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Abstract
We report a cross-sectional study comparing the health-related quality of life (HRQOL) of individuals residing in the
proximity of a wind farm to those residing in a demographically matched area sufficiently displaced from wind turbines.
The study employed a nonequivalent comparison group posttest-only design. Self-administered questionnaires, which
included the brief version of the World Health Organization quality of life scale, were delivered to residents in two
adjacent areas in semirural New Zealand. Participants were also asked to identify annoying noises, indicate their degree
of noise sensitivity, and rate amenity. Statistically significant differences were noted in some HRQOL domain scores,
with residents living within 2 km of a turbine installation reporting lower overall quality of life, physical quality of life,
and environmental quality of life. Those exposed to turbine noise also reported significantly lower sleep quality, and
rated their environment as less restful. Our data suggest that wind farm noise can negatively impact facets of HRQOL.
Keywords: Amenity, annoyance, health-related quality of life, sleep quality, wind turbine noise

Introduction
Wind turbines transform wind energy into electricity, a
practice dating back over 100 years. However, in the last
decade industrial-scale harvesting of wind energy has
increased, driven by a desire to generate sustainable energy
and to lessen the impact of fossil fuel depletion. Whether
located in isolation or as components of a “wind farm”, wind
turbines were initially welcomed by many communities
due to their environmental credentials, though reference to
the mainstream media shows that public opposition to wind
turbines has increased substantially in the past few years.[1]
Complaints against established wind farms, or concern
elicited by proposed wind farms, focus on the noise they
produce, or the visual impact they have on the environment.
The desire to maximize electricity production while
minimizing transmission costs means that in many countries
wind farms have been constructed in semirural areas (also
known as “greenbelt” or “life-style” areas) close to major
towns and cities. Noise from wind farms located in semirural
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areas is of interest because it is typically a low amplitude
noise impeding on a well-characterized and generally
cherished soundscape. Consequently, there has been
considerable debate over whether wind farm noise poses a
significant health threat to those living in their vicinity. It
has been suggested that wind turbines can directly impact
health via the emission of low-frequency sound energy (i.e.,
infrasound below 20 Hz), though this is currently an area of
controversy.[2,3] Additionally, wind turbines may compromise
health by producing sound that is annoying and/or can disturb
sleep. In this respect, it can be classified as community noise
along side industrial or transportation noise. When built in
semirural settings, the visual impact of wind farms can also
degrade amenity and interact with wind turbine noise to
exacerbate annoyance reactions,[4] possibly due to a violation
of the landscape--soundscape continuum constructed by
those who choose to live in these areas.[5]
Figure 1 represents a simple model informed by the
literature[6,7] demonstrating that, in the semirural context, there
are feasible mechanisms by which wind turbine exposure
can degrade health and well-being. Turbine noise can lead
directly to annoyance and sleep disturbance (primary health
effects), or can induce annoyance by degrading amenity.
Additionally, the trait of noise sensitivity, which describes
individuals who are more likely to pay attention to sound,
evaluate sound negatively, and have stronger emotional
reactions to noise,[8] constitutes a major risk factor. The
secondary heath effects would be immediate reductions in
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Figure 1: A schematic representation of the relationship between wind turbines and health in a semirural setting. The multiplicity of
relationships emerges due to variability in the response of individuals to noise

general well-being, with stress-related disease emerging
from chronic annoyance and sleep disturbance. Irrespective
of source, chronic noise exposure is a psychosocial stressor
that can induce maladaptive psychological responses and
negatively impact health via interactions between the
autonomic nervous system, the neuroendocrine system, and
the immune system.[7] A chronic stress response will, in turn,
degrade quality of life [Figure 1].
Quantifying the impact of wind turbines on individual health
will inform wind turbine operational guidelines, and in this
respect constitutes an important process that is currently
not far advanced. A variety of outcome measures have been
proposed to assess the impacts of community noise, including
annoyance, sleep disturbance, cardiovascular disease, and
cortisol levels.[9] An alternative approach to health assessment
involves the subjective appraisal of health-related quality of
life (HRQOL), a concept that measures general well-being and
well-being in the physical, psychological, and social domains.
Because changes in HRQOL are expected to closely co-vary
with changes in health, the WHO recommends the use of
HRQOL measures as an outcome variable, arguing that the
effects of noise are strongest for those outcomes classified
under HRQOL rather than illness.[9] HRQOL is related to health
by the WHO (1948) definition of health as “a state of complete
physical, mental and social well-being and not merely the
absence of disease or infirmity,” and can be considered as an
operationalization of the well-being concept.[10]
There is scientific evidence linking community noise to health
problems.[7,9,10] The WHO reports that chronic noise-induced
annoyance and sleep disturbance can compromise health
and HRQOL.[9,11,12] However, there has been little research
examining the relationship between noise and HRQOL.
An exception is Dratva et al.,[13] who, using the Short Form
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(SF36) health survey, reported an inverse relationship
between annoyance from traffic noise and HRQOL. They
argued that HRQOL would be expected to co-vary more
with annoyance than with noise level as level is generally a
poor predictor of the human response to noise, and its role
in health is commonly overemphasized. As alternatives to
noise level, other factors associated with the listener should
be considered,[6] including the perceived control a person has
over the noise, as well as their attitudes, personality, and age
(all of which could be added to Figure 1 as moderators).
This exploratory study examines the association between
HRQOL and proximity to an industrial wind farm in a semirural
area, adding to the small number of peer-reviewed studies into
the health impacts of wind turbines that are only beginning to
appear in the literature. Case studies supported by qualitative
analyses[2,14,15] suggest a negative relationship between wind
turbine noise and well-being. There have been no previous
quantitative investigations of the impact of wind farms on
HRQOL, though correlations have been observed between
wind turbine noise, annoyance, and sleep disruption.[16,17]
Given these findings, and with reference to Figure 1, it would
be expected that both mean amenity and sleep satisfaction
scores would be lower in individuals residing around turbines,
and that the proportion of individuals annoyed by noise
would be greater for those exposed to turbines than those not.
Additionally, lowered amenity and greater annoyance should
result in lower mean HRQOL domains in those residing close
to wind turbines.

