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Xvaluating the Bird Avoidance ModeI
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Je f f rey  J .  Shor t , 'C&p t ,  US  A i r  Fo rce

At BSCE 15, I discussed the development of a predict ive model
which could be used to predlct relatlve 1evels of bl ldstr lke ?isk
duridg specif ic lo\r-1evel operatl .oos.. This Bfi:d AvoldaDce Model (BAlr)
ls now operatlotral and 1s loaded otrto the Cybe! 17O computer located
at the Air lorce Engineering aod Services Cetter, headquarters of the
USAF Blrd/Allcraft St!1ke qazald (BASH) Tearn. Bll t  ls desigDed to
deternltre the birdstr lke potential while f lylDg a 1ow-1evel f l ight
route 1n the continenta.l  Utrl ted States. BAN was developed as a f l j .ght
planning tool when cleatiog or alterlng locr-Level routes or when
scheduling ni.ssions or t lmes of part icula? f l tghts. ?he purpose of
thls pape? i.s to report olt  progress nade to verify the accuracy of
the BAM conputations with past bi"dstr lke rolshap data from low-level
m iss lons .

Aa a review, the model sieulates low-level f l ights on a palt icu-
lar route structure throughout the codtiguous United States. The
potentlal birdstr ikes from waterfowl for a part icul: � :  aircralt are
computed as a function oJ the alrcraft 's lrontal area. f l leht dlstaice
a long  the  rou te ,  and  va r ious  o the r  f ac to rs  i n f l uenc ing  the -number  o f
birds expected in the airspace a.t a celtain t ime. When considered ln
terms of waterfowL mig?atory behavior, f1lght paremeters such as dato,
t ime of day, alt i tude and oealby feeding and resti trg habitat directly
inf lueace the overal l  birdstr ike r isk.

As could be expected, a nethod of
expect waterfowl was the most dif i icult
I ' rank C. Be11!ose. Jr. author of Ducks

quantifylng whele eld when to
aspec t  o f  des ign ing  BAM,  Dr .
Gee€e'end Swans of North ADerica.

\ras the major consultant for propeily
chrodology of lxaterfowl niglat1ou used in the mode1. The ldformatlon
is ba.sed on 35 years of per.sonal observstion by Dr. Bellrose, substan-
t iated with national aDd state watelfowl refuge reports, bandiDg tecords,
annual ki. l1 reports aod f l ight fol lowlng u6ing aircraft &nd tadar.
The waterfowl dl ig?a.t io! dete ldeotl. f led rDigration corridors, concentra-
t ion areas, and weekly accounts of poputatj .on levels tbroughout eigtrteen
regions 1B the US. Appendix I is en excetpt from the BAll progranner's
guide whlcb further dlscusses how the weterfosrl count data was used.

BAM Appllcat lon
BAI( is "user fr ieddly", mealing that very l i t t le fael l iari ty ls

needed with either cooputers or progranming to evaluate a 1ow-1eve1
route for bLrdstr ike potenti.al.  To use it ,  the user must input the
fol lowing infornatlon :

(1)the specif lc route number or geographic coorditrates of a

(  2  )da te  (mon th  and  dey ) ;
(3 ) t1ne  o f  day  (hou r ) ,
(4 ) t ype  o f  a i r c ra f t  o .  f r o t r t e l  a lee ;  and
( 5 )type of output desired.

