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Executive Summary

1.

This report was commissioned by the Council of ertor the Bern Convention as an update of the
one commissioned by them last year and presentdtetd2” meeting of the Standing Committee for
information. Its remit is todnalyse the impact of wind farms on birds, estlabiig criteria for their
environmental impacssessmerand developing guidelines on precautions to bertaideen selecting
sites for wind farms’. This revised version has, as an additional annsmnéx 2), a draft
recommendation for consideration by th& 23eeting of the Standing Committee.

The Impact of Wind Farms on Birds

2.

A review of the literature identified the main patial hazards to birds from wind farms to be:
» Disturbance leading to displacement or exclusiecluding barriers to movement

* Collision mortality

» Loss of, or damage to, habitat resulting from wimdbines and associated infrastructure

There have been few comprehensive studies, and f=weer published, peer-reviewed scientific
papers. Many studies suffer from a lack of befand after, or wind farm area and reference area
comparisons, or a total lack of assessment of aelsfactors such as collision/collision risk, diffaces

in bird behaviour between night and day, or armaflequate duration to provide conclusive results.
some cases, the reason for the short timescaatistudies are in their early stages and so tinese

be further information available in future.

It is clear that there is a need for robust, objedbaseline studies to inform sensitive sitingriaimise
deleterious effects on birds, other wildlife andeithhabitats, and a need for post construction
monitoring at consented installations where theeemvironmental sensitivities. There is clearly a
distinction to be made between effects of a temporarsus a permanent nature. There is also a need
to put into context the potential impacts to deiaerthe spatial scales at which they may apply, eg:
site, local, regional, national and/or internationa

Disturbance

5.

The effects attributable to wind farms are variabled are species-, season- and site-specific.
Disturbance can lead to displacement and exclus@nm areas of suitable habitat, effectively loss of
habitat for the birds.

There are several reliable studies indicating negagffects up to 600m from wind turbines, ie a
reduction in bird use of, or absence from, the atese to the turbines, for some species (eg whoope
swan Cygnus Cygnuyspink-footed gooseAnser brachyrhynchusEuropean white-fronted goose
albifrons Eurasian curlewNumenius arquafja In a large wind farm, even this relatively smal
exclusion area around an individual turbine, mayam to a cumulatively significant exclusion area,
or area of reduced use, even within a single wamnohf

The scale of such habitat loss, together with tkter¢ of availability and quality of other suitable
habitats that can accommodate displaced birds, thadconservation status of those birds, will
determine whether or not there is an adverse impact

Habituation may occuf observed differences in behaviour between ressdend migrants in some
studies, but studies over several years of eagl€siifornia provide little indication of habituati and
few other studies have been of long enough duratiaemonstrate whether or not habituation occurs.

Disturbance potentially may arise from increaseghduu activity in the vicinity of the wind farms, eg
during construction, maintenance visits, facilitatiof access via access roads, often in areastlef li
human activity before the arrival of a wind farrhe presence/noise of turbines may also deter birds
from using the area close to turbines. Few stugiesconclusive in their findings, often because of
lack of well-designed studies both before and afterstruction of the wind farm. Furthermore, very
few studies take account of differences in diuraadl nocturnal behaviour, basing assessments on
daytime only, which is inadequate for those spegibih are active during darkness and which may
behave differently at night compared with during thay.
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There is some indication that wind turbines mayblaeriers to bird movement. Instead of flying
between the turbines, birds may fly around theidetsf the cluster. Whether this is a problem will
depend on the size of wind farm, spacing of turkirthe extent of displacement of flying birds and
their ability to compensate for increased energyeexliture. The cumulative effects of large wind farm
installations may be considerable if bird movememesconsequently displaced. This may lead to the
disruption of ecological links between feeding,datiég and roosting areas.

Wind farm design may alleviate any barrier effdor, example allowing wide corridors between
clusters of turbines. Research and post-consbructionitoring at several pilot sites will be neeggs
to determine whether and where this is an acceptadltion.

The wind energy industry is in its infancy offshamed, consequently, there has been little reseatch
the impacts on birds. Nonetheless, there are usefdies underway, especially in The Netherlands
and Denmark, indicating a variable response thaioth site- and species- specific, just as onshore.
The proposals for large wind farms in shallow sesas may conflict with the feeding distributions of
seabirds, notably seaducks, if these are displduedto disturbance and consequently excluded from
their main feeding areas. The potential cumulatffects of multiple installations are a particular
concern.

13. Collision Risk and Mortality

14.

15.

16.

17.

18.

19.

The majority of studies have quoted low collisioortality rates per turbine, but in many cases these
are based only on found corpses, leading to uretmrrding of the actual number of collisions. Even
where collision rates per turbine are low, this doet necessarily mean that collision mortality is
insignificant, especially in wind farms comprisipgrhaps several hundreds or thousands of turbines.
Even relatively small increases in mortality rateay be significant for populations of some birds,
especially large, long-lived species with generddly annual productivity and slow maturity, notably
so when already rare.

Relatively high collision mortality rates have baenorded at several large, poorly sited wind faims
areas where large concentrations of birds are pre@ecluding Important Bird AreaglBAS)),
especially migrating birds, large raptors or otlaege soaring species, eg Altamont Pass in Caldprn
USA, Tarifa and Navarra in Spain. In these caaefjal deaths resulting from collision are high,
notably of golden eagleéquila chrysaetoand griffon vultureGyps fulvusrespectively.

Collision mortality at poorly sited wind farms mdyave population level effects, and cumulative
mortality from multiple wind installations may alsmntribute to population declines in susceptible
species. Making projections of the potential magnitude ofmditurbine-related avian fatalities is

problematic because of the frequent lack of obyeatformation.

The weight of evidence to date indicates that loaat with high bird use, especially by species of
conservation concern, are not suitable for windhfdevelopment (eg in Spain, regional recovery plans
prohibit wind farms in areas important for breedargl feeding imperial eaglégjuila heliacg. Site
selection is crucial to minimising collision moitgl The precautionary principle is advocated veher
there are concentrations of species of conservatiportance. It is therefore very important that
alternative locations are proposed for the potintiaost hazardous wind farms.

Wind speed and direction, air temperature and hiynitlight type, distance and height, time of day
and topography all influence the risk of collisi@s, do species, age, behaviour and stage of ttis bir
annual cycle. All these factors need to be incargal in collision risk assessments.  Collisi@k fis
greatest in poor flying conditions, such as strangds that affect the birds’ ability to control dghit
manoeuvres, or in rain, fog, and on dark nightsnwiisibility is reduced. In these conditions, the
flight height of migrating birds tends to be grgattduced. Lighting of turbines has the potertial
attract birds, especially in bad weather, therattgmtially increasing the risk of collision.

Few studies attempt observations in poor weather wsual observations are limited in such
conditions. However, remote techniques can be ueedxtend observations beyond the visible
spectrum, eg radar, thermal imagery and, at thg kst predictions of the likely frequency of the
weather conditions that increase collision risk bamused to inform the risk assessment.



T-PVS/Inf (2003) 12 4-

20.

21.

22.

23.
24,

25.

26.

Most studies have been of small turbines, oftesnrall clusters; the implications of newer, larger
turbines and larger wind farms may be differenhe Tmportance of wind farm location and layout in
determining the risk of collision by birds with wdnurbines is apparent from studies both onshode an
offshore.

Collision mortality arises as a result of collisiafith turbines, meteorological masts and powersline
Thus, assessment of bird collision risk and mdytalirising from collision or electrocution, nedds
include wind turbines and associated structureduding overhead power lines transporting energy
from the wind farm. It is recognised that the actual rate of collisis likely to be under-recorded,
owing to the limitations of the study techniqueartigularly corpse searches, so it is essentidl tha
calibration is undertaken at each site to enableection factors to be applied to produce moreisgal
estimates of collision mortality.

Collision risk models provide a potentially usefubans of predicting the scale of collision attritlée

to wind turbines in a given location, but only hiely incorporate actual avoidance rates in resptmse
fixed structures and post-construction assessnfeotllision risk at wind farms that do proceed, to
verify the models. Population models provide amseaf predicting whether or not there are likely to
be population level impacts arising from collisiorortality. Again, they require post-construction
verification at consented wind farms to test thieditg of the predictions and the models.

Habitat Loss or Damage

Loss of or damage to habitat, resulting from wiadf infrastructure, is not generally perceived &b
major concern for birds outside designated or fuad sites of national and international importanc
for biodiversity, depending on local circumstanaged the scale of land-take required for the winithfa
and associated infrastructure. The cumulative lokr damage to sensitive habitats may be
significant, especially if multiple, large develoents are sited in such locations, eg on sandbamks i
shallow waters or on peatlands. Furthermore, tihabitat loss may be additive to disturbance
exclusion.

Onshore infrastructure including turbine basess&ilons and access roads etc will involve direct
habitat loss. This is generally fairly small s¢ddat could affect local hydrology in sensitive hats
and, again, the effects will be dependent on the of the wind farm and especially the extent of an
road network required.

Offshore, direct habitat loss is generally smadllsc primarily for turbine bases and cables at sea.
However, increasingly large wind farms, especialy feeding areas such as sandbanks in shallow
waters, may give cause for concern and habitatgghandamage may be significant.

27.0ther Issues

28.

29.
30.
31.

Turbines may offer roosting or nesting sites fadbi However, research needs to be undertaken to
assess the extent of bird use. In the offshor&r@mwment, there may be adverse effects on birds as
result of disruption to, or encouragement (collisitsk for birds feeding among turbines) of, aviaad
resources such as benthos and fish populationsefample as a consequence of the effects of
electromagnetic fields around under-sea power sablEhese aspects require further study to clarify
whether or not there are significant issues of eamc

Environmental Assessment and Site Selection Guideés
Criteria for Environmental Assessment

All wind farm developments require screening arabéhthat have the potential for damaging effects on
wild birds or the wider environment, or in areasevehthere is uncertainty as to the potential effect
require a robust environmental impact assessmet'YE This needs to include comprehensive
environmental impact assessment for individualgmig and an assessment of the cumulative impacts
arising from each wind farm proposal (includimgsociated infrastructure onshore and offshordy asc
new roads, power lines and under-sea cabling) imjuoation with other projects (both other wind

1

In EU states, by reference to the selection cateset out in Article 1l of Directive 85/337/EEC ahe

‘Assessment of certain public and private projemisthe environment'as amended by Directive (97/11/EC), or the
use of similar criteria in countries where thisnappropriate.
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33.
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farms and other relevant projects).

There is considerable support for wind energy aseawironmentally benign source of energy.
Nonetheless, stringent environmental assessmejuisisas important for wind energy as for other
developments to ensure that it is sited optimatlg 8o avoid or at least minimise any adverse inmgact
Poor quality ElAs, or lack of information, must roé¢ permitted to lead to planning approval on the
grounds of no demonstrable effect.

Standardised study methods, to ensure comparalaiigyessential, as is consistency in their apphica
before, during and after construction, in the wiadn area and a reference area (BACI - Before-After
Control-Impact). It is recommended that_a minimume-year baseline field study should be
undertaken to determine the use of the study-ardartls and to identify which, if any, species nieey
adversely affected by wind farm construction. Rumststruction monitoring needs to enable short- and
long-term effects and impacts to be distinguished provide the information to enable them to be
satisfactorily addressed.

On the basis of the literature review, species’'seovation status and more than 10 years collective
experience by the BirdLife partners, the followisigecies groups and example species are considered
to be particularly sensitive, or potentially so, wind farms (disturbance displacement, barriers to
movement, collision, habitat loss or damage), aigoin many cases there is a lack of impact studies
to date. Thus, they are likely to be focal spefiegdetailed environmental assessment and research
This list is indicative rather than comprehensivighere are many species for which there is eitloer n
information, or no conclusive information, to datéocal species are likely to be site and issueispe
and may change in the light of further researcthange in conservation status.

Species group (eg species Disturbance Barrier to Collision Direct habitat
displacement movement loss/damage

Gaviidae divers (red- \/ \/ S

throated diveGavia

stellatg)

Podicipedidagyrebes \/

Sulidaegannets & boobies \/

Phalacrocoracidagshag N

Phalacrocorax aristotel)s

Ciconiiformesherons & \/

storks

Anserinj swans (whooper y \

swanCygnus cygnysand
geese (pink-footed goose
Anser brachyrhynchus
European white-fronted
gooseA. albifrons barnacle
gooseBranta leucopsis,
brent goos®. berniclg

Anatinaeducks (eider \/ \/ S S
Somateria mollissima
long-tailed duckClangula
hyemeliscommon scoter
Melanitta nigrg

Accipitridaeraptors (red \/ N
kite Milvus milvuswhite-
tailed sea eagldaliaeetus
albicilla, lammergeier
Gypaetus barbatygriffon
vulture Gyps fulvus
imperial eaglédquila
heliacg golden eaglé.
chrysaetosBonelli's eagle
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Hieraetus fasciatys

Charadriiformeswaders N N
(European golden plover
Pluvialis apricaria,black-
tailed godwitLimosa
limosa,Eurasian curlew
Numenius arquafa

Sternidaeterns S

Alcidaealcids/auks \ S S
(guillemotUria aalge

Strigiformesowls \/

Tetraonidae(black grouse \/ S S
Tetrao tetrix capercaillieT.

urogallug

Gruidaecranes \ \ S

Otididaebustards \/ S S
Passeriformegspecially N

nocturnal migrants

35. Precautions for Site Selection of Wind Farms

36.

37.

There is a strong consensus that location is ali§igmportant to avoid deleterious impacts of wind
farms on birds. There should be precautionary darae of locating wind farms in statutorily
designated or qualifying international (eg Natuf0@ — SPAs & SACs, ‘Ramsar sites’, Emerald
Network and Important Bird Areas (IBAS)) or natibsdes for nature conservation, or other areal wit
large concentrations of birds, such as migratiomssing points, or species identified as being of
conservation concern. The favourable conservattatus of habitats and species in these areas is a
central tenet to their designation, requiring desti@tion of compatibility with this aim by any
proposed development. The weight of evidence te dalicates that locations with high bird use,
especially by protected species, are not suitailevind farm development.

Adverse impacts on wildlife must be avoided by fedaluation of suitable alternatives, appropriate
siting and design.

38.Recommendations

39.
40.

41.

42.

There is an urgent need for statutory marine pteteareas to be identified and designated.

Research and monitoring should be implemented kjoma governments and the wind energy
industry, in consultation with relevant experts,in@prove our understanding of the impacts of wind
farms. This will be an iterative process that wifbrm decision-making, appropriate site selectiowl
wind farm design. The results of research sho@dobblished in international scientific journals,
including a summary, preferably in English, to emsuider dissemination.

Research and monitoring requirements encompadsltbeing: effects and potential population level
impacts on birds of disturbance displacement, &artio movement, collision mortality and habitaslo
or damage; effectiveness of different wind farnolatyand turbine design to provide mitigation.

National governments must undertake Strategic Bnuiental Assessment (SEA)f all wind energy
plans and programmes that have the potential fadaerse effect on wildlife in their country. Iere
are potential trans-boundary effects, then intésnat co-operation with other governments should be
sought when undertaking the SEA. The scale of SEduld be determined by consideration of the
likely biological scale of impacts as well as jditgional boundaries.

2 As set out in Directive 2001/42/EC of the EuropPanliament and of the Council, 27 June 2081 the assessment
of the effects of certain plans and programmesherenvironment’
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44,

45,
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47.
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Specifically, these SEAs should include indicatiwepping of bird populations, their habitats, fly\say
and migration routes and an assessment of thesgt@obable effects on these, to aid decision-making

As part of effective regional planning, there ineed to identify species and areas of concern,aje m
potential and no-go locations for wind energy depeient on the basis of nature conservation
concerns, for example avoidance of focal points rfagration crossings. This may require the
collection of additional information, especiallyfstiore.

There need to be incentives to ongoing technolbgleaelopment to maximise efficiency of wind
turbines and to reduce dependency on the limitatost water habitats offshore.

There is a need for best practice guidance on atdrefudy methods, to inform the EIA process.

This report has not looked in detail at individusse studies to evaluate examples of conflict
resolution, case law, or trends in casework througtthe Council of Europe area. This may be a
useful subject for further study.
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Glossary
Autecology

BACI

COWRIE

Emerald Network

Important Bird Area (IBA)

Installed Capacity

Nacelle

Natura 2000 Network

Monopile

OSPAR

Precautionary Principle

Special Protection Area (SPA)

Special Area of Conservation

(SAC)

‘Ramsar’ site

Reference site

Study of the relationship between a single speaiekits environment.

Before-After Control Impact study combines datdesttlon before and
after, in this case construction of a wind farmpaoith the proposed
development site and at least one reference (dratprite. The latter
should be as comparable as possible to the proptesedopment site to
enable the distinction of any observed changesattgaattributable to
the wind farm (eg Anderson et al. 1999).

Collaborative Offshore Wind Research Into the Emwmnent. A UK
forum, led by The Crown Estate and involving goveenmt, wind
energy industry and non-government conservationelsodEstablished
to prioritise and commission environmental reseamthwind farms.

Network of Areas of Special Conservation Interés$Cls), designated
under the Bern Convention. In the EU, Natura 26i@ are part of the
Emerald Network.

Area identified by BirdLife International in theituropean IBA
programme as being of international importancebfts (Heath &
Evans 2000).

The generating capacity of all completed and adtivieines.

Casing housing the turbine gears and generatachet to the rotor
blades.

Network of SPAs and SACs as designated ubuesctives
79/409/EECand92/43/EEC.

Single foundation rod pile-driven into the grouredlbed

OSPAR Convention, signed in 1992, is the legal &aork for the
protection of the marine environment of the NorttaAtic, developed
from the Oslo and Paris Conventions set up to prtiawvrine pollution.

This stipulates that where a potentially damagiifigce cannot be
guantified with sufficient certainty, decision makehould err on the
side of caution.

International site within the European Union, deaigd under
Directive 79/409/EECon the Conservation of Wild Birds.

International site within the European Union, deatgd under
Directive 92/43/EECon the Conservation of Natural Habitats and of
Wild Flora and Fauna.

