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Executive Summary

Concerns over climate change have led to renewable energy targets for EU member states,
with the UK being allocated a target of 15 % of energy consumption from renewable sources
by 2020. This will require a large increase in renewable energy production, with wind energy
currently representing the fastest growing renewable energy source. Climate change poses
the single greatest long-term threat to birds and other wildlife, and the RSPB recognises the
essential role renewable energy, including wind, plays in addressing this problem. However,
poorly sited wind farms can also have negative effects on birds, leading to potential conflict
where proposals coincide with areas of activity for species of conservation concern.

To help minimise this conflict, the RSPB and Natural England have jointly produced a GIS
map and written guidance to aid the planning process for onshore wind energy development
in England. The map is based on distributional data for twelve sensitive bird species, plus
statutory SPAs (Special Protection Areas), and sites containing nationally important
populations of breeding waders and seabirds, or wintering waders or wildfowl. Ten of the 12
species included on the map are listed on Annex I of the EU Birds Directive, with two
additional species of conservation concern included, due to concern about potential impacts
on their rapidly declining or highly localised populations. All species included have known
or suspected (based on information on the species’ behaviour or ecology) susceptibility to the
effects of wind turbines on birds, either through collision mortality and/or disturbance
displacement.

Each 1-km square in England was assigned one of three sensitivity ratings (high, medium or
unknown) as follows:

e For each species, ‘sensitivity criteria’ were created using information on foraging
ranges, collision risk, disturbance distances and other relevant features of behavioural
and population ecology, from reviews of literature and the best available information.

e Distributional data were then buffered according to species (e.g. circles drawn
around nest or roost locations) and sensitivity ratings of either high or medium were
applied to these buffered areas based on these sensitivity criteria.

e Maps of buffered areas for each species were converted to 1-km square grids, by
selecting the sensitivity rating of the centre of each 1-km square.

e The SPA network, selected IBAs (Important Bird Areas), SSSIs (Sites of Special
Scientific Interest), and WeBS (Wetland Bird Survey) principal sites were also
included to represent nationally important distributions of breeding waders and
seabirds, or wintering waterfowl.

e These sites were amalgamated with the individual species’ maps by choosing the
highest sensitivity rating for each 1-km square.

The map is not comprehensive and it was not possible or practical to include some species or
important sites on the map. Notably, wintering waterfowl feed extensively, and in some
locations in significant numbers, on cropped land. This information could not be included
due to a lack of readily available data at the national scale. For these sites, written guidance
has been included, as well as reference to regional data sources, where these are available.
Those species that were not included on the map but also considered to be of conservation
concern and potentially susceptible to wind farms were: honey buzzard, merlin, peregrine
falcon, red kite, golden plover and dunlin. Honey buzzard could not be included as data were
not available at an appropriate spatial scale. Merlin and peregrine falcon were not mapped
due to their relatively widespread distributions. Red kite was not mapped, as the species is
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now widespread and numerous in England, and continuing to expand its range, meaning
that a map of distribution would quickly become out of date. In addition, golden plover and
dunlin were not mapped (outside protected sites or principal sites identified by WeBS counts)
due to lack of comprehensive data. Written guidance has been included for all these species.
A résumé of sensitivity criteria for mapped species, and written guidance for unmapped
species, can be found on pages 18-29 of this report, with full literature reviews for each
species in Appendices 2 and 3.

More detailed and longer-term studies are likely to be necessary in locations identified as
‘high” or ‘medium’ sensitivity to assess potential impacts, and to inform appropriate
mitigation or compensation measures. The map is not intended to depict no-go' areas for
development or indicate any presumption that RSPB or Natural England will automatically
object to proposals in or near to those areas identified as being highly sensitive. Furthermore,
data deficiency and gaps in survey coverage preclude a distinction between ‘low” and
‘“unknown’ sensitivity squares. Many of these areas will not be within the range of the species
of interest, or will not contain suitable habitat, but some may be sensitive The map and
guidance do not obviate the need for specialist, detailed assessment of specific wind energy
proposals on a case-by-case basis.

It is anticipated that the map and guidance will be most useful to RSPB and Natural England
staff, Local Authorities and wind energy developers in the early stage of the planning
process, particularly in informing site selection and scheme design and in defining likely
study and survey requirements. Early, pre-application consultation with the RSPB and
Natural England, to discuss possible bird sensitivities, survey requirements and optimum
design for individual proposals, is encouraged.

We also anticipate that the map and written guidance could inform future regional and sub-
regional renewable energy capacity assessments and help ensure that the expansion of
onshore wind energy is delivered sustainably.

As well as being a useful tool in its own right, the map and guidance will be a valuable
component of Natural England’s broader approach to assessing the degree to which the
natural environment can accommodate onshore wind energy development.

The map indicates a greater incidence of bird sensitivities in coastal and estuarine areas and
upland areas in the north of England. Wind farms in these areas will require particularly
careful assessment and planning to minimise adverse impacts on birds of conservation
concern. It is hoped that this map and guidance will assist in this process. Overall, 16 % of the
area on the map is classified as ‘high sensitivity’ (21 350 1-km squares), 2 % as ‘medium’ (2935
1-km squares) and 82 % as “‘unknown sensitivity’ (110 880 1-km squares). Although strictly
unknown, the latter category is likely to contain large areas of low sensitivity.
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The map was created using the best data and information currently available, but there are
inevitably caveats that apply to its use:

¢ Data deficiency and gaps in survey coverage mean that the map cannot be
comprehensive, and therefore preclude a distinction between ‘low” and “unknown’
sensitivity squares. Many of these areas will not be within the range of the species of
interest, or will not contain suitable habitat, but some may be sensitive. No liability is
accepted for the presence or absence of species at particular sites contrary to that
indicated on the map.

¢ It was not always possible to include information on the locations of immature and
non-breeding (including wintering and migrating) birds. The SPA network has been
used to represent distributions of wintering waterfowl, in combination with other
sites (IBAs, SSSIs and WeBS principal sites) holding nationally important
concentrations of wintering waders or wildfowl. For the twelve species mapped
separately, data related primarily to breeding birds, although some information on
wintering locations was included where available, this is incomplete.

¢ The sensitivity map was created by collating data that were collected for other
purposes, and thus not tailored specifically to the map’s requirements (which would
be an enormous task).

¢ The map is not a substitute for Environmental Impact Assessment, but is intended as
an indicative map of likely bird sensitivities, to help guide decision-makers in the
early stages of the planning process, for example at the scoping stage to define study
requirements.

¢ The map needs to be updated regularly to incorporate new data, and to reflect
revisions to the sensitivity criteria in the light of new information, notably from
research and experience at operational wind farms.
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Figure 1. Map of sensitive bird areas in relation to onshore wind farms in England.
Based on the highest sensitivity rating, for any of the species or sites included, in each
constituent 1-km square.
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Introduction
Climate change

Climate change poses a serious threat to humanity and is likely to worsen global problems
such as drought, famine, floods, disease, regional insecurity and population displacements,
and seriously hinder efforts to tackle poverty in poorer countries (IPCC, 2007). Energy
security is also of increasing concern, with 20 % of the UK’s gas supply coming from imports
in 2007 (BERR, 2008). Climate change is considered the single greatest long-term threat to
birds and other wildlife, with models of mid-range climate change scenarios predicting that
approximately 15 % to 37 % of species globally will be ‘committed to extinction’ by 2050
(Thomas et al., 2004). Climate change has been implicated in the large-scale breeding failure of
seabirds in 2004 on the North Sea coast of Britain (Eaton et al., 2005), and in declines in a
range of bird populations across Europe (e.g. pied flycatchers Ficedula hypoleuca, Both et al.,
2006; black grouse Tetrao tetrix, Ludwig et al., 2006 and ring ouzel Turdus torquatus, Beale et al.,
2006). Predictions of the potential future distributions of European breeding bird species by
the end of the 21 century, based on suitable climate conditions found that, for the average
species, the predicted future range is just 4/5 the size of the current range (Huntley et al., 2007,
Walmsley et al., 2007, Green et al., 2008). Average overlap between current and predicted
future range is 40 %, for some species the two do not overlap at all, and ability of species to
occupy this future suitable habitat could be constrained by poor dispersal ability, habitat
fragmentation or physical barriers (Huntley et al., 2007, Walmsley et al., 2007, Green et al.,
2008).

Renewable energy

Tackling climate change will require reduced energy use and increased energy efficiency, as
well as a switch to energy sources with lower greenhouse gas emissions such as renewable
energy. Currently, approximately 5.0 % of the UK’s electricity comes from renewable sources
(2007 figure, BERR, 2008). However, the proposed EU Renewable Energy Directive has set

a target of 20 % of energy consumption across member states to come from renewable sources
by 2020, with the UK allocated a target of 15 % (EU, 2008). In order to help reach renewable
energy targets, the UK Government introduced the Renewables Obligation in 2002, requiring
that electricity suppliers supply a specified and increasing proportion of electricity from
renewable sources (BERR web-site, 2008). Wind power currently makes a contribution of 8.8
% of renewables in input terms (i.e . in volume of fuel inputs of renewables to heat, electricity
and transport, after conversion to an oil equivalent basis), but accounts for 27 % of electricity
generated by renewables (2007 figures, BERR, 2008). However, onshore and offshore wind
represent the cheapest, most technologically advanced and most rapidly growing forms of
renewable energy, with wind growing by 25 % between 2006 and 2007 in terms of input into
electricity generation (BERR, 2008). The UK has one of the largest wind resources in Europe
(Risg National Laboratory, 1989) and currently has 179 operational wind farms onshore, and
seven offshore (Table 1, BWEA, 2008).

