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Cloud Distributions as Indicators of Trop ica l
Storm Disp lacement

I. l\TKOI)I (:TIO\

1.1 Kaek ground uf Trop it-al ~.tortu tcunnaie .san f-e

The U. S. Ai r  Force and Navy have t rad i t iona ll y provided a i rcraf t  weather

reconnaissance support to meet the i r  own needs in remote locations as well as the

needs of the National Weather Service . Over the past few years , due to a variety

of pressures, resources to support ai rc ra f t  reconnaissance have been shrinking

dras t i ca l ly .  This aus te r i ty  has hit the Joint Typhoon Warning Center (JTWC) on

Guam part icularl y hard. JTWC has the storm warning responsibil i ty for the

Pacific Ocean north of the equator between the datel ine and 90°E in the Bay of

Bengal. In addition to the support provided the mil i tary  establishments in the area ,

reconnaissance reports and storm forecasts are also available to the weather serv-

ices of the western Pacific nations. In the past both Air  Force and Navy had air-

craft  supporting this mission. Since 1972 onl y the 54th Weather Reconnaissance

Squadron , Air  Weather Service has been available for operations and the AWS is

under pressure to replace that squadron and rely entirely on satellite , conventional,

and radar data.

(Received for publication 3 August 1976)
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1 ‘ t I ’ ; j ) ,  r ~1 i f I l l . St )’ ! 11) 15  Il H • - t I - - ’ al le  ( ‘ I -  ar i d it ~ p o - i t ~~ ii CZ ffl  u s u pp l r t l - I l

l v  a l ) I ! v i ! - : l r K . A t  n igh t , o r P ( I I I  u t  a 1) 1!! ! ‘ ! ; I !  k , I I I  \ it h ou t  an I ’ \ u , t h u  c o n l p a r ) —

S i t )  1 1 1 4  ( l U  t i l l  t wo  ~ \ s t ( - l n ~ 5 0 ) 1 1 0 - - ( )v e r a i l  t h o u g h , the  •~1lP ha.s fn -~ vu to  u a

l u s t — e f f e c t i v e  p r I I r I - l I I I r t . I t . ~ •‘iII CI.’ -~ is in 01 s m a l l  measu  rI ha ’ to the d ev c-1 , , —
( S t I f  a t e c h n i q u e  I-v  Dv or ak  I i  o h a t  in ~~ the  peak ‘p m d  leOd in t r o p i c a l

0 r’ro s f r o m  cloud f e a t u r e s  id er i t  i f i a h l e  in ( ‘ I  l i t e  i m a g e ! -\

1.2 urr ,~nI I- i,r,’l- l — i l  Il~ ~~ I’O’’ I  I. ’ .- —

To pR’ ll  c ’~ c1 ,ne~ present  s 1) 10 ’ r a t h e r  special 0 r I ’I ) i~~ t i f lg  p rob lems . These

~t ( rms develop and s pend most of t h e i r  lives over w a t e r  and thus  do n t  pass
t h r o u g h  a dense o b s ur v i n g  n e t w o r k .  F u r t h e r m o r e , in the t ropics  a t mo s p her ic

1VO ) I l I I0 . ,  a re d e l i n u d  by the  wind sy s t e ms  alone. The ~j e o s t I ’ u r I i c  r e l a t ionsh ip

breaks  ( l I O n  in the I . ’v e i  l a t i tudes , and the  d i u r n a l  va r i a t ion  in t e m p e r a t u r e  i s

grea ter  t h a n  the longer te rm var ia t ions .  C o m p u t e rs  are  used in some i l l - I I ’ I -.t in g

t e o l l f l i ! l u e S  l O t  t he  t e c h n i q u e s  are  based on s a ne  E legant  o l i n  n t l logv and (or ( ‘u I ( - .s

of t humb , or a v e ry  s i m p lif ied dynamic  in~,dul  r a t h e r  than the p i ns - i i cs  of - l i e  . , V S t ( ’ n )

Mos t  ac tua l  f ield fo recas t ing  is t In- l ed  on persis tence, c l imatology , and in t u i t i on .

It i s  t h e r e f o r e  i-cry easy  to see wh y the JTWC p laces so much emp hasis on po si t ion
i ’ep er t  . Anv e r ro r  in the speed or d i rec t ion  of the s torm in the past  is a u t o m a ti -

cally carr ied th roug h and amp lif ied for the fu tu re  position.

I.:l ( .unlpari “ I)fl III ~ir ,-r a 1t and ) ‘aLeIIi ti ~ Ob— e ’ rs atl on —

A.T mentioned above , much of the  t i m e  the re  is excellent agreement  between

a i rc ra f t  and sa t e l l i t e  posit ion and intensi ty repor t s .  Pos i t ioning from sa te l l i t e

images-v becomes d i f f i cu l t  when the re  is no c lear -cu t  eye or textured  cloudiness to

def ine  the center of c i rcula t ion.  A i r c r a f t  reconnaissance -lI t n e t i n ~ es repor t  sizable

disp lacements between the p ressure , wind , and cloud eyes or between the sea- level

and 700-mb positions of the eye. Satellites provide meso- and large-scale cloud

dis t r ibut ion , ty p e , and topography but will  not be able, in the foreseeable f u t u r e , to

provide m e a s u r e m e n t s  of central  p ressure  and sea state  from which  to make peak

wind es t imates  or to give any of the direct  measu remen t s  possible w i t h  a ful ly

1. Arnold , C. P. , J r .  ( l 9 7 ~~) Selective reconnaissance p r o g r a m  (If the wes te rn
nor th  Pacif ic , B . Am er .  Met .  Soc., 51i :362-37l .

2. Dvorak , V. F. ( 1975 ) Tropical  cyclone in tens i ty  anal y s i s  and forecas tu g f rom
satell i te imagery,  Mon. Wea. Rev. ,  103:420-430.

10



____ 

--- ,-----,. .—- ,.‘ - -.~~“.
‘-.-—,,—- “-- — -- - -~~

- -.—-—-- ‘,,.- 1~~~~~’~~~

equipped reconnaissance  a i r c r a f t . This lack of q u a n t i t a t i v e  da ta  in . , a t u l l i t e  obser-

vat ions is probabl y not too seriou ; a handicap,  though , since i t  is ‘,nly u s e d  now in

de f in ing  the i n i t i a l  cond i t ions  and not in an\’  forecast equat ions .

In the cloud fields viewed by sa te l l i tes  the re  is also a set of in i t ia l  condit ions.
The clouds re f l ec t  processes tha t  are going on or have recently gone on in the

a tmosphere  j u s t  as do fields of p re s su re, t empe ra tu r e  and ver t ical  velocity.

Clouds imp l ic i ty  con ta in  i n fo rma t ion  about ph ysical  processes going on in the

a tmosphere , c e r t a i n l y not a l l  ph ys ica l  processes , but very probabl y some impor-
tant ones . Thus the re  would seem to be jus t  as ra t ional  a basis for believing that

cloud f ie lds  contain in fo rma t ion  about the fu ture  as well  as the present state of the

a tmosphere  as the re  is in bel ieving that  the pressure f ie ld has  p red ic t ive  value .

2 , ~PPR ()  ~~;ii

2 .1 K~ — .t1 ’ II ~ ~~~~~

JTWC - (‘ q u ir e s  a s o , ’ - a~~t method that  is based on human interpretat ion of

~ n t e l 1 i ’ e l r b I . g I -rv . ~ ‘ ‘nu c - n  o u t e r  power is available, but not to the extent  of be—
ing a l i t ’  i r an  lie i ! -, -~~ ” - r v  ‘h , ’ Ii r a t e s . As we have seen , except for establishing
p u s) ’ I ‘ h I , ‘h u r t ’  I ,  h i - ’ - u ’ h  o-qui va l ( ’n c - v between a i rcraf t  and satell i te observations.
It ~ t a t i F 0 ~- n  • .‘n - a ‘. i’ s hould s ta r t  off by asking what  it is that we can get
f rom I lau d ~~- - ~k~- - i , t t i t - r  t h a n  l~~ t ry ing to force f rom imagery the same type of
i n f r o i a t i o n  pro du -~’ 1  by - ‘ o l p l e t e l v  d i f f e r en t  observational systems.  Thus it is
a.s~~u b n e d  ‘~~~ t I t  i~ 

‘ 0 , - t I  l i e  to  as k , for  examp le , if there are any cloudy or clear
areas I o n - 1 I . , t t - n t l \  1 ( 1 1 1 4 - i a i t h  respect  to the center  of a typ hoon 24 hours prior to
recurva tu re, or 12 hours or 48 hours.  The forecaster in the field , who has only
periodic ‘ sn ap ,h ot - ’ a va i l ab l e , needs a technique which specifies the signif icant
cloud features  s i m i l a r  st o r m  systems have in common and/or  the differences
between s t o rn s tha t  t n i o v e  on di f ferent  paths . Preferably this information should
be available in a single image, although a short t ime series of images would be
acceptable.

