habitat 

fragmentation. This will include reviewing the most recent aerial and remote sensing 

imagery of the area of influence to determine distinct habitat patches, boundaries, and the 

extent of existing habitat fragmenting features and lack of habitat integrity (e.g., 

highways, transmission lines, and other infrastructure). 

 Conduct a basic and detailed risk assessment and/or, where necessary, an alternatives 

assessment (O‘Brien 2000). Assumptions and data limitations should be clearly 

described.  This should include the formulation of likely risk to wildlife from developing 

a site, assumptions, data gaps, a determination of risk exposure, an assessment of possible 
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effects if the project goes forward, and a characterization of risk based on the overall 

review.   

 

2.5.3 Construction and Operation BMPs for Wildlife.   

 Minimize project disturbance area (footprint) as much as possible.  

 If lights on auxiliary buildings are deemed necessary, they should be motion-activated 

and downcast (avoid side-casting light) to reduce light pollution and to prevent disturbing 

or attracting wildlife.  

 Minimize roads and other infrastructure.  Use existing roads whenever possible.  If new 

access roads and ways are needed, avoid paved or gravel roads if possible and instead 

rely on dirt tracks and jeep trails constructed by cross country travel.  Use road surfacing, 

road sealant, soil bonding, and stabilizing agents if needed on non-paved surfaces that are 

non-toxic to wildlife.  

 Avoid constructing energy infrastructure during critical wildlife seasons such as 

breeding, nesting, and parturition seasons.
43

  Wind power facility construction activities 

should not occur within 2 miles of crucial migration corridors during migratory periods. 

 Minimize construction and operation related noise levels to minimize impacts to wildlife. 

All equipment should have sound-control devices no less effective than those provided on 

the original equipment. All construction equipment used should be adequately muffled 

and maintained. 

 Avoid the use of fencing. A 6-ft chain-link fence with 2 strands of barbed wire on the top, 

or a woven wire/high tensile electric/barbed wire combination exclusion fence can be 

used around central operations and maintenance buildings.  If other fencing away from 

central operations must be used, use a smooth bottom wire at least 18 inches off the 

ground to facilitate pronghorn movements. Use a smooth top wire or top rail to facilitate 

elk and deer movements, and to reduce avian fatalities. Spacing between the two top 

wires should be 12 inches to avoid entangling deer. Fences should be no higher than 40-

42 inches.  Minimize the length of temporary fencing. 

 Instruct project and maintenance personnel to drive at appropriate speeds (i.e. less than 

30 mph), be alert for wildlife, and to avoid harassing and/or disturbing wildlife. 

 For wind energy, close portions of the wind energy facility inside crucial winter ranges or 

migration corridors to vehicle use (and minimize human presence) during their period of 

use by wildlife.  

 For solar energy, use of evaporation ponds should be avoided where the water would be 

considered toxic to birds and other wildlife.  If evaporation ponds are absolutely 

necessary, they should be fenced and netted to prevent use by wildlife. The lower 18 in. 

(46 cm) of the fencing should be a solid barrier that would exclude entrance by 

amphibians and other small animals. 

 

2.5.4 Monitoring BMPs for Wildlife 

 Conduct post construction surveys for same wildlife species of concern that 

preconstruction surveys were conducted for, using the same survey methods.   

                                                 
43

 The Wyoming Game and Fish (2010) states that if siting within big game winter ranges cannot be avoided, 

suspend construction activities from November 15 – April 30, and if siting within big game parturition areas cannot 

be avoided, suspend construction activities from May 1 – June 15. 
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 Relate post-construction wildlife use to site characteristics.  This requires that site 

characteristics thought to influence wildlife use (i.e., covariates such as vegetation and 

topography) are measured in relation to wildlife use. Compare post-construction habitat 

use data to preconstruction habitat use. 

 Compare pre construction survey data with post construction survey data.  When 

appropriate survey and analysis methods are used, pre and post construction data can be 

compared using a Before After Control Impact (BACI) framework. 

  Manage adaptively through changes in site operation (i.e. operation of turbines) if 

monitoring indicates that wildlife population numbers are dropping below levels detected 

in pre-construction wildlife surveys.  If possible, a technical advisory committee should be 

established to review monitoring results and make suggestions regarding the need to adjust 

site operations or mitigation and monitoring requirements.  
 

2.5.5  JUSTIFICATION FOR WILDLIFE BMPS  

 

Solar installations and wildlife.  On solar power installations, the site may be cleared of all 

vegetation to allow access to the installed equipment and to prevent fires.  Herbicides may be 

sprayed or vegetation mowed to maintain cleared zones under and around the solar fields.  These 

facilities can include graded access roads, construction of new or expansion of existing 

substations, new transmission lines, and a surrounding security fence that prevents movement of 

wildlife through the site (Arizona Game and Fish Department 2010, Randall et al. 2010).    