Impacts of wind farms on birds

The RSPB recognises the essential role that renewable energy, including wind, plays in the
attempt to tackle climate change, and supports appropriately located wind energy
developments. Unfortunately, poorly sited wind farms can have negative effects on
biodiversity (Langston and Pullan, 2003, Drewitt and Langston, 2006), making it necessary to
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balance sustainable renewable energy development and nature conservation interests. Effects
of wind farms on birds vary depending upon factors such as species / taxa, season, weather,
habitat type and individual site characteristics such as topography (e.g. Langston and Pullan,
2003, Barrios and Rodriguez, 2004, Drewitt and Langston, 2006, 2008, de Lucas et al., 2008,
Smallwood and Thelander, 2008). As wind energy is still a relatively new technology,
information about these effects is sparse, with few relevant published peer-reviewed papers
on the subject (Whitfield and Coupar, 2008), although the knowledge base is increasing.

Wind farms can affect birds in four main ways: collision, disturbance displacement, barrier
effects (sometimes considered a type of disturbance displacement) and direct habitat loss.
Direct habitat loss is generally considered to be a relatively minor concern (Percival, 2000),
although there will be exceptions, for example where overlap is with very rare species with
small home ranges (Whitfield and Coupar, 2008). Collision risk and disturbance displacement
are considered the two predominant effects. Cumulative impacts resulting from several wind
farms in the same area or affecting the same species are of particular concern (Scottish
Natural Heritage (SNH), 2005a).

Collision risk

Wind farms in the UK have not been associated with high collision rates to date, because on
the whole they have been constructed in areas with little bird activity (Percival, 2005,
Madders and Whitfield, 2006), and generally, collision rates recorded at many wind farms in
the UK and elsewhere have been low (e.g. Erickson ef al., 2001, Percival, 2005, Drewitt and
Langston, 2006, 2008). However, in some cases at poorly sited wind farms, collision rates have
been high, for example minimum estimates of annual fatalities of 67 golden eagles, among
over a thousand raptor collisions per annum, at Altamont Pass in California (Smallwood and
Thelander, 2008) and 36 common kestrels and 30 griffon vultures at Tarifa in southern Spain
(Barrios and Rodriguez, 2004). These figures are corrected for search efficiency and scavenger
removal. Twenty white-tailed eagle fatalities were reported between 2005 and 2008 at a wind
farm at Smela in Norway (weekly corpse sample searches have been conducted since 2006,
figures are not corrected for search efficiency and scavenger removal, T. Nygard, pers.
comm.). It should be noted that wind farms in both Altamont Pass and Tarifa comprise a
range of older wind turbine designs that do not feature in modern wind farms, although
recent work by de Lucas et al. (2008) found no effect of turbine type on collision rates at two
wind farms in Tarifa.

Different species groups vary in terms of susceptibility to collision, with raptors appearing to
be particularly susceptible (e.g. NWCC, 2000, Langston and Pullan, 2003, Thelander et al.,
2003, Smallwood and Thelander, 2004, Anderson et al., 2004, 2005). Whitfield (2007) suggests
that much of this vulnerability appears to be due to reduced avoidance of wind turbines by
raptors (e.g. Whitfield and Madders, 2006a, b). Some other groups also appear quite
susceptible, for example, together with raptors, gulls accounted for most of the fatalities in
Hotker et al.’s (2006) review of wind farm impact studies, and an estimated 165 collisions of
several species of tern per year occurred at a 25-turbine wind farm at Zeebrugge, Belgium
(Everaert and Stienen, 2006). Moorehead and Epstein (1985) suggested that large wetland
birds, such as geese, might be especially susceptible to collision. However, Hotker et al. (2006)
found that records of collisions in geese were relatively rare, and generally there have been
few recorded collisions of geese at wind farms. A recent review of wind farm impact studies
involving waders by Whitfield (2007) concluded that waders have relatively low
susceptibility to collision, as they are often displaced from the wind farm area. Although
there is clearly a relationship between the two factors, it should be noted that disturbance
displacement and collision are not necessarily mutually exclusive, as individuals may
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respond differently to wind farms, depending on factors such as age, breeding status and
season. For example, 13 of the 20 white-tailed eagle fatalities at Smela occurred between
March and May, and avoidance of turbines is much lower at this time of year (T. Nygard,
pers. comm.). Although collisions of passerines have been recorded (Hotker et al., 2006,
Smallwood and Thelander, 2008) these have generally not been in particularly large numbers
(e.g. an estimated 57 passerine collisions annually at Altamont Pass Wind Resource Area in
California, compared to over a thousand raptor collisions, Smallwood and Thelander, 2008).
Devereux et al. (2008) suggest that farmland passerines are less likely to be collision victims
than larger, less maneuverable species, although it should be noted that their small size
means that under-reporting of collision fatalities due to lower detection rates or higher rates
of scavenger removal is a potential problem.

Hotker et al. (2006) presents a review of collisions at 129 wind farms, mainly focusing on
species relevant to Germany. However, it should be noted that this review is the result of
collation of records from a variety of sources, as opposed to controlled corpse searches at
wind farms, and different taxa may feature more or less prominently due to factors such as
size.

The ‘Band’ Collision Risk Model (Band et al., 2006) allows estimation of the number of annual
collision fatalities of a species at a particular wind farm, and is widely used during
Environmental Impact Assessment (EIA). However, the model is very dependent upon
estimated turbine avoidance rates, which vary between different taxa / species, and are often
poorly quantified (Chamberlain ef al., 2005, 2006). Collision models also rely on the
assumption that collision rate is related to bird abundance, which recent work suggests is not
necessarily the case (de Lucas et al., 2008). Estimates of annual collision rates and avoidance
rates should be treated with caution, and used as comparative rather than absolute measures
(Chamberlain et al., 2005, 2006, Whitfield, 2007).

The reasons why birds collide with wind farms are not clear, but it is often assumed to be due
to them not seeing the turbines (‘invisible blades’ or ‘motion smear” hypothesis, Hotker et al.,
2006). However, Whitfield (2007) considers that the limited success of measures to increase
the visibility of turbines in preventing collisions (e.g. Mclsaac, 2001, also see Hotker et al.,
2006 for review) suggests that an alternative hypothesis may be more likely; that birds do see
the blades but are unable to avoid them under certain conditions, depending on factors such
as wind or turbine location (Drewitt and Langston 2008, de Lucas ef al., 2008), or when
distracted by certain behaviours. A study of raptor collisions at two wind farms in Tarifa,
southern Spain, supports this theory, with griffon vultures colliding more when uplift wind
conditions were poor, for example due to gentle slopes or weaker thermals, presumably due
to lower manoeuvrability (Barrios and Rodriguez, 2004, de Lucas et al., 2008). Bird mortality
varied markedly with season, but was not highest in the season with highest bird abundance
(de Lucas et al., 2008). Rather, mortality was related to factors such as turbine height and
elevation, with more fatalities being associated with higher turbines and elevations (de Lucas
et al., 2008). A better understanding of factors causing collision is essential in identifying
locations where wind farm developments may lead to a higher collision risk.

Disturbance displacement

Wind farms also may affect birds via disturbance displacement (e.g. Drewitt and Langston,
2006, Hotker et al., 2006), and as with collision, different species and groups vary in their
susceptibility to this effect. Hotker et al. (2006) presents a review of disturbance displacement
across 129 wind farms, mainly in Europe, focusing on species relevant to Germany. Observed
effects of disturbance displacement were more common in the non-breeding season, with
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waders and wildfowl being particularly susceptible (Hotker et al., 2006). Breeding season
displacement effects were only common in waders and gamebirds (Hotker et al., 2006). A
review by Whitfield (2007) also suggests that disturbance displacement around wind turbines
is relatively common amongst waders, and particularly wintering birds, with there being
fewer examples of disturbance displacement in breeding birds. This could be because
breeding birds show greater site fidelity, or are more limited in their site choice. Effects could
also be masked by a time lag as birds faithful to the sites return, but new birds may not settle
in them. However, recent work by Pearce-Higgins et al. (2008) provides evidence of
disturbance displacement in breeding golden plover up to distances of at least 200 m, and
also in other breeding waders, at distances of 0 — 800 m, depending on the species (Pearce-
Higgins, unpubl.). Geese appear particularly susceptible to human disturbance generally, and
there are a number of examples of displacement from wind farms (e.g. reduced feeding
densities close to turbines, extending up to 600 m, Kruckenberg and Jaene, 1999, for reviews
see Langston and Pullan, 2003, Hotker ef al., 2006), although there is a wide range of recorded
displacement distances, indicating no displacement in some situations. A study at a wind
farm on a mixed grassland/farmland habitat in the USA reported displacement of passerines
during the breeding season, however the study did not appear to control for differences in
habitat types at different distances from turbines (Leddy et al., 1999). Devereux et al. (2008)
found no evidence for displacement of farmland birds in winter (with the exception of
common pheasant) at two wind farms in East Anglia, although effects during the breeding
season still require investigation.

Disturbance can affect species in a number of ways; either by direct loss of e.g. nesting,
foraging, roosting or moulting habitat, or by affecting productivity, and potentially survival.
Meta-analysis of 19 datasets suggested reduced abundances of birds at wind farms,
particularly of wildfowl and waders (Stewart et al., 2007), in accordance with results on
disturbance displacement above. It is frequently suggested that habituation may occur at
wind farm sites, reducing the impact of disturbance displacement over time.

