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SOME TRACKINC RADAR RN SULT S

The Eracking radar was use' l  to obtain f l ieht and cdro signal characrer lsErcs

on,  e ,a rse .L  n  " ,  - r -o rv  r " : : : l : : , . : : t l? " : " : , . : "1 " ; : : .T ' : l : ; - , : : ;  : : i i : : , . , '
r d o D E c , l  u a s  f o r  l h e  P r o J e c t  u r r l

o. . ,  i t  "  l rc ppl  and after " . t ." . r"g-"-"" i i . r le ra;ger to"direct_the Erac( ina

r:adar on to i ! ,  The tracklng rad:r 'as then melhodical lv scanned thlough

;i;;":;s;;.-;;'*.i-r" .r.".ir.". Durins niaration tilt: l:*l:1" 
" ot'u"

can be acquired \ t i thout accurare "putEin; on" information i f , !he tarset area

is in the centre of graviEy ot "  l l ! ' iet* t t iv movement '  General ty 30 to 40

; i t ; ;  " . . .  t racked for not less lhan 2 minures per ensagenient per vaEcn'

; ; ; ; ; - ' ; ; ;  i "y- in.  t ' " . t i "e radar was sonet ines 
"put on" laree-raptor

i . ."* i t . ""  i " ' . """"  . r  the lelescoPe f i t ted to the radar aerial '

Al though rhe radar could look doi"n to the sea in some sectors'  the presence

of sea clutter:  on some days was an obslacLe to low elevat ion oper:aEron'

Although i t  is fair lv easv to locale an object by radar:  i !  is verv di f f icul t

ro ident i fy i t .  cerrarn t"""  " ; ; i ;  "" '#*" oi  ui ta" '  such as those just

nent ioned or Slar l ings fsturnus vulgaris) leaving their  roos!.a!  da\tn generate

char:acter ist ic echo palterns "t ; ; - ; ;" ;  ieen idei t i f ied from deduct ions nade

from colrelateal v isual and l : totr :  a"t" '  but general ly species cannoE be

ident i f ied fron the PPI record'

Al lhoueh the pi lot  of  a danased aircraft  does-not care "1": l ' : ,*  r ' ras stmcK

bv a f iock of MalLard or Gaduat l  duck, the al i f ference mav be.vj tal  in deciding

; i . ;  ; ; : ; ; . " ; i ; ; ; io" . .  u.  taken in avoiaing a sini lar incident in the

; ; ; ; ' ; : * i l " - ; ; ; ' i ' " " .  . i  l a " " " i r i ' a t i o n  o r  s p e c i e s  i s . i l l u s E r a t e d  b v  a n

.; ; ; ; ; .  ; ; ;  " i i . t  . . . "" 'a i ' - i ; ; ; "  rhere a nisht- f l ishr training prosran

""" :..n.';',"a bv :rlil:: :::::!;,:: l:.'i::"i,i1.1':ii;".?"i"iiilii'species of migran! bat was lder

reschedul ing solu!1on'

Birds nodulate radar echo sisnals wiEh lo frequencv " 'Y": : : i  related to

; ; ; ; ;  ; i ; ;  ; ; " .  rrequencies, l i ins r lapping.and.Yi:g " : : . ! : : : "d" '  anct orher

bo.Iv movements. The brrd actrvi iv ' - i "r t i io" (BAx) waveforns eenerated bv

i l i; ;;;;;";i.."""." o"'"1-o"ilai'-""a '"r' i i" 'rv constan! in nean 1eve1

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

aAu r, ,avefor-os can be calalogued bv I 'putt ing-on" a tracking rad' t  Lo a known

species and obrainins rr igrr t  aia- 'ecrr l  s ig"I t  d ' ta-tro* i t ' . l l -awefor lrs and

f l ight data can be f i led ' " .v " I1 *"g"" l i i  lape and conpared l . r i th that of

alala fron an unknor.rn "0."r ."  , ; "-"-  t ; ; " '  dare. The catalogue can be extended

i"-L" i"Jr"-  aata outainea bv analvzing the.\ ' insbeat cvcles of knol 'n specles

