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TIROS PHOTOGRAPHS AND MOSAIC SEQUENCES 
OF TROPICAL CYCLONES I N  THE WESTERN PACIFIC DURING 1962 

I. INTRODUCTION 

Of t h e  24 major  Western P a c i f i c  typhoons of  t h e  1962 s e a s o n  t h e  TIROS 
m e t e o r o l o g i c a l  s a t e l l i t e  o b t a i n e d  good views of a t  l e a s t  18. The s t o r m s  
were viewed d u r i n g  v a r i o u s  s t a g e s  of  development ,  and f r e q u e n t l y  on con- 
s e c u t i v e  d a y s .  Some of t h e  mosaics  c o n s t r u c t e d  f o r  t h e s e  s to rms  have been 
pub l i shed  [ l ,  2 ,  31 .  b u t  f o r  t h e  most p a r t  o n l y  incomple t e  se r ies  d e m o n s t r a t i n g  
s i g n i f i c a n t  c h a r a c t e r i s  t i c s  have been shown. The o t h e r  views,  of c o u r s e ,  
are  a l s o  e x t r e m e l y  i n t e r e s t i n g  c o n t a i n i n g  n o t  o n l y  views of  t r o p i c a l  systems 
b u t  t h o s e  of  h i g h e r  l a t i t u d e s  a s  w e l l ,  T h i s  r e p o r t  c o n t a i n s  a n  e x t e n s i v e  
and n e a r l y  comple t e  s e r i e s  of t h e  TIROS views of  t h e  major t r o p i c a l  c y c l o n e s  
o f  t h e  Western P a c i f i c  d u r i n g  1 9 6 2 . l  
c a t a l o g u e  of  t h e  v a r i o u s  views o b t a i n e d .  The r e l a t i o n s h i p  of t h e  appea rance  
of  t h e  c y c l o n e  t o  f l o w  p a t t e r n s  s u g g e s t e d  by c i r r u s  s t r i a t i o n s  and t h e  d i -  
r e c t i o n  of  s h e a r  of  cumulonimbus a n v i l s ,  f o r  example,  is  d i s c u s s e d .  The 
q u e s t i o n  of development  and changes i n  appea rance  w i t h  changes i n  i n t e n s i t y  
are a l so  d e s c r i b e d .  For  t h i s  t ype  of documen ta t ion  d a t a  d e r i v e d  th rough  
the  e f f o r t s  of  t h e  J o i n t  Typhoon Warning C e n t e r  a t  Guam and summarized i n  
t h e  Annual Typhoon R e p o r t ,  1962 [;I , have proven e s p e c i a l l y  v a l u a b l e  and 
t h e s e  are f r e q u e n t l y  r e f e r r e d  t o .  A t  t h e  same t i m e  i t  was n o t  f u l l y  p o s s i b l e  
t o  document a l l  of  t h e  i n t e r p r e t i v e  aspects invo lved  i n  t h e s e  d i s c u s s i o n s  
though many a n a l y s e s  and t i m e - s e c t i o n s  are  a t t a c h e d .  F u r t h e r ,  more d e f i n i t i v e  
documen ta t ion  of most o f  t h e s e  a s p e c t s  has  been g i v e n  i n  t h e  r e f e r e n c e s  l i s t e d .  
The f o l l o w i n g  ‘ d e f i n i t i o n s  of t5e v a r i o u s  s t a g e s  of  typhoon development adopted 
from Dunn and Mi l l e r  [ 4 ]  a r e  used i n  t h i s  r e p o r t :  

The r e p o r t  i s  i n t e n d e d  t o  be more t h a n  a 

T r o p i c a l  d i s t u r b a n c e  - R o t a r y  c i r c u l a t i o n  s l i g h t  o r  a b s e n t  a t  t h e  
s u r f a c e  b u t  p o s s i b l y  b e t t e r - d e v e l o p e d  a l o f t .  There a r e  no  c l o s e d  
i s o b a r s  and no s t r o n g  winds.  T h i s  t ype  of  d i s t u r b a n c e  i s  common 
th roughou t  t h e  t r o p i c s .  

T r o p i c a l  d e p r e s s i o n  - One or  more c l o s e d  s u r f a c e  i s o b a r s .  Wind f o r c e  
e q u a l  o r  less t h a n  33 k n o t s .  

1 TIROS views of un-named s to rms  or weaker d i s t u r b a n c e s  are n o t  i n c l u d e d  i n  
t h i s  c o l l e c t i o n  e x c e p t  i n  a s s o c i a t i o n  w i t h  a named s to rm.  Some of t h e  views 
of d e c a y i n g  s t o r m s  o r  s t o r m s  which have become e x t r a - t r o p i c a l  i n  a s s o c i a t i o n  
w i t h  f r o n t a l  zones have n o t  been i n c l u d e d .  And, f i n a l l y ,  f u r t h e r  i n v e s t i g a t i o n  
may r e v e a l  f o r m a t i v e  s t a g e s  of t h e  s t o r m s  c o n s i d e r e d ,  vl i ich were viewed by 
TIROS, b u t  were n o t  r ecogn ized .  as a f o r m a t i v e  s t a g e  by t h e  a u t h o r  - and t h e s e  
are n o t  i n c l u d e d  . 
2 From t h i s  s o u r c e  t h e  b e s t  estimate of maximum s u s t a i n e d  s u r f a c e  wind speed  
i s  g i v e n  whenever a v a i l a b l e .  T h i s  estimate i s  g e n e r a l l y  a smoothed v a l u e  d e -  
r i v e d  th rough  p o s t - a n a l y s i s  which a t t e m p t s  t o  c o r r e l a t e  and make c o n s i s t e n t  
a l l  s o u r c e s  of maximum wind speed  d a t a  o b t a i n e d  from a p a r t i c u l a r  s t o r m  a t  a 
g i v e n  time. 
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Trop ica l  s torm - Closed s u r f a c e  i s o b a r s ,  wind f o r c e  34-63 
knots  . 
Typhoon - Wind f o r c e  64 knots  o r  more. 

The s torms are presented  c h r o n o l o g i c a l l y  commencing w i t h  Typhoon Iris 
on May 27, 1 ~ 6 2  and ending  w i t h  Typhoon Karen on November 14, 1962.3 
t h i s  b r i e f  per iod TIROS V and TIROS V I  ob ta ined  t h i s  f a s c i n a t i n g  s e r i e s  of 
p i c t u r e s  which a r e  unequaled t o  t h i s  d a t e  i n  terms of completeness and 
q u a l i t y  of view. I t  i s  a n t i c i p a t e d  t h a t  ttiis c o l l e c t i o n  w i l l  have g r e a t  
va lue  f o r  comparison wi th  views of o t h e r  s torms obta ined  i n  yea r s  t o  come. 

In 
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FIGURE 1. A TIROS I V  mosaic of  Typhoon Iris on May 27, 1962. Maximum 
s u s t a i n e d  s u r f a c e  winds were nea r  65  k t  . (smoothed) and decreas ing .  

FIGURE 2. A TIROS V mosaic o f  T rop ica l  Storm Joan  on J u l y  8, 1962. The 
c e n t e r  of c i r c u l a t i o n  l i e s  on t h e  wes tern  edge of t h e  storm. This  asymmetry 
of  t h e  c e n t e r  of c i r c u l a t i o n  w i t h  r e s p e c t  t o  t h e  major c loud s h i e l d  i s  
t y p i c a l  of  s torms i n  t h e  format ive  o r  less i n t e n s e  phase. 
t h e  6 t h  of J u l y ,  a t t a i n e d  t r o p i c a l  s torm i n t e n s i t y  on t h e  7 t h ,  and was 

' r e p o r t e d  t o  have had maximum s u s t a i n e d  s u r f a c e  winds of nea r  60 k t .  (smoothed) 
a t  t h e  t i m e  of t h i s  TIROS view. These winds are unusual ly  s t r o n g  f o r  a 
s torm w i t h  such pronounced asymmetry [2]  . 

Joan formed on 

FIGURE 3, A TIROS V mosaic of  Typhoon Opel ,  on August 4, 1962. Maximum 
winds were 110 k t .  (smoothed). The w e l l  de f ined  eye i n t e r i o r  t o  t h e  major 
c loud s h i e l d ,  as i n  t h i s  example, appears  t o  be almost  always i n d i c a t i v e  of 
an i n t e n s e  typhoon. 
t ior is  which sugges t  n o r t h e r l y  f low over  t h e  s to rm ' s  e a s t e r n  quadrants .  

The out f low a l o f t  i s  wel l  revea led  i n  t h e  cirrus s t r i a -  

PATSY*** 

FIGURE 4. A TIROS V mosaic of a format ive  s t a g e  of  Typhoon Pa tsy  on August 
4, 1962. 
TIROS view by t h e  J o i n t  Typhoon Warning Center .4  
s torm [6, p.  1111 i n d i c a t e s  t h a t  t h e  i n i t i a l  impetus which caused f u r t h e r  
development was t h e  r e su l t  of  a "surge from westerlies i n t o  e a s t e r l i e s  and 
MPT (Mid-Pacif ic  Trough) a t  the  200 mb l eve l " .  The TIROS p i c t u r e s  of Opel 
(Figure 3) sugges t ing  n o r t h e r l y  uppe r - l eve l  f low i n  the  c i r r u s  s t r i a t i o n s  on 
t h e  e a s t e r n  s i d e  of t h i s  s t o r m  sugges t  t h a t  t h i s  may have been t h e  d i r e c t i o n  
from which t h e  surge  came i n  a manner a l s o  observed i n  t h e  development of a 
v o r t e x  . t r a i l i n g  Hurric.ane Carla, 1961 [l, p. 541 and i n  t h e  development of  
Typhoon Vera, desc r ibed  la ter  i n  t h i s  se r ies .  

