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1 . 1  Program O b j e c t i v e s

The t i l t  m ate  go a l  of the  work reported h e r e i n  i s  the  development  of

a rca I — t I me met hod f o r  the  shor t  — rang e I. 0 —20  m i n u t e )  forecast  0 t’ st 0 rut
dev e lopment  and not t or i . The i i i i  ( I a  I s tep in  t h i s  program was t h e  develop-

ment of oH ect i y e  t echn uiues tot’ t he c t t j  c i  ent r cpr escnt at  ion of I n to rma —

t ion oh t a i ned t rom a s i n g l e  i1opp i c r  t~ ea (he r  rad~i I. (C r ime . 9 ) . the

radar da ta  a r c ~~~~~~~~~~~~~~ to o b t a i n  f i x e d  and ~~ ~~~~~~~~ r e f l e c t  i V i  t v

~0~~f ou r s  ~~ peak referenced t a n g en t  I a t  shear c o n t o u r s .  The escent i a I

i n t’orm at ion cot i t  a m e d  in  t h e  c o n t ou r  dz i I a a re  ri - p r e sen t ed  hv a set of

a t t r i b u t e s . In  t h i  S report  . we co~is ider  t he  second st  ~~ in  the  program .
t he a s s embl y  of ’ data  o b t a i n e d  from a set of r ada r  scan s  i n t o  a s~’t of

at  t n  h i i t e s  t h a t  c h a r a c t e r  i ~c t he thre e- . d m iens iona I st n t t c tu r e  of ’ the
snia l 1 pr ec ip i t a t  ion c e l l s  and s u r r o u n d i n g  echo reg i ons , t h e i r  m o t i o n  • and

t h e i r  d ’ ’ j ~~~nt in  t i m e .  in  I t  Ia  I cons idera t ion i s  g i ~en to the prob l em

of foreca st  i n~ prec i p i t a t  ion c e l l  deve lopment  and not ion .

.2  Sumn iarv of R e s u l t s

the work p er t ’o ruied under th i s con t r ac t  was concent r at ed  in three
m a j o r  a i-ca s : (a 1 1 mpr ovemcn t to  the c e l l  d e t e c t  ion program developed

nu der the  pr ey I ot i s  con t rac t  (Cr ane  • I 9~~ ) . ( h)  deve I opment of the ~~ I uine

c e l l  detect  ion and t r a ck  i n~ proi ~rarn • a nd ( c 1 ’eP81~ l to 1 ”~ d a t d  an a l  ~~~ j S  0

support t he ~levc I opment of c c l i  t o re ca s  t a I gor i t  hut s

Ih i ’ Ci’  I I  dt .’t (‘C ( i o n  prog I’aIIi i~ a’  C\  t ens I v e t  V rev i sed to  reduce the

amount of coN ’ S (0  i’ .It~i’ reipl i red t ’o 1’ some o f ’ t h e i l i t  ege r a ni ’av  s ii ~ed in

p e l k  ret  er t .’nced ~‘o at out ’ , I f l . I  I y .~~ ‘ 10 1’th ’ C c’ . rel l ~~~~ i \’ I t \  • I ~lIi~~(’ii t m a  1

Thc. l  r • .II1II i~ojp Icr “ rrt ’,ld i i i  1 . 1  5~ DIII I I attcoti’ — I ; to I t i c  I Ilde c J ~ l’ i’ l d  U1’i’IIIIa t loll

• i n  t he N’ t i  cci i i  i t  md t . l Ih :en t  I a I sh ea r p eak mit  t r I hu t i’s ;  t o  u~ e t h e

i i  I . i  t i c i  i k~ ll~ i I I I  N’ of r ound c i  l i t  t ci’ . t s  i i :  . i  i ~i in r e cc t t u g  g i’otiiid

• c l u t t e r ;  t o  I c ’ ~’ c ( L I I  i ’ LTI . I  t t C I  1 1 1~OI’I ~I er  ye b c  i t  v mimh I it c~ u ” lug

r m i d i . i l  c l o c i  I ~l . i t a  f ront r c s t ’h i t  t o r i  c le i t i e t i t s  ; i d t a c e t i t  ill r:liIge ~ilId t u

. 1 m i i i  t h and t o  ~I r~ t he ipia n t m f i t  io n  ci  cr used i n  t he ~~~ k C i t e  rericed

coii l o u t ’ Ili~ O I ~ i ’ 1 ’ I  I l o l l . I i i  I hi’ p l C ~~ of  N’\ 1 5 1 ng I he program add I t  oi~ I

re f t  nemen (5  I~ C I’ t ’ ~~ t~ ii ’ i i i  t he ci ’ H ilet N t I Ofl I ~~ c to  cot’ rec I SCV er a I

-~ -~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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defects det cc ted us in5  ac tua l radar  dat  a and to itt tp r ove ’ the  t cebit i que

used to store t em p o r a r i l y  the  pe ’ak referenced cont our dat  a to inc reu se

the speed of the  p r o c e s s i n g  a l g o r i t h m  m iiiel reduce ov er m u l I core s t o r a g e .

\ t  ~r ’~~ 1~t , the  cut i re program requ i red for  t he  s m u  I tan eou s proe~’s s i flg - -

of r e f l e c t  iv I t  v , t angen t  l u l  shear , and 0opp i er spread da ta  f i t  s i n t o  the

co t’e s t o r a g e  muv a ii ab I e ott the C u t ’ nn ( i0 ; a res u l t  not m i nt  i c i pat  ed at  t he’
st a r t  ot ’ the  program . —

I’Iw pro gram i s  cur r en t  I v  r e l a t  i v e l  v s l o w  in  op er at  ion due to 1) t h e
ex t  ens ly e  number o t’ i npu t  and out put tape or 1i i sk opera t ions  us cii t o

read the  i nput radar  dat a , s tore  da ta  for  p l o t t i n g , ~ t ore dat  i t o n  sub-

sequent vo lume  c e l l  de tect  ion mi n d t r u c k  j ug  and t o  Sto r e  dat a t’o r B scan

p r i  n to i i t  S mind ( 21  the  l a rg e  number ot ’ b i t  m a n  i~ tti Ia ( i o n  op erm it  t o i ls
reqit I red t o pack and unp ack dat a t’or s t ormlge . A COnS I dei ’abl t ’ t I t ile

s I \  t u gs  can st i l l  be a c c o m p l i s h e d  by r educ ing  the  amount  of outpu t data

m ind 1w newt’ i t  I ng t he  program in asseiub I c r  1 m l n gu iage  to reduce the  r inc

spent i n  suh ro ui t  I t ie cml I t s  f o r  h i t  man ipu t a t  ion and I nil i rect s t o r a g e

a d d r e s s i n g .

\ volume c e l l  det ect ion and t r a c k i n g  a l g o r i  thn~ was developed t o  com-

bi ne the  d a t a  from s u cc e s s i v e  radar  scans  • I’hc t’i xed and peak r e ferenced

c o n t o u r i n g  ope i’a t i otis ar e  pert ’o ruied independent  lv  for  each mi m it t Ii scan

of ’ t h e  radar .  The r e f l e c t  iv i t  v c e l l s  (peak referenced ) are mu s s oc  i m i t e d

I ron one ci cv mi t b i t  a n g l e  to th e’ nex t  to form ml vo l  t ime c e l l  and t rout one’

v o l u m e  c e l l  t o  t he next to toi’ui a tra e ’k. ‘I’he ref l ect iv i t v  eel  I s  are

u sed to i dent i f  t he  has Ic  organi  : m u t  ion ot ’ the  radar  d a t a .  F i x e d  contours

t hat  eri c lost ’ issoc imi ted r e f l ec t l v i  tv cells arc used t o  d e t e r m i n e  the 3-

d i m e n s i o n a l  echo envelope t’o r the re f lec t iv  i t  v c e l l  (or  c e l l s ) .  ‘I’angent  im i l

shea r m ind I ) op p l ci’ spread ~‘eI Is  ar c  I i  hew I se a s s o c i a t e d  from s e a n — t o — s c a n ;

i c co c  im i t e d  w i t h  ret ’ I ect l v i  tv t’el I s  ( i t ’ p o s s i b l e )  ; m ind ident  i t’i ed w i t h

I ~ i~t i e’ot l ~~~~~~~~~ et1t c ~~p ’s I ’ht ’ 1 0Wt’S ~ ~ ~ ~~~~~~ Id  ~
‘ 

‘~~~ cent our t h a t  cue lo Se ’ s

‘mich of t he r et ’ l ~e’t l v i  t v , shea r , or sp r ead c e l l s  i s  used to t mig t h a t  cci  1

to ml id  in  the  m i s s o c i m i t  ion proe ’~~5s i r i s ,  —

•‘. new set of m i t t  r i h u t e s  mire developed for  emie ’h v~’ l t i i ne c e l l  • A l i s t

of ’ t hese a t t  r I b u t t e s  mit’e ~ I y en in  t a b l e  I for f ’i ~eei contours  mind f ’or re-

t’l i’ct i v i t  v , shear , and sp rem id  i’d i s .  t h e  i t t i ’  i butt ’s to he c i  I c u l m u t  i’d t ’or

each vo lum e e’t’l I m i r e  read l i v  noel i t i  i’d • The b a s i c  volume c e l l  Jet cci ion

an~I t r a c k i n g  a l g o r i t h m  i s  used to p ert ’orm t h e  S c u l l — t o  st ’ m il t  a s s o c i a t ion .

i-i 
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When d a t i  from t i~o s~’m ir l s  Ire  mis  sot’ I mi t ed  , t he” can be used re id I 1 t o

i’a I ~~~ l ate’ . i t m ~ d c c i  red m u t t r ’  hut e . ‘I’he 1 i s t s  g i  cii in  t . i 1  Ic  I m i N’

t i t i t i 11.1 rv i n  11.1 1 ii i’c coy t ’ i’ i i i t ~ t h e ’ p 1  r une I i’ I’ ’- i~ C c u r  t’e’ll t I ‘ e’\ p~~~
’ I t o  be’ I lk ’  “ I

im p ot ’ t m in t  in  subsequent t h u  I v c t ’~ . I ~pi’r I t ’Iu c i ’ u~ I t h  t h i ’ u ’-i ’ of ’ t P iese pi’o—

5 t’atmt s t o i ’  ~i l.i t ’gei ’ dmi t i  set  i~ I I I  be i’ei lul i red be fore a t ’ j i m a  I st ’ I of ’ i t t  C

bu t t e s  can be spec i l i e~t i.

F~ per t ene t ’ w i t h  ml 1 . i i ’ge ’i’ dat  .i set i s  reqti i red m is  mu prereqti is it e t o

the’ development ot’ ee l  I t’o r c c . i s t  i l  goi ’ i t hms . Crane I~ I ’ ~ 1 pr oee ’~see I

r e f l e c t  iv i t  v i l m i t m u  t’rom .t n u m b e r  of  rm u d ar  se’ m i i i s  ob t m u m e d  mit  l~’ u I l op s  ‘

I s  land d u r i n g  t he  sunnie r of 19 ’3 1w t h e  Johns lbo pk in s  App l i e d  I’hv s i~ ’s

I _ l l ’o r m i to i ’v  ( \ l ’ l  ) in  the  pr oce ’ss ot ’ i n i t  i mit  1’ est  abl i cit  lu g  t he  i t t  t i l t ’  of

he peak ri’t ’erenced conto ti t ’  lu g t ee’hn i que’ . I i t t ’~~ t’ ~I a t  a were used l ’~ t ’ rm lne

l’ t ~ t ’) to  inves t i g.It e c e l l  I i  let Inc mind po ’~c ib t e  c e l l  t r a ck  t t ~~ e\ t  r ap o l a

t ion t ee’hn iquic s  . l i i  t h i s  s tu icI ~’ , we u sed t h e  ‘- tn t ’ d a t a  ‘-e’t t o  d e t e r m ine

t he r e l . i t  ly e  sp ic ings  between c e l l s . b i te  o bj e c t  o t t he  sp at ’ t n g  s t u d y

w m u s  t o  d e t e r m i n e  i f ’ pt’et’e’ri’cti sp ic ings mir e e~ I d e n t  in  n a t u r e .  I t ’ so ,

the’ pt ’ ct ’er red s t r uct u r e  cmiii be used to  lo i’ei’.ist t he ’ most pr obable  loc.u -

t ion t t ’C new ~‘e I l  etevel opuient . ‘I’he m ih I I  t y t o  t’or et ’~is t toe at ~itis for

iie’u~ eel  I deve’ lopmeut wou lii add s igii i I I cant  I v t o  the  0- 20 rii u h u t  c t’or ec .ic t

bee m ui s e  the’ med 1 .111  cc’ 1 1  i i  let Inc i s l e s s  th an  20 nil nut i’S mind t ’ol ’ i’c .us t  —

ing by e \t  rm lp o 1 a t  ion i l  ong a cell ti- muck i s not ~Icqu at  e . ~ it  c~ ani i m t . u t t o n

of ’ the  ica 1 loj is I s  l m unJ d ; i t mi i’e’vt’ mil  i’d that  th e  nearest  nc i  ghboi ’ ~t i  ‘- t V i n c i ’ ’-

between e’et I s  u~ere betwee n ‘ m ind 9 km and t limi t these ~i l  s t  . t i t c c  ~~.i l u i e c  t i u ~1

not depen d on the type of i’a in  obse’ t’ved . ‘l’h i  s sugge st  ~- t h m u t  i t c t ~ ct ’l I

c i t e  for e’c m i s t s  .ui ’e f e a s i b l e .

