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RADAR DETECTIO],]  OF BIRDS IN AI] OPE fuqTIONAL ENV] RON},IENT

F . R .  H u n t

INTRODUCT ION

.  Excep t  f o r  t he  l as t  s tages  o f  t he  take -o f f ,  r ne  nos td i sas r r .ous  r i r ne  fo r  a  b i rd , /p lane  i o l l i s i on  i i - r l , . i - i i t n  . . .  i nf l . i qh t .  Equa l l y  t rue  i s  t ha t  when  bo th  a re  f l y i ng ,  rada r  can  beu s e d  m o s t  e f f e c r i v e l y  i n  a v o i d i n q  t l . , u  " o i i i " i " i r - - "

I t  has  been  found  tha t  rnos t  co l l i s i ons  occu ,  . t , t , i n ^  +L^
spr ing and autumn migrat ions.  when d iscuss in !  r "a" r - . " " i - i " i r i ' j i . "avor.dance aid, we break doirn the migration inio t"o types, Thef i r s t  i s  ca l l ed  b road  a rea  m ig ra t i on  and  cons i s t s  o f  a  l a rge
l ] j 1 ! : : .  

" f  b i rds  r  ma in l y  passe r ine  ,  no t  f  t y i ng  i n  f  1ocks  andexlendrng ovet an area of rmisratioi ".""riv J.ii,!-"'i'lln;::"';_:iliii "lniir5"5in?i.r.,
: ln , ! .  r . : "_ ln .  the ' ,whi te-ours;  o f  ppr  ; i , ;a ;e ; ;p ; ; - ; " ;h  as seenrn some of  Richardson and cunn 's  wor t  a i  co ld  r , ! r .e t f  i .  Th is  typeof  l ig rat ion is  par t icu lar ly  dangelous to  s ingt -e-engined je t  a i r_
: : : : :^ : l " l ln_ l :ns.  d is tances at  row at t i rudes 3" .n-u3- . i r i t " .y
1 l f . t 3 : .  o n  s o m e  t r a i n i n g  m i s s i o n s .  l n  q e n e r a f ,  b r o a d  a r e a  l
mrg ra r ron  r s  no t  haza rdous  to  nu l t i _eng ined  t ranspor t  a i r c ra f twh ich  usua l l y  spend  mos t  o f  t he i r  t f y i ng  t i *e -  i 6o i J -  i l . , u  l i r a " ,

-  T h e  s e c o n d  t y p e  o .  m i g r a t i o n ,  o f  w h i c h  w e  s e a : . r A i t
dea l  i r  canada ,  i s  t he  f l ocks  o i  l a .9e  "a te r  i o " f  __ - i " r - " i u i i i .
f l ocks  o f  50  to  500  b i rds  each  we igh ing  "  X i fo ! . i r n  o r  more .  As t r i ke -by  a  s ing le  b i rd  can  cause  i x te i s i ve  du ;u ; .  a ;  an  a l r c ra f t
: l : l , . f l I ] " !  

a t , . t a n d . i n g  o r  t a k e - o f f  s p e e d s .  v u l t i p t e  s t r i k e s  b y  ar l ocK  can  and  have  caused  ca tas t roph ic  c rashes  o f  1a lge  c i v i l i i nt ranspor t  a  i  r c ra f t ,

l he . th i rd .  danger  to  a l l  t ypes  o f  a i r c ra f t  i s  l a rger roc r<s  o t  b t rds  such  as  dun l i ns  o r  gu l l s  nea r  t he  ends  o f  r r i nways
y l t : l - : I .  l i ke l y  ro  f l y  up  i n  t he  p ; rh  o r  an  app roach ing  a i r c ra f t .- I n . canada ,  we  have  no t  ye t  l ooked  a t  t he  poss ib le  use  o i  rada r  i nrn l s  a rea .  Hoq /eve r ,  we  a re  keep ing  a  \ ra t ch ing  b r i e f  as  to  i r ha t  i sbe lng  done  in  o the r  coun t l i es .  Th t re fo re ,  t h i s  t h i rd  p rob lem w i1 lno t  be  d i scussed  fu r the r  a t  t h i s  t ime .