Pa tsy  had been t racked  as an e a s t e r l y  wave i n t o  t h e  area shown i n  t h e  
Thei r  p o s t a n a l y s i s  of t h i s  

FIGURE 5. A TIROS V mosaic of a formative s t a g e  of Typhoon P a t s y  on August 
5, 1962. The uppe r - l eve l  flow, from Typhoon Ope l  t o  t h e  area of P a t s y  is 
e v i d e n t  i n  t h i s  sequence of  p i c t u r e s  through t h e  marked s t r i a t i o n s  i n  the  
c i r r u s  c l o u d i n e s s  and can a l s o  be deduced from t h e  d i r e c t i o n  of  shea r  of the  
v i s i b l e  cumulonimbus a n v i l s .  P a t s y  a t  t h i s  time formed a c losed  s u r f a c e  
v o r t e x  and w a s  l i s t e d  as t r o p i c a l  dep res s ion  number 51 by the  J o i n t  Typhoon 
Warning Cen te r .  

Analyses u t i l i z e d  by t h e  J o i n t  Typhoon Warning Center  were prepared by 4 

members of the  U .  S. F l e e t  Weather Cen t ra l ,  U.S. Navy. 
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FIGURE 6. A TIROS V mosaic of Patsy as a t r o p i c a l  dep res s ion  on August 6 ,  
1962. E a s t e r l y  wave, numbered 52 by the  J o i n t  Typhoon Warning Center i s  
v i s i b l e  f a r  t o  t h e  east t r a i l i n g  Patsy.  Pa tsy  i n t e n s i f i e d  t o  40 knots  by 2250 
GMT on t h i s  day. No f u r t h e r  TIROS views were obta ined  of t h i s  storm. 

***RUTH*** - 
FIGURE 7.  A TIROS V mosaic of a n . e a r l y  s t a g e  of Typhoon Ruth, on August 13,  
1962. The v o r t e x  nea r  25"N., 161"E. was a l s o  of t r o p i c a l  dep res s ion  i n t e n s i t y .  

FIGURE 8. The J o i n t  Typhoon Warning C e n t e r ' s  2000-f t .  s t r eaml ine  a n a l y s i s  
f o r  August 13, 1962. This  a n a l y s i s  r e v e a l s  t h a t  Ruth had a w e l l  de f ined  
low level c i r c u l a t i o n  a t  t he  t i m e  of t h e  TIROS V photos of  F igure  7. 

FIGURE 9. 
1962. 
Ruth. That t h i s  p a t t e r n  was f avorab le  f o r  i n t e n s i f i c a t i o n  i s  shown i n  F igure  10. 

The J o i n t  Typhoon Warning Center's 200-mb,analysis f o r  August 13, 
Th i s  a n a l y s i s  r e v e a l s  a d i f f l u e n t  zone above t h e  format ive  s t a g e  of  

FIGURE 10. A TIROS V mosaic of T rop ica l  Storm Ruth, on August 14, 1962. 
Maximum winds were n e a r  60 k t  . Note t h e  enhancement of convec t ion  i n  t h e  
convergent  band a long  12"N.lati tude.  
25"N, 158"E. 

A t r o p i c a l  dep res s ion  is  v i s i b l e  near  

FIGURE 11. 
August 14, 1962. Note t h e  convergence asymptotes  t o  t h e  south  of Ruth 
cor responding  t o  t h e  a r e a  of enhanced convec t ion  i n  F igure  10. 

The J o i n t  Typhoon Warning Centex% 2000-f t .  streamline a n a l y s i s  f o r  

FIGURE 12. The J o i n t  Typhoon Warning Cen te r s  200-mb-analysis f o r  August 14, 
1962. 
Black arrows i n d i c a t e  wind d i r e c t i o n  suggested by t h e  c i r rus  s t r i a t i o n s  i n  
F igu re  10. The agreement of  t hese  i n d i c a t i o n s  wi th  t h e  200-mb.streamlines 
is q u i t e  good. 

The a n t i c y c l o n e  a l o f t  over  t h e  s torm i s  w e l l  r evea led  by  t h i s  a n a l y s i s .  

FIGURE 13. A TIROS V mosaic of  Typhoon Ruth, on August 15, 1962. Maximum 
winds were near  80 k t .  (smoothed). A pronounced clear zone (annular  zone of 
subs idence)  i s  v i s i b l e  a l o n g  t h e  n o r t h e r n  r i m  o f  t h e  c loud  s h i e l d .  Note t h e  
e x t e n s i v e  t r a i l i n g  convec t ive  c loud iness  t o  t h e  south .  Remains of  t h e  
t r o p i c a l  dep res s ion  t o  t h e  n o r t h  are v i s i b l e  a long  l a t i t u d e  26"N. 

FIGURE 14. An i n d i v i d u a l  frame from t h e  o r b i t  of F igure  13 showing some o f  
t h e  d e t a i l s  of  t h e  i n t e r n a l  banding of Ruth. The c e n t e r  o f  c i r c u l a t i o n  i s  
h i g h l y  asymmetrical w i t h  r e s p e c t  t o  t h e  cloud s h i e l d  and is loca ted  t o  the  
l e f t  of t h e  c e n t e r  f i d u c i a l  mark i n  t h e  photograph. 
t o  be a c o n t i n u a t i o n  of the  similar asymmetrical d i s t r i b u t i o n  appa ren t  on 
t h e  preceding  day i n  F igu re  10. The expanding c loud  s h i e l d  ex tending  f a r  
t o  t h e  n o r t h e a s t  of t he  c e n t e r  of c i r c u l a t i o n  sugges t s  a r a p i d l y  i n t e n s i f y i n g  
c o n d i t i o n  which has  a l s o  been noted i n  o t h e r  s torms.  Maximum s u s t a i n e d  winds 
inc reased  from near  80 k t .  a t  t h e  t i m e  of  t h i s  p i c t u r e  t o  140 k t ,  b e f o r e  
24 hours  had e l apsed .  

This  asymmetry appears  
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FIGURE 15. A TIROS V mosaic showing a p e r i p h e r a l  view o f  Typhoon Ruth, on 
August 16, 1962. The symmetrical appearance of t h e  c loud  s h i e l d  of Ruth 
even i n  t h i s  high n a d i r  ang le  view sugges t s  t h a t  i t  was an i n t e n s e  storm. 
Maximum s u s t a i n e d  winds computed by the  J o i n t  Typhoon Warning Center  (JTWC) 
were 150 k n o t s  (smoothed), 

FIGURE 16. An i n d i v i d u a l  frame from the  o r b i t  of Yigure 15 showing t h e  edge 
of Typhoon Ruth i n  r e l a t i o n  t o  t h e  f low a t  200 mb . It can be seen  t h a t  a 
r e l a t i v e l y  open channel  ex tends  from N E  t o  SW under t h e  s h e a r  l i n e  a t  200 mb 
s e p a r a t i n g  n o r t h e a s t e r l y  f low over  Japan from t h e  sou thwes te r ly  out f low of  
Typhoon Ruth. 

FIGURE 17. A TIROS V mosaic of Typhoon Ruth on August 18, 1962. Maximum 
s u s t a i n e d  winds were nea r  95 k n o t s  (smoothed). Note t h e  symmetry of t h e  eye 
wi th  r e s p e c t  t o  the  major c loud s h i e l d .  This  appears  t o  be c h a r a c t e r i s t i c  
of t h e  more i n t e n s e  s torm i n  a more o r  less s t e a d y  s t a t e  cond i t ion .  

FIGURE 18. An i n d i v i d u a l  frame from t h e  o r b i t  of F igure  17 showing more 
c l e a r l y  the  c o n c e n t r i c  eye o f  the  s torm.  

FIGURE 19. A TIROS V mosaic of t h e  sou the rn  edge of Typhoon Ruth on August 19, 
1962. Maximum s u s t a i n e d  winds were near  90 k t ,  (smoothed). Note t h e  e x c e l l e n t  
agreement of t h e  200-mb-wind a t  Iwo Jima ( i n d i c a t e d  on the  nephanalys is )  t o  
t h e  n o r t h e a s t e r l y  f low sugges ted  by t h e  c i r rus  s t r i a t i o n s  over  t h e  same area 
(near 25ON, 141";L;;). 

FIGURE 20. A TIROS V mosaic of t h e  western edge of Typhoon Ruth on 
August 19, 1962. 

FIGURE 21. A TIROS V mosaic of Typhoon Ruth on August 20, 1962. The eye i s  
appa ren t  n e a r  t h e  c e n t e r  of t h e  cloud s h i e l d .  Maximum s u s t a i n e d  winds were 
n e a r  85 k t ,  (smoothed). Cumulonimbus c louds  between l a t i t u d e s  5:2Q0N, are 
sheared  t o  t h e  west-southwest by e a s t - n o r t h e a s t e r l y  upper  l e v e l  winds. 

FIGURE 22. A TIROS V mosaic of Typhoon R u t h  on August 21, 1962. The eye i s  
appa ren t  n e a r  t h e  c e n t e r  of t h e  cloud s h i e l d .  Maximum s u s t a i n e d  winds were 
n e a r  75 k t .  (smoothed). The f r o n t a l  zone appears  i n t e n s e  i n  t h e  TIROS 
p i c t u r e s  b u t  w a s  n o t  i n d i c a t e d  on t h e  Honolulu s u r f a c e  a n a l y s i s .  

FIGURE 23. A TIROS V mosaic 
shows Ruth i n t e r - a c t i n g  w i t h  
F igure  22. 

