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Measuring effectiveness – strike data evaluations and the question of 
standardization 
John Weller, National Wildlife Biologist, US Federal Aviation Administration, Washington, D.C. 
20591 USA, john.weller@faa.gov 
Abstract. Airports and the FAA use various metrics to evaluate the effectiveness of their 
wildlife programs. Although the foundation for these evaluations must be quality strike data, 
there is no accepted standard beyond the number of damaging strikes (and incidents having a 
negative effect on flight) and/or comparisons using strike rate (or damaging strike rate) 
per number of operations. These basic metrics are beneficial to an individual airport but are they 
enough? Do they allow an accurate evaluation of an airport's efforts to reduce high-risk wildlife 
incidents year after year? In contrast to an individual airport's needs, the FAA uses these metrics 
to support the monitoring of triggering events.  
Strike rate has become an industry standard throughout the world and airfields have focused their 
efforts on reducing this number in order to supposedly improve the overall safety of aircraft 
operating into and out of their airspace. Comparisons laden with error are routinely 
made between airports to commend or condemn their efforts to mitigate the risk of a strike. 
Ultimately, the industry needs a standard metric or agreed-upon set of metrics to measure an 
airfield's performance relating to wildlife risk reduction. Consideration must be given to 
the practical use of biomass involved in strike incidents to provide a more complete layer of 
strike analysis. This measure can resolve a number of weaknesses related to strikes per 
operations and may incentivize the reporting of strikes and accurate species identification, 
irrespective of it being mandatory or voluntary. 

Two years ago at Dallas-Fort Worth for the 
US Bird Strike Committee meeting, we had 
several high-level talks about 
standardization of strike data-analysis. Here 
we are in 2019 and over the last year we 
kept realizing that there is no standard 
method that has been provided to the world 
by ICAO or by us, the regulators, or by the 
bird strike committees to analyze strike data. 
Although we really don’t like doing 
comparisons of airports, if you did a 
comparison it would be nice to have a 
standardized methodology. I had this 
grandiose idea a few months ago that I was 
going to take all the different methodologies 
for analyzing strike data and I was going to 
do a comparison of every single one of them. 
I was going to look at biomass. I was going 
to look at strikes per 10,000 operations and 
assess the different ratios between non-
damaging and damaging strikes. I was going 
to take a look at the different operations at 

the different airports and see how it all 
played out. Then I realized something about 
2 months ago that, and this is a confession, 
I'm an idiot! I'm a complete and total idiot. I 
don't have the capabilities to do that. I don't 
have the patience to do that. This is why 
Amy and I contract the USDA -- Phyllis 
Miller, Rich Dolbeer, Mike Begier and their 
whole team there to do all the analyzing for 
us. I don't have that capability.  
I started to do a paper chase by looking at all 
the international documents I could find and 
look to see who actually has provided some 
type of standards. When we evaluate our 
wildlife programs, everything always circles 
back to the strike data. Therefore, I 
examined ICAO Annex 14 (Slide 2). Annex 
14 explains what to do, but not how to do it. 
It says so in very vague terms which is not 
really helpful. Annex 14 states that “the 
wildlife strike hazard on, or in the vicinity of, 
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an aerodrome shall be assessed through the 
establishment of a national procedure for 
recording and reporting wildlife strikes to 
aircraft”. It does not have to be a mandatory 
strike reporting program for that nation. It 
can be a voluntary program. I also looked 
the regulations of the FAA of the United 
States and Section 139.337 (Slide 3). This is 
the closest we come to even talking about 
strikes and it is a voluntary system. We have 
in our regulation Paragraph F Subsection 6 
that also has two subsections, i and ii, that 
refer to the procedures to review and 
evaluate wildlife hazard management plans 
which every certificated airport must do 
every 12 months. When airports are 
evaluating their plan, as you see in i and ii, 
they must follow procedures to review and 
evaluate the plan’s effectiveness in dealing 
with known wildlife hazards on and in the 
airport’s vicinity and the aspects of wildlife 
hazards. You must have strike data to 
evaluate your program because I don't know 
any other way to evaluate the effectiveness 
of your program. And if you must have 
strike data, then why haven't we, the FAA or 
anybody else, developed at least minimum 
standards for the analysis of strike data? We 
need a step-by-step process to evaluate 
airport wildlife programs using strike data.  

How do airports determine the effectiveness 
of their program? What can be done just to 
meet Regulatory Compliance (Slide 
4)?Airlines can just follow the regulations, 
but if you are an aerodrome, while there is a 
probability that you will achieve a certain 
level of safety by just following the 
regulations, not the high level of safety that 
we demand, that the public demands, from 
all of us. Regulations are a low bar – a 
starting point. A possible standard method is 
that you could monitor the safety data which 
is very broad and reactive. Monitoring hull 
losses and fatalities –is a horrible way to 
determine the effectiveness of your program. 