1 . . ~ot’twmi i’c li ev c lopm ent

The’ g om u l ot ’ thi s c o n t r m i ~’t w i t h  the  A i r  roi ’i’e t~eoph y s i c s  I m i t ’ o r . i t o i ’~
\Ft 1.) i s  to t~rov ide ’ et ’f ’i e’ lent  con ipui ter sof t  w.it ’ i’ to  oN a i i i  p m lr amt ’t em ’s I t ’

represent the es sen t i a l  in for inmi t ion ob tm u i neel in .i sequence ’ e~f scans of

a s i n g l e  Ilopp ler weather  i’a d m u r .  The i’adar used to prov ide  the  d m i t m i  i s

t he c ’—ban d l ioppl er  rmi t l a r  ope’rat ed by the i~c m i t h e ’r  Radar  Br aiich of ’ AFt~l m i t

Sudhurv , ~Ias sac-huts ctt s . I’he computer progr am s were p repa red lo t’ the

t ’i 1 t ’ — ( ~(~0O it .\Ft~I. .

i’here m ire  now three s cp m lm’ m i t e  program s in the sequence ot pi ’ogr8iii s

to  he used for wea the ’r rm u ~Ia m ’ d a t a  pm ’oce ss ing . l’he f ’I r st i s  the  c e l l

$
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d et ec t  i . ’n l ’ r s ’~~i’~l m m  w h i c h  t~~i ’ . ett ’~ e’le ~’e I  u m u d t ’ m ’ t h e ’ ‘t ~~~ i~~ i e t ’ i t t  I I ( t r ~t m m t ’ ,

I ~ 
- ‘ i t i d  e ’ \ t  t ’Il’- i \ i’ 1 V noel m t t e d  ~t t im’  I il~ lie ct ’iu i ’  t o t  t h i  c o t i  t l i i i ’

second  u s  a t ’ l o t  t lu g  p t t ’~~r t m  t i c i ’~ I I t ’ i l l  
~~~

‘ I I \  t e ’l t t e ’ l t l ’ -  h i d  ct I I  t i l l 1  i O i  .1 ’

i i i  i~ t ’ t ’ t ’~~t’ tlI i  t~~is  dcv i’ loped u m t d e ’i’ h~’ p m e ’~ i t I t i s  ct ’ i t t  m a c  t a mid  - l i  ed i i i i d t ’i

h i  c Coi l t  r u e  I t o  ~i I S~~l i \  ‘ c r 1  t ’ i  I t ’ I t ii i ’ 1 O t m i  I i t ’ l l ”  ~~t u 1  ~ t t o  i I 01 I

t ’ i ‘ce~1 e’eho l’ i’ e~ j o l t s  mu lct t I t t ’ e’ i ’ii I t ’ t~ m d c  t ’~’r’ t . m c h  & 1  i h i  ‘ e t h  t i t ’ t ’t t i l l  ~ t I  I ‘~ —

t ’et ’ l e’e’t  iv  i t ’  . t m i i ige’nt i t t  “ i t i ’m I I  , a i t ~I ‘i ’!’l’I ci’ ‘-‘~ ‘ i O i e I  t t ~I I ‘-~ . l i i i ’ i r ~i ‘re

51’ tl’l e l e te ct  ‘— and t r a c k s  ‘~ o t un e  ~~i t  I i t  t~~i s d t t ’\  1 t o ’ e d  m i l d e ’i ’ t i m  i “ con —

t h i s  ~~t’ e ’f l’~ i u ses d i t ~ i e i l e m , l t i ’tl i’~ t h e ’ e l  1 de ’t et t t o n  l ’t ’ s ’ e t a nm t

t o  d e v e l op  t ) i i ’ e’e’— d j n m t ’n” i oim m i l c e l l  m iflel  t o  di ’ c i ’ b i’t ’ t i l t ’i  I’ l ’’~~tt  i - i , lii i

mi n d i r t t e n c t t l  Fbi’ \ t ’l i i t l l ( ’ c d l  i t t i ’ m l ’ u t e ’ ~ t i ’ e’ 1 t c t t ’d i t t  I m t l ’ I e  I

1 he t i l t  in u r e  coa I o t  t i n s st ’t ’k ~ i l l  be’ he de\  C I t ’I’i eu t  01 i’ e ’ i i  - I

r i d i t’ pt’ ’C e ” S  i ng  t e c h i n t i c i u c s  t o  l’e ’ t i s i ’d Ot t  1 ded I c ~ t t  eel c t ’i~l 1 ’ 1 l t  ~~i c l  s t  t i ~

l i mit i s  an i mit  e’e i’ .i 1 p m u t’ t e ’t ’ I he ’ t’~;e l m u t ’  ‘~~ t e’m I h e ’ ‘ m~~’~~ I I I .  ~~e ’ l i C l ~~i t od t o

~1~i t  c’ on l iii ’ cl l i ’ t ’e i lt  c o m i l  m a c  t i r e  t ’ \p l o r . i t t ’r ~ I l l  m t t t i i i ’ e ’ . I l i ’ ~ 1 1 t r e t i e ”  i g l i C e l

0 1 t t  ‘~ i t  h i  ii t hi’ core “I  t ’ V i t ~~i’ I imi t  m i t t  I t ’ i l c  o f  t i l e ’ I I~ ( i ’i ih 1 ~oni ~’ti I i t ’  h u t

‘~t i I l  h a t e ’ mu h i g h  ~f e ~: n t ’e ’ 01 t l e ~~n i ’ i l i t i  i n  ~~~l i I t  l i m e  ‘ t t ’l’ ,u t : e ’ ~i m i’ut ‘~ I e— ’

mi l l e t  I n  ~‘ t t ’\ i t t  I l I t ~ .iui \ i l l  t . t  I” t ’ I m t  j~ I i  I t t ’l’ I c c  I i I i e  t i l t ’ p l t ’~ t i l l . liii’ 1 ’ l t ’c m m ~~

t i t ’S i5 i i  hl iti  t’ t ’ i  1 —  t 1 1111 p m ’ t ’e t ’  ‘— t mm ~ b i t  lIm b l i t1  ~i ii ~I • I l l  l i i i ’ e’n l s i  shoti Id  h t ’ i’ t ’ i ~~oI \

m ib t ’  et ’t’ ic  ie ’ i t t  u~h ert  I i i  Ioi’ed I t ’ I t )  ‘ 1 1 — S  I t  C s oI’ I ’ i i t  t ’t \ ~t t ’l ’I . I c~ t u e  .iNI

t~l ’e l ’ i t  l u g  i n t s t  h ’ i l t ’ t  ions  t o m ’  l i i i ’ progm ’ m uimt s Jet c’l ’ ’ped ott h i ’ -  e’O t i t  rae a ’

I t i e ’ lu i de d  i i i  t he’ ~i~’rt ’l ) t l i t ’ .

1. -I u~ 1’ g i ml i - i t  I t ’it  o f  l i i i ’ ~i ’i ’ i ’r t

\ c t i l lWl i t’ \ ot  ( l i e ’ mod m I i  ~~~~( t i o i l s  0 l i i i ’ t O l  I det  ec t  I t ’ll  i ’t ’t ’e i’ i lI i t i~t

o t t  1115 p l’05 C illi 1 i \ i l l  i t t  ~‘e ’c I b Oil .‘ . -\ t i e s ~~i’ ~‘ t I 011 01’ 1 he o 1 ~u~m e C c ’ 11

d et i ’~~t i o m i  I~1’osr t  i S  ~~i \ t ’tt i l l  ~‘t ’t ’t  i t ’l l  I n t l  m u l  e omi ’~i 1l t ’ r i t  i t ’t i 0 1 t h e

k - e l  I f o r e ’ e i c t  i r ig ‘r ~’ ? ’h I  I ~: i i  ‘~ b i t  S et  I t ’ l l  I . S . i i mm 1’ le ’ 0111 I ’ult s i i ’ i’ f l I O

ided  i l l  St ’et I t ’ll ‘ . ~‘i ’ t ’ t  i on  i’ c l iml t t t . i l ’  I C’ ~‘l’o5i ’ ’’~~ I t ’ d a t e ’ i itd pt ’ot i d e s

re coniii ti t ’nda t  l i ’l l c

‘1
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2 . IMPROV EME NTS TO THE CELL DFT E C ’FI ON PRO CRA M

2 . 1  Cel l  Detect ion Logic Changes

The c e l l  de tec t ion  program was modi f ied  to i nc lude  the  de tec t ion  of

Doppler spread peaks and to pack integer addresses used in the peak

d e t e c t i o n  rou t i ne  s i x  to mu C I ) i ’ word . The latter change was required to

make room for the a d d i t  iona l  d a t a  used in I)oppler spread process ing . In

the pt ’oc ’ss of r e v i s i n g  the  address et o r ig e  procedure , a number of minor

l o g i c  errors were detected . These errors were assoc ia ted  w i t h  the opera-

t i o n  of the  rad i m i l - t o — r a d i mi l a s s o c i a t i o n  of contours at d i f f e r e n t  thi’es-

hold  l eve l s  (see Sect ion S .2  of Crane , 19”7 ) .  The errors have been cor-

rected and , in the proe’ess , changes were a l so  made to s t r eaml i t i e  the

storage of the temporary contour  da t a ,

At presen t , the  temporary a t t r i b u t e  s to rag e’ array ( ‘FAIR in  subron —
t inc PEAKI I , see’ A ppend ix  fl) is  used to i d e n t i f y  act i t t ’ c e l l s  mi t emi ch pos-

s ible threshold level (n’ela t ly e to the peak lct’el for the  c e l l )  and to

s tore  pointers  to previously associated ac t  lvi ’ c e l l s  as w e l l  m i s pro t ’ide

partial m i ttrihute summat ions  for the act i t t ’ cells. The TA’I’R zurr a” i s

doubly subsc r ip ted  m m i i n t m i i n i n g  t emporm tr v stoI ’mige for the number ident  i f i  —

emit  ion of the peak for the ac t ive  c e l l s . For each active cell the stored

data inc l udes the current cst i n-iate of the peak v a l u e ; mi set of pmi i’t i a l  1
su mmed a t t r ibu te  values for each of the nested contours lot’ emi ch p o s s i b l e

thr esho tel level  below the peak , a rea , at ’e r m ige ’ \‘ml l u te ’ , cent  ro j et locat ion

p lus , for r e f l ec t i v i  t v  c e l l s , D oppler  spread . rm id i  m i t  sheai ’ , t mi ngefl t  i m i l

shear , and rad ia l  ve loc  i tv  ; the m l: imuth  count for the  las t  a: i i m i t h  on

which  the a t t r ibu tes  for each contour we ’l’c’ up dated ; and a po i n t e r  to the

enclosing f ixed  contour. This  last  i tem is  inc luded  for l a t e r  use in the

volume ce l l  de tec t ion  program . I f  a c e l l  i s  not a c t i v e  at a p a r t ic t i lmu ’

threshold lev I hut was p r e v i o u s  lv act i vi’ on the current rail i m it  , the area

a t t r i b u t e ’  C O f l t m i i n s  a poin ter  to the c e l l , now mi c t  i vc  at  that l eve l . A lter

proce ssing the dm i tm i for a rad ia l  the c e l l — t o — c e l l  p o i n t e r s  are :eroed .

If  a c e l l  becomes inac t ive . a l l  P oin te rs  to that c e l l  are a l so  :er oeel

before p r o c e s s i n g  data for the next r a d i a l .

rhe program m is i t  now sands i s con Ii  gured to mi I low r aps el chang e s

in the di mne ns ions  of a l l  the stora ge m t t ’ r a v c  . 1’h i s co umv erm i once c’c’st s i i i

i t ~
) 

__ i
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;‘u’odete lug  u e l ~it  i t e ’ l ~ louge t ’  t h i t )e e s c  m u g  t t I l t ’ - t h t i m t  t o t ’  1 p l ’og rmlnt  ~s i t  h i

t ’ i x e d s t e ’u ’ m ige , i l  lc ’ e~ h t  ion s , \ f i n a l  pl’t i g l u I  i t i o di t ’ - i e i t  t o n shou ld  he ’ lli.ide’

ht ’ni t he e’~~p t o  n ’ m t t o  r’’ u ’inil s ot t i l t ’ eompu t ci’ pro s l’ m lmlm l I t  t’ in  i she’d to  t ’ u \ th e’
a t t ’ u’ c u es h i d  Opt  in  m :e ( l i e ’ progi’miut lo t- r ap  Id e s l ’ ’ n u t i i ’ nm

2. 2 Ret ’ i uc ine nt  s in  V t ’ ’ ‘c i t ~ l t i  t mu I’ roce ’ss ill s

t h e  pt ’ogt ’m irn t~~i c mod lt ’ j  e d  I i  pr o t i t ic  mi t i t o i l im t t i c 1’ e”~e ’ I m i t  i Oil of 110 1) 111 ci’

e b c  t t V mum ib i gu t i t  I e s . I h e ’ t’ I t ’st ehe ’t c e  ted y e ’ I oc i t  ~Lt t mu lot ’ e’ue’lm ~cm uii t s

u s s u r t ~ l t o  he i n  t i l e ’ t c l o e ’ i t v  in t e r t - i l  s p m m i l n i n g  :el’~’ v c l ’ c i t . Suiee ’e’ - s i t e ’
ob -se t’ v u t  t o n s  i t  d i  t t i ’reiit b it t mud i ~ie ’ e ’nt  i ’ iIt- ~C 01’ 1 i n l f l i t h  lc ’ c m u t  i o n s  i i’t’

~i5 5 t i l l i e ’ct t O  di  t t i ’t’ t I’O~I t h e’ t i t ’ S t  ol ’s’ ’i’t it  1011 l ’v l e s s  t h m i i t  t he ’ e Ioe j~~c

m im b i g u i t ~ . l i ’ t h e  d i t ’fet ’ence is l~u t e e ’t’ , it is u c l i u u s t e d  Sc ’ t h a t  i t  i s

sma l l e t ’  h~ m u d d i n g  on’ ‘~ui l ’trm uc t ing  u v a l u e  e’qumi l to the \ e l c ’ci t \ m ulihi g ll b ~~

2 ’ P R ! - 
is he’ n’e’ \ I s t i l e ’ w av e ’ I eng t Ii ~ii m d I’}~ F i s t he’ put1  cc’ i’epet i t  on 1’ t’ e’ —

tluiel) cv 1 t h e  cli tm u t’or c u e  Ii i’ ud i m it ml i’e’ t hel l re’e’x mu lt j neei t O  e l i  S i t  l’ e’ I i i m t t

ea ch vc l ’c i tv oh sem ’vm ut jolt elI  t’t’ers t’ ’ommm tilt ’ m ive rm uge 01’ t h e ’ v c ’loc  i t t  vu tue’s

lot ’ t he’ t t sO s u r r o u n d i ng  t’a nge l i l t  e t ’vm u I s  l’v less t h un t  t u e  v t  I oe i t  v aittl - t j —

c~t i  i t t  ~tuel i d i u s  t e ’ei t g ~ t i l l  I I rt ’i t i )  i

lil t’ ab ove’ ~ t’oe’ e’5S i n g  i s  11 5Cc!  t c ’r  co ni t  mguo u s  l’m t n i g e  m~nd mu :’ t llm il th C i i ’—

-:emi I , I t  l a r g e ’ s p u c  111 5 5 e’\ 1st  i ’e t i s c’eu t’ eg ions  ot ’ ra~lai ’ d a ta  ab ove ’ t h e ’

pl’ e’et ’sS i n g  th t ’e sh o l d . t h e ’ Ii t ’ st  dmi t mu point in out’ re’g ion  t s  coll tpm u i’ed ~ i t h

t h~’ a t  e’ u’m ig C e’ lot ’ i t i  fo i’ t h e ’ pre t ’ u on s re’g ion .  l’he’ elmu t mt t he’i’et’o t’e m i l e ’

oh e’e’t i t e  L v a d j u s t e d  to t ’eni tove anuh ig u  it i t s .  Pi’ot is ion t s  p i’ov icte d t o

cc t da t i fr om t h i  s ana l  r si s 1 1 t lie i1opi’ It’ i’ spread i s not wit I t i i i  p i e ’ -

se’t bot n ids hut thi opt ion has not bec ’ii e’\e’t’c i 5c ’~I .

l’hc proi’e’ssed dat  1 m ip pem i r to be’ remu sonimil ’ i V SllIe l e’t ii lv vu ri ing  m is

i i t d i c m u t e ’J in 1-’ ig ut’c I . I’he t~imi e ’ml t mit c h o i r  ct m i tm t c ’I’tmi i ned I’v llilll ti’l’i t m u l l v

d i  t’fe’re’nt j u t  ing  the  rm i~l t cl i t ’ lOt ’ it v et mu t mu at ’c hoi’ev e’r , ntt oi ’e i m i t ’  i m ub I t ’ as

i i  I n s t  m ’ i t c d  i n  t he ’ t i g u l ’ e .  ‘l’he u l s p ul ’ e’ut noi Se’ cv lele ’nt in  the’ tm l n gci l t  im i I

shem i u’ t’ie ’ l c t  led to t h ~ iiit’luisi ’ti 0 1’ I 1 OI S I’ le l ’  st’i’e’mi cl ~I~i t m i  i n  t h e ’ m w i l ’  s i s

pr oe’t’ss . t ’h~’ p t’ogt’ m unm t u~m u s  a t  so imtod i t ’ie ’t I t o  l I l t  t ’OciI i e ’ e’ mu iiew e’Oi lSt ~I l i t  t O

spe ’c i t ’ v th1’ qti m i n t  i :u t t oil i lit e’ i’V 1 1 lo t’ peak Jet cc ’ I ion  e’em n totIi ’ m i 5 . 1~V Se ’t —

t i n g  t h i s  e’onsta nt  , add i t b onmu 1 c’O n t  t’ol i s  eserc  I scel OV e’i’ t i le’ j~em ih e l e te ’c -

I on ‘l ’ t ’C e’ 5 S  . Ret ’e’rt’ i ug to F i g u m’ e’ 1 , no peaks  t~ott le1 he’ elet cc ted i t ’ t i le’

clu a nt  i : t  t i oil S t  e’p i s i Ill 5 i’ii t m l l t l l l tbe ’F 01 ’ 1’e ’mi k s  mir e’ Jet ee’t ccl t’o r a 0. 1

11 5 ~i u I  t n t  I m i t ion s t ep I -see’ Sect te ’li Si

11 
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‘ . .~ l)o pp I ci’ Sp t ’eaul P roe c ss I tig

~‘e Ioe ’ it v t a t ’  i m n t e ’e’ da t  a mmii ’ now be’ rout i in’I v pi’oe’e’sse’d u l s i n g  the corn—

pui tem’ pi ’ogram . l m ie ’ i l i t  b e’c t o  m i t i m i  I v .~i’ t lit - s ‘el m i t m u Ii e’I ci we’re ’ ~d dod because ’

ot ’ the  appa ren t I v  h i  gh i n o i s e  l e v i ’ I s  in  the ’ t a n g e n t  i m i t shou r  dat  m i and t h e

‘\pe’ e’ t m i t  ion t h a t  mit  h i g h  s i  gn m i I — t o — n o i s e  r a t i o s , (iii’ spi’e’ad d a ta  maw he

inoi’e’ i.e Ii m ib It’ . A c i i i  Se ’i ii ~Se ’el he’t’ot’e ( t i’ :ifl e’ , I~~. 1 • 1 Iii’ spt’e .id d a t a  ;mr e ’

is suimicd It ’ e’on tm i Iii t lie’ mi iiie ’ iii t o  i~iiiIi t iou as the’ I iiiigen t I a I shea m ’ chit a du n’

t o  liii ’ dotti i i t m i i i t  e’ft’ect of ’ vcloe’ liv t’lue tuat i etns on t he  se’a 1 e of the’

min t  e’niim i be attiw i d t h  m i t  the ’ ob s er v m i t  ion  i’a t lge ’ . I3oth d a t a  t’ie’ld s are now

p i’t ’e’ e -ss eel to ml I l o w  m l i i  i i i  t e’u’e’0ifl~’mt I~i SO il be’ t Wee’fl the  in t’orma t ion ava I l ab  1 o

from e’mie’h t’ I d e l  and to  invest i gate’ t h e i r  re ’ (at iwo sons it iv it v tel n o i s e .

The i - e l  oc it v i mi t ’ i ane’e out p u t t roiti the pu I Se’ pm u ii ’ proce’ssor I s knetwn

to  be , i dv e r s et  i at ’t’ee’te el by lo w s igumu 1— to—noise ’ r at  i os. A n o i s e  l eve l

dt’p e’iieletit I lii ’e’sh em Id p~i rmllne t et ’  is 
~~~~ 