FIGURE 24. A TIROS V mosaic 
t h e  p o l a r  f r o n t .  

of Typhoon Ruth on August 22, 1962. This  mosaic 
t h e  p o l a r  f r o n t  which was markedly v i s i b l e  i n  

of Ruth on August 23, 1962, as i t  merged with 
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**SARAH** 

FIGURE 25. A TIROS V mosaic of Sarah on August 14, 1962, 24 hours  p r i o r  t o  
i n i t i a l  reconnaissance .  The pronounced low level banding d e f i n i n g  a c e n t e r  
of c i r c u l a t i o n  obscured by a r e l a t i v e l y  small upper  c loud  s h i e l d  is c h a r a c t e r -  
ist ic of  a t r o p i c a l  cyclone which is approaching t r o p i c a l  s torm i n t e n s i t y  [21. 

FIGURE 26. A TIROS V mosaic of Typhoon Sarah on August 16, 1962. Maximum 
s u r f a c e  winds were nea r  7 0  k t  (smoothed). Note t h e  c i r r u s  c loud iness  
r a d i a t i n g  o u t  over  t h e  a n n u l a r  zone of  subsidence on t h e  n o r t h  s i d e  of t h e  
storm, merging w i t h  a n  o u t e r  convec t ive  band o r  pre-hurr icane  s q u a l l  l i n e .  

FIGURE 27. A TIROS V mosaic of Typhoon Sarah on August 19, 1962. Maximum 
s u s t a i n e d  winds were nea r  70 k t  (smoothed). Note the  apparent  subs iden t  
e f f e c t  s h a r p l y  i n h i b i t i n g  convec t ive  c l o u d i n e s s  over  Korea and Kyushu, Japan. 
Cumulonimbus a c t i v i t y  was pronounced a long  t h e  c o a s t  of China, a p p a r e n t l y  a 
r e s u l t  o f  t h e  f r i c t i o n a l  convergence of t h e  s torm c i r c u l a t i o n  over  t h e  land 
area. 

FIGURE 28. A TIROS V mosaic of Sarah  on August 21, 1962 w i t h  maximum s u s t a i n e d  
winds near  50 knots  (smoothed). The n o r t h e r n  edge of Sarah  was pressed  
a g a i n s t  t h e  i s l a n d  of  Kyushu, Japan a t  t h i s  t i m e  and t e r r a i n  e f f e c t s  r e s u l t e d  
i n  the  "clear" no tch  c u t t i n g  i n t o  the  no r the rn  r i m  of t h e  cloud s h i e l d  [3] .  
The f r o n t a l  zone appears  i n t e n s e  i n  the  TIROS p i c t u r e s  bu t  was n o t  i n d i c a t e d  
on t h e  Honolulu s u r f a c e  a n a l y s i s .  

FIGURE 29. Th i s  f i g u r e  shows an en larged  view of Sarah  from the  o r b i t  of 
F igure  2 8 .  The c e n t e r  of  c i r c u l a t i o n  and p o s s i b l e  eye appears  t o  be loca ted  
i n  t h e  middle of t he  sou the rn  h a l f  of t he  s torm.  

FIGURE 30. A TIROS V mosaic of  Sarah  i n  the  decaying  s t a g e  over  t h e  i s l a n d s  
of Japan on August 22, 1962. Note the  f l a t t e r  and l e s s  r e f l e c t i v e  appearance 
of the  cloud s h i e l d  of Sarah  i n  t h i s  view as opposed t o  t h a t  of F igu res  28 
and 29. Th i s  appears  t o  be i n d i c a t i v e  of a dec rease  i n  t h e  d e p t h  of c i r rus  
c loud iness  over  the  s torm and r e l a t e s  w e l l  t o  the  s imilar  l e s s e n i n g  of s torm 
i n t e n s i t y  noted d u r i n g  t h i s  same per iod .  

FIGURE 31. A f i n a l  TIROS V view of  Sa rah  on August 23, 1962, as t h e  s torm 
was a l l  bu t  o b l i t e r a t e d .  

**THELMA** 

FIGURE 32. A TIROS V mosaic showing an e a r l y  s t a g e  of Thelma on August 19,  
1962. The p o s i t i o n  of  Thelma wi th  respect t o  Vera should be noted f o r  com- 
pa r i son  wi th  the  nex t  f i g u r e .  

FIGURE 33. A TIROS V mosaic of Thelma on August 20, 1962, 24 hours p r i o r  t o  
i n i t i a l  reconnaissance .  The cloud s h i e l d  over  t h e  c e n t e r  of c i r c u l a t i o n  
sugges t s  t h a t  i t  was approaching t r o p i c a l  s torm i n t e n s i t y  121 . Note t h e  
s q u a l l  l i n e  format ion  i n  the  storm's southwes tern  quadrant .  
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FIGURE 34. A TIROS V mosaic of  Thelma a p p r o a c h i n g  typhoon i n t e n s i t y  on 
August 21,  1962. A p r e - h u r r i c a n e  s q u a l l  l ine  is w e l l  deve loped  along the w e s t e r n  
s i d e  o f  t h e  s to rm.  The s t o r m  was moving toward t h e  n o r t h w e s t  a t  t h e  t i m e  o f  
t h e  TIROS p i c t u r e s .  

FIGURE 35. A TIROS V mosaic  of Thelma on August 22,  1962. Maximum s u s t a i n e d  
s u r f a c e  winds d e c r e a s e d  t o  n e a r  50 k t  (smoothed).  

FIGURE 36, A TIROS V mosaic  of  Tjphoon Thelma on August 23,  1962. The w e l l  
d e f i n e d  eye  i n t e r i o r  t o  t h e  c l o u d  s h i e l d  s u g g e s t s  a n  i n t e n s e  mature  s to rm.  
T h i s  i s  v e r i f i e d  by t h e  J o i n t  Typhoon Warning C e n t e r ' s  estimate of  maximum 
winds n e a r  105 k n o t s  (smoothed) .  

FIGURE 37. 
s u s t a i n e d  winds n e a r  90 k n o t s  (smoothed).  

A TIROS V mosaic  of Typhoon Thelma on August 24,  1962 w i t h  maximum 

FIGURE 38. An i n d i v i d u a l  frame from t h e  o r b i t  o f  F i g u r e  37 showing d e t a i l s  
of  t h e  s t r u c t u r e  o f  Typhoon Thelma. The s p i r a l  band s t r u c t u r e  i s  w e l l  r e v e a l e d  - -  
i n  t h i s  pho tograph  which a l s o  shows pronounced s q u a l l  l i n e s  a l o n g  t h e  n o r t h e r n  
edge o f  t h e  c l o u d  s h i e l d .  
s i d e  o f  t h e  s t o r m  a p p e a r s  c l o s e l y  a l i g n e d  w i t h  t h e  200-mb.flow as i n d i c a t e d  
by Iwo Jima's wind o f  320 d e g r e e s  a t  30 k n o t s  f o r  August 24 a t  0000 GMT. 
(See t h e  n e p h a n a l y s i s ,  F i g u r e  37). 

C i r r u s  c l o u d i n e s s  r a d i a t i n g  outward a l o n g  t h e  e a s t e r n  

F i g u r e  39. A TIROS V mosaic  o f  Typhoon Thelma on August 25, 1962 w i t h  maximum 
s u s t a i n e d  winds n e a r  120 k t .  (smoothed).  The c l o u d  p a t c h  i n  Thelma's  s o u t h -  
e a s t e r n  q u a d r a n t  s h o u l d  be compared w i t h  a s i m i l a r  development  t o  t h e  s o u t h  
of  Ruth i n  F i g u r e  19. 

FIGURE 40. A TIROS V view o f  Thelma on August 26,  1962. Maximum s u s t a i n e d  
winds were n e a r  60 k t ,  (smoothed).  

FIGURE 41. 
Maximum s u s t a i n e d  winds were less t h a n  35 k t .  (smoothed) .  

A TIROS V view of  t h e  d e c a y i n g  s t a g e  of  Thelma on August 27,  1962. 

FIGURE 42. A TIROS V mosaic of t h e  e a s t e r n  edge of Thelma on August 27,  1962. 

FIGURE 43: A TIROS V mosaic  o f  t h e  f o r m a t i v e  s t a g e  o f  Typhoon Vera on 
August 19 ,  1962. Vera a p p a r e n t l y  formed under  t h e  d i v e r g i n g  n o r t h e r l y  200- 
mb,outf low o f  Typhoon Ruth ( s e e  F i g u r e  44). 



FIGURE 44. 
masses of  Vera and Thelma from t h e  preceding  f i g u r e ,  t o  t h e  upper l e v e l  f low 
p a t t e r n  f o r  0000 GMT on t h e  same day. 
i s  i n  a p o s i t i o n  p o s t u l a t e d  by R ieh l  as be ing  i d e a l  f o r  i n t e n s i f i c a t i o n  
[4, p. 3331. 

A 200-mb.strearnline a n a l y s i s  showing t h e  r e l a t i o n s h i p  of t h e  cloud 

The cloud mass a s s o c i a t e d  wi th  Vera 

FIGURE 45. 
August 20, 1962. 
t h a t  of t h e  preceding  day i n  F igure  43. 
Iwo Jima (near  25"N, 141°1?). 

A TIROS V mosaic of  t h e  format ive  s t a g e  of Typhoon Vera on 
Note t h e  s i m i l a r i t y  of appearance of  Vera on t h i s  day t o  

Vera a t  t h i s  time was j u s t  approaching 

FIGURE 46. 
1962. 
i n  t h i s  a n a l y s i s .  
d i s t u r b a n c e  fol lowed by r i s i n g  24-hour he igh t  changes, as w e l l  as the  wind 
s h i f t s  e s p e c i a l l y  pronounced from 700 t o  500 mb., r e f l e c t  t h i s  passage.  

A t ime c r o s s - s e c t i o n  f o r  Iwo Jima dur ing  t h e  per iod  August 19-23, 

The f a l l i n g  24-hour h e i g h t  changes p r i o r  t o  passage of t h e  
E f f e c t s  of  t h e  passage o f  Vera l a t e  on August 20, 1962 a r e  w e l l  r evea led  

FIGURE 47. 
August 22, 1962. Some low l e v e l  banding e f f e c t s  are v i s i b l e  i n  t h e  no r the rn  
quadran t s  of  t h e  d i s t u r b a n c e .  

