
Boone County Commission MÍnutes 4 November 2027

TERM OF COMMISSION: November Session of the November Adjourned Term

PLACE OF MEETING: Roger B. Wilson Boone County Govemment Center

Boone County Commission Chambers

PRESENT WERE: Presiding Commissioner Daniel Atwill

District I Commissioner Justin Aldred

District II Commissioner Janet Thompson

Director of Resource Management Bill Florea

Planner Uriah Mach

Human Resources Hiring & Retention coordinator sharry charest

Boone County Counselor CJ Dykhouse

Deputy County Clerk Jodi Vanskike

Public: Tim opitz with Renew Missouri, Tom weislocher, Jeff rurner

Conference Call Information :

Num ber: 425-585-6224 Access Code : 802 -162 -168

The meeting was called to order at 7:00pm.

P &Z

1. Request by Jon Adam Sapp to approve a Final Development Plan for Harvest
Acres on 10.0 acres zoned A-l (Agriculture) with pending A-lP (Planned
Agriculture) located at 12200 S Hrvy DD, Ashland
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Director of Resource Management Bill Florea read the following staff report: The Planning and

Zoning Commission reviewed this request at its October 2I,2021meeting and voted to
recommend approval on a unanimous vote. Staff recommended approval of the hnal plan. The
Boone County Zoningand Subdivision Regulations are entered into the record of this meeting.
The property is located on the west side of State Highway DD approximately 1200 feet north of
the intersection of Biggs Road and State Highway DD. The parent property is 73.5-acres in size

and zoned A-1 (Agriculture). This proposal seeks to rezone l0-acres of the parent parcel to A-
1P to facilitate a land division creating a 5.59-acre buildable lot and to define the remaining
portion of the 1O-acres as a non-developable portion of the parent parcel. The property scored

60 points on the point rating system. An A-1P rezoning and Review Plan were approved on this
property in August of 2021under Commission Orders 359'2021 &,360'2021.

The Zoning Regulations state that the Commission shall approve a Final Development Plan

when it is satisfied that:
. All required information is accurately portrayed on the plan
. The Final Plan conforms to the approved review plan
. The Final Plan demonstrates compliance with all conditions, which the County

Commission may have imposed on the Review Plan.

Staff has reviewed the final plan. All information is accurately portrayed on the plan and

conforms with the approved review plan. A family transfer is proposed to create the desired

land division.

No conditions were placed on this proposal at the time of its hearings before the Planning &
Zoning Commission or County Commission.

Commissioner Thompson moved now on this day the County Commission of the County of
Boone approves the request by Jon Adam Sapp to approve a Final Development Plan for

Harvest Aõies on 10.0 acres zoned A-1 (Agriculture) with pending A-1P (Planned Agriculture)

located at 12200 S Hwy DD, Ashland.

Commissioner Aldred seconded the motion.
The motion carried 3 to 0. Order #465'2021

Z, Eagles Tres Estates. S9-T46N-R12W. A-2. Cari & Travis Nichols, owners. Steven

Proctor, surveyor.

2



Boone County Commission Minutes 4 November 2027

Director of Resource Management Bill Florea read the following staff report:

The Planning and Zoning Commission approved the plat of Eagles Tres by consent. Director
Florea asks that the Commission waives the reading of the staff report and authorize the clerk to
insert the it into the meeting minutes. The conditions imposed by P&Zhave been met. The
property is located on State Route DD, approximately 600' northwest of the city limits of the
City of Ashland. The property is proposed to be divided into two lots, one at 9.83 acres in size,

and the other at 10 acres in size. The western lot has a single-family residence, shop, and on-

site wastewater system present. The eastern lot is currently undeveloped. The property is 19.85

acres in size and zoned A-2(Agriculture). The surrounding property is also zoned A-2. This is
all original 1973 zoning.

The subject property has access to State Route DD. This access is direct in the case of the

western lot, and via an access easement in the case of the eastern lot. The applicant has

submitted a request to waive the traffic study requirement.

The property is in Consolidated Public Water Service District #1 for water service, the Boone
Electric Cooperative for electrical service, and the Southern Boone County Fire Protection
District for fire protection. Water service is provided off a Consolidated Public V/ater Service

main along Highway DD.

The existing home has an on-site wastewater system. 'Wastewater development on the eastern

lot will be done under permit with Columbia/Boone County Health Department. The applicant
has submitted a request to waive the wastewater cost-benefit analysis.

The property scored 58 points on the rating system.

Staff recommended approval of the plat and granting the requested waivers.

Commissioner Aldred moved now on this day the County Commission of the County of Boone

does hereby receive and accept the plat of Eagles Tres Estates. S9-T46N-R12V/. A-2. Cari &'

Travis Nichols, owners. Steven Proctor, surveyor and authorizes the Presiding Commissioner to

sign it and directs the Clerk to insert the staff report into the meeting minutes.

Commissioner Thompson seconded the motion.
The motion carried 3 to 0. Order #466-2021

3. First and Second Reading: Approval of the revision and re-adoption of the Boone

County Zoning Regulationso Sections I through 28. This includes revisions to
Section 2, Definitions, Section 15 Administrationo and adoption of Section 29 Wind
Energy Conversion Overlay District (WECOD)

Commissioner Atwill stated as most people know, the intent of the windfarm regulations was to

provide a procedure for construction of wind power generators in Boone County, and to give
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residents a voice in areas where construction was proposed. Commissioner Atwill stated he

wanted to compliment the Boone County Planning andZoning Commission, which worked very
hard to come up with the regulations that will be presented tonight. Commissioner Atwill stated

he wanted to compliment the Boone County staff who worked at least as hard, maybe harder, to
do the same thing. Commissioner Atwill stated the Planning and Zoning Commission held three
public hearings, held fourteen public work sessions, and had done lots of staff research that went
into what will be presented later, and the County Commission itself held three separate public
hearings at different locations around the County. Commissioner Atwill stated they heard from
proponents and opponents, many documents were presented which are included in the record

and emphasis has been on transparency and consideration of all points of view. Commissioner
Atwill stated there is no way to satisff everyone or every point of view, and today we take up,

for approval or disapproval, proposed regulations that are the product of all these hearings, work
sessions and countless hours of staff work. Commissioner Atwill stated Boone County adopted

zoning regulations beginning in 1973. Commissioner Atwill stated without basic zoning
requirements, this process would be much different. Commissioner Atwill stated many counties

still do not have zoning regulations, and without Planning and Zoning, we would not be able to

require the rules included in the proposal. Commissioner Atwill said to keep in mind that all
rules are subject to modif,rcation at a later date to meet the changing needs of the community.
Commissioner Atwill stated there are regulations that deal with areas of square mile sections

and quarter sections that can be confusing. Commissioner Atwill stated there are 691 square

miles of area in Boone County, which equals 442,240 acres. Commissioner Atwill stated one

square mile equals 640 acres and one square mile also equals one section of land by survey and

one quarter section equals 160 acres. Commissioner Atwill stated one of things that has been of
concern by a lot of citizens is the ice and debris that can be thrown from blades, so setbacks are

required. Commissioner Atwill stated overlay districts are contemplated by the regulations,

there is an areatest and an ownership test that must be satisfied concurrent with the submission

of any application. Commissioner Atwill stated the overlay process requires a super majority of
the owners and the proposed district, to sign approval of the application to be submitted by the

developer. Commissioner Atwill stated there is a required buffer area from the property line or

to a public road. Commissioner Atwill stated farm area is the area most likely to be the target of
a windmill farming operation, so we will look a little bit at the concept of farming in Boone

County. Commissioner Atwill stated in2007 Boone County had258,734 acres in farming'

Commissioner Atwill stated in20l7, that had gone down fo 212,732 acres in farming, a

reduction in land area for farming of I2%o. Commissioner Atwill stated the area used for
farming continues to shrink as the population of the County continues to grow. Commissioner

Atwill stated farming is currently involved with less than l13 of the County land available and

density pet square mile is a concern. Commissioner Atwill stated Boone County, with a

population of 183,000, has a density of 263 people per square mile, with a l2.2o/o growth rate

since the last census. Commissioner Atwill stated other counties have been educational in

review of how they have handled this and what their situation is. Commissioner Atwill stated

Schuyler County has a population of 4,431 and a density per square mile of 6.9 people,

compared to 26i in Boónõ County. Commissioner Atwill stated Atchison County, another wind

farm county, has a density per square mile of 7 .29 , a total population of 5 ,229 , and in 2019 they

experience d a lTYo decrease in population. Commissioner Atwill stated Dekalb County has a

density per square mile of 1 8.15 with a total population of 71,029, so these which have allowed

the créaiion of wind farms in their areas, are much smaller counties. Commissioner Atwill stated

these rules would allow the creations of wind farms under rules that have been made available
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over the internet and by hard copy for many weeks now. Commissioner Atwill stated he will
now ask if the other Commissioners have any comments before they go on to the staff report.
Commissioner Aldred stated he would also like to thank the Resource Management staff, the

Planning andZoning Commission and the citizens who have made their voices heard.

Commissioner Atwill stated he will have some questions for Director Florea after his report is

made. Commissioner Thompson stated she too would like to thank Resource Management for
their diligence and in shepherding this project to Planning and Zoning, and she appreciates the

incredible work and dedication shown to this County and the time spent delving into something

that was a new area of expertise, and to the people of Boone County who were the first to host a

meeting. Commissioner Thompson stated she will never forget the first meeting in Hanisburg
when people came together to talk about the possibility of wind farms coming to Boone County,

Commissioner Thompson stated it will be forever in her mind because she went to the meeting

with the former Director of Resource Management Stan Shawver and they listened to people

talking on both sides, and it was very clear that this is a question of balancing of interests.

Commissioner Thompson stated this is not something that has all the interest on one side, this is

an issue in which interest must be balanced. Commissioner Thompson stated she applauds the

Planning and Zoning Commission for their work in crafting these regulations, and she applauds

the work of Resource Management in their work of listening to the commentary of citizens on

both sides, and looking at the proposed regulations to say "Is this the appropriate balance?"

Commissioner Thompson stated that process shows that they are doing this regulatory process

right by having a very transparent and open process in which citizens can participate.

Director of Resource Management Bill Florea read the following staff report: As a result of the

public comments that were received, staff has drafted several amendments to the proposed

regulations:

section 2 Definitions: several definitions were added for clarity.

Section 29.1 Intent and Purpose: Language was added to provide a more robust

statement of purpose.

Section 29,5,1.8 Visual Impact Assessment: New language was added to replace the

requirement for a computer-generated visual simulation which, was perceived by many

to be of questionable value. The new language describes several steps for assessment of
the visual impact of a proposed wind farm. Those steps include:

o Viewshed analysis to determine actual visibility;
o Inventory of views to provide the basis for evaluating the extent of visibility;
o Photographic andlor virtual simulations; and

o A summary of key findings and proposed mitigation techniques.

29.8,4 Visual Impacts: The initial proposal stipulated a maximum height of 355 feet

with the provision that towers of up to 400 feet could be approved on a case by case

basis. Ueigtrt was measured from the ground to the tip of the blade at its highest point.

Public comment indicated that this was impossible due to limitations of the sizes of
towers that are available in the North American market.
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Staff research found that the industry standard for measuring height is from the ground

level to the center of the turbine hub, or hub height. Towers are manufactured at several

different hub heights, the shortest hub height tower for which there are multiple
manufacturers is 8O-meters or approximately 26I feet.

The regulations before the Commission tonight stipulate the maximum height to be 80-

meters at the hub. Each of three manufactures that were researched manufacture only
one rotor for each 80-meter tower. This imposes a natural limit on the overall height of
the wind turbine structure, including the rotor. The tallest structure with an 8O-meter hub

height was found to be 138 meters or 452 feet.

This adjustment in maximum height did not cause a revision to the setback requirement.

The setback back of 1,750 feet was based on an article that identified blade tip speed, not

tower height, as the controlling factor for establishing a setback. Blade tip speed is

largely controlled by the generating capacity of the turbine. The generating capacity of
the 8O-meter towers aligns with the expected generating capacity that was considered

when Planning and Zoning Commission identified the 1,750 setbacks.

Section 29.9,2 Abandonment: In response to comments received, language was added

to clari$ that a wind farm would not be considered to be abandoned in cases of a

repowering or casualty event and there was an approved schedule of completion not to

exceed 5-years.

The draft regulations brought before the Commission tonight are the result of many hours of
work by the Planning and ZoningCommission, the public, the County Commission and staff.

Director Florea stated he too, would like to extend special gratitude to the volunteers on the

Planning and Zoning Commission and to the public who volunteered their time as well.

Commissioner Thompson moved now on this day the County Commission of the County of
Boone takes up the róvision and re-adoption of the Boone County ZoningRegulations, Sections

1 through Zq. this includes revisions to Section 2, Definitions, Section 15 Administration, and

adoption of Section 29 Wind Energy Conversion Overlay District (WECOD).

WHEREAS, the Boone County Planning andZoningCommission conducted three (3) public

hearings, after due public notice, into the issue of re-adoption of the Boone County Zoning

Regula:tions, Sections 1 through 29. This includes revisions to Section 2, Definitions, Section 15

Adininistration, and adoption of Section 29 Wind Energy Conversion Overlay District

(WECOD); and

V/HEREAS, the Boone County Planning and Zoning Commission(P&Z) has recommended that

the County Commission readopt those regulations including revisions to Section 2, Definitions,

Section 15 Administration, and adoption of Section 29 Wind Energy Conversion Overlay

District (WECOD); and

V/HEREAS, the County Commission conducted a public hearing on re-adoption of those

regulations on July 27,202I; and

WHEREAS, all required notices have been given and all required public hearings have been

held;
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NOV/, THEREFORE, the County Commission of the County of Boone does hereby adopt the
Boone County ZoningRegulations Sections 1 through 29. This includes revisions to Section 2,

Definitions, Section 15 Administration, and adoption of Section 29 Wind Energy Conversion
Overlay District (WECOD), copies of which are attached and incorporated by reference, along
with the following attachments:

1. Notice of the firstP&Z hearing, afflrdavit of newspaper publication, affidavit of posting in the

Boone County Government Center, and the hearing minutes.
2. Notice of the second P&Zhearing, affidavit of newspaper publication, affidavit of posting in
the Boone County Government Center (northern district), and the hearing minutes.
3. Notice of the thirdP&.2 hearing, affidavit of newspaper publication, affidavit of posting in
the Boone County Government Center (southern district), and the hearing minutes.
4. Minutes from the P&Z meeting with recommendation for adoption.
5. Notice of public hearing before the County Commission on July 27,2021, affidavit of
newspaper publication, affidavit of posting in Boone County Government Center, and the
hearing minutes showing the public hearing was opened for the re-adoption of the zoning
regulations and adoption of revisions to Sections 2 and 15, and new Section 29.

6. Complete copy of Zoning Regulations.
64. Revisions to Sections 2, and new Section 29.

68. Revisions to Section 15.

7. U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines
8. A method for defining wind turbine setback standards, Wind Energy, 2011.
9. World Health Organization (WHO) Environmental Noise Guidelines for the European

Region.
10. ANSI S12.9-2005lPart 4, Quantities and Procedures for Description and Measurement of
Environmental Sound-Part 4: Noise Assessment and Prediction of Long-term Community
Response.
1 l. Demographic and Economic Comparison of Four Missouri Counties.

12. Maps of Boone County showing parcels capable of 1,750-foot radius buffer and population

density.
13. Maps of Adair County showing parcels capable of 1,750-foot radius, existing wind turbine

locations, and population density.
14, Map showing Boone County Block Level Census 2010 population density per square mile.

15. Map showing Adair County Block Level Census 2010 population density per square mile.

16. List of manufactures of 8O-meter hub height wind turbine towers.

Commissioner Aldred seconded the motion.
The motion carried 3 to 0. Order #467-2021

Human Resources

4, First and Second Reading: Request for Extending an Overlap Period for Training
in Position 441

Human Resources Hiring and Retention Coordinator Sharry Charest stated finding candidates to

fill open positions in this current market is very difficult and the current staffing level in the
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Facilities Department means they won't be able to sustain their vacancy and maintain their
current operations. Ms. Charest stated Human Resources wants to advertise right now for a
custodian position that will be vacated on December 31, 2021, however, if they were to find a
good candidate right away, that person probably would not wait weeks to begin work. Ms.
Charest stated therefore, they ask that the extended overlap period be six weeks for this position.

Commissioner Aldred moved now on this day, the County Commission of the County of Boone

does hereby approve a request for an extended employee overlap/training period, in excess of
the ordinary ooTwo Week Training Period for New Employees" as approved in Commission

Order 147-2005, for position 441, Custodian, Housekeeping & Custodial Services. The

extended overlap period is approved up to six weeks.

Commissioner Thompson seconded the motion.
The motion carried 3 to 0. Order #468-2021

Purchasing

5. Second Reading: Amendment L to Contract 148-l23ll9SS - GrayKey iOS and

Android Forensic Software - Boone Co. Sheriff (First Reading: 11,02,21)

Commissioner Thompson moved now on this day, the County Commission of the County of
Boone does hereby approve Amendment #1 to Contract 148-123119SS for Gray Key iOS,

Android Forensic License and Support for the Boone County Sheriff s Offïce which was

awarded November 26,2019 (Commission Order 505-2019) which is being amended to

upgrade the iOS license to include Android devices.

All other terms, conditions and prices of the original agreement remain unchanged.

Payments will be paid from Department 1253 - GF Sheriff Grants, Account 70050 - Software

Service Contract: 527,99 5.00.

Commissioner Aldred seconded the motion.
The motion carried 3 to 0. Order #469'2021

Emergency Management

O. Second Reading: State Homeland Security Program Grant Award (First Read

ll.0z.2l)

Commissioner Aldred moved now on this day, the County Commission of the County of Boone

does hereby approve the State Homeland Security Program Grant award letter, submitted by the

Emergency Management Department.

It is further ordered the presiding Commissioner is hereby authorized to sign the attached grant

award.
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The motion carried 3 to 0. Order #470-2021

Sheriffs Office

7. Second Reading: 2021 Edward Byrne Memorial Justice Assistance Grant Award
(First Reading: 11.02.21)

Commissioner Thompson moved now on this day, the County Commission of the County of
Boone does hereby approve the acceptance of the 2021Edward Byme Memorial Justice

Assistance Grant (JAG), awarded to the Boone County Sheriff s Office.

It is further ordered the Presiding Commissioner is hereby authorized to sign the attached grant

award.

Commissioner Aldred seconded the motion.
The motion carried 3 to 0. Order #471-2021

Commission

8. First and Second Reading: Organizational use of Boone County Conference
Rooms: Early Childhood Positive Behavior Support Program Team Retreat

Commissioner Aldred moved now on this day, the County Commission of the County of Boone

does hereby approve the OrganizationalUse of the Boone County Government Center

Conference Room 311 by Early Childhood Positive Behavior Support (ECPBS) Program on

Monday, November 22, andTuesday, November 23,2021, from 8:304M until2:30PM.

Commissioner Thompson seconded the motion.
The motion carried 3 to 0. Order #472'2021

9. Public Comment
Tim Opitz, General Counsel for Renew Missouri and Three Creeks Township Democratic

Commlfieeman stated right now there are world leaders in Glascow trying to corne up with

solutions to combat our ðlimate emergency, and he wants to congratulate the Commissioners on

becoming the first county in Missouri to ban wind. Tom Weislocher stated he has followed the

wind issùe closely for thL past three years and he would like to echo the earlier comments of
congratulating plânning unO Zoning,the Commissioner and the volunteers for all their work.

Mr. 'ù/eislocher stated he would fikã to thank Planning andZoningfor allowing his input, he felt

like all of it was listened to, even though not all of it was acted upon. Mr. Weislocher stated he

feels like his opinions, and those of others, \ilere taken into consideration and that overall the

County has done the best possible job they could. Jeff Turner stated he also wanted to thank the

Boone County Commissión for working so hard to please everyone in Boone County. Mr.

Turner stated he thinks this is a good start and though you can't please everyone, he knows the

Commissioners will be watching the process take place and move forward'
9
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L0. Commissioner Reports

Commissioner Aldred stated he believes these revisions will better suit wind industry standards
and best practices while remaining in keeping with the property owners rights that are expected
in a Planned and Zoned County such as Boone. Commissioner Aldred stated ultimately the
Planning andZoningregulations are a living document and should these regulations cause any

unseen, adverse effects in the future, they can be amended through the same process of public
input and data analysis that Planning andZoning put into crafting this original policy

Attest: Daniel K. Atwill

Presiding Commissioner

Brianna L. Lennon Justin Aldred

District I CommissionerClerk of the County Commission

Janet M. Thompson

District II Commissioner

4 November 2021
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ATTACHMENT  6A 



 

 

November 4, 2021 

2. DEFINITIONS 

 

A-Weighted Sound Level (dBA): The sound pressure level in decibels utilizing 

the “A” weighted scale defined by ANSI for weighting the frequency spectrum to 

mimic the human ear. 

Blade Glint: The intermittent reflection of the sun off the glossy surface of wind 

turbine blades. 

Casualty Event: The complete or partial destruction of property resulting from an 

identifiable event of a sudden, unexpected, or unusual nature. 

Cluster: A group of WECS, contained within the same WECOD, that are 

geographically adjacent, and each tower is less than 1.25 times the minimum 

spacing distance from at least one other WECS in the group. 

Decibel (dB): The unit of measure used to express the magnitude of sound 

pressure and sound intensity. 

Furling: Action by which the wind turbine is designed to limit its power output in 

high winds by changing the rotor’s plane of rotation to a plane that is not 

perpendicular to the prevailing wind direction. 

Height, Hub (Wind Energy Conversion System): The distance measured from 

the ground immediately adjacent to the tower foundation to the center of the rotor 

hub.  

 

        

 

 

 

 

Height, Total (Wind Energy Conversion System) : The sum of the hub height 

and half of the turbines rotor diameter distance, measured at the highest point on 

the blade tip.  



 

 

Historical, Cultural, and Archeological Resources: Places which have been 

listed on the National Register of Historic Places or designated as a National 

Historic Landmark 

Ice Throw: Ice build-up that is thrown by the spinning blades. 

Nacelle: The enclosure located at the top of a wind turbine tower that houses the 

gearbox, generator and other equipment. 

Property Line: A line of record bounding a lot of record that divides one lot from 

another lot, or from a public street, or private street, or any other public space. 

Qualified Professional: A person with experience and training in the pertinent 

discipline, and who is a qualified expert with expertise appropriate for the relevant 

subject and has been approved by the County Commission in consultation with the 

Director of Resource Management.   

Repowering Event: A planned and County approved event in which the 

developer replaces older turbines with new turbines or retrofits existing turbines 

with more efficient components subject to an approved timeline.  

Rotor: The rotating part of a turbine, including the turbine blades. Rotor diameter 

means the cross-section dimension of the circle swept by the rotating blades 

Shadow Flicker: Alternating changes in light intensity caused by the moving 

blades of a wind energy system which cast a repeating pattern of shadows on the 

ground and stationary objects, such as a window of a dwelling.  

Adjusted Total Day-Night Sound Exposure, Adjusted Total Day-Night (Ldn): 

Frequency-weighted sound exposure for a 24- hour day calculated by adding 

adjusted sound exposure obtained during the daytime (0700-2200 hours) to the 

adjusted sound exposure obtained during the nighttime (0000-0700 and 2200-2400 

hours) with a penalty of 10 dB added as defined by ANSI (American National 

Standards Institute).  

Stall-Control: A braking mechanism on wind turbines where the rotor blades are 

bolted onto the hub at a fixed angle. The rotor blade profile is aerodynamically 

designed to ensure that the moment the wind speed becomes too high, it creates 

turbulence on the side of the rotor blade that is not facing the wind. This stall 

prevents the lifting force of the rotor blade from acting on the rotor. 

Turbine: A wind-driven machine that converts wind energy into electrical power, 

also known as a wind energy conversion system (WECS). 



 

 

SECTION 29 WIND ENERGY CONVERSION OVERLAY DISTRICT (WECOD) 

 

29.1 Intent and Purpose:  

29.1.1 The intent of the Wind Energy Conversion Overlay District is to establish an 

area or areas where Wind Energy Conversion Systems-Commercial (WECS-

C) and associated maintenance facilities are allowed by Conditional Use 

Permit. Interested property owners in the area that is proposed for 

designation shall instigate the initiative for the designation.  

This Section has been adopted for the following purposes:  

• To assure that the development and production of commercial scale wind-

generated electricity in Boone County assures the health, safety and general 

welfare of the public; 

• To promote the safe, effective, and efficient use of commercial wind energy 

conversion systems (WECS-C); 

• To minimize the degradation of the visual character of the area; 

• To minimize impact to environmentally sensitive areas, wildlife, and wildlife 

habitat; 

• To facilitate economic opportunities for local residents and the community; 

• To facilitate the supply of renewable energy in a manner that respects the 

geographic, social, and environmental context of Boone County. 

29.1.2 Careful consideration as to practicable suitability of an area requesting 

designation with respect to the existing and reasonably assumable future 

land uses should factor heavily in the decision of whether or not an area 

should be designated for WECOD status. 

29.2 Qualifying Underlying Zoning Districts: A WECOD may be requested in 

Agriculture or Industrial zoning districts. 

29.3 District Boundary Requirements: 

29.3.1 Two Components: Each WECOD shall be composed of two parts, the 

Primary District and the Buffer. 

29.3.1.1 Primary District Area Requirements: 

• The smallest component of a Primary District is one-quarter (1/4) 

Section as defined by the Public Land Survey System. Therefore, 

when any portion of a lot that is included in a WECOD falls 



 

 

• Acreage of the primary district; 

• Acreage of the buffer; 

• Location and physical dimensions of existing structures and 

general location and approximate physical dimensions of 

proposed structures, including all proposed individual wind 

turbines. If an exact number or dimensions of wind turbines is 

not known at the time of application, the site plan shall identify a 

maximum number and maximum dimensions that will be 

expected and a range from minimum number expected to the 

maximum; 

• Identify potential staging and maintenance areas; 

• Houses within one thousand feet (1,000’) of the overlay district 

boundary and the approximate distance of such houses from the 

district boundary; 

• Any additional houses within one-half (1/2) mile of the district 

boundary; 

• Location of existing electrical lines and facilities, including 

transmission lines; 

• Approximate location of proposed electrical lines and facilities, 

including transmission lines and whether underground or 

overhead; 

• Existing topography; 

• Approximate proposed areas to be graded;  

• Approximate proposed removal of natural vegetation; 

• Wind characteristics and dominant wind direction; 

• Proposed setbacks of all proposed structures from the district 

boundary; 

• Projected methods of traffic circulation within the proposed 

district; 

• Anticipated ingress and egress locations for each proposed 

turbine location within the proposed district; 

• Location of all public roads within the proposed district and the 

location and distance to public roads in all directions surrounding 

the proposed district boundary; 



 

 

• Approximate location of any major known underground pipelines 

or other underground utilities; 

• Approximate location of any major known utility easements; 

• Location of any delineated 100-year floodplains, stream buffers, 

sinkholes, wetlands, and other environmentally sensitive areas. 

29.5.1.8 A Visual Impact Assessment developed by a Qualified 

Professional. The study shall provide accurate and site-specific 

visualizations from key observation points and a detailed description 

of the methods and supporting information. The assessment shall 

include, at a minimum, the following: 

• Virtual simulations which may include 3D Visualization Models, 

Photographic Simulations, and Animated Visualizations as 

determined necessary by Director of Resource Management; 

• Viewshed Analysis to determine actual visibility and the 

characteristics of the views within the project area including 

different seasons, times of day and weather conditions; 

• Inventory of Views to provide the basis for evaluating the extent 

of visibility. This inventory shall include written description of 

views, distance from proposed project, duration of view, and 

characteristics of the view from the following: 

• All houses located within one thousand feet (1000’) of the 

District boundary;  

• All houses within the district whose owners did not sign the 

Petition for Application; 

• Any applicable historic, cultural, or archeological significant 

sites; 

• Any applicable public roads; 

• Any applicable government-designated scenic byways, 

government-designated scenic overlooks, public parks, 

Conservation Areas, or Wildlife Refuges.  

• Photographic Simulations of key viewpoints shall be provided as 

determined necessary by Director of Resource Management; 

• A summary of key findings and proposed mitigation techniques. 



 

 

 

29.5.1.8 An accurate computer-generated visual simulation developed by a 

County approved third-party, including dynamic motion of the 

turbine blades, of the project components from the following: 

• All houses located within one thousand feet (1000’) of the 

District boundary; 

• All houses within the district whose owners did not sign the 

Petition for Application; 

• Up to twelve (12) key vantage points, as determined by the 

Resource Management Department, in consultation with the 

applicant, from public roads from which the project is visible or 

from sites that are determined to be of historic, cultural, or 

archeological significance; 

• Any government-designated scenic byways, government-

designated scenic overlooks, public parks, Conservation Areas, 

and Wildlife Refuges from which the project is readily visible as 

determined by the Resource Management Department in 

consultation with the applicant; 

• If deemed necessary by the Planning and Zoning Commission, 

two (2) additional locations of the Planning and Zoning 

Commission’s choosing. 

29.5.1.9 An estimated economic Cost/Benefit Analysis (CBA) describing 

the impact of the project on the local and state economy in the 

following respects: 

• The amount of property taxes to be generated by the project; 

• The amount of sales taxes to be generated by the project; 

• The amount of other applicable taxes to be generated by the 

project; 

• Any distinction in the amount of taxes that will be generated and 

the distribution of the tax revenue if the facility is privately 

owned or acquired/owned by a public entity or public utility. 

• The construction dollars to be spent locally; 

• The number of construction jobs and estimated construction 

payroll; 

• The number of permanent jobs and estimated continuing payroll; 



 

 

• The benefit of the electricity generated by the project; 

• Any projected costs or benefits to tourism in the County; 

• Other projected economic benefits and costs of the project; 

• Costs associated with the impact on roads or other County 

infrastructure in the area and a draft Transportation Infrastructure 

Plan and Mitigation Agreement approved by the County 

Engineer and the Director. 

29.5.1.10 An environmental assessment of the potential adverse impacts 

from the project and any proposed measures to mitigate or lessen the 

effects of the adverse impacts. The assessment and mitigation plan 

shall be conducted by a Qualified Professional and include, at a 

minimum, all of the following: 

• Documentation that the owner/applicant has followed the United 

States Fish and Wildlife Service Land Based Wind Energy 

Guidelines and copies of all resulting studies and 

recommendations; 

• Impact on wildlife and wildlife habitat on the site and in the 

proposed WECOD; 

• Impact on any endangered or threatened species on the site and in 

the proposed WECOD; 

• Impact on flora on the site; 

• A report, bearing the seal of a Qualified Professional, detailing 

expected Adjusted Total Day-Night Sound Exposure (Ldn) at the 

nearest property line. 

• Any wastes, either municipal solid waste or hazardous waste, 

generated by the project at any point in its lifespan; 

• Electromagnetic fields and communications interference 

generated by the project; 

• Risk of fire from the project, including threat of lightning strikes; 

• Impact of the project on civilian and military aviation in the area; 

• Impact of the project on soil erosion; 

• Impact of the project on water quality and water supply in the 

area; 

• Potential hazards from ice throws and debris throws; 



 

 

29.6.1.4 Publication of a locality map in a newspaper having a weekly or 

daily circulation in the northern portion of the County (if any) if any 

part of the proposed district lies north of the north boundary of 

Township 49 North. 

29.6.1.5 Publication of a locality map in a newspaper having a weekly or 

daily circulation in the southern portion of the County (if any) if any 

part of the proposed district lies south of the north line of Township 

47 North. 

29.7 Approval Standards. The following guidelines shall be considered by the Planning 

and Zoning Commission and the County Commission in evaluating the 

appropriateness of proposed locations for WECS-C and the proposed project 

components. 

29.7.1 Purpose. The purpose of the guidelines is to assist decision-makers in 

uniformly analyzing the impacts of each proposed WECS-C project and 

thereby arrive at consistent and balanced decisions. 

29.7.2 Natural and Biological Resources. 

29.7.2.1 Biological Conflicts. WECS-C should not be located in areas that 

have a substantial potential for biological conflicts. 

29.7.2.2 Vast Natural Landscape. WECS-C should avoid large intact areas, 

at least 640 acres in size, of native vegetation that has not been 

significantly disturbed by man-made developments such as power 

lines, gas lines, oil or gas wells, public roads, etc. 

29.7.2.3 Migration Paths. WECS-C should avoid areas that would interfere 

with important wildlife migratory corridors and staging areas. 

29.7.3 Visual ImpactsAppearance. 

29.7.3.1 Nature Areas. WECS-C should avoid sites that are readily visible 

from government-designated scenic byways, government-designated 

scenic overlooks, public parks, Conservation Areas, and Wildlife 

Refuges. 

29.7.3.2 Visual Clutter. To avoid clutter, the visual effects of ancillary 

structures, roads, and fences on the site should be minimized. 

29.7.3.3 Visual Unity. A WECS-C project should maintain visual unity 

among clusters of turbines. 



 

 

29.7.3.4 AppearanceColor. To promote visual uniformity, the rotors, 

nacelles, and towers of all turbines in an array should appear similar 

and shall be a shade of white in color. 

29.7.3.5 Density. To avoid objectional density each WECS-C must be at 

least six (6) times its rotor diameter from another WECS-C 

beginning at the nearest point on the base of each tower. 

29.7.3.6 Power Lines. To avoid visual clutter, intra-project power lines 

having a voltage of 34,500 volts or less shall be buried unless the 

applicant can sufficiently demonstrate that burying the lines will 

violate other governmental or industry-wide guidelines/standards, 

violate applicable law, or have demonstrated to the Commission that 

such lines will be hidden from public view. 

29.7.3.7 Skyline. To avoid cluttering the skyline, transformers and other 

electric equipment should be hidden from view 

29.7.4 Soil Erosion and Water Quality 

29.7.4.1 WECS-C shall avoid construction activities on slopes that are 

steep or susceptible to erosion. 

29.7.4.2 The number of improved private access roads and construction 

staging areas should be kept to a minimum. 

29.7.4.3 The grading width of private access roads should be minimized. 

One-lane roadways with lay-bys are recommended. 

29.7.4.4 The number and size of staging areas and crane pad sites should be 

minimized. 

29.7.5 Historical, Cultural, and Archeological Resources 

29.7.5.1 WECS-C should avoid sites that are less than 3,070 lineal feet 

from any places that have been listed on the National Register of 

Historic Places or designated as a National Historic Landmark.  

29.7.6 Transportation Infrastructure Impacts 

29.7.6.1 All impacts to the transportation network should be mitigated to 

the maximum extent practicable. The applicant shall work with the 

County Chief Engineer and, if applicable, the Missouri Department 

of Transportation, and local municipalities to develop a 

Transportation and Infrastructure Mitigation Plan. 

 



 

 

29.8 Siting and Performance Standards.  

29.8.1 Purpose. The following standards are to be achieved by each WECS-C 

project without exception. Because they are standards, they are considered 

to be requirements of any WECS-C project. The final decision on whether 

or not a particular standard is achieved by a WECS-C project shall be made 

by the County Commission after considering the recommendations of the 

Planning and Zoning Commission and the Resource Management 

Department. 

29.8.2 Noise Management 

29.8.2.1 Measurement, Modeling, and Analysis.  

29.8.2.1.1 A noise study shall be conducted to demonstrate that the 

system does not exceed an Adjusted Total Day-Night Sound 

Exposure (Ldn) of 45 dBA measured from the property line. 

29.8.2.1.2 The study shall be conducted by a Qualified Professional  

29.8.2.1.3 Measurement, modeling, and analysis shall conform to the 

most recent version of ANSI S12.181, ANSI S12.9-20052, 

IEC 614003, and ISO 96134. 

29.8.2.2 Sound Level. The noise level caused by the operation of the 

project shall not exceed fifty (50) dBA during any daytime hours and 

forty (40) dBA during any nighttime hours, as measured at the 

nearest property line. The average Adjusted Total Day-Night Sound 

Exposure shall not exceed 45 dBA Ldn. 

29.8.2.3 Addressing complaints. Upon receipt of a complaint regarding 

noise from an existing WECS-C project by the Boone County 

Resource Management Department, which the Department 

 

1 ANSI S12.18: This standard describes methods for measuring sound pressure levels in the outdoor 

environment, taking into account the effects of refraction due to wind and temperature gradients, the effects of 

atmospheric turbulence, the effects of variable ground impedance, and wind noise. 

 
2 ANSI S12.9-2005: This Standard specifies methods to assess environmental sounds and to predict the 

potential annoyance response of a community to outdoor long-term noise from any and all types of 

environmental sounds from one or more discrete or distributed sound sources.  

 
3 IEC 61400: A set of design requirements made to ensure that wind turbines are appropriately engineered 

against damage from hazards within the planned lifetime. The standard concerns most aspects of the turbine 

life from site conditions before construction, to turbine components being tested, assembled, and operated. 

 
4 ISO 9613: This standard specifies an engineering method for calculating the attenuation of sound during 

propagation outdoors in order to predict the levels of environmental noise at a distance from a variety of 

sources 



 

 

29.8.4.5 Outdoor Storage. Except during construction, re-construction or 

removal, outdoor storage is not permitted provided that this 

restriction shall not apply to the project's designated operations and 

maintenance facility as approved by a Conditional Use Permit. 

29.8.4.6 Repair Requirements. If turbines become inoperable for any 

reason, they shall be repaired within 90-days unless the County 

Commission approves an extension upon request of the operator and 

showing of good cause why such extension should be granted. 

29.8.4.7 Internal Components. To avoid cluttering the skyline, inverters and 

pendant power cables shall be located inside the wind turbine tower, 

nacelle or structure. 

29.8.4.8 External Telecommunication. No telecommunications dishes, 

antennas, cellular telephone repeaters or other similar devices shall 

be attached to wind turbine towers unless mounted inside the tower. 

29.8.4.9 Prohibited Markings. Aircraft obstruction markings of the turbines 

by use of alternating red and white bands shall be prohibited. 

29.8.4.10 Prohibited Advertising. No billboards, logos, or advertising signs 

of any kind shall be located on the turbines. 

29.8.4.11 Maximum Permitted Height. Height shall be determined by the 

Hub Height for each individual turbine. The maximum Hub Height 

shall be 80 meters (80 meters is approximately 263 feet). 

 29.8.4.11.1 Total Height. The overall height is determined by the 

sum of the Hub Height and half of the turbine’s Rotor Diameter 

distance, measured at the highest point on the blade tip.  

 

 

 

 

 

 

 

 

 

 



 

 

The maximum height of the turbines shall be 355 feet. Greater 

height, but not in excess of 400 feet, may be considered on a case by 

case basis if the applicant can sufficiently demonstrate that the 

increased height will result in increased energy efficiencies, thereby 

reducing the overall number of turbines in the project. However, in 

all cases, due consideration shall be given to the scale of the turbines 

in relation to the surrounding landscape. 

29.8.5 Soil Erosion and Water Quality 

29.8.5.1 Minimize Impact. Construction and maintenance shall be done in 

strict accordance with the erosion and sediment control plan 

submitted with the building permit so as to minimize soil erosion 

and damage to native vegetation.  

29.8.5.2 Restoration. If native vegetation is damaged during construction, it 

shall be restored after construction is complete in areas not occupied 

by the WECS-C and related facilities and roads.  

29.8.5.3 Stormwater Ordinance. Compliance with Section 28 is required. 

29.8.6 Safety 

29.8.6.1 Property Setbacks. Individual wind turbines shall be set back 

1,750-feet from all property lines of the single discrete undivided lot 

of record upon which it is located to the nearest point on base of 

tower. Lease, easement, or other ownership interest of adjoining 

discrete lots does not remove the property lines between discrete lots 

from which the measurements are made. 

29.8.6.2 Road Setbacks. Individual wind turbines shall be set back  

1,750-feet from all public road rights of way to the nearest point on 

the base of the tower. 

29.8.6.3 Minimum Spacing. Each WECS-C must be at least six (6) times its 

rotor diameter from another WECS-C beginning at the nearest point 

on the base of each tower. 

29.8.6.4 Minimum Clearance. Each WECS-C must maintain a minimum 

clearance of 15-feet from the ground, immediately adjacent to the 

tower base, to the rotor tip at its lowest point. 

29.8.6.5 Lighting. Lighting of turbines shall be radar activated and in 

compliance with current FAA Aircraft Detection Lighting System 

regulations. Any emergency reserve lighting shall follow “daytime 

white / nighttime red” standards.  



 

 

29.9.1.5.1 Additional Security. When Required. If the County 

Commission has any reason to believe that the Security is 

insufficient, it may demand such other Security as it deems to 

be necessary. 

29.9.1.5.2 Survival of Sale. The Security must be written so as to 

survive any sale or transfer of the turbines and related project 

property or the insolvency of the project owner. It shall 

further apply to all successors and assigns of the project 

owner. Any entity providing Security must be authorized to 

provide such Security in the State of Missouri and must be 

acceptable to the County Commission. 

29.9.2 Abandonment. 

29.9.2.1 Individual Turbine. An individual turbine shall be considered to 

have been abandoned when the turbine is incapable of producing 

more than 20% of the average amount of electricity produced by 

such turbine in comparable previous time periods (adjusted for 

actual wind conditions), as determined by the Resource Management 

Department, for a period of at least six (6) consecutive months and 

there is no demonstrated viable plan to restore the equipment to 

operating condition or if determined inoperable under  

Section 29.8.3.6. 

29.9.2.2 Entire Project. An entire project shall be considered to have been 

abandoned when at least fifty percent (50%) of the individual 

turbines in any WECOD are abandoned or considered to be 

abandoned in accordance with 29.9.2.1, and there is no demonstrated 

viable plan to restore the equipment to operating condition. Except 

for any Repowering Event or Casualty Event subject to a County 

approved schedule of completion not to exceed 5 years. 

29.9.2.3 Extension. An extension of the 6-month time period may be 

granted by the County Commission upon the presentation of 

sufficient justification by the project owner.  

29.9.2.4 Excavation. All underground equipment and foundation systems of 

WECS-C shall be removed to a depth of at least four feet (4’) to 

allow for the cultivation of crops, restoration of pasture, or 

installation of underground utilities. 

29.9.3 Reclamation 

29.9.3.1 Owner Initiated. The owner/operator shall commence reclamation 

proceedings within 90-days of the date of abandonment of an 
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SECTION 15 ADMINISTRATION 

 

G.  CONDITIONAL USE PERMITS FOR COMMERCIAL WIND ENERGY 

CONVERSION SYSTEMS (WECS-C) 

1. PURPOSES AND GENERAL PERMIT REQUIREMENTS 

1.1 These regulations are intended to regulate the placement and construction 

of commercial wind energy conversion systems (WECS-C) in order to 

protect and promote the public health, safety, and welfare, to protect the 

environment, to promote the efficient use of land and to preserve property 

values. 

1.2 No WECS-C as defined herein shall be constructed, erected, maintained or 

operated except under Conditional Use Permit issued in accordance with 

these regulations in areas zoned Wind Energy Conversion Overlay District 

(WECOD). 

1.3 All Conditional Use Permits for WECS-C shall comply with the procedures 

and standards of Section 15 A. of these regulations and the Wind Energy 

Conversion Overlay District, Section 29. 

2. APPLICABILITY 

2.1 These regulations apply to WECS-C facilities and accessory facilities such 

as staging yards, maintenance yards, maintenance buildings, or laydown 

yards, in a Wind Energy Conversion Overlay District (WECOD). 

3.APPLICATION STANDARDS FOR A NEW WECS-C 

3.1 In addition to the standards contained in Section 15 A.(5), applications for 

new WECS-C shall be required to meet the following standards. Any 

application that does not meet these requirements shall be returned to the 

applicant for revision and supplemental material. 

3.2 Limited Number of Applications per Month: 

3.2.1 Up to three (3) applications from the same project owner may be 

submitted per month. 

3.2.2 Each application may contain up to two (2) WECS-C that are located 

less than 1.5 times the minimum spacing distance from each other. 



 

 

3.2.3 The Director may allow groups of up to six (6) WECS-C to be 

included in one application if: 

• All towers are in a single cluster; 

• Each tower within the group is less than 1.25 times its minimum 

spacing distance from at least one (1) other tower in the group; 

• There is sufficient room on the Planning and Zoning Commission 

agenda without displacing other items or resulting in an 

unreasonably long meeting. 

3.3 Project Owner Information: 

3.3.1 Name, address, phone number, and e-mail address of the project 

owner and the project owner’s contact person for the project; 

3.3.2 A statement from the project owner providing relevant information 

regarding an overview of the company, the company’s financial 

condition, the company’s environmental management history and the 

company’s qualifications and experience in WECS-C development. 

Specific references regarding other WECS-C projects are required; 

3.3.3 A description of the entity identified as the project owner and builder 

of the proposed project and a complete financial statement for such 

entity including audits or reviews, whichever are applicable, for  

three (3) years preceding the date of application; 

3.3.4 The name, address, phone number and e-mail address of the  

manager of the project in the event the project is approved and the 

name, address and phone numbers of any proposed buyers of the 

project. 

3.4 Site Plan: 

3.4.1 A site plan drawn in sufficient detail to clearly describe the following: 

• General vicinity of the project location within the County; 

• Scale and north arrow; 

• Acreage of the site; 

• Physical dimensions of the property and the physical location of 

the project boundary including the property lines of the discrete 

lot; 

• Any previous survey work of record within the project boundary 

and any deed work showing consolidations of separate lots into 

the single proposed lot upon which the project is proposed; 



 

 

• Location and physical dimensions of existing structures and 

location and physical dimensions of proposed structures, 

including the proposed wind turbines and accessory structures; 

• Houses within one thousand feet (1,000’) of the parcel boundary 

and the approximate distance of such houses from the proposed 

tower, and any additional houses within one-half (1/2) mile of the 

proposed tower; 

• Location of existing electrical lines and facilities, including 

transmission lines and whether overhead or underground; 

• Approximate location of proposed electrical lines and facilities, 

including transmission lines and whether overhead or 

underground; 

• Existing topography; 

• Proposed grading and removal of natural vegetation; 

• Wind characteristics and dominant wind direction; 

• Proposed setbacks of all proposed structures from the project 

boundary; 

• Anticipated ingress and egress locations and projected methods 

of circulation on the project property; 

• Location of and distance to public roads in all four directions 

surrounding the project perimeter; 

• Approximate location of any major known underground pipelines 

or other underground utilities; 

• Approximate location of any major known utility easements; 

• Location of any delineated 100-year floodplains, stream buffers, 

sinkholes, wetlands, and other environmentally sensitive areas; 

• Approximate area/size of land disturbance. 

3.5 A summary of the economic Cost/Benefit Analysis (CBA) that was 

submitted and reviewed as part of the approval process for the WECOD in 

which the proposed WECS-C is located and: 

3.5.1 A description of how the proposed WECS-C relates to the CBA; 

3.5.2 A description of any mitigation measures identified in the CBA. 



 

 

3.6 A summary of the environmental assessment of the potential adverse 

impacts from the project that was submitted and reviewed as part of the 

approval process for the WECOD in which the proposed WECS-C is 

located as well as: 

3.6.1 A description of how the proposed WECS-C relates to the 

assessment; 

3.6.2 Identification of any proposed measures to mitigate or lessen the 

effects of the adverse impacts that relate to the construction and 

operation of the proposed WECS-C. 

3.7 A copy of written notification to the utility company(s) of the proposed 

interconnection with their corresponding service(s). 

3.8 Detailed information on the type, size, height, rotor size, rotor material, 

color scheme, rated power output, performance, safety and noise 

characteristics of the proposed wind turbine model, tower and electrical 

transmission equipment. 

3.9 A decommissioning and land reclamation plan to be implemented in the 

event the project is abandoned or upon the end of the useful life of the 

project. The plan shall include a statement specifying the anticipated useful 

life of the project. 

3.10 A summary of the Transportation and Infrastructure Mitigation Plan 

developed during the approval process for the WECOD in which the 

proposed WECS-C is located in addition to: 

3.10.1 A description of how the proposed WECS-C relates to that plan; 

3.10.2 The mitigation measures that are to be implemented and a schedule 

of when such measures are to be completed. 

3.10.3 If applicable, the Missouri Department of Transportation approval of 

the plan for the site-specific project. 

3.10.4 If applicable, any local municipalities approval of the plan for the 

site-specific project. 

3.11 A plan for the physical security of the site and the structure(s) authorized 

by the Conditional Use Permit. 

3.12 A Federal Aviation Administration Determination of No Hazard (if 

required), or a written statement from FAA that the tower is exempt from 

such requirements. 



 

 

3.13 The project owner has demonstrated compliance with United States Fish 

and Wildlife Service Land-Based Wind Energy Guidelines and compliance 

with all recommendations resulting there from. 

4. APPROVAL STANDARDS FOR A NEW WECS-C 

4.1 It is the responsibility of the project owner to provide sufficient 

information and documentation to allow approval of the Conditional Use 

Permit (CUP).  

4.2 Before authorizing the issuance of a CUP for a WECS-C, the County 

Commission shall satisfy itself that the following approval standards are 

met and the requirements of Section 15 A. (2) are met: 

• The project owner has addressed mitigation as identified in the 

economic Cost/Benefit Analysis (CBA) that was submitted and 

reviewed as part of the approval process for the WECOD in which 

the proposed WECS-C is located; 

• The project owner has addressed measures to mitigate or lessen the 

effects of the adverse environmental impacts that relate to the 

construction and operation of the proposed WECS-C as identified in 

the environmental assessment of the potential adverse impacts that 

was submitted and reviewed as part of the approval process for the 

WECOD is which the proposed WECS-C is located; 

• The project owner has notified applicable utilities of the proposed 

interconnection; 

• The type, size, height, rotor size, rotor material, color scheme, and 

noise characteristics of the proposed wind turbine model and tower 

are similar to all other towers in the same WECOD; 

• A satisfactory Decommissioning and Land Reclamation Plan has 

been submitted including procedures to address project abandonment 

or upon the end of the useful life of the project; 

• The project owner has negotiated a draft agreement with Boone 

County to mitigate traffic and road related impacts as identified in 

the Transportation and Infrastructure Mitigation Plan submitted and 

reviewed as part of the approval process for the WECOD in which 

the proposed WECS-C is located; 

• Adequate measures are proposed to protect the physical security of 

the site and the structure(s) authorized by the Conditional Use 

Permit; 



 

 

• The project owner has submitted a Federal Aviation Administration 

(FAA) Determination of No Hazard (if required), or a written 

statement from FAA that the tower is exempt from such 

requirements; 

• The project owner has demonstrated compliance with United States 

Fish and Wildlife Service Land-Based Wind Energy Guidelines and 

compliance with all recommendations resulting therefrom; 

• The proposed WECS-C complies with all requirements and 

standards of the Wind Energy Conversion Overlay District, Section 

29; 

• The County Commission may use testimony and evidence, presented 

in the public hearings to establish the WECOD, to impose additional 

conditions on the CUP. 

5. STANDARD CONDITIONS 

5.1 The following conditions shall be attached to each Conditional Use Permit 

granted under this section, unless the County Commission specifically 

omits one or more. 

5.1.1 Prior to construction of any structure authorized by this permit, the 

owner shall enter into a Transportation and Infrastructure Mitigation 

Agreement approved by the County Commission of the County of 

Boone. 

5.1.2 Any alteration to any lot line, as it existed at the time of application 

submittal, that results in a conflict with any adopted standard or 

condition of approval, shall be cause for revocation of the permit in 

accordance with procedures established in Section 15 A. (4). 

5.1.3 The owner shall submit an annual report detailing monthly power 

generation for each WECS-C for the previous twelve (12) months. The 

annual reporting period shall commence on the date the Conditional Use 

Permit is issued. Reports are due within 60-days of the end of each 

annual reporting period. 

5.1.4 The owner shall continue to comply with the United States Fish and 

Wildlife Service Land Based Wind Energy Guidelines. 

5.1.5 Any division of land, regardless of the acreage involved, on which a 

Conditional Use Permit (CUP) for a WECS-C has been issued is subject 

to review by the Director. The Director’s review is to ensure that the 

proposed division is compatible with the requirements of the CUP. 



 

 

• If proposed division is not compatible with the requirements of 

the CUP, it is prohibited. 

• The owner shall record, in the land records of the Boone County 

Recorder of Deeds, a Notice of Land Division Review (NLDR). 

The NLDR shall be on forms provided by the Director and shall 

clearly state the requirements of this condition. 

5.1.6 All WECS-C shall be equipped with an automatic fire suppression 

system that meets the applicable NFPA standard or is otherwise 

approved by the fire district with jurisdiction. 
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to addressing wildlife conservation concerns at all stages of land-based wind energy development.  For each 
response, we estimate the time necessary to provide the information as follows:

Tier 1 – 83 hours 
Tier 2 – 375 hours 
Tier 3 – 2,880 hours 
Tier 4 – 2,550 hours 
Tier 5 – 2,400 hours

The above estimates include time for reviewing instructions, gathering and maintaining data, and preparing and 
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Service Information Collection Clearance Officer, U.S. Fish and Wildlife Service, 4401 N. Fairfax Drive, MS 2042-
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Executive Summary

As the Nation shifts to renewable 
energy production to supplant the 
need for carbon-based fuel, wind 
energy will be an important source 
of power.  As wind energy production 
increases, both developers and 
wildlife agencies have recognized 
the need for a system to evaluate 
and address the potential negative 
impacts of wind energy projects on 
species of concern.  These voluntary 
Guidelines provide a structured, 
scientific process for addressing 
wildlife conservation concerns at all 
stages of land-based wind energy 
development.  They also promote 
effective communication among wind 
energy developers and federal, state, 
and local conservation agencies and 
tribes.  When used in concert with 
appropriate regulatory tools, the 
Guidelines form the best practical 
approach for conserving species 
of concern.  The Guidelines have 
been developed by the Interior 
Department’s U.S. Fish and Wildlife 
Service (Service) working with the 
Wind Turbine Guidelines Advisory 
Committee.  They replace interim 
voluntary guidance published by the 
Service in 2003.

The Guidelines discuss various 
risks to “species of concern” from 
wind energy projects, including 
collisions with wind turbines and 
associated infrastructure; loss 
and degradation of habitat from 
turbines and infrastructure; 
fragmentation of large habitat 
blocks into smaller segments that 
may not support sensitive species; 
displacement and behavioral 
changes; and indirect effects such 
as increased predator populations 
or introduction of invasive plants.  
The Guidelines assist developers 
in identifying species of concern 
that may potentially be affected by 
their proposed project, including 
migratory birds; bats; bald and 

golden eagles and other birds of 
prey; prairie and sage grouse; 
and listed, proposed, or candidate 
endangered and threatened 
species.  Wind energy development 
in some areas may be precluded 
by federal law; other areas may 
be inappropriate for development 
because they have been recognized 
as having high wildlife value based 
on their ecological rarity and 
intactness.	

The Guidelines use a “tiered 
approach” for assessing potential 
adverse effects to species of concern 
and their habitats.  The tiered 
approach is an iterative decision-
making process for collecting 
information in increasing detail; 
quantifying the possible risks of 
proposed wind energy projects 
to species of concern and their 
habitats; and evaluating those risks 
to make siting, construction, and 
operation decisions.  During the 
pre-construction tiers (Tiers 1, 2, 
and 3), developers are working to 
identify, avoid and minimize risks to 
species of concern.  During post-
construction tiers (Tiers 4 and 5), 
developers are assessing whether 
actions taken in earlier tiers to 
avoid and minimize impacts are 
successfully achieving the goals and, 
when necessary, taking additional 
steps to compensate for impacts.  
Subsequent tiers refine and build 
upon issues raised and efforts 
undertaken in previous tiers.  Each 
tier offers a set of questions to help 
the developer evaluate the potential 
risk associated with developing a 
project at the given location.

Briefly, the tiers address:

•	 Tier 1 – Preliminary site 
evaluation (landscape-scale 
screening of possible project 
sites)

•	 Tier 2 – Site characterization 
(broad characterization of one 
or more potential project sites)

•	 Tier 3 – Field studies to 
document site wildlife and 
habitat and predict project 
impacts

•	 Tier 4 – Post-construction 
studies to estimate impacts1 

•	 Tier 5 – Other post-
construction studies and 
research

The tiered approach provides the 
opportunity for evaluation and 
decision-making at each stage, 
enabling a developer to abandon or 
proceed with project development, 
or to collect additional information 
if required.  This approach does 
not require that every tier, or 
every element within each tier, be 
implemented for every project.  
The Service anticipates that many 
distributed or community facilities 
will not need to follow the Guidelines 
beyond Tiers 1 and 2.  Instead, the 
tiered approach allows efficient use 
of developer and wildlife agency 
resources with increasing levels of 
effort.

If sufficient data are available 
at a particular tier, the following 
outcomes are possible: 

1.  The project proceeds to the 
next tier in the development 
process without additional           
data collection. 

2.  The project proceeds to the 
next tier in the development 
process with additional data 
collection.

3.  An action or combination 
of actions, such as project 

 1 The Service anticipates these studies will include fatality monitoring as well as studies to evaluate habitat impacts.
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modification, mitigation, 
or 	specific post-construction 
monitoring, is indicated.

 4. The project site is abandoned 
because the risk is considered 
unacceptable.

If data are deemed insufficient 
at a tier, more intensive study is 
conducted in the subsequent tier 
until sufficient data are available 
to make a decision to modify the 
project, proceed with the project, or 
abandon the project.

The most important thing a 
developer can do is to consult with 
the Service as early as possible in 
the development of a wind energy 
project.  Early consultation offers 
the greatest opportunity for 

avoiding areas where development 
is precluded or where wildlife 
impacts are likely to be high 
and difficult or costly to remedy 
or mitigate at a later stage.  By 
consulting early, project developers 
can also incorporate appropriate 
wildlife conservation measures and 
monitoring into their decisions about 
project siting, design, and operation. 

Adherence to the Guidelines is 
voluntary and does not relieve any 
individual, company, or agency of 
the responsibility to comply with 
laws and regulations.  However, if 
a violation occurs the Service will 
consider a developer’s documented 
efforts to communicate with 
the Service and adhere to the 
Guidelines.  The Guidelines include 
a Communications Protocol which 

provides guidance to both developers 
and Service personnel regarding 
appropriate communication and 
documentation.

The Guidelines also provide 
Best Management Practices for 
site development, construction, 
retrofitting, repowering, and 
decommissioning.  For additional 
reference, a glossary of terms and 
list of literature cited are included in 
the appendices.

Wind Resource Map.  Credit:  NREL
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Chapter 1 - General Overview

The mission of the U.S. Fish and 
Wildlife Service (Service) is working 
with others to conserve, protect and 
enhance fish, wildlife, plants and 
their habitats for the continuing 
benefit of the American people.  As 
part of this, the Service implements 
statutes including the Endangered 
Species Act, Migratory Bird Treaty 
Act, and Bald and Golden Eagle 
Protection Act.  These statutes 
prohibit taking of federally listed 
species, migratory birds, and eagles 
unless otherwise authorized. 

Recent studies have documented 
that wind energy facilities can kill 
birds and bats.  Mortality rates 
in fatalities per nameplate MW 
per year vary among facilities and 
regions.  Studies have indicated that 
relatively low raptor (e.g., hawks, 
eagles) fatality rates exist at most 
modern wind energy developments 
with the exception of some facilities 
in California and Wyoming.  Turbine-
related bat deaths have been 
reported at each wind facility to 
date.  Generally, studies in the West 
have reported lower rates of bat 
fatalities than facilities in the East.    
There is still much uncertainty 
regarding geographic distribution 
and causes of bat fatalities (NWCC 
2010).

These Guidelines are intended to:

(1)		 Promote compliance  
	 with relevant wildlife laws  
	 and regulations; 

(2)		 Encourage scientifically  
	 rigorous survey, monitoring,  
	 assessment, and research  
	 designs proportionate to the  
	 risk to species of concern; 

(3)		 Produce potentially  
	 comparable data across the  
	 Nation; 

(4)		 Mitigate, including avoid,  
	 minimize, and compensate  
	 for potential adverse effects  
	 on species of concern and  
	 their habitats; and,

(5)		 Improve the ability to  
	 predict and resolve effects  
	 locally, regionally, and  
	 nationally.  

As the United States moves to 
expand wind energy production, 
it also must maintain and protect 
the Nation’s wildlife and their 
habitats, which wind energy 
production can negatively affect.  
As with all responsible energy 
development, wind energy projects 
should adhere to high standards 
for environmental protection.  With 
proper diligence paid to siting, 
operations, and management of 
projects, it is possible to mitigate 
for adverse effects to wildlife, 
and their habitats.  This is best 
accomplished when the wind energy 
project developer communicates as 
early as possible with the Service 
and other stakeholders.  Such 
early communication allows for the 
greatest range of development and 
mitigation options.  The following 
website contains contact information 
for the Service Regional and Field 
offices as well as State wildlife 
agencies:  http://www.fws.gov/offices/
statelinks.html.

In response to increasing wind 
energy development in the United 
States, the Service released a set 
of voluntary, interim guidelines for 

reducing adverse effects to fish and 
wildlife resources from wind energy 
projects for public comment in July 
2003.  After the Service reviewed the 
public comments, the Secretary of 
the Interior (Secretary) established 
a Federal Advisory Committee2 to 
provide recommendations to revise 
the guidelines related to land-
based wind energy facilities.  In 
March 2007, the U.S. Department 
of the Interior established the 
Wind Turbine Guidelines Advisory 
Committee (the Committee).  
The Committee submitted its 
final Recommended Guidelines 
(Recommendations) to the Secretary 
on March 4, 2010.  The Service used 
the Recommendations to develop 
its Land-Based Wind Energy 
Guidelines. 

The Service encourages project 
proponents to use the process 
described in these voluntary Land-
based Wind Energy Guidelines 
(Guidelines) to address risks to 
species of concern.  The Service 
intends that these Guidelines, when 
used in concert with the appropriate 
regulatory tools, will form the best 
practical approach for conservation 
of species of concern. 

Statutory Authorities

These Guidelines are not intended 
nor shall they be construed to 
limit or preclude the Service from 
exercising its authority under any 
law, statute, or regulation, or from 
conducting enforcement action 
against any individual, company, 
or agency.  They are not meant to 
relieve any individual, company, or 
agency of its obligations to comply 
with any applicable federal, state, 

2 Committee membership, from 2008 to 2011, has included:  Taber Allison, Massachusetts Audubon; Dick Anderson, California Energy 
Commission; Ed Arnett, Bat Conservation International; Michael Azeka, AES Wind Generation; Thomas Bancroft, National Audubon; Kathy 
Boydston, Texas Parks and Wildlife Department; René Braud, EDP Renewables; Scott Darling, Vermont Fish and Wildlife Department; Michael 
Daulton, National Audubon; Aimee Delach, Defenders of Wildlife; Karen Douglas, California Energy Commission; Sam Enfield, MAP Royalty; 
Greg Hueckel, Washington Department of Fish and Wildlife; Jeri Lawrence, Blackfeet Nation; Steve Lindenberg, U.S. Department of Energy; 
Andy Linehan, Iberdrola Renewables; Rob Manes, The Nature Conservancy, Kansas; Winifred Perkins, NextEra Energy Resources; Steven 
Quarles, Crowell & Moring; Rich Rayhill, Ridgeline Energy; Robert Robel, Kansas State University; Keith Sexson, Association of Fish and 
Wildlife Agencies; Mark Sinclair, Clean Energy States Alliance; David Stout, U.S. Fish and Wildlife Service; Patrick Traylor, Hogan Lovells.



U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines

2 

tribal, or local laws, statutes, or 
regulations.  The Guidelines do not 
prevent the Service from referring 
violations of law for enforcement 
when a company has not followed the 
Guidelines. 

Ultimately it is the responsibility 
of those involved with the planning, 
design, construction, operation, 
maintenance, and decommissioning 
of wind projects to conduct relevant 
wildlife and habitat evaluation and 
determine, which, if any, species 
may be affected.  The results of 
these analyses will inform all efforts 
to achieve compliance with the 
appropriate jurisdictional statutes.  
Project proponents are responsible 
for complying with applicable state 
and local laws.

Migratory Bird Treaty Act

The Migratory Bird Treaty Act 
(MBTA) is the cornerstone of 
migratory bird conservation and 
protection in the United States.  The 
MBTA implements four treaties that 
provide for international protection 
of migratory birds.  It is a strict 
liability statute, meaning that proof 
of intent, knowledge, or negligence 
is not an element of an MBTA 
violation.  The statute’s language 
is clear that actions resulting in a 
“taking” or possession (permanent 
or temporary) of a protected species, 
in the absence of a Service permit 
or regulatory authorization, are a 
violation of the MBTA.

The MBTA states, “Unless and 
except as permitted by regulations 
… it shall be unlawful at any time, 
by any means, or in any manner 
to pursue, hunt, take, capture, kill 
… possess, offer for sale, sell … 
purchase … ship, export, import … 
transport or cause to be transported 
… any migratory bird, any part, 
nest, or eggs of any such bird ….  
[The Act] prohibits the taking, 
killing, possession, transportation, 
import and export of migratory 
birds, their eggs, parts, and nests, 
except when specifically authorized 
by the Department of the Interior.”  
16 U.S.C. 703.  The word “take” is 
defined by regulation as “to pursue, 

hunt, shoot, wound, kill, trap, 
capture, or collect, or attempt to 
pursue, hunt, shoot, wound, kill, trap, 
capture, or collect.”  50 CFR 10.12.

The MBTA provides criminal 
penalties for persons who commit 
any of the acts prohibited by the 
statute in section 703 on any of the 
species protected by the statute.  
See 16 U.S.C. 707.  The Service 
maintains a list of all species 
protected by the MBTA at 50 CFR 
10.13.  This list includes over one 
thousand species of migratory birds, 
including eagles and other raptors, 
waterfowl, shorebirds, seabirds, 
wading birds, and passerines.  The 
MBTA does not protect introduced 
species such as the house (English) 
sparrow, European starling, rock 
dove (pigeon), Eurasian collared-
dove, and non-migratory upland 
game birds.  The Service maintains 
a list of introduced species not 
protected by the Act.  See 70 Fed. 
Reg. 12,710 (Mar. 15, 2005).

Bald and Golden Eagle Protection 
Act

Under authority of the Bald and 
Golden Eagle Protection Act 
(BGEPA), 16 U.S.C. 
668–668d, bald eagles and 
golden eagles are afforded 
additional legal protection.  
BGEPA prohibits the take, 
sale, purchase, barter, 
offer of sale, purchase, or 
barter, transport, export 
or import, at any time or 
in any manner of any bald 
or golden eagle, alive or 
dead, or any part, nest, or 
egg thereof.  16 U.S.C. 668.  
BGEPA also defines take 
to include “pursue, shoot, 
shoot at, poison, wound, 
kill, capture, trap, collect, 
molest, or disturb,” 16 
U.S.C. 668c, and includes 
criminal and civil penalties 
for violating the statute.  
See 16 U.S.C. 668.  The 
Service further defined the 
term “disturb” as agitating 
or bothering an eagle to a 
degree that causes, or is 
likely to cause, injury, or 

either a decrease in productivity or 
nest abandonment by substantially 
interfering with normal breeding, 
feeding, or sheltering behavior.  50 
CFR 22.3.  BGEPA authorizes the 
Service to permit the take of eagles 
for certain purposes and under 
certain circumstances, including 
scientific or exhibition purposes, 
religious purposes of Indian tribes, 
and the protection of wildlife, 
agricultural, or other interests, so 
long as that take is compatible with 
the preservation of eagles.  16 U.S.C. 
668a.

In 2009, the Service promulgated 
a final rule on two new permit 
regulations that, for the first 
time, specifically authorize the 
incidental take of eagles and eagle 
nests in certain situations under 
BGEPA.  See 50 CFR 22.26 & 
22.27.  The permits authorize 
limited, non-purposeful (incidental) 
take of bald and golden eagles; 
authorizing individuals, companies, 
government agencies (including 
tribal governments), and other 
organizations to disturb or 
otherwise take eagles in the course 
of conducting lawful activities such 
as operating utilities and airports.  

Bald Eagle, Credit:  USFWS
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Removal of active eagle nests would 
usually be allowed only when it is 
necessary to protect human safety or 
the eagles.  Removal of inactive nests 
can be authorized when necessary 
to ensure public health and safety, 
when a nest is built on a human-
engineered structure rendering it 
inoperable, and when removal is 
necessary to protect an interest 
in a particular locality, but only if 
the take or mitigation for the take 
will provide a clear and substantial 
benefit to eagles.    

To facilitate issuance of permits 
under these new regulations, 
the Service has drafted Eagle 
Conservation Plan (ECP) Guidance.  
The ECP Guidance is compatible 
with these Land-Based Wind 
Energy Guidelines.  The Guidelines 
guide developers through the 
process of project development and 
operation.  If eagles are identified 
as a potential risk at a project site, 
developers are strongly encouraged 
to refer to the ECP Guidance.  The 
ECP Guidance describes specific 
actions that are recommended 
to comply with the regulatory 
requirements in BGEPA for an eagle 
take permit, as described in 50 CFR 
22.26 and 22.27.  The ECP Guidance 
provides a national framework for 
assessing and mitigating risk specific 
to eagles through development of 
ECPs and issuance of programmatic 
incidental takes of eagles at wind 
turbine facilities.  The Service 
will make its final ECP Guidance 
available to the public through its 
website. 

Endangered Species Act

The Endangered Species Act (16 
U.S.C. 1531–1544; ESA) was enacted 
by Congress in 1973 in recognition 
that many of our Nation’s native 
plants and animals were in danger of 
becoming extinct.  The ESA directs 
the Service to identify and protect 
these endangered and threatened 
species and their critical habitat, and 
to provide a means to conserve their 
ecosystems.  To this end, federal 
agencies are directed to utilize 
their authorities to conserve listed 
species, and ensure that their actions 

are not likely to jeopardize the 
continued existence of these species 
or destroy or adversely modify their 
critical habitat.  Federal agencies 
are encouraged to do the same with 
respect to “candidate” species that 
may be listed in the near future.  The 
law is administered by the Service 
and the Commerce Department’s 
National Marine Fisheries Service 
(NMFS).  For information regarding 
species protected under the ESA, 
see: http://www.fws.gov/endangered/.

The Service has primary 
responsibility for terrestrial and 
freshwater species, while NMFS 
generally has responsibility 
for marine species.  These two 
agencies work with other agencies 
to plan or modify federal projects 
so that they will have minimal 
impact on listed species and their 
habitats.  Protection of species is 
also achieved through partnerships 
with the states, through federal 
financial assistance and a system of 
incentives available to encourage 
state participation.  The Service 
also works with private landowners, 
providing financial and technical 
assistance for management 

actions on their lands to benefit both 
listed and non-listed species.

Section 9 of the ESA makes it 
unlawful for a person to “take” a 
listed species.  Take is defined as “... 
to harass, harm, pursue, hunt, shoot, 
wound, kill, trap, capture, or collect 
or attempt to engage in any such 
conduct.”  16 U.S.C. 1532(19).  The 
terms harass and harm are further 
defined in our regulations.  See 50 
CFR 17.3.  However, the Service 
may authorize “incidental take” 
(take that occurs as a result of an 
otherwise legal activity) in two ways.  

