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Summary

At the wind turbine in Haldenstein close to Chur (GR) a system to detect birds and bats was installed
to mitigate possible collisions. The Interwind AG has closed a research contract with the Swiss Feder-
al Office of Energy (SFOE) and the Federal Office for the Environment (FOEN) to launch an investiga-
tion on the effectiveness of the bat and bird detection of the system. The Swiss Ornithological Institute
agreed to collaborate for the bird detection part of the study. Furthermore, the study was a chance to
generate knowledge on flight behaviour of birds in the surrounding of a wind turbine.

After end of August 2014, the camera system was fully operational to record videos of flying targets
approaching the wind turbine together with data on triggered mitigation measure e mitigation
modules “warning” and “dissuasion” were executed either physically or only virtually. The module
“stop” was implemented only virtually during the whole time. Independently of the camera system, data
on the flight behaviour of birds in the surrounding of the wind turbine was collected by direct visual
observations using a high-tech laser range finder to get three dimensional localisations of birds. The
direct visual observations were carried out during the breeding season (12 days for a total of 60 h
between 06.05. — 16.06.2014) and during the autumn migration season (19 days for a total of 74 h
between 22.08.2014 — 26.10.2014). The detection of small birds, like passerines is hardly possible
with any of the visual systemserefore, the focus for a comparison was set on “larger” birds for
which the detection probability was high with both systems. Additionally, a radar system was used to
quantify the intensity of flight activity in the area in autumn (13.08. — 22.09.2014).

All unedited raw data which were recorded by the camera system between 25.08.2014 — 26.10.2014
were screened and mainly determined whether the detected target was a bird or not and whether a
mitigation module was triggered or not. The single localisations of birds recorded by direct visual ob-
servations were connected to three-dimensional flight trajectories and the closest point of such a tra-
jectory to the nacelle of the wind turbine was determined. Because the camera system was operation-
al only after 25.8.2014 just autumn season data could be compared. For each single direct visual lo-
calisation it was figured out whether or not the target was within the detection range of one of the
cameras . The general nocturnal and diurnal flight activity rates within the area of the wind turbine
were calculated based on radar data.

30,5 % of the 886 targets detected by the camera system were birds (“True Positives”). Aircrafts and
insects were responsible for most of the “False Positives”. A stop event was never triggered by a bird.
The direct visual observations showed that birds avoided the close proximity of the wind turbine and
regularly passed the wind turbine at a distance of more than 100 m to the nacell ithin the time
frame of the direct visual observations two birds were expected to be detected by the cameras accord-
ing to the given assumptions. Those two flights were at the limit of the detection range of the system
and were not saved as valid flights by the DTBird—syste@he other way around, there were 6 bird
movements detected by DTBird which were not expected to be in the detection ranghree cas@
the localisations of the visual observations did not represent the closest position of the bird to the
camera and three flight movements were missed by the visual observer e average general flight
traffic rate measured by radar up to 1’000 m above ground level was 110 s/(km*h) during the day
and 380 animal *h) during the night. Most of the passage occurred in altitudes above the rotor of
the wind turbin:@’I

The DTBird-system does detect “larger” birds within the given detection range. almost all the
common bird species of Switzerland which are known to collide regularly at wind turbines in other
countries are smaller than Red Kites (Milvus milvus). For Red Kites, the maximum detection range is
about 150 r@hus, the size of the rotor and the size of bird species which should be surveyed, play
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DTBird Team
DTBird System can detect, and has detected routinely within the flights detected in this wind turbine, small, medium and and large birds, within the detection distances.
Notes pointing out the limitations of visual system based in the laser range finder use in the study can be checked in pages 9 and 10, and in epigraph 4.5.

DTBird Team
Nevertheless, DTBird detected a mean of 4,1 bird flights/day around the wind turbine, with video & audio records of every flight (total: 274 bird flights detected, and 423 individuals birds within the flights).

DTBird Team
In summary, from the a total of 8 flights registered by the Expert Ornithologist or DTBird along the 74 hours of field study period:
- 3 flights were detected only by DTBird System, and missed by the visual observer (to note causes that could explain human observer limitations: topographical and physical obstacles in the field of view from the vantage point, tyreness or distraction, inhability to follow several birds at the same time, inhability to look all around the wind turbine due to tower or blades interference, etc.).
- 3 flights were detected by Expert Ornithologist and DTBird, but only DTBird System was able to record them in the close vicinity of the wind turbine.
- 2 flights were at the limit of DTBird detection distance. If they were actually inside, probably it was for a very short time (<2 s), and were discarded by DTBird system, that requires a flights of >2 s within the surveillance area, to record the flight automatically.

DTBird Team
Therefore, it is not clear if they were expected within DTBird detection range, and it is clear that flights did not have an actual collision risk or rotor swept area cross.

DTBird Team
It is not clear if Radar can actually detect birds close to the wind turbine, or it has topographical and physical constraints tha limit the surveillance area, as the valley topography, blades interference, etc. No data provided about False Positives and False Negatives if any automatic discrimination of targets has been done, nor about any real time bird detection.

DTBird Team
Sticky Note
Along the Spring season, no communication of DTBird System with the wind turbine was provided by the Client, as required by DTBird System. Therefore, DTBird System could not be Commissioned until the end of August.

DTBird Team
Sticky Note
According to laser range finder data only. The accuracy and confidence on laser range finder data recorded by the field observer is not estated in the abstract, due to unknown reasons, but it is pointed clearly in epigraph 4.5. Data have been taken from a vantage point at ca. 250 m to the wind turbine, therefore, they are prone to errors. DTBird Team has provided 3D data of these 6 flights, calculated from bird position in the video recording taking from the tower, that show that they were within the detections distance.

DTBird Team
Sticky Note
According to the laser finder data only. According to DTBird video records, and bird size data, they were within DTBird surveillance area (obviously), and within detection distance, as video recordings clearly show. Therefore, there are potential errors of laser range finder, to follow the 3 birds accurately from ca. 250 m distance, particularly close or behind the wind turbine tower (see epigraph 4,5 of the study). Other 3 flights were just missed by the visual observer.

Marcos
Sticky Note
Detection distances can be set further and tested accordingly for bird flight detectability. There were no clear target Species provided by the Client before the installation of DTBird System Pilot installation. The results of these 2 first months of operation, have clarified which Species actually fly around the wind turbine, and have lead to proposals to tune settings to these actual target Species.

DTBird System has detected in the wind turbine big, medium and small size birds, as can be shown in page 15, figure 13. 

DTBird system is operating worldwide, with different target Species, including medium size birds, as kestrels, and small size birds, as passerines. DTBird system installation and settings have to be tuned to the target Species/Group.


DTBird Team
Sticky Note
DTBird System can detect, and has detected routinely within the flights detected in this wind turbine, small, medium and and large birds, within the detection distances, as can be shown in page 15, figure 13.
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an important role for the configuration of the system. The effectiveness of the mitigation module “stop”
was not assessable as birds were avoiding the close proximity of the wind turbine and a stop event
was never triggered by a bird. However, the emission of the acoustic mitigation signals (warning and
dissuasion) seem to have a deterrent effect on larger birds approaching the nacelle of the wind turbine
closer than 100 H areas with a dense airtraffic of other flying objects than birds, false alarms and
false stop event e to be expected as the system is technically not equipped to consider distance
of flying objects and to identify targets automatica@lo collisions of birds were recorded/observed
during diurnal observations (camera and direct visual observations).

An analysis of the behavioural reaction of local compared to migrating birds was not carried out. The
general flight behaviour showed that there is good evidence that “larger” birds avoid the close proximi-
ty of the wind turbine in the topographically complex area during dayti onetheless, the probability
of a collision event of such birds cannot be excluded completely. A generalisation of the results with
respect to bird behaviour and wind turbines has to be done very carefully due to the small sample size
(one wind turbine the specific location. In addition, the results of this study are not suitable to
assess the flight behaviour of the mass of small birds in direct relation to the wind turbine as well as
the number of collisions. Compared to other locations, the estimation of the number of birds exposed
to a collision risk based on the radar data results in a low average potential collision risk.
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DTBird Team
100% efficiency of DTBird Collision Control Module to detect and discard collisions in the 274 bird flights recorded.

DTBird Team
A generalization of results with respect to DTBird Ssytem results has to be done very carefully also, due to the small sample size (1 wind turbine, and first 2 months of DTBird operation, only), specific large Wind Turbine dimensions (119 meters tower height and 112 meters rotor diameter), specific wind turbine location beside several industrial activities, power lines and train lines, at the bottom of a valley, and the lack of initial definition of target species for proper DTBird System Pilot installation and set to these target Species.

DTBird Team
Sticky Note
DTBird System can detect, and has detected routinely within the flights detected in this wind turbine, small, medium and and large birds, within the detection distances.

DTBird Team
Sticky Note
DTBird system takes track the target and filter ouf most potential False Positives. The "high" proportion of FP in the particular wind turbine of Calandawind, has been due to a non expected, nor communicated before the installation, heavy air traffic at short distance to the wind turbine (>4 helicopters passes/day), and due to insects, after only 2 months of operation of DTBird System Pilot installation in the highest wind turbine of Switzerland (119 m tower height). Refinements have been already proposed to reach <2 FP/day, that is the standard for DTBird systems installed worldwide. It take 1 minute to analyze and discard these 2 FP. 