Current proposed solar projects range in size from 50 to over 8,500 acres.  Typically, the smaller 

facilities will have fewer of the possible impacts described above.   

 

Clearing and grading activities can result in the direct injury or death of wildlife that are not 

mobile enough to avoid construction operations (e.g., reptiles, small mammals, and young), that 

utilize burrows (e.g., ground squirrels and burrowing owls), or that are defending nest sites (such 

as ground-nesting birds). Although more mobile species of wildlife, such as deer and adult birds, 

may avoid the initial clearing activity by moving into habitats in adjacent areas (Hagan et al. 

1996), adjacent habitats are often at carrying capacity for the species that live there and often 

cannot support additional biota from the construction areas (BLM 2010a). The subsequent 

competition for resources in adjacent habitats would likely preclude the incorporation of the 

displaced individual into the resident populations (BLM 2005b). 

 

Lighting issues associated with solar power plants can also be problematic for wildlife. 

Nighttime lighting for security or other reasons may negatively impact a variety of local species, 

many of which have developed nocturnal behavior to escape the daytime heat of the desert 

(Longcore and Rich 2004).   

 

Some solar facilities, which use water for cooling or cleaning solar array mirrors, will have 

evaporation ponds on the site. Open water sources in the desert provide water (that would not 

otherwise be there) to ravens and other predators that may feed on special status species (e.g., 

desert tortoise). In addition, these water sources may attract wildlife to them but may also have 

elevated levels of harmful contaminants (e.g., TDS and selenium) that can harm many species of 

wildlife (BLM 2010a). 
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Wind installations and wildlife.  On big game winter ranges, where wind farms are most likely 

to be sited (as opposed to higher elevation summer ranges), elk and other big game are highly 

susceptible to disturbance.  Disturbance during this time of year can be particularly costly, since 

the metabolic costs of locomotion are up to five times as great when snows are deep (Parker et 

al.1984). To the degree that wind power facilities involve human presence in crucial ranges 

during the most sensitive time periods, these developments may tend to displace elk from their 

preferred habitats into marginal ranges, where habitat conditions may be poor or where they may 

be forced to compete with resident animals already at or near their carrying capacity.    Several 

studies have shown that elk abandon calving and winter ranges in response to oilfield 

development (e.g. Johnson and Lockman 1979, Johnson and Wollrab 1987, Van Dyke and Klein 

1996), with potential implications for utility-scale wind power development.  For mule deer, 

Sawyer et al. (2005) found that in the Pinedale area, wellfield development caused abandonment 

of mule deer crucial winter ranges for years at a time, and ultimately resulted in a 46% decline in 

mule deer populations, while herds in undeveloped areas showed a much smaller decline over 

the same period; the affected population has yet to recover to predisturbance levels (Molvar 

2008).  Other researchers have posited that overcrowding of species such as mule deer in sub-

optimal winter ranges after they have been pushed out of optimal ranges could cause density-

dependent effects, such as increased fawn mortality (Sawyer et al. 2006). 

 

Wind farms may disrupt wildlife movements, particularly during migrations. For example, herd 

animals such as elk, deer and pronghorn can be affected if rows of turbines are placed along 

migration paths between winter and summer ranges or in calving areas (NWCC (2002).  One 

lesson learned from oil and gas development in the Piney Front elk study in Wyoming 

demonstrated that oil and gas development could pose a barrier to elk migration, denying herds 

access to crucial winter ranges (Molvar 2008).  Other researchers have posited that loss of habitat 

continuity along migration routes would severely restrict the seasonal movements necessary to 

maintain healthy big game populations (Sawyer and Lindzey 2001; Thomson et al. 2005).  That 

said, the National Wind Coordinating Collaborative (2002) points out that because wind farms 

affect a relatively small proportion of the land they occupy, these sorts of effects on wildlife 

should be minor in most cases. 
 

Impacts to wildlife common to solar and wind installations.  Both solar and wind installations 

have the potential to impact a variety of wildlife species through a number of means.  These 

include direct loss of habitat from construction activities; habitat alteration as a result of soil 

erosion and/or introduction of non-native vegetation; construction of obstacles to migration; and 

indirect habitat loss as a result of increased human presence and noise.  In particular, increased 

traffic, noise, night lighting, and other human activities can temporarily discourage wildlife from 

using areas around energy facilities while these projects are being constructed (NWCC 2002).  

 

Both large scale wind and solar installations can fragment wildlife habitat (BLM 2005b, BLM 

2010a). Habitat fragmentation is defined as the separation of a block of habitat for a species into 

segments, such that the genetic or demographic viability of the populations surviving in the 

remaining habitat segments is reduced (e.g. Dobson et al. 1999, Willyard et al. 2004, Dixon et al. 

