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Wind turbine noise, annoyance and self-reported health and
well-being in different living environments
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Objecfives: To evaluate the prevalence of percsption and annoyance due to wind turbine noits among
peaple living near the turbines, and ko study relations between noise and parception/anncyance, with focus
on differences between living environments. -

Mathods: A cross-sectiond! study wos carried out in seven areas in Sweden across dissimilar terrain and

See end of article for different degrees of urbanisation. A postal questionnaire regarding living conditions indiding responss 1o -
uuﬂmrs ﬂmm _______ wind furbine noise was completed by 754 subjads. Outdaor A-weighted scund pressurs levals {SPLs} were
callevteted for each respondent, Perception and ennoyance due to wind turbine roise in relalion to SPLs wos
Correspondance to: analysed with regerd to dissimilarities between the arsas. ,
Occupafional ond  ° Rasults; The odds of perceiving wind turbine noise inrensed with increasing SPL{CR 1.3; 95% C1 1.25
Enviranmental Medicine, 1.40). The odds of being annoyed by wind turbine noise also increased with increasing SPLs (OR 1.1; 5% CI
é‘}i ‘Dﬂd@% 101 o 1.25). ion and anneyance were associated with terrain end urbanisation: {1} a rural area
44 Sé_'ﬁg"a?‘ » POBox e easod the risk fion and annoyance in comparison with a suburben ares; and (2 in o rurol
Sweden; sja.pedursen@uat.  Saiting, complex ground (hilly or rosdtuz tarrain} increased the risk compared with flot ground. Annoyanca was
hh.sa = - : associated with both objective and subjecfive factars of wind turbine visibility, and was further associated with

lowared sleap quality ond negative emefions,
Accepied 16 February 2007 conlygion: Thgre is a1 need o ke the unigue environment into account when plonning o new wind fam o
1| Merch 2007 that adverse health effects are aveided. The influence of area-related factors should olso ba considared in

e etiteenereenerrarnes e future communily noise research,

generation thet has a low impact on the environment

compared ‘with other power sources' amd is also
favonred by the public, at least by those who do not have a
wind turbine project in their own community.* One disadvan-
tage is the noise that inevitably emits {rom the rotor blades.
Typically, sound power lévels of'a modern wind rurbine range
from 98-104 dB[A) at a wind speed of 8 my/s, which result in
3340 dB{A) at a dweiling 500 m, away, though this depends
on meteorological and ground conditions. Sound pressure
levels {SPLs) of this low magnitude are not considered a
problem when it comes to-other sources of cammunity noise,
such as road traffic and alreraft, bue twvo circumsiances incréase
the risk of negatve perception of the sound from wind
turbines: the sound ¢haracter and the localisation, The sound
is amplitude modulated by the pace of the rotor blades, which
gives a thythonical sevishing sound. Such sounds are known to
be more easily perceived than an even sound”’ and possibly aiso

. Wmd power fs a relatively new form of electricity

- are more negatively appraised. In a rural environment the

turbines are prominent and, because the rotar blades move in
an otherwise, fairly stll envircnment, they are likely o draw
visual attention.

We do not know the prevalence of perception and possible
effects of wind turbine noise at a generalised level because only
a lew swudies have been carried out. [n an investigation of the
impact of wind rurbines on people living near them in a flat
landscape, a dose-response relation berween A-wveighted SPL
and annoyance due (o wind turbine noise was found.* The
retation was, however, moderated by the respondents’ atiitude
to the visual impact of the turbines on the landscape. In a
Danish study, also carried out in a flat landscape, the angle
from, the subject to the hub of the wind turbine was more
correfated to perception of the noise than SPL was.” There are

therefore reasons to believe that the prevalence of noise

i

annoyanee may be influenced by the vartation in visibility of
the wind rurbines between different landscapes, such as a flat
landscape and a hilly ground.

in one-study, interviews with 15 subjects revealed additdonal
possible associations between landscape and percepton of wind

“turbine noise® The subjects’ personal values reladng to the

living environment appeared to influence how the poise from
the wind rnurbines was perceived. Some, who considered the
countryside as a place for economic growth and technical
achievernents, were indifferent 1o noise exposure from the wind
turbines. Others, who emphasised that the countryside showld
be a quiet and peaceful place for relaxation, feit thar the noise
intruded their privacy and hence had a negative impact on their
quality of life. People in the latter category would presumably
seek living environments consistent with their needs, and may
therefore be overrepresented in areas they perceive as quiet and
peaceful. It could therefore be hypothesised that exposare from
wind turbines would be more negatively appiaised in an area
that is perceived as unspoiled than in an arca where several
human activities take place.