However, contrary to this suggestion, analysis by Stewart et al. (2007) found that abundances
at wind farm sites actually decreased over time, and a review of wind farm impact studies by
Hotker et al. (2006) concluded that evidence for habituation was neither widespread, nor
indicative of a strong effect.

Significance of effects

The importance of impacts of wind farms on birds depends upon whether they result in
effects at the population level. The term ‘population level” can be applied at different spatial
scales, both national and regional effects may be considered important (e.g. for discussion see
SNH, 2006). Quantification of population-level effects is rarely achieved, due to cost and
practicalities (Morrison and Pollock, 1997, Sterner et al., 2007), but potential population level
effects (i.e. population declines) were associated with several of the examples above (Everaert
and Stienen, 2006, Sterner et al., 2007, Thelander and Smallwood, 2007). For species of
conservation concern, even small increases in mortality may be significant either from
individual wind farms or the cumulative effects of multiple wind farms. For proposals on or
near designated sites, an assessment of the potential impact on the qualifying populations is
required. For disturbance displacement, the significance of observed responses depends upon
whether there are effects on survival or productivity. This can occur, for example, if birds are
excluded from nesting or foraging habitat and equivalent, alternative suitable habitat is not
available (effectively habitat loss), or if energy expenditure is increased above that which can
be readily compensated for. An example of the latter is the case of little terns at an offshore
wind farm at Scroby Sands in Norfolk, where construction of the wind farm resulted in a
nearly three-fold increase in foraging flight distances (Perrow et al., 2006).
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Aims and objectives

Careful location of wind farms is key to minimising impacts on birds. Wind farms in the UK
are frequently sited in areas not considered likely to have significant effects on bird
populations (e.g. Percival, 2005, Fielding et al., 2006, Bright et al., 2008). However, care when
locating wind farms will be increasingly important in maintaining this situation as wind
energy expands to help meet ambitious renewable energy targets.

The sensitivity map is intended to help ease conflict between wind farm development and
nature conservation by indicating the areas where there is a greater probability of detrimental
effects on important bird populations, which might require more detailed and longer-term
information to assess potential impacts, and potentially also appropriate mitigation or
compensation. The map is intended to help guide decision makers, such as Local Authorities,
and wind farm developers, in the early stages of the decision making process, and is not a
substitute for site-specific Environmental Impact Assessment (EIA). Guidance for bird survey
methods during EIA is provided in SNH (2005b, 2009a, b). Early consultation with the RSPB
and Natural England, to discuss potential bird sensitivities and survey requirements for
individual proposals, is recommended.

Methodology

The project has produced a map of ranked bird sensitivities to the development of onshore
wind farms in England, at 1-km square resolution, together with written guidance on
mitigation measures involving wind turbine locations in relation to sensitive nesting birds
and birds outside the breeding season. The map is a GIS product, based on the distributions
of bird species of high conservation priority in England, with the sensitivity rankings based
mainly on published information relevant to their sensitivity to different aspects of wind farm
development and operation.

Species list

Priority species for inclusion on the map were those listed on Annex I of the Birds Directive
(EC, 1979), as representing birds of high conservation priority. A few additional species of
conservation concern that display particular risk factors in relation to wind farms also were
included. Bird species for which there was little evidence of adverse effects or that are of
lower conservation priority were not included.

Special Protection Areas (SPAs) were included on the map as ‘high sensitivity’, as these sites
are classified under Article 4 of the Birds Directive as “most suitable territories” to deliver the
conservation of Annex I and regularly occurring migratory birds. In particular, these sites
were used as a surrogate for the distributions of congregational species of wintering geese
and other waterfowl, and colonial nesting seabirds, as designation criteria include
populations exceeding 20 000 birds as well as individual species criteria (Stroud et al., 2001).
This was because, for many species, a high proportion of their populations occur within the
SPAs (Stroud et al., 2001). Species included on the map by means of the SPA network alone
are presented in Table 2.

The SPA network was supplemented with data for Important Bird Areas (IBAs, Heath and
Evans, 2000, although note updated boundaries were used, RSPB, unpubl.), Sites of Special
Scientific Interest (55SIs) and Wetland Bird Survey (WeBS) principal sites that held nationally
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or internationally important concentrations of breeding waders, or wintering waterfowl (see
Table 3 for details). IBAs for breeding seabirds were also included (see Table 3).

For species of goose and swan, SPA boundaries and estimates of coverage in Stroud et al.
(2001) are largely based on roost locations (Table 4). However, these species often feed on
cropped land in the vicinity of designated sites, and could be at risk of collision when flying
between roosting and feeding sites, or of displacement from feeding sites. Few areas of
cropped land have been included in the SPA network to date, and there are difficulties in
mapping goose and swan feeding areas, which may be at considerable distance from roost
sites and may change depending on cropping patterns. Likewise, for other wintering
waterfowl, boundaries of coastal and estuarine SPAs often exclude important inland feeding
and/or roosting areas. However, the Birds Directive requires Member States to protect the
habitats of these species outside SPAs too, and, more specifically, the Habitats Directive
requires assessment of the implications of plans or projects in view of site (SPA and/or SAC)
conservation objectives, which can include off-site effects where these may reduce SPA
populations (for example through damage or disturbance to ‘functionally linked” feeding,
roosting or flyway areas). There is no single national data source for waterfowl feeding areas
on cropped land, with the Wetland Bird Survey (WeBS) focusing predominantly on coastal
and estuarine areas (Austin et al., 2008). However, some data are available regionally. Due to
the absence of a comprehensive national data set, cropped habitats used by these species for
feeding have not been included on the map. However, regional data sources, and guidelines
with respect to search-areas for waterfowl feeding areas, and possible mitigation against
displacement from these areas, have been provided in Appendix 1.

The SPA network alone is not sufficient to represent distributions of all species of concern,
because designated sites tend to include small proportions of dispersed species. For example,
only 15 % of the British breeding population of golden eagle occurs within SPAs (Stroud et al.,
2001). Therefore, distributions were included for a further 12 species of conservation concern
(Table 5) for which the literature indicated sensitivity to collision risk, disturbance or changes
in habitat, especially in relation to wind farms. The suite of sensitive species was chosen after
reviewing published literature about sensitivity of bird species to wind farms (e.g. Langston
and Pullan, 2003). Species were included if (a) data were available, (b) the species has limited
range or occurs in restricted habitats or sites, and (c) there was some evidence or probability
that wind farms can have an adverse effect. Estimated SPA coverage in Stroud et al. (2001) for
bittern and stone-curlew was relatively high. However, this is known to have decreased since
the time of the review (for example, an estimated 90 % of the British breeding population of
bittern occurred within the SPA network at the time of the review, but this was estimated at
59 % by 2008 (S. Wotton, pers. comm.)), and so these species also were mapped separately.

Ten of the twelve species mapped separately are listed on Annex I of the EU Birds Directive.
The two other species were included because, whilst not listed on Annex I, they are either
very localised in distribution or undergoing rapid national population declines. Bean goose
was included as they regularly occur in just two areas in England, one of which supports the
only British population of the Tundra bean goose race A. f. rossicus, and is not an SPA, and
geese are particularly susceptible to disturbance displacement from a variety of sources,
including wind farms (e.g. Kruckenberg and Jaene, 1999). Black grouse was included as the
UK population is small and rapidly declining (Sim et al., unpubl.), it is a red-listed Bird of
Conservation Concern (BoCC) (Gregory et al., 2002) with low dispersive ability and is
particularly susceptible to collision with man-made structures (e.g. Bevanger, 1995). Both of
these species were allocated a sensitivity rating of ‘medium’ to reflect their national, rather
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than international (i.e. non-Annex I) conservation status. IBAs that held nationally important
populations of species included on the list were also included.

It was not possible to include honey buzzard on the sensitivity map, as data were not
available at an appropriate spatial scale. Other Annex I raptor species considered for
inclusion were merlin, peregrine falcon and red kite. However, it was decided that it would
be more appropriate to provide written guidance for these species, rather than include them
on the map. Golden plover and dunlin were also not included on the sensitivity map outside
designated sites or principal sites identified by WeBS counts, due to lack of comprehensive
data. Potential data sources for species not included on the map are listed in Table 6, and
written guidance for these species provided in Appendix 2 and summarised in the results
section.

Data

National surveys for many of the species included are undertaken at five/six or ten/12 year
intervals as part of the Statutory Conservation Agency/RSPB Breeding Bird Scheme
(SCARABBS, Baker et al., 2006). In addition to these periodic surveys, records for many of the
species included on the sensitivity map are submitted to the Rare Breeding Birds Panel
annually (e.g. Holling and the RBBP, 2008). Dedicated annual monitoring programmes are
undertaken for some of the scarcer species included (e.g. bittern, see Wotton et al., 2008). The
data sources used for each species are presented in Table 5. For most, survey coverage was
reasonably comprehensive.

The most recent data available were used, but age of dataset varied between species. Data
from surveys spanning a range of years was used for most species, in order to provide a
better representation of breeding locations, i.e. because of sample surveys or because of the
birds’ use of multiple sites.

Most national surveys for the species in Table 5 occur during the breeding season, so the
distributions mapped for these species related primarily to breeding birds. Survey units
varied (Table 5), with most being nest locations or adults showing breeding activity, but
calling males being used as an indication of breeding activity (Gibbons et al., 1993) for
secretive nesting species. For hen harrier and marsh harrier, locations of communal winter
roosts were also included. Additionally, as mentioned above, the SPA network, together with
data for IBAs, SSSIs (supporting nationally important populations of wintering waterfowl or
breeding waders), and WeBS principal sites (supporting nationally or internationally
important numbers of wintering waterfowl) were used to represent distributions of breeding
waders and seabirds, or wintering waterfowl. No data on immature or migrating birds
(except for migrating birds included in the SPA network) have been incorporated.