International site, designated under the ConverdgiolVetlands of
International Importance especially as Waterfowbitit (Ramsar, Iran
1971).

See BACI above. A reference site that is not suilje a wind farm
proposal, but otherwise is highly comparable togt@osed wind farm
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site, provides a comparison with studies on thedwarm site. Given
the limited control over variables in the real wdoilas opposed to
laboratory conditions), such a site is not stricilycontrol (in which
variables are held constant), hence the term nmedersite.

A site that is protected by either national or inggional law.
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1. Introduction

Most commentators and governments now accept limaate change is a reality, with all of its
attendant risks to our way of life and the envirenta Renewable sources of energy offer an
opportunity to minimise the deleterious environna¢ichanges of climate change, arising from over-
reliance on fossil fuels. Of the most advanceewable technologies, wind energy is set to make a
substantial contribution to energy generation i ¢buntries to which the Bern Convention applies.
By the end of 2001, 4,500 MW of wind power capaeitys added to the European electricity grids,
bringing the installed capacity (as distinct fromersgy output) from wind in Europe to more than
17,000 MW. Germany, Denmark and Spain currentiy lthe way in installed capacity from wind
energy.

Most of this installed capacity is at present fronshore facilities. However, with developments
in technology, offshore wind farms are likely to keaup a significant part of future wind farm
development in Europe — for example, the UK govesntrannounced a major initiative to stimulate
offshore wind development in July 2003. Whilstrha@re few operational offshore wind farms at
present in Europe, there are many more appliedrfauthorised for construction and still more ie th
planning stages (OSPAR wind farms database, urnpulti.is essential that robust assessment of
potential environmental impacts, notably on biodsitg® and habitats, becomes an integral part of the
planning process to inform sensitive siting an@soid deleterious environmental impacts.

This report first presents a review of the literat(published and unpublished) that documents the
findings of research into bird - wind farm inteiaos at both onshore and offshore wind farms,
together with recommendations derived from thoseliess. The review is organised into sections
dealing with the issues of:

« Disturbance leading to displacement or exclusiecluding barrier effects
e Collision mortality
« Loss of or damage to habitat resulting from windbitnes and associated infrastructure; and
e Other potential effects.
The report then gives guidance on:
e Criteria for assessing environmental impacts ofddarms on birds; and
e Precautions to be taken when selecting sites fod férms.

This guidance is the result of more than 10 yefexperience from BirdLife International and its
European Partners, regarding the compatibility midwiarms with bird populations and habitats, and
has taken into account the literature that docusnéme findings of research into bird - wind farm
interactions at both onshore and offshore wind garr@ffshore wind energy is at an earlier stage of
development and whilst there are many transferabpects of the results of onshore studies to the
offshore environment, there are also some distiectlifferences, hence the separation in the
following review. Supporting information to the idance is presented in Annex I, together with
summarised information on study protocols, whicts wat formally sought for the commissioned
report, but which was considered by the authoiseta useful addition. It is hoped that this materi
will provide helpful pointers to readers.

2. Review of the Literature on the Impacts of Wind~arms on Birds

The purpose of this section of the report is tovjg® a summary (updated from that in the
September 2002 draft of this report) of the literatrelating to impacts of wind farms on birds,
drawing principally on English language literatysee list of references at the end of the review).
Although including references to the most usefull aelevant studies up to 1996, it concentrates
mainly on subsequent work (especially for offshaiaed farms) to information included in these
earlier recommended reviews:

¥ See Convention on Biological Diversityvw.biodiv.org/doc/publications/quide.asp
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e Crockford, N.J. (19924 review of the possible impacts of wind farms iodishand other wildlife
JNCC Report 27. Peterborough. Joint Nature Geaten Committee.

« Gill, J.P., Townsley, M. & Mudge, G.P. (199Review of the impacts of wind farms and other
aerial structures upon birdsScottish Natural Heritage Review No. 21.

e SGS Environment (1996 review of the impacts of wind farms on birds he UK. ETSU
W/13/00426/REP/1,2,3.

The three review reports listed above, togethen thie review of literature that follows, provide a
fairly comprehensive review of the literature ashie up to early 2003, from principally English
language documentation.

The emphasis of this review is studies of bird AdMarm interactions. The literature indicates
that the main potential hazards to birds from wemins are:

« Disturbance leading to displacement or exclusiog|uding barriers to movement.

* Collision mortality.

* Loss of or damage to habitat resulting from windiiies and associated infrastructure.
2A. Disturbance

Disturbance Onshore

Summary

This section considers the effects of onshore anehs, including coastal locations, on breeding,
feeding and roosting birds.

The effects attributable to wind farms are variaditel are species-, season- and site-specific.
Disturbance can lead to displacement and excluston areas of suitable habitat, effectively loss of
habitat for the birds.

There are several reliable studies indicating negagffects up to 600m from wind turbines, ie a
reduction in bird use of, or absence from, the atese to the turbines, for some species (eg whoope
swan Cygnus Cygnuyspink-footed gooseéAnser brachyrhynchusEuropean white-fronted googe
albifrons Eurasian curlewNumenius arquaja In a large wind farm, even this relatively shmal
exclusion area around an individual turbine, mapam to a cumulatively significant exclusion area,
or area of reduced use, even within a single wamohf

The scale of such habitat loss, together with #terg of availability and quality of other suitable
habitats that can accommodate displaced birds, thedconservation status of those birds, will
determine whether or not there is an adverse impact

Habituation may occurf observed differences in behaviour between ressdant migrants in
some studies, but studies over several years desag California provide little indication of
habituation and few other studies have been of Emmugh duration to demonstrate whether or not
habituation occurs.

Disturbance potentially may arise from increaseahdn activity in the vicinity of the wind farms,
eg during construction, maintenance visits, failin of access via access roads, often in areas of
little human activity before the arrival of a wifam. The presence/noise of turbines may alsar dete
birds from using the area close to turbines. Remligs are conclusive in their findings, often hessa
of a lack of well-designed studies both before aftdr construction of the wind farm. Furthermore,
very few studies take account of differences inmaliand nocturnal behaviour, basing assessments on
daytime only, which is inadequate for those speaiBigh are active during darkness and which may
behave differently at night compared with during thay.

Breeding Birds

Winkelman’s studies at Oosterbierum, in The Netraib (1992d), investigated the effects on
numbers and distribution of breeding birds withr@asing distance from the wind turbines, but found
no effect on Eurasian oystercatch#aematopus ostralegusiorthern lapwingVanellus vanellus,
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black-tailed godwit.imosa limosaor common redsharikringa totanus These are all long-lived and
highly site-faithful species and thus their attaehinto a location may outweigh any potential
response to change. On the other hand, shorti-fipecies with a more rapid turnover of individual
or species that are less site-faithful may dispd#ferent responses to change, and consequently
settlement patterns, so caution is advised inpnéging these results, as with the following stadie
Germany and Scotland.

German studies indicate that response to the lastel of turbines is species-specific
(Ketzenberg et al. 2002) and highlight the needfandardised methods to be applied before and afte
wind farm construction, on both the wind farm aeewl a reference area. Specifically, this study
investigated the breeding densities and spatiatilolision of common skylarlAlauda arvensisand
several species of breeding waders (Eurasian agstérer, northern lapwing, common redshank and
black-tailed godwit ), before and after installatiof wind farms in four coastal areas in Lower
Saxony. Changes in total breeding pairs followoanstruction were not consistent, with some
increases and some decreases. In some cases auofibereeding waders increased near wind
turbines because of the alteration to farming pracpost-construction, emphasising the need to
consider other changes contemporary with the warchfdevelopment. The implication is that, at
least for some species, habitat quality outweigtysreegative effect of turbines. No effect on nursbe
or spatial distribution of Eurasian oystercatcimenrthern lapwing and common skylark was observed
within 1km, but negative effects were observedcfmmmon redshank and black-tailed godwits within
200m of the turbines.

Studies at the Dun Law wind farm, in Scotland (@ill00a & b) compared the breeding bird
populations in the wind farm area plus 800m buéed a broadly comparable reference area, using
moorland bird survey methodology (Brown & Sheph#8®3). The surveys to date provide baseline
information prior to construction and informatiarin the partially constructed wind farm, and form
the early part of a study of several years’ duratidreeding waders showed similar between-year
changes in numbers on both wind farm and referaneas (Gill 2000b). Unfortunately, for unknown
reasons, the buffer was reduced to 250m in the 2000y, and resulted in the reduction in the
number of breeding Eurasian curlews recorded instioely area. This emphasises the need for
consistency in survey methods and it is not cldaether there are any implications of turbine |lamati
in the distribution of breeding Eurasian curlewssafved in 2000. Generally, the observations
indicated that breeding waders were not disturlyethé presence of turbines, but see cautionary note
in earlier paragraph (2.10); it is not clear whethiebines might deter settlement by new recruwts t
the wader breeding population.

At Windy Standard wind farm in Dumfries and Gallgwan the UK, breeding bird surveys
(Moorland Bird Survey method, Brown & Shepherd 19@@re carried out before, during and after
construction, amounting to 7 years of monitoringpd®H Ecological Consultancy 2000a). The main
species recorded were meadow pifitthus pratensiscommon skylarkand red grousé.agopus
lagopus scoticusand no demonstrable effects were detected on thpeeies (DH Ecological
Consultancy 2000b).

At Burgar Hill, on Orkney, Scotland, studies oftdigce effects in relation to the 3-turbine wind
cluster, found no significant difference in numbefsbreeding pairs of duckénatinae,waders
Charadriiformes Arctic (parasitic) skugtercorarius parasiticugulls Laridae and small passerines,
between the year of installation and the subseg8emars (Meek et al. 1993). However, breeding
numbers of red-throated div&avia stellatadid decline as a result of disturbance during tracton.

The sample size was small (there were 5 pairsvafrgliat the start of the study, declining to 2 9air
requiring caution in interpreting the biologicagsificance of the results. This is often a difftgu
with individually small, piecemeal developmentst the comparative assessment of several similar
studies will provide a measure of the consisteridh®response.

Thomas (1999) undertook a study of 10 upland wardhé in the UK, comparing breeding bird
distributions (Moorland Bird Survey method, BrownShepherd 1993) at wind farm sites with their
respective reference sites, and in relation to @fdsabitat data. Most of these studies were aflsm
wind clusters, comprising small turbines and indiisdlly produced small sample sizes. However,
consideration of these studies collectively prosidemeasure of the direction of observed changes.
To compensate for the lack of before and after gaoction) data, random points were generated to
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compare with actual bird distributions in relatimnturbine locations. The study is limited by ther
being only one survey visit to each site and d#fifees between some reference sites and the wind
farm site in terms of habitat composition. Thebkerkomings have to be borne in mind when
considering the findings:

* Overall bird densities at wind farm sites were sighificantly lower than on reference sites.

* There were no significant differences between diessson wind farm sites and reference sites for
common skylarkor meadow pipit, the only species sufficiently numerda enable statistical
comparison, although there were some site-speatiffierences.

e There was no evidence of clumped distributionsreglding birds and no significant difference in
the extent of clustering between wind farm sited eeference sites, ie the spatial distribution of
breeding birds was comparable both between andnwitind farm sites and reference sites.

e Taller wind turbines, longer rotor blades (althodighited variation in blade lengths studied), and
larger wind farms were not associated with lowed densities, suggesting that there was no
greater avoidance of larger turbines over smahesavithin the limited size range studied.

« Northern lapwingand Eurasian curlewvere the only wader species sufficiently numeraarsd(
still numbers were small at individual study sités)enable an assessment of their proximity to
wind turbines across all the study sites. NortHapwing nests occurred slightly closer to the
turbines than predicted (but see Ketzenberg eR@02). Avoidance of wind turbines from
combined species data was observed at only o déh study sites.

Studies at Buffalo Ridge, Minnesota, USA (Leddyaét 1999) found increased densities of
breedinggrassland passerines with increased distance frioh turbines in the wind farm area, and
higher densities in the reference areas than wibim of the wind turbines. They did not find an
effect of operational versus non-operational tugbjrindicating that the presence of turbines hatkeso
deterrent effect, although it is unknown whether effect was long-lasting.

Feeding and Roosting Birds

In The Netherlands, variable levels of disturbahege been apparent for feeding and roosting
birds (Spaans et al. 1998a). At Oosterbierum, \Wimkn (1992a) found significantly smaller
numbers of feeding and roosting birds within thedvfarm and surrounding area when the turbines
were operational, with effects observed up to 5@@m wind turbines for Eurasian curlew. Other
species affected to differing distances were nlfamas platyrhynchogufted duckAythya fuligula,
Eurasian oystercatcher, European golden pld®ewvialis apricaria, Eurasian cootFulica atra,
northern lapwing, common gullarus canusand herring gulLarus argentatus.During construction
and patrtial operation, similar effects were obsgrfe all but mallard, Eurasian oystercatcher and
common gull. In addition, no disturbance effectsrevdemonstrated for black-headed didrus
ridibundus,common starlingSturnus vulgarir crows Corvidae However, it was not possible to
separate the effects of the wind farm from any o#tentemporary changes in the absence of a
reference area, which limits the usefulness ofghidy.

Studies at Urk, The Netherlands (Winkelman 1988ntbdecreases within the wind farm area in
winter, which extended to 300m away from the wiadhf, for mallard, tufted duck, common pochard
Aythya ferinaand common goldeneyBucephala clangulaThere was little or no effect on great-
crested grel{@odiceps cristatusEurasian coot, common gulgr gulls combined and increased
numbers of black-headed gull and greater ségupya marilain the wind farm area. Most results for
swans and geese were inconclusive, except for wvdrawanCygnus cygnyswvhich decreased in one
year of the study. The results were confoundeddwere weather in the year prior to construction,
followed by two mild winters post-construction. Wever, studies at Overgaard, in Denmark,
estimated effective proportionate loss of habitabanting to 1-2.5% of the area previously used by
feeding whooper swans due to disturbance displagebyeturbines (Larsen & Clausen 1998, Clausen
& Larsen 1999).

Avoidance behaviour by pink-footed gedsgser brachyrhynchus relation to a suite of physical
landscape variables, including wind turbines, wasdied in Denmark (Larsen & Madsen 2000). The
authors observed an interesting difference in amwed behaviour in response to wind farm layout and
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indicated a cumulative effect of additional windnfs in reducing the habitat available to feeding

geese. The avoidance distance in response tofaindlayouts in lines and in clusters were ca 100m
and ca 200m respectively and geese did not enteartba between turbines arranged in a cluster.
Linear arrays of wind turbines tended to be siledgside roads or other features already avoided (e

Gill et al. 1996), whereas wind clusters tendeldeited on open farmland.

Avoidance behaviour byuropean white-fronted geegeser albifronswas more marked in
response to the Rheiderland wind farm in Germanydkenberg & Jaene 1999). In studies before
and after construction of the wind farm, on thedviarm site and a reference area, substantiallgdow
densities of feeding geese were found within 600the@wind turbines.

Blyth Harbour wind farm, in the UK, is sited in aramercial harbour in an industrial area, and
comprises nine turbines (300kW) built at 200m iveds along the estuary’s breakwater (Still et al.
1996). The breakwater is a Site of Special Sdientterest, under the UK 1981 Wildlife and
Countryside Act, because it hosts a large wintestrof purple sandpipefZalidris maritima,and the
estuary it protects adjoins an SPA and a Ramsar $ihe estuary supports a relatively high derdfity
birds. During peak periods, up to ca 5,000 birdszemeents a day occur adjacent to the wind farm.
Counts of all bird species were undertaken befayesituction (Dec. 1991-July 1992), during
construction (Aug 1992-Jan 1993) and the early @hafsoperation (Jan 1993-July 1995). Great
cormorantdPhalacrocorax carbavere temporarily displaced from their roost durgmgstruction, but
returned once the wind farm was operational. Nspldcement was reported for the other species
studied. Numbers of greabrmorant, common eideé8omateria mollissimapurple sandpiper and
gulls (the species for which any comparison wasajpegimained comparable after construction.

Research findings, such as those included in thevealbeview of the literature, have been
incorporated in the decision making process. Tleetwo recent examples of German case law
leading to the refusal of wind farms in IBAs, oretbasis of the risk of disturbance, leading to
avoidance of turbines by staging geese, (Elbe, gpea in 2000, & Leybucht, H. Hotker pers.
comm.).

Differences in nocturnal and diurnal bird behavidwmve not been taken into account in the
majority of studies, an important omission in assegsite use and the potential effects of proposed
wind farm development. Work in Germany by Ketzegb® Exo (1997), involving radio-tracking of
individual European golden plovers, demonstratdfbmdinces in feeding locations during the night
from those utilised during daylight and, hence,ehpetentially different implications for siting win
farms.

Disturbance Offshore
Summary
This section considers the effects of offshore wWarchs on birds.

The wind energy industry is in its infancy offshaaed, consequently, there has been little
research into the impacts on birds. Nonethelbssetare useful studies underway, especially in The
Netherlands and Denmark, indicating a variablearse that is both site- and species- specific,gsist
onshore. The proposals for large wind farms inllesWwasea areas may conflict with the feeding
distributions of seabirds, notably seaducks, iEéhare displaced due to disturbance and conseguentl
excluded from their main feeding areas. The pakotmulative effects of multiple installationsear
a particular concern. Habituation may occur, lewt Studies have been of long enough duration to
demonstrate whether or not habituation occurs.

There is some indication that wind turbines maybbgiers to bird movement. Instead of flying
between the turbines, they may fly around the datsif the cluster. Whether this is a problem will
depend on the size of wind farm, spacing of turhiribe extent of displacement of flying birds and
their ability to compensate for increased energyeexliture. The cumulative effects of large wind
farm installations may be considerable if bird moeats are consequently displaced . This may lead
to the disruption of ecological links between feeglibreeding and roosting areas.
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Wind farm design may alleviate any barrier effdéot,example allowing wide corridors between
clusters of turbines. Research and post-consbruationitoring at several pilot sites will be necegs
to determine whether and where this is an acceptadltion.