DTBird Team
Sticky Note
There have been ca. 8 flights registered at <25 m to the moving blades moving, per month of wind turbine operation (blades moving), when DTBird Dissuasion Module Signals have been muted, and 1 cross of the Rotor Swept Area by a raptor in 2 months of operation (the raptor did not collide). With DTBird Dissuasion Module Signals emitted, there have not been any flight at <25 m to the blades, and no cross of the Rotor Swept Area.
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1. Introduction

1.1 Initial situation

The Interwind AG has closed a research contract (S1/500974-01) with the Swiss Federal Office of En-
ergy (SFOE) and the Federal Office for the Environment (FOEN) to launch an investigation on the
effectivity of bat and bird detection at a wind turbine. The Swiss Ornithological Institute agreed to col-
laborate for the bird detection part of the study. Furthermore, the study was a chance to generate
knowledge on flight behaviour of birds in the surrounding of a wind turbine.

The bat and bird detection was conducted with a system of the spanish company DTBird. The system
was installed at an existing wind turbine in Haldenstein at Chur in April 2014 and was fully operational
after 25" August 2014@r the detection of birds the system promises to survey the rotor swept area
of the wind turbine by eras. An image analysis process allows the detection of flight movements of
birds in real time and triggers mitigation measures to minimise collisions.

The present document is the final report about the bird detection part of the study. A synthesis of the
whole study will be composed by Interwind AG.

1.2 Research questions

Originally, the DTBird-system was developed for the detection of Griffon vultures with wingspans of
230-265 cm to mitigate collisions at wind turbines in Spain cently, it is more and more taken into
account to apply the system for the mitigation of collisions of birds at wind turbines in general.

The principle of the system is to send on a first level an acoustic warning signal when a bird is ap-
proaching a wind turbine to bring the bird to change his flight direction. On a second level, if the bird is

still approaching the wind turbine an acoustic deterrent signal is triggered by the system. IIy, ona
third level, when the acoustic signals did not lead to a reaction of the bird, the wind turbine opped

The optical detection probability for birds is strongly depending on the size of a bird species and visibil-
ity conditions. The most common bird species of Switzerland which are regularly colliding at wind tur-
bines in other countries (Durr & Langgemach 2006, Durr 2014) have much smaller wingspans than
Griffon vultures: Red Kite (Milvus milvus) 140-165 cm (population size in CH: 1°200-1°500 breeding
pairs), Common Buzzard (Buteo buteo) 113-128 cm (population size in CH: 20‘000-25‘000 breeding
pairs) and Common Kestrel (Falco tinnunculus) 71-80 cm (population size in CH: 3‘000-5'000 breeding
pair

While local birds are present in a region the whole year or at least during several months in the breed-
ing season, migrating birds are passing an area twice per year. Therefore it is reasonable that local
birds get habituatet to a system which is sending warning and dissuasion signals while no habituation
is expected for migrating birds bituation_effects concerning acoustic bird deterrent systems are
already known for a long time from airports.i

Until now, most studies on the flight behaviour of birds relating to wind turbines were conducted in flat
open landscapes in other countries. But there is a lack of data for wind turbines placed on topograph-
ically more complex areas like mountain ridges or mountain valleys. Furthermore, bird observations
including the estimation of flight altitudes which are essential for the assessment of the impact of wind
turbines on birds are usually conducted only by eye (or telescopes). This estimation of flight altitudes
of birds by eye is highly prone to errors, especially when no calibration of estimations are carried out.

Schweizerische Vogelwarte Sempach, 2014


DTBird Team
DTBird Dissuasion Module (with Warning and Dissuasion signals) and Stop Control Module are independent. Warning signals are emitted for moderate collision risk flights, Dissuasion signals are emitted for high collision risk flights. Independently of the signals, DTBird Stop Control trigger wind turbine Stops according to stop programs, that attends to the flight direction, distance to the WTG, and location with respect to the Rotor Swept Area.

DTBird Team
Not correct. DTBird has a test site in Spain, were the most common Species are Vultures, but there are many flights of Red Kites and Kestrels, that have been always within DTBird system development scope. DTBird has an agreement with the wind farm owner Grupo Samca, that permits to show all data and video records, that show the regular detection of all these Species by DTBird System.

DTBird Team
Sticky Note
Along the Spring season, no communication of DTBird System with the wind turbine was provided by the Client, as required by DTBird System. Therefore, DTBird could not be Commissioned until the end of August.


DTBird Team
Sticky Note
All these Species are regularly detected by DTBird System, no exception. The Researcher focus DTBird System in Griffon vulture due to unknown reasons, but DTBird System detects all kind of birds. In fact, most flights detected in the wind turbine of this study are medium and small size birds, as can be shown in page 15, figure 13.

DTBird Team
Sticky Note
The habituation to the Dissuasion signal is not expected, because it has been developed to be uncomfortable. A potential habituation to the Warning signal has not any expected negative effect in DTBird System performance, because it is intended to warn of a potential hazard (moving blades), as most traffic signals, and nobody believe that it is bad to get used to them to recognize, for example, dangerous turns in the road.

DTBird Team
Sticky Note
DTBird System only triggers Warning/Dissuasion signals for bird flights in moderate or high collision risk areas, and only along the flight duration in these area (mean duration close to 25 s per trigger). Therefore, there is no relation or analogy with the random use of sound signal in the Airports or field crops. In Scientific studies it is important to avoid the common places, that are usually wrong.
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Based on these explanations, the following research questions are derived for the present study:

e How effective is the detection of birds which are common in Switzerland by the DTBird-
system?

e Where are the limits of the detection of birds which are common in Switzerland?

e Do the acoustic warning and disuassion signals trigger a behavioural reaction of the birds?

e Is there a difference in the behavioural reaction of local and migrating birds?

e How is the general flight behavior of birds in the surrounding of a wind turbine placed in a
topographically complex area?

2. Methods

2.1 Principle of the investigation

After end of August 2014, the camera system DTBird was fully operational to record videos of flying
targets approaching the wind turbine together with data on triggered mitigation measures. The emmis-
sion of the “warning” and “dissuasion” signals was weekly either enabled or disabled. In spite of that,
the information was virtually recorded whether the “warning” and “dissuasion” modules were triggered
by a flying target or not. The module “stop” was implemented only virtually during the whole time.

Independently of the camera system, data on the flight behaviour of birds in the surrounding of the
wind turbine was collected by direct visual observations using a high-tech laser range finder. The di-
rect visual observations were carried out during the breeding season and during the autumn migration
season 2014. The focus was set on “larger” birds for which the detection probability was high on one
hand for the direct visual observer and on the other hand for the camera syste

Additionally, a radar system was used to quantify the intensity of broad front migration in the area in
autumn 2014. Those data will be also used to develop and improve the radar data analysis process
with respect to the determination of bats within the framework of another project.

2.2 Camerasystem DTBird

2.2.1 Description of the cameras of the system

The camera system consisted of four cameras placed on four points around the tower of the wind
turbine. The two cameras of the northern- and southern side of the wind turbine were installed at 31 m
and the other two cameras of the eastern and western side of the wind turbine at 5 m above ground.

Each camera had a horizontal opening angle of 90° and a vertical opening angle of 68°. The center of
the surveyed area was 56° above the horizon. At a horizontal distance of 250 m the lowest altitude of
the detection range of the cameras was 132 m above ground for the cameras placed at 31°m and
106 m for the cameras placed at 5 m above ground (Fig. 1 to Fig. 3).

The maximal distance from which a bird is detected by a camera is strongly depending on the size of
the wingspan of a bird. A single Griffon vulture with a wingspan of 230-265 m is detected from a max-
imal distance of about 250 m, a Red Kite from a distance of 145 m and a Common Kestrel from a dis-
tance of 70 m. Furthermore, the maximum detection distance for flocks consisting of several individu-
als is larger than that of single individuals. According to the specifications of DTBird, the maximal de-
tection distance (X) is calculatable using the formula X = (1,5 * Y) / 0,017, with Y standing for the
wingspan of a bird.

The flight movements of targets detected by the system are stored in form of a video. The videos are
accessible on an internet-platform. In addition to the videos for each flight movement further data are
recorded: e.g. date, time, duration of the detected flight movement, type of the triggered mitigation

Schweizerische Vogelwarte Sempach, 2014


DTBird Team
Sticky Note
For DTBird System the probability of detection is expected similar,only a bit smaller for small size birds because they stay shorter time in the surveillance area. What vary, is the Detection distance, that is lower for smaller birds.
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module, duration of mitigation measures, light conditions and information in reference to the wind tur-

bine (direction of the rotor, rotor spee

In commercial operation process, data are manually post-processed and edited by ornithologists to
sort out recordings of non-birds (False positives) and to determine bird species/species group before

they are available on the internet platfor
cal Institute had access to the unedited

or the present study and analysis, the Swiss Ornithologi-
ata. The detection of targets and triggering of mitigation

measures worked independent of the operation status of the wind turbine. Mitigation measures were

also triggered when the rotor of the turbine was not turning.
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DTBird Team
Sticky Note
Also Wind Speed, Temperature and Rain, that have been available for the Resarcher, but not used.

