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SUMMAAY

ouant iylns, quarilying and predlctins low levcl b rd 'novements is the key issue
hamDer ino  the  cer t i f ca t ion  or  bnd s f i i ke  p rev€nt lon  mc.sures  i .  rhe  conr ro  zone o f
airports as we as en route . Bnd conrol at rhe runway tsclf is atre.dy succestu at
many ai.ports. Less w de spread, and limn€d to m tary aviat on, blt technica y
speak inorpc lo r  mproveme. t ,6 r€  la rse  sca le  warn .g  sysrems nd ica t lng  mass  bnd
mrgranon.  Howcver ,  the 'bo t rom up '  and top  dow. '  .pproach roqether  do  by  la r  no t
so lve . l l  bnd  s t r i ke  p rob lcms A geoo.aph lca lcomparson or  the  ( tow teve t )  a t r t tude
drstriburion ot milltary b rd strlkes lrom EUFaASE indicat.s a missi.g li.k, jLsr ourside
vsLa range but also below the covefage of most radars. Thls risk ls posed by tocat bnd
lrghts ov€r up to some tens ol kilomerers especla ly in coasral and wertand areas.
l . tes ra tcd .adar  a .d  v isua l  obscrva t ions  in  The Nether lands  show th . t  a  so  a  s ign i i c .n r
part or onq distance nigratory I ishts may occlr .1 low evel, evcn ar niqht. Locat and
migra lo ry  f lgh ts  may accumula te  a long topos .aph ica l  ba i i ie rs  o r  lead ing  l ines  ar
ocaiions considered lor anport consrrucrion.

Thls prescntatio. is a plee Jor the c assiiicarion of rhese complex problems. This sholtd
happen rn slch a manner that existing ornitholoeica know edOe w help to develop
r !es  o i  thumb to  be  used in  in teara lcd  bnd avo idance sys tems.  There  are  iund6menia l ,
psycho loOica las  wc as  po l t i ca l reasons  why opera t io . .  bnd pred lc t io .  mode ls  shou l l
bc  backed Lp  by  bnd de tec t ion  devces .  Prob lcms w i th  w i ld  ge€se w inrer ing  in  The
Nelher lands  m:yserve  as  an  example .

Key Words: Slalistics, M itaiy Aviatio. Locallr,lovements, Brd Popu atons, Deteclion, Radar
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Becker (1996) summarized the d iscussio.  n the Low LevelWG on 'en route
b rd st .  ke preveni ion d! r  ng thc last  ten years.  He is  per fect ly  r ight  in  h is
conclus ion that  we should hcad lor  an ln tegrated approach,  combi . i .g
geographical ,  b  o log cal ,  weather  and radar  data .  My staremcnr o l  today s rhar
we on y can make such inte9rated prevent ion operat  onaly s table whef  we
succeed n c lass i fv ino and subsequenty standardis lna the d f fc .€nt  prevent ion
eements.  In  o lhcr  wo.ds:  we must  develop a.d speak ihe same ang!age in
order to communicate abour the .redictab c and non o.edic.r"ble aspects of the
bnd st r lke r isk.  Predictab e r isks arc in  pr inc ip le open ior .e i i iab lc  prevenl ive
measures rcsul t  ng in  a quanr l f lab e r isk reduct ion.  A! t  a lso the .ema ning .on
pr€d ctab o types of  b rd danger can be brought  under contro l  to  a ce(a in
extcnt ,  Remote sensi fg of  b i rd movcrncnts has a proven porenr ia l  in  rea 1me
warning systems (B!urma & Br ldeicr  1990,  Lcshem 1994).  Th s p.per  a ims ro
st im!  ate ber ter  comm!n cat  on on the mproveme. i  o f  nvoid. .cc sysrems by
Jocussing on the cr i l lca iss!e o l  ow evel  b i ra i lg f r ,

