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THE USE OF RADAR DATA IOF

I]IRD S'J]RIKE PREVI]NTION 11.I G'R}IANY

J .  B e c k e r

Cer.man l '4 iLi t : rry G eophysical  Oif lce

l "  r h y  l e d e r a l  R e p r b l i ^  o '  G e r n a n y  m i l . i t a r y  a n d  c r v r l
radara stat ions are performing observat ions of bird 6ove-
nents by polaxoid pictures or movie pictures of the radar
scope. The polaroid pictures give infornai ion of actual
nigratory r .ovenents of bird6, and sre used for bird slr ike
uarnings (birdtan).  The obs€rvst ions by f lovie f i lnr are
used for the invest igat ion of seasonal and spat ial  var ia-
t ions of bird novernents as we11 as for ihe correlat ion
betveen ueather and bird nl lgrat ion. The knowledge of
factors inf luencing the t iming and amount of bird migra-
t lon i6 tundanental  to the bird 6tr ike r isk forecast is-
sxed hv the German MiLi tary GeophJsical  0f f lce.
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I  ] \TROD]JCTJON

T h e  c o n t . o l  o f  l ) i r d s  o v e r  t . r . g e  e x p s n 6 e s  o f  a i r s p a c e  i n  w h i c h  s i r c r a r . t .  m o v e _
m e n l s  a n d  l , i . d  a . t . i v i l i e s  o v e r l a p  n e e d s  a  d e n s e  o b 6 e r v a r i o n  n e t u o r k .  t n t - o . m i , t i o n
a b o u t  f f i A r a t i n B  b i r d s  a t  l o w e r  € l t i | u d e s  c a n  b e  o b t a i n e d  b y  v i s u a r  o b s e r v a t r o n s .
For larger areas and height6 above 1000 f t  cND redar observet ions ar-e l1ecess. jrv-
A  p r o b l e o  o I  r a d a r  o b s e r v a t i o n  i s  t h e  v & - y i n g  q u a l i t y  i n  d i f f e r e n r  a r e a s  o a s e d
on the radar coverage, i .he u6ed i . Ipe of indicator aj ld video processinA. tn the
F e d e r : i l  R o D u b l i c  o f  c e r n a n y  m i l i r a r y  a n d  c i v i t  r a d a r  6 t a t i o n s  a r e  p e r f o r n i n q
o b s e r v a L i o n s  o f  b i r d  m o v e m e n t s  b y  p o l a r o i d  p i c t u r e s  o r  1 5 , i n j _ f i t m  p i c t u r e s  o t
i h e  r a d a . .  s c o p e ,  T h e  r e s u l t s  a r e  u s e d  i n  d i f f e r e n t , r a y s  f o r  t h e  w a r n i n g  a n r l
f o r e c a s t  s y s t e m  o f  t h e  F e d e r e i t  A r n e d  l o r c e s .

2 . BIRI MOV'MENT DNTA OBTAINM BI MlLITARY RAi]AN STATIONS

The high-powere. i  air  defense radar stat ions of the cernan Air  Force observ-.
c o n t i n u o u s l y  m i g r A t . o r y  m o v e m e n t s  o f  b i r d s .  f o r  t h e  i d e n L i f r . a t i o n  a n . t  d e t e r m i n r _
t i o n  o f  b i r d  e c h o e s  p o L a r o i d  r r i c t u r e s  a r e  t a k e n  f r o n  t h e  r s d a r  s c o p e  w r r n  r n
e x p o s u r e  t i m e  o f  1 2 f l  n i n u l e s ,  v i t h  a n  i n t e r r u p t i o n  o f  2  m i  u l . e s .  e v e r y  i h r  e e
hours between da!, /n and dusk. ln the morning and durina periods,r l th bird mlAra-
t i o n  t h e  t i $ e  b e t w e e n  i . w o  p i c t u r e s  i 6  s h o r t e n e d  t o  o n e  h o u r .  T h e  o o s e r v a t l o n s l
a f e  n o t _  c a r r l e d  o L r i  o n  u e e k e n d s -