Creation of the map

The map was created in the Geographical Information System (GIS) MapInfo Professional
version 6.0. Distributional data for each bird species were mapped on a separate layer. Most
data were available at 100-m resolution, but some were available only at 1-km.

The distributional data were buffered according to species criteria (e.g. as circles drawn
around nest locations, or lines at a set distance around a nature reserve used by wintering
bean geese), and sensitivity ratings were applied to these buffered areas (Table 7). For two
species, buffering was not applied as a site-based approach was taken. These were bittern, for
which all reedbeds used since 1990 were included, and nightjar. As nightjar are relatively
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numerous and widespread in England, the SPA network and other sites with nationally
important populations (sites containing over 1 % of the British breeding population based on
the 2004 national survey data) were used to represent sensitive locations for nightjar (see
Table 5 and Appendix 3 for details).

Species’ sensitivities and buffer distances were determined on the basis of information
relating to collision risk, foraging ranges and/or information relating to disturbance
displacement from wind turbines, taking into account other relevant features of behavioural
or population ecology for each species. In the absence of this, information relating to
disturbance displacement from other sources of disturbance was used. Disturbance distances
need to be treated with caution, as individual responses to disturbance depend on a number
of factors, such as the quality of the site, distance to other suitable sites, and investment made
in a site (Gill et al., 2001). Literature searches were conducted using species’ names as
keywords, as well as searches under ‘wind farm’, wind turbine’, ‘collision” and ‘disturbance’
in ISI Web of Knowledge, and web-sites of various research bodies. Information from peer-
reviewed published literature was given greater weight than that from “grey literature’.
Finally, in the absence of adequate documented information, relevant species” experts were
consulted. Once completed, the literature review, proposed buffers and sensitivity ratings for
each species were circulated amongst species” experts for comment and revision.

Buffered areas, or sites (e.g. SPAs, reedbeds used by breeding bittern), were assigned a rating
of "high” or ‘medium’ sensitivity for each species (Table 7). Maps of buffered areas for each
species were then converted to 1-km square grids, by selecting the sensitivity rating of the
centre of each 1-km square. For irregularly shaped polygons representing a site boundary (i.e.
SPAs and reedbeds for breeding bitterns) any 1-km squares intersecting with the site were
selected to ensure capture of smaller sites.

Individual species’ maps were combined to produce a composite map layer showing the
highest sensitivity rating for each 1-km square for any species. This was the preferred method
for the production of the sensitivity map, as the protective legislation applies equally to
locations with single species and multi species importance. Thus, no weighting by species or
number of species present was applied to the sensitivity ratings. Due to paucity of
information available on species-specific effects, a three-level scale of sensitivity rating was
used, as follows:

® ‘High sensitivity’.

® ’‘Medium sensitivity’.

¢ ‘Unknown sensitivity.’

It was not possible to distinguish between ‘low” and “unknown’ sensitivity areas, due to data
deficiency, and the use of written guidance for some species. For example, more detailed data
may be available at the regional level relating to cropped feeding areas for wintering
waterfowl. However, it is expected that in a large proportion of the ‘unknown sensitivity’
category squares there will be low ornithological sensitivities.

Sensitivity ratings have been used to indicate both likelihood of an effect via collision or
disturbance displacement, and conservation status. For example, for golden eagle and marsh
harrier, a concentric ring buffer approach has been taken, with an inner core area classified as
‘high sensitivity’ and an outer area as ‘medium sensitivity’. This is intended to indicate
estimated use of the area, and where collision and indirect habitat loss due to displacement is
considered most likely. For bean goose and black grouse only a “‘medium sensitivity” rating
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was applied, in order to indicate these species’ national rather than international (i.e. non-
Annex I) conservation status.

Results
Sensitivity map

The sensitivity map indicates a greater incidence of bird sensitivities in coastal and estuarine
areas and upland areas in the north of England (Figure 1). Overall, 16 % of the area on the
map is classified as ‘high sensitivity” (21 350 1-km squares), 2 % as ‘medium’ (2935 1-km
squares) and 82 % as “‘unknown sensitivity’ (110 880 1-km squares).

Sensitivity criteria: mapped species

Summaries of sensitivity criteria are presented below; full reviews and rationale for the
criteria applied for each species are provided in Appendix 3.

Bittern Botaurus stellaris

e Although increasing, the UK bittern population remains very small (76 booming males in
2008, Wotton et al., 2008), and estimated SPA coverage has decreased since the SPA
review (from 90 % of the breeding population, Stroud et al., 2001, to 59 % of booming
males in 2008, S. Wotton, pers. comm.).

e During the breeding season, males feed within their home ranges (White et al., 2006), but
females in the UK frequently travel from the nest site to forage, and can regularly make
flights up to 2 km (unpublished data in Gilbert et al., 2005). Females may be at risk of
collision during such flights, particularly if they are over trees or houses (G. Gilbert, pers.
comm.). Males may also defend several fragmented bits of territory that may be separated
by tall trees or other obstructions (G. Gilbert, pers. comm.). Bittern seem to be quite prone
to collisions with structures such as power lines and fences (G. Gilbert, pers. comm.,
White et al., 2006).

e Cramp and Simmons (1977) suggested that the bittern is more shy of disturbance than
most species of heron, but can become accustomed to human activities.

e All reedbeds used by breeding bitterns since monitoring began in 1990 were included as
‘high sensitivity’. This was thought reasonable to encompass breeding and main feeding
areas due to the small and localised, albeit increasing, population.

Bean goose Anser fabalis

e The British population of bean geese is small, ca 522 birds (RSPB, 2005, Maciver, 2006) and
occurs in just three regularly used locations; the Yare Valley in Norfolk (Wildfowl and
Wetlands Trust (WWT), 2006) and Slamannan Plateau in Central Scotland (Maciver,
2006), for Taiga bean geese A. f. fabalis, and around North Warren in Suffolk for Tundra
bean geese A. f. rossicus (RSPB, 2005).

e Although Moorehead and Epstein (1985) identified large wetland birds, such as geese, as
being especially susceptible to collisions with wind farms, there is little evidence to
support this, with relatively few collisions by geese being reported (Hotker et al., 2006).

e Several studies indicate disturbance displacement of geese by wind turbines (Langston
and Pullan, 2003, Hotker et al., 2006), with a maximum reliably detected distance of 600 m
for European white-fronted geese (Kruckenberg and Jaene, 1999).

e Bean geese were included on the map, despite not being an Annex I species, due to their
small population size, and as the only British population of Tundra bean geese occurs on
an unprotected site. Traditional sites holding Tundra bean geese (North Warren and
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Minsmere RSPB reserves) were included on the map and buffered by 600 m, based on
disturbance distances, and this area classified as ‘medium sensitivity’, on account of the
bean goose’s non-Annex I status. Nearly all of the English population of Taiga bean geese
occur within the Broadland SPA, which was included as ‘high sensitivity’, along with the
rest of the SPA network.

Marsh harrier Circus aeruginosus

The British marsh harrier population is currently estimated at 364 confirmed and possible
breeding pairs (M. Eaton, pers. comm.).

Marsh harriers typically fly low when foraging (Clarke, 1995) and are likely to be at
highest risk of collision during aerial displays, which Cramp and Simmons (1980)
suggested typically occur over the nesting territory and up to 1 km beyond. Other
observations suggest display flights may occur further from the nest (e.g. 2 km, L.
Higginson, pers. comm.; 3 km, J. Day, pers. comm.), and birds also may return from
foraging areas by spiralling to a great height before descending to the nest (I. Carter, pers.
comm.). Distances of foraging flights vary (e.g. maximum distances of 1.5 km to 3.1 km
for males, and 1.4 km to 1.8 km for females in Holland and France (Schipper, 1977), 5-6
km and exceptionally up to 8 km (Glutz von Blotzheim ef al., 1971), and 12 km by a male
in Cambridge (Clarke, 1995)).

Birds usually arrive at roost sites singly in low flight (2-3 m, but up to 30 m), before
repeatedly circling over the roost at a height of up to 30 - 40 m before settling (Oliver,
2005). Group circling also occurs (Oliver, 2005).

Breeding locations from the 2005 national survey were plotted, and the area within 1 km
of the nest classified as ‘high sensitivity’, and the additional area within 2 km of the nest
as ‘medium sensitivity’, to represent the area where collision risk is considered highest.
Roost locations were collated and those containing 1 % or more of the summed counts
from all locations included on the map. The area within 1 km of these locations was
classified as ‘high sensitivity’ to account for movement of roost location and the fact that
aerial displays may occur above roost sites.

Hen harrier Circus cyaneus

The 2004 national survey estimated the UK and Isle of Man hen harrier population at 806
territorial pairs, a 41 % increase since 1992 (Sim et al., 2007). However, the English
population decreased to just 11 territorial pairs during this time (Sim ef al., 2007).

A review of eight wind farm impact studies found good evidence of displacement of hen
harriers in only one study (Madders and Whitfield, 2006). However, a recent field study
at 12 wind farms and paired control sites in Scotland and England found reduced hen
harrier flight activity within 250 m of turbines (Pearce Higgins et al., unpubl.), and
preliminary results from studies in Argyll, Scotland and Northern Ireland indicate that
local displacement of nesting attempts may occur within 200 - 300 m of turbines
(Whitfield and Madders, 2006a).