Evidence f rom mi l i tary s ta l is t ics

B rd contro l  a t  the runwav i tse l f  is  a ready s!ccesfu l  a i  many a i rporrs.  Less
wde spread,  and l lmred ro mi(ary av iat ion,  b! r  techn cal ly  speakng r ipe for
mprovement ,  are large sca c warning sysrems ndic. r i .a  mass b rd migrar io.  n
h gher a i r layers.  However,  the 'bonom l ]p 'a.d ' lop.down'approach rogerher  do
by f . r  not  so lve a l l  b i rd s t r ike problems.  A gcographicalcompar lson o l  rhe ( low
levc )  a l t i tude d isrr ibut ion of  ml l i lary b i rd s t r ikes f rom EUFBASE indrcares a
s!bstant ia l  p .oblem, jusr  outs ide v isual  range but  . lso below lhe coverage of
mosl  .adars:  i igure 1.  Thls r isk is  posed by loca b rd f  ights over  up to sorne
tens of  k i lometers,  especia ly  n coasla l  and wcaand arcas.

Bi rd srr ikes may i .d ic . re rhe yeat  rcLn. l  avercge ani tude d isrr iburron o i  bnds
(almost)  inespect ive o l  the t ime spend and d isrance covered by a i .crat t  € t
d l lerent  he ghts.  Th s s  on y thc casc whcn wc sc lcc l  so ca led ' local  s t r ikes
e.g.  d! r lng Iake of f ,  landrng and overshoot  (Buurma 1984),  D!r ln l t  these i lgh l
phases the 1 i !ht  path o i  the : i .craf t  has a l ixcd ang c 1{)  the ea(h s! r iace.  The
Europea.  Mi i rary B rd St  ke D. iab.se (EURBASE, see a lso Bu!rma & Dekker
1996) o l fcrcd thc posslb l i ty  to  compare th is  selecr ion (N=2582) l rom i ive
wcst-c! ropean a i .  lorces,  In  f  g ! rc  1 wc f  t tcd curves rhrou!h the a t  tudc
dlsrr ibuio.s in  100 f t  c lasses.  The resu rs  look .ather  s lmular ,  bul  when we
nspecr  rhe curves c loser  i .e .  at  3o0 i t  (ca 100 m) and comparc the rwo
exvemes,  GAF and BAF, we f  nd thal  the UK bi rdsrr ikes at  th ls  hc icht  are rhree
t imcs mo.c f rcquent  than thosc ovcr  Gcrmany.  The conclus lon is  therctorc that
ihe FAF nol  only  suf fcrs t ror l l  a  h gher  b i rd s l r  ke rate (see Bulrma & Dekker
1996),  b l t  las the curves are percentua )  a so f rom a d l ferenl  lype ot  r isk than
the GAF. Apparef t  y  the b l rd popu a l lo .  aDove and around the Br i t ish ls les,
which ls  domlnated by coasrar  and wel  and species,  f les h i !hcr  and a i  a larger
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sc€ le  than thc  average b l rc l  .bove the  E! ropcan main la .d  Th is  becomes evcn

more  obv io !s  whe.  we check  thc  o i l re r  a i r  fo rccs  a .d  b i rd  d  s t r  b ! t ion  maps

Evidence f rom bndlst l ike)  d is t r ibut ion maps

Fi .s t ly ,  J igure 2 shows a par I  of  the BSCE bi rdr isk map lndicat ins zones o i  ight ,
moderate and heavy b rdst r ike r  sk.  This i . ternar io.aL map,  deve oped n the
Sevenl ics under the lcadership of  Dr '  J  H ld,  is  bascd on best  profcss onal

iudgemcnt  abo! I  ' ro ta l  b i rd mear densi t ies '  l r  cLear v  ind icates how ihe marn
bid areas are concenlratcd in  the f  a t  wcl lands a long thc coast  a.d ln  I  ver
del ra 's .  l t  is  a lso obv ous that  RAF and RDAF are most lv  cont ionted wth these
blrd.ch zones whi lc  FAF 6nd GAF {n th is  o.der)  have rhel r  ow level i lv ing over
the lcss r isky ln  and,  where wet la.d specles are much sca.cer .  This  sequencc o l
a i r  lorccs i ! l ly  i i ts  wi th t l ie  seq!encc of  lhe curvcs in  i ig ! re I

