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1. Background
1.1. Requirement for wind energy
Climate change poses one of the greatest long-term threats to global biodiversity. Climate-warming
scenarios predict that thousands of species will be committed to extinction in just a few decades,
highlighting the need for rapid implementation of technologies to reduce greenhouse gas emissions
(Thomas et al. 2004).
In an attempt to minimise the effects of climate change the European Commission (EC) have
adopted an ambitious climate and energy strategy, which, inter alia, commits member states to
increasing the share of renewable energy to 20% of Europe’s total energy production by 2020. As a
clean, renewable source of electricity, wind energy is expected to make a significant contribution to
achieving this target (European Commission 2011).
In Bulgaria, wind farm development has boomed over the last decade in response to the nation’s
target of achieving 16% of its gross final consumption from renewable energy sources by 2020. A
large number (more than 1,300) turbines have been built in the Dobrudzha region (Figure 1)

1.2. Conservation legislation
Like climate change and renewable energy, biodiversity conservation is high on the EC political
agenda. Bulgaria, as with all EU member states, has obligations to protect its birds and their
important habitats. The Birds (2009/147/EC) and Habitats Directives (92/43/EEC) emphasise the
need to protect habitats for endangered as well as migratory species (listed in Annex I), primarily
through the establishment of a coherent network of Special Protection Areas (SPAs). Article 4(4) of
the Birds Directive requires Member States to strive to avoid pollution or deterioration of habitats of
priority species both in and outside of designated areas.
In the light of these regulations, all wind farm proposals in the EU require some level of planning or
assessment on the likely impacts on wildlife. Any wind farm development in or around a Natura
2000 site should be subject to Appropriate Assessment (AA) procedure and apply relevant
safeguards for species and habitats of community interest. Outside Natura 2000 sites, under
Directive 2001/42/EC, national governments are required to undertake a Strategic Environmental
Assessment (SEA) of national wind energy plans, assessing their potential impact on species of
European importance. Specific projects also require a formal Environmental Impact Assessment (EIA)
(Directive 85/337/EEC and amended by Directive 97/11/EC), which consider effects at the level of
individual project sites. In addition, the Directives require formal assessment of the cumulative
effects of multiple developments.
The construction and planning of wind farms in the area of Coastal Dobrudzha1 has been
controversial, with wind energy projects having been authorised and implemented in sensitive areas
in breach of environmental assessment procedures and Birds Directive requirements. However,
following the recent implementation of the National Renewable Energy Action Plan2 the government
is now making steps towards planning further development without threatening biodiversity. The
1

The area of Coastal Dobrudzha comprises the Municipalities of Shabla, Kavarna and Balchik.
The National Renewable Energy Action Plan (2010) was drawn up in accordance with Directive 2009/28/EC of
the European Parliament and of the Council and prepared by the Ministry of Economy, Energy and Tourism.
2
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Plan places clear restrictions on the implementation of renewable energy projects in Natura 2000
sites and in areas important for the conservation of endangered species. Significantly, it prohibits
the construction of wind turbines in the whole geographical area of Dobrudzha due to the
importance of the region for migratory, breeding and wintering birds; and within a radius of two
kilometres of 25 sites important for the conservation of waterbirds (Birdlife 2012).
There still remains, however, a large number of potentially damaging projects at various stages of
consent in Coastal Dobrudzha. Furthermore, Bulgarian developments need to be considered in the
light of extensive proposals for in the Romanian part of Dobrudzha.

1.3. Potential effects of wind energy on geese
The potential impacts of wind farms on birds are varied, and depend on a wide range of factors, such
as the specification of the development, the topography, the habitat and the numbers and species of
birds present (Drewitt & Langston 2006; Gove et al. 2013).
Geese are believed to be one of the most sensitive taxa to wind turbines (Gove et al. 2013). This is
compounded by their congregating in large numbers over large, open agricultural areas over several
months, and the tendency to situate onshore wind farms in such landscapes, where high average
wind speeds prevail (Larsen & Madsen 2000). The main impacts of wind energy developments on
geese specifically can be distilled into three broad classes (Fox et al. 2012; Rees 2012):
1. Displacement/habitat loss - reduced use of feeding areas following turbine construction due
to avoidance of or destruction of habitat due to turbine infrastructure, potentially leading to
reduced energy intake rates and/or increased energy expenditure arising from sub-optimal
feeding opportunities;
2. Barrier effects - changes in migration or local flight routes to avoid wind farms, leading to
potential increased energy expenditure and disruption of links between sites; and
3. Collision mortality - reduced survival due to birds colliding with turbines.
A study by Hötker et al. (2006) found that goose collisions with wind turbines are relatively rare, and
that generally there have been few reported records of goose mortalities at wind farms. Likewise,
Scottish Natural Heritage (SNH), UK, have recommended using an avoidance rate of 99.8% in
collision risk models for wintering geese at onshore wind farms (SNH 2013). However, for species of
conservation concern, even low levels of collision mortality may have significant population level
impacts, especially where cumulative mortality from multiple installations is likely.
The availability of sufficient and accessible good quality feeding habitat is vital to ensuring
individuals meet their daily energy requirements and maintain good body condition for spring
migration. The energetic costs of barrier effects and displacement may thus have implications for
survival and fitness of individuals, and resulting impacts on population size (Fox et al. 2006).
While the impacts of particular developments are invariably small, cumulative effects of several
wind farms may reach significant levels for some species in some areas e.g. in an important feeding
area or movement corridor. For the already threatened Red-breasted Goose, reduced access to
5
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winter feeding resources due to wind farms, in combination with resource limitation occurring from
other sources e.g. hunting disturbance, could potentially cause significant impacts on the species,
and limit the recovery of the population.

