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Literature Review: Assessment of Wind Energy Health Impacts
A literature review was conducted based on a proposed wind energy coined “Pretty Prairie Wind” to be located in southeast
Reno County. The following literature review was conducted to focus on the potential health impacts found in the peer reviewed
scientific literature.
Activity

1. The development and construction of the “Pretty Prairie Wind” wind energy project

Determinants of Health

Physical Environment

Meta-Sources of Information

United States National Library of Medicine, National Institute of Health, Kansas
Department of Health and Environment, Office of Disease Prevention and Health
Promotion, Office of Energy Efficiency and Renewable Energy, Google Scholar
Visual Impact – subjective (perception of the visual presence of turbines is based on the
individual; shadow flicker inconclusive)
Annoyance – Subjective (self-reported level of annoyance is based upon the individual
with multiple confounding variables)
Noise – subjective (perception of the audible presence of turbines is based on the
individual)
Infrasound – inconclusive (literature is mixed with no clear evidence confirming or
denying sound frequency’s below 0-20 Hz impact on health)
Air Pollution – positive impact (WT do not generate air emissions)

Nature of Impacts

Economic Effect – neutral/positive (could indirectly result in positive health impacts)
Timing of impacts

• Short term through immediate changes planned to landscape and construction activity
• Long Term through placement of wind turbines and visual impact

Size of Impacts

Visual Impact – Large number of people effected

Based on the number of people residing in

Annoyance – Medium numbers of people affected

proposed wind energy project

Noise – small/Medium numbers of people affected
Infrasound – Inconclusive
Air Pollution – Large Numbers of people affected
Economic Effect – Inconclusive

Likelihood of impacts

Visual Impact – Definite

Definite is a demonstrated association in the

Annoyance – Probable

published literature or through expert
opinion; probable is likely to have an impact;
and speculative means the impact may be
possible.

Noise – Probable
Infrasound – Speculative
Air Pollution – Speculative
Economic Effect – Speculative
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The following pages include:
- Specific sections of interest from pertinent articles on the subject matter;
- Excerpts from the Strategic Health Impact Assessment on Wind Energy Development in
Oregon and included references;
- Taylor & Klenk meta-analysis of the literature; sections 4.1 – 4.3 and included references
by chronological order and by topic
- Abstract(s) from Lawrence Berkeley National Laboratory of the following studies:
o Review of 30 years of North America Wind Power Project Acceptance Literature
o Overall Analysis of Attitudes of 1,700 Wind Power Project Neighbors
o Wind Power Project Planning Process Fairness and Attitudes
o Predicting Audibility of an annoyance to wind power project sounds using
modeled sound
o Comparing strongly annoyed individuals with symptoms near U.S. Turbines to
those in surveyed European communities
- National Survey of Attitudes of Wind Power Project Neighbors: Summary of Results
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Thorne, P., Osterberg, D., & Johannsen, K. (2019). Wind turbines and Health. Environmental health
sciences research center.
- There is no authoritative evidence that sound from wind turbines represents a risk to human
health among neighboring residents. The only causal link that can be identified is that wind
turbines may pose annoyance to some who live near them. However, annoyance is likely
influenced by a person’s feelings about the impacts of wind turbines on viewsheds, whether
they get an economic benefit from the turbines, whether they have had a say in the siting
process, and attitudes about wind power generally.
Kamp, I., & Van Den Berg, F. (2018). Health effects related to wind turbine sound, including lowfrequency sound and infrasound. Acoustics Australia (46), 31-57.
Sound from wind turbines leads to a higher percentage of highly annoyed when compared to
other sound sources. Annoyance due to aspects, like shadow flicker, the visual (in)
appropriateness in the landscape and blinking lights, can add to the noise annoyance. There is
no evidence of a specific effect of the low-frequency component or infrasound. There are
indications that the rhythmic pressure pulses on a building can lead to additional annoyance
indoors. Personal characteristics such as noise sensitivity, privacy issues and social acceptance,
benefits and attitudes, the local situation and the conditions of planning a wind farm also play a
role in reported annoyance. Less data are available to evaluate the effects of wind turbines on
sleep and long-term health effects. Sleep disturbance as well as other health effects in the
vicinity of wind turbines was found to be related to annoyance, rather than directly to exposure.
- Noise annoyance is the main health effect associated with the exposure to sound from an
operational wind turbine.
- New evidence regarding the effect of night time wind turbine sound exposure on sleep suggests
no direct effect but remains inconclusive.
- … studies do find a relationship between self-reported sleep disturbance and annoyance from
wind turbines and between self-reported sleep disturbance and perceived quality of life.
- For other health effects, there is insufficient evidence for a direct relation with wind turbine
sound levels.
- Based on noise research in general, we can conclude that chronic annoyance from wind turbines
and the feeling that the quality of living environment has deteriorated or will do so in the future
and can have a negative impact on well-being and health in people living in the vicinity of wind
turbines.
- Infrasound and low-frequency sound are present in wind turbine sound. Low-frequency sound is
included in the most studies as part of the normal sound range. In contrast, infrasound is in
most studies considered as inaudible as the level of infrasound is low with respect to human
sensitivity. Studies of the perception of wind turbine infrasound support this. Infrasound and
low-frequency sound from wind turbines have been suggested to pose unique health hazards.
There is little scientific evidence to support this. The levels of infrasound involved are
comparable to the level of internal body sounds and pressure variations at the ear while
walking.
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-

Vibroacoustic disease and the wind turbine syndrome are controversial and scientifically not
supported. At the present levels of wind turbine sound, the alleged occurrence of vibroacoustic
disease (VAD) or the disease (VVVD) causing the wind turbine syndrome (WTS) is unproven and
unlikely. However, the symptoms associated with WTS are symptoms found in relation to stress.