A common and powerful  analysis technique to use when examining the charac-
t e r i s t i c s  of data  f ie lds , as contrasted with point values , is to composite the data.
In this t e c h n i q u e , the average value of the field , accompany ing or preceding some
event , is derived to learn if there are any features common to all or most of the
individual  cases in the sample which have diagnostic or predictive value. Corn-
posi t ing re inforces  s igni f icant  features and mutes the random details of data fields.

11 

- - -- -- 



~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ,.•—~—-,‘-—~~~~~~~ ~~~~~~~~~~~~~~~~

1 l C ( ) i ( ( ) . , t  i l l ) - - ne t yp e  of cornpo-~i te  by hi .s co m p u t a t i o n  of t angen t ia l  and

rad ia l  c x i p I t i I - n t -~ of winds  in hur r i canes .  He a . , s u t I l , l t ’ s l  w ind  values f rom a l a rge
fl U b b t - l ’ T -  I l  - i t o  i ’ n s  and t h e n  aver-aged then - i w i t h  r - u ~~pect  to 111( 1 r p~~sit ion re la t ive  to

the rad ius  of r h i a x i r m I U n i  wind .  Dvorak 2 used ano the r  t v p *-  of ( - u l n p I ~~~1 tin g  i n I l l s

. , t u d o  of ‘ -u r i ’ e r i t  and predicted t rop ical s t o r m  i n t e n s it ~ . ]hs - vi T u ; l l l y E x a m i n i n g  the

c lou d  ha i i , -  1er i~ t ic - .s in t h e  v i c i n i t y  of a .s t l ,m’nI , lie was able to a~ - ,oc iate fea tures

- f  the  I ’ t f l t m l  o v e r c a s t , t ’ y e , and cloud handing  w i t h  the peak wind speed i n t e n s i t y

in the s t I r , ’ . The d i f f i c u l t y  w i t h  t h e  Dvorak approach i - i  that  it r equ i i - es  an anal yst

w i t h  an ex t r ;u i- r l inar -v  a b i l i t y  to r e t a in  the sign i f i can t  f ea tu re s  of dozens of im ages

in h i s  b i n d .  M o s t  peop le are not tha t  g i f ted , and the se lec t ion  and s o r t i n g  of da ta

become an unmanageable  t a k . The Shea approach also runs into t i -ouhi e  when

applied t o  image ry .  It i s  basicall y a method for s t r e t c h i n g  - II t t s  da ta  ho .,e to

achieve  good coverage.  If there  is a n y t h i n g  Fr om w h i c h  s a t e l l i t e  i n h L - g e r v  doe -, not

s u f f e r , it is s p o t ty  eov- - ’ ’ ~e . I t s  problem is qui te  t h e  lIp s — i t e .

The compute r  processing oh ’ imagery is a d i f f i c u l t  t a f l k . Al g o r i t h m s  for defin-

ing cloud c h a r a c te r i s t i c s  have to be developed and cases have to he se lec ted , sorted ,

and f i led  f rom hard-copy photographs . This also involves the s h u f f l i n g  and manage-

ment  of unwie ld y amoun t s  of p ictures . Fina l l y, a di g i ta l  p r in tou t  would not  he par-

t i cu la r l y appropr i a t e  as the final output at a remote o l ) e r a t i na l  s i te .

2 .2 ~Ian t’ ( Impu Le r In t , ’ r a t t ’ t iE th  I lata ‘t~ ’t - . - ~~ ~~~- .t t - m  ~l t - 1 I ) ~~ t

The na tu re  of the problem is such tha t , ou ts ide  the i m m e d i a t e  area of the

st o rm~ (t h e  region inves t iga ted  by Dvorak) , the cloud f i e lds  wi l l  be affected by

longi tude , l a t i tude , season , and possibl y the s ize  or stage of development  of the

s t o r m s .  All these potent ia l  st r a t i f ying c r i t e r i a  complicate  the data management

problem. Any given s torm may he a component  in several d i f fe ren t  s t ra t i f i ca t ions .

The f i les  of p ic tures  would become a problem t(I store , not to men t ion  to examine

c r i t i c a l l y in the anal ysis process.  To handle t h i s  problem , a device is needed

w h i c h  allows one to have  rap id access  to images ,  to process rapidl y the data

contained in them , ~, d  to r e g e n e r a t E -  an image  of processed da ta ,  Such a system

is the M cI D A S,  ‘~ It is a r 1 l i t l m w h i c h  is designed to in te rac t  to decisions

made  by the opera tor  on the basis of a C R  I’ disp lay of the digital  data in the system

L~ 3. -Shea , D.J .  ( l t 7 2 )  The ~t r u ~- t u i - e  and D~~~amics  of the f lur r icane ’s Inner Region ,
C’o n t r a c t  Repor t  ~iT\~ N 2 2 - O ~~-72(G~, NSF GA 19937 , Cob . St. Univ. ,
A t m ~~. ~c i .  Paper \ . . 182 ,

4. Suomi , V . E. ( l h 7 l ~‘d nn - c om p ut e r  In t e rac t ive  Data Access System (1’IIcIDA S) .
C’ont in i red  I)evelop t o e n t  of Mc 1T~AS and Operat ion in the CA R P  At l an t i c
Tropica l  E x p c r i n - en .~ F in a l  I t e p o r t , Con t r ac t  No , NA S.A -CR - l43818 ,

‘
~ I Wj S c I ’n s i f l  I nk’.
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- ‘ i - ’ ’ ’ . M c l i  ) \  hi - . - I , !  L ’ I l l :  I ’ . ‘ I I ’ - ig i i t ’d  t i l l ’ )  l ’ s ’ I’. 1 4 1 ’ S 1, 0 - 0 0 ‘ t i  q 1’ di ~I l ~( I I  —

1 I 1 , , 1 ) ’ t  1 1 , 1 1 1 1 , 1 1 ’ ’  ~t E ’ ( , ., ’, ( i l 1i i’ I i ! i I ’ ( I — g , - H i’~ ’ l ’ 0 l ~~ t ’  I I t i l l ’  h i ’ ’ ’ ’ ’ . t - ’ - r - t l , , - -~-

v - u ’ - :’ ,, - ‘  h a ’ t ’  , , t i~ 0 f l b b i n  t t  - i l , t t ~~’j  c l ’ l ’ i ’ , , l  o h  ‘ i t , , , ! p t , , i I , i i ,  1 ) 1 : 1  I ,

1 1 ’  ‘ I a ’  l i i ~~i ‘I - i , ’’ s , ’ ( - l l I l - ’ -, T h i  ‘ l I l t  t ’ .,t , I i , ’~~t ri . t l s ~s 1 , 1 , 1  O f ’  ) t ’ ~~ l i l ’ t ’  ~ t’ t i , ’

i ‘~ t i l l ’ t I , ’  S I l t W I t  I ’  O t t ’  0 ‘01’  - I ’  I ’ ’-, ii~ ’) ’  I t ’  ki i , ’ ’ , t o t  ‘11111 ‘0, -- ( I f  1 1 , 1 1 5  ‘ 1 1 0 1  1-’ ‘ I ’,  I i - , —

‘t i  h t -  Sc !  c , - t ’  in  - s I t - c  , ‘ l t ’ r i v e  h ’ t I c !  ~e I - I l u h , t i l u I t  I , r , r ioo of  I I ’  s~~t t ’ l —

l i t , ’ . U 1 t l i  t h i j . —, i i  l’I,i ’ n l z I ’ l ’ ’ b l , t i l l ’  l ’ I ’ i , t ~ l ’n ui a n ’. p ic lu r ’e  ‘l ’j a ’nt (— ~~ I i i l l ’  a( ’in ’ c - , ’ ’ l  to

an accl l : ’ I I I - \  c ofl.s ~t ’’ ! t w i t h  ‘ I i  (‘ h , I ’ c  I i I ’ b I c V  ( i f  the  l a n d l i l o r k  d e f i n i ti on .  W i t h  ( ‘are

‘ I l l  -~~~~ ) ! ‘  u ld  h e  I t ) ’ ’  p l c t u ’I ’ l - l c l I I e ! I t .  The m a i n  c o m p o n e n t s  of t h e  sy ,~t ( - i t i  a re lie