AlMS

The objeciives of this study were to evaluate the prevalence of
perception and annoyance due to wind turbine noisc among
people living in the vicinity of one or more turbines, and 1o
study reladons between noiseand perception/annoyance with
focus on differences-berween different living environments.

METHQDS

- General obHine ~

For this cross-sectional study, we selfected seven wind turbine:
arcas in Sweden that represented different types of landscapes

" Abbrevictions: 15D, least sig_r;iﬁwm difference; SPL, saund pressyre Jevel
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with regard to- terrain ahd | wbanisation. To assess the
prevalence of perception of and annoyance with wind turbine
noise, a questionnaire was sent to a sample of people living near
the wing turbines. The questionnaire was masked to give the
impression ol investigating general living conditions in the
counteryside. Outdoor A-weighted SPL was calculated for each
respondent o estimate the exposure 10 wind furbine noise
outside their dwelling. Perception of and annoyance with wind
turbine noise were apalysed in relation to exposure and with
regard to possible variables of {nfluence on the relation.

Study areus and study sumgples
Areas with different terrain and a population density larpe
enough 10 meet the criteria of the power caleulations wete
sought amopg all areas in Sweden conieining wind turbines
* with a nominal power of more than 500 kW (n = 478 in 2004).

Areas wvith offshore wind turbines, and rurbines placed dlose to
noisy industries and highways were excluded, Of the seven
areas selected, three had flat ground (Areas V-VII) and four
had complex ground {Aveas [-IV)—that is, the ground was
rocky and/or the altitude of the base of the wind turbine
differed considerably from thar of the dwellings nearby. Areas I,
IV and VII were classilied as suburban; areas IT, ITT, V and V1 as
riral. Some of the areas also contained wind turbines with a
nominal powef less than 500 kW. We included two areas with
few inbabitanis {Areas I and [H) as it was difficult t@ find
areas with complex ground and a higher pepulaton densiry.

Addresses with coordinates of people’ living within a
preliminary calculated isobar of 30 dB(A) from a wind wrbine
were bought from a postal delivery corypany and a sample of
ons randamised person in each household was corstrucied. In
areas with a study population of more than 509 (Areas 1, TV and
VI), the sample was further reduced by randomly excluding
half of the househalds amang those living at SPL <35 dB{a) t0
avuid unnecessary costs. In total, 1309 questionnaires were sert
out {table 1).

Questlonpaires were satisfactorily completed 2nd returned by
754 subjears (57.6%). Respondents svere statistically signifi-
‘cantly older than non-respondents (mean age 51 vs 47 years;

* Smdent's t'tést, p<000l) and ‘an insignificantly greater

number. of respondents compared with non-respondents were
female {55% vs 47%; Mann-Whitney U test, p=0.131). The
distribution of age and sex berween the respondents and the
non-respondents was approximately the same in all seven
areas.

The study was carried our in accordance with thc require-
ments of the pational and regional ethics committees in

. Sweden.