Taylor, J. & Klenk, N. (2019). The politics of evidence: Conflicting social commitments and environmental
priorities in the debate over wind energy and public health. Energy Research & Social Science (47), 102112.
- A direct link between infrasound and adverse physiological effects is found to face several trials
– isolating infrasound from other sources of noise, proving emissions levels can affect the ear,
and linking exposure to adverse physiological effects – none of which have been successfully
overcome according to the literature’s high frequency of certainty arguments that a link does
exist. Yet, in spite of the science, infrasound persists as a key issue of concern for many
communities facing wind farms, driven in part by the fact there remain significant knowledge
gaps about its effects but also because of its value as a potential direct link between wind
turbines and human health unburdened by the complexities of psychogenic factors.
- Dose-response evidence of a positive correlation between audible WTN and annoyance has
been granted sufficient legitimacy in the literature that it has, by and large, become common
knowledge about wind energy.
Michaud, D., Feder, K., Voicescu, S., Marro, L., Than, J., Guay, M., Lavigne, E., Denning, A., Murray, B.,
Weiss, S., & Villeneuve, P. (2018). Clarifications on the design and interpretation of conclusions from
health Canada’s study on wind turbine noise and health. Acoustics Australia (46), 99-110.
- …there was no association between exposure to WTN and the self-reported of objectively
measured health endpoints examined. However, the study did demonstrate a relationship
between increasing levels of WTN and annoyance toward several features (including noise,
perceived indoor vibration during operations, visual impacts, shadow flicker, and the aircraft
warning lights on top of the turbines) associated with wind turbines. The WHO community noise
guidelines list annoyance as one of the adverse health effects of community noise exposure and
include guidelines for annoyance that vary in level based on location and time of day.
Berger, R., Ashtiani, P. Ollson, C., Aslund, M., McCallum, L. Leventhall, G & Knopper, L. (2015) HealthBased audible noise guidelines account for infrasound and low-frequency noise produced by wind
turbines. Frontiers in Public Health, 3, 1-14
- …Indoor infrasound (IS) component of wind turbine noise measured as dB(G) at distances of 450
and 900m, was well below the levels of human perception, providing further support to
previous reports. IS is produced at levels comparable or greater than those shown here by
natural and engineered sources. There is no scientific evidence to indicate that exposure at
these G-weighted levels of IS can directly impact human health.
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World Health Organization. (2018). Environmental Noise Guidelines for the European Region.
- 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.
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
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.
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Noise:
Environmental noise in community settings is linked to sleep disturbance, annoyance, stress, and
decreased cognitive performance [7-9]. These effects, undesirable in their own right, can in turn
adversely affect physical health. Chronic sleep disturbance and stress from environmental noise
exposures may increase risks for cardiovascular disease, decreased immune function, endocrine
disorders, mental illness, and other effects [7, 9-12].
Objective measures of sound do not necessarily correlate with subjective experiences of noise. When
comparing similar sounds, a 3 dB increase correlates to a doubling in sound energy levels but is
considered the threshold of perceivable difference in loudness [10, 13]. A 10-dB increase equates to a
10-fold increase in sound energy but is perceived as a doubling in loudness [10].
The perception of sound as noise is a subjective response that is influenced by factors related to the
noise, the person, and the social/environmental setting. These factors result in considerable variability
in how people perceive and respond to noise at the individual and community level [8, 14]. Factors that
are consistently associated with negative community response are changes in noise exposure (i.e., the
introduction of a new noise, or a noticeable change in noise loudness or quality) and increases in
human-generated noise [14].
A small number of epidemiological studies have linked wind turbine noise to increased annoyance,
feelings of stress and irritation, sleep disturbance, and decreased quality of life [15-18]. These studies
have not identified positive associations between wind turbine noise and hypertension, cardiovascular
disease, or other diseases. In studies from Europe, annoyance from wind turbine noise was more likely
when levels exceeded 35-40 dBA [15, 16].
There is some evidence that wind turbine noise is more noticeable, annoying and disturbing than other
community or industrial noise at the same level of loudness [15, 16, 18-20]. This may be because:
• wind turbines produce noise that fluctuates in loudness and “type” (i.e., swishing vs. pulsing
amplitude-modulated noise) [19-21]. Since fluctuating noise is generally considered more
annoying than steady or constant noise, wind turbine noise may be perceived as more annoying
than other environmental noise;
• unlike other sources of community noise, wind turbine noise levels may not decrease
predictably at night, and could be perceived as more noticeable and louder at night than during
the day. This could result in sleep disturbance in nearby residences [15, 19, 22].
• Factors unrelated to noise may explain some of the annoyance reported in the few
epidemiological studies of wind turbine noise. These factors include being able to see wind
turbines from home, having a negative opinion about turbines, and self-reported sensitivity to
noise [16, 17, 20, 22].
Wind turbine-generated infrasound (frequencies below 20 Hz) is below levels that can be perceived by
humans [23-26].
Some field studies have found that in some locations near wind turbine facilities, low frequency noise
(frequencies between 10 and 200 Hz) may be near or at levels that can be heard by humans [24-26].
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However, there is insufficient evidence to determine if low frequency noise from wind turbines is
associated with increased annoyance, disturbance or other health effects [26].
People with greater exposure to noise from wind turbines, such as those that live nearby, are more
likely to experience negative health effects than those with lower levels of exposure to noise. The extent
of that impact depends on many site-specific variables, such as distance from the facility, local
topography and water bodies, weather patterns, background noise levels, etc. (See Hoen et al., 2018)
Conclusions
The major source of uncertainty in assessment is related to the subjective nature of response to noise,
and variability in how people perceive, respond to, and cope with noise. Additional uncertainty is due to
moderate or limited evidence in the following areas:
a. Epidemiological studies on wind turbine noise
b. Amplitude modulation of wind turbine noise
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Visual Impact:
Shadow flicker refers to the alternating levels of light intensity produced when rotating turbine blades
cast shadows on nearby buildings or receptors [30]. Most modern large wind turbines produce shadow
flicker at frequencies between 0.3 and 1 Hz [30].
Wind turbines produce shadow flicker at certain times, locations, and under certain conditions. In the
continental U.S., shadow flicker impacts are relatively lower compared to locations at higher latitudes,
are more likely to occur at sunrise or sunset, and affect a butterfly-shaped area to the northeast and
northwest of a wind turbine [30, 31].
There is insufficient evidence to determine if the “looming effect" (i.e., psychological reactions from
feeling “enclosed” by a tall building or object) could have negative impacts on people’s quality of life and
well-being. Urban planning guidelines that recommend a 4:1 distance-to-height ratio to minimize
negative psychological reactions from feeling "enclosed" by a tall building or object may not be
applicable to wind turbines in rural environments [32].
Conclusions:
Shadow flicker from wind turbines are unlikely to cause adverse health impacts in the general
population. The low flicker rate from wind turbines is unlikely to trigger seizures in people with
photosensitive epilepsy. Further, the available evidence suggests that very few individuals will be
annoyed by the low flicker frequencies expected from most modern wind turbines [30, 31, 34].
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Air Pollution:
Direct exposure to air pollutants is associated with short and long-term health effects that include
respiratory irritation, asthma, cardiovascular disease, cancer, and premature death [35, 36]. Greenhouse
gas (GHG) emissions indirectly impact public health through their contribution to global climate change
[36]. Children, the elderly, and those with pre-existing respiratory problems are particularly vulnerable
to the health effects from air pollution.
The major sources of air pollution in the U.S. are the combustion of fossil fuels for electricity,
transportation and other uses; industrial processes; agricultural practices; wildfires; and construction
sites and equipment.
Wind energy facilities do not generate air emissions from electricity production and could reduce air
pollution if they displace electricity generated from gas, coal, and other fossil fuels [36, 37]. The
magnitude of any reductions in air pollutant emissions will depend on the type and amount of fossil fuel
units replaced, technological changes, and the effect of policies aimed at reducing air emissions from
power plants [36]. The available evidence suggests that the largest air pollution reductions will occur by
first replacing energy from coal-fired sources, followed by replacement of oil and natural gas.
Wind energy could contribute to air pollution through the burning of fossil fuels in vehicles and
equipment used for construction and maintenance of wind energy developments. However, the
construction-related impacts on local air quality are likely to be short-term and relatively small in
magnitude.
It is unlikely that new or improved access roads will result in substantial increases in vehicular traffic or
appreciable changes in local air quality.
Conclusions:
Wind energy facilities could indirectly result in positive health impacts if they reduce regional emissions
of GHGs, criteria air pollutants and hazardous air pollutants.
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Economic Effect:
Socioeconomic status (measured by income, education and employment) is a strong predictor of life
expectancy and overall health at each stage of life [38, 39]. While the links between SES and health are
complex and difficult to measure [40], public health studies have found that as SES increases, the risks
for premature mortality, disease, disability, and unhealthful behaviors decrease.
Higher levels of income inequality are associated with poorer health outcomes [41].
Wind energy facilities could result in positive local economic impacts if they increase local jobs, personal
income, and local tax revenue. Some evidence suggests that community owned wind projects may have
relatively larger economic benefits for local communities compared to absentee-owned projects.
Decreased property values are often an issue of community concern. Economic studies have not found
an association between nearby wind energy facilities and changes in long-term property values [45, 46].
However, because property values are influenced by many factors, and it is difficult to generalize these
findings to individual or local changes in property values near a given facility [34].
Wind energy facilities increased personal income for landowners who obtain lease payments and for
workers employed by wind energy facilities [47], and increased tax revenue for local government
through property taxes and other fees [34, 49].
Conclusions:
Wind energy developments could indirectly result in positive health impacts if they increase local
employment, personal income, and community-wide income and revenue. However, these positive
effects may be diminished if there are real or perceived increases in income inequality, or an uneven
distribution of costs and benefits, within a community.
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4.1. Infrasound and adverse physiological health effects
The human ear is thought to respond to pressure variations in the frequency range of 20 Hz to
20 kHz [54]. Sound with a frequency below the audible range (between 0 and 20 Hz) is termed
‘infrasound’, which is generated by wind turbines through the aerodynamic interactions between tower
and blade [55]. Although infrasound is often referred to as ‘inaudible’ sound, it is generally agreed it
becomes perceptible to the ear at sound pressure levels1 exceeding 95 dB(G) (ISO 226). As Moeller and
Pedersen [56, p.3727] describe, under these conditions "the tonal sensation disappears, the sound
becomes discontinuous in character, and a sensation of pressure at the eardrums occurs". Pierpont’s
study hypothesized that constant exposure to this pressure from turbine-generated infrasound was
responsible for the array of symptoms she called ‘Wind Turbine Syndrome’. In other words, she claimed
that WTN’s detrimental effects did not come by way of conscious hearing but rather by directly
stimulating the vestibular system of the inner ear, which generates sensory information about motion,
equilibrium and spatial orientation. The plausibility of this interaction has become a key issue in the
health debate. As Jaekl [57] notes in an exposé on Wind Turbine Syndrome, “Thousands of anti-windfarm protest groups cite reports of detrimental effects of infrasonic noise as their primary weapon
against the development of wind energy”. Hence, infrasound is perceived by communities opposed to
wind farms as holding the key to proof of a direct link between turbines and physiological effects and an
important ally in local campaigns against them.
The two major trials facing a direct link between infrasound and adverse health effects are 1) to
produce evidence of the presence of infrasound levels high enough to elicit a response from the ear at
current WTN limits and 2) produce epidemiological evidence directly linking exposure to infrasound to
adverse physiological effects. In terms of the first, the majority of empirical studies and reviews
examining the presence of infrasound [55,[58], [59], [60], [61], [62], [63], [64], [65]] make the following
general arguments against the plausibility of a link: 1) Recorded sound pressure levels of infrasound are
shown to be well below the widely accepted human audibility threshold of 95 dB(G), therefore,
incapable of causing adverse effects; 2) Infrasound levels from turbines have been found to be as high
as, and/or undistinguishable from, other sources of infrasound, including natural ones such as waves
and wind and engineered ones such as vehicles and air conditioning units; 3) Infrasound levels are
correlated with overall sound levels, therefore, controlling for sound will control for infrasound, and
current noise limits are sufficiently low to prevent a response from the ear. While some who reject the
link acknowledge a degree of uncertainty in their conclusions and argue that more research about the
effects of infrasound is merited [63,64], most studies express a strong degree of certainty that
infrasound levels are not responsible for the reported symptoms based on current evidence from this
first trial alone. For example, Levanthall [65] concludes that “infrasound can be neglected in the
assessment of the noise of modern wind turbines” (p.32).
There is currently little epidemiological evidence to support adverse health outcomes from
exposure to infrasound from turbines. To date, empirical evidence has been gathered from a handful of
listening experiments. For example, Inagaki et al. [66] map the patterns of brain waves of test subjects in
very close range to wind turbines, demonstrating their inability to stay relaxed and concentrate when
exposed to infrasound. Other studies put forward alternative hypotheses on perception and response
1