A1I other i trformatiol1 i .s stored ( 'canned") s' i thiB the internal fraoe-
work of the computer plogradt. This dethod lessens the responsibl l l ty
of the casual user but meintalns cri t ical orderldg of the celculatiods
which saves both t ime and money. Appendix II  defines the pfocessiDg
flow-chart add four major functlons performed by BAM.
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I lg":: :_t;1-l l :  sraphic- represeltat lods of taburar data proaruced byrne l ' ] ' rcl avoldance l lodeI. A different bi].dstr lke r isk 1i calculatedfor each week ot waterfowl migra,t lon frord Septeober thro;Ah Apri l
I1:ldlis !9,separate polnts. LirDttatr"ns ""-ile ."rpoi Ji' pr"t t""useo to. procuce these plots restr ict the Durnber of points to nlne.roe nuooer€ on the ordinate (y_axis) refer to the nuDber of bi!d6exp€cted fo! a l l lgbt wlth an alrcra,ft  wlth a frontal area. of 1OOEquere  fe€ t  f l y i ug  a t  a  ce r ta i !  t i ne  o l  day  1oa  r fgU t ; i de ; .
9fl . l l ly, Eightt lme involves ective oigraiory activlty from about1800-0600 _hours; dawtr/dusk invotves ofgiatory- arrivai i"oe-;;p;;; ; ;" I

::l i l l!y,ll.. refuseE and stopove! porits 1oi;Oo_ogOii ""a 
-1sob_rsoo 

I ;a.Dq o&yt1me refers to reduced f l ight sctivlty with occs,sioial sort iesto loca1 feedldg areas qithln 30 ; i Ies ( o9o6:1600-u""r. i-g varue oo
:::_::911i!. of. o.o5 nean6.s blrds per.ue"y ioo rir!-ft '". 
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ll lt:::, t:_:yT?otic a.ltowing corirparison ofioutes or fimes of 111gbt.rne_ roltoFlDg I lgures are good_exa^6ples of the vaTiety altd compl;xityof birdstrLke problems on Iow-Ievel routes_

Figure 1. Blrdstr ike trazarals oo IR2O3 are greetest durltrg the evetr_
l:g_1"-"::  froo es,r ly October tbrough early February i ldlc;trng ar-al.ge sta,gaaDt populatlon aloog the route durlnq rhat perlod.-
uoderate daytine hazards exist-fron Noeembe! tui""! l  

- . l i"u"ry. 
e

::y1:"-3: - _thg, ""ut iDg of rR2o3 indlcates that the i"aei i .  ietatlvelyvarlo slnce 1t passes clo6e to some of tbe dedsest wLlter r 'aterfowlcoDceDtlatlods la the US just east of Sa.o Fra.nclsco, Coli fornla-

Figure 2. High birdstr ike r isk-is typical of early eDal late elglr_tion oa lorthern t lef ! .outes, Daytl; ;  is t te t". i ' t i r" io ffy inno:
I:: .-19yrq. Blrdstr lke r lsk d!op; sharply in l .ate Oe-emUer, rrattensour, aDd does oot r lse sieDlf icantly untlI  late Meich. Blrds depart_iog refuges end feeding aieas present the mo6t r isk.

FiClIg^q. ' Ibo extremely Intetse, but sholt-I ived miglations occuro!.IR80O. T'he bird bazard 1s I inited to fa11 add ""i iv 
-r io."" 

, .othis. northeaster! reglon plth 1itt Ie signif icaat novemlni 
- 

1 refat lvefy 1lu ttre sprlog.

Flgule 4a-4e, Bird hazeldscaD be Clepicteal before the routes qr. qn_
proved. A segbelt-by-seglFnt look it  tn" t ira. i" ir .  ; i ; i - ; . ;-; .-"used to avoicl sigBif lcsnt concent?atioo areas of birds, Altboughtbe t imltrg of tbe bird activity is ebout the sa-he, seqldett D tra6a blrd6trike potential one ordir of nagaitude i""er-i f , fo-1,e."" c,
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BA.ll eppeared Dore retirble wbeD predlctlng blrdst!1ke rlsk 1! thefel1. thaD spring seasoos. cb1-squere an.rysls was pelfoloecr on subsetsof the frequency data co[cerDlDg'tbe-abil i i l  ot l l" ' ioa"i ' to accuratetypredict.perlods of potent i a r ty- iazaldoua ""i "; io;i 
-.;; 

i ; i ty wnlch woutdlnterfere wlth uornal low-level operatioas. rn. pr.t iuii i tv dlst:ributlor!functto! of the clt i-square statrsiic was hlghly .i;;;; i ;;;, f; i l5;:;#ilndlcatlng that the falI birdstrlke hazards-weie ,3..-o""ar.thri i., t l" i- 
-,

those 1n-the sp!1!g. Thls is-probably a"" t. 
- lt"-rri. 

t i i i iar ry rapralDrrux of Dtsrarts iD tbe fatl. as co.pa".a *itn-ir, l l- iJi i i i"ely rDore
::t:::":-:I"gy: itr.the.spriDs. Tbere ts ,:.ro ,"." 

