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patial resolution. Infrared composites appeared to be less useful than visua
• composites. The increased detectability of thin cirrus clouds in the infrared

m asked the s ignif icant  cloud features. An attempt to duplicate Dvorak’s
rela tionships between peak wind speed and the central and banding features
of typhoons by com positing st orms of similar int ensity failed . The fine
de tails Dvorak could dist inguish in individua l storms were destroyed by t he
compositing process. Objective analysis of satelli te imagery of typhoon3 is
seriously h andicapped by the li mited archive of digital data.
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Investigation of Composite Cloud Fields
as App lied to Trop ica l Storm Forecasting

I \ ‘ I’ IIOJ) l ( FIU\

‘I’he t a i n t  ‘I ’ \ - ) s ! - an i \\ a i - s : s s i p  ( ‘ e nt e r  ( JT \\  ( ‘ I  on Guam is s ’ e s p o s i - i i h l e  for

b eat i s s p ,  ch - s c s ’ ib in g  ~ , , ‘ l  11-se c a st i  s ip  t r op ica l  s torms in the \ c t ’s l er n  P a c i f i c  ( )ci en.

The ri ’- c o s s s s a i s s : l s s c i ’  a l l ’ s n f l  s up p o r t  [‘us’ t h i s  work has d i m i n i s h e d  in  t h e  i c - s t  and
s - i l l  he reduced  ev i l s  more  i s ,  t i ’ ,s ’  f u t u r e .  In r esponse  to A i i’ W e a t h e r  Sri’ ’ .  ‘n

t f ield r e q ui r e s - - s i t  i s c o ns p es i sat e  for  these  losses , an i nvest  i p e t  c i i  of the

app lic a t i on  ci ’ s’tseteorologica l s at e l l i t e  imagery to t h e  typhoon s’ e c ’o s s s ia i  a ,’, ,Iss ce and
Yn ,” s ’c a s t  i s p  pr ois l en s  was u n d e r t a k e n .  t n s u l t  s were achieved that  si sow m u c h

ise in s -  pract ical  app l i ca t ion  and t h e y  are reviewed b r i e f ly  in the  next  sect  ion .

T u e  \ i a n — c i i s n j u ~l ( 5 ’  I n t i i ’ i , - t ive  I 1 , 5 t h  U \ ’ . C i ’ S S  Sy s te m (T’ilcIJ) ,AS) proved to  he si \‘el’V

e f f ec t  ice  too l  for eppi ’  I ‘ss~ the cns s s p cs s i t e — ana l \ - s i  s t e c h n i q u e  to cloud p i c t u r e s ,

( ‘h a ~s p i s s , ~ f ie ld  s’ e q s nr t ’ m en t s  and i i -  e a s e l s  p r i n t - i l  in s  h i ’ s s n p l , i  l i s t s  i s l \ s ’ s t  i ’ . ’ . i t  i on

I i  a p r e m a t u r e  Cl o t ’ . ‘!‘i ( ‘re scsi ’ - , Hi s’,’ i \  er , a l i m i t  i i i  a m o u n t  s i t ’ t i m e  to condu c :

cur sor\’ e x a r n i s sa t  t o n s  of S n  i i i ’  of t h e  s ’ e co o s m e nd a t i o s s s  made  i n  t he  f i r s t  r epor t .

This  s’epos ’l . t h e n , h rjp i l ’. s ’ s ’ s i c ’ v , ’s t h e  p r e v iou s  ss’ork , SU t i s s s s n I ’ i z e s  5 (1 5150

b r ie f  e x t c ’n s i o n s  of tha t  ‘ 1  , ‘i. n I n n i e s  the  approaches  is~~cd and ‘ o n i : n n s  so us e

s u c m t’ .— t i ( s , l s  f s , l ’  l i st ’  w c t s ’ I . i sg on s i m s l , s’ p r o l s l e s i l o .