The first offshore wind farm was built in 1990, 250ff the coast at Nogersund in Sweden
(Larsson 1994). In view of the large numbers ofjnats passing along this coast, pre- and post-
construction data on bird movements were recordetifferent distance bands from the coast. The
majority of records were below an altitude of 50rRost-construction reductions in the numbers
passing within 500m of the coast were noted, witinynspecies tending to fly further out from the
coast and around the outside of the wind farm.

In southern Sweden, in the Kalmarsund between stee df Oland and the mainland, 7 wind
turbines were built in 2000. The total height of trbines in the Utgrunden wind farm, including th
rotors, amounts to 106 metres. As the area cotestis major migration route for large numbers of
waterbirds, the permission was linked to a conditi®@ monitor the effect on resting and migrating
birds. Such studies started in spring 1998 and wdsnsified in the year 2001-2002, when field
observations and radar studies were performedefBstin 2001, 2002). The shallow areas exploited
by the wind farm traditionally have been used bgdanumbers (1 000 — 2 000 individuals) of feeding
long-tailed duck<Clangula hyemalis.Local movements of primarily long-tailed ducks, andsome
extent eiders and cormorants, that feed in shallaier between and near the wind farms, involve
flights between the turbines (Pettersson 2002}hcdigh Pettersson (2002) reported a slight reductio
in the number of birds using the wind farm areat posstruction, it is not yet clear whether thisis
short- or long-term effect, and whether it is doghe wind farm or food availability.

Guillemette et al. 1998 found decreases in the musnbf common eideand common scoter
Melanitta nigrain late winter, in the wind farm area comparedhwiite reference area, in the two
years following construction of the wind farm atribuKnob, in Denmark. Changes in size class and
biomass of mussels were thought to be the mainrrdetants of the observed changes in feeding
distribution. These fluctuate considerably fronaryéo year and so the observed changes were not
considered to be attributable to the introductibrwimd turbines. Support for this interpretatiat,
least for common eiders, was found in the thirdr ymsst-construction, when there were increases in
numbers of common eiders and their benthic prelyerd@ remains the possibility of initial avoidance
and subsequent habituation as the recovery inrhirdbers was least in close proximity to the wind
farm and it was not possible to compare the spdiitibution of benthic prey at a fine enough
resolution from the results. However, only pantedovery in numbers of common scoters was noted,
indicating possible consequent displacement by whed turbines (Guillemette et al. 1999).
Unfortunately, no studies were continued in thegebjerg Sand reference area in the third post-
construction year, which limits the comparativeueabf the study.

The studies at Tung Knob were fairly detailed, careg with many other wind farm studies, and
used several approaches for the assessment (BetereControl-Impact studies were undertaken,
comprising aerial and ground surveys, benthos samppost-construction experiments including
positioning decoys at different distances fromwhed farm), although the authors themselves point
out various limitations to the work:

« No data were collected on bird collision risk pmastruction nor collisions post-construction. In
view of the frequency of foggy conditions in Danishters, this is an important omission since
conditions of poor visibility are associated withllision risk (see section 2B on Collision Risk
and Mortality) and the authors advocated the usedér to enable assessment of collisions in
poor weather conditions.

« The experimental results were gathered for smalitkB that have been observed to be less
sensitive to disturbance than large flocks.

¢ These studies considered mainly common eiders laréfore may not apply to other (seaduck)
species. In particular, the results for commornessowvere not conclusive, but indicate a possible
disturbance effect.
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« These studies were confined to late winter andessnal apply to different seasons and stages of
the life cycle; moulting flocks are likely to be neosensitive to disturbance as they are flightless
and more vulnerable to predation during moult effiight feathers.

e Potential disturbance arising from increased baaffi¢ associated with construction and
maintenance was not assessed in this study.

e This study was of a small wind farm, comprising sifall turbines and so the results may not
have wider applicability to larger wind clusterslamger turbines.

Most common eider@nd common scoters were obsergddkm from the coast during the 2.5
years of baseline surveys for the proposed winth fat Horns Rev, Denmark (Noer et al. 2000,
Christensen et al. 2001, 2002), and were closedpciated with shallow waters6m deep. The
species recorded in sizeable numbers further aféslveere piscivores — divers/loorSaviidae,
northern gannetsorus bassanusguksAlcidae,ternsSternidaeand gulls, often concentrated around
fishing vessels. The distribution of these spewias very variable, probably because of the tentpora
and spatial variability of their fish prey, but geally comparable with records going back to 1963
(Christensen et al. 2002). Preference analysigatetl that the proportion of birds recorded in the
wind farm area was no more nor less than expectateobasis of the proportion of the study aret tha
it comprised. The worst-case scenario of avoidaricbe wind farm plus 4km buffer, was estimated
to affect 8-11% of common scoters (Christensen.€2G02). Cable-laying outside the moult period
for common scoters (July-September) was recommetadetnimise disturbance to these birds. Both
divers and scoters are particularly sensitive siudbance, eg from approaching ships, and tend to
occur mainly in marine areas with light sea traffiditschke et al. 2001, cited in Exo et al. 2002).
Construction of the Horns Rev wind farm was comgalein the summer of 2002, and will be the
subject of post-construction monitoring which wiletermine whether there are impacts on birds
attributable to the wind farm, including whethepm@ance predictions were correct). This wind farm
of ca 80 turbines (150MW) is located 14km offshore, mters 6.5-13.5m deep.

2B. Collision Risk and Mortality
Collision Risk and Mortality Onshore
Summary

This section considers collision risk from onshdnejuding coastal, wind farms. Broadly, the
review assesses information from behavioural olagems and from corpse searches. The
implications of collision mortality for populatiorsf birds of particular conservation concern hak le
to the development of computed population modeladsist in risk assessment. Such models are
discussed briefly here.

The majority of studies have quoted low collisioortality rates per turbine, but in many cases
these are based only on found corpses, leadingderuecording of the actual number of collisions.
Even where collision rates per turbine are lows tioes not necessarily mean that collision moytalit
is insignificant, especially in wind farms compngi perhaps several hundreds or thousands of
turbines. Even relatively small increases in miytaates may be significant for populations ofreo
birds, especially large, long-lived species witmaglly low annual productivity and slow maturity,
notably so when already rare.

Relatively high collision mortality rates have bemtorded at several large, poorly sited wind
farms in areas where large concentrations of kardspresent (including IBAs), especially migrating
birds, large raptors or other large soaring spe@gsAltamont Pass in California, USA, Tarifa and
Navarra in Spain. In these cases actual deatltingsfrom collision are high, notably of golden
eagle Aquila chrysaetos, and griffon vulture Gygsds, respectively.

Collision mortality at poorly sited wind farms magve population level effects, and cumulative
mortality from multiple wind installations may alsmntribute to population declines in susceptible
species. Making projections of the potential magie of wind turbine-related avian fatalities is
problematic because of the frequent lack of objedtiformation.

The weight of evidence to date indicates that locatwith high bird use, especially by species of
conservation concern, are not suitable for winanfatevelopment (eg in Spain, regional recovery
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plans prohibit wind farms in areas important foedmting and feeding imperial eagkguila heliaca.
Site selection is crucial to minimising collisiorortality. The precautionary principle is advocated
where there are concentrations of species of ceatsen importance. It is therefore very important
that alternative locations are proposed for themtidlly most hazardous wind farms.

Wind speed and direction, air temperature and hiynitlight type, distance and height, time of
dayand topography all influence the risk of cotlisi as do species, age, behaviour and stage of the
bird’s annual cycle. All these factors need tdrm®rporated in collision risk assessments. €iolfi
risk is greatest in poor flying conditions, suchsa®ng winds that affect the birds’ ability to ¢anh
flight manoevres, or in rain, fog, and on dark msgtvhen visibility is reduced. In these conditions
the flight height of migrating birds tends to beapty reduced. Lighting of turbines has the pasént
to attract birds, especially in bad weather, themitentially increasing the risk of collision.

Few studies attempt observations in poor weathdrvésual observations are limited in such
conditions. However, remote techniques can be useextend observations beyond the visible
spectrum, eg radar, thermal imagery and, at the heast predictions of the likely frequency of the
weather conditions that increase collision risk bamused to inform the risk assessment.

Most studies have been of small turbines, oftesmmall clusters; the implications of newer, larger
turbines and larger wind farms may be differenhe Tmportance of wind farm location and layout in
determining the risk of collision by birds with winurbines is apparent from studies both onshode an
offshore.

Collision mortality arises as a result of collisiawith turbines, meteorological masts and
powerlines. Thus, assessment of bird collisiork rdxd mortality, arising from collision or
electrocution, needs to include wind turbines asgbeiated structures, including overhead powesline
transporting energy from the wind farm. It isaggnised that the actual rate of collision is k&
be under-recorded, owing to the limitations of shady techniques, particularly corpse searched, so
is essential that calibration is undertaken at esthto enable correction factors to be applied to
produce more realistic estimates of collision nldyta

Collision risk models provide a potentially usefukeans of predicting the scale of collision
attributable to wind turbines in a given locatibot only if they incorporate actual avoidance rates
response to fixed structures and post-construetssessment of collision risk at wind farms that do
proceed, to verify the models. Population modetsiple a means of predicting whether or not there
are likely to be population level impacts arisimgnfi collision mortality. Again, they require post-
construction verification at consented wind farmsest the validity of the predictions and the nisde

Behavioural Observations — Collision Risk and Avoidnce

Behavioural observations of birds in wind farm aréafore construction provide the basis of an
assessment of collision risk. Fixed point obséowat of flight behaviour, flight lines into, throlg
and out of the area and information about birdg' ofsthe area all help to inform the environmental
assessment and provide input data for collisidhimedels (Band et al. 2002, see also Annex 1pa If
wind farm is constructed, similar observations egsential to enable an assessment of flight respons
to turbines (avoidance, collision) to enable predis to be tested. Visual observations provide th
majority of observations, but increasingly the alwf radar (with supplementary species
identification) and thermal imaging equipment isagnised to provide information beyond the reach
of the human eye, notably during night and pooreativer conditions.

The experimental wind farm, at Oosterbierum in Tetherlands, was the subject of studies
between 1984 and 1991. The study area comprised3Q@W, wind turbines, together with
meteorological towers and control buildings. Winkan (1992b) observed large-scale autumn
migration, notably into headwinds, to be at thegheiof the turbine blades. Studies of birds’
responses at night to turbines, using thermal asdipe imaging equipment plus radar, revealed that
most flight reactions occurred with headwinds (87&6f least with tailwinds (29%) (Winkelman
1992b). Mortality or injury was caused by eithellision with the rotor blades or by the force bét
wake, behind the rotor, driving birds down to theumd.

Observations at Oosterbierum in daylight within B0®m of turbines indicated that over 75% of
all reactions took place within 100m, ducks reartat the greatest distance and small passerines
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reacting closest to the wind turbines. Habituatieas indicated for local birds that displayed an
earlier and more graduated flight response to i In daylight, proportionately fewer migrants
reacted to non-operational than to operationaiesand displayed most response at the heigheof t
rotor and at 0-50m above the top. The respongeased with fading light and with multiple turbines
particularly when closely spaced, rather than idial ones. However, when turbines were at a
standstill, there was no difference in responseh vilight height for migrants or local birds
(Winkelman 1992c). Flights were observed to betimad the height of the turbines (up to 50m)
during dispersal at sunrise from nocturnal roostéeeding areas, the end of nocturnal and start of
diurnal migrations, and to some extent at sunsdtigl#s to roost and nocturnal migration started
(Winkelman 1992b, 1995). Groups of ducks and diiieg to roost were observed making several
attempts before flying through the wind farm (Wihkan 1992c), which could increase the risk of
collision.

During 1994-98, nocturnal studies of flight pathsl aaltitudes were undertaken, during spring,
autumn and winter, at several locations near tat@as of the Delta and Wadden Sea in The
Netherlands (van der Winden et al. 1997 & 1999he Btudies combined the use of vertical and
horizontal marine surveillance radar plus obseovetiand recordings of calls. The study recorded
substantial movements between mudflats and highrtidsts, several 1000 movements per hour. The
average altitude was <100m, mostly <75m, so pakytivithin the height zone occupied by rotating
turbine blades, with Eurasian oystercatcher reabedéhe lowest and grey ploveluvialis squatarola
and Eurasian curlewat the highest altitudes recordeghilst dunlin Calidris alpina and bar-tailed
godwit Limosa lapponicavere recorded at intermediate altitudes. Flightwenerally higher with
tailwinds than with headwinds. The authors emseatie fact that, as waders do not necessarily use
the same roosts at night as used in daylight,netessary for site assessments for wind farmeki t
into account the local situation, day and nighfpteplanning the location of turbines.

Similar studies were undertaken at ljmuiden to ré¢be behaviour of spring migrants (Dirksen
et al. 1996). Spring migration flights along Thetherlands coast occurred during daytime, evening
and at night, mostly at low altitudes and at stdistances from the coast, within 700m of the
shoreline, although radar echoes were recorded fripnto 2km. Most waders were recorded at
heights of 20-50m, whilst most gulls were recortetbw 20m altitude.

Radar studies of nocturnal movements of diving dumitween feeding and roosting areas on the
lisselmeer, in the Netherlands indicated that nitest/ below 75m, flight height being lower in
inclement conditions such as strong headwinds @emket al. 1998a & b, Spaans et al. 1998a & b, van
der Winden et al. 2000). Tufted duck and commoohpod movements took place predominantly
during darkness, whereas those of greater scaugrredcmainly at dusk and dawn at an altitude
equivalent to the height of the rotor blades, sttimpm these species at risk of collision. During
moonlit nights, tufted duck and common pochard fleetween the four turbines, whereas on
moonless nights more birds flew parallel to the laf turbines ie around the outside of the windnfar
rather than between the turbines. This indicated tocal wintering birds may habituate to the
presence of wind turbines and so avoid collisiopagis et al. 1998a & b). However, this study
provides an indication of the barrier effect thatbtnes may have to avian flight paths, especially
conditions of poor visibility. The implications tiis may be different for large wind farms such as
those being proposed for various north Europeaatilmts, which will make design and layout
considerations all the more important. The ljsggms the subject of wind farm proposals and there
is concern that bird collision risk, especially ithgrdarkness, could be high if turbines intercdight
paths between feeding and roosting areas.

Observed flight reactions to wind turbines in Sehlig-Holstein indicated that waders, terns and
wildfowl reacted 200-500m from the turbines, whereplls reacted at 100-150m distance (Koop
1997). Gulls and waders showed an increase ihtfligight or changed direction to fly over or
around, whilst wildfowl manoeuvred sideways to ihund the turbines. The turbines were observed
to disrupt flock formation in barnacle geeBrmanta leucopsis Observations such as these are most
useful when combined with similar observations frother wind farms, using standard methods and
combined with supplementary information on weattmmditions, wind speed and direction, and the
birds, eg purpose of flight.
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Studies of the behavioural response by common ®terma hirundao power lines, at different
stages during the breeding cycle, indicate that ghesceptibility to collisions increases when &slul
are making frequent foraging flights to provisiomiaks and when newly fledged young are about
(Henderson et al. 1996). Avoidance responses tepdines, which intercepted the flight path
between breeding and feeding areas, increase@édgudncy with increasing wind speed, notably into
head winds. This work illustrates the potential ddferences resulting from weather, breeding stag
and age of bird, which need to be taken into accatien assessing collision risk and mortality.

Observations of daytime flight behaviour by gufiginly herring and lesser black-bacKealus
fuscus and common terns, at the East dam in the pafeebrugge, in Belgium and at Maasvlakte in
the port of Rotterdam, in The Netherlands, fourat thind turbines did not present a barrier to the
birds, which flew between the turbines to and fritln@ir breeding colonies and marine feeding areas
(Everaert et al. 2002, van den Bergh et al. 2008.0bserved by Henderson et al. (1996), breeding
adults tend to fly much closer to structures inirttilight path when making frequent flights to
provision chicks than at other times, and they mastain collisions as a consequence (Everaert et al
2002).

At Blyth, in the UK (Still et al. 1996), fixed-pairobservations were made of the flight activity of
the internationally important population of purgandpipers and the further five most numerous
species (common eider, great cormorant, black-ltegdé, great black-backed gullarus marinus
and herring gull). Observations suggested thdts gldw between the turbines, especially in good
weather. Both herring and great black-backed guiffered mortalities (a minimum of seven herring
gulls and seven great black-backed gulls were decbikilled through collisions in the 2.5 year
operational period studied). Black-headed gullgeaped to be less vulnerable, due to their lower
flight height, below the sweep of the rotors (<15mAlthough data are limited by the rarity of
observed incidents, the occurrence of common eddrgull collisions did appear to coincide with
poor weather and poor visibility. Common eider¢hatrear of flight formations were observed to fly
critically close to the rotors. During the limitedtumn passage over the area, flockslf0 common
blackbirds Turdus merula redwings Turdus iliacusand fieldfares Turdus pilaris were observed.
Larger flocks flew above the turbines, whilst snfldbks of 15-30 birds passed between them. No
collisions were observed, nor was there any indinabf sudden avoidance behaviour during the
observation period.

There are particular concerns about the implicatioh wind farms for migrating birds and
indications that they might be vulnerable to calins, especially when migrating at night and in
conditions of poor visibility (Winkelman 1992b, 139 Useful information on migration may be
found in Alerstam (1990) and Richardson (2000particular. In summary:

« Most landbirds fly at night, especially in the gaplart from soon after sunset and so are gaining
altitude in twilight.

* Most nocturnal migration by passerines is at hiditude in good weather (1000-1500m)
(Alerstam 1990), well above turbine height.

e Most birds of prey migrate during the day.

« Most waterbirds migrate during day and night; mahprebirds depart in late afternoon/early
evening (eg Gudmundsson 1993, Tulp et al. 1994).

« Migrants prefer tail winds or light headwinds (aBaderer 1980).

e The risk for migrants is principally during takef-aihd descent or due to bad weather (rain, mist)
or strong headwinds forcing them to fly at lowditadie.

* Migration stopovers may bring more migrants intmaviurbine height zones during ascent and
landfall, especially species that lose or gain eggadually eg swans.

« It has been demonstrated that diurnal migrantefsee concentrated along linear features such as
coastlines or valleys, but do cross mountain rasgeetimes, especially at cols. Flight height is
also reduced over ridges.
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e As study methods for nocturnal migration are rafinmore examples of similar behaviour at
night, to that observed by day, are apparent.