ECONOMICAI CONSIDERATIONS

.  I t  i s  ce r ta in l y  t rue  i n  Canada  and  I  suspec t  t ha t  i t  i s
t rue  i n  o the r  coun t r i es ,  t ha t  a f1  new equ ipnen ts  m i r s t  oe  cosc -
e f fec t i ve .  s ince  s ta t i s t i ca l l y  t be  mos i  s l r i o r j s  b i ra l  haza tds
ex i s t  f o r  on l y  a  fe r . r  mon ths  o f  t he  yea ! ,  i t  i s  d i f f i cu ] r  i 6  i , , e f i fw
the cost of new radars. Elaborate i .* .q, l ip.e" i-*ni.r l  

-*"" ia '  ' -  - - - '

separate birds frorn other targets on the ba;is of velocityr vringbea t  pa t te rns ,  o r  o the r  means  a re  a l so  tu led  ou t .  However ,  t he re
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do  appea i  t o  be  so lu t i ons  whr : ch  u t i l i ze  exu .s t j ng  :ada rs  o rcheap  j ) r . . , '  l ada rs ,  . l ' he  g \ l i de f i nes  tha t  we  have  i sed  can  beb r ie f l l '  as  fo l i ows :

ve  r y
sta +-ed

d isp layea  to
interpletair le
s  i 9n  i  f i can t_1y

: .
e q u i p m e n r ;  i .

3 .

1 ,
poss ib le  cons

lhe  i n fo rma t ion  p roduceo  b ,  sucn  equ rpmen ts  mus !  De
i : r  t r a t t l c  a o n t r o l  l e r s  : n  a  f o r r  t h a L  i s  r e a d i l v
i n  o lde r  t ha t  t hc  con l ro l l e rs '  wo r f t oaas  a re  no i
i nc  rea  sed .

L . i s o n n e l  w i l l  n c r  t e  r e q j i r e C  f o ,  o p e r a t i n g  t h e
c .  - '  s h o u l d  b e  f u I l y  6 u t o m a t i c ,

l nc r .ease  i n  ma in tenance  pe rsonne l  shou ld  be  m io ima l

l n i t i a l  and  ope la l i ng  cos ts  shou ld  be  as  l ov , ,  as
r  s ten t  L , - i t h  o the r  requ i remen ts ,

BROAD AREA MIGRATI ON

-  A l t h o u g h  n a n y  - y p e s  o f  r a d a r
a p p l  r c a t j o n ,  t h e  t w o  s o l u t i o n s  w h i c h  I
be  the  on l y  ones  economica l l y  f eas ib le .

1 .  The  Surve i l l ance  Radar  I

can  be  used  i n  th i s
n i l l  desc r ibe  appear  to

Th ls  l s  t be  nos t  f am i l i a r  t ype  o f  t : ada r  I ^ ,h i ch  l oca tes
ta rge ts  i n  ranqe  and  az imu th .  Because  o f  t he  an tenna  s i ze  andr ransmat te r  powers  requ i red  to  de tec t  b i rds  a t  su i t ab le  ranges ,r t  l s  a  ve ry  cos t l y  rada r  and  shou ld  on fy  be  cons ide red  i f  one  i salready sited in close proximity to the ;rea wtre::e i t-re trrO
hazard  ex i s t s .  I f  such  a  rada l  does  ex i s t ,  t hen  one  f i us t  cons ide ri t s_cove iage ,  A  t yp i ca l  rada r  p rov i i l es  ve r t i ca l  . " " " i "q .  {F1g ,  l )t o  50 ,000  fee t  f rom 70  m i tes  ou t  up  to  an  upper  e leva t i on  ang ie  o f
30 ' .  I f  t he  rada r  and  the  a rea  under  cons id l ra t i on  i s  sepa ra ted
by  some d i s tance ,  t hen  one  i s  ] i ke l y  t o  m iss  1ow f l y i ng  b i rds
e i the r  because  o f  t he  ac tua l  rada r  