Take of federally listed species 
incidental to a lawful activity may 
be authorized through formal 
consultation under section 7(a)(2) of 
the ESA, whenever a federal agency, 
federal funding, or a federal permit 
is involved.  Otherwise, a person may 
seek an incidental take permit under 
section 10(a)(1)(B) of the ESA upon 
completion of a satisfactory habitat 
conservation plan (HCP) for listed 
species.  Developers not receiving 
federal funding or authorization 
should contact the Service to obtain 
an incidental take permit if a wind 

Indiana bat.  Credit:  USFWS
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energy project is likely to result 
in take of listed threatened or 
endangered wildlife species.  For 
more information regarding formal 
consultation and the requirements 
of obtaining HCPs, please see the 
Endangered Species Consultation 
Handbook at http://www.fws.gov/
endangered/esa-library/index.
html#consultations and the 
Service’s HCP website, http://www.
fws.gov/endangered/what-we-do/
hcp-overview.html.

Implementation of the Guidelines

Because these Guidelines are 
voluntary, the Service encourages 
developers to use them as soon 
as possible after publication.  To 
receive the considerations discussed 
on page 6 regarding enforcement 
priorities, a wind energy project 
would fall into one of three general 
categories relative to timing and 
implementation:

•	For projects initiated after 
publication, the developer has 
applied the Guidelines, including 
the tiered approach, through site 
selection, design, construction, 
operation and post-operation 
phases of the project, and has 
communicated and shared 

information with the Service and 
considered its advice.

•	For projects initiated prior to 
publication, the developer should 
consider where they are in the 
planning process relative to the 
appropriate tier and inform the 
Service of what actions they will 
take to apply the Guidelines.

•	For projects operating at the 
time of publication, the developer 
should confer with the Service 
regarding the appropriate period 
of fatality monitoring consistent 
with Tier 4, communicate and 
share information with the 
Service on monitoring results, 
and consider Tier 5 studies 
and mitigation options where 
appropriate.

Projects that are already under 
development or are in operation 
are not expected to start over or 
return to the beginning of a specific 
tier.  Instead, these projects should 
implement those portions of the 
Guidelines relevant to the current 
phases of the project per the bullets 
above.  

The Service is aware that it will 
take time for Service staff and 
other personnel, including wind 
energy developers and their 
biologists, to develop expertise 
in the implementation of these 
Guidelines.  Service staff and many 
staff associated with the wind 
energy industry have been involved 
with developing these Guidelines.  
Therefore, they have a working 
knowledge of the Guidelines.  To 
further refine their training, the 
Service will make every effort to 
offer an in-depth course within 6 
months of the final Guidelines being 
published.

The Communications Protocol on 
page 5 provides guidance to Service 
staff and developers in the exchange 
of information and recommendations 
at each tier in the process.  Although 
the advice of the Service is not 
binding, a developer should review 
such advice, and either accept or 
reject it.  If they reject it, they 

should contemporaneously document 
with reasoned justification why they 
did so.  Although the Guidelines 
leave decisions up to the developer, 
the Service retains authority to 
evaluate whether developer efforts 
to mitigate impacts are sufficient, 
to determine significance, and to 
refer for prosecution any unlawful 
take that it believes to be reasonably 
related to lack of incorporation 
of Service recommendations or 
insufficient adherence with the 
Guidelines.

Utility-Scale Wind turbine with an anemometer 
tower in the background.  Credit: University of 
Minnesota College of Science and Engineering
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Table 1.  Suggested Communications Protocol 
This table provides examples of potential communication opportunities between a wind energy project developer and 
the Service.  Not all projects will follow all steps indicated below.

TIER Project Developer/Operator Role Service Role

Tier 1:  
Preliminary site 
evaluation

•	 Landscape level assessment of habitat for 
species of concern

•	 Request data sources for existing information 
and literature

•	 Provide lists of data sources and references, 
if requested

Tier 2:  Site 
characterization

•	 Assess potential presence of species of 
concern, including species of habitat 
fragmentation concern, likely to be on site

•	 Assess potential presence of plant 
communities present on site that may provide 
habitat for species of concern

•	 Assess potential presence of critical 
congregation areas for species of concern

•	 One or more reconnaissance level site visit by 
biologist

•	 Communicate results of site visits and other 
assessments with the Service

•	 Provide general information about the size 
and location of the project to the Service

•	 Provide species lists, for species of concern, 
including species of habitat fragmentation 
concern, for general area, if available

•	 Provide information regarding plant 
communities of concern, if available

•	 Respond to information provided about 
findings of biologist from site visit

•	 Identify initial concerns about site(s) based 
on available information

•	 Inform lead federal agencies of 
communications with wind project 
developers

Tier 3:  Field 
studies and impact 
prediction

•	 Discuss extent and design of field studies to 
conduct with the Service

•	 Conduct biological studies
•	 Communicate results of all studies to Service 

field office in a timely manner
•	 Evaluate risk to species of concern from 

project construction and operation
•	 Identify ways to mitigate potential direct and 

indirect impacts of building and operating the 
project

•	 Respond to requests to discuss field studies
•	 Advise project proponent about studies to 

conduct and methods for conducting them
•	 Communicate with project proponent(s) 

about results of field studies and risk 
assessments

•	 Communicate with project proponents(s) 
ways to mitigate potential impacts of 
building and operating the project

•	 Inform lead federal agencies of 
communications with wind project 
developers

Tier 4:  Post 
construction 
studies to estimate 
impacts

•	 Discuss extent and design of post-construction 
studies to conduct with the Service

•	 Conduct post-construction studies to assess 
fatalities and habitat-related impacts

•	 Communicate results of all studies to Service 
field office in a timely manner

•	 If necessary, discuss potential mitigation 
strategies with Service

•	 Maintain appropriate records of data collected 
from studies

•	 Advise project operator on study design, 
including duration of studies to collect 
adequate information

•	 Communicate with project operator about 
results of studies

•	 Advise project operator of potential 
mitigation strategies, when appropriate

Tier 5:  Other 
post-construction 
studies and 
research

•	 Communicate with the Service about the need 
for and design of other studies and research to 
conduct with the Service, when appropriate, 
particularly when impacts exceed predicted 
levels

•	 Communicate with the Service about ways 
to evaluate cumulative impacts on species 
of concern, particularly species of habitat 
fragmentation concern

•	 Conduct appropriate studies as needed
•	 Communicate results of studies with the 

Service
•	  Identify potential mitigation strategies to 

reduce impacts and discuss them with the 
Service

•	 Advise project proponents as to need for 
Tier 5 studies to address specific topics, 
including cumulative impacts, based on 
information collected in Tiers 3 and 4

•	 Advise project proponents of methods and 
metrics to use in Tier 5 studies

•	 Communicate with project operator and 
consultants about results of Tier 5 studies

•	 Advise project operator of potential 
mitigation strategies, when appropriate, 
based on Tier 5 studies
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Consideration of the Guidelines in 
MBTA and BGEPA Enforcement

The Service urges voluntary 
adherence to the Guidelines and 
communication with the Service 
when planning and operating a 
facility.  While it is not possible to 
absolve individuals or companies 
from MBTA or BGEPA liability, the 
Office of Law Enforcement focuses 
its resources on investigating 
and prosecuting those who take 
migratory birds without identifying 
and implementing reasonable and 
effective measures to avoid the 
take.  The Service will regard a 
developer’s or operator’s adherence 
to these Guidelines, including 
communication with the Service, as 
appropriate means of identifying 
and implementing reasonable and 
effective measures to avoid the 
take of species protected under the 
MBTA and BGEPA.3  The Chief of 
Law Enforcement or more senior 
official of the Service will make 
any decision whether to refer for 
prosecution any alleged take of such 
species, and will take such adherence 
and communication fully into account 
when exercising discretion with 
respect to such potential referral.  
Each developer or operator will be 
responsible for maintaining internal 
records sufficient to demonstrate 
adherence to the Guidelines and 
response to communications from 
the Service.  Examples of these 
records could include: studies 
performed in the implementation of 
the tiered approach; an internal or 
external review or audit process; a 
bird and bat conservation strategy; 
or a wildlife management plan.

If a developer and operator are not 
the same entity, the Service expects 
the operator to maintain sufficient 
records to demonstrate adherence to 
the Guidelines.

Scope and Project Scale of the 
Guidelines 

The Guidelines are designed for 
“utility-scale” land-based wind 

energy projects to reduce potential 
impacts to species of concern, 
regardless of whether they are 
proposed for private or public 
lands.  A developer of a distributed 
or community scale wind project 
may find it useful to consider the 
general principles of the tiered 
approach to assess and reduce 
potential impacts to species of 
concern, including answering Tier 
1 questions using publicly available 
information.  In the vast majority 
of situations, appropriately sited 
small wind projects are not likely to 
pose significant risks to species of 
concern.  Answering Tier 1 questions 
will assist a developer of distributed 
or community wind projects, as well 
as landowners, in assessing the need 
to further communicate with the 
Service, and precluding, in many 
cases, the need for full detailed 
pre-construction assessments or 
monitoring surveys typically called 
for in Tiers 2 and 3.  If landowners 
or community/distributed wind 
developers encounter problems 
locating information about specific 
sites they can contact the Service 
and/or state wildlife agencies to 
determine potential risks to species 
of concern for their particular 
project. 

The tiered approach is designed 
to lead to the appropriate amount 
of evaluation in proportion to 
the anticipated level of risk that 
a project may pose to species 
of concern and their habitats.  
Study plans and the duration and 
intensity of study efforts should 
be tailored specifically to the 
unique characteristics of each site 
and the corresponding potential 
for significant adverse impacts 
on species of concern and their 
habitats as determined through 
the tiered approach.  This is why 
the tiered approach begins with 
an examination of the potential 
location of the project, not the size 
of the project.  In all cases, study 
plans and selection of appropriate 
study methods and techniques may 
be tailored to the relative scale, 
location, and potential for significant 
adverse impacts of the proposed site.

The Service considers a “project” 
to include all phases of wind 
energy development, including, 
but not limited to, prospecting, site 
assessment, construction, operation, 
and decommissioning, as well as 
all associated infrastructure and 
interconnecting electrical lines.  
A “project site” is the land and 
airspace where development occurs 

Communication with Christy Johnson-Hughes.  Credit:  Rachel London,  USFWS

3 With regard to eagles, this paragraph will only apply when a project is not likely to result in take.  If Tiers 1, 2, and/or 3 identify a potential to 
take eagles, developers should consider developing an ECP and, if necessary, apply for a take permit
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or is proposed to occur, including 
the turbine pads, roads, power 
distribution and transmission 
lines on or immediately adjacent 
to the site; buildings and related 
infrastructure, ditches, grades, 
culverts; and any changes or 
modifications made to the original 
site before development occurs.  
Project evaluations should consider 
all potential effects to species of 
concern, which includes species 1) 
protected by the MBTA, BGEPA, or 
ESA (including candidate species), 
designated by law, regulation or 
other formal process for protection 
and/or management by the relevant 
agency or other authority, or that 
have been shown to be significantly 
adversely affected by wind energy 
development; and 2) determined to 
be possibly affected by the project.

These Guidelines are not designed to 
address power transmission beyond 
the point of interconnection to the 
transmission system. 

Service Review Period 

The Service is committed to 
providing timely responses.  
Service Field Offices should 
typically respond to requests 
by a wind energy developer for 
information and consultation on 
proposed site locations (Tiers 1 
and 2), pre- and post-construction 
study designs (Tiers 3 and 4), and 
proposed mitigation (Tier 3) within 
60 calendar days.  The request 
should be in writing to the Field 
Office and copied to the Regional 
Office with information about 
the proposed project, location(s) 
under consideration, and point of 
contact.  The request should contain 
a description of the information 
needed from the Service.  The 
Service will provide a response, 
even if it is to notify a developer of 
additional review time, within the 
60 calendar day review period.  If 
the Service does not respond within 
60 calendar days of receipt of the 
document, then the developer can 
proceed through Tier 3 without 
waiting for Service input.  If the 
Service provides comments at a 

later time, the developer should 
incorporate the comments if feasible.  
It is particularly important that if 
data from Tier 1-3 studies predict 
that the project is likely to produce 
significant adverse impacts on 
species of concern, the developer 
inform the Service of the actions it 
intends to implement to mitigate 
those impacts.  If the Service cannot 
respond within 60 calendar days, 
this does not relieve developers from 
their MBTA, BGEPA, and ESA 
responsibilities.

The tiered approach allows a 
developer in certain limited 
circumstances to move directly from 
Tier 2 to construction (e.g., adequate 
survey data for the site exists).  The 
developer should notify the Service 
of this decision and give the Service 
60 calendar days to comment on the 
proposed project prior to initiating 
construction activities. 

Introduction to the Decision 
Framework Using a Tiered Approach

The tiered approach provides a 
decision framework for collecting 
information in increasing detail to 
evaluate risk and make siting and 
operational decisions.  It provides 
the opportunity for evaluation 
and decision-making at each tier, 
enabling a developer to proceed with 
or abandon project development, 
or to collect additional information 
if necessary.  This approach does 
not require that every tier, or 
every element within each tier, be 
implemented for every project. 
Instead, it allows efficient use of 
developer and wildlife agency 
resources with increasing levels of 
effort until sufficient information and 
the desired precision is acquired for 
the risk assessment. 

Figure 1 (“General Framework of 
Tiered Approach”) illustrates the 
tiered approach, which consists of up 
to five iterative stages, or tiers: 

•	 Tier 1 – Preliminary site 
evaluation (landscape-scale 
screening of possible project 
sites)

•	 Tier 2 – Site characterization 
(broad characterization of one or 
more potential project sites)

•	 Tier 3 – Field studies to document 
site wildlife and habitat and 
predict project impacts

•	 Tier 4 – Post-construction studies 
to estimate impacts4 

•	 Tier 5 – Other post-construction 
studies and research

At each tier, potential issues 
associated with developing or 
operating a project are identified 
and questions formulated to guide 
the decision process.  Chapters Two 
through Six outline the questions to 
be posed at each tier, and describe 
recommended methods and metrics 
for gathering the data needed to 
answer those questions. 

The first three tiers correspond 
to the pre-construction evaluation 
phase of wind energy development.  
At each of the three tiers, the 
Guidelines provide questions that 
developers should answer, followed 
by recommended methods and 
metrics to use in answering the 
questions.  Some questions are 
repeated at each tier, with successive 
tiers requiring a greater investment 
in data collection to answer certain 
questions.  For example, while Tier 
2 investigations may discover some 
existing information on federal or 
state-listed species and their use of 
the proposed development site, it 
may be necessary to collect empirical 
data in Tier 3 studies to determine 
the presence of federal or state-
listed species. 

Developers decide whether to 
proceed to the next tier. Timely 
communication and sharing of 
information will allow opportunities 
for the Service to provide, and 
developers to consider, technical 
advice.  A developer should base the 
decision on the information obtained 
from adequately answering the 
questions in this tier, whether the 
methods used were appropriate for 
the site selected, and the resulting 

4 The Service anticipates these studies will include fatality monitoring as well as studies to evaluate habitat impacts.
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assessment of risk posed to species 
of concern and their habitats.

If sufficient data are available 
at a particular tier, the following 
outcomes are possible: 

1.	The project proceeds to the next 
tier in the development process 
without additional data collection. 

2.	The project proceeds to the next 
tier in the development process 
with additional data collection.

3.	An action or combination 
of actions, such as project 
modification, mitigation, or specific 
post-construction monitoring, is 
indicated.

4.  The project site is abandoned 
because the risk is considered 
unacceptable. 

If data are deemed insufficient 
at a tier, more intensive study is 
conducted in the subsequent tier 
until sufficient data are available 
to make a decision to modify the 
project, proceed with the project, or 
abandon the project.

The tiered approach used in 
these Guidelines embodies 
adaptive management by 
collecting increasingly detailed 
information that is used to make 
decisions about project design, 

construction, and operation as 
the developer progresses through 
the tiers.  Adaptive management 
is an iterative learning process 
producing improved understanding 
and improved management over 
time (Williams et al 2007).   DOI 
has determined that its resource 
agencies, and the natural resources 
they oversee, could benefit from 
adaptive management.  Use of 
adaptive management in DOI 
is guided by the DOI Policy on 
Adaptive Management.  DOI has 
adopted the National Research 
Council’s 2004 definition of adaptive 
management, which states: 
 
“Adaptive management promotes 
flexible decision making that 
can be adjusted in the face of 
uncertainties as outcomes from 
management actions and other 
events become better understood.  
Careful monitoring of these 
outcomes both advances scientific 
understanding and helps adjust 
policies or operations as part of an 
iterative learning process.  Adaptive 
management also recognizes the 
importance of natural variability in 
contributing to ecological resilience 
and productivity.  It is not a ‘trial 
and error’ process, but rather 
emphasizes learning while doing.  
Adaptive management does not 
represent an end in itself, but rather 
a means to more effective decisions 
and enhanced benefits.  Its true 

measure is in how well it helps meet 
environmental, social, and economic 
goals, increases scientific knowledge, 
and reduces tensions among 
stakeholders.”

This definition gives special 
emphasis to uncertainty about 
management effects, iterative 
learning to reduce uncertainty, and 
improved management as a result 
of learning.  The DOI Adaptive 
Management Technical Guide is 
located on the web at: www.doi.gov/
initiatives/AdaptiveManagement/
index.html.

Wind turbines in California.  Credit:  Rachel London, USFWS
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Considering Risk in the Tiered 
Approach

In the context of these Guidelines, 
risk refers to the likelihood that 
adverse impacts will occur to 
individuals or populations of species 
of concern as a result of wind 
energy development and operation.  
Estimates of fatality risk can be 
used in a relative sense, allowing 
comparisons among projects, 
alternative development designs, 
and in the evaluation of potential risk 
to populations.  Because there are 
relatively few methods available for 
direct estimation of risk, a weight-
of-evidence approach is often used 
(Anderson et al. 1999).  Until such 
time that reliable risk predictive 
models are developed regarding 
avian and bat fatality and wind 
energy projects, estimates of risk 
would typically be qualitative, but 
should be based upon quantitative 
site information.  

For the purposes of these 
Guidelines, risk can also be defined 
in the context of populations, but 
that calculation is more complicated 
as it could involve estimating the 
reduction in population viability 
as indicated by demographic 
metrics such as growth rate, size 
of the population, or survivorship, 
either for local populations, 
metapopulations, or entire species.  
For most populations, risk cannot 
easily be reduced to a strict 
metric, especially in the absence of 
population viability models for most 
species.  Consequently, estimating 
the quantitative risk to populations 
is usually beyond the scope of 
project studies due to the difficulties 
in evaluating these metrics, and 
therefore risk assessment will be 
qualitative. 

Risk to habitat is a component of the 
evaluation of population risk.  In this 
context, the estimated loss of habitat 
is evaluated in terms of the potential 
for population level effects (e.g., 
reduced survival or reproduction).  

The assessment of risk should 
synthesize sufficient data collected 
at a project to estimate exposure 
and predict impact for individuals 
and their habitats for the species 

of concern, with what is known 
about the population status of these 
species, and in communication with 
the relevant wildlife agency and 
industry wildlife experts.  Predicted 
risk of these impacts could provide 
useful information for determining 
appropriate mitigation measures 
if determined to be necessary.  In 
practice in the tiered approach, risk 
assessments conducted in Tiers 1 
and 2 require less information to 
reach a risk-based decision than 
those conducted at higher tiers.

Cumulative Impacts of Project 
Development

Cumulative impacts are the 
comprehensive effect on the 
environment that results from the 
incremental impact of a project 
when added to other past, present, 
and reasonably foreseeable 
future actions.  Developers are 
encouraged to work closely with 
federal and state agencies early 
in the project planning process to 
access any existing information 
on the cumulative impacts of 
individual projects on species and 
habitats at risk, and to incorporate 
it into project development and 
any necessary wildlife studies.  To 
achieve that goal, it is important 
that agencies and organizations take 
the following actions to improve 
cumulative impacts analysis:  

•	 review the range of development-
related significant adverse 
impacts; 

•	 determine which species of 
concern or their habitats within 
the landscape are most at risk of 
significant adverse impacts from 
wind development in conjunction 
with other reasonably foreseeable 
significant adverse impacts; and 

•	 make that data available for 
regional or landscape level 
analysis.  

The magnitude and extent of the 
impact on a resource depend on 
whether the cumulative impacts 
exceed the capacity for resource 
sustainability and productivity.

For projects that require a federal 
permit, funding, or other federal 
nexus, the lead federal agency is 
required to include a cumulative 
impacts analysis in their National 
Environmental Policy Act (NEPA) 
review.  The federal action agency 
coordinates with the developer to 
obtain the necessary information for 
the NEPA review and cumulative 
impacts analysis.  To avoid project 
delays, federal and state agencies 
are encouraged to use existing 
wildlife data for the cumulative 
impacts analysis until improved data 
are available.

Where there is no federal nexus, 
individual developers are not 
expected to conduct their own 
cumulative impacts analysis.  
However, a cumulative impacts 
analysis would help developers 
and other stakeholders better 
understand the significance of 
potential impacts on species of 
concern and their habitats.

Other Federal Agencies

Other federal agencies, such as 
the Bureau of Land Management, 
National Park Service, U.S. 
Department of Agriculture Forest 
Service and Rural Utility Service, 
Federal Energy Regulatory 
Commission and Department of 
Energy are often interested in 
and involved with wind project 
developments.  These agencies 
have a variety of expertise and 
authorities they implement.  Wind 
project developers on public lands 
will have to comply with applicable 
regulations and policies of those 
agencies.  State and local agencies 
and Tribes also have additional 
interests and knowledge.  The 
Service recommends that, where 
appropriate, wind project developers 
contact these agencies early in the 
tiered process and work closely with 
them throughout project planning 
and development to assure that 
projects address issues of concern 
to those agencies.  The definition 
of “species of concern” in these 
Guidelines includes species which 
are trust resources of States and 
of federal agencies (See Glossary).  
In those instances where a project 
may significantly affect State trust 
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resources, wind energy developers 
should work closely with appropriate 
State agencies.

Relationship to Other Guidelines 

These Guidelines replace the 
Service’s 2003 interim voluntary 
guidelines.  The Service intends 
that these Guidelines, when used 
in concert with the appropriate 
regulatory tools, will form the best 
practical approach for conservation 
of species of concern.  For instance, 
when developers find that a project 

may affect an endangered or 
threatened species, they should 
comply with Section 7 or 10 of 
the ESA to obtain incidental take 
authorization.  Other federal, 
state, tribal and local governments 
may use these Guidelines to 
complement their efforts to address 
wind energy development/wildlife 
interactions.  They are not intended 
to supplant existing regional or 
local guidance, or landscape-scale 
tools for conservation planning, 
but were developed to provide a 
means of improving consistency 

with the goals of the wildlife statutes 
that the Service is responsible for 
implementing.  The Service will 
continue to work with states, tribes, 
and other local stakeholders on 
map-based tools, decision-support 
systems, and other products to 
help guide future development and 
conservation.  Additionally, project 
proponents should utilize any 
relevant guidance of the appropriate 
jurisdictional entity, which will 
depend on the species and resources 
potentially affected by proposed 
development.

Pronghorn Antelope.  Credit:  Steve Hillebrand, USFWS
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Chapter 2:  Tier 1 – Preliminary Site Evaluation

For developers taking a first look 
at a broad geographic area, a 
preliminary evaluation of the general 
ecological context of a potential 
site or sites can serve as useful 
preparation for working with the 
federal, state, tribal, and/or local 
agencies.  The Service is available 
to assist wind energy project 
developers to identify potential 
wildlife and habitat issues and should 
be contacted as early as possible 
in the company's planning process.  
With this internal screening process, 
the developer can begin to identify 
broad geographic areas of high 
sensitivity due to the presence 
of:  1) large blocks of intact native 
landscapes; 2) intact ecological 
communities; 3) fragmentation-
sensitive species' habitats; or 4) 
other important landscape-scale 
wildlife values. 

Tier 1 may be used in any of the 
following three ways:

1.	To identify regions where wind 
energy development poses 
significant risks to species 
of concern or their habitats, 
including the fragmentation of 
large-scale habitats and threats to 
regional populations of federal- or 
state-listed species.

2.	To “screen” a landscape or set of 
multiple potential sites to avoid 
those with the highest habitat 
values.

3.	To begin to determine if a single 
identified potential site poses 
serious risk to species of concern 
or their habitats.

Tier 1 can offer early guidance 
about the sensitivity of the site 
within a larger landscape context; it 
can help direct development away 
from sites that will be associated 
with additional study need, greater 
mitigation requirements, and 
uncertainty; or it can identify those 
sensitive resources that will need 

to be studied further to determine 
if the site can be developed without 
significant adverse impacts to 
the species of concern or local 
population(s).  This may facilitate 
discussions with the federal, 
state, tribal, and/or local agencies 
in a region being considered for 
development. In some cases, Tier 1 
studies could reveal serious concerns 
indicating that a site should not be 
developed.

Developers of distributed or 
community scale wind projects 
are typically considering limited 
geographic areas to install turbines.  
Therefore, they would not likely 
consider broad geographic areas.  
Nevertheless, they should consider 
the presence of habitats or species of 
concern before siting projects.

Development in some areas may 
be precluded by federal law.  This 
designation is separate from a 
determination through the tiered 
approach that an area is not 
appropriate for development due 
to feasibility, ecological reasons, 
or other issues.  Developers are 
encouraged to visit Service and 
other publicly available databases 

or other available information 
during Tier 1 or Tier 2 to see if 
a potential wind energy area is 
precluded from development by 
federal law.  Some areas may be 
protected from development through 
state or local laws or ordinances, 
and the appropriate agency 
should be contacted accordingly.  
Service field offices are available to 
answer questions where they are 
knowledgeable, guide developers to 
databases, and refer developers to 
other agency contacts.

Some areas may be inappropriate 
for large scale development 
because they have been recognized 
according to scientifically credible 
information as having high wildlife 
value, based solely on their 
ecological rarity and intactness (e.g., 
Audubon Important Bird Areas, 
The Nature Conservancy portfolio 
sites, state wildlife action plan 
priority habitats).  It is important 
to identify such areas through the 
tiered approach, as reflected in 
Tier 1, Question 2 below.  Many of 
North America's native landscapes 
are greatly diminished, with some 
existing at less than 10 percent of 
their pre-settlement occurrence.  

Attwater’s prairie chicken.  Credit:  Gary Halvorsen, USFWS
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Herbaceous scrub-shrub steppe 
in the Pacific Northwest and old 
growth forest in the Northeast 
represent such diminished native 
resources.  Important remnants of 
these landscapes are identified and 
documented in various databases 
held by private conservation 
organizations, state wildlife agencies, 
and, in some cases, by the Service.  
Developers should collaborate with 
such entities specifically about such 
areas in the vicinity of a prospective 
project site.

Tier 1 Questions

Questions at each tier help 
determine potential environmental 
risks at the landscape scale for 
Tier 1 and project scale for Tiers 2 
and 3.  Suggested questions to be 
considered for Tier 1 include:

1.	Are there species of concern 
present on the potential 
site(s), or is habitat (including 
designated critical habitat) 
present for these species?

2.	Does the landscape contain 
areas where development is 
precluded by law or areas 
designated as sensitive 
according to scientifically 
credible information?  
Examples of designated areas 
include, but are not limited 
to: federally-designated 
critical habitat; high-priority 
conservation areas for non-
government organizations 
(NGOs); or other local, state, 
regional, federal, tribal, or 
international categorizations.

3.	Are there known critical areas 
of wildlife congregation, 
including, but not limited to: 
maternity roosts, hibernacula, 
staging areas, winter ranges, 
nesting sites, migration 
stopovers or corridors, leks, 
or other areas of seasonal 
importance? 

4.	Are there large areas of intact 
habitat with the potential for 
fragmentation, with respect to 
species of habitat fragmentation 

concern needing large 
contiguous blocks of habitat?

Tier 1 Methods and Metrics

Developers who choose to conduct 
Tier 1 investigations would generally 
be able to utilize existing public or 
other readily available landscape-
level maps and databases from 
sources such as federal, state, or 
tribal wildlife or natural heritage 
programs, the academic community, 
conservation organizations, or 
the developers’ or consultants’ 
own information.  The Service 
recommends that developers 
conduct a review of the publicly 
available data.  The analysis of 
available sites in the region of 
interest will be based on a blend 
of the information available in 
published and unpublished reports, 
wildlife range distribution maps, and 
other such sources.  The developer 
should check with the Service Field 
Office for data specific to wind 
energy development and wildlife at 
the landscape scale in Tier 1.  

Tier 1 Decision Points

The objective of the Tier 1 process 
is to help the developer identify a 
site or sites to consider further for 
wind energy development.  Possible 
outcomes of this internal screening 
process include the following:

1.	  One or more sites are found 
within the area of investigation 
where the answer to each of the 
above Tier 1 questions is “no,” 
indicating a low probability of 
significant adverse impact to 
wildlife.  The developer proceeds 
to Tier 2 investigations and 
characterization of the site 
or sites, answering the Tier 2 
questions with site-specific data 
to confirm the validity of the 
preliminary indications of low 
potential for significant adverse 
impact.  

2.	  If a developer answers “yes” 
to one or more of the Tier 1 
questions, they should proceed 
to Tier 2 to further assess the 
probability of significant adverse 

impacts to wildlife.  A developer 
may consider abandoning the area 
or identifying possible means by 
which the project can be modified 
to avoid or minimize potential 
significant adverse impacts. 

3.	The data available in the sources 
described above are insufficient 
to answer one or more of the 
Tier 1 questions.  The developer 
proceeds to Tier 2, with a specific 
emphasis on collecting the data 
necessary to answer the Tier 2 
questions, which are inclusive of 
those asked at Tier 1.
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Chapter 3:  Tier 2 – Site Characterization

At this stage, the developer has 
narrowed consideration down to 
specific sites, and additional data 
may be necessary to systematically 
and comprehensively characterize 
a potential site in terms of the risk 
wind energy development would 
pose to species of concern and their 
habitats. In the case where a site 
or sites have been selected without 
the Tier 1 preliminary evaluation of 
the general ecological context, Tier 
2 becomes the first stage in the site 
selection process.  The developer 
will address the questions asked 
in Tier 1; if addressing the Tier 1 
questions here, the developer will 
evaluate the site within a landscape 
context.  However, a distinguishing 
feature of Tier 2 studies is that they 
focus on site-specific information 
and should include at least one visit 
by a knowledgeable biologist to the 
prospective site(s).  Because Tier 2 
studies are preliminary, normally 
one reconnaissance level site visit 
will be adequate as a “ground-
truth” of available information. 
Notwithstanding, if key issues are 
identified that relate to varying 
conditions and/or seasons, Tier 2 
studies should include enough site 
visits during the appropriate times 
of the year to adequately assess 
these issues for the prospective 
site(s). 

If the results of the site assessment 
indicate that one or more species 
of concern are present, a developer 
should consider applicable 
regulatory or other agency 
processes for addressing them.  For 
instance, if migratory birds and bats 
are likely to experience significant 
adverse impacts by a wind project at 
the proposed site, a developer should 
identify and document possible 
actions that will avoid or compensate 
for those impacts.  Such actions 
might include, but not be limited 
to, altering locations of turbines or 
turbine arrays, operational changes, 
or compensatory mitigation.  As 
soon as a developer anticipates that 

a wind energy project is likely to 
result in a take of bald or golden 
eagles, a developer should prepare 
an ECP and, if necessary, apply 
for a programmatic take permit.  
As soon as a developer realizes 
endangered or threatened species 
are present and likely to be affected 
by a wind project located there, a 
federal agency should consult with 
the Service under Section 7(a)(2) of 
the ESA if the project has a federal 
nexus or the developer should apply 
for a section 10(a)(1)(B) incidental 
take permit if there is not a federal 
nexus, and incidental take of listed 
wildlife is anticipated.  State, tribal, 
and local jurisdictions may have 
additional permitting requirements.

Developers of distributed or 
community scale wind projects 
are typically considering limited 
geographic areas to install turbines.  
Therefore, they would likely be 
familiar with conditions at the site 
where they are considering installing 
a turbine.  Nevertheless, they should 
do preliminary site evaluations to 
determine the presence of habitats 
or species of concern before siting 
projects.

Tier 2 Questions

Questions suggested for Tier 2 
can be answered using credible, 
publicly available information that 
includes published studies, technical 
reports, databases, and information 
from agencies, local conservation 
organizations, and/or local experts.  
Developers or consultants working 
on their behalf should contact the 
federal, state, tribal, and local 
agencies that have jurisdiction 
or management authority and 
responsibility over the potential 
project.

1.	Are known species of concern 
present on the proposed site, or 
is habitat (including designated 
critical habitat) present for 
these species?

2.	 Does the landscape contain 
areas where development is 
precluded by law or designated 
as sensitive according 
to scientifically credible 
information?  Examples of 
designated areas include, but 
are not limited to:  federally-
designated critical habitat; 

Open landscape with wind turbines.  Credit:  NREL
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high-priority conservation areas 
for NGOs; or other local, state, 
regional, federal, tribal, or 
international categorizations.

3.	 Are there plant communities of 
concern present or likely to be 
present at the site(s)? 

4.	 Are there known critical areas 
of congregation of species 
of concern, including, but 
not limited to:  maternity 
roosts, hibernacula, staging 
areas, winter ranges, nesting 
sites, migration stopovers or 
corridors, leks, or other areas of 
seasonal importance? 

5.	 Using best available scientific 
information has the developer 
or relevant federal, state, tribal, 
and/or local agency identified 
the potential presence of a 
population of a species of 
habitat fragmentation concern? 

6.	 Which species of birds and bats, 
especially those known to be at 
risk by wind energy facilities, 
are likely to use the proposed 
site based on an assessment of 
site attributes?

7.	   Is there a potential for 
significant adverse impacts to 
species of concern based on the 
answers to the questions above, 
and considering the design of 
the proposed project?

Tier 2 Methods and Metrics

Obtaining answers to Tier 2 
questions will involve a more 
thorough review of the existing 
site-specific information than in 
Tier 1.  Tier 2 site characterizations 
studies will generally contain three 
elements:

1.	 A review of existing information, 
including existing published or 
available literature and databases 
and maps of topography, land 
use and land cover, potential 
wetlands, wildlife, habitat, and 
sensitive plant distribution.  If 
agencies have documented 
potential habitat for species of 
habitat fragmentation concern, 

this information can help with the 
analysis.  

2.	 Contact with agencies and 
organizations that have relevant 
scientific information to further 
help identify if there are bird, 
bat or other wildlife issues.  The 
Service recommends that the 
developer make contact with 
federal, state, tribal, and local 
agencies that have jurisdiction or 
management authority over the 
project or information about the 
potentially affected resources.  
In addition, because key NGOs 
and relevant local groups are 
often valuable sources of relevant 
local environmental information, 
the Service recommends that 
developers contact key NGOs, 
even if confidentiality concerns 
preclude the developer from 
identifying specific project 
location information at this 
stage.  These contacts also 
provide an opportunity to identify 
other potential issues and data 
not already identified by the 
developer.

3.	 One or more reconnaissance 
level site visits by a wildlife 
biologist to evaluate current 
vegetation/habitat coverage 
and land management/use.  
Current habitat and land use 
practices will be noted to help in 
determining the baseline against 
which potential impacts from 
the project would be evaluated.  
The vegetation/habitat will be 
used for identifying potential 
bird and bat resources occurring 
at the site and the potential 
presence of, or suitable habitat 
for, species of concern.  Vegetation 
types or habitats will be noted 
and evaluated against available 
information such as land use/land 
cover mapping.  Any sensitive 
resources located during the site 
visit will be noted and mapped or 
digital location data recorded for 
future reference.  Any individuals 
or signs of species of concern 
observed during the site visit 
will be noted.  If land access 
agreements are not in place, 
access to the site will be limited to 
public roads.

Specific resources that can help 
answer each Tier 2 question include: 

1.	Are known species of concern 
present on the proposed site, or 
is habitat (including designated 
critical habitat) present for 
these species?

	 Information review and agency 
contact: locations of state and 
federally listed, proposed and 
candidate species and species 
of concern are frequently 
documented in state and federal 
wildlife databases.  Examples 
include published literature such 
as:  Natural Heritage Databases, 
State Wildlife Action Plans, NGOs 
publications, and developer and 
consultant information, or can 
be obtained by contacting these 
entities.

	 Site Visit:  To the extent 
practicable, the site visit(s) should 
evaluate the suitability of habitat 
at the site for species identified 
and the likelihood of the project 
to adversely affect the species of 
concern that may be present.

2.	Does the landscape contain 
areas where development is 
precluded by law or designated 
as sensitive according 
to scientifically credible 
information?  Examples of 
designated areas include, but 
are not limited to:  federally-
designated critical habitat; 
high-priority conservation areas 
for NGOs; or other local, state, 
regional, federal, tribal, or 
international categorizations.

		 Information review and agency 
contact such as:  maps of political 
and administrative boundaries; 
National Wetland Inventory 
data files; USGS National Land 
Cover data maps; state, federal 
and tribal agency data on areas 
that have been designated to 
preclude development, including 
wind energy development; State 
Wildlife Action Plans; State 
Land and Water Resource Plans; 
Natural Heritage databases; 
scientifically credible information 
provided by NGO and local 
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resources; and the additional 
resources listed in Appendix C:  
Sources of Information Pertaining 
to Methods to Assess Impacts 
to Wildlife of this document, or 
through contact of agencies and 
NGOs, to determine the presence 
of high priority habitats for 
species of concern or conservation 
areas. 

		 Site Visit:  To the extent 
practicable, the site visit(s) should 
characterize and evaluate the 
uniqueness of the site vegetation 
relative to surrounding areas. 

3.	Are plant communities of 
concern present or likely to be 
present at the site(s)? 

		 Information review and agency 
contact such as:  Natural Heritage 
Data of state rankings (S1, S2, S3) 
or globally (G1, G2, G3) ranked 
rare plant communities. 	

		 Site Visit:  To the extent 
practicable, the site visit should 
evaluate the topography, 
physiographic features and 
uniqueness of the site vegetation 
in relation to the surrounding 
region.  If plant communities of 
concern are present, developers 
should also assess in Tier 3 
whether the proposed project 
poses risk of significant adverse 
impacts and opportunities for 
mitigation.

4.	Are there known critical areas 
of wildlife congregation, 
including, but not limited to, 
maternity roosts, hibernacula, 
staging areas, winter ranges, 
nesting sites, migration 
stopovers or corridors, leks, 
or other areas of seasonal 
importance? 

		 Information review and agency 
contact such as:  existing 
databases, State Wildlife Action 
Plan, Natural Heritage Data, and 
NGO and agency information 
regarding the presence of 
Important Bird Areas, migration 
corridors or stopovers, leks, bat 
hibernacula or maternity roosts, 
or game winter ranges at the site 
and in the surrounding area.

		 Site Visit:  To the extent 
practicable, the site visit should, 
during appropriate times to 
adequately assess these issues 
for prospective site(s), evaluate 
the topography, physiographic 
features and uniqueness of the 
site in relation to the surrounding 
region to assess the potential for 
the project area to concentrate 
resident or migratory birds and 
bats.

5.	Using best available scientific 
information, has the relevant 
federal, state, tribal, and/
or local agency determined 
the potential presence of a 
population of a species of 
habitat fragmentation concern?  
 
If not, the developer need not 
assess impacts of the proposed 
project on habitat fragmentation.

	 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; and risk, in this case, 
is defined as the probability that 
this fragmentation will occur as a 
result of the project.  Site clearing, 
access roads, transmission lines 
and turbine tower arrays remove 
habitat and displace some species 

Tall grass prairie.  Credit:  Amy Thornburg, USFWS
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of wildlife, and may fragment 
continuous habitat areas into 
smaller, isolated tracts.  Habitat 
fragmentation is of particular 
concern when species require 
large expanses of habitat for 
activities such as breeding and 
foraging. 

	 Consequences of 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.  
In addition to displacement, 
development of wind 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.  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.  

	 Site Visit:  If the answer to Tier 
2 Question 5 is yes, developers 
should use the general 
framework for evaluating habitat 
fragmentation at a project site in 
Tier 2 outlined below. Developers 
and the Service may use this 
method to analyze the impacts 
of habitat fragmentation at wind 
development project sites on 
species of habitat fragmentation 
concern.  Service field offices may 
be able to provide the available 
information on habitat types, 
quality and intactness.  Developers 
may use this information in 
combination with site-specific 
information on the potential 
habitats to be impacted by a 
potential development and how 
they will be impacted. 

General Framework for Evaluating 
Habitat Fragmentation at a Project 
Site (Tier 2)

A.	The developer should define 
the study area.  The study area 
should not only include the 
project site for the proposed 
project, but be based on the 
distribution of habitat for the 
local population of the species of 
habitat fragmentation concern.

B.	The developer should analyze 
the current habitat quality and 
spatial configuration of the study 
area for the species of habitat 
fragmentation concern.  

i.	 Use recent aerial and remote 
imagery to determine distinct 
habitat patches, or boundaries, 
within the study area, and 
the extent of existing habitat 
fragmenting features (e.g., 
highways).

ii.	 Assess the level of 
fragmentation of the existing 
habitat for the species of 
habitat fragmentation concern 
and categorize into three 
classes:

•	 High quality: little or no 
apparent fragmentation of 
intact habitat 

•	 Medium quality: intact 
habitat exhibiting some 
recent disturbance activity 

•	 Low quality: Extensive 
fragmentation of habitat 
(e.g., row-cropped 
agricultural lands, active 
surface mining areas)

C.	The developer should determine 
potential changes in quality and 
spatial configuration of the habitat 
in the study area if development 
were to proceed as proposed 
using existing site information.

D.	The developer should provide the 
collective information from steps 
A-C for all potential developments 
to the Service for use in assessing 
whether the habitat impacts, 
including habitat fragmentation, 
are likely to affect population 
viability of the potentially affected 
species of habitat fragmentation 
concern.

6.	 Which species of birds and bats, 
especially those known to be at 
risk by wind energy facilities, 
are likely to use the proposed 
site based on an assessment of 
site attributes?

	 Information review and agency 
contact: existing published 
information and databases from 
NGOs and federal and state 
resource agencies regarding the 
potential presence of:

•	 Raptors:  species potentially 
present by season 

•	 Prairie grouse and sage 
grouse:  species potentially 
present by season and location 
of known leks 

•	 Other birds:  species 
potentially present by season 
that may be at risk of collision 
or adverse impacts to habitat, 
including loss, displacement 
and fragmentation

•	 Bats:  species likely to be 
impacted by wind energy 
facilities and likely to occur on 
or migrate through the site

	 Site Visit:  To the extent 
practicable, the site visit(s) 
should identify landscape 
features or habitats that could 
be important to raptors, prairie 
grouse, and other birds that 
may be at risk of adverse 
impacts, and bats, including 
nesting and brood-rearing 
habitats, areas of high prey 
density, movement corridors 
and features such as ridges 
that may concentrate raptors.  
Raptors, prairie grouse, and 
other presence or sign of 
species of concern seen during 
the site visit should be noted, 
with species identification if 
possible. 	

7.   Is there a potential for 
significant adverse impacts to 
species of concern based on the 
answers to the questions above, 
and considering the design of 
the proposed project?  
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	 The developer has assembled 
answers to the questions above 
and should make an initial 
evaluation of the probability 
of significant adverse impacts 
to species of concern and their 
habitats.  The developer should 
make this evaluation based on 
assessments of the potential 
presence of species of concern 
and their habitats, potential 
presence of critical congregation 
areas for species of concern, and 
any site visits.  The developer is 
encouraged to communicate the 
results of these assessments with 
the Service.

Tier 2 Decision Points

Possible outcomes of Tier 2 include 
the following:

1.	The most likely outcome of Tier 2 
is that the answer to one or more 
Tier 2 questions is inconclusive to 
address wildlife risk, either due 
to insufficient data to answer the 
question or because of uncertainty 
about what the answers indicate.  
The developer proceeds to Tier 3, 
formulating questions, methods, 
and assessment of potential 
mitigation measures based on 
issues raised in Tier 2 results. 

2.	Sufficient information is 
available to answer all Tier 2 
questions, and the answer to 
each Tier 2 question indicates 
a low probability of significant 
adverse impact to wildlife (for 
example, infill or expansion of an 
existing facility where impacts 
have been low and Tier 2 results 
indicate that conditions are 
similar, therefore wildlife risk is 
low).  The developer may then 
decide to proceed to obtain state 
and local permit (if required), 
design, and construction following 
best management practices (see 
Chapter 7:  Best Management 
Practices).

3.	Sufficient information is available 
to answer all Tier 2 questions, and 
the answer to each Tier 2 question 
indicates a moderate probability 
of significant adverse impacts 
to species of concern or their 

habitats.  The developer should 
proceed to Tier 3 and identify 
measures to mitigate potential 
significant adverse impacts to 
species of concern.

4.	The answers to one or more 
Tier 2 questions indicate a high 
probability of significant adverse 
impacts to species of concern or 
their habitats that:

a)  Cannot be adequately 
mitigated.  The proposed site 
should be abandoned.

b)  Can be adequately mitigated.  
The developer should 
proceed to Tier 3 and identify 
measures to mitigate potential 
significant adverse impacts 
to species of concern or their 
habitats.

Greater sage grouse, Credit:  Stephen Ting, USFWS



U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines

  19

Chapter 4:  Tier 3 – Field Studies to Document Site 
Wildlife and Habitat and Predict Project Impacts
Tier 3 is the first tier in which 
a developer would conduct 
quantitative and scientifically 
rigorous studies to assess the 
potential risk of the proposed 
project. Specifically, these studies 
provide pre-construction information 
to:

•	 Further evaluate a site for 
determining whether the 
wind energy project should be 
developed or abandoned

•	 Design and operate a site to avoid 
or minimize significant adverse 
impacts if a decision is made to 
develop

•	 Design compensatory mitigation 
measures if significant adverse 
habitat impacts cannot acceptably 
be avoided or minimized 

•	 Determine duration and level 
of effort of post-construction 
monitoring.  If warranted, 
provide the pre-construction 
component of post-construction 
studies necessary to estimate and 
evaluate impacts

At the beginning of Tier 3, a 
developer should communicate 
with the Service on the pre-
construction studies.  At the 
end of Tier 3, developers should 
communicate with the Service 
regarding the results of the Tier 3 
studies and consider the Service’s 
comments and recommendations 
prior to completing the Tier 3 
decision process.  The Service will 
provide written comments to a 
developer that identify concerns 
and recommendations to resolve the 
concerns based on study results and 
project development plans.

Not all Tier 3 studies will continue 
into Tiers 4 or 5.  For example, 
surveys conducted in Tier 3 for 
species of concern may indicate one 
or more species are not present at 
the proposed project site, or siting 
decisions could be made in Tier 3 
that remove identified concerns, thus 
removing the need for continued 
efforts in later tiers.  Additional 
detail on the design issues for post-
construction studies that begin in 
Tier 3 is provided in the discussion of 
methods and metrics in Tier 3.

Tier 3 Questions

Tier 3 begins as the other tiers, 
with problem formulation: what 
additional studies are necessary to 
enable a decision as to whether the 
proposed project can proceed to 
construction or operation or should 
be abandoned?  This step includes 
an evaluation of data gaps identified 
by Tier 2 studies as well as the 
gathering of data necessary to: 

•	 Design a project to avoid or 
minimize predicted risk 

•	 Evaluate predictions of 
impact and risk through post-
construction comparisons of 
estimated impacts

•	 Identify compensatory mitigation 
measures, if appropriate, to offset 
significant adverse impacts that 
cannot be avoided or minimized

The problem formulation stage 
for Tier 3 also will include an 
assessment of which species 
identified in Tier 1 and/or Tier 2 will 
be studied further in the site risk 
assessment.  This determination is 
based on analysis of existing data 
from Tier 1 and existing site-specific 
data and Project Site (see Glossary 
in Appendix A) visit(s) in Tier 2, and 
on the likelihood of presence and the 
degree of adverse impact to species 
or their habitat.  If the habitat is 
suitable for a species needing further 
study and the site occurs within 
the historical range of the species, 
or is near the existing range of the 
species but presence has not been 
documented, additional field studies 
may be appropriate. Additional 
analyses should not be necessary if 
a species is unlikely to be present 
or is present but adverse impact is 
unlikely or of minor significance. 

Tier 3 studies address many of 
the questions identified for Tiers 
1 and 2, but Tier 3 studies differ 
because they attempt to quantify 

Turkey vulture and wind turbine.  Credit:  Rachel London, USFWS
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the distribution, relative abundance, 
behavior, and site use of species of 
concern.  Tier 3 data also attempt 
to estimate the extent that these 
factors expose these species to risk 
from the proposed wind energy 
facility.  Therefore, in answering Tier 
3 questions 1-3, developers should 
collect data sufficient to analyze and 
answer Tier 3 questions 4-6.  High 
risk sites may warrant additional 
years of pre-construction studies.  
The duration and intensity of studies 
needed should be determined 
through communication with the 
Service.

If Tier 3 studies identify species 
of concern or important habitats, 
e.g., wetlands, which have 
specific regulatory processes and 
requirements, developers should 
work with appropriate state, 
tribal, or federal agencies to obtain 
required authorizations or permits.

Tier 3 studies should be designed to 
answer the following questions:

1.	 Do field studies indicate that 
species of concern are present 
on or likely to use the proposed 
site?

2.	 Do field studies indicate 
the potential for significant 
adverse impacts on affected 
population of species of habitat 
fragmentation concern?

3.	 What is the distribution, 
relative abundance, behavior, 
and site use of species of 
concern identified in Tiers 1 or 
2, and to what extent do these 
factors expose these species to 
risk from the proposed wind 
energy project?  

4.	 What are the potential risks 
of adverse impacts of the 
proposed wind energy project 
to individuals and local 
populations of species of 
concern and their habitats?   (In 
the case of rare or endangered 
species, what are the possible 
impacts to such species and 
their habitats?)

5.	 How can developers mitigate 
identified significant adverse 
impacts?

6.	 Are there studies that should 
be initiated at this stage that 
would be continued in post-
construction?

The Service encourages the use of 
common methods and metrics in 
Tier 3 assessments for measuring 
wildlife activity and habitat features.  
Common methods and metrics 
provide great benefit over the 
long-term, allowing for comparisons 
among projects and for greater 
certainty regarding what will be 
asked of the developer for a specific 
project.  Deviation from commonly 
used methods should be carefully 
considered, scientifically justifiable 
and discussed with federal, tribal, 
or state natural resource agencies, 
or other credible experts, as 
appropriate.  It may be useful to 
consult other scientifically credible 
information sources.

Tier 3 studies will be designed to 
accommodate local and regional 
characteristics.  The specific 
protocols by which common methods 
and metrics are implemented in Tier 
3 studies depend on the question 
being addressed, the species or 
ecological communities being studied 
and the characteristics of the study 
sites.  Federally-listed threatened 
and endangered species, eagles, and 
some other species of concern and 
their habitats, may have specific 
protocols required by local, state 
or federal agencies.  The need for 
special surveys and mapping that 
address these species and situations 
should be discussed with the 
appropriate stakeholders.  

In some instances, a single method 
will not adequately assess potential 
collision risk or habitat impact.  For 
example, when there is concern 
about moderate or high risk to 
nocturnally active species, such as 
migrating passerines and local and 
migrating bats, a combination of 
remote sensing tools such as radar, 
and acoustic monitoring for bats 
and indirect inference from diurnal 

bird surveys during the migration 
period may be necessary.  Answering 
questions about habitat use by 
songbirds may be accomplished by 
relatively small-scale observational 
studies, while answering the same 
question related to wide-ranging 
species such as prairie grouse and 
sage grouse may require more 
time-consuming surveys, perhaps 
including telemetry.

Because of the points raised above 
and the need for flexibility in 
application, the Guidelines do not 
make specific recommendations 
on protocol elements for Tier 3 
studies.  The peer-reviewed scientific 
literature (such as the articles cited 
throughout this section) contains 
numerous recently published 
reviews of methods for assessing 
bird and bat activity, and tools for 
assessing habitat and landscape level 
risk.  Details on specific methods and 
protocols for recommended studies 
are or will be widely available and 
should be consulted by industry and 
agency professionals.

Many methods for assessing 
risk are components of active 
research involving collaborative 
efforts of public-private research 
partnerships with federal, state 
and tribal agencies, wind energy 
developers and NGOs interested in 
wind energy-wildlife interactions 
(e.g., Bats and Wind Energy 
Cooperative and the Grassland 
Shrub Steppe Species Cooperative).  
It is important to recognize the need 
to integrate the results of research 
that improves existing methods 
or describes new methodological 
developments, while acknowledging 
the value of utilizing common 
methods that are currently available.

The methods and metrics that 
may be appropriate for gathering 
data to answer Tier 3 questions 
are compiled and outlined in the 
Technical Resources section, page 
26.  These are not meant to be 
all inclusive and other methods 
and metrics are available, such as 
the NWCC Methods & Metrics 
document (Strickland et al. 2011) 
and others listed in Appendix C:  
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Sources of Information Pertaining 
to Methods to Assess Impacts to 
Wildlife.

Each question should be considered 
in turn, followed by a discussion of 
the methods and their applicability.

1.	 Do field studies indicate that 
species of concern are present 
on or likely to use the proposed 
site?

In many situations, this question can 
be answered based on information 
accumulated in Tier 2. Specific 
presence/absence studies may not be 
necessary, and protocol development 
should focus on answering the 
remaining Tier 3 questions.  
Nevertheless, it may be necessary 
to conduct field studies to determine 
the presence, or likelihood of 
presence, when little information is 
available for a particular site.  The 
level of effort normally contemplated 
for Tier 3 studies should detect 
common species and species that are 
relatively rare, but which visit a site 
regularly (e.g., every year).  In the 
event a species of concern is very 
rare and only occasionally visits a 
site, a determination of “likely to 
occur” would be inferred from the 
habitat at the site and historical 
records of occurrence on or near the 
site.

State, federal and tribal agencies 
often require specific protocols be 
followed when species of concern 
are potentially present on a site.  
The methods and protocols for 
determining presence of species 
of concern at a site are normally 
established for each species and 
required by federal, state and 
tribal resource agencies.  Surveys 
should sample the wind turbine 
sites and applicable disturbance 
area during seasons when species 
are most likely present.  Normally, 
the methods and protocols by which 
they are applied also will include an 
estimate of relative abundance. Most 
presence/absence surveys should 
be done following a probabilistic 
sampling protocol to allow statistical 
extrapolation to the area and time of 
interest.  

Determining the presence of 
diurnally or nocturnally active 
mammals, reptiles, amphibians, 
and other species of concern 
will typically be accomplished 
by following agency-required 
protocols. Most listed species have 
required protocols for detection 
(e.g., the black-footed ferret).  
State, tribal and federal agencies 
should be contacted regarding 
survey protocols for those species of 
concern.  See Corn and Bury 1990, 
Olson et al. 1997, Bailey et al. 2004, 
Graeter et al. 2008 for examples of 
reptile and amphibian protocols, 
survey and analytical methods.  See 
Tier 3 Study Design Considerations 
on page 24 for further details.

2.	 Do field studies indicate the 
potential for significant adverse 
impacts on affected populations 
of species of habitat 
fragmentation concern?

If Tier 2 studies indicate the 
presence of species of habitat 
fragmentation concern, but existing 
information did not allow for a 
complete analysis of potential 
impacts and decision-making, then 
additional studies and analyses 
should take place in Tier 3.   

As in Tier 2, the particulars of the 
analysis will depend on the species 
of habitat fragmentation concern 
and how habitat block size and 

fragmentation are defined for the life 
cycles of that species, the likelihood 
that the project will adversely affect 
a local population of the species and 
the significance of these impacts to 
the viability of that population.

To assess habitat fragmentation 
in the project vicinity, developers 
should evaluate landscape 
characteristics of the proposed site 
prior to construction and determine 
the degree to which habitat for 
species of habitat fragmentation 
concern will be significantly altered 
by the presence of a wind energy 
facility.

A general framework for evaluating 
habitat fragmentation at a project 
site, following that described in 
Tier 2, is outlined on page 27.  This 
framework should be used in those 
circumstances when the developer, 
or a relevant federal, state, 
tribal and/or other local agency 
determines the potential presence of 
a population of a species of habitat 
fragmentation concern that may be 
adversely affected by the project.  
Otherwise, the developer need not 
assess the impacts of the proposed 
project on habitat fragmentation.  
This method for analysis of habitat 
fragmentation at project sites must 
be adapted to the local population of 
the species of habitat fragmentation 
concern potentially affected by the 
proposed development.

3.	 What is the distribution, 
relative abundance, behavior, 
and site use of species of 
concern identified in Tiers 1 or 
2, and to what extent do these 
factors expose these species to 
risk from the proposed wind 
energy project?  

For those species of concern that 
are considered at risk of collisions or 
habitat impacts, the questions to be 
answered in Tier 3 include:  where 
are they likely to occur (i.e., where 
is their habitat) within a project 
site or vicinity, when might they 
occur, and in what abundance.  The 
spatial distribution of species at 
risk of collision can influence how a 
site is developed.  This distribution 
should include the airspace for flying 
species with respect to the rotor-

Avian Radar
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swept zone. The abundance of a 
species and the spatial distribution of 
its habitat can be used to determine 
the relative risk of impact to species 
using the sites, and the absolute risk 
when compared to existing projects 
where similar information exists.  
Species abundance and habitat 
distribution can also be used in 
modeling risk factors.

Surveys for spatial distribution 

and relative abundance require 
coverage of the wind turbine sites 
and applicable site disturbance 
area, or a sample of the area 
using observational methods for 
the species of concern during 
the seasons of interest.  As with 
presence/absence (see Tier 3, 
question 1, above) the methods 
used to determine distribution, 
abundance, and behavior may vary 
with the species and its ecology.  
Spatial distribution is determined by 
applying presence/absence or using 
surveys in a probabilistic manner 
over the entire area of interest.  
Suggested survey protocols for 

birds, bats, and other wildlife are 
found in the Technical Resources 
section on page 26.

4.  What are the potential risks 
of adverse impacts of the 
proposed wind energy project 
to individuals and local 
populations of species of 
concern and their habitats? (In 
the case of rare or endangered 
species, what are the possible 

impacts to such species and 
their habitats?) 

Methods used for estimating 
risk will vary with the species of 
concern. For example, estimating 
potential bird fatalities in Tier 3 
may be accomplished by comparing 
exposure estimates (described 
earlier in estimates of bird use) at 
the proposed site with exposure 
estimates and fatalities at existing 
projects with similar characteristics 
(e.g., similar technology, landscape, 
and weather conditions).  If models 
are used, they may provide an 
additional tool for estimating 

fatalities, and have been used in 
Australia (Organ and Meredith 
2004), Europe (Chamberlin et 
al. 2006), and the United States 
(Madders and Whitfield 2006).  As 
with other prediction tools, model 
predictions should be evaluated and 
compared with post-construction 
fatality data to validate the 
models.  Models should be used as a 
subcomponent of a risk assessment 
based on the best available empirical 
data.  A statistical model based on 
the relationship of pre-construction 
estimates of raptor abundance and 
post-construction raptor fatalities is 
described in Strickland et al. (2011) 
and promises to be a useful tool for 
risk assessment.

Collision risk to individual birds 
and bats 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.  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 (e.g., red-tailed hawk), 
increased abundance increases 
the likelihood that individuals 
will be killed by turbine strikes, 
although the risk to individuals 
will remain about the same.  The 
risk to a population increases as 
the proportion of individuals in 
the population at risk to collision 
increases.

At some projects, bat fatalities 
are higher than bird fatalities, but 
the exposure risk of bats at these 
facilities is not fully understood 
(National Research Council (NRC) 
2007).  Horn et al. (2008) and Cryan 
(2008) hypothesize that bats are 
attracted to turbines, which, if true, 
would further complicate estimation 

Whooping crane.  Credit:  Ryan Hagerty, USFWS
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of exposure.  Further research is 
required to determine if bats are 
attracted to turbines and if so, to 
evaluate 1) the influence on Tier 
2 methods and predictions, and 
2) if this increased individual risk 
translates into higher population-
level impacts for bats.

The estimation of indirect impact 
risk requires an understanding 
of animal behavior in response to 
a project and its infrastructure, 
and a pre-construction estimate of 
presence/absence of species whose 
behavior would cause them to avoid 
areas in proximity to turbines, roads 
and other components of the project.  
The amount of habitat that is lost to 
indirect impacts will be a function 
of the sensitivity of individuals 
to the project and to the activity 
levels associated with the project’s 
operations.  The population-level 
significance of this indirect impact 
will depend on the amount of habitat 
available to the affected population.  
If the indirect impacts include 
habitat fragmentation, then the 
risk to the demographic and genetic 
viability of the isolated animals is 
increased.  Quantifying cause and 
effect may be very difficult, however.

5.  How can developers mitigate 
identified significant adverse 
impacts?

Results of Tier 3 studies should 
provide a basis for identifying 
measures to mitigate significant 
adverse impacts predicted for 
species of concern.  Information on 
wildlife use of the proposed area is 
most useful when designing a project 
to avoid or minimize significant 
adverse impacts.  In cases of 
uncertainty with regard to impacts 
to species of concern, additional 
studies may be necessary to quantify 
significant adverse impacts and 
determine the need for mitigation of 
those impacts.  

Chapter 7, Best Management 
Practices, and Chapter 8, Mitigation, 
outline measures that can be taken 

to mitigate impacts throughout all 
phases of a project. 

The following discussion of prairie 
grouse and sage grouse as species of 
concern illustrates the uncertainty 
mentioned above by describing 
the present state of scientific 
knowledge relative to these species, 
which should be considered when 
designing mitigation measures.  The 
extent of the impact of wind energy 
development on prairie grouse and 
sage grouse lekking activity (e.g., 
social structure, mating success, 
persistence) and the associated 
impacts on productivity (e.g., 
nesting, nest success, chick survival) 
is poorly understood (Arnett et al. 
2007, NRC 2007, Manville 2004).  
However, recent published research 
documents that anthropogenic 
features (e.g., tall structures, 
buildings, roads, transmission lines) 
can adversely impact vital rates 
(e.g., nesting, nest success, lekking 
behavior) of lesser prairie-chickens 
(Pruett et al. 2009, Pitman et al. 
2005, Hagen et al. 2009, Hagen et al. 
2011) and greater prairie-chickens 
over long distances.  Pitman et 
al. (2005) found that transmission 
lines reduced nesting of lesser 
prairie chicken by 90 percent out to 
a distance of 0.25 miles, improved 
roads at a distance of 0.25 miles, a 
house at 0.3 miles, and a power plant 
at >0.6 miles.  Reduced nesting 
activity of lesser prairie chickens 
may extend farther, but Pitman 
et al. (2005) did not analyze their 
data for lower impacts (less than 
90 percent reduction in nesting) 
of those anthropogenic features 
on lesser prairie chicken nesting 
activities at greater distances.  
Hagen et al. (2011) suggested that 
development within 1 to 1 ½ miles 
of active leks of prairie grouse may 
have significant adverse impacts on 
the affected grouse population.  It 
is not unreasonable to infer that 
impacts from wind energy facilities 
may be similar to those from these 
other anthropogenic structures.  
Kansas State University, as part 
of the National Wind Coordinating 

Collaborative’s Grassland and 
Shrub Steppe Species Subgroup, is 
undertaking a multi-year telemetry 
study to evaluate the effects of a 
proposed wind-energy facility on 
displacement and demographic 
parameters (e.g., survival, nest 
success, brood success, fecundity) of 
greater prairie-chickens in Kansas.5

The distances over which 
anthropogenic activities impact 
sage grouse are greater than for 
prairie grouse.  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 leks may have 
significant adverse impacts on the 
affected grouse population.  Lyon 
and Anderson (2003) found that in 
habitats fragmented by natural gas 
development, only 26 percent of hens 
captured on disturbed leks nested 
within 1.8 miles of the lek of capture, 
whereas 91 percent of hens from 
undisturbed areas nested within the 
same area. Holloran (2005) found 
that active drilling within 3.1 miles of 
sage grouse lek reduced the number 
of breeding males by displacing adult 
males and reducing recruitment of 
juvenile males.  The magnitudes and 
proximal causes (e.g., noise, height 
of structures, movement, human 
activity, etc.) of those impacts on vital 
rates in grouse populations are areas 
of much needed research (Becker 
et al. 2009).  Data accumulated 
through such research may improve 
our understanding of the buffer 
distances necessary to avoid or 
minimize significant adverse impacts 
to prairie grouse and sage grouse 
populations.

When significant adverse impacts 
cannot be fully avoided or 
adequately minimized, some form 
of compensatory mitigation may be 

5 www.nationalwind.org
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appropriate to address the loss of 
habitat value.  For example, it may 
be possible to mitigate habitat loss or 
degradation for a species of concern 
by enhancing or restoring nearby 
habitat value comparable to that 
potentially influenced by the project.

6.	 Are there studies that should 
be initiated at this stage that 
would be continued in post-
construction?

During Tier 3 problem formulation, 
it is necessary to identify the 
studies needed to address the 
Tier 3 questions.  Consideration 
of how the resulting data may be 
used in conjunction with post-
construction Tier 4 and 5 studies 
is also recommended.  The design 
of post-construction impact or 
mitigation assessment studies 
will depend on the specific impact 
questions being addressed.  Tier 3 
predictions will be evaluated using 
data from Tier 4 studies designed 
to estimate fatalities for species 
of concern and impacts to their 
habitat, including species of habitat 
fragmentation concern.  Tier 3 
studies may demonstrate the need 
for mitigation of significant adverse 
impacts.  Where Tier 3 studies 
indicate the potential for significant 
adverse direct and indirect impacts 
to habitat, Tier 4 studies will provide 
data that evaluate predictions of 
those impacts, and Tier 5 studies, 
if necessary, will provide data to 
evaluate the effect of those impacts 
on populations and the effectiveness 
of mitigation measures.  Evaluations 
of the impacts of a project on 
demographic parameters of local 
populations, habitat use, or some 
other parameter(s) are considered 
Tier 5 studies, and typically will 
require data on these parameters 
prior to as well as after construction 
of the project.

Tier 3 Study Design Considerations

Specific study designs will vary from 
site to site and should be adjusted 
to the circumstances of individual 
projects.  Study designs will depend 
on the types of questions, the specific 
project, and practical considerations.  
The most common considerations 

include the area being studied, the 
species of concern and potential 
risk to those species, potentially 
confounding variables, time available 
to conduct studies, project budget, 
and the magnitude of the anticipated 
impacts.  Studies will be necessary 
in part to assess a) which species 
of concern are present within the 
project area; b) how these species 
are using the area (behavior); and c) 
what risks are posed to them by the 
proposed wind energy project.

Assessing Presence

A developer should assess whether 
species of concern are likely to be 
present in the project area during 
the life of the project.  Assessing 
species use from databases and site 
characteristics is a potential first 
step.  However, it can be difficult 
to assess potential use by certain 
species from site characteristics 
alone.  Various species in different 
locations may require developers 
to use specific survey protocols or 
make certain assumptions regarding 
presence.  Project developers should 
seek local wildlife expertise, such as 
Service Field Office staff, in using 
the proper procedures and making 
assumptions.

Some species will present particular 

challenges when trying to determine 
potential presence.  For instance, 
species that a) are rare or cryptic; 
b) migrate, conduct other daily 
movements, or use areas for short 
periods; c) are small or nocturnal; or 
d) have become extirpated in parts of 
their historical range can be difficult 
to observe.  One of these challenges 
is migration, broadly defined as the 
act of moving from one spatial unit 
to another (Baker 1978), or as a 
periodic movement of animals from 
one location to another.  Migration 
is species-specific, and for birds and 
bats occurs throughout the year.  

Assessing Site Use/Behavior

Developers should monitor potential 
sites to determine the types of 
migratory species present, what 
type of spatial and temporal use 
these species make of the site (e.g., 
chronology of migration or other 
use), and the ecological function 
the site may provide in terms of the 
migration cycle of these species.  
Wind developers should determine 
not only what species may migrate 
through a proposed development site 
and when, but also whether a site 
may function as a staging area or 
stopover habitat for wildlife on their 
migration pathway.   

Rows of wind turbines.  Credit:  Joshua Winchell, USFWS
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For some species, movements 
between foraging and breeding 
habitat, or between sheltering 
and feeding habitats, occur on a 
daily basis.  Consideration of daily 
movements (morning and evening; 
coming and going) is a critical 
factor when considering project 
development.

Duration/Intensity of Studies

Where pre-construction assessments 
are warranted to help assess risk 
to wildlife, the studies should be of 
sufficient duration and intensity to 
ensure adequate data are collected 
to accurately characterize wildlife 
presence and use of the area.  In 
ecological systems, resource 
quality and quantity can fluctuate 
rapidly.  These fluctuations occur 
naturally, but human actions can 
significantly affect (i.e., increase 
or decrease) natural oscillations.  
Pre-construction monitoring and 
assessment of proposed wind 
energy sites are “snapshots in 
time,” showing occurrence or no 
occurrence of a species or habitat at 
the specific time surveyed.  Often 
due to prohibitive costs, assessments 
and surveys are conducted for very 
low percentages (e.g., less than 5 
percent) of the available sample time 
in a given year, however, these data 
are used to support risk analyses 
over the projected life of a project 
(e.g., 30 years of operations).

To establish a trend in site use 
and conditions that incorporates 
annual and seasonal variation in 
meteorological conditions, biological 
factors, and other variables, pre-
construction studies may need to 
occur over multiple years.  However, 
the level of risk and the question of 
data requirements will be based on 
site sensitivity, affected species, and 
the availability of data from other 
sources.  Accordingly, decisions 
regarding studies should consider 
information gathered during the 
previous tiers, variability within and 
between seasons, and years where 
variability is likely to substantially 
affect answers to the Tier 3 
questions.  These studies should 
also be designed to collect data 
during relevant breeding, feeding, 
sheltering, staging, or migration 

periods for each species being 
studied.  Additionally, consideration 
for the frequency and intensity of 
pre-construction monitoring should 
be site-specific and determined 
through consultation with an expert 
authority based on their knowledge 
of the specific species, level of risk 
and other variables present at each 
individual site.  

Assessing Risk to Species of 
Concern

Once likely presence and factors 
such as abundance, frequency of use, 
habitat use patterns, and behavior 
have been determined or assumed, 
the developer should consider and/or 
determine the consequences to the 
“populations” and species.

Below is a brief discussion of several 
types of risk factors that can be 
considered.  This does not include all 
potential risk factors for all species, 
but addresses the most common 
ones.

Collision

Collision likelihood for individual 
birds and bats at a particular wind 
energy facility may be the result of 
complex interactions among species 
distribution, “relative abundance," 
behavior, visibility, weather 
conditions, and site characteristics.  
Collision likelihood for an individual 
may be low regardless of abundance 
if its behavior does not place it within 
the “rotor-swept zone.”  Individuals 
that frequently occupy the rotor-
swept zone but effectively avoid 
collisions are also at low likelihood of 
collision with a turbine.