( I I 4 ’ - (71v4 ’d ins ’  p u b l i c a t i o n  l i t  J une  1~~7 7 )

- ‘~~CiH~)I ’fl L~A’~’E BLAr~(~NOT ?ILM1~D
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The p r i m a ry  sow ’cs ’  of s n i l ’ l l i t - i s i t a s ’ - s ’y  ‘. s ’.a i l : ible t i  1, -s  i s i ! ’ e V ’a s t es ’ ._ , on ( d u l l

is t i n ’  Depa r tn sent of i ) . ’k ’n s i ’  s a t e l l i t e , I ) ‘\ i S  I ’ . It ‘, ‘,‘ rsu ld seen reasonable , h i s - r i

that t h i s  s i i s d s  would h a v e  lu st t i u s ’ it on data  [‘ i - u s e  t Ic - i •—pu i - l l l i u ’  s’. s t e i n .  ( ‘ n f o r —

tunat el y ,  there is so di g i tal  archive kept h’.’. ‘.\\\ S and a pr a c t i c a l  s’.’o rk i i sg : u i ’ i ’ i s r s , is -  —

s s , i ’ l s i  to s a s s ’  and t i ’ :sn sl l ’c  c u r i ’ e s i t  data to ~\ I (  I - could sui t  he s l s ’v i s s ’ d .  The lack

of an n s ’ c i s i v i ’  also applies to t h e  geosynchronous  s a i s ’ I I  t i ’  da ta .  T h e  o s i l ’ , : lp c i s i v d ’

of d i e h a l  sa te l l i te  data is t h a t  fron-i t i :  NI sA~ \ ,-;e r ies  s t a r t i ng  in I 73 ,  These

da ta  sav e  been processed in to  a mapped f o r m a t  and a r t ’  of reduced s ’ e s o b u i i o s ~ .

Desp i t e  t i s i s  handicap,  p i’o n s U- j og r e su l t s  were gene ra t ed  w i t h t h i e ~~e data ar id

reported by i \ i ’ e p : u u l .

The appi’oac li used in th i s  s tud y was based on the  a ssal ’  i-is of composi te  cloud

fie lds .  In th i s  t e chn i que , one f i r s t  selects  a number  01’ s a te l l i te  p i c tu re s  con-

t a i n l i g  s torms which  have sonic  fea ture  in common , s u c h  as the  d i r e c t i o n  they

are going to take in the next 2 1  hours .  ~\ consposite is cons t ruc ted  by f i r s t  iden-

t i f y ing  every data point  in each image by i t s  locat ion r s ’ l s u i u v e  to the ato m s cen te r .

The “t ime ” average of di e  h r i g }i t n e s . s  values hut each point  is Ibsen calculated and

t h t s  compos i te  h r i p h t s i s ’ s , s  field is d i sp l a c e d  on the  ‘u I c I D A S . ‘l’hu s ‘sos ’  would

i ’\ h l e e t  to  see a ‘.cc’.  b r ig lst mass of cloudisses s w i t h i n  a h t sn dred  or -so mi les  of

t h e  cen ter  of the  composite storm . If , on osse h and , clouds a p s e  d i 0 t r i h u t e c l

randon slv outside the  i m m e d i a t e  storm area,  t h e  r e s t  ci t h e  C i s s i u p u u s i l s ’  p i c t u r e

would he gray represen t ing  ths e averaging of clear and cloud y cond i t i ons  at each

of t I ’  data  points .  If , on the other hand , some areas ii i  c loud ’.  or ‘1 er s in s ’ s

‘,‘, ‘er t -  d i s t r ibu ted  s~’s temat i cal lv  outs ide  the s torm c c v i  i ’ o s u n  cu t , t h i s ’  c i ’ ’  p l a I t

would show br ight  or dark areas at t I s e ~ e loca t ions .  Tes t s  as’ s -  t h s - s i  made t s s

e s tab l i sh  whether  the  locat ions  of these c l s - : u s ’  and c loudy a l e -e s  c h s , i s i u ’ s ’ ’, s ’ i se is

compost  ies are generated for s torms  m o v i s i p  in  s s t l n ’  u’ d i u ’ s ’ c t  I O s l o .  If  i i ’ ’  c u s s ,  —

posits ’s are subs tan t i a l ly  d i f f e r en t , th se spat ial  d i s t i ’ i I ,st ion of c loud s i t - s i -  ‘n t - isle

the  immedia t e  storm area can he expected to have foi ’ s ’ca ,st v a l u e ,  ‘I’ m ’  pi~,\ v s~’ i’

of the composite t e c h n i que l i e s  in i ts  ab i l i ty  to mut e  the  r a n d o m  d e t a i ls  and t I

r e in fo rce  the s ign i f i can t  fe atures associated svit lr s i ’ i r ’ s - c e t h i  I l L ’ hi  Sb u ’ s ’ u f s c  i - s e n t ,

