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      Abbreviations 

   AGL    Above Ground Level   
  AHAS    Avian Hazard Advisory Service   
  AIREP    Airborne Report   
  ATC    Air Traffi c Control   
  ATIS    Automatic Terminal Information Service   
  ATSB    Australian Transport Safety Bureau Area Forecast   
  ARFOR    Area Forecast   
  AUSALPA    Australian Airline Pilots Association   
  BAM    Bird Avoidance Model   
  BASH    Bird Aircraft Strike Hazard   
  BCAS    Bird Collision Avoidance System   
  BIRDTAM    Bird Notice to Airmen   
  CAA    Civil Aviation Authority   
  CAP    Civil Aviation Publication   
  CASA    Civil Aviation Safety Authority   
  EASA    European Aviation Safety Agency   
  ERAU    Embry—Riddle Aeronautical University   
  ENRAM    European Network for the Radar surveillance of Animal Movement   
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  ESA    European Space Agency   
  FAA    Federal Aviation Administration   
  FOD    Foreign Object DebrisGIS Geographic Information System   
  GIS    Geographic Information System   
  IAF    Israeli Air Force   
  IATA    International Airline Transport Association   
  ICAO    International Civil Aviation Organisation   
  IFALPA    International Federation of Airline Pilots Associations   
  IFATCA    International Federation of Air Traffi c Controllers Associations   
  KSIA    King Shaka International Airport   
  METAR    Meteorological Terminal Aviation Routine Weather Report   
  NBAA    National Business Aviation Association   
  NEXRAD    Next Generation Radar   
  NOTAM    Notice to Airmen   
  OPERA    Operational Program for the Exchange of Weather Radar Information   
  RAAF    Royal Australian Air Force   
  RAF    Royal Air Force, United Kingdom   
  RNLAF    Royal Netherlands Air Force   
  SEATAC    Seattle—Tacoma Airport   
  SMR    Small Mobile Radar   
  SMS    Safety Management System   
  TAF    Terminal Area Forecast   
  USAF    United States Air Force   
  USDA    United States Department of Agriculture   
  WBA    World Birdstrike Association   
  WHMP    Wildlife Hazard Management Plan   

          The  Confl ict   Begins 

 In 1904, the Wright brothers made 105 fl ights averaging only about 30 s per fl ight 
before control issues, particularly pitch instability, abruptly terminated each sortie. 
In July of that year, a serious crash convinced them that unless their Wright Flyer was 
signifi cantly redesigned, powered fl ight would remain a curiosity with little practical 
application (Centennial of Flight  2014 ). Over the next year, they redesigned and built 
the Wright Flyer III increasing its roll stability and pitch and yaw authority. The 
improvements worked well, and on October 5th, 1905, they achieved controlled sus-
tainable fl ight, fl ying 24 miles in 40 min and exhausting their fuel reserves (Wright 
Bros Aeroplane Company  2014 ). Suddenly, the Wright brothers were in the realms 
of practical fl ight and one can  imagine   their exuberance during the preliminary trials 
in September when they regularly achieved controlled fl ights lasting more than 5 min 
without crashing. That exuberance may well have prompted Orville Wright to “chase 
a fl ock of birds for two rounds.” on September 7, killing one of the birds, recording 
the fi rst “wildlife strike,” and so beginning the confl ict between aviation and wildlife 
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(Wright Stories  2014 ). That confl ict remains essentially unresolved and one that 
plagues us today both as an air safety and conservation issue. 

 By 1911, powered fl ight had become a practical, if not precarious, exercise and 
application had expanded into cargo payloads, aerial bombing exercises, parachute 
jumps, amphibious operations, and limited passenger transport. It had also become 
a competitive sport; the French aviator, Eugene Gilbert (Fig.  22.1 ), during the 1911 
Madrid to Paris air race, reported shooting at an eagle from the cockpit to deter it 
from harassing his aircraft (Early Aviators  2014 ).

   Not long after Gilbert’s bizarre experience, the inevitable happened; on April 
3rd, 1912, the fi rst human fatality due to wildlife strike was reported in the USA. In 
September of the previous year, Calbraith Rodgers miraculously survived after his 
Wright Flyer Model B collided with a chicken coop (killing several chickens) after 
take-off on the second leg of his trans- continental   crossing. This may be the fi rst 

  Fig. 22.1    Eugene Gilbert (1889–1918). During the 1911 Paris to Madrid air race, an eagle 
attacked his aircraft and he shot at it from the cockpit while in fl ight. Apparently, he deliberately 
aimed away from the bird attempting to scare it rather than trying to kill it. Eugene could be con-
sidered the father of aviation wildlife management. He is the fi rst to document aviation related 
wildlife dispersal and he instinctively demonstrated three fundamental principles that remain valid 
today: fi rstly, pilot-in-command is ultimately responsible for managing the aircraft’s collision risk; 
secondly, management should aim to separate the wildlife’s fl ight path from the aircraft’s fl ight 
path; and fi nally, it is not always necessary to kill the wildlife to achieve this aim.  Photo taken by 
Enrique Guinea Maquibar, Vitoria-Gasteiz, Euskal Herria in March 1913. Reproduced courtesy of 
Javier Berasaluce Bajo, Municipal Archives of Vitoria-Gasteiz, Euskal Herria, Spain        
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recorded incident of liability as a result of animal strike; Calbraith was required to 
immediately pay compensation to the chicken farmer. Only 7 months later, having 
successfully completed his epic east to west fl ight across the USA, he was killed 
when his aircraft crashed into the sea off Long Beach California. He was conducting 
an exhibition fl ight when his aircraft struck a gull that entangled the controls. 
Reports from the time suggest that, like Orville Wright in 1905, Calbraith was 
deliberately “buzzing” the fl ock when he collided with the bird (Wikisource  2014 , 
Lienhard  2003 ). Ironically, he had survived innumerable crashes and personal injury 
during the transcontinental fl ight that took a gruelling 84 days and required 70 legs 
(Fiddlers Green  2014 ). At that time,  undercarriage   was a vague concept and airports 
were unheard of, so each landing was essentially a controlled crash requiring the 
aircraft to be rebuilt before the next leg. When he fi nally arrived in California, only 
the rudder and a wing strut were original components of his aircraft. He had skirted 
thunderstorms, had “a run in with an eagle,” and replaced the engine twice 
(Aerofi les  2014 ).  

    The  Early Years   

 Before World War II, wildlife strike remained a relatively benign aviation safety 
issue. Between 1923 and 1940, the UK Royal  Air Force (RAF)  , reported six hull- 
loses and no fatalities as a result of wildlife strike. However, in the 1940s aircraft 
movement rates surged and fl ight speeds dramatically increased. Consequently, 
RAF reported 33 hull loses and 16 fatalities resulting from wildlife strike over this 
decade (Richardson and West  2005 ). Then, in the 1950s, the advent of larger and 
faster jet aircraft and a global increase in air passenger traffi c sparked the emergence 
of wildlife strike as a modern day air safety issue. 

