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TAROBIII ON NBXT OENB'ATION I{EATHBR EADAi

La lk in  6Dd Dout la !  .8 .  Qu ihe

I l I ibo iE  Natu .a l  ! i  6 io . r  s rey
l?2  Natu .a l  Resou.c€6 Bu i - ld iDr
60? Ea6t  Peabodr  D. ive
c h a b p s i s n ,  I l l i n o i s  6 1 8 2  0  U S A

B y  1 9 9 4 ,  t h e  p r e s e n t  w . a t h . t  r a d a r g  H i r b i n  t h e  U n i r e d  S t a t e s  a n d  a t
s i l e 8  x i l t  b a v .  b e e n  r e p t a c e d  ! i r h  a  b € t e o . k  o f

advanced Dopr l€ .  !6ds .s ,  the  Next  cenerar ion  r !ea tbe .  Fada i
( N E X R A D ) .  T h i s  p a p e r  d i s c u s 6 e s  t h e  f i . a l  6 ' e c i f i . a t . ! o n s  o f  N T X R A D
t r t n  r e a p e c t  t o  i t s  p e r f o r E a h c e  i n  d e t e c t i n E  a n d  l e c o l n i ! i n ,  b l r d
t a r g e t B  h a z a r d o u a  t o  a i . c . a l ! .  T e c h n i q l e s  a r e  o u t l i h e d  f o .
a u t o e a t i c a l l y  d i s c ! t D i n a t i h s  b i . d  e c h o € €  f r o E  e c h o e a  c a u s e d  b y
tseathe .  an . l  fo .  ie6 t i . !  the  pe ! to .Ea.ce  o f  r .he  au toba! ic

ll r-



A ne- tpork  o t  l s rge  Dopp le .  f t r tne .  rsda i€  i s  be ibs  bu i l t  to  cov€rt h e  U n i i e d  s t a t e s  a n d  l o c a r i o n s .  B e c a u s e  i t  N i I l
cohp le te ly  r€p loce  rea ther  ia . ra .s  f rob  rhe  t9506,  I t  iB  rehed t i . x rC e n e t d t i o n  L r e a t h . r  F 6 d a r  { N E X R A D J .  A l t b o u S h  d e E r g n e J  t ,  d . r e ! t

I i E X R A D  t n e r r t a b t y  d e t e c t s  D a , )  b i r d  t a r ! . ! E  a .
p a p e r  F .  d i a . u s s  r h e . h a r a c t e r r 6 t i L B  o f  t h e s e  t a , s -F e a l h e r  r a d a r 6 ,  r h e j r  p o t e n t i B l  r o  d e l . . t  v s r t o r 6  ! i h d €  o ,  L r ! dr a r A p r a ,  a n d  t h e  E r a t u p  o f  e f f c r r s  6 r  t h e  t l l i r  o . E  N a t u r d t  f i i s t o r ]S - . r F '  { l N h s '  t o  j D p t r D e n r  r e l - r n r t i c ! . . 1  b i r d  t a r s e r €  - . . " , 1 " , - ;

B a - l A r o u r d  i r f o t E a r i o n  o h  t h p  g " n e r a l  . n a . a c t e r i r l i ^ s  o f  l . f \ R { D  s n tr r r ! s , r a t i o n B  o f  t h . 6 p  F B , B n r a  o J  D r s J a r o r r  o , i o  n o r e , e n r ,  o r
N I X R A D  a r e  g i v € h  i n  t h e  p r o . e e d r n s e  o f  t h .  l E t h  g i . d  S t r r k e
c o o b i t t e e  E u r o p e  ( D e F u a c o ,  e t  e t , ,  t 9 8 e ) .

I I .  s c h e d r l e  o f  N I X R A D  i n s r s l l a r t o n

a wehdd.  has  been 6e lec tod  aor  the  N! ) i r r1 ! r  sy6r .b  Bnd r j ra l
v a l i d a t i . n  t e s t i b d  h s e  j u a t  b e g l n .

I .

1 9 3 8 I n s t a l l s t i o n  & d  l i l s l  t e 6 t i n A  o i  f i r 6 L  N I X R A D

M O - 1 9 9 1  I n s t . l l s t i o n  o f  u r i 1 6  ? - t l

1 9 9 ? - 1 1 9 4  I n s t a l l 6 t i o i  o t  u . i r s  1 2  r 3 5 ,  w i r l j  b . r e  u n i r 6
ava i  Iab l  e  apr j  ons l l  r

l l 9

I l I .  C h a r a c t e . l € t i . s  o f  N ! t r F A D  p . r ! a i . i n c  ! o  t , i r d  t a 1 6 e r s

H o a t  o f  N ' X R A I ' €  s p e c i f i c d i , i o n s  a . c  t r p i c a l  f o r  a  t a r E e  H . a r h e r
r a d a i  { J o i r r  s r e l p E s  l r o J F  r  u r  i r . e ,  t 9 - 4 , .  t h "  t { . . ;  l a r r t . n E r l

p e n e t r a r p r  .  t o u . l  o '  h s . e  J F I  b a ( h s ,  a r r . r s  6 r r o h ! . ,  o f t
b i r d  t a r l e t s .  T h i s  r a v e l e n r r h ,  h o e e v e r ,  c a u s e s  q u a D r r i a i r v .  € r r o r F
i n  € B t t b a t i o n  o f  t h e  s i z e  o f  b i r d  t a r 8 e t s  b e c a u s ; 1 0  c o  i 6  s j b i l a r
lb  a rze  to  soDe b i rd8  ard  to  body  pa . rs  o f  b t lds .