A TIROS V mosaic of the  format ive  s t a g e  of Typhoon Vera on 

.FIGURE 48. A TIROS V mosaic of Vera on August 23, 1962. Evidence of low 
l e v e l  banding - an important  i n d i c a t o r  of i n t e n s i f i c a t i o n ,  s t i l l  seems q u i t e  
weak. Ship  r e p o r t s  i n  the  area were i n d i c a t i n g  ve ry  l i g h t  winds. 

FIGURE 49. 
developed moderate low l e v e l  banding wi th  i t s  c e n t e r  of c i r c u l a t i o n  i n  t h e  
n o r t h e r n  ex t r emi ty  of t h e  d i s t u r b e d  a r e a .  
of  probab Le subsidence and t h e  long o u t e r  convec t ive  Sand which d e l i n e a t e s  
t h e  l i m i t  of  t h i s  zone. Nine hours  a f t e r  t h e s e  p i c t u r e s  were t aken  r econna i s s -  
ance  r e p o r t e d  " feeder  bands formed SW t o  NE". 
bands h a s  been found t o  b e  a u s e f u l  i n d i c a t o r  of  i n t e n s i t y .  
i t  i s  f e l t  t h a t  "when f e e d e r  bands f i r s t  beg in  t o  appear  on t h e  r a d a r  scope, 
t h e  t r o p i c a l  system w i l l  develop t o  s torm p ropor t ion  o r  g r e a t e r .  This  s t a g e  
i s  u s u a l l y  i n d i c a t i v e  of  winds of  30 t o  40 knots" .  
Typhoon Meeting.)  by 
August 25 a t  0654 , s l i g h t l y  more than  24 hours  a f t e r  t he  view shown i n  t h i s  
f i g u r e  . 
FIGURE 50. 
d e t a i l s  i n  the  s t r u c t u r e  of  Vera. The appa ren t  c e n t e r  of c i r c u l a t i o n  can  be 
seen  i n  t h e  nor thwes t  quadrant  of t h e  c e n t e r  f i d u c i a l  mark. 

A TIROS V mosaic of  Vera on August 24, 1962. Vera a t  t h i s  time 

Note the  pronounced annu la r  zone 

The i n i t i a l  appearance of  t h e s e  
I n  t h e  P a c i f i c  

(1964 In t e rdepa r tmen ta l  
Vera was r e p o r t e d  t o  have maximum winds o f  45 k t  

An i n d i v i d u a l  frame from t h e  o r b i t  of t h e  preceding  f i g u r e  showing 



- 9 -  

FIGURE 51. A TIROS V mosaic o f  Vera as  a t r o p i c a l  s torm on August 25, 1962. 
Maximum s u s t a i n e d  winds were nea r  45 k t  (smoothed). The small c i r c u l a t i o n  
area of Vera sugges ted  by  the TIROS photos,  was v e r i f i e d  by s u r f a c e  ana lyses  
(see F igure  53). I n  f a c t ,  Vera w a s  undetec ted  b y  convent iona l  means u n t i l  
August 25 accord ing  t o  t h e  J o i n t  Typhoon Warning Center  "even though the  area 
was more than adequa te ly  covered by s u r f a c e  s h i p  observa t ions" .  

FIGURE 52. A TIROS V mosaic of  Typhoon Vera on August 26, 1962. Vera 
a t t a i n e d  maximum i n t e n s i t y  of approximately 7 5  kno t s  on t h i s  day. 

FIGURE 53. 
1962 wi th  t h a t  of T r o p i c a l  Depression No. 90. December 1962 (from Annual 

A comparison of t he  c i r c u l a t i o n  a r e a  of Typhoon Vera, August 

Typhoon Repor t ,  1962); This  f i g u r e  shows t h i t  i n t e n s e  storm; (h igh  maximum - -  
s u s t a i n e d  s u r f a c e  wind speeds)  do not  always have l a r g e  c i r c u l a t i o n  areas. 
On the  o t h e r  hand, s torms w i t h  l a r g e  c i r c u l a t i o n  a r e a s  do no t  always have 
high s u r f a c e  winds. 
c l o s e  correspondence of t h e  major o v e r c a s t  a r e a  of a t r o p i c a l  cyclone t o  
the  c i r c u l a t i o n  area. 
Sarah  and Ruth and the  accompanying s u r f a c e  a n a l y s i s .  

The p i c t u r e s  of Vera a l s o  sugges t  the  p o s s i b i l i t y  of a 

This  i s  a l s o  suggested i n  F igu re  22 showing Typhoons 

FIGURE 54. 
1962, as maximum s u s t a i n e d  winds decreased  t o  nea r  60 k t .  (smoothed). 

A TIROS V mosaic showing the wes tern  edge of Vera on August 2 7 ,  

W A N D A * * *  

FIGURE 55. 
24, 1962. 
maximum s u r f a c e  winds of on ly  10 k t .  
200 mb. over  the  d i s t u r b a n c e  a t  t he  t i m e  of t he  TIROS photos.  This  i s  a l s o  
sugges ted  by the  d i r e c t i o n  of  shea r  of  t he  cumulonimbus a n v i l s  be ing  toward 
the  eas t  i n  the  o v e r c a s t  pa t ch  n e a r  5ON. 

A TIROS V mosaic of a format ive  s t a g e  of Typhoon Wanda on August 

There was a pronounced an t i cyc lone  a t  
Reconnaissance on t h i s  day placed a c e n t e r  near  7.2"N. and 153.5"E.with 

FIGURE 56. 
Reconnaissance p laced  a center on t h i s  day near  10.8°N., 142.8"E.with maximum 

A TIROS V mosaic o f  a p o r t i o n  of  Wanda on August 26, 1962. 

s u r f a c e  winds nea r  15 k t .  
mosaic. 

The c e n t e r  of c i r c u l a t i o n  i s  n o t  obvious on t h i s  

FIGURE 57. A TIROS V mosaic of  Wanda on August 27, 1962. Maximum s u s t a i n e d  
winds were es t ima ted  a t  25 k t .  The w e l l  marked bands l ead ing  t o  the  
appa ren t  center of  c i r c u l a t i o n  i n  t h e  n o r t h e a s t  and southwest  quadran t s ;  t h e  
S m a l l  c loud  s h i e l d  ove r  t h e  obscured c e n t e r  of c i r c u l a t i o n ;  and t h e  pronounced 
out f low sugges ted  by t h e  c i r r u s  s t r i a t i o n s  make t h i s  an " idea l"  example of a 
t r o p i c a l  cyc lone  which is approaching o r  has  j u s t  a t t a i n e d  t r o p i c a l  s torm 
i n t e n s i t y  [ 2 ] .  
less than  25 hours  a f t e r  t h e s e  p i c t u r e s  were taken.  

Wanda was r e p o r t e d  t o  have had s u r f a c e  winds of 40 k t .  (smoothed) 



- 10 - 

FIGURE 58. The 200-mb.analysis prepared by the  J o i n t  Typhodh Warning Center  
f o r  0000 GMT, August 27, 1962. The o u t l i n e  of Wanda as viewed by TIROS i n  
t h e  preceding  f i g u r e  has been superimposed upon t h i s  a n a l y s i s .  It can  be 
seen  t h a t  Wanda a t  t h i s  t i m e  had a w e l l  developed a n t i c y c l o n e  a l o f t .  The 
b l ack  arrows on t h i s  f i g u r e  r e p r e s e n t  t he  suggested upper l e v e l  f low d e r  ived 
from t h e  TIROS photographs.  These f i t  t he  JTWC's  a n a l y s i s  q u i t e  w e l l .  The 
shea r  l i n e  or c o l  area a t  200 mb, on t h e  n o r t h  s i d e  of t h e  s torm c o i n c i d e s  
w i t h  a c lear  area near  1 8 O N  i n  t h e  TIROS photos on the  n o r t h  s i d e  of t he  
northernmost  s p i r a l  arm and sugges t s  t h a t  t h i s  area may a l s o  have been one 
of a p p r e c i a b l e  subsidence.  

FIGURE 59. A TIROS V mosaic o f  Typhoon Wanda on August 29, 1962. The c i r r u s  
s t r i a t i o n s  from t h e  c loud  s h i e l d  and cumulonimbus a n v i l s  d e p i c t  t h e  a n t i c y c l o n i c  
t u r n i n g  of t h e  wind above Wanda ex t remely  w e l l .  High level e a s t e r l y  winds are 
appa ren t  from t h e  TIROS photos  from the  sou the rn  edge of Wanda down almost  t o  
t h e  equa to r  (see F igure  60) .  

FIGURE 60. Details  of  t h e  preceding  f i g u r e  are shown i n  t h e s e  two frames. 
The lower l e f t  frame shows an o u t e r  convec t ive  band a long  t h e  southwestern 
edge o f  Wanda. S i m i l a r  bands are commonly found d e l i n e a t i n g  t h e  edge of  
t h e  annu la r  zone of  subsidence [ l ] .  
perhaps t h e  b e s t  view of  Wanda. Th i s  frame i n d i c a t e s  t h a t  t h e  c e n t e r  of 
c i r c u l a t i o n  l ies  w i t h i n  t h e  o v e r c a s t  c loudy area of  t h e  southernmost o v e r c a s t  
c loud  group. 

The frame i n  t h e  upper r i g h t  g i v e s  

FIGURE 61. A TIROS V mosaic of  Typhoon Wanda on August 30, 1962 wi th  maximum 
s u s t a i n e d  winds n e a r  85 kno t s  (smoothed). Note the  odd shape n e a r  t h e  c e n t e r  
of t h e  s torm sugges t ing  a p o s s i b l e  double  eye .  Double eyes  have been observed 
t o  occur  w i t h i n  t h e  lowest  p re s su re  areq of a storm p r i m a r i l y  i n  t h e  l e s s  
i n t e n s e  phase.  
more i n t e n s e  s torm w i t h  maximum s u s t a i n e d  winds of over  120 k t ,  [5, p. 2711. 

