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PREFACE

Duitt ttu Fno.IrcaL tke.tin{s al Aird S.r'tc Commiftee Euft,p. ir ||d\ !.tt a.c.ssdt} to
tLtre a bo.klct on the dJ;?ti.anon ol uiat t'or bnd sttite rcdtctiaL Nenh$ anaho
ta1t,n.'k at rdnat. nor d trrc bnna{ical strd about bikl norements, but o &Ue.non o!
.hlttia:at dl.ria1. t,s tl@' .ou|!I \.^. at u rcJarcn e fr. dit.5sio5 Thi, h.oqet i, ak
an. tJt tr luui! thi\ a6ti

Redlt:.:; ril q\i.kn Jnld .u1 lhLt ,t,fi4t pan (up k) nk catar ok a1 pa!, 27) Llol nnr
.1Ldi |'nh nlLh l Jtt baaltL! van! \'ith a ituattf.atLon lt tte "en bute" bttl stnLe I)t)t!n
tr1 ttu bd;B .l b shkz \nnisi.s, b..aL\e thc bnd str.kls th.metves offlt tlt hen t tuc n)
ttutfatatulitg the rca! tatu.e af the pnbkm The neft tubject is a thort biobgnrtl
ttrath.nt .f btd tn. eDdt\ pant baarl on rad& Dhtithttot:i.dt sttutits

lit rdtlat puft al !h? bookii L\ thant!'a co dge oJ ntaa inta.lL.tu b akt i\tr tutbta
La.L dkrpt.t dtse^A tnrch htore datui!, but Ne p!.i,r to .4et r) hot. .tftuikd

l,',hli.atitL\ H.\ri-, lttla\oaeht: aM ttutitiottt, est)e.tut6'.n ren d^|bpnt s,dt.
rr^t .ksndl L' lt t)tlF .dni,L\
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I. INTRODUCTION

1.1. Aims

;:iillitir .il:fi J::":::*i y.:ffijilr:.*1...:,J'rj,.?,*r;,,#
fi :::::.'il.:fl #.ii"Jnfi #l;ffi t'il:,lT,t ""i":*:*:*:i::ll

;::TT":$Friil:irT::#:: ilr"..r.:"i..#1fi :Il1lfi t":J.j-"
#i#if I ry'Jrli,t1! llri:l;il }l"l,i H:tiilifi:.,::?Jt",op€ratronai use is neady rbse.t. Neverrhetes!

::ln:T:.:f , ;Jilil;:;.t;;:? ffi::il:l; _:;:"."r-ilTjilT,: Hf .,:.
Withjn_Bi.d &rike Comm;ttee Europe (BSCE) ir n feh h@essry ro produce a:i,T ;:: t.;5;: I ::t*: ",:::i:ffi : ;t.,ffii ;::, ;...m1:ll :*.n ly  be rchie! rd b\  .ombin ing in f , rmaLion o.

l':llr 
,'1: t*il',1'"1.T:*t,rt,# l:t rlti#;":rf riili::i "\ l ' *e \ . rmplerety {  .erra in r i , t  , t "ar ,  har  ro lE rdren $.hen f l } ing

One could ask wherher therc stil is a ne<d ior;. r[r#;tri:*tr#"."fft;r$;:Tr*+ii::,j,].T_.
reasons ro r4iew a oumb€r oI aspecrs.

Firsl alrer rhe boom of 'dddr ornirhorogicar puhLiqrions in rhe sixrie\ rhc a.enr:on for

::.:".-d'l- rxf i i:i;.T,"J,:i.:"ilJi*' ilti;*r il "ll illlI'
[lti{ jff i!::#.;:."':;Jtx,-J,J:it"T"J:,rl*;rj * ::*::riixover- enrhusiasm during the ea.ly years.

T:,::t';.i:" 
.: ".iring ,he boouer is our concern aboLr hou s613o|n ,1,.

:liflT:':."1 :ffj.i::j:l,f_1;'3j:: j""',.*' e'e,] prohr(m. |' o *".,0*-
:r,'m:"t]'"t":r*#;:,*r,."ri$i.:"il;::"':?:"r, r'l;:, .,
lilt ll'l*"'";'',.,"'*i.",","i,"" "il"':#:::T-'J':#'fi ;:^*:"J ::i T:il"i;T,1'. :lli::,t"'i: :.JH :i:lI,n:rr:nn ll;;*,



re.ording of b;d novemenls, raenr developmenrs in computer technolos/ offer new
aid faFinating possibihies. However, the capacity of ocracting information on bids
dtr{lly from the raw deo si$al should be a format pan of the sysrem design.

1.2. Overview

we eill sra.t wirh a general suney of lhe bnd srrik€ problem, foltowed by sone
Iesqrch results on lhe dhrriburion of flying birds in lirne and space. By @mparing
these dara 'rie evaluare the risks of bird srrikes and anive at cerrain prioriries wirh
respat of t€chnical and merhodological means ro der€.1 or p.edic! bird movements
(chaprer 2). Chapter 3 and 4 deal wirb gene.at aspe.rs of rhe radar t{hoiques and wnh
the tnes of equitmeDt used su€esfuly i. omithological research. tn chaprer 5 we
d{ribc and discu$ diff€renr i_vpes of nppli@rions of ndar to operat;onat wamiogs
about b;d movemenrs ln chiprer 6 cunenl anC poreorial research in radar ornirhoto$
is di$ussed wirh respqt to desirabiliry for fligbl saf€ly. Ilusrralions a.e primarity taken
lrom the research work of rhe No authors in tbe areas of rhe Alps and the Dutch

13. Acknowledgements

Tle publlclrion of this booklet has been mitde possible rhanks ro repr.ducrion facitities
ol the Royal lietherlands Air Force. The RNLAF abo p.ovjded rnosr of rh€ .rdxr
pictures and fie pboro,s. The cotor map with bird migation pallems was made
availahle by tbe Sch$eizeri{he vogelwarre Tbe authors a.e much indepred to Dr
R P.L , ( i  'or  comprr  l -en\ l1  comn" 1 ' .  rnd \u8g(sr ;on,



:. CJtr,\-ERAL STJRVF]Y ()I 'THE PROBLEI,I

fle luenn,n ol u.h.n and tr.he.r avoi.hnce oi biids is p.a.ricat .an b. 3nswered in ts.
*3r \  A rL^r  r fprorch a b i tu n.  ke sr j r is t i .s  u\ ;nq rhe bad e\per icnces of  the pr l r_thc 

tJ .b l .nr  i  Lhr t  nar jsr icr t  t r ra mr!  be h i rs .d f t {  vr$. i fg  real rns t . t " , ,  u" . t , , t , . ,
\ . t l .n  r tduc.d hr  poor  rc forr jns l rurrhc. .  nes.NDes ot  a i rcr . t i  rnd rhered i t i | lh t

i . t . r , h , r - . . . . t ,  1 1 r . t ' ^ r J . , t r r . . l
,Lnr l rz inq rh.  l ! inq rc t i l i lv  o i  t r i fds rnd ; i rcr rh in  th.ee d imensions I i .m rhe
rodlh,nrr io .  . f  b . rh ( t r r l  scts  theoret ic . l lv  we shoutd hc abte lo  f rcd i . r  cxr . rh t t re
Nrzifdllus lriu j{,ns. ttl)weve.. rhe main shortconrinS;s our knowted{c rll,ur rh.
\prliai dirt.;buLion of hi(k 'Ihcfel,re qe sn.t our anatvsis pjth the i.irsr rpprcr.h. Lr
.hrft{ l.l. $c conrinue wilh sonc seneral ornjlhologje!1 initrhrrion on bi;d
'roveDents ptrrlly based on radrr srudies

2.1. Bird str ikcs

: .1  L l loq ro le l ine I  b i fd  s l r ike

cnen enouqh refo s cerra i .  parrenN in rhe d isrr ibul ion of  b;d nr ik€s in  r jme aDd
sprcc show up Ibweve.. bero.e drawjng an! rirnr concrusk)n. onc shoukj .eat;e rh!t
not all tlpes oi collisions ri.e e!urltv weU reported. Serious noidcnrs, of.oursc, crnnol
be overloc,krd. Bul the numbcr ol hcavjtv dnmaged air.nft is rclat;relr sm.lt. So, one
.l{r tranrs ro inclu.le is rhe anitysis incidents with no o onty si;gtrt rtamrge. Wledrer
o.  not  such bnd srr ikes.re.  or  even can be.  documenreo rs par  v  a mxrr . f  o l  ar te. r ion
or rhe crew rnd trrtlv dcpendcnt on wh;ch prn of lhe sircrafr was skuck. Further. rhc
retc rr which identiilabte bi.d remains lre iound affecr rhe chance of r cefiain b;d
stfikc ro be dis.ovcred and prop.rty classified.

Sifd strikes rbole rhe runwav are morc likety to be rcported than bifd err*es,,en
foute . cround pcrsonncL mxv obsefle co isioos directtv which *ere .or noticed bv the
an.crew. Bi.d remrins found along the runwa!,, and tof that reason considcred as;orpi
delidi, selectively enla.ge the proportion of bird strikes betonging !o the crtegoo''local'. The relative ovc.estimation of these cases may even oecome an rbsolute one
*hen also slip srream vicrims are i,cluded. These are bi.ds sm.shed lsrinsr rhe ground
n the lu.bulent air behind big airlilers wilhour h;rting the .i...aft ;rselt AnothJr t1,pc
or bias is the iacr rh!! big and vhite bi.ds witl be seen or foun<t casier thar dark rJ

we define a bird srrike simply as a ph),sicnl coltision berpeen an a;c ft and a bifd or
flock oi bi.ds, rhus neithe. inctuding slipsream uqms ano near m,sses nor dennjng a
certa'n damxge and/or risk level.

I

l

o c . l

I

5 0  l
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one could ohjccl rh 

 

inctudins aU m;nor btrd strikcs wirhout damage provotes rn
enornous.efolt;ng cfie.t. We rejecr this argumenr {hen i! is ioduced br rhe
con!(erarron: sho repofts mosr bralell ends Lrp highes! at the (black) l;. of.arjo.\
Honesl collcction rnd rnalr'sis oi dsra is a condirio sjne qua non Furthcrnrore,
comprnson oi militrry b;rd strike strristics from seve.al count.ies indicates a tairlv
f;.d ratio of drmrqin! ft) noD drmrgnrg .ascs gjvcn a good reporling srandard

2.1. :  Species rnd dantge

All stiecies thrt spend m!.h tinrc in rhe air nly beoDe vi.lims of air.ratr. Jci fiqhleA
du.ing lo* lelel r.rrlrg missions rrrolide the mosr bias-free sampte. Thc) usua|,- it! rr
hLgh speeds rherelor. minimiziig e{si\e manouvfes h}-� the birds Further. the}- coler
large distances ovef . ridc specrrum of hndrapes causing their b;d victims nol lo bt
a typrcal airfield f.luliriai FilIUre I shows rhrl ceirain species are ho.e invohe.i in
local srrikes lhp$,ins. r common *rder ir Ilotiandl uhite others colided nrosrtv *ir1l
a i rcmft  en foure (s* i i ts .nd s{st io$s) .  So.r ing out  the b i .d s t . ikes wi lh .espect  of
\eason ptuves rhrr er tuure" b;d *.ikes olren include misrat;ng |rjrds, *hile btrd
stnkes at anlleld reach a peak whcn unexFricnced loung b;ds arrive the.e iiom the
suroundmgs. ]his peak is over before mosr birds leale the area indjcat;ng thar the
birds qrickly letrn ro rvoid rhe duger. Funher an!tysis ter species g;ves .esutrs rhrr
n 'cerv can be cxpls incd in  o.n iLhologi .at  te .ms (Buu.ma, Dckker  & Brom 1986).  "h i .h
in rDrn iidicates that r;c.!ft can be scen.s devices corccttv slmpiing rhe air spa.e

( ;L]LI5

PIGEOtiS
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t)f blr^ brcetlik! nl The .\ctherLrul\ l\|hue.olun\r) aNI ol
i6e nlnlred in (r!^ioat *6 lr\Lt1F jet lighte6 dunhg fie petu4 1161 1976 lshluin
ha6) atul the period l97i-195) ldatt.ti bd6). Weights ii 3 \|cish! t:ldtr:: Brcdiks hnd
tutdl\ iar allste.i:.\ atrl 1l t,ilit,t pci6

Fof .;lL rssessmen( rnd ajroo(hine$ s ndrrds rhe *cjshr oi ttre bi.ds .oncernej is
m.re mporlrn! lhin rhei. itpc Fi!!re ? illusrrales rhe *cjebr disrriburion of DLrrch
l,recdng birds .ompared wirh all bi.ds invohed in coltisions sjrh Dur.h tig}rer ai1c.!ft
Itsuurma Lt8.i). llea!ier hirds rre overcp.esenred. yerrs *irh cirr.me allenrion ro
.ollecting all possible data and !nrl)zing bird .ema;n mic.o$opicallr, (rhe sccond
pefu,d) shos bigge. p.oporti.ns of snulter b;ds Neverthelcss. the shrucsr bi.ds do
rot sho* up, whi.h is explained b.low.

The drmrge ro a;rcrxfl lue to bird collision is rehred ro inpr.! sp€ed in rhe firsr phc.
lrecxuse speed quxdfttic.llv influcnces impacr ene.S *.hile wcight oi rhe hird is onh
|nerr rehted This is shown in figlre :l fo. rhree out of fi!,e cunes rh.t represenr bifds
weighins over 100 Srams. Even birds oi nroderate *ejght cruse oler 60 % oi dam.ge
when thc fighre. concerned is on cruisnrg specd. Smatt birds howevcr do nor penerrate
the comp.essed air layer in fronr of la$ flying fighter aircrafl. This of course is onty
v.rlid for the tapercd pa.rs oi the airc.afi. Smrtl birds nrust be sucked inro engines vefl
frequentiy rnd perhips cause delat-ed a.d indirec! damege This, h.wever. isnl easy 10

2.1.1. G

bnds. T
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SPEED

t:#:i";;::ifii:l:'i!,;:rii;,*ith dat@K n 5 weish'� ctasses or bn^ asai*'� an,ar

2.1.1. ceographical diskibulion

l^'_ul,:t'l.o 
ol 

l*j: 
, .en .oute, bird srrikes shoF a wide spread, be e. indjslinglome idn8s uf rhe RNLALert iFhrer tdm:ly rndn rhe di . , r ihL, i ion o, n,ct lLines or5!r .  rhr o, .y ctLnL,\  o,  bi . l  orur in rhe spet iai  r"* n1,a "*.  """1i"" , ;s '

:.]:j:.:r:I'h: :i,"i"n lndease the; bird s;ike .isk by exr.eme row rever flyi\q. ayIicr n|ture locrt bird strikes.re confined ro thc ored sur.oundings ot aj.fietds.
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frgure l G.ographi@t dtltributio4 of RNL,IF bnd stnkes "eh router (dax) aN1 ,,b.a!,,
| ! t t . r , ' , t t thcr .nuJto- ' Ioc!  B,d,  ̂ , to t  La. ,  a t2 un@y ,  d,  .  h  4- .  t . r .b la An. tn
I  t t , ,qJap tu i  nk,  ht .  f ,  h ,nu! ,  aJ,u,Mq? u ! t " .  t " ,  i r  i . , " i  )a t , . '  

-  "  - ,

:.1.4. N_umber of b;d srikes over rhe year

Tbe @urence of birds rhroughour rhe year is nicely illusrrated by rhe nuinber of bi.d
st.ike victims, even if rhe number a.e fairly small. Clear difierences crn be found
which nicely fit inlo whar is knosn about the @urence of plrticutar specjes in
Iarmland (=airfield cnvironmen!) and rhc timing of theh mignrory. dispersal and tocal
flighrs.

