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Summary

The Dutch government policy is aimed at increasing the share of
renewable energy in the national power supply. One of the possibilities
in this regard is the use of wind power. In 1997, the Dutch cabinet
decided to launch a marine-based pilot project, the Near Shore Wind
Park (NSW). Experiences gained from this demonstration project will
be taken into account in decision making regarding the further
development of large-scale wind-park projects in the Dutch North Sea
coastal zone.
The Monitoring and Evaluation Programme (MEP) provides a
framework for collection of the required information regarding the
functionality of the Near Shore Wind park. As part of its stated
mandate, the MEP-NSW is required to research possible impacts on
bird life due to the NSW (death by collision, disturbance and barrier
effect). The research methods needed to monitor the various effects
that wind turbines have on birds are yet to be further specified.
For this reason, the project team (RIKZ and Novem) commissioned a
preliminary study detailing the advantages and disadvantages of
existing methods, exploring the possibilities of developing new
procedures and recommending any testing of the new or revised
research techniques.
The research methods used in connection with the research into the
various effect types are in different stages of development. There are
currently no fully operational methods available for research into avian
collisions. More or less accepted and standardized methods are
available for research into disturbance. Equipment to be used during
research into the barrier effect will be subjected to preliminary test
rounds.
Avian Collisions
Within the framework of this study, the following potentially functional
research methods for monitoring avian collision have been researched
in closer detail:
• counting collision victims below turbines;
• counting beached collision victims;
• analysis of bird remains on windturbines;
• visual observation;
• radar;
• digital infrared camera or webcam.
The discussion of the various methods have revealed that the following
approaches are likely to be the most feasible:
• automated recording with infrared cameras;
• counting of collision victims washed up on beaches.
However, in both cases methods are not (fully) operational yet. The
next step in the monitoring study involves the further development
and testing of the necessary methodology. The first step would be to
investigate methods to detect actual collisions (Is there a problem?)
and later on, if necessary, the recognition of the species (Specification
of the problem).
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Collision Risks
Measurement and calculation of collision risks are useful to predict
numbers of collision victims for new wind farm sites in the North Sea
coastal zone. For this, the risks of collision must be calculated by
dividing the number of detected collisions by the total number of birds
participating in the same flight movement as the collision victims. The
most important techniques of recording flight movements are based on
radar technologies supported by visual observations.
Disturbance
Two regularly used basic methods for researching the effects of
disturbance are available for marine-based survey methods in
connection with foraging sea birds: ship-based surveys and aerial
surveys. Both are based on visual observation. To detect possible
effects of disturbance it will be necessary to compare bird numbers in
the relatively small NSW area with bird numbers in the same area
before construction of the wind farm or at other sites that are not
influenced by disturbance. This means that statistical demands are
much higher than in regular surveys of much bigger parts of the North
Sea. It is recommended to enhance the reliability of existing methods
and to analyze data variance in order to determine the sample size that
is needed.
Barrier effect
Marine radar, to be used for NSW baseline research at Meetpost
Noordwijk, is the only method available offering sufficient scope for
the time being for research into changes in bird movements as a result
of various forms of barrier effect. At the present time, no information is
available regarding the accuracy of the equipment to be used. In the
baseline research at Meetpost Noordwijk method validation is included.
It may transpire that supporting visual observation remains necessary,
also in the longer term.
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1. Introduction

The Dutch government policy is aimed at increasing the share of
renewable energy in the national power supply. One of the possibilities
in this regard is the use of wind power. In 1997, the Dutch cabinet
decided to launch a marine-based pilot project, the Near Shore Wind
Park (NSW). Experiences gained from this demonstration project will
be taken into account in decision making regarding the further
development of large-scale wind-park projects in the Dutch North Sea
coastal zone.
The Monitoring and Evaluation Programme (MEP) provides a
framework for collection of the required information regarding the
functionality of the Near Shore Wind park. As part of its stated
mandate, the MEP-NSW is required to research any possible impact on
bird life due to the NSW. The research methods needed to monitor the
various effects that wind turbines have on birds are yet to be further
specified.
For this reason, RIKZ and Novem commissioned a preliminary study
detailing the advantages and disadvantages of existing methods,
exploring the possibilities of developing new procedures and
recommending any testing of the new or revised research techniques.
Section 2 of this report discusses the research background and
formulates research objectives as well as research scope. Section 3 is
also introductory in that it provides a brief overview of birdlife in or in
the vicinity of the NSW planning area in the coastal zone near
Egmond. Sections 4 to 6 discuss existing and potential methods for
monitoring the key issues in the present report:
• section 4: avian collisions and collision risks
• section 5: disturbance
• section 6: barrier effect
These sections formulate the key conclusions regarding the advantages
and disadvantages of the methods discussed as well as
recommendations for follow-up activities as summarized in
“Conclusions and Recommendations” (section 7)
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2. Background, Research Objectives and Scope

2.1 Policy-related Background
The NSW-related Key Planning Decision (KPD) provides the general
project objectives. These have been detailed in the Monitoring and
Evaluation Programme MEP-NSW as published in 2001 by the Ministry
of Economic Affairs (EZ), the Ministry of Housing, Spatial Planning and
the Environment (VROM), the Ministry of Transport, Public Works and
Water Management (V&W) and the Ministry of Agriculture, Nature
Management and Fisheries (LNV) in the Netherlands.
MEP-NSW describes the monitoring and evaluation process for a wide
range of topics. One of the central topics, “Nature, Environment and
User Functions”, distinguishes three factors that constitute potential
effects the NSW may have on bird populations (see table 2.1).
Table 2.1 MEP-NSW overview: Effects on Bird Populations
topic

objective

2.1

birds: flight patterns, intensity, season,
day/night in connection with collision risk
assessment

assess damage to birds due to NSW with a view to:
1. reducing risks regarding future offshore wind parks
2. establishing the need for mitigating measures such
2. as closure

2.2

birds: disturbance of habitat and foraging
area

assess damage due to NSW

2.3

birds: barrier effect

assess nature and extent of NSW-induced barrier effect

These topics are discussed in detail in the MEP-NSW. Research
ownership and responsibility lies partly with the developer, partly with
the government. The MEP adopts the same formulation for each of the
three topics listed in table 2.1:
• determine advantages and disadvantages or risks in connection
with existing methods;
• the ongoing development of effective methods;
• recommendations for testing procedures.
The present report discusses the effects on bird populations in
connection with the three topics mentioned. The aim is to formulate
recommendations for follow-up activities to provide a framework for a
structured research programme.
This section details the research objectives and research scope.

2.2 Research Objectives
In order to structure the monitoring research, it is important that the
research objectives are clearly defined. Research into the effects of the
NSW on bird populations hinges on the following questions:
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• what are the effects of NSW presence and operation on bird
populations?
• which factors are key in determining the nature and scope of the
effects?
• how can these effects be mitigated?
The present preliminary study is aimed at methodological aspects
concerning the first-mentioned question:
• which methods are currently available for method-based detection
of direct and indirect effects of NSW presence and operation on
bird populations?
• which advantages, disadvantages and risks do these methods
present; how and to which extent can the identified issues be
resolved?
• which additional methods need to be developed and subjected to
methodological testing; how should this be done?
These questions must be seen in relation to methods for identifying
direct and indirect effects in the vicinity of the NSW (avian collision,
disturbance, barrier effect). It is not within the scope of the present
report to discuss methods aimed at providing a quantitative analysis
regarding effects on the population size of certain bird species.

2.3 Scope of the Relevant Effect Types
Table 2.1 identifies a number of topics in relation to monitoring effects
of the NSW on bird populations. This is in close alignment with the
way effects on birdlife have been assessed in the Environmental Impact
Statement (EIS: EZ & VROM, 1999). On the basis of meetings with
experts (especially S. Dirksen and H. Schekkerman) and available
literature (see References) each topic differentiates potential relevant
effect types and sub-types, while investigating which bird populations
and which part of the annual cycle are affected by these effect types.
This is summarized in table 2.2.
Previous proposals suggest the integration of the topics “disturbance”
and “barrier effect”, since barrier effect is seen as a far-reaching form
of disturbance. Although, in itself, this assumption is not incorrect, said
proposal maintains the original difference, since they are different
effect types form an ecological viewpoint. In the first case, the
available amount of food (at population level) decreases due to
foraging area deterioration. In the second case, particularly efforts in
connection with covering a certain route, as well as collision risk,
increase. The applicable research methods should in principle be
different: determination of number and duration of presence of
foraging birds against determination of (changes in) flight patterns or
increased collision risk.
It has been agreed to exclude the following effect types mentioned in
table 2.2 from the methodological preliminary survey:
• injury/increased mortality rate due to collision/strikes; this effect
type neither features in any references nor has it been referred to
during meetings with experts;
• effects of disturbance during the construction phase on the
available foraging habitat; this effect is probably negligible; in
addition, there is probably little or no difference as compared to
detection of effects of disturbance due to wind-park presence and
operation;
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Table 2.2 Overview of potential relevant effect types
topic

effect type

sub-type

relevant part of annual cycle

avian collisions

collision (incl. strikes
due to turbulence)

mortality

seasonal migration, nesting season,
(foraging flights), wintering (migratory movements)

injury/increased mortality
risk

seasonal migration, nesting season,
(foraging flights), wintering (migratory movements)

during construction

nesting season (sea-foraging species),
wintering (sea birds)

due to wind turbine
presence and operation2

nesting season (sea-foraging species),
wintering (sea birds)

due to mitigating
measures following
collisions3

nesting season (sea-foraging species),
wintering (sea birds)

changes in food supply
following
discontinuation of
fishing

-

nesting season (sea-foraging species),
wintering (sea birds)

inaccessibility of
habitats

local foraging area
wintering area4

nesting season, wintering
seasonal migration

disturbance of
habitat and
foraging area

barrier effect

decrease in available
foraging habitat1

change route direction
additional use of
energy

seasonal migration, nesting season,
(foraging flights), wintering (migratory
movements)

increased collision risk

seasonal migration, nesting season,
(foraging flights), wintering (migratory
movements)

• possible positive effects of changes in foraging situation; this effect
is mentioned in the MEP-NSW, but is part of another study.

.....................................................................................
Notes

1

incl. part decrease due to reduced foraging intensity/bird densities
incl. space used for supporting structure and disturbance due to regular maintenance
3 e.g. sound and light signals
4 currently it is highly improbable that migration routes will become fully blocked due to
the emergence of many and large-scale wind parks
2
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2.4 Study Area
According to the present plan variants, the NSW turbines will be
located at least 8.5 to 11.5 kilometers from the coast off Egmond.
Figure 2.1 shows the location of the NSW in accordance with the
chosen location variant.
Figure 2.1
NSW planning area (green) in the
North Sea coastal zone off
Egmond; the planning area of
second wind farm (Q7) is also
indicated (Rijkswaterstaat directie
Noordzee, 2002)
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3. Bird Populations Within and In the Vicinity
3. of the NSW

The planned section of the North Sea coastal zone for construction of
the NSW (see paragraph 2.4) is used by a wide selection of bird species
for a variety of reasons. On the basis of the differences in nature and
extent of possible effects, a distinction is made between birds that
frequent the area during part of the annual cycle, and birds that cross
the study area no more than once or twice per annual cycle:
• foraging sea birds;
• migratory birds.