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 likelihood 
of collisions with turbines regardless 
of abundance.  Some species, even at 
lower abundance, may have a higher 
collision rate than similar species 
due to subtle differences in their 
ecology and behavior.  

At many projects, the numbers 
of bat fatalities are higher than 
the numbers of bird fatalities, but 

the exposure risk of bats at these 
facilities is not fully understood.  
Researchers (Horn et al. 2008 
and Cryan 2008) hypothesize 
that some bats may be attracted 
to turbines, which, if true, would 
further complicate estimation of 
exposure.  Further research is 
required to determine whether 
bats are attracted to turbines 
and if so, whether this increased 
individual risk translates into higher 
population-scale effects.

Habitat Loss and Degradation

Wind project development results 
in direct habitat loss and habitat 
modification, especially at sites 
previously undeveloped.  Many of 
North America's native landscapes 
are greatly diminished or degraded 
from multiple causes unrelated to 
wind energy.  Important remnants of 
these landscapes are identified and 
documented in various databases 
held by private conservation 
organizations, state wildlife 
agencies, and, in some cases, by the 
Service.  Species that depend on 
these landscapes are susceptible to 
further loss of habitat, which will 
affect their ability to reproduce and 
survive.  While habitat lost due to 
footprints of turbines, roads, and 
other infrastructure is obvious, less 
obvious is the potential reduction of 
habitat quality.

Habitat Fragmentation

Habitat fragmentation separates 
blocks of habitat for some species 
into segments, such that the 
individuals in the remaining 
habitat segments may suffer from 
effects such as decreased survival, 
reproduction, distribution, or use of 
the area.  Site clearing, access roads, 
transmission lines, and arrays of 
turbine towers may displace some 
species or fragment continuous 
habitat areas into smaller, isolated 
tracts.  Habitat fragmentation is 
of particular concern when species 
require large expanses of habitat for 
activities such as breeding, foraging, 
and sheltering.

Habitat fragmentation can result 
in increases in “edge” resulting 
in direct effects of barriers 
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and displacement as well as 
indirect effects of nest parasitism 
and predation.  Sensitivity to 
fragmentation effects varies among 
species.  Habitat fragmentation 
and site modification are important 
issues that should be assessed at 
the landscape scale early in the 
siting process.  Identify areas of 
high sensitivity due to the presence 
of blocks of native habitats, paying 
particular attention to known or 
suspected “species sensitive to 
habitat fragmentation.”

Displacement and Behavioral 
Changes

Estimating displacement risk 
requires an understanding of 
animal behavior in response to a 
project and its infrastructure and 
activities, and a pre-construction 
estimate of presence/absence of 
species whose behavior would 
cause them to avoid or seek areas 
in proximity to turbines, roads, and 
other components of the project.  
Displacement is a function of the 
sensitivity of individuals to the 
project and activity levels associated 
with operations.

Indirect Effects

Wind development can also have 
indirect effects to wildlife and 
habitats.  Indirect effects include 
reduced nesting and breeding 
densities and the social ramifications 
of those reductions; loss or 
modification of foraging habitat; 
loss of population vigor and overall 
population density; increased 
isolation between habitat patches, 
loss of habitat refugia; attraction 
to modified habitats; effects on 
behavior, physiological disturbance, 
and habitat unsuitability.  Indirect 
effects can result from introduction 
of invasive plants; increased 
predator populations or facilitated 
predation; alterations in the natural 
fire regime; or other effects, and can 
manifest themselves later in time 
than the causing action. 

When collection of both pre- and 

post-construction data in the areas 
of interest and reference areas is 
possible, then the Before-After-
Control-Impact (BACI) is the most 
statistically robust design. The 
BACI design is most like the classic 
manipulative experiment.6  In the 
absence of a suitable reference area, 
the design is reduced to a Before-
After (BA) analysis of effect where 
the differences between pre- and 
post-construction parameters of 
interest are assumed to be the 
result of the project, independent of 
other potential factors affecting the 
assessment area. With respect to BA 
studies, the key question is whether 
the observations taken immediately 
after the incident can reasonably 
be expected within the expected 
range for the system (Manly 2009). 
Reliable quantification of impact 
usually will include additional study 

components to limit variation and 
the confounding effects of natural 
factors that may change with time.

The developer’s timeline for the 
development of a wind energy 
facility often does not allow 
for the collection of sufficient 

pre-construction data and/or 
identification of suitable reference 
areas to complete a BACI or BA 
study.  Furthermore, alterations in 
land use or disturbance over the 
course of a multi-year BACI or BA 
study may complicate the analysis of 
study results. Additional discussion 
of these issues can be found in Tier 5 
Study Design Considerations.

Tier 3 Technical Resources

The following methods and metrics 
are provided as suggested sources 
for developers to use in answering 
the Tier 3 questions. 

Tier 3, Question 1

Acoustic monitoring can be a 
practical method for determining the 
presence of threatened, endangered 
or otherwise rare species of bats 
throughout a proposed project (Kunz 
et al. 2007). There are two general 
types of acoustic detectors used 
for collection of information on bat 
activity and species identification:  
the full-spectrum, time-expansion 
and the zero-crossing techniques for 
ultrasound bat detection (see Kunz 
et al. 2007 for detailed discussion).  
Full-spectrum time expansion 
detectors provide nearly complete 
species discrimination, while zero-
crossing detectors provide reliable 
and cost-effective estimates of 
total bat use at a site and some 
species discrimination.  Myotis 
species can be especially difficult 
to discriminate with zero-crossing 
detectors (Kunz et al. 2007).  Kunz et 
al. (2007) describe the strengths and 
weaknesses of each technique for 
ultrasonic bat detection, and either 
type of detector may be useful in 
most situations except where species 
identification is especially important 
and zero-crossing methods are 
inadequate to provide the necessary 
data.  Bat acoustics technology is 
evolving rapidly and study objectives 
are an important consideration when 
selecting detectors.  When rare 
or endangered species of bats are 
suspected, sampling should occur 
during different seasons and at 

Virginia big-eared bat.  Credit:  USFWS

6 In this context, such designs are not true experiments in that the treatments (project development and control) are not randomly assigned to an 
experimental unit, and there is often no true replication. Such constraints are not fatal flaws, but do limit statistical inferences of the results.
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multiple sampling stations to account 
for temporal and spatial variability. 

Mist-netting for bats is required in 
some situations by state agencies, 
Tribes, and the Service to determine 
the presence of threatened, 
endangered or otherwise rare 
species.  Mist-netting is best 
used in combination with acoustic 
monitoring to inventory the species 
of bats present at a site, especially to 
detect the presence of threatened or 
endangered species.  Efforts should 
concentrate on potential commuting, 
foraging, drinking, and roosting 
sites (Kuenzi and Morrison 1998, 
O'Farrell et al. 1999).  Mist-netting 
and other activities that involve 
capturing and handling threatened 
or endangered species of bats will 
require permits from state and/or 
federal agencies.

Tier 3, Question 2

The following protocol should be 
used to answer Tier 3, Question 2.  
This protocol for analysis of habitat 
fragmentation at project sites should 
be adapted to the species of habitat 
fragmentation concern as identified 
in response to Question 5 in Tier 
2 and to the landscape in which 
development is contemplated.  The 
developer should:

1.	 Define the study area.  The study 
area for the site should include 
the “footprint” for the proposed 
facility plus an appropriate 
surrounding area.  The extent 
of the study area should be 
based on the area where there is 
potential for significant adverse 
habitat impacts, including indirect 
impacts, within the distribution of 
habitat for the species of habitat 
fragmentation concern.

2.	 Determine the potential for 
occupancy of the study area based 
on the guidance provided for the 
species of habitat fragmentation 
concern described above in 
Question 1. 

3.	 Analyze current habitat quality 
and spatial configuration of the 
study area for the species of 
habitat fragmentation concern.  

a.	Use recent aerial or remote 
imagery to determine distinct 
habitat patches or boundaries 
within the study area, and 
the extent of existing habitat 
fragmenting features.

i.	 Assess the level of 
fragmentation of the 
existing habitat for 
the species of habitat 
fragmentation concern and 
categorize into three classes:

•	 High quality:  little or no 
apparent fragmentation 
of intact habitat

•	 Medium quality:  intact 
habitat exhibiting some 
recent disturbance 
activity

•	 Low quality:  extensive 
fragmentation of habitat 
(e.g., row-cropped 
agricultural lands, active 
surface mining areas)

ii.	 Determine edge and 
interior habitat metrics of 
the study area:

•	 Identify habitat, non-
habitat landscape 
features and existing 
fragmenting features 
relative to the species of 
habitat fragmentation 
concern, to estimate 
existing edge 

•	 Calculate area and acres 
of edge

•	 Calculate area of intact 
patches of habitat 
and compare to needs 
of species of habitat 
fragmentation concern

b.	 Determine potential changes in 
quality and spatial configuration 
of the habitat in the study 
area if development proceeds 
as proposed using existing 
site information and the best 
available spatial data regarding 
placement of wind turbines and 
ancillary infrastructure:

i.	 Identify, delineate and 
classify all additional 
features added by the 
development that potentially 
fragment habitat for 
the species of habitat 
fragmentation concern (e.g., 
roads, transmission lines, 
maintenance structures, etc.)

ii.	 Assess the expected future 
size and quality of habitat 
patches for the species 
of habitat fragmentation 
concern and the additional 
fragmenting features, and 
categorize into three classes 
as described above

iii.	Determine expected future 
acreages of edge and interior 
habitats

iv.	Calculate the area of the 
remaining patches of intact 
habitat

c.	 Compare pre-construction and 
expected post-construction 
fragmentation metrics:

i.	 Determine the area of 
intact habitat lost (to the 
displacement footprint or by 
alteration due to the edge 
effect)

ii.	 Identify habitat patches that 
are expected to be moved 
to a lower habitat quality 
classification as a result of 
the development

4.   Assess the likelihood of a 
significant reduction in the 
demographic and genetic viability 
of the local population of the 
species of habitat fragmentation 
concern using the habitat 
fragmentation information 
collected under item 3 above 
and any currently available 
demographic and genetic data.  
Based on this assessment, the 
developer makes the finding 
whether or not there is significant 
reduction.  The developer should 
share the finding with the relevant 
agencies.  If the developer finds 
the likelihood of a significant 
reduction, the developer should 
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consider items a, b or c below:      

a.	 Consider alternative 
locations and development 
configurations to minimize 
fragmentation of habitat in 
communication with species 
experts, for all species of 
habitat fragmentation concern 
in the area of interest.

b.	 Identify high quality habitat 
parcels that may be protected 
as part of a plan to limit future 
loss of habitat for the impacted 
population of the species of 
habitat fragmentation concern 
in the area.

c.	 Identify areas of medium or 
low quality habitat within 
the range of the impacted 
population that may be 
restored or improved to 
compensate for losses of 
habitat that result from the 
project (e.g., management of 
unpaved roads and ORV trails).  

Tier 3, Question 3 

The following protocols are 
suggested for use in answering Tier 
3, Question 3.

Bird distribution, abundance, 
behavior and site use

Diurnal Avian Activity Surveys 

The commonly used data collection 
methods for estimating the spatial 
distribution and relative abundance 
of diurnal birds includes counts 
of birds seen or heard at specific 
survey points (point count), along 
transects (transect surveys), and 
observational studies.  Both methods 
result in estimates of bird use, 
which are assumed to be indices of 
abundance in the area surveyed. 
Absolute abundance is difficult 
to determine for most species 
and is not necessary to evaluate 
species risk.  Depending on the 
characteristics of the area of interest 
and the bird species potentially 
affected by the project, additional 
pre-construction study methods may 
be necessary. Point counts or line 
transects should collect vertical as 
well as horizontal data to identify 

levels of activity within the rotor-
swept zone.

Avian point counts should follow 
the general methodology described 
by Reynolds et al. (1980) for point 
counts within a fixed area, or the line 
transect survey similar to Schaffer 
and Johnson (2008), where all birds 
seen within a fixed distance of a 
line are counted.  These methods 
are most useful for pre- and post-
construction 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.  Point 
counts for large birds (e.g., raptors) 
follow the same point count method 
described by Reynolds et al. (1980), 
Ralph et al. (1993) and Ralph et al. 
1995).

Point count plots, transects, and 
observational studies should allow 

for statistical extrapolation of data 
and be distributed throughout the 
area of interest using a probability 
sampling approach (e.g., systematic 
sample with a random start).  For 
most projects, the area of interest 
is the area where wind turbines and 
permanent meteorological (met) 
towers are proposed or expected to 
be sited.  Alternatively, the centers 
of the larger plots can be located 
at vantage points throughout the 
potential area being considered with 
the objective of covering most of the 
area of interest. Flight height should 
also be collected to focus estimates 
of use on activity occurring in the 
rotor-swept zone.

Sampling duration and frequency 
will be determined on a project-
by-project basis and by the 
questions being addressed.  The 
most important consideration for 
sampling frequency when estimating 
abundance is the amount of variation 

Hoary bat.  Credit:  Paul Cryan, USGS
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expected among survey dates and 
locations and the species of concern.

The use of comparable methods 
and metrics should allow data 
comparison from plot to plot within 
the area of interest and from site to 
site where similar data exist.  The 
data should be collected so that avian 
activity can be estimated within 
the rotor-swept zone.  Relating 
use to site characteristics requires 
that samples of use also measure 
site characteristics thought to 
influence use (i.e., covariates such 
as vegetation and topography) in 
relation to the location of use.  The 
statistical relationship of use to these 
covariates can be used to predict 
occurrence in unsurveyed areas 
during the survey period and for the 
same areas in the future.

Surveys should be conducted at 
different intervals during the year 
to account for variation in expected 
bird activity with lower frequency 
during winter months if avian 
activity is low. Sampling frequency 
should also consider the episodic 
nature of activity during fall and 
spring migration.  Standardized 
protocols for estimating avian 
abundance are well-established and 
should be consulted (e.g., Dettmers 
et al. 1999).  If a more precise 
estimate of density is required for 
a particular species (e.g., when the 
goal is to determine densities of a 
special-status breeding bird species), 
the researcher will need more 
sophisticated sampling procedures, 
including estimates of detection 
probability.

Raptor Nest Searches

An estimate of raptor use of the 
project site is obtained through 
appropriate surveys, but if potential 
impacts to breeding raptors are a 
concern on a project, raptor nest 
searches are also recommended.  
These surveys provide information 
to predict risk to the local 
breeding population of raptors, 
for micro-siting decisions, and for 
developing an appropriate-sized 
non-disturbance buffer around 
nests.  Surveys also provide 
baseline data for estimating 
impacts and determining mitigation 

requirements.  A good source of 
information for raptor surveys and 
monitoring is Bird and Bildstein 
(2007).

Searches for raptor nests or raptor 
breeding territories on projects 
with potential for impacts to raptors 
should be conducted in suitable 
habitat during the breeding season.  
While there is no consensus on the 
recommended buffer zones around 
nest sites to avoid disturbance of 
most species (Sutter and Jones 
1981), a nest search within at least 
one mile of the wind turbines 
and transmission lines, and other 
infrastructure should be conducted.  
However, larger nest search areas 
are needed for eagles, as explained 
in the Service’s ECP Guidance, when 
bald or golden eagles are likely to be 
present.

Methods for these surveys are 
fairly common and will vary with 
the species, terrain, and vegetation 
within the survey area.  The Service 
recommends that protocols be 
discussed with biologists from the 
lead agency, Service, state wildlife 
agency, and Tribes where they have 
jurisdiction.  It may be useful to 
consult other scientifically credible 
information sources.  At minimum, 
the protocols should contain the 
list of target raptor species for nest 
surveys and the appropriate search 

protocol for each site, including 
timing and number of surveys 
needed, search area, and search 
techniques.

Prairie Grouse and Sage Grouse 
Population Assessments

Sage grouse and prairie grouse 
merit special attention in this 
context for three reasons:

1.	 The scale and biotic nature 
of their habitat requirements 
uniquely position them as reliable 
indicators of impacts on, and 
needs of, a suite of species that 
depend on sage and grassland 
habitats, which are among 
the nation’s most diminished 
ecological communities (Vodehnal 
and Haufler 2007).

2.	 Their ranges and habitats are 
highly congruent with the nation’s 
richest inland wind resources.

3.	 They are species for which some 
known impacts of anthropogenic 
features (e.g., tall structures, 
buildings, roads, transmission 
lines, wind energy facilities, etc.) 
have been documented.

Populations of prairie grouse and 
sage grouse generally are assessed 
by either lek counts (a count of 
the maximum number of males 
attending a lek) or lek surveys 
(classification of known leks as active 
or inactive) during the breeding 
season (e.g., Connelly et al. 2000).  
Methods for lek counts vary slightly 
by species but in general 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.

Recent research indicates that 
viable prairie grouse and sage 
grouse populations are dependent on 
suitable nesting and brood-rearing 
habitat (Connelly et al. 2000, 
Hagen et al. 2009).  These habitats 
generally are associated with leks.  
Leks are the approximate centers of 
nesting and brood-rearing habitats 
(Connelly et al. 2000, but see 
Connelly et al. 1988 and Becker et 
al. 2009).  High quality nesting and 

Red-tailed hawk.  Credit:  Dave Menke, USFWS



U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines

30 

brood rearing habitats surrounding 
leks are critical to sustaining viable 
prairie grouse and sage grouse 
populations (Giesen and Connelly 
1993, Hagen et al. 2004, Connelly et 
al. 2000).  A population assessment 
study area should include nesting 
and brood rearing habitats that may 
extend several miles from leks.  For 
example, greater and lesser prairie-
chickens generally nest in suitable 
habitats within one to two miles 
of active leks (Hagen et al. 2004), 
whereas the average distances from 
nests to active leks of non-migratory 
sage grouse range from 0.7 to four 
miles (Connelly et al. 2000), and 
potentially much more for migratory 
populations (Connelly et al. 1988).

While surveying leks during the 
spring breeding season is the most 
common and convenient tool for 
monitoring population trends of 
prairie grouse and sage grouse, 
documenting available nesting and 
brood rearing habitat within and 
adjacent to the potentially affected 
area is recommended.  Suitable 
nesting and brood rearing habitats 
can be mapped based on habitat 
requirements of individual species.  
The distribution and abundance 
of nesting and brood rearing 
habitats can be used to help in the 
assessment of adverse impacts of the 
proposed project to prairie grouse 
and sage grouse.

Mist-Netting for Birds

Mist-netting is not recommended as 
a method for assessing risk of wind 
development for birds. Mist-netting 
cannot generally be used to develop 
indices of relative bird abundance, 
nor does it provide an estimate of 
collision risk as mist-netting is not 
feasible at the heights of the rotor-
swept zone and captures below that 
zone may not adequately reflect 
risk.  Operating mist-nets requires 
considerable experience, as well as 
state and federal permits.

Occasionally mist-netting can help 
confirm the presence of rare species 
at documented fallout or migrant 
stopover sites near a proposed 
project.  If mist-netting is to be 
used, the Service recommends 
that procedures for operating nets 

and collecting data be followed in 
accordance with Ralph et al. (1993).

Nocturnal and Crepuscular Bird 
Survey Methods

Additional studies using different 
methods should be conducted if 
characteristics of the project site 
and surrounding areas potentially 
pose a high risk of collision to night 
migrating songbirds and other 
nocturnal or crepuscular species.  
For most of their flight, songbirds 
and other nocturnal migrants are 
above the reach of wind turbines, 
but they pass through the altitudinal 
range of wind turbines during 
ascents and descents and may also 
fly closer to the ground during 
inclement weather (Able, 1970; 
Richardson, 2000).  Factors affecting 
flight path, behavior, and “fall-out” 
locations of nocturnal migrants are 
reviewed elsewhere (e.g., Williams 
et al., 2001; Gauthreaux and Belser, 
2003; Richardson, 2000; Mabee et al., 
2006).  

In general, pre-construction 
nocturnal studies are not 
recommended unless the site 
has features that might strongly 
concentrate nocturnal birds, 
such as along coastlines that are 
known to be migratory songbird 
corridors.  Biologists knowledgeable 
about nocturnal bird migration 
and familiar with patterns of 
migratory stopovers in the region 
should assess the potential risks to 
nocturnal migrants at a proposed 
project site.  No single method can 
adequately assess the spatial and 
temporal variation in nocturnal 
bird populations or the potential 
collision risk.  Following nocturnal 
study methods in Kunz et al. (2007) 
is recommended to determine 
relative abundance, flight direction 
and flight altitude for assessing risk 
to migrating birds, if warranted.  
If areas of interest are within the 
range of nocturnal species of concern 
(e.g., marbled murrelet, northern 
spotted owl, Hawaiian petrel, 
Newell’s shearwater), surveyors 
should use species-specific protocols 
recommended by state wildlife 
agencies, Tribes or Service to assess 
the species’ potential presence in the 
area of interest.

In contrast to the diurnal avian 
survey techniques previously 
described, considerable variation 
and uncertainty exist on the 
optimal protocols for using acoustic 
monitoring devices, radar, and 
other techniques to evaluate species 
composition, relative abundance, 
flight height, and trajectory of 
nocturnal migrating birds.  While 
an active area of research, the use 
of radar for determining passage 
rates, flight heights and flight 
directions of nocturnal migrating 
animals has yet to be shown as 
a good indicator of collision risk.  
Pre- and post-construction studies 
comparing radar monitoring results 
to estimates of bird and bat fatalities 
will be necessary to evaluate radar 
as a tool for predicting collision risk.  
Additional studies are also needed 
before making recommendations on 
the number of nights per season or 
the number of hours per night that 
are appropriate for radar studies of 
nocturnal bird migration (Mabee et 
al., 2006).

Bat survey methods

The Service recommends that all 
techniques discussed below be 
conducted by biologists trained in 
bat identification, equipment use, 
and the analysis and interpretation 
of data resulting from the design and 
conduct of the studies.  Activities 
that involve capturing and handling 
bats may require permits from state 
and/or federal agencies.

Acoustic Monitoring

Acoustic monitoring provides 
information about bat presence and 
activity, as well as seasonal changes 
in species occurrence and use, but 
does not measure the number of 
individual bats or population density.  
The goal of acoustic monitoring is to 
provide a prediction of the potential 
risk of bat fatalities resulting from 
the construction and operation 
of a project.  Our current state of 
knowledge about bat-wind turbine 
interactions, however, does not allow 
a quantitative link between pre-
construction acoustic assessments of 
bat activity and operations fatalities. 
Discussions with experts, state 
wildlife trustee agencies, Tribes, and 
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Service will be needed to determine 
whether acoustic monitoring is 
warranted at a proposed project site.

The predominance of bat fatalities 
detected to date are migratory 
species and acoustic monitoring 
should adequately cover periods 
of migration 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.

The number and distribution of 
sampling stations necessary to 
adequately estimate bat activity 
have not been well established but 
will depend, at least in part, on the 
size of the project area, variability 
within the project area, and a 
Tier 2 assessment of potential bat 
occurrence.  

The number of detectors needed 
to achieve the desired level of 
precision will vary depending on the 
within-site variation (e.g., Arnett 
et al. 2006, Weller 2007, See also, 
Bat Conservation International 
website for up-to-date survey 
methodologies).  One frequently 
used method is to place 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 (as high as practicable, 
based on tower height) on each 
met tower included in the sample 
to record bat activity at or near 
the rotor swept zone, the area of 
presumed greatest risk for bats.  
Developers should evaluate whether 
it would be cost effective to install 
detectors when met towers are first 
established on a site.  Doing so might 
reduce the cost of installation later 
and might alleviate time delays to 
conduct such studies.  

If sampling at met towers does not 
adequately cover the study area 
or provide sufficient replication, 
additional sampling stations can be 
established at low positions (~1.5-2 
meters) at a sample of existing met 
towers and one or more mobile 
units (i.e., units that are moved to 
different locations throughout the 
study period) to increase coverage 
of the proposed project area.  When 
practical and based on information 
from Tier 2, it may be appropriate 
to conduct some acoustic monitoring 
of features identified as potentially 
high bat use areas within the study 
area (e.g., bat roosts and caves) to 
determine use of such features.

There is growing interest in 
determining whether “low” position 

samples (~1.5-2 meters) can provide 
equal or greater correlation with 
bat fatalities than “high” position 
samples (described above) because 
this would substantially lower cost 
of this work.  Developers could 
then install a greater number of 
detectors at lower cost resulting 
in improved estimates of bat 
activity and, potentially, improved 
qualitative estimates of risk to bats.  
This is a research question that is 
not expected to be addressed at a 
project.

Other bat survey techniques

Occasionally, other techniques 
may be needed to answer Tier 3 
questions and complement the 
information from acoustic surveys. 
Kunz et al. (2007), NAS (2007), 
Kunz and Parsons (2009) provide 
comprehensive descriptions of bat 
survey techniques, including those 
identified below that are relevant 
for Tier 3 studies at wind energy 
facilities.  

Roost Searches and Exit Counts

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 present and occupied by 
bats.  If active roosts are detected, 
it may be appropriate to address 
questions about colony size and 
species composition of roosts.  Exit 
counts and roost searches are two 
approaches to answering these 
questions, and Rainey (1995), Kunz 
and Parsons (2009), and Sherwin et 
al. (2009) are resources that describe 
options and approaches for these 
techniques.  Roost searches should 
be performed cautiously because 
roosting bats are sensitive to human 
disturbance (Kunz et al. 1996).  
Known maternity and hibernation 
roosts should not be entered 
or otherwise disturbed unless 
authorized by state and/or federal 
wildlife agencies.  Internal searches 
of abandoned mines or caves can 
be dangerous and should only be 
conducted by trained researchers.  
For mine survey protocol and 

Tri-colored bat.  Credit:  USFWS
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guidelines for protection of bat 
roosts, see the appendices in Pierson 
et al. (1999).  Exit surveys at known 
roosts generally should be limited to 
non-invasive observation using low-
light binoculars and infrared video 
cameras.

Multiple surveys should be 
conducted to determine the presence 
or absence of bats in caves and 
mines, and the number of surveys 
needed will vary by species of bats, 
sex (maternity or bachelor colony) 
of bats, seasonality of use, and type 
of roost structure (e.g., caves or 
mines).  For example, Sherwin et al. 
(2003) demonstrated that a minimum 
of three surveys are needed to 
determine the absence of large 
hibernating colonies of Townsend’s 
big-eared bats in mines (90 percent 
probability), while a minimum of 
nine surveys (during a single warm 
season) are necessary before a mine 
could be eliminated as a bachelor 
roost for this species (90 percent 
probability).  An average of three 
surveys was needed before surveyed 
caves could be eliminated as bachelor 
roosts (90 percent probability).  The 
Service recommends that decisions 
on level of effort follow discussion 
with relevant agencies and bat 
experts.

Activity Patterns

If active roosts are detected, it may 
be necessary to answer questions 
about behavior, movement patterns, 
and patterns of roost use for bat 
species of concern, or to further 
investigate habitat features that 
might attract bats and pose fatality 
risk.  For some bat species, typically 
threatened, endangered, or state-
listed species, radio telemetry 
or radar may be recommended 
to assess both the direction of 
movement as bats leave roosts, 
and the bats’ use of the area being 
considered for development. Kunz 
et al. (2007) describe the use of 
telemetry, radar and other tools 
to evaluate use of roosts, activity 
patterns, and flight direction from 
roosts.

 
Mist-Netting for Bats

While mist-netting for bats is 
required in some situations by 
state agencies, Tribes, and the 
Service to determine the presence 
of threatened, endangered or other 
bat species of concern, mist-netting 
is not generally recommended 
for determining levels of activity 
or assessing risk of wind energy 

development to bats for the following 
reasons:  1) not all proposed or 
operational wind energy facilities 
offer conditions conducive to 
capturing bats, and often the 
number of suitable sampling points 
is minimal or not closely associated 
with the project location; 2) capture 
efforts often occur at water sources 
offsite or at nearby roosts and the 
results may not reflect species 
presence or use on the site where 
turbines are to be erected; and 3) 
mist-netting isn’t feasible at the 
height of the rotor-swept zone, and 
captures below that zone may not 
adequately reflect risk of fatality.  If 
mist-netting is employed, it is best 
used in combination with acoustic 
monitoring to inventory the species 
of bats present at a site. 

White-Nose Syndrome

White-nose syndrome is a disease 
affecting hibernating bats.  Named 
for the white fungus that appears 
on the muzzle and other body 
parts of hibernating bats, WNS is 
associated with extensive mortality 
of bats in eastern North America.  
All contractors and consultants 
hired by developers should employ 
the most current version of survey 
and handling protocols to avoid 

transmitting white-nose syndrome 
between bats.

Other wildlife

While the above guidance 
emphasizes the evaluation of 
potential impacts to birds and 
bats, Tier 1 and 2 evaluations may 
identify other species of concern.  
Developers are encouraged to 
assess adverse impacts potentially 
caused by development for 
those species most likely to be 
negatively affected by such 
development.  Impacts to other 
species are primarily derived 
from potential habitat loss or 
displacement.  The general 
guidance on the study design and 
methods for estimation of the 
distribution, relative abundance, 
and habitat use for birds is 
applicable to the study of other 
wildlife.  References regarding 
monitoring for other wildlife 
are available in Appendix C:  Mule deer.  Credit:  Tupper Ansel Blake, USFWS
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Sources of Information Pertaining 
to Methods to Assess Impacts 
to Wildlife.  Nevertheless, most 
methods and metrics will be species-
specific and developers are advised 
to work with the state, tribal, or 
federal agencies, or other credible 
experts, as appropriate, during 
problem formulation for Tier 3.

Tier 3 Decision Points

Developers and the Service should 
communicate prior to completing 
the Tier 3 decision process.  A 
developer should inform the Service 
of the results of its studies and 
plans.  The Service will provide 
written comments to a developer 
on study and project development 
plans that identify concerns and 
recommendations to resolve the 
concerns.  The developer and, when 
applicable, the permitting authority 
will make a decision regarding 
whether and how to develop the 
project.  The decision point at the 
end of Tier 3 involves three potential 
outcomes:

1.	Development of the site has a low 
probability of significant adverse 
impact based on existing and new 
information.

	 There is little uncertainty 
regarding when and how 
development should proceed, and 
adequate information exists to 
satisfy any required permitting.  
The decision process proceeds to 
permitting, when required, and/or 
development, and Tier 4.  

2.	Development of the site has a 
moderate to high probability 
of significant adverse impacts 
without proper measures being 
taken to mitigate those impacts.  
This outcome may be subdivided 
into two possible scenarios: 

a.	There is certainty regarding 
how to develop the site 
to adequately mitigate 
significant adverse impacts.  
The developer bases their 
decision to develop the site 
adopting proper mitigation 
measures and appropriate 
post-construction fatality and 
habitat studies (Tier 4).

b.	There is uncertainty 
regarding how to develop the 
site to adequately mitigate 
significant adverse impacts, or 
a permitting process requires 
additional information on 
potential significant adverse 
wildlife impacts before 
permitting future phases of 
the project.  The developer 
bases their decision to develop 
the site adopting proper 
mitigation measures and 
appropriate post-construction 
fatality and habitat studies 
(Tier 4).

3.	 Development of the site has a 
high probability of significant 
impact that:  

a.  Cannot be adequately 
mitigated.

Site development should be 
delayed until plans can be 
developed that satisfactorily 
mitigate for the significant 
adverse impacts.  Alternatively, 
the site should be abandoned in 
favor of known sites with less 
potential for environmental 
impact, or the developer 

begins an evaluation of other sites 
or landscapes for more acceptable 
sites to develop.

b.  Can be adequately mitigated.

Developer should implement 
mitigation measures and proceed 
to Tier 4.

Little brown bat with white nose syndrome.  Credit:  Marvin Moriarty, USFWS
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Chapter 5:  Tier 4 – Post-construction Studies to 
Estimate Impacts
The outcome of studies in Tiers 
1, 2, and 3 will determine the 
duration and level of effort of post-
construction studies.  

Tier 4 post-construction studies 
are designed to assess whether 
predictions of fatality risk and direct 
and indirect impacts to habitat of 
species of concern were correct.  
Fatality studies involve searching 
for bird and bat carcasses beneath 
turbines to estimate the number 
and species composition of fatalities 
(Tier 4a).  Habitat studies involve 
application of GIS and use data 
collected in Tier 3 and Tier 4b and/
or published information.  Post-
construction studies on direct and 
indirect impacts to habitat of species 
of concern, including species of 
habitat fragmentation concern need 
only be conducted if Tier 3 studies 
indicate the potential for significant 
adverse impacts.

Tier 4a – Fatality Studies

At this time, community- and utility-
scale projects should conduct at 
least one year of fatality monitoring.  
The intensity of the studies should 
be related to risks of significant 
adverse impacts identified in pre-
construction assessments.  As data 
collected with consistent methods 
and metrics increases (see discussion 
below), it is possible that some future 
projects will not warrant fatality 
monitoring, but such a situation 
is rare with the present state of 
knowledge.

Fatality monitoring should occur 
over all seasons of occupancy for the 
species being monitored, based on 
information produced in previous 
tiers.  The number of seasons and 
total length of the monitoring 
may be determined separately for 
bats and birds, depending on the 
pre-construction risk assessment, 
results of Tier 3 studies and Tier 4 
monitoring from comparable sites 
(see Glossary in Appendix A) and 

the results of first year fatality 
monitoring.  Guidance on the 
relationship between these variables 
and monitoring for fatalities is 
provided in Table 2.

It may be appropriate to conduct 
monitoring using different durations 

and intervals depending on the 
species of concern.  For example, if 
raptors occupy an area year-round, 
it may be appropriate to monitor 
for raptors throughout the year 
(12 months).  It may be warranted 
to monitor for bats when they are 
active (spring, summer and fall or 

A male Eastern red bat perches among green foliage.  Credit:  ©MerlinD.Tuttle,BatConservationInternatio
nal,www.batcon.org
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approximately eight months).  It 
may be appropriate to increase 
the search frequency during the 
months bats are active and decrease 
the frequency during periods of 
inactivity.  All fatality monitoring 
should include estimates of carcass 
removal and carcass detection bias 
likely to influence those rates. 

Tier 4a Questions

Post-construction fatality monitoring 
should be designed to answer the 
following questions as appropriate 
for the individual project:

1.	 What are the bird and bat 
fatality rates for the project?  

2.	 What are the fatality rates of 
species of concern?

3.	 How do the estimated fatality 
rates compare to the predicted 
fatality rates?

4.	 Do bird and bat fatalities 
vary within the project site in 
relation to site characteristics?

5.	 How do the fatality rates 
compare to the fatality rates 
from existing projects in similar 
landscapes with similar species 
composition and use?

6.	 What is the composition 
of fatalities in relation to 
migrating and resident birds 
and bats at the site?

7.	 Do fatality data suggest the 
need for measures to reduce 
impacts?

Tier 4a studies should be of 
sufficient statistical validity to 
address Tier 4a questions and 
enable determination of whether 
Tier 3 fatality predictions were 
correct.  Fatality monitoring results 
also should allow comparisons with 
other sites, and provide a basis for 
determining if operational changes 
or other mitigation measures at the 
site are appropriate.  The Service 
encourages project operators to 
discuss Tier 4 studies with local, 
state, federal, and tribal wildlife 
agencies.  The number of years of 
monitoring is based on outcomes of 

Tier 3 and Tier 4 studies and analysis 
of comparable Tier 4 data from other 
projects as indicated in Table 2.  The 
Service may recommend multiple 
years of monitoring for projects 
located near a listed species or bald 
or golden eagle, or other situations, 
as appropriate.

Tier 4a Protocol Design 
Considerations

The basic method of measuring 
fatality rates is the carcass 
search.  Search protocols should be 
standardized to the greatest extent 
possible, especially for common 
objectives and species of concern, 
and they should include methods 
for adequately accounting for 
sampling biases (searcher efficiency 
and scavenger removal).  However, 
some situations warrant exceptions 
to standardized protocol.   The 
responsibility of demonstrating 
that an exception is appropriate and 
applicable should be on the project 
operator to justify increasing or 
decreasing the duration or intensity 
of operations monitoring.

Some general guidance is given 
below with regard to the following 
fatality monitoring protocol design 
issues: 

•	 Duration and frequency of 
monitoring

•	 Number of turbines to monitor

•	 Delineation of carcass search 
plots, transects, and habitat 
mapping

•	 General search protocol

•	 Field bias and error 
assessment

•	 Estimators of fatality

More detailed descriptions 
and methods of fatality search 
protocols can be found in the 
California (California Energy 
Commission 2007) and Pennsylvania 
(Pennsylvania Game Commission 
2007) state guidelines and in Kunz 
et al. (2007), Smallwood (2007), and 
Strickland et al. (2011).

Duration and frequency of 
monitoring

Frequency of carcass searches 
(search interval) may vary for birds 
and bats, and will vary depending 
on the questions to be answered, 
the species of concern, and their 
seasonal abundance at the project 
site.  The carcass searching protocol 
should be adequate to answer 
applicable Tier 4 questions at 
an appropriate level of precision 
to make general conclusions 
about the project, and is not 
intended to provide highly precise 
measurements of fatalities.  Except 
during low use times (e.g. winter 
months in northern states), the 
Service recommends that protocols 
be designed such that carcass 
searches occur at some turbines 
within the project area most days 
each week of the study.

The search interval is the interval 
between carcass searches at 
individual turbines, and this interval 
may be lengthened or shortened 
depending on the carcass removal 
rates.  If the primary focus is on 
fatalities of large raptors, where 
carcass removal is typically low, then 
a longer interval between searches 
(e.g., 14-28 days) is sufficient.  
However, if the focus is on fatalities 
of bats and small birds and carcass 
removal is high, then a shorter 
search interval will be necessary. 

There are situations in which 
studies of higher intensity (e.g., 
daily searches at individual 
turbines within the sample) may 
be appropriate.  These would be 
considered only in Tier 5 studies or 
in research programs because the 
greater complexity and level of effort 
goes beyond that recommended 
for typical Tier 4 post construction 
monitoring.  Tier 5 and research 
studies could include evaluation of 
specific measures that have been 
implemented to mitigate potential 
significant adverse impacts to 
species of concern identified during 
pre-construction studies.

Number of turbines to monitor 

If available, data on variability 
among turbines from existing 
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projects in similar conditions within 
the same region are recommended 
as a basis for determining needed 
sample size (see Morrison et al., 
2008).  If data are not available, 
the Service recommends that 
an operator select a sufficient 
number of turbines via a systematic 
sample with a random start point.  
Sampling plans can be varied (e.g., 
rotating panels [McDonald 2003, 
Fuller 1999, Breidt and Fuller 
1999, and Urquhart et al. 1998]) 
to increase efficiency as long as 
a probability sampling approach 
is used.  If the project contains 
fewer than 10 turbines, the Service 
recommends that all turbines in 
the area of interest be searched 
unless otherwise agreed to by the 
permitting or wildlife resource 
agencies.  When selecting turbines, 
the Service recommends that a 
systematic sample with a random 
start be used when selecting search 
plots to ensure interspersion 
among turbines. Stratification 
among different habitat types also 
is recommended to account for 
differences in fatality rates among 
different habitats (e.g., grass versus 
cropland or forest); a sufficient 
number of turbines should be 
sampled in each strata.

Delineation of carcass search plots, 
transects, and habitat mapping

Evidence suggests that greater 
than 80 percent of bat fatalities fall 
within half the maximum distance of 
turbine height to ground (Erickson 
2003 a, b), and a minimum plot width 
of 120 meters from the turbine 
should be established at sample 
turbines.  Plots will need to be larger 
for birds, with a width twice the 
turbine height to ground.  Decisions 
regarding search plot size should be 
made in discussions with the Service, 
state wildlife agency, permitting 
agency and Tribes.  It may be 
useful to consult other scientifically 
credible information sources. 

The Service recommends that each 
search plot should be divided into 
oblong subplots or belt transects 
and that each subplot be searched.  
The objective is to find as many 
carcasses as possible so the width of 
the belt will vary depending on the 
ground cover and its influence on 
carcass visibility.  In most situations, 
a search width of 6 meters should 
be adequate, but this may vary from 
3-10 meters depending on ground 
cover.  

Searchable area within the 
theoretical maximum plot size 
varies, and heavily vegetated areas 
(e.g., eastern mountains) often do 
not allow surveys to consistently 
extend to the maximum plot width. 
In other cases it may be preferable 
to search a portion of the maximum 
plot instead of the entire plot.  For 
example, in some landscapes it may 
be impractical to search the entire 
plot because of the time required 
to do an effective search, even if it 
is accessible (e.g., croplands), and 
data from a probability sample 
of subplots within the maximum 
plot size can provide a reasonable 
estimate of fatalities.  It is important 
to accurately delineate and map the 
area searched for each turbine to 
adjust fatality estimates based on 
the actual area searched.  It may 
be advisable to establish habitat 
visibility classes in each plot to 
account for differential detectability, 
and to develop visibility classes for 
different landscapes (e.g., rocks, 
vegetation) within each search plot.  
For example, the Pennsylvania Game 
Commission (2007) identified four 
classes based on the percentage of 

bare ground. 

The use of visibility classes requires 
that detection and removal biases 
be estimated for each class.  Fatality 
estimates should be made for each 
class and summed for the total area 
sampled.  Global positioning systems 
(GPS) are useful for accurately 
mapping the actual total area 
searched and area searched in each 
habitat visibility class, which can 
be used to adjust fatality estimates.  
The width of the belt or subplot 
searched may vary depending on the 
habitat and species of concern; the 
key is to determine actual searched 
area and area searched in each 
visibility class regardless of transect 
width.  An adjustment may also 
be needed to take into account the 
density of fatalities as a function of 
the width of the search plot.

General search protocol

Personnel trained in proper search 
techniques should look for bird 
and bat carcasses along transects 
or subplots within each plot and 
record and collect all carcasses 
located in the searchable areas.  The 
Service will work with developers 
and operators to provide necessary 
permits for carcass possession.  A 
complete search of the area should 
be accomplished and subplot 
size (e.g., transect width) should 
be adjusted to compensate for 
detectability differences in the 
search area.  Subplots should be 
smaller when vegetation makes 
it difficult to detect carcasses; 
subplots can be wider in open 
terrain.  Subplot width also can vary 
depending on the size of the species 
being looked for.  For example, small 
species such as bats may require 
smaller subplots than larger species 
such as raptors. 

Data to be recorded include date, 
start time, end time, observer, 
which turbine area was searched 
(including GPS coordinates) and 
weather data for each search.  
When a dead bat or bird is found, 
the searcher should place a flag 
near the carcass and continue the 
search.  After searching the entire 
plot, the searcher returns to each 
carcass and records information 

Wind turbine.  Credit:  NREL
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on a fatality data sheet, including 
date, species, sex and age (when 
possible), observer name, turbine 
number, distance from turbine, 
azimuth from turbine (including GPS 
coordinates), habitat surrounding 
carcass, condition of carcass (entire, 
partial, scavenged), and estimated 
time of death (e.g., <1 day, 2 days).  
The recorded data will ultimately 
be housed in the FWS Office of 
Law Enforcement Bird Mortality 
Reporting System.  A digital 
photograph of the carcass should be 
taken.  Rubber gloves should be used 
to handle all carcasses to eliminate 
possible transmission of rabies or 
other diseases and to reduce possible 
human scent bias for carcasses 
later used in scavenger removal 
trials.  Carcasses should be placed 
in a plastic bag and labeled.  Unless 
otherwise conditioned by the carcass 
possession permit, fresh carcasses 
(those determined to have been 
killed the night immediately before 
a search) should be redistributed at 
random points on the same day for 
scavenging trials.

Field bias and error assessment

During searches conducted at wind 
turbines, actual fatalities are likely 
incompletely observed.  Therefore 
carcass counts must be adjusted 
by some factor that accounts for 
imperfect detectability (Huso 
2011).  Important sources of bias 
and error include:  1) fatalities that 
occur on a highly periodic basis; 2) 
carcass removal by scavengers; 3) 
differences in searcher efficiency; 4) 
failure to account for the influence 
of site (e.g. vegetation) conditions 
in relation to carcass removal and 
searcher efficiency; and 5) fatalities 
or injured birds and bats that may 
land or move outside search plots.

Some fatalities may occur on a 
highly periodic basis creating a 
potential sampling error (number 
1 above).  The Service recommends 
that sampling be scheduled so that 
some turbines are searched most 
days and episodic events are more 
likely detected, regardless of the 
search interval.  To address bias 
sources 2-4 above, it is strongly 
recommended that all fatality 
studies conduct carcass removal 

and searcher efficiency trials using 
accepted methods (Anderson 1999, 
Kunz et al. 2007, Arnett et al. 2007, 
NRC 2007, Strickland et al. 2011).  
Bias trials should be conducted 
throughout the entire study period 
and searchers should be unaware 
of which turbines are to be used 
or the number of carcasses placed 
beneath those turbines during trials.  
Carcasses or injured individuals 
may land or move outside the search 
plots (number 5 above).  With 
respect to Tier 4a fatality estimates, 
this potential sampling error is 
considered to be small and can be 
assumed insignificant (Strickland et 
al. 2011).

Prior to a study’s inception, a list 
of random turbine numbers and 
random azimuths and distances (in 
meters) from turbines should be 
generated for placement of each 
bat or bird used in bias trials.  Data 
recorded for each trial carcass prior 
to placement should include date of 
placement, species, turbine number, 
distance and direction from turbine, 
and visibility class surrounding the 
carcass.  Trial carcasses should be 
distributed as equally as possible 
among the different visibility classes 
throughout the study period and 
study area.  Studies should attempt 
to avoid “over-seeding” any one 
turbine with carcasses by placing 
no more than one or two carcasses 
at any one time at a given turbine.  
Before placement, each carcass must 
be uniquely marked in a manner that 
does not cause additional attraction, 
and its location should be recorded.  
There is no agreed upon sample size 
for bias trials, though some state 
guidelines recommend from 50 - 200 
carcasses (e.g., PGC 2007).

Estimators of fatality

If there were a direct relationship 
between the number of carcasses 
observed and the number killed, 
there would be no need to develop 
a complex estimator that adjusts 
observed counts for detectability, 
and observed counts could be 
used as a simple index of fatality 
(Huso 2011).  But the relationship 
is not direct and raw carcass 
counts recorded using different 
search intervals and under 

different carcass removal rates 
and searcher efficiency rates are 
not directly comparable.  It is 
strongly recommended that only 
the most contemporary equations 
for estimating fatality be used, as 
some original versions are now 
known to be extremely biased under 
many commonly encountered field 
conditions (Erickson et al. 2000b, 
Erickson et al. 2004, Johnson et al. 
2003, Kerns and Kerlinger 2004, 
Fiedler et al. 2007, Kronner et al. 
2007, Smallwood 2007, Huso 2011, 
Strickland et al. 2011).

Tier 4a Study Objectives

In addition to the monitoring 
protocol design considerations 
described above, the metrics used 
to estimate fatality rates must be 
selected with the Tier 4a questions 
and objectives in mind.  Metrics 
considerations for each of the Tier 
4a questions are discussed briefly 
below.  Not all questions will be 
relevant for each project, and which 
questions apply would depend on 
Tier 3 outcomes.  

1.  What are the bird and bat  
fatality rates for the project?

The primary objective of fatality 
searches is to determine the overall 
estimated fatality rates for birds and 
bats for the project.  These rates 
serve as the fundamental basis for 
all comparisons of fatalities, and if 
studies are designed appropriately 
they allow researchers to relate 
fatalities to site characteristics 
and environmental variables, and 
to evaluate mitigation measures.  
Several metrics are available for 
expressing fatality rates.  Early 
studies reported fatality rates per 
turbine.  However, this metric is 
somewhat misleading as turbine 
sizes and their risks to birds vary 
significantly (NRC 2007).  Fatalities 
are frequently reported per 
nameplate capacity (i.e. MW), a 
metric that is easily calculated and 
better for comparing fatality rates 
among different sized turbines.  
Even with turbines of the same 
name plate capacity, the size of the 
rotor swept area may vary among 
manufacturers, and turbines at 
various sites may operate for 
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different lengths of time and during 
different times of the day and 
seasons.  With these considerations 
in mind, the Service recommends 
that fatality rates be expressed on a 
per-turbine and per-nameplate MW 
basis until a better metric becomes 
available. 

2.  What are the fatality rates of 
species of concern?

This analysis simply involves 
calculating fatalities per turbine of 
all species of concern at a site when 
sample sizes are sufficient to do so.  
These fatalities should be expressed 
on a per nameplate MW basis if 
comparing species fatality rates 
among projects.

3.  How do the estimated fatality 
rates compare to the predicted 
fatality rates?

There are several ways that 
predictions can be evaluated 
with actual fatality data.  During 
the planning stages in Tier 2, 
predicted fatalities may be based 
on existing data at similar facilities 
in similar landscapes used by 
similar species.  In this case, the 
assumption is that use is similar, 
and therefore that fatalities may 
be similar at the proposed facility.  
Alternatively, metrics derived from 
pre-construction assessments for 
an individual species or group of 
species – usually an index of activity 
or abundance at a proposed project – 
could be used in conjunction with use 
and fatality estimates from existing 
projects to develop a model for 
predicting fatalities at the proposed 
project site.  Finally, physical models 
can be used to predict the probability 
of a bird of a particular size striking 
a turbine, and this probability, in 
conjunction with estimates of use 
and avoidance behavior, can be used 
to predict fatalities. 

The most current equations for 
estimating fatality should be used 
to evaluate fatality predictions. 
Several statistical methods can be 
found in the revised Strickland et 

al. 2011 and used to evaluate fatality 
predictions.  Metrics derived from 
Tier 3 pre-construction assessments 
may be correlated with fatality 
rates, and (using the project as the 
experimental unit), in Tier 5 studies 
it should be possible to determine 
if different preconstruction metrics 
can in fact accurately predict 
fatalities and, thus, risk.

4.  Do bird and bat fatalities 
vary within the project site in 
relation to site characteristics?

Data from pre-construction 
studies can demonstrate patterns 
of activity that may depend upon 
the site characteristics.  Turbines 
placed near escarpments or cliffs 
may intrude upon airspace used by 
raptors soaring on thermals.  Pre-
construction and post construction 
studies and assessments can be used 
to avoid siting individual, specific 
turbines within an area used by 
species of concern.  Turbine-specific 
fatality rates may be related to site 
characteristics such as proximity 
to water, forest edge, staging and 
roosting sites, known stop-over 
sites, or other key resources, and 
this relationship may be estimated 
using regression analysis.  This 
information is particularly useful 
for evaluating micro-siting options 
when planning a future facility or, on 
a broader scale, in determining the 
location of the entire project.

5.  How do the fatality rates 
compare to the fatality rates 
from existing facilities in 
similar landscapes with similar 
species composition and use?

Comparing fatality rates among 
facilities with similar characteristics 
can be useful to determine patterns 
and broader landscape relationships.  
Developers should communicate 
with the Service to ensure that 
such comparisons are appropriate 
to avoid false conclusions.  Fatality 
rates should be expressed on a 
per nameplate MW or some other 
standardized metric basis for 
comparison with other projects, 

and may be correlated with site 
characteristics – such as proximity 
to wetlands, riparian corridors, 
mountain-foothill interface, wind 
patterns, or other broader landscape 
features – using regression analysis.  
Comparing fatality rates from one 
project to fatality rates of other 
projects provides insight into 
whether a project has relatively 
high, moderate or low fatalities.

6.	 What is the composition 
of fatalities in relation to 
migrating and resident birds 
and bats at the site?

The simplest way to address this 
question is to separate fatalities per 
turbine of known resident species 
(e.g., big brown bat, prairie horned 
lark) and those known to migrate 
long distances (e.g. hoary bat, red-
eyed vireo).  These data are useful 
in determining patterns of species 
composition of fatalities and possible 
mitigation measures directed at 
residents, migrants, or perhaps 
both, and can be used in assessing 
potential population effects.  

Big brown bat.  Credit:  USFWS

7 In situations where a project operator was not the developer, the Service expects that obligations of the developer for adhering to the Guidelines 
transfer with the project.
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Probability 
of Significant 
Adverse Impacts 
in Tier 3

Recommended Fatality Monitoring 
 Duration and Effort

Possible Outcomes of Monitoring Results

Tier 3 Studies 
indicate LOW 
probability 
of significant 
adverse impacts

Duration:   At least one year of fatality monitoring 
to estimate fatalities of birds and bats.  Field 
assessments should be sufficient to confirm that risk 
to birds and/or bats is indeed “low.”

1.	 Documented fatalities are approximately equal 
to or lower than predicted risk.  No further 
fatality monitoring or mitigation is needed.  

2.	 Fatalities are greater than predicted, but are 
not likely to be significant (i.e., unlikely to 
affect the long-term status of the population). 
If comparable fatality data at similar sites 
also supports that impacts are not likely to 
be high enough to affect population status, no 
further monitoring or mitigation is needed.  If 
no comparable fatality data are available or 
such data indicates high risk, one additional 
year of fatality monitoring is recommended. 
If two years of fatality monitoring indicate 
levels of impacts that are not significant, no 
further fatality monitoring or mitigation is 
recommended.

3.	 Fatalities are greater than predicted and are 
likely to be significant OR federally endangered 
or threatened species or BGEPA species are 
affected.  Communication with the Service 
is recommended.  Further efforts to address 
impacts to BGEPA or ESA species may be 
warranted, unless otherwise addressed in an 
ESA or BGEPA take permit. 

Tier 3 studies 
indicate 
MODERATE 
probability 
of significant 
adverse impacts

Duration: Two or more years of fatality monitoring 
may be necessary.

Field assessments should be sufficient to confirm 
that risk to birds and/or bats is indeed “moderate.”  
Closely compare estimated effects to species to those 
determined from the risk assessment protocol(s). 

1.	 Documented fatalities after the first two years 
are lower or not different than predicted and 
are not significant and no federally endangered 
species or BGEPA species are affected - no 
further fatality monitoring or mitigation is 
needed. 

2.	 Fatalities are greater than predicted and are 
likely to be significant OR federally endangered 
or threatened species or BGEPA species are 
affected, communication with the Service is 
recommended.  Further efforts to address 
impacts to BGEPA or ESA species may be 
warranted, unless otherwise addressed in an 
ESA or BGEPA take permit. 

Tier 3 studies 
indicate HIGH 
probability 
of significant 
adverse impacts

Duration: Two or more years of fatality monitoring 
may be necessary to document fatality patterns.  

If fatality is high, developers should shift emphasis 
to exploring opportunities for mitigation rather than 
continuing to monitor fatalities.  If fatalities are 
variable, additional years are likely warranted.

1.	 Documented fatalities during each year of 
fatality monitoring are less than predicted and 
are not likely to be significant, and no federally 
endangered or threatened species or BGEPA 
species are affected – no further fatality 
monitoring or mitigation is needed.

2.	 Fatalities are equal to or greater than predicted 
and are likely to be significant - further efforts 
to reduce impacts are necessary; communication 
with the Service are recommended.  Further 
efforts, such as Tier 5 studies, to address 
impacts to BGEPA or ESA species may be 
warranted, unless otherwise addressed in an 
ESA or BGEPA take permit.

Table 2.  Decision Framework for Tier 4a Fatality Monitoring of Species of Concern.8 

8 Ensure that survey protocols, and searcher efficiency and scavenger removal bias correction factors are the most reliable, robust, and up to date 
(after Huso 2009).
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7.	Do fatality data suggest the 
need for measures to reduce 
impacts?

The Service recommends that 
the wind project operator7 and 
the relevant agencies discuss the 
results from Tier 4 studies to 
determine whether these impacts 
are significant.  If fatalities are 
considered significant, the wind 
project operator and the relevant 
agencies should develop a plan to 
mitigate the impacts.

Tier 4b – Assessing direct and 
indirect impacts of habitat loss, 
degradation, and fragmentation

The objective of Tier 4b studies is to 
evaluate Tier 3 predictions of direct 
and indirect impacts to habitat and 
the potential for significant adverse 
impacts on species of concern as 
a result of these impacts.  Tier 4b 
studies should be conducted if Tier 
3 studies indicate the presence of 
species of habitat fragmentation 
concern, or if Tier 3 studies indicate 
significant direct and indirect 
adverse impacts to species of 
concern (see discussion below).  
Tier 4b studies should also inform 
project operators and the Service as 
to whether additional mitigation is 
necessary.

Tier 4b studies should evaluate the 
following questions:

1.	 How do post-construction 
habitat quality and spatial 
configuration of the study area 
compare to predictions for 
species of concern identified in 
Tier 3 studies?

2.	 Were any behavioral 
modifications or indirect 
impacts noted in regard to 
species of concern?

3.	 If significant adverse impacts 
were predicted for species of 
concern, and the project was 
altered to mitigate for adverse 
impacts, were those efforts 
successful?

4.	 If significant adverse impacts 
were predicted for species of 

concern, and the project was 
altered to mitigate for adverse 
impacts, were those efforts 
successful?

The answers to these questions will 
be based on information estimating 
habitat loss, degradation, and 
fragmentation information collected 
in Tier 3, currently available 
demographic and genetic data, and 
studies initiated in Tier 3.  As in the 
case of Tier 4a, the answers to these 
questions will determine the need to 
conduct Tier 5 studies.  For example, 
in the case that significant adverse 
impacts to species of concern were 
predicted, but mitigation was not 
successful, then additional mitigation 
and Tier 5 studies may be necessary.  
See Table 3 for further guidance.

1.  How do post-construction 
habitat quality and spatial 
configuration of the study area 
compare to predictions for 
species of concern identified in 
Tier 3 studies?

GIS and demographic data 
collected in Tier 3 and/or 
published information can be 
used to determine predictions of 
impacts to species of concern from 
habitat loss, degradation, and 
fragmentation.  The developer can 
provide development assumptions 
based on Tier 3 information that can 
be compared to post-construction 
information.  Additional post-
construction studies on impacts to 
species of concern due to direct and 
indirect impacts to habitat should 
only be conducted if Tier 3 studies 
indicate the potential for significant 
adverse impacts.

2. 	Were any behavioral 
modifications or indirect 
impacts noted in regard to 
affected species?

Evaluation of this question is based 
on the analysis of observed use of 
the area by species of concern prior 
to construction in comparison with 
observed use during operation. 
Observations and demographic 
data collected during Tier 3, and 
assessment of published information 
about the potential for displacement 

and demographic responses to habit 
impacts could be the basis for this 
analysis.  If this analysis suggests 
that direct and/or indirect loss of 
habitat for a species of concern 
leads to behavioral modifications or 
displacement that are significant, 
further studies of these impacts in 
Tier 5 may be appropriate.

3. If significant adverse impacts 
were not predicted in Tier 3 
because of loss, degradation, or 
fragmentation of habitat, but 
Tier 4b studies indicate such 
impacts have the potential to 

	 occur, can these impacts be 
mitigated?

When Tier 4b studies indicate 
significant impacts may be 
occurring, the developer may need 
to conduct an assessment of these 
impacts and what opportunities exist 
for additional mitigation.  

4.  If significant adverse impacts 
were predicted for species of 
concern, and the project was 
altered to mitigate for adverse 
impacts, were those efforts 
successful?

When Tier 4b studies indicate 
significant impacts may be 
occurring, the developer may need 
to conduct an assessment of these 
impacts and what opportunities exist 
for additional mitigation.  Evaluation 
of the effectiveness of mitigation is a 
Tier 4 study and should follow design 
considerations discussed in Tier 5 
and from guidance in the scientific 
literature (e.g. Strickland et al. 
2011).  

When Tier 3 studies identified 
potential moderate or high risks 
to species of concern that caused a 
developer to incorporate mitigation 
measures into the project, Tier 
4b studies should evaluate the 
effectiveness of those mitigation 
measures.  Determining such 
effectiveness is important for the 
project being evaluated to ascertain 
whether additional mitigation 
measures are appropriate as well 
as informing future decisions about 
how to improve mitigation at wind 
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energy facilities being developed.

Tier 4b Protocol Design 
Considerations

Impacts to a species of concern 
resulting from the direct and 
indirect loss of habitat are important 
and must be considered when a 
wind project is being considered 
for development.  Some species of 
concern are likely to occur at every 
proposed wind energy facility.  
This occurrence may range from 
a breeding population, to seasonal 
occupancy, such as a brief occurrence 
while migrating through the area.  
Consequently the level of concern 
regarding impacts due to direct 
and indirect loss of habitat will vary 
depending on the species and the 
impacts that occur.  

If a breeding population of a species 
of habitat fragmentation concern 
occurs in the project area and Tier 3 
studies indicate that fragmentation 
of their habitat is possible, these 
predictions should be evaluated 
following the guidance indicated in 
Table 3 using the protocols described 
in Tier 3. If the analysis of post-
construction GIS data on direct 
and indirect habitat loss suggests 
that fragmentation is likely, then 
additional displacement studies 
and mitigation may be necessary. 
These studies would typically 
begin immediately and would be 
considered Tier 5 studies using 
design considerations illustrated by 
examples in Tier 5 below and from 
guidance in the scientific literature 
(e.g. Strickland et al. 2011). 

Significant direct or indirect loss of 
habitat for a species of concern may 
occur without habitat fragmentation 
if project impacts result in the 
reduction of a habitat resource 
that potentially is limiting to the 
affected population.  Impacts of this 
type include loss of use of breeding 
habitat or loss of a significant portion 
of the habitat of a federally or state 
protected species.  This would 
be evaluated by determining the 
amount of the resource that is lost 
and determining if this loss would 
potentially result in significant 
impacts to the affected population.  
Evaluation of potential significant 

impacts would occur in Tier 5 studies 
that measure the demographic 
response of the affected population.

The intention of the Guidelines is to 
focus industry and agency resources 
on the direct and indirect loss of 
habitat and limiting resources that 
potentially reduce the viability of a 
species of concern.  Not all direct 
and indirect loss of a species’ habitat 
will affect limiting resources for that 
species, and when habitat losses are 
minor or non-existent no further 
study is necessary.

Tier 4b Decision Points

The developer should use the 
results of the Tier 4b studies to 
evaluate whether further studies 
and/or mitigation are needed.  The 
developer should communicate 
the results of these studies, and 
decisions about further studies and 
mitigation, with the Service.  Table 3 
provides a framework for evaluating 
the need for further studies and 
mitigation.  Level of effort for 
studies should be sufficient to answer 
all questions of interest.  Refer to the 
relevant methods sections for Tier 
2 Question 5 and Tier 3 Question 2 
in the text for specific guidance on 
study protocols.

Black-capped Vireo.  Credit:  Greg W. Lasley
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Table 3.  Decision Framework to Guide Studies for Minimizing Impacts to Habitat and Species of Habitat Fragmentation 
(HF) Concern. 

Outcomes of Tier 2 Outcomes of Tier 3 Outcomes of Tier 4b Suggested Study/Mitigation

•	 No species of HF concern 
potentially present

•	 No further studies needed •	 n/a •	 n/a

•	 Species of HF concern 
potentially present

•	 No species of HF concern 
confirmed to  be present

•	 No further studies needed •	 n/a

•	 Species of HF concern 
demonstrated to be 
present, but no significant 
adverse impacts predicted

•	 Tier 4b studies confirm 
Tier 3 predictions

•	 Tier 4b studies indicate 
potentially significant 
adverse impacts

•	 No further studies  or 
mitigation needed

•	 Tier 5 studies and 
mitigation may be needed

•	 Species of HF concern 
potentially present

•	 Species of  HF concern 
demonstrated to be 
present; significant adverse 
impacts predicted

•	 Mitigation plan developed 
and implemented

•	 Tier 4b studies determine 
mitigation plan is effective; 
no significant adverse 
impacts demonstrated

•	 Tier 4b studies determine 
mitigation plan is NOT 
effective; potentially 
significant adverse impacts

•	 No further studies  or 
mitigation needed

•	 Further mitigation and, 
where appropriate, Tier  5 
studies
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Chapter 6:  Tier 5 – Other Post-construction Studies

Tier 5 studies will not be necessary 
for most wind energy projects.  Tier 
5 studies can be complex and time 
consuming.  The Service anticipates 
that the tiered approach will steer 
projects away from sites where Tier 
5 studies would be necessary.

When Tier 5 studies are conducted, 
they should be site-specific and 
intended to:  1) analyze factors 
associated with impacts in those 
cases in which Tier 4 analyses 
indicate they are potentially 
significant; 2) identify why mitigation 
measures implemented for a 
project were not adequate; and 3) 
assess demographic effects on local 
populations of species of concern 
when demographic information 
is important, including species of 
habitat fragmentation concern.  

Tier 5 Questions

Tier 5 studies are intended to answer 
questions that fall in three major 
categories; answering yes to any of 
these questions might indicate a Tier 
5 study is needed:

1.	 To the extent that the observed 
fatalities exceed anticipated 
fatalities, are those fatalities 
potentially having a significant 
adverse impact on local 
populations?  Are observed 
direct and indirect impacts to 
habitat having a significant 
adverse impact on local 
populations?  

For example, in the Tier 3 risk 
assessment, predictions of collision 
fatalities and habitat impacts 
(direct and indirect) are developed.  
Post-construction studies in Tier 
4 evaluate the accuracy of those 
predictions by estimating impacts.  
If post-construction studies 
demonstrate potentially significant 
adverse impacts, Tier 5 studies may 
also be warranted and should be 
designed to understand observed 
versus predicted impacts.

2.	 Were mitigation measures 
implemented (other than fee 
in lieu) not effective?  This 
includes habitat mitigation 
measures as well as measures 
undertaken to reduce collision 
fatalities.

Tier 4a and b studies can assess the 
effectiveness of measures taken to 
reduce direct and indirect impacts 
as part of the project and to identify 
such alternative or additional 
measures as are necessary.   If 
alternative or additional measures 
were unsuccessful, the reasons why 

would be evaluated using Tier 5 
studies.

3.	 Are the estimated impacts of 
the proposed project likely to 
lead to population declines in 
the species of concern (other 
than federally-listed species)?  

Impacts of a project will have 
population level effects if the project 
causes a population decline in the 
species of concern.  For non-listed 
species, this assessment will apply 
only to the local population.  

Wind turbines and habitat.  Credit:  NREL
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Tier 5 studies may need to be 
conducted when:

•	Realized fatality levels for 
individual species of concern 
reach a level at which they are 
considered significant adverse 
impacts by the relevant agencies.

	 For example, if Tier 4a fatality 
studies document that a particular 
turbine or set of turbines exhibits 
bird or bat collision fatality higher 
than predicted, Tier 5 studies may 
be useful in evaluating alternative 
mitigation measures at that 
turbine/turbine string.  

•	There is the potential for 
significant fatality impacts or 
significant adverse impacts to 
habitat for species of concern, 
there is a need to assess the 
impacts more closely, and there 
is uncertainty over how these 
impacts will be mitigated.  

•	Fatality and/or significant adverse 
habitat impacts suggest the 
potential for a reduction in the 
viability of an affected population, 
in which case studies on the 
potential for population impacts 
may be warranted. 

•	A developer evaluates the 
effectiveness of a risk reduction 
measure before deciding to 
continue the measure permanently 
or whether to use the measure 
when implementing future phases 
of a project. 

	 In the event additional turbines 
are proposed as an expansion of 
an existing project, results from 
Tier 4 and Tier 5 studies and 
the decision-making framework 
contained in the tiered approach 
can be used to determine 
whether the project should be 
expanded and whether additional 
information should be collected.  It 
may also be necessary to evaluate 
whether additional measures are 
warranted to reduce significant 
adverse impacts to species.

Tier 5 Study Design Considerations

As discussed in Chapter 4 Tier 3, 
Tier 5 studies will be highly variable 

and unique to the circumstances of 
the individual project, and therefore 
these Guidelines do not provide 
specific guidance on all potential 
approaches, but make some general 
statements about study design. 
Specific Tier 5 study designs will 
depend on the types of questions, 
the specific project, and practical 
considerations.  The most common 
practical considerations include the 
area being studied, the time period 
of interest, the species of concern, 
potentially confounding variables, 
time available to conduct studies, 
project budget, and the magnitude 
of the anticipated impacts.  When 
possible it is usually desirable to 
collect data before construction to 
address Tier 5 questions.  Design 
considerations for these studies are 
including in Tier 3.

One study design is based on 
an experimental approach to 
evaluating mitigation measures, 
where the project proponent 
will generally select several 
alternative management 
approaches to design, implement, 
and test.  The alternatives are 
generally incorporated into sound 
experimental designs.  Monitoring 
and evaluation of each alternative 
helps the developer to decide which 
alternative is more effective in 
meeting objectives, and informs 
adjustments to the next round of 
management decisions.  The need 
for this type of study design can be 
best determined by communication 
between the project operator, the 
Service field office, and the state 
wildlife agency, on a project-by-
project basis.  This study design 
requires developers and operators 
to identify strategies to adjust 
management and/or mitigation 
measures if monitoring indicates 
that anticipated impacts are being 
exceeded.  Such strategies should 
include a timeline for periodic 
reviews and adjustments as well 
as a mechanism to consider and 
implement additional mitigation 
measures as necessary after the 
project is developed.

When pre-construction data are 
unavailable and/or a suitable 
reference area is lacking, the 
reference Control Impact Design 

(Morrison et al. 2008) is the 
recommended design.  The lack of 
a suitable reference area also can 
be addressed using the Impact 
Gradient Design, when habitat 
and species use are homogenous 
in the assessment area prior to 
development.  When applied both 
pre- and post-construction, the 
Impact Gradient Design is a suitable 
replacement for the classic BACI 
(Morrison et al. 2008).

In the study of habitat impacts, the 
resource selection function (RSF) 
study design (see Anderson et al 
1999; Morrison et al. 2008; Manly 
et al. 2002) is a statistically robust 
design, either with or without 
pre-construction and reference 
data.  Habitat selection is modeled 
as a function of characteristics 
measured on resource units and the 
use of those units by the animals 
of interest. The RSF allows the 
estimation of the probability of 
use as a function of the distance to 
various environmental features, 
including wind energy facilities, and 
thus provides a direct quantification 
of the magnitude of the displacement 
effect.  RSF could be improved with 
pre-construction and reference area 
data.  Nevertheless, it is a relatively 
powerful approach to documenting 
displacement or the effect of 
mitigation measures designed to 
reduce displacement even without 
those additional data.

Tier 5 Examples

As described earlier, Tier 5 
studies will not be conducted at 
most projects, and the specific 
Tier 5 questions and methods for 
addressing these questions will 
depend on the individual project 
and the concerns raised during 
pre-construction studies and 
during operational phases.  Rather 
than provide specific guidance on 
all potential approaches, these 
Guidelines offer the following case 
studies as examples of studies that 
have attempted to answer Tier 5 
questions.