; ; " , ; ; ' ; ; ; ; ;  u i t \  "  c d r i o ' a t e o  r r r c m e - s p e e d )  c a n e r d '

rhe iravelorn and spectrum ot a sinsle bird are shorm i" 
l : i  l - . .  -rhe 

waveforr0

consists of repetit ive bursrs ot qi." i-" i"" waves generated by.f ine f lapping'

::il::::1":;':[:iii:i.*i:*"1'ii":;: :i.:;l-*':ff ;,,'"1: ;';:'"i;:::":::

I



corresponds to the physical  ! , / ingbeat frequency of the bird. This r ,Taveform
ras obtained after sunset at a range of over 2 naut ical  mi les fron a bird
f l y i n g  r t  1 9  k t s  a i r s p e e d  o n  a  s t r a i g h t  t r a c k  a t  a  c o n s l a n t  h e i g h t  o f  5 8 O O  f t ,
The r,r inabeat frequency, the long durat ion (seconds instead of Eenths of a
second) pauses and bursts of wing act iv i ty correspond closely to the kno\tn
echo and f l ight char:acter is l ics of rhe Swif t  (Apus apus);  a sma1l bird
weiehin8 40 gn and found in abundance in Europe by day and by night in spr ina

Bird act iv i ty moduLat ion wavefornrs of soaring birds, such as lhe raptors, are
quasi-periodic in the wing f lapping Ioode, but the rest per iods are not usual ly
repet i t ive. Dependine upon condit ions a raptor may soar,  gl ide or i t  nay
f lap along for long periods \r i thout a pause. As a result  of  body changes
or head scanning a raptor often generates both a f luctual ing mean leve1 and
a f luctuat ing nodulat ion index.

A  w a v e l o r m  o I  a  s i n g l e  r a p r o r  i s  , h o v m  L n  l i g  2 .  l h e  1 ] a p  a n d  r e s t  p e r i o d s
a r e  n o t  r e p e t i t i v e .  I h e  c l e a n  l . I  H z  s p e c L r a l  I i n e  a s  s h o v n  i n  E h e  s p e c L r a l
diagram corresponds to lhe physical  wingbeat frequency. This wavefom \tas
obtained t l 'o hours after da\rn a! a range of 1.7 naut ical  roi les fron a bird
fLying at 10 kts airspeed a relat ively slraight t rack at 2700 f t .  The echo
r, /aveforn and the f l ight character ist ics could have been produced by a nunber
of raptors, bur as the daca was obtained by "putt ing on" to a Honey Buzzard
fornat ion i t  is nost 1ikely to be due Eo a Honey Buzzard. The wingbeat
frequency of a Eoney Buzzard has been a€asured as 3 Hz approx by cine-
photography.

BAI1 waveforms obtained on f l th l4ay 1973 from two birds f ly ing after sunset
are shown in f ig 3 and f ig 4. They are of great interest because their  wing-
bea! frequencies are nruch sLo\,rer than any yet catalogued by c ine_pho to graphy.
As bird mass is very approximately inversely proport ional to wingbeat frequency
these birds could be quite big. Both birds are fol lowing very nearly the same
straight t r :ack, but the data obtained fron the bi .rd generat ing data f ig 4 was
obtained 75 minutes earl ier.  The dara in f ig 3 was obtained fron a bird f ly ing
at 20 kts ground-speed a! a constant height of  4B0O f l ,  whi le the data in f iB 4
vas obtained from a bird f ly ing at 27 krs ground speed at a constanl heighc of
4OOO ft .  The BAl, l  i raveforro in f ig 3 is a conl inuous tr iangular r ,rave with a
f luctuat ing nodulaEion index and l tean 1eve1, whi le that in f ig 4 is a simi lar
uaveform but with relat iveLy conslant index and nean 1eve1. The fundamental
spectral  components of f ig 3 and 4 are 1..7 Hz ar.d 1,5 Hz respect ively.  The
lonest recorded r.r ingbeat frequency i-s 2.6 Hz for the Heron (Ardea cinerea).

A n o t h e r  p o s s i b i l i t y  b e s i d e s  t h a t  o f  b e i n g  l a r g e  b i r d s ,  s u c h  a s  S t o t k s ,  v o u l d
be for then to be both except ions to the inverse pr:oport ional ru1e.

