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ABSTIIACT

I h e  N a t i o n a l  A e r o n a u t i c s  a n d  S p a c e  A d h i n s t r a r l o n
r :equested an evaruat ion of  the space Shut t le  Orbter
windshie ld systen r i th  regalds to the possib i l i ty  of
b i r d s t r i k e s .  T o  s u p p o r t  t h e i !  d a h a g e  a s s e s s n e n t
anatys is ,  the Ai r  Force Hr ight  Aeronaut ica]  raborator ies
Aircraf t  & indshie ld systeB Prograhs of f ice d i rected a
character izat ion of  the b i rd populat ions at  the three
pranary Shut t le  lahding s i tes:  l (enhedy space Center ,
F lor ida;  Edwards AFB and vandenberg AFBr cat i forn ia.
T h e  o b j e c t i v e  o f  t h i s  e f f o f t  r a s  t o  d e t e r n i n e  t h e
expected b i rdst r ike r isk of  shut t te  aFprcaches, / tandinqs.

The USAF Bird Avoidance Model  (BAt ' r )  r  dcvetopeal  for
the Ei r :d-Ai rcraf t  s t r ike Hazard Teah by tbe Ubivers i ty
of  Dayton Research Inst i tu te,  is  used t -o exanine b i rd
h d z d r l s  o n  h i q h - s l  - - d ,  l o ! - I e v e l  l l . 9 l t  r o u t e s  i r  l h .
c o n t i n e n t a l  U n i t e d  s t a t e s .  T h e  B A M  c a l c u l a t e s  t h e
bi rdst r ike r isk on a route by es l inat ing tbe nunber oI
b i rds occupying the route a i rspace at  a par t icu lar  t ihe.
The Bl , r4 eas used to detemine the re lat ive b i rdst r ike
r i s k  t o  t h e  S h u t t l e  b y  d e f l n i n q  t h e  s e q n e h t s  o f  a
typical  approach at  each of  the landing s i tes.

' Ihe tsAr"1 est ihates for  (ennedy space center  (Xsc)
aer .  nul t ipL ied by the proport ion o i  the local  b i r i i
populat ion segregated ihto d lscrete weiqbt  categor j .s .
This y ie lded the probabi l i ty  of  a b i rdst r ike involv ing a
b r r d  o I  d  p " r t i c J . d r  r p i g h l  .  l h e  b i r o  p o p ) l d r i o n  d d r J
eas col lected f ron the r . Ierr i t t  Is land Nat iona]  Wi ld l i fe
Refuge vhich is  located adjacent  to xsc"  This anaLysis
i n d i c d L e d  L h d L  L h p  c h a r  e  o r  t h -  s l L t t l e  h i r r i n q  d

fa11 each year .  one out  of  every 100 landings would
involwe a 3-pound b i rd dur inq the fa l l  and ear ly  wint rer .
The predoninant  r isk cones f ron vater fowl  at  Xsc wi th
the chance of  encounter ins larqer  (over  4-pound) raptors
greater  dur inq the sunner.

No d iscrete b i rd populat ion data was avai lable f ron
the cal i forn ia s i tes so only the BAU est inates rere used
fo!  cot lpar ison of  b i rdst r lke r isk.  rhe analys is  shored
that  the b i rdst r ike r tsk to the shut t le  is  h lghest  in
the fa l l  a t  a lL s i tes.  Eased on the DAx/  the b i rdst r ike
l isk ranges f ron 2 per  100 approaches at  Xsc and Eduards
AfB to 2 per  1000 f l ights at  Vandenberg AFB, Water fos l
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f ron fa l1 through ear ly  spr ing qhi le  raPtors cohpr ise

;;;-- r";;; hazar-a auririg the sumer' Nisht randlnes

" l , r i " i i - p . " - ;  i n .  s r , u t t i "  t o  t - h e  h i e h e s t  b i r d s t r i ! e

r i s r s ,  e s i , e c i a r r v  d u r i n g  t h e  r d . t l  d n d  s p r j n q  r i 9 r a t i o n s '

This was the f j rs t  appl icat io '  o f  the Blu on ot i rer

.n"' 'iiit"lv "ii"iirt. ii"'et' ti'e BAr't is certainlY an
i r r . . r . " t  n ' o d e l .  i t  P l o v i d e s  a  h e t h o d  o !  q u i c k l i

: l ; i ; . ; ;  l t ' " - i i r " t i " J  b j r d s t r i k e  r r s k  t r o o  ' a t e r r o ! r

; ; ; ' ; ; ; ; ; ;  p o p u r a t i o n s  i n  t h e . c o n r i n e n i a l  u n i ! ' d  s t d t e s '

u o . *  d i t a ' p i p u r a t i o n  d a t a  j s  n e e d e d  f o r  o t h e r  b i ! d

. " . " i *  1 . ' i l i ,  b l a c k b i r d s )  k n o H n  t o  p r e s e n t  h d z a r d s  t o

; i i ; ; ; - . ; " i ; ; ' ; " .  t h e  B A r q ' :  P r e d i c r  i v e  a b i r  1  t v '