‘hal l  i npu t  I i E ’ S ’ i c ’ ., h I ’  i ’ l ’ ! ! t ’ ) I l 1)1 - c l - . , .,  rig u n i t ;  supp l em e n t a r y  ‘li ~~k s tor a g e  (if h i ’ t i ’

) t ’O b l ’ i I t l l S  nO d l l l l I l g( ’ r \  an analog ( hi , 5 k ‘.t h i~ h cars store , for i n s t a m s t a n e o i l s  r ’ ’t r i e v a l ,

?5 0 ‘I’\’ fi ’ a i t i c , s  of i ! !, ,h ig i - ! ’\ ;  a ( i l l l1 ~~l i l I I \  ; an e l e c t r o n i c  cu r ’ s t ,  i ’; In !)  a k - ’ , l  0 ( 1  for

I n t  0 - ! ’ i f l~~ ‘ - l I ’ ’ r l I t  i ng  in . ,t r u e t ion s . I n p u t  coil be in the fc,rm of l i v e , I r etched C , , ’ , —

-~~ to -h i - t I ’  ,1O-~ ( i l l -  r~ t ~ ‘no! Envi r on !’I c n t  at  Sa te l l i te  (G( iIi~S) da ta , analog r ia ta  m ’ ln la \  I ’d

ove r the ( c ! I - I ’. . - i t i t ’  l ine , t h roug h Co! ! p u ter  1)1 11’ , (Ic  t t i i - ou g h  a S l I , t i t — I  i- ac - k t a p ~-

-c c -o rder n s , ,d i f ied  t 1  record all  d i g i t a l  i ‘ o l I g I- l - v  d a t a  t i ’0 i i~ 0 i l  t i e d  h~ ( (  i t — . P i c t u r e

on t h l  ‘,‘ ideo d i sk  cams be enhanced in black and o, h i t e  or color’ and a s - s I - !  I l t I l C h i  in to

an imated  l I ps . If navi gated , tha t  is , if the  r - e l a t i I I n s h I i l )  h ,c-t iveen O~~~’ 1 1 1 0 ’  ( ‘ I l l ! l ( h n t

and geographic coordinates  has boon d l - t e r r t l i n e d , c-lo ud— I l l  t I I  f l  \‘ ( ‘c l I i S  ( ‘ b I n  he cot -t i —

pute d . If ‘h e l i l l a g e  data a re  kept on the  d i g i t a l  d isk , the cu r.-oi r ’  (‘ all I ’ ’  (1 s~’d t I

d e l i n e a t e  11 ty- a , s to be nu m e r ica lly  pi - ’Ice SssecI , II l ’ cut  points  for o hic ’h t  i f l - i  g i lt  n e s s

or t e m p e r a t u r e  values ace desired , to s h i f t  the p i c t u r e  Posi t ion on the  ( RT , o r to

b low up the image so as to repeat each p icture element  a number  f t i m e s  (very

c r i t i ca l  in selecting the exact  p i c t u r e  e lement  of a l a n d m a r k) .

l I l t ’  th is  i nves t igat ion  man of the feat ot’ cs  t h a t  cori t r ’ibute to the p r e t - I s i o n  of

‘he \ Ir IDA S sy s t e m  ‘,vece not requi red  hut some add i t i ona l  p rograms  had to t> e

developed . Specif ica l ly  they  - P u r l - :

(a )  Data  A v e r a g i n g  — cii i np u t e s  the average b r igh tness  of the c-ontents of too

d i g i t a l  d i sk  areas . If one area is a l read y an aver -age of sever-al cases , t h e  old

average and the ne’’: add i t i ,n are ‘.1 eig hted in propo i-I ion to I iiei t- (‘ l i l t  i - ih u t i~~n s to

the new average.
(b) Data Rem ’noval — removes  an i n d i v i d u a l  image  f r o m  a pr ec ’ ious l~ c t I I i l p u t C d

ave rage  and res to res  the average  a.s it was befo re that  case  was m r u ’ t u d e d .

( - )  Data D i f f e r e n c i n g  — com put e s  the  d i f f e r e n c e  in b r igh tness  l e t ’ ,’, , ‘~~‘t i t i l l ’  cr , r i —

t r - ~~t s of t w o  d ig i t a l  d i sk  a reas .
I d )  t r a d e  P o s i t i on i n g  — r e w r i t e s  t h e  i m a g e  d a t a  ( I t  t h e  d i g i t a l  d i sk  . \  s t a r t i t i g

p i c t ’l r l ’  e t c - m e r i t  is selected so as to posi t ion a s e t e l - t t - d  image fea tu t - c -  It  a l~~’e —

- , ( ‘ l ec t l ’I l  po in t  on the d isp lay . This is used in the compu ta t i on  Ill ’ t i l l ’  r o rnp o - ; i t e

f i e ld  r e l a t ive  t o  the sto rm centers  r a t h e r  than to the  geographic loca t ion .

1:3
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‘ 1 , 1  I ) , , t , ,  lI ,,~ .-

An  i t t ’ t ’ 5 t i g at ion t f  t h i s  t’\ pe cc- quo -c - i  c ’ i ~i p i i a s i - ~ ~n -h a ta I i u a r ( t i l v  r ’~, t h i c i ’  t h a n

1, 1 ? . ‘Ibis i.s Z1 f o z - t u n a t e  e i r c -U t l l s t b , u I ’ e, ,,ince q u a l i t y  d a t a  st tc ’h as those  f r o nt

I )MS1 ’ ‘ ‘ 1’ ( 1  i- :~ s b l t l - l t l t c - s a re  not ava i l ab le  in l a rge  q u a n t i t i e s , m ’ l  t he  da t a  f rom

I t ’  NI ,-\ A a rch ive , wh ich II i c  of t i (hg i ’O d l ! I l  s p a t i a l  r e s o l u t i o n , t i l l  ut cia dv v i su a l  and
- ‘ .‘. c t ’  da i l y  in f r a r e d  global c-overage s ince  1 II? : ! . These d a t a  I r e :  , 1 r I t ~ In c - I l  (,fl

nii ’ l ’r  tape and t h e y  a r e  also i l l u s t r a t e d  in a m o n t h ly  l l o o k l l - t , 
I wh ich  c - an  hI

‘ - i ’  br a ’,’, i m i g  or quick  checks of the  da ta . ELII’ h h e m n i s p b i - r -e i s  t 1 1 ’ t ! at  l I d  in a

(I ’  ‘ b r  .1 t ’ ! ’~ ’’’~ t ’ l I t I h i c  pro le( ’tion in s c r i b e d  in a s q u a r e  of 2 f1 4 h  i I , W . ,  and ( ‘ I t u o l t i , of

‘ 1 , 1 1 . \~ hen ‘ l I o ~e points  tha t  f a l l  l a ’v1s nd  I t o ’  map hounds  1 , 1 1 ’  — 1 I l i r ’ u 1, ’’ ! out , the

~‘ l ’ ‘ u t  i n ) ’  t ’ ! , h i t  S I  rI  1IIIS an aver-age sp a t i a l  r e so lut i on  of abou t  1’ km .

h o c  t h i s  st u ’Iv t i l l ’  period I 1 f  i ’o ct , i -d run ,s I r ’ t l i ! l  , T u t ~ l t ’ 7 i  ) l l i’ I I t O_ ’ I I  I h I t I t i a t ’ ’- ’ 10 7 1 ; .

D u r i n g  t h i s  t i m e  the re  o-ere 4 t  s t o r m s  tha t  r e a l - t o ll t ’,- l I l ; l , (  fl i n t l - t i  i t y  in t h i t ’  v, es ter -n

I’ I I I ’ i f i r  ( u - c : i n. ‘I his r epresents appi -oxirn atel~’ 2 00 t lhs \ 5 oh h~, t : , . ( n lv  ,—~ rn!  tha t

I - - l I t - h I d ty p hoon i n t e n s i t y  n c - r e  used in the in v e ’ —d i~~~d h t i , hi~t I i )  r I : , n \  at  I I ,’ ‘ h o . ,

u .,t- d t he  to r -n l  S 5s f - r e  is eli  under  typhoon s t r e r ig t h t .

i i g l l t ’ c ’  I i l l us t  r -aO -d how the  data  can ttc ’  p r e s e n t e d  I l i t  ‘he M ’’l I)A S h i ‘ I - ’:.