ieh e’el t ’or t h r e s h o l d  lug the vi’Ioe’ i t t

i ,u r i m in i e ’e’ data bu t ha s not been e’xe’i’e’ I see! mis ve’t . ‘i’et t’educe’ t h e  se’ t I 5  I —

t i v  i t t -  of t he i- mu’ i mine’e’ e l a t m i  ili it’ to h i t  I se’, the’ st~uat’e’ root ot t he’ V I 1 1’ i I i l i e ’ t ’

i ‘~ used for anm i l t’s is of’ the Ilo pp l e’i’ spre~iel . A sample elt’ t h i s  et i t t a  i s

ele ’h’ b e ’ t i’d i n  F i g t t r e  1 . i t  i s  not i’d t hat t hi’ i i ’  I oe’ i ty  d m i t ~i . i’ad I a I ve ’lo e ’ i t  t •

Iloppl e’t ’ spre ’~id , m ind t m i n g e ’nt i m u I sheam’ • a re’ pr oce’ssed on I t  when the r e ( le’e’—

l i t - i t i  vu l u t e - s  mire ’ above ’ the  low e st  (p m ’ oc e ’ s si n g l t h r e’sholel l ev e l  w h i c ’h
t’or th u ‘m t ’i ~ ’ui i ’ t’ . is 21) 11lt . H i gh l) e ippl e ’i’ Spre ’mitl c m im ’ e’ e’i I d en t  i n  two

r eg i on s  o f ’ t he’ f i e : i i r ’ ’ , (1 ) :11 low rt’t’Ic ’e’t i v  l i v  vm iltne ’ s mind (fl mit hi g h

i’e t ’ l e e ’ I i v  11w i- mi lutes . Ihe’ h i  gli spi’cmitls mi t l ow  i m i  lute ’s mt i ’ e’ pre’suiiimib I y e’muiiscel

Itt- 51 g i l mi  t — t ~ - l i t ’ i cc pi ’obh clii’ ; I ine l shoui l t l  be’ suppi’esse’el uis b ng thi e’ ~ i gnat  — t o —

n o b  Si ’ thi ’eshtc ’ Id te ’vel . ‘I’iue’ hi ig l i  t’ mi l  i i t ’S e’0i’i’ i’S lloiit l lug to t in’ highe’i’

ret’! cc ( i v  i t t  1 -mt I in’s mire ’ p t’estuiuabl v rea l , m i l l  hoiig h l iii’ coi’re’ h i t  ion  w i t  hi

the ’ t m i n g c n t  b a t  sh eam ’ v mi tu i e ” s js not good fin’ the d m i tm t i n  thi s t’i g tii ’ t’. -\

I i  I ’ t~ t ’l’ J u t  ml sm limip Ic lmmui ’ ; ( be’ mm mi I ‘‘ :cel to opt in i -c t h e  p i’oct ’cs  I ng ~t f  ( m iii —

i~ t ’ it  t m i t  “ h i e m i  i’ mind o t ’  110,1) 11 ci ’ ‘ pi ’c m iel d m i t i .

slo t !  i t  I c m i  t It ’ll s for l) u tpp I t’i ’ spread 
~ 
roe t’sS i n g  we’re mm lii i’ i i i ccv e’i’ m l I

i i ’  e t s  ~‘ f (lit’ p i’og i. m ui i m .  ‘(‘li e’ I ml i’5 c st e’ liming e’ inc I iide’eI time’ 8th 1 it ion of ’ I ‘ni -

P° i ’ i  i~V m i t t  i’ i b u i t  c s i t ~ i’ .i u~t ’ ml i’ i ’ i  \~~~ t o  i’ t hue’ de’t ec’ t b e t i t  of’ 11011111 e’r spi’e’mu el peaks

I n mmdii  i t  I t ’l l  • t he’ i’d’ I’ I e’t’ t I t- i t  v lt e ’mlk mi nd t angen t i t t  I sh ear pea k ei e’ t cc’ t bc t i i

i i  t~i ’I ’  i t  ti ns W ( ’l’ ( ’ i’)iilti 5(’il to t I l e ’ t ’ t ’m I c i ’ t ime’  n i imit ei ’  i’ t m i t t  i’ i l t u i t e s  SO (hue ’ av e ’i’-

.it :c 110 1j 1 I ci’ sltrem id w t t Iii ii a Jet ee’t eel e’e Ii cout te l he d et e r tn  I noe l . ‘l im b ‘; m i t t  i - i  —

I ’ t i t  e I c now 1 I ‘.t ed ts i t h  t h e ’ ot huc ’ i’s is  tle se’ m’ i he’d in  ~ e’c t ion  h

I - ;

~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~ - -



3 . VOIAIMF CFLL I) IYI ’ FC ’tIO N AND TRACK I N(~

3.1 i)efi nit ion of a V ol u ime Ce ’I 1

The ce l l  de t ec t ion program prov i d e s  , as one ’ of i t s  o u tp u t s , a l i st

of attributes for fi xed contours , reflectivity pe ’miks . t angen t  l a b  sh ue mi r

peaks , and Doppler spre’mid p om iks  . At mu tiui fl hlliiiiii , e ’mi c h i m i t t  r ibu i t e ’  l i s t

de f ine s the averag e v a l u e , a r ea , mi ne ) ee’nt ro l e1 I ocui t ion of em uc h cell t ’o I’

each azimuth scan e t ’ mu l l e l e ’vat  ion scan sequene’e. The’ ~xp~ cte’eI sc ’m lnl

seque’nce for the radar inc  l ucks ml: i rti itth scans (or ui~ i iiiu i th St’e’t c ml ’s iii m i

raster scan)  at success i v e t  v h i  ghe’i’ ci eva t  iou aug 1 e’s un it  i i  m u coin ip I e’t e’

volume scan is  comp 1 eteel . ‘l’he chit mu t ’or each e’ 1 e’i’m it  ion  o t’ t i t  t of ’ t lie’ s c m i i u

seetuc it ce must be coimibine ’d w i t h  the ’  et mi t mi t i’onu ot hu e ’ r t i t t  S te) I1I’OV i d e ’  ml

th r e ’e—d imens tonal  p i c t u r e ’  of ’ emi ch ce’ l I or e ’ehu o vo l  iflmte ’

‘l’he’ process of comb in i uug d a t a  t’i’oiti st’miu u t o  sca n i n a v ol u lnnit ’ se’m uIi

sequence i s I l  lus t  rated scheitu at i ca l  I v in  l i  gu n ’ 2. ‘I hi I s t’ I gure  r t ’h t i’ e’
sent s a he igh t  see’t ion t i ir ouig h th ur e e  eel 1 s . l ’ iue ’ c o iut oui i ’s  t’d’pi ’e ’seIut

el u auit I zed data ( e . g .  r e f l e c t  it - i t v  e l m i t a  itt I ell~ s t e p s  I ( l i mi t h m t v e ’  lt e ’e ’ii n c ’ -

• ee’ssed on each ml:  i mu i th  scan to  produce ’ a se ’t i t t ’ ret ’l e’e’t i i i t c ~t e ’tt k c’ e t I s .