Habitat impacts - displacement and 
demographic impact studies
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Studies to assess impacts may 
include quantifying species’ habitat 
loss (e.g., acres of lost grassland 
habitat for grassland songbirds) 
and habitat modification.  For 
example, an increase in edge may 
result in greater nest parasitism 
and nest predation.  Assessing 
indirect impacts may include two 
important components:  1) indirect 
effects on wildlife resulting from 
displacement, due to disturbance, 
habitat fragmentation, loss, and 
alteration; and 2) demographic 
effects that may occur at the 
local, regional or population-wide 
levels due to reduced nesting and 
breeding densities, increased 
isolation between habitat patches, 
and effects on behavior (e.g., stress, 
interruption, and modification).  
These factors can individually 
or cumulatively affect wildlife, 
although some species may be able 
to habituate to some or perhaps all 
habitat changes.  Indirect impacts 
may be difficult to quantify but 
their effects may be significant (e.g., 
Stewart et al. 2007, Pearce-Higgins 
et al. 2008, Bright et al. 2008, 
Drewitt and Langston 2006, Robel et 
al. 2004, Pruett et al. 2009).

Example: in southwestern 
Pennsylvania, development of a 
project is proceeding at a site located 

within the range of a state-listed 
terrestrial species.  Surveys were 
performed at habitat locations 
appropriate for use by the animal, 
including at control sites.  Post-
construction studies are planned 
at all locations to demonstrate any 
displacement effects resulting from 
the construction and operation of the 
project.

The Service recognizes that 
indirect impact studies may not 
be appropriate for most individual 
projects.  Consideration should be 
given to developing collaborative 
research efforts with industry, 
government agencies, and NGOs to 
conduct studies to address indirect 
impacts. 

Indirect impacts are considered 
potentially significant adverse 
threats to species such as prairie 
grouse (prairie chickens, sharp-
tailed grouse), and sage grouse, 
and demographic studies may be 
necessary to determine the extent 
of these impacts and the need for 
mitigation. 

Displacement studies may use any 
of the study designs describe earlier.  
The most scientifically robust study 
designs to estimate displacement 
effects are BACI, RSF, and impact 

gradient. RSF and impact gradient 
designs may not require specialized 
data gathering during Tier 3. 

Telemetry studies that measure 
impacts of the project development 
on displacement, nesting, nest 
success, and survival of prairie 
grouse and sage grouse in different 
environments (e.g., tall grass, 
mixed grass, sandsage, sagebrush) 
will require spatial and temporal 
replication, undisturbed reference 
sites, and large sample sizes 
covering large areas.  Examples 
of study designs and analyses 
used in the studies of other 
forms of energy development are 
presented in Holloran et al. (2005), 
Pitman et al. (2005), Robel et al. 
(2004), and Hagen et al. (2011). 
Anderson et al. (1999) provides a 
thorough discussion of the design, 
implementation, and analysis 
of these kinds of field studies 
and should be consulted when 

designing the BACI study. 

Studies are being initiated to 
evaluate effects of wind energy 
development on greater sage 
grouse in Wyoming. In addition to 
measuring demographic patterns, 
these studies will use the RSF 
study design (see Sawyer et al. 
2006) to estimate the probability of 
sage grouse use as a function of the 
distance to environmental features, 
including an existing and a proposed 
project.

In certain situations, such as for 
a proposed project site that is 
relatively small and in a more or 
less homogeneous landscape, an 
impact gradient design may be 
an appropriate means to assess 
avoidance of the wind energy facility 
by resident populations (Strickland 
et al., 2002).  For example, Leddy 
et al. 1999 used the impact gradient 
design to evaluate grassland bird 
density as a function of the distance 
from wind turbines.  Data were 
collected at various distances from 
turbines along transects.

This approach provides information 
on whether there is an effect, 
and may allow quantification of 
the gradient of the effect and the 
distance at which the displacement 

Rows of wind turbines.  Credit:  Joshua Winchell, USFWS
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effect no longer exists – the 
assumption being that the data 
collected at distances beyond 
the influence of turbines are the 
reference data (Erickson et al., 
2007).  An impact gradient analysis 
could also involve measuring the 
number of breeding grassland birds 
counted at point count plots as a 
function of distance from the wind 
turbines (Johnson et al. 2000).

Sound and Wildlife

Turbine blades at normal operating 
speeds can generate levels of sound 
beyond ambient background levels.  
Construction and maintenance 
activities can also contribute 
to sound levels by affecting 
communication distance, an animal’s 
ability to detect calls or danger, 
or to forage.  Sound associated 
with developments can also cause 
behavioral and/or physiological 
effects, damage to hearing from 
acoustic over-exposure, and masking 
of communication signals and other 
biologically relevant sounds (Dooling 
and Popper 2007).  Some birds are 
able to shift their vocalizations to 
reduce the masking effects of noise.  
However, when shifts don’t occur 
or are insignificant, masking may 
prove detrimental to the health and 
survival of wildlife (Barber et al. 
2010).  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).  

The National Park Service has 
been investigating potential 
impacts to wildlife due to 
alterations in sound level and 
type.  However, further research 
is needed to better understand 
this potential impact.  Research 
may include: how wind facilities 
affect background sound levels; 
whether masking, disturbance, and 
acoustical fragmentation occur; 
and how turbine, construction, and 
maintenance sound levels can vary 
by topographic area. 

Levels of fatality beyond those 
predicted

More intensive post-construction 
fatality studies may be used to 

determine relationships between 
fatalities and weather, wind speed 
or other covariates, which usually 
require daily carcass searches.  
Fatalities determined to have 
occurred the previous night can 
be correlated with that night’s 
weather or turbine characteristics 
to establish important relationships 
that can then be used to evaluate the 
most effective times and conditions 
to implement measures to reduce 
collision fatality at the project.

Measures to address fatalities

The efficacy of operational changes 
(e.g. changing turbine cut-in speed) 
of a project to reduce collision 
fatalities has only recently been 
evaluated (Arnett et al. 2009, 
Baerwald et al 2009). Operational 
changes to address fatalities should 
be applied only at sites where 
collision fatalities are predicted or 
demonstrated to have significant 
adverse impacts. 

Tier 5 Studies and Research

The Service makes a distinction 
between Tier 5 studies focused 
on project-specific impacts and 
research (which is discussed earlier 
in the Guidelines).  For example, 
developers may be encouraged to 
participate in collaborative studies 
(see earlier discussion of Research) 
or asked to conduct a study on an 
experimental mitigation technique, 
such as differences in turbine cut-in 
speed to reduce bat fatalities.  Such 
techniques may show promise in 
mitigating the impacts of wind 
energy development to wildlife, 
but their broad applicability for 
mitigation purposes has not been 
demonstrated.  Such techniques 
should not be routinely applied 
to projects, but application at 
appropriate sites will contribute to 
the breadth of knowledge regarding 
the efficacy of such measures in 
addressing collision fatalities.  In 
addition, studies involving multiple 
sites and academic researchers 
can provide more robust research 
results, and such studies take 
more time and resources than are 
appropriately carried out by one 
developer at a single site.  Examples 
below demonstrate collaborative 

research efforts to address 
displacement, operational changes, 
and population level impacts.

Studies of Indirect Effects

The Service provides two examples 
below of ongoing studies to assess 
the effects of indirect impacts 
related to wind energy facilities.

Kansas State University, as part 
of the NWCC Grassland Shrub-
steppe Species Collaborative, is 
undertaking a multi-year research 
project to assess the effects of wind 
energy facilities on populations of 
greater prairie-chickens (GPCH) in 
Kansas.  Initially the research was 
based on a Before/After Control/
Impact (BACI) experimental design 
involving three replicated study 
sites in the Flint Hills and Smoky 
Hills of eastern Kansas.  Each 
study site consisted of an impact 
area where a wind energy facility 
was proposed to be developed and a 
nearby reference area with similar 
rangeland characteristics where 
no development was planned.  The 
research project is a coordinated 
field/laboratory effort, i.e., collecting 
telemetry and observational data 
from adult and juvenile GPCH in the 
field, and determining population 
genetic attributes of GPCH in the 
laboratory from blood samples of 
birds and the impact and reference 
areas.  Detailed data on GPCH 
movements, demography, and 
population genetics were gathered 
from all three sites from 2007 to 
2010.  By late 2008, only one of the 
proposed wind energy facilities was 
developed (the Meridian Way Wind 
Farm in the Smoky Hills of Cloud 
County), and on-going research 
efforts are focused on that site.  
The revised BACI study design 
now will produce two years of pre-
construction data (2007 and 2008), 
and three years of post-construction 
data (2009, 2010, and 2011) from 
a single wind energy facility site 
(impact area) and its reference 
area.  Several hypotheses were 
formulated for testing to determine 
if wind energy facilities impacted 
GPCH populations, including but not 
limited to addressing issues relating 
to:  lek attendance, avoidance of 
turbines and associated features, 
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nest success and chick survival, 
habitat usage, adult mortality 
and survival, breeding behavior, 
and natal dispersal.  A myriad of 
additional significant avenues are 
being pursued as a result of the rich 
database that has been developed 
for the GPCH during this research 
effort.  GPCH reproductive data will 
be collected through the summer of 
2011 whereas collection of data from 
transmitter-equipped GPCH will 
extend through the lekking season 
of 2012 to allow estimates of survival 
of GPCH over the 2011-2012 winter.  
At the conclusion of the study, the 
two years of pre-construction data 
and three years of post-construction 
data will be analyzed and submitted 
to peer-reviewed journals for 
publication.

Erickson et al. (2004) evaluated 
the displacement effect of a 
large wind energy facility in the 
Pacific Northwest.  The study 
was conducted in a relatively 
homogeneous grassland landscape. 
Erickson et al. (2004) conducted 
surveys of breeding grassland 
birds along 300 meter transects 
perpendicular to strings of wind 
turbines.  Surveys were conducted 
prior to construction and after 
commercial operation.  The basic 
study design follows the Impact 
Gradient Design (Morrison et 
al. 2008) and in this application, 
conformed to a special case of BACI 
where areas at the distal end of each 
transect were considered controls 
(i.e., beyond the influence of the 
turbines).  In this study, there is 
no attempt to census birds in the 
area, and observations per survey 
are used as an index of abundance.  
Additionally, the impact-gradient 
study design resulted in less effort 
than a BACI design with offsite 
control areas.  Erickson et al. (2004) 
found that grassland passerines 
as a group, as well as grasshopper 
sparrows and western meadowlarks, 
showed reduced use in the first 50 
meter segment nearest the turbine 
string.  About half of the area 
within that segment, however, had 
disturbed vegetation and separation 
of behavior avoidance from physical 
loss of habitat in this portion of the 
area was impossible.  Horned larks 
and savannah sparrows appeared 

unaffected.  The impact gradient 
design is best used when the 
study area is relatively small and 
homogeneous.

Operational Changes to Reduce 
Collision Fatality

Arnett et al. (2009) conducted 
studies on the effectiveness of 
changing turbine cut-in speed 
on reducing bat fatality at wind 
turbines at the Casselman Wind 
Project in Somerset County, 
Pennsylvania. Their objectives were 
to:  1) determine the difference 
in bat fatalities at turbines with 
different cut-in-speeds relative to 
fully operational turbines; and 2) 
determine the economic costs of the 
experiment and estimated costs for 
the entire area of interest under 
different curtailment prescriptions 
and timeframes.  Arnett et al. (2009) 
reported substantial reductions in 
bat fatalities with relatively modest 
power losses.

In Kenedy County, Texas, 
investigators are refining and testing 
a real-time curtailment protocol. 
The projects use an avian profiling 
radar system to detect approaching 
“flying vertebrates” (birds and 
bats), primarily during spring and 
fall bird and bat migrations.  The 
blades automatically idle when risk 
reaches a certain level and weather 
conditions are particularly risky.  
Based on estimates of the number 
and timing of migrating raptors, 
feathering (real-time curtailment) 
experiments are underway in 
Tehuantepec, Mexico, where raptor 
migration through a mountain pass 
is extensive.

Other tools, such as thermal 
imaging (Horn et al. 2008) or 
acoustic detectors (Kunz et al. 
2007), have been used to quantify 
post-construction bat activity in 
relation to weather and turbine 
characteristics for improving 
operational change efforts.  For 
example, at the Mountaineer 
project in 2003, Tier 4 studies 
(weekly searches at every turbine) 
demonstrated unanticipated and 
high levels of bat fatalities (Kerns 
and Kerlinger 2004).  Daily searches 
were instituted in 2004 and revealed 

that fatalities were strongly 
associated with low-average-
wind-speed nights, thus providing 
a basis for testing operational 
changes (Arnett 2005, Arnett et al. 
2008).  The program also included 
behavioral observations using 
thermal imaging that demonstrated 
higher bat activity at lower wind 
speeds (Horn et al. 2008).

Studies are currently underway to 
design and test the efficacy of an 
acoustic deterrent device to reduce 
bat fatalities at wind facilities 
(E.B. Arnett, Bat Conservation 
International, under the auspices 
of BWEC).  Prototypes of the 
device have been tested in the 
laboratory and in the field with some 
success.  Spanjer (2006) tested the 
response of big brown bats to a 
prototype eight speaker deterrent 
emitting broadband white noise at 
frequencies from 12.5–112.5 kHz 
and found that during non-feeding 
trials, bats landed in the quadrant 
containing the device significantly 
less when it was broadcasting 
broadband noise.  Spanjer (2006) 
also reported that during feeding 
trials, bats never successfully 
took a tethered mealworm when 
the device broadcast sound, but 
captured mealworms near the 
device in about 1/3 of trials when it 
was silent.  Szewczak and Arnett 
(2006, 2007) tested the same acoustic 
deterrent in the field and found that 
when placed by the edge of a small 
pond where nightly bat activity 
was consistent, activity dropped 
significantly on nights when the 
deterrent was activated.  Horn et 
al. (2007) tested the effectiveness of 
a larger, more powerful version of 
this deterrent device on reducing 
nightly bat activity and found mixed 
results.  In 2009, a new prototype 
device was developed and tested 
at a project in Pennsylvania.  Ten 
turbines were fitted with deterrent 
devices, daily fatality searches were 
conducted, and fatality estimates 
were compared with those from 
15 turbines without deterrents 
(i.e., controls) to determine if 
bat fatalities were reduced.  This 
experiment found that estimated 
bat fatalities per turbine were 20 
to 53 percent lower at treatment 
turbines compared to controls.  
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More experimentation is required.  
At the present time, there is not 
an operational deterrent available 
that has demonstrated effective 
reductions in bat kills (E. B. Arnett, 
Bat Conservation International, 
unpublished data).

Assessment of Population-level 
Impacts

The Altamont Pass Wind Resource 
Area (APWRA) has been the subject 
of intensive scrutiny because of avian 
fatalities, especially for raptors, in 
an area encompassing more than 
5,000 wind turbines (e.g., Orloff 
and Flannery 1992; Smallwood 
and Thelander 2004, 2005).  Field 
studies on golden eagles, a long-
lived raptor species, have been 
completed using radio telemetry at 
APWRA to understand population 
demographics, assess impacts from 
wind turbines, and explore measures 
to effectively reduce the incidence of 
golden eagle mortality for this area.   
(Hunt et al. 1999, and Hunt 2002).  
Results from nesting surveys (Hunt 
2002) indicated that there was no 
decline in eagle territory occupancy.  
However Hunt (2002) also found that 
subadult and floater components of 
golden eagle populations at APWRA 
are highly vulnerable to wind turbine 
mortality and results from this 
study indicate that turbine mortality 
prevented the maintenance of 
substantial reserves of nonbreeding 
adults characteristic of healthy 
populations elsewhere, suggesting 
the possibility of an eventual decline 
in the breeding population (Hunt 
and Hunt 2006).   Hunt conducted 
follow-up surveys in 2005 (Hunt and 
Hunt 2006) and determined that all 
58 territories occupied by eagle pairs 
in 2000 were occupied in 2005.  It 
should be noted however that golden 
eagle studies at APWRA (Hunt et 
al. 1999, Hunt 2002, and Hunt and 
Hunt 2006) were all conducted after 
the APWRA was constructed and 
the species does not nest within 
the footprint of the APWRA itself  
(Figure 4; Hunt and Hunt 2006).  
The APWRA is an area of about 160 
sq. km (Hunt 2002) and presumably 
golden eagles formerly nested within 
this area.  The loss of breeding eagle 
pairs from the APWRA suggests 
these birds have all been displaced 

by the project, or lost due to 
various types of mortality including 
collisions with turbine blades.  

Golden eagle.  Credit:  George Gentry, USFWS
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Chapter 7:  Best Management Practices

Site Construction and Operation

During site planning and 
development, careful attention to 
reducing risk of adverse impacts 
to species of concern from wind 
energy projects, through careful 
site selection and facility design, 
is recommended.  The following 
BMPs can assist a developer in the 
planning process to reduce potential 
impacts to species of concern.  Use of 
these BMPs should ensure that the 
potentially adverse impacts to most 
species of concern and their habitats 
present at many project sites would 
be reduced, although compensatory 
mitigation may be appropriate at a 
project level to address significant 
site-specific concerns and pre-
construction study results. 

These BMPs will evolve over time 
as additional experience, learning, 
monitoring and research becomes 
available on how to best minimize 
wildlife and habitat impacts from 
wind energy projects.  Service 
should work with the industry, 
stakeholders and states to evaluate, 
revise and update these BMPs on 
a periodic basis, and the Service 
should maintain a readily available 
publication of recommended, 
generally accepted best practices.

1.	 Minimize, to the extent 
practicable, the area disturbed by 
pre-construction site monitoring 
and testing activities and 
installations.

2.	 Avoid locating wind energy 
facilities in areas identified as 
having a demonstrated and 
unmitigatable high risk to birds 
and bats.

3.	 Use available data from state 
and federal agencies, and other 
sources (which could include 
maps or databases), that show 
the location of sensitive resources 
and the results of Tier 2 and/or 
3 studies to establish the layout 

of roads, power lines, fences, and 
other infrastructure.  

4.	 Minimize, to the maximum 
extent practicable, roads, 
power lines, fences, and other 
infrastructure associated with a 
wind development project.  When 
fencing is necessary, construction 
should use wildlife compatible 
design standards. 

5.	 Use native species when seeding 
or planting during restoration.  
Consult with appropriate state 
and federal agencies regarding 
native species to use for 
restoration.

6.	 To reduce avian collisions, 
place low and medium voltage 
connecting power lines 
associated with the wind energy 
development underground to 
the extent possible, unless burial 
of the lines is prohibitively 
expensive (e.g., where shallow 
bedrock exists) or where greater 
adverse impacts to biological 
resources would result:  

a.	 Overhead lines may be 
acceptable if sited away 

from high bird crossing 
locations, to the extent 
practicable, such as between 
roosting and feeding areas or 
between lakes, rivers, prairie 
grouse and sage grouse leks, 
and nesting habitats.  To 
the extent practicable, the 
lines should be marked in 
accordance with Avian Power 
Line Interaction Committee 
(APLIC) collision guidelines.

b.	 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.

c.	 Above-ground low and 
medium voltage lines, 
transformers and conductors 
should follow the 2006 
or most recent APLIC 
“Suggested Practices for 
Avian Protection on Power 
Lines.”

7.	 Avoid guyed communication 
towers and permanent met 
towers at wind energy project 
sites. If guy wires are necessary, 

Wind electronic developers.  Credit:  NREL
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bird flight diverters or high 
visibility marking devices should 
be used.  

8.	 Where permanent meteorological 
towers must be maintained on 
a project site, use the minimum 
number necessary.

9.	 Use construction and 
management practices to 
minimize activities that may 
attract prey and predators to the 
wind energy facility.

10.	Employ only red, or dual red 
and white strobe, strobe-like, 
or flashing lights, not steady 
burning lights, to meet Federal 
Aviation Administration (FAA) 
requirements for visibility 
lighting of wind turbines, 
permanent met towers, and 
communication towers.  Only a 
portion of the turbines within the 
wind project should be lighted, 
and all pilot warning lights 
should fire synchronously.

11.	Keep lighting at both operation 
and maintenance facilities and 
substations located within half 
a mile of the turbines to the 
minimum required: 

a.	 Use lights with motion or 
heat sensors and switches 
to keep lights off when not 
required.

b.	 Lights should be hooded 
downward and directed to 
minimize horizontal and 
skyward illumination.

c.	 Minimize use of high-
intensity lighting, 
steady-burning, or bright 
lights such as sodium vapor, 
quartz, halogen, or other 
bright spotlights.

d.	 All internal turbine nacelle 
and tower lighting should 
be extinguished when 
unoccupied.

12.	Establish non-disturbance 
buffer zones to protect sensitive 
habitats or areas of high risk 
for species of concern identified 
in pre-construction studies.  

Determine the extent of the 
buffer zone in consultation with 
the Service and state, local and 
tribal wildlife biologists, and land 
management agencies (e.g., U.S. 
Bureau of Land Management 
(BLM) and U.S. Forest Service 
(USFS)), or other credible 
experts as appropriate.

13.	Locate turbines to avoid 
separating bird and bat species 
of concern from their daily 
roosting, feeding, or nesting sites 
if documented that the turbines’ 
presence poses a risk to species.

14.	Avoid impacts to hydrology and 
stream morphology, especially 
where federal or state-listed 
aquatic or riparian species may 
be involved.  Use appropriate 
erosion control measures in 
construction and operation to 
eliminate or minimize runoff into 
water bodies. 

15.	When practical use tubular 
towers or best available 
technology to reduce ability of 
birds to perch and to reduce risk 
of collision.

16.	After project construction, 
close roads not needed for site 
operations and restore these 
roadbeds to native vegetation, 
consistent with landowner 
agreements. 

17.	Minimize the number and length 
of access roads; use existing 
roads when feasible.

18.	Minimize impacts to wetlands 
and water resources by following 
all applicable provisions of 
the Clean Water Act (33 USC 
1251-1387) and the Rivers and 
Harbors Act (33 USC 301 et 
seq.); for instance, by developing 
and implementing a storm water 
management plan and taking 
measures to reduce erosion and 
avoid delivery of road-generated 
sediment into streams and 
waters.

19.	Reduce vehicle collision risk to 
wildlife by instructing project 
personnel to drive at appropriate 
speeds, be alert for wildlife, and 

use additional caution in low 
visibility conditions.

20.	Instruct employees, contractors, 
and site visitors to avoid 
harassing or disturbing wildlife, 
particularly during reproductive 
seasons.

21.	Reduce fire hazard from vehicles 
and human activities (instruct 
employees to use spark arrestors 
on power equipment, ensure 
that no metal parts are dragging 
from vehicles, use caution with 
open flame, cigarettes, etc.).  
Site development and operation 
plans should specifically address 
the risk of wildfire and provide 
appropriate cautions and 
measures to be taken in the event 
of a wildfire.

22.	Follow federal and state 
measures for handling toxic 
substances to minimize danger to 
water and wildlife resources from 
spills.  Facility operators should 
maintain Hazardous Materials 
Spill Kits on site and train 
personnel in the use of these. 

23.	Reduce the introduction and 
spread of invasive species by 
following applicable local policies 
for invasive species prevention, 
containment, and control, such as 
cleaning vehicles and equipment 
arriving from areas with known 
invasive species issues, using 
locally sourced topsoil, and 
monitoring for and rapidly 
removing invasive species at least 
annually.

24.	Use invasive species prevention 
and control measures as specified 
by county or state requirements, 
or by applicable federal agency 
requirements (such as Integrated 
Pest Management) when federal 
policies apply.

25.	Properly manage garbage 
and waste disposal on project 
sites to avoid creating 
attractive nuisances for 
wildlife by providing them with 
supplemental food. 

26.	Promptly remove large animal 
carcasses (e.g., big game, 
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domestic livestock, or feral 
animal). 

27.	Wildlife habitat enhancements 
or improvements such as ponds, 
guzzlers, rock or brush piles 
for small mammals, bird nest 
boxes, nesting platforms, wildlife 
food plots, etc. should not be 
created or added to wind energy 
facilities.  These wildlife habitat 
enhancements are often desirable 
but when added to a wind energy 
facility result in increased 
wildlife use of the facility which 
may result in increased levels of 
injury or mortality to them.

Retrofitting, Repowering, and 
Decommissioning

As with project construction, 
these Guidelines offer BMPs for 
the retrofitting, repowering, and 
decommissioning phases of wind 
energy projects.

Retrofitting

Retrofitting is defined as replacing 
portions of existing wind turbines 
or project facilities so that at 
least part of the original turbine, 
tower, electrical infrastructure 
or foundation is being utilized. 
Retrofitting BMPs include:

1.	 Retrofitting of turbines should 
use installation techniques that 
minimize new site disturbance, 
soil erosion, and removal of 
vegetation of habitat value.

2.	 Retrofits should employ shielded, 
separated or insulated electrical 
conductors that minimize 
electrocution risk to avian wildlife 
per APLIC (2006).

3.	 Retrofit designs should prevent 
nests or bird perches from being 
established in or on the wind 
turbine or tower.

4.	 FAA visibility lighting of wind 
turbines should employ only red, 
or dual red and white strobe, 
strobe-like, or flashing lights, not 
steady burning lights. 

5.	  Lighting at both operation 
and maintenance facilities and 

substations located within half 
a mile of the turbines should be 
kept to the minimum required:

a.	 Use lights with motion or heat 
sensors and switches to keep 
lights off when not required. 

b.	 Lights should be hooded 
downward and directed to 
minimize horizontal and 
skyward illumination.

c.	 Minimize use of high intensity 
lighting, steady-burning, or 
bright lights such as sodium 
vapor, quartz, halogen, or 
other bright spotlights.

6.	 Remove wind turbines when they 
are no longer cost effective to 
retrofit.

Repowering

Repowering may include removal 
and replacement of turbines and 
associated infrastructure. BMPs 
include:

1.	 To the greatest extent 
practicable, existing roads, 
disturbed areas and turbine 
strings should be re-used in 
repower layouts.

2.	 Roads and facilities that are 
no longer needed should be 
demolished, removed, and their 
footprint stabilized and re-seeded 
with native plants appropriate for 
the soil conditions and adjacent 
habitat and of local seed sources 
where feasible, per landowner 
requirements and commitments.

3.	 Existing substations and 
ancillary facilities should be 
re-used in repowering projects to 
the extent practicable.

4.	 Existing overhead lines may be 
acceptable if located away from 
high bird crossing locations, such 
as between roosting and feeding 
areas, or between lakes, rivers 
and nesting areas.  Overhead 
lines may be used when they 
parallel tree lines, employ bird 
flight diverters, or are otherwise 
screened so that collision risk is 
reduced.

5.	 Above-ground low and medium 
voltage lines, transformers and 
conductors should follow the 
2006 or most recent APLIC 
“Suggested Practices for Avian 
Protection on Power Lines.”

6.	 Guyed structures should be 
avoided.  If use of guy wires 
is absolutely necessary, they 
should be treated with bird 
flight diverters or high visibility 
marking devices, or are located 
where known low bird use will 
occur.

7.	 FAA visibility lighting of wind 
turbines should employ only red, 
or dual red and white strobe, 
strobe-like, or flashing lights, not 
steady burning lights.

8.	 Lighting at both operation 
and maintenance facilities and 
substations located within ½ mile 
of the turbines should be kept to 
the minimum required. 

a.	 Use lights with motion or heat 
sensors and switches to keep 
lights off when not required.

b.	 Lights should be hooded 
downward and directed to 
minimize horizontal and 
skyward illumination. 

Towers are being lifted as work continues on the 2 
MW Gamesa wind turbine that is being installed at 
the NWTC .  Credit:  NREL
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c.	 Minimize use of high intensity 
lighting, steady-burning, or 
bright lights such as sodium 
vapor, quartz, halogen, or 
other bright spotlights.

Decommissioning

Decommissioning is the cessation 
of wind energy operations and 
removal of all associated equipment, 
roads, and other infrastructure.  
The land is then used for another 
activity.  During decommissioning, 
contractors and facility operators 
should apply BMPs for road grading 
and native plant re-establishment 
to ensure that erosion and overland 
flows are managed to restore pre-
construction landscape conditions.  
The facility operator, in conjunction 
with the landowner and state and 
federal wildlife agencies, should 
restore the natural hydrology and 
plant community to the greatest 
extent practical. 

1.	Decommissioning methods should 
minimize new site disturbance and 
removal of native vegetation, to 
the greatest extent practicable.

2.	Foundations should be removed 
to a minimum of three feet below 
surrounding grade, and covered 
with soil to allow adequate root 
penetration for native plants, and 
so that subsurface structures do 
not substantially disrupt ground 
water movements.  Three feet is 
typically adequate for agricultural 
lands.

3.	 If topsoils are removed during 
decommissioning, they should 
be stockpiled and used as topsoil 
when restoring plant communities.  
Once decommissioning activity 
is complete, topsoils should be 
restored to assist in establishing 
and maintaining pre-construction 
native plant communities to the 
extent possible, consistent with 
landowner objectives. 

4.	Soil should be stabilized and 
re-vegetated with native plants 
appropriate for the soil conditions 
and adjacent habitat, and of local 
seed sources where feasible, 
consistent with landowner 
objectives.

5.	Surface water flows should be 
restored to pre-disturbance 
conditions, including removal 
of stream crossings, roads, and 
pads, consistent with storm water 
management objectives and 
requirements.

6.	Surveys should be conducted 
by qualified experts to detect 
populations of invasive species, 
and comprehensive approaches 
to preventing and controlling 
invasive species should be 
implemented and maintained as 
long as necessary.  

7.	Overhead pole lines that are no 
longer needed should be removed.

8.	After decommissioning, erosion 
control measures should be 
installed in all disturbance areas 
where potential for erosion exists, 
consistent with storm water 
management objectives and 
requirements.

9.	Fencing should be removed unless 
the landowner will be utilizing the 
fence.

10. Petroleum product leaks and 
chemical releases should be 
remediated prior to completion of 
decommissioning.



U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines

  53

Chapter 8:  Mitigation

Mitigation is defined in this 
document as avoiding or minimizing 
significant adverse impacts, and 
when appropriate, compensating 
for unavoidable significant adverse 
impacts, as determined through 
the tiered approach described in 
the recommended Guidelines.  The 
Service places emphasis in project 
planning on first avoiding, then 
minimizing, potential adverse 
impacts to wildlife and their habitats.  
Several tools are available to 
determine appropriate mitigation, 
including the Service Mitigation 
Policy (USFWS Mitigation Policy, 
46 FR 7656 (1981)).  The Service 
policy provides a common basis 
for determining how and when to 
use different mitigation strategies, 
and facilitates earlier consideration 
of wildlife values in wind energy 
project planning.

Under the Service Mitigation Policy, 
the highest priority is for mitigation 
to occur on-site within the project 
planning area.  The secondary 
priority is for the mitigation to 
occur off-site.  Off-site mitigation 
should first occur in proximity to 
the planning area within the same 
ecological region and secondarily 
elsewhere within the same ecological 
region.  Generally, the Service 
prefers on-site mitigation over off-
site mitigation because this approach 
most directly addresses project 
impacts at the location where they 
actually occur.  However, there may 
be individual cases where off-site 
mitigation could result in greater 
net benefits to affected species 
and habitats.  Developers should 
work with the Service in comparing 
benefits among multiple alternatives. 

In some cases, a project’s effects 
cannot be forecast with precision.  
The developer and the agencies may 
be unable to make some mitigation 
decisions until post-construction 
data have been collected.  If 
significant adverse effects have 
not been adequately addressed, 

additional mitigation for those 
adverse effects from operations may 
need to be implemented.   

Mitigation measures implemented 
post-construction, whether in 
addition to those implemented pre-
construction or whether they are 
new, are appropriate elements of 
the tiered approach.  The general 
terms and funding commitments for 
future mitigation and the triggers 
or thresholds for implementing such 
compensation should be developed at 
the earliest possible stage in project 
development.  Any mitigation 
implemented after a project is 
operational should be well defined, 
bounded, technically feasible, and 
commensurate with the project 
effects.

NEPA Guidance on Mitigation

CEQ issued guidance in February 
2011 on compliance with the 
National Environmental Policy Act 
(NEPA) entitled, “Appropriate Use 
of Mitigation and Monitoring and 
Clarifying the Appropriate Use of 

Mitigated Findings of No Significant 
Impact.”  This new guidance clarifies 
that when agencies premise their 
Finding of No Significant Impact 
on a commitment to mitigate the 
environmental impacts of a proposed 
action, they should adhere to those 
commitments, publicly report on 
those efforts, monitor how they 
are implemented, and monitor the 
effectiveness of the mitigation.

To the extent that a federal nexus 
with a wind project exists, for 
example, developing a project on 
federal lands or obtaining a federal 
permit, the lead federal action 
agency should make its decision 
based in part on a developer’s 
commitment to mitigate adverse 
environmental impacts.  The federal 
action agency should ensure that 
the developer adheres to those 
commitments, monitors how they 
are implemented, and monitors 
the effectiveness of the mitigation.  
Additionally, the lead federal action 
agency should make information 
on mitigation monitoring available 
to the public through its web site; 

Greater prairie chicken.  Credit:  Amy Thornburg, USFWS
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and should ensure that mitigation 
successfully achieves its goals. 

Compensatory Mitigation

Compensatory mitigation as 
defined in this document refers to 
replacement of project-induced 
losses to fish and wildlife resources. 
Substitution or offsetting of fish 
and wildlife resource losses with 
resources considered to be of 
equivalent biological value. 

-	 In-kind – Providing or 
managing substitute resources 
to replace the value of the 
resources lost, where such 
substitute resources are 
physically and biologically the 
same or closely approximate to 
those lost.

-	 Out-of-kind – Providing or 
managing substitute resources 
to replace the value of the 
resources lost, where such 
substitute resources are 
physically or biologically 
different from those lost.  This 
may include conservation or 
mitigation banking, research or 
other options.

The amount of compensation, 
if necessary, will depend on the 
effectiveness of any avoidance and 
minimization measures undertaken.  
If a proposed wind development 
is poorly sited with regard to 
wildlife effects, the most important 
mitigation opportunity is largely lost 
and the remaining options can be 
expensive, with substantially greater 
environmental effects.  

Compensation is most often 
appropriate for habitat loss under 
limited circumstances or for direct 
take of wildlife (e.g., Habitat 
Conservation Plans).  Compensatory 
mitigation may involve contributing 
to a fund to protect habitat or 
otherwise support efforts to reduce 
existing impacts to species affected 
by a wind project.  Developers 
should communicate with the Service 
and state agency prior to initiating 
such an approach.

Ideally, project impact assessment 
is a cooperative effort involving 

the developer, the Service, tribes, 
local authorities, and state resource 
agencies.  The Service does not 
expect developers to provide 
compensation for the same habitat 
loss more than once.  But the 
Service, state resource agencies, 
tribes, local authorities, state and 
federal land management agencies 
may have different species or 
habitats of concern, according to 
their responsibilities and statutory 
authorities.  Hence, one entity may 
seek mitigation for a different group 
of species or habitat than does 
another.  

Migratory Birds and Eagles

Some industries, such as the electric 
utilities, have developed operational 
and deterrent measures that 
when properly used can avoid or 
minimize “take” of migratory birds.  
Many of these measures to avoid 
collision and electrocution have been 
scientifically tested with publication 
in peer-reviewed, scientific journals.  
The Service encourages the wind 
industry to use these measures 
in siting, placing, and operating 
all power lines, including their 
distribution and grid-connecting 
transmission lines. 

E.O. 13186, which addresses 
responsibilities of federal agencies 
to protect migratory birds, includes 
a directive to federal agencies to 
restore and enhance the habitat 
of migratory birds as practicable.  
E.O. 13186 provides a basis and a 
rationale for compensating for the 
loss of migratory bird habitat that 
results from developing wind energy 
projects that have a federal nexus.  

Regulations concerning eagle 
take permits in 50 CFR 22.26 
and 50 CFR 22.27 may allow for 
compensation as part of permit 
issuance.  Compensation may be a 
condition of permit issuance in cases 
of nest removal, disturbance or 
take resulting in mortality that will 
likely occur over several seasons, 
result in permanent abandonment 
of one or more breeding territories, 
have large scale impacts, occur at 
multiple locations, or otherwise 
contribute to cumulative negative 
effects.  The draft ECP Guidance 

has additional information on the use 
of compensation for programmatic 
permits.

Endangered Species

The ESA has provisions that 
allow for compensation through 
the issuance of an Incidental 
Take Permit (ITP).  Under the 
ESA, mitigation measures are 
determined on a case by case basis, 
and are based on the needs of the 
species and the types of effects 
anticipated.  If a federal nexus 
exists, or if a developer chooses to 
seek an ITP under the ESA, then 
effects to listed species need to be 
evaluated through the Section 7 and/
or Section 10 processes.  If an ITP 
is requested, it and the associated 
HCP must provide for minimization 
and mitigation to the maximum 
extent practicable, in addition to 
meeting other necessary criteria 
for permit issuance.  For further 
information about compensation 
under federal laws administered 
by the Service, see the Service’s 
Habitat and Resource Conservation 
website http://www.fws.gov/
habitatconservation.

Bald eagle.  Credit:  USFWS
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Chapter 9:  Advancing Use, Cooperation and 
Effective Implementation
This chapter discusses a variety 
of policies and procedures that 
may affect the way wind project 
developers and the Service work 
with each other as well as with state 
and tribal governments and non-
governmental organizations.  The 
Service recommends that wind 
project developers work closely 
with field office staff for further 
elaboration of these policies and 
procedures.

Conflict Resolution

The Service and developers should 
attempt to resolve any issues arising 
from use of the Guidelines at the 
Field Office level.  Deliberations 
should be in the context of the intent 
of the Guidelines and be based on the 
site-specific conditions and the best 
available data.  However, if there 

is an issue that cannot be resolved 
within a timely manner at the field 
level, the developer and Service 
staff will coordinate to bring the 
matter up the chain of command in a 
stepwise manner.

Bird and Bat Conservation Strategies 
(BBCS)

The Service has recommended 
that developers prepare written 
records of their actions to avoid, 
minimize and compensate for 
potential adverse impacts.  In the 
past, the Service has referred to 
these as Avian and Bat Protection 
Plans (ABPP).  However, ABPPs 
have more recently been used for 
transmission projects and less for 
other types of development.  For this 
reason the Service is introducing 
a distinct concept for wind energy 

projects and calling them Bird 
and Bat Conservation Strategies 
(BBCS).

Typically, a project-specific BBCS 
will explain the analyses, studies, 
and reasoning that support 
progressing from one tier to the 
next in the tiered approach.  A 
wind energy project-specific BBCS 
is an example of a document or 
compilation of documents that 
describes the steps a developer 
could or has taken to apply these 
Guidelines to mitigate for adverse 
impacts and address the post-
construction monitoring efforts the 
developer intends to undertake.  A 
developer may prepare a BBCS in 
stages, over time, as analysis and 
studies are undertaken for each 
tier.  It will also address the post-
construction monitoring efforts for 
mortality and habitat effects, and 
may use many of the components 
suggested in the Suggested 
Practices for Avian Protection on 
Power Lines (APLIC 2006).  Any 
Service review of, or discussion 
with a developer, concerning its 
BBCS is advisory only, does not 
result in approval or disapproval 
of the BBCS by the Service, and 
does not constitute a federal agency 
action subject to the National 
Environmental Policy Act or other 
federal law applicable to such an 
action.

Project Interconnection Lines 

The Guidelines are designed to 
address all elements of a wind 
energy facility, including the 
turbine string or array, access 
roads, ancillary buildings, and the 
above- and below-ground electrical 
lines which connect a project to the 
transmission system.  The Service 
recommends that the project 
evaluation include consideration 
of the wildlife- and habitat-related 
impacts of these electrical lines, and 
that the developer include measures 
to reduce impacts of these lines, such Electricity towers and wind turbines.  Credit:  NREL
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as those outlined in the Suggested 
Practices for Avian Protection on 
Power Lines (APLIC 2006).  The 
Guidelines are not designed to 
address transmission beyond the 
point of interconnection to the 
transmission system.  The national 
grid and proposed smart grid system 
are beyond the scope of these 
Guidelines.

Confidentiality of Site Evaluation 
Process as Appropriate

Some aspects of the initial pre-
construction risk assessment, 
including preliminary screening and 
site characterization, occur early 
in the development process, when 
land or other competitive issues 
limit developers’ willingness to 
share information on projects with 
the public and competitors.  Any 
consultation or coordination with 
agencies at this stage may include 
confidentiality agreements.

Collaborative Research

Much uncertainty remains about 
predicting risk and estimating 
impacts of wind energy development 
on wildlife.  Thus there is a need 
for additional research to improve 
scientifically based decision-making 
when siting wind energy facilities, 
evaluating impacts on wildlife and 
habitats, and testing the efficacy 
of mitigation measures.  More 
extensive studies are needed to 
further elucidate patterns and test 
hypotheses regarding possible 
solutions to wildlife and wind energy 
impacts.

It is in the interests of wind 
developers and wildlife agencies to 
improve these assessments to better 
mitigate the impacts of wind energy 
development on wildlife and their 
habitats.  Research can provide data 
on operational factors (e.g. wind 
speed, weather conditions) that are 
likely to result in fatalities.  It could 

also include studies of cumulative 
impacts of multiple wind energy 
projects, or comparisons of different 
methods for assessing avian and bat 
activity relevant to predicting risk.  
Monitoring and research should be 
designed and conducted to ensure 
unbiased data collection that meets 
technical standards such as those 
used in peer review.  Research 
projects may occur at the same time 
as project-specific Tier 4 and Tier 5 
studies.

Research would usually result 
from collaborative efforts involving 
appropriate stakeholders, and is not 
the sole or primary responsibility 
of any developer.  Research 
partnerships (e.g., Bats and Wind 
Energy Cooperative (BWEC)9, 
Grassland and Shrub Steppe 
Species Collaborative (GS3C)10 ) 
involving diverse players will be 
helpful for generating common 
goals and objectives and adequate 
funding to conduct studies (Arnett 
and Haufler 2003).  The National 
Wind Coordinating Collaborative 
(NWCC)11 , the American Wind 
Wildlife Institute (AWWI)12 , and 
the California Energy Commission 
(CEC)’s Public Interest Energy 
Research Program13 all support 
research in this area.

Study sites and access will be 
necessary to design and implement 
research, and developers are 
encouraged to participate in these 
research efforts when possible.  
Subject to appropriations, the 
Service also should fund priority 
research and promote collaboration 
and information sharing among 
research efforts to advance science 
on wind energy-wildlife interactions, 
and to improve these Guidelines.

Service - State Coordination and 
Cooperation 

The Service encourages states to 
increase compatibility between 

state guidelines and these voluntary 
Guidelines, protocols, data collection 
methods, and recommendations 
relating to wildlife and wind energy.  
States that desire to adopt, or 
those that have formally adopted, 
wind energy siting, permitting, or 
environmental review regulations 
or guidelines are encouraged to 
cooperate with the Service to 
develop consistent state level 
guidelines.  The Service may be 
available to confer, coordinate and 
share its expertise with interested 
states when a state lacks its own 
guidance or program to address 
wind energy-wildlife interactions.  
The Service will also use states’ 
technical resources as much as 
possible and as appropriate. 

The Service will explore establishing 
a voluntary state/federal program 
to advance cooperation and 
compatibility between the Service 
and interested state and local 
governments for coordinated review 
of projects under both federal and 
state wildlife laws.  The Service, 
and interested states, will consider 
using the following tools to reach 
agreements to foster consistency in 
review of projects: 

•	 Cooperation agreements with 
interested state governments.

•	 Joint agency reviews to reduce 
duplication and increase 
coordination in project review.

•	 A communication mechanism:

•	 To share information about 
prospective projects

•	 To coordinate project review

•	 To ensure that state and 
federal regulatory processes, 
and/or mitigation requirements 
are being adequately 
addressed

 9 www.batsandwind.org 
10 www.nationalwind.org 
11 www.nationalwind.org 
12 http://www.awwi.org 
13 http://www.energy.ca.gov/research
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•	 To ensure that species of 
concern and their habitats are 
fully addressed

•	 Establishing consistent and 
predictable joint protocols, data 
collection methodologies, and 
study requirements to satisfy 
project review and permitting. 

•	 Designating a Service 
management contact within 
each Regional Office to assist 
Field Offices working with states 
and local agencies to resolve 
significant wildlife-related issues 
that cannot be resolved at the 
field level.  

•	 Cooperative state/federal/
industry research agreements 
relating to wind energy -wildlife 
interactions.

The Service will explore 
opportunities to:

•	 Provide training to states. 

•	 Foster development of a national 
geographic data base that 
identifies development-sensitive 
ecosystems and habitats.

•	 Support a national database for 
reporting of mortality data on a 
consistent basis.  

•	 Establish national BMPs for wind 
energy development projects. 

•	 Develop recommended guidance 
on study protocols, study 
techniques, and measures 
and metrics for use by all 
jurisdictions.

•	 Assist in identifying and obtaining 
funding for national research 
priorities.

Service - Tribal Consultation and 
Coordination

Federally-recognized Indian Tribes 
enjoy a unique government-to-
government relationship with 
the United States.  The United 
States Fish and Wildlife Service 
(Service) recognizes Indian tribal 
governments as the authoritative 
voice regarding the management of 

tribal lands and resources within the 
framework of applicable laws.  It is 
important to recall that many tribal 
traditional lands and tribal rights 
extend beyond reservation lands.

The Service consults with Indian 
tribal governments under the 
authorities of Executive Order 13175 
“Consultation and Coordination with 
Indian Tribal Governments” and 
supporting DOI and Service policies.  
To this end, when it is determined 
that federal actions and activities 
may affect a Tribe’s resources 
(including cultural resources), lands, 
rights, or ability to provide services 
to its members, the Service must, 
to the extent practicable, seek to 
engage the affected Tribe(s) in 
consultation and coordination. 

Tribal Wind Energy Development 
on Reservation Lands

Indian tribal governments have the 
authority to develop wind energy 
projects, permit their development, 
and establish relevant regulatory 
guidance within the framework of 
applicable laws.

The Service will provide technical 
assistance upon the request 
of Tribes that aim to establish 
regulatory guidance for wind 
energy development for lands under 

the Tribe’s jurisdiction.  Tribal 
governments are encouraged to 
strive for compatibility between 
their guidelines and these 
Guidelines.

Tribal Wind Energy Development 
on Lands that are not held in Trust

Indian tribal governments may wish 
to develop wind energy projects 
on lands that are not held in trust 
status.  In such cases, the Tribes 
should coordinate with agencies 
other than the Service.  At the 
request of a Tribe, the Service may 
facilitate discussions with other 
regulatory organizations.  The 
Service may also lend its expertise 
in these collaborative efforts to help 
determine the extent to which tribal 
resource management plans and 
priorities can be incorporated into 
established regulatory protocols.

Non-Tribal Wind Energy 
Development – Consultation with 
Indian Tribal Governments

When a non-Tribal wind energy 
project is proposed that may affect a 
Tribe’s resources (including cultural 
resources), lands, rights, or ability 
to govern or provide services to its 
members, the Service should seek 
to engage the affected Tribe(s) in 
consultation and coordination as 

Wind turbine in California..  Credit:  NREL



U.S. Fish and Wildlife Service Land-Based Wind Energy Guidelines

58 

early as possible in the process.  In 
siting a proposed project that has a 
federal nexus, it is incumbent upon 
the regulatory agency to notify 
potentially affected Tribes of the 
proposed activity.  If the Service or 
other federal agency determines 
that a project may affect a Tribe(s), 
they should notify the Tribe(s) of the 
action at the earliest opportunity.  
At the request of a Tribe, the 
Service may facilitate and lend its 
expertise in collaborating with other 
organizations to help determine 
the extent to which tribal resource 
management plans and priorities 
can be incorporated into established 
regulatory protocols or project 
implementation.  This process ideally 
should be agreed to by all involved 
parties.  

In the consultative process, Tribes 
should be engaged as soon as 
possible when a decision may affect a 
Tribe(s).  Decisions made that affect 
Indian Tribal governments without 
adequate federal effort to engage 
Tribe(s) in consultation have been 
overturned by the courts.  See, e.g., 
Quechan Tribe v. U.S. Dep’t of the 
Interior, No. 10cv2241 LAB (CAB), 
2010 WL 5113197 (S.D. Cal. Dec. 15, 
2010).  When a tribal government 
is consulted, it is neither required, 
nor expected that all of the Tribe’s 
issues can be resolved in its favor.  
However, the Service must listen 
and may not arbitrarily dismiss 
concerns of the tribal government.  
Rather, the Service must seriously 
consider and respond to all tribal 
concerns.  Regional Native American 
Liaisons are able to provide in-house 
guidance as to government-to-
government consultation processes.  
(See Service - State Coordination 
and Cooperation, above).

Non-Governmental Organization 
Actions

If a specific project involves actions 
at the local, state, or federal level 
that provide opportunities for public 
participation, non-governmental 
organizations (NGOs) can provide 
meaningful contributions to the 
discussion of biological issues 
associated with that project, 
through the normal processes such 
as scoping, testimony at public 

meetings, and comment processes.  
In the absence of formal public 
process, there are many NGOs 
that have substantial scientific 
capabilities and may have resources 
that could contribute productively to 
the siting of wind energy projects.  
Several NGOs have made significant 
contributions to the understanding 
of the importance of particular 
geographic areas to wildlife in 
the United States.  This work has 
benefited and continues to benefit 
from extensive research efforts 
and from associations with highly 
qualified biologists.  NGO expertise 
can – as can scientific expertise in 
the academic or private consulting 
sectors – serve highly constructive 
purposes.  These can include:

•	 Providing information to 
help identify environmentally 
sensitive areas, during the 
screening phases of site 
selection (Tiers 1 and 2, as 
described in this document)

•	 Providing feedback to 
developers and agencies with 
respect to specific sites and site 
and impact assessment efforts 

•	 Helping developers and agencies 
design and implement mitigation 
or offset strategies 

•	 Participating in the defining, 
assessing, funding, and 
implementation of research 
efforts in support of improved 
predictors of risk, impact 
assessments and effective 
responses 

•	 Articulating challenges, 
concerns, and successes to 
diverse audiences

Non-Governmental Organization 
Conservation Lands

Implementation of these Guidelines 
by Service and other state agencies 
will recognize that lands owned 
and managed by non-government 
conservation organizations 
represent a significant investment 
that generally supports the mission 
of state and federal wildlife agencies.  
Many of these lands represent an 
investment of federal conservation 

funds, through partnerships 
between agencies and NGOs.  These 
considerations merit extra care 
in the avoidance of wind energy 
development impacts to these lands.  
In order to exercise this care, the 
Service and allied agencies can 
coordinate and consult with NGOs 
that own lands or easements which 
might reasonably be impacted by a 
project under review.
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Appendix A:  Glossary

Accuracy – The agreement between a measurement and the true or correct value.

Adaptive management – An iterative decision process that promotes flexible decision-making that can be adjusted 
in the face of uncertainties as outcomes from management actions and other events become better understood.  
Comprehensively applying the tiered approach embodies the adaptive management process.

Anthropogenic – Resulting from the influence of human beings on nature.

Area of interest – For most projects, the area where wind turbines and meteorological (met) towers are proposed or 
expected to be sited, and the area of potential impact. 

Avian – Pertaining to or characteristic of birds.

Avoid – To not take an action or parts of an action to avert the potential effects of the action or parts thereof.  First of 
three components of “mitigation,” as defined in Service Mitigation Policy. (See mitigation.)

Before-after/control-impact (BACI) – A study design that involves comparisons of observational data, such as bird 
counts, before and after an environmental disturbance in a disturbed and undisturbed site.  This study design allows 
a researcher to assess the effects of constructing and operating a wind turbine by comparing data from the “control” 
sites (before and undisturbed) with the “treatment” sites (after and disturbed).

Best management practices (BMPs) – Methods that have been determined by the stakeholders to be the most 
effective, practicable means of avoiding or minimizing significant adverse impacts to individual species, their habitats 
or an ecosystem, based on the best available information. 

Buffer zone – A zone surrounding a resource designed to protect the resource from adverse impact, and/or a 
zone surrounding an existing or proposed wind energy project for the purposes of data collection and/or impact 
estimation.

Community-scale – Wind energy projects greater than 1 MW, but generally less than 20 MW, in name-plate capacity, 
that produce electricity for off-site use, often partially or totally owned by members of a local community or that have 
other demonstrated local benefits in terms of retail power costs, economic development, or grid issues. 

Comparable site – A site similar to the project site with respect to topography, vegetation, and the species under 
consideration.

Compensatory mitigation – Replacement of project-induced losses to fish and wildlife resources.  Substitution or 
offsetting of fish and wildlife resource losses with resources considered to be of equivalent biological value.

-	 In-kind – Providing or managing substitute resources to replace the value of the resources lost, where such 
substitute resources are physically and biologically the same or closely approximate to those lost.

-	 Out-of-kind – Providing or managing substitute resources to replace the value of the resources lost, where 
such substitute resources are physically or biologically different from those lost.  This may include conservation 
or mitigation banking, research or other options.

Cost effective – Economical in terms of tangible benefits produced by money spent.

Covariate – Uncontrolled random variables that influence a response to a treatment or impact, but do not interact 
with any of the treatments or impacts being tested.

Critical habitat – For listed species, consists of the specific areas designated by rule making pursuant to Section 4 of 
the Endangered Species Act and displayed in 50 CFR § 17.11 and 17.12.

Cumulative impacts – See impact.
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Curtailment – The act of limiting the supply of electricity to the grid during conditions when it would normally be 
supplied.  This is usually accomplished by cutting-out the generator from the grid and/or feathering the turbine 
blades.

Cut-in Speed – The wind speed at which the generator is connected to the grid and producing electricity.  It is 
important to note that turbine blades may rotate at full RPM in wind speeds below cut-in speed.

Displacement – The loss of habitat as result of an animal’s behavioral avoidance of otherwise suitable habitat.  
Displacement may be short-term, during the construction phase of a project, temporary as a result of habituation, or 
long-term, for the life of the project.

Distributed wind – Small and mid-sized turbines between 1 kilowatt and  1 megawatt that are installed and produce 
electricity at the point of use to off-set all or a portion of on-site energy consumption.

Ecosystem – A system formed by the interaction of a community of organisms with their physical and chemical 
environment.  All of the biotic elements (i.e., species, populations, and communities) and abiotic elements (i.e., land, 
air, water, energy) interacting in a given geographic area so that a flow of energy leads to a clearly defined trophic 
structure, biotic diversity, and material cycles. Service Mitigation Policy adopted definition from E. P. Odum 1971 
Fundamentals of Ecology.

Edge effect – The effect of the juxtaposition of contrasting environments on an ecosystem.

Endangered species – See listed species.

Extirpation – The species ceases to exist in a given location; the species still exists elsewhere.

Fatality – An individual instance of death.

Fatality rate – The ratio of the number of individual deaths to some parameter of interest such as megawatts of 
energy produced, the number of turbines in a wind project, the number of individuals exposed, etc., within a specified 
unit of time.

Feathering – Adjusting the angle of the rotor blade parallel to the wind, or turning the whole unit out of the wind, to 
slow or stop blade rotation. 

Federal action agency – A department, bureau, agency or instrumentality of the United States which plans, 
constructs, operates or maintains a project, or which reviews, plans for or approves a permit, lease or license for 
projects, or manages federal lands.

Federally listed species – See listed species.

Footprint – The geographic area occupied by the actual infrastructure of a project such as wind turbines, access 
roads, substation, overhead and underground electrical lines, and buildings, and land cleared to construct the 
project.

G1 (Global Conservation Status Ranking) Critically Imperiled – At very high risk of extinction due to extreme rarity 
(often five or fewer populations), very steep declines, or other factors.

G2 (Global Conservation Status Ranking) Imperiled – At high risk of extinction or elimination due to very restricted 
range, very few populations, steep declines, or other factors.

G3 (Global Conservation Status Ranking) Vulnerable – At moderate risk of extinction or elimination due to a restricted 
range, relatively few populations, recent and widespread declines, or other factors.

Guy wire – Wires used to secure wind turbines or meteorological towers that are not self-supporting.

Habitat – The area which provides direct support for a given species, including adequate food, water, space, and cover 
necessary for survival.

Habitat fragmentation – Habitat fragmentation separates blocks of habitat for some species into segments, such that 
the individuals in the remaining habitat segments may suffer from effects such as decreased survival, reproduction, 
distribution, or use of the area.  
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Impact – An effect or effects on natural resources and on the components, structures, and functioning of affected 
ecosystems.

-	 Cumulative – Changes in the environment caused by the aggregate of past, present and reasonably 
foreseeable future actions on a given resource or ecosystem.

-	 Direct – Effects on individual species and their habitats caused by the action, and occur at the same time and 
place. 

-	 Indirect impact – Effects caused by the action that are later in time or farther removed in distance, but are 
still reasonably foreseeable.  Indirect impacts include displacement and changes in the demographics of bird 
and bat populations.

Infill – Add an additional phase to the existing project, or build a new project adjacent to existing projects. 

In-kind compensatory mitigation – See compensatory mitigation.

Intact habitat – An expanse of habitat for a species or landscape scale feature, unbroken with respect to its value for 
the species or for society.

Intact landscape – Relatively undisturbed areas characterized by maintenance of most original ecological processes 
and by communities with most of their original native species still present. 

Lattice design – A wind turbine support structure design characterized by horizontal or diagonal lattice of bars 
forming a tower rather than a single tubular support for the nacelle and rotor.

Lead agency – Agency that is responsible for federal or non-federal regulatory or environmental assessment actions.

Lek – A traditional site commonly used year after year by males of certain species of birds (e.g., greater and lesser 
prairie-chickens, sage and sharp-tailed grouse, and buff-breasted sandpiper), within which the males display 
communally to attract and compete for female mates, and where breeding occurs.

Listed species – Any species of fish, wildlife or plant that has been determined to be endangered or threatened under 
section 4 of the Endangered Species Act (50 CFR §402.02), or similarly designated by state law or rule.

Local population – A subdivision of a population of animals or plants of a particular species that is in relative 
proximity to a project.

Loss – As used in this document, a change in wildlife habitat due to human activities that is considered adverse and:  
1) reduces the biological value of that habitat for species of concern; 2) reduces population numbers of species of 
concern; 3) increases population numbers of invasive or exotic species; or 4) reduces the human use of those species 
of concern.

Megawatt (MW) – A measurement of electricity-generating capacity equivalent to 1,000 kilowatts (kW), or 1,000,000 
watts.

Migration – Regular movements of wildlife between their seasonal ranges necessary for completion of the species 
lifecycle.

Migration corridor – Migration routes and/or corridors are the relatively predictable pathways that a migratory 
species travel between seasonal ranges, usually breeding and wintering grounds.

Migration stopovers – Areas where congregations of wildlife assemble during migration.  Such areas supply high 
densities of food or shelter.

Minimize – To reduce to the smallest practicable amount or degree.

Mitigation – (Specific to these Guidelines) Avoiding or minimizing significant adverse impacts, and when appropriate, 
compensating for unavoidable significant adverse impacts.
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Monitoring – 1) A process of project oversight such as checking to see if activities were conducted as agreed or 
required; 2) making measurements of uncontrolled events at one or more points in space or time with space and time 
being the only experimental variable or treatment; 3) making measurements and evaluations through time that are 
done for a specific purpose, such as to check status and/or trends or the progress towards a management objective. 

Mortality rate – Population death rate, typically expressed as the ratio of deaths per 100,000 individuals in the 
population per year (or some other time period).

Operational changes – Deliberate changes to wind energy project operating protocols, such as the wind speed 
at which turbines “cut in” or begin generating power, undertaken with the object of reducing collision fatalities.  
Considered separately from standard mitigation measures due to the fact that operational changes are considered as 
a last resort and will rarely be implemented if a project is properly sited. 

Passerine – Describes birds that are members of the Order Passeriformes, typically called “songbirds.”  

Plant communities of concern –Plant communities of concern are unique habitats that are critical for the persistence 
of highly specialized or unique species and communities of organisms.  Often restricted in distribution or represented 
by a small number of examples, these communities are biological hotspots that significantly contribute to the 
biological richness and productivity of the entire region.  Plant communities of concern often support rare or 
uncommon species assemblages, provide critical foraging, roosting, nesting, or hibernating habitat, or perform vital 
ecosystem functions.  These communities often play an integral role in the conservation of biological integrity and 
diversity across the landscape.  (Fournier et al. 2007)  Also, any plant community with a Natural Heritage Database 
ranking of S1, S2, S3, G1, G2, or G3.  

Population – A demographically and genetically self-sustaining group of animals and/or plants of a particular species.

Practicable – Capable of being done or accomplished; feasible.

Prairie grouse – A group of gallinaceous birds, includes the greater prairie-chicken, the lesser prairie-chicken, and 
the sharp-tailed grouse.

Project area – The area that includes the project site as well as contiguous land that shares relevant characteristics.

Project commencement – The point in time when a developer begins its preliminary evaluation of a broad geographic 
area to assess the general ecological context of a potential site or sites for wind energy project(s).  For example, this 
may include the time at which an option is acquired to secure real estate interests, an application for federal land use 
has been filed, or land has been purchased.

Project Site – The land that is included in the project where development occurs or is proposed to occur.  

Project transmission lines – Electrical lines built and owned by a project developer.

Raptor – As defined by the American Ornithological Union, a group of predatory birds including hawks, eagles, 
falcons, osprey, kites, owls, vultures and the California condor.

Relative abundance – The number of organisms of a particular kind in comparison to the total number of organisms 
within a given area or community.

Risk – The likelihood that adverse effects may occur to individual animals or populations of species of concern, as a 
result of development and operation of a wind energy project. For detailed discussion of risk and risk assessment as 
used in this document see Chapter One - General Overview. 

Rotor – The part of a wind turbine that interacts with wind to produce energy. Consists of the turbine’s blades and 
the hub to which the blades attach.

Rotor-swept area – The area of the circle or volume of the sphere swept by the turbine blades.  

Rotor-swept zone – The altitude within a wind energy project which is bounded by the upper and lower limits of the 
rotor-swept area and the spatial extent of the project. 
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S1 (Subnational Conservation Status Ranking) Critically Imperiled – Critically imperiled in the jurisdiction because of 
extreme rarity or because of some factor(s) such as very steep declines making it especially vulnerable to extirpation 
from the jurisdiction.

S2 (Subnational Conservation Status Ranking) Imperiled – Imperiled in the jurisdiction because of rarity due to very 
restricted range, very few populations, steep declines, or other factors making it very vulnerable to extirpation from 
jurisdiction.

S3 (Subnational Conservation Status Ranking) Vulnerable – Vulnerable in the jurisdiction due to a restricted range, 
relatively few populations, recent and widespread declines, or other factors making it vulnerable to extirpation.

Sage grouse – A large gallinaceous bird living in the sage steppe areas of the intermountain west, includes the 
greater sage grouse and Gunnison’s sage grouse.

Significant – For purposes of characterizing impacts to species of concern and their habitats, “significance” takes 
into account the duration, scope, and intensity of an impact.  Impacts that are very brief or highly transitory, do 
not extend beyond the immediate small area where they occur, and are minor in their intensity are not likely to 
be significant.  Conversely, those that persist for a relatively long time, encompass a large area or extend well 
beyond the immediate area where they occur, or have substantial consequences are almost certainly significant.  A 
determination of significance may include cumulative impacts of other actions.  There is probably some unavoidable 
overlap among these three characteristics, as well as some inherent ambiguity in these terms, requiring the exercise 
of judgment and the development of a consistent approach over time.  

Species of concern – For a particular wind energy project, any species which 1) is either a) listed as an endangered, 
threatened or candidate species under the Endangered Species Act, subject to the Migratory Bird Treaty Act or 
Bald and Golden Eagle Protection Act; b) is designated by law, regulation, or other formal process for protection and/
or management by the relevant agency or other authority; or c) has been shown to be significantly adversely affected 
by wind energy development, and 2) is determined to be possibly affected by the project.

Species of habitat fragmentation concern—Species of concern for which a relevant federal, state, tribal, and/or local 
agency has found that separation of their habitats into smaller blocks reduces connectivity such that the individuals 
in the remaining habitat segments may suffer from effects such as decreased survival, reproduction, distribution, or 
use of the area.  Habitat fragmentation from a wind energy project may create significant barriers for such species.

String – A number of wind turbines oriented in close proximity to one another that are usually sited in a line, such as 
along a ridgeline.

Strobe – Light consisting of pulses that are high in intensity and short in duration.

Threatened species – See listed species.

Tubular design – A type of wind turbine support structure for the nacelle and rotor that is cylindrical rather than 
lattice.

Turbine height – The distance from the ground to the highest point reached by the tip of the blades of a wind turbine.

Utility-scale – Wind projects generally larger than 20 MW in nameplate generating capacity that sell electricity 
directly to utilities or into power markets on a wholesale basis.

Voltage (low and medium) – Low voltages are generally below 600 volts, medium voltages are commonly on 
distribution electrical lines, typically between 600 volts and 110 kV, and voltages above 110 kV are considered high 
voltages.

Wildlife – Birds, fishes, mammals, and all other classes of wild animals and all types of aquatic and land vegetation 
upon which wildlife is dependent.

Wildlife management plan – A document describing actions taken to identify resources that may be impacted by 
proposed development; measures to mitigate for any significant adverse impacts; any post-construction monitoring; 
and any other studies that may be carried out by the developer.

Wind turbine – A machine for converting the kinetic energy in wind into mechanical energy, which is then converted 
to electricity.. 
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Foreword 
Noise is one of the most important environmental risks to health and continues to be a growing 
concern among policy-makers and the public alike. Based on the assessment threshold specified in 
the Environmental Noise Directive of the European Union (EU), at least 100 million people in the EU 
are affected by road traffic noise, and in western Europe alone at least 1.6 million healthy years of life 
are lost as a result of road traffic noise.

At the request of Member States at the Fifth Ministerial Conference on Environment and Health in 
Parma, Italy, in March 2010, the WHO Regional Office for Europe has developed these guidelines, 
based on the growing understanding of the health impacts of exposure to environmental noise. 
They provide robust public health advice, which is essential to drive policy action that will protect 
communities from the adverse effects of noise.

These WHO guidelines – the first of their kind globally – provide recommendations for protecting 
human health from exposure to environmental noise originating from various sources. They not only 
offer robust public health advice but also serve as a solid basis for future updates, given the growing 
recognition of the problem and the rapid advances in research on the health impacts of noise. 
The comprehensive process of developing the guidelines has followed a rigorous methodology; 
their recommendations are based on systematic reviews of evidence that consider more health 
outcomes of noise exposure than ever before. Through their potential to influence urban, transport 
and energy policies, these guidelines contribute to the 2030 Agenda for Sustainable Development 
and support WHO’s vision of creating resilient communities and supportive environments in the 
European Region.

Following the publication of WHO’s community noise guidelines in 1999 and night noise guidelines 
for Europe in 2009, these latest guidelines represent the next evolutionary step, taking advantage of 
the growing diversity and quality standards in this research domain. Comprehensive and robust, and 
underpinned by evidence, they will serve as a sound basis for action. While these guidelines focus on 
the WHO European Region and provide policy guidance to Member States that is compatible with 
the noise indicators used in the EU’s Environmental Noise Directive, they still have global relevance. 
Indeed, a large body of the evidence underpinning the recommendations was derived not only from 
noise effect studies in Europe but also from research in other parts of the world – mainly in Asia, 
Australia and the United States of America.

I am proud to present these guidelines as another leading example of the normative work undertaken 
in our Region in the area of environment and health. On behalf of the WHO Regional Office for Europe 
and our European Centre for Environment and Health in Bonn, Germany, which coordinated the 
development of the guidelines, I would like to express my gratitude to the large network of experts, 
partners, colleagues and consultants who have contributed to this excellent publication. I would also 
like to thank Switzerland and Germany for providing financial support to this complex project, and 
look forward to following the influence of the guidelines on policy and research in the years to come. 

Dr Zsuzsanna Jakab

WHO Regional Director for Europe
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Glossary of acoustic terms
A-weighting		  A frequency-dependent correction that is applied to a measured or 		
			   calculated sound of moderate intensity to mimic the varying sensitivity of 	
			   the ear to sound for different frequencies

C-weighting		  A frequency-dependent correction that is applied to a measured or 		
			   calculated sound of moderate intensity to mimic the varying sensitivity 
			   of the ear to sound for different frequencies – C-weighting is usually used 	
			   for peak measurements

FAST 			   Fast response has a time constant of 125 milliseconds on a sound level 	
			   meter

LAeq,T			   A-weighted, equivalent continuous sound pressure level during a stated 	
			   time interval starting at t1 and ending at t2, expressed in decibels (dB), at a 	
			   given point in space1

LA,max	 		  Maximum time-weighted and A-weighted sound pressure level within a 	
			   stated time interval starting at t1 and ending at t2, expressed in dB1

LAF			   A-weighted sound pressure level with FAST time constant as specified in 	
			   IEC 61672-11

LAF,max			   Maximum time-weighted and A-weighted sound pressure level with FAST 	
			   time constant within a stated time interval starting at t1 and ending at t2, 	
			   expressed in dB

LAS,max 			   Maximum time-weighted and A-weighted sound pressure level with SLOW 	
			   time constant within a stated time interval starting at t1 and ending at t2, 	
			   expressed in dB

LE			   Sound energy density level is the logarithmic ratio of the time-averaged 	
			   sound energy per unit volume to the reference sound energy density 
			   Eo = 10-12 J/m3.

Lex,8h			   Leq (equivalent continuous sound level) corrected for the length of the 	
			   working shift, in this case 8 hours

Lday 			   Equivalent continuous sound pressure level when the reference time interval 	
			   is the day1

Lden			   Day-evening-night-weighted sound pressure level as defined in section 	
			   3.6.4 of ISO 1996-1:20161

Ldn			   Day-night-weighted sound pressure level as defined in section 3.6.4 of 
			   ISO 1996-1:20161 

Levening			   Equivalent continuous sound pressure level when the reference time interval 	
			   is the evening1 

1 Source: ISO (2016).
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Lnight 			   Equivalent continuous sound pressure level when the reference time interval 	
			   is the night1

Lpeak,C			   Level of peak sound pressure with C-weighting, within a specified time 	
			   interval 

Lpeak,lin			   Level of peak sound pressure with linear frequency weighting, within a 	
			   specified time interval 

Sound pressure level	 the logarithm of the ratio of a given sound pressure to the reference sound 	
			   pressure in dB is 20 times the logarithm to the base ten of the ratio.

SLOW 			  Slow response has a time constant of 10 000 milliseconds on a sound level 	
			   meter
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Executive summary
Environmental noise is an important public health issue, featuring among the top environmental risks 
to health. It has negative impacts on human health and well-being and is a growing concern among 
both the general public and policy-makers in Europe. 

At the Fifth Ministerial Conference on Environment and Health in Parma, Italy, in 2010, WHO was 
requested by the Member States in the European Region to produce noise guidelines that included 
not only transportation noise sources but also personal electronic devices, toys and wind turbines, 
which had not yet been considered in existing guidelines. Furthermore, European Union Directive 
2002/49/EC relating to the assessment and management of environmental noise (END) and 
related technical guidance from the European Environment Agency both elaborated on the issue of 
environmental noise and the importance of up-to-date noise guidelines. 

The WHO Regional Office for Europe has therefore developed environmental noise guidelines for 
the European Region, proposing an updated set of public health recommendations on exposure to 
environmental noise.

