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Aslund et al. 2013 [67].

Based on calculations

from Pedersen et al.

2009 and Bakker et al. 2012 and
Jansen et al. 2011

133,36, 40).

Shepherd et al.
2011 [42].

Kuwano et al. 2013 [43].

Yano et al. 2013 [44].

Morris 2012 [50, 51].

Schafer 2013 [54].

Schneider 2012 [55, 56].

Thorne 2012 [52].

8123 theoretically
exposed
subjects.

522 are
participating
receptors.

39 subjects.

158

controls.

747 subjects.
332 controls.

747 subjects.

93 households.

23 households.

23 households, 25
household in follow-

up.

25
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:129Imn .ninn N0 NINRY TI0Nn NNN7Y 0YI9YNn 0NOnn - N NAanhn aTinya

Dose- response-
relationship

Other factors
influencing annoyance

Yes (Dose-response rela- Highly exposed subjects close to Participating residents in wind

tionship derived from
other studies).

Not related to sound —

related to distance.

Not related to sound.

Yes

Not related to sound.

Not related to sound.

Not related to sound.

Not related to sound, but
sound levels measured.

wind turbines calculated to be
more frequently annoyed and very
annoyed.

Annoyance not directly
compared between subjects and
controls.

Proportion of annoyed subjects
higher in wind turbine exposed
subjects

Highly exposed subjects more
annoyed compared to less
exposed subjects.

56% of households are annoyed
during night time within 0-5 km.
from the wind turbines

compared to 40% of

households living within 0-10 km
from wind turbines.

66% of subjects affected by
noise at night.

85.7%/

(87.7% in follow-up study) were
disturbed from day

time noise. 100% from

night time noise in follow-up.

91% were annoyed indoor.

farm

projects (1 JAnnoyance outdoor
calculated to be higher than
annoyance indoor.

Annoyance decreased per-
ceived

general health as well as physi-
cal,

social and environmental quality
of life scores for the control
group

only. Subjects reported, how-
ever,

lower environmental quality of
life scores compared to con-
trols.

All kinds of noise sources
increased annoyance in both
groups. Subjects in the wind
turbine group found wind tur-
bines

as the most annoying sound
source.

No difference in dose-response
curves between cold and warm
areas. Living near the sea (| ).
(Waves may mask wind turbine
sounds). Noise sensitivity

(1 )Landscape

disturbing ( 1 )Environmental
interest (1)

No influencing factors
were investigated.

No influencing factors
were investigated.

No influencing factors
were investigated.

No influencing factors

except living near wind turbines
were

investigated.
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Dose- response-
_ relatiOHShip _ Other factors inﬂuenc“‘g SIBQP

Nissenbaum et. al.
2012 [37].

Bakker et al. 2012
[36].

Pedersen et al. 2011
[351.

Pawlaczyk-
Luszczynska et al.
2014 [46].

Kuwano et al. 2013
[43]-

Shepherd et al. 2011
[42].

Krogh et al. 2011 [49].

Lane 2013 [57].

Paller 2014 [45].

Harry 2007 [66].
Iser 2004 [65].

Morris 2012 [50, 51].

Wind Concerns
Ontario [64].

Schafer 2013 [54].

Schneider 2012
[55, 56].

Thorne 2012 [52].

Pierpont 2009 [1].

Phipps [53].

38 subjects near wind Not related to sound
turbines.41 controls  but sleep scores
far from wind tur- related to distance.

bines.

725 Yes
1755 Yes/No
156 Yes

Not related to sound
— related to distance.

747 subjects.332
controls.

Mot related to sound
— related to distance.

39 subjects.158 con-
trols.

102 subjects with
health problems.

Not related to sound.

11 exposed.10 unex- Increased awaken-

posed. ings were related to
sound levels above
45 dB(A).

396 Mot related to sound
but sleep scores
related to distance.

42 Not related to sound.

19 Not related to sound.

o3 Mot related to sound.

112 Not related to sound.

23 households. Mot related to sound.

23 households. 25
households in follow-
up.

25

Not related to sound.

Not related to sound,
but sound levels
measured.

38 subjects from 10  Not related to sound.

families.

