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A CRJ 200 struck a flock of white pelicans at 5,000 feet above ground level during descent
at about 20 miles from an airport in Arkansas, 1 April 2011. The radome, radar, electronic
equipment, and both engines sustained damage. The #1 engine was shut down and an
emergency was declared. The aircraft landed safely.

Breeding population of white pelicans has increased over 6
fold in North America, 1990-2010
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Anyone with quality photographs of aircraft damage resulting from wildlife strikes or of wildlife-
related issues or activities at airports is encouraged to submit them to one of the authors for

consideration in future publications.
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The resident (non-migratory) population of Canada geese, which increased dramatically
during the 1980s and 1990s, appears to have stabilized at about 3.5 million birds during
the last decade. Early-season (September) hunting combined with various management
actions in urban areas (e.g., egg oiling, goose removals during the molting season) are
the likely reasons for this stabilization (Dolbeer 2011). Reported Canada goose strikes
with civil aircraft in USA have declined from a high of 87 in 1998 to 45 in 2011.

viii



Wildlife Strikes to Civil Aircraft in the United States, 19907 2011

EXECUTIVE SUMMARY

In 2011, the FAA and USDA continued to make great progress with its multifaceted
approach for mitigating wildlife strikes. We have expanded outreach to increase general
aviation strike reporting, continued a robust research program, and incorporated new
technology to allow simplified and paperless strike reporting. The FAA also continued to
provide Airport Improvement Program (AIP) funding to airports to conduct Wildlife
Hazard Assessments (WHAs) and develop Wildlife Hazard Management Plans
(WHMPs). These efforts have led to increased strike reporting in both commercial and
general aviation. While strike reporting has increased, significant, damaging strikes have
remained stable.

The FAA developed a new Report Wildlife Strikes awareness poster and distributed
12,000 posters to more than 4,000 Part 139 airports, General Aviation airports, aviation
flight schools and the aviation industry in 2011. The distribution of strike awareness
posters is one of several outreach activities to improve strike reporting and safety at
airports.

In August 2011, Embry Riddle Aeronautical University (ERAU) surveyed wildlife strike
reporters to better understand their demographics and improve the strike reporting
system based on their feedback. The study was initiated through the interagency
agreement between the FAA and USDA and collaborative efforts with ERAU.
Subsequent recommendations to improve outreach and the ease and accessibility of
strike reporting have been implemented while methods to improve communication,
feedback, cooperative efforts between agencies and reporting parties and training are
being investigated.

The FAA continues work with industry to encourage all certificated airports to conduct
WHASs, even if the certificated airport has not experienced one of the triggering events
specified in Part 139. The FAA also encourages federally obligated GA airports to
conduct WHAs or Wildlife Hazard Site Visits (WHSV) to provide fundamental wildlife and
habitat information for an effective, airport-specific, wildlife hazard mitigation program.

Our research efforts continue. The cooperative FAA/USDA APHIS WS National Wildlife
Research Center (NWRC) continues its efforts to improve wildlife management
techniques and practices on and near airports. These efforts include:

Alternatives to habitat management to reduce attraction to hazardous species
Techniques for controlling species by restricting access to attractive features like
storm water ponds

Technologies for harassing and deterring hazardous species

Evaluation of avian radar systems for detecting and tracking birds on or near
airports

1 Aircraft-mounted alternating, pulse lights to enhance aircraft detection and deter
wildlife strikes

= =

= =4
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The FAA continues to evaluate the capability of commercially available, low-cost,

portable radars to reliably detect and track birds on or near airports. The Center of

Excellence for Airport Technology (CEAT) at the University of lllinois has served as the

FAAG6s research partner for the perforamiamce as
radar systems have involved Accipiter Radar Technologies Inc. and were deployed at
Seattle-Tacoma and Whi dbey I sl and Naval Station in
John F. Kennedy and Dallas-Fort Worth in 2010.

Additional evaluations have continued through FAA's multi-year agreement with USDA
who teamed up with the National Center of Atmospheric Research (NCAR) and Indiana
State University to further evaluate the performance of bird radar systems. The effort
brings together experts in wildlife biology, ornithology, radar engineering, and system
integration from government, industry, and academia to evaluate the MERLIN Avian
Radar System by DeTect, Inc., one of several radar systems used to detect birds at and
near airports. The assessment efforti s part of the FAAO6s overall
effectiveness of commercially available avian radar detection systems at U.S. civil
airports when used in conjunction with other known wildlife management and control
techniques. Though it is well established that radar can detect wild birds, there is little
published information concerning the accuracy and detection capabilities related to
range, altitude, target size, and effects of weather for avian radar systems.