We can also monitor trends by doing a data 
gap analysis. If done on a systematic, 
regular basis, it will provide an effective 
way to evaluate your program every month, 
or annually. This is where we want to go 
with standardization of strike data analysis. 
Whether you call them metrics, as they are 
called in the U.S. or KPIs (Key Performance 
Indicators), which is the more commonly-
used term elsewhere, (Slide 5), they rely on 
standardized data inputs.  

• Metrics are quantifiable measures 
used to gauge performance or 
progress, but keep in mind that they 
can also be qualitative.  

• Metrics use data from a live source, 
something that is continuing to feed 
itself so you will continue to get 
fresh new data to follow the trends.  

• Select metrics that track procedures 
for increasing safety like strike data 
ratios and trends, number of airports 
with wildlife plans, number of 
airlines and airports reporting strikes, 
etc.  

• All your KPIs, they are metrics, but 
not all metrics are KPIs.  

• KPIs are key performance indicators 
so you can have several metrics, but 
there may be only one or two KPIs 
that focus in on your problem. 

The FAA has a few Metrics or KPIs. In 
Slide 6, the first bullet in the red, the ratio 
between damaging and non-damaging 
strikes, is a key performance indicator that 
Richard Dolbeer has monitored during the 
last 20 - 25 years. Metric number two, 
monitor the number of damaging strikes per 
100,000 operations gives a good indicator 
what's going on. We have other metrics that 
you can see on Slide 6: monitoring the 
number of Part 139 cetificated airports with 
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wildlife hazard assessments. We now have 
100% compliance because Amy and I have 
been pushing for this through a voluntary 
system. In the U.S. not only can we not 
mandate strike reporting because of a cost-
benefit analysis telling us we can't do it, we 
can’t even mandate wildlife hazard 
assessments or management plans for all of 
our certificated airports that take federal 
money. We can’t even mandate that because 
a cost-benefit analysis was not in our favour.  
When considering a system of metrics or 
KPIs for your program, you want to take 
your time and do it right - evaluate your 
program and come up with really 
meaningful metrics. As you can see just this 
quote from Abe Lincoln (Slide 7): If you 
give me six hours to chop down a tree, he'd 
spend the first 4 hours sharpening his axe. 
That’s all about getting prepared. There is 
another quote about defining your problem. 
Albert Einstein (Slide 8) said “If I had an 
hour to solve a problem and my life 
depended on the solution, I’d spend the first 
55 minutes determining the proper question 
to ask” because once he has the proper 
questions defined, then he can actually solve 
the problem in just a few minutes. We need 
to take the time to prepare and to define 
what the problems are. These are very 
generic ideas -- things we take for granted. 
However, you can be in a wildlife program 
for years and think you have it all under 
control. “If it is big animals and it is 
flocking animals and if they're within 5 
miles or 8 miles or 13 km of the aerodrome, 
then I've got it under control”. But the 
question is - do you really have it under 
control, or are you just living lucky. Because 
living lucky isn’t professional. That is not 
the way to do it. And so you need to define 
what the problem is and evaluate your 
program correctly using strike data (Slide 9).  
There are two airports in United States that 