NFjXRAD hds  sbF le  pore .  and €ens i t tv i ry  fo .  de t€c t ins  b j rds  a t  E .ea tr a n s e  ( D e r u s c o ,  e t  a l . ,  1 9 8 6 ) .  B i . d s  ( a n d  i . , u . t s )  s u n e . " t "  s a . o , s
echoe8 tsheneve.  tbey  f l r  iD  r ie '  o f  the  radar  snd ar€  no t  obBcu.€d
by  nea lby  a lound ta .de !B,  t !  bosever ,  N IXEAD
elec t ron ics  r i l l  BuppreB.  the  echoes,  s6  i lesc l ibe ;  be lo ts .  Dopp le .
ve loc i ty  th fo .Dat ion  o .  NI IRAD Hi l t  be  ava i tab le  to  a  ranse o ' l 'Z30
kb,  the  Ds* iEuD rahre  over  Hh icb  re  expec t  to  be  ab !€  !o  anatyze
b i rd  echoes,  a l thouSh ih fo .ss t io !  o r  echo 6 t rength  s i t l  i re
a v a i l a b l e  o u t  t o  4 6 0  k n .



NEXRAD p.oJec tB s  nar low 1-de t .ee  .penc i !  beaD'  tha t  loca l t res
ta lge ts  j .b  he lgh t  aa  re l l  e3  AeorEph lca l l y .  Ho,ev6r  the  ladar  i3
des igned fo r  tsea ther  t . r le t6  lnd  does  no t  perD l t  f lbe  . .ao lu t ion  o f
ta r ie t€  c lo6e to re ther  1n  apace,  lo r  tb iE  !€6soD,  NAXRAD can
fo l ]o*  DoveEent .s  o f  la i te  huDbera  D!  f loc t .  o f  b i rds  bu t  c6nnot
ps tDt  the  f ibe  s t ruc tu le  o f  6uc !  f focka  nor  fo l lo t  s ro l r  f lock3  o .
in i l t v idus l  b i rd . .  In  Des.u .1ng ta tae t  ve foc l t r '  NBXRAD a l IoPs 250-
E reso lu t loD ln  lanse ov€.  1 ta  en tL le  230-kE ted j .oh  o f  cove la le  fo r
b l rds .  Fo .  be . iu r€ len t  o f  echo s t reDath '  the  teeo lu t ion  R ldens  to
1  kD.  As .hopn in  F iaure  1 ,  NBXRA.D pa ln la  F i th  a  b ro ld  b tuah (a l
6 0  t E  t h e  b e a !  i E  I  k E  s l d e ) .

NETRAD ladara  w i l l  be  loca t€d  to  Fov ide  dood cove! . te  fo r  s€a th€r
ta l le ta .  In  los t  caB€s,  thea€ a i t€3  r i l l  a l60  p .ov tde  sood
cove.6se lo r  b i rds ,  un less  the  b i !d .  a !€  (1 )  ob lcured  by  la rse
drouDd ta .ae t€ ,  (2 )  so  lov  ahd d id ian t .s  to  be  obBcured by  lhe
curva ture  o f  t .he  ear tb ,  o r  (3 )  sbove the  rada!  a t  e leva t ioh  ans tee
over  sbout  15  dea.eeB.  c round ta r :e tB  cqn o t ten  ob6cu.e  6u .h  lo t -
l l y ins  b i .d  hazards  aa  au l l€  and b lsckb i rd8  (F iEu.e  2) .