614 households. Related to distance.

Subjects near wind turbines had
worse sleep (Pittsburg Sleep
Quality Index and Epworth
Sleepiness Scale score) com-
pared to subjects far from wind
turbines.

Highly exposed subjects
reported more frequent sleep
disturbances.

Highly exposed subjects
reported more disturbed sleep in
2 out of 3 studies.

Highly exposed subjects suf-
fered significantly more of
insomnia (p-:0.05).

Proportion of subjects with
affected sleep was slightly
higher in wind turbine exposed
subjects.

Perceived sleep quality poorer in
subjects (wind turbine exposed)
compared to controls (not
exposed).

Sleep disturbance more fre-
quently reported, but not signifi-
cantly {p=0.08) different in
subjects living close to wind
turbines compared to subjects
living further away.

Slightly but not significantly
worse sleep parameters in the
exposed group measured with
actigraph.

Subjects near wind turbines had
worse sleep (Pittsburg Sleep
Quality Index) (p=0.01) com-
pared to subjects far from wind
turbines.

More than 70% of cases
reported impaired sleep.

8/19=42% reported disturbed
sleep.

39% of households had dis-
turbed sleep within 0-5 km. from
the wind turbines compared to
29% of households living within
0—10 km from wind turbines.

48% reported sleep disturbance.

51% of subjects affected by
sleep disturbance.

78.5% had disturbed sleep.
100% had disturbed sleep in
follow-up study.

92% noted a change in sleep
patterns.

86% reported disturbed sleep.

Disturbed sleep was reported by
42, frequently disturbed sleep by
21 and 5 were affected most of
the time.

Sleep disturbance higher in urban areas where
subjects were disturbed by traffic noises, people
leaving the disco, animals.

Pedersen et al. 2004 and 2009 did report an
association between sound exposures and sleep
disturbance. Pedersen et al. 2007 did not find an
association.

Negative self-assessment of physical health ( 7))
Wind turbines were found to be the most
annoying sound source.

All kinds of noise sources increased sleep
disturbance in both groups. Subjects in the wind
turbine group found wind turbines as the most
disturbing sound source.

Worse sleep with increased noise sensitivity in
wind turbine exposed. General health, physical
and psychosocial health increased with better

perceived sleep quality.

Excessive tiredness was reported significantly
increased (p=0.03) in subjects living within 350—
673 meters from wind turbines compared to
subjects living between 700-2400 meters from
wind turbines.

Reasons of awakening were not related to wind
turbine noise. Use of the bath-room by a child or
partner were the most commonly reported
sources of awakening. No correlation between
distance to wind turbines and sleep efficiency
were found. Overall uneven correlation between
subjective and objective sleep parameters.

Analyses were controlled for age, gender and
county.

MNo control group. Cases are just reported to live
near wind turbines.

No control group. Cases were just living near wind
turbines.

Mo influencing factors were investigated.

Mo influencing factors except living near wind
turbines were investigated.

Mo influencing factors except living near wind
turbines were investigated.

No influencing factors except living near wind
turbines were investigated.

No influencing factors except living near wind
turbines were investigated.

No influencing factors except living near wind
turbines were investigated.

No influencing factors except living near wind
turbines were investigated.
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Name of wind farm Location No. of Fatality References

turbines rate
Belgium
Oostdam Wetland 25 21.0 Everaert & Kuijken 2007
Boudewijnkanal 1 Wetland 14 26.0 Everaert & Kuijken 2007
Boudewijnkanal 2 Wetland 74 43.0 Everaert & Kuijken 2007
Te Schelle Wetland 3 12.0 Everaert & Kuijken 2007
Gent 1 1 /0 Everaert & Kuijken 2007
Gent 2 2 2.0 Everaert & Kuijken 2007
Nieuwkapelle 2 1:0 Everaert & Kuijken 2007
The Netherlands
Jaap Rodenburg Fields™* 10 20.0 Krijgsveld et al.2009
Waterkaapocht Fields* 8 39.0 Krijgsveld et al.2009
Groettocht Fields* 7 20.0 Krijgsveld et al.2009
Osterbierum Grassland 18 1.8 Winkelman 1992a
Kreekraak sluice Wetland 5 3T Musters et al. 1996
Urk Wetland 25 L7 Winkelman 1989