Subjective variables assessed by the-questionnaire

The questionnaire comnsisted of questions on lmng conditions,
reactioni to possible sourves of annoyarice in the Hving
environument, sensitivity to environmental factors, health and

well-being. The questlonnaire has been used and evaluated in a -

previous study.* Percepton of and anndyance with wind
trbine noise were assessed (together with other environmental
strassors) by the question, “Spedfy for each of the incon-

vendeness below whether you rotice it or are annoyed: by it

outside your dwelling”, with a five-point verbal rafing scale
{VRS), where I= “do not nodce”; 2= *nodce but not
annoyed”; 3= *slightly annoyed”; 4= “rather annoyed":
and 5= “very annoyed”. Noise sensitivity was assessed with a
four-point VRS ranging [rom 1 = ~‘not sensitive at all’, 1o 4=
“very - sensitive”. The questionnaire also comprised spectfic
questions about wind turbines; related to the respondent by the

recent development of wind furbines in the communiry..
_ notice”

Attitudes to wind twbines in general and 1o their impact on
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the landsmpe were assessed with ia l‘we-pomt VRS ranging -
from 1= “very positive”’, to 5= “very negatuve”,

General coping was assessed by 15 items originally developed
by Lercher,” and in our study uanslated and slightly modified to
Swedish conditions. Questions on coping with wind trbines
(11 iterns) and the respondents’ descriptions of their living
environment {10 iterns) were derived from a previous study
based on 15 in-depth interviews with people living near wind
turbines® (five-point VRS ranging rom 1 = *“do not agree at

all”, o 5= “completely agree”). Respondents were also asked
about their emotions when thinking about wind turbines, their
set of values of their living environment, and their status of
health (chronic disease, &3 diabetes or cardiovascular disease).
well-being and sleep. . .

Noisa exposure assessment

For each wind wurbine, the sound power levels (dB) in octave
bands were obtained from the manufaciurers. The standard
medel of sound propagaton proposed by the Swedish
Environmental Protection Agency® was then used to estimate
the noise "emission outside each respondent's dwelling as

-equivalent continuous A-weighted SPL (dB). The modef is

based cn downwind conditions ( +45°) with a wind speed of
B mys at 10 m height The distance between the respondent and
the nearest wind turbine -was calculated using geographical
caordinares. For those respondents in Area I wha.lived on the
far side of a small bay from the wind uwbine, 1.5 dB{A} were
added to the calcalated A-weighted SPL (personal communica-
tion with Sten Ljunggren, developer of the used spund
propagation algorithm). The same was done for respondents
living in Area II where there were large diflerences in altitude
between the wind turbine and the respundcnts. which is

“known 1o enhance sound propagation.® In areas with several

wind arbines. the A-weighted SPLs recelved by the respondent
were added logarithmicaily.

. Verhcal visual angle

To study the influence of a tall abject near the dwe]]mg, l;he
vertical visua! angle was calculated for each respondent.
*Vertical visual angle™ in this study was defined as the angle -
between the horizontal plane and an imaginary line from a
respondent's house to the hub of the nearest wind turbine,

expressed in degmes

Subjactive buckgrwnd sound

Using principa! component analysis the variable ° sub]ccnvc
background sound” was derived [rom three items in the
questionnaire. Respondents were asked to agree or not agree on
a five-point VRS to the fallowing statements: (1) “when
oatside on a cabm summer moruing, i can hear only bird song
and other nature sounds”; {2) *a background noise from road
traffic is almaos: always-present outdeors™; and (3) “it is never
really quiet in the area”. The mean values of the lactor scores
differed between the areas (F=4.137, p<0.001). Three quiet-
areas (Areas IV, ¥l and VIT) and two not quiet {Areas [ and V)

- were identified in a post hoc test (least significant dilference

(LSD)). Arcas T and IH were excluded as they did not

. 'slgn!ﬂcandy differ from areas In either group.

Stafistical treatment of daia

The relation between A-weighted SPL and response o wiod
turbine noise did not falfil the proportional odds assuraption
required for ordinal logistic regression. Perception and annoy-
ance were therefore analysed separately using binary logistic

: regression. The depending variable—that is, response w wind*

turbine noise. was dichotomised: perception into “do- not
and “notice” (L2-5) and annoyahce im0 “mot

ww.occenvmed.com
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anpoyed” and “annoyed” (1-3/4-5). Factors related to the
differences of the areas ahd possible minderating factors were
analysed one by ane {o the regressions, always keeping A-
weighted SPL in the model as the main factor of impact
Thongh age and sex are not known to have any influence on
response o community noise,” these factors were induded in
the anaiyses o exclude bias from observéd differences benveen
areas. Several- pirmmeters were: hypothesised . to have an
influemce on perception: lerrain, degree of wrbanisation,
subjective background noise level, employment {not employed

