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Bird collisions with aircraft
pose a serious threat to flght
safety worldwide. These in-
cidents cost many millions
of dollars in damages and all
too frequently end the lives
of aircrews and their passen-
gers (Figure)). Commercial
aircraft record thousands of
bird strikes annually and
more than 200 fatalities have
been attributed to these col-
lisions. The most notoriouS
accident occurred at Boston's
Logan International Airort

in 1960 when a Lockheed

Electra st.ruck a flock of Eu.
ropean Starlings (Sturnus
V\lgads) and crashed, kiling
62 people, Miltar aircraft
a.re paricularly vulnerable to
bird strikes as they routinely

operate at lower altitudes
and higher speeds than com-

mercial iii.rcraft.
The United States Ai

Force (USAF) reports around
3,200 bird strikes each year.
SLnce 1985, these strikes
have caused the loss of 14 jet
aircraft, with 7 resultant fa-
talities, and cost over 65 mi-
lion dollars per year
(DeFusco 1988, Merritt and
Dogan 1992). Several recent
accidents ilustrate the sig-
iüficant hazard varous birds
pose to military airraf.

. An F-4 fighter on 'a trai-
ing mission to Spai in
1987 strck a Grion Vul-

ture (Gyps fulvus) which.
penetrated the aicraf

canopy, and kiled the
pilot instantly. The navi-
gator in the back seat was,

killed when the- a1~ hit"
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the ground moments later,
. During the same year, a B.

1 bomher struck an Ameri.
can White Pelican (Pele-
canus erythrorhynchus)

near La Junta, Colorado. A
fire erupted, causing the
aircrew tô lose control of
the aircraft. Three of the 6
crew members perished
when the aircraft crashed.
The reported cost of that
accident was in exceSS of

$215 inillion.
. In September 1992. a Tur-

key Vulture (Cathart€s

aura) penetrated the can-
opy of an Ai Force
trainer, kiling the pilot.
An iustructor in the back

seat landed the iicraft

safely.

Bird strikes occur during
all phases of flght, but are
most likely to result in cata.
strophic damages during
Jow-level missions and on
training l'anSE::; because the;

number of birds is highest at
lower altitudes (Figure.2),
Aircraft frequently operate in
these romote locations at i:l.
titudes from 50 to :.lOO me-

ters above ground levi: and
from aso to 600 knots indi-
cated aixspeed. Urilike in the
airfield environment wbE:re
birds may be dispersE:d,
there is nO way to control
bîi:ds in the low-level !~nvi-

ronmen!. AJrcrÐws depend
upon bird distributIon infor-
mation to avoid potentially
hazardous areas. The USAF

is prod\¡cing a compl,lteriu:d
Bird Avoidancf.: Model

(BAM) to provide this infor-
mation. Th\: model wil PN-
vide localized d¡¡ta on bird

distributions and sOI.lldance

throughout thE: continental
United States. The Depart-
ment of Defense Legacy Re-

source Management Program
is partially funding the de-
veloprnmit of this modeL. Re-

seaich toward this effort is
beirig conducted M part of
an Ai Force sponsored doc-

tora, program by tht~ author
at the UnivE:rsity of Colo-
rado.

. The v¡;.riety of birds
struck by aircraft numbers in
the h\ltl,dreds, but several or-
ders of birds pose the most

figuriit'~ Tt6' lead Air Forc demonstrtion' team pilot was kiiied in this 1981 accident whe~ his T~3i
struck a gull on takeoffdunng a practice seion. . " ; q ".,. _.'
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Bird Percent Identified

spring and early summer
(see Robbins and Van Velzen
1967). The DDS was initiated
in ),965 to develop a reliabl~:
index of North Arerìcan
bird populations, Surveys
are conducted along estab-
lished ToutE:S on secondary

roads in largely rural areas.
The staxling point of each
route is recorded in degr~:E:$

and minutes of latitude and
longitude. The cHrectíon of

the route from the starting

Table 1. Birds reported struck by USAF aircraft, 1987-
1991.