3.1 Foraging Sea Birds and Coastal Birds
Foraging sea birds frequent the planning area on an annual basis
during longer periods of time (weeks or months). Use of the foraging
area implies the actual process of finding food as well as foragingrelated behavior, such as resting and movement within and between
foraging and resting area. Due to the location with respect to the
coast, the NSW planning area features both “real” sea birds that use
the entire North Sea as foraging area and more coastal species.
3.1.1 Foraging Sea Birds
A limited number of species and species groups spend a substantial
part of their life cycle at full sea. These birds are all counted by means
of ship and aircraft-based transect survey methods. The resultant data
are used to compile various atlases describing the occurrence of sea
birds in (parts of) the North Sea (Baptist & Wolff, 1993; Camphuysen
& Leopold, 1994; Stone et al, 1995); these atlases also include the
coastal zone.
The most important species and species groups are: Fulmar (Fulmarus
glacialis), Storm Petrels (Hydrobates), Shearwaters (Puffinus), Gannet
(Morus bassanus), Skuas (Stercorarius), Gull species (Laridae) and Auks
(Alcidae). The Kittiwake (Rissa tridactyla) is the only sea bird among
the Gulls. The other Gull species forage up to dozens of kilometers off
the coast. However, numbers are highest immediately below the
coastline (see paragraph 3.1.2). Other species and species groups occur
more or less incidentally at full sea only. Partly, these are general
mainland and coastal zone species, partly sea birds that do not have
the North Sea as their main distribution area.
Sea birds are typically well distributed. Small concentrations are generally
found in the slipstream of ships. Most useful data regarding the bird
population distribution and density are derived from the atlases
mentioned. Generally, density values in in the planning area of NSW,
immediately below the coastline, are relatively low. Sea birds can be
found here both during summer and in winter, depending on the species.
On the basis of scattered observations, it is generally assumed that sea
bird flight movements at night occur regularly and that birds usually fly
at low altitudes (<100m): see EZ & VROM (1999).
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3.1.2 Foraging Coastal Birds
The coastal zone, typically to –20m Amsterdam Ordnance Level (NAP),
is used as foraging area by a limited number of typical species. Some
species forage here for the larger part of the year, while others visit the
area mainly during the winter months, spring or particularly during
summer.
In winter, the coastal zone is especially important as wintering area for
Divers (Gavia), Grebes (Podiceps) and ducks (Anatidae). A number of
Gull species use the coastal zone almost throughout the year.
Most abundant species are Red-throated Diver (Gavia stellata), Great
Crested Grebe (Podiceps cristatus), Greater Scaup (Aythya marila),
Common Eider (Somateria mollissima), Common Scoter (Melanitta
nigra), Black-headed Gull (Larus ribidundus), Common Gull (Larus
canus), Herring Gull (Larus argentatus), and Lesser Black-backed Gull
(Larus fuscus).
A substantial number of species that forage in the coastal zone during
spring and summer are coastal nesting birds. For their regular food
supply and particularly during the important phase of feeding their
nestlings, these species depend entirely or partly on the coastal waters.
This involves Gull species (Black-headed Gull, Common Gull, Herring
Gull, and Lesser Black-backed Gull, Terns such as the Common Tern
(Sterna hirundo), Arctic Tern (Sterna paradisea) and Sandwich Tern
(Sterna Sanvicensis), and Cormorant (Phalacrocorax carbo).
On the basis of sea bird survey methods it is not possible to determine
directly whether or to which extent breeding birds are involved. This
can be indirectly deduced from the bird observation period.
Recent research into nesting birds (Klemann & Veenstra, 2000;
SOVON, 2002) suggests that currently no Terns are nesting in the
dune area between Castricum and Bergen, and that numbers among
nesting Gull species have reduced to a few dozen Common Gulls
breeding pairs and incidental Herring Gull pairs. More inland, larger
populations of Gull species nest on city roofs. Numbers among
Common Gulls and Herring Gulls here are in the hundreds, especially in
Alkmaar. Alkmaar is situated near the NSW at approximately 8km from
the sea. A proportion among the Gull species nesting in Alkmaar
probably use the sea as their foraging area. This also applies to the
colonies at IJmuiden (some 2.000 breeding pairs of Herring and Lesser
Black-backed Gull), 15km south of Egmond aan Zee. There is a small
colony of Cormorants (13 pairs in 2000) in the dune area at
approximately 8km south of Egmond aan Zee. These birds forage
mainly at sea (Klemann & Veenstra, 2000). Further north, in the
Zwanenwater, little over 20km north of Egmond, is a larger colony
(more than 1.000 breeding pairs). Since most birds won't go further
than 15-20km from their breeding site (SOVON, 2002) only small part
of the Zwanenwater birds will use the coastal zone off Egmond as their
foraging area.
The assumption is that most coastal nesting birds forage mainly during
the day (EZ & VROM, 1999). This is confirmed by research into Gull
and Tern species near Rotterdam (Van den Bergh et al, 2002). In this
area foraging flights were observed neither after sunset nor before
sunrise. Evidence showed that most birds flew at altitudes below
100m, between the local wind turbines. Of three of the four Gull
species, 15-23% passed the turbines at more than 100m.
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3.2 Migratory Birds
There are virtually no specific data available regarding migratory bird
species and their numbers in the vicinity of the planned NSW location.
At this stage, it is only possible to make a loose estimate on the basis of
coast-based survey methods (sea migration observations), survey
methods from a sea-based platform (Meetpost Noordwijk,
approximately 9km from the coast off Noordwijk), radar observations
and ship/aircraft-based survey methods. These data have been used as
basis for estimates for the NSW EIS (EZ & VROM, 1999) regarding the
numbers of sea birds and other species migrating via the coastal zone.
Lensink & Van der Winden (1997) have estimated migration numbers
passing and crossing the North Sea on the basis of population totals of
species in nesting and wintering areas and assumed migration routes.
3.2.1 Sea Birds and Wading Birds
The NSW EIS includes an estimate of a number of sea bird and wading
bird species regarding the maximum daily totals that follow migration
routes at approximately 10km off the Dutch coast. The highest
numbers (maximum 1,000 to 10,000 a day) are estimated for Fulmars,
Common Scoters, Little Gulls (Larus minutus), Common Gulls, Lesser
Black-backed Gulls, Herring Gulls, Kittiwakes, Common Terns (or Arctic
Terns5). Species that use the same migration routes in smaller numbers
(maximum 1-10 a day) are the Great Crested Grebe, Oystercatcher
(Haematopus ostralegus), Avocet (Recurvirostra avosetta), Golden
Plover (Pluvialis apicarius), Sanderling (Calidris alba) and Turnstone
(Arenaria interpres). Intermediate classes (maximum 11-100, 1011,000 a day resp.) include the Red-throated Diver, Black-throated
Diver, Gannet, Velvet Scoter (Melanitta fusca), various wading birds,
Sandwich Tern, Little Tern (Sterna albifrons) and Razorbill/Guillemot
(Alca torda/Uria aalge)5.Totals among many species that pass the
Dutch coastal zone are a substantial part (20-100%) of the relevant
sub-population (flyway population).
Most birds fly at relatively low altitudes and may be within reach of the
wind turbines. According to radar research (Van Gasteren et al, 2002)
75% fly at altitudes lower than 100m during the daytime, as opposed
to 53% at night; these are averages for all observed bird species. The
highest densities are found at 4 to 5.5km off the coast. At 7 to 8.5km,
the maximum coverage area of the radar used in this research,
densities are significantly lower.
3.2.2 Other Species
Preliminary research (Lensink & Van der Winden, 1997) shows that for
many species very little is known about the numbers and migration
routes passing and crossing the North Sea. On the basis of assumptions
regarding the size of nesting populations and bird numbers in
wintering areas in combination with various migration routes, they
estimate that a total of 65 million non-sea birds pass or cross the North
Sea. The number of migratory sea birds is estimated at 1 million. It is
impossible to estimate which part of the non-sea bird population
passes the NSW location.
The overview also shows that many bird species pass or cross the
North Sea in substantial numbers. For some species it is noted that this
happens under extreme circumstances such as cold winters or gales

.....................................................................................
Notes
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from certain directions during migration. Research into other species
shows that large numbers annually cross the North Sea to the British
Isles. The location from where the crossing is initiated varies from one
species to the next and is often unknown. In all probability, the
southern North Sea area is used most frequently for migratory
crossings. A wide range of species on this route include Skylarks
(Alauda arvensis), Thrushes, Starlings (Sturnus vulgaris) and Finches
(Fringilla coelebs).

3.3 Conservation Status of Birds in the NSW Planning Area
Foraging Sea Birds
A number of species of foraging birds mentioned in paragraphs 3.1.1
and 3.1.2 are nationally and internationally regarded as endangered
species as listed in Appendix I of the EU Bird Directive and/or the
Netherlands Red List.

Table 3.1 Status of sea birds foraging in the NSW planning area
species

Appendix 1

Red-throated Diver
Black-throated Diver
Greater Scaup
Common Eider
Little Gull
Common Gull
Lesser Black-backed Gull
Sandwich Tern
Common Tern
Arctic Tern

●

Red List6

target species7

●

VU

Iz4
tz0
iz2-3
I2-4
iz0, 2-3

EN
VU
EN

●
●
●

In addition, a number of species are mentioned as target species of the Dutch nature policy in the Handboek
Natuurdoeltypen (Manual on Nature Targets Types in the Netherlands) (Bal et al, 2001).

Migratory Birds
The overview compiled by Lensink & Van der Winden focuses on
approximately 170 species that use the migration routes across the
North Sea in large numbers, as well as on rarer species among which a
substantial part of the population (>10%) can be found on these
routes. In addition to the sea birds mentioned in table 3.1, 18 of these
170 species are listed in Appendix I of the EU Bird Directive, including
the Purple Heron (Ardea purpurea), Spoonbill (Platalea leucorodia),
Bewick’s Swan (Cygnus bewickii), Marsh Harrier (Circus aeruginosus),
Avocet, Bar-tailed Godwit (Limosa lapponica) and Wood Lark (Lullula
arborea). A number of species have Red List status only, namely the
Garganey (Anas querquedula), Godwit (Limosa limosa), Ruff
(Philomachus pugnax), Sedge Warbler (Acrocephalus schoenobaenus),
Whinchat (Saxicola rubetra), Wheatear (Oenanthe oenanthe) and
Bearded Tit (Panarus biarmicus).

.....................................................................................
Notes

6

VU=vulnerable, EN = endangered
superscript code indicates during which part of the year the relevant: 0=nesting,
1=staying over the summer period, 2=post-summer moulting, 3=autumn migration/
building up fat reserves, 4=wintering, 5=spring migration/building up fat reserves
7
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Although it is almost impossible to determine whether and in which
numbers these species can be found in the vicinity of the NSW, it
should be taken into account that in addition to the sea birds listed in
table 3.1 there may be dozens of nationally and internationally
endangered species that occassionally might cross the NSW area,
including some species of (small) passerines.
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4. Research Methods for Avian Collisions and
4. Collision Risks

4.1 Objectives
Avian collisions are viewed as a policy problem because of the potential
negative influence of wind power facilities on the population size of
endangered and non-endangered bird species, in particular the coastal
and sea birds that spend an important part of their lifecycle in the
coastal waters.
The objectives of the monitoring study for which the research methods
must be applicable are twofold (see paragraph 2.1):
1. to record the number of bird collisions in the NSW;
2. to determine the risks of such collisions in the NSW.
The recording of the number of avian collisions is, in itself, particularly
important for evaluating the negative environmental effects of the
NSW wind farm. On the basis of this data, decisions can be taken
involving such things as the implementation of any required mitigating
measures. In contrast, the determination of collision risks is especially
intended to be used in evaluating future wind-park projects.
To establish the possible effects of bird mortality caused by collisions
on population levels, methods must be devised to classify collisions and
collision risks according to species. They must also make it possible to
determine absolute totals of collision-related fatalities; relative values
useful for reporting changes over time or comparing collision totals
specific to various species do not permit any evaluation of the overall
effects on population levels.
Collision risk can be roughly defined in two ways:
• the risk of a bird collision per wind turbine per time interval;
• the risk of a bird collision per number of bird movements.8
As mentioned, research into the risks of collision is meant to provide
information that will assist the decision-making process involved in
future wind turbine projects. The second approach is especially
important for such purposes, since this information, combined with
data about the number of bird movements, makes it possible to
estimate the number of collisions to be expected at potential locations.
To calculate the number of collision fatalities for a given number of
bird movements, an unequivocal relationship must, however, be
established between the measured collisions and the bird movements
related to them.
In applying such methods as the image recording of collisions to
provide direct evidence of their occurrence, the need to establish a
causal relationship between bird victim and wind turbine is made
trivial. When other, more indirect methods are used (e.g. detection of a
.....................................................................................
Notes

8

This measure is not, in fact, anything different from the risk of collision run by an individual
bird (at each passage through the park)
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lower density of migratory birds, the collecting and counting of dead
birds found at other locations), it must be possible to demonstrate that
the measured quantities were actually caused by collisions with wind
turbines. As soon as more than one wind park has been built, it would
also be desirable to identify the park to which fatalities are to be
attributed.
The monitoring program that is ultimately established must also satisfy
a number of conditions yet to be determined concerning the minimum
size, critical magnitudes and reliability of the detected effects.
Other important features and requirements affecting the research
methods are:
• wind park operations: the research methods may not cause any
disruptions of the wind park’s optimal level of performance;
• cost level: the research methods must be “affordable”; at this time,
an upper limit can still not be specified; however, any effort to
develop a methodology must take costs into consideration; if
several methods are found to be adequate, the most efficient one
will, in principle, be given preference.