I ‘i g u r - e . s Ia  and lb  are at reduced r ’esolutions (If e s’l -r ’v 4th  i’ - s and 3rd i ’ , I t ; ’  0 1

2 nd m l  is h I n d  2nd ‘- o lu m n , r-esp ecti  i ’, ’ !s’ ; fl i.s fo i l  r ’ f’s O I u t l a n  ari d I ‘I h a . ,  t~~n ‘h i ‘ 1 - 5’

and c, , lumn r I - t a l l I e d  t h r e e  t i me s . N o r m a l l y , data  s ‘ i t -  I h l pla v( ’I I  i t t  t I n ’  1 2

i- — ’ ’ l u ’ i ’ ’ n  f , , t ’ ! l ’ : I t  fo m - l-ig ’ure lb . It s’.’as tho i _t g h t  t h at  t h i s  s i / u  I t ’l l ’  h I l l e l t i l l  ‘ 1 1 7 1 .  of

b In ’  ) ll~Ca lI r -ound t h e  s I l t - I l l s  u n d e r -  i nv e s t i gat ion I I I  po t - I  ‘ I I ’ . 11th  of i l l ’  olo ud — ‘ ~~t ’  t h I S

i s  s l l c - i a t e d  a. i t h  t l l r l ’ I r s  t ha t  could a f fec t  o r -  be a f f e c t e d  l v  t i l e  s t o r m  —i ~- t t ’ l  - I t

:1.2 I ir n ~ei~,I ,~g % ,,l t h e  I’,- rie ,, l ol Il,’,’e,reI

‘i \ pho on.s in  t h e  ‘,‘, I ’ - i t I ’r - n  Pac i f i c  Ocean fol low t IVo pr inc ip a l  t r -io-k~ I .~~-c  i:i b ’ t i I

- - 0 - — (I -2) . tine is a \\ NW path f ron t the  area of 10 N , l - ’ O 17 , a c t - I ’ s., I , r  ( ‘ l I , ~~t ’  I I I  t i t e

P h i l i pp ine I., l : I i t d s  and in to  the  South Chin a Sc-a i’1~~ t t -  A ) .  l hic ( ‘t i l e !  i l la i t I r ’  ( I I I  k

I l r i g i na t e .s in lh e  s l I m E:  reg n, h ut  t he  s t o m - n i s  h oy t -  a t i t l e  t l , , i ’t  h , - i - h  - I l I l I t I t ! l ’ i l h  to

t h e i r  l i i  - l I t  i l  t i s  and I ecu r v e  I l l  t he  NE ar- ound :100\ (‘I ’y p -  I I ) .  1111’ 1 , - t t c  1 ( t o t e  ( I f

i ’ e r u r - v a t u m - e  can i-a i ’~’ depending an t i l e -  l ong i tu de ’  of f o r n i a t i o m i  an t i  t h e  m i o r ’ t h t ’r l v  ( ‘ I ’ l l )  —

ponent  of t l l l . t i l l t ) .  l E s s  fr - e q c re n t l ~- , , s I ( I r n i s  t i -ave l  t t , , i ’t l i s ’ , an -r I  ‘ - I I I  of t h e  J’l ’U ( ‘ s

ar-ca of r e s p o n s i b i l i t y  (Type ( ‘ ) .  F ina l ly ,  t i l l - i ’ , -  1 ( 1 1 ’  t i l l ’  ,- s t o I ’ I l h —  t h i r d  do h I t  f i t  a

is c - I l — d e f i n e d  l l l l t i c rn  (Type  Dl. Du i ’ i n g  t h e i  r ’ ’~. I ~ 0 ’ t 1 i ’ l ’  I i ( ’\ 1 l I i ( ~ II , — — 0 1 1 ’ ( ’  I h ’ — l t ~i r a c —

te r i s t i c s  of otis , a l l , or n one of the  above 1 0 1 ( 1,!’ I 1 ) 0 — .

:1 , N I I ! i l , n : i b  ( ) “ c - : I t i i l ’  and A t l n l l p i tet ’ ic A c i n t i n i - t - ; t i - t i  ( l ! ’ 7 ~ ) E n \ i t - I n n : e t i t : I I  S i t e ! -
l t t e h i ’n~i g c - t ’~~, K~~V I I  ~il e t ( ’ I l r 1 I 1 ’ g i I ’ ; l 1  t i l ’ , ’ l , t ’ I I - -, h ) I I I ’ h l l I I ( ’ t t t i l t l l ’ t I .
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Figure 2 . Typical Western Pacific Trop ical Cyclone Tracks. Type D s torms  con-
, st i tu t e  a miscellaneous collection of sto rms which do not clearly resemble the
other 3 types

There is a strong seasonal character to the storm tracks from l!173 thr’ough
1975. The data in Table 1 were taken from the Annua l  Typhoon Reports for 1973 ,

1974 , and 1975. ~~‘ 
‘
~~‘ ~ The f i r s t  m-ow shows the number  of days each month at OOZ

for which data for s t o r m s  that reached typhoon s t reng th  were l isted  in the reports.

The second row shows the number of days t hese s to rm s were located north of 2h °N.
That 95 percent of the time that  storms travelled north of 2i °N occurr ed du ring
July, August, and September , is a forecast  aid in i tsel f . As an independent check,

the same computation for 1971 and 1972 was made and gave the comparable result

Join t Typhoon Warning (‘enter (1973) Annual Typ hoon He po rt ,  l!7 :l, I- b et
Weather Central, Guam, I’darianas Is. ‘

7 . Joint Typhoon Warning Center  ( 1974 )  Annua l  Typ hoon Repor t ,  1 b l 7 4 ,  Fleet
Weather  Central , Guam , I t lar ianas  Is.

8. Joint Typhoon Warning Center (1975) Annual Typ hoon R e p e n t ,  l ! 175 ,  Fleet
Weather Central, Guam , l~larianas Is.
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I 1 , - l I  S t l ’ t ’ H l t i ’ ~i t ’k ~ l I l t ’  5 I l ’  75 11 i i i  l i t _ l u l l ’  2 . — t \ j IO A s t l lr n l ,  m ’ I l t i — , , t i t i l t  I ’ l l

4 I I ’  ‘I ‘ ‘ I d  ‘t f  b i l l ’  \ c l r  5)11119 1 1 - ; 1 \ ‘ I ’  fl 27 I I  - t I I ‘ ( I t ;  -l I l l  ( , 10 ‘ I ’ I ’ 1 ’ 1 i T  ; and
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Figure 3, Number of Reports by JTW C during 1973, 74 , and 75 at OO Z of Tropical
Cyclones that Ps chieved Typhoon Strength in 5-deg Latitude-longitude Boxes

I.

L I  Storm s in the -~rea Between 15° anei 20 °N .  and l30° and 135°E

Table 2 presents the salient features of storms located between 150 and 20°N
and 1300 and 135°E. The storms are ordered by increasing angle of heading for
the 24 hours starting at OOZ on the listed date and the rank of their motion and
maximum win d speed is listed next to the comparable value.

Two strong tendencies are apparent from an examination of the listing. The
1975 storms had a more northerly heading than the 1974 storms, and the more
northerl y headings tended to occur earlier in the year. There may very likely be$ an explanation for this in a comparison of the general circulations of the two years ,
but it is beyond the scope of this report.

FIgure 4 is a grid for the sector of the northern hemisphere used in the illus-
trations that follow. Figure 5 i l lustrates storms Nos. 2 and 3, their average and
their difference for the purpose of allowing the reader to examine how the features
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l’ahle 2 . l- ’eatuz’es of ~) t ( ( r ’ m t1 s  Located Between 1 5
t) 

and 20°N , 1300 and l35 1’ F:

Heading Speed In ten sity
Storm No. Date (deg) (k t )  Rank (k t )  Rank

1 10 2 6 , 7 4  267 l~ 2 60 4

2 11/26/ 74 270 11 5 105

3 11/ 5/ 74  274 11 6 100 2

4 7,7 1 :74 277 4 10 40 8

5 10/ 9/ 74  280 12 4 35 9

6 11/25/ 74  286 6 9 85 3

7 9/20/ 75  293 13 3 55 ‘ 6

8 7/ 3 1 / 7 5  298 2 11 60 5

9 7/ 2 74 300 8 8 30 10

10 8 , 1/ 7 5  320 14 1 50 7

11 10/2 / 7 5  340 11 7 30 U

E 
~oo° 1 100

I-’igure 4 . Geographic Grid of the Photo-
graphs of the McIDA S Display Used in
This Repor t
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Fig um t’e -S . Tropical (‘yI .’l, ’ tl c -s (0 (a) N , ‘s ’ . S, l’  I 7 . 1 : ( h) \ ‘ ‘~~ . 20 , 10 7 I ;  ,-) I l l , ’
( ‘ t l n h i l t l s i t e  l t r i g l l l r l ( ’ ,s s ;  amid (r i ) t h e  Di t ’ t c - t ’ t ”, l l n ’  in ]lt-Iplltne, ss of (a) Sit t lil,, ( i l l .  ( ‘ cut-
I c t