* Most long-distance migration sea-crossings are tnoad front, although there are narrow sea
passages at which migrants concentrate, notablen@ga being Straits of Gibraltar, the
Bosphorus and Falsterbo.

Migration flight altitude is dependent on many fast such as flight distance, weather, wind
speed and direction, air temperature and humitiie of day and topography, as well as the species,
size and structure of the bird (Alerstam 1990).r &mample, in fog birds may be grounded or fly at
lower altitude, and may become disorientated, eajyedn the vicinity of lit structures (see sedtio
2.67). Waders leaving Mauretania on their nortlimauigration in spring were observed, with an
optical range finder, to be still climbing abové km when they disappeared from view (Ens et al.
1990). The maximum recorded flight height is ofo@per swans using strong winds to assist passage
at 8.2 km (Elkins 1983).

There is a lack of information about migratory esjtespecially nocturnal ones and about any
concentrations at critical heights which would gase the risk of collision. Erni et al. (2002) ridu
that local weather, in particular wind and rainpleined most of the variation in nocturnal migratio
densities, and that duration of rainfall was meonportant than intensity alone. Winkelman’s studies
(1992b, 1995) of wind farms in The Netherlands sstegd that most diurnal migration and local
movements were below 10m, whilst nocturnal migragjocespecially in autumn were up to 50m or
more, ie at the height of the turbine blades, m\ltinity of coastal wind farms. Deng & Frederick
(2001), studying transmission powerlines in theriflbp Everglades, also observed nocturnal flights to
be at higher altitude than diurnal flights so, aitgh birds were observed to be less likely to réact
powerlines at night, there was a lower potentiatiiem to come into the collision risk zone.

Pre-construction studies of migrants in the Nadils Wind Resource Area, in southern Montana,
USA, found that visual observations of migrantsemestimated passage rates, so marine surveillance
radar was used to record passage during daylightlarkness (Harmata et al. 2000a & b). Daytime
visual observations were used to verify speciestifieation, although there may have been some
different species at night not accounted for. Awtumigration was more protracted than vernal
migration, a feature recognised in other migrastudies. The highest passage rates were recorded
within four hours of sunset. Average altitude wagher in spring than in autumn, largely attributed
the departures in spring and arrivals in autumi@mnearby staging site of Ennis Lake. Passage rat
decreased with declining trend in barometric presguautumn (headwinds), whereas it increased in
spring (tailwinds) (see also Dierschke & Daniel®2(Ccited in ICES 2003 Migrants avoided flying
over higher topographic features, especially dusingng headwinds, and waterfowl in particular were
observed to adopt low altitude flight along vallegsuch times. Such studies assist with detengini
the collision risk associated with proposed wingifalevelopments, as indicated above.

Moorehead & Epstein (1985) (cited in California Ene Commission 1995) identified large
wetland birds, such as geese and cra@asidag and low-flying migratory songbirds as being
especially susceptible to collisions with wind fainstallations. They emphasised that collision
potential varies with weather, terrain, turbinecglaent, rotor design and rotor speed, and idedtifie
the provision of visual cues and site selectionsidet critical areas among their recommended
mitigation measures.

A single experimental wind turbine situated ondge top within a major migration corridor in
Yukon has been the subject of a 5-year monitorirggramme (Mossop 1997). The main species
involved were large, migrant waterfowl, notably deaCygnus columbianuand trumpeter swar.
buccinator ducksandbirds of prey, together with local breeding popiolas of passerines amdllow
ptarmiganLagopus lagopusNo flocks of waterfowl were observed within 200@fthe turbine and in
any case all movements were at a substantially riaitgude, along the valley. Raptors, mainly
golden eagles, commonly moved through the site;aliisions were recorded with the wind turbine.

4 This draft report is subject to review by the reletvICES Science Committees during the Annual Seien

Conference and Statutory Meeting, September 20@Bisacited here on that understanding.
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The few collision fatalities (6 in winter, all ptaiganspecies) recorded by the study were associated
with a control tower of lattice construction withiygwires.

At the Kilickitat County proposed wind farm develogmh in Washington State, USA, pre-
construction Before-After Control Impact (BACI) dias were initiated (Erickson et al. 2000). Of the
nearly 10,000 birds of 73 species observed duthegfitst year, only 13% of flights were recorded
within the likely rotor swept area, but over 40%raptor movements were within the height category
that would maximise their collision risk, highliging species group differences in collision risk.

Winkelman (1992c) considered thatind farm layoutwas probably important in reducing
collision risk. For wintering and feeding, and pib$y breeding, birds a (dense) cluster of turbines
was thought to be potentially less damaging, tsudide them from flying amongst the turbines (see
also Larsen & Madsen 2000). But, for migrants,in@ lformation in parallel to the main flight
direction or a loose cluster was thought to bebéns arrangement.

Tarifa is a major migration corridor and also Has greatest potential for wind energy generation
in Spain (Janss 2000), bringing direct conflictheTearly wind farms were installed without any
collection of data beforehand, and large numberdiafs collided fatally with turbines, notably
common kestrelfalco tinnunculusand griffon vultures (SETBIrdLife 1995).

Studies in the Strait of Gibraltar, Andalusia, ipa$, concentrated on breeding and migratory
soaring birds at two wind farms, which together pose 256 turbines (SEO/BirdLife 1995). Flight
behaviour within 250m of turbines was studied tal#@e a collision risk assessment. At Pesur, sgarin
flights at low wind speeds8ms") and crossing flights that commenced below blagight increased
the risk of collision, as vultures showed littleacdon to the turbines with only 2% altering their
approach flight pattern. Furthermore, collisiomgwred in conditions of good visibility, indicatjn
little manoeuvrability by the vultures. A singleogp of 28 wind turbines was responsible for 571% o
griffon vulture mortality. SEO/BirdLife advocatexperation of these turbines only at wind speeds in
excess of 8.5n7s but this corrective measure was not implementetth®& companies.

Consequently, a series of post-construction surkiagsbeen implemented, including that by Janss
(2000) of an installation of 66 turbines on topaafnountain ridge. The study covered the wind farm
area and two reference areas and assessed thesspernbers and productivity of breeding birds, the
numbers of winter roosting birds, counts and fligiibrmation (height, direction and type — flapping
gliding or soaring) for local and migrating birdight behaviour and collisions in the wind farnear
The main findings were as follows:

e Migrants passed over the wind farm at higher avemdgtude (>100m) than over the reference
areas ¢a. 60m).

* Flight altitude of migrants was positively corrgdtwith ambient temperature and negatively
correlated with wind speed, so the collision rigk migrants varies with weather conditions
(long-distance migrants seek to maximise flighiceghcy and minimise energy expenditure).

* Local birds showed no difference in flight altitudeove the wind farm or reference sites and no
relationship between flight altitude and wind speed

» Birds changed flight direction more often when sing the wind farm than elsewhere.

The extent to which the differences between thedviémm and the reference areas are attributable
to the wind farm remains uncertain owing to theealoge of pre-construction data, but indicates flight
avoidance of turbines by many birds.

Spanish experience indicates a detrimental imphutimd farms on feeding raptors (eg juvenile
dispersion areas) and steppe birds. The Natidnalegy for the Conservation of the Spanish Imperia
Eagle in Spain (Ministry of Environment, unpublidheadvocates that wind farms should not be
located in critical areas for the species. Theaaded drafts of the Regional Recovery Plans for the
Spanish Imperial Eagle in Castilla y Ledn and @astia Mancha regions, prohibit this industry ireth
critical breeding and feeding areas for the spdaietuding juvenile dispersion zones).

® Sociedad Espanola de Ornitologia, Madrid, SpaBistiLife International.
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Corpse Searches

Actual observations of collisions are relativelyeraand so often not recorded during studies.
Corpse searching has been the main means of agsesflisions, but has serious limitations, leading
to under-recording of collisions. Few studies inirmy corpse searches have looked systematically fo
passerines, in any case birds that have collided thie rotating blades are likely to be extremely
difficult to find and so corpse searches may bknafed value for small birds.

Remote techniques have considerable applicatiomBasuring such events, especially offshore.
Research is underway to develop automated recorslgtems, based on heat sensors to trigger
recording and transfer of information to speciallgveloped computer software, eg infra-red video
cameras to record both flight behaviour in closexjmity to turbines and actual collisions (Kahlett
al. 2000, Desholm 2003). There is also the patkfdr development of pressure or vibration sensors
on turbine blades. However, any study method tsaBnnitations and it is important that these are
understood, corrected for as far as possible, @gehtinto account in interpretation of the results.

At Urk (Winkelman 1989) and Oosterbierum (WinkelmEd92a), both in The Netherlands, most
collision fatalities were found after nights witlegr flight and visibility conditions. Mean correck
daily collision rates per turbine were <0.1 in autumd apring. The number of corpses in autumn
was 2 —3 times that recorded in winter or springnf@lman 1989). Collision rate was higher in fully
operational wind farms (ie an increased numberefational turbines), than during construction and
partial operation (Winkelman 1989, 1992a, b, ¢,5128so summarised in Spaans et al. 1998a).

Winkelman (1992b) recognised that estimates ofisiol mortalities were likely to be
underestimates, as a result of at least some rahifguries leading to subsequent mortality away
from the site. Another source of potential undémegtion arises from the inability to establish the
cause of death in all cases, including those dueinad turbines (Winkelman 1992a). Winkelman
(1989, 1992a, 1995) also recognised that collisade estimation depended on scavenging rates by
predators and other animals, search frequencycls@aea and search efficiency, and investigated the
latter particularly in several studies. Searchcidhcy for passerines up to the size of a common
starling averaged 45% (30-55%, n=56) at Oostertiigi¥inkelman 1992a) and 73% (60-83%, n=22)
at Urk (Winkelman 1989), and varied with vegetatimight. Search efficiency tended to be higher for
larger birds. Winkelman estimated that 2.5% oflaltls in autumn passing at rotor height, during
operation of the turbines, would be killed, takingp account the underestimation of mortality from
corpse searches (Winkelman 1992b).

Morrison (2002) also identified causes of variationcorpse searches due to observer training,
vegetation type and season, and size of bird. €&pmntly, he emphasised the need for correction
factors to be calculated based on season and tiegetpecific data for every study, and not just
drawing on values in the literature because oftliwstantial variability between studies. SimilaHg
advocated scavenging trials to be carried out foereod of sufficient duration to detect when ahdri
asymptote is reached, to determine the appropiigtrval for corpse searches and to provide
calibration.

Several studies indicate rapid removal by scavengeithin a few hours. For example
Windcluster Ltd. (1993, cited in SGS 1996/1) showedt 50% of the small carrion was removed
within 6-12 hours of being put out as part of tkpeximent to assess the effect of scavenger renadval
Haverigg Wind Farm in Cumbria, UK. Similarly, im axperiment to investigate scavenging rates
under overhead powerlines, 70% of the dead starlpigced in the evening had disappeared by the
next morning (von Heijnis 1980). He also foundttinfured birds dragged themselves up to 2km from
the collision site. Increased collisions wereibttted to panic reaction when disturbed, changing
visibility of the wires, and unfavourable weathenditions such as rain and strong winds. Whilst,
arguably, powerlines and in particular the eartleware likely to be less visible than a wind toggi
nonetheless information from studies of collisiavith powerlines can yield useful information with
respect to wind turbines and associated structurelsding power transmission lines.

At Dun Law wind farm, in Scotland, a systematic ps® search and calibration technique has
been instigated to coincide with the peak presefgink-footed geese at Fala Flow (Gill 2001). The
calibration experiment involved placement of goosgpses for re-location by another observer and
for assessment of scavenging rates. Visits wermdenaa approximately weekly intervals. The most
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striking result of the experiment was the high (3%&tnoval (22%) or movement (13%) of the placed

corpses, presumed to be by foxes, which emphatsiseseed for such calibration to be applied to any
collision victims found. Search efficiency wasiestted to be at least 83%, allowing for the prompt

removal by scavengers of some of the placed carpsgghe carcases were placed within 5m of the
transects which may not reflect the situation fotual collision cases and may inflate search

efficiency. No goose collisions have been recondediate, although a dead curlew found on site near
an electricity pylon may or may not have been #wiit of collision (Gill 2000b).

The Before-After Control-Impact (BACI) studies irephented at Ponnequin, Colorado, USA,
identified rapid scavenging rates for passerine3 @ays) but large carcases remained for at ledst 1
months (Kerlinger et al. 2000). Search efficiem@s variable, only 25% of passerines were found,
but 75% of medium-sized carcases such as ducksalhlalge carcases, eg large raptors, were found.
Studies at Buffalo Ridge Wind Resource Area, indisota, USA, recorded an observer efficiency of
78.8% in conservation grasslands and cropped isitidl scavengers removing 39.5% of carcases over
7 days (Osborn et al. 2000). These and other stugig Thelander & Rugge 2000) highlight the
potential for underestimating collision rates, parsserines in particular, and the consequent reed t
correct measures of collision rates for the condling variables (such as search efficiency for cesps
predator removal of corpses etc), by means of éxeatal work.

An assessment of the species composition of amiliftalities associated with wind farms, whilst
recognising the likely bias towards recording labgels, showed that, of 841 reported in California,
41.5% were diurnal raptors, 20.1% were passeriagslyding USA non-protected house sparrow
Passer domesticuand starling) and 11.1% owls (Erickson et al. 200BBway from California,
passerines were the most common collision victoosprising 78% of the 192 documented fatalities.
Erickson et al. (2001) interpret the results asceithg that, whilst turbines are generally beldwe t
flight altitude of most nocturnal migrants, weatlhed other factors that reduce flight height magdle
to collisions with wind turbines, and other struett Annual collision fatality estimates, assaat
with wind farms, are calculated for the USA and pub context with other sources of collision
mortality. At the present level of developmentdnd energy in the USA, wind energy appears to be
responsible for a substantially lower proportiomudrtality than other causes of collision. However
it is not clear whether wind energy-related motyals additional to other causes of mortality and
whether there are population level effects nowh@lgh see Hunt 2002), or potentially in the future,
arising from the cumulative effects of multiple wimstallations.

Erickson et al. (2001) conclude that the most $icamt factor related to bird mortality at wind
farms studied to date is the siting of wind planihey also stress that vulnerability to collisien
species and site specific, with a variety of digfergroups (eg raptossccipitridag owls Strigiformes
passerines) prone to collision with turbines iriedi#nt situations (see also Thelander & Rugge 2000)

A four-year study of three wind plants, comprisoger 350 turbines, on Buffalo Ridge estimated
2.8 bird collisions per turbine (up to 4.45 at aidhe installations), per year (Johnson et al.0200
Most of the recorded fatalities were nocturnal migr passerines (76.4%), in spite of the
acknowledged problems of detection of small birdd high, rapid scavenging rates, which indicate
the likelihood of higher actual mortality ratesad@r studies have indicated annual migratioca8f5
million birds through this wind resource area.

In the Altamont Wind Resource area, California, U8#ere are over 7000 turbines (BioSystems
Analysis Inc. 1990, Orloff & Flannery 1992). Caseasearches found 182 carcases in sample sites
around the Altamont Pass Wind Resource Area betw888 and 1991, of which 119 were raptors
(Orloff & Flannery 1992). Of these, 55% of deatisre attributed to collisions with turbines, 8% to
electrocution, 11% to collisions with wires and 26% unknown causes. Proportionally more
American kestrelgalco sparveriusted-tailed hawk8uteo jamaicensiandgolden eagles were killed
than their abundance in the study area would prégichance, and the authors indicated that their
hunting behaviour might be contributory to theigher collision mortality. The estimated collision
fatalities for the whole Altamont Pass Wind Reseufcea was at least 39 golden eagles alone per
year, from an estimated annual raptor mortalit§ @4 to 403 birds.

Estep (1989) collated earlier records of avian alibyt resulting from collision or electrocution
with wind energy-related structures in Altamont$asd Tehachapi Pass in California. This similarly



- 25 - T-PVS/Inf (2003) 12

found raptors to be primarily affected, indicataag ongoing problem with these windfarms, ie no sign
of habituation, probably because of the reportbdi prey abundance making the area very attractive
to foraging raptors. Howell & DiDonato (1991) iddied significant topographical features
associated with collision mortality in CaliforniaNotably mountain passes and hill shoulders, which
tend to be the preferred crossing places for sgagpecies, were associated with multiple collisions
These authors expressed concern that wind farrteceleollision mortality of golden eagles could
have a significant population effect, at least db@al level. It is now acknowledged that these
facilities were constructed in areas without anarathnding of their use by birds and where theelarg
numbers of birds present, of species susceptibi®ltision, produce a high risk of turbine collism
(Erickson et al. 2001).

Mortality at Tarifa, Spain has been very high comgawith the results of other studies in Europe
and the USA (SEO/BirdLife 1995), even in fine cdmatis, highlighting the need to avoid
internationally protected sites or other IBAs artdeo locations with vulnerable species or migratory
concentrations. Studies in Andalusia, Spain (SEHOLEe 1995), combined searches for corpses and
injured birds, at least weekly around a random samp 87 (34%) of the 256 turbines and beneath
powerlines, during the year 15 Dec 1993 to 15 D#341 The 51 fresh raptor carcases found included
30 griffon vultures, 12common kestrels, 3 lesser kestrélalco naumanniji 2 short-toed eagles
Circaetus gallicus2 eagle owl8ubo bubo1 black kiteMilvus migransand 1 unidentified raptor, but
no correction factor was applied to allow for sgayer removal, search efficiency etc for these gmci
with the exception of common kestrel. Several erpents were implemented to assess predation
losses of common kestrels . Including correctimngpredation removal, there were estimated tode 4
common kestrel collision casualties. For the reng species, collision mortality figures are
consequently minima. There were no formal sear@tresmall birds, but 17 were found incidentally,
for which it was not possible to apply an extragiolafactor.