1.4. Why geese, why Dobrudzha?
This tool is primarily targeted at the Red-breasted Goose, due its globally threatened status and the
importance of Coastal Dobrudzha as a globally important area for the species. The species is the
world’s most threatened goose, being classed as Endangered on the IUCN Red List due to an
apparent rapid population decline of 50% between the late 1990s and mid 2000s. As a consequence,
it has been accorded a high level of protection in a number of other multilateral environmental
agreements (Table 1). The species is nationally protected in Bulgaria, and is the subject of an AEWA
National Single Species Action Plan (Illiev & Petkov, in prep).
Table 1. Summary of the international conservation and legal status of the Red-breasted Goose
Branta ruficollis (Cranswick et al. 2012).
Global status

European
status

EU Birds
Directive

Endangered
SPEC 1 (W) Annex I
A2bcd, A3bcd,
A4bcd

Bern
Convention

CMS

AEWA

CITES

Appendix II

Appendix I Northern
Appendix
& II
Siberia/Black Sea & II
Caspian
Column A (1a 1b 3a
3c)

The Red-breasted Goose is not dispersed throughout Bulgaria; rather it is highly aggregated at a
small number of key sites, largely comprising wetlands used for roosting and associated terrestrial
areas used for feeding. The coastal strip of Bulgarian Dobrudzha supports almost the entire global
population of the species in some winters. The region also supports important populations of
European White-fronted Goose Anser albifrons, with which Red-breasted Geese gather in mixed
flocks, moderate numbers of Greylag Goose Anser anser, and occasional sightings of other species
including the globally Vulnerable (SPEC1, Annex I) Lesser White-fronted Goose Anser erthyrops.
Goose numbers in Coastal Dobrudzha usually start building from early December, with peak
numbers generally occurring in mid- to late-January. Numbers are highly variable within and
between winters in response to weather conditions across the wintering range. Geese roost
primarily at the two coastal lakes – Durankulak and Shabla – and occasionally on the open sea. They
leave the roosts at dawn, moving to feed in agricultural areas around the roosts and inland, primarily
using the area within c. 10 km of the coast (LIFE09/NAT/BG/000230 ‘Safe Grounds for Redbreasts’
project, unpublished data). At certain times, when conditions dictate, large numbers of geese roost
along the Black Sea coast, a few kilometres offshore. Data retrieved from Red-breasted Geese fitted
with telemetry devices and systematic counts at lakes and along the coast have shown this to be a
regular occurrence (LIFE09/NAT/BG/000230 ‘Safe Grounds for Redbreasts’ project, unpublished
data).
The region has four notified SPAs – Durankulak Lake; Shabla Lake Complex; Kaliakra SPA; and the
recently designated Bilo SPA (Figure 2) – which include, inter alia, wintering Red-breasted Goose in
6
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their designations. Durankulak Lake and Shabla Lake Complex are the most important known
wintering sites for the species in terms of the numbers they support (Cranswick et al. 2012).
While the roosts and immediate foraging areas are protected under Natura 2000 designations,
protected agricultural areas comprise less than 25% (c. 170 km2) of those covering the landscape of
Coastal Dobrudzha. As a consequence, sensitive areas, e.g. prime foraging sites or important flight
corridors, are likely to be found outside of designated areas. The EU Birds and Habitats Directives
requirements to protect priority species and habitats outside of designated sites are, therefore,
highly relevant in Coastal Dobrudzha, where wind energy, as well as tourism development, represent
major potential threats.
Before now the spatial requirements of geese wintering in Dobrudzha, incorporating potential risk
associated with wind energy infrastructure, have not been examined in detail. Previous assessments
have used ad-hoc data rather than data from systematic targeted surveys, which have limited the
applications of the data. The potential impacts of wind farms on Red-breasted Geese (see previous
section) have not, therefore, being adequately considered in planning decisions.

1.5. Sensitivity mapping as a planning tool
The solution to the potential conflict between the development of wind infrastructure and its
biodiversity impacts is to ensure that spatial planning of developments is strategic, well informed
and takes biodiversity interests into account.
The location of a wind farm is probably the single biggest factor affecting the impact of the
development on birds (Langston & Pullan 2003, Percival 2005). Spatial tools that predict and map
areas of greatest sensitivity for birds at the landscape scale can, therefore, enable areas to be
identified so as to minimise any potential effects on nature and wildlife (Madders & Whitfield 2006).
Bird Sensitivity Mapping has been undertaken in Bulgaria at a National scale as part of the Operation
Program Environment (OPE) project DIR-5318-1-2, run by the Ministry of Environment & Water
(MoEW), as a means of helping to address the need for strategic development and planning of wind
infrastructure whilst avoiding or minimising negative impacts. This is a multi-species map produced
at a national scale.

