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Bird strikes are NOT random 
William J. Barnes, Chief Operation Officer, Lumen International, Inc., Homestead, FL, 
USA lumen@gate.net 
Abstract: The Executive Summary of the latest FAA Wildlife Strike Report, “FAA/USDA Wildlife Strikes 
to Civil Aircraft in US 1990-2017; (Dolbeer, Begier, January 2019),” acknowledges that wildlife strike 
risks should no longer be treated as just an airport issue, but that the problem needs to be expanded to be a 
system-wide program involving not only airports, but also flight crews, air traffic control, and aircraft 
enhancements to reduce these events wherever an aircraft flies.  Two of the long-term goals are "bird 
migration forecasting" and "the development of aircraft lighting systems to enhance detection and 
avoidance by birds."  When warned of bird activity at their destination airport, pilots have often 
complained, "OK so there are birds…what am I supposed to do differently?"  We will address that question 
with a fresh look at the monthly predictability of the highest threat airports, the types of birds involved as 
the seasons progress, and other interesting risk analysis surprises.  Since we can reasonably predict the 
highest threat birds at any airport (based upon historical strike data), then we can employ "smart" counter-
bird lighting. This lighting operates without pilot input, and provides optimum aircraft detection for the 
birds expected to be encountered (on the specific date and time of day) during take-off and climb at 
Departure Airport A and will automatically change to provide the best counter-bird lighting for the descent, 
approach, and landing at Airport B where the bird threat is completely different.  

I'm Joe Barton, Lumen International in 
south Florida. My talk today is what 
you may assume is a rather absurd 
statement -- that bird strikes are not 
random. People in the upper echelons of 
both the airlines and the military truly 
believe that bird strikes are random 
(Slide 2). A lot of the things that we say 
when we report on bird strikes makes it 
seem random like we have two strikes 
per day. On a year that's true, but on a 
month or a day that's not true. I asked 
both fighter pilots and airline pilots to 
give me one statement about bird 
strikes. I couldn't print any of the fighter 
pilot replies, but the some of the airline 
responses were: pay your nickel and 
take your chances, or they're always out 
there and if it's not your day or it's not 
their day it's going to happen, or it's just 
a matter of time and luck. In some 
respects that's true, but it in some 
respects you can reduce the strikes by 
analyzing the risk -- we will get to that. 
But until this attitude changes, it is 
really hard to propose and be successful 
at putting counter-bird lighting and 
other things on airplanes. However, 
once the first airline company modifies 

their airplanes and shows and markets 
to the world that their bird strikes are 
fewer than their competition, it is going 
to be a Niagara Falls of people wanting 
counter-bird lighting and other 
techniques on their airplanes.  

Let us look at some common bird strike 
misconceptions (Slide 3).  

• Bird strikes are totally random. It is 
not true.  

• There are no active defensive 
measures for pilots to do anything to 
reduce bird strikes. When the 
controller says or the ATIS says: bird 
activity in the vicinity of the airport, 
what message is that sending to the 
pilot?. Do they want them to go 
somewhere else? Generally not 
because they have to land there so 
there is nothing they can do. That is 
not true either.  

• Bird strikes are only an airport 
problem, they are not an airplane 
problem. Not many airports have 
been struck by birds so I would 
argue that in fact it is an airplane 
problem. Certainly it's an airport 
problem in a lot of respects and 
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when I went through the data I found 
that some airports are doing amazing 
work at successfully reducing 
strikes, and yet the number of strikes 
is going up about 7% per year.  

• Birds always dive away from an 
approaching aircraft. I used to think 
that, but I found that is not true 
either.  

• Bird strike risk cannot be predicted 
for specific airports, or for flights on 
specific days, or even time of day. 
I'll show you more on that.  

Slide 4 presents some things we know about 
bird strikes.  

• The lower the altitude, the higher the 
threat.  

• The higher the speed, the higher the 
power setting increases damage 
through higher kinetic energy.  

• The majority of the fatal strike 
events have been on departure. The 
last data that I saw was 28 out of 29 
depending upon what Richard tells 
us later, it may be 29 out of 30.  