Hen harriers typically hunt low over the ground (Watson, 1977). Birds may be more at
risk of collision with turbines during display flights, which occur mainly within about 500
m of the nest, but up to 1 km away, or during flights made as newly fledged birds
(Madders, 2004). A review of nine wind farm impact studies involving hen harrier found
collisions in just three of these, and these were in low numbers (Whitfield and Madders,
2006a).

Given the extremely small size of the English population, and the fact that its size and
distribution is dramatically constrained by persecution, breeding locations spanning a
ten-year period (1997 to 2006) were plotted and a precautionary buffer of 2 km applied, as
used on the sensitivity map for Scotland (Bright et al., 2006, 2008). This is based on the fact
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that foraging flights appear to occur most frequently within 1 km to 2 km of the nest,
although they can extend further (e.g. Schipper, 1973, Picozzi, 1978, Martin, 1987, Arroyo
et al., 2005).

Locations of roost sites from the hen harrier winter roost survey 2004 - 05 (the most recent
readily available data) containing 1 % or more of the estimated British wintering
population (750 birds, Stroud et al., 2001) were buffered by 1 km and this area classified as
‘high sensitivity’.

Montagu’s harrier Circus pygargus

There were an estimated 13 nesting attempts by Montagu’s harriers in Britain in 2007 (M.
Thomas, pers. comm.).

Montagu’s harrier in England nest predominantly in cereal crops, due to loss of natural
habitat (Clarke, 1996), and nest location can vary between years due to changes in
cropping pattern (Clarke, 1996).

Foraging occurs over long distances (up to 10 km and 15 km from the nest site in males,
Schipper, 1973, Clarke, 1996, P. Castle, pers. comm.), and although foraging flights are
usually low over the ground, birds can return from forays by spiralling to a considerable
height before gliding back to the nest (I. Carter, pers. comm.). Risk of collision may also
occur during aerial displays, which occur mainly over the nesting territory, but
occasionally further from the nest (up to 3 km, Cramp and Simmons, 1980, up to 4 km, P.
Castle, pers. comm.).

Breeding locations spanning a 10-year period (1997 to 2006) were plotted. Although high
flying can occur throughout the foraging range, it was not thought practical to include
buffers of foraging ranges, and it is considered likely there will be a higher density of
high risk flights near to the nest. Initially, a two-tier approach was planned, with the area
within 1 km of breeding locations being classified as “high sensitivity’ and the additional
area within 3 km classified as ‘medium sensitivity’, on the basis of estimated likelihood of
aerial displays. However, this was rejected in favour of a 3 km ‘high sensitivity buffer’ on
the map in order to protect the locations of breeding Montagu’s harrier.

Black Grouse Tetrao tetrix

The 2005 national black grouse survey showed a decline of 22 % in the UK population
since the 1995/6 national survey (Hancock et al., 1999, Sim et al., 2008), and 80 % since the
previous population estimate in 1990 (Baines and Hudson, 1995). The English population
of black grouse has become fragmented into just two subpopulations in north
Northumberland and the North Pennines, and is estimated at 1029 males (Warren and
Baines, 2008).
Black grouse are particularly susceptible to collisions (see Drewitt and Langston, 2008 for
review), for example with deer fences (e.g. Catt et al., 1994), and power lines (Bevanger,
1995). Two collision fatalities have also been reported at a wind farm site in Argyll,
Scotland (Y. Boles, pers. comm.) and two in Austria (T Diirr in Hotker et al., 2006), these
being with the wind turbine towers, rather than the blades (Y. Boles, pers. comm., H.
Zeiler, pers. comm.).
Disturbance of lekking birds has been identified as a problem at some isolated sites
(Anon., 2003), although studies on the impact of disturbance on black grouse have had
variable results (Miquet, 1986, Miquet, 1990, Zeitler, 2000, Baines and Richardson, 2007).
Estimates of ranging distances from the lek for males and females vary slightly, but are
usually between 1 and 2 km (e.g. Picozzi, 1986, Willebrand, 1988, Cayford, 1993, Warren
and Baines, 2004) and management for black grouse is targeted at the area within 1.5 km
of the lek (e.g. Anon., 1993). Black grouse leks were buffered by 1.5 km and this area
classified as “‘medium sensitivity’, on account of the black grouse’s non-Annex I status.

14



Mapped and written guidance in relation to birds and onshore wind energy development in England

Stone-curlew Burhinus oedicnemus

e The British stone-curlew breeding population, although increasing, remains small and
vulnerable, comprising an estimated 350 pairs in 2007 (R. Wynde, pers. comm.).

e Itis not known whether there is a significant risk of collision for stone-curlew. Green
(unpubl.) modelled potential risk of collision with wind turbines for breeding stone-
curlews. Average annual stone-curlew mortality rate is about 0.2 (Green et al., 1997).
Green (unpubl.) suggests that, as population trends of species with such low adult
mortality can be particularly sensitive to increases in mortality, even a low level of
additional mortality would be undesirable, and wind turbines within the foraging ranges
of breeding adults may present a problem.

e A study of responses to sources of disturbance in Wiltshire and Hampshire suggested
that the species may be more sensitive to disturbance than other species of wader (Taylor
et al., 2007). Green et al. (2000) found reduced densities of stone-curlews on arable fields
up to 3.6 km from the nearest road, with the effect remaining even where alternative
habitat was scarce, suggesting disturbance displacement may be limiting population size
(Green et al., 2000).

e Radio-tracking breeding stone-curlews in southern England revealed that most activity
occurred within 1 km of the nest or chicks (75 %, 83 % and 95 % of active locations during
the pre-laying, incubation and chick-rearing periods respectively, Green et al., 2000).

e Nest sites used for the last five years (2003-2007) were plotted and buffered by 1 km and
this area classified as “high sensitivity’. The timespan of data used for this population was
decided following consultation with species” experts. Individual wind farm proposals
within 3 km of breeding stone-curlew should be assessed for impacts, given the very
small population and that foraging can extend up to this distance (Green et al., 2000). The
assessment needs to include any new roads associated with the wind farm.

Nightjar Caprimulgus europaeus

e The British nightjar population has increased in recent decades, with the 2004 national
survey estimating a population of 4606 males, with an estimate for England of 4282
churring males (Conway et al., 2007). However, only a minor recovery in range has
occurred, and population declines and range contractions occurred in north-west Britain
(Conway et al., 2007).

e Risk of collision would occur mainly during display or migratory flights, and possibly
some foraging flights. Recent work monitoring flight heights in Dorset found that all
flights were below 20 m (Infinergy, 2008). However, the study site was an area of open
habitat, higher flights would be most likely to occur over forestry, and observations of
flights over trees at greater heights have been made (e.g. Cramp et al., 1985, S. Wotton,
pers. comm.). Thus, wind farms located adjacent to, or in clear-felled pockets within,
forestry are most likely to pose a risk of collision for breeding nightjars.

e Human disturbance can affect nightjar densities and breeding success (Murison, 2002,
Liley and Clarke, 2003, Woodfield and Langston, 2004, Langston et al., 2007). No
information on effects of wind farms on breeding nightjars was found, but disturbance
displacement from the turbines themselves, or due to increased human activity or access
at the site could affect nightjar populations.

e As the English population is relatively numerous and increasing, a less precautionary
approach was taken here than for the Scottish sensitivity map (Bright et al., 2006, 2008).
SPAs designated for breeding nightjars were included, plus non-designated sites
containing nationally important populations of nightjar in 2004 (see Table 5 and
Appendix 3 for details). These were classified as ‘medium sensitivity’.
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Chough Pyrrhocorax pyrrhocorax

The UK breeding population of choughs has increased in recent decades, with 399
probable and confirmed breeding pairs being located in 2002 (Johnstone et al., 2007).
Choughs became extinct in England in the 1970s (Stillman ef al., 1998), but a pair bred
again in Cornwall from 2002 onwards (Johnstone et al., 2007), with a second pair breeding
from 2006 (RSPB, 2008).

No information was found on likelihood of choughs colliding with wind turbines.
Information relating to the effects of disturbance on choughs is variable (e.g. Owen, 1989,
Rolando and Pattersen, 1993, Cramp and Perrins, 1994, Rolando et al., 2003, Storch and
Leidenberger, 2003, Laiolo, 2007).

A precautionary approach was taken due to the extremely small and localised nature of
the English breeding population. All nest sites used since choughs first bred in England
in 2002 were buffered by 1 km, and this area classified as ‘high sensitivity’. This is based
on studies of foraging distances for breeding choughs (Holyoak, 1972, Bullock et al., 1983,
Bignal et al., 1996, Cook et al., 1999, Gray et al., 2004, Whitehead et al., 2006), and is in line
with SNH guidelines for defining SPA boundaries.

Roost sites were also included and buffered by 1 km, in part because they may become
future nest sites.

Common crane Grus grus

Cranes were formerly widespread in England (Boisseau and Yalden, 1998), but became
extinct in about 1600 (British Ornithologists” Union, 1971). A breeding population
established again in Norfolk in 1981 (Mathews and Macdonald, 2000). In 2005, there were
five to seven pairs of crane at four sites in Britain, six of these pairs being in England
(Holling and the RBBP, 2008).

Large numbers of cranes are killed in collisions with power lines throughout Europe (e.g.
European Crane Working Group, 2008). Evidence of effects of wind farms on cranes is
sparse, but Moorehead and Epstein (1985) suggested that large wetland birds such as
geese and cranes were likely to be particularly susceptible to collisions with wind farms.
Displacement of cranes from disturbed areas has been reported (e.g. Franco et al., 2000,
Nowald, 2001, Leito et al., 2005, 2006), and Meine and Archibald (1996) considered that
cranes generally avoid human activity by at least several kilometres. However, nests can
be built in relatively disturbed areas in some parts of the range (e.g. adjacent to roads in
Germany; P. Newbery, pers. comm.). No information has been published on disturbance
displacement of cranes from wind farms.