In November, 2010, the FAA published a performance specification in the form of an

Advisory Circular 150/5220-25 Airport Avian Radar Systems, which airports can use to
competitively purchase bird radar systems. The guidelines provide the operational
considerations of acquiring and using the technology to enhance wildlife hazard

mitigation practices on civil airports. Under some circumstances, procurement of bird

radar systems may be el igible for funding L
Program. The FAA will continue to evaluate commercially available avian radars and

emerging sensor technologies. A new research effort will begin the end of 2011 that will

examine the feasibility and practicality of pilots and air traffic controllers using bird radar

data.

The FAA funded and assisted with the development of two new Airport Cooperative
Research Program (ACRP) reports to aid General Aviation airports with the mitigation of
wildlife hazards. Two-thousand seven hundred and seventy copies of ACRP Report 32
Guidebook for Addressing Aircraft/ Wildlife Hazards at General Aviation Airports and
ACRP report Synthesis 23 Bird Harassment, Repellent, and Deterrent Techniques for
Use on and Near Airports were distributed in October 2011 to all federally obligated
National Plan of Integrated Airport System (NPIAS) General Aviation airports. The
reports, published in 2010 and 2011 respectively, provide practical guidance and specific
techniques on how to address wildlife strikes at airports with a specific emphasis on the
general aviation community.

In 2010 and continuing through 2011, the FAA, USDA, Airlines for America (i.e., formerly
the Air Transport Association) and the Air Line Pilots Association requested that the
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Commercial Aviation Safety Team (CAST) formally charter a Joint Safety Analysis Team
or similar effort to review the wildlife strike/ aviation problem. CAST determined that the
Joint Implementation Measurement and Data Analysis Team (JIMDAT) group would
track wildlife strikes and provide periodic monitoring reports to CAST concerning wildlife
strikes. The JIMDAT group is collaborating with FAA AAS and USDA to refine database
guery methods to increase efficiency and better reporting on the issue to the CAST.

Technological advances have helped ease and streamline the strike reporting process.

The form used to report wildlife strikes, FAA Form 5200-7, Bird/Other Wildlife Strike

Report, has been available online since April 2001. In addition, the FAA developed

mobile application software that allows strike reporting from your smart phone. An

extension to the mobile application software also placed a Quick Response (QR) Code

for smart phones on the bottom of the 2011 AR
anyone to report a wildlife strike via the web or their personal data devices. As a result,

electronic filings have dramatically increased every year after. Last year, 84 percent of

the 10,083 strike reports were filed electronically.

Increased media attention to wildlife strikes with aircraft, such as the emergency forced
landing of US Airways Flight 1549 in the Hudson River on 15 January 2009 after Canada
geese were ingested in both engines on the Airbus 320, has dramatically demonstrated
to the public that wildlife strikes are a serious but manageable aviation safety issue.
However, the civil and military aviation communities have long recognized that the threat
from aircraft collisions with wildlife is real and increasing. Globally, wildlife strikes have
killed more than 231 people and destroyed over 220 aircraft since 1988. Factors that
contribute to this increasing threat are increasing populations of large birds and
increasing air traffic by quieter, turbofan-powered aircratft.

This report presents a summary analysis of data from the National Wildlife Strike
Database for the 22-year period 1990 through 2011. A sample of significant wildlife
strikes to civil aircraft in the USA during 2011 is also included as an appendix.

This annual report is based on information from a portion of the available data fields
contained in the NWSD. These reports provided summary information on the nature of
wildlife strikes in a format that continues to be found useful by the aviation industry. The
NWSD is available to the public. Interested parties can query and examine the data
independently at the FAA wildlife strike database website (http://faa.gov/go/wildlife). The
web site has search fields that enable users to find data on specific airports, airlines,
aircraft, and engine types, as well as damage incurred, date of strike, species struck, and
state without having to download the entire database.

Although wildlife strike reporting is voluntary, and in some cases uneven, it has steadily
increased. It continues to provide adequate data to determine national trends and for the
development of national policy. Analyses of the database can produce dissimilar
comparisons that involve subject matter such as airports and airlines. Disparities that
contribute to this variability include the presence/ absence of an airport-based wildlife
hazard management program, integration of internal airline and airport strike reporting

Xi
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with the NWSD, variability in geography and topography of the airport, on-site and off-
site habitats and wildlife attractants, aircraft type, number and time of day of aircraft
movements, and the proximity of seasonal avian migration routes. Although the largest
single-year increase for reported strikes occurred in 2009 and continued to increase in
2011, there continues to be a need for increased reporting from GA airports, various
certificated airports, and airlines and more detailed reporting of information (i.e., species
identification, damage incurred, estimated costs) about wildlife strikes.