• Your wing leading edge devices are 
usually extended and your landing 
lights are usually on both day and 
night.  

• The FAA data labels strikes by day, 
dusk/dawn and night. The 
countermeasures that you use must 
vary with ambient light.  

• The scientific data show that in a lot 
of cases the birds are in defensive or 
escape posture as if they are trying to 
avoid a raptor.  

• For the bird to be effective in staying 
alive, he does the same thing as a 
fighter pilot on a mission. He has to 
detect the threat, decide if it is a 
threat to you and successfully defeat 
it. If he fails in any one of those, he 
could die. From my background as a 
737 captain, I can tell you that a lot 

of the birds that I hit were not 
looking around. I think we hit the 
ones that were just flying along 
listening to music or whatever.  

There are a lot of different figures for the 
distribution of strikes on aircraft, but 
using Boeing data Slide 5 shows the 
various places on the airplane where 
birds have been struck. Now if you are 
going to pick a place to work on to 
reduce the damage and the number of 
fatalities, which would you pick? 
Engines? If the engines quit the airplane 
is going to stop flying. The next thing 
might be the wing. You need a wing to 
fly as well. Up to 3/4 of the bird strikes 
are on the engines and wings. You 
would assume that if the bird can see the 
engines and the wing you should have a 
pretty significant decrease in bird strike 
events.  
If strikes were truly random, you would 
expect to have about an equal number of 
strikes in both engines. But that it isn’t 
so. Rich Dolbeer presented a paper in 
October 2014 that shows that there is a 
statistically significant difference 
between bird strikes on the right and left 
engine (Slide 6). This is important. 
There is a 6.5% difference in the 
daytime 12% difference at dusk and 
dawn and only 3% at night time when 
you expect it to be even greater. 
Something is causing a difference in bird 
strikes between the left side and the right 
side of the airplane. What is the only 
difference between the left side and the 
right side of the airplane? The colour of 
the navigation lights. Let’s look at the 
colours for a minute (Slide 7). Human 
vision is at the top. Our best frequency is 
555 nanometres about the colour of a 
green laser. I dread presenting this with 
all these biologists because there are 9 
zillion different kinds of birds and they 
all see differently. Some see almost like 
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we do, some don't, but their best 
frequency, according to some of the 
reports I have read, is about 480 
nanometres -- about a nice blue colour. 
We have aviation red and aviation green 
-- defined by the FAA as the proper 
colours for our navigation lights. Birds 
and humans see the green very well. We 
see the red very well, but birds may not 
see it at all, or may see it very poorly, 
especially as LEDs have moved the 640 
to 660 nanometre window for aviation to 
660. This is perfect for us, but terrible 
for birds because that colour is not very 
visible to birds. There are fewer bird 
strikes on the right because birds see the 
green light on the right very well and 
they get out of the way. They don't see 
the red light on the left very well -- 
sometimes they see it and get out of the 
way and sometimes they don't. This 
spectral coverage is certainly not true of 
all birds, but it is just an example. Some 
people have added ultraviolet light that 
we don't see but birds see, but it cannot 
be just plain ultraviolet light which I 
may touch on later in this presentation.  
I used to work as an F-16 test pilot at a 
Guard Reserve Test Centre where there 
is a sign on the wall that says “if it's not 
in the field, it doesn't count” (Slide 8). 
You can do the best reports, the best 
scientific papers, the best studies, and if 
it is not on the airplane it doesn't count. 
Somebody has got to do something to 
give pilots a tool to avoid birds strikes. 
Right now, we study in our room, we go 
on our computers, we see what the data 
are but consider that it has been 25 years 
since the crash in Alaska killed 24 
airmen in a 135 variant called the E3. 
That same airplane is taking off tonight 
with no changes on it that reduce bird 
strikes. It has been 10 years since Sully 
ditched his airplane in the river. Where 
are the changes? “Nada.” It has been 5 

years since Rich Dolbeer gave a mind-
boggling discovery that lighting effects 
bird strikes. We want to be the guys who 
do that. We want to be the catalyst that 
changes the scientific studies into stuff 
on airplanes and we want to do it as 
quickly as possible. My alternate title for 
this talk is “Let's get serious about bird 
strikes”. Look at the left-right bias in 
Slide 9 -- overall about a 6% difference 
and from that you have to conclude that 
the colour of wingtip lighting, the time 
of day and the landing lights affect bird 
strike events on airplanes. Bird strikes 
are an airplane problem. They are also 
an airport problem of course.  