4.2 Researching Avian Collisions
Within the framework of this study, the following potentially functional
research methods for monitoring avian collision have been researched
in closer detail:
• counting collision victims below turbines;
• counting beached collison victims;
• analysis of bird remains;
• visual observation;
• radar;
• digital infrared camera or webcam.
Meetings with experts have resulted in a number of suggestions for
method development. For the moment it is not possible to determine
the feasibility of these proposals.
4.2.1 Counting Collision Victims Below the Turbines
Research on the bird mortality resulting from wind turbines on land is,
in many cases, conducted by regularly checking for fatalities under the
turbines. This method is optimised by standardising the procedure,
time and frequency of searches and by conducting supplementary
studies into the possibility that bird carcasses are removed by
scavengers and that any dead birds present in the area are, for various
reasons, missed by any particular research effort (Winkelman, 1992a,
1992b). It is evident that any attempt to use this method at sea would
lead to all kinds of problems. In this paragraph and in paragraph 4.2.2
are detailed discussions of alternative methods of collecting and
counting victims in order to determine the number of collisions with
sea-based turbines.
The only method of collecting and counting collision victims under seabased wind turbines appears to involve the installation of nets to catch
falling birds; this netting must subsequently be inspected at regular
intervals. At this time, researchers assume that such a procedure would
not be possible under offshore conditions (Camphuysen, personal
communication; Dirksen, personal communication; Eecen, personal
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communication; Leopold, personal communication, Schekkerman,
personal communication). The most significant objections are:
• given the size of the area over which collision victims might fall
(likely a few hectares), very large nets would be required; in
offshore conditions, the structures required to suspend such large
nets would likely be unfeasible or too expensive;
• it is extremely laborious and, in rough weather, physically
impossible to pay regular visits to each net in order to inspect it for
birds;
• an (unknown) amount of the victims will be taken from the nets by
scavengers, such as seagulls and skuas;
• the nets themselves will cause bird fatalities, as birds will fly into the
structure or become entangled in the nets.
An associated objection stems from the fact that, at present, not a
single research institute is interested in conducting counts in such a
manner.
According to a specialist in the building of offshore installations (H.
Mommaas of Marine Structure Consultants/IHC Caland), it might
however still be possible to build nets attached to radial structures
extending 40-50 m out from a turbine mast. Technical specifications
and costs must be further investigated by making preliminary
estimates. Likely, the designers of the wind turbines will place
important limitations on the use of such assemblies.
In addition, other difficulties need to be overcome; the regular
collection of fatalities from the nets could perhaps be (partially)
automated and deaths from causes other than collision with a turbine
could be determined by performing autopsies.
Conclusion
Collecting and counting collision fatalities in nets suspended under
turbines has several significant drawbacks. At the present time, it is
unlikely that such a method of regularly monitoring collision victims
could be implemented on a large scale and over a long period of time.
The possibilities of finding technical solutions to all the engineering
problems involved in such an approach are, however, still to be
explored. It would be appealing to develop an installation for use on a
relatively small scale as a means of validating other methods. As an
initial step, the technical characteristics of net constructions and
possibilities of the automated collection of birds from the nets needs to
be investigated further by specialists in offshore installations.
A practical consideration preventing any ensuing steps from being
taken is the absence of a research institute that might accept the
responsibility for undertaking such a programme.
4.2.2 Counting Beached Collision Victims
For decades now, a number of volunteers have been counting the
avian victims of oil pollution that have washed ashore on beaches all
along the Dutch coast. The results are stored in a database maintained
by the Dutch Seabird Group as a part of its Beached Bird Survey. Over
the years, several reports have been published by Camphuysen (1995)
and others. Alterra Texel and CSR Consultancy have proposed that the
principles of this counting method be adopted and expanded to
include the recording of collision victims washed ashore from wind
parks.
Such a method of counting collision fatalities is being developed at the
request of E-Connection, the company that is preparing the
construction of the Q7 wind park; it is, however, still not operational at
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this time. As far as anyone involved knows, similar practices are not
being used anywhere else. Although the most important features are
described for the benefit of E-Connection, they are still not available
for use in the preliminary study on the NSW. The descriptions below
are based on information gathered in conversation with C.J.
Camphuysen (CSR Consultancy) and M.F. Leopold (Alterra Texel).
The most important components of the proposed procedure are:
• the counting of beached sea birds and the determination of the
causes of death (including collision), when necessary by means of
an autopsy;
• reduction of the total amounts of beached birds to the actual
amounts of collision victims (and period of collision) with the aid of
simulations.
Counting (Oil-Related) Bird Fatalities on Beaches
The proposed method makes use of the data accumulated over the
years by volunteers counting the dead birds washed up on Dutch
beaches that were the victims of oil pollution or have died for other
reasons. This enumeration effort does not occur at a constant rate over
time, but it is nevertheless maintained in an appropriate manner. There
are simple procedures for reporting finds and any remaining oil
residues. This data is then stored in the central Beached Bird Survey
database of the Dutch Seabird Group.
Researchers have acknowledged the fact that the causes of bird
mortality can be, in general, definitely attributed to collisions when
certain external injuries are present. If necessary, animals can be frozen
and autopsies conducted to detect the presence of internal traumas.
According to Camphuysen and Leopold, it is generally quite possible to
identify collision victims solely on the evidence of their injuries. Among
other things, their opinions are based on the fact that victims found
under the wind turbines on Texel (mostly herring gulls) nearly always
had identifiable wounds.9
During the expert meeting in June 2003 (see Appendix 4.1), however,
questions were raised regarding the issue whether collision in all cases
can be identified as the cause of death.
As a reference, the number of dead birds after the construction of the
wind park could be compared with the numbers that have been found
in the last twenty-five years. First, statistical analyses of this data is
needed to calculate how many collision victims should be found on the
beach in order to establish a significant change against the background
levels.
Based on years of experience conducting beach counts, it can be
concluded that small birds (the size of starlings or smaller) are nearly
never found, probably as a result of predation. This method can
therefore not be used for these species groups.

Determining the actual number of collision victims
It is clear in advance that only a certain portion of all birds actually
killed in collisions with sea-based wind turbines will be washed ashore.
A certain number will disappear as a result of opposing currents, others
due to the activity of scavengers.
One proposal for estimating the quantity of collision victims actually
washed ashore involves simulating their dispersal at sea by regularly
releasing a given number of dead (and possibly marked) birds (e.g.
.....................................................................................
Notes
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whenever routine maintenance on the wind turbines is done). In
principle, this simulation must occur regularly, so that the beaching
data provided by the marked birds constitutes current information by
means of which actual collision-victim totals can be calculated from the
numbers of found beached birds.
However, the determination of the true number of collision victims by
using (marked) bird carcasses is, at this time, still being hindered by a
number of practical difficulties:
• the availability of sufficient numbers of dead birds possessing the
appropriate characteristics (e.g. ducks); there is no appropriate
supplier (e.g. a large duck breeding establishment from which
culled birds can be obtained)10;
• there are possible legal impediments to the “depositing” of bird
corpses in the sea; especially during periods of sickness (such as the
recent case of avian influenza), transportation and supply could also
be a problem;
• consideration must be given to possible negative public reactions.11
An alternative to the use of dead birds is possibly provided by bird
models, such as those reportedly on the market in the US. These models
are supposed to possess the same drifting characteristics as bird
corpses,12 so that they could simulate drifting effects. One drawback to
their use stems from the fact that they cannot model the predation of
scavengers. There is an additional possible risk that a substantial number
of the beached models would be removed by visitors to the beach.
To calibrate the counting of found beached birds as a means of
measuring collision victims, studies on the drifting of dead birds could
be supplemented by using drifting simulation models, several of which
have already been developed. A choice would have to be made from
the various models that are available. On account of the changeability
of currents under the influence of various conditions, such a model
could only be used after it has been adequately calibrated and
validated by empirical evidence (based on actual bird corpses or bird
models).
Conclusions
Determining the number of collision victims by counting beached birds
has important advantages. The method can be linked to the existing
practices of surveying beaches for oil-related bird fatalities and is
therefore, insofar as such practices are concerned, already operational.
Since this activity is carried out by volunteers, the costs (insofar as this
activity is concerned) are low; the important debit items involve
payments to experts for autopsies of bird corpses having unknown
causes of death. There is no need to use relatively expensive and
possibly (under maritime conditions) fragile high-tech equipment.
The species of found bird casualties can nearly always be accurately
determined, so that appropriate evaluations can be made about the
extent of the threat posed by wind turbines to relevant species.
Another advantage is that the manner of detection and analysis
suitably anticipates possible social reactions to the (supposed) effects of
installing wind turbines in the coastal zone. This is particularly
applicable in case of large numbers of beached birds.
.....................................................................................
Notes

10 In

the Expert Meeting in June 2003 it was suggested that birds that have previously been
found dead on the beach might be used for this.

11

According to the representative of Nort Sea Wind at the Expert Meeting in June 2003
this is a very important objection.

12

At the present time, insufficient information is available about suppliers, costs, model
types involving the studied species groups, etc.
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Any claims made by nature protection organisations and other social
groups (“there are now far more dead birds being washed ashore than
there were in the past”) can be directly verified by this research. An
additional advantage stems from the positive views that E-Connection
has about implementing this method for the Q7 park, so that the
monitoring and analysis work can be combined. It is expected that this
would reduce the costs of developing methods and of the monitoring
and evaluation; it would also improve the quality of the results
(especially their statistical reliability).
At present, the method is, however, still not fully operational.
Subsequent method-development endeavours will have to consider a
number of crucial elements.
First, attempts to establish the causes of death of beached birds could
prove difficult. It remains questionable if all or most of the collision
victims can, even after autopsy, be distinguished from other dead birds
to any significant extent. Second, the possibilities of using the data set
gathered over the last decades as a reference appear, in advance, to be
limited for statistical reasons, especially when relatively small numbers
are involved. Even the recalculation of the actual numbers of collision
victims can be subject to statistical problems if the numbers of found
birds (per species) are relatively small. Third, it might prove difficult, if
not impossible, to calculate collision numbers for two different wind
farms, NSW and Q7, separately.
Finally, the use of marked bird carcasses to calculate the actual number
of collision victims on the basis of beach finds is confronted by several,
currently still unresolved problems: Are the relevant species adequately
represented? Are sufficient corpses continuously available? Can the
necessary permits be acquired? How will public opinion react to this
practice? The extent to which bird models are a viable alternative also
remains unclear; potential areas of difficulty are: costs, availability,
extent that relevant species (groups) are represented, nature of the
processes determining the chances of being washed ashore13, and the
role played by beach visitors.
4.2.3 Analysis of Bird Remains
The remains of bird fatalities resulting from collisions with aeroplanes
are regularly collected and sent for analysis to the Zoological Museum
at the University of Amsterdam14. Even nearly disintegrated bird
remnants (particularly feathers) can generally still be used for species
identification. Taking our lead from this practice, this method might be
adopted to identify the bird victims of collisions with wind turbines.
An important objection to this method arises from the fact that an
effective manner of collecting bird remains from wind turbines has yet
to be determined. In existing research practices involving bird fatalities
from collisions with land-based turbines, birds are gathered from the
ground. The most important methodological problems involved in this
task concern the removal of corpses by predators and the estimation of
the probability of finds during any given search attempt. Species
identification of found birds does not pose any problems, given the
fact that birds colliding with rotor blades – unlike aeroplane motors –
are not greatly mutilated. If bird remains attached to the rotor blades
are involved, then it would seem especially unfeasible in practice to
stop the turbines on a regular basis in order to inspect the rotor blades

.....................................................................................
Notes

13

Tests in the UK using wooden blocks showed low rates of recovering.

14

Contact person is Mr K. Roselaar. The costs amount to about EUR 200,–
per identification.
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in one way or another. Such a practice would have to occur rather
frequently, since the blades would likely be washed clean in any rain.
Conclusion
Analysis of bird remains is, in essence, not an effective method for
identifying the victims of collisions with wind turbines. It offers only a
partial solution to a likely non-existent problem concerning the
identification of victims; it does not address the key problem: the
detection or collection of relevant bird fatalities.