The m i n i m u m  a t t r i b u t e ’  set i s  ie le n t  i t’i i’d )w t he  1 eii ,u,’t l i  o t ’ t i ie ’ h e a v y  h mi m ’

(detected leng th or i n  t h i ’ e’c’ -el inn e its 11)115 • th e ’ c e ’! I area ) m in d  i t  I t t t ’ . t  t ion

( c en t r o i d)  on each t i l t . ‘(‘he e I : i t m i  o t m t m u i n e ’ei h t i’  the ’ i ois e ’~ t t i l t  i s  t i s su i i l i t ’el

to exteiid to the suit’ t’m ie ’e. ‘i’he’ he’ b g l u t  i t t  t i m e ’ ee ’ll t i.et jet i s Jet  e’i’lli I h eel f reiiii

the range to the ’  cent ro  Id  and the’ ~‘ I c’i’ m i t  t oil m i tig le ’ 1’om’ t he’ cc ’ mi i l

‘I’h e t t u r e e — e t i m e ’ n s  iona I ee l I cmi’ i’e t lti ti me ’ e’i’l 1 is el e’t b ii e’el hi the’ to Imint ie ’

ene ’ I osc~l w i t h  i i i  t hu e p e’mik de’t e’c ted e’ e’ l l s  I i u mi t  m ire ’ m m ssoe’ I m i t  eel t ’ m ’ eti t t  s c m i i i —  t o  —

sc an .  A e’ri t enie l iu  s m i  l a n  to the ’ otu e ’ uise’d to el e’t ’ bile ’ ml p e’ mik i’ e’t ’e’u’ e’ne’ e’el

cel l  is utse’d to de’t’ I t ie the ’ t o  I u tme ’ e’e’ I I  . l ’ reuiti t he’ se ’t~i te ’l1e’ e’ of ’ mi t ( m’ i b i t t  c’s

for cells dete’e’te’eI s e m u l i — t c t — s e ’m t ti , e’e ’Il s I , 2 mul u el •S ott t h u i ’ -m t’ig tui ’ e’, mi i te m i k

va lute’ mi t i el i t s  he’ gl ut  mmiv be’ cc l  e’e’ t t’l . t h e  top m ind i t m is e ’ o I ’ t h e  i t , lu unm ie ’

c’ol I are ’ de f i n e d  Itt ’ tin’ he i u~ht  mit wh I e’hu the ’ re ’port eel m lvc i ’mt gt ’ vu l i i i ’ c i i’ops

the’ i’e’qul i reel iiutnuht’ r ot’ ptan t I _ ‘ m i t  ion  u iiu i t  s he’ low the ’ p e ’mt k t m l liii ’ . ‘l ’hu t c

h e i g h t  i s  de te rmined  by e x t r m i p o l a t  j u l 7 1  i t ’ eht’ t t ’ e ’tetl e’i’l I s  mir e ’ o h t m i  ti i e ’cl Io n’

em ie’h t l i t  or i s  t m i k e n  as ha I f’is’ ttt he ’twee ’n t he’ he’ I g hm t  o f ’ m l \‘m t lu te ’  ab o ve’ t i m e

requ i reel t hm’ e shold  and the ’ expe’e’t e ’d h e i g h t  of ’ ( li e ’ i n m t e’rse’ct ion of ’ I he’ c’ ’  I I

with t h e’ next t i l t  pl m i i ue ’ i t ’ no m is  50e’ j i l t  e’d c e l l  n t i s  dot ec’ted on t h e  m u t t

scan.  ‘l’he lo c ’mit ions of the ’ Itomi k s • tops , and ba se ’s mir e eie’p b e t  eel on (lie ’

l~t
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f I geure . The’ vol utme’ of the dot cc tee! t o  I unite c e l l  i s t i c  Siu t iie ’el to he time ’ it no —

duct et t ’ the mu rca m i t the’ peak t mu l i me’  (m i ve ’ rut geel it ’ hi att ’ no i’e’ t iuan ot me ’  \‘ mi l i i i ’

equal to the peak vm i lum e ” ) m in d t i le’ he ’ i gh t  d i  f’t’et’ence hetwe’e’n t op  m i tue l  base .

The vo tunic’ cc’ l l s  mmiv have mu base ’ at  the su r face  as i l l  i ts  I r m i I eel by

ce l l  nun uher 1 en’ mi hm i se  aboVe the surface.  lii the  tmi tt e’u’ case’ , (ti e’ c e l l

may he detected at the surface ’ mis ii l u s t r m t t e d  1w e’eI 1 3 or n tmu v not ‘tt end

dowii to the surface m Is ii luistrated 1w cell 2. ‘l’h e volume ’ cell is el i ’s—

cr 1 heel h~’ a set of att n bu t t e s  whi  cli i n c l u d e ’s  i t s  v o l  untie ’ , i t s t ’’ t ’ I e’e’t i v  i t  v

and area at the surface’  ( ze ’m ’oes if i t  d o e s  not e’ x t ciii) to t h e  c i i  I’t ’m t e ’t’

and a nutiiher of add i t  i ona I p aramet  ers m i s i i  st ed in  t m t h  1 e’ I . I n  sonic ’

cases , thie vo l ume ce’l I ma w he det e ’cted oti souiie scan s t iutel m l  sce ’eI on I l i t  e r—

veliluug scans. In this e’mi se’, tu e volume ’ e’e ’ll w i l l  be’ “t ’ il l eel in ’’ by

i nterp o l i l t  ion between the  in emu sure ’d i - mi t t ies . I n em i ch e’m u se ’ • t lie’ ce’nt ri ’ Id

is taken to he the surface’ el i stm ince ’ mi t t h e l owe s t  e’ l e ’ t mu t I t ’ll t n t :  Ic  u% i t  it

mu detected cell (single scan).

h mu ch detected peak is  tm i gg eel ut ’ i th  the ’ iel e’nt i t ’ I ci’ ~‘t
’ t he’ end ’ I t ’ S  lu g

1 owe’st thr eshe)  I d f i x e d  contou r . ‘I’hi’ t’ l t e ch e’on t ilium’s m l t’ e’ i’  - s c ’ c ’ u mU ccl t’ ron:

one s em u n to the  next  its I r ig t he  1e1c~ t i l’i crc t’or m sso~’ i a t  eel pe ’mik c t  I I c~

Tiiree—e I im ci us io n m i  1 t’ I xeet contou r mitt i’i b itt c’s mire’ gd’ne ’ i ’mt te ch u s  i tu g t hit ’
mu scoc i muted e lmu ta. The echo tops ai’e elef i uiee l mis I v i ng ha I t ’wm i~ l m e ’t ne ’eti t lie’

he I g lut of the h i g hest  detected peak cue lose’el 1w the’ e’O i i (  ou t’ ( nh belt may

he at  m l t h r esho  Id  l e v e l  many  dB he ’l ow the ’ e’e’i 1 t o p m ’ e’t’I e’e’ t i v i t  1 e t c ’  I

muri el t h e  h e i g ht  of the cel l loctit ion mi t the’ m u t t  h i  g hmi ’s t  ‘l e’v m it ion m iulg li ’ ,

h’he ic) 1 UI1K’ W i tii in  t 110 Ii XeeI cont ouur i s etht mu i fle’eI I ’v sm itmun I tug t hte ’ mu i’e ’mu s o ui
- 

I each scm u n mmci it s b u g  the he ’ i ght  d i  t’fe’re’ttce ’ s bet we’e’im the’ e’e’ut t 1,0 ci I Oe’m i t t o i l s

A comple t e’ list of’ fixed c’on totit ’ v o l nin e’ eel I m u tt t’ i bu ites i s  l i s t  eel in

T u m b l e  I .

- . 2 l) et oct i o n  m in d ‘l’ rae’k I ng A l  gor i th ins

‘I’he’ m c i  it in e ’ e’eI I m i t t ri htu t t es mi u’e’ ohtmi i ne el t’roiti t lie’ pe’mik eie’ t e’e’t i’d c e l l

m u t t  r i  bu t t’s o l t t m u  I ned on e’ac ’h mi :1 ninth scan . ‘1’h e’ce’ ‘ e’ I I  s limits I I’t’ ml ssi ’e’ t mit ccl

t’rofli se’mt it— t O — s e ’ : i t i hefot’e’ the ehu t m m front e li t’t ’ei’ e’u it sc m uils  c’t i l i  hi’ ~‘ct u i u t t i i i i ’d.

‘Iii i s  m i 5SOe ’ bat ion pr ot ’css 1 1 e’s mi t  the ’ he’a rt c i t ’ flue’ vol  unite’ e’c’ I I del c ’c t t o n

mi n d t r m i e ’k i ng p I’ot ’ e’ss . Assoe’i m t t ioii is m u t ’t’ee’t e’d by p i l i r i t i g  c e l l s  ( l i m i t  t i c

stuf fie I cut I 
~ 

c l o s e  togt’tht’u’ to come t’ t’oitt f lue’  sm l i it e ’ t iu i ’ee’ -d in cus i t ’ l i , i  I - - t 1’ti e ’ -

tutre . ‘flue’ Ioe’mi t ion eu t h e ’ coiitcutrs su inu’oi tn d  i rig each N’~~ i s not  i t  m l I m i h l  c

l ( m

_ _ _ _
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iou uts e ~ the ’ l 5 ’ t ’ t ’ i m i t  I t ’ l l  a h t : t m r i  t h u t .  \ c s i t c i ; u t  i e u t m  i s  m u c c o l t i p l i slice) ht ~
t i  n ’ st  s e l e c t  17m g t ’e’ I I s  t i’oiii e ’mle’h Se’m ul t who se ’  c’e’iutroid b ea t  l o u i s . wiue ’n pro —

I e’e’ t e’el t I l l  liii ’ s u i rim ie ’ e’ • mu cc’ s e ’p mu rat  ccl 1w l e s s  t h um tile’ 5i~u i m u  i.e i’oot cm !

t h e ’ e t ’ im u h ’  i ned ml i’e’m i s • 111115 t lie’ e l I  st min ce ’ t h e ’  e’e’ 11 itt i g l t t  mot e’ cliii’ i tug tile’

i n t c t ’ t ’ m i l  be ’t w e ’e’n st m t m t s , p l u s  mu i i xe’el e l i s t m u u i e ’e’ t i m  m l c ’ e’O i l l l t  tot ’ tile’ stm i t i 5

t i e’tu l e’e’ni t  t’O l e t  l t ’c’m l t boi l t t i t c e ’ r t m i  I t l t \ ’  t i l t  i’oc lutc e’tl by til e’ e x t t c c t  i’d v m t n ’ i m u b i  l i t  t

of ’ the ’ t’a el mui ’ d mutmi . Ceum pm i u ’ i sc ’ iu i~s m i t  n m i v s  nmim u ~Ie be’t us’e’en t in’ e’e’ l I I oe’m m I i t ’ l l

t ell . m l pa i’t b e e t  l ii’ s e m i u t  m uucl t lie’ cli ’ I c i t  i’cl m o b  t u nic ’ e’ 
~‘ I 1 1 c~e’ m u t i d)il I’ l’t’m t he

b0~ e’st e’l e ’i’ mut ic ull sc ’m uul oti w h i c h  I t  u~:ts  e ’hseu’v e’e l .

Iii ii tc)5 I ,‘m l ’ - t ’s , tu tu v pml i i’s of ’ e’i’l i s  w i l l  hue’ e’i’ i ele iu t t’i’oimu (li e’ assoc i —

m i t  t oil m tl go c i t  htuu I I St eel m i be mv e ’ . Oc ’c m i s  I d n a  1 I v • I n  m u c’ I u i s t  e’i’ 0! c’ e’ I I  s , liiou’ e’

t h um one’ c’ e l I  u t t m uv me’e’ t t he’ mis  ccc I mi t  iou  cu’ i t e u ’  c m i ,  In  t h i  s c m u s e ’ , t h e ’

c e l l s  w i I I  be’ m l s s c e  i m u t e d  1w p 1 ck i n ug t h o s e’ e’t 1 l ~ nh i cli mire ’ e’ lose ’st mu t’t i’i’

m l Liii I t’o run of ’ (‘set i s i mi mid e ’ bet we’e’il e’ i’l l  1 tl c’ m i t  ions  to p row idle ’ t h i t ’ 1 a rgest

iiuu ut b e i’  of mis sot ’ I mi t  ou t s  . ‘ l i i  I s I c I 11  u i s  cml t ech  i i i  F l  g u t r e ’ -~ . I n  t h u  i s t i  g —

u l cc ’ • t iii’ ce 11 t i ’  be’ I ccl  e’ct • c e l l  •\ • I s e’ I c ’c c ’st te l t he p ret ’ i t mi i s I J e t  c c ’ —

I ccl t t ’ I m t i t u e  c e ’I I i i ui u u ube ” m’ 2 , b i t t  m i t ’ t e ’t’ t i’ m i n s l m i t  I t ’ l l  i l l  ( l i e ’ s t i i ’ t m u e ’ e ’ I t ’c’ mu (  l t ’ i t — t

l’ e I m i t  i t  o each ot lie ’r h i j u t ’ m i t t ic lu l i l  I sh uc twiu ht~ (Ii’ ’ sI m a  i g h u t  1 I t ie  oil t h u e ’

t i  g u u t ’ e’ , mu I I t hi ’e’e’ c’e’ I t s  ( l e t  t e’rcd 1 mmim it hi’ m i s s c ’ c ’ i mu t ech it ’ I t  ii t lie ’ cle ’t e’e’ I e’cl

c’ e l  l s  ( i iu i t t t h t i ’t ’ e’el ) uc ’ i t h i  ; i i m : i l  I e ’ u’ h l h u \ ’s  i e ’m u l  se’ll m l n m l t  i o n ’  . I b i s  Pi’~~e’ e’c t t t i ’ e’ t c ’t ’

e’ t ’u lt ’ I IC ’ ( i’e’so l i l t  i O r i  ( c’om ’re’ I a  t ‘i cu l l )  t~ i I I  h~’ u sed d u ll I v  w i ie tu  t i l e ’ l’ e’c i t  It mitt

t n ’ m i r u s  i t t  t Ion  I s ph v s  i e : i  I lv u ’ e ’mi  I I :m ih l  e’ 1 1 . ~‘. c’ t l l ’ l’ L’S~lc uildl s t o  m l ~05511 1 1 e ct I I

i I t  0 t’ t t u i i u s  I m i t i t ’ l l  V t ’ I c te’ it v i

‘I hie ’ sc ’ m u u l — t t ’ — s c’ m iI i  e’el I m i c s o e ’ i m t t  i e ) it  log i c ’ i s  m i l so u i se t l  fom ’ v o l u i m i i t ’ - t o

o h tu n ic’ St i l l  sd ’qui e ’i ic ’ e’ m l s s t t c I m it I c t ut t’ti r e’ e’ 11 t i ’mu e ’k i iig . 1: 01. t i l e ’ I m a c k  i m m c

prc t i m l e ’nt , t h e ’ t r m u u t s l m i t  i ou  t m i i h’s i s  t ’oi’ e’oul t ’ I l e t  n ’ c ’ct t l u t (  ion he’e’ome’ s mo re ’ ‘