DTBird Team
Sticky Note
Flights detected every day are uploaded along the night to the Data Analysis Platform, and then, they are always available with the Analyst Access (Ornithologist Expert). With Viewer, and Viewer and Reporter access, flights are only visible after the Species/Group identification by the Ornithologist Expert. No User, nor the Ornithologist Expert, can erase or edit any flight or data recorded automatically by DTBird System, only can add data and notes: Species Group, Number of bids, etc.
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2.2.2 Mitigation modules

The principle of the DTBird-system is to send on a first level an acoustic warning signal when a bird is
approaching a wind turbine (module “warning”). On a second level, if the bird is still approaching the
wind turbine an acoustic deterrent signal is triggered by the system (module “dissuasion”). Finally, on
a third level, when the acoustic signals did not lead to a reaction of the bird, the wind turbine is
stopped (module “stop’

The physical emission o% lhe “warning” and “dissuasion” signals was weekly either muted or not. In
spite of that, the information was virtually recorded whether the “warning” and “dissuasion” modules
were triggered by a flying target or not. The module “stop” was implemented only virtually during the
whole time.

2.2.3 Screening and analysis of the data recorded by the camera system

All unedited raw data which were recorded by the camera system between 25.08.2014 — 26.10.2014
were screened and downloaded from the internet-platform. For each recorded flight movement it was
determined whether the detected target was a bird or not, which species/group, whether a mitigation
module was triggered or not, which mitigation module was triggered and the length of the duration of a
mitigation measure

2.3 Direct visual observations

2.3.1 Observation periods and sites

The direct visual observations took place during the breeding season on 12 days for a total of 60 h
between 06.05.2014 — 16.06.2014 and during autumn migration season on 19 days for a total of 74 h
between 22.08.2014 — 26.10.2014.

All the observation sites were situated southwesternly to the wind turbine on the area of the gravel
plant Oldis AG (Fig. 4). The distance between the observation site and the wind turbine was about
150 m in the breeding season and about 265 m in the autumn migration seaso e observation sites
were chosen to optimally survey the airspace with respect to the bird behavio@?ocus on local birds
during breeding and focus on migrating birds in autumn).

PK25 © swisstopo
0 70 140 280 Meters
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y ' \ 28 |
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/ 3§ Observation site during autumn migration season 2014
@ Site of the wind turbine
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Fig. 4. Map of the study area with the location of the wind turbine and the observation sites chosen for the direct
visual observations using the laser range finder.

Schweizerische Vogelwarte Sempach, 2014


DTBird Team
Sticky Note
DTBird Dissuasion Module (with Warning and Dissuasion signals) and Stop Control Module are independent. Warning signals are emitted for moderate collision risk flights, Dissuasion signals are emitted for high collision risk flights. Independently of the signals, DTBird Stop Control trigger wind turbine Stops according to stop programs, that attends to the flight direction, distance to the WTG, and location with respect to the Rotor Swept Area.

DTBird Team
Sticky Note
This Analysis can be performed directly in DTBird Data Analysis Platform, and later downloaded in an excel format.

DTBird Team
Sticky Note
May be too far to detect small size birds, even for a visual observer. Also, the tower and blades interfere with the sight of the visual observer, ant flights at the north east will have lower detection probability. DTBird system has 4 cameras evenly located around the tower, so covers all around the wind turbine, not possible for one visual observer.
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2.3.2 Laser range finder Vector 21 Aero

The direct visual observations were carried out by ornithologists using a laser range finder model type
Vector 21 Aero produced by Vectronix AG (Fig. 5). The device was developed for military use and is
dedicated to store the distance, azimuth and elevation to a target in reference to the observation site
at the push of a button. Based on these data, it is possible to determine the three-dimensional position
of a target in the airspace (Fig. 6) and to compose three-dimensional flight trajectories by linking sev-
eral localisations of a target.

To store data digitally, the laser range finder was directly connected to a notebook by a data cable. For
the visualisation and editing of the data points a software was developed by the Swiss Ornithological
Institute (Fig. 7).

With an extended inclina-
tion range of -30° to +90°
VECTOR 21 AERO allows
measurements such as
aircraft position and height
above ground, cloud

height, flight path of large
« migratory birds, et<@q

r: range
h: height above ground
v: vertical angle

Fig. 5. Laser range finder Vector 21 Aero
(www.vectronix.ch).

Fig. 6. Determination of flight altitude using the
laser range finder Vector 21 Aero
(www.vectronix.ch).
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Fig. 7. User interface of the software ,Vectronix Mapper” developed by the Swiss Ornithological Institute for the
visualisation and editing of data points measured using the laser range finder Vector 21 Aero.
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DTBird Team
Sticky Note
DTBird Team: This points out limitations fo follow medium to small size birds, mostly from circa 250 m to the wind turbine. 
DTBird System does not have this limitation, because it is installed in the tower of the wind turbine, and has detected regularly medium and small size birds flying around the wind turbine along the study period.
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2.3.3 General analysis of observation data

In a first step, three-dimensional flight trajectories were composed out of the single locations of a tar-
get. In a second step, for each flight trajectory, the closest point to the nacelle of the wind turbine was
determined by dropping a perpenicular from the line connecting two localisations to the nacelle (Fig.
8). Thus, it was possible to calculate the closest approaching distance of a bird in respect to the wind
turbine.

Fig. 8. Determination of the closest distance (red line) of a flight trajectory (blue line) composed of single 3D-
localisations (blue spots) to the nacelle of the wind turbine.

2.4 Comparison of data between camera system and direct visual observa-
tions

2.4.1 Compared time frame

For the comparison of data between the camera system and the direct visual observations, only those
data of the camera system were used which were recorded during time frames where the direct visual
observations took place, and only those data of the direct visual observations were used, where no
technical inconviences were disturbing the detection capability of the DTBird-system. Based on tech-
nical inconveniences there is a lack of data for the following time fram

e after 28.08.2014, 17:15 h until 02.09.2014, 10:07 h

e after 19.09.2014, 20:16 h until 22.09.2014, 19:19 hr

e 0n 13.10.2014 until 15:16 Uhr

e after 13.10.2014, 18:30 h until 16.10.2014, 18:02 h

e blackout of camera 4 after 13.10.2014, 15:16 h until 24.10.2014, 08:24 h

2.4.2 Comparison related analysis of direct visual observation data

The comparison was based on the single localisations of birds recorded by direct visual observations.
If a localisation of a bird flight trajectory was within the detection angle of a camera and closer than the
maximal detection distance of this camera, the flight movement of this bird was expected to be detect-
ed by the DTBird-system.

To do so, each bird localisation was allocated to one of the four cameras by considering the detection
angle and the distance from the bird localisation to the camera was determined. Furthermore, the
maximal detection distance was calculated depending on the bird species according to the formula
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DTBird Team
Sticky Note
 This refers to a third party device, not provided by DTBird System, that has failed to provide communication between DTBird System and the wind turbine. The Client or manufacturer of the device has to repair/replace it.
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given in chap. 2.2.1. When there was an uncertainity about the species determination, the wingspan of
the smaller species was used. This leads to an underestimation of the detection distance of the cam-
era system. To account for the individual variability of sizes in birds, a lower and an upper value for the
wingspan size was considered in the analysis. For a Red Kite a minimal wingspan of 140 cm and a
maximal wingspan of 165 cm was assumed. Thus, the maximal detection distance for a Red Kite was
between 123.5 m and 145.6 m

The time stamp of such visually observed bird flights was used to double-check with the DTBird data-
base on the internet-platform. Furthermore, it was checked whether there were bird flights detected by
DTBird which were not recorded by the direct visual observations.

2.5 Radar measurements

2.5.1 Radar observation period and site

A radar system was used to quantify the intensity of broad front migration in the area and to get a
sample of radar data also including activity of bats groundtruthed by the bat detectors of the bat moni-
toring study going on at the wind turbine.

The radar measurements were carried out during autumn migration season between 13.08.2014 and
22.09.201 e radar station was installed southwest from the wind turbine, about 170 m away (Fig.
9).
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Fig. 9. Map of the study area with the location of the wind turbine and the location of the radar station.

2.5.2 Description of the radar

A fixbeam radar model Swiss BirdScanMV1 was used (Fig. 10). This radar was modified for the detec-
tion of birds and is based on a commercial shipradar of the type Sperry Marine Bridgemaster 65825H.
The wave length of the radar is 3 cm (X-band radar), has a nominal peak power output of 25 kW and a
pulse frequency of 1’800 Hz. The detection range for birds is about 1 km and data are stored digitally.