2007). Site clearing, access roads, transmission lines and turbine tower arrays remove habitat and 

displace some species of wildlife, and may fragment continuous habitat areas into smaller, 

isolated tracts (USFWS 2010a). Habitat fragmentation is of particular concern when species 

require large expanses of habitat for activities such as breeding and foraging. Consequences of 
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isolating local populations of some species include decreased reproductive success, reduced 

genetic diversity, and increased susceptibility to chance events (e.g. disease and natural 

disasters), which may lead to extirpation or local extinctions (Noss 1983, Harris 1984, Dobson et 

al. 1999). In addition to displacement, development of wind and especially solar energy 

infrastructure may result in additional loss of habitat for some species due to ―edge effects‖ 

resulting from the break‐up of continuous stands of similar vegetation resulting in an interface 

(edge) between two or more types of vegetation (USFWS 2010a). The extent of edge effects will 

vary by species and may result in adverse impacts from such effects as a greater susceptibility to 

colonization by invasive species, increased risk of predation, and competing species favoring 

landscapes with a mosaic of vegetation (Harper et al. 2005). 

 

Related to habitat fragmentation is what is referred to as the ―barrier effect‖ (USFWS 2011b).  

This occurs when animals avoid a wind or solar facility, and this can result in decreased 

movement or an increase in energy use to circumvent the facility (Goodale and Divoll 2009). 

Avoidance of the area may also occur as the result of noise or habitat loss due to construction of 

roads and other structures associated with facility development (Fox et al. 2006). The level of 

barrier effect depends on the species, solar panel or turbine layout or configuration, size of 

facility, season, and the species‘ ability to compensate for losses in energy due to avoidance (Fox 

et al. 2006). Though population-scale effects currently have not been documented, scientists are 

concerned that ―barriers‖ between breeding and feeding areas may have significant effects (Fox 

et al. 2006; Goodale and Divoll 2009; Drewitt and Langston 2006).   

 

Construction activities to build both solar arrays and wind turbines can be noisy.  Construction 

noise can affect ―communication distance‖ (the distance animals need to be from each other to hear 

each other‘s vocalizations), and an animal‘s ability to detect calls or danger or biologically relevant 

sounds, or ability to effectively forage (Dooling and Popper 2007, USFWS 2011b). Data suggest 

noise increases of 3 dB to 10 dB correspond to 30 percent to 90 percent reductions in alerting 

distances for wildlife, respectively (Barber et al. 2010).   Some birds are able to shift their 

vocalizations to reduce the masking effects of noise (USFWS 2011b). However, when shifts don‘t 

occur or are insignificant, masking may prove detrimental to the health and survival of wildlife 

(Barber et al. 2010). Noise associated with developments can also cause physiological effects, such 

as damage to hearing from acoustic over-exposure (USFWS 2011b). 
 

Sometimes renewable energy installations require the use of fencing.  Fencing may disrupt 

wildlife movements, entangle wildlife, and increase bird fatalities (WOC 2009, ADGF 2010).   

In addition, both wind and solar installations have the potential, during construction activities, to 

see increases in exotic plant species such as cheatgrass, which is known to do well with ground 

disturbance (BLM 2010a).  The establishment of invasive vegetation could reduce habitat quality 

for wildlife and locally affect wildlife occurrence and abundance (BLM 2005b). 

 

Lastly, many new solar and wind facilities in previously undisturbed, open areas will require a 

new network of roads to access them.  A number of studies have shown that wildlife such as elk 

avoid roads (e.g. Grover and Thompson 1986, Rowland et al. 2000, in part because increased 

motorized access results in decreased elk habitat and security (Lyon 1983, Hayes et al. 2002, 

Rowland et al. 2005).  Songbirds are also sensitive to road impacts; Ingelfinger and Anderson 

(2004) reported that population densities of sagebrush obligates, particularly Brewer‘s sparrow 

and sage sparrow, were reduced by 40% to 60% within a 330-ft (100-m) buffer around dirt roads 
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at their sagebrush study sites.  And with new roads can come many new problems for wildlife 

that can occur when there is increased access to lands that previously had limited access.  These 

impacts can include wildlife harassment and poaching, (PBS&J 2002), and unauthorized OHV 

use off of these roads (BLM 2005b) (and exotic plant seeds that can hitch a ride on the knobby 

tires (BLM 2010a).  Even if all vehicles stay on the roads, roads are often considered to facilitate 

the dispersal of invasive plant species by altering existing habitat conditions, stressing or 

removing native plant species, and allowing easier movement by wildlife, livestock or human 

vectors that can unknowingly carry seeds (Trombulak and Frissell 2000). 
 

 

2.6 BEST MANAGEMENT PRACTICES FOR SITE HYDROLOGY (INCLUDING 

SOILS AND VEGETATION) 

The Siting, Planning/Preconstruction, Construction/Operation, and Monitoring BMPs below is 

an amalgamation of BMPs gathered from numerous different sources.
44

  The bullets below are 

based on scientific studies, analysis and conclusions that are summarized in the Justification 

Section that follows the BMP bullets. 