serious hazards (Table 1),
Notable among these are the
raptors (Falconiforrnes). In
the United States, the spe-
cies causing the single great-
est hazard is the Turkey
Vulture (Figure 3). This is
due to a number of factors
including its large body mass
(over 2 kilograms). wide-
spread geographic distribu.
tion, and flght behaviors.
Turkey Vultures most often proaches focus on the two-
make forasing and migratory dimensional occurrence of

flghts at the same altitudes species and often ignore a

as míltary flight operations. critical third dimension of
Compounding this problem species abundance patterns
is the fact that vultures within their ranges. This

rarely take evasive action to third dimension may reveal
avoid collisions. Adult vul- much more of what is im-
tures have no known air- portànt to à populatíon of or-
borne predators and ganisms than the limits
certainly have not evolved to imposed at the extremes of
deal with the closure rates their range. Fortunately,
associated with aircraft en- modern Geographic Inform-
counters. Consequently. Tur- tion Systems (GIS) can easily
key Vultures have cost the handle these three~dÌIen-

Air Force ovar 21.6 milion sional analyses. The USAF

dollars, 3 crashed aircraft effort to model hazardous

and 2 fatalities sinca i 989. bird species could not be
The Turkey Vulture was thus done without the aid of an
chosen as a priority species advanced GIS.
to begin the modeling Species' ranges and
process. abundance patterns may be

Modeling Turkey Vul- shaped by biotic interactions
ture populations must begin of compeUtors. predatoi:s,

within the broader context of prey, parasites, or disease.
their biogeography. Under- While bioUe interactions
standing the forces shaping may influrmce the proximate
the distribution and abun- details of range boundares,

dance of a species enables physical tolerances to abiotic
the narrower task of model. factors may ultimately deter-
ins these patterns to be ap- mine a species' range. Ex:ter'
proached in a more realistic nal abiotic environmental

manner, Traditional bioS eo- factors, such as physical bar

graphical studies concentrateriers to expansion, tempf:a-

largely on the presence Or ture extremes, availability of
absence of species within a watei: or othr resoUI:S.

defined region. These studies may be the primar forces
place a great deal of. empha- shap~&~p~,c:i~,S' ,b:jogeo~,

sis on the rangeS',ot thecal' grEtnt?,r~;i~s'~Tlí~ goal~,o,f

ganisms understudy, with this:stùdy.is to determie
particular attention paid to how such factors correlate

the factors wruch limt thesa with ,known' distribution pat-
ranges~ßuclibi~clitìon~.!ì~~;;~,t~~~Ü..~~~!~ ~p~dI-~tiv,:"

Vultures and Hawks
Gulls
Doves
Ducks and Geese

Heron6 and Egrts

Starlings
Horned and Meadowlarks
Pelicans
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32,6
29.5
LO,9

10.5
6.6
4.8
3.7
1.

model of vulture occurnce
on a, continental scale.
Analysis of seasonal abun-
dance on such a scale reo
quirs an enormous amóunt

of data. before coherent pat-
terns are revealed. It also re-
qiiÜ:es a computer system
capable of handling these
data. The Geographic Re-
source A¡ialysis Support
System (GRASS) geographic
information system is used
for processing all data layers
described below. CAASS was
chosen for this project as it
was developed by the De-
partment of Defense for just
sucha.pplications and is
public domain software
readily accessible to all po-
tential users.

Spatial distribution and
abunda.nce patterns of Tiir-
key Vultures were obtained
by analyzing data from the point is randomly selected
D.S; Fish and Wildlife Set'- and followed every year.

vice's Breeding Bii:d Survey Fifty, three-minute stops are
(BBS) and the National ;\u- made at 0.8 kilometer inter-
dubon Society's Christmas vals along each 39.5 kilome-
Bi.d Count (CBe¡. Turkey ter route, Total numbers of
Vulturs are ideal for these each bird species seen or

type sureys as they are rela- heard during stops are reo

tively common, highly con- corded for the route. Data are
SpiCUOllS, easily identifiable, compiled by sta.te and ¡:n-

widøly. distributed, and: tered into the national data-
therefore pl'(ivide robust data base. Smvey resu It!l have
sets. baen recorded eiwli, year .