The number of strikes annually reported has increased over 5-fold from 1,804 in 1990 to
10,083 in 2011 (119,917 for 1990-2011). Prior to the emergency forced landing of US
Airways Flight 1549 in the Hudson River there was an average of 20 reported wildlife
strikes/ day within the five years between 2004 and 2008. This increased to an average
of 26 reported strikes per day in 2009; a 25-percent rise from 2008. This trend continued
throughout 2011 with 27.6 strikes per day reported. A comparison of strikes specifically
reported from known commercial air carrier aircraft and general aviation aircraft operators
showed that the former increased 29.2 percent from 2008 to 2011 (4,623 strikes per year
to 5,973, respectively) while the latter increased 38.5 percent from 2008 to 2011 (648
strikes per year to 898, respectively). Birds were involved in 97.1 percent of the strikes,
terrestrial mammals in 2.3 percent, bats in 0.5 percent and reptiles in 0.1 percent.
Although the number of reported strikes has steadily increased, the number of reported
damaging strikes has actually declined from 765 in 2000 to 541 in 2011.

The number of USA airports with strikes reported increased from 333 in 1990 to a record
597 in 2011. The 597 airports with strikes reported in 2011 were comprised of 369
airports certificated for passenger service under 14 CFR Part 139 and 228 general
aviation airports. From 1990 - 2011, strikes have been reported from 1,714 USA airports.

Fifty-two percent of bird strikes occurred between July and October; 30 percent of deer
strikes occurred in October - November. Terrestrial mammals are more likely to be struck
at night (63 percent) whereas birds are struck more often during the day (62 percent).
Both birds (60 percent) and terrestrial mammals (64 percent) are more likely to be struck
during the landing (i.e., descent, approach or landing roll) phase of flight compared to
take-off and climb (37 percent and 34 percent, respectively).

For commercial and general aviation (GA) aircraft, 72 and 75 percent of bird strikes,
respectively, occurred at or below 500 feet above ground level (AGL). Above 500 feet
AGL, the number of strikes declined by 33 percent for each 1,000-foot gain in height for
commercial aircraft, and by 41 percent for GA aircraft. Strikes occurring above 500 feet
were more likely to cause damage than strikes at or below 500 feet. The record height
for a reported bird strike was 31,300 feet.

From 1990 to 2011, 462 species of birds and 38 species of terrestrial mammals were
identified as struck by aircraft. Waterfowl, gulls, and raptors are the species groups of
birds with the most damaging strikes; Artiodactyls (mainly deer) and carnivores (mainly
coyotes) are the terrestrial mammals with the most damaging strikes. Although the
percentage of bird strikes with reported damage has averaged 10 percent for the 22-year
period, this number has declined from 19 percent in 1990 to 5 percent in 2011. For
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terrestrial mammals (22-year average of 35 percent), the decline has been from 83
percent in 1990 to 10 percent in 2011.

Also noted from 1990 to 2011, a negative effect-on-flight was reported in 7 percent and
23 percent of the bird and terrestrial mammal strike reports, respectively.
Precautionary/emergency landing after striking wildlife was the most commonly reported
negative effect (4,353 incidents), including 46 incidents in which the pilot dumped fuel (an
average of 13,070 gallons) to lighten aircraft weight and 76 incidents in which an
overweight (heavy) landing was made. Aborted takeoff was the second most commonly
reported negative effect (1,922 incidents). These negative incidents included 805
aborted takeoffs at >80 knots.

Fifty-seven strikes have resulted in a destroyed aircraft; thirty-two (56 percent) of these
occurred at a general aviation airport. The hazard level for 108 bird species with 30 or
more strikes, based on a composite of the percent of strikes causing damage, major
damage, and a negative effect-on-flight, ranged from less than 1 percent for 23 species
to 52 percent for snow geese.

This analysis of 22 years of strike data documents the progress being made in reducing
damaging strikes. Management actions to mitigate the risk have been implemented at
many airports since the 1990s; these efforts are likely responsible for the general decline
in reported strikes with damage from 2000-2011 in spite of continued increases in
populations of many large bird species. However, much work remains to be done to
reduce wildlife strikes. Management actions at airports should be prioritized based on
the hazard level of species (Table 19) observed in the aircraft operating area.