111110 u ’t mint in t l  gu i i claitce’ i u u  cc i c e ’ I I u t g  t h i ’ ;lp ~’ropi ’ I m i t e ’ t i’m l l u s  I m I t  b t t i t S

t m uk e ’ui  eb  t lien t’ront mu p i c ’~ ~‘ i’ i I ’e ’c l it b ile 1 V c’c ’ ( C t  1’ (“00 m ut h w I l id fcu i’ I n s t  mim I c’ e’ I

t’i’ou mt t I l e ’  i ’ ’~ii l ( s  t i’oni t h e ’ t ’ t ’ t ’\ b t ’i i ”  sc u m ,  ‘I hu e ’ ccu i u t ’ h j e t  i’i’Sil  l i l t  i t ’ l l  e’i ’

~o i i ’ c ’ I  m i t  i t ’mi .1 l g c m t ’ i t hin i s  ‘ e i ’ t c ’n u i it ’ cl s e l ’ m u i ’ m i t e ’ L v t t ’ l ’  l m im ’ gc ’  e’c’ii ’ t’e’g iouu ’ iii

h at  (h ue ’ (i ’ i i m ’  l i t  i cit v m i  l i i i ’- 1 i’ e ’ a I I i t We ’cI ( 0  va n ’i t’re miut one’ e’c’ huc m i’ e ’g i o n  to

(lie’ uue’’e t

‘ ci  u untu ’ i t ’ l l  U t i. i  b u t t  c ’ ”

I ’h it ’ \ t ~ I t in t . ’ ~ e~I I , it  t n i h ’ i t t  c ’’ ic i ’ l e  p m t t ’ t  i t  l i v  e le t ’ i u u c ’ih I i i  :- c’c’t ion 3.1 min d

i t t ’ I i ’ ’ I u ’ iI i i i  t i l m l e ’ I ,  \ e I j t t ’e ’m’ e’ui (  .e( i t t ’ m t ( t m ’ I l ’ u i t e ’ s  i s  t i i t i a t e ’ e l  t ’ou ’
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each vo lume  c e l l  typ e .  F l  xe’d contou u’ m i t t r i h u u t e s  I n c  hide’ meas urements of

the total precipitat ion prod u ced within the echo reg io n , avera ge ra in
rate’s e~n th&’ su t r f i i ce , p ro f i  I i ’s of area and of ave rage  r e f l e c t  iv I tv for
the  da ta  cot-u t a i  rued with ii the f i Xe’el c ouut ou ir  et uve lope , munch sunnmar I es of

the  numbers and lct c at  ions  of peak re fere ’nced cci is dot cc ted with in t he

echo envelope ’. ‘I’he p emuk referenced volume c e l l  m i r t r i b u t e~ i t i e l u d e  th e ’
S i ‘e , i t i t en s i  t , and i cuc ’m i t ion pmu’miimie’tei’s 1 i ste’d mubove plus ii u t’eu u,iumut ion
e)il m l s s o e  im i t e e l  t ’olunn’ ce ’I Is of di ft’ei’ent t\pe’s . ‘i’he’ refl e’ct l i l t  t’ p emtk
m it tribute ’s mu I so i ~n’ hide mu verm uge spre’mici mind shear t m l t cue’s fot’ da t  mu obt mu I iie’cI

W i t h  j t l  the cell (be’twe’eii base’ mmd t op )  , the ie’rt i cmi i shear  ‘cmi hues m It ’ t’

c a l c u m i m u t e d  u s i n g  tile’ van im it ion of the’ average’ i’m t d im u l velocit y with he’i ght

Fmu chi cle ’te ct eel  v c m l t i t t i e  e’e’l I is charmt cte’ri:e’cI by its muttrihut e’s. I m u ch

i ’ O I u l m e’ ce ’II ti’mick iu~’ the  t i m iue  v a r i m i t i o n  of ’ i t s  a t t r i b u t e s .  In  u u e l d l i t i c l i u ,

t r m i c k s  ma~’ be’ chu ur ae t cu’ i :e’el by mu I i  fet  in t o m i nd m i\ ’c i ’ mi ge ve ’l oc  I tv . Olu ser—

i m i t  io ns o l l t m i i lie’ el to ch ute i n e i i e m u t e  tha t the  i n c l i v i e l t i m u l pe ’mi k i’et’e”re’uut ’e’eI

reflect i i i  t v  i’d I s  no I the ’r merge nor split hut o n l y  eieve ’lo p mmcl t ru ins  I m i t e ’

t ) h se ’m’ i m u t  i ons  cut’ ml ni utc h l a r g e r  da ta  set are neede d tcu t’e’m ’ i f  t h i s  nto clel

for’ sn mimu I I  cell he ’hav I eu r .  I’he I m lr i Z c r f i xeel contour re’g i curls may ltu e’l’gi’ 01’

sp I I  t depending upon its stage euf eie’ve lopi tuent . By t r a c k i n g  the ’ er ie I c’Se’di

ce’l Is mind ma i nta lii i rig the’ cell te l fixed e’ontour icient I f i  eat ion re l m u t  i o n —

shi p, tiue ’ ituerger , growth , cliv is ion aild cie ’e muv of’ the larger ec ho i’eg tollS

may he ’ mint  o inmu t I cm i 11 v t aken  in t o  mic count . l ’iue mol’pho logy of the ’ echo

ele’ve leutum ent proces S ~~0\’ lue’ i iil1uoi’t tuu it to t h e ’  Ll iiei e’rS t mu r i el  m rig c’ I’ 
~ 
re’c ip t t mu —

t ion dvnmi umm I cs • howet ’et’ • set i taiu l e at t r i bu t e s  to ehm t rac t  er i ZO t i le ’  t’e’I ev mi n t

pro c se’s h m uv e ’ ~‘e’t to be defined . A g a i n , expe ’ri e ’n e’e’ w i t h  mu s i g n i f i c m t n t  l y

la rge r  data set is ree iui red luefore further progress can he’ macic.

3 . - I Sof tware  t’or V c u lu i mu e (‘e’l I Uetect ion m und Irack lug

• A computer program ( i ’RACK) wmus g en uermuted  under t h i s  coul t i’ac’t to

mus soc  i a t e  ce’ I Is from s c m l f l — t O — s e ’afl , r e so lve  c o n f l i c t s  between nm uu l t i p i e’

mu ss oc izut io u i s and geiierate ’ the volume eel 1 a t t r i b u t e’s l i s t e d  in  l’muh l e’ I .

The lis ting is provided i n  Appendix Il and opera t i ulg i n s t r u c t  ions mire

g I t e n  i uu App e’ ndi x C . The program pro ce ’sse ’s data which have’ be’eii geule’m’—

at ed by the -’ cell d e t e c t i o n  program (EX ’l ’RAI)) mmcl t hen  recorele ’d on d i s k  or

tape ; the algorithm s de scribe d in Sect ions  3, 1 to 3 ,3 mi re’ utse ’et , ‘t ’he ’ cur—

rent  output  is a l i s t  of a t t r i b u t e s  for e’m m c h de tecte d  v c t lu m i ’  ce’ l 1 (01 ’
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t rack I , ‘I ht ’se o u t p u t s  m i re  mi g m l  in  stor e ’eh on disk or tm i i m e ’ mind i i  steel oim

pm ’ in  tou t  t’o r’ subse’qute’nt a umm i I vs I s . Programs have ’  not be cut ge’ne’ruut ed m l s

‘e ’( t o sumuu mu uuu ’ i ~e’ the t r a ck  hi  s to w be’ s , do e l  iumu iutol ogical anal~~s Is , du u ’

pu’ ov ide’ sanqu l es for cm lse ’ s tudy m u i u m i  l v s  i s .

21)
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4.  ( ‘ F I l .  lm oR ftAs l’l Nt ;

4 .  1 Ex t rap o  I mi t  ion A long Ce’ 11 Tracks

Short ratige , 0— 2 0  m i n u t e , t’ore’cm is ts m urc ’ of i mportmunci’ for se’i’ e’r e’

~c-muth cr warn j u g  and we ’at he ’u’  h ;r’:it’d avoid mi t tc e’ , ‘fbi’ cu lt j e’ e’t l y e ’ of ml t’ore—

cas t on this t line ’ (and by imp I eat  iori  Compm ura t I vel  y sn um m l I ci~ s tance ’) semi i i’
i s  th e’ euce’ur re ’ilC e cut ml se’Vc’r e eve’nt mit mu p o i n t  d r  oi’ei’ ml sinai I a rea ~ute ’1i

m is m uiu m l i r port cur tile mippr om ue’h p mi t i l  t el t ile’ mi i rport . h ven t  s such m is h i  ghi

wi  r i ds p ro dume’e’el by downhmir st  S 01’ by gust  f r o i u t  s • or reg i oils i ut ’ I l l t e’iise’

hail fall are Cu f most i l l  t crest . I mi rge ’ r t inc and a re’ui fit ree’m i st s uuia~ be

mad e’ cut ’ t Ile pre-uhatul e oecum’r cnce ’ of ml severe weather  event hu u t the’ pro—

hi i’m cons i de ’r cd here i s t lie rome te’ detect j O i l , t i’ mu c k  I ng . an d pree i i e’t iou

euf th e development and decmtv  of mu severe wem iti i em ’ e’veil t . ‘l’he’ f i  rst par t s

of the prob l em , the detect ion mind tracking cuf sna i l  sca le ’ l’eatu m res in

the rm i dm u r el m it a • were cons ide ’r e ’cl i i i  prev i ous sect tolls. ‘flu e’ mlss cu c iat ieun

of these fe ’aturcs w i t h  se’ve’re w eather  eve’ilts i s  a second i~rob l em t ha t  is
not he i uig cons ielered under  t h i s  c o t i t ru ue t  . ‘fhe til l l’ei pa t’ t • the ’ forecast

of ce’I 1 cle’vi’lopment and mot IOu are g i v e n  in I t  i a I couis ide’r mit  ion in  tii is

sec t je ttI .

i’iue’ short range forecast preub l em CeunS idei’eel lle’rc is di f fe’rent t’rtuun

most met eoreu i tug i ca l  forecas t  j urcub i  ems in t ha t  th e’ occur re ’nce’ c u t ’ at 1 cml st

one c e l l  is mu ssumcd . ‘l’he’ probl ems are ’  where w i l l  i t  niove , h o w  w i l l  I t

eic’vclop in t i mii i’, where will tiew one’s cle’v eI op ~ mmcl w i l l  i t p rcu duic e’ mu S c’i’ d’ l’e’

weather  event .  The nu ea sumr e’ of success of the t’o r eca s t  p r oceciu t re ntis t

d epend upon the’ part I c u l a r  j um ’obl em tucldi’esseel . ‘flue sucee’Ss euf m~ ci’ 11 posi — 
. -

t ion forecast  shou ld  he iuieasureel luv t h e ’  d i  s tance  between I t s mid ’ t u a l  P°~ 
—

t j on and foi’ecas t pos it i Oil at fore’ca st t Inc . Tiie’ success cu t ’ t lie’ e’e’ 11

deve lopment  forec mist ~hioul d he me’mu sur e’ci 1w the’ di ft ’erence bet ween t i le ’

m uc tu t a l  i n tens  i t  v ( r e f l e c t i v i  t y ,  s m u v )  mu r i e l forecast i f l t e u i s  I t v  mi t  fom’e cmt st

t i m e . C l a s s  ic a l  o v u m lu i mu t  ion procedure’s t i u m m t  te s t the  OCe’tll’i’ e’ilc e’ ctl ’ l i Ol l—

Oc’ cu ir r ence of the  ev en t a t  a mu um lue r cut ’ ge ’tugra ph I cml 1 1 cue mi t I cu l l s  t ur d’ not

re ’comme’nded in  that the  remt souu t’eur t’a l i i i  re’ ot ’ the ’ for e ’e’a St mmu ~’ fleu t be

read ii v apparent

Crane  ( l 9 ~’( t)  used d u itm u oh ( m u i n e el lu~’ AP1. mIt  lc mt 1 t Ol l s  I slum el t o  pe rto l ’m

some in It Im i I tests of ccl I I rm te’k i itg t rmuc k juos it ion for e ’cmist  m i l g t u m ’ i t hins

lie’ assuinuecl tha t ml s i ngle c’e 11 not ion \‘i’c’t cur wou Id uucle’quuut c’lV de’scr I be t he’

— ~~ - 
— —  
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pre upzu gat ion of mu f i e ’lei of ce’ l I s  m u uld te’st e’el tha t mu ssu mm ipt i eu u i hi nie’m isulri n g

the a long  t r a c k  mmcl cross t r ack  pos i t  1cm e ’r r u r s  mis mu fuu ne t ion of’ t ’ou’e cm i s t
t m e  (0—20 iiu i f lu te’s) . lii s re’su I t s showed t i l m t t  t )ui ’ t 0 i ’ t ’e’t i S t  eu’ror po~ I —

t i c ru l wmu s the’ order of ’ the ’ cell dimu inete’r (mod i an  ‘cmi iue’) mIt t he hmi I f  I i  Ic
(m edl im im l I i  fet j un e’) cut ’ the’ c o i l  . lie mu ! so f’enmnel t h at  t he  ha i t ’ I i  t ’e’ u cmi s of ’ the ’

tur ile ’ r ot ’ I t )  to 15 m i u lu l te ’s m ur i el t he  me’d i m u um ce’1 1 ch i muflte’te’r was cut’ t h e ’ orcle’r c -u t ’

3 km. ‘l’h i s re sui l  t wmi s , however • based eu mu mu I m i  ti ’d amount c~t e iu u tm i  .