Thh static i.fo.mation may help to plan cenajn flying activiries of !;cr.fr in order k)
avoid bird st.ikes. It becornes even more p.omising as taf as short-rern ea.iations of
bi.d p.csence are concerned: daylo-day va.inlions of rhc bkd strike .ate o@ur,
espedauy within tbe 'en rour€" qtegory. In certain years rhe RNLAF experienced
clusters of collisions duririg days with increased misratory acdviry oi bnds. Nornaly,
this is of course masked by flighr resr.jctions whicb prevenr a la.ge pan o{,en roule"
bkd strikg by .elnlively few qncellations of low levet missions.

2 i .5 .  Frequet

ln these fligh

al!iludinal d;

high-altitude

birds. Civil I

Jip



21.5. F.equency of bird strikes rilh heigtrt

We st!.t vith the proposirion rhat a p.oter hejght d;skiburion can only be erpecred
shen we s€lecr lhose Ilighl phases du.ing *.hich rhe ancraft cover equal disrances
uthrn eacb air iryer. This is approxirnlrcty tfuc be$.een 0 and 1500 ft tor kke,oi1,
finrl,approach. landing, and, in .ase of mitltairy ai.craft, iouch-and go and overshoor
In lhese llight phases the anc.aft flv virh a more o. less tued angte b lh€ earth
luriace The.e ma) be some doubt whether the birds are equalty srmpled in each ai.
laver because low speeds may enta.ge the success of evasive actions i€. especially in
rhe losest 100 1i. But if lhe assumptions a.e rersonable figure 5a ilustfi ;s rhe ;!er!ge
rltitudinal dirrjbution of birds over the year. It indiares ihe high densiq of flyinS
bnds wirhin rhe krqest 100 feer. Because durins the flighr phases bw-l*l_*,-uL *d
hrgh'allilude, cruise cerrain slandard flighl levels are practisized figu.e 5b Largety
rellers thc the heights ot those standard flighr ievets raihcr than lhe heighls;f rhe
btrds. Civil aircraft hale usuatly only r ,tocal pfobjem: the totat hcjght dislribution
Irom bnd st.ikes sufiered by UK ai.liners nicely firs into the militan setection of,.1o..l
btrd strikes (tig 5a).

ftLt 5 Hafit a{r?bun, a .t k\LAr tt .qap\ Dt I)n J! an 6e^ A: hid .tiA"\ aLnt.r
ruKp-on. nrularrma,!t. tatu1tn! tuu,h-ahd.pt, -Lt dl^aaar th-2!4t balRd @tahLti.

B t t'1 ,o.L\ Jda'a 1..h l,\.t ana h$n -lntulle .tuL. ,a_a.L,



.2.1, Distr ibution ot f lr ing birds in t ime and space

! ( t r r  b l rCs are rb ic  io  I ) .  and usc r | is  rb i t ; r \,,,.,,,- r .*,,,n' u.o; ;::il;,r:: r',,tlil:i :;ffi:Jl:-_#[f
:,:l: l:l.lllll"ijllrl' 

n::".ous irichrs in the optn ar sprce. rhN charrter .jnrs ar a
:,:i;.:,r,!,o,, 

or thc d |e.cnt rvp.s of friglrr in o.der !. ,a*,i" ,r," ,lnr.. ,,"a i,"",;".. .r

: : .1  L .c r t  mo lemenls

'ihanks 
lo rhe to$, rrdr. covera{e .bo!e Urr .

r,r'i, r,)rJ7) show patrerns ., ,";"; l,;";, ;;;;"'"'" 
radadirms r.om H(,iiand (Buurn,a

1.,q,! .rn o,rcn r" ,,r*^- 1*, _,,;0" i; ffffi",:li:,."1,:enserJngle 
of h ..

;:'i fi iri ilJft'j::.:H;?;::"i:i:,:1 j": -, *,,' .;;;'" ""
,lll,* "-ri"" lli ,-j,i ,,*r";,;; "i;;";i: l* 

"t "r'set sufpr'ssio. rrc ;r;cs .f,.;;i.,;;i:;,;,,]iil:::i,,ff",ilxi:,:1,:,Tili"ililii,,ii,r"ii*i,i,ljjfi"

P:.:.:l:.t1"+ ̂  d.*-,"t" .r.hls 
omn.n r.YIe or hrd flighr shols ur frgurrrh in risjns r!.u(cnrs r .ound noon ind in  summcr Tle no,r.ccr_ieering. sc,ichins,.,,; ;;;",; ji,;iil#j:: :]ff i:ili:,ii:::.'nufc'neo rre oiien tarse loa.ing birds riLc buzlrds. rvnamic gliders xs s*irts rnd

f \ ,erJ 
f ia  \ r { ,A.  Tt ,e\ (  murpmrnr \  t roJ,ce.  \ r  .u .  n. , f l  v .  rU ,  uo r .1te\

j  ): l  l . l_,l l l" 
,;. nL 

_J 
ni*^-. n,:ir J 1:\ ,. nJ! ". ; ".., ".; ; j ,J ,' :  

i ; l : ' l ; . i :1,1,: j ; i ;1.. :"1.: . i : ."b 'q(Fn 'nL'JnJ ,u f
,,.*. p..""".i." ,."-."; il i::.il1; iiii",i:i::,,l.L::;;;",1'f ;:l '*
|;ili" 

"" ",,,..- ..","s ot rr\,se n,isrinLs ,h!r frimaritv usc rhermrrs (Leshem

r ,e l |  a ,n .ua\rng n i th^ Dep(rd:T Jn rhF LJ

; :  ;  t l . l . l  \h, l , r  bl ,"d,  A.,+ p\, ." , - , : ' i ; : " : ,1:  ;  : : i ; ' , ; : "J; : : ;  ^ ' '  "

l':l;":':;..j_l:"';';:::"i:l:;'j- 1'J1Lj ''Eue L"' .- "1,"n. *-.
,et!m ro rheir no.mar qu",,",.," .",", ;;,.:'.::nji:l.;i#:ii:"i'::i::::: ;.radl .  { recn-  This s ; rLrat ;on ippe{red ! )  hazr fdous !1" , ,1 .  o*rar_ l_ , . ; i i " , " . "re-r.utins oi NATO iinkoute t0A. orhe. feeding fljghts, atso kom ...r,,, ";";;";:,,xno*n sruiing sodses. Because of the svnch.on,sar,on ol rhejr depa.ru.e inro walcs
lllcy f:oduce 

expaldins ri,slike echoes. During win". in rirr""u ,,i.." .;r,-... 
-'..

somenmes crn be ftrlowed up ro s0 km. from ihe roosr (fig 7) in sene.alno.__migrtory bird rcriviry o!e. tand shows distincr peaxs a.ound sunrise and sLrnset.uucks, wNde6 and gulls o1i.n dominatd e.hoes arouno rnese t,mes.
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1. . \ "  ' ,  r ,nF  . -^ , t  I .  r .  t  t t "  I .L t i t$  .  \1Tu hk^  ,vLL  IL .A1n\,n trtt nLlp.l tc n,,ntEn huu .,1Ilte Ndlkr,

::;,'":J.;''i,;;;:":^j;" ::': t,';;;:;',':I:,i:"::':,:";:'":: i :i.::,-,;,.::,,

Tidal horenu\ ln the coaslrt zone, and espelially in lhe b;d- .icb Waddensea. iidrt
Irgnrs rre ven apparenl and conlinue during rhe night. Th€ bkds act like commutem
bctwee. the tidrl ltrts and the high tide .efugi! atonS tbe borders oI tbe Waddensea

2.:.2. Migration

ClahalFtteht ant seantut ldrldrio4 Migntorv movemenrs ol birds o€ur whereve.
strsonrl changes in cl;male lead to per;odic iood shonage. tn the rempe.ate regions
rhs is lsalv the ose during rhe winre. period, white in the subtropicareas ma'ny birds
are slrcrt ofJood durhg the pe.iod of d.aught; in lhe tropia food supply may be
' " "1 i " - "1 "  " "  N nronoun.ed in rh(  r rdn, i rundi  rnr ,<\  Dersern
rr .1 dn\r  t '  o .  \ed\nn .  f te  q^r .Jwrdr  \ rJr .ndtr I  or  mrpdr . .1 u ip l .nd\  on rhL

dftereit ry?c ot ciimltcs (fis s and 9). h is conrptiared by rhe histofic and rhe
rre8dlar shape of the diflercnt ctimsric behs. ar.t espeliatjy by the vsry;ng behrv;our of
difierent bi.d specics. To reduce it do*.n ro a fe* jines;s extremelv dittjcutr a.d (as
smplificarions a.e) atways wrong ro r cerrarn extenr. .r.hus 

figlre (_rgives ontl a r;ugh
inrpression of rhe mrin rimes .t mjgarion in the d;itcrcnt parrs of lhc wortd
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2.2.1. The spatilt disribut;on oi migrrnN

i::;#7!:::::i:i::;{:::;l.:;":;lt.i^,Tl;:;.1.{:.";,i;::.H:"r:1,ormcn\nnsdepend on lhe " idrh of ,hr  hree, l in !
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Xrn' t 1 Peak nr{atu,l r^ n,t1tbn ta th. emplilied ,nopn.al wather nup.

Ih! height ol bnl |it:hts The overlll rverrgc allitude distrihulion of migfurion rho!c
lhe Euq)er . . ra i . land thoqs h ighest .oncenrrr t ions ot  b i rc ls  l re lo*  i  l i l  m.  - {CL.
At)ovc the sr is  low[nds th is  lo$e\ t  Uighl  le le l  conuins !  m€rn percerr rge of  ihoul
i)ll'r; .r rhe drr'� migfunts rnd dbout 10'r; of the night migrants (ii8. 1:. Brudc.er 19ll)
I n e ! s r e r n l I o l l a n L . w h e f e I h e c o u t r t r y s i d e i s r e ! l l v i l a t , r h e p r o p o r t i o r o l e . e e m b r
le 'e l  migrat ion is  evcn h igher  ( l ig  l l .  Euurna.  Lens;nk & L inna. tz  l9Ea) The b;ds
concemed seem to scek for a .onffomis. h€txecn flying los lo. conlrc! $ith
\egerariod r..1 conspccitics. .nd headwind a!oidr.cc. ind rising lor o!er-�ictr Onl."_

rtrout l0.r; ol rhe birds th rt lctels abore 1000 m ASL. Highen ilying bifas rrc
obsened rr altnudes ol rbout 501)ll m ASL. Abole lhe AIPS the upper linrir of
origr.tion is slighlly inc.eased (5500 n ^sL). Abole lhe de.., h.,qc desefls or '€n

high mountsi.s mc.n lerch of mtgration t{e lifted Lrp !nd high.st migrrnts mry be

f .und ! t  a l t i rudes o18000 m ASL (occnsb.aUy even h ighef) .

In disrurbed weather the trltitude of mi{ration decreases. Close to a t.o.ounced frontal
stsicm, nearly ail the birds mav bc concentrated witbin the lowesl 500 m (fig. laA) ln
iine weathcr flight levels ,,re gene.ally hi{hcr thao in the overrll meln distriburion.
Highest densiti€s ot bids mxy be found rt le\els up to 2500 m !|](i!e flat counr( in
central Eu.ope. The height is p.imari|_ dete.mined by lhe distribLrlion ot trindsr during
the fi.st hours ol rhe night bnds seem to serrch lor frlourrhlt ilighr leveh. Dufing lhc
lollos;ng pa|1 of the nignt ihey concenr.rte rt altitudcs with slrcngesr railwinds o.
we.kesl side- or heddsinds.

The feason for the high proportion oi october migranrs migrating below 100 m oler
Houand (fig l3). ,nd also over the nortbe.n parts of w. ce.many, could be an
adaprarion to the irequenrly o@urring head and side winds in tbat .egion. ln Ilai and
snooth countryside the dGg of the air flow by the e!.th surface is le$ srfong and more
lnned in heisht than in hilly countryside. fterefore, bi.ds avoiding he,dwi.ds should
l1) exlreem low. As a result. the 'u.de6trcam' of migrants is ofien badly detetable bv

f(ure t? .
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2J. Evaluation of bird strike risk

Arrcraft speed is rhe najor factor pith resped ro a;ffaft desrucrion during a bkdnrike. Furrhcr. rh. altitud;nrl disftiburion is the most rmporlrnt facro. with resfecr rolie chance ro sufier a bird strike The cornbi.ed ettu, .r ,r,*" r"o"." **". ,,i.-' 
-

!\rdcnt dichoblrl in iig. 15. Herei. all Durch nililarJ-r hird strikes havc been sorred

f:j:,Ll 
,: ,r.::"n,:n""1 we firstry recognizc the group of rrnd str;r<es oru.;f

ounns srart and landi.g Tbesc row,sDeed fli,hr pha.es cons;tute ont1,a m;nor fa'rt oithe iotal flying rime, but the bigh numbcr ofimat bi.a. ., ,r," *ing .. **"d ri.;,1*
8rolnd cruses a subsranriat imou.l oI inc;dents. The opposite is rrue for rhe second

: , : : i . \ \h i '< :1 
" ,er1r  r - r ,J  nJnrn,^ . , r  r< i rher  n snr  t " \eh r re retdr : .pr !  os. .  r1., rne rn-r  .L t  I  thr  .  s t (  nJ on c-L is in.  rndc ar  h; !n \ tepd\  con.r i rur<\  r r  .  ^ ,1. ,  f  . .

I _ e  r r L t - t  J d r J l r ^ n .  A . . r  r e  u l  r  r m  : r  . , m , { n t  u ,  ̂ r r u  n r : , ( .  q , , \  I n r n . l  T l e
relalNe hck of mltisions ar inte.mediare speeds mrinty rcsults frorn rhe Ilighr envetofc

- l i -  
1 , ,c idf t  

1 : i  
rurE |  .  r ,L  r5 r \  rJ ,  rhc hrrner  r r .  Dofr i^n or  d-m1c:T  ̂ n.d. n r "  . . . 1 r .  * . ( h i n  r h -  .  |  . , , 1 . , .  u u r t  r  n t r  t c \ e  r a i n  1 g  m r \ : o n  " *  , r " , . , * ,  -

2.4. Reduction of bird strike risk

o.e nuv think of the foltowing fljghr resrri.rions under bird- ri(h condiri.ns

a. no llvmg below a ejven altitude

d.  nersurcs nea.  a i f  b lses

:,:::::::":,".^ 
Frcn the descriprioN above ir may be concruded thar frighr.Nncl,ons q'lh respecr to a]t;rude should be considered fnsr. It is howerer a dinicuhiark,ro determine rhe righr minimum flighr taet for *"."r,. O.p*ai"g _ p..,ni"g"  nJ .J '  d  ion\- rh.  . ( i r ine . r  h i rJ  "c I ivrq mry ju \ r r la  min;mum f l i rnr  te !et \  n t  tun.