R e l i a b l e  b i r d  P o p u l a i i o n  d a ! a  f r o n  t h e  r e g i o n

" . " r ;d 
- l ; ;  

landinq ; i te ,  conbined v i th  the BAr4

: ; " i ; : i " j ;  : . ; ; ; ; ' i i "  a . . ig .  enqineers v j th  a qood ided

" i ' - i n "  
- u i t a  

n ; z a r d s  t h a t .  t h e  s h u r t l e  w i l l  e n c o u n t e r
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; ; ; i ; ;  ! ;  ; ; : ; ; q . . . .  t o  p t o v r d e ,  a n  a L c e p t d b ' e  r e v e r  o '

i ' ' a ' . t . i t ' .  r e s i s t d n . e ,  t h e  t l i g h t  h a z a r c l s  c a n . b e

r i . i ^ r t " o  b y  s c n e d u l l n g  s h u t L l a  l d n d i n o s  d t  a  p a r t r c u r a r

. i . .  t o  .  i r n e  * r " n  t h e  b i r d s t r i l '  r i s k  r s  l o w e s t  l f

i . : l h . i , i i . s  i s  n o r  r e a s i r : e ,  r f p n  b e d s u r e s  t o  r p d u c '
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DATA COLIICTION AI]D ANALYSIS

Bi !d  Fe ioh t  D is t r ibu t iob
D e t e r n i n i n q  t h e  ! e i q h t  d i s t r i b u t i o n  o f  b i i d s  r e q u i r e s

knowledge about  the  predoh inant  b i ld  spec ies  o f  a  popu la t ion  and
the i r  assoc ia ted  body  re igh ts .  B i rd  re igh ts  vary  t i th  sex ,  age,

I y
i t

b e h a v i o r d r  . i n r o ! F d t i o n  o n  l h e  - \ ) o r o l o g y ,  9 F o 9 ! d p l  1 .  a r . d
v e r t i c a l  d i s t r i b u t i o b  o f  t h e i r  n o v e n e n t s  p r o v i d e s  t h e  b a s i c
bio loqicat  inFuts in to a hazard assessnent  nodel ;  i .e . ,  hoR nany
b i r d s  o f  a  I n o v n  h a z a r d  p o t e n t i a l  n i q h t  i n t c r i e r e  t i t h  t h e
Shut t le 's  approach,

u o n t h l y  w a t e r f o r l  c e n s u s e s  ( 1 9 7 3 - 3 4 ) ,  p e r f o r o e d  b y  U . s .  F i s h
and Ri ld l i fe  senice (USFHS) and quarter ly  suweys of  raptors,
{aders and shorebi rds (Feference 2)  were analyzed to chaiacter ize
the b i rd populat ion at  Hr  NFR. Monthly  rater for i
consol idated in to q la l ters to be consistent  v i th  the suney data,
Eody veiqhts vere assiqned to each species accordrnq tc  ihe
highest  hean eeight  Fublrshed ib ' rBody r . re ights o i  686 specles of
uor th aher ican Bi rds"  (Pcierence 3) .  No considerat ion tas grven
to the sanple s ize,  lhcthei  the b i rds qere Dale or  fenale,  _"hei r

breedinq condi t ion,  or  the season they Pere col lecte i l .  l ihere
s o n p i e  r a n q e  L g . o g r " p \ i '  o ' s ' r i b u ' i o n r  v d s  i d e r r j ' . d ,  1 r .  -  o a

s u b s p e c i e s  a n d  s e a s o n . c o n b  i n i n q  t h i s  i b f o r h a t i o n  s i t h

,e igh ts  fo !  the  eas ter ly  occur r in .J  subsFcc ies  te re  used. A l l

bird qroups ( f roh rable 2)  throuqhout  the year .
weiqht  d is t r ibut ion for  a l I  b i rd qroups conbined resen}] les a
L ( r r L . L t  C L n e .  t h p  o \ c L r . e n  .  o i  b i r d s  g : e J ' p r  t l . a n  I  l o - n d
r r o r  A p r i .  1 \ r o l g l  , e p 1  .  b p )  r . a t l - l s  t \ .  d i s t r i b - r r o r ,

,e igh ts  vere  conver ted  to  pou.ds .

census  da ta  shot  tha t  hos t  va ter fowl  leave the  MI  l i t iR  by  l . la !

D .  . o  I r r s 6  d r r o s L  n d  

 

0 1  t l r  b l i d  l  p r l J l  o r  : l
A p r i l  t h r o D g h  s e p t e h b e r ' .  M a n y  r a p t o r s  f o l 1 o ?  t h e  F l c i i d a

o d s L l r n e  d L r ' 1 9  J . � l l  r :  r d r . . o n ,  1 r .  b j ) d  t o t . l o t i o  d ' :  i  I

the  Rater fowl ,  rap tor  and rader /shoreb i rd  popuLat ions  (Tabre  1)
! a b l e  2  s h o r s  t h e  c o n s o l i d a t e d  d t s t r i b u t i o n  o f  ! e r g h t s  i o i  t h e
t b r e e  g r o D p s .  T h e  l a r g e  n u n b e r s  o f  r a t e r i o r l  ( 1 1 1 , 9 0 0 )  e c l l D s c d
b o t b  r a p t o r  ( 3 , 3 3 / )  a n d  l i d e r / s h o r € b i r d  ( e 6 , 2 3 5 )  P r o p o r t i c i s  o f
the  to ta l  popu la t lon  a l :  MI  N R.