Disadvan|ages of rhe photographic system are a loss of infornat ion ln the vrd.ro
processing as rel l  as the ident i f icat ion and deterf l inat ion of biro ecnoes cv
d i f f e r e n i  p e r s o n s .  N e v e r t h e t e s s  a  w e l l - t r a i n e d  r a d a r  s t a f f  i s  a b l e  1 o  . r . s , . , , , ,
n a t e  e c h o e s  c a u s e d  b y  b i r d  m o v e m e n t s  f r o m  o t h e r  t a r g e t E  a n d  c t u t t e r  e c h o a s .  T h e
b l r d  i n t e n s i t y  a c c o r d i n g  t o  t h e  i n t e r n a r i o n a t  d  t o  8  s c a l e  c a n  b e  d e t e r f l i n e d  w i t h
a n  a . c u i a c y  o f  -  ' l  s c a l e  u n j t .  T h i 6  i s  s u f l i c i e n t  f o r  b i r d  s t r i k e  \ . , a r n i n g s  ( t r i r d _
t a m r ,  b e c a u s e  t h e  b i r d  s t r i k e  h a z a r d  i n d i c a t e d  b y  t h e  b i r d  i n t e n s i t . v  i s  a t w a v s
a n  a v e r 8 r E e  n u n t i e r ,  a n d  i . h e  d e n s i t y  o f  b l r d  m o v e m e n i s  i s  v a r y i n g  w l t h r n  i h e  r e l a _
t 1 ! e 1 y  t a r g e  a r e a  c o v e r e d  b y  o i . d r a m . . i , h e  e l e c t r o n i c  c o | n t i n c  s . / s r e m
e c h o e s  c a n  d v o i i i  n a n y  d l s a d v a n t a S e s  o f  r h e  p h o t o a r E p h l .  s v . r ; n t  b u t  i r  r s  d i l - -
f i c u l t  t o  e s t i n a t e  h o w  s i A n l f i c a n t  t h e  b i r d  i n t e n s i i y  c o u n t e . l  i n  a  r e f o r - . n . e
area is for the ent ire area covered by the birdt€, l l .

A f l e r  t h e  e v a l u a t i o r  o f  t h e  r a d a r  p h o t o  t h e  f o l l o w i n a  d s t . a  € r e  t r a n s m i l l e . t  i . o
l h e  G e o p h y s i c e l  I n t o r m a l i o n  O f f i c e s  o f  t h e  r E d a r  s t a t i o n s  o r  o f  n e a r . o v  a i r  b a s e s :
r a d e r  s i t e ,  i i f l e  o t  o b s e r v a t i o n ,  b i r d  i n t e n s i t . / j  c l f , R E l - a r e a s  c o v e r e d  b y  t r i . d
e c h o e s ,  a n d  i h e  d i r e c t l o n  o f  b i r d  n i A r a t i o n .  T h e r e  i s  g € n e r a l t v  a  l a c k  o f  d o _
t a i l e d  r n f o r m a t i o n  c o n c e r n i n g  t h e  a l t r t u d e  o f  b i r d  m i g r a t i o n .  T h e r e f o r e  s t , n d -
a r d  h e i g h t s  n u s t  b e  u s e d  i n  t h e  b i r d t a f t .  T h e  o b s e r v a t i o n  m e s s a a e  i s  t r a n s m r r r e d
v j a  t e l e p r r n t e r  t o  t h e  f o r e c a s l  C e n L r e  o t  t h e  C e r d a n  t { i f i r a r y  C " o D h v E r c a t  O f f i c e ,
where ihe messaae is immedlately transforned into a birdr,rarninS mebbd8e \01ro_
tam: acco.din8 to formal ized procedures. l 'he birdtam are distr ibuted ro att
mi lr lary aerodrones as wel l  as to foreian air  t raf f ic controt centres vra EDCCIV
i s e e  f i g u r e  r ) .

Addit ional sources of information concerning bird migrat ion are sone GCA- and
Wx-radar equipdent of aerodromes, pi lot  reports and visuat observat ions. ! ,oreign
birdtan and blrd warning Dessages are tr€nEforned into the forrnat ot  NOIAI4
. l a s s  T  L r s . d  r n  t h e  G e r m a n  b i i d t a n .  A  6 t a n d a r d i z a t i o n  o f  b i r d  w a r n i n E  m e s s , r a e : l
a n d  b i r d t s m / b i r d  6 t r i k e  w a r n i n a s  H i l t  o c c u r  i n  1 9 8 6 .  N e v e r t h e r . . "  a i r r . , . . . . . , ,
o l  bird intensit ies and ," /arning heiShts wi l l  st i l1 occur because of the di f fer-
ent radar equipment,  and the di f ferent procedures of evatuat ion. The nain pur-
p o s e  o i  a l l  o b s e r v a t l o n s  b y  m i l i t a r y  r a d a r  6 t a t i o n s  1 6  t h e  i m m e d i a t e  \ r a r n i n a  o f
b j r d  s t r i k e  h a z a r d s  t o  r h e  f l y i n g  u n i t s .
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, .  BIRD MOVN4ENI DATA OBTA]NED BY C]VIL FADAR STATIONS