: " : , 1 " . . . , '  
r r . . A  u l l p n  i m p o \ c u  n )  I n <  u e r m d l  A i r  F o r c c .  H o $ e r ( r ,  r h i r  \ h ! , _  JDe Dased on core.r xh;tude measurements by means ot rada. Such measuremenls !reseldom pedofmed. u$nUy ontv within spsiai orru$oioEcnl studies. Operaljonal rrs.o^eirs, tis tar as we-know, only ve.y incidentally. As wilt be seen in the nexr chaprersselerar sL'ggesrions for specia y bu;lr radar_b;d, derarors rrave *en putr*e,t.

Several Wesr Euopsn counkies not having rhe appropriate rada6 or fte howledpe
l l :  :ol **"0."1":,- icnr u* or operarxrnar eq,_*,. *"r_.,n*,.,*,.,, i .
ursemmahg bird {amjnss without altitudinal jnformation. Usuatty a niglt resrrtctic,a

i.ljLl-r. 
t:^':'*,1 ntin. heishr is imposed bur rns rcduces drasricaly. if norcompletely. rhe vatue of low tevel training.

1 .
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t .a ,e 15 P,r ,  a t  btD-uaa R\LAI  htut  \m^r '  n  Jr ' l r l t  Tt"L t le  
-  

lo i I
Muc Tnn, ut .^!,ur^ """ ,,,1r;',",- utrt t' "-d \itr Jrnt' ! t '' lrn f rr1

di.tdbutian ol .iril bird th,lks takelt lron Thary( lgEl

100 kN in

g.ouping

b. G.ogrdphi.nt qiSlrt restntt./s High levelbi.d miSrarnh the.elb.e mlv urge to

fesch€dule il;Bht pirns. A shili !o*a.ds completely orher low llying rrer\ nay be r

solurion tor large count.ies. The USAF oPcfures a model hching ro select the safesr

loe flying routes a.d areis Hoseve.. in Europe alte.nliiles 3re nor avaihblc 1o the

same exlent. Ge.man) disseminates lisrings of bi.d deosnies per "g€o.ef This lo.mat

hrs .ecendy tEen adopled by NATO nembers

}IILITARY
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1l_'llll-" 3. 1-.: .f suffering a bird srrae wr:jr neve. be zero as rons as man
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3. GllNERAl. ASptrCt.IS(lT.BIRI) DI' 'TI],CI' ION I]Y RADAR

t3-

3.1. Introduction to some radar principles

Rri l  sr rn( | !  k , r  l t j \d io l l . r rcr , , ,n  t id  Urn. ,ng Ttre c( lu ipmenL r rd;JLes"l:::ll:l:l:1" ""... *",rr, r,,,,.,, i^i" 4r... ,*..** ..."i,..."".or u", r rc rn r rD!  pu lse  r . rD jn is i , )n  q i t l ,  recc iv in !  (

;ff "ilffi 1if :1',i:l',ll' ;:x ixi:1":! ::li ilf i ;:ir':ilff 
"

iri,o,rng rne rrd!r to mea,"* ""a",. *" *,''""'*rves 
afe lunnelcd into ' berm'

,,,u,";l_.,,,;,;";;, ;,;",'i;:," fi,:.],i::i',1,:::i::j"#J::J:l'f"ii,"
' I hc  

f rn le  r t  {h ich  rn  l ) t i t c r  . f  (c rL i i f  s tze  r l:r ;ru x ;*riii.*:#*:*ii"i ;T:irii,rn rid'i  r ise f r  ( in !  . rnS.  su^.e i t i . rn . !  r r ( t i tJs.

S,r .Mni lCrhe bernr  r i r rcush r fc . t rsp! .e optns rhe possi , ; t i t i ,  lo  bL, i i . t  up r  ts !  o f  rhfeeo'm..sLr inr l  t ic tLre o i  rhe d i5f i  i l .u t i . .  . f  th .n
tnrpe rnd \canni.g pnJc.dr., u",",n,,n" hnr 

t t"""tls rellecting en'ush c"r$. Bclm

".,*,"*" or. r,,ii,..ii;;;,:,,.":i,";".:::iT][ il:r;Jffi ,",,,",o. 'zn13r prrne. ech(Jes..c r , ,pfesrn,.d o. r  ppr (pran po\ ir i l , ,  *u," , ,  i " , i .  i : i ] .  
"  , .

il'Jl'"Tiii::: :ff l'fi':i:ilfi ,il:;::t,:;t.:t*: ;',:*::;**:*:j..,r ' i ! in !  \k , r ! l  rhc mdrr  nn,m,Njo,  r j , r .  h fse.n i l tm o.  ercdr l jn ;* l i  * "  " , ; , ,  ; " , . ".x . r l tenr  r iore-  .oht fcsscd { .unr^ of  b j .d  ,no\cmenr.

ATC . id l rs  t i rve berms * i . le  rn lhe \cr r icr t  arrft..lrmir. ",.\. .ftur . h,.,, .",.,,,,,; ,; r.".":,:;tu,:l[].1 .i: ]:::::11J*"
: : "  i  

' r ' - r '  \ " ' '  ' ; " ' , i , h , 1 , , , , \ r r "

,  l ; : 1 , " 1 ; , 1 J  . . , \ J l  ' L ' ' ' ' . '  * ' . ' , 1 . '  : ' -

6j *,lig *,;,1;:i;1,, ;trul;i:; ilIitll:tr*ffi TT"sa$ess the ilrnude dhklburion of bnrts in rjrspice. tr most compticated use is as allickingrh-n. ii(l|ting a t.rgcr during irs ftight ind (tekribing its three d;mcnsjonat

'Ilre 
rrdrr Itpes ftoJr ircquenrtv uscd rs b;d {1._" .r^,i,i",i ;n,,,." ". i";;;.i;;: ;"fi il::l:,i:,i,fi jji::.ll;::":::,,Fif€rcngihI trbje L Thrv usurly rcp..senr .hs

sze, rrnge rnd .esoluti.n 
ses or equ'lJment differing in powe''

l(f};
\



A

ircqucrcr (\'lHzl : l r0 -  1550 1550 - 5200

\

j : i )0  1 ( t ! |L )

l . :  l .

(c)

B

Nr'r) subsrur rn )n  n indcr
dens(_ r/n\1ll ircighr h

,,

tabte t A: Thc akl lajhian cLlsifica.ion af tuL16 dccafttiry: o ,aret.n{th B: Diunldt tD)
dhd noctuml (N) "subsaturutiott" dentiti.s af bn.l cchoet ah the PPI ol tearch ra.1d^ atd
hntintum detection height. Omithokgitts watching ovet the shauAe. of tiP mdat aryrat.r
might lind thL\ bnd resolunon in the tu|| wko af akk. rallaa. Thc *tl1het). \' eo al tnd^
motl(m ralats \'i ptodrce l.wr bini echaes \|lrik m|| ri!t& a|ftn s not anitibt.
aNmok. Th.se pani.dl dtlenekces .b not rc|..t tlzoretical lassibilnies vnl.h ,1ar b.
c\pbned bv htotl.nt electroni. (birll) echo stdcti.,1.
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I

I

l

hncrd ot  $mplv ut in .u rhc er l ro re lufns.  DUlsc dotp icr  fudrN i tso mcasurc the
hequenc]  noduhron caused h!  rhc j tced of  the nrgcrs .c lJr rve ro rhe radrr  ( r id i r t
rtlocirt). Tlis.prcvid$ rhe po\sibitny t. s.prrrre mo!rng rargeN from n ionary1:  ' l : , - l  ' hnu . r  "  , !  -
, u r e r  K . ' J . r  t r " . . r . n  . , t k  . . r r . , ,  . r  \ i ,  n n L a r i s . { \'  , h l ! + h  n r l ,  D . o t  t - .  .  - , ; , t .  r r ,  J .  t , , . ,  " , . . . . f , . i , . , , . , . . . " , , ,  . , , . . , . , ,
rrers w,rh very lL)s steeds rsof! biftlsj). rs velt as the llcr rhlt ontv rudial ;eto.il\. is' .  , 1  .  i , r .  -  r . r  . , ,  J .  J , .  r  i . ( i . . .

Thc Dopplcr  e i lc . t  k  r t5o rhc br \ is  ot  Cont jnu.us \ ! rve {CW) radars.  hsread of
tup idlv 

.switching 
lEtsrn rfu.smirtjns srrong tuBes anu recer!rng weik e.hoes CWredx6 \perk .nd , l ;s ten s jn lhJ.corn! .  1n i ls  s imt test  hrrm r t "u, t * . , .pe.a"  utmovirq t ! r !cA hdt  do nor  rnersurc t jsr rncc\ .  B\.:ir:.;,i ar$ rrnse or,j.,,,, ,'"*,",. -,,,,n,.,11'ii:H,:Y,J1,'j:::1:l::11':.;"'

J.l.  Detecfion chucc rnd thc qutnti f icatio i f  bird echo dcnsit ies

. r : .1 .  I Ie  r rdar lo.Dul i  r .d  mdimuh . .n{ .

Thc Drxrinum distr.ce rr shi.ir rn (nrlerr is drlecnore {n be delvcd by using rhc

Udimun .anse (R md) is  f . \ i r jvetv co(c ldrea *r r .  r .usm,uc.  poNer (p)  and
lnrennr gain ((;. tlre muht,iier n,d.r due ro con.exrrari,rn of mioo*"* .n*g, rr ,n"antennxr c is squrred tecxuse bolh rrinsmirted a.d ."""i,"a "n".g, i, "nn""niu,",i1.
Ihe wrvel{Sih (I, Lnrbdr) rnd rhe e.hoing rrex (G- siEnr -, ltso crlied ..da. c.osssecron) ol lhe rr.8ei. Ttre mrxinum rrnge is ncgat;vclv .oretaled with rhe minimum
uetrlr power (pmin)..qujrcd ro rr.duce x tereerrtre signll p, as eifecrive power,

l::]"j":_*" i,n" 
R.fer;ri.rn F,cquency (pRF). when rhis pRF is.hosen higi. the

nre^rl lime bcrqeen rso pul\es js \holt. Ihis sho.l inre!. at timits the mui;m
dNtance ar *1rich a ra.ger crn be detccted. but wilt never limit rhe maxi.lum distance
ol smax rargers like btrds ln f.idi.e we need rhe eftcclile nnge of the radar ior birdsinstead of  the rhcorer icr t  md,nLm funge
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A: co"i.al scdn of a /.aci| bean lupper paft) ann No h.nzont1t sectk)L\
pratuling nngli ke dat c ctia h.
B. Rdd.r Ffonnan e rliatrum talo L^ttuad tq67).
C: Ilclatitt httl railcs of a pen.i! hcu|t



t

one bird echo

f _

fcsotution ccl l

thrce hits pe. target

fuLp 17 T.nn' Ji nt: t1.:cnptu,t.f t$jtuturt un.l e.ha r)p./Iies.

t , , : . . 1 '  
:  

" . - . r .  . . , J . . . . r . - . . . r  . r , , r " ,  L r . . r J , f ( r  . ' n J  . h c  , r 1 u o . n 8 . , r  r 1 r
r  ' . \  |  . h  -  .  . i  r . , . 1  ,  n , . . f " , . . n r -  . l h -  

. r | , n ! r n  ̂r  r n prerotring erh. d.aer{5 sith rhc tth po*.r of rhe d;hn.e rrdar targer. tn otbcr$ords: t. loublc ren-lre sc |ect r rrdrr *,irh t6' ' '  " ' " ' '  ' ' - '  " ' *" '  i iT" ' i l ; : : : : ' :11' i ' i i i i ' ;1"
' |  | . n . r . . , .  . , 1  - - J ( 1 e . 1 ( u  r p  t ^ , { . r  ,  u j  r , r ( r r n r . d r n u m

l:2.  Ringe rnd .csotut ;Lrn

Usul l !  mdr6 wak ar  $r i  t r rge kr te thr t  rhey enrbte us nenher ro counl  b;ds * i rh ingroups nor ro re..gni7e rhc sh3pc ol rhe flock. Even rhe dessht of tocks may be
, - , ,  .  . . , , , , . , . ,  " , , ; , . , ; ; - , " " . _

l re srh len 'o t rme or  r r r  thrr  r rn be , re.a i Ie t l ly  rncrs! .ed $, i rh I  r ldar  is  ca l ted' resolur ion 
e l l  t f t  t iJ  Th. .e l r lurn,n ofx f ; tsc r rdrr  dcpends theorct ; . rUy on puiseLen{ lh rnd heror  shr te. ' fhe\ t  vr lues r .e nor .h.srn odcp.ndenr lv  . "1 , , f  " . ** .re late lo  rh.  t l t r . i  r t t  i . r r i l )n  or  rhc f rar .

ccnter



t . , ]

! i s ih tc  s i l t r .u t l r f

hiv l rg d i f ler

Fi {ure l8A#";ix5;*rf;:x;fx:*srl::fin;::;,,t;!f i!,,,.,,
'',tY,tnrtyxxt#;,yre*:ilff 

t,,m
it;ii! iiiili {jfii{:'iu::tffi ifrfi i :!i! :t,,,,;,. t :{ L:,', :,,::,:'



As crn be srcn in  rhe . r l , r  lo f . rut r .  r  tong dctedjon . rnL.  in  bc r . l t ; . t  e . is ica q j r l l
ro igqaveLenlrh.  L lur  krn!  w!v. !  r re drorc ( i i f i .u i t  to  lunn. l  i r ro I  i . row berm anJ
rees,r,re hrgr rnrcnnrs. Il(trc.ver. rhr r.eire. rhc (lisrance lt) ()ve.. rhe stos.er rhr
to in lhould * ' . !n  I f  rhc puhe hrs ro r .a\ t t  I  lon- t  d isr rnce 1to* . tu lse repernion
rrequ.Ddl ,  rhcn r |x . r  t i .m the l i rc . !cncc of  ihe hcrnr .  lhr  i . . .emerr  ot  {an at { )
kduceansuhr r .ntLrn)n.  l l i lh  ies. tur io .  in  r .nge is  d i r i i rxrh ro r (h ie,e in
$mbm bn Ejr l r  l r r l rc  scr le . t ) t . r r idr .  .1 .  e\ ! r i  d j i t icu j ty  js  rhr l  .  h j {h amourr  o l
ene.g ne.esrr !  lo f  lo ig d i \ r rnc.  J in{ jng is  d, l i icut r  ro squecze jnro r  red s l lqr  tL ts . .
Icrnhdc$.  i . !e . .1 modcrn {d i l i r ro- ' t  s . r r .h  . rdrrs  hde heen equi l r t ,ed * iLh tuLc
..mtreis Jn.d.s rrducin{ pulse tenlLh l.v r fu.rir r,0, rhercb! entrrqirg rrnee

l l l  ndxr . ( \s  sc. t ion

lhe.rdrr  c( , rs  s .dnh is  ( ic f in . t  rs  Lhc { i i . t i ( )nr l l )  shrdos. inr  r .cx . t  lhc  r lc !
Dle(et t rn-{  rhrr  !nrounr ot  fo{er  *h ich.  \h fn sc. r l ( r .d  in  r  

 

dne.r ions.  produ.r ,  rn
' r '  o . . l | I , , . , , 1  r " ,  " . . , ^ . , . r , r . - r  r .  j . ,
h l idr  d i l lde.r  e lecr . ic  rnd nrrgr . r ic  t ( , I ( . t ies rhnn rhe !urooid in!  r )e i l ium. Thc

.  n  . . r  , -  , . . , .  . s , , t .  . " . . - . . . n J
l �  - r . . . r r , L .  L . . l l  I  1 1 .  . t - .

he lverlge inr.nsirr- oi r blrd echo rcughl]- equals rhe echo of a sfherc of ware. \irh
rhe sme weirhr  rs  rhrr  of  lhc b i rd.  Th;s echo * .ength is  hr t i  o f  thr t  o f  a met . t  sphefe
ol Ihe slnre ste, shich .ftcrs I +rssibitl!.. of crtibraring fie fadrr cauipmenr.
In rhe clse oi bi{ tr'Scrs icomfrfed to rhe wxve lengrh of rhe .rdar) the reflated
otrq is mo.e of les p(ipo.rionrl ro the shadowing are! oi ihe rrrger: rhe known
opl i i lL t r inc iOl$ . re r r l id  Whc.  tarqet  s ize is  is  the srmc order  of  magoi tude as lhe
*rve len{th rhe e.ho lrrenglh do.s nor ..(chre in ! simpte aar Fith rafger surface.