The radar device has a fix horn antenna which generates a radar beam having an operational beam
width of about 60 °. The radar location has to to be chosen in a way that the radar measurments are
as less influenced by echoes reflected by the ground or other objects in the surrounding of the radar
as possible (clutter). Such clutter echoes interfere with the echoes of birds.
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DTBird Team
Sticky Note
This is only 1 month of operation, and does not cover the Autumn migration period. It should be clarified why such a short period of data from the Radar has been used, or included in the present study.
DTBird System operation period has been clearly defined, and explained, and the same should happen with the Radar.
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2.5.3 Radar data analysis

The data analysis process consists of several steps. In a first step, clutter of the ground or other dis-
turbing echoes (z.B. rain clouds) are erased. In the next step, the remaining echoes are detected and
classified using a tailor made software. In the classification process it is determined whether an echo
is that of a bird or not. The classification is based on the analysis of the variability of the echo intensity
which, at least in birds, reflects the wing-beat patter

On the basis of the number of echoes per time and the size of the surveyed volume, a so-called “mi-
gration traffic rate (MTR) is calculated. This is a standardized measure for migration intensity and de-
notes the number of birds crossing a hypothetical line of one kilometre perpendicular to the main flight
direction within one hour (birds/(km*h)).

At night, most birds are migrating solitary or the distance between the flying birds is large enough that
they are recorded by the radar as single echoes. According to this, nocturnal migration rates are re-
flecting the absolute values of birds. During the day, many bird species are migrating close to each
other in small to large flocks. Thus, a flock of birds is often represented on the radar only by one broad
echo. Therefore, in contrast to nocturnal migration, diurnal migration rates have to be considered as a
relative values of migration intensities.

The present location is known to have a high bat activity. For the time being, it is not possible to distin-
guish between radar echoes of birds and bat@\erefore, the nocturnal migration intensity might be
composed of birds and bats, and we therefore used the term “flight traffic rate” (animals/(km*h)) in-
stead of MTR.

The “civil twilight” (sun 6° below the horizon; Komenda-Zehnder et al. 2010; Appendix) was chosen as
point in time to differentiate between diurnal and nocturnal flight intensities.

Fig. 10. Radar device model BirdScanMV1 on the rack at the right side with the radome (white dome) covering
the antenna. The metal box contains the computer for the data registration and radar control.
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DTBird Team
Sticky Note
DTBird Team: All the process should be clarified, in order to avoid the common "shadows" on radar capabilities: Is it performed manually or automatically and in real time? How much time takes every step? If automatically and in real time, how many False Positives are there, if it is possible to determine them? Which is the confidence in True Positives (actual birds)?

DTBird Team
Sticky Note
 Then, nothing to say about bird Group/Species, or between single birds and large flocks.


Investigation on the effectivity of bat and bird detection at a wind turbine: Final Report Bird Detection 14

2.5.4 Height interval of the wind turbine and collision risk

Flight traffic rates were calculated for height intervals of 50 m from 50 to 1°000 m above ground. The
lowest three height intervals above ground included the area surveyed by the radar containing the
airspace in which birds are exposed to a collision risk. The flight traffic rate within this height interval is
the number of animals which are crossing an area of 150 m height and 1°000 m length (reference ar-
ea). The size of this area is 150’000 m”.

The occurrence of collisions is influenced in an unknown way by numerous factors. Up-to-now, there is
a lack of knowledge on the relationship between migration intensity and the number of collisions. The
analysis of collision risk is figuring out, how many birds are exposed to a collision risk. The number of
animals exposed to a collision risk is the proportion of animals which was moving within the height
interval of the wind turbine and might collide in relation to a supposed size of a collision surface of the
wind turbine. But it is not known how many of those birds which are exposed to a collision risk are
effectively encountering the wind turbine.

There are many different ways to determine the size of the collision surface of the wind turbine which
is influencing the number of birds exposed to a collision risk. For this analysis, simple conservative
assumptions were made. The animals are equally distributed in the airspace and do not avoid the wind
turbine. The wind turbine is directed perpendicularly towards the main flight direction of the animals
and animals are not able to savely cross the rotor swept area between the rotor blades.

The mean flight traffic rate within the height interval of the wind turbine refers to a vertical area of
150'000 m? (reference area). The diameter of the rotor of the wind turbine is 112 m swepping an verti-
cal circle with an area of 9’852 m®. This rotor swept area covers 6,6 % of the reference area. There-
fore, 6,6 % of the animals moving within the reference area are exposed to a collision risk.
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3. Results

3.1 Camerasystem DTBird

3.1.1 Detected targets

The DTBird data set of the time frame between 25.08.2014 and 26.10.2014 contained recordings of
897 flying targets. Five recordings were duplicate six recordings were not assessable because
the videos were Iackin@fter subrtraction of duplicates and unassessable recordings there remained
886 recordings of targets:

270 of the 886 recordings (Fig. 11) were triggered by birds (= 30,5 %), 2 by bats (= 0,2 %) and 614 by
other targets 69,3 % (False Positive). Within the ,False Positives* (Fig. 12) 318 cases were recordings
of aircrafts like helicopters and airplanes (= 51,8 %), in 276 cases the recordings were triggered by
insects (= 45,0 %), and the other triggers in 20 cases (= 3,2 %) were movements of the rotor blades of
the wind turbine, maintenance work and a leaf or peace of paper.

The bird species/group were determined by assessing the videos. The most frequently detected spe-
cies group were Corvids (Fig. 13). However, one has to keep in mind that species idenfitication based
on the videos is often difficult and results have to be carefully interpreted.

Detected targets (N = 886) Proportion of "False Positives" (N = 614)

m Helicopters/Airplanes
M Insects
m Others

m "False Positives"
M Birds

W Bats

Fig. 11. Proportion of target classes which triggered Fig. 12. Proportion of target classes whithin ,False
the detection of flight movements (N = 886). Positives” which triggered the detection of flight
movements (N = 614).

Proportion of bird groups (N = 270)

M Big-sized bird {ws >120 cm)

m Corvid

m Small-sized bird {ws <25 cm)

B Medium-sized bird (ws 25-120 cm)
B Milvus sp.

M Raptor

W unidentified bird

Fig. 13. Proportion of bird species/groups whithin birds
which triggered the detection of flight movements (N =
270).
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DTBird Team
Sticky Note
DTBird Data Analysis Platform has a tool to join several flights (lines of data, with the same video records) that correspond to the same bird. This can happen, for example, if a bird fly outside the surveillance area, and fly inside again in a short period of time. This tool has not been used, attending to the duplicates mentioned.

DTBird Team
Sticky Note
This was due to a software bug, that has been already fixed.
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3.1.2 Mitigation modules

The 886 recordings of the DTBird data set were analysed in respect to whether a mitigation module
was triggered or not, which mitigation module was triggered and the length of the duration of a mitiga-
tion measure. The module “stop” was only virtually implemented while the operation of the acoustic
modules “warning” and “dissuasion” were applied either virtually or physically.

Out of the 270 detected flight movements of birds, an acoustic signal was triggered in 236 cases (Tab.
1)., the module “Warning” in 184 and the module “Dissuasion” in 52 cases. The module “Stop” was
never triggered by a bir@n average the duration of a warning signal was 20.7 s (x 5,8 s) and of a
deterrent signal 23.1s (£5,4 s).

Out of the 614 ,False Positives” an acoustic signal was triggered 714 times (Tab. 1). Thus, one target
triggered several levels of the mitigation chain. 381 warning signals with a mean duration of 15,9 s
(x 9,9 s) and 333 deterrent signals with a mean duration of 25,2 s (5,9). The module “Stop” was virtu-
ally triggered by 32 flight movements of “False Positive@

Tab. 1. Index numbers about the operation of the DTBird mitigation modules ,Warning®, ,Dissuasion” and ,Stop*
in respect to birds and “False positives”.

DTBird-module Index number ,False Positive“ Birds
Warning Number 381 184
Total duration (s) 6'045 3'801
Mean duration (s) per case 15.9 20.7
Standard deviation () 9.9 5.8
Dissuasion Number 333 52
Total duration (s) 8'394 1'199
Mean duration (s) per case 25.2 23.1
Standard deviation () 5.9 5.4
Stop Number 32 0.0
Total duration (s) 2'880 0.0
Mean duration (s) per case 90.0 0.0
Standard deviation () 0 0.0

3.2 Direct visual observations

3.2.1 Spatial distribution in two dimensions

During breeding season, about 980 single localisations of birds and during autumn migration season
about 1’700 single localisations of birds were recorded using the laser range finder. This resulted in
about 180 three-dimensional flight trajectories for the breeding season (Fig. 14) and in about 270 for
the autumn migration season (Fig. 15).
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DTBird Team
Sticky Note
In the 2 months of operations, this leads to ca. 0,5 Stops/day, and a total duration along the 2 months of ca. 30 minutes Stop. The reason is a very heavy air traffic in the area, with more than 4 passes or Helicopters/day, and insect filter set too soft.  Improvements of the Pilot installations and Stop settings have been proposed in order to filter out Helicopters and insects, and to have <0,2 Stops/day triggered by False Positive (1 Stop every 5 days), with a duration of 90 s per Stop (90 s of Stop every 5 days). All these refinements are logical for an installation with only 2 months of operation, and unexpected heavy air traffic.