The cunu la ! i ve  d is t r ibu t j .on  f req !ency  (cDF)  o f  the  ae igh ts
o f  the  b i rd  popu la t ions  a t  V I  NFR rere  ca lcu la ted  f ron  the  anhua l
o  o p o l t r o n  o r  e r ' h  t - r g r .  d  b : , d  q ' o l p  s a p  J b . F  " .
l ,  j g h t s  l o r  r n e  p ^ p r l d r  r h v o l v a d  i n  b i r o s  r  i l p .
charac ter is t i ca l l y  f i t  a  r r ! ibu l1  cune (Re ierences  .1  and s ) .
T h e  c D F  ( I . i q u r e  I )  f o r  t h e  M I  N w R  e a t e r f o r l  p o p u l a t i o n
a p p r o v i n d t e s  d  H F i b u l r  d i s t t i b u t i o n  b t t  t l -  r a p ' o )  a n i
, a d e r l s h o r e b i r d  f l a t t e r ,  i n d i c a t i n q  a  h i g h e r
percentaqe o f  heavy  b i rds  in  the  popu la t ion ;  e .9 . ,  B lack  vu l lu re
1 4 . 7  p o u n d s )  a h d  w o o d  s t o l k  ( 6 . 0  p o u h d s ) ,  r e s p e c t t v e l Y .

F igure  2  shows the  cD!  fo r  pe iqh !  shen conb in ing  a l l  r4 r  NnR

{ I

1 1



I A B L !  1 .  Q u a r t e r l y  D i s t r i b u l : i o n  o f  B i r d  F e i g h l s  a t  I T  u i i R ,

HATER'OVIL POPUI,ATION

1 . 0  0 , 0 8  3  6
2 , 4  O . J A A A
3 . O  0 . 1 ? 5 3
4 . 0  0 . 0 0 0 1
6 .  0  0 .  0 0 0 0

>  6 . 0  0 .  o 0 0 c

RAPTOR POPUI,AAION

t . 0  0 , 4 7 4 1
2 . O  0 . 1 0 3 4
1 . 0  c . 0 2 3 3
4 . 0  0 , 2 8 8 8
6 . 0  0 . 1 0 3 4

> 6 .  O  O . 0 0 6 9

t lADER/Sf loRaEIPD POPUL{TrON

N =  l , l 8 ?

/ \p r -JuJ l  Ju1-Sep O. t -Dec Annua l

o  , 1 2 7 7
o . 5 9 1 5
0 . 1 4 0 4

o . o 2 7 4
a , ! 4 1 9
0 - 0 1 6 5

o . 0 a 4 5

o . t , : ! 2 3
o . o e 5 6 2
o . o 6 7 6 i

Bi rd  Avo i (
In  1 !

T h e  l

ThE B]

N = 1 1 1 , 9 0 0

J U L  - S e p  o c t - D e c  A n n u a l

0 . 5 5 4 ?  0 , 0 5 2 1  0 . 0 € i 0 , 1
0 , 1 4 t 4  4 . 7 4 9 \  o . 7 3 4 4 6
0 , 3 0 1 5  0 . 1 4 9 6  0 _ 1 a 3 a l
0 .  o o 0 4  0 . 0 0 0 1  0 - 0 0 0 i , : r
0 .  o o 0 0  0 ,  o o o 0  0 . 0 0 0 0 0
0 , 0 0 0 0  0 . o 0 0 1  0 . 0 0 0 0 1

0 . 1 8 4 2  0 . 0 t 1 0  0 . 4 0 6 D
0 . 0 6 1 4  A . O 1 / 2  0 . O A 5 5
0 . 1 0 2 1  0 . 1 2 1 5  a . o J 4 / ,
0 . 5 0 4 s  0 , 4 5 3 ?  O . 3 2 . 1 3
o . 1 3 6 , :  0 , 2 4 6 9  0 . 1 0 r 6
o - 0 1 0 9  c . O 2 7 A  0 . O L r 6 6

weight  J  an- t4a r

1 . O  0 . 6 4 0 5
2 . O  0 . 0 6 3 6
3 . 0  o . ! 4 2 9
4 . 0  0 . 0 7 9 . 1
6 , Q  0 , 0 1 9 9