There were differences between the two study gasSmated collision rates per turbine per year
of 0.15 at Pesur and 0.03 at site E3) and differemetween rows of turbines within the sites; 57% o
vultures killed were attributed to 28 of the 19€bines at Pesur (SEO/BirdLife 1995). Whilst reaatd
collision ratesper turbine were low, the total number of birdsolwed, their protected status and the
potential cumulative collision victims at other difiarms in the area, and in additional years, ted t
concerns of significant adverse impacts on poputatiof birds of conservation concern, notably the
large soaring species. An important conclusiothisf study is that not all the wind turbines cautted
same impact, so the assessment of alternativeidasaand layout is the most important element to
minimize the impact of a wind farm on birds.

Another cluster of wind farms, poorly sited in anmpiortant area for migrating birds in particular,
has led to substantial collision mortality at Nagarin Spain (Lekuona 2001). Studies of bird use,
collision risk and collision mortality in the are& 400 turbines (but not including the power lirsasl
other associated infrastructure), found that rapéord migratory passerines were particularly adféct
The author reported rapid and high scavenging rafterpses, 62% of carcases found disappeared
within 24 hrs, and hence the likelihood of undenestion of collision mortality on the basis of falin
corpses - 138 birds found dead during weekly searbletween March 2000 and March 2001. He also
observed the now familiar influence of weatherrfidencing collision mortality. The high collision
mortality of raptors comprised mostly griffon vuiés (88 corpses found), most at one of the wind
farms, Salajones. Other species among the calligmims were golden eagle, eagle owl, bootedeeag!
Hieraaetus pennatussparrowhawkAccipiter nisusand common kestrel. After applying correction
factors for scavenger removal, search efficiencyadter Winkelman (1992a), he estimated at least 8
vultures per turbine per annum (22 birds of all cep&@turbine/year) at Salajones. Mortality of
migrating passerines was especially noted durirtgnam passage at El Perdon, estimated to be 64
collisions per turbine per year after applying Wimkelman method for correction.

At Blyth, in the UK (Still et al. 1996) carcase sd@es were augmented by several experiments,
including one to measure the recovery of releasggdses, to assess pre-construction mortality rates
and causes, including those associated with ngaotwer lines. Over the 2.5-year operational period,
31 victims of wind farm collisions (of four specjesere recorded, equivalent to 1.34 bird strikess pe
turbine per year. Great cormorardppeared to have a low collision risk, even in pe®ather
conditions. However, the collision rate for wirntgr common eiders was higher than expected
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following construction of the wind farm. Commoreis are likely to be prone to collisions becaudse o
their high body mass to wing surface ratio (threlided with existing structures in the harbour atd
least 12 with the wind turbines). The predictegact on the local breeding population represented a
estimated 0.5-1.5% additional mortality. The miistaof common eider, herring and great black-
backed gullsassociated with the wind turbines, was considgraigher than the background mortality
(pre-construction mortality, in the absence of adviarm). Of the 66 dead birds found, over thérent
study period, for which the cause of death couldidermined (unfortunately only a small proportion
of the total carcases), 12% were collision victii®% due to starvation, 15% from fishing line
entanglement, 14% from oil contamination and 26&énfrpredation (although the last category may
have included other actual causes of death — etihe reduction in subsequent collision mortality
indicates that habituation to the presence of winBlines may have occurred (Painter et al. 1999).
Another experiment measured the recovery of rettesmden floats (simulation of shoreward drift of
corpses without scavenger removal). This experimenfirmed expectations that few corpses were
likely to be washed ashore, illustrating the linidas of corpse searches for assessing collision
mortality and the likelihood of consequent undemestes, especially in coastal areas.

At the East dam in the port of Zeebrugge, in Betgi®5 collision fatalities were found under the
23 operational wind turbines in the course of a YEaeraert et al. 2002). After correction for isda
area, search efficiency and predation, it was edgéiththat at least 531 birds collided with the wind
turbines. The estimated collision rate ranged ffbta 125 birds per wind turbine per year. Themea
number for the whole wind park was 23 birds/wintbioe/year and 39 birds/wind turbine/year for the
12 seaward turbines. The authors acknowledge ikady lunder-recording of collision mortality,
especially of small birds. Herring gull, lesseadk-backed and black-headed gulls were recorded as
the main casualties (80% of found corpses, 45%mastid mortality); these were also the most
numerous species present. However, rarer spegidsas common tern, little teiSterna albifrons
kittiwvake Rissa tridactyla peregrineFalco peregrinusand stonechaBaxicola torquatawere also
among the casualties (Everaert et al. 2002). émmst the estimated collision rate was 28 in orae.ye
Based on the number of gulls passing the turbinesgl day and night, 1 in 3,700 collided (1 in 210
at the height of the rotating blades) and for Commesns during the day, 1 in 3,000 collided (1 0©6
at the height of the rotating blades). The nundjesollisions seemed to be highly dependent on the
number of passing birds, rather than the sizeafatimd turbine.

At Kreekrak, in the Netherlands, studies of caliisimortality associated with a coastal wind
farm, comprising 5 turbines, were instigated prefmay to possible expansion of the wind farm
(Musters et al. 1995, 1996). Corpse searchestemate days took place over one year and cause of
death was established where possible. Monthlyvexgoof experimentally placed corpses was
undertaken. Unsurprisingly, recovery from wateiswmaore difficult so estimates of mortality were
based on the land-only figures. There was no sigmt difference in the rate of land-based recgver
during the year. Predictions of mortality were mddr a 20-turbine wind farm and indicated an
average of 0.01 (0.006-0.02) victims per turbine¢egy. It is not clear whether any allowance was
made for injured birds that died away from the searea, or how representative land only figures
might be of the total mortality. This study tooghiights the problem associated with assessing
collision mortality offshore, where remote techrgis are likely to be most valuable.

Recent research has indicated that high contrdtgtrpa on turbine blades could reduce collision
risk by increasing the visibility of the rotatindades (Mclsaac 2001), but it is not known to what
extent this might avert collisions, especially ianditions of poor visibility. Furthermore, such
measures may be unacceptable on landscape grounds.

The results of studies, such as those referrebdeea have contributed to decisions on wind farm
development proposals. In the UK, case law haentake precautionary approach in decisions
relating to migratory geese. At Largie, Scotlathe, Secretary of State for Scotland concludedrbat
suitable planning conditions could be attachedhip@anning consent and that too many uncertainties
remained regarding the level of avoidance of twbihy flying Greenland white-fronted geesaser
albifrons flavirostris(Russell 1996). On Islay, Scotland, again uncetyaiver the potential collision
risk led to refusal of planning permission for andifarm on land adjoining the SPA (June 1999).
Population Viability Analysis indicated that thesas between a 5% to 20% chance of mortality from
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the wind farm causing a decline in the over-wimgnmbopulation of the Greenland white-fronted geese
(McCulloch 1998).

The weight of evidence to date indicates that looatwith high bird use, especially protected
species, are not suitable for wind farm developniEik¢CC 2002).

Implications of Collision Mortality — Predictive Population Models

In the absence of pre-construction data and witheference area, but with alarming numbers of
raptors killed as a result of collision with turb@ in the Altamont Pass Wind Resource Area,
researchers have turned to modelling populationachyos (Hunt et al. 1999, 2002, Thelander &
Rugge 2000). The aim of this work is to investigtte annual rate of population change in golden
eagles, the principal raptor of concern, in ordetest whether the population is stable, increasing
decreasing and, ultimately, to determine whethemtimd farms significantly increase mortality.

The study comprises a post-breeding survey, maikinengs of golden eagles using radio-
telemetry and nest monitoring. The model incorfesrdhree age categories, namely fledglings, non-
territorial sub-adults and floaters, and territblids, with the emphasis being on females, forcivh
annual reproduction is assessed (Shenk et al. 1996jvival and transition between age-categories
are also included in the density-dependent modikis work requires a long timescale to fully verify
the model predictions, in view of the lifespan afldgn eagles and year-to-year variability. The
population modelling by Hunt et al. (1999; Hunt 2Dthdicated that the golden eagle population was
declining in the Altamont region, at least in pdue to windplant mortality.

Mortality attributable to energy generation or sanssion was observed mainly in non-breeding
sub-adults and floaters (Hunt et al. 2002). s thought to arise when the birds were actively
hunting in the wind farm area. The lower recordeattality of juvenile eagles was attributed to thei
lesser tendency to hunt live prey. Most home rarajéreeding birds were outside the wind resource
area, which is thought to be the reason why fevitdeaf radio-tagged breeding adults were recorded
in association with wind turbines or powerlines (et al. 2002). This study has not so far reedrd
a decline in territory occupancy (Hunt et al. 200Bpwever, the high annual losses among sub-adults
and floaters could lead to a shortfall of birddofeding age to occupy territories that becomentaca
The authors acknowledge that it is not known whethe floaters that enter the breeding population
are local or immigrants, and hence whether or m@idcal population is maintaining a supply of non-
breeding adults to buffer the breeding population.

Sensitivity analysis was used to determine thectffen population growth rates of survival of
different age classes for a range of species (Smret al. 1998). Notably for eagles, changesliita
survival have the largest impact on population ghow This analytical approach was seen as a
valuable component of assessments of the influehaénd farms on populations.

Whilst the use of validated population models &sfble for large raptors, it is costly and a long-
term process not necessarily appropriate for sotherspecies nor to all wind farm proposals.
However, in the case of Altamont, the scale ofaaptortality warranted radical measures as one of
the most notable wind energy locations (othersuihel Tarifa and Navarra in Spain) to highlight the
potential damage that poorly-sited wind farms caunse.

There are also documented methods for investigétiagelationship between the number of birds
displaced and the decline in population size, whiah be usefully applied to wind farms (Goss-
Custard et al. 1995, Sutherland 1996, 1998, Gossa@let al. 2002). In the UK, work is in progress
to develop predictive models to determine the pa@kmmpacts of offshore wind farms on common
scoter (COWRIE, unpubl.hitp://www.crownestate.co.uk/estates/marine/windtcowrie.shtml
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Collision Risk and Mortality Offshore
Summary

This section considers collision risk from offshawnd farms, although there is very limited
information to date.

The importance of wind farm location in determinitig risk of collision by birds with wind
turbines is just as apparent from offshore studis$pr onshore ones.

In good weather conditions, during daylight, comnaiderswere observed to avoid flying and
landing within 100m of the Tung Knob wind park iernark (Guillemette et al. 1998). Tulp et al.
(1999) investigated nocturnal flight activity anslihd that both common eiders and common scoter
were active at night, but flight intensity was redd on dark nights, compared with moonlit
conditions. Nocturnal flight activity, especialbyy moonlit nights, was reduced in the vicinity bét
wind farm, with a diminishing effect observed up 1600-1500m away from the nearest turbine.
Within 500m from the wind farm, relatively more gps of common eiders flew around rather than
between the turbines. Birds approaching the wardhfparallel to the alignment of turbines were
more likely to cross the park than if the approaas perpendicular to the alignment. Thus, wind
farms can act as barriers to bird movement, althaugether this is a problem will depend on the size
of wind farm, spacing of turbines, the extent ofpltacement of flying birds and their ability to
compensate for increased energy expenditure. Uthews recommended:

* That turbines are sited close together to mininthsearea accommodated by a wind farm (there
are spacing constraints arising from the size efnd turbine, ed.).

e That turbines should be grouped so as to avoidmént perpendicular to main flight paths (see
also Winkelman 1992c).

* The provision of corridors — potentially a few kietres wide - between groups of turbines to
allow passage by birds.

* Deep placement of turbines to avoid shellfish beds.

Kriger & Garthe (2001) found migratory flights inbeadwinds to be lower and slower, thereby
conserving energy, whereas in tailwinds flight igrenefficient at higher altitude. In particulaiger
proportions of red-throated divers, common eideis @mmon scoters fly lower over water as wind
speed increases, especially in headwinds. Howevéajlwinds an increasing proportion of birds fly
at higher altitudes25m. Most diurnal movement was recorded at lovualke.

At Horns Rev, Denmark, potential collision risk watentified for foraging northern gannets
(possibly also for terns and sku@gercorariidaeand possibly for northern gannets, great cormerant
terns and gulls in flight (Noer et al. 2000). Mos$the species present have high annual survatabr
and low productivity and so the consequences disanis are potentially more significant than they
would be for species of short longevity and higbdaling productivity.

A combination of visual and radar studies in Geryné#ippop et al. 2003, cited in ICES 2003)
showed that considerable migration over the searsat heights that bring birds into risk of cadis
with wind turbines, especially during low visibjlit(fog, rain, darkness) when birds fly at lower
altitude. The majority of bird movements were otsed during relatively few nights, which has led to
the suggestion that forecasting occasions of heagyation at low altitude could be used to trigger
shutdown of turbines. This presupposes thattitesotating blades that are responsible for doliis,
but collisions also occur with the turbine towess,whilst such a measure might reduce the potential
for collision mortality, it does not remove the de® avoid the siting of wind farms in important
migration areas.

As part of the assessment of impacts of the winchdaat Utgrunden (seven offshore wind
turbines built in 2000) and Yttre Stengrund (fiiéshore wind turbines built in 2001), in the soutine
Kalmarsund, Sweden, comparative studies of mignatiorough the area were made using a
combination of visual observations and radar radogsl(Pettersson 2001). The Kalmarsund is a very
important migration route for common eidgi0 —200 000 individuals during autumn), barnacle
gooseBranta leucopsig50 - 100 000), brent goodgranta bernicla(10 — 20 000) and European
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white-fronted goose (10 — 15 000), together witarge number of other ducks and cormorants. The
principle study species was common eider. Aftdwiads, weak headwinds were preferred wind

conditions for flight. In headwinds, the birds ded to fly closer to the western shore of the
Kalmarsund, instead of further out over open wdignging them into the area of the proposed Yttre
Stengrund wind farm, but away from the UtgrundendMarm. Twenty percent of the total autumn

2000 eider passage was estimated to have flownghrthe area of the planned Yttre Stengrund wind
farm and over 30%cé 65,000 eiders) on the night of particularly lapgssage in late October.

Radar studies identified considerable nocturnalenment, especially during late evening, with up
to 20% of the daytime levels recorded (Petters€§i?P The patterns of flight were similar to those
in daylight; eider flocks flew around either sidetloe turbine clusters. During misty conditions,dsi
continued to pass through the Sound, with geesegtitcdo move on a broad front, although there
were too few observations to provide conclusiveltes The main limitation of the type of radar dse
was that it was only able to detect larger flockss|east 80 eiders for example, and was poor at
detecting movement just above the water surface,tdiscatter attributable to waves. Furthermore,
rain caused interference in the display too.

Low-flying flocks of eiders were rarely seen to pasithin 500m of the wind turbines during
daytime, and avoidance behaviour was observed, sdthe birds altering direction 3-4kms before
reaching the Utgrunden wind farm to fly aroundReftersson 2002). Pettersson (2002) thought that
the observed change in migration route throughSband after wind farm construction might be
attributable to the presence of the turbines. aBlein an area with large numbers of migratingi®i
passing through and likely to change route andudki in response to the prevailing weather
conditions too, there is a risk of collision, esp#¢ in a scenario of multiple wind farms and givéhe
continuation of movement in fog. Pettersson (20818p observed a potential barrier effect as the
majority of flocks of diurnally migrating eiderseflv around the outside of the wind cluster, thereby
avoiding the turbines. However, flocks of craned geese were seen passing above the wind turbines
at altitudes of 120-200m, bringing them into pot@ntollision course as they cross the Sound,
especially during misty conditions when a near nuitthe meteorological mast by white-fronted
geese was observed. The majority of flights reedrdere within the height band occupied by the
wind turbines. No collisions have been observad, ibis difficult to judge whether this means
collisions have not occurred on the basis of vistkervations and limited radar tracking.

Satellite tracking of migrating whooper swans basfirmed the importance of weather and light
conditions to the birds when making sea crossimgsiiycuick et al. 1999). Most birds flew low,
often landing on the water and only moved on whisibiity was greater than 2km and when the
altitude of the sun or the moon was at ledsthbve the horizon. Larsen & Clausen (in preplisd
the daily movements of whooper swans between tugistal roosting sites and inland feeding areas.
Most flocks flew at 5-30m above the ground, pothtibringing approximately 10% to 30% within
the height of the rotor swept area for medium ardd turbines, respectively. The authors suggest
that the risk of collision was greatest during engrflights, but likely to vary with season, depamd
on the light levels at the time of their eveningtit. The paper acknowledges the likelihood of
avoidance manoeuvres, and other work would indittsie this is more likely for resident birds than
for migrants. Swanbave a high hit-wire index (Rose & Baillie 1989 account of their large body
mass and slow manoeuvrability and are susceptibtoltision with a variety of structures including
power lines (Butler 1999) and wind turbines.

Lighting

Lighting of turbines has the potential to attrastds, thereby potentially increasing the risk of
collision (Winkelman 1992b), as demonstrated byl#tge number of collisions recorded over just
one night in Sweden with a single turbine that wasof operation but illuminated (Karlsson 1983).
Lit structures can increase collision risk, espgcia conditions of poor visibility. There havesbn
notable large collision mortality events at a widage of lit structures as a result of nocturnajramt
songbirds, flying at low altitude in rain and misiging disorientated by lights (eg Elkins 1983,
Cochran et al. 1958, Case et al. 1965, Cunningtggh,Herbert 1970, Weir 1976, Maehr et al. 1983,
all cited in California Energy Commission 1995, Mgle 2000 cited in Erickson et al. 2001).
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However, lighting will be required for navigatiosg a flashing white light at 10m above sea level
on the turbines for ships and a permanent or f@shght at the top of the turbines for aircraftog@
et al. 2000; UK Civil Aviation Authority pers comm)Intermittent lights may reduce the risk of
attraction (Richardson 2000, see also account BSIQ003). Erickson et al. (2001) suggest that
lighting is the single most critical attractantading to collision with tall structures. It is [zilsle that
a cluster of turbines will reduce the single pa@ource attraction and is likely to provide a more
diffuse light distribution. It has been suggestieat the potential hazard arising from a brighhtig
source could be reduced by shielding, but thisireguesting to meet the combined requirements of
navigational safety without introducing an unacaéj# collision risk for birds either (discussiornmo
at Fugle conference, Denmark, November 2001). This requitether study, and is particularly
important in relation to locations where there @acentrations of migratory birds.