- spending more tirme at home}, housing {residents Jo detached

Notice sound (%)

houses spending more time cutside) and visibilicy (respondents
seeing at leass one-wind turbine from their dwelling, meaning
there are no barriers between the noise source and the
receivery: Some of these parameters were also-hypothesised to
influence nelse annoyance, in addition to factors of how long
the respondents had lived at their current address, noise

sensitivity,” actitude 0 the source”” and respondents’

description of thelr living environment.® Moise sensitivity was
dichotamised into “not sensitive” and “sensitive” (1-2/3-4),
and- attirude into “not negative” and “negative™ (1-3/4-5).

100 =
ok - %_»-"' 1
60| . : ,"},,-f""
S _.»,../"'T.‘
i {'..a"/”{ ‘
C20F
o S L L i I
<325 32,5350 350375 37.5~400 - >40.0
ne356  na208  n=108  ne7l na20
A-wsightéd sound prassure lovel (dB)
mom of respondents wha noticed sound fmm vnnd
rmuu their dwelling, in relclion 15 A

levels in 2.5-¢® infervals. Yertical bars indicate 9 mnﬁ&m miawls,
n, fhiz tolal ruthber of respendents in ench inferval.
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Odds ratios {ORs} with 95% confidence intervals (Cls} not
Including k.0 were considered statistically significant.

Two madels predicting noise perception were derived by
sirnolangously entering vardables associated with perception

into & binary Ingistic regression and then exchuding no longer

significant variables one by one. The models were tested using
the Hosmer and Lemshow test (2 high p value indicates a good
fit}. Madelling with more’than two factors was not possible for
annoyance, because of rhe low incldence.

Principle component analysis with Varimax was used for
derdving factors from the 11 frems assessing coping with wind
aobines. Ireres were excluded if they did not fulfil the
following criteria suggested by Hair & 4" exmaciion com-
munality <05, measure of sampling adequacy =05, not
Ioading ‘more than 0.2 on #vo factors. Derived factors with
Cronbach's alpha <0.6 for the included items were rejected.

Correlations were tested using Spearman’s rank  test
Differences In distribution between groups were rested with
Mann-Whimey's U test for variables with ordinal scales, using
the y test® fot dichotomous variables, and one-way analysis of

variance (ANOVA) for continuous variables. The rests were

two-sided. p values <0.05. were considered statistically
significant. The 95% CIs for proportions were calculated using
the Wilson's method in accordance with Altman "

RESULTS

Deseriptive data of respondenl's and exposure

Table 1 shows the demographic characteristics of respondents
in each area and in total, The mean age was approximately the
same for all areas, but the proportion of men differed (range
38-58%). Most of the respondents were employed (58%) or
retired (25%); Area IIf had the lowest proportion of employed
and the highest proportion of retired respondents, bui this aréa.
only contributed 14 respondents. “Not emploged™ comprised

unemgloyed individuals {4% of all respondents). respondents .

on parental leave {3%), respondents ou sick leave {2%) and
home workers (1%). Most people lived in single-Family
detached houses, but Areas I and IV also featured rented or
tenant-owned aparunents. :
- The largest mean vertical visual argles were found in Areas I
{10.8") and 11 (8:47} where the wind rurbines,were situzted on
top of a hill. The highest proportions of respondents wha could
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see at least one wind turbine from their dwelling were found in
Areas V (91%) and VI (88%). characterised as rural areas with
Bat ground. The highest proportions of noise-sensitive respon-
denrs were found in Areas TV {59%) and VT {56%), both areas
that had been ciassified as quiet.