F igure 1 is an exan ple of corn pus 1 ’  ins agery.  ‘l’Ise images  cover’ i ’ough l ’

the  quadrant  of the  n o r t h e r n  h e m i s p h e r e  from PD ’. E t t s  I Ill ) ’. . ‘l’h e ni t- on ’ s n u t  u s ’ h l i s  ‘

the center of t h e  s torms tha t  went in to  each composi te .  T l i i -  s tor is is  w e s t ’  all

located set w e ( ’n  I ‘.N and 20° N ;  120 ’. E and I 2 3 ’. l’ . ‘l’hs’ f ive  s t o i ’ s u l  in  I - ’ i p u s ’ s- l~s

w t ’r ’ e  all headed in a general  w est e r ly  d i r ec t ion  wh i l e  t h e  four  s t o r m s  i n  h - i  p s i  ‘c I I t

Keegan , ‘1’ .4 1 . ( 1 ) 7 6 )  Cloud D i st r i b u t i o i s s  as I n d i c a t or s  of ‘l’ r o p i r a l  St i r i s ’ .
D i sp lacement,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ i’s , No . .37 3 , A i r  - ‘ s t i n t ’

Geoph ys ics  Lab ora to ry  (A1 ” C 1, -’ l ’ U — 7 6 - 0 l  70)

6
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5’,’ c i’ s- i ss - ade d nom t hw s~~’i s’ 1’. .  ‘I ’ h , s ’  (I i f f e r e l i c ( ’ i -  l i - I  ‘‘:~ - - t i  I h , ’  s - iss is ps ssite s are aPh 1:sI’esui.

In t he  cas e stf  t I -  s - _ i’ s -  t e i ’ l ’ - ss n s s ’ i s i p  ,~t l i s ’ l s u s u , h c r s ’ is ~s sand of s ’ l i i i s i i i i i s ’ a o  I s i S

s - ’-:t s ’ r t u l s  i s s i ’ t i i s ’ a s b  -se r u t s , t h e  i’ , ’ ’ . ,  : u f i -u ’ i , - , ’ by h i s ’ mi s ld l e  l a t i t u d e  I s’ s i s s i a l  t ’ I i s n u l s  —

s i ’ ’ss .  The more  i or t i i s ’i ’I ’ . 1 1 u s d ’.’. ,~ i s s i ’ i u l  : s i ’ s ’  ass’s’ s e t s - i l  n ’ u t b s  :i c l o u d — I s - s ’ s ‘‘ ‘ s I ’

tha t s’etesic!s froisi t h s s  - h O t  Is ‘‘sc-i  t ! i  ‘ ( l i i i :  Is I Iii - i i  i t  l i s a - I q uads ’~u i i t s  , ,‘;ut I s more

v i ’  s’Ii iui ’ l i l l s ’  a Is ( l i e  easi :u~ d 55 sn es st quadra s i t  -- . ‘I b i s - i - i ’  c l i  s r i , !  I i  -:uI ts t -  -

a rt -  comns si I s ’  s i s i n b ’ . s i ’  s s o v i r s p  S l s t t ’ i s l S  i t s  ‘ ‘t i t e r  i rI s of i b i s ’  \‘.‘s’S i s ’ i ’ s t  I ’ ~ si ’ i t H s’ I l i - s - n .
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Othser re la t ionships  be tween storm c loud ines s  and m o t i o n  ii ’s ’ s’ s ’  o n p p s ’  s I t - s t  in

the  previous work . ‘h ’b i t ’ s e  appa ren t  r ’ e l a t i t s i u s } i i p s ’,’,’i ’r t ’  i n t e i i s a l l v  - s i n s  ,- I i - s ~t , h ,ut

t h e r e  was not a las’pe enoug h data scru ple ins e s t a b l i s h  l i s t ’  a i s , i s u i t k - a i ~~-e of t h e
resul ts .

