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Abstract: Current bird strike prevention at airports is performed by wildlife control units and 
concentrates mainly on keeping birds from the perimeter. This research paper focuses on an 
approach for procedural bird strike prevention involving pilots and air traffic controllers in the 
process. A system using bird movement information from radar to predict potential collisions 
between birds and departing aircraft was developed. In case of a foreseen bird strike, take-offs 
are delayed until a conflict-free trajectory is predicted for the departing aircraft. Fast-time 
simulations including deterministic bird movement have demonstrated the safety-potential of the 
concept while runway capacity was only slightly affected even during high traffic demands. Next 
to the increase in safety,  the potential for remarkable cost-savings was revealed. Operational and 
repair costs saved by the prevention of strikes outnumbered the delay costs generated by a factor 
up to 2000. Based on these promising results, a model to include the limited predictability of bird 
movements is under development to analyse the impact of operational bird strike prevention 
under more realistic conditions. This paper describes the resulting system set-up and presents 
first outcomes of the performed feasibility study including uncertainty in bird movements. 
 
Good morning everyone. I would like to 
present you the major findings of my Ph.D. 
studies. They are not quite finished yet, 
there is still a little part to be done which I 
will show in the last part of my presentation. 
The major part of work is what I would like 
to show you today. Operational bird strike 
prevention is how to involve air traffic 
control into the loop of bird-strike 
avoidance. I began with setting up a fast-
time simulation environment (Slide 2). 
Therefore, I enhanced an air traffic 
simulator with modules to simulate bird 
movements, to detect collisions between 
birds and aircraft and near misses between 
birds and the aircraft. I used an open-source 

air traffic simulator developed by Delft 
University of Technology in the 
Netherlands, which is also my home 
university. Furthermore, I implemented 
modules to represent bird movement. I used 
avian radar data as an input for the close 
airport vicinity and weather radar for the 
further out area covering the arrival- and 
departure corridors. All radar data is from 
Eindhoven Airport in the Netherlands which 
is a small airport with one operational 
runway that is operated by the military, but 
also has civil movements. The weather radar 
is also from the Netherlands. Initially I 
looked at how good the simulation 
environment represented bird movement and 
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strike risk. I used bird movement data from 
all seasons. I also used different air traffic 
flight plans to see how many birds strikes 
there were. For this purpose, I have used 
multi-year data from Eindhoven Airport.  

The major finding is that there are three 
times more strikes in simulation than in 
reality (Slide 3), which is probably caused 
by the fact that there is no bird behaviour in 
the simulation. The birds fly their given 
trajectories and they don't react to aircraft. 
Also, there might be an offset due to 
unreported bird strikes. There is good 
seasonal correspondence. What you see in 
Slide 3 -- the orange line is the bird strikes 
that happened in Eindhoven Airport over 10 
years. The bars represent the number of 
strikes at different air traffic intensities. It is 
corresponding rather well so this was an 
indicator that the model works. Most 
importantly, doing the simulations with 
thousands of replications, I could show that 
the results are reproducible. These results 
build the foundation of my research. Based 
on them, further studies can be performed. 

By examining the number of bird strikes 
occurring within the simulation environment 
(Slide 5), we can determine the risk of bird 
strikes. Furthermore, I will look at risk 
reducing measures (Slide 6). While there are 
many bird strikes at an airport and multiple 
measures are being taken to mitigate the risk 
of bird strikes, there is also a significant 
number of bird strikes in the outer airport 
area (Slide 7). Most strikes occur up to 
3,000, or as we heard this morning, up to 
3500 feet (Slide 8) and damaging strikes 
occur more often at higher altitudes such as 
in Hudson River accident. The research 
question of my research is,  how we can do 
something about the strikes outside the 
airport fence where wildlife control 
generally does not operate.  