Sound pressure is the local pressure deviation from the ambient atmospheric pressure, caused by sound wave.
Sound pressure level is a logarithmic measure of the effective pressure of a sound relative to the threshold of
human hearing (20 µPA) measured in decibels (dB).
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mechanisms of the ear. For example, Salt and Hullar [36] draw on evidence from past sound
experiments with guinea pigs to advance their hypothesis that infrasound may stimulate neural activity
in the human ear at levels below the audible threshold. Another form of evidence used to support
claims of adverse physiological effects is the inclusion of the personal testimonies of researchers who
claim to have experienced ‘severe adverse health effects’ after being exposed to a wind farm during
their research. Although these testimonies are only included in two studies authored by the same set of
researchers [67,68], they are notable because the authors use their own experience and authority as
proof of infrasound’s connection to adverse health effects:
One author experienced a high degree of irritability within a few minutes of arriving at
the home…The irritability rapidly progressed to loss of cognitive function…Dizziness
progressing to vertigo occurred. The second author experienced headache, loss of
appetite, and anxiety and also was not able to perform routine tasks [68, p.361].
‘Experts’ self-reporting their experience of infrasound exposure is an authoritative rhetorical strategy to
legitimize their own research, and by extension, other reports of adverse infrasound experiences. It also
challenges criticisms of self-reporting as a valid means evidence, which is discussed in more detail in the
following section. While none of these studies draws conclusive evidence of adverse health effects
occurring in relevant settings (i.e. at designated setback distances) or in human subjects, they work to
preserve the possibility that infrasound from turbines poses a risk to health by introducing new avenues
and hypotheses for a direct link.
Validity arguments are prevalent types of argumentative reasoning used to promote the
possibility of a direct link. Allegations that studies negating the link are flawed are common. For
instance, it is frequently alleged that the widespread reliance on an A-weighting filter in sound
measurement studies to assess environmental noise instead of a G-weighting filter obscures the
presence of infrasound2. Doolan [64] argues, for instance, that A-weighted measurements are “not a
reliable indicator” of WTN (p.102), Hanning and Evans [69] argue that “current noise measurement
techniques and metrics tend to obscure the contribution of impulsive low frequency noise and
infrasound” and Bell [70] contends they tend “to sweep the problem [of infrasound] under the carpet”
(p.57). In addition, some authors challenge conventional ideas of human audibility to make room for
alternative hypotheses of infrasound’s physiological implications. Salt and Hullar [54] argue, for
example, that the view infrasound cannot affect the ear “fails to recognize the complex physiology that
underlies the ear’s response to low frequency sounds” (p.13) and Bell [70] argues it is “a fallacy…to say
that because wind turbine noise is below perceived sound levels that the sound will have no biological
effects” (p.57). Another rhetorical strategy used to discredit research countering the direct link is to
characterize the researchers as biased and working on behalf of the ‘industrial wind industry’. Several
studies that argue WTN is harmful [e.g. 67,68,[71], [72], [73]] preface the terms ‘wind turbines’ and
‘wind farms’ with the word ‘industrial’, emphasizing their large size and scale and echoing the rhetoric of
community opposition groups that express concern about “big” wind development [74]. This is meant to
contest the normative valence of wind energy as ‘green’, ‘clean’ and ‘sustainable’ and challenge the
framing of its development as a benefit to society.
In terms of uncertainty, some studies that conclude wind energy is potentially harmful argue
that while there may not yet be conclusive evidence supporting their claim, neither is there conclusive