_ho r i zon  
" r  Uecau ie  the  rada r ' s

3 l t 9 l "u_  i s  t i l t ed  up  i n  o rde r  t o  e l im ina te  some g round  echoes .
] : . : l : . 1 9 y ^ . " g l e  c o v e ! a 9 e .  j s  s u f f i c i e n L ,  i s  t r r e  h i g r r  l e v e 1  c o v e r a s es u l t l c r e n t l  T h i s  i s  a p p l i c a b l e  w h e n  s h o r t  d i s t a n c ; s  s p h r r : + a  r \ a
rada r  and  Lhe  haza rdou !  a rea  and  he re  the  3Oo  upper  " I ; ; ; ; ; ; ;  

' " '

ang le  becomes  a  p rob lem.  Norna11y ,  I  assume a  ! IOOO_foo t  t re rgn t
above ground level as the maximurn alt i tude for birds. This
he igh t  l s  o f  cou l se  open  to  a rgumen t ,  I  r ea l i ze  tha t  t he re  a re
many  l -ns tance ,s  o f  b i rds  f l y i ng  above  th i s  1eve1 ,  bu t  s ta t i s t i cs
oo  rnd l ca te  tha t  959  o f  rhe  b i rds  f l y  be low  th i s  t eve1 .  t o  cope
w i th  a l l  pcss ib le  a l c i t udes  wor . r l d  reQr j i r e  a  new cos t l y  t ada r  o r
an tenna .

T f  t he  rada r rs  ve r t i ca l  cove rage  i s  sa t i s fac to ry ,  t he
nex t  p rob lem i s  t he  t ransmi t te t , s  powe ! .  Be fo re  one  can  bed ih  16
answer  th i s  ques l i on ,  t he  s i ze  o f  l he  rada r  t u rq . t . r r " l  l !  

-

: ? l : 1 9 : I " d . -  
P r e s c n r  d a y  a i r c ! a f r  . l e s i g n  r e n C s  t o r r a r d s  n 6 k i n g  L h ear l c ra t t  sa te  aqa ins i  a  s t r i ke  b l ,  a  500_gran  b i rd .  f f  we  i n t ro -

duc ( )  a  sa fe ty  fac tc r  o f  lO  i n to  ou r  rada r  des jqn  to  a11ow fo r  t he



quee !  . l . : . ngs  i : ha t  )16 i rpa . t i r  t a r  : : ; _ r ; : l  a la rss r . ; ec . - j ! l : s  ; t t  t l l e  rada t l
\ 4ave ie - l l q ths  and  l , i r d  s j z , r : : s  c : , : r : : r de le ( t ,  . i  l i . . n  l i s j  a r - r i ve  a t  a  b i ! d
ta 'e igh t  c f  50  g ra ins .  Tb i s  l 1 . r  s  i  r ; r c ; l  c : . oss -s . - r . r t . i o r  o f  abou t  lO
square centirneLet:s and thj i  I  i , . iv.- agsr!:rc-. i  as rbe iDirourn-si2ed
b i rd  t c  be  de tee led .  I t a . . r i  nq  i €a i i ed  c r ' ,  t . l i a  l iD i i r  imum s i ze ,  t hen
one  n rus t  cons ide r  hoH lna l j l ,  a i -  i : l r . : se  r r i i  j r , \ rm- ! j i ! eC  l r i r ds  nus t
occupy  a  ho t : i zon ta l  p r l I * re  f Jacke r  a rea  . r r  i - . he  cen te r  o f  t he
haza rdous  a rea  iD  o rde r :  . : : l  l i c  de i :ec te ( i .  T11 ia  i s  t he  mos t
diff- icuit lr irnber 1o arr:\ ,e el b(: i , ;r!rFe i1- i  Dr.,a: j l , . ,es ihe radar pulse
leng th ,  ho r i zon t .a i  bea$ \ r jC t i :  o l  i l ) . t  a l l i e l n ;  f  d i s ta r r ce  s "p . . "L i r , g
the radar and lhe ha?ard.rs .:reje al1i ia!:, , : : l_),,  air educated gt_ress .t
wha t  i s  a  haza rdous  b i rd  de : , s i t l y .  l i av i rg  de le rn ined  the  nu l i be r  o f
b i t ds  i n  Lhe  ho t : i zo r11 - .a l  pu i ! . r e  pe .ke t ,  a l rd  t j - , us  the  i -_a r9e t , s  c ross -
sectioD, sinple calcuiat: ions r.r_r l  sl-ro\r .n,! ier. l jeir the radar !rans-
m i t t e r  i s  su f f j  c i  en t l y  po le r - ! -u1 .