Craul e  tound tha t  t u e operation of the’ t rack e’xti’zupo l mu t I cut i t’eu re’cuist

pro cedur e ’  could  he ’ improve’d b~ us lu g  el I  t’t’e’re’nt not i ou i i’ e’e t c r ’ ~ t’cu i’ c i l  f t ’er—

oiut reg ions of the d i  sil l mu ’ are ’mu ( se ’e’ F I gulre  -I t ’om ’ an e’xm ui up I e’ si leuw i tug t h e ’

d i f f e r c u u t  d i r e c t i o n s  possible ’  t’el r  ce’l 1 t r m u c k s  cu b~~c’t ’ ve’ el e l u l r i u i g  t h e ’ s m lnu e ’

t i m e  i n t e’ i ’v m u l )  . T h i s  iele’ui is  i m - ic eu rpo ru ute -’ei In  t h i’ v o l ume’ ce’l I de’te ’c’t  i cuui

mind t x’acking progruun . ‘I’he’ mmu i cu l’ p u’olu l e’m ~uf i t s  i n g  e’xt  u’ m i lueu I mu t ion mi l cung m l

track lot’ forecast lug i s  the i’el m u t ive l v shic i’t Ii fet inc o f ii iost Ce ’ I l s

I’he l mi r ge’st and most i n t e n s e ’ c e l l s  1u e’i’s I ste ’cI t’eur ml r e ’ l m u t  i v e l v  lcm g t iit me’,

4() to 50 m i n u t e s .  i:xce’pt for these’ ce’l is • the’ c’L’l 1 cotilcl d l  s~u t - u p e’m i t’ 1u~

t’orc’ c’ m u s t t i m e ’ and a s i gn i t’i cant  nu nu bem ’ ci t ’ new e’e’l I s cci i  I d  a l u l u e’ui u’ . Fiure’ —

casts based upon c e l l  t int o h i  st  on c’S con te l be USt ’cl r i -u e’~t I l i m i t  e’ cc’I I I t

t inc hut t he t’cu reca St cut’ new C e’ 11 s i t e’ elc’ve’ I elp ilt et i  t i S a ittm t tIn pi’eth u lou t t’o u’

any rad mu r e la tmi  t uas e’ei short m’ mun ge ’ for e’cm i s t  pl’Oee’cluli ’ e’ .

.1 . 2 N ew Ce’ i i  Si te l)et ’e’ I opmcn t

‘I’he t’eclel i r eiuit’ nt fcu r mu pi ’oc’edu i I’d’ teu t ’e~ i’c’c’m i s t  the no st j u u ’o l lm i b 1 ‘ s i t i ’”

for new e’e’l I eleveIe u I lmi ~nt mmci th e’ oh se’ m ’ v m u t b u n  of m l se ’euut i t lg I’ pe’rs I st ,u n t

organi :mu t ion or st m ’uc ture’ for the’ lo em i t ion ~t f ’ m ict lye ~‘el I “ I e’m l ,l tc l mlii

i f lVe ’St  I gm e t  ion of the most protumub h e ’ di s t  m i l l c’ e’ ci’ spmlc ’ t r i g  b e twce’n t h e ’ c c  u s  .

Th e W a l l o p s  I s l a n d  el mut m u I lr ev i en t s  1’ I t t ’ iu e’e’sse d h~ t ’ u’ m i i t e ’ ( l~~~(’~ lte ’!’e’ UsOc! t o t ’

t h i s  uuuiuu l vs i s .  The da t a  cons i sted i u t ’ ccumpute ’t’ pm’ e’p ar e’cl n tmuj ’ s  o f ’ clc te ’c te’d

ce’i 1 l o c a t i o n s  for each ot’ the’ uu~ i m u i t h  s cm m n s  1u roee~ssedi t’roiit t lue ’ I ~I T 3

summer data  se’t pr cuv i de’d by -\i ’l . . Nt ’m t i ’ e s t  nd ghhcu r cli s tm ul le ’d’S We ’i’ e’ clh t  ~i u ul c’cl

from the du ita to inves t  iga t e’ t I le’ e x i s t  ence’ o t ’ pi’i’c i st m int deuimm j nm un t s c m i  I i ’s

for ce l l  curgan i  :m u t ion . The smmi l l es t , se ’cc unc l and t h ir d s h o m ’ t e ’s t d i s t , i i t c ’ e’s

lu etween emuch cell anti i t~ nd ghlbcuu’s we’re’ det e’rm i iu i’cI mine! t m u but  h a t  eel t’or

each cell for emich i m i vm i I laitl e’ ve u hu u une ’  Sc’ . i f l  . It i s not  ccl t h at  u~ i t  Ii t h e  l1u’o~

c e s s i n ,z techn ique used , the d i s t a n c e  botw eeu i two c l c u s e ’ l i  sp. tc e’d ce l l s  u s

counted t w i c e , each ce’l I be i ng the ne ’m u u’ e’st n e i g h b o r 01’ the  o the t ’ , \e’.um ’es t
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nei ghbor distributions were generated for each scan . The mode for each

d i s t r i b u t i o n  was used to e st i m a t e  the  most pro l)ahle ce l l  s p a c i n g  for t h a t

scan. Time histories of the modal values for the smallest, second and

th i rd  shortest  d i s t a n c e s  are g iven  in Figure  5 for th ree  d ay s  w i t h

relatively large numbers of cells (more’ than 20 per scan) , These data

show nearest neighbor distances to be on the order of 8 km. Some perio-

dicitv is evident in the nearest neighbor distance values but this is

most l i k e l y  due to the sma l l  number of samples used to generate  a dis-

tance estimate. The data show a marked day to day cons i s t ency .

The most  l i k e l y  s i t e s  for the  development of new c e l l s  in a c l u s t e r

of c e l l s  should he at the nearest neighbor spacing from the extrapolated

pos i t ion  of observed c e l l s . A p r e l i m i n a r y  tes t  of t h i s  hypo thes i s  is

i l l u s t r a t e d  in F igures  6 and 7. F igu re  6 displays the locations of new ,

sho r t - l i ved  or decaying , and t r ackable  cells observed at 2229  GMT on 18

June l9”3 at Wallops Island . The trackable cells are dep icted at mid -

track . Since the observations are separated by more that-u 20 minutes ,

only long-lived cells are trackable and the m aj o r i t y  ~f c e l l s  are dep ic-

ted as new ( f i r s t  detect ion at 2229 GMT) or short-lived (detected on the

previous scan) .  F igure  7 d i sp lays the s i t u a t i o n  more than an hour imuter ,

at 2337 ( M T .  The new cells depicted at this time are desi gn:uted by N.

The older c e l l s  shown on Figure  6 have been extrapolated to the t ime  for

Figure  7 u s i ng  the mean cell velocity obtained from the trackable cells.

It is noted that most of the cells have decayed by this time and the

locations represent the extrapolated locations of the cell sites . The

circles drawn about each of the extrapolated cell sites have rad i i  equal

t~ the most likely nearest neighbor distance. The results show tha t  23

(66~ ) of the new c e l l s  appear at or w i t h i n  2 km of the nearest neighbor

dis tance w h i l e  12 l i e  outs ide  t h i s  rang e. These results show consider-

abl e promise given the rela t ivel y long time intervals between observations.

The new ce l l  si tes dep icted on Figure 7 also show a number of cells

approximately spaced from each other by the nearest neighbor distance but
• - not connected to an older cell site. —\ forecast based upon a more corn-

plex pattern using the nearest neighb or distances in a more regular cx-

tended structure may be capable of predi ct ing the loca t ions of a larger

number  of c e l l s .  The structure may also reduce the  si :c  of the  reg ion

24 
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fore cas t for probable ’ new c e l l  development by specif y ing a segment or

segments of the nearest nei ghbor murc , A considerably larger satuu ple of

data with smaller time steps between observati ons is re’qui rcd be’fore a

proc edure for new cell site forecasting can be developed and tested .

The preliminary results presented here mire encourag ing and i n d i c a t e ’  t h m u t

a new cell si te forecasting procedure can be’ develope’d.
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5. ANALYSIS 01: SEL I~CT E1) DA’i’A SI1’S

5.1 Use of the Computer Programs

The computer  programs descr ibed  above were developed mi s mu p ro to type

for mi real-time pre - sing sstem to be employed in reducing the number

of da ta  b i t s  required to descr ibe  mu set of radar observations. The oh-

j e ’ct i v e  of the program was to repl ace the large volumes of d a t a  o b t a i n e d

tu~~
’ m u racimi r system t o ml set of f i x e d  coul t our  and peak refere ’ne’ed c e l l

mut tr i h -u ut tc ’s cmu jum ui u i C c)f re luresent i n g  the  same’ e’sseuit  i m i  I infoi’ntat ion . A

pu ’c t t o t v ~ue program i s now m l v m l  l i a b l e  w i t h  opt I o ium t  1 c’hcl i cc’s for many cut’ t he

r u’oc ’ i’ 55 1 rig pmuramete’u’s and t’or represen t i rig the  c’ i’ I i  m ind con t ou lu ’  atti’ i h u l t  es .

‘Fhe m aj o r  t h r u s t  cu f t h i  5 c’c u l l t  t’ mtc ’t has been ~u u’o grm lm development  m i u t d i ui i —

t imi l t e s t i n g  of ’ c r i t i c a l  hypo these s such m i s the ’  j u o s s i h i  1 i t s ’  ot ’ forecast-

ing the b eat ions of new c e l l  s i t e s. -\ cons i d e r m i b l  e amount of wc irk still

r emains  u s lu ig  the’ programs to opt i m i  :e the proc e’ss ing l u mii’ muiIk ~te r s

An ex amp le of the  input  radar dm u tm i t’iu t ’ a pa i l’ of f i  xecl contours  i s

g iv er-u i n  F i g u r e ’  1 . The’ r mu w data m l u’e t he thrc ’e i uijuut  pa rmume ’t e’rs , u’e t’ lee —

tivitv , radimu l velocit y , and I )oppl er  (c u t ’  ve l oc i t y )  spu ’em tcl . An i n t e r n a l  l v
generated data  fiel d , tange ’ntial shear , is als o de1uicte ’ch . Contoured data

for the ’ three fields use ’d il -u f u r t h e r  proce’ss ing t’eur oui e’ of the echcu i’e’gions
are depicted i n Fi gl ure ’ 8. In t h i s  f i g u r e , t u e  d i l lan t i z a t i o n  s t e ’p s  foi’

each da tmu  f i e l d  mire I dB , 0 .5  m/ s , mind 0 . 1  r n / s / k m  for the  r e f l e c t i v i t y ,
spread , and tangential sheni ’ f i e l d s  respec t i v e l v  . ‘I’he re’flect iv  i t~ d a ta

show relativel long, t h i n  contours . ‘l’he b a s i c  r e s o l u t i o n  e lement  for

p rocess ing , 10 liv 0 .3  km , i s  a square or. t h i s  f ig u r e .  For more e f f i c ie ’ n t

processing, the resolution elements shoutid he’ a d j u s t e d  so the contours

to be detected are nearl y circul a r , The radar da ta  are read into the ’  corn-

puter  in 1 0 by 0 .15 I .ln r e s o l u t i o n  e l e m e n t s .  In t h i s  example , the da t mu
along a radial should he averaged by at leas t  a f ac to r  of 6 (3 tu nes the

fac tor used fo r thi s fi gur e~ tc u produce 1° x 0.9 km resolution elements,

This adjustment m a y  be made automa t ic’ a l l y  in  the c e l l  detect ion program .

The spread and tangent im u l shear data  show large changes from one’ u’csolu-

tion element to the next although , with the quanti zm ition steps used , the

data revea l the same tendency toward elongation as the reflectivit y data.

