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I  s : i . i a t i n g  b i . d s t r r k e  r i s k  f r o n  b i r d  p o p u l a t i o n  d a t a  i i n o h .

' . r ' : : : , l . , c h  c t  a i r s p a . .  i s  t h e  n e t h o d  u s e d  b y  t h e  U S A F  B i r d' 1 . . . r L ] n n . , r  M o d e l  i B A M )  .  s i n c e  t h e  b i r d s t r i k e  r i s k  i s  a  f u n c t i o n
rr  l :h .  runber of  b i rds in  the volume srept  by the of  rhc
-  i . r . r l t ,  t n e  e : p e c t e d  b i r d s t r i k e  r a t e  i s  r e a d i l y  c a l c u l a t e d .
! - f a : r . j l i . , s  c a n  b e  a v o i d e d  b y  c h a n g i n g  t h e  a l t i t u d e ,  t i n i n g  o r

' , . r t  j . n  o f  a  1 o r - l e v e l  i l i g h t .  s i m p l y  a v o i d i n g  b i r d  a i . c . a f !
r . i i l  r . t s  t h r o u g h  b c t l e r  p l a n n i r q  t h e  r o u l e  o t  i t i g h t  a n d  t h r . u g l l

.  I . t , t -  - j  . .  d n . , . r  o . . l  . o s r _ . - r r c r t v o  . o , l  o  o .
r : .  :  ' . rn .J  b i rdst r i i re  r isk.  Hovr 'ever ,  co l tect rnq !he b i rd . : .xs! is
, r : a  e n : r . r ' e l  r n t o  t i r e  j J A N  i s  ! i m e - c o n s u n r n g  a n d  n c r  a v i i t a b t { r  : . :

: : ,  i .  r . n o t .  a r e a s ,  { h i c h  i s  r h e r e  1 o w - l e v e l  n i s s i o n s  a r e  i 1 o l n .
; ' . .drct ing b i rds l r i l ies is  inpoi tant  !o  the developnent :

. :  a i r ' . r r t t  c o m p o n e n t 3  a . d  s y s t e n s  t h a t  c a n  { i t h s t a n d  t h e
: r . : e i . 1 o u s  l n p a c t  t c r . e s .  M l s h a p  d a t a  t y p i c a l l y  p r o v i d e s  t h d
r i a s r s  f o r  d e t e r n i n i n g  t h e  e x p e c t e d  n u n b e r  o f  b i r d s t r i k e s  t o r  a
, . r  a i r . r ' f , f c  o r  a n  o 1 d  r i r c r a i r  f l y i n g  a  n e w  n i s s i o n ;  e . q . ,  ! t n :
' , i r ' . , , r . s i o n  o f  t h c  F - i 5  f r o m  a n  a i r  d e f e n s e  r o l e  t o  c l o s e  a r r
: l r i t io . t .  once the expected nunber of  b i rdst r ikes has been
_ . r r , r ! l a t . d /  t h e  p r o b a b i L t y  o f  . l a n a g e  i s  d e t e r n i n e d  i r o m  t h e
' ' r e . a t n  . l r s t r l b u t i o n  o f  t h e  p a r t i c u l a .  c o r n p o n e n t  L l n d e r

'  . : . r : 1 . J r : i o n  a r d  r h e  p r o b a b l c  b i r d e e i g h t  d i s t r i b u ! i o n .  B . r . n s
r  i l  ( l ! r 3 ! )  p r o v i . L e  r  g o o d  r € r i e {  o i  t h e  n o d e l  f o r n u t s t i c n .

i t  : : u f l l c r e i t  b i r . h e l g h t  d a t a  i s  a v a i l a b t e  f o r  t h e  a l . . r r t i :
l i ' I , . ,  ! n i l  n r s s i o n ,  t h e n  a  s p e c i i i c  b i r d u e i q h t  d i s t r i b u t i o n  . r .  b . l

.  r  l .  , '  L  l - p  . r  i  o i e . g n  c l  s r  " , o r - : o n  r e t  r o .  n n r .
' o : i  \ . . , 6 L y  o .  o l  r r . o r d e d  o . . d s r r i / a s  \ !  r - . o  r

