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ABSTNACT

The multlvariate analysis gives nore infornation from the
data co11ectred on the relorti4g forn. Several couples of
variables are expforedl. The IIEin factors leading to a
stlike are the number of hours of fliaht and the roean
speeil of the aircraft.



C  L O B A  L  S T A T ] S T I C A L  A P P R O A C I ]

T O  T H E  S  I R D  S T R  I  K E

4r11f4 ,  The mul r i var ia t .  ana lys is  q iva  norc  in fo rnar jon  i rod  the  da ta  co lL . . r .C

on thc  repor t ing  fo rm.  Severa l  coup les  o f  var iabLes  ar . :  exp tor . . t .  , rne  na in  facrors

lcad lng  to  a  s t r i ke  a re  the  numL, . r  o f  hours  o f  f l i ghr  and rhe  near . rp . r .d . f  rh .

L  In  each .ount ry ,  to  complc re  the  repor t i .q  f . :n  w i i :h  fh .  abov . ,  da td

hours  and nean spe€d)  a :a  F i ih  th ,a  nunber . f  b i r . l s  and r \e i r  r r i . re  o f

the  le r ra r :o r , r r .  Tn is  x i l l  a l l . l r  a  qoo l  . rec i .L io l  o i  r :hc  n !m! . r . r

2  To  a .a ]yz .  th .  d i f ie ienc ies ,  i f  any ,  be [ r -pe : ]  . l i nL  and .1 { rs . .n r .

I  To  us . r  rhc  reLat ionsh ip  b . rk .cn  na in  fec to rs  to  q iv .  gcnera l i t v  r .

LocaL exper ien . . .



G L O B A L  S T A T  I  S T  I  C A L  A P P R O A C H  T O  T H E  B  I  R D  S T R  I  K E

H e n r i  C E S B R O N - l , A V A U

O P E R A T l O N A T ,  R E S E A R C H  G R O U P  O F  T ! T E  F R E N C I ]  A I R  F O R C E

L i n k  b e t \ " 7 e e n  p a s t  -  t o  d a y , s  s o u w e n i r  -  a n d  f u t u r e

-  t o  d a y t s  d r e a n  ,  s t a t i s t i c s  n a y  a p p e a r  a s  t h e  h o l y  o r a c l e  o r

t h e  d i s q u i s e  o f  i g n o r a n c e .  r n  t h i s  p a p e r ,  w e , l l  f i r s r  s n o ,  r n

l r h i c h  w a y  t h e  d e a d  f i g u r e s  c o n i n q  o u t  t h e  b i r d  s t r i k e  r : e p o r t i n g

f o r n  h e  1 p  t h e  s o u v e n i r .  T h e n ,  a s  t h e  p h e n i x  a w a k i n g  t o  l i t e

a n o n q  h i s  a s h e s ,  l h e  r e s u L t s  w i l l .  i n d i c a t e  h o w  t o  d i d  i n r  -  i  f c u

o f  f u t u r e ' s  s e c r e t s .  A s  t h e  m e a n i n g  o f  s r a t i s t i c s  i s  r e t e w a n r

t o  t h e  e x i s t e n c e  o f  a  p o l i c y ,  i t  a t t o w s  f o r  a  c h o i c e  b e r l r e e n

a  l  t e r n a t i v e  p r o p o s a t s .

&
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I  -  T H E  M U L T I V A R I A T E  A N A L Y S ] S

MaIIy factors br ing aboui  ast r ike.  The usual  analysc-  , l ive

the var iat ions of  one factor  at  a t ime.  Other  nerhods (as the nur t r rp le

regression used fur ther)  are bound to a l inear  nodel .  The or iq inaLi ry

o f  t h e  " a n a l y s e  f a c l o r i e l l e "  u s e d  h e r e ,  r s  t o  g i v e  a  g r a p h i c  r e p r e s e n -

taLion of  a double entry  ar : ray.  There is  no presupposed nodet .  The nap

lust  br ings toqether  the point  of  a facror  ( Ier  us say the TARTDES (F)

anong the b i rd specios)  wi th the poinrs of  the other  facror  (as we see

on the graphic BIRD SPECIES j* STAGE OF FLTGHT, the TAK! OFF and LANDTNG)

which cooccurs the nost .