Concent r ic  eyes ,  on t h e  o t h e r  hand are c h a r a c t e r i s t i c  o f  t h e  

FIGURE 62. A TIROS V mosaic of Wanda on August 31, 1962. Maximum s u s t a i n e d  
winds were nea r  95 k t ,  (smoothed). These photos  sugges t  n o r t h e r l y  upper 
level f low on t h e  eas t  s i d e  of  Wanda and s o u t h e r l y  upper l e v e l  f low on the  
west s i d e  of  Amy wi th  a c o l  area o r  shea r  l i n e  between the  two s torms.  Th i s  
deduc t ion  is v e r i f i e d  by t h e  2OO-mb- analys is  for August 31, 1962 (not  shown). 

FIGURE 63. A TIROS V mosaic of Typhoon Wanda on September 1, 1962 j u s t  p r i o r  
t o  s t r i k i n g  Hong Kong wi th  maximum s u s t a i n e d  winds near  85 k t ,  (smoothed). 

***AMY*** 

FIGURE 64. A TIROS V mosaic showing t h e  e a s t e r n  edge of t h e  format ive  s t a g e  
of Typhoon Amy on August 27, 1962. 

- 

The d i r e c t i o n  of shea r  of  t he  cumulbnimbue 
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a n v i l s  a s soc ia t ed  with Amy i s  toward the  sou theas t .  This  sugges ts  t h a t  the  
TIROS photo i s  of the no r theas t e rn  quadrant  of Amy where upper - leve l  a n t i -  
cyc lon ic  winds from t h e  northwest  might be a n t i c i p a t e d .  

FIGURE 65. 
1962. Maximum s u s t a i n e d  s u r f a c e  winds were es t imated  a t  30 k t .  The upper 
an t i cyc lone  over  the  s torm i s  w e l l  r evea led  by the  d i r e c t i o n  of shear  of the  
cumulonimbus a n v i l s ,  which i n d i c a t e  w e s t e r l y  winds on the nor th  s i d e  of t he  
s torm and eas te r l ies  on t h e  south  s i d e  of t he  s torm (see Figure  66).  

A TIROS V mosaic of a formative s t a g e  of Typhoon Amy on August 28, 

FIGURE 66. A 200-mb.streamline a n a l y s i s  prepared by t h e  J o i n t  Typhoon Warning 
Center  c o i n c i d i n g  c l o s e l y  i n  t i m e  t o  t h e  TIROS p i c t u r e s  of t h e  preceding 
f i g u r e .  This  a n a l y s i s  v e r i f i e s  t he  upper a n t i c y c l o n i c  c o n d i t i o n s  above Amy 
suggested by the  c i r r u s  s t r i a t i o n s  i n  the  TIROS photos.  Some of these  have 
been i n d i c a t e d  by means of b l ack  arrows superimposed on t h e  JTWC a n a l y s i s .  

FIGURE 67. A TIROS V mosaic of Amy on August 29, 1962 as a t r o p i c a l  storm 
wi th  maximum sus t a ined  winds of 55 k t .  (smoothed). 
i n t e r e s t i n g  comparison t o  t h a t  of 24-hr. p r i o r  (Figure 65) .  The s torm was 
S t i l l  s epa ra t ed  i n t o  two d i s t i n c t i v e  cloudy areas - one t o  t h e  no r th  and the 
o t h e r  t o  the  south.  However, t h e  northernmost cloudy area developed a dense 
c i r r u s  s h i e l d  which obscured much of  t h e  lower l e v e l  c loudiness ,  v i s i b l e  on 
the  preceding day. 
i n t e n s i f i c a t i o n .  
i t  was n o t  employed f o r  t h a t  purpose a t  the  time the  p i c t u r e s  were obta ined .  

This  view o f f e r s  a very  

The expanding c i r r u s  s h i e l d  was c lear  evidence o f  f u r t h e r  
Such evidence would be q u i t e  u s e f u l  o p e r a t i o n a l l y  - al though 

FIGURE 68. 
I n t e r - r e l a t  
shown i n  t h  

A TIROS V mosaic of Typhoons Wanda and Amy on August 31, 1962. 
i onsh ips  of upper l e v e l  f low between two ad jacen t  typhoons is  w e l l  
is  example. The upper an t i cyc lone  over  each  of  t h e  typhoons is 

shown by t h e  d i r e c t i o n  of shear  of t h e  cumulonimbus a n v i l s  and c i r r u s  s t r i a t i o n s .  
These imply n o r t h e r l y  f low on t h e  eas t  s i d e  of typhoon Wanda ( max. winds 95 k t . )  
and s o u t h e r l y  f low on t h e  west s i d e  of typhoon Amy (max. winds 75  k t , ) .  A c o l  
area e x i s t s  between t h e  two s torms.  

FIGURE 69. A TIROS V mosaic of Typhoon Amy on August 31, 1962. Maximum winds 
Were near  110 k t .  (smoothed). Marked s q u a l l  l i n e s  are ev iden t  a long  t h e  
no r the rn  quadrants  of t h e  storm. 
10 k t ,  a t  t h e  t i m e  of t h e s e  p i c t u r e s .  Some o u t e r  band d e b r i s  appears  t o  have 
been " l e f t  behind" i n  t h e  wake of  the  s torm i n  the  e a s t e r n  quadrants  as the  
s torm progressed toward t h e  west. 

The storm was moving toward t h e  west a t  
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FIGURE 70. Ind iv idua l  frames of Typhoon Amy from the  o r b i t  of the  preceding 
f igu re .  These p i c t u r e s  demonstrate, i n  an except iona l ly  f i n e  manner, the  
continuous na ture  of the  high c i r r u s  cloud s h i e l d  through which much of the  
underlying convective s t r u c t u r e  of the  storm can s t i l l  be seen. 

FIGURE 71.  A TIROS V mosaic of Typhoon Amy on September 1, 1962. The storm 
reached maximum i n t e n s i t y  a t  t h i s  time w i t h  winds of 140 k t .  The 
s q u a l l  l i n e  area, v i s i b l e  between l a t i t u d e s  lg-20°N. and longi tudes 140t145°E. 
resembles very c l o s e l y  .the formation shown i n  the  e a s t e r n  storm quadrants  
on the  preceding day (Figures 69 and 70) .  However, i f  i t  is the  same formation 
it has been f u r t h e r  separa ted  from the  storm which continued i ts  westward 
movement a t  a speed approximately 1 2  k t .  dur ing the  preceding 24-hour per iod.  
Another poss ib l e  explana t ion  f o r  t h i s  cloud band i s  t h a t  i t  was an ITC e f f e c t  
on both days. 
ITC i n  each ins tance  leading up t o  the  storm from the  e a s t e r n  quadrants  and 
out  from the  s t c r m  area i n  the  western quadrants .  

(smoothed). 

The c h a r t s  of t he  J o i n t  Typhoon Warning Center i nd ica t e  an 

FIGURE 72. Ind iv idua l  frames from the  o r b i t  of the  preceding f igu re .  The 
s q u a l l  l i n e  formation as w e l l  as the  very symnet r ica l  appearance of the cloud 
s h i e l d  with respect t o  the  eye is seen i n  these  views of Typhoon Amy i n  i t s  
most i n t ense  phase with maximum sus ta ined  su r face  winds of 140 k t .  
Note the  ho r i zon ta l  cloud alignment near  the  bottom edge of these  p i c t u r e s .  
These l i n e s  co inc ide  i n  d i r e c t i o n  wi th  s t rong  e a s t e r l y  flow ind ica t ed  a t  t h i s  
time on maps a t  t h e  200-mb. l e v e l  (analyses not  shown). 

(smoothed). 

FIGURE 73. Two s e l e c t e d  frames from TIROS V, o r b i t  1081, a t  2226 GMT on 
September 2, 1962. 
winds near  135 kt .  (smoothed). The la rge  symmetrical high cloud s h i e l d  
surrounding the  storm i s  a l s o  suggest ive of a very in tense  c i r c u l a t i o n .  The 
b r i g h t e r  cloud band along 140°E.longitude approximates the  loca t ion  analysed 
as the  ITC by the  J o i n t  Typhoon Warning Center.  
145OF, recorded passage of  a small cyc lonic  c i r c u l a t i o n  i n  i t s  sur face  ana lys i s ,  
a t  approximately t h e  time of these  p i c t u r e s .  
v o r t i c e s  fol lowing in tense  t r o p i c a l  cyclones appears t o  be a common occurrence 
(see f i g u r e s  4-6, 19, 39, 82, 92, and Reference 1, p. 54) .  

These views show Typhoon Amy with maximum sus ta ined  su r face  

Guam, located near 13.5OU, 

Generation of t r a i l i n g  cyc lonic  

FIGURE 74. Two s e l e c t e d  frames from TIROS V, o r b i t  1096 a t  2326 GMT on 
September 3, 1962. 
winds near  130 k t .  (smoothed). The e a s t e r n  edge of the  storm appears "broken- 
up" - a probable l ee  e f f e c t  of t he  i s l and  of Luzon located j u s t  t o  the  south- 
west of t he  storm. It is i n t e r e s t i n g  t h a t  the  reconnaissance e s t ima te  of 
maximum winds showed a s i g n i f i c a n t  drop i n  speed t o  70 kt .  a t  t h i s  t i m e  i n  
c o n t r a s t  t o  the  smoothed es t imate  on the  pos t -ana lys i s .  The TIROS view would 
tend t o  support  the  lower reconnaissance estimate. 