f leconsn ser sch at ion s  in tise above i’s - i i ’ s ’ s -  n e e s i  r e p o r t  inc luded  r e an a ly z i n g  t h e

s torms  in the inf rared  fo rma t .  Th i s  would p s ’ o ’ L i d s -  twice  as many  samples ,
i n t r o d u c e  a meteomob ogica l lv  , s i g s u i f i c a s , t  \ - a s ’ i : s l  li- , t e m i i i - i ’ a t n i - e , i nto t h e  a s u : i v s i s
and pe rmi t  an a t t empt  at a r u d i m e n t a r y  a n i m a t i o n  r un a l s - s i s .  ‘I’lsese i - e c o n , s i u e n d a—
tj o n s , as well as an a t t emp t  to relate wiisd speed to t Im cloud f i e l d , ‘-‘s ’s - c ex an s inech
in the br ief  tin se available for ‘‘wrapping up ’ ’ t h s i s  i n v e a t i g a t i o i u .

3. ~‘,~~~~~spi

3. I .t lI~ lII8 111) 11

One of the most d ramat ic  tecb sn iques  used to display satel l i te  imagery  is that
l i n g  an animated movie loop from a sequence of ha l f -hour ly  geosynch ronous
e pic tures .  Man ’5’ features that are not not iced or are ambiguous  I n  a

- ‘e  become easily ident i f iab le  when v iewing  these loops . I” or example ,
- i s  are readily s t ra t i f ied  into he ight  categories b ’. t he i r  rate of motion , and

the - , adua l br igh ten ing  of the back ground caused by t h i s -  development  of small
clouds is more noticeabi le in an imat ion  than in a succe ss ion  of still  pic tu r i ’ s.
Early in this i nves t iga t ion , it was observed thsat  a mot ion  effect  cou l s I  I i i ’  achieved
with  t h e  NOAA archive visual  data disp layed once each 2-I hous’s ,  Accord ing ly , a
recommenda t ion  was made to chieck out the potent ial  of an in sa t ion  us ing  t i se  infi ’a-
red dlata tha t  are available at 12-hour  in terva ls .

Severs loops of sequences m ang i i sg  from 5 to 20 des s ‘,‘, - s’re u s s e t s s b s l e c h .  T ins ’-
l imi t a t ions  and sonic tech nical  problems c u i ’ t : s i loch this isis - e at ip : i t  ion l u e t o i - e  an’.-
r ea l i s t i c  e s t i  ns:-u te  of the  value of the  t ec i sn i  que could he made .

The fo l lowing corn nser s t s  are presented  for t s cs i ’  w h o  lila’.’ l ie s  s -  an i l i e n - s t
iii I’s i h l o e - i n g  up  o.t th U s  work since the  a n i m a t i o ns  do isa ’ .  i- a c o n t i n u i t y  tha t  is
l i e s ,  s s i a h  l v  smooth  and cru sh  i sl ic .

a. So osuch ac t io t s  is i a t ~ sip  Place s i m u l t a n e o u s ly  t h a t  concen t r a t i on  t a s i  l\
becomes  dl i lu ted.

b . It is d i f f i cu l t  to compare  t h e  :uct i s - i t -  i n  one sequence w i t  b u  t h u s  in  an cs t l s s - r

se t iu e r i c e  nser i ta l ly .

c. In vie ’’, ’ of t h e  t ’.-pc ’ of d i f f i c u l t i e s  men t ioned  in (a) and (h) i t t , , ’ .  s ’ , an inu t —
t i  s s n s  n s i g h t he u i - s - i l  more  effectlvs’Is to v i i ’ !  U- and sis och i fy t h i s ’  m i - p t-  — s c : s h i ’  ci rc ’ u —

lat ion f t - n t  i i r - s - . s u i - i t s c i c ’ d  on t h e  sb at :i—p oi s i- we at ls s ’ i ’  ch arts ot ’ t bse l s l ’ t ’ : s n i c  areas.