~~ 
of th e ~ t I , i ’ ! 1 l s a t-c’  marked  i ,v  a n l  ar m ’ tt \ s ’ . i ’ l l n !t a h, a n t i  I’  i l l u s t  r a t e  tit e

e fIt- t -t of ( l I l t i ng  or subtracting V I I  i ’ l t l t t s  (“(Itllhitl(etio nis t tf e lt t t t d v  and clear areas
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, , t ’ t he  t o ’ l i s ’ it iua l  ‘— - t ’ I t ’ ( l I — ,  I ’ l , t l t I ’ i l , l ,i t t ’  I , -  t } t t ’ i , , I h i  Il iul a lt (, ni— . 1 1 , 1 ’  ( , , t r  ph’, I I  t O  l O t

d i ’i ( \  s l i a ( l c ,’ i t ’ !  t h e  l \ ’ e ’ i ’ l ( ~~e ’ (point  II , I ’ i l_l I _ l i t ’  c - )  u - i u : , i I s -  I ’ ( ’ i I m ’ t ’ -~( ’ t i I 5  a ‘ 1 , 1 0 1 ,  ‘ 0, 11  ‘‘I
bright (‘1(10,15 ifl 500’!C e)f tile indi u ’iltu al i t I : l p ( ’ ~~ (p t in t  a , 1’’i gure aIt) and ( 1 ( 1( 1 ’  1 , 1 ( 1 * ,

poin t  a, 1 1gw-c? Sb) in , , t l i e - n ’  I , n ’  ‘, I i t l l t ’  ( ‘ O l i l t O t l a t l I l t I  of s l t i t e  cloud -i , c - l ea r ’  Z l t l I I  4 1’il\’

I I t  oct • In (1 d i f f e  f ence Is’  I a s-en i r~tages a n eut  cal pt’a~’ means l i l t  i t  r no change  l i i

‘ i i  g I : tn  (1ic1int I’ in I”igiires t:s , SO , SO , ~nd at t h e  st  ‘ru ’! conIc-i’s) . A bn ’ight a rea

t n  ill ’ , l v s ’ t ’ : , g e -  -. 01 - I l  as at the -,t ’ ‘ I ’ l l  I - e n t e r t i , e - a n , s  t ha t  the i nd iv idua l  images  wet -c

I’ ‘ ml pos(’d of b r igh t  clouds am ’ i a d a m - k  average  tt ~eans the i n d i v i d u a l  images is ore
I l l ’  ,-.t lv clear . A b i- i gh t  a r e a  ii i  t h e’ d i f f e r e n c e ’  (p o in t  c in 1-’i gures 5;s , Sb , Sd) means
‘ 1 1 1 , 1  I I  c lear ’  a m - c - a  ‘,‘, : , -  subtracted fu ’ t ,t i i  a b r i g h t  l - I I , u ( i y  area w h i l e  a da rk  area in the
cj j f l ’e - t n ’ t i c - e ’  i I i t aos  the l lp p o si te  (p o i n t  a in  I’ ’i gu t ’e - -. la , SO and Sd) .

~
‘igt rt- 6 .s l l t , w s  the  as- et’age ( I f  a l l  11 , I I , t ’ t ! l S  l i st ed  in Table 2 as well  as the

: l s ’e r l lg ( -  ( I f  --‘ I  - i l l s  NI s . 1 to 5 and It to 11. 1 e ’ l l t l l t - c ’ .s (If ,tIIrms in this location as

-. I i , , s ’ ; t i  1(1  I i~j i i i ’ e ’  Pa

(:t ) ( ‘ I , u l j t l e ’ m ’ l i b l I e  & - j r r u - - outf 1o~.- I I  t h e  sc’uths t ’e- i t ,

( b) l i t t l e  I l I l d l I i j t I c ’ ,’, — I I I  t h e  ( ‘ a—J t’e ’n t e ’ l’ t ”d ~ihou t  the  l a t i t ude  ( If  the s torm ,
(c)  A ‘it ’ :, n ’ h I  :,t a h i c ’ : , d  c , f the  storm indicative of (he zone of subsidence t y p i —

( ‘i l l 1~’ l t l e a t e ’d  in I ~ l l t l sitiott .

l i e -  ,,~~ ‘ t ’ : t  ge - , , t ’ I I t o st t l r ’ms  on t i l e -  l l , , s t  wester- l y headings and the average of
t i l t ’  4 51, ‘i ’n i  is i t l t  l b : ,  t I I t I , s t  n o r - t h e m - h ’  headings  slK,w some n ’ather  imi te re st ing  d i f f e r —
(‘t O t ’ s  • I ’ ,  ‘i ’  t h e  t l I t ’ l I l  a h i ch i  h a v e  t I l e  mli ore n o r t h e r l y  head ings ( 1-’i gurc 1k- ) , the
(- i r r ’u - .  I , u t f h t w  is I n l I n e ’  predominant in the eastern semici rc le.  1- or the n ’nore

p — t c ’ t ’ l ’ , I r : , t ’ k i n i g  t l ,  ‘ n i - i  t he re  ap p e a r - -i to he an extension of the c i r r u s  out f low
f i nn  t h e -  t r’op~~- a l  ‘‘vn ione s  to the  n o r t h e a s t  into or above the c loudiness  as,--i oc i a ( e ti

5 i t O  a -m i u l a t i t u r l i ’ ‘ I i  u t t a l  s vs t e n l .  Note how this  confluence appears in ind iv idua l
1 4 ! I ’ r b . - in  i i l ’ 1 l i ’ t ’ ~~ So and Sb, which are 2 of the 5 storms included in Fi~~~re Oh .
In F i L q l 1 ’ e ’  ‘i ’ , t i l e  l ’ , t l t l l l e n c e  is j u s t  about to be miiade . The only s t o r m  in this  set
of st ’  ‘r i r s  t l i : t t  d id  not d isp lay th i s  conf luence fea ture  on , or w i t h i n  a day of being
in liii- . lo” ,,tjon , ‘.t as storm No. 4 which was a Type 13 s torm prior to recui’vature.

1- ’ i g u t ’ e -  7:, is t u e  n o l l p I l s i t e  of tile 4 fas tes t  moving  s t o r m s  (Nos. 10, 1, 7, 5)

w i t h  sp e c ’ ’ i _  r : l m l p i n p  fi ’om  14 t c t 12 kt . l”i gut’e 71) 15 t h e  composi te  of ihe 3 slt ’sses t
‘ l I v i ng  s t , i r n l s  t \ 1 I . 0 ~~, I )  n i t h  ‘-b t ( ’e I I s  of 2 l I t  Ii k t . St r a t i f i ca t i on of the s to rms

it t  ‘ i t t - .  a t e - I l  - t i  i t t -  i l : l - . i ,s (If f 1 ’ ’Il I f  notion did not produce an~’ sugges t ion  of i d e n —
l~ t I n i l k ’  (‘100, 1 ‘ I i  t ru 11101 1 I t !,-.. ihet-c’ i,s nothing that (‘haractet-ile’s either - case ve ry

-.It ’ i tt i,’I s’ I I I ,  s I I  0 l i t e  lato,ie-i’ e x t e n t  (tf lhe i i i ’ i g i l t e S t  cloud ens—er in the ( “a ,se c t f

‘ h e ’  r I I I ’ S t l~ ~~, ,  1 1 1 1  • St 00 Ii fh’at i c l t t bo peti k W i n n  ~ t i c - o i l  W1l5 nr , >t t e s t ed  at th is
I t  ‘‘as f e - i t ,  on the  ha~~is of l) v o rak ’ s2 work , tha t  t i l e  infol’m llation ’ ! ultos t

‘ t I l l ’  0 ’  l O l l  lie- in ( -0111 t ’CS of I I t o  t l e : l t ’ — , t o u ’ t l ’ !  eloudi~ ess that are I’,t ’ small to he

‘ -  ~~~~ 1 1 1 1 0 1  it f ‘ l n , s i ’ ( ’ ” I l I t J t i I ’ t l . m i  s ic- u ( I f  features of t u e  , s t l t t ’ I l l ,s itt (itt’ I I , , ’,

10 ‘ It -n I , ,  t i , ( ‘ ‘ , ‘, l ’~~ 1 ‘ h ’ ’- t ” ‘ t i l e d  in t h e  t i c ’’l t ~,et ’t i o f l , i t should be noted thll t tile 0 ~t , ’ t t i i ~
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h” igu m’e ~. (‘on ipos i te  13r-ightness of Storms Located Between 15 ° and 20 °N , 1300
:11111 1 I S  I- : ; (a)  Al l  11 St l l r ru ’ !S  (h )  5 Storms wi th  the  Most Wester l y i l ead ing ;  and
In ) 4 Stoct,t, w i t h  the Most Nor ther l y Heading. Features a, b , and c an’e desccihed

u i  the text .  A r r o w  indicates composite sto rm center  
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Figure 7. Composite Brightness of Storms Located Between 15° and 20°N, 130 °
and 135°E; (a) 4 Fastest Moving Storms; (b) 3 Slowest Moving Storms

with the most wester ly heading are among the most intense while the 3 most north-

erly heading s torms are among the least intense .