 

2.6.1  Siting BMPs for Soils, Vegetation and Hydrology 

 If location is on BLM lands, note that BLM will prohibit the disturbance of any 

population of federally listed plant species. If possible, avoid siting on any area 

with known plant communities of concern. 

 All structures related to the solar or wind energy facility should be sited in locations that 

minimize impacts to surface water bodies, ephemeral washes, playas, and natural 

drainage areas (including groundwater recharge areas).  Siting within 100-year 

floodplains should be avoided 

 For CSP solar installations, ensure that there are adequate and readily available local 

water supplies needed for cooling. In particular, wet-cooling technology is not 

recommended because of the large amounts of water that is required (unless recycled or 

gray water is available for use). 

 For wind facilities, locate turbines in an area that does not disrupt sand transport 

processes nor removes some or all of a sand source relative to nearby sand dune systems 

harboring listed or otherwise sensitive plant species. Projects should not armor sand 

sources for nearby dune systems. 

 

2.6.2 Planning and preconstruction BMPs for Soils, Vegetation and Hydrology 

 Natural Heritage Program databases should be consulted to identify rare plants of state 

(S1, S2), and global (G1, G2, G3) rankings known to or suspected to occur on the site. 

 Surveys should be done for threatened and endangered plants suspected to be at the site. 

 Provide a complete site grading plan, and drainage, erosion, and sediment control plan 

with applications to applicable lead agencies.  

 For solar facilities, conduct soil surveys to identify soil types and the typical silt content 

of soils in many locations, to estimate soil erosion hazard.  

                                                 
44

 Sources include BLM 2005a, BLM 2005b, California Energy Commission 2007, NWCC 2007, BLM 2008, 

Molvar 2008, The Nature Conservancy 2008, ONDA 2009, Arizona Game and Fish Department 2010, BLM 2010a 

U.S Fish & Wildlife Service 2010a, WOC 2010, USFWS 2011b. 
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 For solar facilities, project developers should conduct a preliminary hydrologic study of 

the project area in order to identify surface watersheds and groundwater basins 

potentially directly affected and connected to the location of the project site.  The study 

should include the relationship of the project site hydrologic basin to the other basins in 

the region; identification of all surface water bodies (including ephemeral 

washes/drainages, playas and floodplains); identification of all applicable groundwater 

aquifers; the connectivity of surface water and groundwater, and the regional climate 

(seasonal and long term). 

 For solar facilities, project developers should plan to implement water conservation 

measures related to solar energy technology water needs in order to reduce project water 

requirements. Developers should minimize the consumptive use of fresh water for power 

plant cooling by, for example, using dry cooling, using recycled or impaired water, or 

selecting solar energy technologies that do not require cooling water.   

 The capability of local surface water or groundwater supplies to provide adequate water 

for the operation of proposed solar facilities should be considered early in the project 

siting and design. 

 

2.6.3 Construction and Operation BMPs for Soils, Vegetation and Hydrology   

 Minimize project disturbance area as much as possible, including minimizing lay-down 

areas and borrow areas. 

 Build wind and solar facilities and access routes away from steep slopes (greater than 20 

degrees). 

 Do not build facilities on unstable slopes, alluvial fans or areas with high erosion 

potential. Identify local factors that can cause slope instability (groundwater conditions, 

precipitation, seismic activity, slope angles, and geologic structure). 

 Ensure that all temporary use areas during construction are restored. Reclaim areas 

disturbed during construction by spreading excess excavated soil to match surrounding 

topography, and reclaim as soon as possible with native seedings/vegetation and locally 

sourced topsoil. 

 If new access roads and ways are needed, avoid gravel roads if possible and instead rely 

on dirt tracks and jeep trails constructed by cross country travel.  

 If a paved road is absolutely necessary use standard BLM road construction BMPs (such 

as outlined in BLM Manual 9113
45

) for all road construction.   

 Make sure that any access roads that are built avoid stream crossings, wetlands and 

drainages.  Where access roads must cross a dry wash, the road gradient should be 0% to 

avoid diverting surface waters from the channel.  

 Minimize natural vegetation removal and consider cutting or mowing vegetation rather 

than total removal whenever possible.  

 Take actions to prevent spread of weeds.  Thoroughly wash all surfaces and 

undercarriages of vehicles and equipment before moving to the project site to remove any 

noxious or non-native plant seeds.  Use certified weed-free straw or hay bales for 

                                                 
45

 

http://www.blm.gov/pgdata/etc/medialib/blm/mt/blm_programs/energy/oil_and_gas/operations/gold_book.Par.1004

0.File.dat/9113.pdf 
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sediment barrier installations, and certified weed-free mulch if mulching is needed on the 

site. 

 If a weed problem persists on the site during construction, limit herbicide use to non-

persistent, immobile herbicides.  All herbicides should be applied in accordance with 

guidance provided in the Final PEIS on vegetation treatments using herbicides (BLM 

2007). 

