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AIRPORT COOPERATIVE RESEARCH PROGRAM

Airports are vital national resources. They serve a key role in transpor-
tation of people and goods and in regional, national, and international
commerce. They are where the nation’s aviation system connects
with other modes of transportation and where federal responsibility
for managing and regulating air traffic operations intersects with the
role of state and local governments that own and operate most air-
ports. Research is necessary to solve common operating problems, to
adapt appropriate new technologies from other industries, and to intro-
duce innovations into the airport industry. The Airport Cooperative
Research Program (ACRP) serves as one of the principle means by
which the airport industry can develop innovative near-term solutions
to meet demands placed on it.

The need for ACRP was identified in TRB Special Report 272:
Airport Research Needs: Cooperative Solutions in 2003, based on a
study sponsored by the Federal Aviation Administration (FAA). The
ACRP carries out applied research on problems that are shared by
airport operating agencies and are not being adequately addressed by
existing federal research programs. It is modeled after the success-
ful National Cooperative Highway Research Program and Transit
Cooperative Research Program. The ACRP undertakes research and
other technical activities in a variety of airport subject areas, including
design, construction, maintenance, operations, safety, security, policy,
planning, human resources, and administration. The ACRP provides
a forum where airport operators can cooperatively address common
operational problems.

The ACRP was authorized in December 2003 as part of the Vision
100-Century of Aviation Reauthorization Act. The primary partici-
pants in the ACRP are (1) an independent governing board, the ACRP
Oversight Committee (AOC), appointed by the Secretary of the U.S.
Department of Transportation with representation from airport operat-
ing agencies, other stakeholders, and relevant industry organizations
such as the Airports Council International-North America (ACI-NA),
the American Association of Airport Executives (AAAE), the National
Association of State Aviation Officials (NASAO), and the Air Trans-
port Association (ATA) as vital links to the airport community; (2) the
TRB as program manager and secretariat for the governing board; and
(3) the FAA as program sponsor. In October 2005, the FAA executed a
contract with the National Academies formally initiating the program.

The ACRP benefits from the cooperation and participation of airport
professionals, air carriers, shippers, state and local government officials,
equipment and service suppliers, other airport users, and research orga-
nizations. Each of these participants has different interests and responsi-
bilities, and each is an integral part of this cooperative research effort.

Research problem statements for the ACRP are solicited periodi-
cally but may be submitted to the TRB by anyone at any time. It is
the responsibility of the AOC to formulate the research program by
identifying the highest priority projects and defining funding levels
and expected products.

Once selected, each ACRP project is assigned to an expert panel,
appointed by the TRB. Panels include experienced practitioners and
research specialists; heavy emphasis is placed on including airport
professionals, the intended users of the research products. The pan-
els prepare project statements (requests for proposals), select contrac-
tors, and provide technical guidance and counsel throughout the life of
the project. The process for developing research problem statements
and selecting research agencies has been used by TRB in managing
cooperative research programs since 1962. As in other TRB activities,
ACRP project panels serve voluntarily without compensation.

Primary emphasis is placed on disseminating ACRP results to the
intended end-users of the research: airport operating agencies, service
providers, and suppliers. The ACRP produces a series of research
reports for use by airport operators, local agencies, the FAA, and
other interested parties, and industry associations may arrange for
workshops, training aids, field visits, and other activities to ensure that
results are implemented by airport-industry practitioners.
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FOREWORD

PREFACE

By Guail R. Staba
Senior Program Officer
Transportation
Research Board

Airport administrators, engineers, and researchers often face problems for which informa-
tion already exists, either in documented form or as undocumented experience and prac-
tice. This information may be fragmented, scattered, and unevaluated. As a consequence,
full knowledge of what has been learned about a problem may not be brought to bear on its
solution. Costly research findings may go unused, valuable experience may be overlooked,
and due consideration may not be given to recommended practices for solving or alleviat-
ing the problem.