4.2.4 Visual Observation
By making long-term observations with (night) telescopes or using seabased cameras to record images that can subsequently be viewed on
land, the occurrences of collisions could, in principle, be established
and counted by direct non-automated visual observation. The
possibilities of identifying species would also be generally good.
These available methods are, however, not used in practice to establish
the occurrence of avian collisions. The main reasons are:
• the (expected) low frequency of occurrences makes the method
(much) too labour intensive; for an event chance of 0.1 per wind
turbine per day, as calculated for the wind turbines on the Friesian
coast (Winkelman, 1992c), an average of 240 observation hours
would be required to observe one collision. Staying alert in poor
conditions is extremely strenuous and, for most observers,
unsustainable. (J. Kahlert, personal communication);
• most collisions occur during periodsof poor visibility, i.e. at night or
during unfavourable weather conditions; under such conditions, the
possibilities of visual observation are definitely reduced from what
they would be if optical equipment were used (J. Kahlert, personal
communication);
• direct observation at sea is difficult to accomplish on account of
both the severe conditions and other logistical problems.
Conclusion
Experienced researchers have strong objections to methods involving
lengthy period of non-automated visual observation. The fact that, in
practice, these methods are not used to any great extent despite the
nearly total lack of technical problems involved with them provides a
clear indication of the seriousness of the above-mentioned objections.
Still, visual observation will be, in many cases, a necessary means of
calibrating and validating other observations techniques, such as radar
and infrared photography.
4.2.5 Radar
For a few decades now, various types of radar have been used in
ornithological research (see inter alia Eastwood, 1967; Gauthreaux,
1985; Liechti et al., 1995; Bruderer, 1997). In the Netherlands, a great
deal of research is conducted by Royal Netherlands Air Force
researchers, who have continued to developed the equipment (see
Buurma, 1976; Buurma & van Gasteren, 1989). Currently, a system
called Flycatcher can be used to combine various radar technologies
(surveillance scans and target tracking radar) and to analyse images
with the help of computer programmes (see Van Gasteren et al.,
2002).
The available radar technologies have, however, proven to be
unsuitable for establishing the occurrence of avian collisions. The main
objections against them are:
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• wind turbines greatly affect radar images; they cause disruptions
and shadow images on both scan and tracking radar antennae;
• scans record a series of instantaneous images on which flight
patterns and their possible interruption as a result of a collision are
not easily discerned; interpolation techniques such as ROBIN III are
not capable of reconstructing interrupted flight patterns;
• a tracking radar antenna can only follow the flight pattern of a
selected individual bird; given the extremely slight chance that an
individual bird will suffer a collision, this technology is unsuitable for
detecting a sufficiently large number of collisions;
• species recognition is hardly possible; scans provide nearly no
information for this purpose; tracking radar makes it only possible
to construct a rough classification of individual echoes (large
waterfowl, small waterfowl, Gull/Tern, etc.);
• the Flycatcher is an expensive apparatus that cannot be applied on
a large scale and/or for lengthy periods;
• the detection range of the Flycatcher is not wide enough to monitor
bird movements in the NSW from land; however, it can not be
operated from a ship; construction of a new platform near NSW
would be too expensive;
• detection of birds in the lower air strata (up to 100m above the sea
level) is virtually impossible.
Shortly, new American equipment will be made available in the
Netherlands, and it will be used in the MEP-NSW to establish the initial
pre-construction situation and its unaffected patterns of bird
movements (Dirksen, personal communication). The MARS EXP radar
system (manufactured by GMI) possesses automated data recording
equipment and appropriately developed software that represent a
distinct improvement over Flycatcher. This new system will also greatly
improve the possibilities of recognising species on the basis of incoming
signals. The MARS XSP will shortly be installed in the Dutch coastal
zone and tested at the Noordwijk sea-based testing facility (Meetpost
Noordwijk). However, on account of the first of the above-mentioned
objectives, direct observation of collisions, even with the aid of this
apparatus, is still expected to be difficult.
Technically, it is probably quite possible to detect a clear migratory
direction involving a number of fight movements along the approach
route to the NSW and in the zone beyond the wind park. In theory,
the difference between the two would indicate the number of birds
that were left behind as collision victims in the NSW. In practice, bird
movements are, however, not regular enough to permit an exact
determination of the observations in the approach route corresponding
to the observations on the other side of the park. Given the expected
low chances of collision for individual birds, this difficulty would mean
that the actual number of victims would fall well within the radar
detection equipment s margins of error.
A better method may be to use radar in order to analyze the area
immediately below the rotor blades in search for birds that fall down
following a collision. On the basis of abnormal (falling) movements
made by birds it may be possible to determine whether or not the bird
in question is a collision victim. An additional advantage would be that
birds struck by the strong turbulence of the rotor blades also can be
detected.
Key in this regard are in all probability the problems of determining the
right position for the radar in or in the vicinity of the NSW from which
the area below the rotor blades can be properly scanned, as well as the
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clutter to be expected in this area between the sea and the rotor blades
due to seawater sprays, especially in stormy weather conditions.
Conclusion
Radar technologies are not suitable for ascertaining the occurrence of
collisions directly. It may be possible, however, to identify collision
victims falling down in the air strata below the rotor blades. It is
recommended to determine whether radar-based analysis of the area
immediately below the rotor blades is technically possible. This can be
done as part of the monitoring of effects on bird movements affected
by barrier effect using radar (see section 6).
Radar can likely be quite beneficially used to compute the aggregated
bird movements (fluxes) needed to calculate the risks of collision (see
paragraph 4.3.3).

4.2.6 Digital Infrared Camera or Webcam
Two research institutes, the Energy Research Centre of the Netherlands
(ECN) in Petten and the National Environmental Research Institute
(NERI) in R¯den, Denmark, are currently working on the development
of research methods that are specifically intended to detect bird
collisions in sea-based wind parks. The ECN system is called WT-Bird,
the NERI system TADS. In both cases, the methods are nearly
operational, but still insufficiently tested in practical situations.
The research methods in these institutes contain clear general design
parallels, but they differ on certain important elements. Since the
various elements in the research concepts are (likely) interchangeable
or can be combined with each other, the most important features of
the methods will be discussed in a single paragraph.
The research design is, in both cases, intended to automate the
recording of collisions so that no observers need to be stationed at sea
(see paragraph 4.2.4). Subsequently, an investigation is being
conducted into the methods of automatically selecting relevant images
from the great quantities of collected data (avian collisions are
expected to be rare events, and it is important to restrict the necessary
amounts of research time to manageable levels).
Broadly speaking, both methods make use of the following design
elements:
• digital recording of bird movements in the immediate environment
of the wind turbine, including any collisions, with the aid of an
infrared camera or webcam;
• selection of this image data on the basis of signals that might
indicate a passing bird or a collision;
• study of the relevant selections by experts in order to establish that,
indeed, a bird was passing or a collision did actually occur and, if
so, the species (group) involved.
Image Recording with Digital Infrared Cameras
With infrared or thermal imaging cameras and webcams, bird
movements and any collisions that might occur can be recorded even
in darkness. This capability is important because most collisions will
probably occur at night. In using infrared cameras or webcams to
record any collisions that might take place and in optimising the
possibilities of recognising a species (group), it is important to consider
the following technical factors:
• camera position(s) – attachment point(s) and housing;
• field of view and distance from (the relevant parts of) the turbine
under observation;
• resolution (number of pixels per image);

Preliminary Study into NSW Bird Methods

29

33375_Preliminary_Study

18-12-2003

10:42

Pagina 30

National Institute for Coastal and Marine Management/RIKZ

• wavelength region;
• frame rate;
• data recording.
Due to the high costs of offshore constructions, the wind turbines
themselves offer the only possibilities for camera attachment. There are
two possible solutions:
• camera positions on the turbine being observed; this practice is
being used by both ECN (see fig. 4.1) and NERI (fig. 4.2);
• camera positions on other turbines; this possibility was previously
considered by NERI.
Figure 4.1
Camera position in ECN design
(L. Rademakers, ECN)

Figure 4.2
Camera position in NERI design
(Desholm, 2003)

One advantage of the first solution is the relatively short distance
between camera and turbine or rotor blades; in the ECN design, this
distance is no more than 120 m. As a result, the resolution (number of
pixels per object being observed) is, in principle, greater and less
expensive cameras would likely be sufficient. The greatest
disadvantage of this method is probably the fact that the turbine mast
and the rotor blades could inhibit a portion of the view and that the
path of the rotor blades close to the camera falls out of frame.
According to ECN, these shortcomings can, if necessary, be resolved by
mounting extra cameras on the nacelle, for example.
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The second solution would provide a completely or nearly unimpeded
image of the turbine being observed. An important disadvantage is the
longer distance, up to around 450 m, resulting in a drastic reduction in
camera resolution. For this reason, NERI decided to convert to the
design shown in fig. 4.2. In both systems, the need for the camera
housing to withstand offshore conditions did not pose any serious
problems. ECN adopted a metal house mounted horizontally. Image
recording occurs by means of a mirror. NERI has conducted successful
tests on a camera house which prevents condensation problems from
occurring inside the housing. Even the window wiper functioned as
desired. Both systems handle the data recording task in the same
manner, by installing a PC in the base of the turbine. Data is recorded
on a hard disk and can be periodically sent to the shore via cables. In
the NSW, use can be made of the fibre-optic cables installed to handle
the transmission of all sorts of measurement data that – in addition to
the monitoring of avian collisions – will be collected in the wind park.
NERI uses an infrared camera (Thermovision IRMV 320V) possessing
the following specifications: wavelength region 7-15 µm, resolution
320-240 pixels, angle of view 24º, reduced with telephoto lenses to
12º and 7º and a very large depth of focus. This camera is relatively
expensive (ca. EUR 50,000). The camera is enclosed in an water-proof
house with an IR-transparent window kept clean by a remotecontrolled wiper blade.
ECN uses a webcam (see fig. 4.3) with a large wavelength region. The
camera is integrated in robust and heated packaging. Various lenses
are used (42, 72 and 150mm); the resolution is 640*480 pixels. This
type of camera is relatively inexpensive (EUR 2000-3000). Due to the
relatively low costs, the ECN system allows for the installation of extra
camera positions whenever tests prove them to be desirable.
Figure 4.3
Webcam used in ECN setup
(L. Rademakers, ECN)