Thc co(e ar lon betwccn the type of  c ! rve and thc a i r  fo .ce l lv iFg area can bc
deta led fu(her  when wc ook a l  lhe RNLAF, having a posl t lon in  the m dd e,  on
the map as wcl  as amofg thc a l t i tude c l rvcs The centrc oI  I  v ing act  v l lY of
th is  a r  force s n the SE par t  of  t l ie  country,  avoid ing thc dc.se human
populat  on nr  rhe fer t i le  pol . lers below sc.  evel  in  thc wesr '  F ig! rc  3 ( top)

shows thc bnd sanct lar  cs and b rd st r  ke r  sk map i tom lhe AIP Ncther  ands.
The c lashed Ine denotes t l re  bou.dary betwccn heavv and moderat€ r isk i rom
i  gure 2.  F ive a r t rases are p lot tcd as rectang! lar  b lack f igurcs The lavcrage)
helghi  of  cach symbol  g lvcs the b i rd s t r ikc r . te  as w€Ll  6s the t rend over  the last
10 ye€rs.  Goin!  f rom ESE to WNW rhe i lve bascs show a.  Incre.se In average
local  b r . i  s f i  ke .ate co(espondlng to the i .cr€asc ln  ge.era l  b i rd de.s i tv .  The
salest  base .ear  the border  wnh GernanY (Twentc AFa) and thc t rase wl th the
h ghesr  b rd s t r  ke r . t  o  lLec!warden AFB) wcre subjectcd 10 .n equal  v  rn lense
bkd sr . ike p.cvcnl io .  p.o! . .m.  Ai  TW we wcrc zble ro app v hab ia l
mo. i i f  cat io .  s lccesiu ly  (Dekkcr  & Van der  Zcc 1996),  but  a l  LW we st  l l  have
ro aeve op:ddi t  onal  prevent lon me.s! res Herc the nearbv waadensea/  o.e Dr!
nature arca,  generates t ida l  mass movcmenls o i  b i rds far  .Land Fu(her ,  thc
very fen le  grass ands ot  the rcgion aro!nd thc base at i ract  b ig numbcrs or
'cu l turc fo l lowing '  spec cs among ! ! l ls ,  d !cks and waders A spcc a l  and
grow ng prob em are geese n win ler  (see b€ ow)

Thc problems at  LW AFB correspond w th rhose at  Schiphol  a l rpor l  near
Amsterdam. Qf  course both a r i le  ds have Ju I  r ime Airpo(  Bi rd Cof l ro l  bul  a so
the spat laL p lanni .g a.d b i rd at t ract .g develop 'ne. ls  n a cer tarn arca qq!0q

thc a rpor t  must  bc considered (Klavcr  1994,  B! ! rma 1994a).  The prescnl

EUFBASE dala do re l lect  the f .cr  that  ocal  b i rd movemenrs n wcl la .d areas
!s!a l ly  occur  at  such a scale that  s t ruct ! ra l  meas!res a.c pol i l lca l lv  mpossib c
This is  becominO vcry apparent  ln  the present  Duch debat  where to crcate a
second major  a i rpo( .  Al l  possib le locar  ons {b lack dots wi th whi te aster lsk)  arc
.ear  important  b rd sa.ctuar ies or  in  zones wherc m g.atorv b i rds rend to
conccntra le.  F lgure 3 (bot tom) i l !sr ra i€s thc c lass ical  v  cw on au!mn
migrat io .  { taken f rom T nbergen 1949).  Our own .adar  sr !dv nc.r  Hook o l
Hol land (Buurma & Va.  Gasteren I989)  shows an cven molc h le.se t lv i fg
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act iv i ty  para l le l lo  the coast l ine over  land and sea in a zone ot  over  1O km wide.
I t  occurs a lso at  n ighi ,  and inc ludes loca and regional rnovements.  At  present
the d iscussion focusses upon creat ing new land in the North Sea a long the
coa$ ( f igure 4) .  The compl icat ion is  not  only  that  such hugh inf fast ructura l
works usually overlap with the birds flyways bur a so that these wofks atmost
a lways create new bi rd concentrat ion areas themselvesi