- 
"".pi. i.o" r.,. d.t"nlgrattoD becauae of the additlonal inforn;tlon provlalealDy iunters aDd the kee! interest around waterfowi .. iugal-au.f"g tt"tperiod. .Althoush there was o" s rloi i i .ao i 

- i i  
i ;;;";; ' ;:;"."D the rre_que[cy of.al1 blrdstrikes ata tfroie _ occurr i.g-""- i; i :1."!i routes (alur_

l:g-tlg eight.Tonth,Elsratory perroa) rurirrei "o"i]"ri 'oi-tn. .r"r"poata may elucidate diffeleBces bet*een early ond llte perloas eachseasoll .

Future Valldation Efforts

To'i f ine tuDe" BA.M to mole accurately predlct blrdstr lke poteDtlr l ,addit lonal sourses of LtrfornEtio! are necesiary as well as a more compfete
a:lll l? ot.the oishap data. For e*r,npt", eitlnei.,"-ii. i i.ot"troocouce!! iDg. the nuDber of t ioes aod when a 

'  
fon: i  s"ai '"o";J_was ffom tsberng"sought. This type of deta can be used to g""ai" i"-" birclstr ikerete tor a pq,rt iculer route wbich ca! then U. .oiprr"a-"i i f ,  tbe v&Iuep1991"!.d_9y_ BAM. 'r.rrese compe.fisons "iii--t""r-iil!-i.JtI-ior noarrtce_

Il:';' ' :i, "ou"::-*:T:",:- l1:- :9r lab i litt ";;-;,;;";-i;; i"."p".n." uy(urreatlv. aboDt S0 operational ubits have requesied grapisof row-levet routes il iat they conauct riigtt-ii. iri ig-ool" m"r" "*_
1e"i91..:. iD applylng the inlorroatioD ttal geu ""o piouii. wrlr urtiDet€Iyprov lde the yerdst ick  (or  meters t ick)  t "  "ur i " " i " - t t . -mi i i f ,s  e t t rcacv.
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APPENDII I
4.3 REGTONAL I,'ATERFOWL COUNTS

The continuous UnLted
mierarion rlackine r.sion.. 

tfi:':J::.fi 
;":::::".:lti:,geese, and strans uere derived f,ron rreekly blrat coutt! cottpllgdfor each region. the lreekly coqnts nere rtatl,stLcally aaoothGd!o eliminate obvioua inconsigtencies tn tfr" aoorrt". 

'

Bird counts were ,provided for the lprlng and fall eiEratLonseasons for each regi.on. El
enars the last ueek o, *".",]1 

Rarl'- scalon begrns rn s€ptcdber rnd

rhe rirst v€ek in Jrnuary j:';"1T"::'il: 
:i:fi:r'::il" :""t"'problen arose in th.t' the spring .ad farr counts v.re t!k.n inthe s!m6 crlendar ycar lrh1ch n€an! that tha count! wara noE.continuous through the tr.o geason!. the counts rrele Danipulaled

rn Such a raay that the qount! rould appear co[titluoug rcro!! thGtlro seaEong ir!  molt cases.

We n de the follolring assumptLona in our appro.ch to th.probleh of incongistent counEs.

(a) Ihe methods of counting the birds.each week is thesalne in both Eeasons,

orop lete

1s
ke
ue
ca-
by

lphs
lnr,tely
acy . (b) the cou.nts obtaj.ned each tdeek

of lhe total regioltal popuLatron for the

are a. fixed p6rceDt
r€ek, and

(cl niscounts may have oqcurred.due to slroratic aoporting,
duplicatiod of, counts, etc.