Con tour s encl os ing peak de tec te d ce l l s are indica t ed by the e’i’cu ss

ha tch ing  on F igu r e 8 and on Fi gure 9. The contou lrs mire generated at
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t hru ’e qu tan t I ‘m i t  I dull uumu it c hlt’ lcu ~ the’ pt ’.t k V . u I  u ic ‘. . I’he’ t ’ul t et ’ e i ’ll to u t’ t o t ’

u’et ’l c ’c’t i v  it ~ on I i  gut t .c  S min d t h e  t u u u t er e’o l t t  o u r  t ut u F t  g u l i ’ o 9 cou ’t ’c s i’ ouud t el

t h e ’ 20 dh1~ t i ii ’ t’shid l Id  u i s e’d t t l l ’  Iht ’oc’c’S 5 I ii  , I t ~ ’ u’e’t I Ce ’ t I \ i t  V p t ’ m t k s  u, c ’rc

d e te ct e d  i l  t h o u l g h u  mu shout  I cIe r o ut  t h u e I’ i u’ st pe ak ( i n  i’ . t uugc  , t h e ’ si te u t t i  de’t’

j c  m I t  shor t er ’  r m in ~ es) t~Oti id  h m i v t ’  been Jet cot ci! m u ”  an l u te!  i ~ i d u i a l  c c l  I i t ’

tw o  qru m i ii t I ~‘ .1 t b i t  St ‘j ~~ s hO l’ i’ ut seth to de’ t ’ I tie ’ t lie’ e’ ci I . l ’h te ’ “ hi ou m I d i ’  he ’ll Id
• m u !  so be’ I ul c’ luud ed w i t  hi t i t e’ two de ’t ecte ’cl ccl  l~ i i i  m t s i n g  I c  e’e’ I I  it ’ t he’ I

b~- 0 , 9 km u’e sot uut  ion mu remu u~c t’e US

The’ t angeuu t I a 1 shear  antI ll opp le t’ sp read p omu k s m i I’ d’ shown su u l l c  u’ I tuipt uscel

cut i the  r e f l e c t  iv I t v  e’o u u tc u uui ’ s  in  F i gtu u’ e  9. The two  t mt uug e ui t i m ul shcmuu ’ j l c . tk s

od’c’ur t’o r emic ’h u’e f l  t’c’t i v  I t  v peak i t ’ t h e ’ shout l dci’ t~c ’t ’ c’ t t t c  ht t de el  . Ii tc ’’.e ’

i ’ emi k s  toget her  w i t hu  t he  roi l  Cc ’ t iv  i t i  el m i I m r m i l l i t e m l u ’  to he ’ dcl  I u t e ’ mi t i ug f l u e ’

uip dt~m u t t  . down clt’ :uf ’t St t ’uic’t uu ’ e’ ci ’ t Ito ee l  I . t~i t h u  a ctu ~t u u c ~c to  ml I ” !‘ ~~
- 0 . 9

km u’esc’ I u t  i t - un  mi u’ emt • I he’se stil ’- C d ’ I I  st rul e ’ t i i t ’ c s  w oui Id  hue a \ c ’ r.ugc ’cI t o  m u e’c’li —

si  St cuit  • du ne ’ c’e’ I I  t I l e ’ t ul t ’ c ’ to  i’ thu i ‘. c ’e’ ho u’ d’g t o l l . li t ’ 11 011111 01’ “p rc ’m id d a t  a

u’evca I t w o  t \ l1O5 cu t }1 e’miks , t cu u iu’ c I t t h e  s O \  c ’t i  ~Ict Cc ’ t c’cl i’ ’ .uks e’e1 t t i e  ~sic ’ is i t  h i

t he’ t m l u i g c n t  L i i  shca i ’  po . u k’ -~ cu l t  I i n i u u g  u’ c ’ ,~ l o u t s ot  h i t c h  ‘-. i ic . t r ’  m ind i u i e ’, iu ‘-‘ l’ u ’ e ’aJ

The se’ p em I L s m I re t I so h u t  i mat c l i  i~e I a t OcI t o  t h u  e i’d ’ I ’ I Ce ’ I I i i t  i -‘ t ’t Ie~ I l l  u’ e ’ .

Tb u’ee othe r  I i opp let’  s1u i’ e’ ,id pe ’.I k .1 1 ‘.c a u’c ov 1 dccl I a t  t h e  t c ’ i’ I OsIl ~ ’ “ • ‘ t

t he  :o ~l8: ccitt ci i i ’ . ih e se  ll c’.u k c’Ot’ I ’c sj lOuleI t e l t’ e’g i outs o t ’ re I a t  i ~ ‘ I ‘- I • ‘~~

ret’! Oc t i v  i t  i .‘.~ JR : min d I ct~ct ’ ) mu uu ~t m i u l s  t o tt” ih l l~ t ’e i I u’ e’Se ’ l t t u ’c~ i o t t ’~

low si gu i mu 1- . to  — l i d  Si ’ ‘s .il l ie ’ ” ~ i ye’ u’i sc te l ele ’c’ep t i v e t  hi t  g hu 11 011111 Ct’ 5i’t ’ c ’ uc l ’~
The uumrnhe ’u ’ a mid sh t . t i ~os o t’ t hue 1~e ’m i k r c ’ t’ereuuc ’ed e’e I t s  w i  I 1 \ •t t ’~ . t s  t h e

c l u lm t nt  i .‘.u I cit s t  e~l S I :e , t h e  l lubl u ui u c ’i’ 01 q i l m i u u t  I :m u t I O t t  ~t ci’s t o t ’  peak clOt Oc ’

t i tin , mind t he s t -
. 

~
‘ o t’ I he u’e co 1 ui I i o n  a t ’ em i m u r ’ o c’hm u rugee l  . ~ht ’ t o  c \

~~
1t ’ 1. 1 O l i c ’ t ’

u s requ i reel ui s i mug t he’ Sc ’ e’cu mpu it e’ u’ I I u’og t’ m uu u us t o sc 1 c ’ c t I lie d l l i t 11111111 ¼ e I Inl ~ I iLl  —

t I d lii ot ’ t he’se’ p m u u’ amuuc t ci’s t’e l u’ t hu e c lot  Cc t i Ot t  0 t’ p i ti i t ’ ~u I 1 mc m li i  t t u g t ’ut 1 ci 1

-\ 5 it ” ed i ll c~c’1te ’ u’ .u t I ng F t gul’e S S m l ut ~! 9 , it mu l l i l eml  l’s t limi t t 00 I l tu le ’ h i t h e ’ t S i t

i s  pu ’ e’Seu u t m m c l  sonte cu t ’ t he’ de’t cot t’el u’Ct~ j o l t s  e5~~~’c’ t a l l  v t’dlt’ spi .cm iel , t t u e !

I zin~~euu I i ml I sitemi t’ dm i t a rep l’t’S e’ii t St r i t e  t ii u’c out 1 00 suuu m u 11 a Sc •t 1 e ( t O  u ’

exm in up Ic  • t he I net i v  id tm mt  1 u p d lrmr t’t a n t i  e l O i t i t c i  r m i t t  reg I c1lls h i t  h u t  i

• .~ \ e ’i uruu e i ’d I 0b~ erv. t  I jolts

The vo l u r m e’ ~
‘ ci I Jet Oc ’ t 11111 II u’tu g i’ u tll I ‘. ulse d t 0 e’Oittl’ t t ie I hue dm i t a t’ u’ ct tu

Ii tuumt l e t’ o t ’ i nd I v i ~h t i mr I m i I nut ( h i  “ c ’ .t it . . P at  m i obt ,l I ned t’rom I he’ Su ici i u ui  t ’\

u’ m ucl m m u’ , suiI ’si ’i~m iottt to  l’~.’S i~ l I Oil  \ui ~ i i ’~t I.~, 19 ‘
~~‘ t t s i i t g  1 ” i1\ 0,9 kit i
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I
resol ut ion areas are depic ted in Fi gures 10-14 . These data show the cen-

troid location of each refl ectivity peak referenced cell coded both by

av erage reflectivity and by area. The locations of the tangential shear

peaks are denoted by X and the loca t ions of Doppler spread peaks are
deno ted by + ,

The da ta from each of the scans were combined to form volume cell s

shown in Fi gure 15. In this figure , the solid lines connect the cel l

loca tions as detected on each scan using the algorithms described in

SEction 3 (Track Program) . Cells within 50 km of the radar were detected

at elevation angles up to 5°; cells at further ranges were only detected

at elevation angles below 40 (heigh ts less than 5 km) . A limited set of

volum e cell  at tr ibutes for this da ta set is l is ted in Table 2 .
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(1. 1 Par amet er  Opt im i  :‘~~t ion

A set of comput t ’I’ prog z’ahiis has beeii geiiei ’ated to p r o v i d e  an auto-

ma t i ~
‘ means t’o r t he e xt  I ’)I d’ t i on of ’ i n f o  ruin t ion from I a rge vo l umes of i’atl a

d a t a .  ‘I’he pro grams ai’ e written to be as genera l ~I S pd )SSiht&’ to eflU t ) h’
t’itpidi changes in  pr oce”~s tu g  p a r a m e t er s ,  As t iW i cat  ed in  Sed’ t t ou  5 , t h e

opt m u m  ~‘a I t ie s t’o r these  p ar amet ers are not known anti nm st he elet e rut i nt ’tI

it I s exped’tedl tha t the  pa ramet e’t’s shoti  iLl change t’roin one ’ radar  svs t  (‘In

to the f lCXt  dlej t d ’nd( t ng ~~I’ t i l L ’ t j u n11  v Oh t h&’ rest) I t i t  1( 111 ~‘ ct 1 t i i~e a iid tiiinibt’ i’ o f ’

I ndi -’pendent sainp id ’s per reso t n t  ton ci ement , Ih e  t’ i t’st prob I t’In to  he d’Ol)—

s ide redl in the use of t h i s  set ot ’ program s i s  the  opt h u t  ~‘at ion o f  para-

m e t e r s .  This can only be done liv jui ’oct ’ss ing  a r e l a t  ive1~ la rge ntmnibt ’i ’ of ’

radar  scans for di fferent r a i n  cond I t ions.

Ideal  lv , a u x i l i a r y  data  shou ld  be av ai  lab  t & ~ t o  pr’o v ide a s t andard

of comparison for the output from the p cog rain . Many d’a se s tud  i es such

as t he one reported in Sed’ t ion 5. 1 shout ti lit’ pe r id )  u’nmed to olut at ii the

raw contour da ta  to provid e’ a comparison st antiai ’d • l o r  use in d ie t ec t—

i ng severe wea t her & ‘VCII t 5 • au X i  1 i a ry i-I~i t a Oil the  S ~ V crc t’~’t’t ) t S a I’ d’ a I so

requ ~ red i

6 . 2  Real ‘I’i nme Processing

The programs , a t  though genera I in  na tu r d ’, were w r i t  ten w i t h  t he

u l t i m a t e  goal of use in a real t i m e  pr od’essoI ’ . At ’t e r t h e  a n a l y s i s  (‘or

parameter opt i m i  zat  ion has been coup I eted . spec t a  i i  ~‘at ion to a rca I t tnt’

processor may be acd’omp I i  shed . Re a l  — t tu n e process lug  requ I res the  nun imi —

:a t ion o t’ computer s to rag e  and Opt’ i’a t I ng t i nc .  M a j o r  steps d’ au he made

in t h i s  d i r e c t i o n  by in c r e a s i n g  the  t’t’ s o l u t i o n  e lement  area fo m’ iu r oce s s—

I ng ( a v e r a g i n g  over  ~- I km in  i’ange as rei-’ommended in  Sect ion 5 • I )  and lu

reduc I ng th e  number o t’ peak tic t ed’ t I cii i  opera  t Ions , ‘lhe I a t  t ci’ can tue

a c c o m p l i s h e d  1w p u’od ’ess i ng ci  th er  t angen t  lii i shea,’ or I)opp i er spread d a t  a

hu t not bo t h as i ~ cu r ren t  I t -  don e ’. Another  t l Ute ’ s a v i n g  step i s  t O t’c Itit ’e

t he  ~- o t une of output by not preparing the I’ i xed 1 evel contou r p lot t lu g

d i  Sj ) I avs  In  the computer  hut d o i n g  the  t’i xed contouring in the color di s—

p l a y  processol ’ as is  current  lv  done for the  output  of d i gital int egr a tcui’ s

42
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Preprocess tug  ot the  da ta  tor d’a ii lui’at ton , Vt ’ lot’ it V ambi gu it v resol lit tO l l .

and conversion f rom variance to ye lot’ i t v spread w i l l  a Iso cav e  some t i Inc
(~u u r r e n t  r u n n i n g  t Inc f o r  r’et’l vt’t i t l  tv processing 011 1 v but Iflc ’ l u ,~l I ng

fixed contour  gene ra t ion  for tli s p i n y  is  2 mi mutes  pci’ a z i m u t h  scan . liv

1( 1St do lug  the preprocess 1mg , the i ’utuiui i ng t i me t’ou Id1 be reduced lu lilt) i’e

than a f ac to r  of two . The o ther  reduc t i otis t’ccoutmendc ’d above p l u s  i n  tei’ —

na I programnnng changes to i’educe t he use’ of ’ i fldl i 1’cc t a r ray  address l u g

should result in  a pro gi ’aIuu t h a t  w i l l  do at l eas t  two data  t’i e l d s  , t’ct ’I I’d’ —

t iv i t  V and tangen t i a I shea t’ or i iopp I c r  sp t ’ead , in  r ea l  t inc (30 second s

per scan)

. 3 Spat i a I Ana l  vs i s  of ’ Ct ’ I I  l l u- e I opmen t

The i n i t i a l  c’ofls idt ’ t’ 5i1 i o u i s  of ’ f lit ’ f o t ’e c a — ~t ol n~ u~ d’ &’I  I s i t e  loca-
tions tn d id ’ates t h a t  improvem ent  s shou ld  be p o s s i b l e  i t ’ attent Ie uf l  i s

focused on the st r u t c t u i u ’e  or or g an i  ‘a t  i on of the  ~‘t ’l I lod’at i cun pattel’ns