> 6 . 0  0 . 0 , 1 3  t

t ; .  t 6 , 2 4 5

- ' !1-sep oct  De.  / ' f . ru  a I

t . 1 1 2 6  0 . 6  r 0 1  o _  6 6 : l d 5
i t . 0 l  t  I  0 . 0 5 3 7  0 . 0 , 1 6 4 4
0 . t l l t  0 . 1 5 2 8  a i . l , l 2 i l l
0 . o a l 0  0 . 0 1 , 1 t  0 . c 6 5 1 1
a . 4 2 4 1  0 . o 2 a a  t ) . o 7 6 1 4
a .  D 2 9 l  O . C 6 l , i  O . l J : , 5 1 f

T A B L E  2 ,  c u n u l a t i v e  w e t g h t  D i s l r i b u t l o h s  f o r  E I  N l t R  B r r d s .

l ierght  Jan- l rar  Apr-Jun Jul -Sep Oct-Dec innual

1 . 0  0 . 1 6 2 8 7  0 . 5 4 9 3 3  0 . 6 7 9 5 0  0 . 1 5 2 4 4  0 . 2 1 9 5 0
2 . 0  0 . 6 4 3 1 1  0 . 1 6 9 8 ?  ! . 0 4 9 9 0  0 . 6 1 6 3 2  0 . 5 6 8 4 8
3 . 0  a . 1 7 7 2 7  A , ! 3 4 4 9  0 . 1 6 0 9 2  0 . 1 8 1 1 0  0 , 1 7 1 2 8
4 . 0  0 . 0 1 3 0 7  0 . o 4 0 6 7  0 . 0 6 0 9 1  o . 0 1 3 6 6  0 . 0 1 8 , 1 8
6 . 0  0 , 0 0 r , 1 0  0 . 0 3 6 5 0  0 . 0 2 4 2 1  0 . 0 0 3 3 7  0 . 0 0 7 2 8

> 6 . 0  0 , 0 0 6 0 4  0 . 0 6 4 5 9  0 . 0 2 4 5 4  0 . o o 9 9 r  o . 0 1 2 9 9



rndicat ing that  heavy b i rds Eake up a h ighe!  percebtage of  the
tota l  populat ion.  r4ost  of  the duck populat ion has tef t  by ear ty
s p r r n g  . r e a v i b 9  t h e  h e a v i e r  r a p t o r s  t o  d o n i n a t e  h o r e  o f  t h e

Bird Avoidance Model
In 1941,  the Univers i ty  of  Dayton Research Inst i tu te {UDRI) ,

under contl:act irotd the BASH Tean, devetoped and ibptenented the
Bird Avoidance f iode1 (BAx).  BAM quant i f i ;s  b i rdst r ike r isk as a
funct ion of  Eiss lon prof i le .  route-of- f l igbt ,  date,  t ihe of  day,
and a i rcraf t  f ronta l  area (References 6 and ?) .  The or ia inal
p u l p o s e  o r  t h e  B M  v a s  t o  c o n p d r e  l o e - ] e v e ]  t t i q \ t  r o u t e s  o n  r n e
b a s i s  o r  b i r d  r i s l  t o  a l  l o ,  ! I i q h r  s c h e d u l t n q  r ;  a ! o i d  t h e  ! o r s -
hazards.  I t  vourd atso enabte route p lanners to redesiqn f l iqht

b r n r n i z e  1 \ -  r  i s e  o f  b r r d s r  r  i r e c .  t ,  i s  s t o ; f  i s  i h e
i i r s t  a p p l i c a t i o n  o f  t h e  E o d e l  t o  c h a r a c t e r i z e  b i r d  s e i o h t
d i s l r i b r r i o n s .

Ei rdst r ike r isk is  def ined by BAl , t  as the nuhber of  b i ids
that  Ra1l  be encolntered a lonq a i l ight  ro l te  dur ing a par t icu lar
nrss lon.  BAl .1 uses la tatude,  ]onqi tude,  and segnen!  a l t i tude tc
calculate b i ldst r ike r isk on each seqhent .  The r isks a ie sunned
over aLl  segnents to q ive the tota l  b i rds l r ike r isk for  the

BAM al1ors the user  to conpare routes/rout .
segnents based on an expected nun rer  of  b i rdst r ikes for  each
h l s s r o n  o r  p e r  h i l e .

T h e  B A 1 4  r e s u l t s  a r e  s h o w n  a s
b i rds t r i kes  l ie r  f l i qh t  fo r  each reek
BAI , I  ou tpu t  a lso  o f fe rs  the  op t ion  o f  a
and a  breakdown o i  the  o f fec t  o f  ]oca l
!a le r foe l  o r  rap tors .