Objectives
The main purpose of these guidelines is to provide recommendations for protecting human health 
from exposure to environmental noise originating from various sources: transportation (road traffic, 
railway and aircraft) noise, wind turbine noise and leisure noise. Leisure noise in this context refers to 
all noise sources that people are exposed to due to leisure activities, such as attending nightclubs, 
pubs, fitness classes, live sporting events, concerts or live music venues and listening to loud music 
through personal listening devices. The guidelines focus on the WHO European Region and provide 
policy guidance to Member States that is compatible with the noise indicators used in the European 
Union’s END. 

The following two key questions identify the issues addressed by the guidelines.

•	In the general population exposed to environmental noise, what is the exposure–response 
relationship between exposure to environmental noise (reported as various indicators) and the 
proportion of people with a validated measure of health outcome, when adjusted for confounders?

•	In the general population exposed to environmental noise, are interventions effective in reducing 
exposure to and/or health outcomes from environmental noise? 

In light of these questions, the guidelines set out to define recommended exposure levels for 
environmental noise in order to protect population health. 

Methods used to develop the guidelines 
The process of developing the WHO guidelines followed a rigorous methodology involving 
several groups with separate roles and responsibilities. Throughout the process, the Grading of 
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Recommendations Assessment, Development and Evaluation (GRADE) approach was followed. In 
particular, the different steps in the development of the guidelines included: 

•	formulation of the scope and key questions of the guidelines;

•	review of the pertinent literature; 

•	selection of priority health outcome measures; 

•	a systematic review of the evidence; 

•	assessment of certainty of the bodies of evidence resulting from systematic reviews; 

•	identification of guideline exposure levels; and

•	setting of the strength of recommendations. 

Based on the defined scope and key questions, these guidelines reviewed the pertinent literature 
in order to incorporate significant research undertaken in the area of environmental noise and 
health since the community noise guidelines and night noise guidelines for Europe were issued 
(WHO, 1999; WHO Regional Office for Europe, 2009). In total, eight systematic reviews of evidence 
were conducted to assess the relationship between environmental noise and the following health 
outcomes: cardiovascular and metabolic effects; annoyance; effects on sleep; cognitive impairment; 
hearing impairment and tinnitus; adverse birth outcomes; and quality of life, mental health and well-
being. A separate systematic review of evidence was conducted to assess the effectiveness of 
environmental noise interventions in reducing exposure and associated impacts on health.2 Once 
identified and synthesized, the quality of the evidence of the systematic reviews was assessed by 
the Systematic Review Team. Subsequently, the Guideline Development Group (GDG) formulated 
recommendations, guided by the Systematic Review Team’s assessment and informed by of a 
number of additional contextual parameters. To facilitate the formulation of recommendations, the 
GDG first defined priority health outcomes and then selected the most relevant health outcome 
measures for the outcomes. Consecutively, a process was developed to identify the guideline 
exposure levels with the help of the exposure–response functions provided by the systematic 
reviews. To reflect the nature of the research (observational studies) underpinning the relationship 
between environmental noise and health, the GRADE procedures were adapted to the requirements 
of environmental exposure studies where needed. 

Noise indicators
From a scientific point of view, the best noise indicator is the one that performs best in predicting the 
effect of interest. There are, however, a number of additional criteria that may influence the choice 
of indicator. For example, various indicators might be suitable for different health end-points. Some 
considerations of a more political nature can be found in the European Commision’s Position paper 
on EU noise indicators (EC, 2000). 

2	 All systematic reviews are publicly available online in the International Journal of Environmental Research and Public 
Health. A detailed list of links to the individual reviews is provided in section 2.3.2 and in Annex 2 of these guidelines.
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The current guidelines are intended to be suitable for policy-making in the WHO European Region. 
They therefore focus on the most used noise indicators Lden and/or Lnight (see the glossary of acoustic 
terms for further details). They can be constructed using their components (Lday, Levening, Lnight and the 
duration in hours of Lnight), and are provided for exposure at the most exposed façade, outdoors. 
The Lden and Lnight indicators are those generally reported by authorities and are widely used for 
exposure assessment in health effect studies. 

Recommendations
Specific recommendations have been formulated for road traffic noise, railway noise, aircraft noise, 
wind turbine noise and leisure noise. Recommendations are rated as either strong or conditional. 

Strength of recommendation

•	A strong recommendation can be adopted as policy in most situations. The guideline is based 
on the confidence that the desirable effects of adherence to the recommendation outweigh the 
undesirable consequences. The quality of evidence for a net benefit – combined with information 
about the values, preferences and resources – inform this recommendation, which should be 
implemented in most circumstances.

•	A conditional recommendation requires a policy-making process with substantial debate and 
involvement of various stakeholders. There is less certainty of its efficacy owing to lower quality of 
evidence of a net benefit, opposing values and preferences of individuals and populations affected 
or the high resource implications of the recommendation, meaning there may be circumstances 
or settings in which it will not apply.

Alongside specific recommendations, several guiding principles were developed to provide generic 
advice and support for the incorporation of recommendations into a policy framework. They apply 
to the implementation of all of the specific recommendations.

Guiding principles: reduce, promote, coordinate and involve 

•	Reduce exposure to noise, while conserving quiet areas.

•	Promote interventions to reduce exposure to noise and improve health. 

•	Coordinate approaches to control noise sources and other environmental health risks. 

•	Inform and involve communities potentially affected by a change in noise exposure.

The recommendations, source by source, are as follows.
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              Road traffic noise

Recommendation Strength

For average noise exposure, the GDG strongly recommends reducing 
noise levels produced by road traffic below 53 decibels (dB) Lden, as road 
traffic noise above this level is associated with adverse health effects.

Strong 

For night noise exposure, the GDG strongly recommends reducing noise 
levels produced by road traffic during night time below 45 dB Lnight, as 
night-time road traffic noise above this level is associated with adverse 
effects on sleep. 

Strong

To reduce health effects, the GDG strongly recommends that policy-
makers implement suitable measures to reduce noise exposure from road 
traffic in the population exposed to levels above the guideline values for 
average and night noise exposure. For specific interventions, the GDG 
recommends reducing noise both at the source and on the route between 
the source and the affected population by changes in infrastructure. 

Strong

             

	 Railway noise 

Recommendation Strength

For average noise exposure, the GDG strongly recommends reducing 
noise levels produced by railway traffic below 54 dB Lden, as railway noise 
above this level is associated with adverse health effects. 

Strong 

For night noise exposure, the GDG strongly recommends reducing noise 
levels produced by railway traffic during night time below 44 dB Lnight, as 
night-time railway noise above this level is associated with adverse effects 
on sleep.

Strong

To reduce health effects, the GDG strongly recommends that policy-
makers implement suitable measures to reduce noise exposure from 
railways in the population exposed to levels above the guideline values for 
average and night noise exposure. There is, however, insufficient evidence 
to recommend one type of intervention over another.

Strong
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            Aircraft noise 

Recommendation Strength

For average noise exposure, the GDG strongly recommends reducing noise 
levels produced by aircraft below 45 dB Lden, as aircraft noise above this 
level is associated with adverse health effects. 

Strong

For night noise exposure, the GDG strongly recommends reducing noise 
levels produced by aircraft during night time below 40 dB Lnight, as night-
time aircraft noise above this level is associated with adverse effects on 
sleep. 

Strong

To reduce health effects, the GDG strongly recommends that policy-makers 
implement suitable measures to reduce noise exposure from aircraft in the 
population exposed to levels above the guideline values for average and 
night noise exposure. For specific interventions the GDG recommends 
implementing suitable changes in infrastructure.

Strong

            Wind turbine noise

Recommendation Strength

For average noise exposure, the GDG conditionally recommends 
reducing noise levels produced by wind turbines below 45 dB Lden, as 
wind turbine noise above this level is associated with adverse health 
effects. 

Conditional

No recommendation is made for average night noise exposure Lnight of 
wind turbines. The quality of evidence of night-time exposure to wind 
turbine noise is too low to allow a recommendation. 

To reduce health effects, the GDG conditionally recommends that policy-
makers implement suitable measures to reduce noise exposure from 
wind turbines in the population exposed to levels above the guideline 
values for average noise exposure. No evidence is available, however, to 
facilitate the recommendation of one particular type of intervention over 
another.

Conditional
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               Leisure noise3

Recommendation Strength

For average noise exposure, the GDG conditionally recommends reducing 
the yearly average from all leisure noise sources combined to 70 dB LAeq,24h 
as leisure noise above this level is associated with adverse health effects. 
The equal energy principle3 can be used to derive exposure limits for other 
time averages, which might be more practical in regulatory processes. 

Conditional

For single-event and impulse noise exposures, the GDG conditionally 
recommends following existing guidelines and legal regulations to limit the 
risk of increases in hearing impairment from leisure noise in both children 
and adults.

Conditional

Following a precautionary approach, to reduce possible health effects, 
the GDG strongly recommends that policy-makers take action to prevent 
exposure above the guideline values for average noise and single-event 
and impulse noise exposures. This is particularly relevant as a large number 
of people may be exposed to and at risk of hearing impairment through the 
use of personal listening devices. There is insufficient evidence, however, to 
recommend one type of intervention over another.

Strong

Target audience 
The guidelines are published by the WHO Regional Office for Europe. In terms of their health 
implications, the recommended exposure levels can be considered applicable in other regions and 
suitable for a global audience, as a large body of the evidence underpinning the recommendations 
was derived not only from European noise effect studies but also from research in other parts of the 
world – mainly in America, Asia and Australia. 

3	 The equal energy principle states that the total effect of sound is proportional to the total amount of sound energy 
received by the ear, irrespective of the distribution of that energy in time (WHO, 1999).
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1. Introduction
Environmental noise features among the top environmental risks to physical and mental health and 
well-being, with a substantial associated burden of disease in Europe (WHO Regional Office for 
Europe & JRC, 2011; Hänninen et al., 2014). It has negative impacts on human health and well-
being and is a growing concern among both the general public and policy-makers in Europe. 

WHO published community noise guidelines (CNG) and night noise guidelines (NNG) for Europe 
in 1999 and 2009, respectively (WHO, 1999; WHO Regional Office for Europe, 2009). Since then, 
significant new evidence has accumulated on the health effects of environmental noise. 

The need for updated health-based guidelines originates in part from commitments made at the 
Fifth Ministerial Conference on Environment and Health in Parma, Italy, in 2010, where Member 
States asked WHO to produce appropriate noise guidelines that would include additional noise 
sources such as personal electronic devices, toys and wind turbines (WHO Regional Office for 
Europe, 2010). Furthermore, European Union (EU) Directive 2002/49/EC relating to the assessment 
and management of environmental noise (the END – EC, 2002a) and related technical guidance 
from the European Environment Agency (EEA) both elaborated on the issue of environmental noise 
and the importance of up-to-date noise guidelines (EEA, 2010). 

The WHO Regional Office for Europe has therefore developed environmental noise guidelines for 
the European Region, proposing an updated set of public health recommendations on exposure 
to environmental noise. The main purpose of these guidelines is to provide recommendations for 
protecting human health from exposure to environmental noise originating from various sources: 
transportation (road traffic, railway and aircraft) noise, wind turbine noise and leisure noise. The 
guidelines focus on the WHO European Region and provide policy guidance to Member States that 
is compatible with the noise indicators used in the EU’s END. 

The following two key questions identify the issues addressed by the guidelines.

•	In the general population exposed to environmental noise, what is the exposure–response 
relationship between exposure to environmental noise (reported as various indicators) and the 
proportion of people with a validated measure of health outcome, when adjusted for confounders?

•	In the general population exposed to environmental noise, are interventions effective in reducing 
exposure to and/or health outcomes from environmental noise? 

1.1 The public health burden from environmental noise
Exposure to noise can lead to auditory and nonauditory effects on health. Through direct injury to 
the auditory system, noise leads to auditory effects such as hearing loss and tinnitus. Noise is also 
a nonspecific stressor that has been shown to have an adverse effect on human health, especially 
following long-term exposure. These effects are the result of psychological and physiological distress, 
as well as a disturbance of the organism’s homeostasis and increasing allostatic load (Basner et 
al., 2014). This is further outlined in the WHO narrative review of the biological mechanisms of 
nonauditory effects (Eriksson et al., 2018). 



2

Envi ronmenta l  Noise Guidel ines

The evidence of the association between noise exposure and health effects is based on experimental 
work regarding biological plausibility and, in observational studies, consistency among study results, 
presence of an exposure–response relationship and the magnitude of the effect. Environmental 
noise risk assessment and risk management relies on established exposure–response relationships 
(Babisch, 2014).

In 2011 the WHO Regional Office for Europe and the European Commission (EC) Joint Research 
Centre (JRC) published a report on the burden of disease from environmental noise that quantified 
the healthy years of life lost in western Europeam countries as a result of environmental noise 
(WHO Regional Office for Europe & JRC, 2011). The burden of disease is calculated, in a single 
measure of disability-adjusted life-years (DALYs), as the sum of the years of life lost from premature 
mortality and the years lived with disability for people living with the disease or health condition or its 
consequences in the general population (WHO, 2014a). 

Sufficient information was deemed available to quantify the burden of disease from environmental 
noise for cardiovascular disease, cognitive impairment in children, sleep disturbance, tinnitus and 
annoyance. The report, based on a limited set of data, estimated that DALYs lost from environmental 
noise in western European countries are equivalent to 61 000 years for ischaemic heart disease (IHD), 
45 000 years for cognitive impairment in children, 903 000 years for sleep disturbance, 22 000 years 
for tinnitus and 654 000 years for annoyance (WHO Regional Office for Europe & JRC, 2011). These 
results indicate that at least one million healthy years of life are lost every year from traffic-related 
environmental noise in western Europe. Sleep disturbance and annoyance, mostly related to road 
traffic noise, constitute the bulk of this burden. Available assessments place the burden of disease 
from environmental noise as the second highest after air pollution (WHO Regional Office for Europe 
& JRC, 2011;  Hänninen et al., 2014; WHO 2014b). However, a lack of noise exposure data in the 
central and eastern parts of the WHO European Region means that it is not possible to assess the 
burden of disease from environmental noise for the whole Region.

1.2 The environmental noise policy context in the EU
The EU has been working to develop a harmonized noise policy for more than two decades. 1993 
saw the start of the EC’s Fifth Environment Action Programme, which stated that “no person should 
be exposed to noise levels which endanger health and quality of life” (EC, 1993). This was followed 
by a Green Paper on future noise policy (EC, 1996), which reinforced the importance of noise as 
one of the main environmental problems in Europe and proposed a new framework for noise policy 
development. 

The Sixth Environment Action Programme had as one of its objectives: “to achieve a quality of 
environment where the levels of man-made contaminants do not give rise to significant impacts 
on, or risks to, human health” (EC, 2002b). This paved the way for the Commission to adopt and 
implement the END in 2002 (EC, 2002a). The main aim of the Directive is “to define a common 
approach intended to avoid, prevent or reduce on a prioritized basis the harmful effects, including 
annoyance, due to exposure to environmental noise”. 
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The END obliges the EC to adapt its Annexes I–III (I on noise indicators in addition to Lden
4 and 

Lnight
5, II on noise assessment methods and III on methods for assessing harmful effects of noise) to 

technical and scientific progress. While work on revising Annex II was finalized in 2015 and common 
noise assessment methods were introduced (EC, 2015), revisions of Annex III to establish methods 
to assess the harmful effects of noise only started in 2015. Annex III would primarily define what 
exposure–response relationships should be used to assess the effect of noise on populations. EU 
Member States have already expressed the view that the recommendations from these environmental 
noise guidelines for the WHO European Region will guide the revision of Annex III. Beside this main 
directive, few other legislative documents cover different noise sources and other related issues in 
the EU (EEA, 2014: Annex I). 

The Seventh Environment Action Programme, which guides European environment policy until 2020 
(EC, 2014a), is committed to safeguarding the EU’s citizens from environment-related risks to health 
by ensuring that by 2020 “noise pollution in the Union has significantly decreased, moving closer to 
WHO-recommended levels”. A particular requirement for achieving this is “implementing an updated 
EU noise policy aligned with the latest scientific knowledge, and measures to reduce noise at source, 
and including improvements in city design”. 

In addition to the EU’s END, several national governments also have legislation and/or limit values 
that apply at national and/or regional levels (WHO Regional Office for Europe, 2012). The EEA, 
through its European Topic Centre on Land Use and Spatial Information, gathers noise exposure 
data and maintains the Noise Observation and Information Service for Europe, based on strategic 
noise maps provided by Member States (EEA, 2018). A total of 33 EEA countries, in addition to six 
cooperating countries in south-eastern Europe, report information on noise exposure to the EEA, 
following the requirements of the END. The quality and availability of noise exposure assessment 
differs between EU and non-EU Member States where, even if noise legislation has been harmonized 
with the Directive, noise mapping and action plans are still at the planning stage (EEA, 2014; 2017a; 
WHO Regional Office for Europe, 2012).

1.2.1 Definition of indicators in the END
The END specifies a number of noise indicators to be applied by Member States in noise mapping 
and action planning. The most important are Lden and Lnight.

The Lden indicator is an average sound pressure level over all days, evenings and nights in a year 
(EEA, 2010). This compound indicator was adopted by the EU in the END (EC, 2002a). The Lden in 
decibels (dB) is defined by a specific formula, where:

•	Lday is the A-weighted long-term average sound level as defined in ISO 1996-1: 2016, determined 
over all the day periods of a year; 

•	Levening is the A-weighted long-term average sound level as defined in ISO 1996-1: 2016, determined 
over all the evening periods of a year; and 

•	Lnight is the A-weighted long-term average sound level as defined in ISO 1996-1: 2016, determined 
over all the night periods of a year (ISO, 2016). 

4	 Day-evening-night-weighted sound pressure level as defined in section 3.6.4 of ISO 1996-1:20161 (ISO, 2016).	
5	 Equivalent continuous sound pressure level when the reference time interval is the night.
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The Lnight, according to the definition in the END, is an equivalent outdoor sound pressure level, 
measured at the most exposed façade, associated with a particular type of noise source during 
night time (at least eight hours), calculated over a period of a year (WHO Regional Office for Europe, 
2009). 

Annex I of the END gives technical definitions for Lden and Lnight, as well as supplementary noise 
indicators, which might be useful for monitoring special noise situations. For example, in the case 
of noisy but short-lived noise like shooting noise or noise emitted by trains, LA,max is often used. This 
is a measure of the maximum sound pressure reached during a defined measurement period. It is 
used to set noise limits and is sometimes considered in studies to determine certain health effects 
(such as awakening reactions).

1.3 Perceptions of environmental noise in the WHO European Region

1.3.1 Trends at the regional level
The general population greatly values the benefits of clean and quiet environments. In Europe, people 
perceive noise as an important issue that affects human health and well-being (EC, 2008; 2014b). 
In recent years, several Europe-wide surveys have examined the perception of noise as an issue 
among the population. Overall, these surveys ask about generic noise, referring to “neighbourhood 
noise” or “noise from the street”. This type of noise differs significantly in its definition from what is 
considered “environmental noise” in these guidelines. Nevertheless, in the absence of specific large 
surveys on perceptions of environmental noise as defined in these guidelines, the results provide 
insight into the public perception of this issue.

The European quality-of-life surveys, carried out every four years, are unique, pan-European surveys 
examining both the objective circumstances of lives of European citizens and how they feel about 
those circumstances and their lives in general. The last (fourth) survey was conducted in 2016–2017, 
involving nearly 37 000 citizens from all EU Member States and the five candidate countries (Albania, 
Montenegro, Serbia, the former Yugoslav Republic of Macedonia and Turkey). Respondents were 
asked whether they had major, moderate or no problems with noise in the immediate neighbourhood 
of their home. Almost one third (32%) reported problems with noise (ranging from 14% to 51% in 
individual countries), mainly in cities or city suburbs (49%) (Eurofound, 2017).

A 2010 survey of the then 27 countries in the EU, requested by the EC, showed that 80% of 
respondents (n = 26 602) believed that noise affects their health, either to some or to a great extent 
(EC, 2010). 

A Eurobarometer report on attitudes of European citizens towards the environment (EC, 2014b) 
compiled opinions on various environmental risks from almost 28 000 respondents in 28 EU countries. 
Results showed that for 15% of respondents, noise pollution is one of the top five environmental 
issues they are worried about. Furthermore, 17% of respondents said that they lack information 
about noise pollution.
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1.3.2 Trends at the national level
Data on perception of specific sources of environmental noise as a problem are not available for 
the entire WHO European Region. Nevertheless, some countries – including France, Germany, the 
Netherlands, Slovakia and the United Kingdom – conduct national surveys on noise annoyance, 
either regularly or on demand (Sobotova et al., 2006; Lambert & Philipps-Bertin, 2008; van Poll et 
al., 2011; Centraal Bureau voor de Statistiek, 2012; Notley et al., 2014; Umweltbundesamt, 2017). 

According to these large-scale surveys, road traffic noise is the most important source of annoyance, 
generally followed closely by neighbour noise. Aircraft noise can also be a substantial source of 
annoyance. Railway noise and industrial noise are enumerated less frequently. Only limited data are 
available on the population’s perception of newer sources of noise, such as wind turbines.

While perception surveys do not provide information on actual quantitative relationships between 
noise exposure and health outcomes, it is important to note that the results of such surveys 
represent people’s preferences and values regarding environmental noise. Despite limitations and 
an incomplete picture, the available data on perception of environmental noise as a public health 
problem show concern in Europe. People are not always aware of the health impacts of noise, 
especially of those related to long-term noise exposure at lower levels. Greater awareness of the 
issue may further increase positive values and preferences.

1.4 Target audience 
The environmental noise guidelines for the European Region serve as a reference for an audience 
made up of different groups, with varied areas of expertise including decision-making, research and 
advocacy. More specifically, this covers:

•	various technical experts and decision-makers at the local, national or international levels, with 
responsibility for developing and implementing regulations and standards for noise control, urban 
planning and housing, and other relevant environment and health domains; 

•	health impact assessment and environmental impact assessment practitioners and researchers; 

•	national and local authorities responsible for developing and implementing relevant measures and 
for risk communication; 

•	nongovernmental organizations and other advocacy groups involved in risk communication and 
general awareness-raising.

These guidelines are published by the WHO Regional Office for Europe. In terms of their health 
implications, the recommended exposure levels can be considered applicable in other regions and 
suitable for a global audience, as a large body of the evidence underpinning the recommendations 
was derived not only from European noise effect studies but also from research in other parts of the 
world – mainly in America, Asia and Australia.
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2. Development of the guidelines
2.1 Overview
The process of developing WHO guidelines follows a rigorous methodology and involves several 
groups with well defined roles and responsibilities (WHO, 2014c). These include: formulation of the 
scope and key questions of the guidelines; review of the pertinent literature; selection of priority health 
outcome measures; a systematic review of the evidence; an assessment of certainty of the bodies 
of evidence resulting from systematic reviews; identification of guideline exposure levels; and setting 
of the strength of recommendations. Throughout the process, the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) approach was followed (Morgan et al., 2016).

The development of environmental noise guidelines started in 2013. Following WHO’s procedures, 
the WHO Regional Office for Europe, through its European Centre for Environment and Health in 
Bonn, Germany, obtained planning approval and established a Steering Group and a Guideline 
Development Group (GDG). The former was primarily involved in initiating, structuring and 
executing the guideline development process; the latter was composed of leading experts and 
end-users, responsible for the process of scoping the guidelines and developing the evidence-
based recommendations. During the initiation meeting in October 2013 in Bonn, the GDG members 
defined the scope of the guidelines, decided on the key questions to be addressed, prioritized health 
outcomes and set a timeline for completion of the work. Furthermore, authors were appointed for 
background papers, systematic reviews and different guideline background chapters. 

In October 2014 a main evidence review meeting was held between the GDG and the Systematic 
Review Team in Bern, Switzerland, to discuss the evidence review drafts. In October 2014 and May 
2015 the GDG met in Bern and Bonn, respectively, to refine the scope and draft recommendations. 
The revision and finalization of the systematic reviews of evidence was completed in early 2017. 
Through a series of remote meetings and teleconferences, the GDG discussed and addressed 
the remaining outstanding issues and feedback from the peer review of the draft guidelines, and 
decided on the final formulation of the recommendations. The following sections describe the steps 
of the guideline development process in detail. 

2.2 Scope of the guidelines 
Defining the scope of the guidelines included the selection of noise sources to be considered, as 
well as situations in which people are exposed, and noise indicators used for the formulation of 
recommendations. These guidelines separately consider outdoor exposure to environmental noise 
from road traffic, railway traffic, aircraft, wind turbines as well as outdoor and indoor exposure during 
leisure activities (such as attending nightclubs, pubs, fitness classes, live sporting events, concerts 
or live music venues and listening to loud music through personal listening devices). The guidelines 
are source specific and not environment specific. They therefore cover all settings where people 
spend a significant portion of their time, such as residences, educational institutions, workplaces 
and public venues, although hospital noise is exempted from the list of public institutions owing to 
the unique characteristics of the population involved. 
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The GDG agreed not to develop specific recommendations for occupational and industrial noise. 
Industrial noise can affect both people working at an industrial site and those living in its vicinity. 
The guidelines do not consider workers’ exposure to noise in industrial environments, as these 
are regulated by workplace standards and may, in some cases, require the wearing of protective 
equipment or application of other preventive and protective measures. Further, the guidelines do 
not explicitly consider industrial noise as an environmental noise source, affecting people living in 
the vicinities of industrial sites. This is mainly due to the large heterogeneity and specific features of 
industrial noise, and the fact that exposure to industrial noise has a very localized character in the 
urban population. 

Likewise, the current guidelines do not provide specific recommendations for the prevention of 
health effects linked to neighbourhood noise. Neighbourhood noise may stem from various potential 
sources of noise (such as ventilation systems; church bells; animals; neighbours; commercial, 
recreational and occupational activities; or shooting/military). As the sources may be located in close 
proximity to where people live, they can cause considerable concern even at low levels (Omlin et al., 
2011). Several of these sources can also produce low-frequency noise, and as such, require indoor 
measurements for proper exposure assessment. In general, little scientific research is available on 
exposure and health outcomes related to neighbourhood noise.

Moreover, the guidelines do not include recommendations about any kind of multiple exposures. In 
everyday life people are often exposed to noise from several sources at the same time. In Germany, 
for example, 44% of the population are annoyed by at least two and up to five sources of noise 
(Umweltbundesamt, 2015). For some health outcomes, such as obesity, new evidence indicates 
that combined exposure to noise from several means of transportation is particularly harmful (Pyko 
et al., 2015; 2017). 

Research indicates that, alongside exposure to more than one source of noise, combined exposure 
to different factors – for example, noise and vibration or noise and air pollution – has gained 
increasing relevance in recent years (Sörensen et al., 2017). The EC estimates that the social cost 
of noise and air pollution is up to €1 trillion every year (EC, 2016a). WHO acknowledges the need 
to develop comprehensive models to quantify the effects of multiple exposures on human health. 
As the main body of evidence on environmental noise still focuses on source-specific impacts of 
noise on health outcomes and does not incorporate combined exposure effects of multiple noise 
sources or other pollutants, however, the current guidelines provide recommendations for each 
source of noise specifically. No attempt has been made to combine noise from multiple sources for 
any particular health outcome.

2.2.1 Key questions
The environmental noise guidelines for the WHO European Region seek to address two main 
questions, which define the issues addressed by the guideline recommendations.

•	In the general population exposed to environmental noise, what is the exposure–response 
relationship between exposure to environmental noise (reported as various indicators) and the 
proportion of people with a validated measure of health outcome, when adjusted for confounders?

•	In the general population exposed to environmental noise, are interventions effective in reducing 
exposure to and/or health outcomes from environmental noise? 
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2.2.2 Environmental noise indicators used in the guidelines
From a scientific point of view, the best noise indicator is the one that performs best in predicting the 
effect of interest. There are, however, a number of additional criteria that may influence the choice of 
indicator because, for example, various indicators might be suitable for different health end-points 
and some indicators are more practical to use or easier to calculate than others. Some of these 
considerations are of a more political nature, as mentioned in the EC’s Position paper on EU noise 
indicators (EC, 2000).

The current guidelines are intended to be suitable for policy-making primarily in the WHO European 
Region. They are therefore based on the most frequently used average noise indicators in Europe: 
Lden and Lnight. These are often reported by authorities and are used widely for exposure assessment 
in health effect studies and noise impact assessments in the Region. The Lden (also referred to as 
“DENL”) indicator can be calculated as the A-weighted average sound pressure level, measured 
over a 24-hour period, with a 10 dB penalty added to the average level in the night (23:00–07:00 or 
22:00–06:00), a 5 dB penalty added to the evening (19:00–23:00 or 18:00–22:00) and no penalty 
added to the daytime period (07:00–19:00 or 06:00–18:00). The penalties are introduced to indicate 
people’s extra sensitivity to noise during the evening and night. The Lnight indicator is the A-weighted 
average sound pressure level, measured over an eight-hour period during night time, usually between 
23:00 and 07:00 (EC, 2002a).

In these guidelines, Lden and Lnight refer to a measurement or calculation of noise exposure at the 
most exposed façade, outdoors, reflecting the long-term average exposure. Thus, Lden and Lnight 
represent all the single noise events due to a specific noise source that occur over a longer period 
of time, such as during a year. Moreover, most health outcomes considered in these guidelines are 
expected to occur as a result of long-term exposure. It is generally accepted that the most relevant 
parts of the whole day or night, which especially account for the time when a person is at home, are 
correctly attributed when using average indicators like Lden or Lnight. 

The majority of studies that form the body of evidence for the recommendations in these guidelines 
– among them large-scale epidemiological studies and socioacoustic surveys on annoyance and 
self-reported sleep disturbance – refer to noise exposure measured outdoors, usually at the most 
exposed façade of dwellings. Virtually all noise exposure prediction models in use today estimate 
free-field exposure levels outdoors, and most noise abatement regulations refer to outdoor levels 
as well. These are the practical reasons why the GDG decided not to recommend any guideline 
values for noise indoors. Nevertheless, in certain cases it could be helpful to estimate indoor levels 
based on outdoor values. The differences between indoor and outdoor levels are usually estimated 
at around 10 dB for open, 15 dB for tilted or half-open and about 25 dB for closed windows. When 
considering more accurate estimation of indoor levels, using a range of different predictors, the 
relevant scientific literature can be consulted (Locher et al., 2018). 

The GDG was aware of the fact that many countries outside the EU are not bound by the terms of the 
END (EC, 2002a) and/or use noise indicators other than Lden or Lnight in their noise regulations. They 
still can make use of these guidelines, however, because energy-based average noise indicators 
are usually highly correlated and “rule of thumb” transformations from one indicator to another are 
possible with acceptable uncertainty, as long as the conversion accounts for the long-term average 
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of populations, rather than individual exposure situations. Empirically derived generic conversion 
terms between a wide range of different noise indicators (including Lden, Ldn, Lday, Lnight and LAeq,24h; see 
the glossary of acoustic terms for further details), with their uncertainty estimates, were published 
recently (Brink et al., 2018). The GDG encourages the use of these conversions, should the need 
arise.

In many situations, average noise levels like the Lden or Lnight indicators may not be the best to explain 
a particular noise effect. Single-event noise indicators – such as the maximum sound pressure 
level (LA,max)

6 and its frequency distribution – are warranted in specific situations, such as in the 
context of night-time railway or aircraft noise events that can clearly elicit awakenings and other 
physiological reactions that are mostly determined by LA,max. Nevertheless, the assessment of the 
relationship between different types of single-event noise indicators and long-term health outcomes 
at the population level remains tentative. The guidelines therefore make no recommendations for 
single-event noise indicators.

Different noise sources – for example, road traffic noise and railway noise – can be characterized 
by different spectra, different noise level rise times of noise events, different temporal distributions 
of noise events and different frequency distributions of maximum levels. Because of the extensive 
differences in the characteristics of individual noise sources, these guidelines only consider source-
specific exposure–response functions (ERFs) and, therefore, formulate only source-specific 
recommendations.

2.3 Evidence base 
Based on the overall scope and key questions the current guidelines review the relevant literature in 
the area of environmental noise and health in order to incorporate significant research undertaken 
since the publication of previous guidelines. The process of evidence search and retrieval involved 
several steps. These include the identification, retrieval and synthesis of the evidence, followed by a 
systematic review and assessment (described in section 2.4). 

2.3.1 Identification, retrieval and synthesis of evidence 
As a first step, the GDG identified key health outcomes associated with environmental noise. Next, 
it rated the relevance of these health outcomes according to the following three categories:

•	critical for assessing environmental noise issues 

•	important, but not critical for assessing environmental noise issues 

•	unimportant.

The GDG rated the relevance based on the seriousness and prevalence of the outcomes and the 
anticipated availability of evidence for an association with noise exposure. The following health 
outcomes were selected as either critical or important for developing recommendations on the 
health impacts of environmental noise.

6  LA,max is the maximum time-weighted and A-weighted sound pressure level within a stated time interval starting at t1 and 
ending at t2, expressed in dB.	
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Critical health outcome				    Important health outcome 

Cardiovascular disease 				    Adverse birth outcomes 

Annoyance7					     Quality of life, well-being and mental health 

Effects on sleep					     Metabolic outcomes 

Cognitive impairment 

Hearing impairment and tinnitus	

The GDG noted that research into the relationship between noise exposure and its effects on humans 
brings into focus several questions concerning the definition of health and the boundary between 
normal social reaction to noise and noise-induced ill health. As stated in WHO’s Constitution: “Health 
is a state of complete physical, mental and social well-being and not merely the absence of disease 
or infirmity” (WHO, 1946). Accordingly, documenting physical health does not present a complete 
picture of general health; and being undisturbed by noise in all activities, including sleep, constitutes 
an asset worthy of protection. Therefore, in accordance with the above definition, the GDG regarded 
(long-term) annoyance and impaired well-being, as well as self-reported sleep disturbance due to 
noise, as health outcomes.

Regarding sleep disturbance, the health outcome measures considered in these guidelines largely 
disregard “objective” indicators of sleep disturbance, such as the probability of awakening reactions 
or other polysomnography parameters. The main reason for this is the nature of the body of evidence 
on acute, objectively measured effects of noise during sleep. Studies of physiological effects of 
sleep and especially polysomnographic investigations are complex and resource-demanding; they 
therefore include only a small number of participants, who are often healthy young volunteers not 
representative of the general population. For these reasons, the majority of such studies do not 
meet the requirements for inclusion in the GRADE framework and full-scale meta-analysis, including 
adjustment for confounders. Furthermore, it is currently unclear how acute physiological reactions 
that affect the microstructure of sleep but are less well correlated with global sleep parameters, such 
as total sleep time, are related to long-term health impediments, especially considering the large 
interindividual differences in susceptibility to noise (Basner et al., 2011). 

As sleeping satisfies a basic need and the absence of undisturbed sleep can have serious effects 
on human health (WHO Regional Office for Europe, 2009), the GDG set self-reported sleep 
disturbance, in line with the WHO definition of health, as a primary health outcome. Even though 
self-reported sleep disturbance might differ considerably from objectively measured parameters of 
sleep physiology, it constitutes a valid indicator in its own right, as it reflects the effects on sleep 
perceived by an individual over a longer period of time (WHO Regional Office for Europe & JRC, 
2011). The importance of considering both annoyance and self-reported sleep disturbance as health 
outcomes is further supported by evidence indicating that they may be part of the causal pathway 
of noise-induced cardiovascular and metabolic diseases. This is further elaborated in the narrative 
review on biological mechanisms (Eriksson et al., 2018).

7 Noise annoyance is defined as a feeling of displeasure, nuisance, disturbance or irritation caused by a specific sound 
(Ouis, 2001). In the current guidelines, “annoyance” refers to long-term noise annoyance.	
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The second step in the evidence retrieval process constituted formulation of the key questions for 
the critical and important health outcomes and identification of the areas of evidence to be reviewed, 
following the PICOS/PECCOS approach defined in the WHO handbook for guideline development 
(WHO, 2014c). PICOS/PECCOS is an evidence-based technique that frames health care-related 
questions to facilitate the search for suitable studies that can provide answers to the questions at 
hand (Huang et al., 2006). The PICOS approach divides intervention questions into five elements: 
population, intervention, comparator, outcome and study design. In exposure studies, PICOS 
becomes PECCOS, which stands for population, exposure, comparator, confounder, outcome and 
study design. The specification of the elements of PICOS/PECCOS serves to construct the body 
of evidence that underpins each recommendation. Due to the complex nature of environmental 
noise, several distinct areas of evidence were defined to address each of the scoping questions 
comprehensively. 

For each of the critical and important health outcomes a systematic review was conducted (see 
also section 2.3.2). Health outcomes regarded as important were given less weight in the decision-
making process than critical ones. Inclusion and exclusion criteria to be regarded in the systematic 
evidence reviews were defined in accordance with the PICOS/PECCOS framework for the evaluation 
of evidence (see Table 1). All evidence that met the inclusion criteria was included in the systematic 
reviewing process. A detailed description of the types of measure for each of the health outcomes 
under consideration is provided in the protocol for conducting the systematic reviews (Héroux & 
Verbeek, 2018a). See Annex 2 for details of all background documents and systematic reviews used 
in preparation of these guidelines.

Table 1. 	Inclusion and exclusion criteria for evidence reviews of health effects of environmental 
noise

Category Inclusion criteria Exclusion criteria
Populations •	Members of the general population 

•	 Specific segments of the population particularly at risk 
(children or vulnerable groups)

•	 People exposed to noise in occupational settings (if 
relevant with combined exposure to environmental 
noise)

•	 Does not meet inclusion criteria

Exposure •	 Noise exposure levels, either measured or calculated 
and expressed in dB values

•	 Representative of the individual exposure of study 
participants (for most observational studies the dwelling 
location or home)

•	 Calculated levels for transportation noise (road, rail, air) 
based on traffic data reflecting the use of roads, railway 
lines and in- and outbound flight routes at airports

•	 Does not meet inclusion criteria; in 
particular:

- studies using hearing loss or 
hearing impairment as a proxy for 
(previous) noise exposure

- surveys assessing noise exposure 
or number of listening hours 
based on subjective ratings given 
by subjects in a questionnaire 

Confounders •	 No inclusion criteria applied since the relationship 
between exposure to noise and a health outcome can 
be confounded by other risk factors; however, possible 
confounders taken into account were assessed for 
every study

•	 No exclusion criteria applied; 
however, possible confounders 
taken into account were assessed 
for every study

[
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Category Inclusion criteria Exclusion criteria

Outcomes •	 Adverse birth outcomes

•	 Annoyance

•	 Cardiovascular disease

•	 Cognitive impairment 

•	 Effects on sleep

•	 Hearing impairment and tinnitus

•	Metabolic outcomes

•	Quality of life, mental health and well-being 

•	 Does not meet inclusion criteria

Study types •	 Cohort studies 

•	 Case-control studies 

•	 Cross-sectional studies 

•	 Ecological studies (only for cardiovascular disease)

•	 Does not meet inclusion criteria

Alongside the systematic reviews of the critical and important health outcomes, the GDG decided 
to review the evidence on health effects from noise mitigation measures and interventions to reduce 
noise levels in order to inform and complement the recommendations. 

Interventions on environmental noise were defined according to five broad categories based on the 
available intervention literature and the experience of decades of environmental noise management 
(see Table 2 and Brown & van Kamp, 2017). 

Table 2. Types of noise intervention 

Intervention 
type

Intervention 
category

Intervention subcategory

A Source intervention •	 change in emission levels of sources 

•	 time restrictions on source operations 

B Path intervention •	 change in the path between source and receiver

•	 path control through insulation of receiver/receiver’s dwelling

C New/closed 
infrastructure

•	 opening of a new infrastructure noise source

•	 closure of an existing one

•	 planning controls between (new) receivers and sources

D Other physical 
intervention

•	 change in other physical dimensions of dwelling/neighbourhood

E Behaviour change 
intervention

•	 change in individual behaviour to reduce exposure

•	 avoidance or duration of exposure

•	 community education, communication

The GDG recognized that nonacoustic factors are an important possible confounder in both ERFs 
between noise levels and critical health effects and the effects of acoustic interventions on health 
outcomes. Whereas the inclusion criteria for confounders were not specified in PECCOS for the 
systematic reviews of evidence, they were considered at the stage of assessing the quality of 

Table 1. contd.
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evidence, using the GRADE approach. Depending on the health effect under investigation, possible 
nonacoustic factors may include:

•	gender

•	age

•	education

•	subjective noise sensitivity

•	extroversion/introversion

•	general stress score

•	co-morbidity

•	length of residence

•	duration of stay at dwelling in the day

•	window orientation of a bedroom or living room towards the street

•	personal evaluation of the source

•	attitudes towards the noise source

•	coping capacity with respect to noise

•	perception of malfeasance by the authorities responsible

•	body mass index

•	smoking habits. 

In noise annoyance studies nonacoustic factors may explain up to 33% of the variance (Guski, 
1999). The higher the quality of evidence, the lower confounding effects of nonacoustic factors may 
be expected. Nevertheless, as with measurement errors, confounding cannot be avoided. 

Based on the retrieval and evaluation of the pertinent literature, the GDG decided to address the 
association of environmental noise from different sources and health outcomes separately and 
individually for each source of noise, and for critical and important health outcomes. 

In addition to the systematic reviews of the health effects of environmental noise, a narrative review 
of biological mechanisms of nonauditory effects was conducted (Eriksson et al., 2018). This covers 
literature related to pathways for nonauditory effects and provides supporting evidence on the 
association between environmental noise and health outcomes in humans, especially related to 
cardiovascular and metabolic diseases.

2.3.2 Systematic reviewing process
After the retrieval of the evidence based on the PICOS/PECCOS approach, systematic reviews 
were conducted for all critical and important health outcomes. To meet the demands of the diverse 
and broad nature of the evidence, it was agreed that systematic reviews could vary in type. For 
some areas of evidence, a novel and fully fledged systematic reviewing process was needed to 
summarize the existing evidence; for others, the reviewing process could build upon existing (and 
mostly published) systematic reviews and summaries of evidence. Thus, the process consisted of 
two phases.
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First, a comprehensive search was conducted for available systematic reviews and meta-analyses 
on environmental noise effects published after 2000. Each of the reviews was assessed for both 
relevance and quality. To be included in the evidence review process, studies from these reviews were 
required to meet a high quality standard, judged according to high scores of the AMSTAR checklist.8 

In cases where quality criteria were met but the review was older than two years (published before 
2012), the search of the systematic review was updated to include new papers. If no good quality 
systematic reviews were available, a new search for original papers was conducted. The Systematic 
Review Team decided how the results would affect the search strategy for individual studies as part 
of the second phase. This was based on the assessment of the quality of the systematic reviews 
and on the coherence between the main research questions of the systematic reviews and the 
scope of the work of the guidelines. 

In the second phase a search for individual papers was conducted, with the search strategy adapted 
according to the outcome of the first phase. As availability of systematic reviews and meta-analyses 
differed for the various health outcomes considered in the guidelines, this process varied for each 
evidence review. The search included cohort studies, case-control studies and cross-sectional 
studies of people exposed to environmental noise. Where relevant – for example, for the health 
outcome cardiovascular disease – the search also included ecological studies.

Due to the individualized retrieval of evidence for each of the systematic reviews, the time frames 
of the literature included varied. An indication of the temporal coverage of the studies included in 
different systematic review is provided in the relevant tables in Chapter 4.

A detailed description of the methodology used to conduct the systematic evidence reviews, 
including individual protocols for the reviews of health effects resulting from environmental noise and 
from noise interventions, is available (Héroux & Verbeek, 2018b). Furthermore, all systematic reviews 
conducted in the guideline development process are publicly available in the open-access journal 
International Journal of Environmental Research and Public Health: 

•	systematic review of transport noise interventions and their impacts on health (Brown & van Kamp, 
2017);

•	systematic review on environmental noise and adverse birth outcomes (Nieuwenhuijsen et al, 
2017);

•	systematic review on environmental noise and annoyance (Guski et al., 2017);

•	systematic review on environmental noise and cardiovascular and metabolic effects (van Kempen 
et al., 2018);

•	systematic review on environmental noise and cognition (Clark & Paunovic, 2018);

•	systematic review on environmental noise and effects on sleep (Basner & McGuire, 2018);

•	systematic review on environmental noise and permanent hearing loss and tinnitus (Śliwińska-
Kowalska & Zaborowski, 2017);

•	systematic review on mental health and well-being (Clark & Paunovic, in press).

8 AMSTAR is an instrument used to assess quality of evidence; it stands for “A MeaSurement Tool to Assess systematic 
Reviews” (Shea et al., 2007). 	
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The original GRADE approach was developed specifically to rate the body of evidence resulting from 
a review of intervention studies. The initial quality level is set by study design: randomized control 
trials (RCTs) are considered high quality, whereas observational (nonrandomized) study designs are 
low quality. Then five factors are considered for downgrading the quality of the body of evidence 
resulting from RCTs or observational studies, and three factors are considered for upgrading the 
body of evidence resulting from observational studies alone. 

The following five factors are used for downgrading the quality of evidence by one or two levels:

•	study limitations or risk of bias in all studies that make up the body of evidence

•	inconsistency of results between studies

•	indirectness of evidence in the studies

•	imprecision of the pooled effect estimate

•	publication bias detected in a body of evidence.

2.4 From evidence to recommendations
Once the evidence had been identified and synthesized, the Systematic Review Team assessed 
its quality. Subsequently, the GDG formulated recommendations, guided by this assessment and 
consideration of a number of other factors recognized as important. To facilitate the formulation 
of recommendations, it first prioritized the health outcome measures of the critical and important 
outcomes. A process was developed to identify the guideline exposure levels from each of the ERFs 
provided by the systematic reviews of evidence. 

The following sections describe the assessment of the overall quality of the evidence based on the 
GRADE approach, selection of priority health outcome measurements, identification of guideline 
exposure levels and setting the strength of recommendations. 

2.4.1 Assessment of overall quality of a body of evidence: the GRADE approach 
As set out in the WHO handbook for guideline development (WHO, 2014c), the main framework 
for producing evidence-informed recommendations is the GRADE approach (Guyatt et al., 2008). 
This is used to assess the quality of a body of evidence synthesized in a systematic review. The 
assessment facilitates judgements about the certainty of effect estimates, which increases with the 
quality of the body of evidence. The quality can be rated high, moderate, low or very low (see Box 1). 

Box 1 GRADE interpretations of quality of evidence

•	High quality: further research is very unlikely to change the certainty of the effect estimate 

•	Moderate quality: further research is likely to have an important impact on the certainty of the 
effect estimate and may change the estimate

•	Low quality: further research is very likely to have an important impact on the certainty of the 
effect estimate and is likely to change the estimate

•	Very low quality: any effect estimate is uncertain
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The following three factors are used for upgrading the quality of evidence:

•	high magnitude of the pooled effect

•	direction of residual confounding and biases opposes an effect (i.e. when all plausible confounders 
are anticipated to reduce the estimated effect and there is still a significant effect)

•	exposure–response gradient.

The GRADE approach was originally developed for application in the field of clinical medicine, where 
the majority of studies are randomized trials. However, to assess health effects resulting from an 
exposure such as environmental noise, randomized controlled trials are not applicable, as it would 
be unethical to expose participants deliberately to possibly harmful risk factors. The limitations of the 
application of GRADE to environmental health have been recognized and discussed in the literature 
(Morgan et al., 2016). Other types of study design dominate the evidence base in the domain of 
environmental noise research, so it was necessary to adapt the original GRADE approach to the 
subject of the current guidelines, as follows. 

Instead of using the RCT study design as the starting-point for the quality rating, the study design 
most applicable and available for the field of research at hand was used. Thus, for evidence on 
the association between noise exposure and clinical health outcome measures, the rating of an 
evidence base consisting of cohort and case-control studies9 was initially rated high quality. Cross-
sectional studies and ecological studies were rated low quality and very low quality, respectively. 
This initial point of departure was only adapted for the evidence of the association between noise 
exposure and annoyance and sleep disturbance. Here, cross-sectional studies were rated high 
quality because annoyance and sleep disturbance are regarded as an immediate effect of exposure 
to environmental noise. Finally, in accordance with the original GRADE approach, the starting-point 
for evidence on the effect of interventions was rated low quality for observational studies. After 
determining the point of departure, the evidence base was rated down or up whenever one or more 
of the criteria for downgrading or upgrading (described above) were met. Each of the systematic 
reviews commissioned for these guidelines includes a detailed report on the assessment of the 
quality of the evidence. 

A detailed discussion of the adaptations of GRADE is provided in the separate methodology 
publication (Héroux & Verbeek, 2018b).

2.4.2 Selection of priority health outcomes
In line with the WHO handbook for guideline development (WHO, 2014c), the GDG selected the 
key health outcomes associated with environmental noise at the beginning of the evidence retrieval 
process, and the systematic reviews were commissioned accordingly. The selection of health 
outcomes was based on the available evidence for the association between environmental noise 
and the specific outcome, as well as public concern about the health outcome resulting from noise 
exposure. The following health outcomes were rated critical: cardiovascular disease, annoyance, 

9	 In the context of the current guidelines, “cohort studies” refer to longitudinal studies in which the occurrence of the 
outcome of interest in an exposed group is compared to the occurrence of that outcome in a reference group with no 
or lower exposure over time. 
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effects on sleep, cognitive impairment and hearing impairment and tinnitus. Adverse birth outcomes, 
quality of life, well-being and mental health, and metabolic outcomes were rated important (see also 
section 2.3.1). 

Since all these health outcomes can be measured in various ways, the GDG evaluated each 
individually and prioritized different outcome measures for each in terms of their representativeness 
and validity. These measures were used to derive the guideline exposure levels; their prioritization 
was based on the impact of the disease and the disability weights (DWs) associated with the health 
outcome measure.10

The critical health outcomes, priority outcome measures identified and justifications for their selection 
are listed in Table 3. 

Table 3. Critical health outcomes, outcome measures identified and justifications for selection

Critical health 
outcome 

Critical health outcome measures 
(priority measures marked in bold)

Justification for selection 

Cardiovascular 
disease  
(Lden)

Self-reported or measured prevalence, 
incidence, hospital admission or mortality 
due to:

•	 ischaemic heart disease (IHD) 
(including angina pectoris and/or 
myocardial infarction)

•	 hypertension

•	 stroke 

Except for self-reports, these are objective 
measures of the outcome, affect a large 
proportion of the population, have important 
health consequences and can lead to more severe 
diseases and/or mortality.

DW for IHD: 0.405.

DW for hypertension: 0.117. 

Effects on sleep 
(Lnight)

•	 percentage of the population highly 
sleep-disturbed (%HSD), self-reported, 
assessed with a standardized scale

•	 polysomnography measured outcomes 
(probability of additional awakenings)

•	 cardiac and blood pressure outcome 
measures during sleep

•	motility measured sleep outcomes in 
adults

•	 sleep disturbance in children

This is the most meaningful, policy-relevant 
measure of this health outcome. Self-reported 
sleep disturbances are a very common problem 
in the general population: they affect quality of life 
directly and may also lead to subsequent health 
impediments. Effects on sleep may be in the causal 
pathway to cardiovascular disease. This measure 
is not a proxy for physiological sleep quality 
parameters but is an important outcome in its own 
right.

DW for %HSD: 0.07.

Annoyance (Lden) •	 percentage of the population highly 
annoyed (%HA), assessed with 
standardized scale

•	 percentage annoyed, preferably 
assessed with standardized scale

This is the most objective measure of this health 
outcome. Large proportions of the population are 
affected by noise annoyance, even at relatively low 
exposure levels. Annoyance may be in the causal 
pathway to cardiovascular disease.

DW for %HA: 0.02.

10	 DWs are ratings that vary between 0 and 1, in which 0 indicates no disability and 1 indicates the maximum amount of 
disability. The rates are derived from large population surveys in which people are asked to rank a specific disease for 
its impact on several abilities. The DWs have been proven useful in calculating the burden of disease.

[
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Cognitive 
impairment (Lden)

•	 reading and oral comprehension, 
assessed with tests

•	 impairment assessed with standardized 
tests

•	 short and long-term memory deficit

•	 attention deficit

•	 executive function deficit (working 
memory capacity)

This outcome measure is the most meaningful: it 
can affect vulnerable individuals (children) and have 
a significant impact later in life.

DW for impaired reading and oral comprehension: 
0.006.

Hearing 
impairment and 
tinnitus  
(LAeq

11
 and LAF,max

12)

•	 permanent hearing impairment, 
measured by audiometry

•	 permanent tinnitus

This outcome measure can affect vulnerable 
individuals (children) and have a significant impact 
later in life. It is the most objective measure for 
which there is an ISO standard (ISO, 2013), 
specifying how to estimate noise-induced hearing 
loss. 

DW for mild severity level (threshold at 25 dB) for 
childhood onset: 0.0150.

Table 4 provides a list of the important health outcomes along with the corresponding health 
outcome measures included in the systematic reviews. There was no prioritization of health outcome 
measures leading to justification of selection, since important health outcomes had less impact on 
the development of recommendations.11 12

Table 4. Important health outcomes and health outcome measures reviewed

Important health outcome Health outcome measures reviewed

Adverse birth outcomes  
(Lden)

•	 pre-term delivery

•	 low birth weight

•	 congenital anomalies

Quality of life, well-being and 
mental health  
(Lden)

•	 self-reported health and quality of life

•	medication intake for depression and anxiety

•	 self-reported depression, anxiety and psychological distress

•	 interviewer-assessed depressive and anxiety disorders

•	 emotional and conduct disorders in children

•	 children’s hyperactivity

•	 other mental health outcomes

Metabolic outcomes  
(Lden)

prevalence, incidence, hospital admission or mortality due to:

•	 type 2 diabetes

•	 obesity

 

11 	 LAeq is an A-weighted, equivalent continuous sound pressure level during a stated time interval starting at t1 and ending 
at t2, expressed in dB, of a noise at a given point in space.	

12 	 LAF,max is the maximum time-weighted and A-weighted sound pressure level with FAST time constant within a stated 
time interval starting at t1 and ending at t2, expressed in dB.	

Critical health 
outcome 

Critical health outcome measures 
(priority measures marked in bold)

Justification for selection 

Table 3. contd.
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2.4.3	 Identification of guideline exposure levels for each noise source

The GDG agreed to set guideline exposure levels based on the definition: “noise exposure levels 
above which the GDG is confident that there is an increased risk of adverse health effects”. The 
identification of guideline values for each of the specific noise sources involved five distinct steps: 

1.	 assessment of the validity of ERFs resulting from the systematic reviews of the effects of noise 
on each of the critical and important health outcomes; 

2.	 assessment of the lowest noise level measured in the studies included in each of the corresponding 
systematic reviews; 

3.	 assessment of the smallest risk or relative risk (RR) increase for each of the adverse health 
outcomes considered relevant; 

4.	 determination of the guideline exposure level based on the ERF, starting from the lowest level 
measured (see step 2) and associated with the smallest relevant risk increase for adverse health 
outcomes (see step 3);

5.	 comparison of the guideline exposure levels calculated for each of the critical health outcomes of 
one source (for example, incidence of IHD, incidence of hypertension, %HA, permanent hearing 
impairment and reading and oral comprehension for road traffic noise): selection of the guideline 
exposure level for each noise source was based on the priority health outcome measure with the 
lowest exposure level for that source. 

To define an “increased risk” to set the guideline exposure level, the GDG made a judgement about 
the smallest risk or RR of the adverse health effect it considered relevant for each of the priority 
health outcome measures. It is important to note that the relevant risk increases are benchmark 
values. The GDG agreed to set them in accordance with the guiding principles it had developed, 
to provide guideline values that illustrate an increased risk of adverse health effects. It used expert 
judgements for the determination of the benchmark values; these are elaborated further in section 
2.4.3.2. 

The guideline exposure levels presented are therefore not meant to identify effect thresholds (the 
lowest observed adverse effect levels for different health outcomes). This is a difference in approach 
from prior WHO guidelines, like the night noise guidelines for Europe (WHO Regional Office for 
Europe, 2009), which explicitly aimed to define levels indicating no adverse health effects. The 
approach to making choices about relevant risk increases is outlined below and summarized in 
Table 5. 

For IHD and hypertension, RR increases were considered; for annoyance and sleep disturbance, 
absolute risks of %HA and %HSD were considered; and for reading and oral comprehension an 
average delay of reading age was defined. For the cardiovascular outcomes, incidence measures 
were prioritized, although much of the epidemiological evidence was based on prevalence data 
– particularly for hypertension – where almost no longitudinal studies were available. Prevalence 
data are generally derived from cross-sectional studies, where the temporal aspects are difficult to 
determine. 
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Table 5. Priority health outcomes and relevant risk increases for setting guideline levels

Priority health outcome measure (associated 
DW)

Relevant risk increase considered for setting 
of guideline level

Incidence of IHD (DW: 0.405) 5% RR increase

Incidence of hypertension (DW: 0.117) 10% RR increase

%HA (DW: 0.02) 10% absolute risk

%HSD (DW: 0.07) 3% absolute risk 

Permanent hearing impairment (DW: 0.0150) No risk increase due to environmental noise

Reading and oral comprehension (DW: 0.006) One-month delay in terms of reading age

The DWs used to rank the priority critical health outcomes measures were retrieved from the rel-
evant literature. For cardiovascular disease as a group and for hypertension, the burden of disease 
from environmental noise values (WHO Regional Office for Europe & JRC, 2011) were not consid-
ered applicable by the GDG for these guidelines. Thus, for cardiovascular disease, the DW value 
(DW: 0.405) specifically applied to acute myocardial infarction in the publication outlining the data 
sources, methods and results of the global burden of disease in 2002 (Mathers et al., 2003) was re-
tained. Since hypertension is mainly viewed as an important risk factor and not as a health outcome, 
no general DW has been developed. The only other available DW value available is the DW of 0.117 
for hypertensive episodes in pregnancy (Mathers et al., 1999). In the absence of any general DW, 
the GDG agreed on a conservative approach and decided to use this value. 

The DWs for high sleep disturbance (DW: 0.07), high annoyance (DW: 0.02) and impaired reading 
and oral comprehension (DW: 0.006) were developed in the context of calculating the burden of 
disease from environmental noise (WHO Regional Office for Europe & JRC, 2011). The DW for hear-
ing impairment was not included in that publication, but it was available from the technical paper 
on the burden of disease from environmental noise (WHO, 2013); the DW for permanent hearing 
impairment ranged from 0.0031 to 0.3342, depending on severity level. Environmental noise (leisure 
noise) contributes to the cumulative total noise exposure throughout the life-course, which may lead 
to permanent hearing impairment and cause more severe disability in the later years of life. As a 
result, the GDG selected a DW of 0.0150 for moderate severity level (“has difficulty following a con-
versation in a noisy environment, but no other hearing problems”). For cognitive impairment, the DW 
was derived from the estimates of the burden of disease from environmental noise (WHO Regional 
Office for Europe & JRC, 2011). This was at a very conservative value (DW: 0.006) for noise-related 
impairment of children’s cognition, equivalent to a DW for contemporaneous cognitive deficit in the 
context of a range of cognitive impairments in children ranging from 0.468 for Japanese encephalitis 
to 0.024 for iron deficiency anaemia (Lopez et al., 2006).

2.4.3.1 Development of ERFs

The systematic reviews of evidence provided either an ERF or other noise exposure value/metric that 
could be related to a risk increase of the health outcome measure. These ERFs were used to develop 
guideline exposure levels; however, only those functions where noise exposure demonstrated a 
statistically significant effect were used. 

To obtain the starting level of the ERFs derived in the systematic reviews, a weighted average of 
the lowest exposure values measured in the individual studies included in the meta-analyses was 
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calculated. The weighting used the inverse of the variance of the effect estimate of the study. Thus, 
the lowest exposure value of studies with a small variance (usually with the largest sample size) 
contributed the most to the assumed onset of the ERF.

2.4.3.2 Relevant risk increase of adverse health effects

The following sections describe in detail the rationale for the selection of the relevant relative risk (RR) 
increase percentage for each of the priority health outcome measures considered.

Cardiovascular disease: IHD and hypertension

High-quality epidemiological evidence described in the systematic review on cardiovascular and 
metabolic effects of environmental noise indicates that exposure to road traffic noise increases the 
risk of IHD (van Kempen et al., 2018). The GDG was confident that health risks result from exposure 
at an RR increase in the order of 5–10% in the incidence of IHD. This is similar to the reasoning 
in the WHO air quality guidelines for fine particulate matter (PM2.5) (WHO, 2006). To determine a 
relevant risk increase for IHD, the GDG took as a starting-point the RR increase of 5% measured 
in epidemiological studies of environmental noise or air pollution. Taking into account the incidence 
of IHD and the seriousness of the disease, it considered lowering the RR increase for IHD to 1%, 
as a 5% RR increase might imply a comparatively high absolute risk from a population perspective. 
To decide on the final benchmark value for IHD, several aspects were considered: the number of 
people in a population affected by IHD; whether health risks caused by noise would make up a large 
part of the incidence of the disease; other examples of health risks of similar magnitude leading to 
preventive action. For IHD, in an average EU country with 20 million inhabitants, an RR increase of 
5% for IHD would lead to several thousand extra cases attributable to noise yearly. This corresponds 
to a proportion of cases of IHD attributable to noise exposure of less than 10%, which is still relatively 
small. After extensive discussion at the very end of the guideline development process, the GDG 
decided to adhere to 5% as the relevant risk increase.

Hypertension is a common condition and is an important risk indicator for IHD and other 
cardiovascular diseases. Thus, the hypertension risk increase can be transformed into a risk increase 
for cardiovascular disease. To derive a relevant risk increase, the GDG focused on the incidence of 
hypertension, owing to the nature and quality of epidemiological evidence. Since hypertension is 
less serious than IHD, and not all people with hypertension will progress to cardiovascular disease, 
the relevant risk increase in the incidence of hypertension needed to be higher than that for IHD. 
Therefore, the GDG agreed on an RR increase of 10% for hypertension.

Self-reported sleep disturbance and annoyance 

The GDG initially considered 5%HSD and 10%HA due to noise as relevant absolute risks, not be 
exceeded at the guideline level. After discussion, however, members agreed that these absolute 
risks were too large, since a considerable proportion of the population would still be affected; they 
decided to lower the relevant risk from 5% being highly sleep-disturbed to 3%. In doing so, the GDG 
referred to the WHO night noise guidelines (WHO, 2009), which concluded that while there was 
insufficient evidence that physiological effects at noise levels below 40 dB Lnight are harmful to health, 
there were observed adverse health effects at levels starting from 40 dB Lnight. At 40 dB, about 3–4% 
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(depending on the noise source) of the population still reported being highly sleep-disturbed due to 
noise, which was considered relevant to health. The GDG considered it important that this level is 
consistent with the previous health-based approach adopted by the WHO night noise guidelines, 
and agreed that the absolute risk associated with the guideline value selected should not exceed 
3%HSD to be health protective.

For annoyance, which is considered a less serious health effect than self-reported sleep disturbance 
(as indicated by the respective DWs), the relevant risk remained at 10%HA. This means the absolute 
risk associated with the guideline value selected should be closest to, but not above 10%HA, to be 
health protective.

Cognitive impairment: reading and oral comprehension

Acquiring skills in reading and oral comprehension at a young age is important for further development: 
a delay in acquiring these skills can have an impact later in life (Wilson & Lonigan, 2010). This impact 
cannot be predicted very accurately, but the GDG considered a delay of one month a relevant 
absolute risk.

Permanent hearing impairment 

The literature on hearing impairment as a result of occupational noise exposure is extensive. A 
noise exposure level beyond 80 dB during 40 years of working a 40 hour work week can give rise 
to permanent hearing impairment. Given that environmental exposure to noise is much lower than 
these levels and that noise-related hearing impairments are not reversible, the GDG considered 
that there should be no risk of hearing impairment due to environmental noise and considered any 
increased risk of hearing impairment relevant.

2.4.4 Strength of the recommendations
Finally, having determined the guideline exposure levels based on the ranking of prioritized health 
outcome measures, setting the strength of the recommendation was set as the final step of the 
guideline development process.  This was also guided by the GRADE methodology (Alonso-Coello 
et al., 2016a; 2016b). According to this approach, strength of recommendation can be set as either 
strong or conditional (WHO, 2014c).

•	A strong recommendation can be adopted as policy in most situations. The guideline is based 
on the confidence that the desirable effects of adherence to the recommendation outweigh 
the undesirable consequences. The quality of evidence for a net benefit – combined with 
information about the values, preferences and resources – inform this recommendation, which 
should be implemented in most circumstances.

•	A conditional recommendation requires a policy-making process with substantial debate and 
involvement of various stakeholders. There is less certainty of its efficacy owing to lower quality 
of evidence of a net benefit, opposing values and preferences of individuals and populations 
affected or the high resource implications of the recommendation, meaning there may be 
circumstances or settings in which it will not apply.
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The GDG evaluated the strength of the recommendations based on these parameters, following a 
two-step procedure. Initially, the strength of each recommendation was set as strong or conditional 
based on an assessment of the quality of evidence. The GDG then identified and assessed contextual 

The GRADE approach defines a number of parameters that should be assessed to determine 
the strength of recommendations: quality of evidence, balance of benefits and harms, values and 
preference related to the outcomes of interventions to exposure, resources implications, priority of 
the problem, equity and human rights, acceptability and feasibility (Box 2; Morgan et al., 2016).

Box 2 Parameters determining the strength of a recommendation

Quality of evidence  further represents the confidence in the estimates of effect of the 
evaluated evidence, across outcomes critical and important to decision-making. The higher the 
quality of evidence, the greater the likelihood of a strong recommendation.

Balance of benefits and harms requires an evaluation of the absolute effects of both benefits 
and harms (or downsides) of the intervention or exposure and their importance. The greater net 
benefit or net harm associated with an intervention or an exposure, the greater the likelihood of 
a strong recommendation in favour or against an intervention or exposure.

Values and preferences related to the outcomes of an intervention or exposure set out 
the relative importance assigned to health outcomes by those affected by them; how such 
importance varies within and across populations; and whether this importance or variability 
is surrounded by uncertainty. The less uncertainty or variability there is about the values and 
preferences of people experiencing the critical or important outcomes, the greater the likelihood 
of a strong recommendation.

Resource implications take into consideration how resource-intensive and how cost-
effective and substantially beneficial an intervention or exposure is. The more advantageous 
or clearly disadvantageous the resource implications are, the greater the likelihood of a strong 
recommendation either for or against the intervention or exposure.

The priority of the problem is determined by its importance and frequency (the burden of 
disease, disease prevalence or baseline risk). The greater the importance of the problem, the 
greater the likelihood of a strong recommendation.

Equity and human rights considerations are an important aspect of the process. The greater 
the likelihood that the intervention will reduce inequities, improve equity or contribute to the 
realization of one or several human rights as defined under the international legal framework, the 
greater the likelihood of a strong recommendation.

Acceptability plays a prominent role: the greater the acceptability of an option to all or most 
stakeholders, the greater the likelihood of a strong recommendation.

Feasibility overlaps with values and preferences, resource considerations, existing 
infrastructures, equity, cultural norms, legal frameworks and many other considerations. The 
greater the feasibility of an option from the standpoint of all or most stakeholders, the greater 
the likelihood of a strong recommendation.
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parameters that might have a contributory role (see Box 2 above). Based on this qualitative evaluation, 
the initial recommendation strength was either adapted or confirmed. It is important to note that while 
the initial parameter “quality of evidence” was informed by comprehensive systematic reviewing 
processes, the remaining contextual parameters were assessed by the informed qualitative expert 
judgement of the GDG. 

Furthermore, the GDG agreed to decision-making rules, applied when formulating the 
recommendations. An evidence rating of low quality or very low quality would lead only to a conditional 
recommendation. Setting a strong recommendation was only considered if the evidence was at 
least moderate quality. The final recommendations were formulated based on the consideration 
of all the parameters and decision rules adopted by the GDG. A detailed exploration of all the 
recommendations is set out in Chapter 3. 

2.5 Individuals and partners involved in the guideline development process 
The process of WHO guideline development is conducted by several groups with clearly defined 
roles and responsibilities. Comprising WHO staff members, experts and stakeholders, these are the 
Steering Group, the GDG, the Systematic Review Team and the External Review Group. 

The Steering Group includes WHO staff members with different affiliations but whose work 
experience is relevant to the topic of environmental noise and associated health outcomes. It is 
involved at all stages of planning, selecting members of the GDG and External Review Group, 
reviewing evidence and developing potential recommendations at the main expert meetings, as well 
as ongoing consultation on revisions following peer review. Details of the members of the Steering 
Group are listed in Table A1.1 in Annex 1.

The GDG consists of a group of content experts gathered to investigate all aspects of evidence 
contributing to the recommendations, including expertise in evidence-based guideline development. 
This Group defined the key questions and priorities of the research, chose and ranked outcomes 
and provided advice on any modifications of the scope as established by the Steering Group. The 
members also outlined the systematic review methods; appraised the evidence used to inform 
the guidelines; and advised on the interpretation of this evidence, with explicit consideration of the 
overall balance of benefits and harms. Ultimately the GDG formulated the final recommendations, 
taking into account the diverse values and preferences of individuals and populations affected. It 
also determined the strength of the results and responded to external peer reviews. The complete 
list of GDG members and their specific roles, affiliations and areas of expertise are listed in Table 
A1.2 in Annex 1.

The Systematic Review Team includes experts in the field of environmental health, commissioned 
by WHO staff to undertake systematic reviews of evidence. The GDG recommended a number of 
authors to conduct the evidence reviews and summary chapters, based on their expertise. Details 
of the members of the Systtematic Review Team are included in Table A1.3 in Annex 1.

The External Review Group is composed of technical content experts and end-users as well 
as stakeholders, and is balanced geographically and by gender. The experts and end-users were 
selected for their expertise in the field, and the Group also included representatives of professional 
groups and industry associations, who will be implementing the guidelines. Members were asked to 



26

Envi ronmenta l  Noise Guidel ines

review the material at different stages of the development process. The list of technical experts and 
stakeholders is provided in Tables A1.4 and A1.5, respectively, in Annex 1.

Management of conflict of interest is an integral part of WHO’s guideline development procedure. All 
members of the GDG and authors of the evidence reviews completed WHO declaration of interest 
forms. These were reviewed by the WHO Secretariat for potential conflicts of interest. A number of 
conflicts of interest were declared in the forms, but following a standardized management review 
it was not found necessary to exclude any members of the GDG or authors from their respective 
roles. Members of the External Review Group (technical experts only) were also asked to complete 
the form when invited to participate.

In addition, at the start of the meeting of the GDG all members of the GDG received a briefing about 
the nature of all types of conflict of interest (financial, academic/intellectual and nonacademic) and 
were asked to declare to the meeting any conflicts they might have. No member of the GDG or the 
Systematic Review Team was excluded from his/her respective role. A summary of the conflict of 
interest management is presented in Annex 3.