Selection of Relevant Parts of the Data Set by Means of a ‘Trigger’
Both ECN and NERI propose practices involving the continuous image
recording of any birds around a turbine. This practice would generate a
huge quantity of data, which would be extremely laborious if it all
required manual analysis by experts capable of recognising collisions
and identifying the species involved. In both systems, use is to be made
of an instrument capable of submitting only relevant images for further
analysis. This component represents the strongest difference in the
ECN and NERI research designs; ECN employs the sound made by a
bird collision, while NERI chooses, for the time being, to record all birds
detected by the camera.
The recording of digital video images will be triggered in the NERI
system when the registered temperature values transgress threshold
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values. In this way, all birds (including any involved in collisions)
passing through the image are recorded. Additionally, only images of
objects remaining in frame for a relatively shortly period are saved (e.g.
6 sec.), so that images of other types of phenomena, such as clouds,
rotor blades and the like, are not included. NERI has plans to develop a
second ‘trigger’, so that only collisions will be recorded, based on the
detection of vibrations using piezo-electric sensors.
Two simple microphones mounted in the turbine mast are used for the
sound recordings in the ECN system (see fig. 4.1). Sound is
continuously recorded and nearly simultaneously analysed by means of
such technologies as the Fast Fournier Transform (FFT) technology.
This equipment can detect sounds that are not part of the normal
sound environment. When a sound fragment is recognised as
abnormal, a message to this effect is sent to the computer receiving
the digital images from the webcam. The result is that the images in
the time frame from 1 minute prior to the abnormal sound to 1 minute
after it are recorded separately and saved. Without this signal, the
temporarily recorded images are, after a certain time, overwritten by
new data.
The detection sensitivity to the abnormal sounds resulting from avian
collisions has, up to now, only been tested with sand bags and tennis
balls on land turbines. In both cases, a clearly discrepant pattern in
sound intensity was detected. When frequency changes are also taken
into account, the detection possibilities will be further increased. Up to
now, no experiments have, however, be reported involving sounds
resulting from avian collisions with turbines in offshore conditions.
Analysis of Selected Images
In both systems, the further analysis of recorded images is not
automated; these images are examined by experts. On the basis of the
available images, it has to be decided if a collision is involved and
which bird species or species group is recorded.
At this time, ECN appears to have given relatively little attention to
these requirements. It remains uncertain if the images recorded by the
webcam can, to any extent, be recognised as avian collisions and if the
bird species in question can be identified. NERI has conducted a
number of tests on visibility and the recognisability of species at various
distances from the camera under a variety of conditions (see below).
Practical Experiences
In mid March 2003, ECN installed an initial operational version of its
system in two wind turbines near Den Helder. For the time being,
these installations are based on the simplest design (with one camera).
If this set-up proves to be insufficient, the system can be expanded.
Employees regularly check under the turbines for collision victims.
At the end of the first month (April 2003), no collisions had yet been
detected, and no evidence of bird fatalities was found under the
turbines.
Similarly, NERI has conducted tests using one camera at the base of a
2 MW land turbine. Additionally, tests have been conducted on the
camera s ability to record Common Eiders in flight, as well as chickens
and pheasants in cages. These trials have shown that important
technical features (speed of data transmission, data compression, shock
absorption, window wiper, ‘trigger’ of record mechanism by passing
birds) are sufficiently functional. The homogeneity of the background
has proven to be extremely important. The recording of birds against a
calm and (as far as possible) quiet sky was quite effective. Against the
active background of a seascape, the recording process became more
or less impossible. Clouds have demonstrated an ability of trigger the
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recording system (but it is likely that these can simply be eliminated
later).
Species recognition of birds the size of Common Eider (ca. 30 cm) has
proven to be possible with recording resolutions of 10-15 pixels (in
length). This finding indicates that the resolutions used with a lens
angle of 12º permit recognition at 130-170 m and a lens angle of 7º at
260-400 m. Under poor weather conditions the results are
inconsistent; detection remains reasonably good in snowfall (up to 225
m), but the effects of (dense) mist were great, only the recognition of a
test pheasant at distances up to 50 m was comparable to the
possibilities allowed by clear conditions.
During the short testing period, neither institute has as yet detected
any avian collisions.
Conclusion
Image registration with infrared cameras or webcams in combination
with the detection of a signal indicating that a bird is passing by or that
a collision has occurred seems, at present, to be a potentially effective
method of monitoring collision victims. At the same time, it is apparent
that the available technologies are insufficiently operational and tested
to enable large-scale implementation. Before the actual monitoring
research can be permitted to proceed, a period of methodological
research is required, so that technical issues can be further investigated
and tested.
The important elements to be considered are:
• type of camera and telephoto lenses possessing the desired
resolution and angle of visions: at which distance and under which
conditions can the species of the detected birds be identified?
• camera position(s): what is the optimal location for the camera
given its resolution and the shadows cast by the turbines? must
cameras be able to move?
• costs: to what extent is cost effectiveness facilitated by installing
several relatively inexpensive cameras rather than fewer relatively
expensive ones?
• which ‘trigger’ mechanism provides the most reliable signal when
collisions occur? This issue involves both the chance of missing
actual collisions and of emitting false alarms;
• statistical factors: how many measurements (or which measurement
intervals) are necessary for a statistically reliable measurement of
collision victim totals.
4.2.7 Other Suggestions for Method Development
Meetings with experts also produced a number of more or less “wild”
ideas and suggestions for method development. At the present time,
the relevance in connection with the problems formulated and the
feasibility of these proposals is difficult or impossible to evaluate, since
clearly defined methods are lacking. What is clear, however, is that
these “methods” are not yet available and, even if they were feasible,
would need to be submitted to a preliminary round of method
development and validation. Said proposals are listed below.
The Use of Radio Transmitters (see Tauw, 2001)
Mounting radio transmitters to animals is a much-used method
nowadays to study animal behavior and movement in their natural
habitat. Due to the expected low hit rate of individual birds, even
when they are in the immediate vicinity of the NSW, a large number of
birds would have to be provided with transmitters in order to
determine collision victim numbers. This method is hardly achievable
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from a technical viewpoint, both in view of the numbers and given the
impossible task of catching sea birds to mount transmitters.
Movement Detectors
Movement detectors as used in burglar alarms may be useful in
determining the presence of birds. If these detectors are set to detect
movement below the rotor blades, it should be possible to identify and
register any falling collision victims. An important advantage would be
that low-cost, mass-produced devises can be used for this purpose.
The technology used for movement detectors is based on heat sensors
and infrared light. Signals are filtered using supporting software.
The relevant detection range for burglar alarms is probably limited.
This technology is to some extent comparable with infrared cameras
and webcams used by the National Environmental Research Institute
(NERI) and the Netherlands Energy Research Foundation (ECN) (see
paragraph 4.2.6). On the basis of experience gained to date, it can be
expected that the use of movement detectors in research into bird
behavior in the vicinity of wind turbines will result in similar
methodological problems. These will involve the detection of birds as
such (under a wide range of circumstances), sensitivity at larger
distances, species recognition and the identification of collisions. In
addition, these problems will be aggravated due to limited
specifications. In other words, this idea probably does not add value
and, in its present form, offers little perspective.
Doppler Radar
In Doppler radar the velocity of moving objects can be established
from the frequency change in returning radio waves sent out by the
radar antenna. At present, Doppler radar is used as a weather
forecasting tool. Computer analysis of frequency changes shows
direction and speed of rain-clouds.
Possibly, Doppler radar can be used to detect flying birds and birds
falling down after a collision. However, detection range and angle are
limited. Therefore, the radar device will have to be installed close by or
on or a wind turbine. In doing so, it might be used as an alternative for
infrared cameras and webcams that are now used by ECN and NERI.
From size, direction and speed of moving objects it should be possible
to recognize falling collision victims. It is unlikely that species can be
identified. At the moment, this technique is not being used by any
research institute in studies of avian collisions (S. Dirksen, personal
communication).
Acoustic Fields
Bureau Waardenburg suggested to determine whether acoustic fields
in the vicinity of wind turbines could be used to trigger camera
recordings. In this regard, reference is made to Paul Leper of AngloAmerican company Newleap, which has developed research methods
for Cetacean-related projects. During the present preliminary study, it
was not possible to determine the usefulness of this concept.
Bird Strike Indicator
American institute EPRI has developed a device for detecting avian
collisions with power transmission lines and related constructions
(wiring), which has been dubbed the Bird Strike Indicator (BSI). This
device comprises a mechanism by way of which wire vibrations are
detected. The resultant signals are subsequently fed into the central
computer. The BSI is designed for detection of vibrations in wire
constructions and is therefore not fully applicable to wind turbines.
Moreover, sound and vibration detection are already part of the
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research setup of both ECN and (soon) NERI (see paragraph 4.2.6).
This means that the BSI as such does not add any new aspects.
It is currently unclear how the BSI registers vibrations. It may, however,
be a useful (additional) technique. In the further development of
collision detection on the strength of sound or vibration, it may be
usefull for ECN of NERI to look into the extent to which techniques
applied in the BSI may be applicable and complementary to currently
used or planned techniques.

4.3 Researching Collision Risks
4.3.1 Why Conduct Research Into Collision Risks?
Paragraph 2.1 indicates that the research into the collision hazards
presented by the NSW has, first of all, an important learning objective:
based on the result, it will be possible to make estimates about the
expected numbers of collision victims in new wind farms. Insofar as the
evaluation of the NSW itself is concerned, the determination of victim
totals would be sufficient.
Risks of collision can be expressed in two different ways: the risk of a
collision per wind turbine and the number of the risk of a collision per
number of bird movements.
The number of collision victims per wind turbine per unit of time is
meaningful and useful in making quick estimates of the total number
of collision victims that can be expected if, for example, a decision is
made to build a much larger number of wind turbines in the North Sea
coastal zone than is now being proposed. Although it would be
necessary to assume that the collision risks per wind turbine in the
NSW are sufficiently representative, it could be possible to use the
research results on the total number of collisions to calculate the
collision risk: the number of collisions detected per unit of time would
be divided by the number wind turbines included in the research
project.
The results of the research into the risks of collision expressed as the
number of collision victims per number of bird movements could be
extrapolated to potentially new locations for wind parks if the nature
and quantity of bird movements in the new locations is sufficiently
known. The prognosis for the number of collision victims would be
more accurately indicated by this method than it would be by the
procedure based on determining the collision risks per wind turbine per
unit of time. Nevertheless, this method also requires acceptance of the
fact that the collision risks determined for the NSW are sufficiently
representative of those associated with a new wind farm.
4.3.2 Bird Movements
Various types of bird movements take place in the North Sea coastal
zone at the latitude of the NSW: large scale spring and autumn
migrations of migratory birds, more irregular migrations of species in
which the migration behaviour is determined by the (winter) weather,
short migrations of species that forage at various locations along the
coast, movements of seabirds foraging in this biotope, etc. Bird
movements can be characterised per species (or species group) in terms
of flight altitudes, directions, distance from the coast, time of day, and
period of the year. Many of these features are subject to variation in
response to such factors as developments in the population dynamics,
weather conditions, etc.
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At the present moment, no clear picture of the nature and dimensions
of the diverse types of bird movements occurring in the Dutch North
Sea coastal zone is available. A better understanding of basic patterns
and the variations involving them is necessary for both the
determination of collision risks in the NSW and the intended
extrapolation of these risks to other locations.
4.3.3 Methods
The risks of collision must be calculated by dividing the number of
detected collisions by the total number of birds participating in the
same flight movement as the collision victims. What constitutes the
same flight movement can be defined in both a precise and more
general manner. For a reliable extrapolation, a precise definition is
preferred, one that identifies the species involved and classifies the
flight movement according to type. The precision would be further
augmented by describing the bird movements in detail. The number of
passing birds (flux) on the basis of which risks of collision must be
calculated can be defined in contrasting ways, but it is also primarily
dependent on the amount of detail with which bird movements can be
described. Moreover, it can also be stated that extrapolations will be
more reliable if the size of the flux is relatively small scale (e.g. the
number of birds flying in a plane perpendicular to the flight path
defined by the external circumference of the rotating rotor blades at a
position on the approach flight path before the flight behaviour is
influenced by the wind turbines).
Since it is expected that most fatalities will occur during relatively
extreme and infrequent weather conditions, the chosen form of
expressing collision risk (per species, per movement type) must, as far
as possible, be defined for various weather situations. With (sufficient
amounts of) such specific data, collision numbers can be standardised
by calculating them for years characterised by average weather
conditions.
Collision risks are therefore ascertained by dividing the detected
number of collisions by the number of birds participating in the same
flight movement. Procedures for establishing the number of collisions
have been discussed in previous sections. Below is a brief examination
of the methods for detecting fight movements.
The most important techniques of recording flight movements are
based on radar technologies and visual observations. The planned
research programme for studying flight movements proposed by
Bureau Waardenburg and Alterra as part of the MEP-NSW was
presented and discussed in an earlier workshop (May 2003). MARS
XSP, the radar system to be implemented as part of this research, has
already been briefly discussed in paragraph 4.2.5. To help calibrate and
validate the radar data, use will also be made of a standardised method
of observation: the panorama scan. The method has been developed
and tested by Lensink et al (2000). All the research on this issue will
shortly be presented in the Procedural Plan for the baseline study in
‘Lot 6’ of the MEP-NSW study.
Given this state of affairs and the earlier held workshop, it does not
serve any purpose to go into any great detail about the methodological
practices in this research. It will suffice our purposes to comment on a
few important points where the research programme might have
consequences for any future determination of collision risks:
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• in formulating the research questions, explicit consideration must
be given to its intended use as a means of determining the risks of
avian collisions, both for establishing a baseline and for identifying
any discernible experimental effects;
• sufficient attention must also be given to the characterisation of the
various types of flight movements in order to make the results
useful as extrapolations;
• collison risks should be calculated on the basis of numbers of bird
movements that are not influenced by a wind farm; therefore, in
measuring the flight movements in and around the NSW, an effort
must be made to distinguish observations that depict patterns not
influenced by the NSW (on the basis of which collision risks are to
be calculated) and those that are indeed influenced by the facility;
• the determination of flight movements and collision risks must
occur simultaneously, so that the measured number of collision
victims can be related to the nature and dimensions of the most
current flight patterns.
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5. Research Methods for Effects of Disturbance