2C Birds and Wind Farms Offshore

There follows a discussion of the information reguoients and availability for assessing potential
effects of wind farms on birds at sea.

The species groups of most conservation concershafé are seabirds, waterbirds (notably
waders and wildfowl) and migrating passerines.ofmiation is variable about concentrations of birds
offshore and especially of migratory movementser&hare data on the broad distributions of seabirds
in coastal waters in all months of the year, frove European Seabirds at Sea (ESAS) programme (eg
Skovet al 1995). Birds may be present in large numbersablgw densities over large areas of sea.
However, there is a lack of detailed understandimgut local distribution, variability of numbersdan
the underlying determinants of their timing of ogemce in a given location, eg scotdelanitta
spp. Food supply is clearly important, and more infation is needed about distributional patterns
seasonally and between years and how offshoredopplies are exploited.

Currently, whilst it is possible to give an indicet of some areas of high, medium or low
conservation concern, information is limited. Eaample, with respect to the UK, there is a need fo
seabird information for areas of the North Sea kisth Sea not previously covered. In particular,
cover is limited in the coastal zone, shallow watefthough in recent years, aerial surveys haee be
undertaken in the Irish Sea, Greater Thames anat@ré/ash areas of the UK to improve the level of
information. Cold weather refuges also need talbstified. Information on distributions and dewsi
over time will enable the identification of qualifig areas for statutory designation and will faatk
sensitivity mapping for strategic environmentalesssnent (SEA).

The distance offshore that offshore wind farms sited is likely to be important. Generally,
siting them close inshore, depending on the lonai®likely to increase the potential for intertieg
flight paths by birds moving between feeding ar@asscoters), feeding and roosting (eg waders and
wildfowl) or breeding and feeding areas (eg seabolbnies) and larger-scale movements along the
coast or migration landfall or departure. Knowledy local, inshore movements, in different weather
conditions, and the proportion coinciding with theight of the turbine blades, also are essential fo
assessing the potential for conflict with wind tues, either as a result of collision or barriess t
movement. Some species have locational congrdmt example distribution of shellfish prey and
physiological water depth limitation for diving skecks, such as common scoter.

Further offshore, large concentrations of birdsraost likely in response to food availability, eg
at tidal upwellings which concentrate plankton ahdals of fish, around fishing vessels, and when
birds are rafting during feather moult etc. Pimpioig key locations offshore will be necessary to
understand the possible links between seabirdmiestilonies and their feeding areas. There is some
documentation on foraging distances around the Ykoideeding seabirds to assist in determining
potentially sensitive areas further offshore (BifdLInternational 2000). Winter and migratory
distributions, and their determinants, are mor8adilt to assess.

Most studies to date have been of wind farms caimgismall wind turbines<600kW), often in
small clusters (1-10) and onshore. The developnoénthe offshore industry is likely to see
substantial increases in the size of turbines ddire2-3 MW installations and prospect of 5SMW in a
few years time) and clusters, which may have diffeimplications, although relatively fewer large
turbines would be needed for a given energy outplihis needs to be taken into account when
designing studies and when comparing studies. drangbines may have the advantage of greater
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visibility, enabling birds to judge their passabeotigh a wind farm more easily. Conversely, larger
turbines may pose more of a problem because ofjthater height range through which the rotor
blades travel. This conundrum was recognised lHyeGal. (1996), and requires investigation.

Disruption of Seabed and Prey Availability Offshore

Prey availability may be affected. Construction @ecommissioning will potentially damage the
benthos and disrupt sediments locally, both of Whsice likely to lead to changes in the invertebrate
fauna and fish stocks, for example as a consequenttee effects of electromagnetic fields around
under-sea power cables. There is particular conabout the damage to benthic communities that
may take months or even several years to recovising from cable installation especially by
trenching, installation of foundations and dispasfaéxcavation spoil. This in turn could reducedo
availability for birds, at least in the short ternThere will be limited exposed surface for marine
infauna to colonise, if drilled or piled structurm® used, but where offshore reefs do form omdble
armour around turbine bases, they may not be cabhpatith the local fauna.

There is evidence of stable or improved food abditg for birds in studies by the Dutch and
Danes as the fishery exclusion zones around opagedtoffshore wind farms acted as refuges, thereby
improving shellfish stocks in those areas and eraging more feeding birds (Guillemetteal 1997).
However, there is the potential for increased botlision risk if birds are attracted into the wifedm
by greater food abundance, for example terns andeja whose plunge-diving feeding behaviour
may bring them into the rotor swept area of turbin€urthermore, fisheries refuges may nonetheless
attract fishing vessels into the area.

Sandbanks that are important feeding locations pragent points of conflict, especially where
large numbers of turbines are proposed such thahfallithe area is likely to be occupied by a wind
farm. Shallow water areas are potential fish spagvigrounds, favoured by sandeésmmodytes
spp Hyperoplus lanceolatusind locations of muss#lytilus spp beds etc and so can be important to
feeding seabirds, seaducks and to fisheries. 8ewfishore wind farms are being proposed in
shallow waters, often on sandbanks, eg Kish andoirlBanks in Eire (BirdWatch Ireland pers.
comm., Coveney & Phalan 2001). As larger turberesdeveloped, there is the potential to move into
deeper water, although cost-benefits still may keaal preference for shallow waters.

2D. Habitat Loss or Damage

Loss of or damage to habitat, resulting from wiadhf infrastructure, is not generally perceived to
be a major concern for birds outside designatedjualifying sites of national and international
importance for biodiversity, depending on locatuinstances and the scale of land-take required for
the wind farm and associated infrastructure. Timauwdative loss of or damage to sensitive habitats
may be significant, especially if multiple, largevelopments are sited in such locations, eg on
sandbanks in shallow waters or on peatlands. &umthre, direct habitat loss may be additive to
disturbance exclusion.

Onshore infrastructure, including access roadsstatibns, turbine bases etc will involve land
take, which could be considerable in remote uplarghs or in steppe grasslands, where birds may
suffer fragmentation and a restriction of the alag habitat, for example as a result of new roads.
The opening of new roads in such remote locatiomghtmalso represent an important additional
impact, for example enabling generally increaseces& Local hydrology may be interrupted in
sensitive habitats, eg peatland soils, by turbimeharage and access roads. Direct loss of habitat
potentially important in forest habitats, where avilarms and their associated infrastructure require
removal of the vegetation.

Offshore, generally, direct habitat loss is smalits, primarily for turbine bases and cables at sea
The type of anchorage used (gravity base, driltggiled monopiles, suction base) will affect thalsc
of habitat loss.

Offshore changes in sediment transport around ittesl fstructures may have implications for
coastal erosion and sea defences. This is an wmkimmpact. It may be of only local, if any
significance, depending on the size of the winagnfand the distance offshore. However, turbines
sited in areas of particularly dynamic sedimenty méerfere with natural processes, with consequent
implications for benthos and fish populations. ithbloss, change or degradation, arising from
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changes in sedimentary processes, may be sigrifitdarge numbers of turbines are sited on
sandbanks that are valuable foraging locationds iffturn may affect food availability for bird$:or
example, accretion around turbines located on saridbmay raise the height of substrate so that its
exposure time is greater, altering its suitabildy sandeels. The hydrological and geomorpholdgica
implications of siting fixed structures on theséstates need to be assessed as well as the ecdlogy
these areas. In particular, the cumulative effentflydrology arising from multiple, large-scalendi
farms is unknown.

2E. Other Issues
Platforms for Roosting, Nesting, Colonisation

Turbines may offer roosting or nesting sites faidbi Access walkways and substations may
attract birds to settle, bringing them into closexmmity to the turbines. Thelander & Rugge (2000)
found that wind turbines were the most frequentigdiperching structures in their study at Altamont,
California, but many of the turbines were earlytaliations whose designs have been superseded.
Large gulls are attracted to loaf on top of the-titgwped nacelles in the Tung Knob wind farm in
Denmark (pers. obs.) and cormorants have been w@useon landing platforms at offshore
installations (Sundberg, pers. comm.). These aspél require further study to clarify the extewit
use and whether or not there is a problem.

Pollution Offshore

This is likely to be of minimal concern, but relataainly to maintenance and cleaning agents.
Strict procedures for the use and disposal of abgtances should be adhered to. A voluntary cbde o
practice for the offshore industry is proposed,ilsimto that adopted by the oil and gas industry
(Metoc 2000). It will be important to determineetleffectiveness of a voluntary code and, if
necessary, to introduce stricter measures. Tlseadso the risk of release of toxins from sediments
during construction and cabling, and due to sctur e

3. Environmental Assessment and Site Selection Galihes

This part of the report provides headline guidaocecriteria for environmental assessment and
precautions for site selection of wind farms. Mrf@rmation on environmental assessment critaria i
provided in Annex 1 to the report, together with @rerview of study methods appropriate for
environmental assessments of wind farms.

Further information on site selection precautioas be found in the joint English Nature, Royal
Society for the Protection of Birds, World Wide fEufor Nature - UK and British Wind Energy
Association document dWind Farm Development and Nature ConservafMwF-UK 2001). This
also provides useful guidance on how to responalitd farm proposals, especially in relation to site
protection status. Although written from an Englaoerspective, it has relevance elsewhere.

Criteria for Environmental Assessment

Environmental Assessment is an essential tool ithetifies the environmental effects and
impacts of plans, projects or proposals on therenwmient, and potential measures to avoid these. Th
quality of the assessment is paramount, to enablefarmed and objective decision to be made on
the available information (ie existing and collettepecifically for the environmental impact
assessment (EIA)). There is considerable supportvind energy as an environmentally benign
source of energy. Nonetheless, stringent envirom@heassessment is just as important for wind
energy as for other developments to ensure thisitsited optimally and to avoid or at least minienis
any adverse impacts.

In relation to wind energy, the following critesaould be met:

» All wind energy projects should be screened to rdatee whether they are likely to have a
damaging effect on wild birds and the wider envinemf (see Annex 1).

® In EU states, by reference to the selection cateet out in Article 11l of Directive 85/337/EEC dhe
‘Assessment of certain public and private projegishe environmentas amended by Directive (97/11/EC),
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» If screening determines that the project shouldudgect to an EIA, then this should be carried
out to the highest standards using current bestipea for example as set out in Annex 1 to this
document.

» In the offshore environment, all wind energy prtgeshould be subject to EIAs unless and until
an adequate information base exists to permit sorge

» EIA must be initiated early in the project plannimgocess and should incorporate full
consultation with relevant government bodies and-8overnmental Organisations (NGOS).

» The EIA must assess the potential effects of theitas and all associated infrastructure
including pylons, cables, substations and accaeggso Advice on significance of effect can be
found in the Annex 1 to this document.

» The EIA should include, as a minimum, a 12- mordkdiine field survey to determine the bird
populations that use the study area during an droyake. The baseline data collection is also
important to enable a risk assessment.

» The results of the baseline surveys should be eghppb the consideration of different proposal
options. Options should include different sitedibiens and different layouts and numbers of wind
turbines, in order to prevent or at least minin@ag potentially adverse effects.

» |If there are any other projects (other wind farmisother developments) which have been
developed or are being proposed in the area, tleeEFA must take into account any cumulative
effects on birds that may arise from the wind fatevelopment in conjunction with these other
projects (see Annex 1).

» If potential or actual harmful effects to wild birdr their habitats are identified, then the EIA
must address these. If the impact can be avordeidjated or remedied by suitable avoidance or
mitigation measures, the EIA should identify theseasures, as set out in Annex 1 to this
document In addition, the EIA should identify compensatimeasures to compensate for any
residual damage, in the event that a potentiallyddly damaging wind farm nonetheless is
consented.

» Suitable pre- and post-development monitoring gfdnts on birds must be carried out, using the
Before-After Control-Impact (BACI) approach. Ddsadf the monitoring programme must be set
out in the wind energy project EIA. Monitoring tieack will inform whether further mitigation
measures are required in the operational phadeeqgbrioject concerned, if outcomes differ from
those predicted by the EIA. Additionally, this anfnation will help inform future wind energy
development. Post-construction monitoring needsdwatinue for long enough to distinguish
short- and long-term effects and impacts, and tblenthese to be satisfactorily addressed (see
Annex 1 for monitoring framework).

» Poor quality EIAs, or lack of information, must rmg permitted to lead to planning approval on
the grounds of no demonstrable effect. Adequakes Bnd planning decisions can be made only
on the basis of robust data and rigorous assessment

Sensitive Species

On the basis of the literature review, species’seovation status and more than 10 years
collective experience by the BirdLife partners, fhkbowing species groups and example species are
considered to be particularly sensitive, or potdiytiso, to wind farms (disturbance displacement,
barriers to movement, collision, habitat loss omdge), although in many cases there is a lack of
impact studies to date. Thus, they are likelyaddral species for detailed environmental assessme

or the use of similar criteria in countries whehés tis inappropriate. Within the EU, if a projéstlikely to
have a significant effect on a Natura 2000 site designated under the Directive on the Conservation
Natural Habitats and of Wild Flora and Fauna (92/dBthe Directive on the Conservation of Wild Bird
(79/409)), then an Appropriate Assessment, asugahadArticles 6(3) and 6(4) of Directive 92/43 ndllso be
required.

Within the EU, much of criteria 1, 2, 5 & 6 showhleady be common practice, as the principlesareut in
Directive 85/337/EEC as amended by Directive 9ECL/
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and research. This list is indicative rather tekamprehensive. There are many species for which
there is either no information, or no conclusiviimation, to date. Focal species are likely tsite
and issue specific and may change in the lightiahér research or change in conservation status.

Species group (eg species Disturbance Barrier to Collision Direct habitat
displacement movement loss/damage

Gaviidae divers (red- \/ N N

throated diveGavia

stellatg)

Podicipedidaegrebes Y

Sulidaegannets & boobies N

Phalacrocoracidagshag \/

Phalacrocorax aristotelis

Ciconiiformesherons & \

storks

Anserinj swans (whooper \/ N

swanCygnus cygnysand
geese (pink-footed goose
Anser brachyrhynchus
European white-fronted
gooseA. albifrons barnacle
gooseBranta leucopsis,
brent goos@. berniclg

Anatinae ducks (eider N v v N
Somateria mollissima
long-tailed duckClangula
hyemelis common scoter
Melanitta nigrg

Accipitridaeraptors (red Y \
kite Milvus milvuswhite-
tailed sea eagldaliaeetus
albicilla, lammergeier
Gypaetus barbatygriffon
vulture Gyps fulvus
imperial eaglédquila
heliaca golden eagl@.
chrysaetosBonelli's eagle
Hieraetus fasciatys

Charadriiformeswaders v v
(European golden plover
Pluvialis apricaria,black-
tailed godwitLimosa
limosa,Eurasian curlew
Numenius arquafa

Sternidaegerns

Alcidaealcids/auks N N N
(guillemotUria aalge

Strigiformesowls \/

Tetraonidag(black grouse \/ S \/
Tetrao tetrix capercaillieT.

urogallug

Gruidaecranes v N N

Otididaebustards v N N

Passeriformegspecially N
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nocturnal migrants ‘ | | | ‘

Precautions for Site Selection for Wind Farms

Many of the potential conflicts between wind enedgyelopments and wild bird populations can
be avoided by informed site selection. The follogvprecautions and future needs should be applied
to wind farm development:

» Adverse impacts on wildlife must be avoided by felaluation of suitable alternatives,
appropriatesiting anddesign(see Annex 1, section on mitigation).

» There is a strong consensus that location is ali§igmportant to avoid deleterious impacts of
wind farms on birds. There should be precautioravgidance of locating wind farms in
statutorily designated or qualifying internatiofed) Natura 2000 — SPAs & SACs, ‘Ramsar sites’,
Emerald Network and Important Bird Areas (IBAs))rational sites for nature conservafioor
other areas with large concentrations of birdshsas migration crossing points, or species
identified as being of conservation concern. Ténotirable conservation status of habitats and
species in these areas is a central tenet to thedignation, requiring demonstration of
compatibility with this aim by any proposed develgmt. The weight of evidence to date
indicates that locations with high bird use, espléciby protected species, are not suitable for
wind farm development.

» Placement of wind farms in suitable industrial ardearbour complexes and on agricultural land
should be considered in addition to more traditiepdand and coastal sites.

» Strategic Environmental Assessment (SEA) shoularinfstrategic site selection of wind farms.

» Offshore, there is a limited extent of shallow wadeeas to accommodate the burgeoning wind
energy industry, especially in the light of natwenservation sensitivities, within and outwith
protected areas. Moving turbines further offshoreome areas needs to be considered.

Recommendations

There is an urgent need for marine protected atedse identified and designated, so that
informed decisions can be made on the locatiorffehore wind farm development.

Research and monitoring should be implemented tipma governments and the wind energy
industry, in consultation with relevant experts,rigprove our understanding of the impacts of wind
farms. This will be an iterative process that willorm decision-making, appropriate site selection
and wind farm design. The results of research lghoel published in international scientific journal
including a summary, preferably in English, to emsuider dissemination.

Research and monitoring requirements encompadsltbwing: effects and potential population
level impacts on birds of disturbance displacemébatyiers to movement, collision mortality and
habitat loss or damage; effectiveness of diffengimd farm layout and turbine design to provide
mitigation.

National governments must undertake Strategic Bnwiental Assessment (SEA)f all wind
energy plans and programmes that have the poténtiadverse impacts on birds in their country. If
there are potential trans-boundary effects, thearnational co-operation with other governments
should be sought when undertaking the SEA. Théesoh SEA should also be determined by
consideration of the likely biological scale of iagts as well as jurisdictional boundaries.

Specifically, these SEAs should include indicatimapping of bird populations, their habitats,
flyways and information about migration routes, vehthis is known, and an assessment of the plan’s
probable effects on these, to aid decision-making.

8 In relation to precautions 2 & 3, there is anamigneed for statutory designation of marine natoreervation
areas. NABU, the German BirdLife partner has latlgecomplaint to the European Commission in respons
to the proposed offshore wind farm at Butendiekthengrounds that it is located in the Eastern GerBight
IBA, an area that qualifies for designation undee EU Birds and HabitatsDirectives, but is overdue
designation, and the precautionary avoidance df aueas for development.