2

In the measurement of loudness, a weighting filter, or curve, is used to emphasize or suppress some frequencies
compared to others. The A-weighting curve has been widely adopted for environmental noise measurement and is
standard in many sound level meters as it emphasizes frequencies (around 3-6 kHz) that correspond most closely
to the human ear’s sensitivity for sound. A G-weighting filter, on the other hand, emphasizes infrasound
frequencies between 10 and 20 Hz which are below the human audibility threshold.
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evidence disproving it [63,71,75], therefore, infrasound “cannot be ruled out as a plausible cause” [71,
p.21]. For instance, Salt and Kaltenbach [70] argue:
…No studies were found that come close to replicating the long-term exposures to lowlevel infrasound experienced by those living near wind turbines. So, to date, there are
no published studies showing that such prolonged exposures do not harm humans
(p.301).
Ethical and policy arguments are often enrolled to justify the need for further research and a
more cautious approach to wind development. The precautionary principle, a key tenet of risk
management and environmental justice defined as “a duty to prevent harm, when it is within our power
to do so, even when all the evidence is not in” (emphasis in original) [76], is frequently invoked to
underscore the moral obligation of policy-makers to take reports of human suffering seriously and
legislate accordingly:
…The precautionary principle must be respected and IWTs [industrial wind turbines]
should not be built in close proximity to human habitation, and where reports of
adverse health effects are being reported, the facility should be decommissioned until
the situation is resolved [77, p.401].
In addition, Jeffrey et al. [71] argue that because infrasound cannot be ruled out as a plausible
cause for adverse effects, rural physicians have an ethical responsibility “to provide care for affected
patients” and “to help inform [wind turbine] regulations that will protect the physical, mental and social
well-being of patients” (p.25). In perhaps the most extensive ethical argument against the wind energy
status quo, Krogh [78] frames adverse health experiences related to WTN, including infrasound, as a
“loss of social justice” in which affected persons “resort to sleeping in vehicles, tents, trailers, basements
lined with mattresses, garages, and at relatives or friends’ homes” (p.323). This emphasis on ethical
values raises the debate to a level of valuation beyond the technical, appealing to wider societal values
of how people ought to be treated in the face of risks from unwanted development.
4.2. Audible WTN is positively correlated with annoyance, sleep disturbance and adverse effects on
quality of life
Unlike the deep divide on the effects of infrasound, the potential for audible WTN to annoy a
segment of the population is widely accepted in the literature and wind energy policy regimes. Yet,
despite its central role in the debate, the concept of annoyance is not uniformly or substantively defined
in the literature, variously described as a “health effect” [79], “general adverse effect” [72], “a subjective
effect” on par with nuisance and dissatisfaction [80], “subjective psychological concept” [81]; and “an
indicator” of other adverse health effects [82,83]. Although scarce, more substantive definitions offered
include Shepherd et al.’s [84]: “a mental state characterized by distress and aversion, which if
maintained, can lead to a deterioration of health and well-being” (p.336) and Guski et al.’s [85]: “a multifaceted concept, covering mainly immediate behavioural noise aspects, like disturbance and interfering
with intended activities”. The plurality of definitions reveals a spectrum of ideas about the nature of
annoyance. It is described as a direct health effect, a mediator to other adverse health effects and a
subjective effect disconnected from health effects. It also reveals different ideas about the importance
of annoyance, ranging from a minor irritation to a serious health concern. In a letter-to-the-editor, for
example, Aramini et al. [86] explicitly characterize annoyance as “an acknowledged health effect” that
can have “major consequences to one’s health” (p.73) Others characterize it as a mediator to other
adverse health effects [82,87,88], reflecting the World Health Organization’s (WHO) [89] recognition of
noise annoyance as an adverse effect on health rather than an adverse health effect. In terms of
separateness from adverse health effects, Walker et al. [90] comment on how some government studies
“decouple” annoyance from issues of health. For example, the Chief Medical Officer of Health of Ontario
[91] concludes “sound levels at common residential setbacks are not sufficient to cause hearing
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impairment or other direct adverse effects. However, some people might find it annoying” (p.10) and
the Massachusetts-based report [92] concludes “There is insufficient evidence that noise from wind
turbines directly (i.e. independent from an effect on annoyance or sleep) causes health problems or
disease” (emphasis in original) (p.55). This is also reflected in the literature. Botelho et al. [81] state, for
example, “annoyance is a subjective psychological concept, and the fact that noise causes annoyance
does not necessarily mean that it impairs individuals’ health” (p.755). These differing accounts of the
nature and importance of annoyance render it a flexible ally capable of providing support for arguments
both for and against WTN’s potential for adverse effects.
There has been significantly more epidemiological evidence gathered on the association
between WTN and annoyance than infrasound although its quality is contested. In contemporary health
sciences, the randomized controlled trial (repeatable, independently verifiable and measurable)
represents the ‘gold standard’ in the hierarchy of allowable evidence [93, p.273]. In population health
studies, however, such control is not possible because people’s location, age, timing of turbine
installation and exposure to noise cannot be controlled for [94]. In addition, it poses ethical issues in
terms of exposing subjects to potential harm [95]. As a result, studies of the relationship between WTN
and adverse health effects tend to be observational. While cohort and case-control studies, which follow
populations over time in their “natural” conditions, are considered the most sophisticated types of
observational health studies [94], they tend to be very costly and time-consuming. Consequently, wind
and health epidemiological research is mainly comprised of cross-sectional surveys and case studies.
From the perspective of the hierarchy-oriented health sciences, case studies rank lowest in
terms of evidentiary value [93] and this view is reflected in government studies and literature reviews,
which tend to focus on the validity of chosen methods. McCunney et al. [55] argue, for example:
Case reports and case studies do not constitute epidemiological studies and were not
considered because they lack an appropriate comparison group, which can obscure a
relationship or even suggest one where none exists (p.113).
In general, views of case studies’ evidentiary validity most often correspond with views WTN’s
effects on human health. Authors that argue against strong links between WTN and health effects,
including government studies, tend to dismiss case studies as ‘anecdotal’ [10] or ‘grey’ literature [96] or
exclude them from their analyses altogether. They warn of their “inherent limitations” [97, p.44];
potential to be “affected by various sources of bias” [87, p.22] and inability to show a “consistent
relation” between turbines and direct health effects [98, p.7]. This attack on the validity of case-based
evidence is fiercely contested by supporters of a link [[99], [100], [101]] who use precedence and validity
arguments to promote case studies as “important initial indicators regarding underlying causal
relationships” [100, p.336] and the “cornerstone of public health research” [101, p.304]. Some attribute
case study dismissal to the ‘profit-driven’ wind energy industry’s efforts to suppress evidence that
threatens its business objectives. For example, Horner et al. [77] contend, “the practice of omitting the
majority of case studies [from literature reviews] raises concerns of completeness and objectivity”
(p.408) and Phillips [101] likens the “wholesale” denial of the evidence by both business and
government” to “claims such as ‘there is no evidence’ that smoking causes cancer’” (p.303). Moreover,
Hanning and Evans [69] argue that the sheer “quantity, consistency, and ubiquity” of claims are
sufficient epidemiological evidence of a strong link between wind turbine noise, ill health, and sleep
disruption (e1527). Reactions to Pierpont’s research demonstrate this sharp divide over the legitimacy
of case evidence. Bronzaft [100, p.293], for instance, compares Pierpont's work to Sigmund Freud's
pioneering work in psychoanalysis:
Freud took careful notes on his patients' complaints and…relied on observations and
interviews as he formulated his theory of human behavior…more traditional studies of
his theories followed afterwards.
By contrast, the Chief Medical Officer of Health of Ontario [91, p.5] argues:
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No conclusions on the health impact of wind turbines can be drawn from Pierpont’s
work due to methodological limitations including small sample size, lack of exposure
data, lack of controls and selection bias.
Since case studies generally fail to meet the evidentiary standards imposed in the literature,
including reviews aimed at policymakers, and because there is a dearth of evidence from higher up the
hierarchy, cross-sectional studies form the basis of what is broadly considered legitimate
epidemiological evidence. These are designed to determine whether a ‘dose-response’ (or 'exposureresponse') relationship exists between WTN and reports of annoyance and other adverse health effects
in local populations, including those affecting physical health [102], mental health [82], sleep quality
[72,80] and quality of life [84]. It should be noted that most cross-sectional studies measure a
combination of these outcomes. For example, in a typical study, Kageyama et al. [97] investigate the
correlation of WTN and self-reported health and sleep problems. Cross-sectional studies measure the
prevalence of symptoms, i.e. the percentage of the studied population adversely affected by WTN, by
comparing groups with increasing levels of exposure. Data is collected through mail-in surveys and home
interviews regarding sleep quality, daytime sleepiness, annoyance and general health. The main
criticism of this approach is its inability to determine causality [94]. All factors (exposure, outcome, and
confounders) are measured simultaneously therefore it cannot be known whether the annoyance level
was present before the wind turbines were operational. It also relies on self-reporting as a proxy for
noise perception, which is critiqued for relying on people’s memory of their health details and the timing
of the onset of their symptoms [94].
Despite its shortcomings, cross-sectional data is heavily relied upon to inform the scientific
debate as well as policy design [79]. This institutional validation has helped establish the idea that
turbines annoy people as a matter of fact. Yet, while there is general acceptance of an association
between wind turbines and annoyance, there is disagreement as to how directly the turbine affects
people - whether annoyance is caused by exposure to actual noise (sound pressure levels) or is the
result of subjective factors like turbine visibility and negative attitudes (discussed in the next section).
There is also disagreement about how serious annoyance is for human health although this debate is
subtler and reveals itself through chosen definitions, references to authoritative bodies like the WHO,
and policy recommendations. The most highly cited cross-sectional research by Pedersen et al. [[103],
[104], [105]] reports a statistically significant dose-response relationship between noise and annoyance
and shows a higher proportion of people report annoyance from turbines than from transportation
noise. However, it also shows respondents’ attitude to visual impact on the landscape be strongly
correlated with annoyance and that people who benefit economically have a significantly decreased risk
of annoyance. Their finding of correlations between both direct noise and annoyance as well as
subjective factors and annoyance is repeated in several other studies. This perhaps explains why this
body of literature was found to contain an equal percentage of scientific certainty and uncertainty
arguments – authors tend express certainty with respect to a link to annoyance but uncertainty as to the
pathway.
The main trial facing arguments that noise is the primary or sole explanatory factor would be to
decisively rule out psychogenic factors. Yet, authors who argue most strongly that wind energy poses a
risk to human health [e.g. 71,77,106,107] tend to omit them and focus on cross-sectional findings on
noise alone, particularly those that argue WTN is found to be more annoying than other sources. They
also tend to emphasize the uniqueness of turbines’ acoustic characteristics. For example, Thorne [106,
p.262] asserts:
The noise generation from a wind farm is like no other noise source or set of noise
sources. The sounds are often of low amplitude (volume or loudness) and are constantly
shifting in character…Noise barriers at ground level are generally ineffective in screening
or mitigating such sound.
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While the uniqueness of WTN is frequently emphasized, parallels between its effects and those
of other noise sources, namely rail, aircraft and road traffic, are also used to underscore that noise
annoyance is a well-established, therefore, valid health issue. James [106], for instance, refers to illhealth claims as a “new example of an old problem” (p.125). Based on findings of positive dose-response
relationships of audible WTN and annoyance, some studies include specific policy prescriptions
regarding turbine setback distances and noise limits. For example, Nissembaum et al. [72, p.240] argue
“Current regulations seem to be insufficient to adequately protect the human population living close to
IWTs [Industrial Wind Turbines]”, suggesting that setback distances be increased. Studies that counter
these findings also recommend policy responses. For example, Ollson et al.’s [108] critique of
Nissembaum et al. recommends it “should not be used to set definitive setback guidelines for wind
turbine installations” (p.150). Likewise, Whitfield Aslund et al.’s [109] conclusion that predicted levels of
annoyance for a wind farm were “unlikely to exceed established annoyance levels from other common
noise sources is followed by the assertion that current noise restrictions are sufficient to protect human
health. Thus, contestations over dose-response results are used by researchers to both attack and
defend current regulatory frameworks.
4.3. Annoyance caused by psychogenic factors acts as a mediator to adverse health effects
Studies that investigate the role of psychogenic factors shift attention from turbines’ physical
properties to the individual sensitivities and predispositions of the affected population. They challenge
the predictive power of noise levels and proximity to turbines in determining annoyance and posit
instead reported symptoms increase with increased turbine visibility [110,111]; negative attitudes and
personality traits [112,113]; perception of unfair planning and development practices [114,115]; intracommunity conflict [7]; negative information and expectations [116,117] and familiarity with WTN [118].
They also present evidence that annoyance levels decrease with the provision of economic benefits
[105] and positive expectations [119]. Of the three, the psychogenic explanation has the most broadbased support in the literature and does not tend to face trials of strength even though some
psychogenic studies rely on similar types of evidence (i.e. from questionnaires and surveys). Several
government studies acknowledge psychogenic factors in their concluding remarks as more plausible
alternative explanations although they tend not to examine them in the same detail as physiological
ones [e.g. 120].
Many psychogenic studies conclude a direct link between noise (both audible and inaudible) and
adverse physiological effects has been decisively discredited [e.g. 119,121], drawing on a wide range of
findings from cross-sectional surveys/questionnaires [112]; listening tests [118], virtual reality
techniques [110], case studies [116]; sleep diaries [122] and interviews [7]. A common rhetorical
strategy to support psychogenic factors’ influence is to frame claims of ill health as an example of the
‘nocebo effect’, in other words, that adverse health effects arise from exposure to negative or
frightening information about wind farms that “conditions both expectations about future health
impacts or the etiology of current health problems where wind farms are already operational” [116,
p.1]. While some studies seek to empirically demonstrate this [116,117] as well as the influence of
positive expectations [119], several others use this precedence argument of the historical prevalence of
the nocebo events to equate fears of turbine-related effects to other debunked fears about “invisible
environmental agents” [112] related to new technologies:
Claims such as these are nothing new. Mysterious physical symptoms, ill health in crops
and livestock and adverse changes in the environment have often been attributed to the
introduction of new technologies [123, p. 117].
There are a relatively high number of validity arguments made in this literature. Some are
directed at ill health claims, which are dismissed as “bizarre” [124] and “florid” [10]. There are also
warnings that invalid claims of adverse health effects circulated by anti-wind activists and the media
19