The successful mitigation efforts at airports that have reduced damaging strikes in recent
years have done little to reduce strikes outside the airport boundaries. To address
strikes above 500 feet AGL, the general public and aviation community must first widen
its view of wildlife management to minimize hazardous wildlife attractants within 5 miles
of airports. Second, on-going research and mitigation efforts to further develop and
incorporate avian radar and bird migration forecasting and to study avian sensory
perception to enhance aircraft detection and avoidance by birds should be maintained.
Third, Federal guidance on wildlife hazards at airports should continue to be reviewed,
and where necessary revised, to incorporate new information about wildlife hazards and
wildlife strike reporting trends. Finally, Part 139 certificated airports, general aviation
facilities, aircraft operators and the aviation industry should continue to provide as much
detailed information as possible about wildlife strikes, such as species identification and
number of wildlife struck, time and altitude of strike, and damage costs.
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WILDLIFE STRIKES TO CIVIL AIRCRAFT IN THE UNITED STATES,
19901 2011

A B-737-800 departing Washington National Airport ingested a Canada goose into the #1
engine at 1,200 feet above ground level, 28 February 2011. The engine was shut down
and the flight diverted to nearby Washington Dulles International Airport where a safe
landing was made. Aircraft was out of service for 110 hours; repair costs were about
$800,000. Photo, A. Coe, USDA.

INTRODUCTION

The emergency forced landing of US Airways Flight 1549 in the Hudson River on 15
January 2009 after Canada geese were ingested in both engines on the Airbus 320
(National Transportation Safety Board 2010, Marra et al. 2009) dramatically
demonstrated to the public at large that bird strikes are a serious aviation safety issue.
However, the civil and military aviation communities have long recognized that the
threat to human health and safety from aircraft collisions with wildlife (wildlife strikes) is
real and increasing (Dolbeer 2000, MacKinnon et al. 2001). Globally, wildlife strikes
have killed more than 231 people and destroyed over 220 aircraft since 1988
(Richardson and West 2000; Thorpe 2003; 2005; 2010, Dolbeer, unpublished data).
Three factors that contribute to this increasing threat are:
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1. Many populations of large bird and mammal species commonly involved in strikes
have increased markedly in the last few decades and adapted to living in urban
environments, including airports. For

example, the resident (non-migratory) e GVERFLOW
1 = PARKING

Canada goose population in the USA
and Canada increased from about 0.5
million to 3.5 million from 1980 to 2000,
a level that has stabilized over the past
decade (Dolbeer 2011). Other large-bird
species that have shown significant
population increases from 1980 to 2010
include bald eagles (6.4 percent annual
rate of increase), wild turkeys (9.9
percent), turkey vultures (2.6 percent), A i :
American white pelicans (7.7 percent), A turkey hen leads her young across a road

double-crested cormorants (6.1 percent), | Ne&’ an airport in New Hampshire. The hen
wears a tag and transmitter to help biologists

sandhill cranes (5.9 percent), osprey (3.3 track movements and devise plans to keep the
percent), and red-tailed hawks (1.8 | birds off airports. Photo, D. Bargeron, USDA.
percent, Sauer et al. 2011). Thirteen of
the 14 bird species in North America with mean body masses greater than 8 pounds
(3,6 kilograms) showed significant population increases from 1970 to the early
1990s (Dolbeer and Eschenfelder 2003). The white-tailed deer population increased
from a low of about 350,000 in 1900 to about 15 million in 1984 and to over 28
million in 2010 (McCabe and McCabe 1997, VerCauteren et al. 2011).

. ' At

2. Concurrent with population increases of many large bird species, air traffic has
increased since 1980. Passenger enplanements in the USA increased from about
310 million in 1980 to 715 million in 2011 (2.7 percent per year), and commercial air
traffic increased from about 17.8 million aircraft movements in 1980 to 25.2 million in
2011 (1.1 percent per year, Federal Aviation Administration 2012a). Commercial air
traffic in the USA is predicted to continue growing at a rate of about 1.2 percent per
year to 37 million movements by 2030.

3. Commercial air carriers have replaced their older three or four-engine aircraft fleets
with more efficient and quieter, two-engine aircraft. In 1965, about 90 percent of the
2,100 USA passenger aircraft had three or four engines. In 2005, the USA
passenger fleet had grown to about 8,200 aircraft, and only about 10 percent had
three or four engines (U.S. Department of Transportation 2009). With the steady
advances in technology over t heengne artrafts ev er
are more power ful t h a n -engine direraft,daadyth@ysaretmbre e e a
reliable. However, in the event of a multiple ingestion event (e.g., the US Airways
Flight 1549 incident on 15 January 2009), aircraft with two engines may have
vulnerabilities not shared by their three or four engine-equipped counterparts. In
addition, previous research has indicated that birds are less able to detect and avoid
modern jet aircraft with quieter turbofan engines (Chapter 3, International Civil
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Aviation Organization 1993) than older aircraft with noisier (Chapter 2) engines
(Burger 1983, Kelly et al. 1999).

As a result of these factors, experts within the Federal Aviation Administration (FAA),
U.S. Department of Agriculture (USDA), U.S. Navy and U.S. Air Force expect the risk of
wildlife-aircraft collisions to be a continuing challenge over the next decade.