T f  t he  rada !  i s  sa l i r s i . i c i - c r :7  |  t he r ,  a l . 1  t ha t  i s  requ i red
i s  i he  add iL ion  o f  Lhe  au tona t i .  . i < t t ec t . j cn  sys tem desc r ibed  by
L t .  C l a u s e n l 2 l  a t  a  p r e v i o u s  m e e . i i l r g .  B r i e f l y  i t  c c n s i s t s  o f  a
1og receiver, \ ,r 'hcse outlut jsr ! lai:ec1 rn cver t.he hazarclous area
and  the  number  o f  resu l t i . ng  echoes  d j . s :p l i l , ed  on  an  e lec t ron i c
coun te r .  Suppose  1 |  he  max imum cour i t  pcss ib le r  i s  i 00 ,000  - -  t ha t
i s ,  t he  number  o f  coun ts  ob ta jned  i f  t he  who le  o f  i : he  haza rdous
a rea  \ . re re  co " re red  w i tb  b i rds r .  The  a i r  t r a f f i c  ccn t ro l l e r  i s  t hen
to ld  to  s top  a l l  1ov  f l y i t r g  j l r  t he  aLea  i f  t i l e  coun t  i s  above  ten
thousand .  I f  t be  coun t  i s  i i bove  one  t l oosand ,  he  s tops  a l l  bu t
necessa ry  f l y i ng  and  be lo \ | '  one  . . house r rd  coun i : s  u ! ! res t . r i c ted  f l y i nq
i s  pe rn i t t ed ,  Th i s  neLhod  has  F roved  sa t . i s fac to ry  fo r  b road  a iea
mlg ra t i on  and  I  h r i 1 l  no t  go  fu r i he r  j r ! 1 .  j l ,

2. Vert ical l)" Looking Raqql:

Wha t  can  o I1e  do  i f  . , he re  i s  no  €x j s t i ng  su rve i l l ance
raa la !  nea r  t o  the  haza rdous  a rea  o r  i f  o4e  wan ts  mo le  p rec i se  i n fo r -
ma t ion  on  the  a l t i i : ude  a t  \ rh i ch  the  b i rds  a re  f f v i nq .  One  can
b u y  a  c h e a f  o ' f - t h e - s h .  1 f  .  a r i t . e  l a d i l  a : , .  c . n n e ; r  i r  t o  a
s t a t i o n a r y  v e r t i c a l l y  i o c - 1 . i n g  a i r e n n d  ( F i 9 .  2 r .  S u g g e s t e d
c n - ^ i  f i  ^ 5 + i  ^ n c  l J a .

a)  T ransmi t te l : ,  X - I i ond ,  40  K l " l  peak  pos 'e r ,  0 .1  to
0 .5  ! seconds  pu l se  enc t t l t .

b )  A n t e n r l a .  l - 1 / :  L o :  | , e l F i t  d t a m e t e r  p a r a b o l i c
f i t t ed  w i th  a  me ta l .  sk i r t  t o  n in in i ze  rad ia t i on  a t
90o  to  the  na in  Lcbe .

c )  R e c e i v e r .  S e n s i t j v r i y  - 3 5  t o  - 9 0  d B n  f i t t e d
w i th  sens i t i \ . i , : l '  t - ime  co r t : -a l  f o l l ow inq  a  1 , /Rq  1aw.