These views show Typhoon Amy with maximum sus ta ined  su r face  

FIGURE 75. A TIROS V mosaic of Typhoon Amy on September 4, 1962. Maximum 
sus t a ined  winds were near  130 k t ,  (smoothed) a s  t h e  storm i n t e r a c t e d  with a 
f r o n t a l  zone, the  cloud band of which is v i s i b l e  extending northeastward from 
Amy 
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FIGURE 76. Two i n d i v i d u a l  frames from the  o r b i t  of  t h e  preceding f i g u r e .  
These p i c t u r e s  show d e t a i l e d  views of t h e  f r o n t a l  band ex tending  i n t o  the  
nor thwes tern  quadrant  of Amy i n  a d d i t i o n  t o  an  en la rged  view of  t h e  s torm 
area. Note the  s q u a l l  l i n e  i n  t h e  n o r t h e a s t e r n  quadrant  of  Amy. The s torm 
was moving toward t h e  nor thwes t .  Th i s  i s  a good example o f  why e f f o r t s  t o  
r e l a t e  d i r e c t i o n  of  s torm movement t o  t h e  quadrant  i n  which a s q u a l l  l i n e  o r  
convec t ive  band is  loca ted  have f a i l e d .  These o u t e r  bands appear  t o  be r e l a t e d  
t o  subs id ing  e f f e c t s  a t  t h e  r i m  of t h e  major o v e r c a s t  c loud  s h i e l d .  The 
subs id ing  e f f e c t s  a p p a r e n t l y  r e s u l t  i n  low l e v e l  convergence v i s i b l y  expressed  
as convec t ive  bands p a r a l l e l  t o  t h e  r i m  of t he  h igh  c loud  s h i e l d  [ l] .  
bands appear  t o  be c o n t i n u a l l y  r egene ra t ed  as o l d e r  bands, s u b j e c t  t o  s t e e r i n g  
c u r r e n t s  o t h e r  than those  o f  t h e  main body of  t h e  storm, are " l e f t  behind" o r  
move outward on independent t r a j e c t o r i e s .  F igu res  69, 71 ,  and 75 a l l  suppor t  
t h i s  hypo thes i s .  

Such 

FIGURE 77. 
Maximum s u s t a i n e d  s u r f a c e  winds were nea r  40 kt .  (smoothed). Most of  t h e  
v i s i b l e  c loudy area a s s o c i a t e d  wi th  Amy i n  t h i s  mosaic was over  land. The 
r e d u c t i o n  i n  t h e  depth  of t h e  o v e r l y i n g  c i r r u s  s h i e l d  i s  apparent  i n  t h e  
c o a r s e r  appearance of  t h e  c loud iness .  

A TIROS V mosaic of t h e  wes tern  edge of Amy on September 5, 1962. 

(Compare wi th  F igure  70 f o r  example). 

FIGURE 78. I n d i v i d u a l  frames of  Amy from t h e  o r b i t  of  t he  preceding f i g u r e .  
Note t h e  long shadow produced by dense c i r r u s  a s s o c i a t e d  wi th  a j e t  stream 
from t h e  s o u t h e a s t .  Transverse  banding of  t he  c i r r u s  i s  w e l l  shown i n  the  
photograph on t h e  upper r i g h t  of t h i s  f i g u r e  (see a s imilar  e f f e c t  a t  t h e  
edge of  ano the r  typhoon i n  F igure  108). 

F igure  79. I n d i v i d u a l  frames from TIROS V ,  o r b i t  1288 R/O 1286 showing a 
format ive  s t a g e  of Typhoon Car la  a s  a t r o p i c a l  dep res s ion  a t  0557 GMT on 
September 1 7 ,  1962. 

FIGURE 80. A p i c t u r e  of Dinah a s  a t r o p i c a l  s torm wi th  maximum winds near  
5 5  k t .  (smoothed). This  p i c t u r e  was taken  by TIROS V I  on o r b f t  173 R/O 172 
a t  2338 GMT, September 29, 1962. The pronounced out f low e f f e c t s ,  v i s i b l e  
i n  t h e  c i r r u s  s t r i a t i o n s  and cumulonimbus a n v i l s ,  coupled wi th  the  ex tens ive  
l a r g e  d iameter  c i r r u s  s h i e l d  a l s o  v i s i b l e ,  sugges t  an i n t e n s e  s torm.  Norther ly  
winds a l o f t  implied by t h e  c i r r u s  s t r i a t i o n s  r e l a t e  w e l l  t o  t h e  200-mb-analysis 
f o r  0000 GMT, September 30, 1962 (not shown). 

***EM*** - 
FIGURE 81, 
September 2 7 ,  1962 a t  2352 GMT. The p i c t u r e  was obta ined  on o r b i t  144 R/O 
140. 
wave which had been t racked  t o  t h i s  l o c a t i o n  by the  J o i n t  Typhoon Warning 
Center .  
no r the rn  p o r t i o n  of t he  d i s t u r b a m e .  

A TIROS V I  photograph of a format ive  s t a g e  of Typhoon Emma on 

Cloudiness  over t he  d i s t u r b e d  a r e a  i s  a s s o c i a t e d  wi th  an e a s t e r l y  

Wester ly  winds a l o f t  a r e  implied by the  c i r r u s  s t r i a t i o n s  over t h e  
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FIGURE 82 .  
October 3 ,  1962. Maximum s u s t a i n e d  winds were near  110 k t  (smoothed). 
C i r r i f o r m  c loud iness  ex tends  southeastward from t h e  h igh  cloud s h i e l d  of 
Emma i n  response  t o  t h e  upper a n t i c y c l o n i c  f low over  t h e  s torm and forms 
an in t e rconnec t ing  l i n k  wi th  Freda (see d i s c u s s i o n  of Typhoon Freda,  F igures  

***FREDA*** 

A TIROS V I  mosaic showing t h e  e a s t e r n  edge of Typhoon Emma on 

83-90). 

FIGURE 83. An i n d i v i d u a l  frame of t he  format ive  s t a g e  of Typhoon Freda on 
September 26, 1962. This  p i c t u r e  was takcn  by TIROS V on o r b i t  1415 R / O  
1412 a t  0055 GMT. The s torm was analysed a s  a j u n c t i o n  v o r t e x  on the  ITC 
by t h e  J o i n t  Typhoon Warning Ccnter  a t  t h e  t ime of t h e  TIROS photos .  The 
sha rp  i n d e n t a t i o n  a long  t h e  d e p r e s s i o n ' s  southern  boundary s t r e t c h i n g  from 
SW t o  NE a long  l a t i t u d e  5" N.suggests t h e  s u b s i d e n t  p e r i p h e r a l  c o n d i t i o n  
f r e q u e n t l y  found i n  deve loping  t r o p i c a l  cyclones.  

FIGURE 84. An i n d i v i d u a l  frame showing t h e  extreme n o r t h e a s t e r n  quadrant  of 
Freda i n  i t s  format ive  s t age .  The p i c t u r e  was taken by TIROS V I  on o r b i t  
158 R / O  152 on September 28, 1962 a t  2255 GMT. Good evidence f o r  s t r o n g  
upper l e v e l  westerlies i s  provided by the  evidence from t h e  c i r r u s  c l o u d i -  
ness .  Ne i the r  Freda nor  the  small  low l e v e l  v o r t e x  shown i n  t h i s  p i c t u r e  
were r e a d i l y  apparent  from the  map ana lyses  over  t h i s  area. 

FIGURE 85. A TIROS V I  mosaic of Freda as a t r o p i c a l  dep res s ion  on September 
30, 1962. The c e n t e r  of c i r c u l a t i o n  of t he  s torm was i n  t h e  extreme wes tern  
quadrant .  Reconnaisssance i n d i c a t e d  no cloud c e n t e r .  This  view of  Freda 
exempl i f i e s  t he  "Comma Conf igura t ion"  t y p i c a l  of t r o p i c a l  dep res s ions  w i t h  a 
maximum c e n t r a l  i s o t a c h  of less than 20 kt. [ 2 ]  . Reconnaissance crews re- 
ported maximum s u r f a c e  winds of  15 kt. approximately 8 hours a f t e r  t hese  
TIROS photos.  T r a i l i n g  c loud iness  from Emma i s  v i s i b l e  between l a t i t u d e s  
l5'-2O0N.on the  west s i d e  of t h i s  mosaic. 

FIGURE 86. Two TIROS V I  views o f  a formative s t a g e  of  Typhoon Freda on 
October 1, 1962 a t  2142 GMT. The p i c t u r e s  were taken  on o r b i t  201 R / O  197. 

FIGURE 87. A TIROS V mosaic of a formative s t a g e  of Typhoon Freda on 
October 2, 1962. Freda a t  t h i s  t i m e  developed marked low l e v e l  cloud banding 
d e f i n i n g  a c e n t e r  of c i r c u l a t i o n  very  near  t he  edge of major o v e r c a s t  c l o u d i -  
n e s s  i n  t h e  nor thwes t  quadrant  of  t h e  storm. The o b s c u r a t i o n  of  t h e  c e n t e r  
of c i r c u l a t i o n  by an upper c loud  s h i e l d  i n d i c a t e s  t h a t  Freda had i n t e n s i -  
from previous  views. I f  one compares F igure  85 wi th  F igu re  87 t h i s  change i s  
immediately apparent .  Freda i n  the  l a t t e r  mosaic would be c l a s s i f i e d  as  a 
"Tropica l  Depression 11" type cyc lone  w i t h  maximum c e n t r a l  i s o t a c h  near  30 
k t  [21 . This  c l a s s i f i c a t i o n  i s  p a r t i a l l y  s u b s t a n t i a t e d  by a s h i p  r e p o r t  
near  t h e  center ,  s l i g h t l y  more than  an hour a f t e r  t h e  TIROS p i c t u r e s ,  re- 
p o r t i n g  30 k t ,  
s u r f a c e  winds of 40 kt.  (smoothed) commencing on October 3, a t  0600 GMT 
Another n o t a b l e  c h a r a c t e r i s t i c  of t h i s  mosaic i s  t h e  v i s i b l e  c h a i n  of con- 
v e c t i v e  c loud iness  ex tend ing  northwestward from Freda t o  t h e  area of Typhoon 

The J o i n t  Typhoon Warning Center  e s t ima ted  maximum s u s t a i n e d  
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Emma. 
n o r t h  of t h i s  band, appare 'ntly der ived  from the  out f low of Typhoon Emma 
(see a l s o  F igure  82 ) .  