There is information on nearly every subject of concern to the airport industry. Much
of it derives from research or from the work of practitioners faced with problems in their
day-to-day work. To provide a systematic means for assembling and evaluating such useful
information and to make it available to the entire airport community, the Airport Coop-
erative Research Program authorized the Transportation Research Board to undertake a
continuing project. This project, ACRP Project 11-03, “Synthesis of Information Related
to Airport Practices,” searches out and synthesizes useful knowledge from all available
sources and prepares concise, documented reports on specific topics. Reports from this
endeavor constitute an ACRP report series, Synthesis of Airport Practice.

This synthesis series reports on current knowledge and practice, in a compact format,
without the detailed directions usually found in handbooks or design manuals. Each report
in the series provides a compendium of the best knowledge available on those measures
found to be the most successful in resolving specific problems.

This synthesis provides airport managers and biologists with a document that reviews tech-
niques for reducing bird collisions with aircraft and their relative effectiveness.

Information used in this study was acquired through a review of the literature and inter-
views with airport operators and industry experts.

Jerrold L. Belant and James A. Martin, Mississippi State University, collected and
synthesized the information and wrote the report. The members of the topic panel are
acknowledged on the preceding page. This synthesis is an immediately useful document
that records the practices that were acceptable within the limitations of the knowledge
available at the time of its preparation. As progress in research and practice continues, new
knowledge will be added to that now at hand.

Copyright National Academy of Sciences. All rights reserved.
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BIRD HARASSMENT, REPELLENT, AND DETERRENT
TECHNIQUES FOR USE ON AND NEAR AIRPORTS

SUMMARY

Birds and airplanes are a dangerous combination. Airport managers and other transporta-
tion safety and security officials have spent significant financial and personnel resources in
an effort to prevent or mitigate the possibility of aircraft collisions with wildlife, including
birds. These collisions pose substantial risks to human safety: wildlife strikes have resulted
in the loss of more than 200 human lives and more than 200 military and civil aircraft since
1988. Economic considerations of wildlife collisions are also a concern for the aviation
industry, as annual economic losses from wildlife-related damage to civil aircraft are con-
servatively estimated by Allan in 2002 to exceed $1.2 billion worldwide and by Dolbeer et
al. in 2010 to reach $600 million in the United States alone. Following the highly publicized
bird strike that forced US Airways Flight 1549 to make an emergency landing in the Hud-
son River in January 2009, public awareness of wildlife collisions with aircraft is presently
at an all-time high. Nonetheless, research-backed information on current approaches to
bird deterrent techniques at airports is often scattered across different disciplines and fields
of research, and few attempts have been made to develop a comprehensive assessment of
these techniques.

The objective of this synthesis is to provide airport managers and biologists with a docu-
ment that reviews techniques for reducing bird collisions with aircraft and their relative
effectiveness. To gather relevant research and information on current practices, primary
and grey literature were reviewed using multiple data sources, and six airports surveyed
as case studies from which to obtain qualitative information on existing bird management
strategies and their perceived effectiveness. From this information, an overview of vari-
ous types of techniques (e.g., exclusion and effigies) and their relative effectiveness was
developed. Concepts of avian ecology were also summarized and these concepts related to
the degree of attractiveness, or site fidelity, to areas containing bird-specific resources (e.g.,
food, roosting, or loafing areas) found at or near airports. Site fidelity was then examined
in the context of control techniques most likely to be successful in dispersing birds. As
expected, control techniques varied markedly across species of birds and depend on fac-
tors such as seasonality, fidelity, and physiological characteristics of target species. Similar
to other control programs, integrated damage management, which includes harassment,
repellent, and exclusion techniques as well as other practices such as habitat management
and potentially lethal control, appears to be more effective than single techniques.