Figure l3A gires x dodel cxpl.inin{ rhe iirerlcrence oi cleclronagncrjc ene.S/
panla l lv  cu^ i ig  found rnd prr t i i l ly  feue.red d i .edh hv the sphere * i rh !

ctnphcrei.e in rhe srmc otuler .f nrsnilLrde as rhc wnrele.grh. l'be two enerry
omponcnls, triyelling dilfe.cnr disnnces become our of phase. The .esutting echo
$eo$h nry rrr !p t{r a la.(rr la, *hed lhe .ircunrinren.e of trrget and wavelengrh
are more or lcs rhe sane :ind lhe circunntr€n.e vrrics by hrlf of rhe rave Lenglh.
Figtre llB indicxres h.w the rrrio ot horh resulrs in varying rrda. cross \ecrio.s (cm:)

Clari! r hird\ bodv is r mo.e .omplicited trrgrt rhr. . sphc.e. A sphc.o;d o. a .cigr.

ljke h.d! mrv be slighrLv l..tl.f rfprcxidlrion ln the crsc oi r he , sphefo id,bird rhc
{hoing rrer is lirger in sidc vie" rhrn nr herda)n or rlil{n vics. As exphined ibove
smaLl drilerences in silhouerte si2e nr! ksuh in tx.!.r dife.ences in echoing rre.s. A
gaph;crl representrrtun of Lhcsc echoing a.ers as seen, un.ler alt rngles witb rhe
htrds bodv t\is is crlled, I{l.r dirgrrni' Fig t6C gjves in cxrnrplc. tl shoss



100 q

l.:..1. Rrdar

head/tai l-on view sidc view

f|uk 19 Etlo .knsirt ttunng broad Irant niirrati.h at rhr d n( I,pt at a I ttn .rnir
rntLr n1rebtk t ta d6tah.e (l n rb\, . 5 fur ata\ I drll aVJ..l (bntlt s. h h,n,1/ttij.jj
rith si.le ricw) Ilaimun.l.tsi?]. takrn .6 t\A,r

5

t

fc",

enotmous fluctL lions rnd may gile rhe impressbn rhrt delling quantirrrireil qirh

detecl ion probabi l i l ies k  lcry  comt l i ( r ted we cr .nor  den\  rh is .  i ideed.  bur  Nhen

trocessng a rad.r picture \i!h hundr.ds or rlnus!nds ol btrd cchoes rn $9!!g! b;J
s)2c is talen inr(J rccount. Small individual dift.ence\ in s;.. *ingbc!r fhrsc rnd Ililh(
drre. l jon smooth lh .  avef lge pohr d iag.xm ol  rh.  sholc cohort  As r  rcsuh *c u i l l
l lod a snrooth cu^e ret resent ing ihc herd/ t . i l  ! ie*  s ide v,e*  mt io of  dele. l ;on
chrnce in s tat is t ic l l  te .ms ( f igure 19.  dc. ived f rom Bulrm! & vrn Crsre.er  1!8 ' l )  $c
can usc sucb empiri.al cu renrs. Ir i\ clerr thlr $e need
ibf { t rmat ion on rhe hcading o i  the b i rds in .ehrn,n ro rhc afd.  r r  whi .h $e see rhenr
$ : h : l  r h e  \ J  n t , r E  t r ; n J .  q  '  n  r l ' r , . ,  , 1  < r

Corrr ! . t ions of  the f l ighr  nrunl .s  in l l ! .n .e the d iJdrerer  o i  r le  h i rd bod!  This JesuLl \
'n remark^blv srrong !ariation of receiled echo sft,ngrh \\'hcn r lfacking rldar Ioi.{s
r  lne le b i rd.  i ts  AuloJn. I ic  Gain Conrro l  (AcCl  conrpensrr .s  i . .  rh .s t  l lu . rur l ions i i
order !o get a constsnt sillnrl. \\'hcD wr rt.ord rhese AGC f.wer !rrirlions ye g.r
l r luable in lormat ion on the wing beat  p! [ern l \ rc  4 a)



r or(ls tu lerecr a. ohlect ?bove rhe hodon !! a disrance of 50 kn it musr be l0{t ln
?D0ve rnc surtrce .\r 100 tm aD .bject musr hrve a heighr of ]00 mt Loss of visibil;tv
beh'nl the horizon toes nor increase lnre,r.jy Rrda. *aves no.ma y slehtly cuse
hchDd lhe viurl ho.izon but radr. dercclion rt l.
ume mrmer rs vi' ohsc^.,." *" n",rn,7,"[t"':'"','"T::",:;:i*:]ffi,:: il"Dco.to.rre'r nr rhe convenuonrt Verricll pcrfonnance Diag.am.

h Ihe lidirtuus e$mpte ot iigu.e :0 wc inctuded the bird .ange of the lhree cjrsses of
puhe radrrs of rrble I In!bjtirv t. dcrecr low-flving r.rgers beb,nd the fadar ho.izon is
a Fobrem. csfecirlh of lon! rangc fudars. Bequse these radars rko hrve the ta.gest
b'rd deredj.n Rn8e. lhev miss nrn). I)irds. \lo.eo!er, it rhe towest lti. t"v*, coniai,,
mN I!ing rcriv,rv. rs is usualL) the crse in rhe Fu.oue:rn low lanas. rhe Lirrt density on

j 5 -  :  i j  !

(bhck undereciable)

J a -
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rangc in nautical miles

Itr;,':,,i:#:;':,::';::r:;ii;:r:xi;::l::,.:f;,lLr:;"ihpcnan, c'a:se' af Earch
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r  PPI  of  1o.g .angc suF,e j lhn.c fur j rF nxh ( tn i , r ish$ to r i :n .  lo | . la lues *Jrco g, ) j^o
Jionr ccnrcr ro pe.iphen. Itccause !r sh..r disLance echoes of objecls on rhe gro;d
. . , r - . ' r .  

r \ ,  i J J . '  J i  r t ^ .  r , , .  .  r  . . . , . ,  " .  r  : . .  . , ,  "  " . , " . . , " , .  " ,  . , ; , " .  . . . ,
1 " J  r . , s r ' \  i ' . : i t n : . r . , . n  t , , r r n . . . t . r , , r   .  , . .  1 t . . , .

r .J  rheret{e.a.hr  is  unr l lv  desl r ibcd rs  conr t rem.nrar , r . ro rh.  ! isr r tb i r . t  o t r le^. r
ah. $ill sran n, n;ss 5i)r 

 

h;ds d -r0 m. e't! sh(.n thi]y prss olefher.t.
A\  x  !s t r  c t . rhe hoj l  j  l t ter t .  rhe rh jnniJrr  r r re rd h;d fcho tensn!$ i rh  nre jo
ron!  r r .q .  r rcr rs  of ( .n i !  nor  pf jm!r ih  cru\cr i  bv rne dccieasc o i  sensi r , rnr  t )ur . r th . r
l \  rhc a l r i rudinat  c . isr r ibur i ( , i  o t  rhe brds - th. i . fore,  

s !nrJrcs of  rhe r , i r , t  i ty ing o" ,nu"
ra len h l  long. .nge r .drrs  ue r twr \s  b i r \cd wlrn r$pec!  ro height .  pro iJed rhc f ldr .
Ium t roprgrrcs a long srn ishr  t i res s.  .an rurn th is  in  our  adr lnrrge h1 cr l ru ar ing
thc irrefrlre(] p{tjm oi thc air sflcc ar s.lcful dislrnces Comprring rh. hird e.h.
r " .s( res . f te6 r  ;ndic i t i ( )o of  rhe !h i rDJin i t  a isr . i r iur io .  ot  b;ds Cat i t fur i , , .  o t  { , .h
;trJL-cs h) nrerns ot snrx| fudrn .rndi!tr v;!rl ob!.raers is necJed

A s|.r.'ri prDbl(m {ilh (,sfe.l t.r : D nr..su.ern.nrs h! m.rns of rldi,r is rirc sf-.rti(.i
rn .o . ! !  t . .prger i . ,n  ( t ig . : t )  The fu( ia ,  h. rnr  muv t ,c  rc tec led a l : l l insr . r  funi r l (a
rv ' l rsmntmuir ies in  a;  lensi rv ,  sL.h !s ;dr6nrn lavers As a .csutr  rhe rat i r  lo ls
b.hinC rre mdtr ] rrd, lnt rhe ppt j\ st.jtr slrr crrcn!tc.l j,etds oi Sft,uidciLfrerrhh nav rorr l lv  dalurb rn iDaex o l  h j rd n jg.at r r j  n , reneN Fc.ausc m. iv  more bra
elnoes mrt bc re(ene(1. frclid.tl rhev c:in be setar!red lrom rhe grcu.d (lu e. The
s| 'ur ion 1o rh is  probtcm is  ro check i lqa)s * .helner  rne crunef  prue.n a nornr t  anJ.  i l
nol,,&r alse measu.in8. Folrunrrety. lIe tr.qlen.a ot a.itr.p, is nor tiotribiriycru. thc. ,no.e.  rhe ph. ,nomcr i jn  is  i , redi ( r t r t ) i .  h  i  (1 , . r ! i . . r ren(  rnd j \  u \ur t i r  crs \  r i_ .

1.2.5. Polar;ation, STC, ITC rnd other circun\

so 1u, we detr ellh physicr] eife.rs in (birdr dertuljon by an unfitrercd rrdt{ silnll
This unfihe.ed signal is ndr al*avs suffi.ienrty clerr lor ot,erarionrl use Oir.n the
.mo!'n or unwrnrcd echoes, jncludirg ,b;d cluucr,,. c!n be nr t.cdomin!nr lhrr
a;caft dercct;on and r.rcking becomes imposihle. Thereiore. sdefuj re.hniques anljlher p.ocesses h!!e bee devetot)ed ro suppress un$,rnted q.hoes w. hrve ro kio\
ther influence upon brd delection chrn.e_ csptc;rll) whcn rhe radrr ir simuhrn.ousi
\ r n g  u . c J  t . {  I t . m J : , m . r . . . r r  r . . 1 . .  t . . . , . \

. I 'ohrz l ' |n :  Etcf foorJrnel ic  r . . t i r r ior  is  n. rnrr tLy pot i . red in  e i rher  lhc honzoir i ior
rhc ver l icr l  p lane Both are sr id  ro bc t ; re i r l ) . tdr r ized Ot ten radars 0n ats.  be
s* l tched to crrcut . r  poh. ;arnn Ttre t t rc . r  j \  r  r tdu.r jon . f  the rcn.ct i r i iv  o i
. f h e ,  . l . r <  . . . . . .  

,  \ m . . " :  .  I  r , . . a . r  , -  t r , . . . . .  ! , 1
bodies *  gnc *eakef  echoes roo Ttr .  .cducr ion oI  .ccordcd b;d echocs js  sr jd  r .
v ,aD,  belen 1 l  n,5.1 q.  defcnding on radrr  lnJ r rn l :c .  smlr l  song i r ; rds r re n l j . .
a l lecred hv c i r .uL.  p.hr ;zar ion lhrn b;sr i r  b ; . r l !  Dur .h ete. I fonic  counr ih!  resu L

, . ,  r . . . r  r t  \ . , . . , , r , t .  r ) . r . r  r . i , . . . , "  . ,  1 . , . . . ,  t . .
:  r r , i ,  chrn.e o1 bnd dcre.r ion bc in!  ! )nresh 

 

t \eu.r ;n.s .  o l  h , r r . r l r t  t r . t r r izr r ; \ ,1
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rcceN$ rype anl nolie jiguld: Usu: y video volragcs lh;n the receiver are dire.rtv
I l u n . . r t o n d i  r ^  r h r  p \ h  .  s r f . . J t  . , r t  t . , u " , - . t , n , . ,  r e e r , r . . .  B . r  . . . n . r : n .

^ ' t . . . p r . i r l r - J  r f . -  n  |  . - n - -  T 1 \  r r d n . t u r r  r . - . . . . - ^ . . .  . r - c . . , ,
f t ,  t ' , . , n r - ' ( , \ .  . 1 r , "  ,  , . , 1 , , , , , r .  - " , " i

So5i t i r i ry  Tnt  C. . t , t  (SrCl :  Clos.  ro rhe.rdr . .  r ; . r . i r  !u id. r . .  na!  hc. f . r .
, n o  ' 1 r ; " 6 - . . '  .  r ' ,  [ . . ] , - . . , . . 1 ,  I n r t . ,  . _ ,  r  .  ,  .  . .  .  .  ,  |  .  .  .  .  .  |  . . , .  . f
u.d.sifed Lrr!ers such as b;ts. S.t.C cir.uilrr .,r," * ..oriri", t1. n. ".;;;;,;;;';i:iJ'i:';::r:l ll:1::;f TI:i;;:'::
: : : : . , - . ' ' i ' r a  

n - r k d . !  r , . r r , J  i n  r J r l L  \ - : . . n  L J . , .  L r r  , . i . - n . 1 . . . r :
' L n  r , .  , 1 r . u - . . r r . , , J  L u ,   (  . k i r . , , .  . . . .  I  . r . i .  |  , . . , - r . . , 1  t , r J .