To  decresEe tbe  po6s ib i l i t y  ths t  d round c lu t te !  eou ld  be  EtBt6ken
for  rea the .  echoe6,  IEXRAD iDc ludes  t to  t rpes  o I  c lu t t -e . - re jec l ion
I n  B o b e  c a s e s ,  t h e  c l u t t e r - r e j e c t i o n  . 1 6 o  . e J e c t s  b i r d  t B r g e t B .  I h
t h e  f i r e t ,  a  t H o - d i b e n B l o n a l  D a p  o f  a . o u n d  c l u t t e r  i a  E a i n t a i n e d
con i inuo lB ly ,  S ts t ionory  ta rde la  a t  lo t  a l t i tude  ower  th iB  baP are
r e j e c t e d  b y  6  r e c h a b i 6 D  s i E i l a .  t o  t b e  c i r c u i t r y  o f  B  c l 6 6 6 i c a I
H o v i n E  T a r r e t  I n d i c a t o !  ( M T I ) .  ( S t . a t t o r a r t  t a t A e t 6  o ! t 6 i d e  o r
d i s t l n . t l y  a b o v e  s . o u n d  c l u t t e r  6 r !  h o t  ! e J e c t e d . )  I n  t h e  a e c o n d
type o f  c lu t te r  le jec t ion '  do t -echoe3 are  le jec t€d  by  a  ra the .
c o b p t e x  B c h e b e  t h a t  s e d r c h e s  i o r  s i n g l e  2 5 0 - D  r e s o l u t i o n  c e l l s  t h a t
a .e  t ruch  Bt rob le r  thEn he ishbo. inC ce l l3 .  Such ce l l6  a !€  .€p laced
b r  t h e i r  t s € a k e r  h e i s n b o r B .  I n  t h i €  r a n h e r '  B u c b  i . o l a t e d  t a r s € t g
a s  a i r c . a f t ,  b . o a d c 6 6 t  t o r e r € ,  s i n a l e  b i r d s ,  o r  f l o c k 6  b u c h  u n d e r
2 5 0  &  i h  6 i ? e  a l e  f i l t e r e d  o l t  o f  t h e  N I X R A D  d a t a  T h e  d o t - e c h o
f i l te r ihs  can b€  s r i t ched o t f  bu t  Present  n€ thod8 o f  Deasu. i .nE
reather  phenoDena na l funet !on  rbED dot -echoes reEa in  in  the  dq ta .

Tareets  in te rDed ia te  be tpeen d i6 . re te  do t -echoes and d i f fu3e or
6pat ia l l y  ex tehded b t rd  Eoveoe. t8  inc tud€ iEpor tan t  bezatd8  to
a i rc ra f t :  b i rds  o .  b6 ta  en ter in l  o .  depar t in8  rooata ,  eoas t ing
Dovehenta  o l  tu l Is ,  la lse  f lock8  o f  sa ter fo , l '  and  soEet iEeg
! is ra t iDr  rap io r . ,  F i tu reB 3  a .d  {  i l l us t ra te  the  e f fec t  o f  do t -
echo f i l te r lnE oh  one Buch L ind  o f  lD te .Eed iBte  ta rge t ,  nane ly
f lock6  o f  C lhada Oeese,  The do t -eDho l i l te r ina  obv iou6 ly  r .duc€B
c lu t te i .  Uopever  !6ny  o f  the  6Da l . l€ r  f lock .  a re  . l3o  f i l te red  ou t
o f  the  lDase o !  f l i cker  ob  .nd  o f f  v i th  6ucc€6a ive  sweep8 o t  the
lada i .  La !4er  f locks  (F i tu re  5 )  p rove  6 t€ady ,  p roDinent  NaXRAD

Al thouth  NIXRAD i .  coDpute ! -co . t .o f led .Dd c lD be  p los .aMed to
Dove 1 t6  Bntennh 1n  erb l t la r i t r  co lp lex  pa t te rns ,  t ta  acahn ihg
a t r a t e g l e B  r i I I  b e  a l D p l e ,  a t  l e u s t  d u r l n !  i t s  f i r B t  t e a r s .  A s
NBXRAD ae l rchee fo i  b i rd  ta . re ts ,  the  rn tenna s t l l  u6ua l ly  love  in
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360-dearee speeps ln  l r tDuth  a t  tbc rereDts  o f  oDe a ter .ee  iD
e leva t ioD.  The Esx tDuo e leva t ion  r I l t  be  about  t5  d ;8 .€e6,

Eo lh  ope i l t loD. l  .hd  re6e l rcb  rsd l rs  lD  uee today  rc ly  ob  l ined l l y
po la r i red  b€Bns.  xe l lher  radars  no .EAl l r  e rp loy  ho . t ion ta l
po l ! r l ra t ion ;  t iack tn !  ladsr6  o f t .en  ebpto t  v ; . t i ca t  po l6 r j . sa t iob .
Ib  cont r .B t ,  NEXRAD h6s  .  c i rcu l6 . Iy  po t l r i red  beaD.  aecaus .
c l r c u l ! r  p o l a r i z a t l o n  ! e f l e c r s  D o o r l r  o f f  f I 6 r  s u r t . c e s ,  u e  e x p e c L
e c h o e s  f r o b  a r o u D d  t a r g e r s ,  ! i r c r a f r  f u € e ) r s e . ,  . b d  o r h e r  s u r f a c € E
to  be  a l t€Du6ted  on  NEXRAD re la r tve  to  cchoes f roD c loud drob le tB ,
p r e c j p i t . t i o n ,  a n d  o r h e r  r . . r h e t  t a r r e t B .  B i l c t  r . r r . t B  r r .  ; o o p l e r
tn  Bhape rDd ih te rDed i . re  ln  s t r .  b . tseen g .ound t6 !ge t .s  a ,d  ssrer
. l .oP3,  a i rd  t l rae tB c6n be  .xpec t€d  to  Buf fe r  soDe d lD ihu t ion  o f
€cno re tu rD because o f  the  c i rcu la i  po la r i r6 t ioD;  boFever ,  rhe
desree o f  the  e f fec t  o f  d iE inu t loD o f  the  echo !€ !a1ns  op€h to
s p e c u l a t . i o n ,  a s  d o e s  t h e . e n s i t l w i t y  o f  t h i s  e f f e c t  t o  b ; d r  B i z e ,
ta .se t  aspec t ,  6nd th .  d iB t . tbu t ion  o l  b i rd  ta r le ts  in  sDace,  he
l n o u  o f  n o  r a d a !  s t u d r e s  o t  b r r d s  i n  H h i . h  . r r ^ u i a r  p o t a i r z o . r o n
e 6 6  u B e d .  a a s . d  o n  p r r D r t i w .  t h e o . e t i c a l  c o h 6 i d e r a t r o n B , . "  c r D - . 1
t h r t  a  t e e  d B  o f  e c h o  l 0 6 6  e i l l  b e  i n . u . r . d  b e c a u s e  o I  N E X R A D . 6
c i rcu la .  po la r i la t ion .  S lch  loss  Hou ld  be  a  o ibor  fsc to . .