serve to exacerbate community anxiety, precipitating the very problems they warn against [116,125].
However, several authors call for health effects to be taken seriously regardless of whether they have
psychogenic origins such as perceived procedural injustices (lack of transparency and participation),
distributive injustices (lack of economic benefit), or negative attitudes towards wind energy. Roberts
and Roberts [126] state, for example, “an actual risk versus a perceived risk is very much the same thing
for some communities" (p.8) and Bowdler [114, p.70] writes: “People who are exposed to wind farm
noise and are ill are genuinely ill”. These validations of ill health claims echo ethical arguments of those
who believe turbines to be harmful with respect to how people claiming to suffer adverse effects ought
to be treated by health care practitioners and policymakers. Accordingly, policy prescriptions for
alleviating health concerns include better risk communication strategies and consultation processes.
Christidis and Law [115] argue, for example, that more collaborative planning processes can decrease
annoyance of affected communities through greater acceptance of wind energy, better siting decisions,
and less resentment towards projects.
While assertions of the desirability of successful wind energy outcomes for environmental
sustainability are common throughout the entire wind and health literature, including in government
studies, they are notable in the psychogenic literature given its emphasis on improving siting and
development processes. Moreover, a common rationale for studying the health issue is that it poses a
key obstacle to development. Jalali et al. [121, p.608] write, for example:
Given the crucial role of wind energy for renewable energy targets, it is important to
understand the cause of reported health effects and to explore approaches to address
them.
The prevalence of this rationale has been observed by Aitken [127] who writes that wind energy
controversies appear to be “wedded to the aim of identifying ways of facilitating progress towards
national and international targets for renewable energy capacity” (p.1840). She argues that the
literature is premised on the assumption that wind energy is sound public policy and opposition is
deviant and ought to be understood for the purposes of overcoming it. This ‘unreflectively pro-wind’
stance is argued to limit the literature’s capacity to properly represent publics’ experiences of wind
power, including the impacts on their health, preventing the implementation of best practices
[3,127,128].
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Review of 30 years of North America Wind Power Project Acceptance Literature
Thirty years of North American research on public acceptance of wind power projects has
produced important insights, yet knowledge gaps remain. This review synthesizes the literature,
revealing the following lessons learned. (1) North American support for wind power has been
consistently high. (2) The NIMBY (not in my backyard) explanation for resistance to wind
power development is invalid. (3) Socioeconomic impacts of wind power development are
strongly tied to acceptance. (4) Sound and visual impacts of wind power projects are strongly
tied to annoyance and opposition, and ignoring these concerns can exacerbate conflict. (5)
Environmental concerns matter, though less than other factors, and these concerns can both help
and hinder wind power development. (6) Issues of fairness, participation, and trust during the
development process influence acceptance. (7) Distance from turbines affects other explanatory
variables, but alone its influence is unclear. (8) Viewing opposition as something to be overcome
prevents meaningful understanding and implementation of best practices. (9) Implementation of
research findings into practice has been limited. The paper also identifies areas for future
research on wind power project acceptance. With continued research efforts and a commitment
toward implementing research findings into developer and policymaker practice, conflict and
perceived injustices around proposed and existing wind power projects might be significantly
lessened.
Overall Analysis of Attitudes of 1,700 Wind Power Project Neighbors
Roughly 1.4 million households were estimated to be within 5 miles of an existing utility-scale
wind turbine as of 2015, and that number will continue to grow as more wind turbines are
deployed. Moreover, there is evidence in the U.S. that larger wind projects (> 60 turbines) are
being built increasingly closer to homes on average. Despite these trends, there has not been a
careful broad-based representative analysis of the attitudes of wind project “neighbors” to date in
the U.S., nor at the population level in any country. In 2015 and 2016, LBNL with a team of
collaborators, collected data from 1,705 randomly drawn individuals living within 5 miles of all
U.S. wind projects, with oversampling being done within 1 mile. The findings indicate an overall
positive attitude toward the nearby turbines, including for those living even as close as ½ mile.
Roughly 8% of the population had negative attitudes within 5 miles. In an examination of a
broad set of possible correlates to attitudes, it was found that neither demographic nor local wind
project characteristics were significantly related. Attitudes were significantly correlated with
compensation, sensory perceptions of the nearby turbines, planning process perceptions, and
attitudes toward wind turbines in general. It was also found that individuals moving into the area
after wind project construction were significantly more positive than those already in the
community, implying that more supportive individuals might be self-selecting into the
community.
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Wind Power Project Planning Process Fairness and Attitudes
This paper focuses on procedural fairness and its relationship to respondents’ attitude toward
their local wind power project. A series of descriptive statistics and regression results is
presented, emphasizing those residents who were aware of their local project prior to its
construction. We find that a developer being open and transparent, a community being able to
influence the project outcome, and individuals having a say in the planning process are all
statistically significant predictors of a process being perceived as “fair,” with an open and
transparent developer having the largest effect. We also find developer transparency and ability
to influence the outcome (e.g., number and location of wind turbines) to have statistically
significant relationships to a more positive attitude, with those findings holding when aesthetics,
landscape, and wind turbine sound considerations are controlled for. The results indicate that
jurisdictions might consider developing procedures that ensure citizens are consulted and heard,
while instituting benchmarks or best practices for developer interaction with communities and
citizens.
Predicting Audibility of an annoyance to wind power project sounds using modeled sound
As part of Lawrence Berkeley National Laboratory’s national cross-sectional study of
individuals who live within 5 miles of a modern, utility-scale wind turbine, 15 wind power
projects were selected as case studies and over-sampled. The same 15 wind power projects were
modeled to estimate the sound levels at each respondent’s home. Also, a representation of
background sound level for each respondent was extracted from a national dataset. Statistical
analyses were conducted to estimate the acoustical contributions to one’s propensity for
annoyance, and how these were affected by non-acoustic factors (e.g., project compensation,
prior attitude toward the project, visibility, etc.). The results demonstrate that considering the
interaction of a project’s modeled sound levels and the existing background sound levels
improves the prediction of reported wind turbine audibility over only using modeled sound
levels. Additionally, the sound-level drivers (modeled wind turbine sound level and background
sound level) are poor predictors of very annoyed responses; one’s prior support for or opposition
to a local project is the strongest predictor of very annoyed responses in the regression model.
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Comparing strongly annoyed individuals with symptoms near U.S. Turbines to those in surveyed
European communities
In this research, we investigate individuals who are “strongly” annoyed and compare results between
this U.S. study and other studies in Europe, to examine differences and correlates. Strongly annoyed
respondents are individuals who are very, moderately or somewhat annoyed and report having
symptoms. The symptoms include “being in a bad mood,” “anger,” “lack of concentration,” “difficulty
falling asleep,” and “otherwise not sleeping well”, which must have a frequency of at least monthly and
be attributed to the turbines. This “strongly annoyed” group is compared to four other groups: cannot
hear the turbines, not at all annoyed by sound, slightly annoyed, and somewhat annoyed (i.e., annoyed
without symptoms). Compared to the other groups, strongly annoyed individuals have more negative
attitudes toward the local wind project, and more chronic health problems (not related to the wind
turbines). They are less satisfied with the planning process and more annoyed by it. They live near larger
wind projects. The strongest predictors, when combining them in a regression, are “present attitude
toward the local wind project” and “annoyed by planning process”. Distance from the nearest turbine,
A-weighted sound levels (dBA), and stated noise sensitivity are not correlated. A similar mean level of
annoyance to sound is found in European results. In the U.S. sample, the mean levels of annoyance to
lighting, shadow flicker, and landscape change are similar but slightly lower than in the European
sample. Comparable result patterns for the U.S. support the reliability of our findings.
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Background and Motivation
The installed wind power capacity in the United States through the end of 2016 was capable of supplying
approximately 6.2% of the nation’s electricity demand from about 60,000 utility-scale turbines (Wiser & Bolinger,
2017). 1 Through 2015, almost 1.4 million homes were within 5 miles (8 kilometers) of a U.S. utility-scale wind power
project, and each year in the preceding 10 years, turbines placed in large projects (projects with more than 60
turbines) were closer to homes at a rate of approximately 150 feet (46 meters) per year on average. 2
Experts predict continued reductions in the cost of wind energy (Wiser et al., 2017) and additional wind project
deployment in the years ahead (Mai et al. 2017). Achieving this continued deployment will require coordination and
cooperation with the communities and community members in which the wind power projects will be located,
including local authorities, citizens, landowners, businesses, and non-governmental organizations. These individuals
and organizations often look to other communities with wind power projects to understand the potential costs and
benefits of moving forward with such a project.
In 2015, the U.S. Department of Energy funded Lawrence Berkeley National Laboratory (LBNL) to lead a 4-year
project collecting data from a broad-based and representative sample of individuals living near U.S. wind power
projects. The aim was to broaden the understanding of how U.S. communities are reacting to the deployment of
wind turbines, and to provide insights to those communities considering wind projects. LBNL led this research in
collaboration with University of Delaware, Portland State University, the Medical School of Hamburg (Germany),
RSG Inc., and the National Renewable Energy Laboratory.