Great Britain

Blyth harbour Grassland 9 19.0 Newton & Little 2009
Bryn Tytli Grassland 2 0.0 Philips 1994

Burgar Hill, Orkney Grassland s 0.2 Percival 2000
Haverigg Cumbria Grassland ? 0.0 Percival 2000
Ovenden Moor Grassland ? 0.04 Percival 2000
Cemmaes Grassland ? 0.04 Percival 2000
Germany

Bremerhaven Wetlands ? 9.0 Scherner 1999b
Denmark

Tjaereborg Wetlands ? 3.0 Pedersen & Poulsen 1991
Sweden

Nasudden Forest 07 Percival 2000
Norway

Smgla Heath 68 0.4 Bevanger et al. 2009
Spain

Salajones Ridge 33 2.7 Leukona 2001
|zco-Albar Ridge i) 22.6 Leukona 2001

Alaiz Ridge I5 3.6 Leukona 2001
Guerinda Ridge 145 8.5 Leukona 2001

El Perdon Ridge 40 64.3 Leukona 2001
Basque Country 40 6.0 Onrubia et al. 2002
PESUR, Tarifa Ridge 190 0.07** de Lucas et al. 2008
E3, Tarifa Ridge 66 0.04** de Lucas et al. 2008

* large scale daily movements of birds from the fields to nearby wetlands occurred
** only large birds were sampled; this figure is not used to calculate averages
? the number of turbines in the park was not provided in the report
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Name of wind farm Location No. of Fatality References
turbines rate

Eastern USA

Searsbhorg Mountain L1 0.0 Kerlinger 2002
Maple Ridge 1 Grassland 120 3.9 Jain et al. 2007
Casselman Mountain 23 4.7 Arnett et al. 2009
Meyersdale Mountain 20 0.9 Kerns et al. 2005
Mountaineer Mountain 44 2.6 Kerns & Kerlinger 2004
Buffalo Mountain 1 Mountain 18 1.8 Fiedler et al. 200/
Somerset County Ridge 8 0.0 Kerlinger 2000
Central USA

Buffalo Ridge 1 Grassland 733 0.9 Johnson et al. 2003a
Buffalo Ridge 2 Grassland 143 213 Johnson et al. 2004
Buffalo Ridge 3 Grassland 138 4.4 Johnson et al. 2004
Lincoln Fields 31 1.3 Howe et al. 2002
Top of lowa Fields, wetland 98 0.6 Koford et al. 2004
IDGWP Ridge 3 0.0 Erickson et al. 2001

Western USA

Judith Gap Pass, grassland 90 4.5 TRC 2008

Klondike Fields 16 1.4 Johnson et al. 2003b
Vansycle Grassland 38 0.6 Erickson et al. 2000
Stateline Grassland 454 1.9 Erickson et al. 2003a
Foote Creek Rim Grassland 69 1.5 Young et al. 2003

Nine Canyon Grassland 37 3.6 Erickson et al. 2003b
High Winds Grassland 90 243 Kerlinger et al. 2006
Altamont Pass, grassland 1526 0.8 Smallwood et al. 2006
Diablo Winds 31 1.2 WEST Inc. 2006

San Gorgonio Ridge 2947 2.3 Erickson et al. 2001
Canada

McBride Lake Fields, grassland 114 0.4 Brown & Hamilton 2004
Magrath 20 2.6 Brown, cited in Barclay 2007
Summerview Fields 39 1.9 Brown & Hamilton 2006b
Cypress 16 1.4 NE Ltd. 2004

Pickering Lake shore 1 4.0 James 2003
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Altitudes of nocturnal bird migration according to various radar and tower
mortality studies: pas — data for passerine spp., sho — shorebirds, wfo — waterfowl