The approach I'm looking at is -- can we 
actually use the bird movement information 
we get from radar to involve air traffic 
control and the pilots (Slide 9)?. As far I 
know, generally wildlife controllers are 
trying to get rid of all the birds at the 
airfields (Slide 10). They might 
communicate to air traffic control about 
current increased risk – for example if there 
is a big flock of geese at the airport and air 
traffic control can, to some extent, inform 
pilots of this risk, but typically only general 
information is passed along: “at the moment 
you have an increased risk of birds”. What I 
would like to do is to use sensory data to 
provide air traffic control directly with 
current information as to whether there is a 
high-risk right now, and determine if pilots 
can do something with that information. By 
feeding back the information to wildlife 
control as well, they might also benefit. As I 
am an engineer, I took an engineering 
approach and base potential collision 
avoidance on trajectory predictions (Slide 
11). We know the aircraft trajectory of the 
planned departure and we know the bird 
trajectories, or we try to predict the bird 
trajectories (Slide 12). Once there is a 
predicted bird strike, we simply delay the 
aircraft taking off. Of course the questions 
that come from that is -- can I predict bird 
movements as to really prevent bird strikes? 
On the other hand, whenever departures are 
delayed, the potential capacity is reduced.  Is 
this approach even feasible for high-capacity 
airports? Also, is it feasible for air traffic 
control and pilots to work within such a 
system (Slide 13)?  
I used fast time simulations (Slide 14) that I 
introduced in the beginning of this 
presentation (Slide 15). I should note that 
the “no advisory system” -- the blue box in 
Slide 16, is the baseline case. In other 
words, what happens if no prevention 
measures are taken? How many strikes do 
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happen? The majority of my work has been 
to develop collision avoidance algorithm to 
see how many bird strikes can be prevented 
by delaying aircraft. To get the baseline, I 
would first look at the nominal case (Slide 
17) -- pretending to always know where 
aircraft and the birds are. The results reveal 
the potential of what is actually technically 
possible in ideal conditions.  

What I would like to address now are the 
questions of safety and capacity if applying 
such an algorithm (Slide 18). How many 
bird strikes can be prevented and are there 
false alarms? That is, will I predict a bird 
strike that is not going to happen? On the 
capacity side, how much delay is generated 
and are there economic consequences? If so, 
how significant are they?  
The collision avoidance algorithm which I 
developed (Slide 19) is based on work of a 
colleague of mine. Because there are so 
many birds around the airfield all of the 
time, constantly comparing all aircraft 
trajectories to all bird trajectories challenges 
the runtime and memory capacity of your 
computer. This is why I implemented two 
phases to my algorithm – a broad phase 
(Slide 20) to filter out the birds that pose no 
danger to the aircraft. In the narrow phase,  
collision detection only for the birds that are 
likely to hit the aircraft is performed. So first 
of all I would construct a four-dimensional 
grid (Slide 21) with the dimensions latitude, 
longitude, time and altitude. Birds are then 
filled in every tile of the grid, which they 
cross along their trajectory (Slide 22). In the 
narrow phase, where the collision detection 
is performed, only birds that are in the grid 
tiles the aircraft is passing through are 
considered(Slide 23). In this way I can 
reduce the very precise and thus time- and 
memory-consuming collision detection to 
only a few birds. In case of a detected 
collision, the aircraft is delayed (Slide 24). 

How does this work? I focus on departing 
aircraft because they are most vulnerable for 
serious damage and accidents, especially 
when the engines ingest birds (Slide 25).  
Within the algorithm, arrival times are not 
affected by the algorithm (Slide 26). As the 
look-ahead time of the system is 
approximately two minutes, rescheduling of 
an arrival would lead to a go-around which 
seems inappropriate. Thus, whenever a 
departing  aircraft is delayed due to a 
predicted bird strike and it would conflict 
with a planned arrival, the departure would 
be rescheduled to after the arrival. As such, 
delays are only transferred to other 
departures and arrivals can fly as intended.  
To define whether a collision would take 
place, so called protected zones are drawn 
around the aircraft and the birds(Slide 27).  
When there is penetration of these protected 
zones the potential strike is recorded and the 
aircraft rescheduled and its new trajectory 
tested again for collisions. This process is 
repeated until the aircraft has a conflict-free 
flight path (Slide 28).  

In the Netherlands, as in Canada, there are 
all four seasons. . To have the seasonal 
differences in bird flight included in my 
simulations, I used bird data from one week 
per month of one year (Slide 29). I also 
looked at different air traffic intensities with 
different numbers of flights during the day 
to consider the capacity aspect (Slide 30). 
To verify the correct implementation of the 
algorithm, an acceptance level of maximum 
5% remaining strikes and 5% of false alarms 
in comparison to the baseline scenarios was 
set. These limits are set to account for slight 
position inaccuracies resulting from the 
chosen resolution to record the aircraft 
trajectories. The distances deciding about 
the occurrence of a collision are very small, 
while the aircraft is moving at high speeds. 
Hence, with recording rate of, for example, 
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two seconds, the aircraft could already have 
climbed 10 metres in height and thus missed 
the bird from the algorithm’s perspective, 
while it was there effectively. 
The simulation of the described scenarios 
including the collision algorithm led to 97% 
prevented strikes and 2% false alarms. As 
such, the algorithm’s functionality was 
confirmed. 