Because many of these control methods do not have sufficient empirical evidence to
support or refute the effectiveness of the techniques being employed under different cir-
cumstances, further assessment of these techniques is necessary, either through directed,
rigorous scientific study or initially through quantification of existing techniques used
at airports to help refine priorities for research. Additionally, reviews of other aspects of
bird management techniques at airports, including habitat and population management,
are warranted. This synthesis is intended to provide a baseline assessment of informa-
tion from which to approach further research into wildlife control techniques for the
aviation industry.

Copyright National Academy of Sciences. All rights reserved.
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CHAPTER ONE

INTRODUCTION

The impetus for this synthesis is to provide airport managers
and biologists with a document that reviews the tools, meth-
ods, techniques, and procedures for reducing bird collisions
with aircraft (i.e., bird strikes) and their relative effectiveness
into a single treatise. The management of wildlife in the con-
text of aviation, specifically the reduction of wildlife strikes
to aircraft, is a unique application of wildlife damage man-
agement. Wildlife damage management typically involves
overabundant species and their effect on human property
(Conover 2002; Cleary and Dolbeer 2005). However, wild-
life damage to aircraft may have immediate implications
for human safety. Consequently, airport managers must fre-
quently take immediate action to mitigate risk. Wildlife spe-
cies involved with aviation hazard may not be overabundant;
populations may be within biological and cultural carrying
capacity outside of airspace, but their presence within air-
space is hazardous and unwanted.

Control techniques should be implemented in the con-
text of an airport hazard management plan or program.
Airport personnel are inherently and legally responsible to
reduce aviation risk using a myriad of methods given the
constraints of resources and time. Biologists face consid-
erable uncertainty regarding the effectiveness of specific
techniques under given conditions and circumstances. Fur-
thermore, animals adapt and change behavior in response
to techniques—what worked last time may not work simi-
larly when reapplied. Biologists should be equipped with the
most current information on the effectiveness of harassment,
deterrent, and repellent techniques, and adequate empiri-
cal data should be readily available. For these methods to
be meaningful, they must be integrated with principles of
avian ecology. Techniques must be founded on ecological
principles to be effective, and both managers and biologists
should understand and appreciate that relationship.

BIRDS AND AIRCRAFT: UNDERSTANDING THE
INTERACTION

Aircraft collisions with birds and other wildlife (wildlife
strikes) pose increasing safety and financial concerns to the
aviation industry worldwide. Recent events such as the forced
landing of US Airways Flight 1549 in the Hudson River have
renewed public interest in risks to aircraft posed by wildlife
(Marra et al. 2009). However, wildlife biologists and aviation

personnel have been aware of these issues for decades (Sol-
man 1973; Blokpoel 1976). Since the inception of the FAA
National Wildlife Strike Database in 1990, 99,411 reported
wildlife strikes to airplanes have resulted in at least $1.2 bil-
lion annually in losses (damage to aircraft and associated
costs) to civil aviation worldwide and more than $625 million
annually in the United States, in addition to more than 200
human lives lost (Allan 2002; Dolbeer et al. 2010). The vast
majority (97.4%) of all wildlife strikes involve birds.

Before the jet age of air travel, bird strikes were less com-
mon because piston-powered aircraft were noisy and rela-
tively slow, and the number of aircraft was comparatively
low. Birds could often avoid collisions, and in the event of a
strike, damage was minimal. Modern jet aircraft are much
faster and relatively quiet compared with their piston-pow-
ered predecessors; this changes the dynamics of bird and
aircraft interactions dramatically.

The skies are becoming increasingly crowded with air-
craft and hazardous bird species (Dolbeer 2009). Aircraft
movements increased about 3% per year between 1985 and
2004 (Dolbeer 2009). Many species of wildlife also have
increased in the last half-century, including those species
that pose the most risk to aviation (Dolbeer et al. 2000).
Many of these species exceed the airframe and engine cer-
tification standards for wildlife strikes [e.g., Canada geese
(Branta canadensis)]. These parallel factors create a consid-
erab