This summary serves to offer high-level results from five separate areas of research that are or will be
published as five separate manuscripts (below see “P” for published or “F” for forthcoming). Each are
available (or will be made available upon publication) on Berkeley Lab’s website at
emp.lbl.gov/projects/wind-neighbor-survey under the following titles:
•
•
•
•
•

Review of 30 Years of North American Wind Power Project Acceptance Literature (P)
Overall Analysis of Attitudes Across 1,700 Wind Power Project Neighbors (F)

Wind Power Project Planning Process Fairness and Attitudes (P)

Predicting Audibility and Annoyance to Wind Power Project Sounds Using Modeled Sound (F)

Comparing Strongly Annoyed Individuals with Symptoms Near U.S. Turbines to Those in Europe (F)

Some of the approximately 60,000 turbines are now more than 15 years old and small, in terms of total height and nameplate capacity,
compared with the turbines currently being installed.
2 To determine this, we use a dataset of 1.29 million homes within 5 miles of all U.S. wind projects with turbines larger than 364 feet and
1.5 MW (n = 29,848 turbines across 604 projects), which were installed between 2004 and 2014. We regress distance to the nearest
home from any turbine in the project on year of installation, finding each year during this period, on average, turbines moved
approximately 150 feet (46 meters) closer to homes (p-value = 0.000).
1

The work described in this report was funded by the U.S. Department of Energy’s Wind Energy Technologies Office within the Office of
Energy Efficiency and Renewable Energy under Lawrence Berkeley National Laboratory Contract No. DE-AC02-05CH11231.
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Research Objectives and Methods
Despite the significant existing literature on public acceptance of U.S. wind projects, there were
various research gaps that were addressed through the study, including the following:
•

•
•
•

•
•
•

What is the distribution of attitudes and annoyances of those living close to U.S. wind power
projects, and what factors help explain those attitudes and annoyances?