Process ing  t cu dat e  has used t he  clet c m i  nat  ion of ’ n ea r est nc i  ghboi ’ ~l i s—
t anc es t ci oh t a in  i n f o  runat ion about c e l l  spad’ ing S . i’he nea I’d’s t mc ghbo 1’
d i s t ances  p r o v i d e  estim a te s at’ the  i o ’ at  ions of sf’clundau’v m a x  tmna i i i  the

spat i a l  cor i ’elat ion t’unt’t i cum t’or c e l l  lod’at ion s . l n t ’cu rmat io n on st m d ’ —

tu r e  can be t te r  be o b t a i n e d  f rom more ret’ I neil d’O1’ 1’e I a t  ion f u n d ’ t I on (01’

~~~ in I power spc’c’t r a )  of ’ d’Cl I IO ~’at i o n .  l’hes ’ antt  I t’Se ’S should  be coui —

chi c t cdi us i ng a mmtc ’h in rger cia t ~ ~ ample  p i ’e f e r t t h  it’  to) ’ a nitnil ut ’i’ tu t d i  t’t’t’r —

en t I oca t ions  and s torm t t -pcs

~i .4 Morph olog i d’il I and ( ‘I imatolog i d ’a I .-\na I v s  is

The program s described abov e arc used to e x t r a c t  the s i  gu i  t’i can t

in  fo rma t i on from a I a rg c vo I ume of ’ u’ ad a u’ cia t a , ‘Iii c res u I t i s s t 1 11

f o r m i d a b l e  data  set counpr i sed of a numb er  of ’ l i s t s  o f ’ vo l ume d’el I a t  t r I —

butes f’oi’ each scan , s torm , and i-l ay . I ’hese da ta  uiucu st in  t u r n  he reduced

to a manageab le  set to dcscr  i be t h e  m o rphology cut c e l l  ct evi 5’lopmt ’nt . ‘1’h i s

ana l  vs i s  must be per formed beto r e  any m e a n i n g f u l  c e l l  t c u r e d - ttst pi’ocedttt ’es

• can tue deve 1 opect and tes ted . The ana l y s I s e n t a i l s  hot ii t h e  const cud’ t io n

of new prog rams arid t he  proc’ vs s I ng of ’ l a rge  ~o I umme s 1)1’ tInt a

.1 -~
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- ---
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APPENDIX A

CELL DETECTION AND TRACKING PROGRAM
INSTRUCTIONS FOR OPERATION

A.l Description of Input and Output

Prog ram input and output are depicted in Fi gure Al. The tape input

format is g ive n in Tabl e A l .  The contr ol ca rds are discussed in sec t ion
12. The program produces (a) tapes of computed attributes for input to a

second program for computing volume scans; (b) a plot tape is generated

that can be stored for input to another program “EXPAND ” whi ch is a gen-
eral purpose plotting package for plotting the fixed contours , centroids ,

cell identification and peak locations expanded over selected areas; (c)

B-scan maps are also produced as an option; and (d) at the completion of

a scan the program will print out fixed contour attributes , peak detected

cell attributes and tangential shear maxima attributes. All of the attri-

butes printed have ident i f iers  which can be associated wi th  the identi-

fiers displayed on the expanded plots .

A . 2 Control Card Format

Control card input to the program is NAM ELJST input which allows

certain parameters in the program to default or to be set to different

va lues . The variable names , type (LOGICAL L , INTEGER I , and REAL R ) ,

dimension , defaul t va lue and their  meanings are l is ted in Tabl e A2.

A - I
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TABLE -\2

CARD FORMAT FOR PROGRAM EXTRAI )

Reads in program parameters via N AMF I .  1 S F  format

NAMELI S’I ’ VARIABLES:  (Level  “'80-115)

NAM E TYPE DIMENSION I)EFAU LT M E ANING

PR I N T l  1. 1 Fl I.SU Unused .

PRI N T2 F I FALSE I f  . TRIIE .  p r i n t  B—scan  maps of
mean and variance.

PR ! NT5 I. I FALSE I f  .TRIIE . p r i n t  B—scan maps of
ci B:.

PRINT4 1. 1 FALSE Unused .

ICOI 1ES I 3 ’  Blank thru  Codes for repr esent lug JB : c a t e -’ —: then 1 gor ie s  for B—scan map output
thru 9.

R 1 . 1 3~’’9 In  the I ineai’ equa t ion  y = m x + lu
for comluut ing coded dIR : for B—

B! R I 1. 5 scans , Al = N and RI = b .

$ 1 .0 1 Unus ed

B2 R 1 l8 . (. Unused .

CON ’I’RZ F I ‘rRIIF f 111 SF , do no t pr oce ss i e ak
cell attri luutes .

CON’I’RV I , I ‘l’RIIE If F-\ISF , do not process refiec—
t i v  I tv , shear , i sju i’ ead

CON’l’RS I. I i’RIIF It ’ FAl SE , dlO not 1)t’ du c’ss’ss shea r
and spread

NF I LE 1 1 0 Number of f i l e ’s on t 5ipc to ski 1u
be for e  i ‘oct’55 ing

N (IMF I I 1 Number et’ t’i It ’ s on tape to process

AC P 4 —10 .7, Ca l  ib r at  ion d’ d ’Sd’ t t I  c i en t s  for
~ I ~ i7 , computing DBM bel ow a t h r e sho ld
— 0 . 9-i • XCIII ’. ( S~~~’ XCIII )
+ . 0018

- ‘— -I
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NAME TYPE ’ I)IMENS ION DEFAULT MEANING -

COPLOT L 1 FALSE I f TRUE , output a tape for
p l o t t i n g .

VOLTA P F I TRUE If FALSE , do not ou tpu t  an
attribute tape .

CALM R 1 .332 In the calibration equation for
CALB R 1 -98.5 DBM v = mx+b , CALM = N ~ CAL B = b.

XCLIT R 1 10.0 Threshold value that determines
which  equation to use for ca l i-
bration . (l i nea r  or n o n — l i n e a r )

CK R 1 10.0 In the equatio n for  comput ing  dB : ,
K +P+ 2 0AL OClu~ S( 1-  .5 )) K = CK .

:MA x R 1 0.0 Not currentl y used .

V?’tkX R 1 0,0 Not currenti” used .

NRF,C 1 1 1 Not currently used .

NIJMR I 1 999 Number of r a d i al s  to be processed .
Use , defau l t val ue when doi ng full
scan .

IRLJN 1 1 0 Run number chosen by user .

INC 1 1 0 Not currentl y used .

STARTR R 1 0.0 Where a l ong a radial  in k i lom et ers
processing i s  to start .

S1’OPR R 1 300.0 Where along a radial in kilom e ters
proc ess ing is to stop .

IN P RF I 1 3333 Value  of PRE (Pulse  Repetition
Frequency) to he used when PRF
cannot be o b t a i n e d  from the data
tape.

SC\I.l’ R I 1 ,0 Scale factor for drawing f i x e d
contours

AF R 1 1 .2 1  Constant for comput ing  hei gh t s
of cel l s .

R 1 300 Cons t an t  t o r  computing rain rate.

RB R 1 1 .5 Exponen t for comput ing  r a i n  r a t e .

A-S
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NAME TYPE DIMENSION ImFAUL’r MEANING

XI R 1 0 .0  F rame s i z e  coordinates for fixed
contour plotting. Less than or
equal to 8 inc hes.

N2 R 1 8.0 Same as above.

Yl R 1 0.0 Same a s above. - -

Y2 R 1 8.0 Same as above.

TV 1 1 35 Mean wind velocit y in a f ixed
echo contour is not computed for
dBz grea ter than this  val ue.

R 1 10
6 

No t currentl y used .

LDV 1 1 3 Cell detection threshold for
refl ect ance peaks .

LIV 1 1 3 Cell detection threshold for
v e l o c i ty  peaks .

LSV 1 1 3 Cell detection threshold for
shear peaks.

ICOM P I 1 Da ta compres s ion fa ct or. (range
i n t eg ra t ion)

VT~1IN P 1 0,0 tJnused .

SVMIN P 1 0.0 Unused .

ARF ,AMN P 1 1.0 Any c omp l eted contour having
an area l ess than AREAMN will
he i gnored hut is p lo tt ed i f a
fixed contour .

WAVEI, P 1 0.0542 Radar wavelength in meters . —

VQUANT P 1 10 .0 Tangen t ial she~r quar itization
step (m/s/kmY ’,

SQUANT B 1 2 . 0  Doppler spr~’ad qu a n t i z a t i o n
step (m/s)

RQIJANF P 1 1.0 Reflectivity quanti :ation steps
(in dB~~).

D A M  R 1 1.0 Beam width (degrees ~ .

— ‘ — (- S
- -- - 

~~—- -~~
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NAME TYPE DIMENSION DEFAULT ME~~~NG - 

-ESTART R 1 (1.5 0 ) E l e v a t i o n  s t a r t  ang l e  (degrees) .  -

DELT R 1 ( ,5 0) Delta elevation angle (degrees)
defining next scan .
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APPENDIX B

PLOTTING PROGRAM ‘EXPAND ’ (VERSION 1.0) - 
-

B .l Descri p t ion  of Input  and Output /

Program EXPAND u t i l i z e s  the p lot tape generated by program ‘EXT RAD ’

as input to generate not only full scan plots of fixed contours and

their centroids but on option w i l l  expand and plo t cer tain areas of
interest ,  Also  on ep tion , i t  w i l l  plot out locat ions  of cen tro ids of

fixed contours, peak detected cells , Doppler spread and tangential shear

locals. These plotting options apply to full scan plots as well as

expanded plots.

The plots are generated on the CALCOMP ink pen drum p lo t t e r .  The

X axis are labeled negative kilometers west of the radar and positive

eas t .  Y axis are labeled negative kilometers south of the radar and

positive north . The date and elevat ion ang le are also anno tated ,

B .2  Con trol Card Format

Control card input to the program is NAMELIST input which al lows

certain parameters to default or to be set to different values . The

variable names , type, dimension , default and meaning are lis ted in Tab le
81.

It is suggested that program EXPAND generate full scan plots of

fixed contours from the entire EXTRAD tape first before generating

expanded areas of view . This allows one to examine exactly what each

scan contains and where expansion would be of interest. One set of

NAMELIST input cards are needed for each scan , If, for example , it is

desired to go into the third scan on tape , three NAMELIST set ups must

J 
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CA R l ) FORMA l’ FOR PROGRAM I ~X PAN I )
P1 1115 I N  I’RO~RAM PARAMF I’FI4S \ I A N IMELI ST I N III ’ l ’

N AMFI. i S ’i  \ -\11 I -\ IlI FS :

N AME “YI’N I)IMI NSION l 1 i l :\ilI ;F NI -\N IN .

~~~~~ i. -i

i P I i ’ ( 1) 1, . F A l S E .  I I . 114111 . p l o t  .‘ dot I o l o c a l  c
pea k d~ t~’c’t~’d cell

I FLF( 2 )  F . F A I S I - . I I ’ . TRIIF .  p l o t  a (‘ io locale
- 

- 1’j x d’O f l t  oiii ’ cent i’o I

I PLT( 3) I , . El 1 5 1- . i t ’ . 114111 . ot a + to  I o~ a c
I )opp l er spread .

I P I l ( - l ) I .FAIS I . i t ’ .114111 . p l o t  Ill X to Io~ , i l c
I augen t  i a I -;hc ,, i’ .

2 1 I. 1 . I ’I11 1l - P l o t  I i ~~ coil tOlil’ ’’ 101’ l i i ’ c t

I (:‘V( ’ 1 ~ oii  t olli ’

I.  1 . 1141 ( 1 . I ’ I o( I I \ e’O1)t OII1 ’ ’- t t ~ l’ sec’oiid
I cv ci t’oflt 0111 ’ .

- 1 - S I ,  I , FI111i . - \ I w a ~ ’- set t o  ~~~~~~

I I . I I U I I . \ I ~~.i ’ - ’-- - -c I t o  .1:11.51

i~S iS j , l . - \ I S I  , l’dlcll . 1 11111 . c’c i~anded a i’ ’a r l o t  ~.

:irc t ’ (’(l I1(’ S t ( ’
~
i . l~l1n’n i . -\l SI

d i’ :i~ l i i  I I  5~’~li1 O i l !  V

X KI 14 1 — .c’0~() IV, ’c t , ’ , ’i i  p l o t  :ii’ca I m i t  ( kili )

XK 2 P 1 S ’ () . 0 l a s t  cri i  p l o t  a rra l i m i t  (ki l l )

Y K  I P 1 - IS .’0 . (1 Sou l In’i’ii p l o t  l i ’c .u  I i  111 1 t ( kni )

I K2 14 1 . 5 ~‘0 . 0 No ,~~t lit’ rn p l o t  1 1’ca l i m i t  ( h m )

1K I.  I . F — \ I .SI  . I -f ’ . 11411 1 . ~ I 0 l  d’ (’l) t 1’O 1 dI~ 01
t’. I \‘ ‘li a1’ t’~lS

Not ~‘: I xpand ed p l o t  s w i  I I a Iw : IVS  squli l l’(’ OH ~It i V  i’ec’ t  a ng i l I  a I’ :1 rc~i l’ ( ’( l k l t ’~~t
t o  t i l t’  I ; l I ’g ( ’ ct  ax i ‘~ l’ ( ’( 1 11 ( ’st ~ t i .
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A P P E N D I X  C

I RAl ’ K I N( PROGI4 AI~t ( A St it CI -

C . 1 I t t’ Sc I’ i pt on o t’ I n p u t and Output  —

Fl it ’ i npu t  t ap e  I s  t h e  I apc prod uc t ’tI ~~ ‘ progt ’ant  ‘ ‘ I \ I ’R A I ) ’ ’  . lii i s pt ’o -

g ran t ak t -s t h e  c c l i  a r t  i’ i bu t t  es aiu ~f as sOt ’ i a t  c ct’ 11 s lo t’ t rack  i iig vo 1 h Ilt ’

cc I t s . The ou t p u t  l i s t  i t u g i n c ludes  th e  local ion ot ’ v~~l unit ’ c c l  Is an~t t lie
ut i’ tI.i tetl c e l l  Ii) .

C . 2 C o n t r o l ‘a t’t I l:~ i-’na

C o n t r o l tj i ’ tI i nput  t o  the progl ’ain i s  N- \ MI t - I S I  i npu t w h i c h  a l  I- . u ~-~
ct ’r t a  i n  p i r a n u e t t -i - s i n  t h e  p rogr am to t l t ’ t a t t  I t  or to  he set  to  d i  t’lt’i’t’tit

~aIutes . the t 5 t t ’ i ab l c  i l 5 t u u i c ~- , t % p t ’ ( l .LR I ( ’ - \ I .  1., I N I l i 1  11 1 . a nd 111 -U. 11) .

~t in t t ’ n s u o n s , tlt - t ’aul t va1ue ’~ _ uui ~l t h e i r  ulut ’.u n i n g s  ai ’c I i s t e ~t i n !aI~lc  C l

L

I 
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l ’ t Iii E C l

C \Rl 1 l OPM \ F FOR PRO(a1 \M .-\St ) ( t ’l

Rea ds i n Progr am Pa r.tmc t c i’ ’- v i a  N- \ Mf I I SI l o  i’ma

N-\MI I IS! \ -\R I -\ I1I .I S

MI \~~l \ t ;

l’111 I . 1 I -\ l SI ithen . I I U ) I . p rogt ’am pi ’tt~~
out t h e  I I i p I I t  a l l  r u  h u t  ~~ ~~l S t  I t  -
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