T h e  B A M  c o n t a i n s  e x h a u s t i v e  d a t a  o n  ( a t e r f o { 1  r e f u ( e i .
h igrat ion,  bre.d jnq grounds,  and raptor  concentrat ions i .  t i je
. o n r  i q J o J s  , 1 3  s r d L e s .  O r - q i n a t t y ,  B 4 f l  . " .  I a s e d  s o l e . v  o n
! c ! e r t o ? r  p o p , - d L i o n ,  , ' d  L h e j r  b j q r a - r o n , ,  e L " n L r 1 i a b - e  

_ o " r . r

on raptor  poFulat ions and hovenents and b ieedinq populat io is  ot
water foul  were inc luded in BAv in 1905,

I 'he BAII  assunes a uni fo! -e d is t r ibut ion of  b i rds wirh in a
standard radiu-s of  knorn conqregar ion points such as broeding
g r o u n d s  o  i l d l i f e  r e f u g e s .  F o r  e x a n p l e ,  t h e  n o d e l  u s e s ;
haxinun populat ion of  155,ooo water fowl  a!  Hr  N{R to calculate
bi rdst r ike r isk.  l lo{ever ,  nonthLy censuses conducted by usFlrS
personnel  there shor  an annual  average later for l  populat ion of
o ler  tv ice that  amount  (311,900).  This  contraal ic t io ;  is  due to
the iact  that  a lDost  hal f  the l4 I  Nr , rR populat ion consists  of
coots.  BAU r ises only duck,  qoose and sean data to est inate
rater fowl  hazards.  Because of  thei !  h igh nuhbe!s,  coots were
r n c l J d e d - i n  a n a l y s i s  b y  b J l t i p t y i n g  L h e  ! a r a r ! o w t  r e s u t t s  b /  d

t h e  n u n b e r  o f  e x p e c t c d
abd fo r  each da i l y  per iod .

segrent -by-segnent  sunnar  y
ana n lg ia rory  hovenents  o i



s h u  r t l e  o o e r a t i o n s
' l o  a s s e s c  t h e  b t r o s l r r i e  !  \ *  t o  s h u l t r e  o p e r d L : o n s '  i t  i s

n e c e s s a r y  1 o  k n o w  t n 4  d i s t '  i b u L j o n  o f  b ! ! d s  d l o h q

Dath.  The shut t le  approach v indoq (a i rspeeds and

i i . l " a . ' " = i  r o r  e d c h  l d n d i n g .  x o - e i " r ,  t r e  b i r d  p o p r l d t j o n s  a ' d

i r r " i r  t u u i t - .  a r e  q u i t e  d i l l e r e n t  d t  e a  h  o p c r d t r o r a r  s r l F '

rhe est ihate of  b i idst r ike r isk is  a furct ion of  the nuFler

"r  r i i l .  ' r i r ' ] .  a  volee def ine ' i  bv the f rontar  area seepr a lons

the lenqth of  the f l ight  route '  The f ronta l  area is  the square

iij"t"-i!." "i i ""^po"."tzui..."rt as it approaches head-on F9f
l n "  s i " t t r " .  the  

_ f ron ta l  
a rea  war ies  f ran  76a 7  to  944_r  square

i " i t  " " * " . b " ^ . - " g  t o  I  1 o  a .  d e d r a e s  n o s p - h i s h  a t t i t u c l a -  
- r o r

t h i s  a h a l v s - " ,  t h e  h o h i r a l  5  d e g r e e '  r B l A  s c f u a r e  f e  t )  t a s  ! s ' o '

Th is  cor iesDona is  to  the  area  subtended by  the  wrngs '  'ose  ano

fuse lage o f  the  shut t le .

The BAV ca lcu la tes  the  n lsber  o f  b i rds  expec ted  to r  any

se@ent  -as  d€ f ined bv  geoqraph ic  coord ina tes  and base a l t r tud€

; i  ;  ; t . , ; " ' .  o ,  " . ' , 1 6 " 1  i i ' t  r . , " n " " ' "  r h  t n r '  " n ' r r s - r  ' - "

t v p i c d l  s h u l  t l .  " l  o ' o " c h  r u ' l e d  1 o l

i i i " * . t i " ^  p r o v i o . i  u y  d  r e ) 4  B A s n  s t d J /  r P p r e r P n - e . ' ]  " ^ o , I : :

g a r e n  f d ' l s i ; i r  ' N A  A r .  . \ p  s h L _ - l e  r r t e r c p p l s  d  l o - d n o r e !  ' r r o

d n o l e  a t  l 2 , b o o .  r e . _  A C I  a p p ! o x i l d r ' l y  6  n i l e s  f r o r  t h e  r  r ' '  )

" " i  ' r i . .  t o  "  i - i t t  l T o o  r e ^ t  A c .  d a d  4 , o 0 0  l  ' t  f r o 0  t h  1 ' n ' 3 i

. i r " t .  i i  t . ' . t . ' p t s  d  1 . 5 -  d e q : ' r  q l - d F  s l o P p  u  t r l  i o L  h d o r '

. h ^  l r n d l  a p p , o "  t r  * a s  b r o t < ' n  - n t o  d  ' ! : e _  o f  s r f t a i t s  t o :  d  I

" o n i n a r  a r i i t , . 1 a e s  a t  t h e  e n d  o f  s e g h e n t  T h e  g e o g r a F h r c

c o o r d r n a t e s  i o r  e a c n  s e g T e o l  f e ! e  a P P r o x i n a t e d  f t o n  a  i : 2 ' o o c ' 0 0 0