In  add i t ion  to  ecbo s t rens th  and rad ia l  ve loc i ty  o f  ta rde ts ,  NEXRAD
eEt iDateB the  s id th  o l  the  Dopp le !  spec t iuo .  Th is  es t i la re  shou ld
Prov i . le  an  ind ica t ion  o f  hoB DUch the  speed o t  the  ta rde t  wa. ies
dur in l  tbe  t iEe  the  l -dea.e€  !Bda!  bese the  ta rae t .
Idea l Iy ,  th ls  6pec t rub  e6 t iDate  approeches quant i ta t . t ve  bea6u.€renr
o l  the  second oobent  o f  a  sab l }e  o f  the  ts rse t  ve loc l ty .  The
e lec t ron ic  D€thod6 use. t  to  e6 t iha t€  spec t ia l  e td th  1n  Dopp ler
rada!3  are  s t i l l  i n  the  d€v . lop&eht  s tBEe .hd  prese. t l r  F roduce
l b p e . f e c t  b u t  ! B e f u l  € s t i h a t e r  o f  v a . i a b i l i t y .  t r e  c x p e c r  s r e c t r a l
r id th  to  b€  s rea ter  on  av€ra le  fo !  b i .d  ts rser€  than fo r  rearhe .
t 6 t 3 € t 6 .  r b e  I l i E s  a b d  t h .  I t l i n o i s  S t a t e  l , J 6 ! e r  S u . v e y  n a w e  b e e n
c o o p e r a t i n t  i n  s t u d i . B  o f  6 p e c r . a l  F i d t h .

Iv .  rechn iques  fo .  d isc r l l i r s ! ihg  b t rds  f loD orher  NEtFAt  ra rd . t€

The INHS iB  deve lop in r  Bn . l sor i lhb t  fo .  d isc r ib tba t ins  b i rds  f ron
other  ta rse ia  auch aB s .a ther  and insec ts  (UueI te r  .nd  Lark in .
1 9 8 5 ) .  T h e  a l d o r l t h D  w i l l  b e  j h c o r p o r a r e d  t h t o  t h e  N E x R A D  s y s r e E
af te r  i t .  iB  cobp le ted  lDd is  BhoPh to  be  !e1 iab le .  D iscr ih lnar ion
of  ta r te t  t ypes  br  the  B i .d  H l ra rd  A lsor l lbD c6 .Dot  be  accooDl iEheat
! . i n A  o n e  B i o p l p  c l i t e r i o n  b u t  r a r h e r  l u r t  u s e .  c o D b j h a t i o n  o l

rAD a lgor i th i  18  a  p rec i re  Frocedu le  fo r  ca . .y ln r  ou t  a  task .
In  th i6  case,  the  task  i6  !€corn i r lh3  b i rd  ta .se !6  on  NEXRAD and
a l lo l l thbg  6re  coc lea l  in  a  6pec ia l  l .nAua le  ca l led  NEXRAD A l lo . i thD
Elunc la t ton  LanausEe (Jo in t  Sy6teDB P.o jec t  Of f i cc  1984,  see a lso
Append ix ) .  In  fac t ,  the  B i rd  Haza.d  A lso l i thb  p i l l  be  iDp leDenred
aB a  aDa l l  buDbe!  o f  6ep6ra te ' t iXRA!  a taor i thbs .
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s a l t e D t  e c h o  c h B r s c t e ! t s t i c B .  e  h a v e  l d e n t i l i e d  g e v e r a t  c d l i e n t

c h a r 6 c l e . i 6 t i c B ,  t h i c h  F e  c a l l  d i a d n o s t i c  v a r i a b l e B '  B e c a u a e  d a r a

oh the  ac tua l  sppearance o f  b l rd .  cn  NIXRAD lada i '  s i I I  no t  be