 Avoid using fresh ground or surface water for solar power plant cooling. Instead, employ 

air-cooled technology or recycled/impaired water.  If groundwater must be used, a 

comprehensive analysis of the groundwater basin must be conducted and any potential 

impacts thoroughly evaluated.  

 Develop and follow a dust abatement plan for the site.  This should include the use of 

dust abatement techniques on unpaved, unvegetated surfaces to minimize airborne dust; 

25 mph speed limits on, and to and from, the site; covered construction materials and 

stockpiled soils; and dust abatement techniques that are used before and during surface 

clearing, excavation, or blasting activities.  

 For solar facilities, minimize the amount of area of impervious surfaces, and consider the 

use of permeable pavement for areas that must be paved. 

 

2.6.4. Monitoring BMPs for Soils, Vegetation and Hydrology 

 Develop and abide by a storm water management plan to ensure compliance with state 

and federal regulations and prevent off-site migration of contaminated storm water or 

increased soil erosion. 

 Monitor for the spread of invasive plant species post construction, and take action to 

prevent further spread of invasive weeds away from the site.
46

   

 Regularly monitor rights-of-way (ROWs), access roads, and other project areas for 

indications of erosion. 

 For revegetation and reclamation sites, keep livestock out of reclaimed areas until 

vegetation cover resembles the Potential Natural Community described in the NRCS 

Range Site Type description or Ecological Site Description. 

 For CSP solar facilities using groundwater and surface water for cooling operations, 

develop and implement a Water Resources Monitoring and Mitigation Plan, which 

includes monitoring the effects of groundwater and surface water withdrawal for project 

uses.  The use of water should not contribute to the significant long-term decline of 

groundwater levels or surface water flows and volumes. 

 

2.6.5  JUSTIFICATION FOR SOIL, VEGETATION AND HYDROLOGY  BMPS  

 

In terms of siting issues, development in areas of actively migrating sand dunes has the potential 

to slow or alter wind patterns, resulting in the conversion of open dune habitats to dunes 

stabilized by vegetation. Keith et al. (2004) reported that large amounts of wind power can 

extract kinetic energy and alter turbulent transport in the atmospheric boundary layer, with the 
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 The BLM (2010a)  recommends that integrated pest management, including biological controls, should be used 

to prevent the spread of invasive species, per the ―Vegetation Treatments Using Herbicides on BLM Lands in 17 

Western States‖, and the National Invasive Species Management Plan, 2009.  
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result of slower wind speeds and greater turbulence near the surface. Roy et al. (2004) modeled 

the effects of wind farms in the Great Plains region and found that wind farms can significantly 

slow down the wind at the turbine hub-height level, and that turbulence generated by rotors 

creates eddies downwind of turbine arrays. In order to ensure that a reduction in wind velocity 

does not result in the stabilization of actively migrating dunes and the loss of open dune habitats, 

wind power projects should not be sited in or immediately upwind of areas of actively migrating 

dunes.  

 

A number of construction-associated activities may adversely impact vegetation at a renewable 

energy development site. These activities include the clearing and grading of vegetated areas, 

and the introduction of invasive vegetation into disturbed areas of the immediate project site, and 

possibly into surrounding areas (BLM 2005b, BLM 2010a). Additional impacts on vegetation 

communities could occur from soil compaction (which can have even worse impacts in very arid 

environments such as salt desert, BLM 2008), loss of topsoil, and removal of or reductions in the 

seed bank during site clearing activities.  Fugitive dust during construction activities can also 

potentially impact the plant community by coating the leaves of plants and potentially reducing 

photosynthesis rates (Thompson et al. 1984, Hirano et al. 1995) and increasing water loss 

(Eveling and Bataille 1984).  These sorts of impacts that result from basic land clearing exercises 

are more common for solar facilities than for wind farms; typical rates are about nine acres of 

land cleared per megawatt of solar power generated (BLM 2010a). 

 

A solar parabolic trough installation or solar power tower site requires flat land, and grading is 

the industry norm. The site is typically cleared of all vegetation to allow access to the installed 

equipment and to prevent fires.  Herbicides may be sprayed or vegetation mowed to maintain 

cleared zones under and around the solar fields.  Because some native plant species in our 

western deserts and arid landscapes may take decades or even centuries to recolonize after 

disturbance, development of this type has long-term consequences that cannot be undone, even if 

all of the installed equipment is removed and restoration attempts are made (Randall et al. 2010).  

The disturbance to fragile soil biological crusts can destabilize soils (Belnap and Herrick 2006), 

leading to increased particulate air pollution as soils are displaced by strong desert winds.  In 

total, the surface disturbance at a solar facility is similar in intensity to commercial facilities, 

with an additional downside: the great expanse of exposed, disturbed soils found onsite and on 

associated roads is susceptible to invasion by non-native invasive plants which are known to 

thrive in areas of surface disturbance, and can serve as a reservoir of invasive species, furthering 

their dispersal into nearby natural lands which could result in long-term impacts to the native 

plant community (BLM 2010a, Randall et al. 2010).   