During the 1a6t years only a snal l  part  of  the ent ire pasEage of migrato.y hirds
could be ob6erved by the Gerinan mil i tary r .ada. stat ions due to the pr ior i iJ ol
o t h e r  t a s k s  o r  t e c h n i c a f  p r o b L e m s .  T h e r e f o r e  t h e  d a t a  o b t a i n e d  a r e  i n s u i l r c i e n l
for a detai led €nalysis of bird migrat ion. The cont inuous observat ions necas-
s€ry for this purpose are performed by I  c iv iL L-Band radar stat ions. In con-
t r a s t  t o  t h e  m i l i t a r y  o b s e r v a t i o n s  t h e  r s d a r  s c o p e  ( P P I )  i s  r e c o r d e d  b v  T F )  n m -
cine-f i1m. In 19?2 and 1971 the radar scope uss f i lned bJ the t imelapse i .ech-
nique only durin8 6prin8 and faLl.  In 1975 the 6v/ i tching mechanism \{as modi-
f ied to,rork at two photographs/hour ,  each \" , i  th an exposure t ioe ol  15 muutes.
Drr ing I  nonths only l0 n f i lo oater ial  erre necessary for that purpose, there-
iore the radar scope can be f i1f ted cont inuously throu8hout the year.  Neverthe-
less sone interrupt ions occur by the change of the f i ln or by the maintenance
of the equipment.  The oLner of the novies is the German Bird Str ike Coonit tee
(DAWI-).  The evaluat ion of the t .otal  sequences enables the discr iminat ion of
bird echoes from other clut ter.  The observat ion of s lngle pictures enables t-h, .
d € t e r m i n a t i o n  o l  b i r d  i n t e n s i t i e s  a n d  o f  f l i a h t  d i r e c t i o n 6 .

The recordinas by novie f i l f l  cannot be used for actual bird str ike Harnlngs, but
they are the mo6t conplete exist ing data of larae-scale bird aovements at af t i -
tudes above 500 f t  GND. Therefore the f i lns are important for the inverJt iaat ion
of season€I and spat ial  vai iat ions of bi i .d novements a6 uel l  a6 fo.  the corr€la-
t lon between ueather and bird migrat ion. The f igures 2 -  4 show rhe seasonal
var iat ion of naxlmum bird intensit ies detected by the radar Etat ion at i4unich
during the years 1981 - 1981, uslng nean i .ntervals of 2 weeks ro avold var la-
t ions of bird intensit ies due to days l i i ih insuff ic ient observat ion, The in-
tensi iy of bird migrat ion wa6 est i rnated accor.ding to the interna|, ionsl  O - 8

D u r i n g  S p r i n g  h i 8 h e r  b i r d  i n t e n s i t i e s  v e r e  r e g i s t e r e d  t h a n  d u r i n g  f a l l , d c p e n d l n E
o n  B e n e r a l f y  S r e a t e r  f l i g h t  a l t i t u d e s , d u e  t o  f a v o u r a b l e  a i r  c u . r e n t s  i n  s p r i n F .
At niSht the mi.Sratory movenents reached general ly hiAhe. iniensi t ies i .han in
l .he dayt ime, from the end oi  March to nr id of May as wel l  as from Seplr jnb-"r  ro
mid October night nig.at ion dominates in relat ion to dayi. ine mjgrat ion. The
maximun intensit ies of bird miSrat ion at high aLt i tude6 and the bu61es1. t imes
of general  bird 'n igrat ion correspond to each other.  t { igh 6nd mode.€le ln-
l e n E i i i . e s  o f  b i r d  m i g r a t i o n  d o  n o t  c o n t i n u e  l o n g e r  i h a n  J  d a y s h j g h t s  i n  s u . -
c e s s i o n .  T h e  e x a m p l e  o f  f a l l  i g r a t r o n  i n  l 9 8 f  f r g u r e  5  s h o l i s  t h e  r e l a l i v e l v
q u i c k  c h a n g e  b e t w e e n  d a y s  r i t h  h i g h ,  n e d i u n  o r  l i g h t  b i r d  u t e n s i l i e s -  I ' h e  1 n -
tensit ies and direct ions oi  the bird novenents are inf luenced by t .he \r 'e61her
. o n d l t l o n s  o f  t h e  d e p . , I t u r e  € r e a s  a 6  w € l 1  a s  t h e  w e a t h e r  e n r o i i t e .  l l o d e r a i e  S r r d
m o v e n e n t  l n t e n s j . t i e s  v e r e  r e a c h e d  f o r  l h e  f i r 6 t  t i m e  o n  l h e  l l t h  o f  0 c i _ o b e r
ai ter the passage ot a cold f lont!  and under high pressure ini luence over CenLral
l iurope. Two days with moderate to high bird movenent intensit ies occurred on the
22nd and Zlrd of octob€r after the presence of good t l ight weathe. over soDthern
Scandinavia, Poland snd East Gerdany on October 21st.  Simi lar weather condit i -
ons with dropping temperatureG caused moderate to high bird novemenl.  inten-
si t ies on 0ctober 29th, The highest bird Bovenent iniensi t ies of faLl  nigr€i t1on
occurred on Novedber 2nd and 12th, at  high l resErrre inf luence End weak north-
easter lJ vinds over the departure areas CSSR,/Poland as w.Ll  as over Llovrr j r i .