The FAA has initiated several programs to address this important safety issue. Among
the various programs is the collection and analysis of data from wildlife strikes. The
FAA began collecting wildlife strike data in 1965. However, except for cursory
examinations of the strike reports to determine general trends, the data were never
submitted to rigorous analysis until the 1990s. In 1995, the FAA, through an
interagency agreement with the USDA, Wildlife Services, (USDA/WS), initiated a project
to obtain more objective estimates of the magnitude and nature of the national wildlife
strike problem for civil aviation. This project involves having specialists from the
USDA/WS: (1) edit all strike reports (FAA Form 5200-7, Bird/Other Wildlife Strike
Report) received by the FAA since 1990 to ensure consistent, error-free data; (2) enter
all edited strike reports in the FAA National Wildlife Strike Database; (3) supplement
FAA-reported strikes with additional, non-duplicated strike reports from other sources;
(4) provide the FAA with an updated computer file each month containing all edited
strike reports; and (5) assist the FAA with the production of annual and special reports
summarizing the results of analyses of the data from the National Wildlife Strike
Database. Such analyses are critical to determining the economic cost of wildlife
strikes, the magnitude of safety issues, and most important, the nature of the problems
(e.g., wildlife species involved, types of damage, height and phase of flight during which
strikes occur, and seasonal patterns). The information obtained from these analyses
provides the foundation for FAA policies and guidance and for refinements in the
development, implementation, and justification of integrated research and management
efforts to reduce wildlife strikes.

The first annual report on wildlife strikes to civil aircraft in the USA, covering 1994, was
completed in November 1995 (Dolbeer et al. 1995). Since then we have published 16
subsequent annual reports covering the years from 1990 to the present. This is the 18"
report in the series and covers the 22-year period, 1990-2011. Current and historic
annual reports are accessible as PDF files at:
http://www.faa.gov/airports/airport_safety/wildlife/

This report presents a summary analysis

Database for the 22-year period 1990 through 2011. Unless noted otherwise, all totals
are for the 22-year period, and percentages are of the total known. Because of the large
amount of data, some of the tables do not display data for individual years, 1990 through
2011; however, Figures 1-4 and 8-11 display trends in strikes for the 22-year period.

To supplement the statistical summary of data presented in tables and graphs, a sample
of significant wildlife strikes to civil aircraft in the USA during 2011 is presented in
Appendix A. These recent strike examples demonstrate the widespread and diverse

of
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nature of the problem. A more extensive list of significant strike events, 1990-2011, is
available at http://www.faa.gov/airports/airport_safety/wildlife/.

RESULTS

NUMBER OF REPORTED STRIKES

For the 22-year period (1990-2011), 119,917 strikes were reported to the FAA. Birds
were involved in 97.1 percent of the reported strikes, terrestrial mammals in 2.3 percent,
bats in 0.5 percent and reptiles in 0.1 percent (Table 1).

The number of strikes annually reported has increased 5.6-fold from 1,804 in 1990 to a
record 10,083 in 2011 (Table 1, Figure 1). The 25 percent increase in reported strikes
from 2008 to 2009-2011 was likely a result of an increased awareness of the wildlife
strike issue and cooperation within the aviation industry to report strikes following the
Airbus 320 forced-landing in the Hudson River in January 2009 (NTSB 2010). Prior to
the emergency forced landing of US Airways Flight 1549 in the Hudson River there was
an average of 20 reported wildlife strikes/ day within the five years between 2004 and
2008 that subsequently increased to an average of 26 reported strikes per day in 2009.
This trend continued throughout 2011 with 27.6 strikes per day reported. A comparison
of strikes specifically reported from known commercial air carrier aircraft (Table 2) and
general aviation aircraft operators (Table 3)omi t t i ng
foundo strikes showed that the former i
strikes per year to 5,973, respectively) while the latter increased 38.5 percent from 2008
to 2011 (648 strikes per year to 898, respectively).

Although the number of reported strikes has steadily increased, it is important to note
that the number of reported damaging strikes has actually declined in recent years. The
number of reported strikes with damage to aircraft increased from 372 in 1990 to a peak

of 765 in 2000. This number has
subsequently declined by 29 percent to
541 in 2011 (Table 1, Figure 2). For
commercial aircraft, the rate of
damaging strikes (number per 100,000
aircraft movements) has also declined
(from 1.74 to 1.36) since 2000 (Table 2,
Figure 3). The rate of damaging strikes
with General Aviation (GA) aircraft has
remained relatively stable since 1994,
ranging from 0.22-0.30 (Table 3, Figure
3). These declines in damaging strikes
for commercial aviation have occurred

in spite of an increase in populations of
hazardous wildlife species (Dolbeer
2000, Dolbeer and Eschenfelder 2003)
and demonstrate the success of wildlife

Electronic (on-line) reporting of wildlife strikes has
increased from less than 1 percent in 2001 to 84
percent in 2011. Photo, L. Francoeur, PANYNJ
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hazard management programs at airports certificated for passenger traffic under 14
CFR-Part 139 regulations (Dolbeer 2011).