2. Aim and purpose of this tool
The tool presented here is a map of goose sensitivity to wind farms, developed specifically for
Coastal Dobrudzha.
It is a resource to allow decision-makers, planners, developers and investors to take strategic
decisions at the early stage of the planning process based on the best available data. It enables the
spatial needs of geese, specifically Red-Breasted Geese, to be considered and integrated into the
planning framework, with the aim of minimising the impacts of future wind energy projects. Thus, it
should both facilitate compliance with the Appropriate Assessment requirements of the Habitats
Directive, and minimise potentially lengthy and expensive conflict with biodiversity organisations.
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The tool maps the sensitivity of wintering geese (Red-breasted Goose and the more numerous
European White-fronted Goose) to wind farm development across the whole of Coastal Dobrudzha.
Areas depicted as being the most sensitive represent those where wind farm development is likely
to have the most serious impacts on geese, via collision, habitat displacement, or because of
proximity to roosts. Areas of lowest sensitivity are likely to be of relatively little concern in relation
to wind farm impacts on geese.
The tool complements and adds value to the national sensitivity map for Bulgaria by providing more
detailed information. At a fine scale, it indicates whether a particular area is important for wintering
geese, which could be used for early-stage scoping of suitable development sites, or to target areas
for which detailed, site-specific Environmental Impact Assessments (EIA) or Appropriate
Assessments (AA) should be undertaken.
The tool is based on the most detailed information on the distribution of wintering geese in the
region and the features of the landscape that drive this. Distribution maps were developed using
data from direct field observations (during winters 2010/11 to 2013/14) and statistical modelling of
the habitat preferences of geese.
The map gives a best estimate of the relative importance of areas. It should be noted that, because
goose movements in the region are highly variable both within and between winters, the tool does
not provide a definitive guide to the presence or absence of geese in a particular area.
This report provides supporting documentation on the methods used to derive the tool, and
guidance on interpreting the maps.

3. Methodology
3.1. General approach
Areas of Coastal Dobrudzha were mapped according to their relative sensitivity for geese in relation
to wind energy impacts. We assessed sensitivity in relation to the likelihood of collision effects and
habitat loss due to displacement, which are believed to be the most significant threats to geese (see
above) and, hence, important components of a planning tool for Coastal Dobrudzha.
Data used in the creation of this tool were obtained from field studies carried out over the
implementation period of the ‘Safe Grounds for Red-breasts project’ (LIFE09/NAT/BG/000230),
between winters 2010/2011 and 2013/2014. These are the most detailed and intensive studies
undertaken targeting geese, specifically Red-breasted Geese, in the key wintering area of Coastal
Dobruzha.
Data used for production of the maps were collected during three field studies aimed at assessing
sensitivity to habitat displacement and collision:
Habitat displacement
1. Dropping count surveys to assess fine-scale (within-field) feeding distribution;
2. Presence-absence surveys of agricultural fields, to assess habitat selection at the field scale;
8
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Collision
3. Vantage point surveys to map major flight lines between roosts and feeding areas.
Given their dependence on a small number of key roosts in Dobrudzha, geese in the region are likely
to be particularly sensitive to disturbance and degradation of roost sites. Despite their existing
protection as SPAs, we incorporated roost sites as an additional component of the sensitivity map to
further highlight the need to protect these sites.
Geese are likely to identify suitable areas for feeding using visual cues at a variety of spatial scales,
for example, by selecting the general area (e.g. close to roosts), the most suitable fields (e.g. those
with winter wheat), and the most favoured parts of a field. We therefore assessed risk of habitat
displacement at multiple spatial scales: a field choice study identifies the drivers of field selection;
and a fine-scale study examines the drivers of within-field distribution, which assumes the prior
selection of the sampled field using field-level cues.
Spatial models were developed from feeding distribution data to identify significant drivers of
distribution. We then extrapolated the statistical models to predict distribution across the whole
study area. Data from roost and flight line surveys were subject to interpolation procedures in order
to predict distribution across the wider landscape.
Distribution maps were created showing the relative importance of areas for feeding, roosting, and
movement. A standard scaling system was applied to each map to represent the relative sensitivity
score, from 1 (lowest) to 5 (highest). Individual maps were then amalgamated into a single map of
overall sensitivity, using the highest value assigned to a given area from any of the input maps.
Brief descriptions of the methodologies and key findings of relevance to the planning tools are
provided in the following sections. Detailed accounts are documented in a number of self-contained
reports, for which specific references are provided.

3.2. Mapping sensitivity to habitat displacement
3.2.1. Identifying important fields for feeding geese
Aim
To map fields across the study area in terms of their relative quality as feeding sites for wintering
geese. Fields of the highest quality were assumed to be the most sensitive to habitat displacement
effects.
Data collection
The study area stretches almost 30 km inland from the coastline, and goose distribution is patchy in
space and time: birds rarely occupy more than a few fields at one time, and they rarely stay in the
same field for more than a few days. It is therefore not practically possible to directly map field use
across the entire area. Instead, we recorded goose use over a sample of the area, which we
surveyed repeatedly over two consecutive winters, from December to March 2011/12 and 2012/13.
We conducted twice-weekly transects following all surfaced roads running through agricultural
areas. The presence or absence of geese in all visible seeded fields was recorded on each visit.
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Analysis
We developed a statistical model using “presence-absence” of geese as the response variable, which
describes whether the field was ever used in a given winter (controlling for number of visits). The
explanatory variables comprised the set of factors that we predicted might influence field selection
by geese. Spatial variables were measured at the scale of the field and the surrounding landscape,
represented by a 2 km buffer around the field, because we predicted field selection to be driven by
features occurring both in the field and in the immediately surrounding landscape.
Spatial variables, generated in ArcGIS (ESRI 2014; Table 2) comprised: area of wheat; proximity to
human settlement; extent of visibility (from a goose’s perspective); crop quality (measured as
Normalised Difference Vegetation Index3 (NDVI) from satellite imagery); influence of wind turbines,
tree-lines, power lines and roads, based on the number of features within fields and their 2 km
buffers (see Figure 3 for distribution of these features in Coastal Dobruzha); and distance to roosts,
whereby distances to each major roost were weighted by the relative importance of the roost
(average count over four winters). We also included a variable that represented the total area of
wheat within each field and its surrounding 2 km buffer.
It was immediately obvious that over 95% of goose feeding records were on winter wheat, so we
assumed, in effect, that fields are only suitable if they are growing winter wheat. We did not then
include crop type in the statistical models, since we aimed to identify the secondary factors that
determine which wheat fields they select. We did, however, include previous crop type (maize vs all
other crop types) given that geese in the area are known to feed on spilt grain from the previous
harvest.
A final variable was a ‘spatial smoother’ which used the co-ordinates of the field centres as an
explanatory variable to look for spatial patterns in the data.
The statistical models were developed in R software (v 3.1.2) using a Generalised Additive Mixed
Modelling (GAMM) procedure, with a spatial autocorrelation structure to account for the nonindependence of adjacent fields. We tested all possible combinations of the explanatory variables
(without interactions between them) and selected the model set which best explained the observed
goose use of fields (this being the model with the lowest Akaike’s Information Criterion (AIC)).
Prediction and mapping
Values of all variables included in the top model set were also calculated for all fields in the study
area that were not surveyed. The coefficients of the best model were then used to predict the
relative goose-use value for all fields in the landscape. Estimated values were used to generate a
map of relative goose-use or habitat suitability.
3.2.2. Identifying important feeding areas within fields
Aim
To map the relative suitability of feeding habitat for geese at a fine-scale, by modelling the influence
of physical landscape features, e.g. wind turbines, tree lines and power lines, on within-field goose