1.2 ~tonn i~’ in the- -~rea fkttss-cn l3 ’ cin d 20 °’s , and 120° and 125° E

This 5-d eg box is dominated by t he Philippine Island of Luzon and is one of the
most typhoon-frequented areas of the world . Most of the storms in the region are

Type A although an occasional Type D might occur. The island of Luzon (only 1

s torm passed south of Luzon) did not present a sufficient obstacle to dissipate the

t ropical cyclones that  passed over it during 1973 to 75. There is , however , a co n-
side rable diminut ion of the peak wind as the storms pass over it. When the storms
continue into the South China Sea some become more and some less intense than
they were in the Philipp ine Sea.

Table 3 l is ts  the st ar -m s  in this box ranked in the same manner as was done for
Table 2.

In this area strat if icat ion of the data by headi ng has not also stratified the data
by y e a r  as i t did in the box 10 deg to the east. It does forr ,i art approximate strat-
ification by intensity in that storms 9 through 13 are , with one exception , greater
t ha n 90 kt while  s tor ms 1 th rough 5 are less int ense than 90 k t , with one exception.
The composites of the westerly moving storms (Nos . 1, 2, 3, and 4) and the north-
westerly movers (Nos. 9, 11, 12 , 13> and the differences between the composites
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- - .0 I I  di .1 , ,I , l i I l ( ’  ~~. h ’ c - a t u i ’ e — i  of ,“, t ’ l l ’ t ! - .  1, I I i ’ i ì t C ’ I  l I t - I ’ .’, ‘‘en 1, 1  and 2 1.) N , 120 and 1 2 - t  N

— 

Heading 
- 

.~ p e ’ c ”  I Intensit y
No . Date (deg) ( k t )  H a n k  ( k t )  Hank

10/ 2 .1 74 242 7 11 70 7

2 10 12 ,/ 7 1  2 c 4  18 1 40 13

:t 1 1/ 2 8 / 7 4  271 11 5 90 3

4 0 - 3 / 7 3  273 4 u : i  60 12

5 0 Il l  75 280 14 2 115 9

6 6 ,110 74 213:3 11 6 70 8

7 10 28/74 285 10 7 80 6

8 10 ‘11 74 28!’ II 10 iS 10

iS 7 20 74 2 114 14 3 90 4

10 10 111/74 298 14 4 PS 11

11 I l  7 74 t oo 10 8 ~I 5  2

12 1 0 8 / 7 1  :~~~; 7 12 90 5

L 1:1 10 7/70 320 10 1’ 120

at - , -  ,-,hI,sc n iii Figure  8. Stor m No . 10 wa~ not included in order (hat  the composite
of ‘l I e  , tor ’ni w i t h  n o r t h w e s t e m ’ I v  headings would include t im e roost intense s torms
a l - i l l .  The suggested re la t ionsh i p between heading and i n t e n t s ity at th i s  location is
in the  opposite e ti se  to that found 10 deg eas tward , as discussed above . Fi gure Bc ,
the ct t n lp o s i t e  d i f f e r e n c e , s hr t w s  agreement wi th  the  resul ts  discussed in the area
10 deg ea s taa r d , t h a t  is , the more wes ter ly  moving s to r m s display a confluence
b etween  the  cin-rus outflow and polar f ronta l  c loudiness .

Slow moving storms (Nos. 1, 4, 8, 12) also showed th i s  cloud axis as compared
w i t h  fas t  moving s tor m s  (Nos.  2 , 5, 9 , 10) , however of the 4 cases in the slow c o r n —
p lt s i t e , 2 were  cc,mnion ssith the w e s t e n l v  moving compos i t e  and may have wei ghted
the composite out of p roportion to t he i r  signif icance .  The san t e  s i t ua t ion  exists
55 ber t compar ing  s to rms  in the nor thern  part of t h e  box w i t h  those in tile southern

P p a m - I .  S torms in the  nor the rn  part of the box ( N t I s . 1, 2 , 8, 12) d isplayed the cloud
confluence w h i l e  those in the south (N o~i . 3, 6, 9, 10) did not . 11cm-eve r the  nor-the m

‘t(’rfl ,,-i had 3 last ’s in common with the slow storms and the sou thern  had 2 c o m m o n

nose- s ss ith the-  fast storms. What is u -athe t -  s u r p r i s i n g ,  if i t is signif icant , is that
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‘ I : , ’ t m ’ r t h e - m ’ m i  - t -  - f l :  , , ‘ 5 1 1 ( 0  ‘ t I l l  t n t  I l l  d i  ‘ 1 - I - b k -  t ,v (- r I s i / u n , ~‘ ‘-0I-tilIIV I I I , V ( ’ ’ l

S I  ‘ ‘ S I r  t h a r t  t I l l s , -  1 0 I 1  ‘ ‘ c - n ’ ’  s u h i c -  t e ’ !  I , ,  l i t .  i ’ :,n  I l l ’  of t b : 5 -  i s l a n d .

A m  t h i s  po in t  i t  0 IgIl t be ‘s c - I l  Ip  t m’ \ ’  t I t n t t . - r - p t ’e t th i s -  s i i 2 n u l t t - a r l t - c ’  (I f  ‘‘ h a t  I n , -.

t ’ - ; i ’ ’  ! l - ; l ’ ,” S’c’ l  I in  t O t o—deg square at ti: ’ n ’ . i - t b i c ’ r - n  end of t h e  Ph i i l i p p i ne  I s lan d , .

I t  :~ ‘ n c’ of the ‘ : , , u ” ’  Oa t : ,  — r ich i l I , x , ’ s  in t i l l ’  5 : l t t l ; ’l le :010 n u n t : , t n s  e, - , e n t m a l l v  onl y

1 \p e  :~ , t I I r u r ’ ! s. It is al .,’ , s , , t ’ t h i  r io t ing  t i O l t  I, of b l I p  13 5 1 1 , 5 - 1 1 , 5  occurr’e ’l  in October

I m’ N ’ , v e I h l h P  r and I , u t t v  2 c -an len - t h a n  Sept I - n i l , ’  I . This  i- , n u n ,  i ,tent  w i t h  the d: ,t :

i n T i l t ’  I , s h i n h  S I l l  ‘s c- - I  t h at f a l l  - i l l - n i l - . 0 ’ - f l , ’ i - ’ I I I V  ., t a V ( ’ I i  - 1 . l : t l :  of 2 T 1 ’ N .

T i t  ‘ ‘ ‘ l O l l  “ . - -‘~~~ t ’  sho w a t eul ’ !c’nev f’,r t e  h I t  f ] r , s s  f r o m  t i l e  s t l l tt l !  I I ,  b lend w i t h

c i m - c u l a t i ’  n in II i i :  i llatitude frontal s~ ., t l ’ , 1 , 1 , 1 -n  t he  S t ( l t ’ tn  i.s

(a )  I I I ’  I l I l : l i r : O h l t l \ ’  , - , c ’ s t , - t ’ I ’ ;  in h e a d i n g ,
(h )  co mpa r ’ : l t i ’~’e 1\’ ’~- e a k  in i n t e n - n t v ,
( I ’ )  s l l I O — l ’ l l v l n g ,

( d i  p a s s i n g  n o r t h  of 1,uzon.

-~- - - a h l v  s to rm N ’ - . I d id : : , c-c- f a l l  of Iic ’- -,I’ cri tc’ u -u a . It w i l l  a PP  a ‘l ’l t l I ’ h  I : , r c ~c ’r

s . t n p le , l l I , - .’, , - v l ’ r ’ , to e s t a b l i s h  \ s h i l ’,’h - ‘n u t n n i : l , if any , u ’  -u i’ in  ‘ ‘ o i t , h i n a t i o t

.,n cl  ,s h I - I l l s  r the cou ’iv ’ n s ’ -  1 - i t t - i - i a  and the i r  c om n bj u u , 1 i ’ I t l , S also hold up .  A t

th i s  point , it is in l l i ( ’ e 1 -  ve u ’ v  e u l ’ - o u n ~ , g i l :~ l to ~rt as s t rong  a sugge ’- s t l o n -

a re-lationship 1 ’ t’ ,s I - S - u i  the clouds ,~ t i ’ , i s torm , ‘h :, r :,, t ’n : . - .  t i  - 115 is exhibited in

th is area , and l,fl€’ “.1:101 : is ( ‘0 0 5 1 1 4 1 1 111 with conditions in t i l l ’  III ’ ”. 10 dc , 2 t , , ’, ’. O i ’ I I  1 1 , 1 -

e as !.