The correlat ions between bird novenent intensit ies and weather frctors are
iundsnentaf to the bird6tr ike r isk forecast.  This foiecast issued daiLy by the
Gernan Mil i ta:rJ Ceophysical  Off ice considerE the phenology of bird migrat ion and
vegetat lon as xel l  as the weather condit j .ods of the dep8rture and passa8e are.:
of  bird nigrat ion. The ueather inf luence ha6 been related to four pa.ameters:
f l i g h t  w e a t h e r  ( e s p e c i a l l y  p r e c i p i t a t i o n  a n d  v i s i b j . l i i y ) .  C h a n e c  o l  t h e  l e m p e r a -
ture during 24 hours! wind direct ion, and lr ind speed. These condiLions are d-"-
termlned irom ueather analysis and forecast data, and conbined to a weather f : ic lor
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m o d i f y l n g  t h e  m e a n  b i r d  s | r i k e  i n i e n s r t y  e x p e c t e d  i n  a c c o r d a n c e  i o  t h e  s e a s o n
a . d  t h e  a c t u a l  b i r d  m i g r a t i o n  ' t i l l  t h a t  d a t e .  T h e  c o n n e c t i o n s  b e t w e e n  r h - .
b i r d t a m  a n d  t h e  b l r d  s t r i k e  r i s k  f o r e c a s t  s y s t e n  a r e  s h o l " l 1  i n  f i S u r e  r .  A s  b r r d -
t a m  a r e  b 6 s e d  o n  a c t u a l .  o b s e r v a t i o n s  o f  l a r g e - s c a l €  b i r d  n r i E . a t i o n ,  a n d  t h e
h l r d  s t r i k e  r i s k  f o r e c a s t  p r o v i d e s  i n l o r n a t i o n  o n  t h e  a v e r a l ! e  b i r d  s i r r k e  r i s k
over a relat ivel : /  large area, nostLy the Seographical  forecast areas AT to Aq
( 6 e e  f i g u r e  7 ) ,  t h e  t , r o  f a c t o r s  c o n c e r n i n g  b i r d  E t r i k e  h € z a r d s  d o  n o t  c o r l e s -
pond in deiai l .  T\e purpose of f l r ture vork must be a denser net, i {ork of data
c o n c e r n j . n g  i g r € t o r y  m o v e m e n l - s  o f  b i r d 6  a G  v e l l  a s  s o l h i s l i c a l . e d  c o m p u i . { . r  n o d e l s
f o r  t h e  r e L a l i o n  b e t l r e e n  b i r d  n o v e n e n t  i n t e n s i t i e s  a n d  p r e d r c t a b l e  b r o l o g r c . l
a n d  m e t e o r o l o g i c a l  f a c t o r s .  A l s o  i n  t h e  f ' r t L r r e  r a d a r  o b s e r v a t i o n s  o l  t i r d  m o v e -
ments \ , , i11 be the f t ia i  sour.e l :o gei fundaf lental  data for the proced!.es nec.s-
s a r y  i o r  t h e  p r e v e n i i o n  o t  b i r d  s t . n k e s .
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FIGURE 1 Survey of the Gernan bird str ike v/arning systen
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| ICURE 2 S e a s o n e l  v a r i a t i o n  o f  L h e
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FICURE J Seasonal var iat ion of l ,ne
lnl .ensi  t ies at night over

--

avera8e maxima oi  birdmovemcnt
Bavaria from 1981 to 198J
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TIGURE 4
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I IGIJRE ) Deil y mexiruF bird
ffoh 19 gspl oftbdr

movement inten6it i  es over Bavaria
l o  1 t  November  198]
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