BLII RESULI'S

BAx es t iEa tes  inc lude the  e f fec ts  o f  bo th  ta te r fo t l  nn i r

' " " . . , -  J " L  n o r e b i r o  o o p  l d r i o n  l l  ! o  d  l e

r " ; " " , " r r ' " 1 .  w d d  '  s n o  o i r d  p o o  r d t - o  l l  
- ' : "

. i i i ' . t ' i r i . a  c a t e q o r v  b e . a u s e  t h e i .  h a b i t s  a r e  s o  d i f f e i c n t '

H o . e v e ! ,  a a  e - 1  d L ^  r " s  d  o n l v  o n  ! .  o  o o P U l r r i o n  l e v F l s  ' r  I T

r ' r . p  r r  i o r q n o - t  r h c  y p d r  w o J l d  i r d r  a l e  t h d t  ! d d q r  s i o r b D - r o

hazards  wo-u1d be  ln t ; rned ia te  be leeen the  o ther  t to  9 toups  and

r . " ia  " " .y  be t reen l  to  3  i lazards  per  LooO shut t le  aPproaches '

s e D d r d t p  a A l !  F s '  j n a ' e s  h a r a  o o l d r n e '  l o r  L ' t ' _ f o L l  d  d

' r . i . i t  i "  b . l r e ,  s h o ^  r h F  s i z e  d r s L : r l u r i o n  e t r e c  s  a t i r i b u L c b l e

l " ' " ^ " i r  p "p" r . t i " " .  i ' l a te r fowl  r i sks  vere  nu l t ip l ied  bv  tvo  to

c o r r e s p o n d  v i L h  i h e  j n c r e a s e d  u a L e ! r o ' l  p o l u l a t i o ^ s  e x h i b i r e d . b v

L b e  n t  N t r R  c e n s l - A s .  f a c n  ! i < k  L a s  t u L L i p l i o d  b t  _ n a  p r o p o r r l o n

" t  t r t "  u r  Nr 'R  poPLr la t ion  o f  a  par t i cu la r  s ize  c lass  (see Tab le  2 )

J u . i n a  .  " " t t " ' i t i  q . r " . t . t .  F o !  e x d n p l F ,  t h e  r i s k -  o f  h j t t l n o  a

. " o t " i  : n  v e e f  l 4  H a s  r u l t i P l r e d  D v  t h e  p r o b a o r r r t

r a ' o t o r  v o u t d  e e i q h  I  t o  4  p o u n d s  I t r o o  T d b l p  l )  l o r  t h a t  p a '  r o d

r v ; e k  l a  i s  i n  t h P  A p r  t o  J u n  q ! 5 r L e l )  T h e  t o L d L  l e e k l y  r r ( x

i o r  t h e  s L I  * a s  d e L . m i n ' d  b v  s L : .  i a q  v d t ' r f o r l  a r d  r a p t o r  r r \ v s

over  a  1 .1  pe . ]ods .

roo wi l l  r ,e

Re 1atjlqE!
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M I

2 )

the  h ighes t  leve l  o f  r i sk  occurs  ib  the  f i rs t  and las t

s::Ii:,J'.if '"ii,,".1""",' .;,:.,"""J1.....l,;l::" .:il9li; 
-:i; 

iIi:i: : il l" :::t': :"': ;! i1?::..?i *, il:L;:y..i Ji.'."i,; sl" :Fl ; " * :l a s t  q u d r c e r  o r  t h e  y e a r  v h e h  a r h o s r  s  " r  " , " r 1 ,  ; ; - . ; ; r i l .j i ; ' l : i ' " i : i " ; ' i " i :  i ; " iJS"J. ' 'nn' '*  I  1o 2 pounds l"a r ' "r ' "  ' i i

.  F igures 4 and 5 shon the indiv idual  ef fects of  water for t  and

i;:';:'.; ;i:i'i:':;i,".;,. T"? "13" j'l;ln.g,i:.* ln:1. ;*::it h r e e  o r d e r s  o f  n a q n r t u d e ; i g h e r

;l:"""JT.. '";ii,",'',--p-""ii'.'";;,'.1?.11"",,1:";" ";I:;:.";,.*;i:3

.  F igures 4 and 5 a lso inal icate that  the water fowl  hazard is

l:::.?$i fl::S:::":l: :i:t":i i.:.*.' 
hazard. rhis suesesrs that

P e l a t  i y e  B i  r d s t r i  k e  F i s k
s i n c e  b i r d  c F l s u s  d d t a  q e r -  n o t  d v a r l a b l e  t o r  r n e  L q r d r d r1i3..ill,J:":::iT.", "lil;,;.i"'."?i*:;., .l""**:;ii. il;iili

: f : _ : l - ' - . i  s . j r . s  was  poss jb rc ,  us ine  t re  sAx  r i sk .es r i na t . . .  r l o
;: j ' i ;$:;":;  i ' " ' l :"1'":1": '^.: ' , ' , ' ,rude 

to orine the biro poo r 'Lroa
iisks ror ii," sr.r *n.. o""-u*j-1i"oiq"l:',^T'ii; 1"".J'iilil:]coots.  l ihe est ihated r isks were p iot tea to " r , " ,  . . r . t i " " " i , l l . i - -