° As set out in Directive 2001/42/EC of the Eurapé&arliament and of the Council, 27 June 2001 the
assessment of the effects of certain plans and-@nages on the environment’
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As part of effective regional planning, there isegd to identify species and areas of concern, to
map potential and no-go locations for wind energyafopment on the basis of nature conservation
concerns, for example avoidance of focal points ffogration crossings. This may require the
collection of additional information, especiallyfsifore. Such information requires regular review
and updating as necessary to determine whether tfaere been changes in distribution or patterns of
movement.

There need to be incentives to ongoing technolbdieaelopment to maximise efficiency of wind
turbines and to reduce dependency on the limitatlost water habitats offshore.

There is a need for best practice guidance on atdrstudy methods, to inform the EIA process,
expanding on the information given in Annex 1.

This report has not looked in detail at individaealse studies to evaluate examples of conflict
resolution, case law, or trends in casework througlthe Council of Europe area. This may be a
useful subject for further study.
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6. Useful Websites

Alterra, formerly IBN-DLOwww.alterra.nl

American Wind Energy Association (AWEA}tp://www.awea.org/
BirdLife International www.birdlife.net/sites/indesfm

BfN (Bundesamt fuir Naturschuthjtp://www.bfn.de/

BMU (Bundesministerium flr Unwelt, Naturschutz uRdaktorsicherheitywyww.bmu.de/en[Federal Ministry
for the Environment, Nature Conservation and Nucksdety

BSH (Bundesamt fiir Seeschifffahrt und Hydrographt&)://www.bsh.de/en/index.jsp
Bureau Waardenbungww.buwa.nl
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British Wind Energy Association (BWEAjttp://www.bwea.com/
California Energy Commissionwww.energy.ca.gov/reports

Convention on the Conservation of Migratory Specie@/ild Animals Bonn Convention)
www.wemc.org.uk/cms/ including the African Eurasian t&tbird AgreementAEWA)
www.unep-wcmc.org/AEWA/eng/intro.htrawvww.wemc.org.uk/cms/

Conservation of European Wildlife and Natural HatsitBern Convention)
http://www.coe.int/t/e/Cultural_Co-operation/Enviraent/Nature_and_biological_diversity/

Convention on Wetlands of International Importaespecially as Waterfowl Habitat (Ramsar, Iran 19a%)
amended by protocol of 1982Rdmsar Conventior) www.ramsar.org

The Crown Estate (UKjvww.crownestate.co.uk

COWRIE (Collaborative Offshore Wind Research Ifite Environment)
http://www.crownestate.co.uk/estates/marine/winufcowrie.shtmil
http://www.crownestate.co.uk/estates/marine/winufashtmi

Instituut voor Natuurbehougdww.instnat.be
UK Department of Trade & Industmyww.dti.gov.uk/renewable

UK Round 2 Offshore Wind Energy:
http://www.dti.gov.uk/energy/renewables/technolsépéfshore wind.shtml

DMU (Danmarks Miljdunders@) National EnvironmenR#search Institute, Denmankvw.dmu.dk
European Wind Energy Association (EWHE#&)p://www.ewea.org/

Horns Rev Wind Farm, Denmalittp://www.hornsrev.dk/

ICES http://www.ices.dk/reports/occ/2003hternational Council for the Exploration of tBea
National Wind Coordinating Committee, US#ww.nationalwind.org

NWCC site maghttp://www.nationalwind.org/sitemap.htm

National Renewable Energy Laboratory (NREL), USAwwmrel.gov/wind/

Most reports are accessible via the Office of Smeand Technical Information
http://www.osti.gov/bridge/search.results.jsp?qlo2&start=0&

UK Offshore Windwww.offshorewindfarms.co.uk

University of Lund, Sweden bird migration studrép://orn-lab.ekol.lu.se/birdmigration/
http://www.tu-berlin.de/~Ibp/schwarzesbrett/taguveysd.htm

Web-based wind farms & birds discussion grattp://groups.yahoo.com/group/wind_turbines_birds/




T-PVS/Inf (2003) 12 - 46 —

7. Annex 1: Environmental Assessment

Supplement to Chapter 3, Environmental Assessmeh&ée Selection Guidelines

Key European Union Legislation
In relation to environmental assessment, therdvawekey pieces of legislation that apply, or will
apply, in the European Union:

» Directive 85/337/EEC on Assessment of certain public and private projeatstioe
environmen(EIA Directive), as amended irective 97/11/EC.

e Directive 2001/42/ECThe assessment of the effects of certain plangergtammes on
the environment (SEA Directive).

These have important roles to play in directingalsessment of environmental impacts of wind
farms.

Additionally, in the EU, the following Directivesnfiorm decision-making procedures for
development affecting ‘Natura 2000’ sites (SPAsS&CS):

* Directive 92/43/EEC on the Conservation of Natural Habitats and ofdAFlora and Fauna
(Habitats Directive).

« Decision making processes in relation to developriiet is likely have a ‘significant effect’ on a
Natura 2000 site are set out in Articles 6(3) a).6 For guidance on interpretation on Article 6
of the Directive, see ‘Managing Natura 2000’ (Eweap Commission 2000).

» Directive 79/409/EECon the Conservation of Wild Birds (Birds Dire@)v

* Annex | of the Birds Directive and Annex IV(a) dfet Habitats Directive also outline species
which receive special protection outside the Naf@@0 network under the Directives.

e« Also, Conventions on the Conservation of MigratoBpecies of Wild Animals Bonn
Convention), including the African Eurasian Waterbird AgreeméAEWA ), the Conservation
of European Wildlife and Natural HabitaBdrn Convention), and the Convention on Wetlands
of International Importance, especially as Watetfolabitat (Ramsar, Iran 1971), as amended by
protocol of 1982Ramsar Conventior) all confer international responsibilities on sagpries.

Screening

Within the EU, selection criteria for screening &mvironmental impact assessment (EIA) are set
out in Directives 85/33/EEC and 97/11/EC. OutdlieEU, broadly, screening decisions should take
into account:

 The scale of the wind farm and whether there i®emal for cumulative effects with other
projects.

* The environmental sensitivity of the area likelybaffected by the wind farm.

* The extent of the impact of the wind farm, its miagpte, probability, duration, frequency and
reversibility.

Environmental Impact Assessment

Environmental Impact Assessments (EIAS) need toifyaand interpret the potential effects and
impacts on nature conservation, necessitating @nstouction baseline surveys and post-construction
monitoring of numbers and distributions of spe¢axs marine infauna and birds offshore, using BACI
approach), as well as studies of use of areasdal fpecies. The latter will include an assessmoént
collision risk and, post-construction assessmermptifsions. The key avian requirements of the EIA
are to determine how many birds might be displdngdhe wind farm, and the potential mortality
arising from collisions. Post-construction monitgrneeds to be of sufficient duration to distirgjui
short- and long-term effects and the potentiahfavituation:
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EIA for wind energy projects needs to be of thehbig standard - independence, reliability and
accuracy of monitoring and interpretation are ealen

There is a need to develop common standards irstefnthe scope of EIAs and to implement
sound monitoring programmes from the outset. Eadgsultation with the relevant government
departments and NGOs is essential to establistrénsgework. It is envisaged that the developments,
offshore in particular, carried forward in the neew years will set the blueprint for future
development.

Standardised study methods should be applied, ugtheome site-specific or species specific
sampling protocols may be necessary, e.g on laggeus small sites, targeted survey methods for
some species.

Co-operative studies are of considerable value nabke geographically and biologically
meaningful baseline information to be collectedhimtwhich individual wind farm studies can be
incorporated. This is especially true in areas\wmiultiple proposals.

Lack of knowledge, especially offshore, hampersahiity to objectively assess the impacts of
wind farms. Information from autecological studiedhere available, needs to be incorporated to aid
the interpretation of impacts. There is a needdsearch into appropriate study methods, espgciall
offshore. Population modelling may be useful fesessing population level impacts for selected
species, eg for offshore one might concentratédnershallow marine coastal zone and scoters.

At a strategic level, governments and NGOs shooidperate to identify:

* Areas which are likely to be unacceptable in coreteyn terms for development and
allow for a buffer around these to minimise impamwishe conservation area.

* Areas of concern requiring further information &tefmine their status.
*  Areas where wind farms are not considered likely to pose a threat to conservation.
It is important to identify all the existing coraints/restrictions to locating wind energy projects

Impacts may operate at different spatial scalesnfthe site leveldf designated sites) to the
flyway level. The effects of local changes in atbamce and distribution of birds in relation to wind
farm construction may lead to changes in demogcaphbcesses and consequently may lead to
population level impacts. This necessitates a lation level or flyway approach, including
consideration of cumulative impacts at these scdladividually, wind farms may have little effeah
bird populations, but cumulatively the implicatiomsyy be very different, whether the problem arises
from direct mortality or from displacement owing thisturbance. Integrated SEA across state
boundaries and across development types will beined)to enable these large scale impacts to be
determined.

Significance of Impact
The significance of a particular impact is not stnrg that can be easily codified in best practice
guidance. Significance will vary depending on @reumstances of the case in question, including
relative impact:

e Magnitude
+ Type

* Extent

*  Duration

* Intensity

e Timing and
¢ Probability

For example, observed effects of a wind farm magnay not be significant and lead to potential
adverse impacts. It is important that the distorcis made as knowledge improves our ability to do
so. Displacement is a potential effect of windbines. Whether it leads to an impact depends en th
scale of displacement at the site level and passilgbact at the population level.
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Significance will also depend on the ‘receptor’ tbé impact — in this case the bird species
affected (their population size, distribution, rengeproduction strategy, lifespan, etc ). lnportant
that these attributes are considered in assedgngjgnificance of an impact and described as fagly
possible in the Environmental Statement.

As an example, scale: Large wind farms, espectaltyprising large turbines, are likely to have a
different significance of effect to small wind fasndue to the potential synergistic effects of scale
Large wind farms have the potential for a muchdatgarrier effect to bird movements or exclusion
effect of disturbance, depending on location agdu&of turbines.

Significance of effect cannot be judged only onratividual project basis. Whilst displacement
and collision mortality may or may not be detrirarat a site level, cumulatively with other progect
they may lead to a population level impact. Comsitlon of these cumulative effects is considened i
the following section.

Controls associated with statutorily protectedssifguch as Natura 2000 sites in the EU), may
dictate the significance of impacts when it coneslé¢cision-making. For example, in the case of
proposals that affect designated and qualifyinguNaR000 sites, whether or not an effect is found t
be adverse will be critical in any subsequent degimaking process. Seédanaging Natura 2000
sites(European Commission 2000) and notes in the reption on proposals that affect Natura 2000
sites.

In all cases where there is uncertainty as to theifcance of an impact, the precautionary
principle should be applied to decision-making.

Cumulative Effects

This is an essential, but often inadequately calylecemponent of wind farm EIA. Cumulative
effects may arise from multiple wind farm proposaifrom the wind farm proposal and other types
of development. A strategic impact assessmentldhondude all projects that have been developed,
or are planned for the area surrounding the prapesed farm sit&’. Using collision mortality for
illustration, effects are likely to lie somewherethe continuum between the extremesadditive -
increasing overall mortality - @ompensatory replacing other causes of mortality. Sub-letfédcts
(such as loss of body condition, from avoidanceabeur or loss of habitat) are more insidious than
direct mortality and there may be a delay before@pulation-level impact is detected.

The key questions are: At what point do accumuldtabiitat loss (including effective habitat
exclusion due to disturbance) and collision mastainpact on population size and distribution?

These are not straightforward questions to addradsmay be most effectively considered at a
strategic level, hence the need for Strategic Bnwirental Assessment (SEA).  Strategic
Environmental Assessment requires both sector-lewel cross-sector assessment of cumulative
impacts (SEA Directive). National and internatib@@vernment-led programmes are likely to be the
only satisfactory way to deliver strategic overviewncluding fundamental monitoring and the
necessary research.

The Avoidance, Mitigation and Compensation Hierarchy
Adverse impacts should be avoided wherever possilfladverse effects or impacts cannot be
avoided, then suitable mitigation measures shoalérployed to reduce or remedy them. Finally,
adverse impacts that cannot be mitigated requimgensation, if the project proceeds.

Mitigation
Where a detrimental impact is identified, or thé&econsidered to be a significant risk of a

detrimental impact, mitigation measures to avaduce or remedy the impact should be implemented
wherever possible. Mitigation by appropriate gjtand design is of key importance.

10 Cumulative impact assessment (for EIA), shouldb@tonfused with the ‘in combination’ requirement
when deciding whether a project is likely to havsignificant effect on a Natura 2000 site. Sdanaging
Natura 2000 sites(European Commission 2000) for guidance on this.
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Mitigation is likely to take the form of modificatins to the layout of the wind farm, in terms of
orientation of turbines, spacing and location. r€hare research findings which indicate that
modifying these factors can reduce collision rislat further research is necessary to test mitigatio
options and their effectiveness. Aspects of tghiesign also may be modified in mitigation, eg
intermittent rather than continuous navigation ftiiglp. Again, the effectiveness of this measure
requires testing (and assessing in terms of adaéiptdor navigation).

Other aspects of mitigation relate to the timingcohstruction works and methods applied.
Modifications to aspects of associated infrastngtag access roads, may be applicable too.

Where mitigation is proposed to alleviate damagmpacts, the effectiveness should be assessed.
Any mitigation measure requires monitoring to defiee its effectiveness against prescribed targets
and a contingency plan in the event of it not nmggthose targets. For example, periods of shutdown
may be advocated, but the suitability of tempodytdown as a mitigation measure is questionable,
as the turbines may pose a hazard in poor flyinglit@ns even when not operational, owing to the
removal of auditory cues.

Compensation

Compensation should be a last resort and shouldlmniconsidered if mitigation measures will
not reduce adverse impacts to an acceptable |exkthee project is consented as the benefits of the
proposal are seen to outweigh the environmentas.coalso, it may be very difficult to achieve, eg
compensation for habitat loss in the offshore emnment.

Compensation for habitat loss should offer comgarhhbitat in the vicinity of the development.
This should normally be in place prior to the imipatierever possibté This includes securing all
necessary legal and financial measures to seceredimpensation. As for mitigation, monitoring
should be put in place to check that the compengdtabitat is performing as planned. Suitable
mechanisms should be agreed when consent is gramtedhedy any future shortfall in performance
of compensatory habitat.

Post-construction habitat restoration or enhancéragthe site, together with environmentally
sensitive management of the site may be benefidiwever, habitat enhancement within the wind
farm area may require further associated measweavbid increasing the risk of collision.
Compensation for collision mortality may involvestdevelopment of a species management plan to
increase the population elsewhere so as to morediffiset increased mortality due to collisions.

It should be noted that compensation for advergmats on a Natura 2000 site (within the EU)
only come into play if it is proven that there an@ alternative solutions to the proposal, and that
must be carried out for imperative reasons of adiexg public interest (see Articles 6(3) & 6(4) of
Directive 92/43/EEC). In this case, compensati@asures must be put in place to ensure that the
overall coherence of Natura 2000 is protected.

Wind Farm Study Protocols
The appropriate sampling design and duration ofdareh and monitoring will depend on the
location, species present, their sensitivity andseovation importance and the size of the proposed
wind farm development (Langston 2002). Early amshtinued consultation with the relevant
conservation agencies, NGOs and experienced résearwill enable study methods to be tailored to
site-specific requirements. It is essential thet study objectives and methods are clear from the
outset and are clearly documented in reports.

In reality, there will be a spectrum of scales widy, with more data needed for locations with
considerable bird interest and where there arertaingies as to likely impacts. Whemptorsare the
main concern, studies need to focus on raptor sraber than just on the proposed wind farm site t
obtain contextual information on their use of theaa Thus, the study area may be zoned in terms of
the intensity of the work.All studies need to take into account diurnal, kdgcle, weather-related
and seasonal variations in site use, as appropriggudy areas should comprise the proposed wind
farm site plus buffer and at least one comparakelienence, or control, area, matched as closely as

1 “ Managing Natura 2000 Siteglso advocates this in relation to development withthave an adverse
effect on a Natura 2000 site.



T-PVS/Inf (2003) 12 - 50 —

possible to the wind farm site. Studies should atlwpBefore-After Control-Impact (BACI) approach
(eg Anderson et al. 1999).

The assessment of effects attributable to wind $aisncomplicated by the relatively large area
potentially affected, the dispersed distributiorsofme of the species of concern (eg breediaders
andraptors seabirdsat sea) and the relative rarity of the eventsdeneasured (eg collision). Thus,
the weight of evidence from numerous studies & @iht locations over extended periods of time will
be needed to enable an informed judgement to be mlaolut the impacts of wind farm€umulative
impactsmust be assessed.

All study methods have their limitations. It isportant to understand the implications of the
particular limitations associated with the methaded when interpreting the results.

The importance of early baseline studies to identihether there are potential conflicts with
nature conservation interests on a proposed winu f&ite, cannot be over-stressedear-round
studies are essential, over a minimum of one yearpbeferably for 2-3 years, to collect baseline
data This will enable an assessment to be made riggatige timing of importance of the site, if this
is not known, but subsequent studies may concentat the key species of concern, at the
appropriate time of year. Data covering more than one yedl wcrease the reliability of the
assessment by allowing for weather conditions agat-yo-year variation in use. These preliminary
studies will enable a risk assessment to be madieeopotential impacts of the proposed wind farm
and provide the baseline for subsequent compaifigbe wind farm proceeds.

Sites with species of conservation concern will uies) studies before, during and post-
construction on consented sites, using standardadstto monitor distribution and density over time,
and behavioural studies (fixed point observatiots)assess site use and collision risk/mortality.
Suitable survey methods include transects or pomints, “look-see” size estimates of flocking
species, eg winter coastal waterbirds (Reynoldd.et980, Brown & Shepherd 1993, Gilbert et al.
1998, Bibby et al. 2000). Fixed point observatightorrison 1998, SNH 2002, Band et al. 2002)
should be made from the minimum number of obsesugipints to cover the wind farm area, together
with a potentially larger area to reflect the saafidabitat use by the key species of interestéptor
territory ranges), and reference sites.