This has been expla lned in appendix D of  BScE/Io rdp/19.

Let 's  have a look at  such naps.

a,/ EL!4 _sAe_9-1:e_p_ _ye_fs_L.s_ _p-'!SSe_ _a_f _1:L!g.b!

17 Bird species

9 Staqes of  f l iqht

rhe nap g ives 61 , I I  z  (50,"12 + 16,19)  of  the in fornar ion

fron the double enrry array.  l ie  f ind near take of f  and tanding,  the

l a r i d e s  ( F ) ,  g h a n i s i a d e s  i I )  a n d  o r i d i d e s  ( H )  .  F a r c o n i d e s  ( o )  i s  n e a r

the center .  And th is  neans that  we f ind i t  in  nos!  of  lhe scages of

f l igh l ,  On the other  hand,  Anat ides (A)  is  very far  f ron the center .

As i t  occured very few t imes,  i t  has not  reached a tevet  of  s tat isr ica l

srgni f icance.  This is  of ten the fact  of  points far  f ron the center .

so the points on which we have to draw our  ar tent ion are the one

si tnated in  a nediun posi t ion.  They wi l I  g ive us too the meaninq of

the ax is .  And th is  wi l I  br inq us to a bet ter  understandinq of  the

re lat ionship between the two facrors.  The f i rs t  ax is  has a great  inr -

por tance (50,72 t ) .  I t  qoes f ron the le f t  ro the r rght  rhrough hrgrer



The altitudes is then the most inPortant factor to deter.nine

che type of  specles.  This as nol  surpr is ing.  But  the second axis  of  snal ler

inpor tance (16,39 ts)  br lngs to an Lrnexpecled conclus ion.  r ts  meanrng rs

f ron c l i t r ib  to descent .  At  a g iven level  of  a l t i tude (ax is  l ) ,  the tvpe of

b i rd species is  not  the sane when the p lane goes up than when i t  goes dovn.

This resul t  nay be in terest ing for  orn i thologis ts  s ince i t  g iwes d i f ferent

behaviours among the species.
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b - Ey:q -"9n-g!gg _!t _t :,,t:Z

The infornaf ion g iven by the nap is  lower :  4 l  t .  No parr i

cu lar  d i rect ion comes c learLy out  of  the double-enrry array.

A meaning of  lhe groups appe. i r ing nay be g iven by orn i thologis ts .

Bet ter  analys is  may be donc i f  wF had t ] re t ime reLared to

sun r ise and sun set .

c - L_9SS!-qL_9f._9!!._J:a_1)9_!!pe_9_f ]Latrc ( citilian )

-  14 types of pran€s

- 5 locat ions of str ike

A good infornat ion is  q iven here (81 s) .  Axis  1 shol rs  an

o p p o s i t i o n  b e t w e e n  " a i r  f r d - - "  a n d  " e n g i n e " .  T h e  B o e i n q ' s  7 2 7 ,  7 o 7

and 747 are p laced arong th is  ax is .  Which is  not  surpr is ing.

Besides the h igh percentage above,  the dependency ber l reen c iv i t ian

ai r .p lanes and Iocat ion of  s t r : ike is  nor  that  h igh.  ( I l  rs  q iven by

the square root  of  the largest  e iqen-value of  lhe var-covar  Mauix

and equals 41s) .  so,  i t  is  nost ly  q iven by thc f i rs t  ax is .  The

second axis  is  duc to arregular  sanple.

This wi l l  be inproved in the next  years,  when there wi lL
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-  5  locat ions of  s t r ike

The bound between the two factors is  not  as t ight  wi rh

n i l i t a r y  p l a n e s  ( 6 5  B )  t h a n  w i t h  t h e  c i v i l i a n  ( 8 I  s ) .  T h i s  m a y  b e

L l u e  t o  L h e  l p s s  ' p g u - a r  t r d j e c r o r y  o f  a  m i I r . E a r y  p ] d n . s .