consistently have 300 - 400 strikes per year. 
Although that sounds like a high number of 
strikes, it is not. There are a certain number 
of operations and they are having most 
strikes with small birds which is much more 
acceptable. To measure the effectiveness of 
a wildlife program we need to use strike 
totals, but there are a number of options. 
Everybody just says “yep, I got 40 strikes 
last year, not too bad.” Well is it not too 
bad? “We only had three damaging strikes.” 
In the United States we had 16000 strikes 
reported last year and over 25.5 million 
operations. Therefore, we had approximately 
44 strikes per day and 70,000 flights per day. 
By looking at not just the number of strikes, 
but the number of damaging strikes per 
operations, we have on average two 
damaging strikes per day. About 4.4% of all 
strikes that are reported to our database are 
damaging strikes. We have two damaging 
strikes per day with 70,000 flights, or on 
average, 1 damaging strike for every 35,000 
flights. Overall, there is about one strike for 
every 1600 flights. While we say that strikes 
are rare events, they happen every day. In 
fact they happen on average every hour of 
every day. Therefore, calling them rare is a 
misnomer. I looked at all these different 
strike statistics and I talked to people like 
Phil Shaw, Nick Carter and Gary Searing. 
Gary has been talking about biomass as a 
metric since 2001. This is one more standard 
method, another option that can be used to 
analyze strike data. Talking about wise 
people, I am going to include my wife 
because when I talked to Amy [Anderson], 
Nick Yearwood and Andy Baxter in order to 
come up with one standard way of looking 
at strike data, the more people I talked to the 
more confusing it got. I was complaining 
about this at home and my wife says (Slide 
10) “pull your head out of your aft and make 
a decision”. Aren’t you a professional 
biologist? She put everything in perspective. 
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Sometimes you think about this too hard.  
Slide 11 shows the expectations of strike 
data. Whether you are a regulator, an 
Aerodrome, or an engine or airframe 
manufacturer, there are expectations from 
strike data. This is why non-damaging 
strikes are just as important as damaging 
strikes. As a regulator, Amy and I need 
enough information coming in so we can 
determine the high-risk species. What are 
those hazardous species? There is a reason 
why Dr. Richard Dolbeer and Dr. Travis 
DeVault from the USDA they've given us a 
list of hazardous species based on strike data. 
Strike data allow us to track national trends 
and provide the foundation for all of our 
regulations. Every regulation that we write 
has its foundation in the strike data. Airports 
and aerodromes need enough quality data to 
identify and mitigate the hazardous species. 
They use the data to determine strike 
dynamics, attractants within 5 miles or 13 
kilometres of the aerodrome and hopefully 
to evaluate the effectiveness of their wildlife 
program. On our bird strike committee we 
have airframe and engine manufacturers. We 
are very fortunate to have Kim Owen from 
Boeing and Craig Quick from GE. They 
need strike information whether it's for 
damaging strikes or not to evaluate the 
effectiveness of their components.  
Now I have looked at Annex 14 and I have 
looked at the FAA regulations and standards 
without much success. On the top left of 
Slide 12 ICAO’s airport services manual 
Part 3 wildlife control and reduction. This is 
the manual that tells us how to do wildlife 
management. Annex 14 is in the middle and 
the manual for ICAO’s IBIS next to that and 
the finally the International Bird Strike 
Committee’s recommended practices. I 
looked again at Annex 14 (Slide 13). This is 
all the content there is for wildlife hazards in 
Annex 14 –one page of information, high-

level and not helpful. I then went to the 
airport services manual (Slide 14) and found 
Section 4.3 on collecting, reporting and 
recording bird strike data. In subsection 
4.3.3 it states that all bird and wildlife 
strikes must be reported to the airport, but a 
little farther down it states that the overall 
risk does not necessarily stem from the pure 
total of bird and wildlife strikes.  Section 4.4 
(Slide 15) is about risk assessment. 
Subsection 4.4.1 states that with a good set 
of bird and wildlife strike data the airport 
should conduct a risk assessment using 
strike data for each species and update these 
regularly. It does not tell us anything about 
how to analyze strike data. It doesn't say 
whether we should use the total number of 
strikes or anything. Chapter 6 (Slide 16) 
talks more about risks and determining risk 
but nothing on how to analyze strike data. It 
mentions biomass of all species that were 
struck, but it does not tell us anything else. It 
just says that would be something good to 
consider. I also looked at ICAO’s IBIS, the 
manual on ICAO’s bird strike information 
system (Slide 17). In the table of contents I 
found Chapter 2 on analyses of bird strike 
reports. However, when I looked at Chapter 
2 (Slide 18) there was nothing helpful and it 
tells you it may be misleading to compare 
bird strike rates between different airlines, 
aircraft types, or aerodromes even within a 
single state. In addition, bird strike rates 
may not necessarily reflect the degree of 
bird hazard that may exist. So guidance that 
is not helpful. We are looking for standards 
that will help move the performance bar up a 
little bit. Then I looked at the International 
Bird Strike Committee recommended 
practices (Slide 19). They have some great 
information in this best management 
practices manual. They sate that all strikes 
should be reported whether or not they cause 
damage to the aircraft. But they nothing 
about methodology. Standard 7 (Slide 20) 



Weller, J. 2019. Measuring effectiveness – strike data evaluations and the question of 
standardization. Proceedings of the North American Bird Strike Conference 17:23-43. Halifax, 
Nova Scotia. 

 27 

repeats much of what ICAO tells us, but it 
doesn't tell you how to analyze strike data. 
So we are left having to come up with our 
own standardized methods to analyze strike 
data.  
We have international and national training 
programs. The FAA has three pages of 
curriculum of information that must be 
covered to become a qualified airport 
wildlife biologist. And in that 3-day training 
course, among the reams and reams of 
information that is covered and for which 
participants are held accountable, the course 
only generically covers strike data by 
suggesting monitoring damaging strikes 
versus non-damaging strikes and total 
strikes by number of operations operations. 
It doesn’t include biomass.  I then turned to 
our manual (Slide 21) which we jokingly 
call “the bible” for wildlife hazard 
management of airports in the United States. 
It is a 367 page manual on how to conduct 
wildlife management at airports. It is not 
high-level, but it doesn't help at all with 
different ways to analyze strike data. Finally, 
I looked at Advisory Circular 32, on the 
right in Slide 21. Thisis our advisory circular 
on reporting wildlife strikes and there is 
nothing there about how to use strike data. 
We produced an advisory circular on the 
importance of how to actually report wildlife 
strikes and what that information can be 
used for, to help you evaluate your program, 
but not a the step-by-step methodology on 
how to do that using strike data.  
Amy and I rely so heavily on the USDA to 
do all the analysis with our strike data. We 
have about 230,000 strike records in our 
database. 16000 just from 2018. Every year 
Dr. Richard Dolbeer, Phyllis Miller and 
Mike Begier send us a one hundred page 
report (Slide 22) in which there are many 
different ways to evaluate strike data and 
you can evaluate which approaches you 