The first assunptlon lelat€g the f,all and spring .eason .nal
alLous us to use the garne sioothlng tectrnigue for Uotl !aason!.
the second assumption imlrlies that each weekly value of a
region has a f,actor j.n coilllol
and. rhererole, a reratronshlp ::i::l'r:: Xi ::"::-:Ti:':"'
third agsumption allors us to srEoth the rav counts into acurve coDsistent with aetual nigration behavior.

Flon the assurtption above, we developed a d.ta llla ofweekly bird populatl,ons for each regl.on based on a proj€cted

8 1



annual population. Using assrnption 2 above, \|re knor thar
sonre perce[tage (Pik) for region i in seasod k exists lrhich
applies to each week in season k.

Pik j,6 defined as the ratio of the est.imated nuriber of
waterfoerl passlng th.rough tcegion i (O1) based o!! counts of .

observeil lratelfowl to the estimated nutber of \raterfowl passing

through region i (Ai) based on the lropulation assignnent of the
niglation corl ialors in legion i.  Oi nas manually delived from
the observed counts to more accurately leflect the tniqration

i n  r a a i  ^ h  i

For regions thlough which traterfot l tend to nigrate, Oi
was estimated as the sum of the weekly corints. PoE legions in
which uaterfowl tend to accutrulate, the largest weekly count
eras used to deteroine Ol. A. tras deterttined by sudning the
assigned popuLations of corlidors whieh pass through ragLolr i.

Ahe weekly waterfovrl counts were idconsistcnt at trmes
and were subsequently statistically stnoothed. Values vrhich
devlated greally from the genelal culve of t].e data qrele

discaraled and repLaced by Lioearly iDterpoLated values. A
three-point average technique lras applied to the data to
achieve an even snoother culve. The resuLtj.ng counts (C )

i j k '
for region i,  week j,  and season k together uitb Pik are used to

estimace the legional weekly counts (Nijk) used by the computer
model ,

Since Ci.k and P.k are ,(noun, the equation

c i l r  =  (Ni i r )  *  (P i1)

can be algebraicly transformed into

- { A . t ? )

c i  - u
r l K  r i k

( A .  r 8 )



T h e  v a l u e  o f  N .  . .
f t K

Clistr ibutei l  across

provides a known popuLation which is

waterfori/1 behavior.
legion k depending on the type of modeled

Population distr ibuti .on i_s discussed in
greater detai l  i .n the Sections A.4 and A.5.

A,4 WATERS'OW], REF UGE S/IIAB ITATS

Waterfoirl" reluges and babitats are resting anal feedtng
locati.ns for watcrfowl which are not in active nigration.
A thre.t ta aitcraft fram vraterfowl at these locations exists
!,thiIe the !,ratcrf.wl are f lying l .ce1Ly. The ceil ings of locaL
waterfawl f l i lhts vary f lon genus to genus- The area of a
refuEc is nult ipl i .a by the gcnus f l ight cei l ing to ateternine
lhe volurne of airspace (Vr) over refuge r. The birtt  density
(Dr) of refuge I ls calcuLateal by the equation

tthere Br is a population dist l ibution factor assigneal to
refuge. Br is calculateal as fr.  wnere s! is an abunclance score
assigned to refuge I based on its observed population. Isr is
the surn of a1L lefuge scotes in region i.  The S_.values vr;!e
provided by Dr. Bellrose. Fr is a population di l tr ibution

I
factor which assigns the pelcentage of the total bi ld
population in region i to the refuges in region i. .