How are U.S. wind power project siting and planning processes perceived by community members,
and what helps explain differences in those perceptions?

How well do modeled sound levels from U.S. wind power projects predict respondent levels of
audibility and annoyance to those sounds, and what additional factors help explain those levels?

What percentages of individuals living near U.S. wind power projects are “strongly” annoyed—
reporting symptoms caused by turbine sounds, shadow flicker, or visual effects—and what factors
help explain those percentages?

Is there evidence that communities’ attitudes change over time as residents move in and out of the
area near U.S. wind power projects?

How does hosting a turbine(s) and/or being compensated by the wind power project owner
influence attitudes, annoyances, and perceptions of the planning process?

How do U.S. attitudes toward local wind power projects compare with those in Europe, and are
there insights that can be drawn from any apparent differences?

The study also sought to address methodological gaps in the previously available literature:
•

•
•

Ensuring the sample of wind power project neighbors is randomly drawn from all U.S. wind
projects and weighted to the population so it can be considered representative

Collecting data from multiple survey modes—including phone, mail, and internet—to minimize
non-response and test for non-response bias

Over-sampling certain segments of the population to ensure there are sufficient numbers of such
individuals who complete the survey to allow for statistical inferences to be drawn on subpopulations, including those living:
o near a wind turbine
o near large projects (often in very rural areas)
o near the 15 sites for which estimates of A-weighted sound levels were modeled 3

The sample population included households within 5 miles (8 kilometers) of “modern, utility-scale wind
turbines,” which are defined as at least 354 feet (108 meters) tall—from the base of the tower to the tip of
the blade at its apex—and at least 1.5 MW in capacity. This resulted in a sample of 1,289,478 possible
households near 604 wind power projects composed of 28,078 4 wind turbines built between 1996 and
Modeled A-weighted sounds levels are: Overall predicted sound pressure level at a location, adjusted to the approximate frequency
sensitivity of human hearing at nominal levels, expressed as “dBA” or “dB(A)”.
4 The 28,078 turbines include all turbines in any project with at least one turbine within 5 miles of a home, so some of these 28,078
turbines could be further than 5 miles from a home.
3
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2014 and totaling 50 GW of installed capacity (See Figure 1). To address the methodological gaps
mentioned above, the population was stratified (for example, by distance to a wind turbine and by project
size), a stratified random sample was drawn, and data were collected from 1,705 residents across 24 states
who were living within 5 miles of 250 U.S. wind power projects. Weighting was employed to account for
over-sampling in some strata as well as non-response, thus ensuring the responses accurately represent
the population from which the overall sample was drawn.

Figure 1: Map of surveyed projects

A 50-question multi-mode (phone, mail, and internet) survey was distributed to each homeowner in the
sample, eliciting the following information:
•

•
•
•

•

•
•

Present attitude toward their local wind power project and their attitude prior to construction
Perceptions of and possible stress reactions to the project (related to appearance, landscape
changes, turbine sounds, shadow flicker, and lighting)
Participation in and perceived fairness of the project’s planning and siting process

Relationship to the project (for example, distance to the nearest turbine, presence of turbines on
their property, compensation, number of turbines visible and ability to hear turbines from property
and inside home)
Background information (for example, length of residence in home, awareness of the projectdevelopment process, attachment to place of residence, noise sensitivity, experiences of acute and
chronic stress)
General attitudes toward sources of electricity, climate change, and wind energy’s effectiveness at
mitigating climate change
Demographic information

Preliminary Research Findings
A high-level summary of the key findings is presented below. As with other studies of this nature, a number
of limitations and considerations apply to the findings, including the following:
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•
•

•
•

These results have been or will be submitted for peer review in scientific journals and should only
be considered final following publication (see those noted as “published” or “P” on page 1)

Results may not be generalized to areas beyond the sample, such as areas near turbines smaller
than 354 feet (108 meters), larger than 492 feet (150 meters), smaller than 1.5 MW, or larger than
3.1 MW, or areas outside the United States—unless other research that encompasses those data
supports such generalization
Results only permit limited conclusions about causality and instead focus on correlations

Results should be considered in the context of all published peer-reviewed literature on the subject

In the summary of findings below, all responses are weighted to the overall population and only include
those respondents who answered the specific question(s). 5

Present attitude toward local wind project

Each of the more than 1,700 survey respondents was asked, “What is your attitude toward your local wind
power project now?”
•

•

A total of 1,674 respondents responded as follows: very negative (4%), negative (4%), neutral
(34%), positive (32%), and very positive (25%)—see Figure 2. These results equate to a mean
attitude between neutral and positive, and a median of positive.

The distribution of responses differs by the distance the respondent was from the nearest turbine.
For example, those who lived within 0.5 miles (0.8 kilometers) of the nearest turbine responded as
follows: very negative (13%), negative (12%), neutral (24%), positive (27%), and very positive
(23%)—see Figure 3. This equates to a mean between neutral and positive, and a median of
positive, and is slightly less positive than attitudes of those living between 0.5 and 3 miles (0.8 and
4.8 kilometers) away.

Figure 2: Distribution of responses about present attitude toward their local wind power project, from all respondents

For example, we asked respondents if they had ever heard the sound from the wind project. If they had not, then they were not asked
a question on sound annoyance. Additionally, almost every question had a few respondents that did not answer it even though they were
expected to. In either case, these non-responses are not considered in the results below

5
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Figure 3: Distribution of responses about present attitudes toward local wind power projects,
by distance from nearest turbine

•

•

•

•

Most demographic and wind power project characteristics are not correlated with attitudes,
including gender, age, income, and race as well as the number of turbines in the project and their
height. Respondent education is weakly correlated with attitude, as is the age of the project. The
attitudes of respondents with more formal education were slightly more positive, and respondents
tended to view more-recent projects slightly more negatively.
Attitudes toward the local wind project are positively correlated with 6:
o Respondents being compensated
o The perception of the planning process as fair
o Respondents’ general attitude toward wind power

Attitudes toward the local wind project are negatively correlated with:
o Respondents considering turbine sounds to be annoying
o Respondents perceiving the wind turbines to not fit well within the landscape
o Respondents’ attachment to the local community

Individuals who moved to their home after wind project construction have significantly more
positive attitudes than those who lived in their homes prior to construction.

Perceived planning process fairness

Each survey respondent who was living in the area during the planning process period and was aware of
the process was asked, “To what extent do you believe the planning process was fair?”
•

Responses were as follows: not at all (15%), slightly (14%), somewhat (17%), moderately (35%),
and very (20%)—see Figure 4. This equates to a mean fairness between somewhat and moderately,
and a median of moderately.

In this context, positive correlation means attitudes become more positive as the listed factors become more true or positive. Negative
correlation means attitudes become more negative as the listed factors become more true or positive.

6
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Figure 4: Distribution of responses about planning process fairness

•

•

The most important component of perceived planning process fairness is developer
transparency and openness. The ability of the community or individual to influence the outcome of
the project (for example, the number or location of the wind turbines) is also significantly related to
beliefs about planning process fairness.

Compensation is not an indicator of perceived planning process fairness.

In addition, survey respondents were asked, “During the planning process for the wind power project did
you take any actions?” And they were asked, “Were your actions supportive or opposed to the wind
project?”
•

Although only 1/3 of respondents who were aware of the planning process reported taking any
action, the most common action was attending a meeting (70%), followed by speaking at a meeting
(12%) and contributing to a web page (10%)—see Figure 5.

Figure 5: Distribution of actions taken during the wind project planning process
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•

•

Although almost five times as many individuals had a positive or very positive attitude toward their
local project as compared to negative or very negative, only about twice as many actions were
wholly supportive versus wholly opposing.