Study Locality Birds Altitude (m), comments
Able 1970 USA < 915 -75%
Adams 1962 USA pas 900-1800, over water
Bellrose 1967 USA pas < 1500 - 50-100%
Bellrose 1971 USA pas 150-310 - 50%
Gauthreaux 1972 USA pas 244-488, over water
Gauthreaux 1991 USA pas < 500
Houghton 1964 USA pas = 1500
Williams et al. 1972a, b USA sho 1000-3000, over water
Williams et al. 1977 USA pas 1000-2000, over water
Williams and Williams 1979 USA pas 2000-3500, over water
Beason 1978 USA wfo 500-2000
Crawford 1981a, b USA pas < 380, tower mortality
Blockpoel and Burton 1975 Canada pas 1400-3780
Blockpoel and Burton 1975 Canada wfo 3780 (max)
Richardson 1972a Canada pas < 610
Richardson 1972b Canada sho 1300 (average), over water
Richardson 1976 Canada sho 2000-4000, over land and water
Richardson 1979 Canada sho 2000 (average), 6650 (max)
Eastwood and Rider 1965 England pas < 760 - 80%
Bruderer and Liechti 1995 Israel pas < 1800 - 90%
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Table 4.1. Estimated fatality rates (the numbers of bats killed annually per turbine) at wind farms
in North America. In each study reviewed here, dead bats were collected regularly throughout
most of a season or more. The numbers have been adjusted for differences between observers
and observation conditions and also for the removal of carcasses by scavengers. For more details
we refer to Kunz et al. (2007a), Arnett et al. (2008) and Rydell et al. (2010a).

Name of wind farm Location No. of Fatality = References
turbines rate

Eastern USA

Searsborg Mountain i | 0.0 Kerlinger 2002
Maple Ridge 1 Grassland, hill 120 24.5 Jain et al. 2007
Maple Ridge 2 Grassland, hill 195 12.3 Jain et al. 2009
Casselman Mountain 23 323 Arnett et al. 2009
Meyersdale Mountain 20 25.6 Kearns et al. 2005
Mountaineer Mountain 44 47.5 Kerns & Kerlinger 2004
Buffalo Mountain 1 Mountain 3 28.0 Nicholson 2003
Buffalo Mountain 2 Mountain 15 69.6 Fiedler et al 2007
Central USA

Buffalo Ridge 1 Grassland 73 0.1 Johnson et al. 2003a
Buffalo Ridge 2 Grassland 143 2.0 Johnson et al. 2004
Buffalo Ridge 3 Grassland 138 2:1 Johnson et al. 2004
Lincoln Fields 31 4.3 Howe et al. 2002
Top of lowa Fields 98 7.8 Koford et al. 2004

Western USA

Judit Gap Grassland 90 13.4 TRC 2008

Klondike Fields 16 1.2 Johnson et al. 2003b
Vansycle Grassland 38 0.8 Erickson et al. 2000
Stateline Grassland 454 1.1 Erickson et al. 2003a
Foote Creek Rim Grassland 69 1.8 Young et al. 2003

Nine Canyon Grassland 37 3.2 Erickson et al. 2003b
High Winds Grassland 90 3.7 Kerlinger et al. 2006
Canada

McBride Lake Fields 114 0.5 Brown & Hamilton 2004
Castle River Fields 60 0.6 Brown & Hamilton 2006a
Summerview Fields 39 18.5 Brown & Hamilton 2006b
Pickering Lake shore 1 107 James 2002
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Table 4.2. Estimated fatality rates (the numbers of bats killed annually per turbine) at wind farms
in northern and central Europe. In each study reviewed here, dead bats were collected regularly
throughout most of a season or more. With the exception of three studies where the fatality rate

is given in parenthesis, the numbers have been adjusted for differences between observers and
observation conditions and also for the removal of carcasses by scavengers. For more details we
refer to Rydell et al. (2010a).