Marcos
Sticky Note
There were only 2 bird flights in collision route that reached less than 50 m to the blades: 1 flights of a not identified bird, and 1 raptor flights; both flights with Warning/Dissuasion Sounds Muted, due to the experimental design. The raptor flight was registered very close to the highest point reached by the blades, and it was detected too late to trigger a Stop. Improvements of the Pilot Installation have been proposed, in order to include this flights type within the Stop settings.
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Fig. 14. Map of the study area with the tracks of birds in two dimensions observed between 06.05.-16.06.2014
during the breeding season.
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Fig. 15. Map of the study area with the tracks of birds in two dimensions observed between 22.08.-26.10.2014
during the autumn migration season.
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Fig. 16. Altitudinal distribution of single localisations in relation to the horizontal distance from the wind turbine
independent of the geographic direction observed between 06.05.-16.06.2014 during the breeding season. Sev-
eral localisations of Common kestrel were very close to the rotor of the wind turbine while the rotor was not turn-
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Fig. 17. Altitudinal distribution of single localisations in relation to the horizontal distance from the wind turbine
independent of the geographic direction observed between 22.08.-26.10.2014 during the autumn migration sea-
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Marcos
Sticky Note
The ground level has been considered for all localizations the base of the tower, but not the actual ground level below the kestrel (this is due to the limitations of the range finder used in visual observations). This leads to great confusion. Many kestrel localizations seem to be >100 above the ground level, but actually, they have  been detected flying in the Steep mountains located at >100 m from the wind turbine, at much less height above their actual ground level (just below them, the mountain steep level). This would explain why no kestrel has been detected flying above 60 m height and less than 100 m to the tower, at the bottom of the valley. 
DTBird System can detect kestrel just below the nacelle height, 119 m, that is quite above the flight height above the ground level of a kestrel at less thatn 100 m to the wind turbine.
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3.2.2 Approaching distances of birds to the nacelle of the wind turbine

For each three-dimensional flight trajectory, the closest distance of the bird in relation to the nacelle of
the wind turbine was determined independently of the fact whether the rotor was turning or not. In both
observation seasons, the most frequent closest distance was between 100-200 m (Fig. 18). During
breeding season the proportion of cases within this distance class was 21 % and during autumn mi-
gration season 31 %. Distances closer than 100 m occurred in 12 % of the cases during breeding and
in 13 % of the cases during autumn migration season.

The influence of the emission of the acoustic deterrent signals on the approaching distance was only
possible to be analysed for the autumn migration season due to the operation of the DTBird syster@
The distance class “closer than 100 m” was more frequent when the emission of the acoustic signa

of the DTBird-system (warning and dissuasion) was muted (17,5 %) compared to when it was not
muted (7,5 %).

The decrease of distances further away reflects that the focus of the observations was on birds in
proximity of the wind turbine and that the detection probability decreases with increasing distance to
the observer.

Comparison minimum approaching distance
depending on observation season
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Fig. 18. Comparison of the frequency of the minimum approaching distance in relation to the nacelle of the wind
turbine per distance class depending on the observation season (breeding season 06.05.-16.06.2014, autumn
migration season 22.08.-26.10.2014).

Comparison minimum approaching distance depending on
acoustic deterrent signals (only autumn migration season)
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Fig. 19. Comparison of the frequency of the minimum approaching distance in relation to the nacelle of the wind

turbine per distance class depending on the emission of acoustic deterrent signals of the DTBird-system in the
autumn migration season (25.08.-26.10.2014).
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Marcos
Sticky Note
Due to a third party device, that the Client or manufacturer contracted by the Client, should repair/replace.
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3.2.3 Species composition

In both observation seasons, about 50 % of the direct visual observations (Fig. 20) were flight move-
ments of raptors (Red Kite Milvus milvus, Black Kite Milvus migrans, Common Buzzard Buteo buteo,
European Honey Buzzard Pernis apivorus, Common Kestrel Falco tinnunculus, Eurasian Hobby Falco
subbuteo, Peregrine Falcon Falco peregrinus, Sparrow Hawk Accipiter nisus, Golden eagle Aquila
chrysaetos.

The second frequent observed species group were Corvids (Northern Raven Corvus corax and Carri-
on Crow Corvus corone). The group “small sized bird” mainly includes Common swift (Apus apus) and
Alpine swift (Apus melba) while the group “Others” includes Grey Heron (Ardea cinerea), White Stork
(Ciconia ciconia), Great Cormorant (Phalacrocorax carbo), Gulls and Doves.

Species group composition Species group composition
(Breeding season, N = 242) (Autumn migration season, N=282)

m Raptor
m Corvid
m Small sized bird
m Others

Fig. 20. Species group composition of direct visual observations during breeding season (left, 06.05.-16.06.2014)
and during autumn migration season (right, 22.08.-26.10.2014).

Tab. 2. Proportion of raptor species/groups within the raptors per observation season.

Proportion (%)

Species Breeding season Autumn migration season
Black Kite 21.7 1.4
Buzzard 46.5 47.3
Golden Eagle 5.4 7.5
Falcon 3.1 2.7
Common Kestrel 16.3 21.2
Red Kite 5.4 16.4
Sparrow Hawk 0.8 3.4
Raptor unidentified 0.8 0.0

Schweizerische Vogelwarte Sempach, 2014



Investigation on the effectivity of bat and bird detection at a wind turbine: Final Report Bird Detection 21

3.3 Comparison camera system and direct visual observations

For each single localisation it was determined, whether or not it was within the detection range of a
DTBird camera. It turned out that localisations of two flight trajectories were within the given calculated
detection range of the DTBird cameras. The time stamp of the recordings were used to double-check
the flights on the DTBird data base.

There was no data set available on the DTBird platform for the two flight trajectories which were ex-
pected to be detected according to the calculations (flight ID 770 and 804). But there were six flights
recorded by DTBird which were not expected to be detected (DTBird flight ID 52, 53, 540, 541, 571,
1160, Tab. 3).

Tab. 3. List of flight movements detected by the direct visual observervations and/or by the DTBird-system de-
pending on the expectation of detection and the triggered mitigation level (u = upper limit of the wing span size,
Cam = Camera number, which detected the flight).

Date Time DTBird Observa- Species/group Expected to Detected by Mitigation (muted

flight ID  tion flight be detected? DTBird? all the time)
ID

25.08. 15.00 52 - Corvid No Yes (Cam 4) No

25.08. 15:23 53 409 Corvid No Yes (Cam 4) No

13.09. 12:.05 540 531 Corvid No Yes (Cam 2) Yes (warning)

13.09. 12:22 541 535 Mid-sized bird No Yes (Cam 2) Yes (warning)

14.09. 1557 571 - Big sized bird No Yes (Cam 4) Yes (warning)

12.10. 16:25 - 770 Common Kestrel  Yes (u) (No) -

19.10. 13552 - 804 Red Kite Yes (u) (No) -

19.10. 13:58 1160 - Corvid No Yes (Cam 1) Yes (dissuasion)

3.3.1 Flight movements expected to be detected

DTBird flight ID ---/Observation flight ID 770 (Common Kestrel): There is only one localisation very
close to the wind turbine on a low altitude (~40 m above ground level, 3D-distance to camera 4: 38 m).
Furthermore, the localisation gets into the detection range of the camera only if the upper limit of the
wingspan size is used (80 cm). Thus, the bird was moving at the limit of the detection range of the
camera system.

A check of the system data by collaborators of DTBird showed that there were detection data in the
system but the bird was too short in the detection process and was therefore suppressed by the sys-
tem.

DTBird flight ID ---/Observation flight ID 804 (Red Kite): There are several localisations in proximity
of the wind turbine on altitudes of about 130 m above ground level. The localisations only get into the
detection range of the camera 3 (3D-distance to camera: 125 m), if the upper limit of the wingspan
size is used (165 cm). Thus, the bird was moving at the limit of the detection range of the camera sys-
tem.

A check of the system data by collaborators of DTBird showed that there were detection data in the
system but the bird was too short in the detection process and was therefore discarded by the systel@
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DTBird Team
Sticky Note
We suspect that the bird was wtihin the surveillance area for less than 2 s, so it did not trigger a record. No actual collision risk.

DTBird Team
Sticky Note
We suspect that the bird was wtihin the surveillance area for less than 2 s, so it did not trigger a record. No actual collision risk.


Investigation on the effectivity of bat and bird detection at a wind turbine: Final Report Bird Detection 22

0 70 140 280 Meters. PK25 © swisstopo
P L .

= Red Kite (ID 804)

= Common Kestrel (ID 770)
Camera 1 (31 m) "%
Camera 2 (5 m)
Camera 3 (31 m)

Camera 4 (5 m)

} Site of the wind turbine

Radius of the rotor (56 m)

196

Observation site

760

Fig. 21. Map of the study area with the tracks of birds expected to be detected together with the view angle of the
cameras (the length of the lines does not reflect the maximal detection range).

3.3.2 Flight movements not expected to be detected

DTBird flight ID 52/Observation flight ID --- (Corvid): The flight was missed by the direct visual
observer due to another Corvid which was tracked by the visual observer at an higher altitude during
the same time (observation flight ID 406). It was common that several individuals of Corvids were
moving together through the study area.

DTBird flight ID 53/Observation flight ID 409 (Corvid): The flight consists of only two localisations
at an altitude of about 60 m above ground level (3D-distance to camera 2: 106 m). So it is probable
that the visual observer did not get a data point of the closest position of the bird in relation to the
camera.