METHODS OF REPORTING STRIKES

In 2011, 84 percent and 6 percent of the 10,083 strike reports were filed using the
electronic and paper versions, respectively, of FAA Form 5200-7, Bird/Other Wildlife
Strike Report. Since the online version of this form became available in April 2001, use
of the electronic reporting system has climbed dramatically. The remaining 10 percent
of strike reports filed in 2011 were obtained from various sources (Table 4).

SOURCE OF REPORTS

In 2011, airport operations personnel filed 60 percent of the strike reports, followed by
pilots (21 percent), airlines operations personnel (13 percent), Air Traffic Control
personnel (5 percent), and other (1 percent, Table 5). In 2011, about 87 percent of the
reported strikes involved commercial aircraft; the remainder involved business, private,
and government aircraft (Table 6).

_ *;ﬂ‘ The number of USA airports with strikes reported

W, | has increased steadily from 333 in 1990 to a

i 2 B record 597 in 2011 (Table 7, Figure 4). The 597
airports with strikes reported in 2011 were
comprised of 369 airports certificated for
passenger service under 14 CFR Part 139 and
228 General Aviation airports. From 1990 - 2011,
strikes have been reported from 1,714 USA
airports.  In addition, strikes involving USA-

s s ——|  '€0IStered aircraft were reported from 259 foreign
airports in 1990 - 2011.

A B-757 departing Toncontin
International Airport, Honduras struck a
black vulture at 2,000 feet, 6 May 2011. TIMING OF OCCURRENCE AND PHASE OF FLIGHT OF
The aircraft continued to Miami where a | STRIKES

dent in the wing was noted. The aircraft

was taken out of service for repairs. - From 1990 7 2011, most bird strikes (52 percent)
Wildlife strikes involving U.S. air carriers | ¢y, rrad between July and October (Figure 5); 62
were reported from 259 foreign airports, .

1990-2011. Photo. E. Bostick. percent occurred during the day (Table 8); 60

percent occurred during the landing (descent,
approach, or landing roll) phase of flight; and 37 percent occurred during takeoff run and
climb (Table 9).

From 1990 i 2011, most terrestrial mammal strikes occurred between July and
November; with 30 percent of deer strikes concentrated in October-November (Figure
5). Most terrestrial mammal strikes (63 percent) occurred at night (Table 8), 64 percent
occurred during the final approach or landing roll, and 34 percent occurred during the
takeoff run or initial climb (Table 9).
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HEIGHT ABOVE GROUND LEVEL (AGL) OF STRIKES

Bird strikes with commercial aircraft- From 1990 i 2011, about 41 percent of the bird
strikes with commercial aircraft occurred when the aircraft was at O feet AGL, 72 percent
occurred at 500 feet or less AGL, and 92 percent occurred at or below 3,500 feet AGL
(Table 10). Less than 1 percent of bird strikes occurred above 9,500 feet AGL. Above
500 feet AGL, the number of reported strikes declined consistently by 33 percent for
each 1,000-foot gain in height (Figure 6). The record height for a reported bird strike
involving a commercial aircraft in USA was 31,300 feet AGL.

Strikes occurring above 500 feet AGL had a greater probability of causing damage to
the aircraft compared to strikes at 500 feet or less. Although only 28 percent of the
reported strikes were above 500 feet AGL, these strikes represented 42 percent of the
damaging strikes (Figure 7).

Bird strikes with general aviation (GA) aircraft- From 1990 1 2011, about 38 percent
of the bird strikes with GA aircraft occurred when the aircraft was at O feet AGL, 75
percent occurred at 500 feet or less AGL, and 97 percent occurred at or below 3,500
feet AGL (Table 11). Less than 1 percent of bird strikes occurred above 7,500 feet AGL.
Above 500 feet AGL, the number of reported strikes declined consistently by 41 percent
for each 1,000-foot gain in height (Figure 6). The record height for a reported bird strike
involving a GA aircraft in USA is 24,000 feet AGL.

Strikes occurring above 500 feet AGL had an even greater probability of causing
damage to GA aircraft compared to strikes at 500 feet or less than was shown for
commercial aircraft above. Although only 25 percent of the reported strikes were above
500 feet AGL, these strikes represented 48 percent of the damaging strikes (Figure 7).

Terrestrial mammal  strikes- As
expected, terrestrial mammal strikes
predominately occurred at 0 feet AGL,
however, 9 percent of the reported strikes
occurred when the aircraft was in the air
immediately after lift-off or before touch
down (e.g., when an aircraft struck a deer
with the landing gear, Table 9).