5.1 Researching the Effects of Disturbance
By defining the scope of the relevant effect types (paragraph 2.3),
already has been indicated that the lack of or limited access to
potential foraging areas for sea birds is seen as the most important
disturbance effect to be monitored. Due to the presence and use of the
NSW wind turbines, birds may be alarmed to the extent that certain
areas in the vicinity of the turbines in the worst case will not be used
for foraging. This means that a certain part of the potential foraging
area in full or in part will not be available as foraging area.
The key research component will invariably need to be based on the
determination of bird numbers and the duration of use in connection
with study area and reference areas as foraging areas. These two
components are generally expressed in terms of a single ratio known as
“bird days”. One bird day equals one bird that uses or is present in a
given survey area for the duration of a (part of a) single day.15
Two regularly used basic methods are available for marine-based
survey methods in connection with foraging sea birds: ship-based
surveys (see paragraph 5.2) and aerial surveys (see paragraph 5.3).
Both are based on visual observation. Radar and infrared technology
are not suitable for this since foraging sea birds are typically located on
or immediately above the marine surface (for background see
paragraphs 4.2.5, 4.2.6. en 6.3).
When evaluating the effects of the NSW on the basis of monitoring
results, it should be determined to which extent changes in numbers
were actually induced by NSW presence and operation (including
additional factors such as maintenance). This might prove difficult to
determine with a satisfactory level of certainty due to annual variations
in the population size and distribution of foraging sea birds. In order to
determine whether the importance of the study area as a foraging area
has changed, it is key that sound reference data are collected, both
regarding the initial situation (comprising multiple years if possible) and
regarding sufficiently similar reference areas. It goes without saying
that this should be done on the strength of identical survey methods.
Moreover, data must be collected regarding factors that may provide
alternative reasons for any observed changes in the number of
foraging birds, such as locally available food quantities, national and
international population trends and special weather conditions.
Any monitoring of changes in available food quantities (especially in
connection with benthic fauna and fish) and the applicable methods
are beyond the scope of this report. The analysis of the possible
influence of other factors will need to take place on the strength of
data collected in other related disciplines such as meteorological data
and national/international population estimates.
.....................................................................................
Notes
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5.2 Ship-based Survey Methods
Ship-based bird surveys are a relatively simple method with a long
track record in sea bird research. Coverage during such research is
typically limited to fixed routes or transects. From fixed positions on
the ship, observers look out for birds on either the left or right side of
the ship. Identified birds are then registered by hand. Binoculars may
be used to make species identifications possible. This survey method
has become increasingly more standardized in recent years. As a result,
data collection and recording have become more accurate and the
resultant information more accessible. An observation standard has
been defined by Tasker et al (1984), which has become known as the
Strip Transect Count method. The setup of this method hinges on seabased registration of birds in a 300m wide transect during ten-minute
periods. Presently, also five-minute intervals are used. Narrower strips
may be defined, especially under bad weather conditions or when
using smaller ships. A snapshot is made of flying birds at fixed
moments. This observation method enables the conversion of observed
bird numbers into density values. Also, different types of behaviour can
be observed and registered. In addition, wide-coverage recordings or
180º scans are made in order to register rarer species. These data can
only be used in order to determine the distribution of these species and
not for density calculations.
The data compiled during transect survey methods are registered and
stored according to the protocol of the internationally accepted ESAS
(European Seabirds At Sea database) standard. This standard has
recently been extended, also in view of NSW research (see
Camphuysen & Garthe, 2000; and Anonymous, sa).
The key sources of error in this type of research are probably the
following:
• failure to register birds present; the fact that ship-based survey
methods result in higher counts than aerial survey methods
(Camphuysen & Leopold, 1994: see paragraph 5.3) does not mean
that all birds are registered;
• the effect of (bad) weather conditions on observation methods (see
Skov et al, 1995); the number of unnoticed birds increases
particularly in case of accelerated wind speeds; this applies chiefly
to birds on the sea surface;
• deviations in the researched strip width compared to the envisaged
norm;
• qualitative differences between individual observers (see Van der
Meer & Camphuysen, 1996); survey estimates made by different
observers return wide ranging results; moreover, also determination
mistakes are made;
• the fact that certain birds cannot be observed due to submergence
(such as Divers, Grebes, diving ducks and Guillemots);
• effects caused by observation ships; some species (e.g. Gulls,
Fulmars and Gannets) are attracted to (see inter alia Baptist &
Wolf, 1993; Camphuysen & Leopold, 1994), other deterred by
ships; especially Divers and Velvet Scoters are disturbed within a
wide range of the survey ship (Skov et al, 1995; Webb & Durinck,
1992; Mitschke et al, 2001);
• chance: depending on the research effort and the probability of
hitting bird a bird concentration, survey areas with high density
values per square kilometer may be over or under represented.
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Other disadvantages of ship-based survey methods are the relatively
high costs in relation to the areas covered and the limitations of
nocturnal observations. The limited capacity may also lead to problems
during statistical analysis of possible changes in population numbers
due to the wind farm. Christensen et al (2003) suggest that for results
based on aerial survey methods, in cases where low bird numbers are
counted (baseline), only the complete disappearance of these birds is
statistically significant. In all probability such problems also apply to
ship-based survey methods.
Camphuysen & Leopold (1994) and Thomas et al (1998) introduce
correction factors for non-observed birds based on the assumption that
in a strip of 100m or 50m respectively all birds will be observed and
that densities at various distances of the ship will be equal on average.
This correction probably does not do full justice to all sources of error.

5.3 Aerial Survey Methods
More recently, birds on large water surfaces are also counted from
small aircraft. The Atlas van de vogels van het Nederlands
Continentaal Plat (Atlas of Birds of the Dutch Continental Shelf: Baptist
& Wolf, 1993) is based on aerial survey methods. Recent research into
the effects of wind farms regarding bird density values at sea in
Denmark is based on aerial survey methods as well (Diederichs et al,
2002; Christensen et al, 2003). This method is also strip transect-based
and generally resembles the ship-based method described above.
Small one or two-engine aircraft are used for said aerial survey
methods. These planes fly at altitudes of 150m or 78m and follow
fixed routes or transects. Speeds vary from 180 to 200km an hour.
Two or three observers are located on either side of the aircraft. Baptist
& Wolf limited their survey to 140 to 170m strips (average
approximately 150m) on either side of the aircraft (see figure 5.1).
Diederichs et al counted three strips of 122m, 275m and 1,057m (see
figure 5.2). In both cases it is not possible to count the strip
immediately below the aircraft.

Figure 5.1
Transect width for aerial survey
methods according to Baptist &
Wolf (1993)
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Figure 5.2
Transect width for aerial survey
methods according to Diederichs
et al (2002)

On the basis of the flying speed as well as observation period and
observation strip width, the researched surface is calculated. During the
survey, the observations are recorded on a dictaphone. Observations,
quantitative estimates and species determination are based on visual
observation. In principle, the use of binoculars is not possible (Baptist &
Wolf, 1993). Diederichs et al (2002) distinguish between four
behavioral classes. Methods for observation and registration are not
standardized to the same extent as for ship-based survey methods (for
ESAS). There is no jointly administrated database.
Important advantages of aerial survey methods are the significantly
larger surface area to be counted per given time unit (Baptist & Wolf
roughly estimate factor 10), increased flexibility (especially in response
to weather conditions) and the fact that bird behavior is less strongly
affected by aircraft presence. Birds are not attracted to aircraft
(Diederichs et al, 2002).
The key sources of error are similar to those for ship-based survey
methods:
• failure to register birds present; Camphuysen & Leopold calculated
that observed Auk and Diver numbers during ship-based survey are
1.7 to 5.5 and 1.4 to 4.0 times higher respectively than during
aerial surveys under similar circumstances; smaller species such
Little Auk (Alle alle) and Shearwaters are often not seen at all
(Baptist, personal communication);
• deviations in the researched strip width compared to the envisaged
norm; according to Baptist & Wolf this norm varies from 140m to
170m, a margin of approximately 20%;
• the extent to which observations are affected by weather
conditions; according to Diederichs et al (2002) survey research can
only take place under favorable weather conditions: especially
during the winter months an average of no more than a few days
would be suitable for survey research; this is confirmed by
experiences of Christensen et al (2003); this also means that the
data regarding species whose density is codetermined by (bad)
weather conditions, such as Skuas, Gannets and Fulmars, will not
be representative (Christensen et al, 2003);
• the fact that certain birds cannot be observed due to submergence
(such as Divers, Grebes, Diving Ducks and Guillemots);
• species recognition: species cannot be as easily recognized from an
aircraft as from a ship, especially in the case of similar species such
as Red-throated Divers/Black-throated Divers, Auks/Guillemots and
Arctic Tern/Common Tern (see Baptist & Wolf, 1993; Diederichs et
al, 2002);
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• qualitative differences between individual observers;
• disturbance due to aircraft movement or noise; Scoters flee as
a result according to Diederichs et al (2002), Divers do not.
As mentioned in paragraph 5.2, survey data, in case of relatively
limited bird numbers, may cause statistical problems when analyzing
possible changes. Only in the case of larger numbers of observed birds
(by counting larger areas or by increasing survey frequency) it is
possible to demonstrate the statistical significance of relatively big
changes (25% to 50%) (Christensen et al, 2003).
A distinct disadvantage of aerial survey methods when monitoring
wind parks is limited flight altitude, which is virtually equal to the
highest point of the rotating rotor blades. From a safety perspective,
aircraft will probably observe a safety margin16, which means that
aircraft must fly at higher altitudes than is desirable from a
methodological viewpoint.

5.4 Conclusions
More or less standardized and accepted methods in terms of ship or
aircraft-based survey methods are available for research into the
possible NSW-induced disturbance of foraging birds in the vicinity of
the wind farm. However, these methods are principally developed and
used for research into sea bird distribution and density at sea (see
various sea bird atlases). Research of this type has a relatively general
nature due to limited research effort in relation to the area to be
surveyed.
It is important to be aware of the fact that the assessment of the
influence of a wind farm on bird distribution and density in a relatively
small area such as the NSW study area requires a substantial
reformulation of research objectives. The key differences between
‘classical’ distribution research and disturbance effect monitoring in the
NSW include:
• essentially, no research is being done into the distribution and
density, but into possible changes in these values due to the NSW;
the researchable variable, in other words, is the difference between
two other values; depending on the requirements regarding the
extent of the effects to be detected (e.g. a 10% decrease should be
established on 95% reliability basis) this value may be much lower
than in traditional distribution surveys;
• the scale of the study area is many times smaller than used in the
case of distribution research to North Sea or Dutch Continental
Shelf (DCS) scale;
• resultant changes in distribution and density values should be
determined on the basis of the central research objective: to which
extent observed changes in bird numbers are caused by
construction, presence and exploitation of NSW?
NIOZ and NERI in the recent past have conducted research into the
methodological aspects of ship and aircraft-based survey methods for
wind-park effect monitoring. In September 2003 a worskshop on this
subject will be organized by COWRIE. The results are forthcoming. In
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the present report, it suffices to provide a brief representation of key
conclusions and recommendations made in this regard.
Paragraphs 5.2 and 5.3 clearly show that existing survey methods are
particularly error-prone. Given the higher methodological requirements
defined in the monitoring research (see above) it is necessary to
determine the requirements in connection with the monitoring
programme. These requirements can be used at a later stage to draw
informed conclusions regarding the possible influence of the NSW on
foraging birds. On the basis of existing data sets it is possible to
provide an analysis of data variance in order to determine sample size
in the study area and reference areas (including baseline studies).
Moreover, it can be determined to which extent the spatial pattern of
the observation could be adjusted due to (high degrees of)
redundancy.
A second recommendation concerns the further standardization of
observations. Such standardization may limit the influence of a number
of sources of error, especially regarding:
• observation errors: time series should be accumulated by using the
same observers, which means that within any time-series
observation errors are kept as constant as possible;
• survey strip: on the basis of relatively simple technical (optical)
means it might be possible to delimit the research strip more clearly;
this means that deviations in the analyzed strip are reduced as
compared to the envisaged strip width;
• effects of weather conditions: define more closely under which
circumstances which data can be collected (or used).17
Additional research is required with a view to studying error-inducing
factors such as diving and fleeing behavior, following the observation
ship, etc. This data can be used to define improved correction factors.

.....................................................................................
Notes

Preliminary Study into NSW Bird Methods

17

These criteria can also be used retrospectively for data selection, provided that the
relevant meteorological data are part of the protocol.

44

33375_Preliminary_Study

18-12-2003

10:42

Pagina 45

National Institute for Coastal and Marine Management/RIKZ

6. Research Methods for Barrier Effects

6.1 Barrier Effects
Section 2 (table 2.2) distinguishes three barrier effect types:
• inaccessibility of habitats;
• additional energy and time used due to route change;
• increased collision risk.
Inaccessibility of Habitats
In this effect type, a wind farm might present a full barrier for certain
bird movements. Currently, it is deemed highly improbable that wind
farms could have such an effect on seasonal migration. The presence
of a wind farm, a large number of wind farms or a single, very large
wind farm may cause migratory birds to modify in part their migration
routes. It is highly unlikely that migration will be fully obstructed.
It does seem possible, however, that this effect type may affect
foraging behavior of coastal nesting birds on a smaller scale, as well as
sea birds that frequent the coastal zone during the winter months in
search of food. Depending on the birds’ point of departure during
foraging flights, the location of wind parks and foraging areas, it is
possible that certain areas behind the wind turbines would become
inaccessible. Due to the necessary route change, birds might
experience an inacceptable additional loss of energy. As a result, part
of the potential foraging area becomes practically inaccessible. This
means that the potential foraging habitat in full or in part will not be
available as foraging area. This form of barrier effect is clearly related
to the disturbance effect (see paragraph 5.1). The disused foraging
area may, however, be located at some distance from the wind park.
That is why an alternative approach may be adopted in researching this
effect (paragraph 6.2).
Additional Energy and Time Used Due to Route Change
A proportion of the birds displaying certain migration patterns appear
to find their way around wind parks. This has been demonstrated in
practice (Winkelman, 1992d; Van der Winden et al, 1996). In principle,
this means that the relevant birds use additional energy in following
these changed routes. However, it is currently unclear whether and, if
so, to which extent this actually affects the survival potential in adult
birds or, during the nesting season, in nestlings fed by them.
In this case it also seems unlikely that this will affect migratory birds.
The seasonal migration routes usually extend over many thousands of
miles, which means that a detour of a few miles may be deemed
negligible. A negative effect seems to be more probable for birds that
will need to fly longer distances and different routes during daily
foraging flights. A detour of a few miles in that case may constitute a
substantial part of the total length and duration of a foraging flight.
Research in connection with the Optimal Foraging Theory shows that
additional energy or time used during foraging may negatively affect
the survival of individual birds or their nestlings (see inter alia Van de
Kam et al, 1999).
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Increased Collision Risk
It is not unlikely that an increase in wind park size, involving an
increased barrier effect, will cause a larger proportion of the total of
passing birds to decide to fly through the park. This means there is a
certain relationship between barrier effect and collision risk. To date,
this has not yet been supported by any research results.