3

Normalised Difference Vegetation Index (NDVI) is used to measure the density of green vegetation on a patch
of land from remote-sensed imagery.
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distribution. Areas of highest habitat suitability were assumed to be the most sensitive to withinfield displacement effects.
Data collection
Within-field distribution was assessed using systematic goose dropping counts in fields known to
have been used by geese in the weeks prior to a visit. Fieldwork took place in February 2012 and
January-February 2013. Geese produce droppings at short intervals, which may remain visible for at
least 2-3 weeks, depending on the amount of precipitation. Dropping densities therefore provide a
good indicator of cumulative goose-use over a period of several weeks (Madsen & Boertmann 2008).
Droppings were counted at pre-defined points arranged in a systematic grid across areas of suitable
habitat (wheat fields) known to have been used by geese in the preceding weeks.
Analysis
Values to describe the influence of wind turbines, tree lines, roads, power lines and settlements
were generated in GIS for each sampling location. We assumed both number and proximity of wind
turbines, tree lines, roads and power lines to be important drivers of goose-use, rather than simply
the distance to nearest feature. Hence, we weighted the distances to all nearby features, giving
higher weightings to features closer to the point, in order to derive the explanatory variables for the
model. Distance to nearest settlement was used as the preferred variable for describing settlement
influence.
A variable describing the extent of visibility or ‘openness’ of the landscape from a goose’s
perspective was generated using viewshed analyses in ArcGIS.
Spatial models were developed using a negative binomial GLMM procedure modelling approach
identified the key features influencing fine-scale goose-use. Specifically, a negative binomial
Generalised Linear Mixed Modelling (GLMM) procedure of the form
Dropping count ~ distance to settlement + turbines + power lines + roads + tree lines + openness
was developed using each sampling point (n=891) as an observation and landscape elements as
explanatory variables. Sampling points were clustered within fields, so we controlled for betweenfield variation, e.g. differences in crop types, distance from roosts etc, by including ‘field’ as a
random intercept in the models. No spatial autocorrelation was identified between neighbouring
points following the removal of a very small number of points that were too close together.
Prediction and mapping
Values for the landscape characteristics found to be significant predictors of habitat suitability were
generated for all points within a grid of points clipped to agricultural parts of the study area. Model
parameters were then used to predict the relative suitability of feeding habitat within fields across
the wider landscape of Coastal Dobrudzha.
3.2.3. Mapping key feeding areas for geese
Predicted maps from the two foraging area studies were amalgamated into a single map depicting
overall habitat suitability at two spatial scales. In the fine-scale analysis, ‘field’ was included as a
fixed effect or constant in the model, such that only within-field effects were detected. To map the
11
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combined effects, however, the fitted values for field suitability were effectively used to weight the
fitted intercept of the fine-scale model. Predictions from the displacement study were therefore
weighted by the probability of presence at the field scale, using the formula:

=

×

The resulting composite map comprises the map of key foraging areas for geese in Coastal
Dobrudzha.