. The ~reedìl1g :Bir Sur-.. from,1geD. to, pl-sent~and. al¡,..
vay i8 à standardized survey ~~a.iåble- data froni'ea:di"" .',

conducted ear.h year at var- complete year is i.ncluded in
ious locations thrughout the thi study. A suiface was
U~ted States du. th~l;t;", '¡;'td createæ from 2,:700, BBS sites u'~':"¡:'
," .','," ", , . '\ . . -. ,...-......'.... .r. .,,~ .:.". ,.'l""~~:.J'~'..t~t..~... . ", ,-'¡i-!'i-' ".,,' _ .~'t'.' ~,i ,'~ ..".'.~'l-".'..,. \"" '.," "," .,' '. .~"..i. ...~ ,I,:~ '

these strikes
have caused
the loss of
14 jet .air-
craft, with 7 ..
resultant fa-
talities, and
cost over 65
million
dollars '
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Figure 2. This USAF f.Ul struck a Red-tailed Hawk on a tow-
level training mission in New Mexico.

using a spatial interpolation
model in a Lambert Azimu-
thal Equal Area projection
IFigun') 4),

Christmas Bird Counts
are conducted over a 24-hour
period during the two weeks
surrounding Christmas day
each year (see Root 1988).
Many thousands of volun-
teers participate in these an.
nual counts and 5e~era1

milion hours of observation

have been recorded since
their nception in 1900. The
center point of each estab-

lished count circle is reo
corded by degrees and
minutes of latitude and lon.
gitude and observers gener-

ally cover the same aras
each year. Participants are

allowed to conduct surveys
anywhere within a 12.1 kio-
meter l'adi.us of the center
point. Parties of individuals
may split up to simulta.-
neously cover different pars
of the count circle durng the
survey period. The total
number of party hours ar
recorded in additon to the-
total number of each species
observed durng the sUrvey~

Data ar compiled by state
a.nd entered into a national

database. All available data
for each year from 1960 to
present are used in this
study, Figu 4. depicts the
interpolated surface gener-
ated from 2,660 CBC sites in
a Labert Azimuthal Equal

Area projection. Nota that'

Figure 3. RemaIns of a juvenile TurKey Vulture protrde frm th

wing of a C-130.

PE

the CBC cannot be directly
related to the BBS as results
olr(.; ,.~~~¡nl'ted differently for

each SUlvey technique.

M¡:r~ gAnf'lllfH1 hy the

above processes can be used

to determine a relative risk
of bir.d strikes by season
along any low-level training
rDute il1 the continental U.S.
RoutE: courses projected onto

the interpDlated bird distri-
bution surfaces indicate the
relative magnitude of the

F'. .:;14

risk (se.e COVÐr graphic and

Fig\1.re 4). A profHe of thf;~e
projected route COUrses can

!)f; used to compare l'Ol1(i:S or
route Sf,8mer.m¡, 1'hp. RrAIl \In-
del' i.h.1 profie curve is a
meaSure of thf, bird strike
risk for the entire rollte rela-
tive to any othør route. Fig-
ure 5 depicts two such
profies, For example, a
flight planner given this in-
for mation could choose to
fly Instrument Route (IR)-117

I:

~,,;:;S-lføet: Turkey" Vull:' DenSity'r"i.,~.:!,,; ;,;)'. .. ' l' , ~-" ,'"

. t /i:,n

~ ' "

""t:~f,:;~fnt~; Turkey7Vulture- Dê~y.;':::':: ; ."
l',. ,U~.. '.~' :;:~,:~~t'~"~:;Y~':, ;t~:l::'':-'' .', ;'/~'. -'. . :" , "' ", " "~,,., ":":~-: .'- -""/"1~r,'~:~;f,~~' ::i;".:~:~.,;~f

Figure 4. Interpolated surfaces on Turkey Vulture densities derived
from Breeding Bird Survey (top map) and Christmas Bird Count
(bottom map) data with Department of Defense low-levl training
routes superimposed.

versus lR-170 during sum-
mer to minimize the poten-
tial risk of encountering
Turkey Vultuxes. Note how-
ever, that the relative risk of

a Turkey Vulture strike is
lower for IR-170 than for IR-
117 duxÍllg the winter.