think are better than others. I encourage 
everybody to do that. Table 1 says it all. 
Table 1 presents the year, total strikes and 
damaging strikes for the US, those that 
happened to US aircraft on foreign soil and 
totals of both. That annual strike report can 
be used it to evaluate the FFA’s regulatory 
program, and airports can use this 
information to evaluate their own wildlife 
program. The report contains descriptive 
statistics such as the overall number of 
strikes and total damaging strikes (Slide 23). 
On the left you will see actually total strikes 
and how that number goes up from 1750 
strikes reported in 1990 to over 16000 in 
2018. The graph on the right is the same for 
damaging strikes. This is a very descriptive 
way of presenting data, but it is helpful. 
Total strikes and the ratio of total strikes to 
damaging strikes can be useful to determine 
the strike profile at airports. The pattern of 
strikes for the phase of flight, time of day, 
diurnal vs nocturnal over the last 29 years 
has not changed. This pattern is within 2-3 
percentage points for the different countries 
worldwide. Most strikes happen below 1500 
feet (Slide 24). You could say most strikes 
happen below 3500 feet. That is your bird-
rich environment. That is your strike zone.  
This is what descriptive statistics can tell us, 
but if you want to go deeper into your data 
then you have to talk to someone like Gary 
Searing, or Phil Shaw, or Nick Carter -- 
people that actually enjoy the pain of 
calculators (Slide 25). And so Phil and Jeff 
Follett thank you and Gary, gave me a quick 
education last night and sent me this 
information. They have all given 
presentations in the past on using the 
biomass metric and I will not go into detail 
with it, but I want to thank Phil for sharing 
this. Nick Carter did something very similar 
to this, but he had a different way of looking 
at the overall biomass. This is a method that 
has rarely been used and I may be speaking 



Weller, J. 2019. Measuring effectiveness – strike data evaluations and the question of 
standardization. Proceedings of the North American Bird Strike Conference 17:23-43. Halifax, 
Nova Scotia. 

 28 

out of school a little bit here Phil, so please 
correct me in about 2-3 minutes when I 
finish up, but this is used in Australia and 
the use of biomass may be used in one or 
two or three other countries, but it is a rarity 
that I hear anybody talking about it. 
Nevertheless, it is a real option and it is 
incredibly accurate and a fair way to level 
the playing field when you're looking at data 
from one place to another. You can calculate 
how much meat was struck either last week 
or last month, or on a seasonal basis per 
operation. For example, we have two 
airports, Airport A and Airport B (Slide 26). 
These two airports have different types of 
movements and, when doing comparisons, 
you need to be aware of the proportion of 
movements consisting of piston propeller, 
turbine propeller or turbo jet aircraft. 
However, for our example we have two 
airports with vastly different number of 
operations. Airport A has 5 strikes and 
Airport B has 50 strikes (Slide 27), and 
10,000 movements versus 100,000 
movements. If you look at this in terms of 
strikes per operations, you end up with 
something that is very misleading. You have 
five strikes per 10000 operations for both 

airports. But if you add one additional strike 
to both of these airports you have 6.0 strikes 
per 10,000 operations or 5.1 strikes per 
10,000 operations which means you have a 
20% increase at Airport A from just on 
additional strike but a 2% increase at Airport 
B. This is why we rarely compare airports.  
When measuring the effectiveness of the 
strike data (Slide 28) these are some of the 
options you have. You may make use of two 
or three of these, you may use just one of 
these. There is no current standard for 
analyzing strike data (Slide 29). There may 
never be a single standard, but it would be 
nice if we had two or three standard methods 
that everybody had agreed on and had 
access to a step-by-step process for strike 
data analysis. I will always argue that 
looking at your data with just one 
methodology, one standard method, is a 
pitfall of pain. You want to look at your data 
in two or three or four different ways, but 
we should all have access to standard 
methods on how to do that. This is, of 
course, what we are shooting for. I 
appreciate your time and if you have any 
questions, this might be the time for them 
(Slide 30). 
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