3.3. Mapping sensitivity to collision
Aim
To estimate and map the relative passage rate of flying geese between key roosts and feeding areas,
as a means of estimating collision risk from and potential barriers to movements posed by wind
farms and other tall landscape structures.
Methodology
A series of vantage points (VPs) arranged systematically across the landscape allowed spatial
distribution patterns of flying birds (and hence collision risk) to be mapped. Fieldwork was carried
out over two consecutive winters: January to March 2012 and January to February 2013. Vantage
points were positioned to form a semi-continuous strip between roost sites (lakes and coastal
waters) and feeding areas, in areas with and without wind turbines, and of different turbine
configurations. Twelve and 15 VPs were surveyed in each year, respectively, with slightly different
locations between years (Figure 4).
At VPs, pairs of observers recorded all detections of goose flocks, noting flock size, species
composition and detection locality, within a 2 km radius of the VP. Data were input into a
geodatabase linked to a feature class of digitised flock detection locations.
Analysis
A mixed modelling approach was used to adjust the goose sightings data for 1. differences in
detectability of flocks at increasing distances from the observer; and 2. the relative visibility of the
airspace from each vantage point. Numbers of goose flocks were summed in 500 x 500 m grid cells
across each vantage point. The average visibility (proportion of visible pixels) of the airspace was
calculated from viewsheds generated in the GIS, limiting the horizontal angle to three heights above
ground level – 50 m and 100 m and 150 m to represent visibility of different parts of the airspace to
an observer on the ground. The adjustment also accounts for differences in survey effort between
VPs.
Mapping
The adjusted number of observations in each grid cell was imported back into the GIS and used to
interpolate between vantage points using the Empirical Bayesian Kriging tool in ArcGIS Geostatistical
Analyst extension (ESRI 2014). The interpolation extent was restricted to the immediate area around
the 2 km vantage point radii, given our focus on movement corridors between major roosts and
feeding areas. Interpolation across a wider area was not undertaken as this would involve too many
assumptions.
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3.4. Mapping important roost sites
Aim
To assess and map the relative importance of known roost sites in Coastal Dobrudzha using data on
roosting birds from coordinated dawn counts.
Data collection
This study followed an established methodology used to count wintering geese in Dobrudzha for
almost two decades. Under the Life ‘Safe Grounds for Red-breasts project’, roost counts were
conducted at regular (twice-monthly) intervals over four winters: 2010/11, 2011/12, 2012/13 and
2013/14. Counts took place at predefined locations chosen on the basis of being known roosting
sites, having good visibility, and where possibilities of double-counting are minimised. Up to twenty
observers per count date are used to ensure coordinated coverage of all the main roost sites. Where
possible, differentiation is made between birds coming off the lakes at Shabla and Durankulak SPAs,
and birds coming from the sea.
Analysis
For the purposes of this mapping exercise, counts were further grouped into fewer, more
generalised areas: Durankulak Lake and Eagle Marsh; Shabla Lake Complex (including Tuzla Lake);
and the Sea, split into five approximately equal length sections stretching along the coast in the
regions of Durankulak Lake, Shabla Lakes, Tyulenovo, Rusalka and Zelenka. The relative importance
of known roosts was determined by taking the average count over four winters.
Prediction and mapping
Interpolation of average roost count values was carried out using Inverse Distance Weighting in
ArcGIS, to create a map showing the predicted relative density of roosting birds. The roost density
layer was clipped by selected distances offshore and inland from roosts: 3 km was chosen as a
suitable inland buffer, given that development of tall infrastructure in such areas could potentially
cause abandonment of roosts; 7 km was selected as a suitable offshore limit, as this is the maximum
offshore roosting distance recorded for Red-breasted Geese fitted with GPS tracking devices (LIFE
‘Safe Grounds for Red-breasts’, in prep).

3.5.Consolidated sensitivity map
To generate a single sensitivity map consolidating the three individual maps described above (multiscale displacement risk, collision risk and roost site sensitivity) each individual map was re-classified
to a standard scale to allow comparison in terms of overall level of sensitivity: displacement and
collision risk maps were scored from 1 (lowest sensitivity) to 5 (highest sensitivity), while roost
sensitivity was scaled from 3 to 5 as it was felt that all roosts and their immediate surroundings were
of at least moderate sensitivity given the high concentrations of geese they can support. High
habitat suitability and high flight density and high average roost count values were assigned high
sensitivity scores, and vice versa.
The field suitability map was first converted into raster format in line with the other layers.
Standardised layers were then consolidated into a single raster by taking the maximum value from
the overlapping individual layers, for each pixel of the output raster. This resulted in a ‘worst case’
sensitivity map, where if a high sensitivity score was assigned to just one layer, e.g. high collision risk
but low displacement risk, this highest value was used in the elaboration of the final map. A small
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amount of smoothing of the final layers was undertaken to fill to interpolate values for small areas (a
few pixels in size) with no data, and to produce a more visually appealing final product.
Representation of data within maps is a powerful and potentially misleading process (Muldoon & Mc
Guinness 2014). The efficacy and meaning of the map visualisation was, therefore, carefully
considered. We avoided choosing “traffic-light” colours thought to represent positivity or negativity.
The classification method for the map was also carefully chosen to give the most sensible
representation, avoiding over- or under-representation of sensitivity.