- h r ! : a  r e r e  c o t l e c t e d  d ' r r i n q  a  j o i n t  s t u d y  b y  t h e  U s A l . a n d  t h e
i .  : . r . : r 1  A v r a t i o n  A g e n c y .  s u b s e q u e n t  s t u d i e s  u s i n g  p r e - 1 9 8 1
:  _ r . r ^  d r i r  q \ o "  L " s .  " t t y  r i b u t r o h  ( .  q . , e
l r r . -  4 - p o u n d  ( 1 . 8  k q )  b l r d  i s  u s u a l l y  c o n s i d e r e d  t h e  d e s i g n
. i r . i . . l : : r i  for  the a i rcraf t  s t ructures a.d t ransparency systems.
! , r r h . , r q h  a i r c r a f t  e n g i n e s  a r e  d e s i g n e d  t o  c o n t i n u e  o p e r a t i o n
r | t . r  m ! l t i p l e  r n q e s t i o n s  o f  s n a l l e r :  b i r d s ,  t h e  a  1 b  b i r d  i s  t h .
: I  i i , l n . d  f c r  c e r t a r n  a s p e c t s  o f  c o n t a i n m e n t  d e s i g n .

T h e  o b J e c t i v e  o f  t h i s  s t u d y  i s  t o  r e a s s e s s  t h e  b i r d w e i g h t
: l r i t r r b u t i o n  f o r  l o w - 1 e v e l  b i r d s t r i k e s .  T h e  U S A F  B i r d - A i r c r a i t
: r : . i ) : .  Hazard (BASH) Team nainta ins a damaging and non-dinaqing



' o i . c s ! . i k e  d a t a b a s e  c o n t a i n i n g  2 1 , 6 { 7  b j r d s t r i l i e  r e c c r . i s  i r o n
1 9 7 5 - : ! r .  T h e  B A S I I  l e a m  h a s  a c c u n u l a ! : e . t  r o c o r d s  o l  . e a r 1 y  , i , 5 r 0
1 c ; - l e 7 e 1  L i r d s t r i k e s  i n  t h e i r  d a t a b a s e ,  m o s r  o c c u r r i n g  a f t e r
1 ) ? 2 .  t ) t  l h e s e ,  o v e r  7 r t  h a v e  b e e n  p o s i t i v e l y  l d e n t i f i e d  a s  : . 1
b r r d  s p e c i e s  i n v o l v e d  i n  t h e  m i s h a p .  A d d i t i o . a l  i n f o r n a r j . r
a b o u t  l o c a t i o n /  a l t i t u d e /  a i r s p e e d ,  a n d  d a m a g e  i s  a l s o  a v a i l a ! 1 .
i o r  a  l a r q e  n u m b e r  o f  t h e s e  b i r d s r r i k e s .  A n a l y s i s  o i  - - h e : e
i i r r d s t r i k e s  c a n  u p d a t e  o u r  u n d e r s t a n d i n q  o f  t h ;  b i r d  t h r e a r ,
d u r r n g  l o r - L e v e L  n i s s i o n s  a n d  t o  , \ , h a t  n e w  d i f e c t i c r 3  n ! :" b  d p  o o .  I n g ' i  a t t o '  .  s l o - l d

{eibadE
I o r  l e v e L  b i r d s t r i k e s  v e r e  u s e d  r o  g e n e r a : e

c u n u l a t i v e  b i r d s t r i k e  d i s t r i b u t i o n s  f o r  t h e  1 o . , r - r e v e r  n i s ; i o n .
The naxinun species weight  was catcuta led for  each b i ra ls t r ike
f rom the averaqe weights prov ided in Brouqh (19s1)  3nd Dunning
1 1 9 8 4 ) .  w h e n  k n o r n ,  s u b s p e c i e s  o r  g e n d e r  { e i g h t s  { e r e  u s e d .
r i rdst r ikes occurr inq dur inq range operat ions were not  inc luCeJ.

c u n u l a t r v e  d i s t r i b u t i o n  f r e q u e n c i e s  f o r  1 o ? _ l e v e l
t , r r d s t r i k e s  w e r e  d e v e l o p e d  f o r  d i f f e r e n t  a i r c r a f t  a n d  h i s s i o n .
Descr ipt ive stat is t ics were atso generated for  rhe Ior-Le. /e l
b r r d s t r i k e  d a t a  f r o n  a 9 a 2 - A 9 .  B - 5 2  a n d  F - 4  a i r c r a f t  a r e  c o n p a - c l
s l n c e  t h e y  ( r )  h a v e  a n  e x t e n s i v e  1 o r - t e v e t  f l i g h t  h l s t c r y ,  ( 2 )
h a v e  d r s s i m j l a r  n i s s i o n s ,  a n d  ( l )  h a v e  e x p e r i e n c e d  .  r " . , j .  n u " r . ,
o f  b l rdst r ikes throughout  thei r  operat ion:r1 .anqe.