 In the following 50 years while aircraft, air operations, and air safety graphically 
advanced into the Space Age and the era of streamlined high capacity transport, 
wildlife strike management in civil aviation remained conceptually and technically 
static. Back in 1911, opportunistically and no doubt in desperation, Eugene Gilbert 
pioneered the practice of shooting  at   birds to scare them away from aircraft. 
Curiously, this practice remains to this day one of the mainstays of wildlife strike 
mitigation, but since Gilbert’s initial efforts the practice has devolved in focus; man-
agement emphasis shifted from scaring birds away from aircraft to scaring them 
away from aerodromes.  

     Wildlife Strike Today   

 Since the turn of the millennium, the rate at which wildlife and aircraft collide has 
increased. Between 2000 and 2010, civil wildlife strike rates (collisions per 10 4  
aircraft movements) steadily increased in all but one of nine developed countries 
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surveyed (McKee et al.  2012 ). Wildlife strike is almost always fatal to the wildlife 
involved and sometimes it has serious consequence for aircrew and passengers. 
Strikes causing damage or having an adverse effect on fl ight constitute roughly 5–10 
% of total strikes, but strikes causing hull loss or human fatality are relatively rare. 
Absolute numbers (per year) of compromised fl ights, fatalities, and hull loss resulting 
from strike have increased over the last 40 years, but it is diffi cult to obtain data 
normalised for aircraft movements and therefore derive a meaningful trend for seri-
ous wildlife-related accidents. For more in-depth discussion of damage and serious 
accidents, see Thorpe (2015), Dolbeer ( 2013 ), Dolbeer et al. ( 2013 ) and Eschenfelder 
( 2009 ). An excellent archive and discussion of serious wildlife strike incidents from 
2007 to the present can be found at the Italian Birdstrike Consulting & Training web 
site (BC&T News and Events 2015). In 2000, total costs to the aviation industry 
resulting from wildlife strike were estimated at US$1.2B/annum, and the average 
cost of a strike to high capacity aircraft was estimated at US$39,000 (Allan  2000 ). 
 Downstream   effects such as delay, cancellation, or aborted procedures incurred 
three quarters of these costs. These industry cost estimates are likely to be gross 
underestimates, as many countries do not maintain reliable or mandatory wildlife 
strike-reporting procedures. 

 The conservation and animal welfare costs  of   strike are harder to reliably quan-
tify. Tens of thousands of animals die each year as a direct result of collisions with 
aircraft, and arguably, ten times that number are culled as part of aerodrome wildlife 
strike management programs. To date the air safety implications of strike have been 
the sole focus of collision consequence and the wildlife attrition has been ignored; 
there has been little discussion on the effect of wildlife strike on conservation, 
endangered species management, and biodiversity. Similarly, the ethics and effi cacy 
of culling programs aimed at preventing wildlife strike are rarely addressed with 
rigor. As a result, some communities, particularly those in fi rst world countries, are 
becoming less inclined to blithely accept cavalier calls for lethal wildlife control, 
particularly if the rationale for those measures are not evidence-based (Bridger 
 2013 ; Uhlfelder  2013 ) .  It appears that large scale culling programs are initiated 
more because the approach graphically imparts confi dence that “something is being 
done” rather than because there is any evidence that the approach is effective in 
reducing strike rates. A recent excellent review of this issue by the Swiss 
Ornithological Institute should be available by early 2016 (Rey and Liechti  2015  in 
print). While air safety must remain a paramount priority, it is clear that the time for 
the application of more effective and less invasive wildlife control measures is long 
overdue within the civil aviation industry.  

    Factors Contributing to  Changing   Strike Risk 

 Several factors are thought to be driving the widespread increase in wildlife strike 
rates. Improved surveillance and reporting procedures have caused apparent 
increases in strike rates in some countries such as the UK and Australia, where, over 
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the last 10 years, wildlife strike reporting changed from voluntary to mandatory. 
There are also biological, air-operational, and cultural factors that are thought to be 
driving real strike rate increases. Urbanisation and conservation practice in Europe 
and North America have led to population resurgences of high strike risk species 
such as Canada Geese  (Branta canadensis)  bringing them into more frequent 
confl ict with aircraft in both terminal and en-route airspace (Buurma  1996 ; Dolbeer 
and Eschenfelder  2003 ; Dolbeer  2013 ; Eschenfelder and DeFusco  2010 ; Dolbeer 
 2011 ; Moller  2009;  Maragakis  2009 ). Similarly, complex factors have contributed 
 to   range shifts and urban redistribution of Australian White Ibis  (Threskiornis 
molucca) , and Flying Foxes  (Pteropus spp.)  in Australia (Smith  2009 ; Roberts et al. 
 2011 ). In turn, the increasing abundance of these species in urban landscapes has 
brought them into more frequent confl ict with aircraft in terminal airspace (Patrick 
et al.  2008 ; Parsons et al.  2009 ; McKee et al.  2010 ). 

 In addition, over the last 20 years design evolutions in commercial aircraft have 
incidentally resulted in them becoming more susceptible to wildlife strike. Passenger 
aircraft have larger frontal areas and greater weight limits and they are becoming 
quieter while maintaining or increasing reference speeds. Closing speeds in an air-
borne strike to a modern high capacity airliner would rarely be less than 120 kts. At 
these speeds, collision detection, recognition, and avoidance is often beyond the 
response time of either the aircrew or the wildlife (Dolbeer  2013 ; Kelly et al. 1999 b ). 
In contrast over the same period, improvements in materials, hull, and engine design 
have made aircraft less susceptible to catastrophic failure as a result of wildlife 
strike (Dolbeer  2013 ). This engineering-based approach has reduced wildlife strike 
risk by reducing strike consequence, but has done little to address the incident rate 
or the rate of wildlife attrition. 

 Although  wildlife strike rate is,   by consensus, standardised as strikes per 10 4  
aircraft movements, different countries use different input parameters and assump-
tions in deriving their wildlife strike rates. In individual cases, it can be diffi cult to 
discern whether reporting surveillance, biological, or operational factors are most 
contributory to observed rate increases. Consequently, there remains some debate as 
to whether the global strike rate increase is real or artefact. However even given the 
obvious limitations of defi nitions, data, and analysis, it remains clear that strike 
rates to civil aircraft have not and are not signifi cantly decreasing. The corollary to 
this observation is that traditional approaches to wildlife hazard management and 
strike mitigation in civil aviation have been ineffective. Despite 50 years of “man-
agement,” civil strike rates have at best remained static and at worst are steadily 
increasing to the detriment of air safety and the environment.  