F6t Time Con.ut (f'TCi: In conl.rsr 10 aircraft rnJ birds_ tr.!e trrrers. slcl rs rlji

:lo}:rs. 
produce ah@s ot much torge. duftril)n riln rnir or a smsie lulse Frcctrcutrry srrrts r() suppress such echo returns aller a gjvcn !mounr of rime. As a resut(onll, the iending edge of sho$e^ afterr .n rbe radr. nreen, \hile I,o;nr .cirot\ slaiut.lremrm ,n tNcr Hokere.. bird e.ho,s c.n !lso djsrft)err. espeorjl! ,n rrd!rs s.jrh to\c \ t J r r u '  r n "  I n t 5 h , - .  . ,  / r ( r , . , . t .  t . t .  \ i . .  1 . . i ' . c' * t r 1 r " 0  u t  (  ̂ m r . - r d b t (  r o  t : ] .  1 r r  m ^ , ,  . . J  ,  I  F , t  ,  I  r . - . r ,

Dituriminators (pLD's). Depeiding on rhc; chrfr.rcrisrics thrr mal reducc-rhe
nnrrr  or  b i rd . . t , ,s  J :Jrd;n;  L r1- i .  t - rJr t -  , f  .  ,1 i<.  I ,L t ,  |  . ,  r .  1 . .  \  .  I  , .  . . .  . -F . n o e .  r h r U p r . h . r n . r . ,  r r . , : 1  , r . .  - .  $ . , .  r t .  . - . ,  L  L  n  d J l J \ r d  t (  f t  t r  . . . .
e lecrronic  coun! i .g  device KILvI I

l6tanmreous Artonutt GaM Cannot (L.1GC) dn| Colttdnt Fah. ALtm Raft (CFART:
The gain of the ltr anltificr can at anv insranr be rehted inversetr 10 rhc averace
power-reeired durins rve.at ruls! duiarioxs p.iDr r<, tlat instani ,ls a resurt iarge
tre{s oI clulter a.e suppressed while pojnr ccho,s stnrt,t ."nro;n t".g"ay. un"tt".,"'A.
This is phar IAGC nnd thc morc soph;licrred LI.AR ci..!irs do _As w.\ the crse wjril
FIC and PLD. agxin hi-qh de.sirjes of bird echoes mry become $rppre$cd and
therelore applicarion oi these c;rcuirs shoutd be rvo,ded

3.2.6. Moving Trrger Indicarors

El;mination oi skrionary trrsels (8tuund cltnrer) s one oi the ,br obrn)us ne.ds ji
mdu d$ign and undd mrny circumstances cfucixt r. the dcrccr;(\n of hirds. Rr(rr
detect ion of  b i  s  in  mounlr inous r r1] tons is  ! i . tur l r \  rmposlbte r i thour  s te. i r l
orcurtry But elo in flar counrn. echo€s f.om ohjects on rhr ground cln crsu ctulr:
up 10 cr .  ?5 nM undcr  romrt  co.d i t ions $.h.n rhr  Lowcr s id.  o i  rbe rad. t r  ber  i
drected k i  the hor izon lh is  inrpTi , js  rhrr  to \  rno n.a jLn po*er .d r .drrs  s . i lh
mdximum hird fanges of tcsr rhan t5 nl\r crn onh rerot,e i,)* 1.hins b;rd, *.tref
e!u i tp€d s i lh  Ntovjng Target  Indi . r ( {y  lN{TI)

tiNurt ):
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MTl s extract Doppler irequei!_r shifted echoes hy means oi one o. mo.e detav-line
. d n r p l e , \  q . r h  . {  q .  h .  J r  t . "  i . . t . r t , . . , .  f h p  I . t . , ,  t , " .  -  " . . t " " . . . . , . , , , , , t , . , ,
eliniiarc the DC omponenr of fi\ed rarlets and ro prss lhe AC compooenrs of
mol ing hr lers.  Thc v;dco po.r jon . t  rhe rcceivcr  ;s  d i r ; t .d  inro r$o .h.nnetr .  O.c i !  r
.ormr l  v 'deo chrnn. l  In  rhe orh.r  rhe ! jdco s ignr t  e\ t . . iences !  r inre det .y  equaj  lo
one I )u lse repct i r ion pe, j  .  Thc oLrput  f ronr  thc r { .o channet , .  a fe subhddtd f rorr .n.
d l . , r " e .  l h e  t , ( i  . i i . , . - :  

" . -  r , . n , . _ . ( r o t u l  , . . . r . , r .
H , u - r - r .  t t (  n t t , | l J . . . t  . t . 1  . i n : .  1 . . , c . ( . i . , . . , r  n , .  . . . . . r

l 'om puhe !o tu lsc and subrract iLrn reNtts  in  r r  uncanceted res iduc Nosad. \ !  s te. i r i i i
te.hniqucs a.e replaci.g lhe described detr! line canceters. Fff r de{.itrion ol the
prjcipies and many qpcs ot luTT.s see rhe rldar re\r mo{s

lhe dive.s;ry of \'f]t,s resulrs in ven difte.ent rates of supp.e*ion ol bird e.hocs Th.
nost ohvjous eflect is the cance rrion ot birds obsened ferpendi.ular to their flighr
palh. where rher move ar radialvetociry zero Du.ing brcad i.ont mierrtioi rhis ;sulrs
in so-calle,l MT]-wedges. ser.,.s without hi.d elhoes ar rhe ppt (fir. 22). Trre rzimurhrj
ste of thse bird edn f.ee sedors ditieK depenong on dl poqer outpuL rnd sensnrln\
ot the rudar, b) rhc shape ot the vctocir' response cune,oj each parricutar N{. . c)
the ranSe d) the size distriburion of b;d larSers aod e) lheir gound specds. Anorher
very unlucky aspect of tvtTl\ k rhe; limited dynamic runge lhe range oi signal
ampirtudes shich an VTI canceler can process is not as ".toe as rle innge oi eclo
amplrudes that a.adar nray releive. As a result bi.{ts ltying o!e. an area lron s.hich
srrong ground e.hoes are being receiled are les likety to be detcied than lhe same
hrds Jlying ov{ an een with no gound elboes, cven thoush the Sround clutter n.y be
comptetetv suppressed by the \,tTt.

rn co.clusion: lhc .are oi suppressior of bird echoes b] NITI s va.ies jn time and sprce
and with different rypcs of equitment and thei. sening In orher words, careful
selection of srmpiing aretN ar the ppi and c!l;t)rarion ot ncrsuremcnts should be siren
h i 8 h  f r i o n r y .  l t  . l L r r r F r t | ( - r - . . . . r , - . r " . . t . (  r t - . . r F h t - . . / o 1  \ . , , . . 1  . ! - , J
neve.theless low altitude cove.age, the use of ifTI shoutd bc avoided.

JJ. Recor
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JJ. Recording tcchnics

he movenenrs oi hirdJ arc difficutt ro tu ow du,e .n ,h ch radus.work ,"*" "-, .".," .,,:"":ij';l i]::"",:::",:ili:::i::,I':i.
rlrerglow r!,1! Ih.feio.e. dara hrvc i{r be sn)rco Id seaous aoatvsis Because otrheerecrronrc nrrurc ol rrar. cqujfnrcnt elecrro.ic !orrge seems to be the obvious
rpp.ordr This howerr is usurl! r cosrt! a.d comptrcared altair..Ihefefo.e much ofrhe ornirhologicrt ard ope.arionat work trpftied rhorographicat means.

.l :1.I Phot.g.!phical melhods.

Teo.nrerhods ue t.equ.nrty uscd: time exposure

:tjt.:"1--* ":,":T"n, oir,ird migration inlllstff:il,l;.:,:,:,,:ff ,1,1':"'.,J*
l:ill::::: :":::'.':irrm{.erm 

studies is l*ri(,,,i.,,rry ,"r.i,g ri.- pr*., *iir "

lime qpsure thoro! ot 2 to t5 ninures indicrte spced an,l d;reciion. photos of rhe
f]-l:k:n.,luris 

oe revoruinn of rrk ,n,enna yierd , *r*" ,."*.,., .i in".".*, : ,  
l l " l f :  :  

- u ' -  {h , .nL$ ,p '1  r '  . hch ( "m rhc  q ;n ! .p ,Lno ,  . o1 . . ; ; ; :::: .j ;": :"; . : 't.;,li ll,ill',i"ili jl;::i;:H;l1 iJT.!:.,.

!:i:;,::,",I:i,;y:;;T:tii;::::'"i!;i:,li::;::;,:,:I:';"rtf[::::,6,,n, -'0","

1 .
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j j.l. Etecr.onicat mcrho{ls.
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; " : i ; , : , lH . : i : 1 . : : t ; J j ,  . ' '  1  ' , 1  "  ; ;
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tt n lLrp b lill \c4 \,r\\ nic,dt .h ^. ,.r. p/n.Lr\ut n ? ltittn JR"t r\
o '  th .  \ ,  ^ ,  o . . r .b i r l :  thap  i '  W5t r t  M\  t . t r ,  ' h : . - r r rca  . tF t  anJ  a ,  "n r  i  o , *  -a ,  "
tunrg tlte 4t8ht titlo^

a  \ . . . , . ,1  t1 r \ ,  , ,  ,  r  r lp l  L  l l .u  ^w h . , ,  n , ,  n  n r  \ " ^  aF hnd , . ^oc t  ,LnnF non ne
.r I tn\ . t Thc \"tpthr,l ,nJ:. I ar\,n1! ,Vaap ^ ,anetl^t B a zoo,t ."naiaot" io urt n
the fV. aJ tnilratrrL Reqrnaks of ahstactes .a the yaun<t i ltjcate marc or Ie$ the
bprruphr af TtE Nethutrruts. The .ente ol the ppi \|a' dnifciatb kept echo frce.



4. TYPES OF RADAR AND THEIIT SUITABILITY FOR BIRT'
OBSERVATION

In this chaprer se sill shor ttv descritre some exanrplcs oi or.irhotogi.rl {ork [u erch
rlpe of radar rhrr *e consider .f intercs! ib. bird slrike p.erenrion Orl! srudies rhd
cont.ibuled !o our unde.sranding of rhe qu.nlifiation probten hrve been jncluded.
Apart from Siving some refcrences *e aim a! emphas;zing particutar !d!rnlrges a.d
shoncom'.gs of the dilLrenr classes ot radrr. Radar pjcrures N;rh ,r fcq. .esulrs rirher
lhan exrended 1qt are chosen ro suppofl our conclusi()ns.

:1.1. Fan-bcam search radars

Fan'be m serrch r rdafs mrp rhc novcnjenLs ot  r i r  arJ sea ! . r tUc on ppl .s .  Ther  hrre
l - < r n r '  $ : u (  i n  r l ,  \ , . r : . ,  . n t r . , r . u .  j - h r / r . . , . . . r .  \ \ 1  . . . " : " . . . . ,
the hor ;on.  the beaD .ove6 a brsc pfur  of  lhc a;  spe.c bur  d iscr in in i r ion be$eer
targcts on the s.me spot rt ditfcrent xtrirudes is imlossible. Thjs rhird dnensi.n oi ai
lraffic control en only be p..lorhed h! !ddnjonal c!u;plrenL !r.h rs noddjns hcishr
linders or. near aiqrorrs. 1\ recisi.lr a|!rcrch radr^

Fan-bcam search rad.rs  *cre rhe f i fsr  ! r ( t  mo( imtornnr  rooLj  rh! r  e lok.J the nes
disc jp l ine " radrr  o.n i rhobs" Spccta.ut r r  scquenccs 1, f  t r i rd  rn j r rxr jon *  e!  ! tu !nC
the c lock and o ler  the seNsons crn l )e l i tur t f ,eJ hy r im. lafse l j tmjng lh :s
r.presental;on of the proccss of bi.d migr3ri(,n is so idrlne*i\. rhrr. uiiorlunrlcll
ma.y people judscd b i rd migr . l ion stu. l ics *hh s;mptef  me.ns ro be s lpcr tuous.
Fan-beam scrrch radrr  sr i l l  can be.onsidcred as rhe lvpc o l  radrr  r .  i , .  ( lNsen io,
get t i .g  a gene.a l  oven, ie$ o l  migrat ion and a rough indjc . r jon of .ehrne inrers i r ics (
large a.eas. Ilowever. its inabitiry ro poidc ahirrdinxt jnfdrnarjon on b;d no\cmcnrs
as wel l  as the qual i rar ive rarher  thrn quanl i r i l ive nature ot  r r r  aarr  musr b:

4.1.l. Air Traflic Control (ATC) rada.s

These high-posered long range suneitlance ..drrs. oftcn conne.red inro nel*.o.ks.
guide the flights of civil airliners ourside fic conr(,t zones ot aiqxns. *.ircfe shorr or
rnedrum range arrport surueilance radirs (i.1.: I !rke ove. rheir rask. \lodern civil
ATC radars will usuallv nor providc .ny signjficrnr bird info.m.rnrn. be.ause thejr
operat ionl l ly  used v ideo s ignr ls  (most ly  svnrhcr ic)  have been c leaned uf  tur  unt€s i reJ
echoes.  Ce. ta in v ideo exrra. rors nr i !  prov jde a l igure indic l r ing rhe rmourt  of
removed clulter includin! bird echocs. bur rc shrr e\te.r ihis ti{ur.s his ri! !!lue m
indicr te h i  densi r ies rcnrx ins \cn unccrr l in

\1ilitxry AT(

\1 i l i t r ry  AT

. i. The gro

Dur ing th,

Ihe PPl .  S

photos (tj



rf air
ght

\iiLitrry AIC or rir dcfcnsc nd,6 rre u{irllv beltef su;ted l;r bird dereaios
l)epenling on lhcir tlslt. rhev shouid rc{ls!.r even ia;ly smrll largers thxr do nor
r$pond to the.xdd by r funsmit r inq IFF ( ldcnt i i ic i ' l ion Fr iend o.  Foe) s igals
Uoreover. they usurllv rre desil:ied n) tro\nte higher resolL,lion.

\ l i l i ran ATC fudrrs h lve. l 'e .dv been u\ed inr  ornr thdogical  purpos.s s ince rhe
i ' i f l jer .  Wel l  knosn is  (he suk ot  the Er i r ish *-hool  of . rd! r  orn i thologis l  founded'b ' -
LJck. Also rcserrchcrs in Denmuk. Streden rnd the USA p.oduced t3pers bnsed on
n nrry long nnge suFeiilance ndr6. moslly fan'ltamed. Nice pictures could be
rken lro rhe PPI of the Durch L band raddr nea. Den Helder (figures 21 and ?5)

i 'he . !d . r  reg;st f r r ions l rom l lo lhnd r re sel l  su i ted ior  demonst .ar ing possib i l i t ies rnd
.ijlrictions Tte ilrtness of thr rounrn tnrvides rhe hesi low coveracc one could rhinti
. i i  The ground c lut tc .  t r ( tcrn i \  ved . rguhr .  noonr l ly  a c i r . le  wi th r3dius 20 .M
. . iound rhe f rdu.  I l i rds. rn l ,e  obse^ed t l f  be lond 50 n l \ f .  but  the i i lmin-q was l imrred
r i rh ln drk d is tance Theretnre r  "J . iu I 'L ike r .nulus o l30 n l i {  depth is  avr ihble i . r
fird tleredi.n When fixed echoes x.e remo\ed \ix MTI. onlv I centrai rrer of I0 nilf
.rdiu\ crnn{)r hc used. Bec!use of fie *rve lcngth ot 23 cm the diffcrence in delectn,n
:hucc h. tq.cn b i rds obsc. !cd he!d 'or  t . i lon rnd those seen. l rom rhe s ide is  f . i r lv
.m!ll. Thc l.rtre. echoes erceed the noise levela! longer distrnces. Due kr rhe
.omhined elfect of low resolLrtn,n r.d long wale lengrh, srturation of the ppi by bird
..hoes c.n oc.u. ersily. estecirlly rI ni8hr Solitary $ngbirds cannot be derected but
, ,hen \e\er . l  i .d iv idur ls  s inuhxnouslv oc. l ty .ne.ernut ion cel l  a  seak echo is
rccetr.d This is clcir ifom 1hc drr_rim. ficru.cs *herei! Ihe e.ho ol a flock ol finches
.rnnot he r..ll lrom rh!t of a s;r,ile goose. atrd lfom npicxi diiferences in specd.
During rhe night nr.ny songbkds ilv singy .nd remain inlisible bu1 chrnce may bring
them riLhin one rc$lution ccll. As r result r very diffuse bird aho patte.n eme.ges on
rhc PPI Somctimes, it resemblcs *crther ..hoes rnd mostly ir does nor p.ovide
rcliablc di.eclionrl inlbf d[tion

lhe t io los icr l  s igni l ic rnce o l  obsc^r t ions wi th rh;s  type of .ada.  t r ima. i ly  concerns
th. rccosnitbn ot hrse scrle prucms ol misrrri()n. 