The GDG set its own rules on how it would work and how contentious issues should be resolved 
– for instance, by means of a vote. The main decision-making mechanism involved reaching 
consensus; if a vote was required, the experts involved in developing the underlying evidence for 
the specific recommendation were excluded from voting, and an agreement was reached via a two 
thirds majority of the rest of the group. 

2.6 Previously published WHO guidelines on environmental noise
Prior to this publication, WHO published community noise guidelines (CNG) in 1999 (WHO, 1999) 
and night noise guidelines for Europe (NNG) in 2009 (WHO Regional Office for Europe, 2009).

2.6.1 CNG
The scope of WHO’s efforts to develop the CNG in 1999 was similar to that for the current guidelines. 
The objective was then formulated as: “to consolidate scientific knowledge of the time on the health 
impacts of community noise and to provide guidance to environmental health authorities and 
professionals trying to protect people from the harmful effects of noise in nonindustrial environments” 
(WHO, 1999). The guidelines were based on studies carried out up to 1995 and a few meta-analyses 
from some years later. 

The health risk to humans from exposure to environmental noise was evaluated and guideline values 
derived. At that time WHO had not yet developed its guideline development process, on which the 
current guidelines are based (WHO, 2014c). The main differences in content are that the previous 
guidelines were expert-based and provided more global coverage and applicability, such as issues 
of noise assessment and control that were addressed in detail. They included a discussion on noise 
sources and measurement, including the basic aspects of source characteristics, sound propagation 
and transmission. Adverse health effects of noise were characterized, and combined noise sources 
and their effects were considered. Furthermore, the guidelines included discussions of strategies 
and priorities in the management of indoor noise levels, noise policies and legislation, environmental 
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noise impact and enforcement of regulatory standards; although there were no chapters on wind 
turbine noise and leisure noise.

2.6.2 NNG
In 2009 the WHO Regional Office for Europe published the NNG to provide scientifically based 
advice to Member States for the development of future legislation and policy action in the area of 
assessment and control of night noise exposure. 

The NNG complement the previous CNG, incorporating the advancement of research on noise and 
sleep disturbance up to 2006. The working group of experts reviewed available scientific evidence 
on the health effects of night noise and derived health-based guideline values. Again, WHO had 
not yet introduced its evidence-based recommendations policy and the NNG were mainly expert-
based. They considered the scientific evidence on the threshold of night noise exposure indicated 
by Lnight as defined in the END (EC, 2002a), and the experts concluded that a Lnight value of 40 dB 
should be the target of the NNG (for all sources) to protect the public, including the most vulnerable 
groups such as children, chronically ill and elderly people. Further, an Lnight value of 55  dB was 
recommended as an interim target for countries that could not follow the guidelines in the short term 
for various reasons or where policy-makers chose to adopt a stepwise approach.

2.6.3 Differences from the prior noise guidelines
The current guidelines differ from the older ones, recommending levels of exposure unlike those 
previously outlined (especially by the NNG). The following major differences between the previous 
and current guidelines explain the novel set of recommended values.

•	The development process for the current guidelines adhered to a new, rigorous, evidence-based 
methodology, as outlined in the WHO handbook for guideline development (WHO, 2014c). WHO 
adopted these internationally recognized standards to ensure high methodological quality and a 
transparent, evidence-based decision-making process in the guideline development. 

•	The current guidelines consider cardiovascular disease a critical health outcome measure. 

•	They also consider a broader set of health outcomes, including adverse birth outcomes, diabetes, 
obesity and mental well-being. Wherever applicable, incidence, prevalence and mortality were 
considered separately.

•	The current guidelines cover two new noise sources: wind turbines and leisure noise.

•	Critical and important health outcomes are considered separately for each of the noise sources. 

•	The guideline development process included the health effects of intervention measures to mitigate 
noise exposure from different noise sources for the first time. 

•	The style of recommendations differs: the current guidelines include an exact exposure value 
for every health outcome regarded as critical, for each noise source. Guideline recommendation 
values were set for each of the noise sources separately, based on the exact exposure values and 
a prioritization scheme, developed with the help of DWs.

•	The current guidelines apply a 1 dB increment scheme, whereas prior guidelines (CNG and NNG) 
formulated or presented recommendations in 5 dB steps. 
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•	In comparison to the 1999 CNG, which defined environment-specific exposure levels, the current 
guidelines are source specific. They recommend values for outdoor exposure to road traffic, railway, 
aircraft and wind turbine noise, and indoor as well as outdoor exposure levels for leisure noise.

•	Except for leisure noise, all exposure levels recommended in the current guidelines are average 
sound pressure levels for outdoor exposure. 

•	The current guidelines make use of the noise indices defined in the END: Lden and Lnight. 

The definition of “community noise” used in the CNG in 1999 was also adapted. The GDG agreed to 
use the term “environmental noise” instead, and offered an operational definition of: “noise emitted 
from all sources except sources of occupational noise exposure in workplaces”.

The current environmental noise guidelines for the European Region supersede the CNG from 
1999. Nevertheless, the GDG recommends that all CNG indoor guideline values and any values not 
covered by the current guidelines (such as industrial noise and shopping areas) should remain valid. 

Furthermore, the current guidelines complement the NNG from 2009. Two main aspects of the NNG 
constitute this complementarity: the different guiding principles and the comprehensive investigation 
of the immediate physiological effects of environmental noise on sleep. As guiding principles the 
NNG defined effect thresholds or “lowest observed adverse health effect levels” for both immediate 
physiological reactions during sleep (i.e. awakening reactions or body movements during sleep) and 
long-term adverse health effects (i.e. self-reported sleep disturbance). These guideline exposure 
levels defined a level below which no effects were expected to occur (corresponding to 30 dB Lnight) 
and proceeded to define the level where adverse effects start to occur (corresponding to 40 dB Lnight), 
with the aim of protecting the whole population, including – to some extent – vulnerable groups. The 
development of the NNG values relied on evidence-based expert judgement. In contrast, the current 
guidelines formulate recommendations more strictly based on the available evidence and following 
the guiding principle to identify exposure values based on a relevant risk increase of adverse health 
effects. Thus, the recommended guideline values might not lead to full protection of the population, 
including all vulnerable groups. The GDG stresses that the aim of the current guidelines is to define 
an exposure level at which effects certainly begin. 

Secondly, the NNG comprehensively investigate the immediate short-term effects of environmental 
noise during sleep, including physiological reactions such as awakening reactions and body 
movements. They also provided threshold information about single-event noise indicators (such 
as the LA,max). In contrast, the current guideline values for the night time are only based on the 
prevalence of self-reported sleep disturbance and do not take physiological effects into account. 
The causal link between immediate physiological reactions and long-term adverse health effects is 
complex and difficult to prove. Thus, the current guidelines are restricted to long-term health effects 
during night time and therefore only include recommendations about average noise indicators: 
Lnight. Nevertheless, the evidence review on noise and sleep (Basner & McGuire, 2018) includes an 
overview of single-event exposure–effect relationships.
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3. Recommendations
This chapter presents specific recommendations on guideline exposure levels and/or interventions 
to reduce exposure and/or improve health for individual sources of noise: road traffic, railway, 
aircraft, wind turbines and leisure noise. The strength of each recommendation is provided (strong 
or conditional) and a short rationale for how each of the guideline levels was achieved is given. 

The GDG discussed extensively the best way to present guideline exposure levels – either as the 
exact values or in 5 dB steps – and the approach to rounding the values to the nearest integer. 
The 5 dB increment, rounded down from the exact exposure value to the nearest 5 dB level, was 
initially chosen as being commonly applied in noise legislation and used in prior guidelines (WHO, 
1999; EC, 2002a; WHO Regional Office for Europe, 2009). It was also used to meet the principle 
of precaution, since imprecision in the exposure assessment in the field of epidemiology tends to 
attenuate the actual effects in the population. 

Use of 5 dB increments resulted in uneven magnitude of rounding down, however, raising concerns 
of arbitrariness. It became apparent that inclusion of both exact values and the 5 dB rounded-
down values might be confusing and could affect the applicability of the guidelines. Hence, the 
GDG ultimately decided that formulating recommendations based on the exact calculated values, 
rounded only to the nearest integer, would ensure more clarity and transparency. Furthermore, it 
noted that adhering to a 5 dB roster might not reflect the progress in the precision of exposure 
assessment methods in recent decades, which would justify application of a 1 dB step. 

The GDG acknowledged that the recommendations might be presented as the exact guideline 
exposure levels only, leaving the use of 5 dB bands to the potential policy decisions to formulate 
or revise noise legislation, which are beyond the scope of this publication. The WHO guideline 
values are public health-oriented recommendations, based on scientific evidence on health effects 
and on an assessment of achievable noise levels. They are strongly recommended and as such 
should serve as the basis for a policy-making process in which policy options are quantified and 
discussed. It should be recognized that in that process additional considerations of costs, feasibility, 
values and preferences should also feature in decision-making when choosing reference values 
such as noise limits for a possible standard or legislation. 

In addition to the source-specific recommendations in the following sections, a short rationale for the 
decision-making process by the GDG for developing a particular recommendation is provided, as 
well as an overview of the evidence considered. This includes a recapitulation of the specific PICOS/
PECCOS question (see section 2.3.1), along with a summary of evidence for each of the critical and 
important health effects from exposure to each of the noise sources, and for the effectiveness of 
interventions. 

Furthermore, a description is provided of the other factors considered according to the GRADE 
dimensions for the assessment of the strength of recommendations (see section 2.4.4). While 
the quality of evidence is central to determining this, the process of moving from evidence to 
recommendations involves several other considerations. These include values and preferences, 
balance of benefits and harms, consideration of the priority of the problem, resource implications, 
equity and human rights aspects, acceptability and feasibility (WHO, 2014c).
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In accordance with the prioritization process (see section 2.4.3), the GDG set a guideline exposure 
level of 53.3 dB Lden for average exposure, based on the relevant increase of the absolute %HA. 
It was confident that there was an increased risk for annoyance below this noise exposure level, 
but probably no increased risk for other priority health outcomes. In accordance with the defined 
rounding procedure, the value was rounded to 53 dB Lden. As the evidence on the adverse effects of 
road traffic noise was rated moderate quality, the GDG made the recommendation strong. 

             3.1 Road traffic noise

Recommendations

For average noise exposure, the GDG strongly recommends reducing noise levels 
produced by road traffic below 53 dB Lden, as road traffic noise above this level is 
associated with adverse health effects.

For night noise exposure, the GDG strongly recommends reducing noise levels produced 
by road traffic during night time below 45 dB Lnight, as road traffic noise above this level is 
associated with adverse effects on sleep.

To reduce health effects, the GDG strongly recommends that policy-makers implement 
suitable measures to reduce noise exposure from road traffic in the population exposed 
to levels above the guideline values for average and night noise exposure. For specific 
interventions, the GDG recommends reducing noise both at the source and on the route 
between the source and the affected population by changes in infrastructure.

3.1.1 Rationale for the guideline levels for road traffic noise 
The exposure levels were derived in accordance with the prioritization process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to road traffic noise, the process can be summarized as follows (Table 6). 

Summary of priority health outcome evidence Benchmark level Evidence quality

Incidence of IHD
The 5% relevant risk increase occurs at a noise exposure level 
of 59.3 dB Lden. The weighted average of the lowest noise levels 
measured in the studies was 53 dB Lden and the RR increase per 
10 dB is 1.08.

5% increase of RR High quality 

Incidence of hypertension
One study met the inclusion criteria. There was no significant increase 
of risk associated with increased noise exposure in this study.

10% increase of RR Low quality 

Prevalence of highly annoyed population
There was an absolute risk of 10% at a noise exposure level of 
53.3 dB Lden.

10% absolute risk Moderate quality 

Permanent hearing impairment No increase No studies met the 
inclusion criteria

Reading skills and oral comprehension in children One-month delay Very low quality 

Table 6. Average exposure levels (Lden) for priority health outcomes from road traffic noise
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Next, the GDG assessed the evidence for night noise exposure and its effect on sleep disturbance 
(Table 7).

Table 7. Night-time exposure levels (Lnight) for priority health outcomes from road traffic noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance 
3% of the participants in studies were highly sleep-disturbed at 
a noise level of 45.4 dB Lnight 

3% absolute risk Moderate quality 

Based on the evidence of the adverse effects of road traffic noise on sleep disturbance, the GDG 
defined a guideline exposure level of 45.4 dB Lnight. The exact exposure value was rounded to 45 dB 
Lnight. As the evidence was rated moderate quality, the GDG made the recommendation strong.

The GDG also considered the evidence for the effectiveness of interventions. The results showed 
that: 

•	addressing the source by improving the choice of appropriate tyres, road surface, truck restrictions 
or by lowering traffic flow can reduce noise exposure;

•	path interventions such as insulation and barrier construction reduce noise exposure, annoyance 
and sleep disturbance;

•	changes in infrastructure such as construction of road tunnels lower noise exposure, annoyance 
and sleep disturbance;

•	other physical interventions such as the availability of a quiet side of the residence reduce noise 
exposure, annoyance and sleep disturbance. 

Given that it is possible to reduce noise exposure and that best practices already exist for the 
management of noise from road traffic, the GDG made a strong recommendation.

3.1.1.1  Other factors influencing the strength of recommendations 

Other factors considered in the context of recommendations on road traffic noise included those 
related to values and preferences, benefits and harms, resource implications, equity, acceptability 
and feasibility; moreover, nonpriority health outcomes (the incidence of stroke and diabetes) were 
considered. Ultimately, the assessment of all these factors did not lead to a change in the strength 
of the recommendations. Further details are provided in section 3.1.2.3.

3.1.2 Detailed overview of the evidence
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on road traffic noise. It is presented and summarized separately for each of 
the critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of interventions is addressed consecutively. 

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).
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3.1.2.1 Evidence on health outcomes

The key question posed was: in the general population exposed to road traffic noise, what is the 
exposure–response relationship between exposure to road traffic noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied (see section 2.3.1) and 
the main findings is set out in Tables 8 and 9.

Table 8. PICOS/PECCOS scheme of critical health outcomes for exposure to road traffic noise

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by road traffic (average/night time)

Comparison Exposure to lower levels of noise produced by road traffic (average/night time)

Outcome(s) For average noise exposure: 
1. cardiovascular disease
2. annoyance
3. cognitive impairment
4. hearing impairment and tinnitus
5. adverse birth outcomes
6. quality of life, well-being and mental health
7. metabolic outcomes

For night noise exposure: 
1. effects on sleep

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of 
evidence

Cardiovascular disease

Lden Incidence of IHD RR = 1.08 (95% 
confidence interval 
(CI): 1.01–1.15) per 
10 dB increase

53 dB 67 224  
(7)

High (upgraded for 
dose-response)

Lden Incidence of 
hypertension 

RR = 0.97 (95% CI: 
0.90–1.05) per 10 dB 
increase

N/A 32 635  
(1)

Low (downgraded 
for risk of bias and 
because only one 
study was available)

Annoyance

Lden %HA Odds ratio 
(OR) = 3.03 (95% CI: 
2.59–3.55) per 10 dB 
increase

40 dB 34 112  
(25)

Moderate (downgraded 
for inconsistency)

Cognitive impairment

Lden Reading and oral 
comprehension

Not estimated N/A Over 2844  
(1)

Very low (downgraded 
for inconsistency)

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –

Table 9. Summary of findings for health effects from exposure to road traffic noise (Lden)
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Cardiovascular disease 

IHD

A total of three cohort (Babisch & Gallacher, 1990; Babisch et al., 1988; 1993a; 1993b; 1999; 
2003; Caerphilly and Speedwell Collaborative Group, 1984; Sörensen et al., 2012a; 2012c) and 
four case-control studies (Babisch, 2004; Babisch et al., 1992; 1994; 2005a; Selander et al., 2009; 
Wiens, 1995) investigated the relationship between road traffic noise and the incidence of IHD. 
These involved a total of 67 224 participants, including 7033 cases. As identified in Fig. 1, the overall 
RR derived from the meta-analysis was 1.08 (95% CI: 1.01–1.15) per 10 dB Lden increase in noise 
levels, across a noise range of 40 dB to 80 dB. This evidence was rated high quality.

The data were supported by one ecological study conducted with 262 830 participants, including 
418 cases, which also reported a statistically significant estimate (Grazuleviciene et al., 2004; 
Lekaviciute, 2007). In this study, a positive but nonsignificant association was found: RR of 1.12 
(95% CI: 0.85–1.48) per 10 dB Lden increase in noise. This evidence was rated very low quality.

Notes:	The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95% CI. 
For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Fig. 1. The association between exposure to road traffic noise (Lden) and incidence of IHD
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Notes: 	The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the pooled random effect estimates and 95% CI. 
For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Mortality from IHD was also investigated in one case-control (Selander et al., 2009) and two cohort 
studies (Beelen et al., 2009; Gan et al., 2012), which involved 532 268 participants, including 6884 
cases. The quantitative relationship between road traffic noise and mortality from IHD was RR = 1.05 
(95% CI: 0.97–1.13) per 10 dB Lden increase in noise levels (see Fig. 3). This evidence was rated 
moderate quality.

Furthermore, additional evidence was available from eight cross-sectional studies that investigated 
the relationship between road traffic noise and prevalence of IHD (Babisch & Gallacher, 1990; Babisch 
et al., 1988; 1992; 1993a; 1993b; 1994; 1999; 2003; 2005a; 2008; 2012a; 2012b; Caerphilly and 
Speedwell Collaborative Group, 1984; Floud et al., 2011; 2013a; 2013b; Heimann et al., 2007; 
Jarup et al., 2005; 2008; Lercher et al., 2008; 2011; van Poll et al., 2014; Wiens, 1995). These 
studies involved a total of 25 682 participants, including 1614 cases. The overall RR was 1.24 (95% 
CI: 1.08–1.42) per 10 dB Lden increase in road traffic noise levels. The range in noise levels in the 
studies under evaluation was 30–80 dB. The results of the meta-analysis are presented in Fig. 2. 
This evidence was rated low quality.

Estimated RR per 10 dB

Fig. 2. The association between exposure to road traffic noise  (Lden) and prevalence of IHD
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Notes: 	The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95% CI. 
For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Hypertension

One cohort study into the relationship between road traffic noise and incidence of hypertension was 
identified; it involved 32 635 participants, including 3145 cases (Sörensen et al., 2011; 2012c). The 
study found a nonsignificant effect size of 0.97 (95% CI: 0.90–1.05) per 10 dB Lden increase in noise 
levels, which does not support an increased risk of hypertension due to exposure to road traffic 
noise. Because of the risk of bias and the availability of only one study, this evidence was rated low 
quality.

In addition, 26 cross-sectional studies were identified that looked at the association between road 
traffic noise and prevalence of hypertension (Babisch et al., 1988; 1992; 1994; 2005a; 2008; 2012a; 
2012b; 2013a; 2013b; 2014b; 2014c; Barregard et al., 2009; Bjork et al., 2006; Bluhm et al., 2007; 
Bodin et al., 2009; Caerphilly and Speedwell Collaborative Group, 1984; Chang et al., 2011; 2014; 
de Kluizenaar et al., 2007a; 2007b; Dratva et al., 2012; Eriksson et al., 2012; Foraster et al., 2011; 
2012; 2013; 2014a; 2014b; Fuks et al., 2011; Hense et al., 1989; Herbold et al., 1989; Jarup et al., 
2005; 2008; Knipschild et al., 1984; Lercher et al., 2008; 2011; Maschke, 2003; Maschke & Hecht, 

Fig. 3. The association between exposure to road traffic noise (Lden) and mortality from IHD
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Notes:	The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black dots correspond to 
the estimated RR per 10 dB and 95% CI. The white circle represents the summary estimate and 95% CI. For 
further details on the studies included in the figure please refer to the systematic review on environmental noise and 
cardiovascular and metabolic effects (van Kempen et al., 2018).

2005; Maschke et al., 2003; Oftedal et al., 2011; 2014; Selander et al., 2009; van Poll et al., 2014; 
Wiens, 1995; Yoshida et al., 1997). In total, these studies involved 154 398 participants, including 
18 957 cases. The overall RR for prevalence of hypertension was 1.05 (95% CI: 1.02–1.08) per 
10 dB Lden increase in noise levels. The noise range of the studies under evaluation was 20–85 dB. 
The overall evidence was rated very low quality. 

Fig. 4 shows the association between road traffic noise and incidence and prevalence of hypertension.

Estimated RR per 10 dB

Fig. 4. The association between exposure to road traffic noise (Lden)  and hypertension

Study (N) 
Cross-sectional studies

SBBC3 (2169)
SPANDAU (1718)

TOKYO (366)
Amsterdam (2878)

StockholmRoad (667)
Lerum (1857)

SKANE1 (13 557)
SKANE2 (24 238)

SHEEP (2095)
Caerphilly (2512)

Groningen (38 849)
PREVEND (7264)

Luebeck (M) (1039)
Luebeck (F) (1256)

HYENA_UK (600)
HYENA_GER (972)

HYENA_NL (898)
HYENA_SWE (1003)

HYENA_GRE (972)
HYENA_IT (753)

BBT1 (2007)
BBT2 (2070)
UIT1 (1503)

AWACS (9247)
KORA_city Augsburg (1415)

KORA_Greater Augsburg (1905)
BERLIN-IV (1766)

Taiwan (820)
REGICOR-AIR (1926)

Heinz-Nixdorf-Recall (4291)
Oslo Health Study (13 174)

RoadSide (2498)
SAPALDIA2 (6450)

Pooled (33)

Cohort studies
DCH (32 635)

0.333                       1.000	                         3.000	                 9.000	                   27.000	
		



37

RECOMMENDATIONS

Stroke

One cohort study into the relationship between road traffic noise and incidence of stroke was 
identified (Sörensen et al., 2011; 2012b; 2014). It involved 51 485 participants, including 1881 
cases, and found an RR of 1.14 (95% CI: 1.03–1.25) per 10 dB Lden increase in noise levels, across 
a range of around 50–70 dB. The evidence was rated moderate quality. 

Two cross-sectional studies on road traffic noise and prevalence of stroke involved 14  098 
participants, including 151 cases (Babisch et al., 2005a; 2008; 2012a; 2012b; 2013a; Floud et al., 
2011; 2013a; 2013b; Jarup et al., 2005; 2008; van Poll et al., 2014) yielded an estimated RR of 1.00 
(95% CI: 0.91–1.10) per 10 dB Lden increase in noise levels. This evidence was rated very low quality.

Furthermore, three cohort studies investigated the relationship between road traffic noise and 
mortality due to stroke (Beelen et al., 2009; Gan et al., 2012; Sörensen et al., 2011; 2012b; 2014). 
These involved 581  517 participants, including 2634 cases, and their pooled estimate was a 
statistically nonsignificant RR = 0.87 (95% CI: 0.71–1.06) per 10 dB Lden increase in road traffic noise 
levels. This evidence was rated moderate quality.

Fig. 5 presents the results of the meta-analysis for road traffic noise and measures of stroke.

Notes: 	The dotted vertical line corresponds to no effect of exposure to road traffic noise. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the summary estimate and 95% CI.

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Estimated RR per 10 dB

Fig. 5. The association between exposure to road traffic noise (Lden) and stroke
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Children’s blood pressure

Six cross-sectional studies investigated the change in systolic and diastolic blood pressure in 
children exposed to road traffic noise in residential settings (Belojevic & Evans, 2011; 2012; Bilenko 
et al., 2013; Liu et al., 2013; 2014; Regecova & Kellerova, 1995; van Kempen et al., 2006). In total, 
4197 children were included in these studies; the number of cases was not reported. For each 
increase in 10 dB Lden in noise levels, there was a statistically nonsignificant increase in systolic and in 
diastolic blood pressure of 0.08 mmHg (95% CI: −0.48–0.64) and 0.47 mmHg (95% CI: −0.30–1.24), 
respectively. The overall evidence was rated very low quality.

Furthermore, five cross-sectional studies investigated the association between systolic and diastolic 
blood pressure in children and exposure to road traffic noise in educational settings (Belojevic & 
Evans, 2011; 2012; Bilenko et al., 2013; Clark et al., 2012; Paunovic et al., 2013; Regecova & 
Kellerova, 1995; van Kempen et al., 2006). In total, 4520 children were included in these studies; the 
number of cases was not reported. Systolic blood pressure decreased statistically nonsignificantly, 
at −0.60 mm (95% CI: −1.51–0.30) per 10 dB Lden increase in road traffic noise levels. Diastolic blood 
pressure increased statistically nonsignificantly, at 0.46 mm (95% CI: −0.60–1.53) per 10 dB Lden 
increase in road traffic noise levels. For both relationships, the evidence was rated very low quality.

Annoyance

A vast amount of research proves the association between road traffic noise and annoyance. In total, 
17 road traffic noise studies were identified that were used to model ERFs of the relationship between 
Lden and %HA (Babisch et al., 2009; Brink, 2013; Brink et al., 2016; Brown et al., 2014; 2015; 
Champelovier et al., 2003; Heimann et al., 2007; Lercher et al., 2007; Medizinische Universitaet 
Innsbruck, 2008; Nguyen et al., 2012a; Pierette et al., 2012; Sato et al., 2002; Shimoyama et al., 
2014). These incorporated data from 34 112 study participants. The estimated data points of each of 
the studies are plotted in Fig. 6, alongside an aggregated ERF including the data from all the individual 
studies (see the black line for “WHO full dataset”). The lowest category of noise exposure considered 
in any of the studies, and hence included in the systematic review, is 40  dB, corresponding to 
approximately 9%HA. The benchmark level of 10%HA is reached at 53.3 dB Lden (see Fig 6). 

Table 10 shows the %HA in relation to exposure to road traffic noise. The calculations are based on 
the regression equation %HA = 78.9270–3.1162 × Lden + 0.0342 × Lden

2 derived from the systematic 
review (Guski et al., 2017). Even though there is a large evidence base substantiating the association 
of average road traffic noise and noise annoyance, the overall evidence had to be rated low quality. 
The main reasons for downgrading included limitations regarding the acoustical data provided, 
the nature of study design (most of the studies in the realm of annoyance research follow a cross-
sectional approach), the inconsistency of results and the variety in the questions asked.

Nevertheless, the general quality of the evidence was substantiated with the help of additional 
statistical analyses that apply classic health outcome measures to estimate noise annoyance. When 
comparing road traffic noise exposure at 50 dB and 60 dB, the analyses revealed evidence rated 
moderate quality for an association between road traffic noise and %HA for an increase per 10 dB 
(OR = 2.74; 95% CI: 1.88–4.00). Moreover, there was evidence rated high quality for the increase 
of %HA per 10 dB increase in sound exposure, when data on all sound classes were included 
(OR = 3.03; 95% CI: 2.59–3.55). 
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Notes:	The ERF by Miedema & Oudshoorn (2001) is added in red for comparison. 
	 The size of the data points corresponds to the number of participants in the respective study (size = SQRT(N)/10). 
	 If two results from different studies fall on the same data point, the last point plotted may mask the former one. 
	 The black curve is derived from aggregated secondary data, while the red one is derived from individual data.
	 There is no indication of 95% CIs of the WHO full dataset, as a weighting based on the total number of participants 

for each 5 dB Lden sound class could not be calculated; weighting based on all participants of all sound classes 
proved to be unsuitable. The range of data included is illustrated by the distribution of data points.

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Lden (dB)

Fig. 6.	Scatterplot and quadratic regression of the relationship between road traffic noise 
(Lden) and annoyance (%HA)
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Cognitive impairment

Evidence rated very low quality was available for the association between road traffic noise and 
reading and oral comprehension, assessed by tests. The review identified two papers that reported 
the results of the cross-sectional road traffic and aircraft noise exposure and children’s cognition and 
health (RANCH) study, which examined exposure–effect relationships (Clark et al., 2006; Stansfeld 
et al., 2005). The study of over 2000 children aged 9–10 years, attending 89 schools around three 
major airports in the Netherlands, Spain and the United Kingdom did not find an exposure–effect 
relationship between road traffic noise exposure at primary school, which ranged from 31 to 71 dB 
LAeq,16h, and children’s reading comprehension.

Few studies have investigated other health outcome measures related to cognition. Evidence rated 
low quality was available for an association between road traffic noise and cognitive impairment 
assessed through standardized tests (Cohen et al., 1973; Lukas et al., 1981; Pujol et al., 2014; 
Shield & Dockrell, 2008). There was evidence rated very low quality for an association between 
road traffic noise and long-term memory (Matheson et al., 2010; Stansfeld et al., 2005). No studies 
examined effects on short-term memory.

There was evidence rated very low quality, however, that road traffic noise does not have a 
considerable effect on children’s attention (Cohen et al., 1973; Stansfeld et al., 2005). Further, there 
was evidence rated low quality that road traffic noise does not have a substantial effect on executive 
function (working memory), with studies consistently reporting no association (Clark et al., 2012; 
Matheson et al., 2010; Stansfeld et al., 2005; van Kempen et al., 2010; 2012).

Hearing impairment and tinnitus

No studies were found, and therefore no evidence was available for the association between road 
traffic noise and hearing impairment and tinnitus.

Sleep disturbance

For road traffic noise and self-reported sleep outcomes (awakenings from sleep, the process of 
falling asleep and sleep disturbance), 12 studies were identified that included a total of 20 120 

Table 10. The association between exposure to road traffic noise (Lden) and annoyance (%HA) 

Lden (dB) %HA 
40 9.0

45 8.0

50 8.6

55 11.0

60 15.1

65 20.9

70 28.4

75 37.6

80 48.5
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participants (Bodin et al., 2015; Brown et al., 2015; Hong et al., 2010; Phan et al., 2010; Ristovska et 
al., 2009; Sato et al., 2002; Shimoyama et al., 2014); these were cross-sectional studies, conducted 
in healthy adults. The health outcome was measured by self-reporting via general health and noise 
surveys that included questions about sleep in general, and other questions about how noise affects 
sleep (see Table 11).

Noise 
metric

Priority 
health 
outcome 
measure

Quantitative risk 
for adverse health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight  %HSD OR: 2.13 (95% CI: 
1.82–2.48) per 10 dB 
increase

43 dB 20 120  
(12)

Moderate (downgraded 
for study limitations, 
inconsistency; upgraded for 
dose-response, magnitude 
of effect)

Table 11. Summary of findings for health effects from exposure to road traffic noise (Lnight) 

Lnight (dB) %HSD 95% CI
40 2.0 0.9–3.15

45 2.9 1.40–4.44

50 4.2 2.14–6.27

55 6.0 3.19–8.84

60 8.5 4.64–12.43

65 12.0 6.59–17.36

Table 12. The association between exposure to road traffic noise (Lnight) and sleep disturbance 
(%HSD) 

The model in the systematic review (Basner & McGuire, 2018) was based on outdoor Lnight levels 
between 40 dB and 65 dB only; 40 dB was chosen as the lower limit because of possible inaccuracies 
of predicting lower noise levels. The range of noise exposure reported in the studies reviewed was 
37.5–77.5 dB Lnight. About 2% (95% CI: 0.90–3.15) of the population was characterized as highly 
sleep-disturbed at Lnight levels of 40 dB. The %HSD at other, higher levels of road traffic noise is 
presented in Table 12. The association between road traffic noise and the probability of being highly 
sleep-disturbed was OR: 2.13 (95% CI: 1.82–2.48) per 10 dB increase in noise. This evidence was 
rated moderate quality.

Additional analyses were conducted for other health outcome measures related to sleep, which 
provided supporting evidence on the overall relationship between road traffic noise and sleep 
disturbance. When the noise source was not specified in the question, the relationship between road 
traffic noise and self-reported sleep outcomes was still positive but no longer statistically significant, 
with an OR of 1.09 (95% CI: 0.94–1.27) per 10 dB increase (Bodin et al., 2015; Brink, 2011; Frei et 
al., 2014; Halonen et al., 2012). This evidence was rated very low quality. 
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There was evidence rated moderate quality for an association between road traffic noise and sleep 
outcomes measured with polysomnography (probability of additional awakenings) with an OR of 
1.36 (95% CI: 1.19–1.55) per 10 dB increase in indoor LAS,max 

13 (Basner et al., 2006; Elmenhorst et 
al., 2012). Further, evidence rated low quality showed an association between road traffic noise and 
sleep outcomes measured as motility in adults (Frei et al., 2014; Griefahn et al., 2000; Oehrstroem 
et al., 2006a; Passchier-Vermeer et al., 2007; Pirrera et al., 2014). Finally, there was evidence rated 
very low quality for an association between road traffic noise and both self-reported and motility-
measured sleep disturbance in children (Ising & Ising, 2002; Lercher et al., 2013; Oehrstroem et al., 
2006a; Tiesler et al., 2013).

3.1.2.2 Evidence on interventions 

This section summarizes the evidence underlying the recommendation on the effectiveness of 
interventions for road traffic noise exposure. The key question posed was: in the general population 
exposed to road traffic noise, are interventions effective in reducing exposure to and/or health 
outcomes from road traffic noise? A summary of the PICOS/PECCOS scheme applied and the main 
findings is set out in Tables 13 and 14.  

Table 13. PICOS/PECCOS scheme of the effectiveness of interventions for exposure to road 
traffic noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measures that aim to change noise exposure and associated health effects; 

(b) a measures that aim to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measures designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

13 	 LAS,max is the maximum time-weighted and A-weighted sound pressure level with SLOW time constant within a stated 
time interval starting at t1 and ending at t2, expressed in dB.	
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Note: a This figure does not include number of participants from the studies by Langdon & Griffiths (1982) and Baughan & 
Huddart (1993), as the exact number of respondents was not reported.

Type of intervention Number of 
participants 
(studies)

Effect of intervention Quality of 
evidence

Annoyance

Type A – source interventions
(change in traffic flow rate, improved 
road resurfacing, truck restriction 
strategy, complex set of barriers, 
road surfaces and other measures)

6096a

(9)

•	 Changes in noise level ranged from 
around −15 dB to +15.5 dB (various 
noise metrics).

•	Most studies found that the intervention 
resulted in a change in annoyance.

Moderate
(downgraded for 
study limitations; 
upgraded for 
dose-response)

Type B – path interventions
(dwelling insulation, barrier 
construction, building intervention) 

2970  
(7)

•	 Changes in noise level ranged from 
−3 dB to −13 dB (various noise 
metrics).

•	 All studies found that the intervention 
resulted in a change in annoyance, as 
estimated by an ERF.

Moderate
(downgraded for 
study limitations; 
upgraded for 
dose-response)

Type C – changes in infrastructure
(new road tunnel infrastructure)

1211  
(2)

•	 Noise levels reduced by an average of 
−12 dB (LAeq,24h).

•	 Both studies found lower annoyance 
responses post intervention, with no 
change in the controls.

Moderate
(downgraded for 
study limitations; 
upgraded for 
dose-response)

Type D – other physical 
interventions (availability of quiet 
side to the dwelling, existence of 
nearby green space)

26 786  
(6)

•	 Because of large variability in noise 
levels between most and least exposed 
façade (quiet side), access to quiet side 
and/or green space resulted in less 
annoyance.

Very low
(downgraded for 
study limitations) 

Sleep disturbance

Type B – path interventions 
(1: façade insulation; 
 2: enlargement of motorway lanes 

but with dwelling insulation, 
barriers and quiet pavement)

1158  
(2)

•	 1: façade insulation resulted in a 
reduction of 7 dB for indoor noise level.

•	 2: enlargement led to reduction in 
the extent of population exposure at 
higher noise levels (55–65 dB) with an 
increase in lower levels (45–55 dB)

•	 Both path interventions resulted in 
changes in sleep outcomes 

Moderate
(downgraded for 
study limitations)

Type C – changes in infrastructure
(new road tunnel infrastructure)

166  
(2)

•	 Noise levels reduced by an average of 
−12 dB (LAeq,24h).

•	 Both studies found lower sleep 
disturbance indicators/ 
improvement in sleep post intervention, 
with no change in the controls.

Moderate
(downgraded for 
study limitations)

Type D – other physical 
interventions
(availability of quiet side to the 
dwelling)

100  
(1)

•	 An absence of quiet façade resulted in 
increased reporting of difficulty in falling 
asleep.

Very low
(downgraded for 
study limitations, 
inconsistency)

Cardiovascular disease

Type D – other physical 
interventions
(availability of quiet side to the 
dwelling)

9203  
(4)

•	 Three studies found changes (including 
in self-reported hypertension) with and 
without a quiet side. One study found 
no change.

Very low
(downgraded for 
study limitations)

Table 14. Summary of findings for road traffic noise interventions by health outcome
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Type A – source interventions 

Most of the nine source intervention studies – Baughan & Huddart (1993), Brown (1987; 2015), Brown 
et al. (1985), Griffiths & Raw (1987; 1989), Kastka (1981), Langdon & Griffiths (1982), Pedersen et al. 
(2013; 2014), Stansfeld et al. (2009b) – showed an effect in annoyance due to changes in road traffic 
flow rates. In some cases these were combined with other measures like improved road resurfacing, 
truck restrictions or complex control measures, including barriers or road surfaces. A majority of the 
changes resulted in reductions of noise levels. 

Regarding the strength of association between exposure and annoyance outcome, all intervention 
studies demonstrated that the response was of at least the magnitude estimated by a steady-
state ERF. The limited available evidence on long-term effects shows that this excess response 
undergoes some attenuation but is largely maintained over several years. In spite of the high risk of 
bias in all studies, the evidence in the systematic review was initially assessed as high quality, due 
to an upgrade because of the dose-response effect. However, the GDG decided to downgrade 
this assessment in an effort to maximize consistency with the grading approach of the remaining 
systematic reviews. It was therefore rated moderate quality.

Type B – path interventions 

Seven path intervention studies – Amundsen et al. (2011; 2013), Bendtsen et al. (2011), Gidloef-
Gunnarsson et al. (2010), Kastka et al. (1995), Nilsson & Berglund (2006), Vincent & Champelovier 
(1993) – explored the effects on annoyance by interventions related to dwelling insulation, barrier 
constructions and a combination of both, as well as a full-scale building intervention. With the help 
of pre/post designs, the studies assessed changes in noise exposure achieved by the interventions 
over different periods of time. In six studies the path intervention was associated with a change in 
annoyance outcomes. Four of these showed that the annoyance response to the change was in 
the same direction and of at least the same magnitude estimated by the ERF. In spite of the high 
risk of bias in all studies, the evidence in the systematic review was initially assessed as high quality, 
due to an upgrade because of the dose-response effect. However, the GDG decided to downgrade 
this assessment in an effort to maximize consistency with the grading approach of the remaining 
systematic reviews. The evidence was therefore rated moderate quality. 

Two of the studies (Amundsen et al., 2013; Bendtsen et al., 2011) assessed path interventions 
and sleep disturbance. The results showed a reduction in the %HSD after the interventions were 
conducted. One of the studies included a two-year follow-up, revealing the persistence of the effect. 
Risk of bias was assessed as high in both studies. The evidence was rated moderate quality.

Type C – new/closed infrastructure interventions 

Two infrastructural intervention studies (Gidloef-Gunnarsson et al., 2013; Oehrstroem, 2004; 
Oehrstroem & Skanberg, 2000) evaluated the impact on annoyance of major reductions in road 
traffic flows, combined with other environmental improvements. One was a new road tunnel 
infrastructure, resulting in substantial traffic and noise levels reductions for residents near the 
previously heavy-traffic road. Both studies were pre/post designs using repeated measures of 
annoyance outcomes. Following the reduction in noise levels (around −12 dB LAeq,24h), both studies 
demonstrated a statistically significant lower degree of annoyance, while there was no change in 
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the control group. Both also reported that the after-scores in the studies matched those estimated 
by the ERF, but both reported excess response, meaning that the response to change was in the 
direction estimated by the ERF but much steeper. In spite of the high risk of bias in all studies, the 
quality of the evidence in the systematic review was initially assessed as high, due to an upgrade 
because of the dose-response effect. However, the GDG decided to downgrade this assessment in 
an effort to maximize consistency with the grading approach of the remaining systematic reviews. 
The evidence was therefore rated moderate quality.

Two studies investigated the impact of new tunnels that removed traffic flow from surface roads 
on sleep disturbance (Oehrstroem, 2004; Oehrstroem & Skanberg, 2000; 2004). Subjective and 
objective measures of sleep quality were assessed before and after the intervention. Both studies 
demonstrated a statistically significant lower reporting of various sleep disturbance indicators 
post intervention. One study reported statistically significantly reduced time spent in bed after the 
intervention, which, according to the authors, could suggest increased sleep efficiency. Risk of bias 
was assessed as high, so this evidence was rated moderate quality.

Type D – other physical infrastructure interventions 

No intervention studies were available to assess impacts on annoyance of other physical interventions. 
The only relevant studies (Babisch et al., 2012; de Kluizenaar et al, 2011; 2013; Gidloef-Gunnarsson 
& Oehrstroem 2007; van Renterghem & Botteldooren, 2012; 2010) did not provide direct evidence 
of an intervention. Instead, they provided indirect evidence on the magnitude of the likely effect of 
certain interventions (e.g. using the quiet side of the dwelling, green space in the neighbourhood) 
by comparing responses from groups with and without the intervention/feature of interest. All 
studies found an effect of the presence of the dimension investigated; in all but one, the effect was 
statistically significant. Risk of bias was assessed as high in all studies, so the evidence was rated 
very low quality.

One study investigated a subjective assessment of difficulty in falling asleep (van Renterghem & 
Botteldooren, 2012), before and after the intervention. The difference in the proportion of participants 
reporting difficulty falling asleep “at least sometimes” between homes with and without a quiet side 
was statistically significant. Absence of a quiet façade resulted in increased reporting of this sleep 
parameter. Confounding was adjusted for in the analyses of the ERFs, including noise sensitivity, 
window-closing behaviour and front-façade Lden. Risk of bias was assessed as high, so the evidence 
was rated very low quality.

Four studies that assessed the effect of other physical interventions on cardiovascular disease were 
identified (Babisch et al., 2012; 2014a; Bluhm et al., 2007; Lercher et al., 2011). Three of these 
found changes, including self-reported hypertension, with and without a quiet side of the dwelling; 
in two the difference was statistically significant. The risk of bias in these studies was generally high, 
so the evidence was rated very low quality.

3.1.2.3 Consideration of additional contextual factors

As the foregoing overview has shown, ample evidence about the adverse health effects of long-term 
exposure to road traffic noise exists. Based on the quality of the available evidence, the GDG set 
the strength of the recommendation on road traffic noise at strong. As a second step, it qualitatively 
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assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These considerations mainly concerned the balance of harms and 
benefits, values and preferences, equity, and resource use and implementation. 

When assessing the balance of harms and benefits of interventions to reduce exposure to road 
traffic noise, the GDG initially noted that road traffic is the most widespread source of noise pollution, 
measured in terms of the number of affected people both within and outside urban areas. The EEA 
estimates that more than 100 million people in Europe are exposed to Lden levels above 55 dB; for 
night-time road traffic noise, over 72 million Europeans are exposed to Lnight levels above 50 dB 
(Blanes et al., 2017).14 The amount of road traffic noise emitted is unlikely to decrease significantly: 
both transport demand, including for passenger cars (EC, 2016b), and the number of city inhabitants 
(Eurostat, 2016) are expected to increase. Considering the significant burden of disease attributable 
to exposure to road traffic noise (WHO Regional Office for Europe & JRC, 2011), the GDG expects 
substantial health benefits to evolve from implementing the recommendations to reduce population 
exposure to road traffic noise. Depending on the intervention measures used (such as restrictions 
of traffic), possible harms could include effects on the transportation of goods and on individual 
mobility of the population. Both can have impacts on local, national and international economies. 
Overall, the GDG estimated that the benefits gained from minimizing adverse health effects due to 
road traffic noise exposure outweigh the possible (economic) harms. 

Considering values and preferences, it has been established that people appreciate quiet areas as 
beneficial for their health and well-being, especially in urban areas (Shepherd et al., 2013; Gidloef-
Gunnarsson & Oehrstroem, 2007; Oehrstroem et al., 2006b). Nevertheless, the GDG recognized 
that the convenience of individual mobility with the help of passenger cars is valued overall by 
large parts of the population in the EU, as illustrated by the sustained high volume of passenger 
kilometres driven in Europe (EEA, 2016a; 2017a). In general, values and preferences are expected 
to vary throughout society, as exposure to environmental noise and continuous road traffic noise is 
not equally distributed: those of individuals directly affected by long-term road traffic exposure are 
likely to differ from those that are not affected. Individuals with a higher average sound pressure level 
of road traffic noise are, for example, more willing to pay to reduce their noise exposure (Bristow et 
al., 2014). 

In light of the dimension of equity, the GDG highlighted the fact that the risk of exposure to road 
traffic noise is not equally distributed throughout society. People with lower socioeconomic status 
and other disadvantaged groups often live in more polluted and louder areas, including in proximity 
to busy roads (EC, 2016a). Moreover, socioeconomic factors are not only related to differences in 
exposure to environmental factors such as noise but are also associated with increased vulnerability 
and poorer coping capacities (Karpati et al., 2002). 

With resource use and implementation considerations, the GDG recognized that no comprehensive 
cost–benefit analysis for the WHO European Region yet exists, so this assessment is based on 
informed expert judgement regarding the feasibility of implementing the recommendation for the 
majority of the population. As the systematic review of environmental noise interventions and their 

14 These are gap-filled figures based on the reported data and including the situation both within and outside cities, as 
defined by the END.	



47

RECOMMENDATIONS

associated impact on health shows, various effective measures exist to reduce noise exposure from 
road traffic and improve health (Brown & van Kamp, 2017). The resources needed to implement 
these measures vary as they rely on the type of intervention and the context. The GDG pointed out 
the following four major solutions, which are known to be cost-effective: choice of appropriate tyres, 
use of low-noise road surfaces, building of noise barriers and installation of soundproof windows 
(CSES et al., 2016). Other types of intervention include limitations of speed or type of traffic allowed 
on roads.

Regarding feasibility of implementation, the GDG was convinced that many of the solutions can be 
planned as part of regular maintenance processes and accelerated fleet and road modernization. 
In particular, appropriate tyres and road surfaces are only slightly more expensive than existing 
products, and various countries have already considered or adopted similar interventions to 
reduce noise levels (Ohiduzzaman et al., 2016; Sirin, 2016). This indicates that solutions to achieve 
recommended noise levels can be implemented and carry a reasonable cost on a societal level. 
The GDG noted, however, that the feasibility of implementing measures can be hindered by the 
fact that costs and benefits are not evenly distributed. In most cases, the health benefits gained 
by interventions that reduce long-term road traffic exposure accrue to citizens, whereas the costs 
are borne by road users, private companies and public authorities. Furthermore, the GDG expects 
challenges in the implementation of all long-term measures that include changes in behaviour of 
the population, such as increased use of car-sharing or public transport. Even though the overall 
costs are expected to be significant, because of the large number of people affected, the benefit of 
implementation of the recommendation to minimize the risk of adverse health effects due to road 
traffic noise for a majority of the population exceeds the resources needed. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains strong. 

Other nonpriority adverse health outcomes

As an additional consideration, although not priority health outcomes and coming from a single 
study, the GDG noted the evidence rated moderate quality for an association between road traffic 
noise and the prevalence of diabetes (van Kempen et al., 2018). The noise levels in the study 
identified ranged from around 50 dB to 70 dB Lden, so the recommendation proposed is thought to be 
protective enough for this health outcome. Thus, it did not lead to a change in the recommendation.

Additional considerations or uncertainties

Individual noise annoyance judgements of residents are to a large extent moderated by personal 
variables (such as noise sensitivity and coping capacity). However, further situational factors that apply 
to many residents should be taken into account when analysing noise annoyance from road traffic 
noise, as they may moderate the relationship. These include the type(s) of road being considered 
(highways, urban main roads, secondary roads and so on) and the related traffic composition (share 
of cars, motorcycles and heavy and loud trucks) and pattern (fluctuation, frequency, intermittency). 
Moreover, the location of settlements and/or individual dwellings, proximity to the road, and location 
and availability of a quiet façade can also influence the relationship when predicting health outcomes 
such as annoyance.
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3.1.3 Summary of the assessment of the strength of the recommendations
Table 15 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the road traffic noise recommendations. 

Factors influencing 
the strength of 
recommendation

Decision

Quality of evidence Average exposure (Lden)

Health effects
•	 Evidence for a relevant RR increase for incidence of IHD at 59 dB Lden was 

rated high quality.
•	 Evidence for the incidence of hypertension was rated low quality.
•	 Evidence for a relevant absolute risk of annoyance at 53 dB Lden was rated 

moderate quality.
•	 Evidence for a relevant RR increase for reading and oral comprehension was 

rated very low quality.

Interventions
•	 Evidence on effectiveness of interventions to reduce noise exposure and/or 

health outcomes from road traffic noise is of varying quality.

Night-time exposure (Lnight)

Health effects
•	 Evidence for a relevant absolute risk of sleep disturbance related to night noise 

exposure from road traffic at 45 dB Lnight was rated moderate quality. 

Interventions
•	 Evidence on effectiveness of interventions to reduce noise exposure and/or 

sleep disturbance from road traffic noise is of varying quality. 

Balance of benefits versus 
harms and burdens

Health benefits can be gained from markedly reducing exposure of the 
population to road traffic noise; benefits outweigh the harms of interventions to 
reduce continuous road traffic noise. 

Values and preferences Quiet areas are valued by the population, especially by those affected by 
continuous noise exposure. Some variability is possible between those who 
benefit from interventions to reduce road traffic noise and those who finance the 
interventions. 

Equity Risk of exposure to road traffic noise is not equally distributed. 

Resource use and implications No comprehensive cost–effectiveness analysis data are available; nevertheless, a 
wide range of solutions exists and several are being implemented, showing that 
effective interventions are both feasible and economically reasonable. 

Decisions on recommendation 
strength 

•	 Strong for guideline level for average noise exposure (Lden) 

•	 Strong for guideline value for average night noise exposure (Lnight)

•	 Strong for specific interventions to reduce noise exposure

Table 15. Summary of the assessment of the strength of the road traffic noise recommendation
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	      3.2 Railway noise

Recommendations

Summary of priority health outcome evidence Benchmark 
level

Evidence quality

Incidence of IHD
No studies were available and therefore incidence of IHD could not be 
used to assess the exposure level.

5% increase of RR No studies met the 
inclusion criteria/no 
studies available

Incidence of hypertension 
One study met the inclusion criteria. There was no significant increase of 
risk associated with increased noise exposure in this study.

10% increase of RR Low quality 

Prevalence of highly annoyed population
There was an absolute risk of 10% at a noise exposure level of 53.7 dB Lden.

10% absolute risk Moderate quality 

Permanent hearing impairment No increase No studies met the 
inclusion criteria/no 
studies available

Reading skills and oral comprehension in children One-month delay No studies met the 
inclusion criteria/no 
studies available

Table 16. Average exposure levels (Lden) for priority health outcomes from railway noise 

For average noise exposure, the GDG strongly recommends reducing noise levels 
produced by railway traffic below 54 dB Lden, as railway noise above this level is associated 
with adverse health effects. 

For night noise exposure, the GDG strongly recommends reducing noise levels produced 
by railway traffic during night time below 44 dB Lnight, as railway noise above this level is 
associated with adverse effects on sleep. 

To reduce health effects, the GDG strongly recommends that policy-makers implement 
suitable measures to reduce noise exposure from railways in the population exposed to 
levels above the guideline values for average and night noise exposure. There is, however, 
insufficient evidence to recommend one type of intervention over another. 

3.2.1 Rationale for the guideline levels for railway noise
The exposure levels were derived in accordance with the prioritizing process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to railway noise, the process can be summarized as follows (Table 16).

In accordance with the prioritization process (see section 2.4.3), the GDG set a guideline exposure 
level of 53.7 dB Lden for average exposure, based on the relevant increase of the absolute %HA. 
In accordance with the defined rounding procedure, the value was rounded to 54 dB Lden. As the 
evidence on the adverse effects of railway noise was rated moderate quality, the GDG made the 
recommendation strong. 
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Next, the GDG assessed the evidence for night noise exposure and its effect on sleep disturbance 
(Table 17).

Based on the evidence of the adverse effects of railway noise on sleep disturbance, the GDG 
defined a guideline exposure level of 43.7 dB Lnight. The exact exposure value was rounded to 44 dB 
Lnight. As the evidence was rated moderate quality, the GDG made the recommendation strong.

The GDG also considered the evidence for the effectiveness of interventions. The results showed 
that: 

•	intervening at the source by applying rail grinding procedures can reduce noise annoyance;

•	behavioural interventions such as informing the community about noise interventions can reduce 
noise annoyance. 

In light of the strong evidence about the adverse health effects, the GDG followed a precautionary 
approach and made a strong recommendation for interventions on railway noise, as it was confident 
that interventions are realizable and that best practices already exist for the management of noise 
from railways. Since the empirical evidence on the effectiveness of different types of intervention 
was rated either low or very low quality, the GDG felt that no recommendation could be made on 
the preferred type of intervention, and agreed not to recommend any specific type of intervention 
over another. 

3.2.1.1 Other factors influencing the strength of recommendations 

Other factors considered in the context of recommendations on railway noise included those related 
to values and preferences, benefits and harms, resource implications, equity, acceptability and 
feasibility; moreover, nonpriority health outcomes were considered. The assessment of all these 
factors – especially the values and preferences involved in railway noise – did not lead to a change 
in the strength of the recommendations. Further details are provided in Section 3.2.2.3.

3.2.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on railway noise. It is presented and summarized separately for each of the 
critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of interventions is addressed consecutively. 

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance

3% of the participants in studies were highly sleep-disturbed 
at a noise level of 43.7 dB Lnight 

3% absolute risk Moderate quality 

Table 17. Night-time exposure levels (Lnight) for priority health outcomes from railway noise
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Note: a Results are partly derived from population-based studies.

3.2.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to railway noise, what is the 
exposure–response relationship between exposure to railway noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 18 and 19. 

Table 18. PICOS/PECCOS scheme of critical health outcomes for exposure to railway noise 

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by railway traffic (average/night time)

Comparison Exposure to lower levels of noise produced by railway traffic (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 19. Summary of findings for health effects from exposure to railway noise (Lden)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)a

Quality of evidence

Cardiovascular disease

Lden Incidence of IHD – – – –

Lden Incidence of 
hypertension 

RR = 0.96 (95% CI: 
0.88–1.04) per 10 
dB increase

N/A 7249  
(1)

Low (downgraded for risk 
of bias and availability of 
only one study)

Annoyance

Lden %HA OR = 3.53 (95% 
CI: 2.83–4.39) per 
10 dB increase

34 10 970  
(10)

Moderate (downgraded 
for inconsistency, 
directness; upgraded for 
dose-response)

Cognitive impairment

Lden Reading and oral 
comprehension

– – – –

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –
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Notes: 	The dotted vertical line corresponds to no effect of exposure to railway noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the pooled random effect estimates and 95% CI.

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Hypertension

One cohort study on the relationship between railway noise and hypertension was identified; it 
assessed the incidence among people living in Denmark (Sörensen et al., 2011; 2012a). The study 
involved 7249 participants, including 3145 cases. The authors did not find an association between 
railway noise exposure and incidence of hypertension, with RR = 0.96 (95% CI: 0.88–1.04) per 
10 dB Lden increase. This evidence was rated low quality.

Cardiovascular disease

IHD

No evidence was available on the relationship between railway noise and the incidence of or mortality 
from IHD. Four cross-sectional studies were identified, however, that assessed the prevalence of 
IHD in a total of 13 241 participants, including 283 cases (Heimann et al., 2007; Lercher et al., 2008; 
2011; van Poll et al., 2014). The overall risk was not statistically significantly increased: the RR was 
1.18 (95% CI: 0.82–1.68) per 10 dB Lden increase, with inconsistency across studies (see Fig. 7). The 
evidence was rated very low quality.

Fig. 7. The association between exposure to railway noise (Lden) and prevalence of IHD
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Fig. 8. The association between exposure to railway noise (Lden) and hypertension
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In addition, five cross-sectional studies assessed the prevalence of hypertension in 15  850 
participants, including 2059 cases (Barregard et al., 2009; Eriksson et al., 2012; Lercher et al., 
2008; 2011; van Poll et al., 2014). The overall RR increase was not statistically significant, at 1.05 
(95% CI: 0.88–1.26) per 10 dB Lden increase. Moreover, there was inconsistency among the results 
across studies. The evidence was rated very low quality.

Fig. 8 presents the studies investigating the relationship between railway noise and different measures 
of hypertension.

Notes: 	The dotted vertical line corresponds to no effect of exposure to railway noise. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the summary estimate and 95% CI.

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Stroke

As for IHD, no evidence was available on the relationship between railway noise and incidence 
of or mortality from stroke. However, one cross-sectional study was identified that assessed the 
prevalence of stroke in 9365 participants, including 89 cases (van Poll et al., 2014). The overall 
risk was not statistically significantly increased, with RR = 1.07 (95% CI: 0.92–1.25) per 10 dB Lden 
increase. The evidence was rated very low quality.
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Children’s blood pressure

No evidence was available for the association between railway noise and the systolic and/or diastolic 
blood pressure of children in residential and/or educational settings.

Annoyance

In total, 10 studies with ERFs on the association between railway noise and annoyance were 
included in analyses (Champelovier et al., 2003; Gidloef-Gunnarsson et al., 2012; Lercher et al., 
2007; 2008; Sato et al., 2004; Schreckenberg, 2013; Yano et al., 2005; Yokoshima et al., 2008). 
The studies incorporated individual data from 10 970 participants. The estimated data points of 
each of these studies are plotted in Fig. 9, alongside an aggregated ERF including the data from 
all the individual studies (see the black line for “WHO dataset, Rail”). The lowest category of noise 
exposure considered in any of the studies, and hence included in the systematic review is 40 dB, 
corresponding to approximately 1.5%HA. The 10% benchmark for %HA is reached at 53.7 dB Lden 
(see Fig. 9).

Notes:	The ERF by Miedema & Oudshoorn (2001) is added in red for comparison.
	 There is no indication of 95% CIs of the WHO dataset curve, as a weighting based on the total number of participants 

for each 5 dB Lden sound class could not be calculated; weighting based on all participants of all sound classes 
proved to be unsuitable. The range of data included is illustrated by the distribution of data points.

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Fig. 9. Scatterplot and quadratic regression of the relationship between railway noise (Lden)
and annoyance (%HA) 
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Lden (dB) %HA 
40 1.5

45 3.4

50 6.6

55 11.3

60 17.4

65 25.0

70 33.9

75 44.3

80 56.1

Table 20. The association between exposure to railway noise (Lden)  and annoyance (%HA)

Table 20 shows the %HA for railway noise exposure. The calculations are based on the regression 
equation %HA = 38.1596–2.05538 × Lden + 0.0285 × Lden

2 derived from the systematic review (Guski 
et al., 2017). The overall evidence was rated moderate quality. Additional statistical analyses of 
annoyance outcomes supported these findings. When comparing railway noise exposure at 50 dB 
and 60  dB, the analyses revealed evidence rated moderate quality for an association between 
railway noise and %HA for an increase per 10  dB (OR  =  3.40; 95% CI: 2.05–5.62). Moreover, 
evidence rated high quality was available for the increase in %HA per 10 dB increase in sound 
exposure, when data on all sound classes were included (OR = 3.53; 95% CI: 2.83–4.39). 

Cognitive impairment

Studies of railway noise on children’s reading and oral comprehension were lacking. Nevertheless, 
other measures of cognition yielded evidence rated very low quality for an association between 
railway noise and children with poorer performance on standardized assessment tests (Bronzaft, 
1981; Bronzaft & McCarthy, 1975). Evidence for the association between railway noise and children 
having poorer long-term memory (Lercher et al., 2003) was rated very low quality. No studies 
examined effects on short-term memory. 

There was no clear relation between railway noise and attention in children (Lercher et al., 2003), and 
this evidence was rated very low quality.

Hearing impairment and tinnitus

No studies were found, and therefore no evidence was available on the association between railway 
noise and hearing impairment and tinnitus.

Sleep disturbance

For railway noise and self-reported sleep outcomes (awakenings from sleep, the process of falling 
asleep and sleep disturbance), five studies were identified that included a total of 7133 participants 
(Bodin et al., 2015; Hong et al., 2010; Sato et al., 2004; Schreckenberg, 2013). The studies 
were cross-sectional and conducted on healthy adults. The health outcome was measured by 
self-reporting via general health surveys and noise surveys that included questions about sleep in 
general, and other questions about how noise affects sleep (Table 21).
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Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight %HSD OR: 3.06 (95% CI: 
2.38–3.93) per 10 
dB increase

33 dB 7133  
(5)

Moderate (downgraded 
for study limitations, 
inconsistency; upgraded for 
dose-response, magnitude 
of effect)

Table 21. Summary of findings for health effects from exposure to railway noise (Lnight)

The model in the systematic review (Basner & McGuire, 2018) was based on outdoor Lnight levels 
between 40 dB and 65 dB only; 40 dB was chosen as the lower limit because of possible inaccuracies 
in predicting lower noise levels. The range of noise exposure reported in the studies was 27.5–82.5 dB 
Lnight. About 2% (95% CI: 0.79–3.48) of the population was characterized as highly sleep-disturbed 
for Lnight levels of 40 dB. The %HSD at other, higher levels of railway noise is presented in Table 17. 
The association between railway noise and the probability of being sleep-disturbed was OR: 3.1 
(95% CI: 2.4–3.9) per 10 dB increase in noise. This evidence was rated moderate quality.

Table 22.	The association between exposure to railway noise (Lnight) and sleep disturbance 
(%HSD)

Lnight  (dB) %HSD 95% CI
40 2.1 0.79–3.48

45 3.7 1.63–5.71

50 6.3 3.12–9.37

55 10.4 5.61–15.26

60 17.0 9.48–24.37

65 26.3 15.20–37.33

Additional analyses were conducted for sleep quality measures, which provided supporting evidence 
on the overall relationship between railway noise and sleep. When the noise source was not specified 
in the question, the relationship between railway noise and self-reported sleep outcomes was still 
positive but no longer statistically significant, with an OR of 1.27 (95% CI: 0.89–1.81) per 10  dB 
increase (Bodin et al., 2015; Brink, 2011; Frei et al., 2014). This evidence was rated very low quality. 

There was evidence rated moderate quality for an association between railway noise and the probability 
of additional awakenings, measured with polysomnography, with an OR of 1.35 (95% CI: 1.21–1.52) 
per 10 dB increase in indoor LAS,max (Elmenhorst et al., 2012). Finally, evidence rated low quality was 
available for an association between railway noise and sleep outcomes measured as motility in adults 
(Griefahn et al., 2000; Hong et al., 2006; Lercher et al., 2010; Passchier-Vermeer et al., 2007), and 
rated very low quality for an association between railway noise and both self-reported and motility-
measured sleep disturbance in children (Ising & Ising, 2002; Lercher et al., 2013; Tiesler et al., 2013).

3.2.2.2 Evidence on interventions 

This section summarizes the evidence underlying the recommendation on the effectiveness of 
interventions for railway noise exposure (Tables 23 and 24). The key question posed was: in the 
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Note: a According to Lam & Au (2008), this records the number of invitation letters sent; the response rate was not reported.

general population exposed to railway noise, are interventions effective in reducing exposure to and/
or health outcomes from railway noise? A summary of the PICOS/PECCOS scheme applied and the 
main findings is set out in Tables 23 and 24.

Table 23.	PICOS/PECCOS scheme of the effectiveness of interventions for exposure to 
railway noise 

PICO Description
Population General population

Intervention(s) The interventions can be defined as:
(a) a measure that aims to change noise exposure and associated health effects; 
(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 

health; or 
(c) a measure designed to reduce health effects, but that may not include a reduction in noise 

exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 24. Summary of findings for railway noise interventions by health outcome

Type of intervention Number of 
participants  
(studies)

Effect of intervention Quality of 
evidence

Annoyance

Type A – source 
interventions
(rail grinding)

81  
(1)

•	 Changes in noise level as a consequence of the 
intervention ranged from around −7dB to −8 dB. 

•	Most studies found changes in annoyance 
outcomes, persisting more than 12 months after 
the intervention.

Very low
(downgraded for 
study limitations, 
inconsistency, 
imprecision)

Type C – changes in 
infrastructure
(new rail infrastructure)

6000a  
(1)

•	 A very small increase in total noise exposure 
was found (most had <+1 dB change; some had 
+2–4 dB change).

•	 Original noise from road traffic overwhelmed the 
train noise for effectively all participants.

Very low
(downgraded for 
study limitations, 
inconsistency, 
imprecision)

Type E – behaviour 
change interventions
(informing the 
community about a 
noise intervention)

411  
(1)

•	 Exposure levels were not reported; emission 
levels reduced by 1–2 dB.

•	 A reduction in annoyance of the community as a 
result of the intervention was reported.

Very low
(downgraded for 
study limitations, 
inconsistency, 
imprecision)
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Three studies on railway noise interventions met the criteria to be included in the evidence base. 
All studies consisted of a pre/post design and reported annoyance outcomes at people’s dwellings 
(Lam & Au, 2008; Moehler et al., 1997; Schreckenberg et al., 2013). They could be categorized as 
a source intervention, a new/closed infrastructure intervention and a communication intervention. 
In two of the studies, the changes in exposure after the intervention were only small, although there 
were significant effects on noise annoyance. The study on source interventions and annoyance 
revealed that a change of −10 dB in noise exposure led to a significant reduction in annoyance, which 
persisted over a period of 12 months after the intervention. As confounding was not addressed, and 
railway noise was not the dominant sound source in the studies, the evidence was rated very low 
quality. 

3.2.2.3 Consideration of additional contextual factors 

As the foregoing overview has shown, sufficient evidence about the adverse health effects of long-
term exposure to railway noise exists. Based on the quality of the available evidence, the GDG 
set the strength of recommendation on railway noise at strong. As a second step, it qualitatively 
assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These contextual considerations mainly concerned the balance of 
harms and benefits, values and preferences, and resource use and implementation. 

When assessing the balance of harms and benefits of interventions to reduce exposure to railway 
noise and minimize noise-associated adverse health effects, the GDG recognized that railway 
transportation is the second most dominant source of environmental noise in Europe. Based on 
EEA estimates, the number of people exposed to Lden above 55 dB and Lnight above 50 dB from 
railway noise is 17 million and 15 million, respectively (Blanes et al., 2017).15 In light of the burden of 
disease from environmental noise, and railway noise in particular, the GDG agreed that the health 
benefits from a reduction of long-term railway noise exposure (especially during night time) to the 
recommended values would be significant. Considering possible harms related to adaptation of the 
recommended values, the GDG noted that reliance on railway transportation has increased in recent 
years in Europe and is expected to increase further, as an important component of the shift towards 
a greener economy. At a societal level, an environmental and economic benefit from the use of rail 
transportation is expected: trains contribute to lower environmental pollution and carbon emission 
than road transportation. Therefore, there is a need to balance the expected health benefits from 
reduced continuous railway noise exposure and the overall positive effects on the health of the 
population from increased reliance on the comparatively environmentally friendly mode of railway 
transportation. Overall, the GDG agreed that even though fewer people are exposed to railway noise 
than road traffic noise, it remains a major source of localized noise pollution; therefore, considerable 
benefits are gained by reducing exposure to railway noise. 

When exploring values and preferences, the GDG acknowledged that, in general, people value 
rail as an alternative and more sustainable transportation method than air or road traffic (EEA, 
2016a; 2016b; 2017b). Furthermore, the values and preferences in relation to implementation of 
the recommendation are expected to vary: those of individuals living in the vicinity of railway tracks 
are expected to differ from those of the rest of the population not exposed to railway noise on a 
long-term basis. Economic depreciation of housing and fear of adverse health effects were assumed 

15	These are gap-filled figures based on the reported data and including the situation both within and outside cities, as 
defined by the END.	
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to be two main aspects influencing the evaluation of affected individuals. This especially applies 
to areas where new railway tracks are being built, as this results in considerable change for local 
inhabitants. Moreover, the GDG acknowledged that preferences might also vary in the policy-making 
domain across different countries as the implementation of the recommendations would mean a 
renunciation of the so-called “railway bonus”.16

On resource use and implementation considerations, the GDG pointed out that no comprehensive 
cost–benefit analysis for the WHO European Region has yet been conducted, so this assessment 
is based on informed qualitative expert judgement regarding the feasibility of implementing 
the recommendation for the majority of the population. The systematic review of environmental 
noise interventions and their associated impact on health shows that various measures to reduce 
continuous noise from railway traffic exist, although knowledge about their effectiveness remains 
limited (Brown & van Kamp, 2017). The GDG noted that the resources needed to implement different 
measures may vary considerably, as they depend on the situation and the type of intervention 
required. Implementation of some measures is expected to be most feasible during the development 
of new railway tracks; such as rail pads, bi-bloc sleepers, small noise barriers and – in extreme 
cases – tunnels, cuttings or earthwork barriers. Other interventions include acoustic rail grinding, 
noise barriers built alongside the tracks, construction of quieter locomotives and wagons and 
replacement of brakes on freight trains. The GDG assumed that most of these solutions could be 
planned as part of regular maintenance or, for instance, by speeding up fleet modernization and 
track modernization. Even though not broadly implemented, the solutions mentioned above have 
already been considered or adopted to reduce noise levels from railway noise exposure. Some EU 
countries (such as Germany), have programmes to replace old brake blocks from freight trains with 
newer, quieter ones and to ban all freight trains with old brake blocks from 2020 (Umweltbundesamt, 
2017). This illustrates that solutions to achieve recommended noise levels can be implemented at a 
reasonable cost. Overall, the GDG agreed that the benefit of implementation of the recommendation 
to minimize the risk of adverse health effects due to railway noise for a majority of the population 
exceeds the (monetary) resources needed.

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains strong. 

Additional considerations or uncertainties

The GDG acknowledged that the main body of evidence for the recommendations on railway noise 
for average exposure was based on annoyance studies, conducted mainly in Asia and Europe. 
Studies are few for other priority health outcomes, and the evidence was generally rated low/very 
low quality. There is therefore uncertainty about the effects on health outcomes. Nevertheless, as a 
precautionary approach, a strong recommendation is made for average exposure to Lden, as a broad 
evidence base exists for health effects from exposure to other sources of transportation noise. 
However, the GDG stressed the importance of further research into health effects due to long-term 
exposure to railway noise. 

Moreover, situational factors should be taken into account when analysing annoyance from railway 
noise. In particular, ground-borne vibrations are sometimes an additional exposure variable in railway 

16 The “railway bonus” is a correction factor commonly applied in the noise abatement policy domain in recent decades. 
It subsidizes the noise rating level for railway transportation by a predefined factor (Schuemer & Schuemer-Kohrs, 
1991).	
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noise situations – especially in the case of annoyance – which may be difficult to separate from noise 
effects. In the set of 11 studies included in the systematic review on railway noise and annoyance, 
only two explicitly mentioned ground-borne vibrations as an additional source of annoyance. 

Overall, the low-carbon, low-polluting nature of railway transport, especially using electric trains, 
means that rail is favoured over road and air traffic. However, night-time railway traffic on busy lines, 
including freight traffic, can be a significant source of sleep disturbance. Thus, guideline values 
should be set to encourage the development of rail traffic in Europe while at the same time giving 
adequate protection to residents from sleep disturbance. 