‘—— -— - _ _ - —- ‘ - fl—’ - ~~~~— _ -,-—‘s_ -~~— —~~____ ,  —s-— ~~~~~~~~~~~~~~~~~~~~~ ‘ — - — — - — -~~~~~~~~~~~~ - - S ~~~~~~ -—~~ ‘-— - —
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‘l ie cs-vised c i rcul a t ior ss  resu l t ing  from th o se modi f i ca t ions  should t t u e n  be evalu—

ated t’or t h eir e f fec ts  on the  or iginal  forecast  of storm motion and development .

d. ‘l’hse use of a n i m a t e d  i m a g er y  shsould not be categorically dismissed . 1’.

12-hour ’  gap is a long in terval  and s si l ’ .  the  largest features s u r v i v e .  Better t ime

and space resolution s ic - t v  pi’o’.’ide a tnos ’e apt dat a base for this  type  of approach.

1. 2 Infrared ,-~i ial ~ ~is

The i’.’or’k repor ten ea r l i e r  used s sn l v  v is ible  data .  One of the  suggestions for

fu tu re  -- ,-ock was to use the i n f r a r ed  data s - I t  j e l s  was ~uvai l ,i b ’ ls- every 12 hours and

s ’: s i g l t t ~ iso ’.v d iu rna l  changes tha t  would hell) ensphsasize d i s t inc t ions  between storm

classes. l-’u r t h i - r , the in f ra red  d i sp l a s  usually appears s i m p l e r  to th i e e’. e and , of

cour s - , the  image  t u i ’ i g h i t s i i - s s  has ph ysical  s i g n i f i c a n c e  in t e rms  of t e m p e r a t u r e .
Infrared composites wc-s’e geiserated fu r  all of the  cases discussed in t h e  f i r s t

report .  h - ’igures 2: and 2 1) ar’e t i l e  u l i , i c ’ . s s ’i ’d c o u n t e r p a r t s  of l”igures  Ia and 11) .

The key fea tures  discussed in r e l a t i on  to h - ’Uiur e 1 are present  but do not stand

out as strongl y as t i sey  do in the v i s i b l e .  h - ’ i g u i i ” s 2 i’  and 2d are the in f ra red

composi tes  for  the period 12 hsours a f ter  t- ’ i g ur ~ s 2:, and 21) , respect ively. As can

be seen , there  are no d i f fe rences  i i e t s v s ’ i ’ s s  t I n  s la y  and nt g bst i n f ra red  data that

suggest that any new in formation n’.ight be : s ’ . e u l : u t ’b s - ,

On the basis of this  l imited t e s t , w i th  data  of thU s type , it appears that

visible data are preferable to in f ra red  d a t e  in c o m p o s i t e  analysis .

_ _ 
_ J
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1, 1 ~% u,d - s t t t ’ t ’ t I  t i i , t I ~

I ) , i n k
2 i i e v t - I n i s i - i t  a 5’ ~ t , ’ s l h s t i c  aph sr oachl t s t lse s p e c i f i c : , t u n s i  and forecas t ing

01’ t i e  us - n i :  s’,’isid in t r o p i c a l  s t s i i sn s  l a s sO  on v i s u a l  f s ’a t p i ’ s - s in t b s s ’  a n t s - h i t , -  i n c -u s j l ’ s .

h ) ’ , ’ s ’r : d ,  s - r s g u l s i ’ . i - s l  what  is h a s i c a l l ’ .  t b -  c o m p o s i t s -  t e c h n i q u e .  b h s s ’,~ -s- i ’ i ’ , all ths ’

c o n ip o s i t in g  ansI i d s - s u s i f i c ’a l i o i i s of ks ’.’. f ea tu res  v- s i-c i l i s s ’u , -  irs h is  menlu !’’.  and riot
os~ a i - a ’ s c - I t s ’ s .  l ie t i sen i l — - ’ - s ’ Iope ch a descr i p t ive  model of the  key f e a t n ’c-es for
t i s e  gu ida i sc e  of i tl:i - r o -