    The Traditional  Wildlife Management Paradigm      

 Managing aviation-wildlife confl icts is problematic because fl ying animals operate 
in an open system and collision between wildlife and aircraft is a dynamic and 
seemingly unpredictable event. The obvious complexity of the system has led to the 
issue either being relegated to the “too hard basket” or over-simplifi ed to a point 
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where the management paradigm derives from several logical misconceptions. 
Some maintain the belief that wildlife strike is an irrelevant and essentially insolu-
ble problem, an attitude of studied professional neglect that tends to depower coop-
erative management efforts. Many promote the rationale that since 90 % of strikes 
occur in the vicinity of aerodromes (ICAO  2012 ), it is therefore an aerodrome prob-
lem. This proximity argument was and remains a convenient misdirection; by impli-
cation, it assigns responsibility for a complex dynamic airspace problem solely to 
aerodrome operators and tacitly exonerates the bulk of the industry from contribut-
ing to a solution. As a result, the default management approach has become aero-
drome-centric and in most countries today the expectation is almost entirely on 
aerodrome operators to prevent wildlife strike. The aim of this traditional approach 
is to prevent collision between wildlife and aircraft by attempting to create a wild-
life exclusion bubble around airports. 

 Aerodromes use both active and  passive   management  techniques   to try and 
achieve this aim. Active techniques include the use of noise, light, predator simula-
tions, and trained predators to scare wildlife away from the aerodrome proper. 
Active techniques also include trapping, relocation, selective euthanasia, broad 
scale culling, and reproductive control. Passive means include fencing to exclude 
incursions by terrestrial species and landscape modifi cation to make the aerodrome 
less attractive to both resident and transient species. More recently, passive manage-
ment has extended into attempts at managing land and wildlife populations adjacent 
to the aerodrome; however, this can be fraught with major legal and practical con-
siderations as aerodrome operators normally have no jurisdiction outside their air-
port boundary. This mechanism is essentially an attempt to extend the exclusion 
bubble outwards from the airport, but in most situations where it has been tried, the 
practice is reminiscent of “trying to hold the tide back” and the policy is not backed 
by enforceable legislation. A broad overview of the principles and requirements of 
current aerodrome wildlife hazard practice is located on  the World Birdstrike 
Association   (WBA) web site and in  the International Civil Aviation Organization’s 
(ICAO) Airport Services Manual Document 9137  . More in-depth descriptions of 
the active and passive methods commonly used for  aerodrome   strike management 
can be found in the  Federal Aviation Administration (FAA) Wildlife Hazard Manual  , 
 the United States Air Force Bird Aircraft Strike Hazard (BASH) Guidelines  , and 
the  Transport Canada publication, ‘Sharing the Skies’  . 

 There are several limitations to the airport- centric   approach. Firstly, it is an indi-
rect and static approach to a dynamic problem. Rather than keeping wildlife away 
from aerodromes, management should be primarily aimed at keeping wildlife and 
aircraft separated during both the planning and execution  phases   of fl ight. To do this 
effectively, it is necessary to understand and manage the fl ight paths of both the 
wildlife and the aircraft. 

 The observation that approximately 90 % of civil  wildlife   strikes occur within 
the vicinity of an airport probably holds true globally, but it is a superfi cial rationale 
for the premise that airports alone should hold responsibility for wildlife strike pre-
vention. When examined more closely, this apparent geographic segregation of 
strike probability is a function of height above ground level. The majority of bird 
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movements occur within 3000’ AGL and it is only an unfortunate association that 
most civil aircraft movements within this altitude block occur during approach and 
departure “in the vicinity” of aerodromes. In reality, wildlife strike risk is not an 
aerodrome problem. It is a below 3000' AGL airspace problem and thus the primary 
responsibility for managing the problem should reside with those managing and 
using the airspace. Airport operators have no authority over airspace or aircraft 
fl ight paths, and only a very limited capacity to manage the fl ight paths of wildlife 
and only then inside the aerodrome boundary. Airport operators are highly skilled at 
maintaining a safe  static  environment for take-off, landing, and taxi, but normally 
they have no mandate or experience in managing aircraft collision avoidance even 
when aircraft are inside the aerodrome boundary. Given that wildlife strike is pri-
marily a fl ight collision avoidance issue, the level of mitigation responsibility held 
by airport  operators   should be adjunctive only. The current skewed balance between 
authority and responsibility for this issue can best be illustrated by  reductio ad 
absurdum ; for example, 90 % of all wind shear incidents and 100 % of all cross- 
wind landing incidents occur in the vicinity of an aerodrome.  Under   the twisted 
aegis of the current wildlife strike paradigm, these observations mandate that airport 
operators should be held accountable for these incidents because they failed to stop 
the wind blowing. Similarly, wildlife are not a fi xed component of an airport’s envi-
ronment, and in most cases, they cannot be effectively managed as such. For the 
purposes of aviation hazard management, wildlife are better classed as autonomous 
air space meteors or non-controlled traffi c. 

 While there is no doubt that  contemporary   aerodrome wildlife management is 
both necessary and useful, truly effective wildlife collision avoidance can only be 
managed at an integrated operational level by applying the same conceptual models 
used to mitigate other dynamic hazards such as traffi c separation and weather avoidance. 
This in turn implies that the operational sectors that hold authority over aircraft 
fl ight paths need to positively engage in strike mitigation. 

 Secondly, the current wildlife management approach (Fig.  22.2 ) is based on eco-
logically and operationally fl awed premises. The concept that managing a small 
area within an airport boundary can signifi cantly reduce the rate at which wildlife 
will infringe the airspace and confl ict with aircraft may apply in select circum-
stances, but it is exceptional rather than generally applicable. Aircraft and  fl ying 
  wildlife operate in an open system, and while aircraft movements around an airport 
are somewhat predictable, wildlife movement patterns currently are not. In most 
cases, the way in which wildlife use the airspace is dependent on regional and meso- 
scale factors such as fl uctuations in resource availability, ambient conditions, sea-
son, and climate and most of these determinants are outside the control scope of 
aerodrome operators. The expectation for airport operators to manage their airfi eld 
to help reduce strike risk is entirely reasonable and practical. However, the extended 
expectation that they alone can provide effective management at the multiple spatial 
 and   temporal scales required (Martin et al.  2011 ) to signifi cantly reduce strike rates 
is impractical and unjust. A good recent example is the emergent confl ict with 
 fl ying- foxes   (  Pteropus  spp.  ); as a result of large-scale habitat changes across their 
range, these animals are redistributing into urban areas creating an increasing strike 
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risk (Patrick et al.  2008 ; Parsons et al.  2009 ).  Flying-foxes   forage over regional 
scale areas (Roberts et al.  2012 ) and the geographic relationship between their roost 
sites and spatio-temporally patchy food resources determine their choice of fl ight 
paths and thus their potential confl ict rates with aircraft. No traditional airport-based 
active or passive mitigation techniques are known to alter their fl ight tracks. 
Therefore, the only practical way to mitigate the collision risk is by operational 
separation; i.e. observe, understand, and if possible anticipate fl ying-fox movement 
patterns then relay relevant information to pilots, so they can amend fl ight accord-
ingly.    Other than to ensure that nothing on the airport is an attractant for fl ying 
foxes, there is very little an aerodrome operator can or should contribute in this 
scenario. It is a fundamental airspace-fl ight path management issue and remains 
well outside the skill set and jurisdiction of aerodromes.