We have  found  the  use  o f  STC to  be  impor tan t ;  o the rw ise
the equipnent detects insects and ve::y snal] bi!_ds at the nearet
ranges ,  The  ou tpu t  i . s  range  ga led .  I n  O t t . awa  we  used  s i x  1eve1s
o f  L , 0 0 0  f e e t  e a c l  s t a r t j n o  a t  5 0 0  f e e t  a b o v e  s e a  l e v e l .  E a c h
lange  ga te  i s  f o l l o ! , ' ' ed  by  a  s imp le  C iq i t a l  v i deo  i n teg ra to r  i n
o rCer  to  e ! i l n j na te  fn l se  a la r rns  n ' re  -Lc  r . , j i se .  t he  i n teq la lo t s  e re
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then  fo l  l owed  by  t l r o -d ig l . t  cc t .nLe rs
a t  2 , 0 0 0  l e e t  w o u l d  p r o C u c e  o  c c u n E
t o  e h e  2 , 0 0 0 - f t ,  l  e v e l  .

T h u s  a  s i n g l e
in  the  coun te r

b i rd  f1y ing
co r iespond ing

. .  We  used . the  6o_cyc le  l i ne  f requency  connec ted  to  a  coun t_down  un i t  1 ' o  p rov ide  a  o i€c i se  9 .1_minu ie  pe i i oa  o i ' coun t i nq ,
Il:-?f:.:!:f is provide<i with a chart "r., i. i., si"."-rird nigrarionl ra t r rc  ra te  versus the nuf tber  o f  counts  in  6acn a i l i t ,_ra"  fana.Bl rd .m ig ra t i on  t ra f f i c  raLe  i s  de f i ned  i n  ou r  case  as  the  nu inbe i
: I -b l fd= c ioss inq a naut jcar  rn i le  f ront  t . ;1" ; ; : '  i i  one a iv iaest h e  m i g r a t i o n  t r a f f i c  r a L e _ b t .  a n  a s s u m e d  ; ; . ; ; ; ; ' " . i ; " r . y  o t  t h e
l l :9: , ! ." t  20 knors in st i rr  air)  a; ; ; - ;" ; - ; ; , ; , , i i !  u.  u or.aoens l t y  pe r  un i t  a rea ,  Us ing  a  cha r t  s im i fa i  t o -o "e -g i ven  i n  ap a p e r  b y  n y s e ) f J 3 l ,  o n e  c a n  r n e n  a r r r v e  a t  t h e  p r o b a b i l i t y  o f  a
? ] : 9 . : t r i k :  f o r_an  a i r c ra f r  r r y i n l  i n  i l , .  

- " r . "  
5 i " i i i  . r . r t r " u r r yr o o k a n g  i : a  d a r  ( f i q -  3 ) -

The radar and recording equipment can be mountecl in a
: : : : I  1 l t l ,  the antenna f i t red on rhe . ;o i .  

-  
i ; ; " - i " " i . .y  .on. ,u_

: ] : : . , : :  the  equ ipment  i s  then ex t remely  mob i le  and can be  sh i f tedr rom one area  to  another  as  requ i red .  f t  i s  a lso  poss i l te  toremote the radar and automatic detection eq,ripmeit-l ia situatethe  d isp lay  sysrem ar  rhe  a i . rc ra f t  base.  i ; ; ; ; I ; " i ; "  o f  the ,aa ta
:yery  9 .1  minu tes  can be  car r ied  "u t  l y  "u iy - . i ^ f , i J - i rg i tu t  t r . r , "_n r s s j o n  e q u i p m e n r  o v e r  t e l e p n o n e  L t n e  o r  ! a d 1 o -

FLOCK M]GRATIOIi

I .  S u r v e i  l l a n c e  R a d a r :