<32.5 32.5-35.0 35.0-375 375-400 >400
n=356 02204 n=103 w7l w20

Anwsighted sednd prassure level [dB)

Figure 2 hpummof%uﬂsmmmmyad bysoundﬁ'om

wind turbines ing, in ralation io A-weighted sound
in 2.5-d8 intervaly. Vestical bars indicete 95% omﬁdence

- prassure levals §
|mh,n,!imbmlmmbarofmpmdmhmeud1wa~d

Perception

Perception of and annoyance with wind turbine acise were
correlated with A-weighted SPL {p<0.001). Of all the respon-
dents, 35% (n = 307) noticed sound from wind turbings outside
their dwelling. The proportion of respondents who noticed
sound increased almost linearly with increasing SPL (fig 1), At
37.5-40.0 dB{A). 76% of the 71 respondents within that
category of sound level yeported thar they noticed sound from
the wind turbines while at >40.0 dB(A), 90% of 20 did.
Respondeats who slept with an open window in the summer or
in the winter did not percetve the noise to a higher degree than
did other respondents within the same category of sound level,

- as presented ih figure 1 (p values in the range of 0.067-1.00; p

values <0.3 were all related to lower perception if sleeping with

. the window open).

Table 2 shows the association between SPL and perception of
noise from wind terbines; the odds of noticing sound ncreased
by 30% for each dB(A) increase. Perception was not associated
with sex or age. Being employed, living in a detached house,
living in an -area with Iow subjectively rated background nofse
and sesing at least cme wind turbine from the dwelling
increased the odds of noticing-the sound. Terrain did pot
statistically significantly influence the perceptmn. but the OR
for noticing sound from wind nubines in rural areas compared
with suburbap areas was 1.8. When further exploring. this
finding, we found that respondents living in rural areas. with

comaplex ground were more likely to notice the sound than s

others. -
www.occenvmed,com
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Model 1 (table 2) predicts pem:pri.c'm of wind turbine noise:
Housing was no longer statistically significaot and was there-

fore excluded. All olber variables were sill associated with
perception; wbanisation and subjective background nofse to a
higher degree than when tested-one by one. Living in an area
with flat ground now decreased -the likeliness of heartng the
sound. In Model 2 (table 2) the more dilferentated variable of
sermain and arbanisation” was examined, Living in an area
with complex ground increased the likeliness of noise percep-
tion both in a niral and suburban setting,

Annoyance
The total mumber of respondents who were annoyed by wind
murbine noise in this study was 31. The proponion of
respondents who were annoyed at low SPL varied {rom 3% 10
4%, but at 37.5-40 dB{A) the proportion increased slightly (o
6% of the 71 respandents within that category of sound level,
and at SPL >40 dB{A} it further increased  15% of 20
respondents, as shown in figure 2. The incease was not
statistically significant, largely because of the iow numbers of
respondents living at SPL >40 dB(A).

The odds of being annoyed by noise from- wmd rurbines
. increased signiflcantly with A-weighted SPL (table 3). Age, sex,

- employment, type of howsing and lengeh of time in quTent

dwelling were not assaciated with annoyance. Living in a rural’

area, living int an area with low subjectively rared background
- poise, being noise-sensitive, and having a negative attitude to
wind turbines in general or to their visual .impact on the
landscape were factors positively associated with aanoyance. Of
the 10 items measurlag the respondents’ description of the
living environment, the following owo were associated with
. annoyance: {1} having renovated the dwelling was positively
associated with noise annoyance: while {2} looking upon the

wrw occenvmed com

cwrrent living environment as a place for recovery and gaining
smength was negatively associated with noise annoyance.
Having rerwwvated the dwelling was not carrelated to coping
with wind turbines by changing the living environment, as
asked about later in the questlonnaive {p=0.730).. Both the
objective variable “vertical vismal angle” and the subjective
repart of visibility of wind turbines increased the odds of being
annoyed.

Subjective ratings of health and well-baing

A-weighted SPL was not correlated to any of the health factors
or factors of well-being asked for in the questionnaire.