.,,.,";'::'i,:0.?..i*". .I1'-,^"?":.i.:ji:::..i&"""":",L'i". 
:i: ;:iivhich is  roushry twice the r isk 'of  the spr inqt ine.  n t i . " r .a . " i

3i lli.iii!,'il:!:l'::i.l:t"i;;",;:':.:: l::;ji :t,::l; "li1,;j:;,
:i; '";i:;liJ^:,',:i.",;;. ''.'""""J",",:'..:":l"i'"i'"'.:'"i,"?i!*l'll" 

i:
: : i i , J i - , : : i : i l  

" . "  p o p l i d . i o n  d d r d  a r e  a v a i r a u r .  i r o ;  t n "

, . " ,  :H . " i : i ; : ; ; ' .  J iJ . ' , " f , . " ,1= .  
€ r  ba 'onpa ' �  ed  d  i  ra ' t  I  v  b  r 'p6

;i"::i: h :,i1".": ,;:x ,*-iii lJ ri"lt-i:"iii'li:*.i:
:i",:i;:;;".',j llTiT,;"#".'"".' "rJi '# .lx*"..d; :; ".;;v';.'i;

DISCUSSION

,.",,'il3u oi?0.'ni."fl .il" I ii,l;"lll.i::, :1. ":il.:.i::".:".3::.:.
: ld.:: :  -bl ' .d in eva.ry too .ppi. iu.r.. ,  . .  v"no..u", j .  

'  
, i .rJ-i .""r

o r  D r r d s t r l k e  h a z a r d  i s  d u e  t o  t h eeaterro,1 in the nearby o t." n"n,, "1'ri^"tj""'"? l"?"'. 
";:l:':i::"::



d u r i h g  t h .  l d l  l  n l g r a L i o a  a n d  s L b s e q l F n t  o v e f t  l t e r i n q  e a c h  ) p d '

water foel  typ ical ly  n iqrate at  a l t i tudes below 5 'o0o teet

ecr-  " "a "*  nost_ i ixery encountere i l  a t  a l t i tudes belos soo feet

::l,"li::f"l"n:""+"";:::"?.,";:;d J";:.;l'i:"P'.i1""';T iii
; ; ; ; ; i i ; - ;"a; .""  rest i i 's areas and feedinq si tes'  waterro'1-are
i i ! q " . " t l v  i n v o r v e d  i n ; u l t j p r e  b i r d s L r i k e s  r m o r e  t h a n  o n e  D r r o

a t  a  t i b e )  l i t h  u s A r  a l r c r a t t .

l;::=:Tti"::i:iiiii l:l.ln:;T,s*i"::ii:i' u# *';i"i:i
l i i i .  l "  u . .  s , x  i n  t he  ta r r  t o !  eve rv -  ' 9 ,99 "  l ! i l : : : : : :
a l  t h e  s L r  a n d  v a n d a n b e r g ,  t e s P p c r l v e ' v .

c o n D r i s e  a  r e l a t i v e l y  s F d l l  P a r t  o r  t h e  b l r d s t r l K F

i l i l 5 i ' g -  J i . . ' - - f i i - 1 i "  n " , . i o . rFv  be  q raa te r  t o  thF  sh - r i r '
because of  thel r  larse srze a""  s6ar inq;ehavior '  Thei r . . f l iqht

; ; ; ; ;  " . "  errat ic  ar ia  nav reach thousands of  feet  tn  tne a1r

i i i l i r "s  p i " ; i " ; ;  a t  the 
-h isher  

shut t re apploach ar t i tudes and

waaler /shorebi rd poPulat ions are not  inc luded in the Rn! '

;:;. l;ll"l; .::l; :.';1,: l = ;* ::"",1::' :i' iilti ?'i".,";i11, li
! t_  t t re var : .ous s i tes are not  in
i . "* - - t r ' r . i  the calculated b i rdst r ike r isk est imates Preserre '
i ! i " - " -  * . . "1" t  less than the actual  r isks exFected '  espccra l l l

lr;'l:.i*l'.:v':"t";i::x"" ;:': "li'"Y'tx:*;:'":,"'.".;;::;t""'.t':
" " l . t . " i l " r  par t  

-of  
tbe b i r ' ls t ! ike hazard at  (sc in  the sunrer

i::;l:-t:;l :i:;::'11;, iiJ, j,"TjJ"''"J*'.i'"J'l:"1 ll? ::' ;;:': i :
;;: ' .; i ;; B.;; f::;1": :. '": ::, 1., 'n;, ^"'; ' ,,: l : i :1".1",1J.1,;- "f
! a d  i h o  b i  r d s
; ; ; ; ; :  ; ; 'J '  on the sLF a i rdrone create a naror  hazard Larse

:iii:"'"'.';::":: ::ll; "":".':i:T];"t.' ii"?"!i'3i..'"".."";' .l'?i!
v i c i n i t y  o f  t h e  s L F .

rhe BAM aathenaticrlv dep-icrs latte r5.."i. 
J"'='"",'"Jii;;la c c o r d i n q  t o  b a s  i c  a s s u I r , P t i o n t