" "o i r " r r .  " " ' " i r_ i r , "u t  !989,  re  ie lv  o .  da ta  f loD o the !  6 iD i la r

. s d 6 r s  1 o  r t u d i e s  o f  p o s € i b l e  d t a s n o s t i c  ' a r i a b l e E  T h e  . a d a r 6 '

a" i "  i r . "  " r , r " r  app"o i  l .  o ' "  e r . l ie r  BscE co ' t ' i bu t ioD (D€ lusco '

€ r  a t ,  1 9 8 6 ) ,  a r e _  O r p p r e r  v e s t h e r  r a d a r a  d e s i a n e d  f o r  r e B e a i c h '

They  c loBe l ;  res .hb l ;  !h "  NExxAD 6Fe. ia ics t iob6 s i th  the

" i i i ' i i i . " " i - . * . "p t i .n  o f  l inea !  ra ihe .  than c i rcu la r  Po ls ' i za t ion '

T h e  d i a s n o . t i c  w a r i a b l . s  p l e s e r t l y  n s b e r  e l e ' e n  ( T a b t e  l i  s e €  a 1 3 o

L a r k i n ; n d  Q u i d e ,  1 9 e ? ) ,  F o r  s o l e  o f  t h e D  ( e  c '  D B t e )  F e  c a n . r e r !

on  i r io r la t i . .  f roD pdb l ished 6 tud ies  o f  b i ld  Eove&ent€
r i " r  l i " : ' . . *  . la ta  ;e ts  ava i reb le  a t  tnc  IN is  6nd € lsePhere  ro '

. r t h e . s  ( €  s .  s r e c t r a i  L i d t h )  '  c . ! € i d € . a b 1 e  b a E i c  r e a e a t c h  t u n t  o e

c a r r i e d  o u 1  b e f . r €  s e  s r r d l I  h a l s  6 r l f i c i t n t  u ' d e ' a t a n d r n r  r o  u 6 '

v e r t f i c a i i o .  ! f  t h e  a c t u a l  h i i d 6  o f  e i r b l r n e  t s r l e i a  t h E t  r ' r o d u "  a

! r v . n  r e ! i o r  u i  e c L o  o D  a  I a r 6 e  r a d a r  i s  e e ! e c i r l l t  i D p o r t a r ' t  1 n

; ; " ; t " ; i ; , ;  s  E i rd  I l sza .d  A laor i th .  r ' r€  need io  b '  c€r ta tn  sh i ' :h  o l '

o " " " . " i  t i n a "  o f  b ! . d  a n d  ! e a t \ e .  t a r ! e t E  P r o d u ' e  t h e  e c h o e s '

A o o n r  b i . i  t a r € e t 6 ,  t l , e  d e E . e c  o i  h s 2 s r d  ! o  a w i a t i o n  d e p " d €  L ' F ' r

L h e  k i r d  a n d  n u n t e r  o f  b j . d e  p . e s e n t  i r '  t h e  a i t  $ h e n e w ' : r

r - s a r b l e ,  r ' . - c r o r " ,  ! '  h s \ "  d ' j :  ) " 1  a r o  d  o b " " r r P r a  t s ! r l

L l .  - r u , ,  I  r d ' r . i r r  a n d  I  J r '  I  r l s  ! r ' l P  r F  r e l d r  r ' ) " : a '
( F i s u r e  i , ) .  A t  n i E l t  a n d  * h € r .  t i i . d 6  t l t  a t  h i l h  a l t i t ! d e 5 '  r r  t o r '

u 6 e a  a n  I \ ! 1 S  t . s n e ! o r t o b l .  t r ! c ! i ! 3  r a d a r  d ' d ! ' r d t ' t r d  t o  d ' t a j l e d

. r o u n t l n E  B n d ,  ! ) , : h  p o 5 6 i t , t e ,  i d e n t r 1 j . a t r o ' '  o f  b i i l o s i ' a l  1 ' a r a e t d

l r : i e , ' . _ o r .  r " i t l ,  t i e  t r a c r r e r ,  r !  . a i  i d . r t j t r -  b . 0 6 d  ' l a a F e s  ' f

t s r g e t s  r l s  v i n { b e d t  . i c n s r u r e E  . " C  u s i n :  i e ! e a ' o p e s
b o u n t e d  6 F o t l i 3 h 1 , .

T i l e  l i r d  i j a z a r d  A l a o . j ! h b  a t t e F ! t €  t o  d l . r r n g L r G h  a n o ! g  1 r r '

c l a 6 6 r s  . f  r a d a r  € c h o c 6 .  q e a t h . r ,  r n . " ! 6 '  o r d r a t o r t  E o v e n ' n r e  o l

n i x r d  s I , € . i e e  o i  L , i . d E I  b r a r a t o r )  o l e r ' n r s  o l  ! s t ' r l o w l t  d i ' i  1 o ' ! 1

! o w . d . ^ n t 6  o f  ' s r c r t o ! I .  o i h e r  t a r E . t  r : v F e B  i r ' r '  e r d n ! r e t

L l a . k b i r d s  a n d  s u l l 6 )  e i l l  b c  a d d e i  r ' l r e n  "  h A w '  e n o l a h  d a t a  A !