   This conceptual approach works very well to mitigate air traffi c confl ict and to 
avoid hazardous weather. Meteorologists, air traffi c controllers, and pilots manage 
these issues dynamically, while aerodrome operators retain only a secondary 
responsibility for maintaining some of the infrastructure necessary for the proce-
dures to work. It would be ecologically and operationally untenable to expect that 
aerodrome operators bear the main responsibility for assessing and mitigating 
dynamic weather and traffi c hazards. 

  Fig. 22.2    A simplifi ed model summarising the components of the traditional airport-centric wild-
life management approach. Most of the expertise necessary to understand the biological compo-
nent of wildlife strike risk and mitigation resides with specialist biologists. Risk mitigation actions 
are the responsibility of airport operators and include landscape management, active wildlife dis-
persal and rudimentary hazard notifi cation by NOTAM. ATC, aircrew and airline operators have 
no formal responsibilities and very little active input in this system other than occasionally trying 
to recover strike damage costs from airports. Notifi cation of wildlife hazard by NOTAM is often 
ineffective. NOTAMS that include precise information about expected wildlife hazards may help 
with fl ight planning. However, if they are unsupported by regular reports providing real time haz-
ard updates, they cannot inform of dynamic changes in threat status and cannot provide aircrew 
with any meaningful information about immediate wildlife threats       
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 The same holds true for many signifi cant wildlife hazards. Most migratory, 
nomadic, and semi-nomadic fl ying species operate over large geographic scales and 
so fall into a similar management category; that is, their fl ight pattern drivers occur 
at scales well beyond that of an airport boundary. Effective management of strike 
with these species can only be achieved through understanding and modelling those 
larger scale determinants. 

 Notwithstanding, there are many  good   examples where on-airport management 
of sedentary species with small territorial ranges has been effective and has contrib-
uted to reduced airport strike rates (Patrick and Shaw  2012 ; Ministerie van Verkeer 
en Waterstaat  1999 ; Transport Canada, Sharing the Skies  2014 ; Sohdi  2002 ; Shaw 
 2008 ). Similarly, it is sometimes possible to reduce strikes with migratory or 
nomadic species using on-airport  techniques   if their air space usage is primarily 
dependent on adjacent landscape features that are easily identifi ed, accessed, and 
modifi ed (Dekker  2000 ; van der Meade and Pieterse  2013 ). 

 Thirdly, the traditional  airport-centric approach   (Fig.  22.2 ) does not conform to 
the requirements of an integrated  aviation safety   management system. Most of the 
biological skills and knowledge required to understand  wildlife   movements and 
thereby reduce the prevalence of wildlife in the airspace resides with external orni-
thologists and ecologists who assist airport management to assess and control the 
site strike risk. Some of this knowledge and understanding may fi lter through to 
on-ground staff responsible for airside wildlife management, but very little reaches 
any other industry sector. 

 Aircraft are most at risk from wildlife strike and aircrew and  Air Traffi c Control 
(ATC)   are best placed to control aircraft movements thereby avoiding wildlife con-
fl ict. Yet in civil aviation today, despite the fact that wildlife strike is the most com-
mon cause of in-fl ight collision, civil aircrews and air traffi c controllers remain 
essentially untrained in wildlife hazard recognition and strike risk management. 
Consequently, wildlife strike management in civil aviation remains isolated, rela-
tively impotent, and lacking operational relevance. In 2006, a scheduled Boeing 767 
ingested wildlife into one engine on departure, but elected to continue to the desti-
nation regardless.  The   investigation report identifi ed that “…The crew had no train-
ing regarding wildlife strikes, nor was any required. The operator had no wildlife 
strike policy other than to report strikes, nor was any required…” (ATSB  2007 ). 
This is at odds  with   integrated management approaches used for all other dynamic 
environmental hazards to aviation where formal training, examination, and currency 
practice in hazard identifi cation, prioritisation, and response are mandatory. 

 Over the last 50 years, the  aircraft   design and engineering sector together with 
regulators have also contributed to wildlife strike mitigation, albeit wildlife strike 
consequence mitigation. Following the horrifi c fatal strike accident involving a 
Lockheed Electra in Boston in 1960, the industry adopted “minimum engine failure 
after ingestion” specifi cations and subsequently minimum ratings on hull and wind-
screen strengths (Federal Aviation Regulations  2014 ; for overview see Demers & 
McVey  2015 ) This engineering approach to wildlife strike mitigation has no doubt 
helped reduce post-strike catastrophic failure rates; however, it does not address the 
core issue of primary collision avoidance. 
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 Finally, a concerning limitation of the current airport-centric approach in civil 
aviation is that it is inherently adversarial. There is an increasing trend for airlines 
 to   litigate against aerodrome operators in an attempt to recoup strike damage costs 
to their aircraft and in some cases these attempts have been successful (Dale  2009 ; 
Dolbeer  2006 ; Battistoni  2009 ). Most of these successes are prefaced on the idea 
that airports must provide a safe environment for aircraft operations; but they ignore 
the fact that birds, like thunderstorms, are dynamic environmental phenomena that 
come and go as they please through the airspace and airports cannot subsume the 
command responsibility of aircrew to avoid collision with these phenomena. 
Airports might rightly be held liable for strikes occurring because they failed to 
modify a wildlife attractant within their boundary, but that should be the limit of 
their liability because that is the limit of their authority. At a more low key level, we 
note anecdotes where, after a run of  strikes   at a particular port, carriers have threat-
ened the aerodrome operator with unscheduled wildlife management audits or with 
moves to cease operations unless they “do more” to prevent strikes. Ironically,  when 
  approached in return to outline their active contributions to reducing strike risk, 
most carriers have no answer. This trend is at odds with current air safety practice 
that is more constructively directed at identifying both the proximate and ultimate 
causes of an incident and fi nding cooperative and cross-disciplinary solutions to 
prevent recurrence. 