F. ref lects the relative attractiveness of !€gion i to
waterfowl for resting and fee4ingi. The more att lactiv€ a regron
is, the less impoltant are the refuges within the region. we
aefined the att lactiveness of a region in terms of the ratro
of the alea of defined migr:ation corridoas {, i- .hin a region to the
total area of the region. When this ratio approaches one, i t  is
implied that favorable feeding and resting gtounds exist ove! a
larger port ion of the region and thereby the importance of the
vrater-fow1 refuges alecreases. The refuges, hordevet, are always
weighted heavier than non-reluqe aleas,
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APPENDIX II

The processing hierarchy defined by the functioul f low_
chalt can be described as a binary tree l,ith travarlal to
the light anal then doernwaril. Boxas coturected by horlzontal
aftows have a superoidinat€ _ subordi[ate relationshl.p froln
Left to r ight, that is, th€ functj.on of the box ol! the laft i !
perfonned as a col lectl .ve effort of a1.1. boxes to i t3 r iqht.
The functi.on of the superol i l inate box may be repeatcd onar, "r,
i teraCions ale complete. At this poir l t  processing continueg
downerard to paralLel futrctions if they exigt. Boxea connacteal
by ueltical alrows are catled parallel because their lunctions
are performed independentty of e_.ch other.

Prograrn BA.tt perforns four maJor fuDctions given ttrat *te
bird niglation behavior infol
derined and stored. rhe r""I:T:rI: I":#:;T*",,.
as  fo l l ows :

1. gser Definit ions - user
flight .oute and tine of

ilrterface routide to define
fl ight,

2- Fl ight Subsegmentation _ subdieide fLLght route
segments so that unlforl t l  bira densit ies can ba
establi .shed,

3. Watelfowl Density Assj.gdflentg _ retlieve atoreal
!,raterforl. information for subseFents defined Dy
function 2 to generate bird densit ies, and

4. Birdst! ike Ri.sk presentation _ calculate and al isplay
risks to user fot selected loute and route condit ionr.

The User Definit j .ons function is a q.lestioa and ansrrer
sessj,on between program BA-1.{ and the user lrhich occurs oncE for
each f l ight route execution- The use! identif ies th. f l ight
! 'oute, date of f l iqht, t j$e of day of f l ight, aircraft frontal
area, and a print sunmary option. ahe f l ight route lnav be
selected f lon recordeal routes at an assigned alovc around
level (AGL) aLtj. tude which determines whothe! che i isk of
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APPENDIX II

The processing hierarchy defined by the functionrl f low_
chart can be desclibed as a binaly tree rith traversaL to
the right and then alownuard. Boxes connected by horlzontal
arrows have a superordj.nate _ subordinate rel.t iol3h1p frorr
Ieft to l ight, that is, the function of the box on thc lelt  i ,
performed as a col l .ective ef,fort of al l  boxes to i ts r ignt.
The function of lhe supelordinate box nay be repeeted untLI al l
i terations are complete. At this point proces3inq continues
downwald to parallel functions if they etist. Boxe, connactad
by vert ical arrows ale cal led patal lel because th€ir functions
are pelformed independently of each other.

P!og!a& BAM perfonns four major functions gtvcn that ttra
bird nigration behavior infortnatioIl has been previou3ly
defined and stored- ?he four functions of prograrn BAt!, ale
as  fo l l ows :

I. User Definit ions - use!
f l ight route .nd t ine of

intelface routin. to deliDe
fl ight,

2. FIiqht Subsegmentation _ subdivide f l ight routc
segrments so that uniform bild densit ias caa b€
es tab l i shed ,

3. Waterfowl Density Assign nents _ retrieve storeal
!^raterfowl iDforhati.on for sub€egments d€fined by
function 2 to generate bird densit ies, and

{. Birdstr ike Risk presentation _ calculate rnd ati lplay
risks to user for selected route and route condit ionr.