'lbe 
short se.ies of time exposure

pho$s (ligure 2-5) may ilulLrrte this Acco ins 10 depa.1u.e are.s, liming and spccds
seferrl$crLled cohons (Alcrslrm.! Lllsrftnd 1972) crn be identilied rs "songbirds",
^B!ders", 

geese , gulls" rnd othc.s. Slsrenraric .eco.dings ofier the possibility 10
dcrribe lempo.rl p.tterns (ckcrdirn rnd circrnnuxl) and the sh.1-term relctions 10
*earher. luig.rlion intensity can be scaled roughll, using the exponenlional 0 10 8
lalucs (\ee 51.), but real quant;ficltion is d;fficulr. Apart liom the saturation p.oblem.
also lhe invisibil;rv of lhe \mallest birds. even on short .ange, mrkes ir impossible n)
re l tc l  a  ccn! in  sror f l ing stot  shere r l lb j rds above a cerra in min imum dl r ; tude are
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. t  I_1 . . ! . l j o . r  Su f . : t i J f . t  I t .LJ rJ j  1 ,1SRl

]:llj 
': 

:.11. lln_,..:,. 
,!d:,rs |r(r., ,ppijes iho rd AsR rrd!.s. Afthoueh .i.r,(,Irlarr\ work rt smrile. !c,rte. lhev ncveflhctel

mu*:**ll;* : l;hir,fi :*l*:"'i"i::T ri'.lij,:'::"""' "
rrud,.d !r dcrrjt. 

J nrg,rron, geografhical pa(crns crl rqr

$ h j t .e .  msr, t rberm ATC.adrF opcrare r r  2: ]  cm waveiengb_ ASR.adars use rhe i l tcn (s) band. T}is imf.oles lhc porenriat derishib rhe wNe rsglrr is ju,, ;;;:;:,;;; ;"',":l:^,:j,::i','.?*l::il:ll;.:,::Til
ma(!s AsR ,adus be.d for rhe !sscssmenr oi rr;d ."-r.., _,,;;;;:;il;.i,"*oi rir (hxn ATC fadaN Tl)c srn,i|cr \cate ;rc
smrror bi.ds rcrds r. bi$:* "".0",, :; ;.",'"' 

resorud,n. Brt rhe incrusion .i

c,  become srru.rrer.  Grurhrerux (r !r0) has 
ereio'e xlso the PPI ' fASR 'rdr ' \

mig,.rio. even in c.se or mss mignt;on ,".i;il,'::;:::T:::",i;.':::::, 
.'"

lcns i rn i r r  rhe b;d dcnsi l r  l i l t  ( t imin ish.  Ai r . .perue, obrn,rrcns s,, r ",,". .;;;,;t ;"; llllil:: i1'Jl;"iil1::,:":,i,;,":,,
. r iwbr .k  o f  \ r ru .a ted  pp l  i s  r lo ided.

\ . D  J p r . , r l p J  - n l j  . .  .  ; r . - t  r . . i . , ,  L  r r .  J r ,  n
,nies ar rhe ai4,on rr,rir;;;;;;;;',;:;il 

"'"'es hrve b€eo pcrrodned s;nce r,'e
Hi,ger,oh 1eB,) Atooda;,:,.-;;ilil;::lT:iiilii,,iI,,l1iill1ll?;',,11.,,,,
e\(endcd omirholog;crt sr.,ty ",.. p_rn..ot iy, Richardsoo (t116r in Crfida.

A seres of  skerctes d i recr ty  rxken 1( ,Dr  rhe \ . rniNrrh,Ne i,rong,he Dut,o,"",,.,,",,,,."r,.u'"1.u'i,1ill:"::r.Ji"j;::lHll:..
:::1.:ril 

dcsrc$ re,als ,*o rypls of bi.d moyemenr: bNE_ws\\. b.ord,fron!Digr l r rcn  oer  t lnd  b  we 

 

!s  o lc r  sea  l rd .  n
fll'ins parauer rhe.o,s, ""r...";;;;;;"i""'" 

concentr'rcd sl'erdr of m;sr.'�rs

**: r *:i::t;,1;; il:'il;lj: r:J;Hillt,fi::jl,t"j:Jlslli::"
Wilh resf..l ot biologict licsuirs the *ork ar Uen qoerion rirpod near Tet Avi!. Is..clI J ' \ h ( r  l % { -  ; .  \ ( n   

 

.  r .  . , r n l  t f  r  \ \ R . { , . , J . , , , .  u , J  $ . r h . u r , n !  s p c . : . . ,;"'r;:::::,l::t;, ; J.;: ; j; l:,::;;:Ul;;; *t ;l: l: . l:
l . i  i .  

' .  " ," '  q -*+ 1 on.v ,ruc^\ .  I  heJ,v , ,sr ln,s J, i . (  ! .  r{ \Ireucans ind.bird ofp.cy. so!.ing fronr rhermai to rhernar. procluce eihoe,. rl. 
'--.. .

l l u n '  r \ . " o J  i J a r  l  . t  r r  r { .  r r J . .  - i  r r , , r h v . h e  o ( r j .  r 1 1 1 .  r  ^ t  r \ L , , \ , J , .  u . . L
: : . , , : r . * ' '  

J J ' . J . , . ( , . . , I | ^ n \ r , , . , . . , - ; . . , o . " .  
\ . ,  ( \ L t r  r t r ( , . . J J r . , r  L c
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n q  $ i r n , a s   h r  r ! J ' , .  \  I
; f : : : i . : 1 . : - ,  l ; ,  ,  , , - 1 . . ' , " - . 1 \ J , n , h \ u . y  

L , r , u r - , J !  J , ,  ,
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i{u.t 27 llot a;o(n 1.tirT.ft \tr'.i!ktw nkld iASR E t on 2 t 3'lt l I)t' 1 l l0 tx'1

!,N !tu .f tt2 kDt .l Ltss.r v,)tut1 rql.\ l.1.tuiln Portnu) da ti\ihi" tt d tu\ 'i

.loud| c.h.t\ Nrclkl tt) ttu oTllk r)lar.d itu) th. I'l'l I! it $tu"ukd thu! tht "h'tl

re\sut (a 1j 000 (attt\

.1 I I� Shlp navigalion rada.s

Shil) navigalion radars a.e the smallest ian_beam serrch radafs used f{' bn,l d€teclio'

(Wiiliams el il 197?) Because of the bi8 narket of r*rearion vcssels, thcse 'adaro are

chert and easih- r.cessihlc to ornirhologis$. Howcvcr. naximum bi.d rangc is small'

songbirds cann.,r be seen bevond I km lif rt aU) whilc the dersrion of tlo.ks ol lrrge

b;ds is  only  possib lc  up to 2I  km at  the mo(.  Therelore such.ada.s can nol  co ler  rh '

luu rhirulte range of bi.d migrario.. By replscing the 1an berm xnrenn. ol a nrrrcw

tencil berm rang. crn be cnlargcd

The aptli.ation ol sfiip nrvigrtion radas is nx,srl!' 

 

{icntili. The dis!dlan!'ge ot !c'l

limired range is morc or less conrpcnsrred hli lood rentution ard Ih. east us' 'n rhi

l i r ld  Recent ly ,  the D!n ish l ie ld o.n i rhol ( ,g isrs Ar in lh Ped.rsc.  and Poulset  uscd a

Nxlern Fufuno ship f rdr .  Lo srudy no.rurn2lb; ( l  molemcnl \  x .ound a s indtu 'b ine

Nl( )dern ty t )es,  1;k .  thc Furdro,  halc  mf l . ry  lunct ions cnrh l ing rhc o|efuro '  1o lee

simulLrncously r le  L i lcsr  rnLiselerr l  cr r l i t r  I to ts  o l  e i .h  ' r rger ' ' lhrs  tnormoun)

l r . , i i t r rcs rcc.gni lnr  x iJ  un( i . r t r rndi , i !  o l  L l r t  i r rL l  mr! . . r .n1i  In  'erL t rm.

lir',,



Orulhro!x hr .  rn. ludrd r  ih i r ,  | , . r f  ; f r r ,  Nis  n i , l '  le  t i . l ( l  hb, , rxron.  ehjch wis \c l  ! ' l
l i r ,  r . rc i$!  o lht rs .  thc \ t ! lv  n l  r . l tus. .  n l in !  q i th . l .c l . ie  po*er  l ines I Ie  ccnnbined
rvt ' r l  . !mt i ( r  \ r isxr !  r t .h . i .s ,L i i i  I rn , i  l r , r l  I i { im r l re ! rnt r inrcs con\r lenento4,

Figre 2 l  g i \cs rn In l t tss ion of  rhe l , l i l  . t  rhc s r rh h. rm , i l  lhe Fhcr lcher  tnck jns
. rd! r  

'mis 
com|, ,ncnr  of  lh .  Dul .h X h. r .d mi i j t , ,R r rorr  crn r )e.onsiaefed es n

\mxl lmnae iu hum serrch rx lxr  L,Le t f te  \h i t  nxr i$rn l r  ndrr  Ikrecver ,  hecausc.r
rhe much h igh.r  rovcr  h i rd d. r .cron.rn r )e done i r  v ,meshrr  i r rger  sc i le  ( r ings
indlcr le  5 r rd I0 km furge) .  nre .o"  o i  r .h{ ics in  the NW ;ndicaLcs rhe merat  poles or
rn eledric t!{er Lnre The erho iicld lrom rhc c.nrer ro the Sw is c tairlv opcn area
{hcre in r l l  s indr  t .ces.  f tms r rd mrnv sr 'xL lcr  (n i jec ls  ret le . r  r .dr .  cner$.  The
reasoi  ior  the. l . rn PPI in  r l l  o ther  d i re. r rons is  rhr t  the ndr .  could be p laced at .
lo (ion $rounded bv l(trv h.mrg.n.ous soods. .bx'^uring the hor;zon over 170
degrees.  8; rs  .ould be dcrectd l rnd f rc i \edl l  ( lo*n r { )  rn ahi rude o i  only  20 netc. !
r r  a  o i \ t rnce f r  : - l  k i lometc. .  S inglc  I .ushes *ere deleckblc in  s ide v iew up 10 7 km

1 1 .

l i ! , " r t  )3  l l . ' l . ) t rh t \ ,1 t r , i t ! rn , t . t ,u , t . t \ \ .1  i . j  t | .  tag  ndu F- r1 ,nwnn) t  h  rhc  o l
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1.2. Pencil  ireanr scarch rirda.s

111 I -on!  d isr rnce ( ! t r .ke i l  bc.nr)  . rLt r6

Ptnci lbelnr  anrennas t rotuce be, ,ms whirh i .c  nrr .ow in lz imuth as eel  as i r
;111'L", l'; 

,r,".i^ , ior.{ rrnge rx.rtrA is usulxy a.ound one dcgree. rn nrckedDeum rairrrs rhe rrar. ser$ j5 {lj,id.d over seve.ar "**,r.r. n,*-.ri,*" i."_ ,.lighrlv differcnt tos,rion ijr rhc n)crt r.er of rhe brg antenna and p.oduccs it os.n. rdx.  bcan f te  herms lo lerhe.  r i |  r  ,en icaj
r,","*,,,r, ."*r,r", i" , ,i,*; il,:;J::"""'*"'" 

pixne which is n)tatcd ;n the
rv. herms ue inreia, ng c,".;;;;;,;;;;;::::',f *li i:H:'::,:Jl;T,,:;""
Llea o i  thc hc i I l Ih  d isr r ibur ion of  rhc b;ds

The S hrnd srackcd beam .a.irr ii Thc Nerhert
hcLiiries r.. b;rd detection. .n" ,,,* ".",, ,,, ,,.Lilll.:::-rllu,re :1) ::ft6 trsnetrns

result of the perfecr hq re\cr 
rN rad{ mrv hc densily packed with

.,un,r sn,c Fo, norn.i.u-,,.",,,n".",,,"j.fj".';':}.l;;l#',',j:'J,i:ff"'",
lheren, .e hc c lerned Fis l re t lA is  .  t0  ; in  r i l
'u.o \notrmq ma.! bird s..ks p;ciu.e I * inr+cv$ue 

pol'reil lhoto of the 'rq

on,.v,hr, frrr o,,he !j,,co "n," ,, "*,,"* .)ii.l::iljilJf iiffi:ll;T:,:;".Ner l l r  nr!rutes).  Hcrc ! i r .nu r .hoes aomjnlne the t idure. u", i , , ' " , r ," . . i " , . , " ,""
, i ro  cchocs  l ron  s i j i t s  femr , r . r  ! i l i l ) l c  Those,1'rr.1o. .,n r'so b. s,,os" .,,'"u,,, ..".". uil'ui,l: i:::5:_:,1i::1]ltjfi :;"In 's  !n* rn red  e .hoes  ! ideo .w ls  i . c idennL rn , lu,u..n. ",,.,",.. ",, ".* ::":;:; ;li;::: !;.;;:;jIjl::.lil :H::,5*:"":I r ref td our  o l  ihc s jgnr l  Lhr j fe .  n i l t j t  * i rh  t j r i \1 .h i .d  nr igrat ion.

i : : .  iVc l lum disrrnc.  iwe!rhcr  I  . t i . . rs

Tirir srff.r .f ridrrs i! nor oiien u;eJ ri)r hird delecrron. lvl$t wLrrhe. rndr.s xrentrrv roa lroN..ed becruse oi rhc l(,r r.!rtuiirD need.d fo. dlre.ring rxjn showe;

-Both.rfled 
rhe qut iq, for .rtrr orirh.krla ltosrjyer. vcN Soo.l .esults we.e xchiercLlwi 'n  ihc werrhcr ,dnei lh , r . .  fud,rs  ( \ \ ,SR) in  r |e  US bv Crulhfeur .