4. Results
4.1. Key areas maps
4.1.1. Foraging areas and sensitivity to habitat displacement
Modelling of field-level distribution indicated a strong preference of geese for areas close to the
main roosts along the coast, and especially towards the north-east of the study area, close to Shabla
and Durankulak lakes. This was indicated by a very strong effect of the spatial smoother variable on
predicting goose presence (Figure 5). Other explanatory variables were relatively unimportant in the
models, and had minor influence on the final maps of preferred feeding areas.
Modelling of fine-scale (within-field) distribution detected highly localised, fine-scale avoidance of
tall landscape elements by geese, with power lines, tree lines and wind turbines found to have the
strongest influence on within-field distribution. Highest goose-use was predicted in areas with low
power line, tree line and turbine scores, and was, to a lesser extent, negatively associated with roads
and settlements and positively associated with landscape openness. Figure 6 shows the predicted
map of preferred feeding areas within fields selected by geese. The map shows distinct areas of
relatively low habitat suitability around landscape features of significance in the model (see Figure 3
for reference), and the variation in suitability within individual fields. In areas with high density of
landscape features, larger fields appear to be the most suitable for geese, with these fields offering
more foraging opportunity outside the area of influence of such features. In contrast to the fieldscale map, even fields furthest from the roosts appear to have high suitability in the absence of
influential landscape features, due to the fact that this analysis assumed all fields to have equal
chance of selection by geese.
Figure 7 depicts the expected habitat suitability given the probability of field selection and the
presence of landscape predictors influencing within-field feeding distribution. The resulting
composite map shows the relative suitability of fields, as well as the areas of reduced suitability
around significant landscape features.
4.1.2. Movement corridors/collision risk
Figure 8 shows the interpolated densities of flying geese derived from the observed numbers of
goose flights across vantage point search radii, adjusted for extent of visibility and detection
probability. The hotspots of goose use are very similar to the interpolated roost count densities
(Figure 8, see below), highlighting Durankulak and Shabla lakes and their surrounding areas as
important corridors for movement between roosts and feeding areas. The map shows high to
moderate densities of flying geese in large parts of a 5-10 km stretch inland from the eastern
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Dobrudzha coastline, with relatively low densities around Cape Kaliakra, Zelenka Bay and western
parts of the study area. Moderate densities are shown in the area of the AES St Nikola wind farm,
with possible movement corridors from the east and north rather than the south.
4.1.3. Roosting areas
Figure 9 shows the average roost count scores for the seven generalised roost areas. Durankulak and
Shabla Lakes were by far the most important roosts over the four year period of counts, with
average counts of 6,184 and 6,056 birds respectively. Out of the five coastal roost sectors, the sector
off the Shabla coast had the highest average count (3,908), followed by Durankulak (2,617), Rusalka
(2,218) and then Zelenka (749).
The interpolation of average roost count scores is also presented in Figure 9, and shows the general
hotspots for roosting geese in Coastal Dobrudzha, highlighting Shabla and Durankulak lakes and their
adjacent coastal waters as the most significant roosts.
4.1.4. Sensitivity map
Figure 10 shows the re-scaled key areas maps: feeding distribution (displacement risk), flight density
(collision risk) and roost importance, used to generate the sensitivity map. The final sensitivity map
incorporating these elements is presented in Figure 11. The map highlights the high sensitivity of
coastal areas, especially those in the north east of Coastal Dobrudzha, primarily due to the high
importance of roosting lakes but also the high potential for habitat displacement and collision
effects in these areas (c.f. Figure 10). Large areas of high sensitivity are also evident to the west of
the main north-south road (A87) around the village of Smin and north to the Romanian border;
between Ezerets and Prolez villages; and in the large area between Shabla, Gorun and Tyulenovo.
The overall gradient from high sensitivity of eastern areas to relatively low sensitivity of western
areas reflects the patterns of suitability shown in the key areas maps.
The map shows a number of linear areas with low sensitivity relative to adjacent areas, which reflect
the within-field displacement effects of landscape features such as tree lines, power lines and roads.
These areas are likely to be less sensitive to wind farm development due to the already reduced
goose use caused by existing landscape features.

5. Discussion and interpretation of maps
5.1.Maps of key areas and sensitive areas for geese
This is by far the most comprehensive set of studies conducted on goose distribution in Coastal
Dobrudzha, the key wintering area for the globally threatened Red-breasted Goose. Data comprise
many hundreds of transect fields, goose dropping sampling points and hours of flight activity, which
allowed detailed mapping of goose distribution across the region.
By modelling the spatial requirements of geese, we have been able to predict the relative
importance of feeding habitats across the region, and, hence, the most sensitive areas to the effects
of displacement-related habitat loss due to wind turbines. We have also captured the key areas for
movements between roosts and feeding areas, which allowed the mapping of the likely relative
collision risk posed by wind turbines. Mapping these key risks to geese allowed their consolidation
into a map of relative sensitivity of areas for geese in relation to wind farms.
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Habitat displacement effects specific to wind turbines were found to occur at a highly localised,
within-field level, but not at the field-selection level. At the field scale, goose distribution was found
to be driven almost entirely by proximity to important roosts, possibly due to birds preferring to stay
close to the relative safety of roosts and/or minimising energy loss from flying to more distant fields.
Despite this affinity with roosts, geese in the region are believed to disperse more widely during
periods of high goose hunting activity. While effort was made to obtain data both within and outside
hunting periods, we did not specifically investigate potentially different habitat preferences under
different levels of hunting pressure. Landscape features such as wind turbines may play a greater
role in determining distribution if geese are indeed forced out of their otherwise preferred areas.
Areas of moderate to high sensitivity for geese were found to cover well over 50% of Coastal
Dobrudzha (Figure 11). This sensitivity map will therefore be an invaluable tool in the early-stage
planning of future developments.
Figure 12 shows the sensitivity map overlaid with all existing, planned and approved wind turbines
of coastal Dobrudzha. Many planned and approved (but not yet constructed) turbines are positioned
in areas of relatively high sensitivity for geese. Of particular note is the area proposed for the Smin
wind farm (shown on Figure 12), to the west of Durankulak, much of which is of high sensitivity.
While the tool has been designed specifically with wind farm planning in mind, it may also be used,
with caution, to inform other development needs, such as the installation of new power line
structures. The influence of power lines was considered in the habitat modelling, and as such the
maps also account for their influence on goose habitat use. Despite the fact the effects of other
types of development on geese have not been fully considered in this study, it is clear that all
planning, particularly in areas of moderate to high habitat suitability or flight density, e.g. those in
the east of Coastal Dobrudzha, should also be considered with caution.