 The skewed aerodrome focus of  traditional   strike management is further 
entrenched by the scope of global and national wildlife hazard statutory guidelines. 
 ICAO wildlife strike mitigation guidelines   are listed under Annex 14,  Aerodromes ; 
in Australia, they are detailed in  the Civil Aviation Safety Regulations Part 139, 
Manual of Standards ( Aerodromes )  ; in the UK, they are defi ned in the Civil Aviation 
Authority CAPs 168 & 772 Licensing of   Aerodrome    s ,  Wildlife Strike Management 
for  Aerodromes   ; and the  International Air Transport Association (IATA)   present 
their wildlife strike guidelines within Safety and Security, OH&S policy for main-
tenance crews. Given that wildlife strikes are common real-time in-fl ight collisions, 
it seems almost absurd that wildlife strike risk assessment and mitigation are not 
described or legislated for in any fl ight operational or air traffi c management con-
text. The exception is that some countries have guidelines specifying a  nebulous 
  role for ATC in strike prevention. This usually consists of a requirement for control-
lers to notify aircraft of reported bird hazards in the vicinity.  

     Management Approaches   Based on Operational Separation 

 Since the 1970s, wildlife strike management in the military aviation arena evolved 
in a different direction. Most birds operate well below 10,000 ft AGL and, except on 
approach and departure, modern civil passenger aircraft normally operate well 
above this level. However, military operations often require sustained low-level 
fl ight below this altitude and therefore incur substantially higher wildlife exposure 
than their civil counterparts. Military low-level operations are also often conducted 
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at high speed and as impact forces vary with the square of closing speed, the conse-
quences of strike to  military   aircraft are more frequently catastrophic. Thus for mili-
tary operations, the spurious “aerodrome proximity” argument never fulminated; in 
fact, most military aviation authorities report the opposite spatial risk profi le with 
most damaging strikes occurring en route rather than in the vicinity of aerodromes. 
For example, between 1976 and 2008, the  Royal Netherlands Air Force (RNLAF)   
reported a total of 3352 strikes, 67 % of which occurred en route, with the remaining 
23 % in terminal airspace. Twenty-two per cent of en route strikes resulted in dam-
age, while 13 % of strikes in terminal airspace resulted in damage (Dekker, European 
Space Agency Web site  2009 ). Similarly in Australia between 1960 and 2014, there 
have only been three serious hull loss accidents, two of which were fatal and all of 
these involved strikes to military jets at low altitude (Richardson  1994 ). 

  The United States Air Force (USAF)   alone currently reports over 4000 strikes 
per year at estimated costs averaging US$24M per year over the last 12 years (USAF 
BASH Statistics  2014 ), with 34 crew killed and 17 aircraft lost to wildlife strike 
between 1974 and 2000 (DeFusco  2000 ). However, in response to rigorous and 
integrated hazard management initiatives, their strike rate has steadily declined 
since 2005. 

 Globally, 66 serious military strike incidents resulting in hull loss,    ejection, or 
fatality were documented between 1990 and 2008 from 21 air forces (Project Get 
Out and Walk  2014 ), and a more formal review of military wildlife strikes between 
1950 and 1999 estimated at least 283 aircraft lost from 27 air forces (Richardson 
and West  2000 ). These fi gures are likely to underestimate the real attrition rate, as 
only a small minority of countries detail military aircraft losses. 

 Hence, necessity motivated military  aviation   authorities to confront the reality 
of wildlife strike as a dynamic in-fl ight collision problem and to develop proce-
dural approaches to strike prevention. Conventional airport-based management 
remains an integral component of strike prevention in most military arenas, but it 
has been supplemented and overshadowed by more operationally relevant dynamic 
separation techniques. These techniques are predicated on accurate wildlife detec-
tion and movement modelling, wildlife hazard forecasting, fl ight planning, and 
avoidance (Bird Avoidance  Model  , BAM). The primary aim of this approach is to 
provide aircrew with specifi c position, altitude, and tracking information about 
wildlife hazards so that they can plan and conduct their fl ight around high-risk 
airspace and times. 

  The Israeli Air Force (IAF)   pioneered this approach in the 1970s. At that time, 
the IAF suffered several fatal accidents and degraded capability as a result of wild-
life strikes. In response, they mapped the main bird migration routes through Israel’s 
airspace and developed a workable  BAM   to provide rudimentary risk forecasts for 
airspace over time. The IAF applied this model, planned their fl ight tracks and alti-
tudes accordingly, and in the subsequent 17 years, recorded a 76 % reduction in the 
serious strike incident rate. It’s estimated that this program has saved many IAF 
aircrew lives and at least US$500M (Leshem et al.  2005 ; Ovadia  2005 ). These ini-
tial efforts at separation-based procedures were solely strategic in that they mod-
elled expected bird movement patterns to allow better fl ight planning. More recently, 
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IAF have developed a long range radar tracking system that can provide real-time 
bird movement data allowing aircraft in fl ight to avoid high-risk areas or levels 
(Ovadia  2012 ). 

 Also in the late 1970s, the  Royal Netherlands Air Force (RNLAF  ) began  experi-
menting   with similar approaches to strike mitigation. They used alternately pro-
cessed raw signal data from extant military Air Defence Radars (Fig.  22.3 ) to detect 
and model large-scale bird migration movements at ranges out to 150 km (van Belle 
et al.  2007 ). Aircraft could then avoid low-level operations during peak migration 
times. Between 1989 and 2007, RNLAF  further   refi ned their detection capability 
and procedures recording a sustained reduction in en-route strike rate from around 
40 strikes per 10,000 fl ight hours fl own to 3 strikes per 10,000 fl ight hours (Dekker, 
European Space Agency Web site 2009). Quite remarkably, this project has evolved 
into a trans-national consortium providing short-term bird movements forecasts at 1 
square degree resolution for four air forces in northern Europe. This project,  Flysafe   
( 2014 ), is coordinated by the European Space Agency (ESA) under their integrated 
applications program and resolves biological data together with information from 
satellite, air defence, and the OPERA (Eumetnet  2014 ) weather radar networks to 
produce near real-time bird forecasts. The main operational output is the  European 
Bird Notice to Airmen (BIRDTAM)  , which is a short-term area forecast of bird 
density available to air force personnel for use in fl ight planning (Dekker et al. 