Name of wind farm Location No. of Fatality rate References

turbines
Northwestern
Germany
Blumendorf Fields 2 (2.0) Gobel & Gottsche 2005
Tralau Fields 4 (2.0) Gottsche & Goébel 2007
Friedrich-Wilhelm Fields 13 0.0 Grinkorn et al. 2005
Libke Koog
Bosblill Fields 4 0.0 Griinkorn et al. 2005
Marienkoog Fields 15 0.0 Griinkorn et al. 2005
Reussenkoge Fields 17 0.0 Griinkorn et al. 2005
Breklumer Koog Fields 11 0.0 Grinkorn et al. 2005
Simonsherger Koog Fields 13 0.0 Grinkorn et al. 2005
Uelveshuller Koog Fields 4 0.0 Grinkorn et al. 2005
Cappel-Neufeld Fields 5) 30l Bach & Bach 2010
Langwedel Fields 5 30 Bach & Niermann 2011

Eastern Germany

Puschwitz Woodland 10 4.1 Endl et al. 2004
Wendischbora Fields 17 3.6 Endl et al. 2004
Bayerhéhe Hill, fields 5 4.0 Endl et al. 2004
Wachau Fields 5 0.0 Endl et al. 2004
Bernsdorf Woodland 3 0.0 Endl et al. 2004
Réhrsdorf Fields 4 0.0 Endl et al. 2004
Ludwigsdorf Fields 18 1.1 Endl et al. 2004
Thornberg Fields 12 1.1 Endl et al. 2004
Kleinrohrsdorf Fields 3 22 Endl et al. 2004
Melaune Fields 7 2.6 Endl et al. 2004
Reichenbach Fields ¥ 1.9 Endl et al. 2004
Eckardsberg Fields 5 2.6 Endl et al. 2004

Southern Germany

Lahr Mountain 3 (0.6) Behr & Helversen 2005
Ittenschwander Horn ~ Mountain 2 18:3 Behr et al. 2006

Rosskopf Mountain 4 26.0 Brinkmann et al. 2006
Brudergarten Mountain 3 15.0 Brinkmann et al. 2006
Hohe Eck Mountain 1 41.1 Brinkmann et al. 2006
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Name of wind farm Location No. of Fatality rate References

turbines
Schillinger Berg Mountain 2 31.6 Brinkmann et al. 2006
Holzschldgermatte Mountain 2 13.3 Brinkmann et al. 2006
Plattenhofe Grassland, hill 4 3.9 Brinkmann et al. 2006
Furstenberg Grassland, hill J: 0.0 Brinkmann et al. 2006
Austria
Oberdorf Fields b 0.0 Traxler et al. 2004
Prellenkirchen Fields 8 8.8 Traxler et al. 2004
Steinberg Fields 9 5.8 Traxler et al. 2004
Switzerland
Mont Soleil Grassland, hill 3 13.6 Leuzinger et al. 2008
Feldmos Grassland, hill 1 0.0 Leuzinger et al. 2008
Tramelan Grassland, hill 1 0.0 Leuzinger et al. 2008
England
Coldham 1 Fields 8 1.2 Bioscan 2008
France
Bouin Coast, fields 8 19.0 Dulac 2008

,(GWEC- Global Wind Energy Council) nin nmnax7 nm7iyn nxymnn nlaima "oy
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Species Latin name Number of dead bats
Sweden Germany Other Total