; ; ; i , ; ,  i . " . ,  what  a cer ta in b i rd populat ion is  dous ar . .  a

;;.a;t; '".."t and at ehat "t.t.":;^:n?l.X:?,uTin"ii;, "ii"?'li
BAM nakes no d is l inct iob other
c e r t a i n  a l t i t u d e s  d u r i n g  c e r t a i n  p e r i o d s ,  i t .  i s  . p o s s i b . l e  

! o

i""i"J. i"..."'r""r ly d iverse "ilY"i,,ii, i.L'"""""'i.i?i ri"llliii,For instance,  the soar inq behav
""o. . i " r ru t i re  l lood stork,  at  uI  N1' lR eould create a hazard ro

; i i ; ;J ; i ' i i ; .  to  soa! i ;s  rap!ors Hovreve! .  incrudine vrood

:*:{r;#1'f*"-',\i;"i.*:::J'ii""."'-""i'li,,ll-" ;i;'"J":i;i
i l ; " ; ; "  ; ; ;  "=i '* . t . t  b i ldstr ike r isks at the sLF bv

i i ,p. , , ' t r* t"rv- "" ;  birdstr ike per looo f l ishts for those birds 6

Dounds and over .

BAt'l r



r y

,.".,' ::"". J"'1 "'",i :* L"*.,i.. oo i ij!, l l'* "" : i:l: " :.. T& ";ff ""..=.T. :;
i ' j " - " . i . I L ' " 1  

s u c h  a s  t h e . , i h d s o e e n ,  c a n  b e  e a d e .  F o r  e x a h p r e ,
a r e a  j s  4 o  E q u a r e  , e e r ,  t h e  b i r d s r r i k e  ; - s iDould be about  5 percent  those d+icted in  t r , .  t iq" . ;s .

.."",':: si:"'T. j:; ?;"h?1..:::"" .*etr.r represeDt the hiqhest
a 2- to 3,poun. a,"x "r"." t"-i.".*'.tr";";::.?.'*?""',nt:;u-g
iii:# .";:i::":T::: :$'i: ;:H:i;..,1,:X"::",t *:*:ll;.:it rn ter  each year ,  the wimer nonths ; f fer  a qood " t " " " "  " i

;i::i1'""Jii:.i :i.:rx,.,.l"':: fff;::. ill:" j;f; "o:ll,:i::f ::;!
consequent ly ,  h iqher  a i rspeeds.

operat ional  constra ints  on e iconducted courd ."J;;;- ;; ;;":;:= 
"# 

:"'*.n.?,";T"i"l:I.::
*i;,"""?':".11""";."':""",'j;T.*";i;;i"�ff :lt-jil^".n-;:;l:ll*:
Tl"i:"i:i.::'i:ii:,:: ff :::ii"i.:t,il"i:;:i:tTIiil:':ili::?.

coNcLUstolls

aAr.l results for the sLF sho!the shuttle approaches r" d" .;i"',.lX'."f .H:1. ?;"":;"":*.::;,i;."""xx"3i'"",.J":i,:,ii"-:*.::1.?';x"#,'""."."#;".".,#;!ag
l!!!;il?'"""1'1,"T."":1.ii",.,.;".'\1,T..".i"Tr""i";:1,....i;li";

B i r d s t r r k e  r i s k  t o  t h e  s h u t t l e , i 1 1  b e  h i g h e s !  i n  t h e  f a l la t .ar1 randine s i tes.  rhe retat ive b i rdst r ik ;  .L ,x  i , . i ! . i l i i:#, J,*:i:",',?:. ",' .iX'.'"i :'"'J'i:1. "1..:i:l:..."::".|:"J:c ;li
iii!:::d#::,f l;f..:ff..",1...:":::;:"":"#"ii"i3"11"f."'.?:"tl:
the ear ly  e inter .

_ Approach b i rdst r ike hazards a le c leateal  by vater fo{ t  a t  1ovili'l iiit."ti;, t3.'"lJi.t' "iiiii.;"i:,iiiiT:l:"i#: ili:*:;i;t h e i r  l a r q e  s i z e  a n d  b e c a u s e _ o f  i i

ljjrj:ii:- ;;: :;;.fi;";:;":: :::fi.:::.::':.i:,:::.::"li.l'c:

,'=*.''"'jiili'?"','"o,."; """,i1X!'i,i?"i:,?'f 
"'l:,:i::"""ii::..iiI:c o n t _ ! o l  t e . h n i q u e s  c o u l d  b ;  u j e a  i n -  c o n i u n c t i " "  " i t n  r i i j

i l : '"� i l ::r l:"*^.es 
ro reduce the probabil ity "r ri.a.Eix"-i i
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FIGURT 3, KSC StF BIRDSTRIKE RISK
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FIGUR- 4, KSC StF WATERFOWL RISK
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FIGURI 5- KSC SLF RAPTO R R5K
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F]GURE 9. RELATIVE BIRDSTRIKE R|SK
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