  Fig. 22.3    A medium power (MPR) Air Defence Radar in the Netherlands ( left ). The raw signal 
from these sensors can be processed to selectively display primary returns from birds. Ultimately, 
this data contributes to integrated bird hazard information for aircrews. The information can be 
displayed to analysts in various forms including on Google Earth ®  ( right ). In this case, the primary 
map is also overlayed with ambient surface wind vector arrows ( yellow ). The two  red  annuli rep-
resent bird returns from two separate MPRs, one in Holland and one in Belgium. The  blank  areas 
on the inside of each annulus (close to each station) show no signal as there are no birds intersect-
ing the beam swathe at that range–altitude combination. The outside fringe of each annulus repre-
sents the range-altitude combination where the beam swathe exits the migration level of the fl ock. 
The dual compass inset diagram displays a vector interpolation (relative to the ground) from the 
bird returns of each station: the average vector is 18 m/s to the south–west for the returns around 
the northerly station and 24 m/s to the south–west for the southern station. Fusion of this data with 
overlapping information from regional weather radars, SMRs and other remote sensors can pro-
vide a comprehensive picture of the wildlife hazard risk across the region.  Photos courtesy of Hans 
van Gasteren of the Royal Netherlands Air Force        
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 2008 ). Flysafe has recently completed its proof of concept phase and is now being 
extended in scope with the aims of further reducing en route strike rates and providing 
a workable platform for real time separation procedures (Flysafe  2014 ).

   The attrition rate and loss of capability resulting from  wildlife strike over the   last 
50 years led the USAF down a similar path, developing a  BAM   in the 1980s for use 
in North America. The original BAM was based on historical bird migratory data; 
however in the late 1990s, it was supplemented with weather forecast information 
and radar return data from the continental NEXRAD radar  networ  k (Gauthreaux 
and Schmidt  2013 ). Calibration of raw returns showed that NEXRAD could reliably 
detect at least 7 of the top 11 risk species found across the USA (Kelly et al.  1999a ). 
Today, this project has evolved into the  USAF Avian Hazard Advisory System 
(AHAS)  , which provides short-term forecasts of relative bird risk by area, route, 
and location across continental United States. AHAS bird severity forecasts are 
accessible online to both military and civil pilots (AHAS  2014 ). 

   The success of the AHAS system in  reducing   strike rate is not as apparent as it is 
with the Israeli or European systems probably refl ecting the program’s shorter time 
in service. Anecdotal reports suggest that USAF Air Combat Command registered 
a 50 % reduction in strikes in the fi rst year that AHAS was mandated for operational 
service, although this degree of success is not evident in the broad strike statistics 
available directly from the USAF BASH web site (USAF BASH  2014 ). However, it 
is evident from these statistics that absolute strike numbers have consistently 
decreased after peaking at just over 5000 in 2005. 

 Since 2003, the USAF has also been developing a  Small Mobile Radar (SMR) 
strike mitigation program   in parallel with regional approaches. The main aim of this 
system is to provide real-time hazard information to pilots so that they can avoid 
birds in fl ight. In contrast to the broad scale used in forecasting with the  AHAS 
NEXRAD system  , SMRs are designed to detect targets over much smaller airspace 
(e.g. out to 5 nm and up to 5000’ AGL), but can provide useable bird track, velocity, 
and altitude information. They are ideal for hazard detection around airports and in 
low-level operations areas such as bombing ranges. The USAF implemented a trial 
of SMR and real time separation procedures at Dare Range Colorado in 2003 prior 
to the trial aircraft using the range averaged a Class A/B (damage greater than 
USD$0.5M) strike incident every 18 months. With the system operational between 
2004 and 2012, the USAF reported no Class A/B incidents at  the   range and that the 
system has increased range availability (Merritt et al.  2012 ). However, it is not the 
SMR per se that is pivotal for effective mitigation. The key factors are the proce-
dures that prescribe timely threat detection, notifi cation, and appropriate fl ight path 
modifi cation. The same process can be achieved using trained observers instead of 
SMR; the SMR makes threat detection more spatially effi cient and more accurate 
over a greater range of visibility conditions. For a summary of the relative effi cacy 
of different airborne wildlife detection procedures, see Brand et al.  2011 . 

 The USAF has since deployed and  trialled   SMR for assessment at several US air 
force facilities and units have been tested for deployment in combat theatres 
(Le Boeuf et al.  2008 ). The proper application of airport radar or other remote-
sensing systems overcome some of the detection and analytical limitations of tradi-
tional wildlife management and the evidence suggests that if they are integrated 
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properly with fl ight procedures, they will result in sustained strike rate reductions 
(Dekker et al.  2008 ; Merritt et al.  2012 ; Leshem et al.  2005 ). The main elements of 
an ideal separation based mitigation model are outlined in Fig.  22.4 .  

     Collateral Benefi ts of Avian Remote Sensing Systems      

 The remote-sensing technologies used to support wildlife hazard detection and 
collision avoidance include radar, thermal imaging, satellite and airborne optical 
and multispectral imaging systems, and ground-based fusion systems. These tech-
nologies may provide potentially useful fringe benefi ts beyond notifying aircrew of 
imminent wildlife collision. Firstly, they may allow more precisely targeted passive 
and active on-airport wildlife management, which in turn translates into more 

   Fig. 22.4     A conceptual model summarising the components of a dynamic wildlife  separation   
system. The main engine for this system is a constantly updated BAM supported by biological and 
environmental specialists and remote-sensing technologies. The main outputs to aviation are a 
series of interlocked hazard forecasts and real time situation reports that are relayed to aircrew for 
fl ight planning and fl ight execution, similar to the current ARFOR-TAF-METAR-ATIS system 
currently in use for weather hazard avoidance. With this approach, aircrew and ATC are the pri-
mary collision mitigation elements. Airport mitigation measures are used with on-airport land-
scape modifi cation remaining a responsibility of the aerodrome operator, but in this model active 
wildlife controllers are managed directly by ATC. In this model, ATC and aircrew receive formal 
training in wildlife recognition and risk assessment. Thus, both sectors are continually iterating 
informed risk assessments and considered operational decisions about the real-time hazard level 
and both sectors are constantly supplementing the data stream. The BAM at the centre of this 
model will also output useable information to Public Health, Agriculture, Environmental and 
Conservation authorities       
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effi cient resource allocation. In some circumstances, timely radar data can allow 
on- airport wildlife controllers to better identify, prioritise, and disperse incoming 
hazards (Herricks et al.  2012 ): for example, the  trial radar system   installed at 
Seattle-Tacoma Airport (SEATAC) allowed roost identifi cation and anticipation of 
starling fl ock diurnal movements. Wildlife teams could position in advance of these 
movements and alter their tracks to prevent confl ict with aircraft (King  2013 ; 
Herricks et al.  2012 ). However,    the routine use of real-time radar information to 
 tactically   direct ground wildlife controllers for dispersal may well be impractical 
in all but select conditions. The threat to resource ratio may be too high and the 
airspace volumes too large at most airports to expect ground teams to successfully 
react, prioritise, and interdict all but a small percentage of confl icts. 