I lo$revei ,  to  conpare wi th the c iv i l ian,  we q ive on the fo l lowinq

page (d ' )  the rat ios conpar inq a i r  f rane st r : ikes to engine sLr j .kes.

e - s_!sse- of:fLijLt ,!s tljp? of,_p!sL?-!9j.!!1!s\)

-  20 types of planes

The infonnat ion (61 8)  is  reenforced by a good canonical

corretat ion betr . reen the set  of  p lanes and the set  of  s tages (g iven

b V  t h e  s q u a r e  r o o t  o f  t h e  f r r c t  F r g a n - v a l u o  c B  t ) .

T n F  r F a , ' r a  . f  a x  s  a r e  u .  l l

The meaning of  ax is  2 is  "are we f ly ing through a l ight  or  a lh lck

densi ty  of  b i rds" .

f - QISS?. ot _flijht -!2_!.ape__9f,p!qn,_-!t1=!!!s!a)

-  21 type of  p lanes

-  9 s tages of  f l ight

As below, the in format ion (68 s)  is  reenforced by a good

cor: r .e lat ion {5O s) .  The axes have the same neanins.



1 I  _  I H E  T W O  L E V E L S  O F  T H E  U S E  O F  S T A T I S T I C S

I tow interest ing the in terpretat ion of  the preceedtng Baps

nay be,  the a i rp lane specia l is t  usual ly  explores then in order  to ver i fv

h is  exper ience on i t .  And usual ly  he is  asazed to see a conf i rmat ion of

h is  exper lence.

To a cer ta in extent  t -he nethod br ings enthusiasm, on the

matters of  conf i r rnat ion.

To vel i fy  what  we knou'  is  bet ter  than the converse but  what

new th ings can vre learn f lon the map ? Fi rs t  the axes usual lv  g ive a

synthesis of the influence of one factor lowards the other. Then our

attention is brouqht on lhe points which are not located where thev

were expected. That rneans, lre have to go back to experience and try tso

find out what nay explain the position of these trrints.

(Af ter  verr f icat ion that  the unexpected resul t  is  not  due

to n is takes in  the repor t inq form) .  As far  as we saw i t  up today.  the

ai rp lane specia l is t  wi l l  t ry  to  f ind an answer to the quest ion why rere

there at  the sane p lace and t ime a b i rd and a p lane ? OnIy far  back

cones very setdon the quest ion :  shat  oas the f ina l  react ion of  the b i rd

and the plane before the of the str:ike if anY ?

Giv ing the pr ior i ty  to  the nan of  exper ience ,  s tat is t  i  cs

wi l l  ta le th is  as an indicat ion for :  fu i ther  research.

" - 8L2b-9.L,fse-!eJc
In  order  to coinpare the weight  of  d i f ferent  factors

leading to a st r ike '  v te per formed a mul t ip le regression us ing th€

step!,rise nethod.

ThF stepvise mPLhod chooses Monq rhe fdctors

which g ive the bet ter  explanat ion.  The score is  q iven by a

betreen o and I .  
1 l  

means that  the selecteal  fac iors q ive a

explanat ion) .  As resul ts ,  the hours of  f l ight  and the nean

at  usual  level  of  f ly inq are the two inpor tanl  tactors,

' 5



Although thez on-Ly erp la in 40 s o l  the var iable 
"nunrber  of

st r ikes"  (score o.4) ,  the other  factors have to bc nutnerous to expla in the

r e s t . T h e i n p o l t a n c e o f t h e s e r l r o f a c t o r s , o n l y r e L a t e . l t o t h e a i r c r a f t ,

not  to  the b i rds,  sho{s now scarce is  the Part  of  the in format ions col lected

on the repor t ing forn '  Eor '  tne hours of  fL iqht  and mean sPe' :d are col lected

on cospanies stat is t ics '  An ' l  r  guess t_hat  i f  we had the hours of  f t iqht  of

b i rds,  we would expla in another  40 g '  ahe car :efuL reqis t rat ion of  the fo l lov-

i n g i t e n s n u n b e r o t s t l } K e s I n l e d n s p e c d o f e a c h t Y p e o l a i r c r a f ! , h o u r s o f

f l ight  by tvpe of  a i rcrat t ,  nunDer of  b i rds by species and mean t - ine of  s tav-

ing,  would g ive a goo' i  apprecla ' ion of  the g lobal  ef f ic lencY of  anv Pol icy