WhUe interpolated sux~
faces derived from BBS and
CBC data certainly provide
v(lluable information for
flght planers. finer resolu-

tion may possibly be at-
tained by examinig
environmental factors impor-

14K
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within these aJeas. lites a.s the maxin1Um bi-

_ Hydrography: Data were weekly Nor maHz,ed

obtained from the EROS mfference Vegetation In-
data. center as derived dex (Ñ'Dv1). Meàn
from the "National Atlas monthly and annual l"DVI

of the United States of measurements within each
America" (1970). Arialysis bird survey area are con-
is performed on the 1ìiieBi: sidered for statistical cor-
distance to permanent relation with vulture
water sources for each numbers,
vi.Iture survey site. - Ecoregions: There are 76

. 1'eJ1perature: point data. ecoregions in the conter-

were obtained from 1,528 minous U.S. as defined by
monitoring srations the Environmental ProteC-
through the National eli. Hon Agency (EP A) and

malÎc Data Center and . Major Land ResOlirce

converted to interpolated Areas (l'RA) as compited

surfaces representing by the SoH Conservation
niean monthly tempera- Service (SCS). These data.
lures, annual n1irilmum were obtained from the

and maximiim tempera- EROS Data Center on the

tures and the mean m.im- AVHRR companion disc,
ber o( days above DOC AnalysiS of vulture nuro-
(frost-free days). Bi.rd data bers as associated with
layers ai~e overlaid to de- these regions may indicate
termine if vilhi. numbers preferences for certain
corrspond to temperature habitats over others.
variables. . Vegetation and Land Use:

. Precipitation: point data Land use a.nd lai:d cover

were obtained from 1,877 data were obtained from

monitoring stations the EROS daJa center as

through the National Cli- derived from AVHRR
matic Dala Center and sur- spectral imagery (see
faces generated Loveland et at 1991). Cor-
representing mean relational analysis on wl.
monthly and total annual t\ire numbers associated
precipitation. Addition- with the va~io\lS classeS of

ally, data on snoW cover vegetation and land uses
were obtained fronl the may reveal habitat prefer-
National Oceanic and At- ences important in deter-
mospheric Administration mining the ultimate
(NOAA) National Snow distribution and abun-
and Ice Data Center. These dance of these birds
surfaces are analyzed in throughout their range.

the aiea of overlap wlth It is necessarily assumed

bird survey areas for cor- that Turkey Vultures ar Hm-
relation with ob served ited, as are ell species, by a
vulture numbers. combination. of external

. Prim~ProductivitY: biotic and abiotic environ-
Measures oiproductivityi,. . menta facto.i:~ whïcbl haw.

wer'obtad:;~in the: ied to theîi pfestiit'd~:di~;;:;:\~
EROS Data Centei; and d~ . trbution patte_Fop exan~~""

rived from 
spectr data;, . pIa. prelliar analyses. fOF:.,.,d.

reJtt~lY;s~sed. by;. '-' ,'. .. .:... this study indic:atEtl. srgniIi;,:;',,',
NctM~lr':A'V,satell.,~.;..~... cat coireâtio~ bet:eeDi ~-.' ,,'..(:'~t,~!;ir~~Tt,:":'.~"\\:7T:~;:'7~;,;l;\~;::::;;.:';~'~~;:~'i~~ ...