 Some airport bird detection systems may also be used for ground security moni-
toring and  foreign object debris (FOD) detection   (Carter  2012 ) and some, theoreti-
cally, could be used for monitoring aircraft movements in the event of a Secondary 
Surveillance Radar (SSR) system failure. 

 The regional scale bird detection systems, such as  Flysafe   and AHAS, may also 
provide collateral benefi ts as they provide broad scale bird and bat movement data 
that in turn may be useful for global health, agriculture, and conservation manage-
ment (Ginati et al.  2010 ). Bird and bat movement models, and the movement fore-
casts developed with these programs, could be applied to risk assessment and 
mitigation for emergent human diseases such as Ebola virus, Avian infl uenza, and 
Henipah virus diseases and similarly for signifi cant animal production pathogens 
such as Newcastle disease virus (McKee et al.  2011 ). In the conservation arena, 
these models may also help resolve the ecology of long distance bird and bat seed 
dispersers, improving our understanding of forest recruitment and ultimately con-
tributing to carbon management. For recent reviews of the more general applica-
tions of radar and  remote   sensing in these arenas, see Gauthreaux and Belser ( 2003 ), 
Xiao et al. ( 2007 ), van Gasteren et al. ( 2008 ), Tran et al. ( 2010 ), Shaumon-Baranes 
et al. ( 2014 ), and ENRAM ( 2014 ).  

    Impediments to Progress 

 While there are technical  and   procedural issues to be addressed before the adoption 
of radar-based wildlife  separation   procedures can be realised in civil aviation 
(Nohara  2009 ; Bunch and Herricks  2010 ; Nohara et al.  2012 ; King  2013 ; Beason 
et al.  2013 ), signifi cant cultural and commercial limitations prevail. Firstly, inte-
gration of these procedures will be long-term, capital- and data-intensive projects 
with a signifi cant lag time before useable operational information is available. 
Consequently, the cost-benefi t of adapting  these   methods to civil aviation remains 
in question. Secondly, the information derived from remote sensors and  BAM  s is 
only of value if successfully used to alter the fl ight vectors of both aircraft and wild-
life to prevent collision. Thus to be operationally viable, these approaches require 
the active engagement of those who have the authority to alter aircraft fl ight paths; 
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that is, air traffi c control (ATC) and aircrew. In turn, aircrew and air traffi c control-
lers need background and procedural training in aviation wildlife hazard manage-
ment analogous to the way they are currently trained in meteorology (McKee et al. 
 2012 ; Greeves  2013 ). 

 However, there currently exists a strong reluctance in both pilot and ATC profes-
sional groups to engage at this level with the  wildlife strike issue.   Despite consensus 
that wildlife strike is a genuine safety issue, many believe that adopting wildlife- aircraft 
separation procedures would be overly complex, would not be adequately resourced, 
and may eventually compromise cockpit and tower workfl ow and safety. In addi-
tion, there are concerns by airline and airport operators that such  procedures   may 
reduce movement rates and incur fi nancial loss and there exists a negative percep-
tion, particularly expressed by ATC, that if they actively and routinely engage in 
strike mitigation practices, they may be then held liable for strikes that still occur 
despite their best efforts. Ironically, under ICAO 4444 section 7.3 and 7.4, ATC are 
currently required to notify aircraft of wildlife hazards in such a way that there is 
enough specifi c information and time  for   the pilot to take useful mitigation action. 
Although this requirement is essentially impractical in the current air traffi c control 
context, the requirement and thus  the   liability already exist and in Europe that liabil-
ity has been successfully prosecuted as a result of a serious strike followed by 
engine failure (Battistoni  2009 ). 

 These fears are also well-illustrated in the equivocal  International Federation of 
Air Line Pilots Associations (IFALPA)   draft policy statement on bird detection tech-
niques (IFALPA AGE  2011 ), which at the outset acknowledges the worrying trend in 
civil strike rates and the need for new management approaches. On the other hand, 
the policy presumes confl ict detection by airports and advocates transfer of collision 
avoidance responsibility to ground personnel, but fails to prescribe anything other 
than spectator roles for fl ight crew or ATC. The policy, rightly, is very specifi c about 
the advisory nature of wildlife notifi cations and maintaining fi nal pilot command 
authority in wildlife avoidance situations, but then abrogates any command respon-
sibility for contributing to a solution. The authors cite the  complexity of application, 
commercial considerations, safety and legal responsibility of aircrew and air  traffi c 
  controllers all as reasons for retreating from the issue. 

 On face value, real time wildlife  separation   procedures do appear quite complex. 
Implementation requires new training and new notifi cation systems, which would 
need to be globally standardised and in turn would need to be supported by wildlife 
movement forecasting and  reporting   models. Furthermore, given the  global   diver-
sity in biome, climate, and animal behaviour, standardising critical parameters such 
as bird hazard levels for risk models and notifi cation systems will be challenging. 
The perception of complexity in applying operational wildlife  separation   to high 
movement rate civil operations is further confounded by the well-entrenched 
pre- judgement that they must result in chaotic traffi c sequence disruption and sig-
nifi cant commercial penalty. In reality,    the level of disruption or penalty is more 
likely to depend on how the procedures and technology are staged into a complex 
traffi c environment. Once set in motion, new technologies and procedures rapidly 
embed and evolve; in practice, implementation should be no more daunting and no 

22 Approaches to Wildlife Management in Aviation



482

more disruptive than the introduction of new weather avoidance or aircraft separa-
tion procedures. In the past, these issues have been well-managed by careful plan-
ning, staged implementation, and well-supported execution that circumvent 
apparently insurmountable complexities—in other words, by approaching the issue 
in precisely the same pragmatic way aviators have been doing since Orville Wright 
fi rst “chased a fl ock [of Starlings] around Beard’s corn fi eld”. 

 It is certainly possible to begin introducing both the technology and the procedures 
for strategic and tactical wildlife separation in civil aviation (Sowden and Eschenfelder 
 2009 ), particularly since the process is supported by 50 years of proof of concept from 
military aviation. In military aviation, the high attrition rate associated with strike dur-
ing low-level  operations   was a critical motivation for implementing separation-based 
mitigation approaches. However, at the moment the same rationale does not exist in 
the civil arena. It is harder for civil operators to accept the need to alter the strike miti-
gation paradigm when there are only sporadic reminders of the catastrophic conse-
quences of wildlife strike to humans and essentially no ethic within the industry that 
concedes any signifi cance to  the   continuum of fatal consequence to wildlife. 