1.3 l t 5 r l i d 14 in  iii, ’ ~r,- i lls-t ,s, -,-n h 5 ” ~tnd 21) \ _ au ,d 125” ami d 1311 1.

s a spot ch - , - k  of the typ hoon c-loud condit iot is  I l i , s ( - l ’ V C I I  I I I  - ‘- 1 ’ : 150 ~ j 2 , 1 0\

in the 5-deg llo:’:es hounded  on the w e s t  by 1200 1-: nd 1:10°F . a t c - s I  ss , s  made  in the ’
ni iddle hox bounded by 12 S °F on the w es t .  In 1111 ) 11  4 , 51001115 N o -  I a n d  2 a re

I I  I t  A u n I t  St o r m  No ,  3 is Type (‘ . The diffc’renl ’ t’ b et se ce-n t i l t -  - O I I :9 0 5 1 t 1 ’  of st o rms

No.  I and ! and s torm No. 3 is shown in 1-’igure I’ A p I l i n ,  in the  l l l f f I - l - I - n l l - s - , the
I 1 1l1 i  0 1 t :  C ’  I f  t i w - - - l ’w i c i in e ’s s  in the case of the lvjle A s torms  sho is S I-lc’ ar’lv, ~to nt n  s

N ’ ,  1 and 2 also s - r e  included on the previous  : , m t d  s ubsequen t  i : vs iu i  I ’o l l l l l o s i t e ’ s

in th e - i l o x l ’ s  to t it t  - ‘5 € ‘s t  and  e a s t .

‘I ’ :’,l ’le 4. l ’ d ’ : I t u t ’ e ’ , of S t l , n I h : s  b , l I n a t e ’ I I  Fc’tweeui 1-5 ” and 20 0 5 , 125 0 and 1- W I - ,

~~~u n l ! l  N - , . t ) : , I e  h l e a c l i m t g ( ‘ I I ’ p) I S p e - i  ( I - :t l  I I l ’ l ’n~~ l t v  ( k t )
_ _  ‘~~ : --H ----‘ 
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- 5 , 1 1 0 . l h l f c ’ I t  I l l  I ’  I I I ’  ‘ I l l  I ‘ lp I l - , I t l  (If
2 1 S i l l  .5 ‘1 I ., ,  t I n  \ s  - I , ‘ I I I ’ 2 7 , 1074

a I I I  I ~~‘ ‘ 1 ‘ n  J e i I ~ 14 , 1 7
I I I I I  , , t I ’ , ( I l l  19 11 l ’ I ’ ( I ’ ’ l I I  r

I ,  I ~ l t t t i I d 1 4  ci tb , ,  \ r , ’ ,, ll , - lo , ’ t ’ t t  _, t i l t 1 I ) )  - 
- ~t it t l I III int l  I I S ’

I i gt,t~-u 1( 1  , l l l l O s ’Th C I I I I 1 I 9 I  s i t ’ ’  I f  i ’ s - , ,  ‘I sp e  .5 ,I l I t ’ ’ ’  I 110 the  fir’s ’ d:l\’ —~ l I f  ‘ 1 1 1 1 ’

l ’ , l ’ I : h i t i I l f l 1 4 , N I ’ S’ . 3 and  21 , 1’ 7 1 . I l c ’ ~ i ’ ’ t h  0151 ‘ I i , -  ~at -n e I I - ,, I t u p,. , 3 11

ap p t ’ l I x l : . l h  ~‘I’_’ t i l l ’ - s a l — I l l  , In ’ r ’I  1 1 1 1 1 1 1  11 I _ I , amt d peak s’ t n l I  ‘ , f 2 t  ‘ ‘ 35 sb , I - 1 - 1 4j w ’ c —

t i s ’ ’ ’ l , _ In Ot is case , 1 1 1 1 - I - P  l.s 0 (‘1( 10( 1 I , ~ tid t I  t I :  1’ f l 1 , t ’ t I I I ’ , t. 1,\IIO b I l l  UI ‘f ‘ - t l l ( ’ l ’

Ii 4 ’

l - ’i~~ u’e 10 . ( I ‘ 9 I I ,  I I I  ! ‘ I s p e  A ~ t t ’ t ’ u l I s ,
N I - i ’ . ~I at id 2 1 , 11 7 1 , l I t! l i l t ’ I I t ’~~t h i  t f
‘ l I t - j r  I ‘ I I l l ,  I I , \ t’t’oS ’, l t i l l t l , I b t ’ ” ( ‘ l 1 1 1 1

po . s i l c  I I ‘i l l  I
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5 b t l  1 1 : 1 ’  I ’ , ‘ I i  ~ tL i g i - .S ( I f  dev e lop t i ten t  n t - v e a l ,  I l I t t  t h i s  iS ( ‘ I . I b , l l I I I n .  \‘(-r tt c , l

1’. 111 1 - .ll(’ :ir, w h i c i t  wt ,u lc l  produce such a ck tud  band , would be expected to inh ib i t
l’ l ’ h I l l a l  -i t - l I ’ :  (IC c - t i  ‘ i t t l l e t l t .

I , . t  I t~t t l I t , i rd — t I I i  I l , ’ t ~s i- i-i t I ‘, pt’ ~~. Is pt ’ II , atid k p,’ I) ~ t o r i i t’

M e n t i o n  has  b c-c -n  nn ade of the p r edominance  of Type A .Stut ’tlt.S and the fact  tha t
t h t ’ v  tend t o  It’c ’IIII:tlint ate in t i l l -  f a l l . I - u r t b i e m - , ss’hil e ‘l’ vpe A s t I l t - I l !  t u ’ : l c k s  tend I , ,

. ‘ I t11 9 1’ c’9 : t t -  w i t h i n  a r a t h e r  nor -row , w e l l  — ek -u i ned ‘ -o i ’ridor , Type 13 ~m t 2  1) s torms
:, m’ e d i s t r i bu t ed  ~, l l  over the s e, t~-rn P a c i f i c ,  rhis  geographic  sc a t t e r i n g  of the
IN-pc ’ U antI I )  s to rms  makes  it l i f f i -  1111 to 51 15’ - suj t , , b l t ’  a~ d sizable -  a : t t t i p le ’a

f rom whi c-h t I )  : l s s t ’ u l i i ) l l ’  c - o tn p o s i t e ’ s  and t I )  h t ’ t l c ’ n , I t I ’  diff .-rence ’s b e t , ,  i w o  s to rms .
N c ’v s ’ m ’ t h e’lcss S I - V  I ’ m ’ :, 1 ass ’s s i l l  he dis ’ ’ us~ e ’ u l  the ’ s t o r m  t i c t t : ,  I n c  l isted in
I’ , ’ , i I l e  3.

Tab l e t  - ‘I ‘, l I  A - 
1- 1 , and I) it  ‘ - n t l ’ .

~~~~~~~t O t ’ I l l  r * 
i I ’ - - l l I i t i9  Speed

N - - . 1) 011 ,’ Typ e..’ l , , ” ’ , I j l  ,ti 1 1 1 - 0 )  ( k t )  In t e n s i t y

l l !3  7 - 1 .5 I O N - 1 4 6 l :  i l l  11 35
2 l l !l I ; ; 75  13 I O N — I - I C ! ,  I 200 2 30

I ‘3 1 1 / 2 1 / 7 4  .5 l O N — l 4 1 1 1 :  311 8 2-3

-1 (7 ) 8/1 -1 74 ‘ 1) 2 3 \ - 14 3 1 -  317 10 50
5 0 3 75 B 2 5 \ — 1 4  31: 320 II ¶ 5
6 11 1 0 - 7 5  B 2 SN - ] A s l - :  022 18 75

- 
- 7(4 ) 6/11 :  74 I) 3 0 N — I 2 T I IO 2 7 3  i:i

:5 12) l i t  4 75 B 3 0 N - I 2 5 1 :  (p ;, ’3 I i i  115

1’ 11 / 2 7-5 D 2 S N —  12 -S E 2 11( 1 14 60
J 10 ‘/ 2 1  73 D 2 5 N — 1 2 5 E  280 13 63

Ii 7 71 13 2 5 N — l 2 3 1 1  322 10 75
10 I 1 75 B 2 5 \ — I 2 5 l - :  35 1 1 14 4 5

1 , l l t i t l l ( i c ’  and l , I n p I l s : - i I -  of n o r t h w e s t  corner -  of 5— d e g  bo x in w h ir l :  i t 15

I L u r e  11 silll w.s the differences between 2 ‘I’ vpe A s t e l r u t ! ,  ( \ I ,  -i . 1 ant I  3) and
the s : i u i I ’  T i- i l l ’  13 5 1 1 , 5 1 1 1  ( N I l . 2) ss’hen : t l l  3 are  in an  I ’ l l  tO~ 5 019,’ of dt ’ s ’ c ’ I i t l l l t ’ t l t .