 

When either solar or wind developments create large areas of disturbance, soil and groundwater 

and surface water resources can be impacted.  In particular, the large, cleared, impervious surface 

areas created can block or reroute surface flows (Arizona Game and Fish Department 2010).   

This in turn can lead to and exacerbate soil erosion, weathering of newly exposed soils leading to 

leaching and oxidation which release chemicals into groundwater, discharges of waste or 

sanitary water, presence of dissolved salts from untreated groundwater used to control dust, and 

herbicide or pesticide applications (AGFD 2010, BLM 2010a).  Soil erosion at a site can be 

particularly problematic as it can remove soil, decrease its productivity and damage biological 

resources.  Further, if uncontrolled runoff from construction sites causes short-term increases in 
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turbidity in nearby watercourses, this can exacerbate flooding and also lead to increases in 

sedimentation and siltation which degrades water quality (AGFD 2010).  
 

Most solar facilities need relatively small amounts of water for periodic cleaning of their mirrors, 

but some solar-thermal facilities also require large amounts of water for cooling.  Depending on 

how much water is needed at a given solar generation site, there can be a locally large impact on 

water resources (Randall et al. 2010), with possible concomitant effects on local springs and 

seeps (Patten et al. 2008).  While photovoltaic installations often require little or no water to 

generate electricity, water is required to wash panels.  Solar power companies have indicated that 

between two and 10 acre-feet of water per 100 megawatt (MW) per year might be needed for this 

purpose (TNC 2008). Parabolic trough and solar technologies heat a transfer fluid that is in turn 

used to heat water to create stream and turn the turbines to generate electricity. Water is also 

required for the steam circuit and washing mirrors.  In addition, if a plant uses wet-cooling of the 

exhaust steam from its turbines, industry standards indicate that up to 600 acre-feet of water per 

100 MW per year may be required.
47

   Often, the proposed sources of water for many currently 

proposed solar facilities are unclear. The BLM‘s recent Draft Programmatic Environmental 

Impact Statement for solar development stated that in most areas where solar projects are 

proposed, groundwater would likely be withdrawn from local aquifers to meet the project‘s water 

needs (BLM 2010a).  Other options include water purchased through a water district and pumped 

to the site (Randall et al. 2010), though this is not usually an economically viable activity out in 

remote locations in our western deserts where most solar facilities are planned.   

 

 

2.7. SPECIAL BMP SECTION ON ADDRESSING LAND USE PLANNING AND 

RENEWABLES 

The following Best Management Practices ensure that the basic, guiding principles of planning 

are followed in a land use plan‘s consideration for renewable energy.  These should be followed 

by the land management agency that is amending a land use plan to incorporate renewable 

energy development.  These BMPs should thus be solid guidance for those commenting on a 

land use plan that is being amended in an area that will incorporate new renewable energy: 

 

 Describe planning issues in a way such that a remedy can clearly be seen to address the 

issue. 

 Design the land use plan around goals and measurable objectives that capture important 

ecological factors.   

 Design monitoring to measure ecological factors.   

 Based on habitat and wildlife population conditions, establish ecological objectives for 

the renewable energy site and surrounding watershed that lead to restoration where 

needed for maintenance of healthy habitat. 

 For areas within the project site that need restoration or wildlife recovery, develop in the 

land use plan (or amendment) the actions needed to achieve wildlife and/or habitat 

recovery. 
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 For more information on how to reduce water consumption with CSP technologies, please refer to the U.S. 

Department of Energy report entitled, ―Concentrating Solar Power Commercial Application Study: Reducing Water 

Consumption of Concentrating Solar Power Electricity Generation‖ http://www.nrel.gov/csp/publications.html.  
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 Threats or stressors that either have led to degraded conditions in the planning area or 

threaten habitat in the future should be identified and the means to address those stressors 

developed. 

 The plan should present the required sequence of actions that is needed for the siting and 

construction of renewable energy facilities that lead to achieving ecological objectives for 

the planning area.  Construction and operation approval for renewable energy needs to be 

contingent on reaching and maintaining these goals. 

 The land use plan should describe the resources available to implement the plan and 

assess whether they are adequate in order to achieve ecological objectives. 

 Monitoring should begin well in advance of construction.  Background information on 

ecological goals is required in order to have a starting place to assess the impacts of the 

renewable energy site.  Ecological reference areas should be established for comparison 

and long term monitoring. 

 The land use plan should present how adaptive management will be used to incorporate 

renewable energy in the planning area.  Adaptive management based on ecological goals 

uses monitoring data to determine whether renewable energy facility construction and 

operation are meeting goals, and this triggers responses in management to ensure goals 

are met. 
 