Local fe€ding and roosting llights tollow patterns and time schedules that can
be measured and to a reasonable extent be predicted. A wealrh of biotogical
knowredge on the behaviour  of  most  b i rd species is  a l ready avai lable in  the
l i terature.  l t  should therefofe be possib le ro model  the spat ia l  and temporal
aspects of  the fy ing behaviourof  the main catesof ies o l  common bl rd species.
The most  cruc la l  aspect  is  fLy ing height ,  which wi l  be dependent  of  wlnd,
thermal  condi t ions,  type of  landscape and especla l ly  d lsrance to be covered.
l lust ra i ive is  the growing winrerpopulat ion o l  the Whire f ronled goose in the
vic in i ty  of  Leeuwafden AFB ( f igure 5) .  NE of  the c i ty  of  Leeuwarden rhere is  a
3ke area (b lack)where 40.000 whi te f ronts gather  for  the ntght .  They feed on
the grasslands in  the su(oundi fgs and reg! lar ly  cross the f l ighr  path o l  {mosrty

The number of  Whi te f ronied geese near Leeuwarden have grown f iom 2.000 in
ihe Sixt ies to the present  f igure.  This parat  ets  the rotaL n!mber w nrer ing in  The
Nether lands which grew to a lmosr a mi l lon indlv iduals.  However,  th is  does nol
imply that  we can conslder  the sp€cies as a pest  species tn the wav At tan &
Feare 1994 d id whi le  d iscussing cont .o measufes aga nsi  {era Canada goose,
The fecent  Concorde and AWACS accidents wi l l  undo!bt ly  invoke a campalgn
against  res ident  Canada geese around akports-  Bl t  our  Whire f ronts are
migrants t rom an hugh eurasiat ic  breeding range and subjed o i  concern in  the
internat ional  conservat ion debat  (Aubrecht  1994).  Spor ls  hunt ing may be a
scanng inst rument  when p lanned spal ia l ly  in  a proper wav.  But  so far  we do not
know how rh is  af fects the dai ly  f  ight  pat tern three d imensionat ty ,  In  case rhe
bi rds cross rhe huni  ng area at  h igher  f l ight  levels  the b i rdst r ike . isk may
increase in s tead of  decreasel

Given the growth of  the h!man populat ion,  the value of  €x is t ing nature res€rves
increases and paral le l  wi th th s  the popular i ry  of  b i rds,  Moreover,  ihere is  fast
growing pol i t ica l  basis  for  creat ing 'new naru.e ' in  combinar ion wi th in tegra l
wat€rmanagement {B ' rurma 1994a).  Consequent ly ,  the pol i t ica l  basis  for
measures to reduce tota l  poplJ lat ion s ize of  a cer ta in b l rd species has a lmost
d isappeared.  This fact  togerher  wi th the f ind lng rhat  the scale or  tocat  and
regional  b i rd movemenls is  much b igger  than of ten rhought ,  m!st  lead to
'shar ing the ak 'as a rewarding prevent ion opt ion.  This br ings us back to the
aim of this paper: the future of bird avoidance svstenrs.
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radar  in  avoidance systems

In f igure 6 the curves of  f igure 1 are combined wi th at t i tudtnat  ranges ot  b rd
contro l :  en foute,  around and on anpons.  Avoid ing b i rds in  the a i r  is  d i f f tc !h
because many b i rd movements occur  betow rhe coverage of  most  tong range
survei lance radars {s t ippted)  and just  above the acquis i t ion .ange of  rh;  v isual
observer  (shaded).  To make i r  even worse.  tow tevet  btd fy ing act iv t ry  is  of len
in big flocks as food rinding is a very sociat affair, especia y i; wefland a.eas
where water  rabte dynamics creares a f tuctuat ing and palchy avai labi t i ry  of
food.  A thorough map/calendar approach is  of  course the l i rs t  srep in  p ianning
new airpo(s or aircrait flying routes. aut this information atone is too static f;r
day- to d€y bkd st r ike prevent ion.  For  each headache species the dai ty  and
seasonal  f ly ing par tern shoutd be known. In pr inc ipte a tot  of  b i .d  act iv i ty  can bepredicted by a dynamic modet  fed bV cer ta in envi ronmentat  parameters,  aut
sc ient i f ic  general izat ions are lsua ty  not  enough to predict  how each species w I
adapt  to speci f ic  localcondi t ions.  Addi t ionat  rutes of  thumb about  spat iat  fy ing
behaviour  in  reat ion to wear ler ,  topography etc.  are neeneo.