The User Definit ions function is a eestion and answer
session between progtarn BA.!! and the user shich occurs onc€ fo!
each f l ight route execution- The user identif ies th€ f l ight
route, date of f l ight, t ime of day of f l ight, aircraft frontal
a!ea, and e print sunnary option. The f l ight route rnay be
seLected ftom lecorded routes aE an agsigneal abova qround
Ievel (AGL) alt i tude which i leterrnines whether tfre r ist ot

ant
ir l



biralstrike is flon non-migratinq uaterfottl' nigration lratetfonl'

or both. the tine of year detedines the number of rtatelfoul

in the ptoxirity of the ailcraft at tiat tirne' The tine of

ilay aletentines the Percentage of the total bird PoPulation

lrhich is f,lying at that tl$e of day' the aircraft frontal

area togethet lri'th the subsequent subseqment length determines

the ai lsweep volume of qhe aircraft '

The f l ight route !s origi-nally defined as a series of

flilrht seg:nents. Function 2 is dependent on the flight altitud€

to iletermine the tlrlte of bj-rdl concentratj'on zones tthich Plesent

r birdstt ike r isk. The concentlat ion zones.fol non-niglatory

watarfowl lefuges are the same fo! al l  genuses (i lucks' geese

anal ssans) which meatrs tf\e flight segfient leeds co be subseFented

only once because all genuses use lhe sade substgments in

risk calculations. The risk calculation is perfotmed for the

subsegdrents only when the flight altituAe falls belo!' the

genus-alefineal non-miglatory eraterfoatl ceiling' The concentlatl'on

zones for ir igrating l ,atelfowl- (nigration coElidols) are ' l i f ferent

for all genuses r,thich means that a segmeltt i5 subsegdented and

risk is cal-culated for each genus plovi ' led the f l ight alt i tude

fal ls beneath lhe nigration ceil ing'

The ltatelfowl density assigned to a flight subsegnent

(function 3) j .s dependeot on the f1ight subsegment alt i tude'

subsegments which Involve risk lrorn non_niglating watetfovl

ale fulther dePenalent on whether tbe flight location colnciiles

tr i th a vraterfowl refuge. Watelfovl ale statist ical ' ly

alistlibuted between refuge and non-refuge areas basea on the

i.t [portance of refuges i l l  a given legion' For f l ights ovel

refuges the bild population is fulther ProPortione'l based

on the relative att lact,.veness of the lefuge to othe! refuges

in the region. The assigned PoPulation at a refuge is aiviaed

by the genus-dependent volume airsPace over the refi lge tso

generate the waterfowl aensity'  For non_refuge areas '  the

apportioned bi ld Population i5 aist l ibuted uniforrnly thlough
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Ene don-refuge ai.rspace volume in the reg,ion to generaqe thebild deasity for the subsegiirenr.

t3

Subsegments which in!
are dependent on rhe t1r,e ;'ff"::::":":L:i:::.i:t;i"T"fi:;
leside. The numbe. of waterfoqrl in a miglation corriaior
is ca.Lculated as a corl ido! lreighted percentage of the total
region popul.ation. The aler
di.srributed throuehout .". :l;:.::::t::::il: ::'*H"
the subsegment bi ld density. Subsegments at migratj .on
alt i tudes vhich are not in any cort idor have no l isk of
b i rds t r i ke .

Several types of i .nformatj.on used to aietermine the
waterfowl dist; ibutions thr(
been calcurated externar tolugh 

corridors and lefuges have
Plogra$ BAM and stored in the

direct access f i . te STATIC_ i{hen these va.lues ale requiled,
program BAly calculat 'es the record nunber where the informaE.].on
is stored, determines the pertrnent word wj.thin the recoral,
and catls the subloutine RDSTA? to retr ieve the desited va1ue.
The f i fe STATIC t hich contains the values i.s logical ly
processed l ike a large data table-

The fourth function of proqram BA.!4 is to calculate
the totat route r isk as a sun of segment r isks. Each
subsegment r isk is calculated. as the bird aensity identif ied
by function 3 ftutt ipl ied by the subseghent length h,hich is
derived fron values established in function 2. The risk
values are presented to the user in the form reguested by
Ene user in function 1 of proglam BAI.

2..2 SYMBOLIC CONSTANTS AND DATA NA}TES

The items described in this subsection ale I i .sted in
lne variable map of the progrdm BAM compilat ion l ist ino

:ude

rented

rtLon
l !ent
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