A I I  t he  ru les  no ted_on  the  use  o f  t h i s  t ype  o f  rada rfo r  de tec t i on  o f  b road  a rea  m ig ra t i on .a fso .app fy  f , i i e .  Ho i { ,eve r ,rada r .de tec t i on  o f  f l ocks  i s  much  eas ie r  s ince  the  b i rds  i nvo l vedhave  i nd i v idua l  l ada r  c loss -sec t i ons  o f  so  l . - zd i i - "q . ' cns .  ando f ten  the  f l ocks  have  i n  excess  o r  t oo  u i i as - i n - i r re i .  s l nce  af l ock  occup ies  a  range  l ess  rhan  tha r . f  ah ;  ; ; " i ; J ;n t  rada r , spu lse  l enq th ,  t he  f l ock ' s  rada r  c ross_sec t i on  i s  usua l f y  i nexcess -o f  1  square  me te l .  Equ lpmen t  s im i l a r  t o  r . i . - 6 iu , r " . r r , "rs ernployed. We used our veision of t fre equj-p^eni 
'ai '  

wir.rnipeg
l1 : : ,1 : .1  dur ins_the annuat  snow goose miq ia t ion.  aqurn tnuolsp_Lay vras an electronic count which couid be relatld to rlockdens i ty  per  naut icar  square  n i re  uv  * " " " " - " r -J  ; ; ; ; ; - :norn  , "the  s l ide  (F ic ,  4 ) .  A  second-  s l iae  shows i tu -p io iu l l i i t y  o f  u
: : : l k : - : l - "  f lock  per  naut ica t  mi re  t rown tv - . i - " i i J . . . .  (F i9 .  s ) .' -un ls  la t te r  char t  does  make ce t ta in  assumpt ions ;  however ,  rneresult is probably vatid to within an .ia!i-"i", i,. i1' i j i"a".

In  p rac t ice  ee  ran  in to  d i f f i cu l t ies  because o t  unknownechoes- at the shorte! ranges. These were due to "i lfru, ,,1rrbreakthrough (we were cooiected to tire output Ji l iJ"iua.r," urrreceiver), repries fron singte u:-ras o. 
- 

aiio-Jpii. i ."r!t lr. l ," . uvown thoughL at present is that they *..u d;;-;;-; i;qi! niqratingb i rds  a l thouqh fu r ther  ana lys ls  i s  regu i red .  We th i re fo re  changed



Che 1 .000  sec to !  t o  a  l onge r  range  o f  26  to  36  nmi les  where  th i s
phenonerph  d id  no t  a f fec t  t he  resu l t s .  Good  co t re la t i on  was
obtained bet{een the indicated f lock density and nanual counts
made on Lhe PPI. Tine lapse photography wai also carrieal out of
tne  n r9 ra t i on  and  th i s  w i l l  pe rm i t  a  no te  quan t i t a t i ve  co r re la t i on
a t  a  l a te r  da te .

th i s  was  an  expe r inen ta l  p iece  o f  equ ipmen t .  I n
opera t i on  the  rada r  cove rage  aou ld  be  sp l i t  i ; t o  e igh t  sec to rs  _
each  90"  \ , / i de  and  ga ted  i n  range  f r . om 1b  to  20  anC i0  to  30  m i Ies ,
Each  sec to r  wou ld  be  f iC ted  w i th  a  coun te t ,  D ig i t a l  d i v i s i on
would be enployed to provide direct readout in i loct< nunbers per
sector. At the end of each counting period (about 5 minutes) ,the new count would be transferred ao the display and renain there
on  d i sp lay  un t i l  t he  end  o f  t he  nex t  coun t  pe ; i oa .  Thus .  t he
la tes t  coun t  wou ld  a l \ , r ays  be  d i sp layed .

2 .  He igh t  F inde r  Radar :

A l though  no t  a l l  peop le  i n  a i r  t r a f f i c  con t ro f  a re
agreed that the deternination of the height of f locks of migrating
b i i ds  i s  necessa ry ,  rnany  con t l o l l e rs  th lnk  i t  i s  des i rab fe  s ince
large aircraft are more manoeuvrable in att i tude than in the
hor i zon ta l  p lane .  Tn  the  pas t  we  have  cons ide red  the  use  o f "
nodding-bean height f inders or tracking raalars. Honever, both
o f  t hese  requ i re  a  t l a ined  ope ra to r  and  the re fo re  the i !  cos t
e f fec t i veness  i s  ques t i onab le .