l .  pract ice the onty , rnodets, ihai  do ex is t  are very exper ienced b rd contro|ers
gvinglhei r 'best  profess onat judgeme.r ,_ Howevef ,  th is  iype of  ant ic tpat ion is
pr imar i ly  based on whar can be mentaty reconsrruct€d f rom v isua observar ion.
This is  usual ly  iml led to rhe a rpor t  i tset f  and 10 the towest  5O meters (Buu.m.,
Lensink & L innar tz  1986).  Bur  even he.e a b ig b i rd fock may sudenty appear.
As noi  a l l  b l rd controt ters are eqla l ty  exper ienced and ater t ,  and as they cannot
overvrew the whole aiiport, ihere is a gap in tho markel for detecl on devices
oaseo on remote sensrno such as radar .

radar in avoidance systems

The above ment ioned gap in the marker  is  growing sure ly  but  s  owty as rong as
we are not at)re to quantify rhe bird strike risk betler and to show convincingty
the amo!nr  of  r isk reduct ion.  Ai r  t raf f ic  conl ro ers do not  wish ro accept
addi l lonal  responsib i l i t ies when the bt rd in format ion is  nor  very ctear ty  ind icared
and wel l  der ined.  Obviousty,  not  every s ingte smaI or  medium s ized b rd can
kept  under controt .  Thus,  rhe equ pment  shou d be abte 10 tndicate whether  the
amount  ot  b i rd meat  in  a cer latn a i r  vot !me exceeds a ce(a in agfeed vatue.

Figufe 6 is  a propos: l ro reduce the many opt ions or  appty ing remole senstng
into three a l t i tude/scate ctasses on the basts of  rhe spai ta l  d isr r ibut ion o i  b rd
s l r ikes.  ls !ggesr  the fotowng terminotogy,

A.  2-D on a i roor t  b i rd f lock detec i ton Certa in ground radars do have the
capaci ty  to moni tor  b i rds or  cou d be adjusred 10 do so {schaefer  1969).  Given
the l imi led range needed 6tso of f - the shelve mar ine radars wi th a reptaced
anlenna,  to .a ow t \e bear  and i rcrea\e qdin,  mrght  be .porred.  Ihe n a n
p oD em 6 grou-dctLt rer  r "d-cr  o1,  bJt  sopl i \ r .carFd new techro,ogy is  abte to
solve th is  sat is factor i ty .

i \2 ,
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a.  3-D a i rpor t  v ic in i tv  b i rd co. i rot  Thts has been adopted dur ing rhe tgth BSCE
meet ing in  Madid (see Buulma & Brudere.  j99O) as rhe ideats; tut ion.  The
radar needed should be abte ro trace individuat bird itocks interfering with
aircraft flight pathes tLow Levet Search, LLSe) as we 

 

as to monrtor bnd
densi t ies by volume scanning (High Leveisampt ing HLSa) (Buurma 1994b).

C.  aroe 
:qa e mior i r ,on monror i .o  Vaaous rada,s can be uspd ro ger  inde\

I  gures or  rarge scate b i rd migrar ion,  M,hrarv a i r  dere.se ano a i ,  l fa  

 

c  coni .o l
radars are atready used for many years in the west european birdtam system.
Modern weather radars and wind profiters offer cha|enging new possib tities.
The main problem stiJt is catibration.
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