 We note that many of the cultural and psychosocial restraints discussed above in 
relation to civil aviation are not relevant to military aviation where  the   imperative is 
on effi ciency, safety, and maintaining capability rather than profi t and fear of liabil-
ity. With the exception of combat operations, lower movement rates and less strin-
gent scheduling imperatives with military aviation allow more latitude for aircrews 
to prioritise wildlife strike avoidance. The signifi cant point here is that  aircrew  
should proactively prioritise and drive wildlife strike mitigation; it should not be a 
 primary   responsibility of aerodrome operators, as pilot-in-command is always the 
fi nal authority for the disposition of the aircraft and therefore always ultimately 
responsible for what the aircraft collides with. 

 Structural and cultural differences between military and civil systems also con-
tribute to the divergence in attitudes towards operationally integrated wildlife man-
agement. In military aviation ATC, aircrew, aircraft operator, and aerodrome 
management generally all fall under the same command structure and all work to 
common goals; in civil aviation, these elements are fragmented and often, to some 
extent, commercially and culturally competitive. Hence, implementation of opera-
tional change is easier to coordinate in military settings. Competition between civil 
aviation sectors remains one of the main reasons why responsibility for wildlife 
strike mitigation is still entrenched and confi ned to the aerodrome sector. It is easier 
to continue letting aerodromes attempt to manage wildlife strike alone than it is for 
other industry sectors to engage and incur the nominal extra cost and liability. 

    The Way Ahead 

 Notwithstanding the challenges discussed above, there is increasing recognition in 
civil aviation that a dynamic wildlife hazard mitigation approach is necessary and 
integrated operational separation procedures will likely be adopted in some form 
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despite their perceived limitations. The Hudson River event of 2009 and several 
similar near catastrophes in Europe have motivated a search for approaches that will 
demonstrably and sustainably reduce strikes rates. There are now several commer-
cial companies manufacturing terminal bird radar systems for civil use and several 
civil airports are trialling these units initially as adjuncts to on-airport manage-
ment and as a means of developing local bird movement models (King  2013 ). 
More importantly, the advent of radar and other accurate detection technologies has 
encouraged adoption of more contemporary risk assessment approaches based on 
monitoring pyramid indicators rather than the collision events themselves (Klope 
et al.  2009 ). 

 Recently, robust biological and ecological survey work together with an SMR 
and co-ordinated cross-disciplinary cooperation resulted in the fi rst successful 
introduction of radar-based bird hazard advisory procedures in civil aviation. These 
procedures apply to airspace in the vicinity of King Shaka International Airport 
(KSIA), Republic of South Africa, and help prevent aircraft confl icting with swal-
lows ( Hirundo rustica ) that egress a roost-site on the runway 06 approach (Marshall 
 2010 ; Merritt et al.  2012 ). Several factors seem to have contributed to the success of 
this program, including the fact that KSIA is a relatively low movement-rate port 
and thus the airspace is amenable to procedural experimentation. In addition, the 
primary threat target (a large fl ock of swallows) can be unambiguously identifi ed by 
radar and the fl ock fl ight paths and fl ight timings are semi-random allowing some 
degree of block time and airspace predictability to the threat. Most importantly, the 
process involved cross-disciplinary cooperation by airport, airspace, airline, and 
conservation authorities, providing good outcomes for both aircraft and birds and 
dramatically underscoring the legitimacy of the separation approach in civil opera-
tions. Of related relevance is a novel program, recently devised in Central Europe, 
which is a conceptually different but nevertheless an effective operational approach 
to strike mitigation. The low-cost carrier, Wizzair, was elected to independently 
implement a  Safety Management System (SMS)  -based  wildlife hazard  management 
plan (WHMP)  , which to our knowledge is the fi rst signifi cant  airline- based WHMP 
to be deployed (Pekk  2012 ). This plan included lobbying for better regulatory over-
sight, integrated cockpit, and communication protocols in addition to the carrier 
itself taking responsibility for coordinating and driving wildlife management 
compliance initiatives across all sectors of its fl ight range. Given the fact that it is 
aircraft, not aerodromes, which collide with wildlife, this aggressive usurpation of 
responsibility by a carrier is a refreshingly logical, albeit long overdue, change to 
the mitigation paradigm. It is also apparently effective; in the fi rst year of deploy-
ment the program resulted in a 20 % reduction in strike rate, a 10 % reduction in 
damaging strike rate, and a 40 % reduction in total delay time to the Wizzair fl eet 
(Pekk  2012 ). To our minds, a fusion approach derived from both the King Shaka 
and Wizzair experiences is certainly one way forward to achieve just and effective 
management of the problematic aircraft strike issue. 

 Another positive sign is that national and international regulators are becoming 
more engaged with wildlife avoidance. The US FAA recently released guidelines 
(FAA AC  2010 ) for the selection, deployment, and use of  avian radar systems   at 
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aerodromes. Similarly, recent international wildlife strike and safety meetings are 
seeing increasing representations from ICAO and the  International Airline Transport 
Association (IATA)  . Most encouraging is the observation that the cultural and fear 
barriers discussed above are beginning to dissipate as a result of extensive technol-
ogy validations (Brand et al.  2011 ), good communications and multi-stakeholder 
discussions (Nohara et al.  2012 ; Hale and Koros  2014 ), and also as a result of strong 
advocacy from progressive professional associations, particularly the  National 
Business Aviation Association (NBAA)  ,  Embry-Riddle Aeronautical University 
(ERAU)  , and the  Australian Airline Pilots Association (AusALPA)  . Similarly, sig-
nifi cant efforts have been directed at defi ning how wildlife threat information can be 
standardised, organised, and simply communicated in operational settings (Nohara 
et al.  2012 ). It also should be noted that both Airbus Industries and Boeing are 
actively engaged in strike mitigation research (Nicholson and Reed  2011 ; Papin 
 2012 ). Finally, there is some evidence that strike liability is starting to be partitioned 
more equitably. Prior to 2006, most successful litigation held aerodrome operators 
alone accountable for strike damage. However, a recent post-strike fi nding in favour 
of an aircraft operator split the liability for the aircraft damage between the aero-
drome operator, ATC, and the regulator (Battistoni  2009 ), fi nally highlighting the 
reality that mitigation of in-fl ight collisions devolves to all operational sectors. 

 Two of the most signifi cant challenges to further progress include: an imperative to 
clearly demonstrate that radar-based separation approaches will provide a cost benefi t 
as well as an obvious safety benefi t to civil operations; and the necessity to secure 
positive and practical engagement in the process from the  International Federation of 
Air Traffi c Controllers Associations (IFATCA)  . Given the positive experience with 
military strike management over the past 50 years, we are optimistic that these hurdles 
will be overcome and we anticipate a time when accurate bird forecasting and 
co-ordinated real-time management will reduce aircraft and wildlife confl ict.      
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