1 e ^ 6 r  E o n €  c l  t h e  f i v . . l a s s e s  o t  € . 1 . e 6  d i f i e r  t r ' E  o r e  a n c t h t s r  o i

e a c h  o f  t h e  d i a g . . 6 t i c  v s . i a b l e s .  A l t l \ o u : b  s  p a r t l c u l a r  d i a t n o e t i c

r B r t E L l e  s e r  p r o v i { i e  t i t t l e  o r  n o  h e l p  i n  b a k i r L !  a  d € c i s i o n  6 b o u t

o n "  " r " " " . i ; c h o ,  i t  D a t  b e  b e l p l ! '  t o r  s n o t h e r  c 1 B 3 6  F n '

i n s t a n c e ,  o n €  l i n , l s  t i D e  o f  d a v  o f  h o  n e i . l  i L  d d c i d i n t  t h e t h e r  a

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

whether  the  ec lo  i s  SeDers ted  bv  brEra torv  pa6Ee: inea

Ibe  conp l ta ! to .s  t i t rB t  au toDs i ica l l t  d is r in ru ish  aDonf ,  the  c16sse6

of  ee l ,aee re ly  on  a  ba t ! i x  o f  p ic ta l j1 i t t  func t tons ,  obe fu 'c t ion

r " .  . r . r '  " i . " ' .  o f  echo fo r  each d iBgno. t i c  var !6b Ie '  ! ' l cu re  ?

i l lus t rB tes  the  ds !6  tha t  auppot t  th '  p ro t 'ab i l t t t  func t ionB An

" r " r r t " . t  s  D r o b 6 b r l r i v  l u n ' t r o n  s p l r c a t a  j n  l r C ! r e  S  x h e n  3

d l a s ; o s 1  (  r u j i " t ' r c  i t  n o t  h e i p f l l  l o t  B  ' 1 6 8 3  ' f  " h o i  l h a r

f u n : t i o .  e q ! " l 6  1 . 0 .  F o i  e a c h  e c n o  r € ! i o n '  t h e  c o a p u t e i  e v a l l a t e 6

l r ' . -  i . t " l ' . r  f u n c t i o h s  a n d  l o r  e s c h  c l q s s  o r  e c h o  i t  c a l ' u 1 6 t e a
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the  jo in t  p robab i l i t r  ac roEs the  d ia ! .c . ! i c  var j .ab le . ,  t f  t .he
cooputa t ion  6ucc€ed6,  a t  le6s t  ohe Jo in t  p robab i t t ry  F i l t  be
bohze.o  and th . t  o f  the  oouect  c la .B  o f  echo r i l l  be  ta .se ,  than
the  o thers ,  the .ebr  ia t€Dt i f r ing  the  echo.

A l thoutb  the  ca lcu la l lob  o f  1 t  s t .e t iB t , i ce  on  an  ccho re i ion  and
aubsequent  eva lu . t ion  o f  66  to  ?5  func t iohs  seeD Isbor ious ,  the
NEXRAD coopute .  F i l l  Dot  coep ls in .  to  i l l us t ra t€ ,  re  can procesa a
an echo !€3 ion  o f  sbout  25 ,000 ee l lB  iD  ude!  tO secoDds,  on  a
b ln icoDpute .  E lo re !  tban the  oDe NIXRAD use€.

v .  Ie thod o f  tes t ln i  tbe  81 .d  laza .d  A l ro r i thE

Becauae b t rd  t6 lde ts  a re  in  BoDe eay .  Door ly  knoxn on  lo -cD sea iher
radar6  abd becauBe o t  tbe  coEp lex i ty  o f  the  a lgor i rh ! ,  le  s lb jec t
ac tua l  b t !d  echoe6 to  a  sor l inB coDputer -coded a lso . l rb r ,  Tne
r e 6 e a r c h e r  o u t l i n e s . € E i o b 6  o t  e c h o  f . o D  k . o r n  t s r s e t s  o n  a  c o l o r
P t a n  P o E i t i o b  I n d i c s t o .  ( p F l )  i e a ! e ,  u s i n !  a n  i D t e r a c t i v e  ! . a p h i c
d i 6 p l a y  ( F i d u r e  9 ) .  A f t e .  a . e s i o n  o f  i n t e . e s t  i €  6 e t e c r e d  i .  t h i €
tay '  the  cobputer  s to r€s  q  p . io r i  la r te t  iden t i f i ca t ion  ! i rh  the
c t e 5 . l i p t i o .  o f  t h e  r e r i o n .  c o E p u r a ! i o n  a f  t h e  d i a s n o a t i c  w a . i a b l e 6
t h e n  p r o c e e d a  d u t o o a t i c a l l y  a n d  t h e  r e 6 u t t i n s  j o t n t  p . o b a b i l i t y

c o l p a . e d  H i t h  l h e  c  p . i o i i  i d e n t i f i e s t i o n  t o  e v a L u s t e
t h e  s u c c e a a  o f  i h e  B i r d  U d z a r d  A l a o r i t h b  i n  c a t e E o r l z i n s  t h .