5.2.Interpretation and use of the sensitivity map
The sensitivity map depicts goose sensitivity to wind energy infrastructure at a 20 m resolution,
though it was comprised of layers with varying spatial resolutions. The colour within each 20-m pixel
of the original raster surface represents the pixel’s assigned sensitivity score. The score acts as a
guide to the potential sensitivity of an area for geese in relation to the relative degree of risk
associated with wind farm development. A score of 1 represents the lowest relative risk, while 5
represents the highest relative risk.
The sensitivity map does not show the specific risk (collision, habitat displacement or roost
proximity) with which the score is associated. However, the user may obtain such information by
viewing the sensitivity map alongside the individual sensitivity maps derived from the foraging,
movement and roost importance layers. Alternatively, users may import the relevant layers into a
GIS, and use appropriate interrogation tools to show values for multiple layers simultaneously. Users
may also wish to overlay additional spatial layers such as boundaries of proposed development areas
or average wind speed maps.
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5.3.Limitations
Maps were created using the best data possible to be collected within the timeframe of the LIFE
‘Safe Grounds for Red-breasts’ project. Nevertheless, there are some limitations that it is important
to bear in mind when interpreting the maps.
The feeding distribution and flight corridor datasets were based on a maximum of two winter
seasons, and the observed distributions may not entirely reflect the full mobility of geese within the
Dobrudzha region. Both numbers and distribution of geese in the region are highly mobile, mostly in
relation to weather conditions: low numbers occur in mild conditions but increase, sometimes
dramatically, with the onset of cold weather. Hunting disturbance is also believed to play a key role
in determining distribution (see above). While every effort was made to capture the breadth of
weather and hunting conditions within the surveyed winters, conditions between winters can vary
quite markedly. Maps should not be used, therefore, as definitive guides to presence or absence of
geese in an area but rather as a general guide to the likely sensitivity of an area, based on the most
reliable estimates.
Fields in Dobrudzha are usually farmed on two-year cycles, alternating winter wheat, barley or
oilseed rape with summer crops of sunflower and maize, such that between successive winters,
fields are alternately either seeded or fallow. The area and shape of wheat compartments within
fields also varies between years, depending on land ownership and the crop rotation of
neighbouring compartments. Our map of key foraging areas at the field scale (Figure 3) is based on
the wheat distribution and compartment divisions in winter 2013/14 (determined from satellite
imagery), and is unlikely to represent the exact situation in all winters. Users should take this
between-year variation into consideration when assessing habitat suitability in detail at the
individual field level.
Some GIS layers, e.g. those derived from Cadaster maps, were only available for the Coastal
Dobrudzha region mapped. Explanatory variables based on these layers (tree lines, roads, power
lines and settlements), do not, therefore, incorporate features falling to the west or north of the
mapped region, which may have affected the predicted values for fields or points falling along these
edges. The size of the influence of these features on goose use, was however, found to be either at
too fine a scale to be affected by features falling outside the mapped field areas (within-field model)
or of minimal significance in predicting distribution (field-level model).
Individual map layers were derived only for relevant parts of the region to which the sensitivity score
was likely to apply. Displacement risk maps only covered the extent of agricultural fields, and
excluded areas of other land use (settlements, forest etc.), while flight density and roost count
interpolations were restricted to the immediate vicinity around the search areas. Some nonagricultural areas in the west of the region, which lay outside the areas of interpolation for flying
birds, are therefore assigned no data values.
This study was focussed specifically on geese. As such, the mapped sensitivities do not necessarily
reflect sensitivity of areas for other species. Coastal Dobrudzha is located along the East-European
migratory route ‘Via Pontica’, along which thousands of birds including storks, raptors, and pelicans,
many of European importance, migrate each spring and autumn. Many soaring species are
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particularly sensitive to wind turbines due to their low manoeuvrability, and their needs should be
considered specifically.

5.4.Data storage and updates
Model scripts and mapping processes were documented to allow analyses and maps to be updated,
subject to funding, should additional data become available. It should be noted, however, that the
present maps are based on data from intensive field studies and future updates should follow similar
methods, even if conducted at a smaller scale.
A geodatabase containing all datasets and map layers will be stored and managed by BSPB.
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7. Figures and tables

Figure 1. Locations of operational, planned and approved wind turbines in Coastal
Dobrudzha
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Figure 2. Important Bird Areas and Special Protected Areas in Coastal Dobrudzha
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Figure 3. Distribution of landscape features in Coastal Dobrudzha
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Figure 4. Locations of vantage point (VP) search radii in winters 2012 and 2013
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Figure 5. Predicted suitability of fields for feeding geese in Coastal Dobrudzha
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Figure 6. Predicted fine-scale habitat suitability for feeding geese in Coastal Dobrudzha
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Figure 7. Composite map of key feeding areas for geese in Coastal Dobrudzha, formed by
amalgamation of within-field and field level distribution maps (see figures 5 & 6)
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Figure 8. Interpolated map of goose flight density
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Figure 9. Interpolated average counts of geese leaving roosts, for seven generalised
roosting areas
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(a)

(b)

(c)

Figure 10. Reclassified maps used in the elaboration of the sensitivity map: (a) predicted suitability of feeding areas; (b) interpolated flight density; and
(c) and interpolated roost importance.
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Figure 11. Relative sensitivity of the Coastal Dobrudzha landscape for geese, in relation to
wind farm infrastructure
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Figure 12. Sensitivity map overlaid with locations of existing (operational), planned and
approved wind turbines in Coastal Dobrudzha. Blue circle represents area of the
proposed Smin wind farm
31

Table 2. Explanatory variables used to assess field selection
Explanatory
Rationale for inclusion How derived
variable
Size of
Geese select large
Calculated in GIS from polygons of cropped habitat
field/Area of
fields because these
across the study area.
wheat (k m2)
have a large amount of
food