DISTR1BUTION OF WING BEAT FruQI,ENCY W]TH MIGHT

Both f l ight and echo propert ies can be combined to give esl inates of the height
and r ' reight distr ibut ion of bird @venents. The enpir ical  relat ionship betueen
vingbeat frequency and bird nass, which has a physiological  bssis and enables
an est inate to be made of the bird hazard in a region (2),  shows that wi ih
a fev except ions, heavier birds f lap their  wings rnore s1o\. ,1y than l ighter
birds. The charts in f ig 5 and 6 sho\^r the distr ibut ion of bir :ds found at
var ious heights generat ing specif ic wingbeat frequencies in Spring and Autunn.
Consider Ehe charE for Autunm, Ehe chief day novements l ie in lhe wingbeal
frequency and height ranges of 2-5 Hz ar i .d 3oo-18o0 netres respect iveLy, whi le
a! ni tshE there are three m.r in groups between 2-4, 5-8 and 10-12 112 within the
height range of 3O0-240O metres.



T h c  d a y  n o v e m e n t s  c o n t a i n  l a r g e  n u n b e r s  o f  r a P ! o r s  ( e a g 1 e s ,  v u l t u r e s ,  b u z z l r J s

k i tes etc)  thst  \ , 'e i8h bet \ . 'een 4oO-1O,OOO gn l ih i le  lhe n ight  novenrents arc of

passer ines,  doves,  L 'aders and duck veiShing in  the range 2O-20o0 gn B{rr r in l

th is  in  mind a considerat ion of  these char ts  leads to the opin ion r l taL chc

G i L r a l t a r  r e g i o n  c a n  b e  e s p : c i a i l y  h a z a r d o u s  t o  a i r c r a f t  d u r i n g  d a v  n i g r a t i o l 1 '

]iTCiIL]CI S OF TI1I CIBIL\LTAR P.A'AR SfUDY

sone highl ights of the prel imi:1ary analysis of results fron cibral tar are

a s  f o L l o w s :

1 Radar evidence lhat rhe narro\ i - I ront diurnal movenent of raPtors'

e s p e c i a l l y  t h e  s p e c t a c u l a r :  ' i n d i a n  f i l e '  n o v e n e n t s  o I  H o n e v  B u z z a r d s ,  a r e

o n  a  n u c h  b i g g e r  s c a l e  t h a n  e s t i t l a t e s  b a s e d  u p o n  v i s u a l  o b s e r v ' t j o n s '

2  T h e r e  i s  r a d a r  c o n f i r n a t i o n  t h a t  t h e  p a s s a g e s  o f  c e r t a i n  h a z a r d o u s
soecies are of short  durat ion and occur at abou! thc sane dates, vcar b.\ '  'vear '

3 The r ieather has a dranxrt ic inf luence of l  the routes taken bv some rdprors'

such as t loney Buzzards, to reach Afr ica and this is c lear lv shot ' rn uP bv radar '

4 The use of a heieht-f inding raalar has enabled the heiSht distr ibut ions of

potent iaLly hazardous species to be neasured. Contrary !o Local evidence

r:aptor.  movements do not take Place nr inly belorr 1O0O It  but above 1000 f t '

5 Charts of uingbeat frequency versus height for diurnal aod noct ' rrnal  bird

movenents for Spring and Autunm have been maae using trac! ' in8 r3dar dat ' r '  Thesc

c h a r t s  r e v e a l  t h a t  t h e  c i b r : a t t a r  r c g i o n  i s  o f t e n  d a n g e r o u s  t o  a i r c r : a f t '

T h i s  i  n f o r n a t i o n  s h o u l d  b e  o f  g r e a t  v a l u e  t o  i l i g h t  s a f e t v  p l a n n i n g .

Rl!rI BIN CE S

L v a n s ,  P  l t  a n d  S i r  c e r a l d  L a t h b u r y :  ( 1 9 7 3 ) :  " R a P t c r  ] l i e r a t i o n  A c r o s s  t h c

s t r a i t s  o f  G i . b r a l t a r " ,  t o  b e  p u b l i s h e d .

Lloughton, | l j  [ '  and Blackrel l  ,  F:  (1972) :
waveforms in Radnr Ident i r ' icat ion"
I iurope, London Conlerence.

"Use of Bird Act iv i t ] '  I loduLat ion

,  7 ! h  M e e l i n g  B i r d  S t r i k e  C o n m i t t e e
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