3.2.3 Summary of the assessment of the strength of the recommendations
Table 25 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the railway noise recommendations. 

Table 25. Summary of the assessment of the strength of the recommendation

Factors influencing 
the strength of 
recommendation

Decision

Quality of evidence Average exposure (Lden)

Health effects

•	 Evidence for a relevant absolute risk of annoyance at 54 dB Lden was rated moderate 
quality.

•	 Evidence for a relevant RR increase of the incidence of hypertension was rated low 
quality. One study met the inclusion criteria but did not find a significant increase. 

Interventions

•	 Evidence that different types of intervention reduce noise annoyance from railways 
was rated very low quality.

Night-time exposure (Lnight)

Health effects

•	 Evidence for a relevant absolute risk of sleep disturbance related to night noise 
exposure from railways at 44 dB Lnight was rated moderate quality. 

Interventions

•	 No evidence was available on the effectiveness of interventions to reduce noise 
exposure and/or sleep disturbance from railway noise.

Balance of benefits versus 
harms and burdens

Railway noise is a major source of localized pollution. The health benefits of adapting 
the recommendation outweigh the harms. Nevertheless, it is important to consider the 
relevance of railways as an environmentally friendly mode of transportation.

Values and preferences Quiet areas are valued by the population; especially by those affected by continuous 
noise exposure. Some variability is expected among those directly affected by railway 
noise and those not affected. 

Resource implications No comprehensive cost–effectiveness-analysis data are available, although a 
wide range of interventions exists, indicating that measures are both feasible and 
economically reasonable.

Decisions on 
recommendation strength 

•	 Strong for guideline value for average noise exposure (Lden). 

•	 Strong for guideline value for night noise exposure (Lnight).

•	 Strong for specific interventions to reduce noise exposure.
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               3.3 Aircraft noise

Recommendations

For average noise exposure, the GDG strongly recommends reducing noise levels 
produced by aircraft below 45 dB Lden, as aircraft noise above this level is associated with 
adverse health effects.

For night noise exposure, the GDG strongly recommends reducing noise levels produced 
by aircraft during night time below 40 dB Lnight, as aircraft noise above this level is 
associated with adverse effects on sleep.

To reduce health effects, the GDG strongly recommends that policy-makers implement 
suitable measures to reduce noise exposure from aircraft in the population exposed 
to levels above the guideline values for average and night noise exposure. For specific 
interventions the GDG recommends implementing suitable changes in infrastructure.

3.3.1 Rationale for the guideline levels for aircraft noise 
The exposure levels were derived in accordance with the prioritization process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to aircraft noise, the process can be summarized as follows (Table 26).

Table 26. Average exposure levels (Lden) for priority health outcomes from aircraft noise 

Summary of priority health outcome evidence Benchmark level Evidence 
quality 

Incidence of IHD 

A relevant risk increase from exposure to aircraft noise occurs 
at 52.6 dB Lden. The weighted average of the lowest noise levels 
measured in the studies was 47 dB Lden and the corresponding RR in 
the meta-analysis was 1.09 per 10 dB.

5% increase of RR Very low quality 

Incidence of hypertension 

One study met the inclusion criteria. There was no significant increase 
of risk associated with increased noise exposure in this study.

10% increase of RR Low quality 

Prevalence of highly annoyed population

There was an absolute risk of 10% at a noise exposure level of 
45.4 dB Lden.

10% absolute risk Moderate quality 

Permanent hearing impairment No increase No studies met the 
inclusion criteria

Reading skills and oral comprehension in children 

A relevant risk increase was found at 55 dB Lden.

One-month delay Moderate quality 
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Based on the evidence of the adverse effects of aircraft noise on sleep disturbance, the GDG 
defined a guideline exposure level of 40.0 dB Lnight. It should be stressed that this recommendation 
for average aircraft noise levels at night far exceeds the benchmark of 3%HSD defined as relevant 
risk increase, but since no reliable acoustic data below this level were available, the GDG decided 
not to lower the guideline exposure level further, as an extrapolation of the exposure–response 
relationship to achieve these values would have been unavoidable. As the evidence was rated 
moderate quality, the GDG made the recommendation strong.

The GDG also considered the evidence for the effectiveness of interventions. The results showed 
that changes in infrastructure (opening and/or closing of runways, or flight path rearrangements) 
can lead to a reduction in aircraft noise exposure, as well as a decline in cognitive impairment in 
children and a reduction in annoyance. Moreover, examples of best practice already exist for the 
management of noise from aircraft, so the GDG made a strong recommendation.

3.3.1.1 Other factors influencing the strength of recommendations

Other factors considered in the context of recommendations on aircraft traffic noise included those 
related to values and preferences, benefits and harms, resource implications, equity, acceptability 
and feasibility; moreover, nonpriority health outcomes were considered. Ultimately, the assessment 
of all these factors did not lead to a change in the strength of the recommendations. Further details 
are provided in section 3.3.2.3.

Based on the evaluation of evidence on relevant risk increases from the prioritized health outcomes, 
the GDG set a guideline exposure level of 45.4  dB Lden for average exposure to aircraft noise, 
based on the absolute %HA. It was confident that there was an increased risk for annoyance 
below this exposure level, but probably no relevant risk increase for other priority health outcomes. 
In accordance with the defined rounding procedure, the value was rounded to 45 dB Lden. As the 
evidence on the adverse effects of aircraft noise was rated moderate quality, the GDG made the 
recommendation strong. 

Next, the GDG considered the evidence for night noise exposure and its effect on sleep disturbance 
(Table 27).

Table 27. Night-time exposure levels (Lnight) for priority health outcomes from aircraft noise 

Summary of priority health outcome evidence Benchmark level Evidence 
quality

Sleep disturbance

11% of participants were highly sleep-disturbed at a noise level of 
40 dB Lnight.

3% absolute risk Moderate quality 
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3.3.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on aircraft noise. It is presented and summarized separately for each of the 
critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of interventions is addressed consecutively.

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

3.3.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to aircraft noise, what is the 
exposure–response relationship between exposure to aircraft noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 28 and 29.

Table 28. PICOS/PECCOS scheme of critical health outcomes for exposure to aircraft noise 

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by aircraft traffic (average/night time)

Comparison Exposure to lower levels of noise produced by aircraft traffic (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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Cardiovascular disease

IHD

No cohort or case-control studies on the relationship between aircraft noise and IHD are available. 
However, two ecological studies were identified that provide information on the relationship between 
aircraft noise and incidence (hospital admission) of IHD (Correia et al., 2013; Hansell et al., 2013). 
These involved a total of 9 619 082 participants, including 158 977 cases. The RR was 1.09 (95% 
CI: 1.04–1.15) per 10 dB Lden increase, and the lowest exposure range was ≤51 dB and <45 dB. 
Given the weights in the meta-analysis of these two studies, the weighted average starting level was 
calculated as 47 dB. The evidence was rated very low quality. 

Two cross-sectional studies were identified that assessed the prevalence of IHD in people living in 
cities located around airports in Europe. The studies involved 14 098 participants, including 340 
cases (Babisch et al., 2005b; 2008; 2012a; 2012b; 2013a; Floud et al., 2011; 2013a; 2013b; Jarup 
et al., 2005; 2008; van Poll et al., 2014). The overall risk was RR = 1.07 (95% CI: 0.94–1.23) per 
10 dB Lden increase. The evidence was rated low quality.

With regard to the relationship between aircraft noise and mortality due to IHD, one cohort study 
(Huss et al., 2010) and two ecological studies (Hansell et al., 2013; van Poll et al., 2014) were 
identified. The cohort study identified 4 580 311 participants, including 15 532 cases, living in 
Switzerland, and the authors found an RR of 1.04 (95% CI: 0.98–1.11) per 10 dB Lden increase in 
noise. The evidence was rated low quality. The two ecological studies identified a total of 3 897 645 

Table 29 .Summary of findings for health effects from exposure to aircraft noise (Lden)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)a

Quality of evidence

Cardiovascular disease

Lden Incidence of IHD RR = 1.09 (95% CI: 
1.04–1.15) per 10 
dB increase

47 dB 9 619 082a  
(2)

Very low (downgraded 
for risk of bias; upgraded 
for dose-response)

Lden Incidence of 
hypertension 

RR = 1.00 (95% CI: 
0.77–1.30) per 10 
dB increase

N/A 4712  
(1)

Low (downgraded for 
risk of bias and because 
only one study available)

Annoyance

Lden %HA OR = 4.78 (95% 
CI: 2.27–10.05) per 
10 dB increase

33 dB 17 094  
(12)

Moderate (downgraded 
for inconsistency)

Cognitive impairment

Lden Reading and oral 
comprehension

1–2-month delay 
per 5 dB increase

Around 55 dB (4) Moderate (downgraded 
for inconsistency)

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –

Note: a Results are partly derived from population-based studies.
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Fig. 10. The association between exposure to aircraft noise (Lden) and IHD

Estimated RR per 10 dB

Study (N) 

Prevalence of IHD
HYENA (4712)

AWACS-1 (9386)

Pooled (2)

Incidence iof IHD
USAairports (6 027 363)

LSAS (3 591 719)
Pooled (2)

Mortality due to IHD
Ecological studies

LSAS (3 591 719)

AWACS-2 (305 926)

Pooled (2)

Cohort studies

SNC (4 580 311)

0.333      	              1.000	                           3.000 	
		

Notes: 	The dotted vertical line corresponds to no effect of exposure to aircraft noise. The black circles correspond to the 
estimated RR per 10 dB and 95% CI. The white circles represent the pooled random effect estimates and 95% 
CI. For further details on the studies included in the figure please refer to the systematic review on environmental 
noise and cardiovascular and metabolic effects (van Kempen et al., 2018).

participants, including 26 066 cases in the Netherlands and the United Kingdom. The overall RR 
was 1.04 (95% CI: 0.97–1.12) per 10 dB Lden increase in noise, and the evidence was rated very 
low quality. 

Fig. 10 summarizes the results for the relationship between aircraft noise and different measures of 
IHD.

Hypertension

One cohort study was identified that assessed the relationship between aircraft noise and 
hypertension in people living in Sweden (Bluhm et al., 2004; 2009; Eriksson et al., 2007; 2010). 
The study involved 4712 participants, including 1346 cases. The authors found a nonstatistically 
significant effect size of RR = 1.00 (95% CI: 0.77–1.30) per 10 dB Lden increase. This evidence was 
rated moderate quality.

Furthermore, nine cross-sectional studies assessed the prevalence of hypertension in 60  121 
participants, including 9487 cases (Ancona et al., 2010; Babisch et al., 2005b; 2008; 2012a; 2012b; 
2013a; Breugelmans et al., 2004; Evrard et al., 2013; 2015; Houthuijs & van Wiechen, 2006; Jarup 
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et al., 2005; 2008; Matsui, 2013; Matsui et al., 2001; 2004; Rosenlund et al., 2001; van Kamp et al., 
2006; van Poll et al., 2014). The overall RR was 1.05 (95% CI: 0.95–1.17) per 10 dB Lden increase, 
with inconsistency across studies. The evidence was rated low quality. 

Fig. 11 summarizes the results for both prevalence and incidence of hypertension.

Fig. 11.	The association between exposure to aircraft noise (Lden) and hypertension in cross-
sectional and cohort studies

Study (N) 

Cross-sectional studies
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Cohort studies

SDPP_men (1989)
SDPP_women (2776)

0.333      	            1.000	                      3.000 	                   9.000	
		

Estimated RR per 10 dB

Notes: 	The dotted vertical line corresponds to no effect of aircraft noise exposure. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the pooled summary estimate and 95% CI. 

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Stroke

No cohort or case-control studies on the relationship between aircraft noise and incidence (hospital 
admission) of stroke were available, but two ecological studies were conducted in cities around 
airports in the United Kingdom and United States of America, involving 9 619 082 participants, 
including 97 949 cases (Correia et al., 2013; Hansell et al., 2013). An overall RR of 1.05 (95% CI: 
0.96–1.15) per 10 dB Lden increase in noise was found. The evidence was rated very low quality. 
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Fig. 12. The association between exposure to aircraft noise (Lden) and stroke

Estimated RR per 10 dB

Study (N) 

Prevalence of stroke

HHYENA (4712)

AWACS-1 (9386)

Pooled (2)

Incidence of stroke

LSAS (3 591 719)

USAairports (6 027 363)

Pooled (2)

Mortality due to stroke

Cohort studies

SNC (4 580 311)

Ecological studies

LSAS (3 591 719)

AWACS-2 (305 926)
Pooled (2)

0.333      	                          1.000                                             3.000 	
		

Notes: 	The dotted vertical line corresponds to no effect of exposure to aircraft noise. The black dots correspond to the 
estimated RR per 10 dB and 95% CI. The white circle represents the summary estimate and 95% CI.

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

Two cross-sectional studies were identified that assessed the prevalence of stroke in 14  098 
participants, including 151 cases (Babisch et al., 2005b; 2008; 2012a; 2012b; 2013a; Floud et al., 
2011; 2013a; 2013b; Jarup et al., 2005; 2008; van Poll et al., 2014). The overall RR was 1.02 (95% 
CI: 0.80–1.28) per 10 dB Lden increase. The evidence was rated very low quality.

On the relationship between aircraft noise and mortality due to stroke, one cohort study (Huss et 
al., 2010) and two ecological studies (Hansell et al., 2013; van Poll et al., 2014) were identified. 
The cohort study identified 4 580 311 participants, including 25 231 cases, living in Switzerland; 
the authors found an RR of 0.99 (95% CI: 0.94–1.04) per 10 dB Lden increase in noise. The overall 
evidence was rated moderate quality. The two ecological studies identified a total of 3 897 645 
participants, including 12 086 cases, in the Netherlands and the United Kingdom. The overall RR 
was 1.07 (95% CI: 0.98–1.17) per 10 dB Lden increase in noise. The evidence was rated very low 
quality. 

Fig. 12 summarizes the results for the relationship between aircraft noise and different measures of 
stroke.
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Fig. 13.	Scatterplot and quadratic regression of the relationship between aircraft noise (Lden) 
and annoyance (%HA)

Notes:	ERFs by Miedema & Oudshoorn (2001, red), and Janssen & Vos (2009, green) are added for comparison.
	 There is no indication of 95% CIs of the WHO dataset curve, as a weighting based on the total number of 

participants for each 5 dB Lden  sound class could not be calculated; weighting based on all participants of all 
sound classes proved to be unsuitable. The range of data included is illustrated by the distribution of data points.

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Children’s blood pressure

For the association between aircraft noise and blood pressure in children, two cross-sectional 
studies were conducted in Australia, the Netherlands and the United Kingdom, including a total 
of 2013 participants (Clark et al., 2012; Morrell et al., 1998; 2000; van Kempen et al., 2006). The 
change in both systolic and diastolic blood pressure was assessed, in residential and/or educational 
settings. There was serious inconsistency in the results and therefore no overall estimate of the 
effect was developed. The evidence was rated very low quality.

Annoyance

A vast amount of evidence proves the association between aircraft noise and annoyance. In total, 12 
aircraft noise studies were identified that were used to model ERFs of the relationship between Lden and 
%HA (Babisch et al., 2009; Bartels et al., 2013; Breugelmans et al., 2004; Brink et al., 2008; Gelderblom 
et al., 2014; Nguyen et al., 2011; 2012a;  2012b; Sato & Yano, 2011; Schreckenberg & Meis, 2007). 
These include data from 17 094 study participants. The estimated data points of each of the studies are 
plotted in Fig. 13, alongside an aggregated ERF including the data from all the individual studies (see 
the black line for “Regr WHO full dataset”). The lowest category of noise exposure considered in any 
of the studies, and hence included in the systematic review, is 40 dB, corresponding to approximately 
1.2%HA. The benchmark level of 10%HA is reached at approximately 45 dB Lden (see Fig. 13). 
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Table 30 shows the %HA in relation to exposure to aircraft traffic noise. It is based on the regression 
equation %HA = −50.9693 + 1.0168 × Lden + 0.0072 × Lden

2 derived from the systematic review 
(Guski et al., 2017). As the majority of the studies are cross-sectional, the evidence was rated 
moderate quality. 

The general quality of the evidence was further substantiated with the help of additional statistical 
analyses that apply classical health outcome measures to estimate noise annoyance. When 
comparing aircraft noise exposure at 50 dB and 60 dB, the analyses revealed evidence rated high 
quality for an association between aircraft noise and %HA for an increase per 10 dB (OR = 3.40; 
95% CI: 2.42–4.80). Moreover, there was evidence rated high quality for the increase of %HA per 
10 dB increase in sound exposure, when data on all sound classes were included (OR = 4.78; 95% 
CI: 2.27–10.05). 

Table 30. The association between exposure to aircraft noise (Lden) and annoyance (%HA)

Lden (dB) %HA 
40 1.2

45 9.4

50 17.9

55 26.7

60 36.0

65 45.5

70 55.5

Cognitive impairment

Evidence rated moderate quality was available for an association between aircraft noise and reading 
and oral comprehension, assessed by standardized tests. This is based on a narrative review of 14 
studies that examined aircraft noise exposure effects on reading and oral comprehension (Clark et 
al., 2006; 2012; 2013; Evans & Maxwell, 1997; Haines et al., 2001a; 2001b; 2001c; Hygge et al., 
2002; Klatte et al., 2014; Matsui et al., 2004; Seabi et al., 2012; 2013; Stansfeld et al., 2005; 2010). 
Of these studies, 10 were cross-sectional, and only four had a longitudinal and/or intervention 
design (Clark et al., 2013; Haines et al., 2001c; Hygge et al., 2002; Seabi et al., 2013). Most of the 
studies (10 of 14) demonstrated a statistically significant association or at least demonstrated a 
trend between higher aircraft noise exposure and poorer reading comprehension.

This relationship is supported by evidence on other health outcome measures related to cognition. 
Evidence rated moderate quality was available for an association between aircraft noise and children 
with poorer performance on standardized assessment tests (Eagan et al., 2004; FICAN, 2007; 
Green et al., 1982; Sharp et al., 2014). There was also evidence rated moderate quality on aircraft 
noise being associated with children having poorer long-term memory (Haines et al., 2001b). No 
studies examined the effects on short-term memory.

However, there was no substantial effect (evidence rated low quality) of aircraft noise on children’s 
attention (Haines et al., 2001a; Hygge et al., 2002; Matsui et al., 2004; Stansfeld et al., 2005; 
2010), or on executive function (working memory) (evidence rated very low quality), with studies 
consistently suggesting no association for aircraft noise (Clark et al., 2012; Haines et al., 2001a; 
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Haines et al., 2001b; Klatte et al., 2014; Matheson et al., 2010; Stansfeld et al., 2005; 2010; van 
Kempen et al., 2010; 2012).

Hearing impairment and tinnitus

No studies were found, and therefore no evidence was available on the association between aircraft 
noise and hearing impairment and tinnitus.

Sleep disturbance

For aircraft noise and self-reported sleep outcomes, six studies were identified that included a total of 
6371 participants (Nguyen et al., 2009; 2010; 2011; 2012c; 2015; Schreckenberg et al., 2009; Yano 
et al., 2015). The majority of studies were cross-sectional by design and were conducted in otherwise 
healthy adults. The model was based on outdoor Lnight levels between 40 dB and 65 dB only; the 
lower limit of 40 dB was set because of inaccuracies in predicting lower noise levels (Table 31).

Table 31. Summary of findings for health effects from exposure to aircraft noise (Lnight)

Noise 
metric

Priority 
health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across 
studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight %HSD OR: 1.94 (95% CI: 
1.61–2.33) per 10 
dB increase

35 dB 6371  
(6)

Moderate (downgraded for 
study limitations, inconsistency; 
upgraded for dose-response, 
magnitude of effect)

The range of noise exposure reported in studies was 37.5–62.5 dB. Over 11% (95% CI: 4.72–17.81) 
of the population was characterized as highly sleep-disturbed at Lnight levels of 40 dB. The %HSD at 
other, higher levels of aircraft noise is presented in Table 27. The table is derived from the regression 
model in the systematic review specified as %HSD = 16.79–0.9293 × Lnight + 0.0198 × Lnight

2. The 
health outcome was measured in the studies by self-reporting, focusing on questions asking about 
awakenings from sleep, the process of falling asleep and/or sleep disturbance, where the question 
referred specifically to how noise affects sleep. The same relationship between aircraft noise and 
reporting being sleep-disturbed (all questions combined) can also be expressed as an OR of 1.94 
(95% CI: 1.61–2.33) per 10 dB increase in noise. This evidence was rated moderate quality.

Table 32.	The association between exposure to aircraft noise (Lnight) and sleep disturbance 
(%HSD)

Lnight %HSD 95% CI
40 11.3 4.72–17.81

45 15.0 6.95–23.08

50 19.7 9.87–29.60

55 25.5 13.57–37.41

60 32.3 18.15–46.36

65 40.0 23.65–56.05
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Additional analyses were included in the systematic review and provided supporting evidence on the 
association between aircraft noise and sleep. When the noise source was not specified in the survey 
question, the relationship between aircraft noise and self-reported sleep outcomes was still positive, 
although no longer statistically significant (OR: 1.17 (95% CI: 0.54–2.53) per 10 dB increase) (Brink, 
2011). This evidence was rated very low quality. 

Further, there was evidence rated moderate quality for an association between aircraft noise and 
polysomnography-measured outcomes (probability of additional awakenings), with an OR of 1.35 
(95% CI: 1.22–1.50) per 10 dB increase in indoor LAS,max (Basner et al., 2006). Evidence rated low 
quality was also available for an association between aircraft noise and motility-measured sleep 
outcomes in adults (Passchier-Vermeer et al., 2002).

3.3.2.2 Evidence on interventions 

The following section summarizes the evidence underlying the recommendation on the effectiveness 
of interventions for aircraft noise exposure. The key question posed was: in the general population 
exposed to aircraft noise, are interventions effective in reducing exposure to and/or health outcomes 
from aircraft noise? A summary of the PICOS/PECCOS scheme applied and the main findings is set 
out in Tables 33 and 34.

Seven studies examining different types of interventions on aircraft noise met the inclusion criteria to 
become part of the evidence base of the systematic review. Six of these investigated infrastructure 
interventions (Breugelmans et al., 2007; Brink et al., 2008; Fidell et al., 2002; Hygge et al., 2002), 
and one assessed a path intervention (Asensio et al., 2014). The majority of studies focused on 
annoyance as a health outcome, but two also included effects on sleep and one investigated the 
effects of path interventions on cognitive development in children.

Table 33.	PICOS/PECCOS scheme of the effectiveness of interventions for exposure to 
aircraft noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measure that aims to change noise exposure and associated health effects; 

(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measure designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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Table 34. Summary of findings for aircraft noise interventions by health outcome

Type of intervention Number of 
participants 
(studies)

Effect of intervention Quality of evidence

Annoyance

Type B – path interventions

(retrofitting dwellings close 
to airports with acoustic 
insulation)

689  
(1)

•	 Change in noise levels was not 
reported.

•	 The study found a drop in annoyance 
following the insulation intervention

Very low

(downgraded for study 
limitations, inconsistency, 
precision)

Type C – changes in 
infrastructure

(opening and/or closing 
of runways, or flight path 
rearrangements)

2101  
(3)

•	 There was a wide range of changes in 
noise levels (from −12 dB to +13.7 dB; 
most between ±1 dB and 2 dB; different 
noise indicators used).

•	 All studies found changes in annoyance 
outcomes as a result of the intervention.

Moderate

(downgraded for study 
limitations; upgraded for 
dose-response)

Sleep disturbance

Type C – changes in 
infrastructure

(flight path changes)

1707  
(2)

•	 Changes in noise levels were mostly 
between ±1 dB and 2 dB.

•	 Both studies found changes in sleep 
disturbance outcomes as a result of the 
intervention.

Low

(downgraded for study 
limitations)

Cognitive development of children

Type C – changes in 
infrastructure

(opening and/or closing 
of runways, or flight path 
rearrangements)

326  
(1)

•	 Changes in noise levels of +9 dB at the 
new airport and of −14 dB at the old 
airport were reported.

•	 The study found various cognitive 
effects on children (for both the 
reduction and the increase in exposure). 
Effects disappeared when the old airport 
closed, emerging after the new airport 
opened.

Moderate

(downgraded for 
inconsistency)

The largest body of research concentrated on the opening and closing of runways, leading to 
subsequent changes in flight paths (Breugelmans et al., 2007; Brink et al., 2008; Fidell et al., 2002). 
It showed that changes in noise exposure as a consequence of rearrangement of flight paths, 
step changes or increase or removal of over-flights resulted in statistically significant changes of 
the annoyance ratings of residents living in the vicinity of airports. The studies investigated both 
increases and reductions in exposure. Moreover, all the studies provided evidence that the change 
in response to noise exposure was an excess response to the intervention. As all the studies either 
adjusted for confounding or ruled out confounding by design, and the risk of bias was high in two 
studies but low in one, the evidence was rated moderate quality. 

Two of these studies also investigated the effects of interventions on sleep disturbance. The results 
indicated that the percentage of sleep disturbance changed in association with the change in noise 
exposure caused by flight path adaptations (Breugelmans et al., 2007; Fidell et al., 2002). Both 
studies adjusted for confounding, but the risk of bias was assessed as high. Thus, the evidence 
was rated low quality.

One study examined the impact of rearranging flight paths on the cognitive effects on children 
(Hygge et al., 2002), showing various effects (for both the reduction and the increase in exposure). 
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The study ruled out confounding by study design and the risk of bias was assessed as low. The 
evidence was therefore rated moderate quality.

Alongside infrastructure interventions, a Spanish study presented evidence on path interventions 
(Asensio et al., 2014), showing a drop in annoyance following an insulation intervention. The study 
did not control for confounding and the risk of bias was assessed as high. The evidence was 
therefore rated very low quality. 

3.3.2.3 Consideration of additional contextual factors 

As the foregoing overview has shown, substantial evidence about the adverse health effects of 
long-term exposure to aircraft noise exists. Based on the quality of the available evidence, the GDG 
set the strength of the recommendation of aircraft noise at strong. As a second step, it qualitatively 
assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These considerations mainly concerned the balance of harms and 
benefits, values and preferences, equity, and resource use and implementation. 

When assessing the balance of harms and benefits from implementing the recommendations on 
aircraft exposure, the GDG acknowledged that the number of people affected was lower than for 
road traffic or railway noise, since aircraft noise only affects the areas surrounding airports and under 
flight paths. Data from the EEA show that the estimated number of people in Europe exposed to Lden 
levels above 55 dB and Lnight levels above 50 dB is 3 million and 1.2 million, respectively (Blanes et al., 
2017).17  Nevertheless, it remains a major source of localized noise pollution and has been predicted 
to increase (EASA et al., 2016). Furthermore, aircraft noise is regarded as more annoying than the 
other sources of transportation noise (Schreckenberg et al., 2015; Miedema & Oudshoorn, 2001); it 
is therefore associated with a significant burden on public health, and the GDG expects substantial 
health benefits for the population to evolve from implementing the recommendations to reduce 
exposure to aircraft traffic noise. Furthermore, the GDG noted that, depending on the intervention 
measure implemented (such as a night flight ban), additional health benefits could evolve, resulting 
from a simultaneous reduction in air pollution (EC, 2016a). The GDG also acknowledged that 
intervention measures like night flight bans might also reduce carbon emission, thereby positively 
influencing the shift towards a greener and more sustainable economy. Possible harms in relation to 
the applied noise abatement strategy, on the other hand, could include effects on the transportation 
of goods, as well as individual mobility of the population. Both could have impacts on local, national 
and international economies. Overall, the GDG estimated that the benefits gained from minimizing 
adverse health effects due to aircraft noise exposure outweigh the possible (economic) harms.

Considering values and preferences, the GDG noted that negative attitudes towards aircraft noise 
are especially prevalent in affected individuals who can see and hear aircraft from their house, or 
who fear that living in proximity of airports will have an impact on their health (Schreckenberg et 
al., 2015) or property value (economic loss) (Bristow et al., 2014). A lack of trust in the airport and 
government authorities can enhance these negative attitudes towards airports and aircraft noise 
(Borsky, 1979; Schreckenberg, 2017). Furthermore, the GDG recognized that values and preferences 
of individuals living in the vicinity of different airports may vary, as the infrastructural characteristics 

17 	 These are gap-filled figures based on the reported data and including the situation both within and outside cities, as 
defined by the END.	
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of airports have a significant effect on the evaluation of residents. Airports with a stable number 
of aircraft movements in the near past and no intention to change the number in the future can 
give rise to a different evaluation of values and preferences than airports with relatively sustained 
increases in the number of aircraft movements. This can result from the fact that opening new 
runways or increasing the number of flights usually means considerable change in the environment 
for inhabitants of the affected area. It has been postulated that the change of exposure itself may be 
an annoying factor, and this may explain why aircraft noise annoyance is generally higher than that 
for other sources of transportation noise at a comparable noise level (Brown & van Kamp, 2009). The 
GDG acknowledged that, in general, air travel is an important means of transportation relevant for 
businesses, the public and the economy. In Europe, aviation is projected to be the fastest-growing 
sector from passenger transport demand, by 2050 (EEA, 2016a). The general population tends 
to value the convenience of travel by air. Moreover, the GDG pointed out that exposure to aircraft 
noise is not equally distributed throughout society. The preferences of people living in the vicinity of 
airports are expected to differ from those of the general population that does not experience the 
same noise burden. This might facilitate variance in the values and preference of the population, as 
those benefiting from the services and revenues generated by an airport may regard noise reduction 
measures as an additional, unnecessary extra cost, while those living around an airport and affected 
by aircraft noise may be in favour of noise reductions, since this concerns their health and well-
being. Despite these differences, however, the GDG was confident that a majority of the population 
would value the minimization of adverse health effects and therefor welcome the implementation of 
the recommendations. 

Regarding the dimension of equity, the GDG highlighted that the risk of exposure to aircraft noise is 
not equally distributed throughout society. Members of society with a lower socioeconomic status 
and other disadvantaged groups often live in more polluted and louder areas, including in close 
proximity to airports (EC, 2016a). In addition to the increased risk of exposure to environmental 
noise, socioeconomic factors are also associated with increased vulnerability and poorer coping 
capacities (Karpati et al., 2002). 

With resource use and implementation considerations, the GDG acknowledged that the economic 
evaluation of the health impacts of environmental noise is most elaborate and extensive for aircraft 
noise (Berry & Sanchez, 2014). Nevertheless, no comprehensive cost–benefit analysis for the WHO 
European Region yet exists, so this assessment is based on informed qualitative expert judgement 
regarding the feasibility of implementing the recommendation for the majority of the population. The 
systematic review of interventions and their associated impact on environmental noise and health 
shows that various measures to reduce continuous noise from aircraft exist. Moreover, the quality 
of the evidence was judged to be moderate (Brown & van Kamp, 2017). The GDG noted that the 
resources needed to implement different intervention measures may vary considerably, because 
they depend on the situation and the type of intervention required. The distribution of costs also 
differs from that for other modes of transportation, since exposure to aircraft noise is localized in a 
more agglomerated way, and overall the population affected is smaller compared to other modes of 
transportation. The GDG furthermore recognized that multiple cost-effective intervention strategies 
exist (EC, 2016b). Prohibition or discouragement strategies against citizens moving to the direct 
proximity of airports, for example, can be implemented in the context of urban planning. Likewise, 
diverting flight paths above less-populated areas can lead to a reduction in exposure. In principle, 
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such intervention measures do not involve any direct costs, although safety concerns may limit the 
feasibility of these strategies. Passive noise abatement measures like the installation of soundproof 
windows at the dwelling were also regarded as feasible and economically reasonable by the GDG, 
as these are implemented at several airports already. In relation to active abatement measures, the 
GDG acknowledged the “balanced approach” elaborated by International Civil Aviation Organization, 
which states that noise reduction should take place first at the source. As indicated by the Clean 
Sky Programme, this could, for example, entail shifting towards the introduction of new aircraft. This 
broad European research programme estimates that, depending on type, the shift to newly produced 
aircraft could lead to a reduction of approximately 55–79% of the area affected by aircraft noise, 
and consequently the population exposed. As this solution has been put forward by the aviation 
sector, it is considered feasible. Overall, this indicates that solutions to achieve recommended noise 
levels can be implemented and at reasonable costs. The GDG agreed that implementation of the 
recommendation to minimize the risk of adverse health effects due to aircraft noise for a majority of 
the population would require a reasonable amount of (monetary) resources. It noted, however, that 
the feasibility of implementing the measures could be hindered by the fact that costs and benefits 
are not equally distributed. In most cases, the health benefits citizens gain from interventions that 
reduce aircraft exposure are borne by private companies and public authorities. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains strong.

Other nonpriority adverse health outcomes

Although not a priority health outcome and coming from a single study, the GDG noted the evidence 
rated moderate quality for the statistically significant association between aircraft noise and the 
change in waist circumference (Eriksson et al., 2014). The range of noise levels in the study identified 
was 48 to 65 dB Lden, and therefore the recommendation would also be protective enough for this 
health outcome.

In the context of aircraft noise, when considering the impacts of exposure on cognitive impairment 
in children, these guideline recommendations also apply particularly to the school setting. Noise 
exposure at primary school and at home is often highly correlated; however, the evidence base 
considered comes mainly from studies designed around sampling at school and not residences. 

Additional considerations or uncertainties

There is additional uncertainty when characterizing exposure using the acoustical description of 
aircraft noise by means of Lden or Lnight. Use of these average noise indicators may limit the ability 
to observe associations between exposure to aircraft noise and some health outcomes (such 
as awakening reactions); as such, noise indicators based on the number of events (such as the 
frequency distribution of LA,max) may be better suited. However, such indicators are not widely used.

The GDG acknowledged that the guideline recommendation for Lnight may not be fully protective of 
health, as it implies that around 11% (95% CI: 4.72–17.81) of the population may be characterized 
as highly sleep-disturbed at the recommended Lnight level. This is higher than the 3% absolute risk 
considered for setting the guideline level. However, the high calculation uncertainty in predicting 
noise levels lower than 40 dB prevented the GDG from recommending a lower level. Furthermore, 
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lower levels would probably require a ban on night or early morning flights altogether, which is not 
feasible in many situations, given that the general population tends to value the convenience of air 
travel.

3.3.3 Summary of the assessment of the strength of recommendation
Table 35 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the aircraft noise recommendations. 

Table 35. Summary of the assessment of the strength of the recommendation

Factors influencing 
the strength of 
recommendation

Decision

Quality of evidence Average exposure (Lden)

Health effects

•	 Evidence for a relevant RR increase of the incidence of IHD at 52 dB Lden was 
rated very low quality.

•	 Evidence for a relevant RR increase of the incidence of hypertension was rated 
low quality. 

•	 Evidence for a relevant absolute risk of annoyance at 45 dB Lden was rated 
moderate quality.

•	 Evidence for a relevant RR increase of impaired reading and oral comprehension 
at 55 dB Lden was rated moderate quality.

Interventions

•	 Evidence on effectiveness of interventions to reduce noise exposure and/or 
health outcomes from aircraft noise was of varying quality.

Night-time exposure (Lnight)

Health effects

•	 Evidence for a relevant absolute risk of sleep disturbance related to night noise 
exposure from aircraft at 40 dB Lnight was rated moderate quality. 

Interventions 
•	 Evidence on effectiveness of changes in infrastructure (flight path changes) to 

reduce sleep disturbance from aircraft noise was rated low quality.

Balance of benefits versus 
harms and burdens

Aircraft noise is a major source of localized noise pollution. The health benefits of 
adapting the recommendations are expected to outweigh the harms. 

Values and preferences Quiet areas are valued by the population, especially by those affected by 
continuous aircraft noise exposure. Some variability is expected among those 
directly affected by aircraft noise and those not affected. 

Equity Risk of exposure to aircraft noise is not equally distributed.

Resource implications No comprehensive cost–effectiveness analysis data are available; nevertheless, a 
wide variety of interventions exist (some at very low cost), indicating that measures 
are both feasible and economically reasonable.

Decisions on recommendation 
strength

•	 Strong for guideline value for average noise exposure (Lden)

•	 Strong for guideline value for night noise exposure (Lnight)

•	 Strong for specific interventions to reduce noise exposure
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          3.4 Wind turbine noise

Recommendations

For average noise exposure, the GDG conditionally recommends reducing noise levels 
produced by wind turbines below 45 dB Lden, as wind turbine noise above this level is 
associated with adverse health effects. 

To reduce health effects, the GDG conditionally recommends that policy-makers 
implement suitable measures to reduce noise exposure from wind turbines in the 
population exposed to levels above the guideline values for average noise exposure. No 
evidence is available, however, to facilitate the recommendation of one particular type of 
intervention over another.

3.4.1 Rationale for the guideline levels for wind turbine noise
The exposure levels were derived in accordance with the prioritizing process of critical health 
outcomes described in section 2.4.3. For each of the outcomes, the exposure level was identified 
by applying the benchmark, set as relevant risk increase to the corresponding ERF. In the case of 
exposure to wind turbine noise, the process can be summarized as follows (Table 36).

Table 36. Average exposure levels (Lden) for priority health outcomes from wind turbine noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Incidence of IHD 

Incidence of IHD could not be used to assess the exposure level.

5% increase of RR No studies were available

Incidence of hypertension

Incidence of hypertension could not be used to assess the 
exposure level.

10% increase of RR No studies were available

Prevalence of highly annoyed population

Four studies were available. An exposure–response curve of the 
four studies revealed an absolute risk of 10%HA (outdoors) at a 
noise exposure level of 45 dB Lden.

10% absolute risk Low quality 

Permanent hearing impairment No increase No studies were available

Reading skills and oral comprehension in children One-month delay No studies were available

In accordance with the prioritization process, the GDG set a guideline exposure level of 45.0 dB Lden 
for average exposure, based on the relevant increase of the absolute %HA. The GDG stressed that 
there might be an increased risk for annoyance below this noise exposure level, but it could not state 
whether there was an increased risk for the other health outcomes below this level owing to a lack 
of evidence. As the evidence on the adverse effects of wind turbine noise was rated low quality, the 
GDG made the recommendation conditional.

Next, the GDG considered the evidence for night noise exposure to wind turbine noise and its effect 
on sleep disturbance (Table 37). 
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Table 37.	Night-time exposure levels (Lnight) for priority health outcomes from wind turbine 
noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance 

Six studies were available; they did not reveal consistent results 
about effects of wind turbine noise on sleep.

3% absolute risk Low quality 

Based on the low quantity and heterogeneous nature of the evidence, the GDG was not able to 
formulate a recommendation addressing sleep disturbance due to wind turbine noise at night time. 

The GDG also looked for evidence about the effectiveness of interventions for wind turbine noise 
exposure. Owing to a lack of research, however, no studies were available on existing interventions 
and associated costs to reduce wind turbine noise. 

Based on this assessment, the GDG therefore provided a conditional recommendation for average 
noise exposure (Lden) to wind turbines and a conditional recommendation for the implementation 
of suitable measures to reduce noise exposure. No recommendation about a preferred type of 
intervention could be formulated; nor could a recommendation be made for an exposure level for 
night noise exposure (Lnight), as studies were not consistent and in general did not provide evidence 
for an effect on sleep.

3.4.1.1 Other factors influencing the strength of recommendation

Other factors considered in the context of recommendations on wind turbine noise included those 
related to values and preferences, benefits and harms, resource implications, equity, acceptability 
and feasibility. Ultimately, the assessment of all these factors did not lead to a change in the strength 
of recommendation, although it informed the development of a conditional recommendation on the 
intervention measures. Further details are provided in section 3.4.2.3.

3.4.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on wind turbine noise. It is presented and summarized separately for each of 
the critical health outcomes, and the GDG’s judgement of the quality of evidence is indicated (for a 
detailed overview of the evidence on important health outcomes, see Annex 4). Research into health 
outcomes and effectiveness of intervention is addressed consecutively. 

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

It should be noted that, due to the time stamp of the systematic reviews, some more recent studies 
were not included in the analysis. This relates in particular to several findings of the Wind Turbine 
Noise and Health Study conducted by Health Canada (Michaud, 2015). Further, some studies were 
omitted, as they did not meet the inclusion criteria, including, for instance, studies using distance to 
the wind turbine instead of noise exposure to investigate health effects. The justification for including 
and excluding studies is given in the systematic reviews (Basner & McGuire, 2018; Brown et al., 
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2017; Clark & Paunovic, 2018; in press; Guski et al., 2017; Niewenhuijsen et al.,2017; Śliwińska-
Kowalska & Zaborowski, 2017; van Kempen et al., 2018; see Annex 2 for further details).

3.4.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to wind turbine noise, what is the 
exposure–response relationship between exposure to wind turbine noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 38 and 39.

Table 38.	PICOS/PECCOS scheme of critical health outcomes for exposure to wind turbine 
noise

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by wind turbines (average/night time)

Comparison Exposure to lower levels of noise produced by wind turbines (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 39. Summary of findings for health effects from exposure to wind turbine noise (Lden)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studies

Number of 
participants 
(studies)

Quality of 
evidence

Cardiovascular disease

Lden Incidence of IHD – – – –

Lden Incidence of 
hypertension

– – – –

Annoyance

Lden %HA Not able to 
pool because of 
heterogeneity

30 dB 2481  
(4)

Low (downgraded 
for inconsistency and 
imprecision)

Cognitive impairment

Lden Reading and oral 
comprehension

– – – –

Hearing impairment and tinnitus

Lden Permanent 
hearing 
impairment

– – – –
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Cardiovascular disease 

For the relationship between wind turbine noise and prevalence of hypertension, three cross-sectional 
studies were identified, with a total of 1830 participants (van den Berg et al., 2008; Pedersen, 2011; 
Pedersen & Larsman, 2008; Pedersen & Persson Waye, 2004; 2007). The number of cases was 
not reported. All studies found a positive association between exposure to wind turbine noise and 
the prevalence of hypertension, but none was statistically significant. The lowest levels in studies 
were either <30 or <32.5 Lden. No meta-analysis was performed, since too many parameters were 
unknown and/or unclear. Due to very serious risk of bias and imprecision in the results, this evidence 
was rated very low quality (see Fig. 14). 

The same studies also looked at exposure to wind turbine noise and self-reported cardiovascular 
disease, but none found an association. No evidence was available for other measures of 
cardiovascular disease. As a result, only evidence rated very low quality was available for no 
considerable effect of audible noise (greater than 20 Hz) from wind turbines or wind farms on self-
reported cardiovascular disease (see Fig. 15). 

Notes: 	The dotted vertical line corresponds to no effect of exposure to wind turbine noise. The black dots correspond to 
the estimated RR per 10 dB and 95% CI. For further details on the studies included in the figure please refer to the 
systematic review on environmental noise and cardiovascular and metabolic effects (van Kempen et al., 2018).

Fig. 14.	The association between exposure to wind turbine noise (sound pressure level in dB) 
and hypertension

Estimated RR per 10 dB

Study (N) 

SWE-00 (351)

SWE-05 (754)

NL-07 (725)

0.333      	            1.000	                      3.000 	                  9.000		
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Fig. 15.	 The association between exposure to wind turbine noise (sound pressure level) and 
self-reported cardiovascular disease

Estimated RR per 10 dB

Study (N) 

SWE-00 (351)

SWE-05 (754)

NL-07 (725)

0.012       0.037            0.111           0.333           1.000	            3.000 	  9.000	
		

Notes: 	The dotted vertical line corresponds to no effect of exposure to wind turbine noise.The black circles correspond to 
the estimated RR per 10 dB (sound pressure level) and 95% CI. For further details on the studies included in the 
figure please refer to the systematic review on environmental noise and cardiovascular and metabolic effects (van 
Kempen et al., 2018).

Annoyance

Two publications containing descriptions of four individual studies were retrieved (Janssen et al., 
2011; Kuwano et al., 2014). All four studies used measurements in the vicinity of the respondents’ 
addresses; the noise exposure metrics used in the three original studies (Pedersen, 2011; Pedersen 
& Persson Waye, 2004; 2007) included in Janssen et al. (2011) were recalculated into Lden. The noise 
levels in the studies ranged from 29 dB to 56 dB. Different scales were used to assess annoyance, 
with slightly different definitions of “highly annoyed” and explicit reference to outdoor annoyance 
in the data used for the Janssen et al. (2011) curve. Construction of the ERFs provided in the two 
publications differed and they were therefore not further combined in a meta-analysis. Fig. 16 shows 
the %HA from the two publications. The 10% criterion for %HA is reached at around 45 dB Lden 
(where the two curves coincide). There was a wide variability in %HA between studies, with a range 
of 3–13%HA at 42.5 dB and 0–32%HA at 47.5 dB. The %HA in the sample is comparatively high, 
given the relatively low noise levels. There is evidence rated low quality for an association between 
wind turbine noise and annoyance, but this mainly applies to the association between wind turbine 
noise and annoyance and not to the shape of the quantitative relationship. 
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Fig. 16. Overlay of the two wind turbine annoyance graphs
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Further statistical analyses of annoyance yield evidence rated low quality for an association between 
wind turbine noise and %HA when comparing an exposure at 42.5 dB and 47.5 dB, with a mean 
difference in %HA of 4.5 (indoors) and 6.4 (outdoors). There is also evidence rated moderate quality 
for a correlation between individual noise exposure and annoyance raw scores (r = 0.28).

Notes: 	Overlay of the two wind turbine outdoor annoyance graphs adapted from Janssen et al. (2011, red) and Kuwano 
et al. (2014, blue). The Kuwano et al. curve is based on Ldn; no correction for Lden has been applied.18

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and annoyance (Guski et al., 2017).

Cognitive impairment, hearing impairment and tinnitus, adverse birth outcomes

No studies were found, and therefore no evidence was available on the relationship between wind 
turbine noise and measures of cognitive impairment; hearing impairment and tinnitus; and adverse 
birth outcomes. 

Sleep disturbance

Six cross-sectional studies on wind turbine noise and self-reported sleep disturbance were identified 
(Bakker et al., 2012; Kuwano et al., 2014; Michaud, 2015; Pawlaczyk-Luszczynska et al., 2014; 
Pedersen & Persson Waye, 2004; 2007). Noise levels were calculated using different methods, and 
different noise metrics were reported. Three of the studies asked how noise affects sleep; the other 
three evaluated the effect of wind turbine noise on sleep using questions that explicitly referred to 
noise (Table 40).

18 Ldn is the day-night-weighted sound pressure level as defined in section 3.6.4 of ISO 1996-1:2016.	
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Table 40. Summary of findings for health effects from exposure to wind turbine noise (Lnight)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of effects in 
studies

Number of 
participants 
(studies)

Quality of evidence

Effects on sleep

Lnight %HSD 1.60 (95% CI: 
0.86–2.94) per 10 
dB increase

31 dB 3971  
(6)

Low

(downgraded for study 
limitations, inconsistency, 
precision)

The risk of bias was assessed as high for all six studies, as effects on sleep were measured by self-
reported data. There were a limited number of subjects at higher exposure levels. A meta-analysis 
was conducted for five of the six studies, based on the OR for high sleep disturbance for a 10 dB 
increase in outdoor predicted sound pressure level. The pooled OR was 1.60 (95% CI: 0.86–2.94). 
The evidence was rated low quality.

3.4.2.2 Evidence on interventions 

This section summarizes the evidence underlying the recommendation on the effectiveness of 
interventions for wind turbine noise exposure. The key question posed was: in the general population 
exposed to wind turbine noise, are interventions effective in reducing exposure to and/or health 
outcomes from wind turbine noise? A summary of the PICOS/PECCOS scheme applied is set out 
in Table 41.

Table 41.	PICOS/PECCOS scheme of the effectiveness of interventions for exposure to wind 
turbine noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measure that aims to change noise exposure and associated health effects; 

(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measure designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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No studies were found, and therefore no evidence was available on the effectiveness of interventions 
to reduce noise exposure from wind turbines.

3.4.2.3 Consideration of additional contextual factors

As the foregoing overview has shown, very little evidence is available about the adverse health 
effects of continuous exposure to wind turbine noise. Based on the quality of evidence available, 
the GDG set the strength of the recommendation on wind turbine noise to conditional. As a second 
step, it qualitatively assessed contextual factors to explore whether other considerations could have 
a relevant impact on the recommendation strength. These considerations mainly concerned the 
balance of harms and benefits, values and preferences, and resource use and implementation. 

Regarding the balance of harms and benefits, the GDG would expect a general health benefit 
from a marked reduction in any kind of long-term environmental noise exposure. Health effects of 
individuals living in the vicinity of wind turbines can theoretically be related not only to long-term 
noise exposure from the wind turbines but also to disruption caused during the construction phase. 
The GDG pointed out, however, that evidence on health effects from wind turbine noise (apart from 
annoyance) is either absent or rated low/very low quality (McCunney et al., 2014). Moreover, effects 
related to attitudes towards wind turbines are hard to discern from those related to noise and may 
be partly responsible for the associations (Knopper & Ollson, 2011). Furthermore, the number of 
people exposed is far lower than for many other sources of noise (such as road traffic). Therefore, 
the GDG estimated the burden on health from exposure to wind turbine noise at the population level 
to be low, concluding that any benefit from specifically reducing population exposure to wind turbine 
noise in all situations remains unclear. Nevertheless, proper public involvement, communication and 
consultation of affected citizens living in the vicinity of wind turbines during the planning stage of future 
installations is expected to be beneficial as part of health and environmental impact assessments. 
In relation to possible harms associated with the implementation of the recommendation, the GDG 
underlined the importance of wind energy for the development of renewable energy policies. 

The GDG noticed that the values and preferences of the population towards reducing long-term noise 
exposure to wind turbine noise vary. Whereas the general population tends to value wind energy 
as an alternative, environmentally sustainable and low-carbon energy source, people living in the 
vicinity of wind turbines may evaluate them negatively. Wind turbines are not a recent phenomenon, 
but their quantity, size and type have increased significantly over recent years. As they are often 
built in the middle of otherwise quiet and natural areas, they can adversely affect the integrity of a 
site. Furthermore, residents living in these areas may have greater expectations of the quietness of 
their surroundings and therefore be more aware of noise disturbance. Negative attitudes especially 
occur in individuals who can see wind turbines from their houses but do not gain economically 
from the installations (Kuwano et al., 2014; Pedersen & Persson Waye, 2007; van den Berg et 
al., 2008). These situational variables and the values and preferences of the population may differ 
between wind turbines and other noise sources, as well as between wind turbine installations, which 
makes assessment of the relationship between wind turbine noise exposure and health outcomes 
particularly challenging.

Assessing resource use and implementation considerations, the GDG noted that reduction of noise 
exposure from environmental sources is generally possible through simple measures like insulating 
windows or building barriers. With wind turbines, however, noise reduction interventions are more 
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complicated than for other noise sources due to the height of the source and because outdoor 
disturbance is a particularly large factor. As generally fewer people are affected (compared to 
transportation noise), the expected costs are lower than for other environmental sources of noise. 
The GDG was not aware of any existing interventions (and associated costs) to reduce harms from 
wind turbine noise, or specific consequences of having regulations on wind turbine noise. Therefore, 
it could not assess feasibility, or discern whether any beneficial effects of noise reduction would 
outweigh the costs of intervention. In particular, there is no clear evidence on an acceptable and 
uniform distance between wind turbines and residential areas, as the sound propagation depends 
on many aspects of the wind turbine construction and installation. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation for wind turbine noise exposure remains conditional. 

Additional considerations or uncertainties

Assessment of population exposure to noise from a particular source is essential for setting health-
based guideline values. Wind turbine noise is characterized by a variety of potential moderators, 
which can be challenging to assess and have not necessarily been addressed in detail in health 
studies. As a result, there are serious issues with noise exposure assessment related to wind turbines.

Noise levels from outdoor sources are generally lower indoors because of noise attenuation from 
the building structure, closing of windows and similar. Nevertheless, noise exposure is generally 
estimated outside, at the most exposed façade. As levels of wind turbine noise are generally much 
lower than those of transportation noise, the audibility of wind turbines in bedrooms, particularly 
when windows are closed, is unknown. 

In many instances, the distance from a wind farm has been used as a proxy to determine audible 
noise exposure. However, in addition to the distance, other variables – such as type, size and 
number of wind turbines, wind direction and speed, location of the residence up- or downwind from 
wind farms and so on – can contribute to the resulting noise level assessed at a residence. Thus, 
using distance to a wind farm as a proxy for noise from wind turbines in health studies is associated 
with high uncertainty. 

Wind turbines can generate infrasound or lower frequencies of sound than traffic sources. However, 
few studies relating exposure to such noise from wind turbines to health effects are available. It is also 
unknown whether lower frequencies of sound generated outdoors are audible indoors, particularly 
when windows are closed. 

The noise emitted from wind turbines has other characteristics, including the repetitive nature of 
the sound of the rotating blades and atmospheric influence leading to a variability of amplitude 
modulation, which can be a source of above average annoyance (Schäffer et al., 2016). This 
differentiates it from noise from other sources and has not always been properly characterized. 
Standard methods of measuring sound, most commonly including A-weighting, may not capture 
the low-frequency sound and amplitude modulation characteristic of wind turbine noise (Council of 
Canadian Academies, 2015).

Even though correlations between noise indicators tend to be high (especially between LAeq-like 
indicators) and conversions between indicators do not normally influence the correlations between 
the noise indicator and a particular health effect, important assumptions remain when exposure to 
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Factors influencing the 
strength of recommendation

Decision

Quality of evidence Average exposure (Lden)
Health effects

•	 Evidence for a relevant absolute risk of annoyance at 45 dB Lden was rated 
low quality.

Interventions

•	 No evidence was available on the effectiveness of interventions to reduce 
noise exposure and/or health outcomes from wind turbines.

Night-time exposure (Lnight)
Health effects

•	 No statistically significant evidence was available for sleep disturbance 
related to exposure from wind turbine noise at night. 

Interventions

•	 No evidence was available on the effectiveness of interventions to reduce 
noise exposure and/or sleep disturbance from wind turbines.

Balance of benefits versus harms 
and burdens

Further work is required to assess fully the benefits and harms of exposure 
to environmental noise from wind turbines and to clarify whether the potential 
benefits associated with reducing exposure to environmental noise for 
individuals living in the vicinity of wind turbines outweigh the impact on the 
development of renewable energy policies in the WHO European Region.

Values and preferences There is wide variability in the values and preferences of the population, with 
particularly strong negative attitudes in populations living in the vicinity of 
wind turbines.

Resource implications Information on existing interventions (and associated costs) to reduce harms 
from wind turbine noise is not available. 

Additional considerations or 
uncertainties

There are serious issues with noise exposure assessment related to wind 
turbines.

Decisions on recommendation 
strength 

•	 Conditional for guideline value for average noise exposure (Lden)

•	 Conditional for the effectiveness of interventions (Lnight)

Table 42. Summary of the assessment of the strength of the recommendation

wind turbine noise in Lden is converted from original sound pressure level values. The conversion 
requires, as variable, the statistical distribution of annual wind speed at a particular height, which 
depends on the type of wind turbine and meteorological conditions at a particular geographical 
location. Such input variables may not be directly applicable for use in other sites. They are sometimes 
used without specific validation for a particular area, however, because of practical limitations or lack 
of data and resources. This can lead to increased uncertainty in the assessment of the relationship 
between wind turbine noise exposure and health outcomes.

Based on all these factors, it may be concluded that the acoustical description of wind turbine noise 
by means of Lden or Lnight may be a poor characterization of wind turbine noise and may limit the 
ability to observe associations between wind turbine noise and health outcomes. 

3.4.3 Summary of the assessment of the strength of recommendations
Table 42 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the wind turbine recommendations.
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             3.5 Leisure noise

Recommendations

For average noise exposure, the GDG conditionally recommends reducing the yearly average 
from all leisure noise sources combined to 70 dB LAeq,24h, as leisure noise above this level is 
associated with adverse health effects. The equal energy principle19 can be used to derive 
exposure limits for other time averages, which might be more practical in regulatory processes. 

For single-event and impulse noise exposures, the GDG conditionally recommends following 
existing guidelines and legal regulations to limit the risk of increases in hearing impairment from 
leisure noise in both children and adults.

Following a precautionary approach, to reduce possible health effects, the GDG strongly 
recommends that policy-makers take action to prevent exposure above the guideline values 
for average noise and single-event and impulse noise exposures. This is particularly relevant 
as a large number of people may be exposed to and at risk of hearing impairment through 
the use of personal listening devices (PLDs). There is insufficient evidence, however, to 
recommend one type of intervention over another.

3.5.1 Rationale for the guideline levels for leisure noise
As specific evidence for the relationship between leisure noise and hearing loss is of insufficient 
quality, the GDG decided to follow a different approach for this noise source, based on knowledge 
regarding prevention of hearing loss in the workplace and on the CNG (WHO, 1999). There is 
sufficient evidence that the nature of the noise matters little in causing hearing loss, so using the 
existing guidelines is a justified step to prevent permanent hearing loss from leisure noise. 

In accordance with the procedures for the other noise sources, the GDG would have considered 
evidence on exposure–response relationships for the prioritized health outcomes. However, no such 
ERFs could be established in the systematic reviews for any of the health outcomes (Table 43).

Table 43. Average exposure levels (LAeq,24h) for priority health outcomes from leisure noise

Summary of priority health outcome evidence Benchmark level Evidence quality
Incidence of IHD
Incidence of hypertension
Prevalence of highly annoyed population 
Reading skills and oral comprehension in children

No evidence was 
available

Permanent hearing impairment 
There is an indication that PLDs have an effect on hearing 
impairment and tinnitus. 
There was no evidence (because no studies were found) for an 
effect of other sources of leisure noise on hearing impairment 
or tinnitus. The results of the studies could not be synthesized 
because of heterogeneity of outcome measurement.

No increase Very low quality/no 
evidence

19 The equal energy principle states that the total effect of sound is proportional to the total amount of sound energy 
received by the ear, irrespective of the distribution of that energy in time (WHO, 1999).	
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In accordance with the evidence on the effects of PLDs on permanent hearing loss from leisure noise, 
the GDG recommended a guideline exposure level of 70 dB LAeq,24h yearly average from all leisure 
noise sources combined. It was confident that there was no relevant risk increase for permanent 
hearing impairment below this exposure level of average leisure noise. The GDG recognized that a 
conversion to alternative time averages for exposure to leisure noise might be helpful for regulatory 
purposes; thus, a detailed table converting hourly and weekly exposure into yearly averages is 
provided in the subsection on additional considerations or uncertainties in section 3.5.2.3, Table 
49. Furthermore, the GDG recommended sticking to the CNG recommendations for single events 
to limit the risk of hearing impairment from leisure noise increases for both children and adults 
(WHO, 1999).20 Due to the nature and limited amount of available evidence, the GDG made the 
recommendation conditional. 

Next, the GDG assessed the evidence for night noise exposure and its effect on sleep disturbance 
(Table 44).

Table 44. Night-time exposure levels (Lnight) for priority health outcomes from leisure noise 

Summary of priority health outcome evidence Benchmark level Evidence quality
Sleep disturbance 3% absolute risk No evidence was 

available

Because of a lack of evidence, the GDG was not able to formulate a recommendation addressing 
sleep disturbance due to leisure noise at night time. 

The GDG also looked for evidence about the effectiveness of interventions for leisure noise 
exposure. Owing to a lack of research, however, no studies were available on existing interventions 
and associated costs to reduce leisure noise. As no evidence was available, it was not possible 
to develop a recommendation on any specific type of intervention measure. However, following a 
precautionary approach, to reduce possible health effects, the GDG made a strong recommendation 
that policy-makers take action to prevent exposures above the guideline values for average noise 
and single-event and impulse noise exposures. This is particularly relevant as a large number of 
people may be exposed to and at risk of hearing impairment through the use of PLDs. There is 
insufficient evidence, however, to recommend one type of intervention over another.

3.5. 1.1 Other factors influencing the strength of recommendations

Other factors considered in the context of recommendations on leisure noise included those related 
to values and preferences, benefits and harms, resource implications, equity, acceptability and 
feasibility; moreover, nonpriority health outcomes were considered. Ultimately, the assessment of 
all these factors did not lead to a change in the strength of recommendation. Further details are 
provided in section 3.5.2.3.

20	 The GDG acknowledged the scarcity of cohort study-based evidence to define a threshold for hearing damage due 
to single loud exposures. It initially decided to propose LAF,max = 110, but after much discussion it appeared that the 
conversion of relevant standing limits (expressed in Lpeak,C and others) lacked sufficient basis. 	
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3.5.2 Detailed overview of the evidence 
The following sections provide a detailed overview of the evidence constituting the basis for setting 
the recommendations on leisure noise. As noted above, however, only limited evidence was available 
for several of the prioritized health outcomes, so it is presented and summarized for all critical and 
important health outcomes where possible, along with indications of the GDG’s judgement of the 
quality of evidence. Research into health outcomes and effectiveness of interventions is addressed 
consecutively.

A comprehensive summary of all evidence considered for each of the critical and important health 
outcomes can be found in the eight systematic reviews published in the International Journal of 
Environmental Research and Public Health (see section 2.3.2 and Annex 2).

3.5.2.1 Evidence on health outcomes 

The key question posed was: in the general population exposed to leisure noise, what is the 
exposure–response relationship between exposure to leisure noise (reported as various noise 
indicators) and the proportion of people with a validated measure of health outcome, when adjusted 
for main confounders? A summary of the PICOS/PECCOS scheme applied and the main findings 
is set out in Tables 45 and 46.

Table 45. PICOS/PECCOS scheme of critical health outcomes for exposure to leisure noise 

PECO Description
Population General population

Exposure Exposure to high levels of noise produced by leisure activities (average/night time)

Comparison Exposure to lower levels of noise produced by leisure activities (average/night time)

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health 

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep
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Table 46. Summary of findings for health effects from exposure to leisure noise (LAeq,24h)

Noise 
metric

Priority health 
outcome 
measure

Quantitative 
risk for adverse 
health

Lowest level 
of exposure 
across studiesa

Number of 
participants 
(studies)

Quality of evidence

Cardiovascular disease

LAeq,24 Incidence of IHD – – – –

LAeq,24 Incidence of 
hypertension

– – – –

Annoyance

LAeq,24 %HA – – – –

Cognitive impairment

LAeq,24 Reading and oral 
comprehension

– – – –

Hearing impairment and tinnitus

LAeq,24 Permanent 
hearing 
impairment

Not estimated – 484  
(3)

Very low

(downgraded for study 
limitations, precision)

Hearing impairment and tinnitus

Several types of leisure activity are accompanied by loud sounds, such as attending nightclubs, 
pubs and fitness classes; live sporting events; concerts or live music venues; listening to loud music 
through PLDs. This recommendation is informed by a systematic review that assessed the evidence 
on permanent hearing loss and tinnitus due to exposure to leisure noise (Śliwińska-Kowalska & 
Zaborowski, 2017). The review identified two existing systematic reviews that summarized recent 
estimates of the risk of developing permanent hearing loss from the use of PLDs. It did not identify 
any studies with objective measurement of exposure to any other type of leisure noise.

The Scientific Committee on Emerging and Newly Identified Hazards and Risk (SCENIHR) (EC, 
2008b) report concluded that prolonged exposure to sounds from PLDs may result in temporary 
hearing threshold shift, permanent hearing threshold shift and tinnitus, as well as poor speech 
communication in noisy conditions. However, based on the data available, there was no direct 
evidence for an effect of repeated, regular daily exposure to music through PLDs on development of 
permanent noise-induced hearing loss. Data on tinnitus were inadequate and therefore inconclusive. 
No meta-analysis was provided for any of the hearing effects; nor were the exposure–effect curves 
reported. The SCENIHR report was based on a narrative review of 30 original papers with over 2000 
participants and exposure to music sounds that covered a range of 60–120 dB. Studies included in 
the review were carried out between 1982 and 2007.

In 2014 a second systematic review was published by Vasconcellos et al. (2014). Although the 
objective of this publication was to determine threshold levels of personally modifiable risk factors 
for hearing loss in the paediatric population, specific thresholds analyses were limited. Based on 
the descriptive overview of original papers, the authors identified exposure to loud music (including 
use of PLDs) and working on a mechanized farm as the main risk factors for hearing loss in children 
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and teenagers. Thresholds of exposure to music, significantly associated with hearing loss in youth, 
were:

•	more than four hours per week or more than five years of personal headphone usage; 

•	more than four visits per month to a discotheque.

The evidence review identified five new cross-sectional studies on noise from PLDs since the 
publication of the SCENIHR report (Feder et al., 2013; Levesque et al., 2010; Sulaiman et al., 2013; 
2014; Vogel et al., 2014). Direct measurement of hearing thresholds with pure tone audiometry was 
performed only in three studies – by Feder et al. (2013) and Sulaiman et al. (2013 and 2014). In total, 
audiometric data from 484 subjects were analysed; among them, 449 were exposed and 35 were  
not exposed to PLD music. Two other studies by Levesque et al. (2010) and Vogel et al. (2014) did 
not perform audiometric measurement but reported on tinnitus in a total of 1067 participants. 

Noise from PLDs was estimated based on direct measurement of equivalent sound pressure levels 
(in dB) in four studies (Feder, 2013; Levesque et al., 2010; Sulaiman et al., 2013; 2014) and based 
on converting volume-control setting levels of PLD into dB levels in one study (Vogel et al., 2014). 
The resulting exposure levels (LAeq values) had a mean of between 72 dB and 91 dB, although in two 
studies these data were not provided. In all studies, individual LAeq,8h value was calculated based on 
an estimated level of music and the number of hours a day listening to the music through the PLD 
declared by an individual in the questionnaire. Resulting LAeq,8h mean values were between 62 dB 
and 83 dB when provided.

Potential confounding was controlled by excluding the subjects with exposure to other sources 
of high-level noise or prior ear problems (Sulaiman et al., 2013), by excluding those with these 
factors and ototoxic drug intake (Sulaiman et al., 2014) or by controlling for these confounders by 
accounting for them in the statistical models. The confounders comprised socioeconomic status, 
demographic factors, tubes in the ear and leisure exposures in one study (Feder, 2013), and age 
and sex in one study (Vogel et al., 2014). One of the studies did not adjust for confounding factors 
(Levesque et al., 2010).

Data on permanent hearing loss were taken from audiometric measurements (Feder, 2013; Sulaiman 
et al., 2013; 2014), while data about permanent tinnitus were taken from self-reported responses to 
questionnaires (Levesque et al., 2010; Vogel et al., 2014). In one case, the outcome was defined as 
“permanent hearing-related symptoms”, but it is not clear what proportion of subjects experienced 
permanent tinnitus (Vogel et al., 2014).

For permanent hearing loss, there is no pooled effect size, because the authors of the original 
studies either did not report data or reported in different formats. However, these studies indicate 
a harmful effect of listening to PLDs. For permanent tinnitus, there is no pooled effect size because 
the effects of noise from PLDs on permanent tinnitus were contradictory. These results are generally 
consistent with previous reviews by SCENIHR (EC, 2008b) and Vasconcellos et al. (2014).

The risk of bias was assessed as high for all five studies. The overall evidence for an effect of PLDs 
on hearing impairment and tinnitus was rated very low quality.
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3.5.2.2 Evidence on interventions 

The following section summarizes the evidence underlying the recommendation on the effectiveness 
of interventions for leisure noise exposure. The key question posed was: in the general population 
exposed to leisure noise, are interventions effective in reducing exposure to and/or health outcomes 
from leisure noise? A summary of the PICOS/PECCOS scheme applied and the main findings is set 
out in Tables 47 and 48.

Table 47.	PICOS/PECCOS scheme of the effectiveness of interventions for exposure to 
leisure noise

PICO Description
Population General population

Intervention(s) The interventions can be defined as:

(a) a measure that aims to change noise exposure and associated health effects; 

(b) a measure that aims to change noise exposure, with no particular evaluation of the impact on 
health; or 

(c) a measure designed to reduce health effects, but that may not include a reduction in noise 
exposure.

Comparison No intervention

Outcome(s) For average noise exposure: 

1. cardiovascular disease

2. annoyance

3. cognitive impairment

4. hearing impairment and tinnitus

5. adverse birth outcomes

6. quality of life, well-being and mental health

7. metabolic outcomes

For night noise exposure: 

1. effects on sleep

Table 48. Summary of findings for interventions for leisure noise 

Type of intervention Number of 
participants 
(studies)

Effect of intervention Quality of 
evidence

Hearing impairment

Type E – behaviour change 
interventions

(education programme/campaign)

4151  
(7)

None of the studies involved 
measurement or estimation of exposure 
levels or health outcomes.

Most studies found a significant effect 
of change in knowledge or behaviour.

–

Seven individual studies on PLDs, attendance at music venues and participation in other recreational 
activities where there was risk of hearing damage and/or tinnitus were included in the systematic 
review (Dell & Holmes, 2012; Gilles & Van de Heyning, 2014; Kotowski et al., 2011; Martin et al., 
2013; Taljaard et al., 2013; Weichbold & Zorowka, 2003; 2007). All studies examined interventions 
directed at changes in knowledge or behaviour and hearing impairment. 

The studies all sought evidence on the effectiveness of some form of educational programme or 
campaign aimed at children, adolescents or college students. These addressed perceptions and 



93

RECOMMENDATIONS

knowledge of the risk of high levels of noise – generally, but not exclusively, from PLD sources 
or from attendance at music events – and actual or intended changes to hearing damage risk 
behaviours, including avoidance, frequency or duration of exposure, regeneration periods when in 
high noise, or playback levels. 

The outcome assessed in all intervention studies was the change in knowledge and behaviours 
towards hearing damage risk. The health outcome measures varied widely and included 
measurements on the youth attitude towards noise scale, participants’ knowledge about hearing 
damage, participants’ PLD usage patterns, participants’ attitudes to wearing hearing protection 
(some in general; some at discotheques) and frequency of discotheque attendance. A majority of 
the studies found a significant effect of change in knowledge or behaviour. No indication on the 
persistence of knowledge and behavioural change was given, though. 

None of the studies included objectively measured outcomes or a measured change in noise level 
exposure; thus, the effectiveness of the interventions could not be assessed, and the quality of the 
evidence was not rated according to GRADE.

3.5.2.3 Consideration of additional contextual factors 

Based on the quality of the available evidence discussed in the foregoing overview, the GDG set 
the strength of recommendation of leisure noise to conditional. As a second step, it qualitatively 
assessed contextual factors to explore whether other considerations could have a relevant impact 
on the recommendation strength. These considerations mainly concerned the balance of harms and 
benefits, values and preferences, and resource use and implementation. 