Crop quality

Previous crop
type in
rotation
Extent of
visibility

Geese may select fields
with higher quality of
wheat for better
nutrition
Geese may select fields
which contain spilt
grain from previous
crops
Geese may select areas
where they can most
easily detect
approaching predators

Average NDVI score extracted for each plot

Datasets used
Field boundaries generated from 1:5,000 Cadaster maps
(Bulgarian Ministry of Agriculture, 2008)
NDVI raster derived from Landsat 8 satellite image (2013;
Data available from the U.S. Geological Survey)
Polygon layer derived from NDVI map clipped by field
boundaries, and converted to polygons depicting cropped
and fallow land. Cropped habitat was classed as any pixel
with NDVI score of 130 and above, ground-truthed using
known wheat fields from surveyed plots.
NDVI raster derived from Landsat 8 satellite image (2013)

Categorised as maize vs. all other crop types (2levels)

Direct field observations

Average number of visible pixels in fishnet of points
falling in each plot. Viewshed analysis (ArcGIS)
calculated number of visible pixels in a 500m radius
around each point. For plots holding no fishnet
points, Viewsheds were calculated from the centre
of each plot.

Viewshed analyses carried out using 26 m resolution
ASTER Global Digital Elevation Model (DEM;
17/10/2011). 4The DEM was combined with height values
from a tree lines raster, using an assumed average tree
height of 15 m
Tree lines raster generated from1:5,000 Cadaster maps

4

ASTER Global Digital Elevation Model is a product of National Aeronautics and Space Administration (NASA, US) and Ministry of Economy, Trade, and Industry (METI,
Japan).
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Explanatory
variable

Rationale for inclusion

How derived

Influence of
wind turbines

Influence of
roads

Geese may avoid
feeding near to wind
turbines
Geese may avoid
feeding near to treelines
Geese may avoid
feeding near to
powerlines
Geese may avoid
feeding near to roads

Proximity to
human
settlement
Weighted
distance to
roost

Geese may avoid areas
with high rates of
human disturbance
Geese may prefer to
feed in areas close to
their preferred roosts

Number of turbines per km2 of an area including
the plot and its 2 km buffer (corrected by km2 of
study area within the buffer)
Length of tree lines per km2 of an area including the
plot and its 2 km buffer (corrected by km2 of study
area within the buffer)
Length of powerlines per km2 of an area including
the plot and its 2 km buffer (corrected by km2 of
study area within the buffer)
Length of roads per km2 of an area including the
plot and its 2 km buffer (corrected by km2 of study
area within the buffer)
Distance from centre of wheat plot to nearest
settlement within Coastal Dobrudzha region
mapped
Distance from centre of field to nearest roost area
(see ‘roost count surveys’ text) weighted by relative
importance of known roosts (average count over
four winters).

Influence of
tree lines
Influence of
power lines

Datasets used
(Bulgarian Ministry of Agriculture, 2008)
Wind turbine locations obtained from the Bulgarian
Society for the Protection of Birds (BSPB) database (last
updated January 2014).
Tree lines generated from 1:5,000 Cadaster maps
(Bulgarian Ministry of Agriculture, 2008) by digitising and
storing in a geodatabase in ESRI ArcGIS
Power lines digitised from a combination of 1:25,000
topographic maps (1985-1995), and Google Earth images
(pre 2010)
Surfaced roads generated from 1:5,000 Cadaster maps
(Bulgarian Ministry of Agriculture, 2008) by digitising and
storing in a geodatabase in ESRI ArcGIS
Settlements generated from 1:5,000 Cadaster maps
(Bulgarian Ministry of Agriculture, 2008) by digitising and
storing in a geodatabase in ESRI ArcGIS
Georeferenced observations of birds leaving roosts
collected on BSPB coordinated dawn counts
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Table 3. Explanatory variables used to assess within-field distribution5
Explanatory
How derived
variable
Influence of wind For all points in XxX m fishnet, calculated sum of inverse
turbines
distances to all turbines within 2 km radius, weighted by
exponent of 2 to model drop off in influence at increase
distance from point
Influence of tree Weighted sum of inverse distances to tree line segments
lines
within 2 km radius
Influence of
power lines
Influence of
roads

Weighted sum of inverse distances to power line segments
within 2 km radius
Weighted sum of inverse distances to surfaced road
segments within 2 km radius

Proximity to
human
settlement
Extent of
visibility

Distance from centre of wheat plot to nearest settlement
within Coastal Dobrudzha region mapped

5

Proportion of visible pixels in 500m radius, derived from
viewshed analysis

Datasets used
Wind turbine locations obtained from the Bulgarian Society for the
Protection of Birds (BSPB) database (last updated January 2014).

Tree lines generated from 1:5,000 Cadaster maps (Bulgarian Ministry of
Agriculture, 2008) by digitising and storing in a geodatabase in ESRI
ArcGIS
Power lines digitised from a combination of 1:25,000 topographic maps
(1985-1995), and Google Earth images (pre 2010)
Surfaced roads generated from 1:5,000 Cadaster maps (Bulgarian
Ministry of Agriculture, 2008) by digitising and storing in a geodatabase in
ESRI ArcGIS
Settlements generated from 1:5,000 Cadaster maps (Bulgarian Ministry
of Agriculture, 2008) by digitising and storing in a geodatabase in ESRI
ArcGIS
Viewshed analyses carried out using 26 m resolution ASTER Global Digital
Elevation Model (DEM; 17/10/2011) with 15m. The DEM was combined
with height values from a tree lines raster, using an assumed average
tree height of 15 m

For rationale for inclusion of variables, see Table 2.
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