The verification of the algorithm implicitly 
revealed the safety-potential of the 
algorithm. To analyse the impact on 
capacity, I examined the generated delays 
resulting from preventing bird strikes for 
three traffic intensities: high, medium and 
low as you can see in the Slide 32. The 
initial delays are those created by delaying 
aircraft to prevent a bird strike. Transferred 
delays are those resulting from rescheduling 
an earlier aircraft. As you can see, even in 
the high-capacity scenario, which is most 
critical with regard to capacity impact, the 
maximum delay, which occurred once, was 
just below 400 seconds. Over all, only 3% of 
aircraft had to delay in the high capacity 
scenario and, with that one exception, all 
delays were smaller than2 minutes. 
Therefore, the effect on capacity is very 
small.  

I also looked at the potential financial 
implications of delaying aircraft to prevent 
strikes, Due to lost capacity as a result of 
delays, do we lose money? I used FAA data 
from their annual report from last year to 
determine the approximate cost for a bird 
strike. It amounts to 25000 Euros  (ca. 
27,000 USD) (Slide 33). The University of 
Westminster determined that one minute of 
a delayed aircraft costs approximately 35 
Euros (ca. 38 USD). To evaluate the 
financial impact, the costs resulting from the 
applied delay minutes were compared to the 
savings resulting from preventing bird 
strikes. In the last column on the right on 

Slide 33, we find that the savings strongly 
outnumber the costs. The cost savings are 
higher the lower the air traffic intensity is 
because more strikes are prevented while 
fewer delay minutes are generated.  

Within the presented system, the bird 
positions in the future are known. As such, it 
is still a step away from a realistic 
implementation, where future bird 
movement would have to be predicted based 
on the currently known flight paths of 
birds.The number of prevented strikes and 
the cost-benefit when including uncertainty 
in bird movements will likely decrease, but 
there is a strong potential to actually not 
only improve safety, but also save money.  
In the last part of my Ph.D. research - and of 
this presentation –  is to include the 
uncertainty of future bird movements based 
on the currently known flight path (Slide 
34). At the moment, when an aircraft is 
ready for departure, it has to be decided 
based on the birds  currently in the area and 
their tracks, whether the aircraft should be 
delayed to prevent a potential collision 
(Slide 35). But how to propagate their 
tracks? By now, I analysed speed and 
heading as well as their variations of historic 
bird tracks (Slide 36). What you see here, 
are deviations of the bird’s current heading 
and speed. . As can be seen in the graphs, 
the deviations are close to a normal 
distribution (orange bars).The other 
coloured bars are for different kinds of birds 
-- small birds, medium-sized birds, large 
birds and flocks of birds. Based on these 
distributions, the probability of bird 
presence along the aircraft’s flight path will 
be calculated. For simplification, birds fly at 
constant altitude. To decide whether to delay 
an aircraft, not only the probability of bird 
presence but also the potential caused 
damage are relevant factors. The potential of 
damage can be evaluated by calculating the 
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kinetic energy of the impact (Slide 37). I am 
currently developing a corresponding 
function to be implemented in the collision 
avoidance algorithm. If someone has ideas 
on how to improve the model, I am also very 
interested in your feedback.  
The presented model and the underlying 
simulation environment are open source. 
Hence,  if you are interested to use the 
simulator to analyse the movement at your 
airport, please feel free to approach me. I'm 
very happy to share the simulation 
environment. It produces reproducible 
numbers of strikes with a small overestimate 
(Slide 38) and provides seasonal 
correspondence to real data. The presented 
collision avoidance algorithm based on 
deterministic bird movement prevents 97% 

of bird strikes byinducing a very small 
impact on capacity and high potential for 
cost reduction. My work now focuses on the 
unknown bird movements and future bird 
movements which will keep me busy for the 
next couple of months. I am happy to report 
back once I'm done (Slide 39). Thank you 
very much. 
Based on the paper: Metz, I. C., 
Mühlhausen, T., Ellerbroek, J., Kügler, D., 
& Hoekstra, J. M.  (2019). What is the 
Potential of a Bird Strike Advisory System? 
In proceedings of the 13th USA/Europe Air 
Traffic Management Research and 
Development Seminar. 
(http://www.atmseminarus.org/seminarCont
ent/seminar13/papers/ATM_Seminar_2019_
paper_28.pdf) 
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