High-risk species
Common noctule Nyctalus noctula | 374 15 390
Leisler’s bat Nyctalus leisleri 0 b2 28 80
Nathusius” pipistrelle Pipistrellus nathusii 5 284 57 346
Common pipistrelle Pipistrellus pipistrelius 1 230 139 370
Pygmy pipistrelle Pipistrellus pygmaeus 1 21 14 36
Parti-colored bat Vespertilio murinus 1 44 2 47
Northern bat Eptesicus nilssonii 8 2 0 10
Serotine Eptesicus serofinus 0 25 15 40
Other species
Alcathoe whiskered bat  Myotis alcathoe 0 0 0 0
Greater mouse-eared bat  Myotis myotis® 0 2 1 3
Pond bat Myotis dasycneme™ 0 1 0 1
Daubenton’s bat Myotis daubentonii 0 3 2 5
Brandt's bat Myotis brandtii 0 1 0 1
Whiskered bat Myotis mystacinus 0 2 0 2
Natterer’s bat Myotis nattereri 0 0 0 0
Bechstein’'s bat Myotis bechsteinii* 0 0 | 1
Grey long-eared bat Plecotus austriacus 0 6 Il 7
Brown long-eared bat Plecotus auritus 0 3 0 3
Barbastelle Barbastella barbastellus* 0 0 1 1
Unidentified 0 41 131 172
Total 17 1091 407 1505
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http://www.wildisrael.com/?q=content/%D7%A4%D7%A8%D7%A1%D7%A4%D7%99%D7%99%D7%9D-rhinolophidae
http://www.wildisrael.com/?q=content/%D7%A4%D7%A8%D7%A1%D7%A4%D7%99%D7%99%D7%9D-rhinolophidae
http://www.wildisrael.com/?q=content/%D7%A4%D7%A8%D7%A1%D7%A4%D7%99%D7%99%D7%9D-rhinolophidae
http://www.wildisrael.com/?q=content/%D7%A4%D7%A8%D7%A1%D7%A4%D7%95%D7%A0%D7%99%D7%99%D7%9D-hipposideridae
http://www.wildisrael.com/?q=content/%D7%A4%D7%A8%D7%A1%D7%A4%D7%95%D7%A0%D7%99%D7%99%D7%9D-hipposideridae
http://www.wildisrael.com/?q=content/%D7%A4%D7%A8%D7%A1%D7%A4%D7%95%D7%A0%D7%99%D7%99%D7%9D-hipposideridae
http://www.wildisrael.com/?q=content/%D7%A2%D7%98%D7%9C%D7%A4%D7%99-%D7%A4%D7%99%D7%A8%D7%95%D7%AA-pteropodidae
http://www.wildisrael.com/?q=content/%D7%A2%D7%98%D7%9C%D7%A4%D7%99-%D7%A4%D7%99%D7%A8%D7%95%D7%AA-pteropodidae
http://www.wildisrael.com/?q=content/%D7%A2%D7%98%D7%9C%D7%A4%D7%99-%D7%A4%D7%99%D7%A8%D7%95%D7%AA-pteropodidae
http://www.wildisrael.com/?q=content/%D7%9C%D7%99%D7%9C%D7%A0%D7%99%D7%99%D7%9D-nycteridae
http://www.wildisrael.com/?q=content/%D7%9C%D7%99%D7%9C%D7%A0%D7%99%D7%99%D7%9D-nycteridae
http://www.wildisrael.com/?q=content/%D7%9C%D7%99%D7%9C%D7%A0%D7%99%D7%99%D7%9D-nycteridae
http://www.wildisrael.com/?q=content/%D7%99%D7%96%D7%A0%D7%95%D7%91%D7%99%D7%99%D7%9D-rhinopomatidae
http://www.wildisrael.com/?q=content/%D7%99%D7%96%D7%A0%D7%95%D7%91%D7%99%D7%99%D7%9D-rhinopomatidae
http://www.wildisrael.com/?q=content/%D7%90%D7%A9%D7%9E%D7%A0%D7%99%D7%99%D7%9D-emballonuridae
http://www.wildisrael.com/?q=content/%D7%90%D7%A9%D7%9E%D7%A0%D7%99%D7%99%D7%9D-emballonuridae
http://www.wildisrael.com/?q=content/%D7%90%D7%A9%D7%9E%D7%A0%D7%99%D7%99%D7%9D-emballonuridae
http://www.wildisrael.com/?q=content/%D7%A0%D7%99%D7%A9%D7%A4%D7%95%D7%A0%D7%99%D7%99%D7%9D-vespertilionidae
http://www.wildisrael.com/?q=content/%D7%A0%D7%99%D7%A9%D7%A4%D7%95%D7%A0%D7%99%D7%99%D7%9D-vespertilionidae
http://www.wildisrael.com/?q=content/%D7%A0%D7%99%D7%A9%D7%A4%D7%95%D7%A0%D7%99%D7%99%D7%9D-vespertilionidae
http://www.wildisrael.com/?q=content/%D7%90%D7%A9%D7%A4%D7%99%D7%99%D7%9D-molossidae
http://www.wildisrael.com/?q=content/%D7%90%D7%A9%D7%A4%D7%99%D7%99%D7%9D-molossidae
http://www.wildisrael.com/?q=content/%D7%90%D7%A9%D7%A4%D7%99%D7%99%D7%9D-molossidae
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