Furthermore, the expected detection distance was calculated based on the the wingspan of a Corvus
corone (wingspan size: 84-100 cm), whereas in reality it might had been a Corvus corax (a much larg-
er bird, wingspan size 115-130 cm). So it is reasonable that the calculated detection distance of this
observation was under estimated.

DTBird flight ID 540/Observation flight ID 531 (Corvid): The flight consists of three localisations at
an altitude of about 55 m above ground level moving towards north (3D-distance to camera 3: 66 m).
This part of the flight was too low and was not within the detection range of camera 3 (position: 31 m
above ground level). After stopping the visual observation it is probable that the bird came into the
detection range of camera 2 installed on 5 m above ground level.

DTBird flight ID 541/Observation flight ID 535 (Medium-sized bird): The flight consists of several
localisations in proximity of the wind turbine on low altitudes of about 50 m above ground level below
the range of camera 4 (3D-distance: 94 m) and 3 (3D-distance: 68 m). It might be that the bird was
changing his flight direction to circle the wind turbine after stopping the visual observation and came
into the detection range of camera 2.

DTBird flight ID 571/Observation flight ID --- (Big-sized bird): The flight was missed by the direct
visual observer.

DTBird flight ID 1160/Observation flight ID --- (Corvid): The flight was missed by the direct visual
observer.
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Fig. 22. Map of the study area with the tracks of birds not expected to be detected together with the view angle of
the cameras (the length of the lines does not reflect the maximal detection range).
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Fig. 23. Screen shots of the DTBird videos and increased detail of the bird. a) Corvid (ID 52), b) Corvid (ID 53),
¢) Corvid (ID 540), d) Medium sized bird (ID 541) e) Big-sized bird (ID 571) f) Corvid (ID 1160).
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3.4 Radar measurements

3.4.1 Seasonal distribution

The average flight traffic rate up to 1’000 m above ground level for the time period was 110 (£75)
echos/(km*h) during day and 380 (x270) animals/(km*h) during night.

The mean flight traffic rate per date for up to 1°000 m above ground was fluctuating between 20-340
echos/(km*h) during day and between 55-1100 animals/(km*h) during night (Fig. 24). In the height
interval up to 200 m above ground level which is relevant in terms of the wind turbine, the mean diur-
nal flight traffic rates were between 0-45 echos/(km*h) (Fig. 25) and the mean nocturnal flight traffic
rates between 3-180 animals/(km*h).
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Fig. 24. Mean flight traffic rate per date (with standard deviation) splitted for day and night.
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Fig. 25. Mean flight traffic rate per date (with standard deviation) in the height interval of the wind turbine (< 200 m
above ground level) splitted for day and night.
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3.4.2 Altitudinal distribution

For the analysis of the altitudinal distribution, the flight traffic rates were averaged for the radar obser-
vation period for each 150 m height interval (Fig. 26). The flight traffic rates per height interval were
between 6-35 echos/(km*h) for the day and between 35-85 animals/(km*h) for the night. The highest
values of the flight traffic rates occurred in the height interval between 890-1040 m asl (= 350-500 m
above ground).
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Fig. 26. Altitudinal distribution of the diurnal (a) and nocturnal (b) mean flight traffic rate (with standard deviation).
Red bars display the upper and the lower limit of the wind turbine rotor diameter.
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3.4.3 Hourly distribution

For the analysis of the hourly distribution, the flight traffic rate of all the height intervals up to 1°000 m
above ground were averaged per hour. The mean flight traffic rates show the typical hourly pattern of
migration. The flight traffic rate are highest at night-time, are decreasing in the morning hours, stay on
a lower level and increase again in the evening hours (Fig. 27).

The mean migration traffic rates per hour were up to 1000 m above ground level 40-780 ani-
mals/(km*hour) and up to 200 m above ground level 3-130 animals/(km*hour). The hourly distribution
within the height interval of the wind turbine up to 200 m above ground level is more or less corre-
sponding to the hourly distribution including all the height intervals up to 1’000 m above ground level.

Y
-

Mean flight traffic rate per hour up to 1'000 m above ground
1500

I <
o N
o w0
o o
1 !

750 A
500 ~
250 A

0 -

Flight traffic rate (animals km™ h")

012345678 91011121314151617181920212223
Hour

b) Mean flight traffic rate per hour up to 200 m above ground
300
250
200 -
150
100 |
50 -

0 -

Flight traffic rate (animals km™! h")

012345678 91011121314151617 181920212223

Hour

Fig. 27. Hourly distribution of the flight traffic rates (with standar deviation) for all height intervals up to 1000 m
above ground level (a) and within the height interval of the wind turbine up to 200 m above ground level (b).
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3.4.4 Collision risk

According to our assumptions, 6,6 % of the animals moving within the height interval of the wind tur-
bine are exposed to a collision risk (cf. chap. 2.5.4).

The mean numbers of animals exposed to a collision risk were between 0-3 animals/(km*h) during the
day and 0,2-12 animals/(km*h) during the night. This means, extrapolated depending on the length of
the day and the night, 13 (sd £10) animals per day and 42 (sd +30) animals per night resulting in a
total of about 2’300 animals which were exposed to a collision risk.

Given the assumption that the period contained 50 % of the animals of the migration season, the
numbers are doubled to get a value for the whole autumn migration season. Thus, about 4’600 ani-
mals were exposed to a collision risk during autumn migration season which means an average of 25
animals per day (24 h) in relation to six months (184 days) in the second half of the year.
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Fig. 28. Mean number of animals exposed to a collision risk per date during day and night.

3.4.5 Flight activity and wind conditions

Wind data recorded by the control system of the wind turbine were used to analyse flight traffic rate in
relation to the wind conditions (22.08.2014-22.09.2014). The hourly values of flight traffic rates were
allocated to hourly values of the wind conditions represented by wind direction (N, NE, O, SO, S, SW,
W and NW) and speed (weak: < 5 m/s, medium: 5-10 m/s, strong: > 10 m/s).

The most frequent wind conditions were weak wind (<5 m/s) from southwest at night and medium
strong wind (5-10 m/s) from northeast during the day which reflects a channel effect along the orienta-
tion of the valley (Fig. 29). Flight traffic rate was high especially during weak wind conditions inde-
pendent of the wind direction, or during medium strong wind conditions with wind either coming from
south, southwest or southeast (Fig. 30). From an animals point of view migrating towards southwest,
northeasterly winds mean tailwind while south- and soutwesterly winds mean head wind conditions.
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Frequency of wind conditions at night (22.8.-22.9.2014) Frequency of wind conditions during the day (22.8.-22.9.2014)
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Fig. 29. Frequency of wind conditions at night (left) or during the day (right).
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Fig. 30. Mean flight traffic rate per wind condition of all height intervals from 50 m up to 71000 m above ground
level (upper graphs) and of the height level lower than 200 m (50-200 m) above ground level (lower graphs) either
for the night (left graphs) or for the day (right graphs).
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4. Discussion

4.1 Effectivness of bird detection by the DTBird-system

As a matter of fact, mitigation measures for the protection of single birds have to work immediately in
real-time when a bird is approaching a wind turbine. However, the DTBird-system does not have a
technical possibility to measure the distance of targets which are detected by the system and to identi-
fy them automatically in real-time before a mitigation measure is trigger hus, every close small
target (e.g. insects) or distant large target (e.g. helicopters) has the samtjz@wil—size like a bird and is
triggering the mitigation modules. This circumstance is shown by the high proportion of “False Posi-
tives”.

Within the large amount of detected targets the birds are included which are regularly detected within
the technically possible detection range of the camer

4.2 Limits of detection of the DTBird-system

The detection range of any detection system (eye, optical systems like cameras, radar devices) is
naturally limited depending on the performance of a system and on the size of the targets which
should be detected. Large targets are detectable in larger distances than small targets.

The size of common birds in Switzerland has a wide spectrum and reaches from the Goldcrest (Regu-
lus regulus, wingspan: 13-15 cm, weight: 5-7 g) to the Bearded vulture (Gypaetus barbatus, wingspan:
250-280 cm, weight: 5°000-7°000 g). The DTBird-system was originally developed for the detection of
Griffon vultures with wingspans of 230-265 cm@ve most common bird species of Switzerland which
are regularly colliding at wind turbines in other countries (Dirr & Langgemach 2006, Durr 2014) have
much smaller wingspans than Griffon vultur

The technical maximal detection range of the DTBird cameras is about 150 m for Red Kites and 70 m
for Common Kestrels while the diameter of the wind turbine rotor is 112 m. To protect single birds and
trigger mitigation measures, the whole rotor swept area should be surveyed by the camera@owever,
with the given configuration of the system with cameras at 5 m and 30 m above ground, surveil-
lance of the whole rotor swept area is only given for bird species having a wingspan size larger than
126 cm (Fig. 31). An additional set of cameras on higher positions of the tower would increase the size
of the surveyed area for birds smaller than Red Kite@

€ a0

e |

c

2 o |

’5) 200 D Detection range of a Red Kite
o

>

_8 1 - - 2 D Detection range of a Common Kestreal
@©

()

E

.:5 o T T T

< 0 100 200 300

Distance to wind turbine (m)

Fig. 31. Size of the detection range for Red Kites and Common Kestrels in relation to the camera position at the
wind turbine.
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DTBird Team
Sticky Note
DTBird System has efficiently detected and triggered Warning and Dissuasion signal to birds flying in collision risk areas, for small, medium and big size birds. There has been a reduction to <1/2 of the flights at <100 m to the wind turbine when the Dissuasion module has been enabled. DTBird System has been even more effective than the visual observer to detect birds close to the wind turbine, that is the target area to avoid collisions: 3 flights detected only by DTBird System; 3 flights detected by DTBird Sytem and visual observer, but only by DTBird System in the close proximity to the wind turbine; and 2 flights not detected by DTBird System, but at the detection distance limit, and without collision risk. This is a matter of fact attending to the Study results. The "high" proportion of FP has been due to a non expected, nor communicated before the installation, heavy air traffic, and due to insects, and after only 2 months of operation of DTBird System Pilot installation in the highest wind turbine of Switzerland (119 m tower height).  Refinements have been already proposed to reach <2 FP/day, that is the standard for DTBird systems installed worldwide.