If we know that where birds strike 
airplanes is not random, what else is it 
not random? I gathered data that I used 
to build a model (Slide 10). Using the 
latest wildlife strike report from the 
years 2013 to 2018, I used bird strike 
data from certificated airports. I 
discarded data where the exact location 
of the strike was unknown, but I added 
Honolulu because it had a fairly high 
strike volume. I ended up with 321 
airports in my model. Are there any 
guesses as to top bird strike airports in 
the U.S.? Denver? Sacramento? Both are 
correct, it depends on what time of year. 
Slide 11 shows the top 25 airports over a 
six-year period. Looking at it for the 
entire year, Denver, Dallas-Fort Worth, 
Chicago-O’Hare, Memphis, Detroit have 
the highest number of reported strikes 
and I included Kansas City and you will 
see why later on. By the way, where is 
our next to meeting going to be? Denver, 
right? Are you going to drive? Actually 
Denver is doing a tremendously good 
job. Slide 12 shows January on the left, 
December on the right. The blue line are 
the 6-year strike total for Denver, the red 
line is for DFW and brown is for O'Hare, 
yellow is for Memphis, light blue is for 
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Detroit and green is for Kansas City. 
There is something going on that is 
common between some of the airports 
but not to other airports. Slide 13 
represents the data only from Denver. 
There is a peak in strikes in the 
summertime. Something goes on in 
August where all the birds go to Halifax 
and then bird strike numbers go back up 
again in September and then declines 
during the winter. I thought the August 
hiatus in strikes had to be wrong, so I 
looked at each year individually (Slide 
14). Each of the years is plotted 
individually and there is nothing that 
would seem to cause that big jump, All 
those years of calculus were wasted. 
Highest peaks were in June July, low in 
August and then it comes back up again 
in September. Taking out the total 
expands each of the years so see better 
what is going on (Slide 15). Now you 
can see that there is something going on 
really from May through July and it is 
obviously some kind of migration event 
or whatever. But there's also something 
going on in August too.  
I looked at the couple of Great Lake 
airports. Slide 16 is O'Hare and Detroit. 
The pattern is pretty common - pretty 
much the same. So we have events there 
that are fairly predictable. Here are only 
2018 data for Chicago and Kansas City 
(Slide 17). Almost a match -- the same 
birds that go through Chicago probably 
go through Kansas City. There is a 
traffic difference resulting in a smaller 
number of strikes. Slide 18 shows a 
cuple of mid-South airports – Dallas-Ft. 
Worth and Memphis. Almost the same 
pattern as Chicago and Kansas City, but 
not quite. This is something that would 
be good for PhD thesis. Plotting the top 
20 airports by strike numbers during the 
6 years I used in my model (Slide 19) 
shows that Denver averaged 432 strikes 

per year. Dallas Love Field was the 
lowest at 121 strikes/year.  

Slide 20 looks at 7 airports by month for 
2018 only (Slide 20). I have added in 
Dayton, Ohio on this slide because I was 
giving a presentation to the Air Force at 
Dayton and I wanted them to see how 
their airport compared. I would like to 
look at DFW and Dayton in August. 
DFW has 51 strikes last year and Dayton 
had 7. We will see that strike count is 
absolutely not a good way to evaluate 
risk. Risk is, as we've already heard 
today from John, the number of strikes 
related to the number of flight operations 
(Slide 21). A flight operation is a takeoff 
or a landing. When a strike rate is 
calculated by dividing the number of 
strikes by the number of operations it 
represents a risk factor which is based on 
history. Looking closer at our example, 
the number of flight operations at Dallas 
during August 2018 was 33,000, the 
number of flight operations at Dayton 
was 4200 during that same period 
resulting in strike rates of 1.55 strikes 
per 1000 operations at DFW vs 1.67 
strikes per 1000 operations at Dayton. 
My risk is actually higher at Dayton. The 
problem with comparing two airports 
with very different operations can be 
seen in this example. If there is one 
flight at Billy Bob's grass field and one 
bird is struck then there is a 100% strike 
rate which is not a valid statistic. 
However, generally the strike risk is 
greater based upon the number of flight 
operations versus the number of birds 
struck. Factoring in movements, the 
highest risk airports in the country in 
2018 are presented in Slide 22. Number 
one is Kansas City. The airports outlined 
in red boxes are the top 5 airports based 
solely on total numbers of bird strikes.  