1: .1.  Shorr  d isr .n.e r rCrrs

A hish r€sol!rion tencil ircrm radr. wirh I cotresponding sho.t range, *hich isnererthetcs torg cnoulh ro rdch lhe highest |ying b;rats. is iderl f;r b;rd studjes rs*e i l  rs  iu  furure b i rd s I r ik"  p." , "nt tnn 1r" .  - . .12 1.

! l
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figure l0 |re\c.rs r ((j|J.{c .f lvork d.ne jn t-rarch h",'s oi L!/s i';k,.., ."*, ,i,. *J".)il,:':ii,"*::i ;I ::,$:i r"duns rlong rhe Dutlh *.sr co.sr near rrook of Houana. 'l-r,. p-;*, ,i_"j-j, 
-- .'

l--------rsesin-s 
rulumn hird m{,vencnrs du.i.g drv and njgbr ar diffcrenr height levets. .fterowesr rtr lrr-c6 gor spe.irl emphrsis b{ruse op,u,e, ,o ,he .ols, an., rh. *"*." *n"*. ,i,ini"il["J.J:::,1-l1lTi$::::. ,,sch low lelels turinll rhe nighr One reason ior rhe s,r,t}' ** ,f,. ".n1pf.,;"r-.i,oerll)t ele.r.ic potref line pr4rend;cutar kr rhe coas ,ne and to the bird strerm/Bu(mn & Vrn Casr.fen 1989t l.he rwo radar beam" *"*O , ,n. i..*r,", O,an"

:i1ltl:"j'". :i:':'- '"sics rcr) Bird novemenrs **" rl^"u ,r."- ,"p".i."1f. 
-

hsure l{l B or c sh.w rhe srmpli.q feas chosen in the horizonral and rerticat pllneI0sped'rel) Thc tuulrs oi one nigh! {a nolembc,r we.e lverrged wjrh respet of therl'nr'lc disrriburion oi bjrd ctensirv (ter kmr) above sea and irrd: tigure :]0D. Thi0ishr oi intense mig.rrion shoss rhir lhe birds s
rind hut rhar rhcy don r ro \o ibo,e 5.. 

eem lo avoid lbe lowest meters over

' {J. Nodding heighr-f i  nders

41.1 t le ight  sunci t tance r rdr .s

These old,Jrshion ndrrs conplencnr rhe r.an-her,r,iode info.m,tion," u",*" "..,"". i."--il:'":T:Hii: "'J,fil]'.,iX'",.,",90 degrees around r horponral rxis. Thc Leam. nar.ow n the verricrl phne. is scanncdu t  . r o  u .  w -  - f  J  r \ -  : c .  | , .  J r , { . . \ -  r  . ,  I  . ^ - "  ( o  R r n r ( , 1 . , g " , , " . J ; " " . , ; ; i f  
"

l . : ; , i l ; ' ; '  
\  n  r I \ r n c ' �  ̂ t r  - " n , ' , , ^ n  J r r h o u { h i r c - m c , , u m , ,

l - i " -  : . , .  :  
t d ,  |  .  J , r ,  n , . l J : r c  h r  c 1 r . , r 1 J r r  r s  r . . r n d r  I n  f t r  N . r h f a J n d \

,","_';t' "l i",lt; i,,1" :,i :.ti; l, l,;: I lli. iJjJ,;Jt; {1l.lj ;,1;;(iigrre:l:). fte .odding heilht iinde. *.as used ,*-.; ,',. *"i""r n,"'," i"i; ;: ;-" ,i";:#:::."j,,fl""T:JJ""fl,:"T::"
be prihafily r m!fie. of skewed !ttitude distr;buijssw^nvinslnd a,,he L.ba". ;;;;;; ;,.;;::lr::::*"i*:.;::;TT ffi."lhey Ilew Iow abole the sea

g l .



ligurc l1 lcnical s.an of th. ttd.kikg h n of nt Flr.dklEr Rung nht:t dt rd.h kD1

nrlicate t nunruDt diattu,t ot h.ddt 5 khL ahnutu Figure ll nnrul kttltt Dtx

uho?s car! fran ht(t\ Tht lir\lkhl i\ sdutat!.] trith a nntuft oI n.i\c, sid. hh.s artl

itsctt t.hott lnik.tn s .l t..s !k. aL \\i[].t ut the botu,r

direct lv  E! 'n l

.1,"t. ' tracki

l)ird(s) Irack,

frur 32 Tithe uposur. lt'otas takcn sitnubde.I5t t'roh1 th. PPt of th' I' bantl ttrl

briu, rudar uur Du II.U.r. Th. Nlth(ttr.ls t1?ft), atLt u S bu,ti tn'Airy h'ight tu1t1'l

at tllc sdme spat (n!tu). Aatlt wla6 t'tt idntut't in thL hnn:oitut lk'|t'



1.1.2. P.ecision Approicb Rrdr.s (pAR)

PAR] help hnding airc.atr to follow lheir flighr path as preise as pos\ibte in the
Errrcal plane. Mostlv these .adrrs. operating in X o. C-baod, hale lheir anlenna f;xed
h one dtretion. 8i.ds passing rhrough lhe eanning plane produce clear e.hoes.
directlv giving altitude inibrmation. Whcn there are no delails on ilight diection and
speed ol lhe birds. it;s diiTicult lo quantiry the movemenl. pAR,s are not often used
"\ecausc rbey offe. not much flexjbiiiry for ofnnhologicnt use.

i1.4. Tracking radars

lhe ull;natc .ad.r s)siem fo. sienlific srudies on bird nigation is rhe (military)
lrack'ng rada., especirilv when oprimalty atruDed. ad!pred an.l insrrumenrcd for b;d
obse rtion. For r classic srudv see B.udercr 1971. fie lracking apacity offers rhe
possibiliN of studvins the fli8ht prrh of individual birds But mosr i.ackins beams otfer
also rhe (porenrial) possihilirv of heing used as a $rnner Du.;ng fackins flucruarions
0l the auromatjc giin control !olrage appelr !o .eUecr rhe wing bear s;gnarure of rhe
b;dh)r.rcked. enabling the rese,rchcr to idenriry species(srouDsl Bloch er a1 (1981)
Sive a Sood ovediew of potenriai resulrs Figures :]:l aDd 1.1 ilustrate some dehils of
rhe seiss srudies wnh Supertedermaus X-band trac(rng raoar.

Arwas ludgcd by R;chlrdson (tnbcl 2) rrlcking radars vrore hiEh in rhe qual;ry of rhe
resulrs. This does nor necessa.ily mea. rhar rhey are very suiirbte tb. ope.aiional use
u brd strike p.evention. Tricking b;rds one by o.e does not easijv support the needed
quanlrlalr€ me$uremenis Bul as exptiined in 5l.?. rhe use oi a t.a;tl, short,range
tnckrg berm as a flexibte volume scanner come close ro rhe iderj dedicared bird
ndar. Tfacking rad.r studies cro suppor! the furlher development oI such x sysrem.
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figure t4 tvrig-beat patew (AcC si} aL\) al a patserine binl (upper []gurc) aru1 a
non pasehe species (bsq f{ur.). The a) patts gire the purc sig@ts, \9hire b) rcpresents
th\  a - .  "  q ,  n.p,  t  d ,  h lacqtn.^ '  rnn t \  4h s i t luh pa lnhe h i ,  d& Mte,hud but , , l
rndt0ppi g nittt shan qld g ptut\.\
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0perational use

5.1. N{ilitary systems at work

5.1.1 Obsenrtions brsed otr pot!tuiJ time phoros

C{ri!0v, Norrv. Frincc rnd Betsium still suc.esiirly apply this technique which sas
tro0ose'l b! Cunr id Crnada.nd his been introdu.ed in Europe durnrg rbe eirlv
slllk\ dtcr a peNistent aSCE/NATO campaign. As deer;bed in cbaprer j.l.l. rnd
illusrilcd in m!ny photos rh.ouuhout tbis booklet. birds appelr as weli recogsisabtc
sr.crks 8v compa.ing the folrroid pholo wnh a slanda.d refe.ence sories rhe
klhnioirn is lble ro eslimate rhe b;d a.liviry nexrly "ad hoc". Bird densities nrc
al)le$ed uo.ding to a exponentirlzero to eigtrl e!te. Atso cerr.in geogr:tphical
irlomarion rs Fell rs .ough estimar.s of rop altirudes of bird adivity can be derived
irom ihe bird echo teuerns. rhe mcrhod is retiabte xnd cheap pro!ided thc radar and
phoro equ'pmenr is set .or.cctly and rhc opeturu has rhc knortedge and skiU to

As desrihed in chapter I the common djfficulg- in a 

 

us€ of rJdar is crjih.arion of rhe
qunliries of bird echo r.!u.ns. One cannor register norc lhan rhe fadar "sces,,, whiic
me can loose parr of the information avaihbte. Mosl regrertabt),, this usualy hnppens
n.rse of the phohgraphic merhod. Tte altenrualion melhod of Gaulhreau ma!
rmeliomte dre difticulties. But not altrrdrrs olfer stepwke atteduarion and nor lll
strs can execure crreiirl crlibrfiion studies. Hos.ever, compa.ison of bird densir_v
measurements rt one rrda. station over the sdsons lill provide at teas! a good i.tea oi
fie relrti\c variation. I! depends on the amount of sltety a user wishes to achieve *e.e
1o pul the llight .estricrion tcshold.

5.12. F-{UST {Denmaft)

llis is rhe lirsr ope.arionrl wa.n;ng system with etectronically delermined echo
deN'Iies. It wrs developcd fo. the Danish Air Force in l97l by Ctausen, parrly bxsed
00 ideas lion IIolland (sec Tengeler 1972). Fof several years it sened as an exrmple
Ior rbe radar so.king sroup of BSCE. It was revised and is srilt ;n use. Just tike the
orhs more or les comprrrbte svsrems, it does .eed a skilleil radar observer.
Seprrarion of bi.d echoes ind cluue. k imperfecr !nd the system does nor give height



5.1.1 IilElTI (The Nethe.lands)

Since 1918 the R^-LAIF has operalcd .n ele.tro.ic counting svstem called LIEVIT

lxast m.t Inregrale voceltrek Inrensiteils Tellert .t its skcked beam rldar in thc \\

ol Hollind. only (he lowest t*ar beams are lsed h&;tuse o.ll they detect lrrgc

The system derermines bird echo inrensiry wilhin 5 movrble sindo$s (lisdie :l)

p.ovided the rrdar works in Pulsc ComPression mode (ranse resoluion l0 m.) The

ras video signrl is quantified by means of tso sePe.ate thresholds a dktancc

dependent ios b;d thrcshold and a I6 dB higher clulrer !hreshold llerewilh t{.'

disital vidco signals are produced, resp. called "bird lideo" anc "clutte. video". The

clutter video selects all slrong echoes *hich are di.ecllt ted ;nlo t clutler c.u.Ier Th'

\ideo fi.st is counted by r "bruto bird countcl and confines all energ n.r exceedmg

lhe clutter video The bird video ilso pssses a conbined Dllse lcn!1h djs.rininilor anJ

an isolation fillef to elinrinate seak echoes l.om rain and ground obieds Ail ech.re\

{irh a ccn!in disimrl dislance to rheir neighbours (in range) and havnrg r cerl.in

hdimum pllse lenFh do pas the filter and are counled bl_ the nerto b;d counter'

The t*o filrers mav h.!e different sellings rnd are usualh ad.lusled eilhe. to the

heavier, *idcl'_ spaced, diurnal {hoes or lo lhe denser but *e!ke. nodurnal echoes

Ouantification implies thc caLculxtion of thc Percentage o&upied rcsol'rtion cc[s "irhin

er.h window after subtraction of the numbe. ot clulle. cclls plus lhe difference

bclween b.uto and neuo bird cells. The iigures xre converted 10 the well_kno$n (l 8

cxponential sale for bird migrar;on warnings. The rpo loues! rada. beam\ are srmplcd

seperately per sindow giling a rough beight indication Fuflhermorc the location ol

the 5 adjustable Bindoss ofie6 lhe possibilitv !o dis.rimin!te roughlv bcl*een diflereil

t)?es of b;d migration oler Holland ud rhe adiacent pa.rs ol lhe Nonh Sei

The sys!€m aho includes ! SRTjadrr $reen. phologxphical rccording frcihies rnd I

outfut plug deLivering tb.m.tted outpul .rf counts

KIEVTT ;s stiu in use as a back_up sysrem it has p.olen to be able to selecl bird

echoes under most circumslrnces. If lhis is nol the case the bruto bird counlers indicare

the potenrial mistake. llowever, due lo tbe fiher pr€ess mrny birds ma) eliminate

each other {hen the echo dcnsity is too high Therefore, the svsrcm still needs an

seefienced person !o €valuate thc figures (nor necessarilt_ seeing thc screen). although

it was inlended io work lulot, talically.

5.r.1.  ROBIN (T

RoBIN slands I'

( t igure 35).

J



i  1 .4.  ROBIN (The Nerhedandsj

ROBIN strnds ib. Radar Obsenation of Ai.d INlensity. Il is the acronvm tor rhe nelv
Dulch system thrt recently replaced KIEyIT. ROatN consisrs of lwo cooperatine
slvemr: a.egrsrrulron srsrcm rnd I p.eseniarion systen. *hich c|n be scp..a!ed
geogaphically.'lhe registrarbn sy{em has ro be lNarcd nexr rh! rrdrrr the
ptsentrrjon svslem crn rheor.licaltv be scr up anylvhere.

'Ile 
communicarion bctqeen borh sysrems hkes place via a serial line (a nodem

connection):conmrnds Nre scnr t.om rhe presenGrion svsrem to the regisrration
$slemi the.ecord€d r.d proccssed imrges are rerurned to lhe presentatjon svsrcm
(li-rwe 35).

lle presenrat;on sysrcn h r standad worksrarion wiih a high resotution sc.een a|d
ampl€ drta slorrge capacity. The slstem js conrrolled by a hjera.chicui menu st.uclure
in which selections ..n be made using i mouse.

Numeric parrmeters crn be enrcrcd vir the keyboard in vnrious windows tinked to (he
menus. Text and gftphic outpur atso occurs in windows.

'Ihe 
adjuslable parameters include among others the t;me of acquisilion. rhe resolulion

m d6lance and jzimurh and the choice of difterent tilters. The s;e and location of rhe
equisiiion area are indicrtcd hv the mouse on rhe map dkpliyed on rhe $.een. Tte
mrge, conrpressed io allow for minim.t ransmission time is co.vencd by rhe
{o.kstation (afte. decompfessbn) f.om potar to .artcsian coordinates.