DTBird Team
Sticky Note
The "high" proportion of FP has been due to a non expected, nor communicated before the installation, heavy air traffic at short distance to the wind turbine (>4 helicopters passes/day), and due to insects, after only 2 months of operation of DTBird System Pilot installation in the highest wind turbine of Switzerland (119 m tower height). Refinements have been already proposed to reach <2 FP/day, that is the standard for DTBird systems installed worldwide. It take 1 minute to analyze and discard these 2 FP. See the previous note to find all the information hidden in this "Scientific" sentence of the Researcher.


DTBird Team
Sticky Note
The Researcher focus DTBird System in Griffon vulture due to unknown reasons, but DTBird System detects all kind of birds. In fact, most flights detected in the wind turbine of this study are medium and small size birds, as can be shown in page 15, figure 13.

DTBird Team
Sticky Note
It had been good that the Researcher had provided target Species before the installation of DTBird System. 

DTBird Team
Sticky Note
Detection distances can be set further and tested accordingly for bird flight detectability. There were no clear target Species provided by the Client before the installation of DTBird System Pilot installation. The results of these 2 first months of operation, have clarified which Species actually fly around the wind turbine, and had lead to proposals to tune DTBird settings to these actual target Species detected. In any case, big, medium, and small size birds, have been regularly detected around the wind turbine by DTBird System, as shows in figure 13, of page 15. Also, if kestrels do not fly above 119 m in the vicinity of the wind turbine, the high collision risk area is below this height, and kestrel can be detected efficiently by DTBird System.
 

DTBird Team
Sticky Note
This could increase the protection, and has been already proposed, but with present installation, there is already protection for kestrels that fly at ca. <119 m and less than 100 m to the wind turbine. There is no evidence that there are flights of kestrels close to the WTG (at the bottom of the valley) above this height.
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4.3 Mitigation modules of the DTBird-system

The aim of the present study was to analyse the direct visual observation data to investigate the effect
of the mitigation modules on birds. Due to the fact that birds were avoiding the close proximity of the
wind turbine, it was a rare event that birds were triggering a mitigation module (virtually as well as
physically).

The effectivness of the mitigation module “stop” was not assessable based on this data as a stop
event was never triggered by a bird independent of whether the physical emission of an acoustic miti-
gation signal was muted or not. There was a higher proportion of flight movements within the class
“approaching distance closer than 100 m” when the physical emission of the acoustic mitigation signal
was muted. Thus, the acoustic mitigation signals (warning and dissuasion) seem to have a deterrent
effect on larger birds approaching the nacelle of the wind turbine closer than 100

4.4  Flight behaviour of birds around the wind turbine in general

The data set of both seasons of direct visual observations comprises a mixture of observations of local
as well as of migrating birds. In most cases of the raptor observations it was not clearly assessable
whether the birds were migrating individuals or not. Due to that, the analysis in the present study does
not distinguish between local and migrating birds. Anyway, the observed birds seem to avoid the close
proximity of the wind turbine during daylight and a closer statistical analysis is part of a current master
study (deadline end of 2015).

Furthermore, the radar measurements showed that diurnal as well as nocturnal flight traffic occurred
regularly in altitudes above the wind turbine. The location of the wind turbine is on the bottom of a
valley which is edged by mountains exceeding 1’500 m. Thus, the location might be crossed mainly by
low flying birds following the orientation of the valley and not by birds directly crossing the alps towards
southwest on the top level of the mountains. Therefore, the range of the radar was suitable to record
this valley specific flight traffic. An evidence for this is that flight activity was high especially under head
wind conditions. It is known that birds are migrating at lower altitudes and are concentrating in the
valleys during head wind conditions (Liechti 2006, Bruderer & Liechti 1998, Bruderer 1996). The con-
centration at lower levels is even stronger when the wind speed is medium strong. This is represented
by increased diurnal and nocturnal flight traffic rates in the height interval lower than 200 m above
ground level during medium strong winds coming from south or southwest (cp. Fig. 30). However,
there is also a concentration of flight traffic during tailwind conditions (north-easterly winds). An expla-
nation might be that a lot of birds are migrating within the whole airspace using all altitudes or that the
tailwind conditions were concentrated to the valley with other wind conditions on higher altitudes (e.qg.
inversion).

45 Method of the direct visual observations

The direct visual observations were carried out using the military laser range finder Vector 21 Aero.
The device was suitable to localise three-dimensional positions of birds in the airspace and to com-
pose flight trajectories. However, the accuracy of a flight trajectory is depending on how many localisa-
tions that are recordable within a short time. Thus, it is possible that the visual observer did not get the
exact closest positions of birds in relation to the wind turbine or in relation to the cameras. As a result
the recorded localisations of birds can be outside of the calculated detection range of the cameras
although the bird might have get into the detection range of the cameras between two single localisa-
tions or previous to the first or after the latest localisation of a flight trajectory. Furthermore, birds can
be missed by the observer when there are several birds in the area while the observer is busy with
tracking one individual.
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DTBird Team
Sticky Note
Attending to the data provided in the study, there has been a 57% reduction in the flights registered at <100 m to the wind turbine when the signals (Warning/Dissuasion) have been emitted. DTBird Team has analyzed also the number of flights that have reached a distance <25 m to the blades: There have been a 8 flights per month with the signals muted, but 0 flights with the signals emitted. Both results point out a great performance of DTBird Disuasion Moduel to avoid flights in high collision risk areas. 
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4.6 Collision risk

No collision events of larger birds were recorded/observed during diurnal observations (camera and
direct visual observations). Even when the acoustic mitigation modules of the DTBird-system were
muted, birds avoided the close proximity of the wind turbi

The detection of collisions of small birds was not possible and was not the aim of the stud@ut the
mass of flight traffic in general occurred in altitudes above the rotor swept area of the wind turbine
during the day as well as during the night. A conservativ analysis and extrapolation of the number of
birds which were exposed to a collision risk in the second haft of the year (six months) estimated a
number of about 2’200 birds (= 12 birds per 24 h). However, as long as avoidance behaviour of birds
and bats are unknown reliable collision rates cannot be calculated. Compared to other locations, the
estimation of the number of birds exposed to a collision risk based on the radar data results in a low
average potential collision risk.

Taking into account all the results of this study the collision risk for birds at the wind turbine at this
location seems to be relatively low. However, due to the limited study period we cannot rule out that
with environmental conditions other than during this study higher collision risks might occur.
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DTBird Team
Sticky Note
Not correct. There have been ca. 8 flights registered at <25 m to the moving blades moving, per month of wind turbine operation (blades moving), when DTBird Dissuasion Module Signals have been muted, and 1 cross of the Rotor Swept Area by a raptor in 2 months of operation (the raptor did not collide). With DTBird Dissuasion Module Signals emitted, there have not been any flight at <25 m to the blades, and no cross of the Rotor Swept Area. 

DTBird Team
Sticky Note
DTBird System regularly detected small size bird witin the detection distance. They are only detected below the rotor swept area, but they were not considered target Species at the installation.
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5. Implications for practice

5.1 DTBird-System

e In areas with a dense airtraffic of other flying objects than birds, false alarms and false stop
events have to be expected as the system is technically not equipped to consider distance of
flying objects and to identify targets automatically before mitigation measures are trigger
Frequent acoustic false alarms might lead to disturbances in quiet areas or habituation effects
for birds ddition, a species specific bird protection is not possible. The protection of a spe-
cific species would be only possible if a wind turbine was stopped for any kind of bird.@

e The DTBird-system does detect “larger” birds within the given detection range. But almost all
the common bird species of Switzerland which are known to collide regularly at wind turbines
in other countries are smaller than Red Kites (Milvus milvus). For Red Kites, the maximum de-
tection range is about 150 m us, the size of the rotor and the size of bird species which
should be surveyed play an important role for the configuration of the system. Especially for
an effective mitigation of collisions of single birds, at least the whole rotor swept area of a wind
turbine has to be surveyed by the system. Depending on the target species it might be neces-
sary to add a further set of cameras on higher positions of the wind turbine tower.

e The effectivness of the mitigation module “stop” was not assessable based on this data as
birds were avoiding the close proximity of the wind turbine and a stop event was never trig-
gered by a bird independent of the emission of an acoustic mitigation signal. However, the
emission of the acoustic mitigation signals (warning and dissuasion) seem to have a deterrent
effect on larger birds approaching the nacelle of the wind turbine closer than 100

5.2 Flight behaviour of birds and collision risk

o Itis difficult to say whether a generalisation of the results of one wind turbine to other locations
is reliable or not. The prominent landscape with the slopes, a cliff, the bottom of the valley and
the river does have a strong influence on the flight trajectories of the different species. How-
ever, there is good evidence that diurnally active “larger” birds are aware of the turbine and
seem to avoid the close proximity of the rotor swept area within this topographically complex
ar@lonetheless, the probability of a collision event of such birds cannot be excluded com-
pletely.

o The results of this study are not suitable to assess the flight behaviour of the mass of small
birds in direct relation to the wind turbine as well as the number of collisions. Compared to
other locations, the estimation of the number of birds exposed to a collision risk based on the
radar data results in a low average potential collision risk. However, together with the funnel-
ling effect by the topography and some specific weather conditions, we expect that for rare
occasions very high concentration of migration can occur at this site. Such events are only
guantifiable with long-term studies over several years.
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DTBird Team
Sticky Note
There is no advantage for birds, in allow to collide particular Species, and only save others. This should be specially clear for an organization devoted to protect all birds. 