t V h ’ . i r  Dvorak did s u b j e c t i v e ly  should  t ie  an id s ’aI  job for  the  \ I c b h ) A S  used as
Oil i nc -u ge  co l s l s s u s s s r u r ’ . U\ c c - s ) r d i i t p l ’ .  , a h s r ’ ie f  t i - s t  t o  s- st ’ .st ,his h whse t h i e r  t h e  i )s’ s i ’:u k

techn i q i se  could he dupl ica te d  and p o s s i h i l - , improved  by ob j e ct i s ’e  conipos i t in g  on
t b s s -  \ IcIDAS is-as i n i t i a t ed  t o  svind up t h e  s l u s h ’ .  A - wi l l s  t h e  s torm mot ion work ,
thi s ’  da ta  n e s s ’  f i i ’ s t  s t s ’ a t u t ’ied b y loca t ion .  (‘ o m p o sit i n g  ‘i-as res t r ic ted  to s torms
centered wi th in  the same - 3 — d e p r s - e  l a t i t u d e — l o n g i t u d e  box. ‘l’ hi 4 -  :ss’oided the
pract ica l  d i f f i c u l t i e s  involved in s h i f t i n g  t h e  s a t e l l i t s -  data , i ’ .’h i- ’’i had b een recti-
f ied  to a polar s tereograpi s ic  format , to areas of d i f f e r e n t  m ap  sca l e , and
e l imina ted  v :ui’  ri g sur’face c h a r a c t e r i s t i c s .

l” igure 3 shows  conupos i t e s  of s torms be tween  1 3’. N and 2(U N and 111) ’. E and
115 ° t - . Peak speed s in l-’igure 3a are from 4 5 to 55 kts  and the  conipos i t e  is
made dip of 4 s t o r m s .  In l- ’igure 3!, , 5 s torms ranged between 65 and 75 kts  and
the  2 storms of F igure  3c h a d  speeds of 70 k ts ,  ‘l’here is i l u i t s i s i p  about  these

4 st orms wi ths ~~~~u i ’5vHsd

2. Dvorak , V.  F. ( 1 P7 3) ‘Fs’ si u i c :il c, -c lone in t i ’i ls i ;s t i s i a l y s i s  and f o r e c a s t i n g  from
satel l i te  image ry , \lo ss. Wi”.,. it t -v. , 103 : - 1 2 0 - 1 3 0 .
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t h ree  composi tes  t l i e t  ,s s spps ’s i  s : i u s  of th i s ’  c t s : u s ’ : i u ’ t e i ’ s s t  i s ’  i s - a t  u i s ’ s n  d s ’ f s i u s ’ s I  I s ’ .

I )‘. u s c -k .  Ths is  also iseld t r u e  for n s ar s y oth e r c o i : ’ . p s i : ’ . s t -’s i i i  a l l  s i ’ s s s l  i ’ a l u : , s’ a in

all pac t s  of t i e  we st  e r r s  J 5 aci  f i  c Ocean .

It is siot su rpr i s i  t sp t h at t h i s  negati ’.  s ’ i - s - s u i t  , i s - u ’ u i s ’ i ’ s ’ e h .  It i ’ , - ~ s s s  ‘ as ’ s s t  a ant

exaissp le of t h i s ’  Ii si it at ions 01’ tbs s- composite I s’c ’htii s i ts s ’ . I t s  s i  k ls so ki- d ‘ . i t  isO I —

vidual storms is i c- Isis Is Is~ Cd ) di !( h o b s e r v e  ‘ . i s u i l  s i i , ’ : t s s h r i  t 5 :e s - h i a s ” . i u ’ t  s - r s s t i s s  i t ’ l i i , -

s ’s  e, r io t r- :il I svel’Chtst ansI  ‘:ssi s l sng . Ii ’ ’ was th i n a Is le  t o  s’ s - l i : ’  - l i i i ’  : 1 7 1 5  cin ch

sha l l ’s of t b s i ’ ,ss ’  f e a t u s s ’ s  I n  s t s i s ’ s s i  i s u t s - s i s u i , . l u - si tI n’ sh;ii , ’ n i’ s- l t s i l k - s i ’ sss ’ s ’i-ae il ,