about  b i ld  hazards But  these resul ts  ! ' ' i l l  be ex post '

b - !9ssl-t!9!a':t
In  order  to decide

necessary to j .mplement ,  d l f  fer€nt

Since,  th€ cost  of  a Pol icY maY be

tocal ty .  f lo l rever  to g ive a generaL

r o  t h e  P r e c e c d  i n g  r e l a r i o n s h i P '

ex ante the gooal  opportuni t ies '  l t -  rs

pol ic ies and to compare the resul ts '

h igh.  tbe implementat ion wi l l  be done

vaudi ty ,  the resul ts  wi l l  be rFrated

For instance,  i t  is  ' lec ided that  l ights

a par t icu lar  a i rpor t '  The ef f ic iencv of  th ls

af ter  havinq reLated lhe nuniber  of  s t r ikes to

,  nean speed of  p lanes at  ta l ic_of f '  nun'cer

wi t l  be on dur ing

pol icy i t i  L l  be

the nunber of

of  a l ive b i rds bY

On

ding n igrat ions of

related the nurnDe!:

another  hand,  i t

b i rd.  The Pol icy

of  s t r ikes to the nunber of  f l ights,  the nean speed'  and

birds bY species '

nay be decided to use anolher  route avol -

'  s  p t  f  c i p n . y  : s  q  i v P n  a f 1  P L  h d v  i a s

tlre number of alive



C O N C L U S I O N

N o  p o l i c y  N i L t  . o n .

be  tes ted  by  s ra t i s r i cs .

. '  o f  I  v  o . i  y  . p o .  ' o

On th is  mat te r ,  th . fo l low inq  ac t ions  :

L  -  To  br ing  toqerher  each monLh rhe  da ta  concern ing  :

Th is  w i l l  b r ing  to a  good Frcd ic r ion  o f  the to ta l  b i rd  s r ikes  dur ing

hours  o t  f l  igh t

by  rype oa  p lane

number  o f  b i rds

o f  sLay ing  in  the

n ig ra l ion  b i rds)

nunb. r  o f  s t  r i k -ps

by  t tFc  o f  !1ane anr t  b j r . l

sp .c ies



2 -  Another  L l lobal  a l rproach to the b i rds ' l ' (  h iv iour  Nav b '  1 l ( ) I r ' -

throuqh lhe d i f fer . rnc ies betueen c l inrb i  n 'J  and dc 's 'ent '  A PLane i5

supposeal  to  be as nanv t ines in  lhc f i rs t  s tage of  f l lght  as in  the

second.  Anal  s tat iscalLy speaking,  the teather  condi t ions '  densi ty  of

b i rds in  the a i rpor t  cnvi ronnenent  are Lhe same'  So we have thcre the

sane stakes for  f , I l  the var iables except  that  is  concerning the p la e :

s tage of  iL ight ,  speed,  noise.  These dcf ferencies have an in f l r r t rnce on

the type of  species st r iken (see f i r :s t  map) '  I t  wot t ld  be in t€restrnq

t h a t  o r n i t h o L o g i s t ' s  t r Y  t o  f i n d  o u t  t h e  b i t ' l s '  r c a s o n s '  A s  c l i n b  o r

. iescent  induces d i l fereni  s t inu l i ,  th js  nay heLp to know the st inul i

w h ,  h  a ' -  - t f e . t i v  . r , 4 d  n  - l -  i r \ .

3 -  o n  a  P a r t i c u l a r

or  a few pLaces,  d i f ferent

lower than the prediction

act ion,  the Pol ic ies wi  l l

leve1,  to  inrp lenent  for  shor t  t ine and in one

pol ic ies.  When the r tunber of  s t t ikes l r iL l  be

qiv. ,n by the re lat ionship g iven bv lhe f i rs t

be accepted and gener:a l ized.

4 -  I t  is  obvious to te l l  that  the qual i ty  o l  the fur ther  resul t !

is  bound to regt l lar ly  f i l led repor t ing forns '  But ,  i t  mav be necessarY

to ins is t  on g iv ing in format ions to the p i lo ts  on th_ 'benef i t r  thev

n a y  g c  l r o r  g o o o  ' d l  ' s l  i " .