The sampling design should enable representativplsey of the wind farm area, plus buffer,
and reference/control area(s) and ideally proviteugh data points to permit statistical analysgs (e
Pollock 1996). Sampling intensity may be increaaedimes of particular concern, eg waders or
raptors during the breeding season, peak migrdioas, offshore post-breeding moulting flocks of
seaducks. Longer-term monitoring, at least atpaesentative group of wind farms, is necessary to
properly evaluate gradual or incremental changpe@ally in longer-lived bird species. It is also
important to be able to distinguish short- and EAgrm effects, hence the need to continue post-
construction monitoring for several years (5-10rge& more). The duration and scale of monitoring
will be dependent on periodic reviews against tlomitoering targets. For example, some issues may
require ongoing monitoring, subject to review, @ at a lower intensity in later years or in alke
years etc.

Most onshore studies of collision risk/mortalityvieainvolved a combination of observations of
flight behaviour (visual and radar plus recordirigcalls) and corpse searches (see eg Anderson et al
1997 & 1999, SNH 2002). Corpse searches need térdogient and data require correction for
scavenger removal, search effort and cause of detiterwise they are prone to underestimation (see
earlier sections of this report). Corpse seareedikely to be most useful where there are paldic
concerns about high collision risk and especiatiifision mortality of particular (large) specieqjtb
only if the results are calibrated. Mathematiaallision risk models have been developed to assess
collision risk (Tucker 1996a & b, Band et al. 200But such models can be tested only with
appropriate input data and with an understandinfp@fdeterminants of site use, including measures o
actual avoidance of fixed structures to incorponatine models. Remote techniques have the patenti
to be more useful, but are still under developneet below). Risk assessments need to include
consideration of poor weather, including the presticfrequency of such conditions on a site-by-site
basis.
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Offshore development of wind farms is in its infarend efforts are being made to avoid the
problems that have arisen with poorly sited winanfg on land. As well as important concentrations
of seabirds, notably in the North and Baltic Seagyratory flyways cross these areas. Denmark
(Kahlert et al. 2000, Noer et al. 2000), GermangKB2002, Projektgruppe OffshoreWEA 2001, Exo
et al. 2002), and the Netherlands (Dutch governr@@6il) have established minimum requirements
for environmental assessment and or pilot studgssitSimilar approaches are being advocated in
several other parts of Europe, including the UKe DIl Technology Route Mapincludes the need
to identify key areas of concern and establishgatgjto quantify the effects, including internaéibn
co-operation, as appropriate. In particular, recemdations are for Before-After Control-Impact
(BACI) studies, as for onshore wind farm studiesnprising:

« Determination of bird distribution and density,ngtransect surveys.

« Detection of movements (including flight height) tufcal foraging birds and long-distance
migrants, day and night, using a combination obual observations, radar investigations and
flight call recording (the latter to aid speciesntification from radar).

« Studies of collision risk and mortality, for whighfra-red video technology is being developed
and tested (eg Kahlert et al. 2000, Desholm 2048, pressure/vibration detectors on the turbine
rotors have potential utility.

In view of the high level of variability in bird alndance at sea, a recommendation has been made

for impact and reference areas to cover at leaBkr@each, although if proposed siteS0knt, a

study area of 200kheould comprise both impact and reference areasddiition, the proposed wind

farm site should be overlapped by a minimum 25%epufone all round (ICES 208,

Transect methods combined with spatially referencecbrding using GPS, will be most
appropriate, using aerial or ship-based surveyRINEebsite ref www.dmu.dk, Komdeur et al. 1992,
Cranswick et al. 1998, Gilbert et al. 1998, Bibliyak 2000, Noer et al. 2000), possibly including
land-based surveys, depending on the distanceonffsind extent of the study area. Aerial surveys
have the advantage of enabling relatively rapidecage of large sea areas. Ship-based surveys are
generally better for species identification, bebaval observations and, presently there is more
reference data from European Seabirds At Sea (E®AB}hey cover limited sea areas per unit time.
Furthermore, there may be species and locationtrafavouring one of these methods.

Observations of flight behaviour pre- and post-tamtsion are necessary for the assessment of
collision risk and collision mortality. Radar ia anportant tool for this work, particularly to extd
recording beyond the range of the human eye, tordecocturnal movements and movements during
conditions of imperfect visibility, although suppientary methods are necessary for species
identification (Cooper 1996 & 2000, Harmata et2fl00a, Exo et al. 2002). Developments in the use
of infra-red video cameras are likely to be usadfishore, for recording flight response close to
turbines and collisions (Kahlert et al. 20@esholm2003). The development of pressure/vilmatio
sensors within the turbine blades is also a prowisirea of development for detecting collisions.
These remote techniques, and image intensifiershmaysefully applied onshore too.

12 UK Department of Trade & Industry Research & Depetent programme for offshore wind energy.
3 This draft report is subject to review by theexeint ICES Science Committees during the AnnuatrRei
Conference and Statutory Meeting, September 20@Bisacited here on that understanding.



T-PVS/Inf (2003) 12 52—

Annex 2

* X %
* *
*

* 4 *

COUNCIL  CONSEIL
OF EUROPE  DE L'EUROPE

Convention on the Conservation
of European Wildlife and Natural Habitats

Standing Committee

Draft Recommendation No. ... (2003) examined on ... Dember 2003 on minimising
adverse effects of wind power generation on birds

The Standing Committee of the Convention on thes€oration of European Wildlife and Natural
Habitats, acting under the terms of Article 14hef Convention

Having regard to the aims of the Convention to eoreswild fauna and its natural habitats;

Recalling that Article 2 of the Convention requilearties to take requisite measures to maintain the
population of wild fauna at a level which corresg®imn particular to ecological, scientific and oust
requirements, while taking account of economic ireguents;

Recalling that Article 3.2 of the Convention regsireach Contracting Party to undertake, in itsrjtan
and development policies and in its measures dgpoilsition, to have regard to the conservation of
wild fauna;

Recalling also the Convention on the Conservation of Migsat8pecies of Wild Animals (CMS)
Resolution 7.5 on Wind Turbines and Migratory Speadopted by thé"#neeting of the Conference
of the Parties (2002) and recognising the intentibthe CMS to increase cooperation with the Bern
Convention;

Recognising the environmental benefits of wind gnerspecially for addressing climate change, and
the significance of reducing climate change forldmg-term survival of Europe’s wild birds;

Noting that wind farms, especially in marine areapresent a relatively new technology for large-
scale energy production the actual effects of which nature and on different components of
biodiversity cannot be fully assessed or predictethe basis of the currently available information

Concerned about the potential negative impactsid wirbines and associated infrastructure on wild
birds, as well as on their food sources and habitatluding:

(a) loss of, or damage to, habitat (including permar@ntemporary feeding, resting, and
breeding habitats);

(b) disturbance leading to displacement or exclusiaeluting barriers to movement
(c) collision mortality of birds in flight;

Recognising the need for a thorough environmentdessment procedure prior to selecting
appropriate building sites and deciding on consimacgpermits, in order to avoid damage to areas of
particular ecological value;

Referring to the repoVind Farms and Birds: an analysis of the effectsviold farms on birds and
guidance on environmental assessment criteria at@l selection issuesprepared by BirdLife
International for the Council of Europe T-PVS/I2DQ3) 12;

Aware of the need for robust, objective baseline studeesnform sensitive siting to minimise
deleterious effects on birds, other wildlife andithhabitats, and the need for regular post-coastm
monitoring at consented installations where theeeeavironmental sensitivities;
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Recommends that Contracting Parties to the Coroenti

1.

take appropriate measures to minimise the advdfset® of wind turbines in birds, taking into
account Resolution 7.5 of the Seventh Conferencehef Parties of the Convention on the
Conservation of Migratory Species of Wild Animalgppendix 2) and applying those cautions to
non-migratory bird species that might be affectedhose turbines;

make use, as appropriate, of the guidelines seinodippendix 1 to this recommendation, as
summarised from the above referred report, on #gria for environmental assessment; (B)
precautions for site selection of wind farms; a@qy priorities for research to enable impacts of
wind farms on birds to be minimized;

communicate to the Standing Committee the relewssps which have been adopted or are
envisaged concerning the implementation of thimmaoendation as well as information on the
outcome of measures adopted, including a revielWwowf the recommendation has helped their
planning of wind energy developments;

Invites observer states to take note of this recenaation and implement it as appropriate.
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APPENDIX 1
Guidelines

Measures that may be considered as appropriatenifimising the negative impacts of wind
power generation are listed for implementation loy€acting Parties. There is strong consensus that
the location selected for wind farms is criticalyportant to avoiding deleterious impacts on birds.

A. Criteria for Environmental Assessment

(a) National governments must undertake Strategic Bnuiental Assessment (SEApf all
wind energy plans and programmes in their countfyhere are potential trans-boundary
effects, then international co-operation with otlgewernments should be sought when
undertaking the SEA. The scale of SEA should terdened by consideration of the
likely biological scale of impacts as well as jditgtional boundaries.

(b) Specifically, these SEAs should include indicativapping of bird populations, their
habitats, flyways and migration routes (see B bglamd an assessment of the plan’s
probable effects on these, to aid decision-making.

(c) Thorough environmental assessnm@nshould be undertaken for all wind farm
developments that have the potential for damagiifects on wild birds or the wider
environment, or in areas where there is uncertaiasy to the potential effects.
Environmental assessments of wind energy develofséiould include both:

a. comprehensive environmental impact assessmemdasndual projects AND

b. cumulative impact assessment of each wind farnpgea (including associated
infrastructure onshore and offshore, such as news,opower lines and under-sea
cabling) in conjunction with other projects (botiher wind farms and other relevant
projects).

(d) The use of standard methods is essential to emsumgarability, adopting the Before-
After Control-Impact (BACI) approach with consisteapplication of these methods
before, during and after construction in the wirginf area and a reference area for
comparison.

(e) A minimum one-year baseline field study should be undertaeletermine the use of the
study-area by birds.

() Post-construction monitoring needs to enable staort- long-term effects and impacts to
be distinguished and satisfactorily addressed.

(9) There is a need for best practice guidance on atdrgtudy methods, to inform the EIA
process.

The following species are indicative of those tehbuld tend to be focal species for environmental
assessments where they are at risk as they ar@emt to be particularly sensitive, or potentiaty, to wind
farms (disturbance displacement, barriers to moweneollision, habitat loss or damage), althoughmany
cases there is a lack of impact studies to datecalFspecies are likely to be site and issue speaifd may
change in the light of further research or chamgeonservation status.

14 For example, as set out in Directive 85/337/EChef European Parliament and of the Courail the
assessment of the effects of certain plans and-@noges on the environmenBKEA Directive).

!> For example, as set out in Directive 2001/42/EhefEuropean Parliament and of the Courfsiisessment of

certain public and private projects on the envir@mYEIA Directive) as amended by Directive 97/11/EC.
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Species group (eg Disturbance Barrier to Collision Direct habitat
species) displacement movement loss/damage

Gaviidae divers (red-throated
diver Gavia stellata

\/

\/

\/

Podicipedidaggrebes

\/

Sulidaegannets & boobies

Phalacrocoracidagshag
Phalacrocorax aristotelis

Ciconiiformesherons & storks

Anserinj swans (whooper
swanCygnus cygnysand
geese (pink-footed goose
Anser brachyrhynchus
European white-fronted goosé
A. albifrons barnacle goose
Branta leucopsishrent goose
B. berniclg

h

Anatinae ducks (eider
Somateria mollissimdong-
tailed duckClangula hyemelis
common scotekelanitta
nigra)

Accipitridaeraptors (red kite
Milvus milvuswhite-tailed sea
eagleHaliaeetus albicilla
lammergeieGypaetus
barbatus griffon vultureGyps
fulvus imperial eaglédquila
heliaca golden eaglé.
chrysaetosBonelli's eagle
Hieraetus fasciatys

Charadriiformeswaders
(European golden plover
Pluvialis apricaria,black-
tailed godwitLimosa limosa,
Eurasian curleWNumenius
arquatg

Sternidagterns

Alcidaealcids/auks (guillemot
Uria aalge

Strigiformesowls

Tetraonidagblack grouse
Tetrao tetrix capercaillieT.
urogallug

g N .

Gruidaecranes

2

Otididaebustards

Passeriformegspecially

nocturnal migrants
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B.

Precautions for Site Selection of Wind Farms
There is strong consensus that the location seléotewind farms is critically important

to avoiding deleterious impacts on birds.

(@)

(b)

(©)

@)

(b)

(©)

(d)

There should be precautionary avoidance of locatiigd farms in designated or
qualifying sites for nature conservation, includingportant Bird Areas (IBAs), or other
areas with large concentrations of birds, such agation crossing points, or species
identified as being of conservation concern. Theofirable conservation status of
habitats and species in these areas is a centrat te their designation, requiring
demonstration of compatibility with this aim by apsoposed development

As part of effective regional planning, there iaeed to identify species and areas of
concern, to map potential and no-go locations fordwenergy development based on
nature conservation concerns, for example avoidafamigratory corridors and other
large concentrations of birds. This may requir ¢bllection of additional information,
especially offshore.

There is a need for statutory marine protectedsaiehe identified and designated.
Priorities for research to enable impacts of wid farms on birds to be minimized

Research and monitoring should be implemented bgmma governments and the wind energy
industry, in consultation with relevant experts,itgprove our understanding of the impacts of
wind farms. This will be an iterative process thalt inform decision-making, appropriate site
selection and wind farm design. The results otaesh should be published in international
scientific journals, including a summary, prefeyaibl English, to ensure wider dissemination.

Research and monitoring requirements should encesitha following:

i effects and potential population level impaatshirds of disturbance displacement, barriers to
movement, collision mortality and habitat loss anthge;

i effectiveness of different wind farm layoutsdairbine design to provide mitigation.

There need to be incentives to ongoing technolbgieaelopment to maximise efficiency of
wind farms and to reduce dependency on the lingtedlow water habitats offshore.

A useful subject for further study is to look intaié at individual case studies to evaluate
examples of conflict resolution, case law, or tieitdcasework throughout the Council of Europe
area.
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\ APPENDIX 2
,} Convention on the Conservation of Migratory Species @
UNEP of Wild Animals CMS

RESOLUTION 7.5"

WIND TURBINES AND MIGRATORY SPECIES

Adopted by the Conference of the Parties at iteB8gwvMeeting (Bonn, 18-24 September 2002)

Recallingthat Article 1l of the Convention acknowledges tieed to take action to avoid any
migratory species becoming endangered;

Recallingalso the need to preserve wildlife in the marine envinent as stipulated in the
relevant legislation of the European Community amdhe Convention for the Protection of the
Marine Environment of the North-East Atlantic (OS®Athe Helsinki Convention on the Protection
of the Baltic Sea Area, the Bern Convention on@oaservation of European Wildlife and Natural
Habitats, and the Bergen Declaration of the Fifttednational Conference on the Protection of the
North Sea;

AcknowledgingArticle VII of the Convention whereby the Confecenof the Parties may
make recommendations to the Parties for improuiegeffectiveness of this Convention;

Consideringthat the Strategic Plan for 2000 - 2005 adopte&é&golution 6.4 requires Parties
to review the special problems faced by migraterynals in relation to various obstacles to mignatio
and to propose remedial measures that may havespvieied applicability;

Recognisingthat Resolution 4.5 directs the Scientific Counailer alia to recommend
solutions to the Conference of the Parties to emobl relating to the scientific aspects of the
implementation of the Convention in particular wiggard to the habitats of migratory species;

Recognisingthe environmental benefits of wind energy espBcitdr addressing climate
change, and the significance of reducing climatange for the long-term survival of migratory
species;

Notingthat wind turbines especially in marine areasas@nt a new technique of large scale
energy production, the actual effects of which ature and on different components of biodiversity
cannot be fully assessed or predicted at present;

Recognisinghe lack of sufficient and relevant research orhseffects, especially on nature,
and the lack of data on the distribution and migraof species concerned,;

Concernedabout the possible negative impacts of wind tbion migratory species of
mammals and birds, as well as on their food sowandshabitate.g:

(a) destruction or disturbance of permanent or teany feeding, resting, and breeding habitats;

(b) increased collision risk for birds in flight;

Y The original draft of this resolution, considered by the Conference of the

Parties, was nunbered 7.13.
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(©)
(d)

through electric and magnetic fields of conimgcpower cables; or
emission of noise and vibrations into the water

Recognisingthe need for a thorough environmental impact @ssest prior to selecting

appropriate building sites and issuing constructp@mmits, in order to avoid areas of particular
ecological value and habitats with high nature eoration needs;

Aware of the need to regularly monitor and assess th@abimpacts of wind turbines by

exchange of international experience and site-paaffect monitoring programmes in existing wind
turbine plants; and

Noting especially the potential risk that several hundofédsuch marine installations with

heights up to 150 metres may present as obstatldgways, and wishing to minimise possible
adverse effects on nature;

The Conference of the Parties to the
Convention on the Conservation of Migratory Species of Wild Animals

2.

Calls upon the Parties:

(a) to identify areas where migratory species are vralile to wind turbines and where wind
turbines should be evaluated to protect migratpeces;

(b) to apply and strengthen, where major developmefitsviod turbines are planned,
comprehensive strategic environmental impact ass&ss procedures to identify
appropriate construction sites;

(c) to evaluate the possible negative ecological ingpamt wind turbines on nature,
particularly migratory species, prior to decidirngpn permission for wind turbines;

(d) to assess the cumulative environmental impactsigtiiled wind turbines on migratory
species;

(e) to take full account of the precautionary princijplethe development of wind turbine
plants, and to develop wind energy parks takingactof environmental impact data
and monitoring information as it emerges and takamrount of exchange of
information provided through the spatial plannimggesses;

Instructsthe Scientific Council to assess existing and migde threats from offshore wind

turbines in relation to migratory mammals and hingeluding their habitats and food sources, to
develop specific guidelines for the establishmdrduzh plants and to report to the Conference ef th
Parties accordingly at its next meeting; and

3.

Invitesrelevant intergovernmental organizations as wellhe European Community and the

private sector to cooperate with CMS in effortsmimimise possible negative impacts of offshore
wind turbines on migratory species.

* *x %