6.2 Possible Research Methods
All barrier effect types result in flight pattern changes due to the
presence of wind parks. Therefore, for the benefit of effect monitoring
these pattern changes need to be researched. More information is
required in order to make a subsequent assessment of the possible
consequences of this effect on population levels:
• inaccessibility of habitats: alternative methods should be found in
some way to determine that areas have become inaccessible due to
changing flight patterns, and to prove that these areas could be
relevant in the life cycles of the relevant species, e.g. as foraging or
resting areas;
• additional energy and time used: research will need to be done into
the additional energy and time used in connection with route
changes and how this affects the survival of adult birds and their
nestlings;
• increased collision risk: to which extent an increased barrier effect
could prompt larger numbers of birds to fly through the wind park,
thus increasing collision risk; this can only be determined by
comparing flight behavior in the vicinity and in wind farms of
various sizes (but still sufficiently similar) or by analyzing changes as
the size of a single wind farm is extended over a given time period;
since the latter is not possible in the case of the NSW, this matter
will be ignored in the present report.
Flight Movement Changes
Radar observation supported by visual observation and digital data
registration and analysis can be seen as the most obvious method for
observation and registration of flight movement changes at a relatively
large scale and under a range of circumstances (see paragraph 6.3).
The most important objections in connection with visual observation
have already been discussed in paragraph 4.2.4 (difficult working
conditions, very time-consuming, errors due to lack of concentration,
bad weather conditions, night-time surveys). Visual observation,
registration and analysis of bird movements presents an additional
problem in that it is difficult to describe accurately certain flight
movements, while registering them in an appropriate manner.
Moreover, the coverage area in the case of visual observation is limited
compared to the scale to which flight pattern changes can be
expected.
Similarly, (infrared) cameras are not yet or hardly usable. To an extent,
the objections are similar to those raised in connection with visual
observation. Infrared cameras do enable nocturnal survey research on
migration routes. Individual birds can be detected on this basis at
altitudes up to 3,000m (see inter alia Bruderer & Liechti, 1994; Liechti
et al, 1995; Zehnder et al, 2001). Species recognition is not possible
with the camera types currently used. Reliable observations are
possible under cloudless conditions only. This obstructs identification of
flight movements under less favorable weather conditions as well as
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observations in the lower aerial strata. The deployment of more
advanced camera types as used in the avian collision research (see
paragraph 4.2.6) enables enhanced species recognition, but at the
same time strongly reduces the coverage area. This may also prompt
the need for more (expensive) cameras as well as manual flight pattern
analysis.
Inaccessibility of Foraging Areas
Bird movements in the coastal zone between resting and foraging
areas via the NSW planning area are not as easily definable as is the
case other areas, such as the IJsselmeer or the Oosterschelde in the
Netherlands. A decrease in the use of foraging areas by coastal
breeding birds is probably the most relevant effect. Research into this
aspect is possible on the strength of:
• baseline study in connection with the use of the NSW planning area
and wider geographical context as foraging area for coastal
breeding birds;
• post-construction: comparison of flight patterns and densities of
foraging coastal breeding birds in in the wind farm area and in
zones adjacent to the wind park;
• additional research into possible changes in food availability for the
relevant species.
In principle, this also enables the determination of the possible effects
on the available foraging area for other birds.
Additional Energy and Time Used
Local research into the possible effects of additional energy and time
use due to route changes on survival chances is not viable in this
regard. This problem involves fundamental ecological research, which
can only be tackled on the basis of long-term, species-specific study.
Research in connection to NSW can be limited to a literature study in
order to form a picture of the possible effects of flight pattern changes
on survival chances.

6.3 Radar
In paragraph 4.2.5 the limited possibilities of using radar techniques in
detecting bird collisions have been discussed. The last decades,
however, radar has been commonly used for research into bird
movements and migration (see inter alia Eastwood, 1967; Gauthreaux,
1985; Liechti et al., 1995; Bruderer, 1997). Marine radar-based
research has been done into flight movements and altitudes of birds
that winter on large water surfaces in the vicinity of the wind turbines,
especially close to the IJsselmeer and Oosterschelde (see inter alia
Dirksen et al, 1996; Spaans et al, 1998; Van der Winden et al, 1999).
This research focused on a limited number of species such as diving
ducks and waders. Species recognition was possible on the basis of
supporting visual observation and observation of bird sounds. The
coverage area of the equipment used (Furuno FR 8050 and FR 8250) is
limited to approximately 1,500m. The possibilities of species
recognition and species recognition are very limited. There is no
connected system available for digital data registration and analysis.
Research on the basis of the Flycatcher (see paragraph 4.2.5) has a
number of limitations as well. Recognition is limited to very rough
categorization into “large bird”, “gull” and “tern”, “large water bird”,
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“small water bird”, “large passerine” and “small passerine”. Common
Swifts (Apus apus) are the only birds that can be recognised at species
level. Flight patterns and species group recognition are possible only
after manual selection of a bird from the echoes generated by the
surveillance radar to be tracked by the tracking radar. Because of this,
it is still very time-consuming to use this system in order to obtain a
clear picture of (changes in) bird movements in and in the vicinity of
the NSW. The coverage area in this case, however, is substantial (up to
10,000m).
For the baseline study of flight movements in the coastal zone a new
type of marine radar will be used, the MARS XSP (see paragraph
4.2.5). Due to high rotation speeds (24/min), individual echoes can be
combined to form a picture of the flight movements. Coverage of this
radar type is expected to be in excess of 1,000m.
As other radar systems, the MARS XSP is sensitive to clutter, radar
echoes caused by factors other than birds such as rain, snow and
seawater sprays. The developed software can be used to identify
clutter in part and remove it from the data set.
Currently, no test data are available for Dutch species and conditions.
That is why analysis of reliability of the results is included in the first
research phase. This chiefly involves the question as to the distance at
which, under certain circumstances, radar equipment can generate
reliable quantitative information in relation to bird movements and to
which extent recognition of species and species groups (in relation to
distance and weather conditions) is possible. These tests will be carried
out on the basis of radar data (e.g. by comparing echoes of a single
group of passing birds at varying distances from the observation point)
and a standardized form of visual observation known as the panorama
scan (see Lensink et al, 1998, 2000; Poot et al, 2000).

6.4 Conclusions
Marine radar, soon to be used for baseline research at Meetpost
Noordwijk, is the only method available offering sufficient scope for
the time being for research into changes in bird movements as a result
of various forms of barrier effect.
At the present time, no information is available regarding the accuracy
of the equipment to be used to facilitate species recognition and flight
movement registration at various distances under different weather
conditions. The focus of the initial research phase should include
method validation. This is included in the action plan. It may turn out
that supporting visual observations remain necessary to calibrate the
radar results, also in the longer term. Issuing an independent report
providing the results from the validation research is recommended.
In the research setup, sufficient attention should be paid to the
underlying research objectives. Especially during the monitoring
process in connection with the possible barrier effect via the
inaccessibility of foraging areas for sea birds and coastal nesting birds,
sufficient attention should also be given to determining the importance
of areas in and in the vicinity of the NSW as foraging areas for various
species. In addition, a literature study is required with a view to
assessing the resultant effects of certain changes in patterns and flight
movements at population level.
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In our view, Meetpost Noordwijk is not fully suitable as location to
determine the baseline in connection with flight movements for the
NSW.18 It can be assumed that the flight patterns will deviate to some
extent from those near Egmond. Different flight movements can
particularly be expected for foraging and wintering coastal birds and
coastal nesting birds, since wintering birds such as the Common Scoter
and nesting colonies especially Gull species and Cormorants are not
evenly distributed along the coastal zone. Also seasonal migration
might show different patterns in both locations, since some species
partly cut across the bend in the Dutch coastline and because the
crossing to the British Isles is initiated from various points along the
Dutch coast (see section 3 and references mentioned in it).
In the baseline study that will be carried out shortly sufficient attention
has to be paid to these differences.
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7. Conclusions and Recommendations

7.1 Research Objective MEP-NSW
The various policy documents that constitute the basis for monitoring
and evaluating the effects of the projected NSW, especially the MEPNSW, provide a useful categorization of the different effects that the
wind park may have on birds: death by collision, disturbance and
barrier effect. These effect types may have varying effects on birds
within and in the vicinity of the planning area of the NSW.
However, the policy documents don't pay enough attention to
methods in relation to evaluating potential effects:
• should research focus on more or less endangered species only?
• is there a maximum permissible effect level (e.g. 1‰ of the flyway
population)?
• how should indirect effects such as disturbance and barrier effect be
evaluated; by translating these effects into effects at population
level?
• which requirements apply in relation to reliability and statistical
demands?

7.2 Research Methods in General
The research methods used in connection with the research into the
various effect types are in different stages of development. There are
currently no fully operational methods available for research into avian
collisions. More or less accepted and standardized methods are
available for research into disturbance. Equipment to be used during
research into the barrier effect will be subjected to preliminary test
rounds. This means that the recommendations formulated in
connection with research into various effect types may be wideranging. Recommendations for each method are aimed at the currently
relevant follow-up procedure, since the subsequent course depends on
the results of the first steps.
Ultimately, all methods should meet a number of general requirements:
• the method should be sufficiently validated;
• the method should provide a picture of the relevant variables under
all or most relevant circumstances;
• the method should lead to statistically sound results on the basis of
the given project objectives;
• the equipment should not present any restrictions or risks in using
wind turbines for energy production;
• cost levels should be acceptable.