F u r t h e r  l o r k  e t t h  t h e s e  a l s o ! i r h h s  s i l l  c o n s i s r  o t  c o l t e c r i n s  d a r a
t o  c o n E t r u . t  a i d  r e f i n e  p r o b a b i l i ! y  d i s t r i b u t i o n ! ,  e x t . h d i n !  t h e
s l g o r i t h n  t o  o t h e !  c l a s s e s  o i  b i r d  h a ! 6 r d s  s u c h  a s  b l s . l b i r d 6  a n d
a u l l B ,  d e v i s i h d  E e t h o d s  t o  i i n d  i b l e r e s r i n r . e s i o b 6  o t  e c h o  a n d
d e l i h e a i e  t h e b  a u t o E a t i c a l l r -  t o r  s u b ! i s 6 i o n  t o  t h €  a l s o i j r h n ,  a n d
d c 8 c r i b i n d  6 u c h  6 i t e - s p e c i f i c  d i 6 s n c E r i c  v a . i a b t e 6  a 6  ! e o ! . e ! h i c
f e a ! u r e E  a n d  E i  s r a t i o n  t i o e t a b l e 6 .

VI .  Acknor led !eEents

D a t a  u e r e  t a t h e r e d  f o .  t b i €  r € s e a r c h  a t  t h e  U . S .  A i !  F o r c e
C e o p b y s i c s  L a L o r a t o r r ,  I l l i n o i a  S r 6 r e  r a r € r  s u r v e y ,  H 6 s s s c h ! 6 . r t s
I n B t i i u t e  o f  T € c h . o l o t r ,  a n d  N s r - i o n E l  c e n t e r  t o i  A t b o s D h e r i c
EeBearch .  ln lo rns t ion  on  the  NIXRAD rada i  By6teb  FdB prov ided b t
the  NEXRAD Jo in r  Srs ted  P.o jec t  o f f i ce ,  Dav id  r ru .koe,  lusene
H u e l t e r ,  a n d  D o h d l d  S t o s ! s  o f  t h e  I l l i n o i 6  s r a t e  t { a t € r  S u . v € y  a a l e
i b . t i s p e n B i b l e  a d r i c e  a n d  t e c h n i c a l  h e I p .

T h e  U . S ,  A i r  F o r c e  s n d  t h e  U , s ,  F i B h  a n d  r i l d l l f e  S e r v i c e  f b d e d
the  researeh.  te  par t . i cu la . l y  apprec iB te  the  knoF led leabt€
aas ia tahce 6nd encou.aEeDebt  o f  Cdpta in  Fusse l l  DeFu€co.

V I I .  R e f e . e h c e s
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D e F u s c o ,  E , P . ,  L a r t i n  R . P .  6 n d  q u i n e ,  D . B ,  1 9 8 6 .  B i i d  h a z a r d
e! .n ind  ur lns  Dext  aenera t ion  ee l the .  . .d6r .  P !oeeed i !86  o t  the
lS th  E i .d  s i r l | .€  coNi i tee  lu lope '  Cop€nha len ,  26-30  Uay 1986.

Jo in t  s rs tenB ?ro jec t  o f f i ce  fo r  NIXRAD,  19a4.  N lxnAD techn ica l
Requ i !€beDts  ( l l tR) .  DocureDt  !100A-sP-203 ( .eF! ih ted ,  r ' l sv  1985) .

L a ! k i . ,  a . P .  E n d  Q u l n e ,  D . B .  1 9 4 ? .  a e p o r t  o n  b i r d
cont rac t  DACA-86-D-001 to  the  Ua iver6 l ty  o f  I l l tno i3  bv  lhe  U.s .
Ar ry  Cohst ruc ! ion  BDr inee. iDr  Resea.ch  Labora tor t .

n u e l l € i .  B . A .  . n d  L a r k i n ,  n , D .  1 9 3 5 .  I n s e c t s  o b s e r v e d  u € i n E
dus l -po ls r iza t iob  !ads . .  Jourha l  o f  A tDoBFher ic  and Ocean ic
l e c h h o l o t y ,  ? : 4 9 - 5 4 ,
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TABLE 1,

s t i ! ! 1 .  i n  ! e t t e c r i v i t y

s t i p p l e  i n  v e l o c i t y

s t i p p l  €  t h  q i d t h
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Diadnost ic  var iab t€s  pr€6ent ly  in

Per  ce l t  o f  the  echo re r loD

Date  o l  the  da ta
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codes fo r  ]a rse  habt ta t  .es ions :
o c e a l s ,  * € t l a D d a ,  d e s e . t B ,  e l c ,

D is tahc€ f .oD lhe  s round,  kE

xcho 6 t len3th  lD  dec tbe ls  re t6 t i ve
to  a  E ianda.d  abount  o l  H6te ,
6uBperded eve.1y  in  a i .
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l lO lJR!  3 .  PPI  o f  eoose f loc .k6  J lob  reaea lch  rBda. .