Canaala at present has and is acqui.r ing nore C-band
wea the r  l ada ts  fo r  use  a t  o r  nea r  a i rpo r t s .  These  taa ia rs  have
fac i l i t i es  fo r  he igh t  f i nd ing  and  the  add i t j . on  o f  an  an tenna
proglal luner. Thus the generation of an antenna s\reep pattetn
necessa ry  fo r  au tomat i c  b i rd  he igh t  f i nd ing  wou fd  no t - requ i re
costly nodif icati .ons, The type of svreep pattern required, is
one whele during the f irst hol izontal scan of the a;tenna, the
ve l t i ca l  beam l i es  a long  the  ho r i zon .  Dur inq  the  secona l  ho r i zon -
ta l  scan .  t he  ve r t i ca l  beam i s  s tepped  l rp  to  O .7o  above  the  ho r i -
zan .  Th i s  s tepp ing  o f  t he  ve r t i ca f  beam i s  con t i nued  un t i l  an
e feva t i on  ang le  o f  10o  i s  ob ta ined .  Then  the  an tenna  i s  re tu rned
to 0o and the stepped scan repeateal. This pattern of antenna
scan  i s  a l so  use fu l  i n  t he  rada r t s  o r i q ina l  ro le  o f  wea lne r
de tec t i on  -

fhe raclar receiver irould be fol lowed by a digit izer
which vould combine video integration, range, azinuth and
e leva t i on  coo rd ina te  de te rm ina t i on .  p rocess ing  a f te r  t h i s  $ ,ou ld
depend upon the type of display to be used.

I have suggested tn'o types of display to ATC. For
i l l us t ra t i ng  these  d i sp lays  I  have  used  a  compu te r  t o  p roduce  a
selies of f locks which are ranilomly orienteal fn the horlzontat
p lane .  These  f l ocks  a re  a f so  randon ly  o r i en ted  i n  a  2 .OOO- f t .
he igh t  band .  n ' l l o  se  ave rage  a l t i t ude  i nc reases  f rom I .OOO f t . ,  40
n i l es  sou th  o f  t he  rada r  t o  5 ,000  fee t .  40  m i les  no r th  o f  t he
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rada r .  Th i s  cou ld  be  t yp i ca l  (excep t  f o r  d i rec t i on )  o f  t he
geese seen at Winnipeg. Both displays show the same flocks,
Maxirnuh f lock densit ies include afI the ftocks of the minimum
f lock  dens i t i es .

The  f i r s t  t ype  o f  d i sp lay  was  p re fe r red  by  a  sen io r
contiol ler with h'hom I discussed the problen in detai l ,  He
preferreal i t  because of i ts simplicity and the ease of grasping
essential infofination. My own feelings are that i t  supplies
suff icient information for \.rarning pi lots du!ing dayfight hours.
I am not sure about i t  during nightt ine. Certainly the f irst
display is the cheaper of the two methods.

This display (Fig. 6) is a corunercial ly-available CRf
display with a Tv-type scan of alpha-numeric charactets. I t  has
a  bu i l t - i n  mehory  to  s to re  and  d i sp lay  the  i n fo rma t ion  un t i l  t he
next data renewal at the end of three minutes. The area coveted
by the systen is broken dor\ 'n into 8-450 wedges. each further
b roken  down  in to  3  range  sca les  o f  0 -10 ,  10 -20 ,  and  20 -30  n i l es .
The number in the top left-hand coxner indicates that there are
1 l -  f l ocks  f t y i ng  be tween  2 ,000  and  7 ,000  fee t  i n  t he  no l th -eas t
sec to r  be tween  20  and  30  m i les .  The  nex t  s l i de  (F ig .  7 )  shows
the results when the fLock density is realuced by a factor of tour.
Dangerous weather condit ions would also be displayed on this
equipnent. The f irst number nj-ght be astrononical because of the
holizontal area of the ireathet, but the ninirnun anal maxinum
a l t i t udes  wou ld  be  co t rec t .