 

2.8  IMPORTANCE OF ADAPTIVE MANAGEMENT AND BMPS 

 

One important component of responsible and environmentally sustainable planning for and 

operation of renewable energy sites is adaptive management. While we do not specifically link 

the guidelines and suggested BMPs in this document to specific recommendations for adaptive 

management, it should nevertheless be a part of all renewable energy monitoring.  For the 

purposes of these BMPs, adaptive management can be thought of as a systematic process for 

continually improving management policies and practices by learning from the outcomes of 

operational programs (Nyberg 1998).  The U.S. Fish and Wildlife Service defines adaptive 

management as the ―incremental environmental impact or effect of the proposed action, together 

with impacts of past, present, and reasonably foreseeable future actions‖ (50 CFR 22.3). 

 

With ecological adaptive management, ecological goals are expressed in terms of measurable 

objectives that can be evaluated through monitoring.  Evaluation of monitoring data assesses 

indicators of wildlife viability and habitat function as well as human use.  Monitoring is then 

linked to analysis that determines whether the occurring human use (in this case, renewable 

energy production) is consistent or not with the ecological goals for the site.  This analysis has 

thresholds that, when reached, call for management changes that will lead to meeting ecological 

objectives. Post construction monitoring efforts at wind and solar facilities should always be 

designed and carried out with an eye to adaptive management at the facility. 

 

The BLM‘s Wind Programmatic Environmental Impact Statement Record of Decision provides 

the following instruction on the use of adaptive management:    

“The BLM’s Wind Energy Development Program will incorporate adaptive management 

strategies to ensure that potential adverse impacts of wind energy development are avoided (if 

possible), minimized, or mitigated to acceptable levels. The programmatic policies and BMPs 



 48 

will be updated and revised as new data regarding the impacts of wind power projects become 

available. At the project-level, operators will be required to develop monitoring programs to 

evaluate the environmental conditions at the site through all phases of development, to establish 

metrics against which monitoring observations can be measured, to identify potential mitigation 

measures, and to establish protocols for incorporating monitoring observations and additional 

mitigation measures into standard operating procedures and project-specific stipulations. The 

BLM has the right to reassess mitigation measures if monitoring shows they are not 

succeeding/achieved or if new science supports the use of different or additional mitigation 

measures.” 

 

All wind facilities should incorporate this type of adaptive management into their site operation 

plans.  If post-construction surveys indicate unacceptable levels of avian or bat fatalities for 

example, actions to mitigate these impacts should be taken. For example, wind facilities can be 

shut down temporarily at night during peak migration periods to reduce collisions. Alternatively, 

individual turbines that appear to be particularly dangerous to birds and bats can be shut down 

temporarily. To avoid bat fatalities, wind turbines also may be programmed to begin operating at 

higher minimum wind speeds during bat migration periods. Adaptive management can also help 

an agency take corrective action is mitigation commitments originally made in NEPA and 

decision documents fail to achieve projected outcomes (CEQ 2011). 

 

It is also important that adaptive management take into account cumulative impacts to wildlife at 

renewable energy production sites.  Numerous relatively minor disruptions to wildlife from 

multiple developments or activities, even if spatially or temporally distributed, may lead to 

disturbance that would not have resulted from fewer or more carefully sited activities.  For 

example, the accumulation of multiple land development projects or activities may cumulatively 

reduce the availability of alternative sites suitable for breeding, feeding, or sheltering, resulting 

in a greater than additive risk of take to wildlife (Pagel et al 2010). To use eagle take as an 

example, development that is concentrated in particular areas can lead to effects on the larger 

management population because 1) disproportionate take in local populations where breeding 

pairs are 'high' producers may reduce the overall productivity of the larger population; and 2) 

when portions of the management population become isolated from each other the productivity 

of the overall management population may decrease (Pagel et al 2010). A real-life example of 

the problem regarding lack of consideration of cumulative effects is that the programmatic eagle 

take permits under the Bald & Golden Eagle Protection Act given to wind developers by the 

USFWS were originally envisioned to be broad, industry wide take permits. However, the 

greatest demand in practice has been from individual companies, and as a result, the USFWS is 

seeing a demand for many smaller-scale permits covering individual installations that may take 

few eagles individually, but cumulatively could take many (personal communication with Diana 

Whittington, USFWS). To ensure that renewable energy development impacts are not 

concentrated in particular localities to the detriment of locally important wildlife populations, 

cumulative effects need to be considered, before land development, both at the population 

management level – for example for a given U.S. Fish and Wildlife Service Management Region 

— and at local area population levels (Pagel et al 2010).  The USFWS recommends that 

cumulative effect analysis for golden eagles go out at least 140 air miles from the project 

footprint (National Golden Eagle Colloquium 2010) 
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3.0 Research Needs 
 