Of those who spoke at a meeting, the ratio of those opposed to those supportive was roughly 1 to 1,
despite the approximately 5 to 1 imbalance between those with positive (or very positive) attitudes
and those with negative (or very negative) attitudes.

Annoyance to sound

Each survey respondent was asked, “Have you ever heard sound from the wind power project?”
•

Not surprisingly, respondents who were closer to a turbine more frequently reported hearing
project sounds than those who were farther away—see Figure 6. Of all respondents living within 5
miles (8 kilometers), 84% reported not hearing sound, and 16% reported hearing sound. When the
sample is limited to those living within 1 mile (1.6 kilometers), 44% reported not hearing sound,
and 56% reported hearing sound. And, of those living just within 0.5 miles (0.8 kilometers), 19%
reported not hearing sound, and 81% reported hearing sound.

Those who reported ever hearing sound (16% of all respondents) were asked if they heard sound from the
turbines from inside their home “with the windows open” or “with the windows closed.”
•

•

To the question of whether turbines can be heard with the windows open, 60% said yes, and 40%
said no. Thus, 10% of all respondents (within 5 miles of a turbine) reported hearing turbine sounds
inside their home with the windows open.
To the question of whether turbines can be heard with the windows closed, 33% said yes, and 67%
said no. Thus, 5% of all respondents within 5 miles of a turbine reported hearing turbine sounds
inside their home with the windows closed.

Figure 6: Distribution of respondents who reported hearing the turbines, by distance
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The 16% who reported ever hearing sound were also asked, “To what extent do you feel annoyed by the
sounds of the local wind power project?” (Note: This single question does not take into account stress
symptoms, which are examined below under “Strongly Annoyed Individuals.”)
•

•

Responses were as follows: not at all (51%), slightly (11%), somewhat (15%), moderately (5%),
and very (18%)—see Figure 7. This equates to a mean annoyance level among those who had heard
sound from their local wind project just above slightly, and a median of not at all. Thus, 5.6% of all
respondents within 5 miles of a turbine reported being somewhat, moderately or very annoyed.
Reported annoyance levels among those living within 0.5 miles of a turbine who reported ever
hearing sound are: not at all (43%), slightly (19%), somewhat (6%), moderately (11%), and very
(20%). This equates to a mean annoyance level among those who had heard sound from their local
wind project between slightly and somewhat, and a median of slightly. Thus, 30% of all
respondents who lived within 0.5 miles of a turbine reported being somewhat, moderately or very
annoyed.

Figure 7: Distribution of respondents reporting annoyance to turbine sounds

Landscape change
Each survey respondent was asked, “Do you like the way the wind power project looks?”
•

Among the respondents, 14% indicated no, 17% neutral, and 69% yes.

Respondents were also asked if the project “fits with the landscape in the local area” (among other
explanations for their response).
•

Of those who liked the way their low wind power project looks, 57% said the project fit within the
local landscape. In contrast, of those who did not like the way the wind power project looks, 65%
said the project did not fit within the local landscape.

Further, each respondent was asked, “To what extent do you feel annoyed by the change to the landscape of
the local wind power project?” (Note: This single question does not take into account stress symptoms, which
are examined below under “Strongly Annoyed Individuals.”)
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•

•

Responses among all respondents were as follows: not at all (73%), slightly (11%), somewhat
(4%), moderately (5%), and very (7%). This equates to a mean annoyance level between not at all
and slightly, and a median of not at all.
Reported annoyance levels related to landscape change were slightly higher among respondents
living within 0.5 miles (0.8 kilometers) of a turbine than among those living farther away—see
Figure 8.

Figure 8: Distribution of respondents reporting annoyance to landscape change, by distance

Modeled sound levels
•

•
•

Sound levels were modeled for the locations of more than 500 respondents near 15 existing wind
power projects. The modeling successfully predicted whether respondents would report hearing
turbine sound, but it did not reliably predict respondent annoyance levels. Therefore, the modeled
sound levels alone were not a good predictor of annoyance.

The predictions of turbine audibility and annoyance to turbine noise were improved by considering
the interaction of modeled sound level and the median background sound levels.
Prediction of annoyance was somewhat improved by including objective variables in the model—
such as when a respondent moved into the area, if they were compensated, and if they could see a
turbine from their home/property—with being compensated as the strongest predictor.

Knowing a respondent’s attitude toward the local wind power project prior to its construction and their
stated sensitivity to sound greatly improved prediction of annoyance to turbine noise. If respondents were
more sensitive to sounds and less supportive of the project, they reported higher annoyance, and vice
versa.

Strongly annoyed individuals
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Individuals who reported being very, moderately, or somewhat annoyed and reported regular (at least
monthly) health-related symptoms, which they attribute to turbines, were classified as “strongly annoyed”
on an annoyance stress scale. Symptoms include “being in a bad mood,” “anger,” “lack of concentration,”
“difficulty falling asleep,” and “otherwise not sleeping well.” For the statistics below, the sample was limited
to those within 3 miles (4.8 kilometers) of a turbine, to conform to samples drawn from Europe, to which
these data were compared. 7 (All figures above are not limited in this way).
•

Of respondents living within 3 miles of a turbine, 2.3% qualified as strongly annoyed. When the
results are broken down by reported source of annoyance, 1.1% of respondents living within 3
miles of a turbine were strongly annoyed because of sound, 1.5% because of landscape change,
1.2% because of lighting, and 0.2% because of shadow flicker—see Figure 9.

Figure 9: Percentage of respondents within 3 miles of a turbine who reported being strongly annoyed, by reason

•

•

Compared with respondents who were not strongly annoyed, strongly annoyed respondents
reported more negative attitudes toward wind projects, more annoyance with project planning
processes, and perceptions that the planning process was less fair.

Distance to the nearest turbine, A-weighted sound levels (dBA), and stated noise sensitivity are not
shown to be correlated with being strongly annoyed.

Comparison between U.S. and European studies

Limiting U.S. respondents to those living within 3 miles (4.8 kilometers) of a turbine enables comparison
between our U.S. study and three different European studies that included several identical questions.
•
•
•

Similar mean levels of annoyance to sound were found in the U.S. and European studies.

Compared with the European samples, the U.S. sample had slightly lower mean levels of annoyance
to lighting, shadow flicker, and landscape change.
The similarity between the U.S. and European results indicate similar reactions to turbines in
different contexts and further add to the reliability of these findings.

The three European samples (Pohl et al. 2012, Pohl et al. 2018, Hübner and Löffler 2013) were concentrated within 3 miles (4.8
kilometers), thus limiting the U.S. sample to that distance is appropriate. The designs of the European studies differ from the design of
the LBNL U.S. study. The European studies were not fully randomized (some included convenience samples), and they did not have the
broad cross-sectional design employed in the LBNL study—that is, they were undertaken in a given European country or amounted to a
case study of a particular wind power project.

7
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Additional Information
A Berkeley Lab 4-part webinar series, Understanding Wind Project Neighbors Through a National Survey of
Attitudes, will be held every other Tuesday starting January 30, 2018 at 1 PM ET/10 AM PT. Dates and
subjects are as follows:
January 30th, 2018: “Overall Analysis of Attitudes of 1,700 Wind Power Project Neighbors”
February 13th, 2018: “Wind Power Project Planning Process Fairness and Attitudes”

February 27th, 2018: “Predicting Audibility Of and Annoyance To Wind Power Project Sounds Using Modeled
Sound”
March 13, 2018: “Comparing Strongly Annoyed Individuals with Symptoms near U.S. Turbines to Those in
Surveyed European Communities”
To register for the webinar series, to view abstracts and for more information, visit
emp.lbl.gov/projects/wind-neighbor-survey.
The survey data collected as part of this effort will be released in late 2018 to qualifying researchers. To
receive notifications about further updates on this project, join our mailing list at emp.lbl.gov/mailing-list.
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