A f a i n t e r  connec t ing  band o f  c i r r i f o r m  c loud iness  i s  v i s i b l e  t o  t h e  

FIGURE 88. 
maximum s u s t a i n e d  s u r f a c e  winds n e a r  70 k t .  (smoothed). F igu res  85, 87 and 
88 p r e s e n t  a n  unusua l ly  f i n e  series showing the  development of a n  i n d i v i d u a l  
typhoon from a t r o p i c a l  dep res s ion  (Figure 85) t o  a n e a r  t r o p i c a l  s torm 
(Figure 8 7 )  and f i n a l l y  t o  a f u l l  typhoon (Figure 88). The importance of t h i s  
series is t h a t  i t  demonstrates ,  i n  an  unusua l ly  f i n e  example, t h a t  t h e  c e n t e r  
of c i r c u l a t i o n  of a t r o p i c a l  cyc lone  p rogres s ive ly  tends  t o  a more symmetrical 
p o s i t i o n  wi th  r e s p e c t  t o  t h e  major ove rcas t  c loud  s h i e l d  as  the  mbximum s u r f a c e  
wind speeds increase i n  va lue .  R e l a t i v e  movement of  t he  center o f  c i r c u l a t i o n  
wi th  r e s p e c t  t o  the  cloud s h i e l d  is from the  west t o  t h e  east .  

A TIROS V I  mosaic of Typhoon Freda on October 3, 1962, w i t h  

FIGURE 89. 
ex tending  southeastward i n  the  out f low of Typhoon Emma is wel l  seen i n  t h i s  
Figure,  and may be a s s o c i a t e d  w i t h  an  upper level j e t  from t h e  n o r t h  [l].  
The eye  of  Typhoon Freda is a l s o  more c l e a r l y  v i s i b l e .  
southwest  of Typhoon Freda is  v i s i b l e  i n  t h e  frame a t  lower l e f t .  

FIGURE 90. 
a t  2013 GMT. 
s u r f a c e  winds n e a r  90 k t .  (smoothed). 

I n d i v i d u a l  frames from t h e  o r b i t  of F igu re  88. The c i r r u s  c loud iness  

A t r o p i c a l  dep res s ion  

S e l e c t e d  frames from TIROS V I  o r b i t  273 R/O 269 on October 6 ,  1962 
These views show Freda as a mature typhoon wi th  maximum s u s t a i n e d  

FIGURE 91. 
GMT. 
maximum winds of  105 k t .  (smoothed) a t  t he  time of  these  p i c t u r e s  and was 
moving toward the  n o r t h e a s t  a t  12 kt;  

Two s e l e c t e d  views of Typhoon Gi lda  on October 28, 1962 a t  0620 
These p i c t u r e s  were taken  by TIROS V I  on o r b i t  582 R / O  581. G i lda  had 

***IVY*** 
I_ 

FIGURE 92. 
1962, a t  0522 GMT. 
frames is  i n  t h e  area r e p o r t e d  t o  be occupied by Typhoon Ivy. 
t h e  J o i n t  Typhoon Warning Center ,  Ivy, c e n t e r e d  n e a r  l a t i t u d e  20°N, longi tude  
138'&, possessed winds of 70 kt. a t  t h e  t i m e  o f  t h e s e  p i c t u r e s .  
n o t  r e l a t e  a t  a l l  w e l l  t o  t h e  TIROS views which i n  t h i s  case do n o t  even 
sugges t  a v o r t e x  a t  t h a t  l o c a t i o n .  The ve ry  edge of  Typhoon Gilda,  wi th  
winds of 90 k t  , is  recogn izab le  as a v o r t e x  even i n  t h e s e  h igh  n a d i r  ang le  
V i e w s ,  appear ing  a t  the edge of t h e  TIROS photo t o  t h e  f a r  nor thwes t .  Ivy 
was r e p o r t e d  t o  have d i s s i p a t e d  12 hours  a f t e r  t hese  p i c t u r e s ,  be ing  absorbed 
by Typhoon Gi lda .  The s h o r t  h i s t o r y  of Ivy, i t s  r a p i d  dec rease  i n  i n t e n s i t y  
over  t h e  open ocean, and t h e  l ack  of correspondence between t h e  TIROS p i c t u r e s  
and t h e  r e p o r t e d  i n t e n s i t y ,  sugges t  t h a t  t h e  s torm may have been weaker than 
the  i n i t i a l  and near  f i n a l  reconnaissance  estimate. 
f i n a l  d i s p o s i t i o n  of  t h i s  s torm a l s o  appears  t o  be open t o  d i s c u s s i o n  (see 
F i g u r e s  93-95). 

I n d i v i d u a l  frames from TIROS V I ,  o r b i t  596 R/O 595 on October 29, 
The e longa ted  c loud  mass i n  t h e  c e n t r a l  p o r t i o n  of  t h e  

According t o  

Th i s  does 

The q u e s t i o n  as t o  t h e  
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FIGURE 93. A TIROS V I  mosaic showing the  p o s s i b l e  remains of Typhoon Ivy on 
October 30, 1962 (see Figure  94). 

FIGURE 94. I n d i v i d u a l  frames from t h e  o r b i t  of the preceding f i g u r e .  These 
views show a c loud mass cen te red  nea r  l a t i t u d e  loo& longi tude  150'11. which 
looks s u s p i c i o u s l y  l i k e  the  f i n a l  view of Typhoon Ivy i n  F igure  92. 
are sepa ra t ed  by 10 degrees  of longi tude  and 24 hours  of t i m e .  The t r a i l i n g  
edge of Typhoon Gi lda  which was cen te red  near l a t i t u d e  29"N longi tude  141"E 
a t  t h e  t i m e  of t h e s e  p i c t u r e s  i s  a l s o  suggested i n  these  photos as i t  was i n  
F i g u r e  92. I f  t he  cloud mass which looks s imilar  t o  Ivy i n  t h i s  f i g u r e  i s  
indeed t h e  remains of t h a t  s torm a n  e a s t e r l y  t r a j e c t o r y  of approximately 
600 m i l e s  t a k i n g  i t  over  t h e  i s l a n d  of Guam (approx. 13.5OTY, 145°K) would 
have been necessary .  
nex t  f i g u r e .  
FIGURE 95.' A time c r o s s - s e c t i o n  f o r  Guam dur ing  the  per iod  October 28, 1962 
t i l l  November 2, 1962. An i n t e n s e  upper level d i s tu rbance  appa ren t ly  passed 
t h e  s t a t i o n  from west t o  east  du r ing  t h e  29th and 30th of October i n  agreement 
wi th  the  requirement  f o r  t h e  cloud mass cen te red  near  l a t i t u d e  10°N, longi tude  
140"E.on October 29, 1962 (Figure 92) t o  pass  t h i s  s t a t i o n  i n  o rde r  t o  achieve  
a p o s i t i o n  near  l a t i t u d e  loo& longi tude  150"E. on October 30, 1962 (Figure 94).  
Note t h e  s t r o n g  no r thwes te r ly  upper - leve l  f low over  Guam on the  28th and 29th 
of October.  
r a p i d  eastward o r  southeastward movement of an upper - leve l  d i s tu rbance  embedded 
i n  t h i s  f low. 

They 

A t i m e  c r o s s - s e c t i o n  f o r  t h i s  & t a t i o n  i s  shown i n  the  

These winds r e f l e c t i n g  t h e  out f low of Typhoon Gi lda  would favor  a 

FIGURE 96. A TIROS VI mosaic of a formative s t a g e  of Typhoon Jean  on 
November 1, 1962. The p o s i t i o n  of t h e  c loud  mass cen te red  near  5"N.and 140"E. 
on t h i s  mosaic c o i n c i d e s  wi th  the  p o s i t i o n  of a t r o p i c a l  dep res s ion  which 
had formed from an  e a s t e r l y  wave t h a t  had been t racked  i n t o  t h i s  area by the  
J o i n t  Typhoon Warning Center .  
October 31, 1962 can be seen  i n  F igu re  95. 

The e f f e c t s  of t h i s  wave pass ing  Guam on 

FIGURE 97. A t i m e  c r o s s - s e c t i o n  f o r  t h e  i s l a n d  of Yap (near  9 . 5 " b  138"E*) 
du r ing  the  per iod  October 30, 1962 through November 4, 1962. This  t i m e -  
s e c t i o n  reveals some i n t e r e s t i n g  c h a r a c t e r i s t i c s  r ega rd ing  the  s t r u c t u r e  of 
Jean .  Evidence from t h i s  a n a l y s i s  i n d i c a t e s  passage of t h e  low l e v e l  
c i r c u l a t i o n  of J ean  a t  approximately 1200 GMT on November 3, 1962. 
t he  extreme wes tern  edge of  t h e  c loud  s h i e l d  of Jean  passed Yap much ear l ie r ,  
between 1200 GMT, on October 31, and 1200 GMT, on November 1, 1962. Evidence 
of  t h i s  passage o n ' t h e  t ime-sec t ion  is  shown by the  wind s h i f t s  between 
200 and 110 mb. d u r i n g  t h i s  per iod .  The TIROS view i n  F igu re  96 on 
November 1, a t  0400 GMT i n d i c a t e s  t h a t  Yap, a t  the  time of o r b i t  638, was 
loca ted  a t  the  very  edge of the  major o v e r c a s t  c loud s h i e l d  a s s o c i a t e d  wi th  
Jean .  Backing of t h e  winds a t  200 mb. from s o u t h e a s t  (2 Nov 1200 GMT) t o  
n o r t h e a s t  (4 Nov 1200 GMT) d u r i n g  the  pe r iod  of t h e  passage of Jean  a l s o  
i n d i c a t e s  t h a t  t h e  s torm i n  t h i s  e a r l y  format ive  s t a g e  was capped by an  
an t i cyc lone .  The p a t t e r n  of an  upper l e v e l  shea r  l i n e  preceding  s torm c e n t e r  
passage by  2-3 days i s  a common occurrence a l s o  noted i n  t h e  mature storm [l]. 
The a n t i c y c l o n e  a l o f t ,  pos i t i oned  over  a lower l e v e l  i n c i p i e n t  d i s tu rbance  
is known t o  be a f avorab le  p a t t e r n  f o r  i n t e n s i f i c a t i o n .  