We have found very few studies that investigate the impacts of wind energy development on big 

game. There is some anecdotal information that pronghorn and even elk may continue to use the 

Foote Creek Rim wind power site in Wyoming, but this area has not been subjected to rigorous 

scientific study (Molvar 2008).  As such, we would recommend that the first wind projects to be 

constructed within big game crucial ranges or migration corridors should be accompanied by 

rigorous scientific studies to determine the level of tolerance of big game for wind power 

facilities. These studies should describe the area of avoidance if displacement occurs; determine 

population level effects, if any; and determine how long it takes for animals to resume using the 

wind power facility site. Such studies should use Before-After-Control formats for maximum 

scientific rigor. If these comprehensive  replicated studies indicate that displacement of big game 

by wind power development from sensitive ranges or migration corridors in a variety of habitats 

is negligible, then other wind power projects should be free to proceed in that type of range or 

migration corridor. 

 

In terms of avian research, further research is needed to determine whether wind turbines 

adversely affect local sage-grouse populations. Also, it is unclear whether clustered wind 

turbines increases or decreases raptor mortalities (Anderson et al. 2004, Smallwood and 

Thelander 2005). More study is needed to determine whether advantages can be gained by 

altering the density of turbine arrays. Also on the avian and wind energy research front, there is a 

need for rigorous BACI (―Before-After-Control-Impact‖) type research for birds at wind 

facilities that is spear-headed well before the wind turbines are built.  Most of what we know 

about bird fatality comes from Altamont and other post-construction surveys.  We need to 

understand better how pre-construction surveys and risk assessments compare with post 

construction fatality studies.  For example, is there avoidance or attraction that occurs post-

construction that requires adjustments to our pre-survey risk assessments? 

 

Kunz et al, 2007b, Horn et al. (2008) and Cryan (2008) hypothesize that bats are attracted to 

turbines, which, if true, would further complicate estimation of exposure.  Reasons for apparent 

attraction may include sounds produced by turbines, a concentration of insects near turbines, bats 

attempting to find roost locations (NWCC 2010), or attraction to a prominent landscape feature. 

Further research is required to determine if bats are attracted to turbines and if so, whether this 

increased individual risk translates into higher population‐level impacts for bats.   

 

Also on the bat research front, there is a need to better relate bat fatalities among wind facilities 

to landscape characteristics (e.g., geology, topography, habitat types, proximity of facilities to 

features such as mountain ranges or riparian systems). Relating fatalities to features within the 

vicinity of a turbine (e.g., proximity to water or forest edge) will help with designing future 

facilities and locating turbines to avoid higher risk areas within a site. (Kunz et al. 2007b; 

Kuvlesky et al. 2007; NAS 2007; Arnett et al. 2008).  In their literature review on patterns of bat 

facilities at wind energy facilities in North America, Arnett et al. (2008) also noted that more 

research is needed to elucidate fatality patterns associated with weather conditions (e.g., wind 

speed, barometric pressure) and technical parameters (e.g., turbine size and height, linear array of 

turbines vs. scattered individual turbine locations) of different facilities. Thus, Arnett at al. 
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propose that manipulative experiments be implemented at wind facilities across different regions 

to test various curtailment treatments with regard to the effect on reducing bat fatalities and 

enumerating economic costs of those treatments.  For example, development of ultrasonic devices 

designed to infuse the entire rotor-swept area of a turbine with high frequency sound intended to alert 

and frighten bats from within the operating area are currently being tested. Preliminary results are 

promising  (USFWS 2011b).   By that same token, laser bird-alerting lights used as airport bird 

deterrents may provide promising alerting ―tools‖ for turbine deterrent devices. Further testing of 

this approach, for both birds and bats, is recommended (USFWS 2011b).  
 

What is really needed on the research front, and which has relevance to all wildlife, is pro-active 

vs. reactive research—for example: research on how to minimize on-site impacts through siting 

alternatives; research on effective off-site mitigation and how to establish that these mitigation 

measures actually off-set impacts as established through monitoring (probably one of few 

―adaptive options‖ on the table for a permanent energy development); research on how to 

minimize direct mortality impacts through siting and possibly techniques for minimizing 

interaction of birds with turbines. 

 

 

4.0  Conclusion 
 

This peer-reviewed document has presented a set of BMPs, which, if followed, should help 

reduce potentially adverse impacts to species of concern and their habitats at renewable energy 

project sites. However, we stress that, like all other science-informed management directions, the 

use and implementation of these BMPs must be adaptive and respond to new science-based 

information as it emerges. 

 

These BMPs and this guidance document will evolve over time as additional experience, 

monitoring and research becomes available on how best to minimize wildlife and habitat impacts 

from wind and solar energy projects. Therefore, we plan to continue work with industry, 

developers, the conservation community and other stakeholders and states to evaluate, revise and 

update these BMPs and this guidance document on a periodic basis. 
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