7.3 Avian Collisions and Collision Risks
7.3.1 Avian Collisions
Sections 3 to 6 have demonstrated the fact that fully operational
methods of detecting the collision victims of wind turbines at sea do
not yet exist. The discussion of the various methods have revealed that
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the following approaches are likely to be the most feasible:
• automated recording with infrared cameras;
• counting of collision victims washed up on beaches.
The collecting and counting of victims in nets suspended under wind
turbines appears, at this time, to be the least feasible but cannot yet be
totally excluded.
The next step in the monitoring study involves the further
development and testing of the necessary methodology. Since this
process can proceed on a relatively small scale for either of the
potential methods, it does not serve any purpose to choose one of
them at this point.
Moreover, it is undoubtedly desirable to investigate the extent to
which the strong points in each of the techniques for recording
collision events with infrared cameras or webcams and registration of
sound by ECN and NERI can be combined.
Given the methodological problems in identifying collision victims at
species level, it makes sense to focus subsequent method development
in the first instance on collision detection as such. In this context,
microphones and vibration sensors should play a more central part and
should not only be used to trigger video recordings storage. Cameras
and webcams, then, are particularly important for validation. In
addition to existing or planned techniques adopted by ECN and NERI,
it is also possible to test other vibration detection techniques. Possibly
BSI technology used by EPRI may also be applicable to wind turbines.
Parallel to this or in subsequent phases, methods should be developed
to identify collisions at species level. This is predominantly dependent
on the further development of digital imaging technology. At this stage
an experimental project should be designed in which different
techniques (types of camera, camera positions and ‘trigger’
mechanisms) are used to take measurements on one or a few turbines
in the NSW, so that results can be compared.
To establish the absolute validity of the number of collisions detected
by any method, it would be beneficial to run the same trials on one or
more land turbines; in such cases, existing methods (counting of
corpses with adjustments for undercounts) can be used to determine
actual totals. Such a land-based installation would, of course, make it
possible to proceed with the method development even before the
NSW is built.
To help validate the observation methods in offshore conditions, the
technical possibilities of suspending nets under wind turbines to collect
dead birds should be explored further.
The proposed methods of using beached birds to determine the total
number of collision victims represents a strongly contrasting ‘low tech’
approach with several pronounced advantages. At the same time,
there are still several unresolved methodological problems and possible
legal restrictions. Arrangements should be made so that researchers
could try to resolve these difficulties and, subsequently, to test the
methods in practice. The first step to be taken in this regard, is to
determine to which extent beached birds can be recognized as collision
victims. This can be done in the following two ways:
• determine total collision victim numbers that should be found on
beaches in order to be recognized as significant change in relation
to the baseline by means of statistical analysis of beached bird
numbers over the last few decades;
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• determine on the basis of tests, which proportion of actual collision
victims (collected below land-based turbines) can be recognized as
such on the strength of internal and external injuries.
The next step is to conduct more specific research into the
methodological aspects in connection with the calculation of the total
number of collision victims. Key issues in this regard are:
• can tagged, dead birds be used in determining the ratio between
the total number of collision victims and the number of beached
collision victims in connection with availability, legal aspects, public
opinion?
• to which extent are dummies sufficiently similar in terms of drifting
characteristics to serve as an alternative in this respect?
• to which extent can computer simulation models (developed for oil
dispersion models) be used to this effect?
The validation of this method poses a more troublesome problem, as
the results cannot be directly compared to research on one or a few
turbines using infrared cameras.
Given the expected relatively low victim totals (especially per species),
it is imperative that - as soon as methods are operational - data is
collected on the variability of the measured amounts, so that a
statistically sound measurement programme can be established.
7.3.3 Collision Risks
The availability of a good method of detecting collisions is a primary
condition for any determination of collision risks (see paragraph 7.3.2).
A second requirement is the collection of data about the nature and
size of the associated flight movements. This information can be
gathered with the help of an already proposed marine radar study, as
indicated in section 6.3. The design and execution of this study should
make explicit allowances for its eventual use in the calculation of
collision risk and give some consideration to the specific issues
identified in paragraph 4.3.3:
• in formulating the research questions, explicit consideration must
be given to its intended use as a means of determining the risks of
avian collisions;
• sufficient attention must also be given to the characterisation of the
various types of flight movements in order to make the results
useful as extrapolations;
• in measuring the flight movements in and around the NSW, an
effort must be made to distinguish observations that depict patterns
not influenced by the NSW (on the basis of which collision risks are
to be calculated) and those that are indeed influenced by the
facility;
• the determination of flight movements and collision risks must
occur simultaneously, so that the measured number of collision
victims can be related to the nature and dimensions of flight
patterns.

7.4 Disturbance
Of the three main effects types, it is in research into disturbance that
most use can be made of existing, more or less accepted methods: ship
and aircraft-based survey methods. The results of research undertaken
by Alterra and NERI into the advantages and disadvantages of both
methods will be discussed during a workshop to be organized in
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September 2003. Ship-based survey has been chosen as the preferred
method for NSW research into the baseline.
In evaluating survey methods, it is important to know that research is
actually aimed at determining changes in use of the NSW planning
area by foraging birds. This is a much more detailed objective than the
objective of the research into sea bird distribution and density on the
North Sea. Given the fact that in this case we are dealing with a much
smaller area, it should be possible to detect relatively marginal changes.
Moreover, arguements should be presented in order to ascertain
whether or not these changes are caused by NSW construction and
operation.
Paragraphs 5.2 and 5.3 show that both methods are intrinsically errorprone. In addition, specific parts of the North Sea will probably show
wide variations in bird numbers. If during monitoring programme setup
variance is insufficiently taken into account, this may unable the
formulation of statistically sound statements at a later stage. It is
therefore recommended to make an analysis of data variance on the
basis of existing data sets in order to determine the sample size in
study as well as reference areas (including baseline study).
Furthermore, this will also make it possible to determine the extent to
which the spatial pattern of the observation could be adjusted on the
strength of (a high degree of) redundancy.
A second recommendation concerns the further standardization of
observations. Such standardization may limit the influence of a number
of sources of error, especially regarding:
• observation errors: time series should be accumulated by using the
same observers, which means that any time-series internal
observation errors are kept as constant as possible;
• survey strip: on the basis of technical (optical) means, it should be
possible to delimit the research strip more clearly; this means that
deviations in the analyzed strip are reduced as compared to the
envisaged strip width;
• effects of weather conditions: define more closely under which
circumstances which data can be collected (or used19).
Additional research is required with a view to studying the errorinducing factors such as diving and fleeing behavior, following the
observation ship, etc. This data can be used to define improved
correction factors.

7.5 Barrier Effect
Marine radar, soon to be used for baseline research at Meetpost
Noordwijk, is the only method available offering sufficient scope for
the time being for research into bird movement changes as a result of
various forms of barrier effect.
At the present time, no information is available regarding the accuracy
of the equipment to be used in species recognition and flight
movement registration at various distances and under different
weather conditions. The focus of the initial research phase should
.....................................................................................
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include method validation. This is included in the action plan. It may
transpire that supporting visual observations remains necessary, also in
the longer term. Such observations can be used to calibrate the radar
results. Issuing an independent report providing the results from the
validation research is recommended.
During research setup, sufficient attention should be paid to the
underlying research objectives. Especially during the monitoring
process in connection with the possible barrier effect via the
inaccessibility of foraging areas for sea birds and coastal nesting birds,
sufficient attention should also be given to determining the importance
of areas in and in the vicinity of the NSW as foraging areas for various
species. In addition, a literature study is required with a view to
assessing the resultant effects of certain changes in patterns and flight
movements at population level.
Deployment of the Meetpost Noordwijk as location from where to
determine the NSW baseline is less favorable. In all probability, the
results are useful in forming a clear picture of bird movements that are
not affected by wind park presence. However, they will not provide a
sound quantitative picture of the baseline near the NSW planning area.
This does not present a major obstacle for the effect study. Given that
the effect to be determined comprises bird movements (and not the
disappearance of birds), in principle all birds present will be registered.
Research into reference situations, then, is necessary only in order to
define sufficiently any non-affected bird movements as reference for
influenced behavior.
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Appendix 4.1

Summary of Results from Expert Meeting June 6th 2003
Preliminary results and conclusions in relation to research methods
regarding avian collisions and collision risks were presented and
discussed during an expert meeting on June 6th in The Hague, the
Netherlands. Those who made contributions to this expert meeting are
mentioned under Acknowledgments. A draft version of section 4 was
discussed, together with consecutive parts from sections 2 and 7 and
sent in advance to participants as a discussion note under the title Near
Shore Wind Park Monitoring and Evaluation Programme: Methods for
Studying Avian Collisions.
The present Appendix provides a summary of the key results of this
day. No extensive report was drawn up.
Research Objectives
The most important aspects in relation to the research objectives and
the policy-related backgrounds to the research into avian collisions and
collision risks are summarized in a presentation and submitted to the
attending experts and involved parties (see section 2 and paragraph
4.1).
The formulation of the questions is generally supported. Collision risk is
seen as a key marker, since it provides essential information for plans
and decision-making in connection with new wind farms. Collision risk
mainly involves the risk of collision for each bird (movement), not per
wind turbine. Determination of effects at species level is of chief
importance when certain species are attributed a key role from a
policy-making perspective and run a relatively high collision risk. Such
species include the Common Eiders that winter in large numbers in the
vicinity of wind farms along the Danish coastal zone.
The proposal is to adopt a general approach to the research objectives:
can we identify any substantial effects on birds in general? Not until
this has been established should more far-reaching research be
undertaken into bird species, circumstances and wind-turbine
characteristics that may affect this.
Counting Beached Collision Victims
Since M. Leopold (Alterra) and K. Camphuysen (CSR Consultancy)
were unable to be present, the proposed method is explained by the
compiler of this report (see paragraph 4.2.2).
It is clear in advance that the method is currently subject to a number
of major problems. Given that no other methods are operational for
the time being, all methods presenting potential solutions should be
investigated. This method is useful in obtaining an insight into sudden
high mortality rates (whether or not due to the NSW). By trying to
determine collision victim numbers by way of beach counts, however,
little insight is gained into the ways and circumstances in connection
with avian collisions. This means that the learning process is limited.
The method, for example, is not suitable for research into the influence
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of mitigating measures regarding individual wind turbines. There are
doubts regarding the possibilities of relating unequivocally the cause of
death of beached birds to collisions. It is possible that such a diagnosis
can be made in no more than 30 to 40% of the birds found. Drifting
models can be used to investigate to which extent the collision victims
of various wind farms can be individually determined. In addition, this
forces the issue as to the applicability of such models. The use of (large
numbers of) dead birds in order to calibrate beached victims may face
substantial public opposition and negative publicity for the wind park.
It is proposed to adopt a step-by-step approach for subsequent
method development. In the first instance, a statistical analysis of the
existing data set of the beach count should be carried out. Such a
survey should then show how many collision victims should be found
on the beach in order to establish a statistically significant change
against the background levels1.
Digital Infrared Camera or Webcam
M. Desholm (NERI) and L. Rademakers (ECN) presented the research
methods on behalf of both research institutes. This research was
undertaken on the basis of infrared cameras and webcams in
combination with sound detectors. Given that the NERI and ECN
methods currently under development are clearly related (see
paragraph 4.2.6), both methods have been discussed during a single
session.
The presentations show that there are still a number of methodological
problems to be resolved. These are largely addressed during the
presentations and in the discussion document. A clear example of this
is the fact that neither method has resulted in the registration of avian
collisions in test situations yet. The NERI setup can be used to
determine collision risks in connection with birds identified by the
infrared cameras and subsequently are registered. However, this
probably will not be exactly the same as collision risks for each bird
movement through the park or the rotor blades of one wind turbine.
The discussion regarding the required sensitivity of the detection
methods used prompts the question as to whether it is clear at this
stage, which collision victim numbers are acceptable and which are
not. The E-Connection representative has indicated that typically a 1‰
ceiling for the flyway population is observed. This may be less critical in
relation to the technical aspects of monitoring methods as such. It will
be relevant, on the other hand, during research into method reliability
and the setup of a statistically sound monitoring programme.
Despite the objections raised, the presented methods are still deemed
sufficiently feasible. Besides, there are few alternatives. Given the
limited budgets available and the various aspects of the methods
developed by NERI and ECN, it would be desirable to coordinate as
best as possible any subsequent undertakings in relation to method
development. Methods and field research should be developed on a
step-by-step basis: firstly develop methods that give a first impression
of the effects, followed by new steps in order to arrive at a more
detailed picture. Further development of detection methods in
.....................................................................................
Notes
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connection with collisions on the basis of sound or related techniques
(e.g. piezo-electric sensors) probably is the most logical step forward,
since it will provide an initial idea of total collision numbers (although
without species-specific information).
Other Methods
A presentation provides an overview of other methods that have been
discussed in the preliminary study, but at the present time are deemed
less feasible. These methods include: collecting and counting collision
victims in nets below the wind turbines (see paragraph 4.2.1), analysis
of bird remains (paragraph 4.2.3), visual observation (paragraph 4.2.4)
and radar (paragraph 4.2.5).
There is general agreement among the experts present regarding the
conclusions in relation to the usefulness of these methods. The
conclusions regarding survey counts on the basis of net constructions
are probably too optimistic. In practice, technical problems will
probably be significant. Radar may be useful in detecting collision
victims if the equipment focuses on the area immediately below the
rotor blades passed by collision victims falling down. Furthermore, a
number of ideas for methods are mentioned that have not been
analyzed yet. Such ideas include the detection of collision victims on
the basis of movement detectors or Doppler radar.
Next Steps
The most important provisional conclusions and recommendations are
summarized during a short presentation. Views in this regard are
largely shared by the experts present. The key aspects in this regard
include (see also section 7):
• currently, there is no fully operational method available for research
into avian collisions and collision risks;
• the next step should focus on further method development and
testing;
• the possibilities for research on the basis of beached collision victims
should be explored step by step; the first step is the analysis of
existing data sets in order to determine the extent to which an
increase in beached birds due to collision can be distinguished from
the background level2;
• research on the basis of infrared cameras and webcams in
combination with detection or triggering via sound or movement
sensors is the most feasible option; these methods require further
development and testing;
• in order to optimize the use of the available budgets, it is desirable
to coordinate as much as possible in this regard the NERI and ECN
research programmes;
• setup and development of method research and actual monitoring
should be done step by step; this means that the priority for the
time being should be on methods in connection with registering
avian collisions as such; subsequently, more specific research
objectives can be addressed, especially in connection with species
composition regarding collision victims and circumstances that
influence the number of victims.
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