When assessing the balance of benefits and harms, the GDG recognized that exposure to leisure 
noise is widespread and frequent. In particular, as many as 88–90% of teenagers and young adults 
report listening to music through PLDs earphones (Pellegrino et al., 2013; Vogel et al., 2011). In 
2015 WHO estimated that 1.1 billion young people worldwide could be at risk of hearing loss due 
to unsafe listening practices (WHO, 2015a). Furthermore, among young people aged 12–35 years 
in middle- and high-income countries, nearly 50% listen to unsafe levels of sound through personal 
audio devices (mp3 players, smartphones and others), and around 40% are exposed to potentially 
damaging levels of sound at nightclubs, bars and sporting events. Noise-induced hearing loss can 
be prevented by following safe listening practices, so the GDG concluded that health benefits can 
be gained from markedly reducing population exposure to leisure noise, including through actions 
to promote safe listening practices. A reduction of leisure noise is also assumed to reduce nuisance 
that can be caused to other people than those who enjoy leisure activities, such as neighbours. 
Furthermore, specifically for PLDs, it can reasonably be expected that a reduction of noise exposure 
could also lead to a reduction in accidents, injuries and other potential safety risks. In relation to 
possible harms and burdens, the GDG could not identify any harms (except economic costs, which 
are addressed in the paragraph on resource use and implementation) arising from implementation 
of the recommended guideline values. 

Considering values and preferences, the GDG recognized that listening to music with the help 
of a PLD, going to concerts and attending sport events are activities regarded as enjoyable and 
therefore assumed to be valued by the overall population. Furthermore, it is expected that values and 
preferences might vary in particular with respect to the use of PLDs and embracing leisure activities 
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involving loud noise, like concerts, and that some population groups – especially younger individuals 
– might voluntarily expose themselves to high levels of sound during these activities. Despite this, 
the GDG was confident that recommendations to lower noise levels for the prevention of hearing 
damage from leisure noise would be welcome by a majority of the population. Recommendations 
are expected to be particularly welcome when it comes to protecting the hearing of young children 
and teenagers, as these vulnerable groups often do not have control over their environment and the 
noise levels to which they are exposed, such as from noisy toys or at school.

With resource use and implementation, the GDG noted that interventions exist to reduce exposure 
to leisure noise from PLDs, attendance at music venues and participation in recreational activities, 
as aggregated by the systematic review on environmental noise interventions and their associated 
impacts (Brown & van Kamp, 2017). As most of these relate to implementation of a behaviour 
change, the reduction of exposure to leisure noise is expected to be technically feasible and cheap. 
None of the empirical investigations objectively measured outcomes or a measured change in 
noise level exposure, so the effectiveness of such measures cannot be assessed. Nevertheless, it 
is important to note that there is ample evidence from the occupational health field that high noise 
levels cause hearing damage, and that occupational interventions to reduce noise exposure are 
effective at lowering the risk of hearing problems or hearing damage (EC, 2003; Garcia et al., 2018; 
ISO, 2013; Maassen et al., 2001). In conclusion, resources needed to reduce exposure to leisure 
noise are not expected to be intensive, but implementation and long-term success of measures 
might be challenging, owing to cultural factors, as changes in behaviour are expected to be tricky 
to implement. 

In light of the assessment of the contextual factors in addition to the quality of evidence, the 
recommendation remains conditional. 

Additional considerations or uncertainties

The GDG considers the noise levels selected for this recommendation to be reasonable precautionary 
measures, in view of the rating of very low quality for the available evidence on an effect of leisure 
noise on permanent hearing impairment and tinnitus identified in the systematic review. 

Extensive literature shows hearing impairment in populations exposed to specific types of 
nonoccupational environments, although these exposures are generally not well characterized. There 
are no studies with objective measurement of exposure to any other type of leisure noise (except 
PLDs) and permanent hearing impairment or tinnitus. Nevertheless, this recommendation generally 
applies to all leisure noise exposures, such as events in public venues (concerts halls, sports events, 
bars and discotheques) and educational facilities, and use of PLDs. The recommendation also 
applies to exposure to impulse sounds, such as those in shooting facilities or from the use of toys 
and firecrackers. 

Hearing loss is the resultant value of combined exposures to different sources of leisure noise 
including, but not limited to, PLDs. Therefore, the recommendations apply to the combined noise 
levels from all sources. 

Noise-induced hearing loss develops very slowly over years of exposure, giving rise to challenges 
in the assessment of the health impacts from prolonged use of PLDs and exposure to leisure noise. 
The induction period for the development of hearing impairment and tinnitus is long, and varying 
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exposure conditions and changing lifestyle habits (including confounding noise sources), particularly 
among young people, will have an impact. Therefore, recommendations regarding leisure noise 
have often been inferred from the occupational field, where exposure conditions are more stable 
over time. 

Indeed, long-term exposure to noise, objectively assessed and at levels measured in occupational 
settings for various professions, can lead to permanent hearing loss and tinnitus. This evidence, 
while not reviewed systematically as part of the work related to these guidelines, can be used as 
supportive evidence and justification for the need to develop a recommendation for leisure noise, 
given that many people could be at risk of developing hearing loss and/or tinnitus from exposure to 
lower levels of environmental noise. Similar otobiological mechanisms must also be considered for 
environmental noise. 

To date, no commonly accepted method for assessing the risk of hearing loss due to environmental 
exposure to noise has been developed. One of the main challenges is to conduct a long-term 
objective exposure assessment of environmental noise and relate this to the development of 
permanent hearing impairment and tinnitus. The GDG underlined the strong need for research to 
develop a comprehensive methodology. In the absence of a method, and as long as no other tools 
are available, the equal energy principle outlined in the ISO standard for the estimation of noise-
induced hearing loss (WHO, 1999) can be used as a practical tool for protecting public health from 
exposure to leisure noise. As a result, the relationship between leisure noise exposure and auditory 
effects can be quantified for a variety of exposure levels, duration and frequency.

Several organizations have established regulations for the protection of workers from risks to their 
health and safety arising from exposure to noise, and in particular risk to hearing. Of particular 
relevance is EU Directive 2003/10/EC on the minimum health and safety requirements regarding 
the exposure of workers to the risks arising from physical agents (noise) (EC, 2003). Based on the 
ISO 1999 standard (ISO, 2013), the Directive sets limits of exposure depending on equivalent noise 
level for an eight-hour working day and obliges the employer to take suitable steps if the limits are 
exceeded. It recommends three action levels for occupational settings, setting the lowest, most 
conservative value at Lex,8hr = 80 dB. According to the Directive, no consequences of exposure to 
occupational noise are expected at this level. While exposure patterns and certain characteristics 
of occupational and leisure noise exist, knowledge of the hearing impairment risks and preventive 
interventions can be used to assess health risks associated with leisure noise (Neitzel & Fligor, 2017). 

The CNG recommend a limit of LAeq,24h  =  70  dB(A) for preventing hearing loss from industrial, 
commercial shopping and traffic areas, indoors and outdoors (WHO, 1999). Health and safety 
regulations are usually based on an exposure profile of a typical worker (eight hours per day, five days 
per week). Using the existing knowledge from the ISO standard and established health and safety 
regulations, it is possible to use the equal energy principle to derive the resulting noise exposure level 
for an exposure profile more appropriately suited for leisure noise. Converting 40 hours at 80 dB to a 
continuous exposure to noise (24 hours per day, seven days per week), this leads to a yearly average 
exposure of 71 dB for lifelong exposure.21 This is the same value as the WHO recommendation of 

21	 71 dB = 80 dB (derived from ISO standard) − 6.2 dB (conversion of yearly average of 40 working hours divided 
by continuous exposure to noise: (10 log (2080hrs/8760 hrs)) – 3 dB (extrapolation of 40 working years to lifelong 
exposure).
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70 dB (WHO, 1999). Table 49 presents the noise levels per hour for various time averages in order to 
keep within the recommended yearly average exposure, and assuming that exposure to other noise 
sources generally does not contribute significantly. For example, for specific events taking place for 
one-, two- or four-hour averages, once a week (such as visiting a discotheque or watching a loud 
movie), an hourly noise level of 85 dB would lead to an average yearly exposure of 63 dB, 66 dB and 
69 dB, respectively. However, the same hourly exposure of 85 dB for an activity taking place for 14 
hours per week (two hours per day, seven days a week) would lead to a yearly exposure of 74 dB, 
which exceeds the recommendations. 

Table 49. Combination of hourly exposure and number of hours per week to arrive at a yearly 
average LAeq

Hours of exposure per week One-hour exposure level (LAeq)

70 75 80 85 90 95 100

1 48 53 58 63 68 73 78

2 51 56 61 66 71 76 81

4 54 59 64 69 74 79 84

14 (2 hours per day, 7 days per 
week)

59 64 69 74 79 84 89

28 (4 hours per day, 7 days per 
week)

62 67 72 77 82 87 92

40 (8 hours per day, 5 days per 
week)

64 69 74 79 84 89 94

168 (24 hours per day, 7 days per 
week)

70 75 80 85 90 95 100

Note:	 green = combinations of exposure/duration below current guideline level; red = combinations of exposure/duration 
above current guideline level; blue = input parameters.

The equal energy principle cannot be used to derive single-event limits because at high levels 
the ear starts to respond with nonlinear behaviour. The CNG provides several values, in different 
units: LAF,max =  110  dB for industrial noises (no distance stated), Lpeak,lin =  140  dB for adults and 
Lpeak,lin = 120 dB for children (measured at 100 mm) (WHO, 1999). EU Directive 2003/10/EC on the 
minimum health and safety requirements regarding the exposure of workers recommends a lower 
action level of Lpeak,C = 135 dB (at 100 mm). In a recent overview Hohmann (2015) provided an ERF 
for hearing damage caused by shooting noise, from which it appears that a safe level of LE = 120 dB 
can be derived. 

Although it is clear that high noise levels cause acute hearing damage, there is no agreement on a 
safe level. Further research is highly recommended. In the mean time, existing guidelines should be 
applied.
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3.5.3 Summary of the assessment of the strength of recommendation 
Table 50 provides a comprehensive summary of the different dimensions for the assessment of the 
strength of the leisure noise recommendations. 

Table 50. Summary of the assessment of the strength of the recommendation

Factors influencing the 
strength of recommendation

Decision

Quality of evidence Average exposure (LAeq,24h)

Health effects 

•	 Evidence of an effect from PLDs on hearing impairment and tinnitus, in the 
absence of evidence for other health outcomes and absence of evidence 
on hearing impairment and tinnitus from other types of leisure noise besides 
PLDs, was rated very low quality.

Interventions 

•	 No evidence was available on the effectiveness of interventions to reduce 
noise exposure and/or health outcomes from leisure noise.

Balance of benefits versus 
harms and burdens

The general benefit from reduction of leisure noise outweighs any potential 
harms. 

Values and preferences There is variability in the values and preferences of the general population.

Resource implications The resources needed to reduce exposure to leisure noise are not expected to 
be intensive, but implementation and the long-term success of measures may 
be challenging, mainly due to cultural factors.

Decision on strength of 
recommendation

•	Conditional for guideline level for average noise exposure (LAeq,24h)

•	 Conditional for single-event and impulse noise 

•	 Strong for interventions to reduce noise exposure

3.6 Interim targets 
An interim target was proposed in the NNG (WHO Regional Office for Europe, 2009), “recommended 
in situations where the achievement of NNG is not feasible in the short run for various reasons”. The 
NNG emphasized that an interim target is “not a health-based limit value by itself. Vulnerable groups 
cannot be protected at this level”. 

The GDG discussed whether to propose interim targets as part of the current guidelines, and if so, 
what process would be needed to derive those values. The current recommendations are health-
based and already provide guideline values per noise source (for both Lden and Lnight). They also 
include information on exposure–response relationships for various health outcomes, which can be 
used by policy-makers or other stakeholders to inform the selection of different values, if needed. 
Further, interim targets may work differently in different countries and for different noise sources, 
and it may not be optimal to propose them Europe-wide. As a result, there was consensus among 
members of the GDG not to provide interim targets. 
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4. Implications for research
The development of these environmental noise guidelines for the WHO European Region has made 
evident some key knowledge gaps and research needs. The main ones specific to the guideline 
recommendations are presented as implications for research in the sections that follow. 

4.1 Implications for research on health impacts from transportation noise 
For the assessment of health effects from the main sources of transportation noise (road traffic, 
railways and aircraft), the various evidence reviews show the following knowledge gap: there is a 
need for longitudinal studies on the health impacts from exposure to environmental noise, to inform 
future recommendations properly (Table 51). 

Table 51. Implications for research on health impacts from transportation noise (air, rail, road)

Current state of the 
evidence

Limited evidence is available on health impacts from transportation noise from large-scale 
cohort and case-control studies, with objective measurement of both noise exposure and 
health outcomes.

Population of 
interest

Research is needed into effects of exposure on children and adults exposed to environmental 
noise from transportation sources.

Exposure of interest Objective measurement or calculation of transportation noise exposure is required; in 
particular, from studies of health effects related to combined exposure to different noise 
sources.

Comparison of 
interest

The data should be compared to the effects of lower levels of transportation noise.

Outcomes of 
interest

Measures of the following health outcomes is required, assessed objectively and harmonized 
where possible – for example, according to common protocols: 

•	 annoyance 

•	 effects on sleep

•	 cardiovascular and metabolic effects

•	 adverse birth outcomes

•	 cognitive impairment

•	mental health, quality of life and well-being

•	 hearing impairment and tinnitus 

•	 any other relevant health outcome.

Time stamp The systematic review included studies between October 2014 and December 2016.

4.1.1 Specific implications for annoyance
To predict absolute %HA at the full range of levels (and the corresponding CIs), an integrated 
analysis of the original raw data from all of individual studies would be necessary. The evidence 
review conducted as part of the guidelines focused only on secondary data handling and therefore 
does not replace a full meta-analysis of all individual data. The development of a generic exposure–
response relationship (from a full meta-analysis based on all individual data) is suggested as a 
priority research recommendation (see Table 52).
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Table 52. Recommendation for research addressing the exposure–response relationship

Current state of the 
evidence

The evidence review on annoyance conducted as part of the guidelines does not provide a 
generalized ERF but points to significant differences compared to the curves used in the past. 
It shows that the available generalized ERFs are in need of adjustment, preferably as a result 
of undertaking a full meta-analysis. This is especially the case for the sources aircraft and 
railway noise, which new data show are more annoying than previously documented.

Population of 
interest

Research is needed into effects of exposure on children and adults exposed to air, rail and/or 
road traffic noise.

Exposure of interest Objective measurement of transportation noise exposure is required.

Comparison of 
interest

The data should be compared to the effects of lower levels of transportation noise.

Outcomes of 
interest

Measures of health outcomes are required, assessed objectively according to common 
protocols (such as the International Commission on Biological Effects of Noise (ICBEN) scale 
for annoyance).

Time stamp The systematic review included studies up to October 2014.

4.2  Implications for research on health impacts from wind turbine noise
Further research into the health impacts from wind turbine noise is needed so that better-quality 
evidence can inform any future public health recommendations properly. For the assessment of 
health effects from wind turbines, the evidence was either unavailable or rated low/very low quality. 
Recommendations for research addressing this priority are proposed in Table 53.

Table 53. Implications for research on health impacts from wind turbine noise

Current state of the 
evidence

The current evidence on health outcomes related to wind turbine noise is unavailable or of 
low/very low quality and mainly comes from cross-sectional studies. Methodologically robust 
longitudinal studies with large samples investigating the quantitative relationship between 
noise from wind turbines and health effects are needed.

Population of 
interest

Research is needed into effects of exposure on children and adults exposed and living near 
sources of wind turbine noise. Studies should assess subgroup differences in effects for 
vulnerable groups such as children, elderly people and those with existing poor physical and 
mental health. 

Exposure of interest Exposure to noise at a wide range of levels and frequencies (including low-frequency noise), 
with information on noise levels measured outdoors and indoors (particularly relevant for 
effects on sleep) at the residence is needed. The noise exposure should be measured 
objectively and common protocols for exposure to wind turbine noise should be established, 
considering a variety of noise characteristics specific to wind turbine noise. 

Comparison of 
interest

The data should be compared to the effects in similar areas without wind turbines. Pre/
post studies of new wind turbine installations are needed, especially if “before measures” 
unbiased by the stress and knowledge of potential wind turbine farm development need to be 
developed. 

Outcomes of 
interest

Measures of health outcomes are required, assessed objectively – for example, according 
to common protocols (ICBEN scale for annoyance and self-reported sleep disturbance). The 
studies should include the most important situational and personal confounding variables, 
such as negative attitudes towards wind turbines, visual impact, economic gain and other 
socioeconomic factors.

Time stamp The systematic review included studies between October 2014 (review on annoyance) and 
December 2016 (review on cardiovascular disease).
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Alongside the defined needs for research on wind turbine noise it should be noted that research 
regarding industrial noise in general is required. More specifically, there is a need to investigate 
stationary sources (including heat, ventilation and acclimatization devices) and their impacts on 
health. Studies on hearing disorders from impulse and/or intermittent sounds are also needed; these 
would enable assessment of adverse effects created by one or several sounds of short duration with 
a high maximum sound level or impulse sound level. 

4.3 Implications for research on health impacts from leisure noise
For the assessment of effects from leisure noise, the evidence to make a recommendation on the 
ERF to use for health risk assessment, or of a threshold for effects, was either unavailable or rated 
very low quality. This is a research gap: longitudinal studies with longer follow-up are needed; these 
should measure noise objectively, not only from PLDs but also from other types of leisure noise. 

There is uncertainty in the measurement of early hearing disorders among young people using the 
tonal audiometry commonly applied. Precise methods to identify early hearing impairment and other 
hearing disorders are needed. Owing to long induction periods, however, adequate research may be 
difficult to perform, particularly among young people who change their exposure in terms of sound 
level and frequency as they age (for example, changing their music listening habits and venue visits). 
As a result, the recommendations refer to the results derived from stationary noise sources in the 
occupational field, in conjunction with the equal energy principle (see Table 54).

Table 54. Implications for research on health impacts from leisure noise

Current state of the 
evidence

Currently, no evidence is available on hearing impairment and tinnitus from large-scale cohort 
and case-control studies, with objective measurement of noise exposure and using a suitable 
method to assess hearing impairment in young people. 

Population of 
interest

Research is needed into effects of exposure on children and adults exposed to environmental 
noise from different sources and in different settings.

Exposure of interest Objective measurement of leisure noise exposure is required.

Comparison of 
interest

The data should be compared to the effects of no leisure noise exposure from these sources.

Outcomes of 
interest

The primary outcomes identified are:

•	 hearing loss measured by audiometry;

•	 specific threshold analyses focused on stratifying the risk of permanent hearing loss 
according to clearly defined levels of exposure to leisure noise, such as music through 
PLDs;

•	 concise methods to identify early hearing impairment and other hearing disorders;

•	 temporary threshold shift after exposure to leisure noise, as it may be reasonably predictive 
of future permanent threshold shift;

•	 age-related hearing loss progression depending on early-age exposure to leisure noise, 
such as to loud music; and

•	 tinnitus, measured objectively and subjectively.

Time stamp The systematic review included studies up to June 2015.
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4.4	Implications for research on effectiveness of interventions to reduce 
exposure and/or improve public health

The quality of the evidence on the effectiveness of interventions to reduce exposure to and health 
outcomes from environmental noise was variable. Further studies directly linking noise interventions 
to health outcomes are required, particularly for sources other than road traffic noise, and for human 
health outcomes other than annoyance. 

Most studies involved road traffic noise (63%), followed by aircraft noise (13%) and railway noise 
(6%). The remaining interventions were for leisure noise (13%) and noise in hospital settings (4%). 
No interventions were identified that either addressed wind turbine noise or focused on educational 
settings. 

Exposure-related interventions were mainly associated with a reduction in environmental noise 
exposure. However, in five studies (four road traffic noise studies and one aircraft noise study) some 
or all of the participants experienced noise exposure increases. 

There is no clear evidence with respect to thresholds, which are defined as:

•	the smallest change in exposure levels that results in a change in outcome; and 

•	the minimum before-level, regarding changes in health outcomes as a result of interventions.

The limited evidence base on the health effects of environmental noise interventions is thinly spread 
across different noise source types, outcomes and intervention types. Diversity exists between 
studies even within intervention types in terms of study designs, methods of analysis, exposure 
levels and changes in exposure experienced as a result of the interventions. For these reasons, 
carrying out a meta-analysis across studies examining the association between changes in level and 
changes in outcome was not possible.

To remedy this main research gap, longitudinal studies assessing noise exposure and health 
outcomes objectively should be developed, taking into account the most relevant confounders. The 
establishment of common protocols for future research is warranted (see Table 55). 

Authorities should include significant funding for the design and implementation of studies to evaluate 
the effectiveness of interventions to reduce noise and their impact on health. 
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Table 55.	Implications for research on effectiveness of interventions to reduce exposure and/
or improve public health

Current state of 
the evidence

The current evidence on effectiveness of interventions to reduce health outcomes is limited 
and of varying quality. Few longitudinal studies have been done that take into account the 
most relevant confounders and measure the noise exposure and the outcomes objectively.

Population of 
interest

Research is needed into effects of interventions on defined populations exposed to and/or 
living near sources of environmental noise. 

Intervention of 
interest

Research into any noise intervention at various points along the system pathway between 
source and outcome, for a variety of noise sources, is required.

Comparison of 
interest

The data should be compared to:

•	 a steady-state control group, in similar areas with various exposure gradients from 
environmental noise sources; 

•	 the noise exposure in the same population, through a series of sequential measurements 
assessing the change before and after the intervention, preferably with multiple after 
measurements. 

Outcomes of 
interest

Future intervention studies should use validated and, where possible, harmonized measures of 
exposure and outcome, as well as of moderators and confounders.

The studies should use measures of exposure including noise exposure at a wide range 
of levels and frequencies (including low-frequency noise), with information on noise levels 
outdoors and indoors (particularly relevant for effects on sleep). 

They should also use measures of health outcomes, including the following outcomes 
assessed objectively – for example, according to common protocols (ICBEN scale for 
annoyance) – with consideration that the change in human response for some health outcomes 
from a step change in exposure may have a different time course to that of the change in 
exposure:

•	 annoyance 

•	 effects on sleep

•	 cardiovascular and metabolic diseases

•	 adverse birth outcomes

•	 cognitive impairment

•	mental health, quality of life and well-being

•	 hearing impairment and tinnitus 

•	 any other relevant health outcome.

Further, they should use measures of moderators and confounders, including repeated 
measurements of situational and personal variables such as activity interference, potential 
confounders such as noise sensitivity, coping strategies and a range of other attitudinal 
variables.

Time stamp The systematic review included studies up to October 2014.
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5. Implementation of the guidelines

5.1 Introduction
These guidelines focus on the WHO European Region and provide guidance to Member States 
that is compatible with the noise indicators used in the EU’s END (EC, 2002a). They provide 
information on the exposure–response relationships between exposure to environmental noise from 
different noise sources and the proportion of people affected by certain health outcomes, as well as 
interventions that are considered efficient in reducing exposure to environmental noise and related 
health outcomes.

The WHO guideline values are evidence-based public health-oriented recommendations. As such, 
they are recommended to serve as the basis for a policy-making process in which policy options 
are considered. In the policy decisions on reference values, such as noise limits for a possible 
standard or legislation, additional considerations – such as feasibility, costs, preferences and so on 
– feature in and can influence the ultimate value chosen as a noise limit. WHO acknowledges that 
implementing the guideline recommendations will require coordinated effort from ministries, public 
and private sectors and nongovernmental organizations, as well as possible input from international 
development and finance organizations. WHO will work with Member States and support the 
implementation process through its regional and country offices.

5.2 Guiding principles
Four guiding principles provide generic advice and support when incorporating the recommendations 
into a policy framework, and apply to the implementation of all the recommendations. 

The first principle is to reduce exposure to noise, while conserving quiet areas. The recommendations 
focus on reduction of population exposure to environmental noise from a variety of sources, in 
different settings. The general population can be exposed regularly to more than one source of 
noise simultaneously (including, in some cases, occupational noise), as well as to other nonacoustic 
factors that can modify the response to noise (such as vibration from railways, air pollution from 
traffic or visual aspects of wind turbines). Thus, overall reduction of exposure from all sources should 
be promoted. Furthermore, noise exposure reduction in one area should not come at the expense 
of an increase in noise elsewhere; existing large quiet outdoor areas should be preserved.

The second principle is to promote interventions to reduce exposure to noise and improve health. 
The evidence from epidemiological studies on adverse health effects at certain noise levels, used as 
a basis to derive the guideline values proposed in the recommendations, supports the promotion of 
noise interventions. The potential health impacts from environmental noise are significant, especially 
when considering the widespread exposure to environmental noise across the population and the 
high baseline rates for various health outcomes associated with environmental noise. 

There are challenges in assessment of the effectiveness of interventions to reduce noise exposure 
and/or improve health, as there is often a significant time lag between the intervention and a 
measurable change in exposure and related health benefits. The lack of – or limited direct evidence 
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for – quantifiable health benefits of some specific interventions does not imply that measures to 
achieve population exposure according to the proposed guidelines should be ignored.

Given the different factors that determine noise exposure, a single measure alone may not be 
sufficient to reduce exposure and/or improve health significantly, and a combination of methods 
may be warranted. Nevertheless, it is widely acknowledged that the most effective actions to reduce 
exposure tend to be those that reduce noise at the source. Such actions have the biggest potential, 
whereas other measures can be less effective or sustained over time, especially when they depend 
on behaviour change or noise reductions inside houses.

The third principle is to coordinate approaches to control noise sources and other environmental 
health risks. Considering the common transport-related sources of environmental noise and air 
pollution, and in particular the evidence of independent effects on the cardiovascular system, a 
coordinated approach to policy development in the sectors related to urban planning, transport, 
climate and energy should be adopted for policies with an impact on environmental noise, air quality 
and/or climate. Such an approach should yield multiple benefits through increased commitment 
and financial resources; increased attention to securing health considerations in all policies; and use 
of policy to control noise and other environmental risks such as air pollutants, including short-lived 
climate pollutants. There is wide consensus on the value of pursuing coordinated policies that can 
deliver health and other benefits, such as those associated with the local environment and economic 
development. Furthermore, coordinated policy-making is potentially cost-saving.

The fourth principle is to inform and involve communities that may be affected by a change in noise 
exposure. In planning new urban and/or rural developments (transport schemes, new infrastructures 
in less densely populated areas, noise abatement and mitigation strategies), bringing together 
planners, environmental professionals and public health experts with policy-makers and citizens 
is key to public acceptability and involvement and to the successful guidance of the decision-
making proces. Potential health effects from environmental noise should be included as part of 
health impact assessments of future policies, plans and projects, and the communities potentially 
affected by a positive or negative change in noise exposure should be well informed and engaged 
from the outset to maximize potential benefits to health. Introducing measures incrementally may 
help with acceptance.

5.3 Assessment of national needs and capacity-building
National needs, including the need for capacity-building, differ between Member States in the 
WHO European Region. They depend on the existence and level of implementation of national and/
or European and international noise policies; these are more likely to be implemented fully in EU 
countries thanks to the legally binding provisions of the EU’s END (EC, 2002a). In most countries 
in the Region noise is perceived as a major and growing environmental health and public health 
problem. Noise mapping and action plans are carried out in accordance with the END in EU Member 
States, and in south-eastern European countries noise legislation has mainly been harmonized with 
the END. Nevertheless, significant differences still exist in the completeness and regular updating 
of noise exposure assessment between countries. Noise exposure assessment is a required input 
for noise health impact assessments, along with exposure–response relationships and population 
baseline data. 
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WHO has identified some common needs for knowledge transfer and capacity-building for health 
risk assessment of environment noise in the Member States that joined the EU after 2003, the newly 
independent states and south-eastern European countries (WHO Regional Office for Europe, 2012): 

•	implementation of the END and its annexes, especially in the preparation of strategic noise 
mapping and action plans; 

•	human resources development through education and training in health risk assessment and 
burden of diseases stemming from environmental noise; 

•	methodological guidance for health risk assessment of environmental noise. 

These guidelines mostly recommend exposure–response relationships related to the exposure 
indicators Lden and Lnight. They are therefore of particular relevance to EU countries and those applying 
the END. In countries that do not use these indicators, users of the guidelines need to convert their 
noise indicators into Lden and Lnight before being able to apply the recommendations. Conversion 
between indicators is possible, using a certain set of assumptions (Brink et al., 2018).

5.4 Usefulness of guidelines for target audiences
The provision of guideline values as a practical tool for guiding exposure reduction and the design of 
effective measures and policies is widely seen as useful. The WHO guidelines equip policy-makers 
and other end-users with a range of different needs with the necessary evidence base to inform 
their decisions. As indicated in section 1.4, these guidelines serve as a reference for several target 
audiences, and for each group they can be useful in different ways.

•	For technical experts and decision-makers, the guidelines can be used to provide exposure–
response relationships that give insight into the consequences of certain regulations or standards 
on the associated health effects. They also can be useful at the national and international level when 
developing noise limits or standards, as they provide the scientific basis to identify the levels at 
which environmental noise causes a significant health impact. Based on these recommendations, 
national governments and international organizations can be better informed when introducing 
noise limits, to ensure protection of people’s health. 

•	For health impact assessment and environmental impact assessment practitioners and researchers, 
these guidelines provide exposure–response relationships that give insight into the expected 
health effects at observed or expected noise exposure levels. They offer recommendations on the 
maximum admissible noise levels for some sources and provide important input to assit in deriving 
the health burden from noise; in that sense, they can be used when producing studies such as 
noise maps and action plans to obtain an evaluation of the magnitude of the health problem. The 
systematic reviews developed in support of these guidelines allow practitioners to raise awareness 
of the credibility of the issue of noise as a public health problem and to use the recommended 
exposure–response relationships uniformly. Researchers will also benefit from the guidelines as 
they clearly identify critical data gaps that need to be filled in the future to better protect the 
population from the harmful effects of noise.

•	The guideline recommendations provide a useful tool for national and local authorities when 
deciding about noise reduction measures, as they provide data to estimate the health burden 
on the population and therefore allow comparison among different policy options. These options 
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can include measures to reduce the noise emitted by the sources, measures aimed at impeding 
the transmission of noise from the sources to people and measures aimed at better planning the 
location of houses (urban planning).

•	The guideline recommendations can also be used by civil society, patients and other advocacy 
groups to raise awareness and encourage actions to protect the population, including vulnerable 
groups, from exposure to noise. 

Regarding noise abatement and mitigation of noise sources, practical exposure–response 
relationships for various noise sources are useful quantitative input to determine the impact of noise 
on health. They can be valuable information to use in cost–effectiveness and cost–benefit analyses 
of various policies for noise abatement. In this respect, the guideline recommendations can be an 
integral part of the policy process for noise reduction by various institutions; they are of great value 
for communicating the health risks and potential cost-effective solutions to reduce noise. 

National and local authorities and nongovernmental organizations responsible for risk communication 
and general awareness-raising can use these guidelines for promotion campaigns and appropriate 
risk communication. The guidelines provide scientific evidence on a range of health effects associated 
with noise and facilitate appropriate risk communication to specific vulnerable groups. They therefore 
need to be promoted broadly to citizens, national and local authorities and nongovernmental 
organizations responsible for risk communication.

5.5 Methodological guidance for health risk assessment of environmental noise
A health risk assessment is the scientific evaluation of potential adverse health effects resulting from 
human exposure to a particular hazard – in this case, environmental noise. The main purpose of the 
assessment is to estimate and communicate the health impact of exposure to noise or changes in 
noise in different socioeconomic, environmental and policy circumstances.

The guideline recommendations, along with the detailed information contained in the systematic 
evidence reviews, can be used to assess health impacts in order to answer a variety of policy 
questions on:

•	the public health burden associated with current or projected levels of noise;

•	the human health benefits associated with changing a noise policy or applying a more stringent 
noise standard;

•	the impacts on human health of emissions from specific sources of noise for selected economic 
sectors (and the benefits of policies related to them); and

•	 the human health impacts of current policy or implemented action.

The results from a health risk assessment are usually reported as the number of attributable deaths, 
number of cases, years of life lost, years lost due to disability or DALYs. 

The quantification of the impacts for one combination of noise source, noise exposure indicator and 
health outcome may to some extent include effects attributable to another. Consequently, for any 
particular set of combinations, consideration should be given to potential double counting.

It is also important to note the uncertainties in quantification of the health impacts. One set of 
uncertainties relates to the CIs associated with the recommended ERFs; these quantify the random 
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error and variability attributed to heterogeneity in the epidemiological studies used for health risk 
assessment. Other types of uncertainty include modelling/calculation of noise exposure, estimates 
of population background rates for morbidity and mortality, and transferability of ERFs from 
locations where studies were carried out or data were otherwise gathered to another location. This 
is especially true for noise annoyance, for which there is often considerable heterogeneity in effect 
sizes of studies because estimates vary between noise sources and are to some degree dependent 
on the situation and context. Furthermore, cultural differences around what is considered annoying 
are significant, even within Europe. It is therefore not possible to determine the “exact value” of %HA 
for each exposure level in any generalized situation. Instead, data and exposure–response curves 
derived in a local context should be applied whenever possible to assess the specific relationship 
between noise and annoyance in a given situation. If, however, local data are not available, general 
exposure–response relationships can be applied, assuming that the local annoyance follows the 
generalized average annoyance. Despite the challenges in applying a “generalized” ERF to specific 
local situations, the GDG believes that the percentage of high annoyance defined in section 2.4.3 
is an acceptable estimate of the “average” %HA at a certain noise level – for example, in Europe.

When performing a health risk assessment of environmental noise, it is important to note several 
considerations. The selection of particular noise source(s), noise exposure indicator(s) and health 
outcome combinations to be used for estimation of the health impacts depends on the particular 
policies and/or measures being assessed. These guidelines propose recommendations for four 
types of noise source using noise indicators Lden and/or Lnight (road traffic, railway noise, aircraft noise 
and wind turbine noise) and one recommendation using LAeq,24h (leisure noise). Any population may 
be exposed to different noise sources associated with the same health outcome. Estimated impacts 
should not be added together without recognizing that addition will, in most practical circumstances, 
lead to some overestimation of the true impact. Impacts estimated for only one combination will, on 
the other hand, underestimate the true impact of the noise mixture, if other sources of noise also 
affect that same health outcome.

The scientific evidence reviewed and summarized in these guidelines implies that the following 
health outcomes can be quantified in a health risk assessment, and that their effects are cumulative:

•	from road traffic noise – incidence of IHD, annoyance and sleep disturbance, and potentially 
incidence of stroke and diabetes;

•	from railway noise – annoyance and sleep disturbance;

•	from aircraft noise – annoyance, reading and oral comprehension in children, sleep disturbance 
and potentially change in waist circumference and incidence of IHD;

•	from wind turbine noise: annoyance.

The DWs suggested in section 2.4.3 can be used to calculate DALYs.

Data on incidence and prevalence of some health outcomes related to noise (mainly cardiovascular 
disease) can be found at a national level in online databases available on the WHO Regional Office 
for Europe website (WHO Regional Office for Europe, 2017). 

General principles of relevance for environmental factors when conducting health risk assessments 
and quantifying the burden of disease can be found elsewhere (European Centre for Health Policy, 
1999; Murray, 1994; Murray & Acharya, 1997; Murray & Lopez, 2013; Quigley et al., 2006; WHO, 
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2014a; 2014b; WHO Regional Office for Europe, 2016). In particular, the WHO Regional Office for 
Europe and JRC jointly published the first estimates of the burden of disease from environmental 
noise in 2011 (WHO Regional Office for Europe & JRC, 2011). The publication includes guidance 
on the procedure for the health risk assessment of environmental noise, exemplary estimates of 
the burden of the health impacts of environmental noise and a discussion of the uncertainties and 
limitations of the procedure to calculate the environmental burden of disease. The reader is referred 
to this publication for more detailed explanations on quantitative risk assessment methods for 
environmental noise. 

5.6 Route to implementation: policy, collaboration and the role of the health 
sector

Preventing noise and related health impacts relies on effective action across different sectors: health, 
environment, transport, urban planning and so on. The health sector needs to be engaged effectively 
in different sectors’ policy processes at national, regional and international levels. It needs to provide 
authoritative advice about the health impacts of noise and policy options that will bring the greatest 
benefits to health. 

In most countries in the WHO European Region, the commitment of the health sector to engage 
in action to address environmental noise issues needs to be improved and better coordinated. A 
more coherent overall response is needed, taking into account relevant linkages with existing health 
priorities and concerns. Thus, some actions can be seen as aspects of the role of the health sector:

•	engaging in proper communication with relevant sectors about noise exposure from different 
sectors and sources (environmental, urban development, transport and so on) to ensure that 
health issues are adequately addressed as part of international, regional, national and/or local 
efforts to address environmental noise – the implementation approach may differ across sectors, 
depending on the level of awareness of noise as a public health problem;

•	promoting the guideline recommendations to policy-makers from different sectors and organizing 
information campaigns and awareness-raising activities in collaboration with national health 
authorities and WHO country offices to inform citizens and health practitioners about the health 
risks of environmental noise;

•	using decision support instruments such as health impact and health risk assessments to quantify 
health risks and potential benefits associated with policies and interventions aimed at addressing 
environmental noise, including presenting information about the severity of the health effects (for 
example, with cardiovascular disease) to convey the serious impacts of noise and to try to change 
attitudes and behaviours of policy-makers and the general public;

•	promoting the guidelines to health practitioners and physicians, especially at the community level 
(through associations of physicians, cardiologists and so on as part of the stakeholder group); 

•	supporting the establishment of national health institutions capable of initiating and developing 
health promotion measures, and conducting research, monitoring and reporting on health impacts 
from environmental noise and its different sources;
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•	organizing capacity-building workshops and training to increase knowledge of the guidelines as 
well as creating tools, skills and resources for health risk assessment and developing intersectoral 
collaboration, particularly in non-EU countries;

•	promoting relevant research initiatives and shaping the research agenda, in part based on critical 
research recommendations and gaps identified in the guidelines, as well as on the impact and 
effectiveness of interventions and experience with their implementation;

•	developing and updating guidelines and policies that influence national, regional and international 
benchmarks and targets related to environmental noise, as well as advocating the inclusion of the 
guidelines in development and shaping of national, regional and international noise policies and 
standards;

•	working with other sectors to strengthen noise level monitoring and evaluation, particularly in non-
EU countries, to ensure proper conducting of health risk assessments of environmental noise.

5.7 Monitoring and evaluation: assessing the impact of the guidelines 
Exposure–response relationships and other recommendations provided by these guidelines should 
be incorporated into national health policies and the main related policy documents. They should 
be used for health impact and health risk assessments to identify health risks and potential benefits 
associated with policies and interventions related to environmental noise. 

Population noise exposure should be monitored and assessed at a national scale, at least in urban 
areas. Furthermore, information on trends in occurrence of noise-related health outcomes considered 
in these guidelines, such as annoyance or sleep disturbance, should be gathered. These monitoring 
activities should be performed on a regular basis to ensure proper health risk assessments of noise. 

5.8 Updating the guidelines 
The progress and pace of noise and health research has intensified over the last 10 years, including 
new studies published after the completion of the systematic reviews done for these guidelines. This 
is partly related to the growing car fleet and resulting traffic, the density of urbanization, demographic 
changes and shifts towards renewable energy, including wind turbines, which have caused an 
increase in public perception and political awareness of the environmental noise problem. Noise 
exposure assessment has also improved, due partly to European legislation, and this has provided 
useful data for epidemiological studies on the health effects of environmental noise. Considering 
this, the recommendations proposed in these guidelines are expected to remain valid for a period 
of about 10 years. WHO will monitor the development of the scientific advancements on noise and 
health research in order to inform any updated guidance on environmental noise.
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Annex 1. Steering, advisory and external review groups

Tables A1.1–A1.5 give details of the various teams involved in the development of the WHO 
environmental noise guidelines for the European Region.

Table A1.1 WHO Steering Group

Name Role Affiliation
Shelly Chadha Technical Officer, Office for Hearing 

Impairment
WHO headquarters, Geneva, Switzerland

Carlos Dora Coordinator WHO headquarters, Department of Public Health 
and Environment, Geneva, Switzerland

Marie-Eve Héroux Technical Officer, Air Quality and Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Dorota Jarosinska Programme Manager, Living and 
Working Environments

WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Rokho Kim Environmental Health Specialist, Team 
Leader

WHO Regional Office for the Western Pacific, 
Division of Noncommunicable Diseases 
and Health through the Life-Course, Manila, 
Philippines

Jurgita Lekaviciute Consultant, Noise WHO Regional Office for Europe, European Centre 
for Environment and Health, Bonn, Germany

Srdan Matic Coordinator, Environment and Health WHO Regional Office for Europe, Copenhagen, 
Denmark
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Table A1.2. Guideline Development Group 

Area of expertise Reference Area of expertise Reference
Noise sources and their 
measurement

1 Annoyance 6

Biological mechanisms of effects 2
Cognitive impairment, quality of life, mental 
health and well-being

7

Cardiovascular and metabolic 
diseases

3 Adverse birth outcomes 8

Sleep disturbance 4 Environmental noise interventions 9

Hearing impairment/tinnitus 5 Methodology and guideline development 10

Name Position and affiliation
Area of expertise sought for guideline development 

(see reference numbers above)

1 2 3 4 5 6 7 8 9 10

Wolfgang 
Babisch

Senior Scientific Officer (retired)
Federal Environment Agency
Germany

X X X

Goran 
Belojevic

Professor
Institute of Hygiene and Medical 
Ecology Faculty of Medicine
University of Belgrade 
Serbia

X X

Mark Brink Senior Scientist
Federal Office for the Environment
Switzerland

X X X

Sabine 
Janssen

Senior Scientist
Department of Sustainable Urban 
Mobility and Safety
Netherlands Organisation for 
Applied Scientific Research (TNO) 
Netherlands

X X

Peter 
Lercher  
(2013–2014)
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Medical University of Innsbruck
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X X

Marco 
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Policy Officer 
Directorate-General for Environment 
European Commission 
Belgium

X X

Göran 
Pershagen

Professor
Institute of Environmental Medicine 
Karolinska Institute
Sweden

X X X
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Area of expertise Reference Area of expertise Reference
Noise sources and their 
measurement

1 Annoyance 6

Biological mechanisms of effects 2
Cognitive impairment, quality of life, mental 
health and well-being

7

Cardiovascular and metabolic 
diseases

3 Adverse birth outcomes 8

Sleep disturbance 4 Environmental noise interventions 9

Hearing impairment/tinnitus 5 Methodology and guideline development 10

Name Position and affiliation
Area of expertise sought for guideline development 

(see reference numbers above)

1 2 3 4 5 6 7 8 9 10

Kerstin 
Persson 
Waye

Professor
Occupational and Environmental 
Medicine
The Sahlgrenska Academy 
University of Gothenburg 
Sweden

X X X

Anna Preis Professor
Institute of Acoustics 
Adam Michiewicz University 
Poland

X X
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Stansfeld 
(Chair)

Professor/Head of the Centre for 
Psychiatry
Barts and Queen Mary University of 
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X
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den Berg
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Ministry of Infrastructure and 
Environment
Netherlands

X

GRADE methodologist

Jos Verbeek

Senior Researcher
Finnish Institute of Occupational 
Health
Finland

X

Table A1.2. contd
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Table A1.3. Systematic Review Team

Systematic review 
topics

Experts involved Affiliation

Cardiovascular and 
metabolic diseases

Elise van Kempen National Institute of Public Health and the Environment (RIVM), 
Netherlands

Göran Pershagen Institute of Environmental Medicine, Karolinska Institute, Sweden

Maribel Casas 
Sanahuja

Institute for Global Health (ISGlobal), Spain

Maria Foraster Barcelona Institute for Global Health (ISGlobal), Spain and 
Swiss Tropical and Public Health Institute, Switzerland

Sleep disturbance Mathias Basner Department of Psychiatry, Perelman School of Medicine at the 
University of Pennsylvania, United States of America

Sarah McGuire Department of Psychiatry, Perelman School of Medicine at the 
University of Pennsylvania, United States of America

Hearing impairment and 
tinnitus

Mariola Sliwinska-
Kowalska 

Nofer Institute of Occupational Medicine, Poland

Kamil Rafal 
Zaborowski 

Nofer Institute of Occupational Medicine, Poland

Annoyance Rainer Guski Department of Psychology, Ruhr-University, Germany

Dirk Schreckenberg ZEUS GmbH, Centre for Applied Psychology, Environmental and 
Social Research, Germany

Rudolf Schuemer Consultant for ZEUS GmbH, Centre for Applied Psychology, 
Environmental and Social Research, Germany
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mental health and well-
being

Charlotte Clark Ove Arup & Partners, United Kingdom

Katarina Paunovic Institute of Hygiene and Medical Ecology, Faculty of Medicine, 
University of Belgrade, Serbia

Adverse birth outcomes Mark Nieuwenhuijsen Institute for Global Health (ISGlobal), Spain

Gordana Ristovska Institute of Public Health of Republic of Macedonia, the former 
Yugoslav Republic of Macedonia 

Payam Dadvand Institute for Global Health (ISGlobal), Spain

Interventions Lex Brown Griffith School of Environment/Urban Research Program, Griffith 
University, Australia

Irene Van Kamp National Institute of Public Health and the Environment (RIVM), 
Netherlands
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Table A1.4. External Review Group 

Area of expertise Reference Area of expertise Reference

Cardiovascular and metabolic diseases 1 Cognitive impairment, mental health and 
well-being 5

Sleep disturbance 2 Adverse birth outcomes 6

Hearing impairment/ Tinnitus 3 Environmental noise interventions 7

Annoyance 4 Recommendations and implementation 
guidance 8

Name Affiliation
Area of expertise sought for guideline 

development  (see reference numbers above)

1 2 3 4 5 6 7 8
Gunn Marit 
Aasvang

Norwegian Institute of Public Health, Norway X

Bernard Berry Berry Environmental Limited, United Kingdom X

Dick 
Botteldooren

Department of Information Technology, Ghent 
University, Belgium X

Stephen Conaty South Western Sydney Local Health District, 
Australia X

Ulrike Gehring Institute for Risk Assessment Sciences, 
Utrecht University, Netherlands X

Truls Gjestland SINTEF, Department of Acoustics, Norway X

Mireille Guay Healthy Environments and Consumer Safety 
Branch, Health Canada/Government of 
Canada, Canada

X X

Ayse Güven Audiology Department, Faculty of Heath 
Sciences, Baskent University, Turkey X

Anna Hansell Centre for Environmental Health & 
Sustainability, George Davies Centre, 
University of Leicester, United Kingdom

X X

Stylianos 
Kephalopoulos

European Commission, DG Joint Research 
Centre, Italy X X

Yvonne de 
Kluizenaar

The Netherlands Organization for applied 
scientific research (TNO), Netherlands X

David S. 
Michaud

Healthy Environments and Consumer Safety 
Branch, Health Canada/Government of 
Canada, Canada

X X

Arnaud Norena Université Aix-Marseille, Fédération 
de Recherche, Laboratoire Cognitive 
Neuroscience, France

X

Enembe 
Okokon

National Institute for Health and Welfare, 
Finland X

Dieter Schwela Stockholm Environment Institute, University 
of York, United Kingdom X

Daniel Shepherd AUT University, Auckland, New Zealand X

Mette Sörensen Danish Cancer Society Research Centre, 
Denmark X X

Rupert Thornley-
Taylor

Rupert Taylor Ltd, Noise and Vibration 
Consultants X X

David Welch School of Population Health, Faculty of 
Medical and Health Sciences, University of 
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Table A1.5. Stakeholders and end users that participated in the stakeholder consultation

Area of expertise/interest Reference Area of expertise Reference
Implementation of recommendations on 
railway noise

1
Implementation of recommendations on 
wind turbine noise

4

Implementation of recommendations on 
aircraft noise

2
Implementation of recommendations on 
leisure noise

5

Implementation of recommendations on 
road traffic noise

3
Implementation of overall 
recommendations

6

Organization Area of expertise specifically sought for 
Guidelines (see reference number above)

1 2 3 4 5 6
Airlines for Europe X

Airports Council International Europe (ACI) X

Anderson Acoustics X

Bundesverband der Deutschen Luftverkehrswirtschaft e.V. X

European Automobile Manufacturers’ Association (ACEA) X

European Aviation Safety Agency X

European Express Association X

European Noise Barrier Federation X

Flughafenverband (ADV) X

International Air Transport Association (IATA) X

International Civil Aviation Organization (ICAO) X

International Union of Railways X

Landesamt fuer Natur, Umwelt und Verbraucherschutz 
Nordrhein-Westfalen

X

Public Health Agency of Sweden X

Stephen Turner Acoustics X X

Union Européenne Contre les Nuisances Aeriennes X

Vie en.ro.se. X

Note: in total 53 organizations and institutions had been approached to participate in the stakeholder consultation.
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Annex 2. Systematic reviews and background documents used in preparation 
of the guidelines

Annex 2 provides a detailed list of all the supplementary documents accompanying the WHO 
environmental noise guidelines for the European Region.22 

Systematic reviews 
•	Basner M, McGuire S (2018). WHO environmental noise guidelines for the European Region: a 

systematic review on environmental noise and effects on sleep. Int J Environ Res Public Health. 
15(3):pii: E519 (http://www.mdpi.com/1660-4601/15/3/519/htm).

•	Brown AL, van Kamp I (2017). WHO environmental noise guidelines for the European Region: a 
systematic review of transport noise interventions and their impacts on health. Int J Environ Res 
Public Health. 14(8). pii: E873 (http://www.mdpi.com/1660-4601/14/8/873/htm).

•	Clark C, Paunovic K (2018). WHO environmental noise guidelines for the European Region: a 
systematic review on environmental noise and cognition. Int J Environ Res Public Health. 15(2). pii: 
E285 (http://www.mdpi.com/1660-4601/15/2/285/htm).

•	Clark C, Paunovic K (in press). WHO Environmental noise guidelines for the European Region: a 
systematic review on environmental noise and quality of life, wellbeing and mental health. Int J 
Environ Res Public Health.

•	Guski R, Schreckenberg D, Schuemer R (2017). WHO environmental noise guidelines for the 
European Region: a systematic review on environmental noise and annoyance. Int J Environ Res 
Public Health. 14(12). pii:1539 (http://www.mdpi.com/1660-4601/14/12/1539/htm).

•	Nieuwenhuijsen MJ, Ristovska G, Dadvand P (2017). WHO environmental noise guidelines for the 
European Region: a systematic review on environmental noise and adverse birth outcomes. Int 
J Environ Res Public Health. 14(10). pii: E1252 (http://www.mdpi.com/1660-4601/14/10/1252/
htm).

•	Śliwińska-Kowalska M, Zaborowski K (2017). WHO environmental noise guidelines for the European 
Region: a systematic review on environmental noise and permanent hearing loss and tinnitus. Int 
J Environ Res Public Health. 14(10). pii: E1139 (http://www.mdpi.com/1660-4601/14/10/1139/
htm). 

•	van Kempen E, Casas M, Pershagen G, Foraster M (2018). WHO environmental noise guidelines 
for the European Region: a systematic review on environmental noise and cardiovascular and 
metabolic effects: a summary. Int J Environ Res Public Health. 15(2). pii: E379 (http://www.mdpi.
com/1660-4601/15/2/379/htm).

22 All references were accessed on 27 June 2018.
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Background documents 
•	Eriksson C, Pershagen G, Nilsson M (2018). Biological mechanisms related to cardiovascular and 

metabolic effects by environmental noise. Copenhagen: WHO Regional Office for Europe (http://
www.euro.who.int/en/health-topics/environment-and-health/noise/publications/2018/biological-
mechanisms-related-to-cardiovascular-and-metabolic-effects-by-environmental-noise). 

•	Héroux ME, Verbeek J (2018a). Results from the search for available systematic reviews and 
meta-analyses on environmental noise. Copenhagen: WHO Regional Office for Europe (http://
www.euro.who.int/en/health-topics/environment-and-health/noise/publications/2018/results-
search-for-available-systematic-reviews-environmental-noise).

•	Héroux ME, Verbeek J (2018b). Methodology for systematic evidence reviews for the WHO 
environmental noise guidelines for the European Region. Copenhagen: WHO Regional 
Office for Europe (http://www.euro.who.int/en/health-topics/environment-and-health/noise/
publications/2018/methodology-systematic-evidence-reviews-who-environmental-guidelines-for-
the-european-region).



149

ANNEXES

Annex 3. Summary of conflict of interest management

All external contributors to the guidelines, including members of the GDG, Systematic Review Team 
and External Review Group, completed WHO declaration of interest forms in accordance with 
WHO’s policy for experts. Further, at the initial stage of the project WHO technical staff reviewed and 
accepted curricula vitae of the candidates for the GDG. 

At the beginning of the GDG meetings, the participants declared any conflict of interest by submitting 
declaration of interest forms. Updated declarations of interest were also collected from the members 
of the GDG, Systematic Review Team and External Review Group at the final stage of the project. 

The conflict of interest assessment was done according to WHO procedures. If a conflict was 
declared, an initial review was undertaken by the WHO Secretariat to assess its relevance and 
significance. A declared conflict of interest is insignificant or minimal if it is unlikely to affect or to be 
reasonably perceived to affect the expert’s judgment. Insignificant or minimal interests are: unrelated 
or only tangentially related to the subject of the activity or work and its outcome; nominal in amount 
or inconsequential in importance; or expired and unlikely to affect current behaviour. 

The WHO Secretariat reviewed and assessed the declarations. In one case the legal unit was 
consulted for advice; in another the potential conflict was reported in the updated declaration of 
interest at the final stage of the process and assessed unlikely to affect expert’s performance; in a 
further case a member of the GDG was also a co-author of a systematic review owing to the need 
to support systematic review authors with additional expertise, but there was no remuneration for 
this activity.

No member of the GDG or the Systematic Review Team was excluded from his or her role in the 
guideline development process. The declared conflicts of interest of the External Review Group 
members were considered when interpreting comments during the external review process. 
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Annex 4. Detailed overview of the evidence of important health outcomes 

As a first step of the evidence retrieval process, the GDG defined two categories of health outcome 
associated with environmental noise: those considered (i) critical or (ii) important, but not critical for 
decision-making in the guideline development process. 

The GDG relied on the critical health outcomes to inform its decisions on priority health outcomes, 
so only these were used to inform the recommendations. Nevertheless, as the relevance of some of 
important health outcomes was difficult to estimate a priori, systematic reviews were conducted for 
both critical and important health outcomes. 

This annex provides a detailed overview of the evidence of the important health outcomes – namely 
adverse birth outcomes, quality of life, well-being and mental health and metabolic outcomes – for 
each of the noise sources. A comprehensive discussion of all the evidence considered (both critical 
and important) is available in the published systematic reviews (see section 2.3.2 and Annex 2 for 
details). 

1. Road traffic noise

1.1 Adverse birth outcomes

In total, the systematic review found five studies (two with more or less the same population) on road 
traffic noise and birth outcomes and three related studies on total ambient noise, likely to be mostly 
road traffic noise. Too few studies for each of the various measures related to adverse birth outcomes 
were available to undertake a quantitative meta-analysis. There was evidence rated low quality for 
a relationship between road traffic noise and low birth weight (Dadvand et al., 2014; Gehring et al., 
2014; Hjortebjerg et al., 2016; Wu et al., 1996); however, the estimates were imprecise and in some 
cases not statistically significant. Further, there was no clear relation between exposure to road 
traffic noise and pre-term delivery, but there was a positive association between road traffic noise 
and small for gestational age (OR = 1.09; 95% CI: 1.06–1.12 per 6 dB increase). The evidence for 
both measures of adverse birth outcomes comes from the same publications and this evidence was 
rated low quality (Gehring et al., 2014; Hystad et al., 2014).

This evidence was supported by one ecological time-series study published recently looking at 
total ambient noise and various measures related to adverse birth outcomes (Arroyo et al., 2016a; 
2016b; Diaz et al., 2016).

1.2 Quality of life, well-being and mental health

Evidence rated moderate quality was found for an effect of road traffic noise on emotional and 
conduct disorders in childhood (Belojevic et al., 2012; Crombie et al., 2011; Hjortebjerg et al., 
2015; Ristovska et al., 2004; Stansfeld et al., 2005; 2009a; Tiesler et al., 2013) and evidence rated 
moderate quality for an association of road traffic noise with hyperactivity in children (Hjortebjerg et 
al., 2015; Tiesler et al., 2013).
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There was no clear relationship, however, between road traffic noise exposure and self-reported 
quality of life (evidence rated low quality) (Barcelo Perez & Piñeiro, 2008; Brink, 2011; Clark et al., 
2012; Honold et al., 2012; Roswall et al., 2015; Schreckenberg et al., 2010b; Stansfeld et al., 2005;  
2009b; van Kempen et al., 2010); medication intake for depression and anxiety (evidence rated 
very low quality) (Floud et al., 2011; Halonen et al., 2014); depression, anxiety and psychological 
distress (evidence rated very low quality) (Honold et al., 2012; Stansfeld et al., 2009b); and interview 
measures of depression and anxiety (evidence rated very low quality) (Stansfeld et al., 2009b). 

1.3 Metabolic outcomes

1.3.1 Diabetes

For the relationship between road traffic noise and the incidence of diabetes, one cohort study was 
identified, which included 57 053 participants and 2752 cases (Sörensen et al., 2013). The estimate 
of the effect was RR = 1.08 (95% CI: 1.02–1.14) per 10 dB Lden increase in noise across the range 
of 50–70 dB, and therefore the evidence was rated moderate quality.

Furthermore, two cross-sectional studies were identified that looked at the prevalence of diabetes 
(Selander et al., 2009; van Poll et al., 2014). The studies included 11 460 participants and 242 
cases. Both studies reported a harmful effect of noise, and one showed a statistically significant 
association. However, the results were imprecise and with serious risk of bias, so the evidence was 
rated very low quality.

1.3.2 Obesity

With regard to the association between road traffic noise and change in body mass index (BMI) 
and waist circumference, three cross-sectional studies were identified, with 71  431 participants 
(Christensen et al., 2016; Oftedal et al., 2014; 2015; Pyko et al., 2015). For each 10 dB increase 
in road traffic noise, there was a statistically nonsignificant increase in BMI of 0.03 kg/m2 (95% CI: 
−0.10–0.15 kg/m2) and in waist circumference of 0.17 cm (95% CI: −0.06–0.40 cm). There was 
inconsistency in the results between the studies; therefore, for both associations, the evidence was 
rated very low quality (Fig. A4.1 and Fig. A4.2).
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Notes: 	The black vertical line corresponds to no effect of noise exposure. The black dots correspond to the estimated 
slope coefficients per 10 dB for each sex in each study, with 95% CIs. The diamond designates summary estimates 
and 95% CIs based on random effects models. The dashed red line corresponds to these summary estimates.

	 Heterogeneity between studies: p = 0.000; heterogeneity between genders: p = 0.360; overall (I-squared = 84.4%, 
p = 0.000). Weights are from random effect analysis. 

Fig. A4.1	The association between exposure to road traffic noise (Lden) and BMI in three 
Nordic studies

Studies		

Norway
Women
Men

Sweden
Women
Men

Denmark
Women
Men

kg/m2 per 10 dB Lden (95% Cl)	   % Weight

0.01 (-0.11–0.13)		   17.65
-0.04 (-0.14–0.06)		  18.62

-0.17 (-0.38–0.04)		  12.81
-0.19 (-0.42–0.04)		  12.12

0.20 (0.12–0.28)		   19.50
0.19 (0.11–0.27)		   19.29

0.03 (-0.10–0.15)		  100.00

-1       -0.5       0       0.5       1        1.5	
kg/m2   per 10 dB Lden



153

ANNEXES

Notes: 	The black vertical line corresponds to no effect of noise exposure. The black dots correspond to the estimated 
slope coefficients per 10 dB for each sex in each study, with 95% CIs. The diamond designates summary estimates 
and 95% CIs based on random effects models. The dashed red line corresponds to these summary estimates.

	 Heterogeneity between studies: p = 0.001; heterogeneity between genders: p = 0.842; overall (I-squared = 69.0%, 
p = 0.007). Weights are from random effect analysis. 

2. Railway noise

2.1 Adverse birth outcomes 

No studies were found, and therefore no evidence was available on the association between railway 
noise and adverse birth outcomes.

2.2 Quality of life, well-being and mental health

Evidence rated very low quality was found for a weak effect of railway noise exposure on self-
reported quality of life or health, albeit from a limited number of studies (Roswall et al., 2015; Torre et 
al., 2007). There was evidence rated moderate quality for an effect of railway noise on emotional and 
conduct disorders in childhood (Hjortebjerg et al., 2015), but no clear relationship between railway 
noise and children’s hyperactivity (Hjortebjerg et al., 2015); this evidence was rated moderate quality.

cm per 10 dB Lden

Fig. A4.2 	The association between exposure to road traffic noise (Lden) and waist circumference 
in three Nordic studies

Studies		

Norway
Women
Men

Sweden
Women
Men

Denmark
Women
Men

cm per 10 dB Lden (95% Cl)      	 % Weight

-0.12 (-0.43–0.19)	 17.78
-0.18 (-0.47–0.11)    	 18.51

-0.56 (0.05–1.07)   	 11.57
-0.12 (-0.47–0.71)         	 9.75

0.30 (0.08–0.52)       	 21.28
0.40 (0.18–0.62)       	 21.10

0.17 (-0.06–0.40)    	 100.00

-1       -0.5       0       0.5       1        1.5	
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2.3 Metabolic outcomes

2.3.1 Diabetes

One cohort study was identified that looked at the relationship between railway noise and the 
incidence of diabetes (Sörensen et al., 2013). The cohort study of 57 053 participants, including 
2752 cases, found evidence rated moderate quality that there was no considerable effect of railway 
noise on diabetes, with an RR of 0.97 (95% CI: 0.89–1.05) per 10 dB Lden increase in noise. 

Furthermore, one cross-sectional study was identified that looked at the relationship between 
railway noise and the prevalence of diabetes (van Poll et al., 2014), including 9365 participants and 
89 cases. An RR of 0.21 (95% CI: 0.05–0.82) per 10 dB Lden increase in noise was found, but the 
reasons for the beneficial effect were not immediately apparent. The evidence in the study was rated 
very low quality.

2.3.2 Obesity

Regarding the association between railway noise and change in BMI and waist circumference, two 
cross-sectional studies were identified, with 57 531 participants (Christensen et al., 2016; Pyko 
et al., 2015). Christensen and colleagues observed a statistically significant increase of 0.18 kg/
m2 (95% CI: 0.00–0.36 kg/m2) per 10 dB for BMI and 0.62 cm (95% CI: 0.14–1.09 cm) per 10 dB 
for waist circumference in those exposed to railway noise, at levels above 60 dB Lden. Pyko and 
colleagues found a statistically significant increase in waist circumference of 0.92  cm (95% CI: 
0.06–1.78 cm) per 10 dB Lden. The corresponding estimate for BMI was statistically nonsignificant, 
at 0.06 kg/m2 (95% CI: −0.02–0.16 kg/m2). The evidence was rated low/very low quality.

3. Aircraft noise 

3.1 Adverse birth outcomes

Evidence rated very low quality was available for an association between aircraft noise and pre-term 
delivery, low birth weight and congenital anomalies, as evidenced by six studies included in the 
systematic review (Ando & Hattori, 1973; Edmonds et al., 1979; Jones & Tauscher, 1978; Knipschild 
et al., 1981; Matsui et al., 2003; Schell, 1981). The potential for risk of bias in these was high and 
the results tended to be inconsistent.

3.2 Quality of life, well-being and mental health

Evidence rated very low quality was available for an effect of aircraft noise on medication intake for 
depression and anxiety (Floud et al., 2011). There was evidence rated very low quality for an effect 
of aircraft noise exposure on interview measures of depression and anxiety (Hardoy et al., 2005) and 
rated low quality for an association of aircraft noise with hyperactivity in children (Clark et al., 2013; 
Crombie et al., 2011; Stansfeld et al., 2009a).

The evidence showed, however, no substantial effect of aircraft noise on self-reported quality of 
life or health (Clark et al., 2012; Schreckenberg et al., 2010a; 2010b; Stansfeld et al., 2005; van 
Kempen et al., 2010) or on emotional and conduct disorders in childhood (Clark et al., 2012; 2013; 
Crombie et al., 2011; Stansfeld et al., 2005; 2009a). This evidence was rated very low quality.
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3.3 Metabolic outcomes

3.3.1 Diabetes

For the relationship between aircraft noise and incidence of diabetes one cohort study was identified, 
including 5156 participants and 1346 cases (Eriksson et al., 2014). The estimate of the effect was 
imprecise, with an RR of 0.99 (95% CI: 0.47–2.09) per 10 dB Lden increase in noise; the evidence 
was therefore rated very low quality.

Furthermore, one cross-sectional study was identified that looked at the prevalence of diabetes (van 
Poll et al., 2014), including 9365 participants and 89 cases. The RR was 1.01 (95% CI: 0.78–1.31) 
per 10 dB increase in aircraft noise. The evidence was rated very low quality.

3.3.2 Obesity

For the association between aircraft noise and change in BMI and waist circumference, one cohort 
study was identified, with 5156 participants (Eriksson et al., 2014). For each 10 dB increase in 
aircraft noise level, the increase in BMI was 0.14 kg/m2 (95% CI: −0.18–0.45) (evidence rated low 
quality), and the increase in waist circumference was 3.46 cm (95% CI: 2.13–4.77) (evidence rated 
moderate quality). The range of noise levels in the study was 48–65 dB Lden. In the case of BMI, the 
change over the whole range in noise values was not statistically significant and was less than what 
could be considered clinically relevant (3–5% change in BMI); however, for waist circumference, the 
change was equivalent to an increase of 5.8 cm. 

4. Wind turbine noise

4.1 Quality of life, well-being and mental health

Five low-quality systematic reviews of wind turbine noise effects on mental health and well-being 
have been carried out (Ellenbogen et al., 2012; Kurpas et al., 2013; Merlin et al., 2013; Onakpoya 
et al., 2015; Schmidt & Klokker, 2014 ). These reviews differed in their conclusions and delivered 
inconsistent evidence that wind turbine noise exposure is associated with poorer quality of life, well-
being and mental health. Therefore, the evidence for no substantial effect of wind turbine noise on 
quality of life, well-being or mental health was rated very low quality. 

4.2 Metabolic outcomes

4.2.1 Diabetes

For the relationship between wind turbine noise and prevalence of diabetes, three cross-sectional 
studies were identified, with a total of 1830 participants (Bakker et al., 2012; Pedersen, 2011; 
Pedersen & Larsman, 2008; Pedersen & Persson Waye, 2004; 2007; Pedersen et al., 2009; van den 
Berg et al., 2008). The number of cases was not reported. The effect sizes varied across studies, 
and only one study found a positive association between exposure to wind turbine noise and the 
prevalence of diabetes; therefore, no meta-analysis was performed. Due to very serious risk of 
bias and imprecision in the results, this evidence was rated very low quality. As a result, there is no 
clear relationship between audible noise (greater than 20 Hz) from wind turbines or wind farms and 
prevalence of diabetes (Fig. A4.3). 
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Note: The dotted vertical line corresponds to no effect of exposure to wind turbine noise. The black circles correspond to 
the estimated RR per 10 dB (sound pressure level) and 95% CI.

	 For further details on the studies included in the figure please refer to the systematic review on environmental noise 
and cardiovascular and metabolic effects (van Kempen et al., 2018).

5. Leisure noise 
Owing to a lack of evidence meeting the critieria for systematic reviewing, no results for any of the 
important health outcomes can be given for exposure to leisure noise.

Fig. A4.3 The association between exposure to wind turbine noise (sound pressure level) and 
self-reported diabetes

Study (N)

SWE–00 (351)

SWE–05 (754)

NL–07 (725)

0.0370     0.1111     0.3333     1.0000     3.0000    9.0000    27.0000	

Estimated RR per 10 dB
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The WHO Regional 
Office for Europe

The World Health Organization (WHO) is a specialized 
agency of the United Nations created in 1948 with 
the primary responsibility for international health 
matters and public health. The WHO Regional Office 
for Europe is one of six regional offices throughout 
the world, each with its own programme geared to 
the particular health conditions of the countries it 
serves.

Member States
Albania
Andorra
Armenia
Austria
Azerbaijan
Belarus
Belgium
Bosnia and Herzegovina
Bulgaria
Croatia
Cyprus
Czechia
Denmark
Estonia
Finland
France
Georgia
Germany
Greece
Hungary
Iceland
Ireland
Israel
Italy
Kazakhstan
Kyrgyzstan
Latvia
Lithuania
Luxembourg
Malta
Monaco
Montenegro
Netherlands
Norway
Poland
Portugal
Republic of Moldova
Romania
Russian Federation
San Marino
Serbia
Slovakia
Slovenia
Spain
Sweden
Switzerland
Tajikistan
The former Yugoslav 
  Republic of Macedonia
Turkey
Turkmenistan
Ukraine
United Kingdom
Uzbekistan

World Health Organization Regional Office for Europe
UN City, Marmorvej 51, DK-2100 Copenhagen Ø, Denmark

Tel.: +45 45 33 70 00   Fax: +45 45 33 70 01 
E-mail: eurocontact@who.int

Noise is an important public health issue. It has 
negative impacts on human health and well-being 
and is a growing concern. The WHO Regional 
Office for Europe has developed these guidelines, 
based on the growing understanding of these 
health impacts of exposure to environmental noise. 
The main purpose of these guidelines is to provide 
recommendations for protecting human health 
from exposure to environmental noise originating 
from various sources: transportation (road traffic, 
railway and aircraft) noise, wind turbine noise and 
leisure noise. They provide robust public health 
advice underpinned by evidence, which is essential 
to drive policy action that will protect communities 
from the adverse effects of noise. The guidelines 
are published by the WHO Regional Office for 
Europe. In terms of their health implications, the 
recommended exposure levels can be considered 
applicable in other regions and suitable for a global 
audience.
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Boone Adair Howard Schuyler

2020 Population 180,463 25,343 10,001 4,660

Population % Change 11% -1% -1.4% 5.2%

2010 Population 162,642 25,607 10,144 4,431

Area 691 mile2 569 mile² 253 mile² 308 mile²

Population Density
people per square mile

240/mile2 45/mile2 21/mile2 14/mile2

Housing Units  77,314 11,542 4,591 2,106

Assessed Valuation 3.1 Billion 343 Million 133 Million 74 Million

Source: data.census.gov 2019
Missouri Association of Counties
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Manufacturer Model Hub height rotor diameter total height (m) Total Heigh (ft)

Siemens Gamesa SG 2.1-114 68 114 125 410

Siemens Gamesa SG 2.1-114 80 114 137 449.36

General Electric 2MW-116 80 116 138 452.64

Vestas V90-2.0 MW 80 90 125 410

Suzlon S111 90 111.8 145.9 478.552

Nordex N117/3600 84 116.8 142.4 467.072



Source

https://www.siemensgamesa.com/en-int/products-and-services/onshore/wind-turbine-sg-2-1-114

https://www.siemensgamesa.com/en-int/products-and-services/onshore/wind-turbine-sg-2-1-114

https://www.ge.com/renewableenergy/wind-energy/onshore-wind/2mw-platform

https://www.vestas.com/en/products/2-mw-platform/v90-2_0_mw#!technical-specifications

https://www.suzlon.com/pdf/S111-product-brochure-July-2021.pdf

https://www.nordex-online.com/en/product/n117-3600/
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