AIRCRAFT COMPONENTS DAMAGED

The aircraft components most commonly | A B-737 hit an unknown species of bird at
reported as struck by birds from 1990 i 300 feet on climb from an airport in
2011 were the nose/radome, windshield, | Arkansas, causing damage to the
engine, wing/rotor, and fuselage (Table | windshield, 5 Oct 2011. Radomes/noses
12). Aircraft engines were the component | and windshields are the 2 aircraft
most frequently reported as being | components most commonly struck by
damaged by bird strikes (30 percent of all | birds. Photo. B. Guillot.
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damaged components). There were 13,509 strike events in which a total of 14,167
engines were reported as struck (12,875 events with one engine struck, 616 with two
engines struck, 12 with three engines struck, and 6 with four engines struck). In 3,935
damaging bird-strike events involving engines, a total of 4,066 engines was damaged
(3,807 events with one engine damaged, 126 with two engines damaged, 1 with three
engines damaged, and 1 with four engines damaged).

Aircraft components most commonly reported as struck by terrestrial mammals were the
landing gear, propeller, and wing/rotor. These same components ranked highest for the
parts most often reported as damaged by mammals (Table 12).

REPORTED DAMAGE

For the 116,408 strike reports involving birds from 1990-2011, 11,315 (10 percent)
indicated damage to the aircraft (Table 13). When classified by level of damage, 6,071
(7 percent) indicated the aircraft suffered minor damage; 2,847 (3 percent) indicated the
aircraft suffered substantial damage; 2,365 (3 percent) reported an uncertain level of
damage; and 32 reports (less than 1 percent) indicated the aircraft was destroyed as a
result of the strike (Table 13).

T

A Cessna 560 on final approach to an airport in Texas hit a large raptor at 2,400 feet on 27
July 2011, causing damage to nose and fuselage. Photo, M. Gardner.

For the 2,754 terrestrial mammal strikes reported, 966 (35 percent) indicated damage to
the aircraft. When classified by level of damage; 502 (18 percent) indicated the aircraft
suffered minor damage; 374 (14 percent) indicated the aircraft suffered substantial
damage; 65 (2 percent) reported an uncertain level of damage; and 25 (1 percent)
indicated the aircraft was destroyed as a result of the strike (Table 13). Not surprisingly,
a much higher percentage of terrestrial mammal strikes (35 percent) resulted in aircraft
damage than did bird strikes (10 percent). Deer (1,014 strikes, of which 853 caused
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damage; Table 17) were involved in 37 percent of the strikes and 88 percent of the
damaging strikes involving terrestrial mammals.

Although the percentage of bird strikes with reported damage has averaged 10 percent
for the 22-year period, this number has declined from 19 percent in 1990 to 5 percent in
2011 (Figure 8). For terrestrial mammals (22-year average of 35 percent), the decline
has been from 83 percent in 1990 to 10 percent in 2011.

REPORTED NEGATIVE EFFECT-ON-FLIGHT

A negative effect-on-flight was reported in 7 percent and 23 percent of the bird and
terrestrial mammal strike reports, respectively, (Table 14). Precautionary/emergency
landing after striking wildlife was the most commonly reported negative effect (4,353
incidents, 4 percent of strike reports). These precautionary landings included 163
incidents in which the pilot dumped fuel (46) or burned fuel in a circling pattern (41) to
lighten aircraft weight or in which a heavy landing was made (76, Table 15, Figure 9). In
the 46 reported incidents in which fuel was dumped, an average of 88,878 pounds
(13,070 gallons) of fuel was dumped per incident (range 5151 39,706 gallons).

Aborted takeoff after striking
wildlife was the second most
commonly reported negative
effect (1,922 incidents, 2
percent of strike reports,
Table 14). These negative
incidents  included 805
aborted takeoffs in which
the pilot initiated the abort at
an aircraft speed of 80 knots
(92 miles per hour) or
greater (Table 16, Figure
10). In 140 incidents, the
aircraft speed at the time of
abort was 120 knots (138
miles per hour) or greater.

Diamondback terrapins can disrupt air traffic operations when
they move from wetlands onto runways looking for sites to lay
eggs. These terrapins were collected from runways at JFK | IN STRIKES
International Airport in June 2011 and released off airport after
tagging. Research is underway to document movement patterns | Table 17 shows the number
and to develop methods to exclude these reptiles from runways. | of reported strikes, strikes

WILDLIFE SPECIES INVOLVED

Photo, L. Francoeur, PANYNJ.

causing damage, strikes
having a negative effect-on-flight, strikes involving >1 animal, the reported aircraft down
time, and the reported costs by identified wildlife species, 1990 - 2011. This information
can be useful in comparing the relative hazard level of bird and other wildlife species
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encountered during Wildlife Hazard Assessments at airports and in the development of
priorities for Wildlife Hazard Management Plans (see also Table 19).