as th ey h i s ’ s -  in  s ’ i s s i l t s s s s i t i i u n ,  t b s i ’  s i s h s t l i -  s i s a d it i g s  an sI Is’ ’- , ti :s ” ’ -- t } ’ , , i i s - t i n t ’  H i ss-
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teal U i ’  a’ hu i’ c blendedh i r i d i s u ’ n ’ i t ss in :, ’ - I -
‘ u s ’’ a ‘ - : u i  u r s  ‘li’ ,~a a’. s ’ s - a L ’ s - , This’ (‘sstii ~~5)5lis’S

j u s t  stuns’, thi s ’ i - s t i l e  of l i st- 1 : 1  cloudis :s’ss as,sus c i :i t s’sI ‘,‘, i t S  H ‘ . 5 1 1 1 : ’ ’  arid t t : :  , is

not related to s t s s i ’ s i l  i s : i , - : ’ . ,~ it ’.’. h’-,: s: - - i s u U t  osu of ntis’ c s is - i i’ ,—ipond irs p inl’s’as -,-, t i ’sls spt’s

s’,-vi-als sis s t l s i su p il j f t ’i ’s - s- s u i s ’sl ’s i s t (sir tlse i s l e  r’ s - : s ,aed n s - t s ’ c t a h i l i i ’ .  of t h in c i r r u s

cloud s c u s i : u s i u u ’ n  to tIre infr ’ :ut - s ’ u t  i t : i m _ ’ i ’ i ’ ,’. . It dus t - s not seesis vs-s’s hii-: s’-l’.’ that i m —

proved i s t i a g e r - ’ .  s’ s ’ss s lu t ion ss’isi u lsl have hs-ou phst out an’.’ s u p s i i f ! c a n i t  f s ’ : i t u u i e . s of tbse

U-pc catalogued by Dvi’s ni- h , t n ls - ss  size , locm ions ar id cs r i s - s i t n t i o n  of t h i s -  cent sa l

and band in g  f e : u t ’ .u i - s -s c-er’s- much m l i ’ s -  sss’ph u su i e s - c l  t has i  i - s - s - s i  I ) ’ s i i ’ e k  e :-:pi - c i  ccl , thi n

s’on ip os i t i s ip  i ’ ’ ~~ would destro’.  the  i n sp or t a s u l  s I , - i  I i

i. t :u \ ( ’ I . t  “ I in \

I , I ‘.‘ s u s s i n . ~s

The a n a l y s i s  of h s s l i s i u : u u  iss i ss of 1 2 — h o u r  i n f ra red  data provided no ins igh t  i s s to

tropical si 10- l u  c h a i n s - i s  n a i l s ’s . T I n s  is not to say t h a t  th i s ’  t e c h n i q u e  i t s e l f  is

w i t h out m e n - i t .  \\ it lu tn ss i’c t i n s - , or i i ett s-u spatial ‘.suaI ten i sporal  r e s o l u t i o n , t h i s

type  of anal ’.  s is m i g h t  h i n t s ’ .  e v, i’’. u s e f u l .

In f ra red  co sii  ~ 5 5  l ii’s , on (l ie scale anal  zed , s’. s -i’ s’ less u s e f u l  t hsan s  v i a -  u i a l

composi tes .  (l~ i s-  major  ‘.‘.‘ i ’ : sk r i s ’ s s  w i th  i n f n ’ :u r ’ s - s t  c s u : : u 1 l l s S i t  i s u p  is t h i s ’  u s : ,  ‘ -na - i l

de t ec t ab i l i ty  of i i i , ’  n i s i i h u u l l l l i a  t h i n  s - I C r - u s  c l o u d i n s - s s  in l i i i ’  i s i f n ’ iis’ s - i i .  ‘k I t e  a l t ’’ - , ’

of thse c i r rus  is to mask ths s ’  more s i g n s i f i c a n t  cloud f e a t u r e s .