R e s u l t 9  a n d  D i s c l r s s i o n
The cunula! ive d is t r ibut ion f requency (cDF) of  toa- teve1

b i r d s t r i k e s  f o r  a l l  a i r c r a f t  { F i g u r e  2 ) ,  w h e r e  t h e  s p e c i e s  i s
p o s i t i v e l y  i d e n t i f i e d ,  i s  s k e r e d  t o { a r d  h e a v i e r  b i r d ; e i g h t s  t h a r
t h e . l - p o u n d  s t a n d a r d  t y p i c a L l y  u s e d  t o  d e s i g n  b i r . t  t o t e ; a n t
a l rcraf t  systens.  The e5 ? in tercept  is  approxi rLate ly  s  pornCs
r  l . 6  k g )  .

.  A  c o n p a r i s o n  o f  F i g u r e s  : ]  a n d  4  f o r  ! - , 1  ( i n c l u d i n g  R r j , l
a i r c r a f t )  a n d  B - 5 ?  a i r c r a f t ,  w h i c h  c o r & i n e d  a c c o u n t  f c ;  5 0  z  o r
r , len! i f ied 1o{- Ievel  b i rdst r ikes,  sho,v that  the sker  is  due
p r i n a r i l y  t o  t h e  , ' b o n b e r "  m i s s i o n .  T h i s  s u g g e s l s  t h a t  t h e  4 -
p o u n d  b i r d  c r i t e r i a  i s  s t i 1 1  r e t i a b l e  f o r  t h e  ; f i g h t e r r  n i s s l o n
b u t  t h a !  t h e  ' r b o m b e r "  m i s s i o n  t y p i c a t l y  h i t s  l a . q e r  b i r C s .  c l r f , g
f o r  o t h e r  a i r c r a f t  ( A - 1 0 ,  A - 7 /  F - t G ,  F - 1 5  a n d  c  j : o )  . n o "  u
i l l s t r i b u t i o n  c l o s e r  ! o  t h e  F , 4 ;  b u t ,  t h e y  a r e  n o t  s h o N n  h e r e
s i n c e  t b e y  e a c b  b a s e d  o n  L e s s  t h a n  1 0 o  b i r d s t r i t r e  f e p o r t s .
n c d i t i o n a l  a n a l y s i s  i s  p l a n n e d  r o  f u r r h e r  c h a r a . t e r i ; e  t h e
b i r d N e i g h t  d i s t r i b u t i o n  f o r  s p e c i f i c  d i r c r a f t  n n c  l o c a t i o n s .

T h r s  i n c r e a s e d  b i r d w e i q h t  d i s t r i b u t i o n  c o u l d  b c  a n  a r t i f . r c t
o i  the b ias !c  repor t  b i rdst r ikes that  invotvc the inore
n o t i c e a b l e ,  l a r g e  b j r d s  o v e r  t h o s e  t h a t  c i u s e  n o
danaqe.  However,  thc convelse s i luat ion nay be t rue for  the
e a r l r e r  b i r d w e i g h t  d i s t r i b u t i o n s  ( s e e  F i g u r e  1 )  { h i c h  n r v  i n c t u c e
an inord ina:-e1y large nuhber of  snal l  b i .ds even though theJ-  m:: .1
n o t  b e  a  f a c t o r  o n  n o s t  l o r - l e v e l  r i s s i o n s .  I n  g e n e r a l ,
t h r o u g h o u t  t h e  d a y l i g h t  h o u r s ,  n o s t  s n a l r  ( < 0 . 5  k 9 )  b i r d s  t e n d  t .
remain re lat ive ly  c lose to tbe ground unless invoived in
n l g r . i t i o n  a c t i v i t i c s .  s n a l t  b i . d s  a r e  n o t  u s u a t l ) ,  a  f a c t o .  r o r
1 o a - I e v e 1  o p e r a t i o n s  u n L e s s  . t u r j  n q  n i g r a r  j  o n .  L a r g e r  b  i r d s ,