Home range sizes vary from about 0.4 to 10 km? (Nowald, 1999, Mathews and
Macdonald, 2000, Peske et al., 2003, Roper and Hake, 2003, Leito et al., 2006). These are
equivalent to the areas of circles with radii 0.36 to 1.8 km.

Due to the extremely low size of the English population, a precautionary approach was
taken, with nest locations or protected areas containing cranes being buffered by 2 km
and this area classified as ‘high sensitivity’.

Osprey Pandion haliaetus

The last recorded osprey nesting attempt in England prior to the reintroduction
programme occurred in 1842 (Dennis, 1985). The reintroduction programme began at
Rutland Water in 1996 (Rutland Osprey Project, 2008) and a pair naturally colonised the
Lake District in the same year (Hawk and Owl Trust, 2008). Overall, an estimated 161 -
187 pairs bred in Britain in 2005, with two pairs nesting in England and one in Wales
(Holling and the RBBP, 2008).
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Osprey foraging areas can be located quite far away from the nest site. For example, of 14
nests in Scotland in 1976, four were more than 3 km from the nearest fishing water (RSPB
in Cramp and Simmons, 1980). Observations have been made of foraging flights up to 10
km or 20 km (Dunstan, 1973), and primary foraging grounds of eight males in North
Carolina were about 14 km from the breeding grounds (Hagan, 1986).

Aerial displays can occur at great heights over the nest site, and foraging flights involve
plunging from heights of 5 - 70 m, although heights of 20 - 30 m are most common, from
flight or from a perch (Cramp and Simmons, 1980). Pre-construction monitoring at a
wind farm in Washington found that 50 % of flights by five osprey were at rotor-swept
height (25 - 75 m, Erickson et al., 2003).

Accounts of effects of disturbance on ospreys vary, with some studies recording higher
breeding success in less disturbed areas (Swenson, 1979, Levenson and Koplin, 1984), but
other observations of birds breeding successfully despite nest visits, aerial surveys or
proximity to roads and houses (Poole, 1981, 1989). These conflicting results may be due to
habituation.

Given the extremely low population size, it was decided to consult experts from the
osprey projects to identify breeding locations and areas around these used regularly for
foraging. Breeding locations elsewhere from a 10 year time period (1997 to 2006) were
also included if more than one breeding attempt had occurred within 1 km during that
period (to avoid including transient locations). These were buffered by 2 km, to account
for the fact that aerial displays often occur within 1 km or 2 km of the nest (R. Thaxton,
pers. comm.). Buffered areas were classified as ‘high sensitivity’.

Golden eagle Aquila chrysaetos

The 2003 national survey for golden eagles located 443 breeding pairs in Scotland (Eaton
et al., 2007). One pair also formerly bred in England, at Haweswater in Cumbria, from
1969, although just a single male is now present following the death of the female in 2004
(Holling and the RBBP, 2008).

An estimated 67 golden eagle fatalities occur annually at the 5400 turbine Altamont Pass
Wind Resource Area (APWRA) in California (Smallwood and Thelander, 2008).
However, a review of wind farm impact studies, focusing mainly on Europe, found just
one reported golden eagle collision (Hotker et al., 2006), although collisions have been
recorded for other species of eagle.

Two studies in the USA found no evidence of disturbance displacement of golden eagles
due to wind farms (Johnson et al., 2000, Schmidt et al., 2003), but a third study at the
Altamont Pass wind farm in California found some evidence of displacement (Hunt et al.,
1995). Golden eagles appeared to change their foraging behaviour following construction
of wind farm in Argyll, although construction of the wind farm coincided with some
local land management changes, which confound the results (Walker et al., 2005).

In light of the fact that Haweswater was until recently the species” only breeding site in
England, and considering the potential for recruitment of a new mate, the territory was
included on the sensitivity map. The mean nest location over the past 10 years was taken
as the territory centre, and the area within a buffer of 2.5 km around this classified as
‘high sensitivity’, with the area between this buffer and an outer buffer of 6 km classified
as ‘medium sensitivity’. This is based on the RIN model, which suggests that golden
eagles spend approximately 50 % of their time within 2 - 3 km, and 97 % of their time
within 6 km, of the territory centre (McGrady et al., 1997, 2002). The same approach was
taken for golden eagles nesting in Scotland, where mapped estimates of foraging ranges
extend into England.
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Written guidance for unmapped species

As mentioned in the methods, it was not possible to include honey buzzard on the map as
data were not available at an appropriate spatial scale. Written guidance is presented, based
on the review, in Appendix 2, and the summary review below.

Three other Annex I raptor species were not mapped, merlin and peregrine falcon due to
their relatively widespread populations, and red kite because it is increasing in numbers and
range in England, such that a map of distribution would be quickly out of date. Although
population-level impacts on these species in the UK were considered less likely, particular
cases could still give rise to an adverse impact locally or regionally, and written guidance is
provided in Appendix 2, with summaries below.

Golden plover and dunlin were not included on the map, outside protected sites or principal
sites based on WeBS counts, but written guidance, based on literature reviews for these
species, are presented in Appendix 2, with summaries below.

It was not possible to include important feeding areas on cropped land for wintering
waterfowl on the map. Guidance relating to these sites, and reference to regional data
sources, is provided in Appendix 1, with summaries below.

Honey buzzard Pernis apivorus

e The first national survey of honey buzzards in 2000 found a population of 33 confirmed
breeding pairs and 36 probable/possible breeding pairs; most of these were in England
(Ogilvie, 2003).

e Honey buzzards are generally considered to be quite tolerant to human disturbance, with
birds breeding successfully close to sources of human disturbance (Roberts et al., 1999).

e Home ranges are often large, with a study of one to two breeding pairs in
Nottinghamshire in 1971 - 1979 estimating that about 70 % of feeding activity occurred
within 3 km, and most of the rest within 5 km, of the nest (Irons, 1980). Other flights at
distances ranging from 3.5 km (in Germany and France, Miinch, 1955, Thiollay, 1967), ‘up
to 5 km’ (Brown, 1967), ‘up to 7 - 8 km’ (Roberts et al., 1999), as far as 8 - 10 km (CR
Tubbs, cited in Cramp and Simmons, 1980) have been reported. In southern England,
birds of both sexes are known to forage up to 10 - 12 km away from the nest site
(Hampshire Raptor Group, pers. comm., Wiltshire Raptor Group, pers. comm.).

e Display and migratory flights may be at considerable heights (up to several hundred
metres, Cramp and Simmons, 1980). There is little published information on flight heights
during foraging, but observations of birds returning to the nest with prey in Hampshire
and Wiltshire suggest that at least some of these take place several hundred metres above
the ground (Hampshire Raptor Group, pers. comm., Wiltshire Raptor Group, pers.
comm.). However, collision risk is considered to be of most concern during aerial
displays, which are common over the home range (Cramp and Simmons, 1980).

e Due to the scarcity of this species, and in the absence of published information on
foraging flight heights, if it had been mapped a relatively precautionary approach would
have been taken, with the area within 3 km of the nest classified as ‘high sensitivity’, and
the additional area within 5 km as ‘medium sensitivity’.

Merlin Falco columbarius

e The UK merlin population was estimated at 1300 pairs following a survey in 1993 and
1994, and had increased or remained stable in all areas where comparison with previous
surveys was possible (Rebecca and Bainbridge, 1998). Population estimates from the 2008
national survey are not yet available.
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The UK SPA suite currently holds 426 pairs, or an estimated 33 % of the British breeding
population, at 14 sites, four of which are in England, and a further SPA in Dorset is
designated for non-breeding merlin, which holds 15 birds or an estimated 1 % of the
wintering population (Stroud et al., 2001).

A review of European wind farm impact studies found one recorded merlin fatality as a
result of collision with a wind farm in Germany (Hotker et al., 2006), although it should
be noted this study is the result of collated records of reported collisions, rather than
controlled searches at wind farm sites.

Little has been published on the effects of human disturbance on merlin (for review see
Ruddock and Whitfield, 2007). Although there is some evidence for effects of disturbance
on breeding success, habituation is considered likely, and urban nesting is regularly
recorded in the USA and Canada (Ruddock and Whitfield, 2007). In Britain, a 200 — 400 m
buffer around nest sites is recommended for forestry workers, although it is unclear on
what this is based (Currie and Elliot, 1997). A survey of expert opinion by Ruddock and
Whitfield (2007) found a wide range of suggested disturbance distances for merlin,
ranging from < 10 m to 300 — 500 m. The upper limit from this survey corresponds
roughly to the buffer zones proposed by Currie and Elliot (1997) and in the USA (see
Ruddock and Whitfield, 2007 for review).

Due to their relatively widespread population, merlin were not included on the
sensitivity map. This approach should be assessed in light of the results of the recent
national survey. Relocation of individual turbines within 200 — 500 m of a merlin nest is
recommended, depending on individual site characteristics, with the upper end of the
range applicable where turbines are in the line of sight.

Peregrine falcon Falco peregrinus

The 2002 national survey estimated the UK peregrine falcon population at 1426 breeding
pairs, or 1514 occupied territories, with an estimated 602 occupied territories in England
(Banks et al., in prep.). There have been population increases in most regions in England,
as well as considerable range expansion (Banks et al., in prep).

The UK SPA suite currently holds 109 breeding pairs of peregrine, or 9 % of the British
breeding population, in ten sites, two of which are in England (Stroud et al., 2001).