T h e  r h i a s - a c t i - r i s t i c s  of t rop ica l  a t s s i ’ s : l s  I h i : s t  are ‘ . s f t’i ’cin- u l sc frus tsis’ ea ‘if ( l i e

synopt ic  scale c i r c s i l : i t i s s s i  en ’ , ’  r s - i h s ’cin’d i ns t h e  sv n ss i lt i s - scai c— s ’ I s s n s l u s : s

r c l a t i on s h rj ~~s ui -es ’s- founs d Is  s - p _ s ’ s  ss 24—s o u r  —ut or ri s I l ls i - n - s i t  and l i t s , ’  I ’ .  ae iht’

cloud field . (:ssrsyes’ ,’-is-l ’, , s’Ic-i i :un -, s - i ’ l u-P iC5 thsa t  wod ildh i t e  a f f i - , ’ t ’  1 I s’.’ the sls ’t:suls sf

tise storm s,h’_ ii ’ .isis j cs a r ’ s— u- s’fh i - cls-si in s tire s ts’tail s of i i us ~ cl s su s l f i ,- iul irs i t o -  i - i s — i r i S’.

of t h u r ’.u- dynamic event . Since th i’si- ( ‘vI s I t —  01’ s ’ CO t s i l l ’ . l i ” . l i i \ s ’ l \  s s s ’ . : , l h  i u u  - - ; u l s -  and

b’iave no h i n n ”i s ’ u ’ entia l location s- s - t n ’’’ , ’- t s i  It se ais)s’lP t’i’sui , ’l’ , art ’ . iiihitilf( ’ a i h P u i s l i  s s f

t b : e n s  iii t h e cloud field is s uul’ ds : s- ul . ‘l i s s - s’oii spositr ii’.’ it ’ c t u s u u l h u i s ’ , as applied in s thus

a l d i d I ’ .  , sic-s rio t ,~i ’ s u s s h i \ ’ s ’ e nsOti g l i  1 is s- ’ -.ts -nsdl sir ‘v s - r i  r s - p s ’ ’ . l s  1~ s ’  su bj e c t s ’ . ’ ’ an al ’.  s is

of i )visr ’:,k.

1.2 II ei -uuii,ui , ’ inil i s o n , —

Th i s  sl u s h ’ . ii :u s si-en h r a m p e r ’ i - s t  i s - s i : ’  t i s t ’  b ’ t ’ g i n n i s s c ’  I s ’ .  t h i i ’  s u s \  : ‘u h : st nli t ’ . of a

suui t: ih i l e i li u m sassip li ’ . \ s ’ i t h e r  D ’\l i -~l ‘ , t 551 ’S s l l s i ’  full s’ s - ,, i s h i t i I so  \t s _
~ A ( I h i t U  wt’r’s-

~ a v a i l ah r l e  i ns digit i i  f, s - s n : , t  i n  l b s  t h u h i n u t  i t ’ . ’  n ’ equ i  i’ s’s! t l s  i ’ r ’nrs huct  a ~ s 1 1 1 1 1 1 1  5 ’ s - I  m m —

t~ s l i s p u s ’ ’ . s h  u s s ’ . s ’ s t i ’ . - a t h s i s .  I n n ‘ac t , p s t t l s s g  I ) \ I S I ’  t :l i ss s t ’s ’ n ’  a c h i n e  s l u s h y  ‘ n’ tw o  has
is, sc-cs st th e ss cc u i ’ r ’ e net ’  s i t

’ ii’s ’.- st  5 l t ’ l i u a , as o u t ’ , a s s s se— s- s i c  l i : u s - k l  i s p  s i ’ sl a t a are

I : l
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ns r a in t a i s-d hi t  , \. I” . ( d s s t i ’ . u l  II i c - t h i s ’ s ’  Centra l  i ) s ’ i s O ’ ( ’  t he  1015 .5 :us - u -  reused.  ‘J ’ I s s - s ’ i ’

s t i l l  is no suitaI’~le ‘ . u n s - h i i v e  ava i l ab le  for t h i s  t i pt ’ of at iud ’ . - , The a s s s - s i u l t l i  su p of a

h - g h — q u a h i t v  d i  p i t  :s l cu r c l s iv e  of s~s t , - l 1i i s ’  d ata by t h e  s r , s ’ t s ’ a r ’ s s l o g ic ’a l  a g e s s e i s ’ ,s cannot

hi ’  started P so  soon.
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