Slide 23 plots the original 7 airports by 
strike rate and Denver is way up there 
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for count variance. But there is also a 
decline in strike rate during August 
especially compared to the other airports 
for this month and all airports for 
February. Will high risk airports still be 
the highest risk airports in different 
months? No (Slide 24). In August 2018 
the highest strike risk based on number 
of strikes per 10,000 operations is 
Evansville, Indiana. The highest count 
airports are generally off to the right -- 
Detroit and Memphis are exceptions. But 
what you see is that there is an order of 
magnitude difference in February vs 
August where it was 40 (in August), now 
it is 4 (in February). Time of year makes 
a big difference.  
Let's look at the birds in August (Slide 
25).  

• Evansville, Indiana. I am trying 
to see if looking back only a year 
is accurate. Killdeer, Morning 
Dove, meadowlark. Then we 
look at the same thing over 6 
years. Morning Dove, Killdeer, 
meadowlark.  

• Kansas City. Swallows, Killdeer, 
Morning Dove, meadowlark. Six 
years: swallows, larks, Killdeer, 
meadowlark and SUB which 
stands for “Small Unknown 
Birds”. I guess the unknowns are 
probably swallows, large 
morning doves…  

• Dayton, Ohio: swallows, 
pigeons, Mourning Dove vs. 
swallows Killdeer, meadowlark 
and starlings. I care about the 
starlings because they have a 
higher mass resulting in a lot 
higher potential of damage so 
there is some value to looking 
back 6 years.  

• Fort Myers has completely 
different birds: swallows 

Morning Doves, nighthawks, but 
when you look at six years the 
birds struck are swallows, 
meadowlarks, Morning Doves 
and an alligator, but I didn't put it 
in the slide.  

• Columbus has same type of 
birds: Morning Dove, Killdeer, 
Canada Goose; and over 6 years 
there was Killdeer, Barn 
Swallow, Morning Dove, 
starlings.  

Slide 26 presents the bird species 
struck during February. And we have 
different airports that have the 
highest risk: Tampa; Oakland, 
California; Sacramento; Austin, 
Texas and Memphis. The risk factors 
for the top 20 airports in August 
ranged from 40 to 12, and now they 
range from 4 to less than 1 and the 
strikes were by completely different 
species (Slide 27),  

• Tampa had strikes in 2018 by 
Morning Doves, pelican, 
sandpiper and snapping turtle 
(we didn't have an altitude on 
him). 

• Oakland had strikes by owls, 
gulls and Kestrel.  

• Sacramento was ducks, gulls, 
meadowlark. Different kind 
of birds here because it is a 
different environment there.  

• Austin had a gull, a shrike, a 
Mourning Dove and three 
unknowns struck.  

• Memphis strikes are ducks, 
herons, meadowlark, 
unknown smalls and a 
coyote.  