Materials and Methods
Design
A nonequivalent comparison group posttest-only study
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design was utilized. Strict socioeconomic matching was
undertaken using the New Zealand Deprivation Index
2006,[18] as described elsewhere.[19] Both areas are classified
as semirural,[20] with a population density of less than 15
people per square kilometer.
Sample
Samples were drawn from two demographically matched
areas differing only in their distances from a wind farm
in the Makara Valley, a coastal area 10 km west of New
Zealand’s capital city, Wellington. The Makara Valley is
characterized by hilly terrain, with long ridges running 250450 m above sea level, on which 66 125 m high wind turbines
are positioned as part of the “West Winds” project. Figure 2
is a map showing the positions of a subset of wind turbines
relative to some of the houses in valley. The first sample
(the Turbine group) was drawn from residents in the South
Makara Valley who resided in 56 houses located within 2 km
of a wind turbine. A comprehensive noise survey of the area
was undertaken independently, indicating intrusive elements
of the turbine noise such as the “rumble-thump.”[21] The
Makara turbines, operational since May 2009, have measured
levels that are consistent with levels reported in European
studies,[17] in which typical noise exposures from wind
turbines ranged from between 24 dB(A) and 54 dB(A). Longterm measurements undertaken by the wind farm developers
at various residences show that while average outdoor
levels (L95 (10 min) dB(A)) are largely compliant with consent
conditions, they still range between 20 dB(A) and 50 dB(A)
depending on meteorological conditions.[22] The second
sample (the Comparison group) was taken from residents
in 250 houses in a geographically and socioeconomically
matched area, but which were located at least 8 km from any
wind farm in the region.
Questionnaire
The coversheet of the questionnaire bore the title 2010 Wellbeing and Neighbourhood Survey, designed to mask the true
intent of the study. Each house received two copies of the
questionnaire. Potential participants were invited to participate
in the research investigating their place of living and their wellbeing if they resided at the address to which the questionnaire
had been delivered and if they were 18 years or older. The
order of the questions was a prime consideration: HRQOL
(26 items), amenity (2 items), neighbourhood problems (14
items), annoyance (7 items), demographic information (7
items), and a single item probing noise sensitivity. All scale
items were presented on a numbered five-point scale with
appropriate descriptors anchoring the terminals. Self-reported
HRQOL was measured using the abbreviated version of
the WHOQOL-BREF which affords composite measures
of physical (7 items), psychological (6 items), and social (3
items) HRQOL. Additionally, the WHOQOL-BREF has
two generic items asking about general health and overall
quality of life, and an additional domain measuring and
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Figure 2: Map showing a part of the Makara Valley and the
relative distances between houses and 14 of the 66 turbines. The
wind turbines (Siemens SWT-2.3-82 VS) have 68 m high towers
and rotor diameters of 82 m (Map generated by Rachel Summers,
and displayed with permission).

environmental QOL (8 items). The two amenity items were:
“I am satisfied with my neighbourhood/living environment”
and “My neighbourhood /living environment makes it difficult
for me to relax at home.” A modified neighbourhood problem
scale[23] consisted of 14 distracter items that were not relevant
to the current study and were not included in the analysis.
Seven items on annoyance were included, four distracter items
asking about air quality, and three items probing annoyance
to traffic, other neighbours, or other noise (please specify).
Additionally, participants were asked if they were not noise
sensitive, moderately noise sensitive, or very noise sensitive.
The questionnaire terminated with an open-ended item asking
“If you would like to share any comments relating to your
neighbourhood or this survey then please do so in the box
below.” Participants were asked to respond to all items and
to return surveys by post in the prepaid envelopes provided.
Demographics
Self-reported age and sex measures were obtained and
self-reported level of educational status used as a further
indicator of socioeconomic status. Additionally, participants
were asked what their current employment status was, and
whether they were currently ill or had a medical condition.
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