However, noise annoyance was associated with sleep quality
and negative emotions, Of those 31 respendents who were
annoyed by wind turbine noise, 36% reported thar their sleep
was disturbed by a noise source, compared with 9% among
those 733 not noise annoyed {p<:0.001). Respondents who were
annoyed by wind nubine noise felt more tired {p * 0.05) and
tense {p<0.05) in the morning. When thinking about wind
turbines, they also felt resigned (29%), violated (23%), strained
(19%) and tired (19%} to a siatistically significantly higher
degree compared with those who were not aonoyed [all p
values <0.001). These feelings were not related to self-reported
health status, except for fecling violated, which was associated
with bad sleep (p<0.0i}.

-

Coping

Several of the 11 items. measuring coping specific to wind
wrbine noise were correlated with noise annovance. Two
factors, which explained 72% of the variance in the original
variables, ‘were derived: (1) taking active sieps [0 avéid the
negative impact {“1 have changed my living environment
because of the wind turbines™; 1 have changed ray behaviour .
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because of e wind wrbines”; “I would consider moving if
more wind lurbines are erected”); and (2} discussing and
seeking information {*I have gathered infermatjon about wind
power”; "1 discuss wind power with people around me”). Both
factors were positively correlated to noise annoyance (for {1),

- pe0.00); for (2). p<0.0]}). “Taking active steps to avoid the

negarive itmpact™ was not correlated with any of the questions

- assessing well-being. “Discussing and secking information”

was negatively correlated with three oat of five iterns assessing
sTress or strain {unhappiness/depression, irritability, feelings of
hopelessness: all p values <0.05), indicating that this group of
respondents were less under strain than others. None of the 15
iterns measuring geoeral coping were correlated o annoyance
with wind turbine noise. .

DISCUSSION
Tiving in a rwal landscape in contrast with an urbanised area
enhanced the risk of perceiving wind -torbine noise and,

' furthermore, the risk of annoyance. Type of terrain had no

major influence on perception in urbanised areas; however, in a
rural landscape, comiplex terrain substantively increased the
risk. These resolts suggest, together with the higher risk of
perception in areas rated as quiet, thar there is a need to take
the special features of an environment into accoumt when
assessing the risk of nuisance for peopie living in the area.

The Findings of our study could in part be explained by
differences in levels of background sonund between rural and
urbanised areas. However, not just perception but aiso
annoyance was associated with type of landscape, indicating
that the wind turbine noise interfered with personal expecta-
tions in 2 less urbanised area. Having renovated the diwelling
was anotfler variable that was positively associated with
annoyance, pointing towards a persondl factor related to the
living environment, which alfects response to an cavionmen-
tal stressor. Theofies used in studies of residential environ.
ments have revealed that people choose environments that
harreonise with their self-concept and needs, and that they
rernain in places- that provide a sense of eonrinuiry.” When a
new environmental stressor occurs, the individual's reladon-
ship with her or his place of residence is disrupted.” Such a
distortion could possibly predispose for an increased risk of
annoyance such as measured in our study.

The increased risk’of perception of wind tutbine noise in a
rural landscape with a complex terrain compared with a flat
terrain could be due 1o shelter effects decreasing the back-
ground noise at the respondent’s dwelling, where the houses
are located in a valley and the mrbine on a hill. Also, it cannot
be exciuded that the model used for calculadng the sound

propagation underestimates the A-welghred SPL at the

respondeat's dwelling more than compensated for io this
study, in cases where there are large differences in altude
between the-soutce and the receiver.”
The association between perception of wind rarbine noise
and A-welghted SPL was statistically significant and consistent
(OR 1.3) even when several moderating varlables were tested.
The association betweed noise annoyance and sound level (OR
1.1} was also consistent for most moderating variables, even
though it was niot-always statistically significant. largely owing
to the low number of annoyed persons. However, when the

* vertical visual angle was tried in a logistic- regression, the

assoclation between annoyance and sound decreaséd (OR 1.0).
Both A-weighted SFL and vertical visual angle-were calculared
from the. distance between’ the respondent and the wind
turbine, sa the decrease may:be due 1o the dependence of the