Diagram ROBIN system fsurc 15



The registration svstem lakes clre of the d!!r xcquisirion and imagc processing *ithc,ul

fu.rher inte.venlion being n4essrrv.'lhe r!d!. signals are recorded .nd p.ocessed
wirhou! affecting the rrdass primary oper!lional task (Air Traffic Conlrol. ohjecr

The syslcm includrs the d!tr acquisition hNtul*'r.e. combined *ilh commtrcitl YNIE
bul trocessor modules on which sofrsr.e prcqramnes lbr imrgc prccesing,

dataconmunicatio. and data acquisilion control are execurcd The rrchitedure ;s

slrongly dhectcd al het llcxible implementation of sisal proce*in8 algorithms in

The inage pr€essing aims rt supporting the user in naking quick, lccLrrare and

reproducible interpretations of radar im.ges The image processing can be divided into

the lbllowing stages:
compens:rlion of le$ desired chffaderntics of rhe .adar r\ !en$r such as beanr IGnr

and disrance depeodencti
' fihering of disrurbing radlr reflections (to*en, etc.) and nosel

- improvement of images fo. visual assessment by remoling in,igificant delails rnd

assigning colours to diflerenr sources or ahoesi
- d€termination of quanritatile characlerhtics for bird migrarion liLe bird densit\ and

fligh! dnertion;
- compression of images for tr!osport and srorager
- lrunslormation oi pola. radr. images lor pfesentarron on a rasler orrenred conrpuret

The most important aspect is to distinguish beteeen birds or groups of bnds and olher

reflect;ons, such as rain shoeers. The c.ite.ia used are:
- size and slrength of ecboesi
- spatial distriburion of reflorions;
' movenent in diection 3nd speed.

Rcflslions linkcd to lhe ground can be eliminrted by rheir cor.espondence in thce rf

conseculNe 'mrges.

Rain can vary in the.rdrr image irom massive echoes 10 linely dist.ibuted speckl.s

Classification as r!in can be made if these chataderklics oaur oler ! connecred and

sufficienrly wide area.

lle contour of the area found in tbis wav is depicted by the thick line in figure 168

Potential bird shocs are idenrified bv limns on size, slrenglh and mulual distances

Several mig.ational d;ections may be ident;tied in one inagci further seleclron 6

possible atte.linking echoes in cons€cur;!e images.nd by g.oupins disPhcemenr

J'Lgur. 
jb

, ' .n



ji{we t6 Bnd drd rcik e.ha recoghitbn ht pancm aursis \|ithn' ROBIN (to||d JigLn)
The ruw fideo \ighat fft"n d snib|| JdetJed at the PPI |96 tr6t ptucesed ntu digitdt
,ifonnatian (upx ligure). Bnd echoes dte fie dot ectlo.s coBist,l8 of saetut pi\eL\. Rdia
cans^ts af kw. Ji.ttt' al st@ttlr e.haes dnd rinle r&et\.



5.1.s. BoSs (Belsiun)

ln nodern phased array rada6 for air rraflic control manv "temporal" pencil beams n

fired or .otating arrays 'fire' in random sequences one bv one in different directions

They build up r three (limensional picrure ol echo;ns objecls M'ny lunctnins rre

l,npi"-ent"j in *,tt*"." ahhough the progamnr;ng is not adjusred for oPlimrl bird

deiation a srnan programmer could .eprog'!m tur bird srnlplins As ! consequence

lhe radar is oul of normal ope.ations fo. a fe{ seconds or minutes

During'bifd scanning'the Bi.d Observation Sv(em Semmezake k samPling the

Belgia-n air spaa an three dimensionallv like a sracked beam sulaeilhnce radar' Atl

sh; .eturosare extracted in the wav q?ical for ihis radar' The Plors ure presenled 8nd

counted within height classes of ?000 h (Dlrpont 1986) ludging to the mJximum

reporied echo denait;es lhe.esolution tnd bird sensiiivitv is meager' It should be

,"-;a"a *"t ttt" .yrt"t is not specifically exrracting bnd echoes lc'ording to rhetr

DrJoert r (s  i rh t  l rcm rhe ru"  v ,oeo r \  i '  JJne o)  ROBI\  Ne\et t l -e l+ '  BOSS

n' . r 'a . .  "n t * t  "  r ( r l  h i rJ  af l iv i ry  r  r l ihrar ion $t rh orher  ( rbdar l  s(n 'u^ snouLu

i."""i ri.l"a. "*" *ttned altitude informarion espciallv wilhin th€ lowesr 2000 'r

is higNY des;able

5.2. Civil systems in work

A fe{ auempb have been rnade to apply bird sarnings' obtai'ed by radar' in civil 
-- ^

ilil.#;;;,';" inr""'t i' rn rt'" p""ntion of rocd bnd srikes rong ra'se

i"i'.'*""*"""" t' ""i'"ry helprul ror a;r ca'rie's which quicklv as'end above the

;;il;;;;; *r" tt: uunt lter't, prsl aeu"toped a svsiem ror winn'peg' 
-,-^

IntJmational Airpon (canada) whe'e hea\T goose m;gation eoses a real t:r:at.::s^o

i.. "t"ol"i",a. no o*tronic countins svsl'n oo the ASR radar rinss a beu *nen

;::,''"J;;;;';."; a ".rt"i" *"l"rora r'*' are no rcen! reports on rhe

funclioning of this system

Like in the mililary some radar operalors undoubtlv sam the air traffic control toser

" , , ' " i ' * i " " ' i " 'oo* 'erb igbi ldechoesinthe(polent iaL) f l igh l |a lhot l t rcr l t 'n |
il#'"*;;;;i;;;" "ut su-ch voruntary initiatives rurrv depend on thep!enl'a$ o

.q" 'n t "*  " " ,  n ' * "U"* '  anJ rh< kn^$leogL ot  lhe o lerJtor  The r ru( ' l  qJe" l r !  I  
'

, , l i . " i ' "  * "  i .  * - ,11 rhe danger '  ' r (ar l !  c i \ i r  dv isr 'on A 's .L i r !  r  mote rerneo

;;. ;;;. ;;;iJlt ;eriable s;sor or bi;d activir'v direcrr! above and arcund the



f|I3ie 37 Intge nJ t PPI ol u Ltoppt{ tu.tar L\pta@,ion ik tdt.

IIIT

ffiP LrJ
13 26

\il

I
I
0 f t

IUfLE
PPI

4.8 trEC
R= 2.1O km



53, Systcms Proposed

5.3 I |-EXRAD Knl*lre

The Narionrl\veather Senice in the l.is mr) $on (1990) str'r sPendinS more tha' r'

i l ; ; i ; ; " " ; ; " . , , .  "et*o, r  to  imprc!€ i r r  r . .ecxsl ing '  lhe scoi 'e  Pr !ns to ser  Lf

;[":r;;; i".i, r"n*arion R'+Du) dnns (?5 mirrion d(nlrr e1:l):i.:]:'-1:

" "0 ,* in" .  * ia" '  , .  * !er  rhe qhoLe countr -  Inrk in& Quine (ME 198())  srud!

the Dosibility of implemcnring bifd recogNrron algorithms ii ihe large S band pulscd

i;.i;-;;u;.' il ."u"rs *i11 be equipcd *ith a narro{ beam aod gerr Powcr 11

"'.!i-",,i,'i""",*,'ut (e0 dts dvnamic range) APl.' ft"T'h:1"i:::::1., 
"

^" i , , ' " i . "  -* ' ' " .  i i  r ' '1 ' r"  "  a o-r rr"  ' r"r '  oen' ' "rron \Jb' ! ' (c- "r ' ' r  r

; ; : ; ; ; i  ' . ;  p; . .cs '  '  s, \" ' r 'm Dit ' r rr  Nr \RAu se-rher JarJ " ' ' :  Lrrn"" ' r l

il"'#;;";" .;.t"r". ir"g"'' r'"t.p*;'as *ilhour selere *earher *'r oner

conside.ab]eProcessing| imelo.uns|ec la lond|rograns ' l r iser?ecledlhr !ac lual
b;d informaiion wiX be alailable every 5-15 minutes'

the greai sensiliviry of rhe radlr indicrles thrt ihe cLrnrture ol rhe earrh {ill b' the

'i-;,iln "o", i". t;a a"rection CalclL!tio's show rhat a singlc Hcrring gull sould

,i"it."**t n" 'o*o "' a fainl ra'gel a! a distance of 150 km (but or course ne!e'

" ' ; ; ' ; ; " ; " .  ' .  " . ' n t a ^ * e  r r e  r a d u  n J ' � ' o n '  s ^ n g r  ' r J  ' c h " "  d u r i n g

.-" ' . , ' " " " " " . "  * ' ' "U t t r  r "  Felond l t '0  I 'm Anorher  Lmi ' r i "n r " r  ' ' 'nr ' l i t  turT

is the low resoling capacit) oI the system

The researchers expecr ro be able to dtv;se algorithms allowing NEXP\AD to

art.-"ri"alfy ai"t;gtisl "cho pattcrns of weather and birds accord'ng ro:

1i.""."J.t h. ooi' rt" Doppler radar dire'riv provides sped i'formxlion - ee

i ' i ' i".." r,*. ' , ""i,".."rj . iur"r.+ d r." ' ion' r '  rhe I m ' ^r rh n\ini

" i , ' i , ' * ,  o ,  , n . i '  k l r r  o n r o I  N r t u p h ) r n r ' ' ( e r r J i r * h  
' \ ' ' r d c t < r ' r ' :

rhe p,ans are !o rer NEX*- :l'i::': ::T:iJ::."'##:":iil1",:':l::::".,
geogaphical areas and b estimate rbe degrl

in"*  r " -s i ,n '  Th"  I  S \F h '  thP r< ' l (  ' 'h i l i r )  rJr  fJrmJni"  ' rc  r r rL

,urn 'umm"r iet  r "  p  l , r '  in  In(  a i r  'n ' l  heror '  l ' *  ^ f f

5.3.?. Towards a dedicated btrd'adar

Durioq the 191h meeting of BSCE in Madrid (leEs) rhe rudar specialist-aEeed upd

::l'i****:l':' i":::1;,:::' Jil:',J"':.::"-:H;:::"":l[:':' ""
fiJ;i;;;;;;;; ;."a",e tr'" ai"*s;t'v or -"thods and t\rcs or eqLripnenr is lery

larAe, Ns k cximplilied in rhis boo|Jet

- Ir shouLd be
km. Thus, lh€

- No fuLl-tim€



ty

I

Lrv

:j]i:ilI��������������ii;,iili"lff ::LiltT::,: t:": ;l:Hj ; jf T,f ,;'"'ililsepararrng stow and fas tvins objelts (birds I. -,-r-,i n0.,,, ,inu itff;,j:,ru':: "*Ii;,#i,.3jj#J"Tli :,;';:1,i.]

;ffJ"i:'il,i1',:'',;:llili:::'j:::,ft -.1."e,s w;n,6 c. o,s.r m..e,'hc
r:g;1;**:::# ;i".rrui*#. T:.r",.,;; :iiii!il[*;i:L::",
compule. conparibtc outtut 

nnedor desii'ned lor

;ffi::l'"';il::J':liTi"fif.Ti;tili:l :i ;jnua,s?nni.g, m.bi,irv du,r]
An irnlo.rant r:rrionrJe hehind the above dcsr

ru**:*:::*,m t#r"#:::ill1":*['fi : t"'# :,'"'' "'
ru;: :*ru;r i :,i;*;ji,ilim*:f?:##jkilh
dedrJr rd  b i fd  r . i l t J r \ . l ,e r  much he  er  no$r tJ iJ

Hl :,il.i;..;::rf,:**l':#liffTLI';l::1,:":i:.'"1"Y:ll::'
llil:l :ffi'J:,"#il:ies 

or a.,d!' svs'�em. spccincanv assembred ro. bird

'  I t  should he Jhtc ro ! te t . ( r  J  srn l te her in!  qul

1' :" ; rulj: :T::.,;t:;';fiil-l;i il"',r;.11.T.;,i:l::Jt^'J''
lb ful,rime crew shoutd be requ;.ed. The disptry would be added to orher

ilif:liff;,1lli"i,i."'"Tiilii"ii.j"illl"";,"".rp*."n.",,.,i,.,ing " "",y

;.];:;l;,'[: jj;";; 
l;j ;. ::,:1":1T".' 

sDJ( c h,ec uimens j.na,,] wi,h "
hlm l r mrx .2, Jesp.,r..,,..',,-;..;;., ;,ff :,':.H".1;rT:::,::l;ff :.1
;il;::;,"1"":l:i:::r1s 

J. d(',+ in'ftmFn'�\ Jnu 5 vans pe, "r*",i." *""'o



6. RESEARCH

D.veloli..nrs ii frJr. tnd comPure. ie'hrolo$ Pro'eed very f'sl In la't scveril

qyorchcs tl:scr;bt,l ln rhk l]ooklet,may secm lrirl'_ obtolerc Ho{evcr' biolosist hrlt 
.

' " r ' ,  1 . . ' t " . r  - * * ,n  n" t  e . lu jpmtn l  uh i 'h ;  e r1reme dpens i re  rnd  h is  rn  o ldNr io i i

r,,:i .or rrlo"ing cre'i,r;ng s,iLrings. f.\en fiishr srterl cons;der'lions do iot ortr a i u"'s

rs  o ie  $ou ld  p .esudc  As  .  resur r '  mos rn lgnL in ro  the  spa l ia l  rnd  bchrvnuf r l  ! \p 'c rs  0 l

h i rc  n ig . r r ion  xds  !Nthered $ i rh  l .w  b !d re t \ '  Ie l i t i l e  s jd l le  merns  and in  case o f  r !der

,'i,: r".i;- "q,;p."* And oer nowrdavs ! 1or of prostes in s'ic'rifi' lenns crn be

nnde ollcr niertruls F!.drnrcnrai biological ino{ledge still is ' linr;ring ircro' rnri

resfccr cl acrigning {rfningststen and !roced'rres'

l loseler ,  o te t ional  imPlemef ia i ion of  e l 'cbonic count ing rys icms f ' ( lu ' res a

.npt i.ti.nr"a "pp.o"L t'"cause modern radirs don'1 rlloe \imPle co use 's lhey did 'n rrt

f:$t I:lrthirm;t, r snnplc indcr oi bird migrarion iNensitr_ is not enough to nleel rlie

i " t " , t  . "qu;"m"nt ,  tn .  uperxrnrnrr l  inc lus ion Ar  l . rs t  r  Lhrec d imensional  dct ! \e I  shou[

lt proviied. Anrl lunher clelrils on the slecies comPositiotr qilh respc't ol bird {eLgnls

!rc !lso highlv dcsirable 1h. infnmxtion provided rL' thc Pikrls and dissemrnatcd

lnrernrtiomtly shout,l be calibrated Thus. fulure apllicd research should concenrftre Li00r

l,""ti "t;'" ***.*, .f hird numbers aloft ADklnalic recosnition of bird echocs b\

means of pattern analysk algorithms k a |irst slep Furths imProrements crn be ewltd

neural net*lrl technolcs/ Tnis *ill make echo exlraciion tnster and Ie$ criticrl l-eunng

the neoral net$ork recognizing bird echoes b! oiftreing examPles js another forenr( .
rdvantage. Artifici.l ioltlligence nuv heh !o rdolnDc temPoral Pallerns in the lrcc$s 0r

d , }  r .  d i r ; b : d " r r i r r r r  l l ^ q e \ . r  J l r l t  e ' n '  e n u P  J l  r r e r r r L r L e  - l J r  r , l ( ' !  r o i

L n . r  m . r , l e " ; ' i , n  n J i ( r \ J 4 n 1  l ' \ (  r n e \ i i ' \ l r d "  l r h " r  s r n ' n l ^  h c  L  r r "

a;r. Therefore, simPle tneans should be appl;ed when evcr fossible lnd be p'rxllcd bv

process oi pe.manent educalLon
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