The da ta  r€ re  ! .k€D on tO DeceDbe!  198? w i th  the  Cg l l l - .adar  o r
the  I l l i no is  S ta te  l , la te !  su .vey  us in t r  a  Bate  apoc ing  o f  150 n  fo r
bo th  echo Bt re ls th  and v€ loc i ty .  Dot -ecboe6 have bo t  been
a u p p r e s g e d ,  C o o p a l e  F i t h  F i s u r e  4 .

t6-tl.la gf
13 13 cs

FICUI

';r '' ',':

.'.'. .i

)3?
TF32

\ a a

t2  L1

6 B

o 2

dw

RFLECIIU
FPI

l - . !



a
*F?

a d

2-11

5 S

6 2

)P
9-?

z4-B

la-2s

t2 t4

6 €

E ?

,i*'l ;.' t.
-  €  -  7 '  ,

,

ap

RSLICIIU
FPI

S 4 D € C
RA l@ kr

' i r  a

: . \J

' -  j . ' .  - .
. : . .  .

T I O U R E  4 . ' p p l  o f  g o o s e  f . l o c k s  a E  6 e e n  o n  N E X R A D ,

: : : , : : : : - : l  l i :9. :- t -rer" p.oce6€e.r !o produce a crose
ffffi;i:";:;:":i"":fil:::"i::: spacinr,'oi is6, ii-i!r..r.v ""a

O.ILL
l6;-t*:c-ga
13,13 cs

I
....i"!i.-.::..  ;  & . i , , ;
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l I c l rRB ? .  s t ipp ]€  th  re l lec t i v l t v  bv  t r ' i e t  co lpoEi t ion '
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r l i l . r  echo fo r  bo th  booo ieneouB .nd  cooPos i t '  ta rae t6  l :o te  lha t  s
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FIGURE 9 .  Crapb ica l  . les i8nat ton  o f  a  re l ton  o f  €cho fo r
.na l r6 i3  and aubo iB. ioD to  the  B i rd  Hrz . ld  A ]aor i tbD.

The 1Da3e i .  a  lonoch.oEe r€ndt t ion  o l  a  co lo !  PPI  o f  veroc i ty  ov : r
thc  hor theas t€ ! .  U i i ted  St ! t€6 .  Tbe ladar  l s  loca ted  a t  the
u. i3achuset ts  InEt l tu te  o f  lechno lor r  in  c .Ebr idse ,  l laBaachu6et t6 ,
a t  the  center  o f  the  d i6p lay .  The l . c t .ng l .  13  200 kE across .  The
l r re lu la ! -shaped . rea  o f  echo ex tend iDt  ou t  to  40-90  ko  raDs.  i6  due
to  b ia .s i , in t  b i rda  oD a  b id r t  o t  bo lo l l  f l l l  D ia ra t ion .  The echo i6
oos l l y  pasBer ine6,  bu t  lay  i ! c lude soEe l .eec t  echo a3  re1 l .  l choes
to  the  !  and SE are  due to  ta l l  bu i ld in rs  tha t  le t . lec t -  End obs t ruc i
the  ladar  bea&.  A  dark  a la  to  the  SSt  over  the  € ta le  o f  Rhode
IB lahd hs6 be€n dr6en by  the  opera to !  to  des ignate  a  res ioh  o f
r e c e d i n g  b l r d s  f o r  a n a l y 6 i 6  b y  t h e  B i r d  H a z a r d  a l d o r i t h D .
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APpENDIX.  Exahpte  o f  A l io l i thb  lnu .c rar ron  Lan6us(e

T h l E  t r s r b e n t a r y  e x a b p l .  I l l u € t r a t e r;l*;j:l;i,:i;.r:i;i"i;;,:i#j:ii;":,iti.x"it*.^;5 i;,"i"":::. ^+j.
::;.:l',::;:;;t:;: :;:;,::.;;iii:"1;l;i:ll"l,:i::!;iiliru;i:::!' "

I F
aLL (ECi lO SIC] I IN IS )(ECHO SEOHINT has  e teDent .  t

T H R l s t o L D t M a \ j E U b  B D d  H . i g h r  ) )  o h(  H E A N  R E F L ! c T J ! I T Y I E c h o  s e s b e n t )  )
T H R T S H o L D  ( B i r d  n e f l € c t i v l t y )  )  o R

t A l - 1 e a " t  1  p O S I I t O J  t C a B .  R e p o r r 6 r  r s  b e D e a . h  r h r 6' i C H O  S L y F f . T  A \ D  N O t  . F i  q C  l | . o  l o r r t ,

T I t I N a  
^ u o u r s t r o n )  f o ,  s a r d  p o s i t r o n r

JF 
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