( i r r ! . 0 - : 1 6 ! a
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TABLE 2
A l t i t u . l i n d l  D i s t r i b u t i o n  o f  r o i  t e . / e t  B i r d s t r i k e s  f r o n  t e s 2 - a 9

0  5 r . 9  6 A
5 0 1 - i 0 0 0  1 5

r  0 0 1 - 1 5 0 0  1
i a o l - 2 0 0 0  4
2 0 D r - 2 5 0 0  1
2 4 0 1  3 0 0 0  2
A b c v e  l 0 c 0  a

l.:2 t 2 2  6

z

l  i lascd or  b i r . ls t r  ikes
'  N u b e r  o f  b i  r d s t r i  k e < { h e r e  d L t i t u d e  r a s  r e p o r t . d

B-aa
1 2  4 9

i 2 ' .
5 t ,

2 Z

A 1 l

a 6  I

a z
L :
2 \

5 7 0

t 4  ;

2 Z

i l o + , e :  P e r c e n t a g e s  d o  n o t  n e c e s r a r i l l  a . i d  t o  l o o  p e r c e n t  r l u e  t .
r o u n d  1 n 9  e r r o r s .

es!e luE !a!  9
I f  t h e  n e u  g e n e r a t i o n  o f  b o n t , c r s  f l t  t h e  s a n e  t l p e  o !

t h e  B - 5 2 /  i t  i s  l i k e l y  t h a !  t h e y  u i t L  e n c o u n t e r  t h e
s . n e  t y p e  o f  b r r d  h a z a l d .  T h i s  i s  c o u 1 . l  h a v e  s i q . j f i c a n t
i h p i i c a t i o n s  f o r  d e s i g n  c r i t e r i a  i o r  b l r d  t o l e r a n t  a i r c r a i t
systehs as wel l  as b i rd avoidance pro.edures.  whi le  the curr . rn--
d e s i q n  c r j t e r i a  p r . v i d e  a n  a d e q u d t e  n a r g i n  o f  s a f e t y  f o r  f : i g h r e .
. . r  ' t " f l  ,  ' h € y  f d r  ' - o J  r '  L - 6  . . q - ' o ,  . .
r - p o u n d  c r i t e r i a  n a y  n o t  b e  a d e q u a t e  f o r  t h e  b c n b e r  n i s s i o n  r h i . l l
f l ies on routes or  at  t ines when Larger  b i rds are encounterec.
: . r  l E - r  c -
t r a d e o l i s  b e t v r e e .  b i r d  a w o i d a n . e  a n d  b i r d  t o l e r a n c e .

L!t!! ture qrlell
t s e r e n s ,  A . P . ,  B , S .  W e s t  a n d  D . R .  B o w h a n .  1 9 3 9 .  A  P r o b a b i l i s t i , l

l lodeI  for  EvaLlrat ing Bi rdst . i l ie  lh .eat  to  Ai rc f r f t  crew
i n  t o s L ' - s .  r D p . . p - 8 o - o . .  r . \ . . . , r  | : ) r o ,  F - < - . .
I n s t r t u t e /  D a y t o n  o H :  4 l  p p .

B o m a . /  D . R .  1 9 8 9 .  B i r d s t r i k e  p r o b a b i L i l y  p r o q r a n  U s e r , s
M a n u a l .  F l i g h t  D y n a n l c s  L a b o r a t o r y ,  N r i g h t  R e s e a r c h  a n d
lJevelopnent  Center ,  A i r  Fcrce systems cchn.hC, wr ight-
P a l t e r s o n  A F B ,  o H  T e c h n i c a l  l i e p o r t ,  w R D C - ' f R - a 9 - 1 1 L 2 .

a r ' . u g h ,  T ,  t 9 r 3 l .  A v e r a g e  r . r e i g h t s  o f  B i l d s .  A v i a i : i o n  B i r d  U r i t ,
t i o r p l e s d o n  L a b o r a t o r y ,  } 1 i n i s t r y  o i  A g r i c u l t l r r e ,  F i s h e r i e : r
a n d  F o o d ,  P u b L i c a t i o n :  l 3 : r  p p .

D u n n i n g ,  J , B .  1 9 8 , i .  B o . l y  V l e i g h t s  o f  6 3 6  s p e c i e s  o f  N o r t h
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