DTBird Team
Sticky Note
Not correct. DTBird system tracks the target and filter out most potential False Positives. The "high" proportion of FP in the particular wind turbine of Calandawind, has been due to a non expected, nor communicated before the installation, heavy air traffic at short distance to the wind turbine (>4 helicopters passes/day), and due to insects, after only 2 months of operation of DTBird System Pilot installation the largest wind turbine of Switzerland (119 m tower height, 112 m rotor diameter).  
Refinements have been already proposed to reach <2 FP/day, that is the standard for DTBird systems installed worldwide. DTBird FP/day worldwide average for the same period 1,3. It take 1 minute to analyze and discard these 2 FP. 
Currently, May 2015, the operation criteria in all commercial DTBird units operating worldwide includes that with the wind turbine stopped, Warning/Dissuasion sounds are not triggered or volume of sound is much lower. With this single remote control action, the triggers of Warning and Dissuasion signals by FP in Calandawind can be reduced to XX. For the remaining FP, XX2 correspond to aircrafts. Aircraft Noise Footprints connected to every FP are much more significant than Warning and Dissuasion signals that have a unique point of emission, with a low contribution to the background sound at that moment and limited just to the surrounding of the Wind Turbine.     

DTBird Team
Sticky Note
Sound are focused to the Rotor Swept Area, were a collisions is worse than a disturbance. DTBird has <2FP/day in this quite areas, Warning/Dissuasion sounds are not activated with the wind turbine stopped, when the background noise is lower, and signal type and power can be adjusted according to noise regulations or sound immission in sensible sites. 

Regarding the habituation, it is not expected to the Dissuasion signal, and not found after 6 years since the operation of first Dissuasion unit in a wind turbine. Dissuasion sounds have been developed to be uncomfortable (triggered by birds in high collision risk areas) and any change can be done through remote control anytime. 

A potential habituation to the Warning signal has not any expected negative effect in DTBird System performance, because it is intended to warn of a potential hazard (moving blades), as most traffic signals and automobile horns, and nobody believe that it is bad to get used to them.
 

DTBird Team
Sticky Note
There has been a 57% reduction in the flights registered at <100 m to the wind turbine when the signals (Warning/Dissuasion) have been emitted. DTBird Team has analyzed also the number of flights that have reached a distance <25 m to the blades: There have been a 8 flights per month with the signals muted, but 0 flights with the signals emitted. Both results point out a great performance of DTBird Disuasion Moduel to avoid flights in high collision risk areas. 


DTBird Team
Sticky Note
Detection distances can be set further and tested accordingly for bird flight detectability. There were no clear target Species provided by the Client before the installation of DTBird System Pilot installation. The results of these 2 first months of operation, have clarified which Species actually fly around the wind turbine, and have lead to proposals to tune settings to these actual target Species.

DTBird System has detected in the wind turbine big, medium and small size birds, as can be shown in page 15, figure 13. 

DTBird system is operating worldwide, with different target Species, including medium size birds, as kestrels, and small size birds, as passerines. DTBird system installation and settings have to be tuned to the target Species/Group.


DTBird Team
Sticky Note
There have been ca. 8 flights registered at <25 m to the moving blades moving, per month of wind turbine operation (blades moving), when DTBird Dissuasion Module Signals have been muted, and 1 cross of the Rotor Swept Area by a raptor in 2 months of operation (the raptor did not collide). With DTBird Dissuasion Module Signals emitted, there have not been any flight at <25 m to the blades, and no cross of the Rotor Swept Area.


Investigation on the effectivity of bat and bird detection at a wind turbine: Final Report Bird Detection 34

6. Literatur

Bruderer, B. & F. Liechti (1998): Intensitat, Hohe und Richtung von Tag- und Nachtzug im Herbst tiber
Siudwestdeutschland. Ornithol. Beob. 95: 113-128.

Bruderer, B. (1996): Vogelzugforschung im Bereich der Alpen 1980-1995. Ornithol. Beob. 93: 119-
130.

Durr, T. (2014): Zentrale Fundkartei tber Anflugopfer an Windenergieanlagen (WEA). Daten aus der
zentralen Fundkartei der Staatlichen Vogelschutzwarte im Landesumweltamt Brandenburg.
Stand: 14. April 2014. http://www.mugv.brandenburg.de/cms/detail.php/bb2.c.451792.de

Durr, T. & T. Langgemach (2006): Greifvigel als Opfer von Windkraftanlagen. Populationsékologie
Greifvogel- und Eulenarten 5: 483-490.

Komenda-Zehnder, S., F. Liechti & L. Jenni (2010): Do bird captures reflect migration intensity?
Trapping numbers on an alpine pass compared with radar counts. J. Avian Biol. 41: 434—
444,

Liechti, F. (2006): Birds: blowin' by the wind? J. Ornithol. 147: 202-211.

7. Appendix

Length of day and night during the radar observation period (UTC +1). At dawn and dusk the sun elevation is 6°
below the horizon (“civil twilight”). This time was used to distinguish between day and night.

Day Night Day Night
Date Dawn Dusk Length Length Date Dawn Dusk Length Length
13.08.2014 04:34 20:13 15:39 08:21 06.09.2014 05:09 19:26 14:17 09:43
14.08.2014 04:36 20:11 15:35 08:25 07.09.2014 05:10 19:24 14:14  09:46
15.08.2014 04:37 20:10 15:33 08:27 08.09.2014 05:12 19:22 14:10 09:50
16.08.2014 04:39 20:08 15:29 08:31 09.09.2014 05:13 19:20 14:07 09:53
17.08.2014 04:40 20:06 15:26 08:34 10.09.2014 05:15 19:18 14:03 09:57
18.08.2014 04:42 20:04 15:22 08:38 11.09.2014 05:16 19:16 14:00 10:00
19.08.2014 04:43 20:02 15:19 08:41 12.09.2014 05:17 19:14 13:57 10:03
20.08.2014 04:45 20:00 15:15 08:45 13.09.2014 05:19 19:12 13:53 10:07
21.08.2014 04:46 19:58 15:12 08:48 14.09.2014 05:20 19:10 13:50 10:10
22.08.2014 04:48 19:57 15:09 08:51 15.09.2014 05:22 19:08 13:46 10:14
23.08.2014 04:49 19:55 15:06 08:54 16.09.2014 05:23 19:06 13:43 10:17
24.08.2014 04:50 19:53 15:03 08:57 17.09.2014 05:24 19:03 13:39 10:21
25.08.2014 04:52 19:51 14:59 09:01 18.09.2014 05:26 19:01 13:35 10:25
26.08.2014 04:53 19:49 14:56 09:04 19.09.2014 05:27 18:59 13:32 10:28
27.08.2014 04:55 19:47 14:52 09:08 20.09.2014 05:28 18:57 13:29 10:31
28.08.2014 04:56 19:45 14:49 09:11 21.09.2014 05:30 18:55 13:25 10:35
29.08.2014 04:58 19:43 14:45 09:15 22.09.2014 05:31 18:53 13:22 10:38
30.08.2014 04:59 19:41 14:42 09:18 23.09.2014 05:32 18:51 13:19 10:41
31.08.2014 05:01 19:39 14:38 09:22 24.09.2014 05:34 18:49 13:15 10:45
01.09.2014 05:02 19:37 14:35 09:25 25.09.2014 05:35 18:47 13:12 10:48
02.09.2014 05:03 19:35 14:32 09:28 26.09.2014 05:36 18:45 13:09 10:51
03.09.2014 05:05 19:33 14:28 09:32 27.09.2014 05:38 18:43 13:.05  10:55
04.09.2014 05:06 19:31 14:25 09:35 28.09.2014 05:39 18:41 13:02 10:58
05.09.2014 05:08 19:28 14:20 09:40 29.09.2014 05:40 18:39 12:59 11:01

30.09.2014 05:42 18:37 12:55 11:05
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