A review of European literature found two recorded peregrine fatalities as a result of
collision with wind turbines, both of these in Belgium (Hotker et al., 2006). However,
peregrine flights are likely to occur at rotor height during display and during hunting
pursuits so there is potential risk of collision.

The peregrine appears relatively tolerant to disturbance, although this varies according to
factors such as accessibility of the nest site (Ratcliffe, 1980), and habituation to sources of
disturbance is considered likely (see Ruddock and Whitfield, 2007 for review of
disturbance effects on peregrine falcon). Most USA states have protective buffers for
peregrine of 150 — 800 m around active peregrine falcon nests. In Britain, disturbance-free
zones for forestry workers of 400 - 600 m (Petty, 1998), and 600 — 1000 m (Currie and
Elliot, 1997) have been recommended around occupied nests. Ruddock and Whitfield’s
(2007) survey of expert opinion suggested that peregrine falcons may be sensitive to
disturbance within 500 - 750 m. This is in line with most of the cited literature and
previous guidance.

It was decided not to include peregrine falcon on the sensitivity map due to their
relatively widespread and increasing population. Relocation of turbine positions within
400 — 800 m of nest sites is recommended, depending on individual site characteristics,
with the upper end of the range applicable where turbines are in the line of sight

This differs from the more precautionary approach taken for the Scottish sensitivity map
(Bright et al., 2006, 2008), where peregrine falcon was included on the basis that
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populations in north and west Scotland are decreasing (e.g. 30 % declines since 1991 in
the Highlands, Banks et al., in prep.).

Red kite Milvus milvus

The red kite became extinct in Britain by the late 19 century, except for a small
population in mid Wales (Carter et al., 1998). A re-introduction programme began in 1989,
with release sites in England, Scotland and, more recently Northern Ireland. The English
population rapidly expanded in numbers and range, with over 500 pairs estimated in
2008, and 1350 pairs in the UK overall (RSPB, unpubl.).

The red kite is a qualifying species for just one SPA, which is in Wales and held 15 pairs
of red kites, or 9 % of the British breeding population, at the time of the SPA review
(Stroud et al., 2001).

Red kite were one of the most frequent collision fatalities in a review of (predominantly
European) wind farm impact studies, with forty red kite fatalities being recorded at wind
farms in Germany since 1989 (Hotker et al., 2006). These figures have since been updated,
with a total of 91 collisions recorded in the German wind farm collisions database from
2001 to 2007 (T. Diirr, unpubl.). Only a few red kite collision fatalities have been reported
at British wind farms, despite some areas of co-occurrence (Percival, 2000, Whitfield and
Madders, 2006b, Natural Research Limited, 2008).

Red kites appear to be quite tolerant of disturbance (Carter, 2001, Ruddock and Whitfield,
2007), although potential negative effects of disturbance on breeding success have been
suggested in some cases (Davis and Newton, 1981, Carter et al., 1998, Carter, 2001, Seoane
et al., 2003).

In Britain, disturbance free zones of 300 — 600 m (Currie and Elliot, 1997) and 400 - 600 m
(Petty, 1998) around red kite nests have been suggested for forestry workers, and a
survey of expert opinion by Ruddock and Whitfield (2007) suggested disturbance
tolerance ranges of 10 — 300 m for red kite.

As the English red kite population is rapidly increasing and expanding its range, it was
not thought appropriate to map this species, because the map would be rapidly out of
date. However, relocation of turbines within 300 m - 600 m of nest sites, depending on
factors such as local breeding density and trends may be necessary, with the upper end of
the range applicable where turbines are in the line of sight. Wind farm proposals close to
communal winter roosts may cause concern, and a map showing core areas around
release locations, which will hold many of the important roost sites, is presented in
Appendix 2. Local assessment will be necessary to determine appropriate measures.

Golden plover Pluvialis apricaria

The British breeding range of golden plover has shown substantial contractions, leading
to extinctions in some areas (Parr, 1992). The UK golden plover population is estimated at
38 400 - 59 400 pairs (O’Brien in Thorup, 2006).

The UK SPA suite contains about 26 % of the British breeding population of golden
plover in seven SPAs, three of which are in England, and an estimated 22 % of the British
wintering population in 22 SPAs, 16 of which are in England.

Hotker et al. (2006) found evidence of disturbance displacement in 72 % of wind farm
impact studies reviewed for non-breeding golden (n = 29), with minimum displacement
distances ranging from 50 m to 850 m (median = 135, n = 22). Whitfield’s (2007) review
suggested that the main potential effect of wind farms on waders was disturbance
displacement, particularly during the non-breeding season. Due to the possibility that
turbine height and disturbance displacement distance may be related (Hotker et al., 2006),
Whitfield (2007) suggested that the maximum observed displacement of 850 m should be
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used during EIAs involving effects of taller modern turbines on non-breeding golden
plover.

e A recent study at 11 wind farm sites and paired control sites found evidence for
displacement of breeding golden plover up to distances of 200 m (Pearce-Higgins et al.,
2008). Golden plover breeding densities were also lower than expected at wind farm sites
(Pearce-Higgins et al., 2008).

e Collision would be most likely during display or foraging flights. However, there are few
recorded cases of golden plover collisions with wind turbines (Hotker et al., 2006), and
Whitfield (2007) considered that collision risk for waders was generally low.

e Feeding sites used at night differ from those used during the day, both in the breeding
(Pearce-Higgins and Yalden, 2003) and non-breeding seasons (Gillings et al., 2005). Both
diurnal and nocturnal foraging areas need to be identified during Environmental Impact
Assessment.

e  The likelihood of a local or national population-level effect, or an effect on the designated
population, should be assessed using information on displacement distances, and
availability of alternative suitable habitat.

Dunlin Calidris alpina

e The UK dunlin population is estimated at 9150 — 9900 pairs (Baker et al., 2006, based on
Reed, 1985, although this estimate requires revision), which represents 85 % of the
biogeographical population. The British breeding population is of the schinzii subspecies
(Brown and Grice, 2005), which is listed on Annex I of the EU Birds Directive (EC, 1979).
The RSPB’s Repeat Upland Bird Survey found widespread population declines of dunlin
between surveys in 1980 — 1991 and 2000 — 2002, suggestive of a population decline of at
least 50 % over the last 25 years (Sim et al., 2005).

e Around 74 % of the British breeding population of dunlin occur within eight SPAs, two of
which are in England (Stroud et al., 2001).

¢ During the early breeding season, males perform display flights, which are often at
turbine blade height (10 — 50 m, Holmes, 1966, Cramp and Simmons, 1983), leading to
possible risk of collision. Hotker et al.’s (2006) review found no records of collision
fatalities (although note dunlin collisions could be overlooked due to their small size and
cryptic plumage).

e Previous studies suggested that dunlin were relatively tolerant of disturbance (Thompson
and Thompson, 1985, Yalden and Yalden, 1989). However, Finney et al. (2004) found that
following resurfacing of the Pennine way, which significantly reduced the number of
people straying from the path, use of areas within 200 m of the path increased by 50 %.
Median distance between the footpath and nests also declined from 175 m to 97 m
(Finney et al., 2004). Waders generally appear to be particularly susceptible to disturbance
displacement from wind turbines (Hotker et al., 2006, Stewart et al., 2007, Whitfield, 2007).

e The likelihood of a local or national population-level effect, or an effect on the designated
population, should be assessed using information on displacement distances, and
availability of alternative suitable habitat.

Wintering waterfowl

As outlined in the introduction, it was not possible to map important inland feeding areas, on
cropped land, for waterfowl due to lack of a readily available national data source. However,
some data sources are available regionally identifying important goose and swan feeding
areas outside SPAs, and these are listed in Appendix 1. Written guidance is also provided
relating to search areas for feeding areas for waders and geese in the vicinity of coastal and
estuarine SPAs, and possible mitigation measures (Appendix 1). Relatively few collisions of
geese or swans with wind farms have been recorded (Hotker et al., 2006).
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Geese are particularly sensitive to disturbance from a range of sources. Several studies
indicate disturbance displacement from feeding areas close to wind farms (e.g. up to 600
m, Kruckenberg and Jaene, 1999, also see reviews in Langston and Pullan, 2003, Hotker et
al., 2006), although there is a wide range of recorded displacement distances, indicating
no displacement in some situations.

Hotker et al. (2006) recorded a median minimum distance to the nearest wind turbine of
300 m for geese (mean =373 m, S. D. =226 m, n = 13 studies) and 125 m for swans (mean =
150 m, S. D. =139 m, n = 8 studies).

Similarly, relatively few collisions have been reported of waders with wind turbines
(Hotker et al., 2006, Whitfield, 2007), but waders appear to be particularly susceptible to
disturbance displacement from wind turbines, in the non-breeding season (Hotker et al.,
2006, Whitfield, 2007), and also during the breeding season (Hotker et al., 2006, Pearce-
Higgins et al., 2008, unpubl.).

On the basis of observed displacement distances, Hotker et al. (2006) suggested that
important roosting areas for waders and wildfowl should be kept free of wind farms,
with a buffer distance of at least 400 m for waterfowl generally, and at least 500 m for
goose roosts, being recommended. These distances are of a similar order of magnitude to
the maximum reliably observed displacement distance for feeding geese, i.e. 600 m. On a
precautionary basis, nearest turbine distances of 400 — 600 m should be maintained from
important feeding and/or roosting areas for waterfowl, subject to local topography, line of
sight, and existing levels of disturbance/activity. However, see earlier note that a
precautionary distance of 850 m may be appropriate for wintering golden plover.