The USAF
effort to
model
hazardous
bird species
could not be
done without
the aid of an
advanced
GIS.

tatlt to the vulture. Such in-
formation can augment the
knoW databases for better lo-
calized resoli.tion in the ft-
nalinodeL. ror e:-arople, the
high density of vultures de.
picted in Figure 4. aro\md
the Nevada-Utah-Oregon
boarders results from one
high C8C site with few sur-
rounding surveys to dampen
the peak. Such anomalies
miiy be more realistically
represented if those factors
which attact birds to such
afeas were known and con-
sidered in the ,nodeling
process. GeographiC, cli-
matic, a.Dd physiographiC
da.ta layers were all prepared
for such correlational analy-
sis with the bird data de-
scribed a.bove, Geographic
coordinates of aU data la)"ers
were converted into a Lam-
bert Azimuthal 'Eq\ia1 Area

projection with a one kilo-
meter ceU size for conform-
ity and spatial registration
with the BBS and cee data.
The one kilometer cell size
is appropriate given the \'11.
ture's rather coarse use of i.s
habita.t. rhe Lambert projec-
tion was selected as many of
the environmental variables
obtained from the USGS
-earth Resources Observation
System (EROS) Data Center
were provided in this format.
Parameters of this projection
are available on the Conter-
minouS U.S. Advanced Very
High Resolution Ra~iometer
(A VHRR) Companion Disc
where many of the remotely
sensed environmental varia-
bles described Qelow ate also
contained.

The- GRASS program

was used to generate a buffer
with a i 2.1 kilorneterradius
around the central cooJ:di~

nates of each. birdsurvey ..
site. This buff~r ~~pond$;d."

to the radius of the original
CBC count circles. The in-
Glusive area within each cir'
cle is 441 sqtiare kilometers.
represented by 44:1 pixels of
') square kilometer each.
These areaS are then overlaid
on various envi.ronmental

parameters to determine if a
statistical relationship exists
between the number of vul-
tures observed aI'd the envi-
ronmental fa.ctor or
combination of factors at
each site, The factors consid-
ered in this modeling effort
inchide the following:
. Elevation: Data were de-

rived from a Digital Eleva-
tion Model (DEM) from
the 30-arC second data set
distributed by the National
Geophysical Data Center,
AnalysiS is performed on
the mean elevation con-
tained. within the 4:41

squar kilometer owrlap
ara for each survey site.
A nleasur of surface
roughness, is. also derived
from the varance of eleva-
, tion& measured for. each 1
squ~ kiometei: block

l
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Figure 5, Profile view of DoD Instrument Routes OR) 170 and 117
projected onto the interpolated bird density surfaces for summer
(top graph) and winter (bottom graph). The area under a curv
represents the cumulative relative risk of a bird strike for the
route.

'turkey Vulture abundance
and proximity to permanent
water SOurc environmental
factors may enable much
finer resolution of vulture
abundance patterns than is
currently possible with inter-
polated BBS and CBC data.
The above aray of envion-

mental factors, while by no
means exhaustive, may re-
veal those variables which
ar important in determining

species distribution patterns.

If so, these factors can be
readily used in a GIS-based
model to predict occurrence

P£&RS

and abundance of vultures
throughout their range. Re-
finements are especially
needed in areas of the coun-
try that are under sampled Dr
uiisampled by the BBS and
CBe. Research toward this
effort is ongOing and is
scheduled for completion in
mid-1994.

At this point it is diffi-
cult to predict all the pat-
terns whiCh may emerge
from this study, It is ex-
pected however. that some of
the many variables \vil serv

as predictors, if not deterrn.

400,

nants, of: Turkey VulturEl dIs-
tribullon and abundance in
the conterrninous United
Sta.tes. These wil be used to
create a more comprehensive
picture of Turkey Vulture
behavior and ecology. Once
the modeling technique is
demonstrated as feasible for
the Turkey Vulture, other
species wîl be included in
the USAF Bird Avoidance
ModaL. The resultant model
wî1 appreciably alter the
way the USAf" operates' and
help create a safer environ-
ment for aircraft which share
airspace with the birds,
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