Of the 116,408 reported bird strikes, 39,103 (34 percent) identified the bird to exact
species and an additional 16,288 strikes (14 percent) identified the bird at least to
species group (e.g., gull, hawk, duck). Species identification has improved from less
than 20 percent in the early 1990s to 53 percent in 2011 (Figure 11). In all, 462 species
of birds have been identified as struck by aircraft, and 208 of these species were
reported as causing damage, 1990-2011.

Gulls (16 percent), doves/pigeons (15 percent), raptors (13 percent), and waterfowl! (7
percent) were the most frequently struck bird groups (Table 18). Gulls were involved in
2.4 times more strikes than waterfowl (8,881 and 3,877, respectively). Waterfowl,
however, were involved in 1.3 times more damaging strikes (1,679 or 30 percent of all
damaging strikes in which the bird type was identified) than were gulls (1,282 or 23
percent of all damaging strikes in which the bird type was identified). Gulls and
pigeons/doves were responsible for the greatest number of bird strikes (1,976 and
1,872, respectively) that involved multiple birds.

The most frequently struck terrestrial mammals were Artiodactyls i primarily deer (39
percent) i and Carnivores i primarily coyotes (34 percent) (Tables 17, 18). Artiodactyls
were responsible for 93 percent of the mammal strikes that resulted in damage and 78
percent of the mammal strikes that involved multiple animals. In all, 38, 14 and 9
identified species of terrestrial mammals, bats, and reptiles, respectively, were reported
struck; 21, 2 and 1 identified species of these respective wildlife taxa caused damage to
aircraft (Table 17).

HAZARD LEVEL OF WILDLIFE SPECIES

Table 19 ranks the hazard level of 108
species of birds and 12 species of
terrestrial mammals with 30 or more
reported strikes (from Table 17). The
ranking is based on a composite of the
percent of strikes causing damage,
major damage, and a negative effect-
on-flight. For birds, the hazard rating
ranged from 52 percent for snow
geese to <1 percent for 23 species.
This ranking provides a means to
objectively estimate the relative Turkey vultures, because of their large size and
hazard level of species to aircraft sparing b_ehavior, are one of the most hazar_do_us
operations and can be useful in bird species for alrcraft. Carcgsses of wildlife
prioritizing management actions at struck by aircraft or vehicles at airports should be

airports to mitigate risk from wildlife removed immediately to eliminate feeding

_ attractions for wvultures. Photo, T. DeVault,
(Dolbeer and Wright 2009). USDA.
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HUMAN FATALITIES AND INJURIES DUE TO WILDLIFE STRIKES

For the 22-year period, reports were received of 10 wildlife strikes that resulted in 24
human fatalities (Table 20). Five of these strikes resulting in 7 fatalities involved
unidentified species of birds. Red-tailed hawks (8 fatalities), American white pelicans
(5), Canada geese (2), white-tailed deer (1), and brown-pelicans (1) were responsible
for the other 17 fatalities. Reports were received of 199 strikes that resulted in 256
human injuries (Table 20). Waterfowl (ducks and geese; 49 strikes, 56 humans injured),
vultures (29 strikes, 32 injuries), and deer (19 strikes, 27 injuries) caused 97 (60
percent) of the 161 strikes resulting in injuries in which the species or species group was
identified.

AIRCRAFT DESTROYED DUE TO WILDLIFE STRIKES

For the 22-year period, reports were received of 57 aircraft destroyed or damaged
beyond repair due to wildlife strikes (Tables 13, 21). The majority (36; 63 percent) were
small (<2,250 kg maximum takeoff mass) general aviation (GA) aircraft. Terrestrial
mammals (primarily white-tailed deer) were responsible for 25 (44 percent) of the
incidents. Canada geese (5 incidents) and vultures (3 incidents) were responsible for 42
percent of the 19 incidents involving birds in which the species or species group was
identified.

The installation of snow
fencing as a visual
barrier from October
2011 - March 2012 in a
grassy open space at
JFK International Airport
completely eliminated
grazing and loafing by
geese and gulls. This is
an excellent example of
a creative approach to
managing wildlife risks
as part of an integrated
management program.
Photo, L. Francoeur,
PANYNJ.

Thirty-two (56 percent) of the 57 wildlife strikes resulting in a destroyed aircraft occurred
at general aviation (GA) airports, 15 occurred away from an airport, 8 occurred at USA
airports certificated for passenger service under 14 CFR Part 139, and 2 occurred at a
foreign airport certificated for passenger service (Table 21). GA airports, often located
in rural areas with inadequate fencing to exclude large mammals, face unique
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