Th ’- l a c k  of t r o ng  c on t r a s t s  in the p ictures inch 1110111 ’ . that  t h e m e  is ve ry l i t t l e d i f f e r —
l ’h ’I I ’ I ’ . It is unfortunate that net suggestions as t I l  the  ,‘s’ e t i t t t ~~l cut t t ’s e  of t I me S t t l i ’ l : l  5

appear , I b l I l i l g I l  It IS not .sIIr’pri,sing in v ie s s-  of 1 i : c ’  . s : l n : 1 1 i 1 ’  ,si~ c ansi t i l e ’  t l t t I l t ’ \ ’ I ’ I I I p I ’ l i

,t :igc~ of t h e  s t o r m .
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Figure 13 . Dif ference  Be tween  Type I)
St orm ii  on Aug .  113 , 1974 and Type 13 on
Oct . 4 , 1975, Am -  t oss ind ica tes  composite
center . Black and wh i t e  l ine  is axis of
conf luen t  c loudiness .
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Figure 14 . Di f f e rence  B et w e e n  2 TYpe D
,Stormiis  on Au g .  2 and Sept . 21 , 11175 and
2 Type ’ B Storms on Ju ly  3 , 1274 and
Oct . 3, 1 1I 7,3~ A r m - o w  i n d ica t e s  comp t ’sit e
Center
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Figure 12 sh, w s  the  ch iffe r - enc e ’s  be tween a Type D and 2 Type 13 s to rms . ‘l’he
‘1’~~pe D s t o r m  ( X I I . 4 ) ori ginated Au g .  11 , 1974 near  17 °X , l 52 °E and t rave led
nl)r’th’,’,est t I ,  26 5’ N , l 42 °E and thence w o st n o r t h w e s t  into the China ct bc~~t a t  about
29 t1 N . In i ts  earl y stages it was  s i m t i i l a r  t o  a Type B and in i t s  late stages to a

T ype A s t , h i ’ m l ! . St , , t ’t o  NI,. Ft was head ing  n o r t h w e s t w a r d  and wou ld not recurve  for
about 24 hours , wh i l e  s to rm No.  iS w a s  at the point of r ecurva tu re,  The p r i m a r y  lea-
ture in the difference fields is t i t i -  ex ten t  of the c i r rus  outflow to the east and south
of the Type D s t o r m  compared w i t h  the Type I l l s . I loth sy s t e m s  had l i t t l e  cloud i-
ness I I I  the west 115 ind ica ted  ilY  the ~‘m ’av shading.  Storm No . 6, at the point of
r e c u r v a t u r e  (F igure  12b) , I I l I w ( ’ v E ’ m ’ , had c loudiness  (dark  area) n o r t h  of the center
and ex tending  n o r t h e a s t w a r d  whi le  s t I l t - I l l s  N I l s . 4 and 5 (Fi gure 12a ) -,‘;ere both
5 15101’. Possibly the recurvature of storm NIl , 6 ssoc,s re la ted to the passage of a
frontal  sy stem to the north, if so, this se 1 016 t ,e a s u f f i c i e n t  (though not necessary)

condi t ion  for r e cu rva tu r e  s ince s t o t ’ I t l  N I , . 5 did not d isp lay any conf luence of i ts
cloudiness wi th  a f ronta l  sy s t e m  a r o u n d  the  t i u t l e  I f  i t s  r ecu r va t u re .

Four da~’s l a t e r  sto i m Nc , . 4 had moved 20 11( 9 w e s t w a r d  as is id en t i f ied  in
Table 5 as s torm No . 7 . In F’ i gure 13 ~b i s  C I I I I : p a  t e l l  ‘ s i t u  a Type B storm (No . 8) ,
which  is at the point of recurva tur-e .  (‘ l I t - l a i n  fea tur-es  (If F igure  13 s trong ly
resemble those of Figure 12. Storm No. 7 s t i l l  show, s  the e f fec t s  of ex tens ive  out-
flow to the south. The source has been cut  off by t i l l s  t i m e  and it is clear to the east.
Also , comparable s’, i t h  Figure 12b is the clear area no t -t i n ’, e s I  of the center but
which  here extends to the nor theas t  and s o u t h w e s t . The point should be rmiade tha t
s torm No. 7 was moving we st ss-am ’d l ike the Type A s tct r m s  to the south , and it also
appears to be develop ing the conf luent  cloudiness associated wi th  Type A s torms .
A suggestion of this fea ture  remained unt i l  the s torm made a landfal l  2 days later .

Figure 14 also i l lus t ra tes  the d i f fe rence  between wes tward  moving Type D
storms (Nod. 9, 10) and Type B s t o r m s  (Nos . 11, 12). Storm No,  12 is the same
as No. 8 but one day ear l ier . The outflow cloudiness in the eastern and southern
quadrants , that  was discussed wi th  respect to the Type D cases in Figures 12 and
13 , is also observable in Figure 14 as is the c-lear band north of the s torm generated
cloudiness.

3. l ;o\ ) :I ,I  ~IO\ ’

The availabil i ty of the McIDA S system encouraged the compositing approach
used in this  stud y. The approach has demons t ra ted  a potential  that was desired
but unanticipated wi th in  the l imitations of the data and time, Cloud fea tu res have
been identified as associated with the d i rec t ion  of s torm movement. Part icular ly
in the case of d i s t i ngu i sh ing  whether  low-la t i tude s torms will  travel wes tward  into
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the South China Sea or take another  heading,  the resu l t s  of the :ina l s i s  a I t I r - I l a n I l

s ign i f i cance .  Ther -e is too consis tent  an appeal-ance of the cctnf lu em ice  of I l l s -  s t o r m
,t u t t ’l,,ss’ w i t h  f ronta l  cloudiness to be di sn t i s sed  of fhand  as coinc identa l .

Ther’e were  not suff ic ient  cases of other types  of s t o r m s  to cla im !! a n y t h i ng  but
a suggestion of a relat ionship,  yet in the  case of the Typ e D , t c , m ’ t t ! - , there wa,s a
c o n s i s t e n cy  that  followed one s torm throug h 4 d ay s  (A u g  14-18 , 1974) and 1000

miles .  This fea ture  of extensive outf low cloudiness to the  east and south a lso

occurred in s im i l a r - t r a ck ing  s torms at other t imes  and places .
Fu r the r  pm-ogress in th is  work wil l  depend heavi ly  on e n l a m g ing the d ata sam-

ple. Them-c i.s the possibility though, that  d i f fe ren t anal y t ica l  methods can hel p
overcome the data  shortage. For example , the u se  of i n f r a red  has several possible
advantages , namel y:

(a) it generates  twice  as many observations ,
(b) allt,ss .s the investigation of the signif icance of diurnal  change.s in the st , I r : ’ l

a s soc ia t ed  cloudiness ,
(c)  presents a less complex cloud field because of its emphasis  on high clouds

(t h i s  could also be a d i sadvantage).

The t s s- ice-d a i l y a v a i l a b i l i ty  of inf rared  also raises  the poss ib i l i ty  of u t i l i z i n g
the  an imat ictn  f ea tu re  of 2sl cIDA S in the anal ys i s .  Test loops made fr om!! the v i s ib l e
data , once a 11:15 , did gil-c an impression of continuous motion and devell p t l l c ’ u l t  and
bring out features of the c i r cu l a t i on  not a t  all apparent fron ! s t i l l  p l u I t I l g r ’ L l J t I : - , .

In th i s  s tud y both a tool and a te chni que have demonstra ted t h e i r  u t i l i t y .
Adaptati on,-i of the technique to ott -icr  wea ther  ident i f ica t ion  or for ’eca s t i np  l l t ’ ( I i ~ l I 0 , I .

can ea si ly he seen. The data used in this study we m’e very crude in both snace and

t i m e  resolut ion.  By ut i l iz ing  the h igh space and t ime  resolution data ava i lab le

from geosynchronous satel l i tes , one can v isua l ize  an ent irely new approach to the
f o r e c a s t i n g  of 5( I t f l e  speci f ic  meteorological fea tu res  based on the techniques u s e t l

in th is  st u dy .
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