Knowing what kind of birds are struck and 
when they are struck gives us the ability to 
put something on the airplane that can 
reduce those strikes. The risk is not random 
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(Slide 28). The probability of striking a bird 
is finite. Will you hit one if the probability is 
low? Of course you can. But we can 
quantify the risk to location, calendar date, 
types of threats, time of day. If we have that 
real-time risk analysis it can help us out. 
Why not give the FAA data base to the 
pilots in a way that is meaningful, or put it 
in the light and let the light figure it out 
without even involving the pilot. It can be in 
a microchip and the data base identifies all 
these things in such a way that the smart 
light can work without a pilot. You could 
put the data into the cockpit which is also a 
good thing for arrival and departure 
briefings. The smart light knows its speed, 
altitude, where it is in time and space and it 
even knows the sun angle if you choose to 
put that in. We could build a system that 
gives us a much greater chance of reducing 
bird strikes (Slide 29). From the micro-GPS 
we can obtain the speed, altitude, time, date 
and whatever; from the data base we get the 
top three bird threats and their altitudes 
when struck when it was filled in on the 
strike report. We can flash, or flicker the 
light, or do whatever we choose to do, and I 
won't go into the details here, to these 
additional lights. The lights would not affect 
the FAA requirements for visible lighting in 
any way. The good news is that somebody 
has already patented that light.  

Slide 30 is an example of such a system. If I 
have these data on my airplane, and I am 
going to fly from Memphis to Sacramento 
on May 21st I simply type into the system 
that I'm leaving Memphis at 1410Z and 
going to Sacramento to get there at 1700Z. I 
amm going to fly 0340. The system is now 
going to look plus or minus 3 days and plus 
or minus 2 hours from my departure and it 
will tell me that last year there was a strike 
with two starlings, there was a one lark 
struck, there was a one-starling strike at lift-
off, there was a red tail hawk struck at 
2700’, and 33 starlings struck on the right-

wing and radome on the take-off roll. With 
this information I am not just going to be 
looking at the airplane instruments, but I'm 
going to have my co-pilot looking plus or 
minus 20 degrees off to the sides on take-off 
to the altitude of 600 MSL. In Memphis that 
is about 300 ft. The other strike was at 50 
feet so we know they are at a low altitude. 
Now I know what the threat is, where to 
expect the threat. I then get to Sacramento, 
but didn't get there at 5 o’clock it is 5:22, but 
here is what's going on for that time (Slide 
31). A year ago 1 one jack rabbit was struck, 
one swallow was struck and an unknown 
bird was hit five miles northeast at 1500 ft. 
Not a big threat for bird strikes here, but it is 
important to know that as you are coming in.  
What about landing lights (Slide 32)? The 
Air Force through Clemson University did a 
test in 1989 and found that birds do not take 
evasive manoeuvres to avoid approaching 
aircraft with their landing lights on. The 
annual strike reports are right. They seem to 
conclude that this is true. There has to be 
some changes made to the landing lights. 
We are working on improving that and it 
should make a significant difference both at 
night and in dusk-dawn events. There is a 
6% difference between left and right wing 
due to wing tip colour in the daytime. 
Apparently the lights have an effect even 
when the sun is out. But there are some 
other things that can be done that perhaps 
are much more effective than lighting in the 
daytime. We are working on those things as 
well. About two-thirds of the bird strike 
events occur in daytime so it is important 
that we continue our research to improve 
lighting.  
Many bird strikes are undetected (Slide 34). 
Looking at 6 years in my model alone, there 
were 70,000 that were known, but there 
were 82,000 that were found. The crew 
failed to detect about 11,000 strikes over 
that period - which is about 13%. If 41% of 
strikes hitting the engines is true, then there 
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were 33000 engine events of which 4400 
were undetected. Those are dangerous 
strikes because when you take a bird into the 
engine it may do a little bit of damage. 
There are many accident reports and one 
comes to mind for Baltimore with Southwest 
Airlines. They watched birds fly by the 
aircraft on landing, and the engines looked 
good during their pre-flight inspection. But 
apparently they struck birds on arrival. On 
departure one of the engines comes apart. So 
they struck a bird and never knew it and that 
engine self-destructed. Had they known that 
they had taken a bird in the engine they 

could have powered back, still kept their 
electrics, and still kept their power to 
continue on.  
Slide 35 is a quick look at specialized intake 
lighting that is going to be more visible to 
the birds and address the 3D problem (Slide 
36). Lighting will help birds detect the 
airplane, help them avoid the airplane better, 
help them decide if the airplane is a threat 
and help him defeat the attack by the 
airplane. You have the ability to reduce bird 
strikes if you make aircraft lighting the next 
logical step (Slide 37). 
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