-" - variables.The decrease could also be seen as an indication of

the visual influence that +ind turbines have on naise

: annoyance. Seeing .one or 11;}::& turbines increased not just

the odds of perceiving the sound, bue also the odds of being
annoyed, suggesting a multimodal effect of the audible and
visual exposure {rom the same-source leading 10 an eahance-
ment of the negative appraisal of the noise by the visual stimmili,
This effect has previously been observed in a Geld study where
traffic noise was found to-be mare annoying if the source of the
noise (moving road maffic) could be seen™ On the other hand,
the increased odds- of being annbyed, observed among
respondents with -a negative attitude o the wind turbine’s
visual impact on the Iandscape, point to a more aestheric
explanation: respondents who think of wind turbines as ugly
are more likely to appraise thern as not belonging to .the
landscape and therefore {eel annoyed, also by the noise.
Experimental studies have shown that the same noise level of
traffic generates a higher degree of noise annoyance when
pictures of an urban setring rared as not pleasant are shown as
compared with pictures of a'more pleasant area ™

Apnoyance is an adverse heath eflect,* Community noise has
in some studies also been'linked to other non-auditory health
effects, for example in a recently published study on aircraft
noise and hypertension.® Hovever, these studies have mamnly
explored soumd. levels >50 dB(A) and the resalts are therefore
not relevant for effects of wind turbine noise.” In our study no
adverse health effeas other than annoyance could be directdy
connected o wind turbine noise. Reported sleep difficulties, .as
well 25 feclings of uneasiness, associared with noise annoyance
could be an elfect of the exposure, but it could just as well be
that respondents with sleeping difficulties more easily appraise
the noise as annoying. Wind. rarbine noise as a hindrance 10
psycho-physiological restoration  could, *however, not be
excluded. Being employed- was, conmrary to the hypothesis,

.associated with higher prevalence of perceiving wind turbine

nofse,. possibly because individuals who leave the house for
work are more observant of stressors that could interfere with
thetr -psycho-physiological restoration nveeds when at home.
Furthenmore, respondents who weve anmoyed by the notse-did -
not think of their living envitonmeng .as a place for gaining
strength. The need for restorative environments in order w

www.occemvmead.com
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malatain health and well-being, espeially for vulnerable
groups. bas been frequenily pointed ous, by such aurhors as
- Kaplan.™ The {act that a pon-urbanised setting has been linked
o restorative properties’ such as “not being distracted”®
suggests that audic and visual distractions caused by wind
turbines could change a rural environment from restorative to
non-restorative.

Of the coping strategies identified, discussing and seeking
information appeared to be most successful as this was correlated
with less strain. This finding should be acknowledged in the
planning of wind turbines, by giving people living in intended
wind farm areas relevant imformation and possibilities to
commumdcate with the developers and authorites.

Qur study had some limitations, apart from the diffculties in
assessing the expusure mentionzd abave, Participation was
incomptlere (response rate 57.6%), but response bias would only
explain the infuence of urbanisation and terrain if people in
one cype of area percelving the noise would be more willing 1o
answer the questionnaires than people in another, This seerns
unlikely, and similar associations were found when examining
those who responded to the questionnaire at ¢he first Invitation
and those who required one uor two reminders (data not
presented). it can also not be excluded that differences betveen
the areas, other than terrain and degree of urbanisation, could
have influenced the results, for instance local opinion groups
and media discussions. Using seven different areas lpcated tn
different parts of southern Seveden reduced this risk.

The findings of this study are probably teievant for other
sources of comunurity noise, such as road traffic and sirpons.
There has been a tradition of focusing on synthesised dose-
response reladons for a specified nolse source irrespective ‘of
environment, even though the results ol the studies ¢ften
differ.” Difficulties in accurately predicting noise annoyarice of
particular communities from modelled dose-response curves
has also been reported.™ A recent study of annoyanmce with
npise i an alpine valley, in which data were separately

anatysed for neighbouring commanities, found differences‘in ¢

dose-response relation between areas; however, the authors do
not explain the reasons for the observed differcnces.™

" Putute reséarch shionild not only fake ioto account individual

[actors already known to moderate the dose-response reladon,
such as noise sensitivity and attitude to the source, but should
explore the Influcnce of dissimilar environments. in our study
associated with pcn:cpuon of and annovance with wind turbine
noise.
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