A review by Vickery and Gill (1999) concluded that most species of goose regularly feed
within 10 km of the roost, but prefer sites within 5 km. The review also provides guidance
on management of refuges for geese. This guidance provides a valuable tool for planning
measures to mitigate against loss of feeding areas for geese due to wind farm
development.

Milsom et al. (1998) conducted analyses to inform management recommendations for the
creation of grassland feeding areas for waders, which would also prove valuable in
planning measures to mitigate against loss of feeding habitat for waders due to wind
farm development. The review focused on selection of grass fields used by lapwing and
golden plover, which winter on farmland in lowland Britain, but also investigated
requirements of estuarine waders which exploit coastal grassland as an alternative,
usually supplementary, feeding habitat in winter. For estuarine waders, fields are usually
used for feeding to compensate for inadequate intertidal feeding time or food depletion,
making fields close to estuaries essential to reduce energetic costs of birds that are already
under considerable pressure, notably during cold winter weather. Waders in the two
study areas were found to use most fields infrequently, or for only part of each winter,
with a very small number of fields being used throughout the winter by a large number
of birds. For intertidal species, fields situated within 0.5 km of the coast tended to be used
more than those further away.

There are difficulties with mapping important areas for golden plover and lapwing in
winter (see golden plover review), as they may change year-to-year with cropping
regime, and diurnal and nocturnal feeding locations also differ (Pearce-Higgins and
Yalden, 2003, Gillings et al., 2005). Cropped areas important for wintering golden plover
were therefore not included on the map, except for by inclusion of two IBAs proposed
because they contain nationally important wintering populations.
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Discussion
Applications of the locational guidance

Locational guidance such as that presented here is valuable in the light of the rapid increase
in the number of wind farms proposed in England, which is likely to increase further to meet
government targets for renewable energy. The map has two main uses. Firstly, it indicates at
a national level the regions where bird sensitivities in relation to wind farm development are
most likely to be encountered. In England, it seems that many coastal and estuarine areas as
well as upland areas in the north of England are particularly sensitive. These are often areas
that also have a particularly good wind resource. However, there is also considerable wind
resource outside these areas (Figure 2) and local assessment will refine the relative
sensitivities at a fine spatial resolution within the mapped areas; the map is not intended to
represent ‘no go’ areas. Spatial planning will be a particularly useful tool to minimise any
deleterious impacts of wind farms on the high conservation interest of these areas. Early
consultation with the RSPB and Natural England is strongly recommended, to identify likely
sensitivities to wind farm development prior to site selection, and, at the scoping stage, to
determine suitable pre-application monitoring for important species likely to be present.

Secondly, the map can be used at a regional level, to indicate where wind farm development
is less likely to conflict with bird conservation, thereby facilitating the planning process.
Current and potential wind farm developments frequently occur outside the most sensitive
areas (Figures 1 and 3), and the sensitivity map should prove a useful tool to help maintain
this situation as the scale of wind farm development in England increases.

The map is intended for use by decision makers such as Local Authorities, as well as
developers during the early stages of the planning process. The map is indicative, rather than
absolute, and is not intended to replace site-specific EIA. ‘Opportunities’ or ‘constraints’
mapping exercises, incorporating the bird sensitivity map alongside other factors pertinent to
wind farm development such as wind speed, technical feasibility and cost could be used by
planners and developers to identify preferred areas for wind farm development within a
region. A previous example of this was the incorporation of a similar bird sensitivity map for
Scotland (Bright et al., 2006, 2008) in the Highland Renewable Energy Strategy (Aquatera,
2006). SNH has produced locational guidance for wind farms in Scotland, incorporating a
number of different 'natural heritage sensitivities' (SNH, 2005c), and this is currently being
updated to incorporate the Scottish bird sensitivity map.

Significance of effects

When considering impacts of wind farms on birds, the key factor is to assess whether these
are likely to result in effects on population size or range. These ‘population level effects can
be considered at different spatial scales; both national and regional effects may be important,
and for designated sites any adverse effect on the site’s conservation objectives should be
avoided. Consideration of ‘cumulative’ (e.g. effects of multiple wind farms, see SNH, 2005a
for guidance) and ‘in combination’ (e.g. effects additional to those from other forms of
development) is also necessary. Effects of wind farms at individual sites may become
significant across multiple sites even though they may be negligible at the level of the
individual wind farm.

Limitations and caveats

The map was created using the best data and information currently available, but cannot be
comprehensive, and there are inevitably caveats that apply to its use. Unfortunately, data
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deficiency and gaps in survey coverage precluded a distinction between ‘low” and “unknown’
sensitivity squares. Many of these areas will not be within the range of the species of interest,
or will not contain suitable habitat for them, but some sensitivities may come to light during
an EIA and would need to be dealt with accordingly, applying the same criteria as presented
here.

Some species were not included on the map because of problems of data access/spatial scale
(honey buzzard); data availability (e.g. golden plover and dunlin; inland feeding areas for
waterfowl); or rapidly expanding distributions, which might lead either to the map quickly
becoming out of date (e.g. red kite) or to inappropriately large areas of high sensitivity on the
map as a result of applyling buffers to the whole distribution (e.g. merlin, peregrine falcon).
For these species, written guidance has been presented instead. This approach will require
review as new data on distribution and abundance become available, e.g. from national
surveys of merlin in 2008. For red kite, a large number of collision fatalities have been
recorded in Germany (Hotker et al., 2006), and so a full literature review was conducted for
this species.

For the twelve species mapped separately, data related primarily to breeding birds, although
some information on wintering locations (e.g. marsh harrier and hen harrier roost locations)
was included. The use of SPAs as surrogates for some species and species groups provided an
expedient way of identifying the most important areas for those species that tend to
congregate, i.e. colonial breeders and wintering aggregations. However, the proportions
included of such species varied, so the addition of IBAs, selected SSSIs and principal sites
from WeBS counts was necessary to cover additional sites of national importance.

An important omission of the map is that it was not possible to map key feeding or roosting
areas for waterfowl on cropped land, which are generally not included within SPAs. There
are some difficulties with mapping these areas, which may change between years with
changing cropping patterns and may be at considerable distance from SPAs in some
instances. For this reason, a standard buffer around a site was not considered appropriate as
it might incorporate large areas of unsuitable and unused habitat. Cropped areas are not
generally covered by WeBS counts, which focus predominantly on coastal and estuarine sites,
with some inland wetlands (Austin et al., 2008). However, some regional data exist e.g. from
local bird recorders, and these have been referred to in Appendix 1, alongside written
guidance in terms of identifying search areas for key cropped feeding habitat, and possible
measures to mitigate for its loss. The Cropped Habitats Information Project (CHIP; UK SPA
Scientific Working Group, 2002) went some way to addressing this problem by identifying
SPAs for which important cropped feeding areas occur outside the site boundary for a range
of species. A project to collate geographical data on these areas at the national level would be
extremely valuable. The sensitivity map will require updates as new data become available.

An additional source of variation between species was the information available on which to
base the buffer distances and sensitivity ratings. As there is little information concerning the
effects of wind farms on some species, a precautionary approach based on behavioural
ecology was taken in some cases. For some species, this information, e.g. disturbance
distances and home range sizes, was sparse, or lacking. However, for others, such as golden
eagle, radio-telemetry studies have been used to create models predicting the percentage time
spent within different distances of territory centres (McGrady et al., 1997, 2002) providing a
useful assessment of likely sensitivity. The development of habitat-based models may aid
interpolation of species distributions beyond the range covered by sample surveys.
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More detailed research is necessary to elucidate the impacts of wind farms on birds, and our
assessments of sensitivity should be revised in light of this. In particular, reported collisions
may be misleading unless derived from systematic studies with the application of suitable
correction factors (Smallwood, 2007). Similarly, recorded displacement distances are of
limited value without contextual information to aid interpretation of differing values both
within and between bird species. Studies such as that by Pearce Higgins (unpubl.) are
valuable in addressing this problem, as is guidance to improve the quality and consistency of
post-construction monitoring studies (SNH, 2009a, b).

Locational guidance in other UK countries

Scotland was considered the priority for sensitivity mapping, as it has the highest number of
onshore schemes currently being considered for planning approval in the UK, with England
having the second highest number of schemes (Table 1, BWEA, 2008). Whilst similar in
approach, there are differences between the sensitivity map guidance produced for England
and Scotland, mainly arising from differences in bird species composition and population
status. The Welsh Assembly Government was the first UK government to provide strategic
locational guidance for wind farm developments, having identified seven ‘Strategic Search
Areas’ for wind farms (Welsh Assembly Government, 2005). RSPB Wales provided
ornithological data for use in refining these search areas. More recently, the Northern Ireland
Department of the Environment (DOE) produced ‘Wind Energy Development in Northern
Ireland's Landscapes - Draft Supplementary Planning Guidance (SPG)' to accompany draft
Planning Policy Statement 18 (www.planningni.gov.uk) which provides some locational
guidance for wind farms. RSPB Northern Ireland commented on, and provided ornithological
data to inform, this guidance.

Conclusion

Delivery of sustainable expansion of renewable energy is essential to reduce the scale of
climate change. Careful location of renewable energy developments, including wind farms, is
key to minimising effects on nature conservation interests. It is hoped that strategic guidance,
such as that presented here, will provide assistance in this, and facilitate responsible
development of onshore wind farms. Increasing demands for wind energy development
globally to combat greenhouse gas emissions (IPCC, 2007), make strategic planning for
renewable energy an important requirement and sensitivity mapping is a useful tool to assist
this process.
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