The other type of displ.ay has been brief ly described
by Blokpoel anal myself in a report[4) that nany of you have seen.
The danger area of each f lock appeals as a square or circle
su r round ing  the  pos i t i on  o f  t he  f l ock  on  the  con t ro l l e r ' s  b r i gh t
scan display mixed wj.th aircraft laalar and beacon leturns. In
the case of the next f i .gures, I have used a squale whose side is
4 ni les col lesponding to the danger area of a f lock f lying at
4 0  k n o t s  ( F i g .  8 )  .

A  n ru l t i - pos i t i on  sw i t ch  on  the  con t ro l l e r ' s  d i sp lay
would alIow hin to display the danger areas in any thousanal-foot
s l i ce  o r  a l - l  danger  a leas  f rom 0  to  I0 ,000  fee t ,  The  f i r s t  s f i de
shons the resul-ts in tbe al l-aLtitude switch posit ion. The
density here is about one-f i f th of the naximum density obtained
at winnipeg. Even lhls density gives a crowaled display and
perhaps  we  shou ld  show on ly  the  f l ock ' s  l as t  pos i t i on  and  a l l ov7
the  con t ro l l e r  t o  v i sua l i ze  the  danger  a rea  men ta l l y ,

Nornally the control ler would leave the switch in the
a1l-alt i tude posit ion unti l  a danger alea appeareal. Then running
quickly tbrough the sir i tch posit ions he could obtain the actual
alt i tude of the fLock. Alteroatively. the control ler with an
aircraft f lying at a known alt i tude could switch to that alt i tude
slice anal look for areas dangerous to the aircraft.  The next
f igure shows the results when the control ler switches to the
two-thousand foot fevel (Pig. 9). A reduction in the nunber of



f locks is obvious in the nolth half.  The question arose as to
the aalvantage of using an antenna lr i th a 0.5o beanwidth instead
of the exist ing l" beaErwidth. The next sl ide (FiS. 10) shows
that thele is about a 30t reduction in the nunber of echoes in
the  a l t i t ude  s l i ce .  A t  t he  cos t  o f  a  new an tenna  sys ten ,
approxj.mately double the size of the exist ing one, this improve-
ment aloes not appear to be cost effective. The last sl ide
(F ig .  I I )  r e tu rns  to  a  1o  beamwid th  and  shows  the  e f fec t  o f
rei lucing the nunrber of echoes by fou! in the al l-alt i tude posit ion,

coNct-usIoNs

In Canada, we feel that vre have practical ansqters now
fo! the operational use of laalars for the detection of both types
of bird nigration. The problern now appears to be persuading Air
Traff ic Control that the automatic detection equipments and displays
can produce useful information for the control lers and to have
such equipnent nanufactured. In the case of both f lock and broaal
a rea  m ig la t i ons ,  ATC s t i 11  rnus t  answer  the  ques t i on  o f  how v i t a l
is height information to them,
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f l ocks  i s  obv ious  i n  t he  no r th  ha ] f .  The  ques t i on  a rose  as  to
the advantage of using an antenna vrith a 0.5o bealdwidth instead
o f  t he  ex i s t i ng  Io  bea row id th .  The  nex t  s l i de  (F ig .  I 0 )  shows
lhat there is about a 30t reduction in the nunber of echoes in
the alt i tude sl ice. At the cost of a new antenna systernr
applot<irnately double the size of the exist ing one, this improve-
ment does not appear to be cost effective. The last sl ide
IF id -  l l )  r p r r r rhs  r ^  ^  l o  beamwid th  and  shovs  the  e f fec t  o f
reducing the nuftber of echoes by four in the al l-al-t i tude posit ion.

coNct usroNs

In Canada, n'e feeL that we have plactical answers now
for the operational use of raalars for the detection of both t)pes
o f  b i rd  m ig ra t i on .  The  p rob lem now appears  to  be  pe rsuad ing  A i r
Traff ic control that the autonatic detection equipments and displays
can ploduce useful information fo! the control lers and to have
such equipment nanufactured, In the case of both f lock and broaal
a rea  m ig ra t i ons ,  ATC s t i l I  mus t  ans \ re r  t he  ques t i on  o f  how v i t a l
j-s height information to them.
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