However, 
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FIGURE 98. A TIROS V mosaic of a format ive  s t a g e  of  Typhoon Jean  on 
November 2, 1962. 
mosaic n e a r  t h e  c e n t e r  of t h e  hook-shaped c loud  formation i n  the  no r theas t e r1  
p o r t i o n  of the  d i s t u r b e d  area. 
19OY, long i tude  143'E. 
i n d i c a t e d  from i t s  previous  p o s i t i o n  i n  F igure  96. 
passed Yap (near  9.5ON, 138OK) as i s  a l s o  apparent  from t h e  time c ross - sec t io r  
f o r  t h i s  s t a t i o n  (Figure 97).  

FIGURE 99. A TIROS V I  mosaic showing t h e  wes tern  s i d e  of t he  d i s t u r b e d  area 
of  J ean  on November 3, 1962. 

FIGURE 100. A TIROS V mosaic showing t h e  e a s t e r n  s i d e  of t h e  d i s t u r b e d  
area of Jean  on November 3, 1962. 

The c e n t e r  of low l e v e l  c i r c u l a t i o n  is  apparent  i n  t h i s  

The e s t ima ted  p o s i t i o n  is  nea r  l a t i t u d e  
A n o r t h e r l y  movement of t h e  dep res s ion  i s  thus  

Th i s  c e n t e r  had no t  y e t  

FIGURE 101. A TIROS V mosaic showing t h e  extreme e a s t e r n  s i d e  of  t he  
d i s t u r b e d  area of Jean  on November 4, 1962. The cumulonimbus c loud  masses 
a l i g n e d  i n  an east-west band a long  l a t i t u d e  10'N.reveal shea r  p a t t e r n s  i n  
t h e  c i r r u s  s t r i a t i o n s  i n d i c a t i n g  no r thwes te r ly  uppe r - l eve l  f low. Th i s  can 
be v e r i f i e d  by comparing t h e  200-mb. s t r eaml ine  a n a l y s i s  over  t h i s  area f o r  
0000 GIuTr, November 4, 1962, w i th  t h e  TIROS photo ( a n a l y s i s  no t  shown). 

FIGURE 102. A TIROS V I  mosaic of J ean  24 hours  p r i o r  t o  reaching  t r o p i c a l  
s torm i n t e n s i t y .  
ex tending  nor theas tward  from Jean ' s  nor thwes t  quadrant .  
p a t t e r n  i n  t h i s  mosaic i s  s t r i k i n g  and has  been noted i n  o t h e r  s torms du r ing  
pe r iods  of r a p i d  i n t e n s i f i c a t i o n .  A comparison of  t h i s  f i g u r e  wi th  t h e  ea r l i e r  
view ob ta ined  on t h e  2 . d  of  November i n  F igure  98 w i l l  r e s u l t  i n  t h e  conclus ion  
t h a t ,  a s i d e  from the  s m a l l  c loud  s h i e l d  over  t he  c e n t r a l  a r e a  and enhanced 
c i r r u s  out f low i n  t h e  l a t e r  view, t h e  s torms are p r a c t i c a l l y  i d e n t i c a l  i n  
appearance! This  conse rva t ion  of g e n e r a l  appearance was maintained d e s p i t e  
t he  passage of 3 days i n  time and a movement of over  700 miles i n  d i s t a n c e ,  

J ean  a t  t h i s  t i m e  was i n t e r - a c t i n g  w i t h  a f r o n t a l  band 
The c i r r u s  out f low 

FIGURE 103. 
revealing the  enhanced c i r r u s  outf low.  
compared wi th  F igu re  104, a 200-mb. s t r e a m l i n e  a n a l y s i s  which shows e x c e l l e n t  
agreement w i t h  the  TIROS i n d i c a t i o n s  of upper l e v e l  ou t f low.  

This  f i g u r e  shows en la rged  views of t h e  s to rm ' s  c e n t r a l  a r e a  
Th i s  ou t f low p a t t e r n  should be  

FIGURE 104. A 200-mb-streamline a n a l y s i s  prepared by the  au thor  f o r  0000 
GMT on November 5 ,  1962. The cloudy area a s s o c i a t e d  wi th  J e a n  i n  F igure  103 
has been superimposed on t h i s  a n a l y s i s .  Black arrows i n d i c a t e  the  d i r e c t i o n  
of  upper l e v e l  f low deduced from t h e  c i r r u s  s t r i a t i o n s  over  t he  a r e a  of J ean  
i n  F igure  103. 

FIGURE 105. A TIROS V view of t he  formative s t a g e  of typhoon Jean  approximate- 
l y  one hour a f t e r  t h e  TIROS V I  view of the  same a r e a  shown i n  F igure  103. 
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FIGURE 106. A TIROS V mosaic showing Jean  on November 6, 1962. Maximum 
s u s t a i n e d  winds a t  t h i s  time had increased  t o  near 50 k t .  (smoothed). From 
the  nephanalys is  i t  can be seen  t h a t  the  main body of  t he  s torm was moving 
over  t he  P h i l i p p i n e s  and t h i s  f a c t  undoubtedly accounts  f o r  t he  winds being 
l i m i t e d  t o  t h e s e  lower i n t e n s i t i e s .  
much weaker va lues  on ly  a f t e r  i n t e r a c t i n g  wi th  t h e  f r o n t a l  zone v i s i b l e  on 
t h i s  mosaic i s  an  obse rva t ion  of some importance. 
Annual Typhoon Report, 1962 [ 6 ,  pp 36-401, "For development (of a typhoon) 
t o  t ake  place, t he re  must be a p r e - e x i s t i n g  s u r f a c e  p e r t u r b a t i o n  and a l a r g e  
inc rease  of divergence a l o f t  t o  provide the  "kick" t o  s t a r t  the heat  engine".  
J ean  had been t racked  as a low l e v e l  p e r t u r b a t i o n  and Figure  105 i n d i c a t e s  
t h a t  upper l e v e l  divergence was w e l l  developed, thus  f u l f i l l i n g  t h e s e  f i r s t  
two c r i t e r i a .  The r e p o r t  cont inues ,  "The apparent  complement t o  these  two 
c r i t e r i a  is the  need f o r  t h e  energy l e v e l  of the  e a s t e r l i e s  t o  be increased  
above normal. This  a d d i t i o n a l  energy i s  u s u a l l y  der ived  from the w e s t e r l i e s . "  
Jean a p p a r e n t l y  i s  a n  e x c e l l e n t  example of  t he  low l eve l ,  p o l a r  trough and 
e a s t e r l y  wave i n t e r a c t i o n  which r e s u l t s  i n  i n t e n s i f i c a t i o n  of many t r o p i c a l  
cyclones.  This  type of i n t e r a c t i o n  was o r i g i n a l l y  desc r ibed  by R ieh l  [ 5 ,  p 2271,  
An examination of the su r face  and upper - leve l  c h a r t s  r e v e a l s  t h a t  the  "trough" 
a s s o c i a t e d  wi th  the  f r o n t a l  band i n  F igure  105 was not  c h a r a c t e r i z e d  by a 
marked change i n  wind d i r e c t i o n  a t  lower l e v e l s .  The band v i s i b l e  i n  the  
TIROS photos r e p r e s e n t s  t he  t r a i l i n g  edge of a f r o n t  whichwas  much more 
pronounced t o  the  n o r t h e a s t .  Strong, g e n e r a l l y  e a s t e r l y  o r  n o r t h e a s t e r l y  
winds p reva i l ed  on both  s i d e s  of t he  band as  a r e su l t  of t he  combined e f f e c t  
of t h e  t r o p i c a l  dep res s ion  t o  the  south and the  encroaching an t i cyc lone  
behind t h e  f r o n t .  This  phys i ca l  arrangement of t h e  two p res su re  systems 
a p p a r e n t l y  permi t ted  the  "energy t r ans fe r " ,  d i scussed  i n  t h e  Typloon Report, 
from t h e  westerlies on the  n o r t h  s i d e  of t he  an t i cyc lone ,  t o  the  eas te r l ies  
of the  t r o p i c a l  dep res s ion .  
argument, t h a t  t he  TIROS photos of F igu re  105 combined wi th  the convent iona l  
d a t a  a v a i l a b l e ,  might have been very  e f f e c t i v e l y  combined t o  produce a f o r e c a s t  
c a l l i n g  f o r  t he  i n t e n s i f i c a t i o n  which d id  indeed occur .  

The f a c t  t h a t  Jean  had i n t e n s i f i e d  from 

A s  d i scussed  i n  t h e  

We may conclude accord ing  t o  the  preceding 

FIGURE 107. A TIROS V mosaic of Typhoon Jean  on November 8, 1962 wi th  
maximum s u s t a i n e d  s u r f a c e  winds nea r  90 k t .  (smoothed). The s torm w a s  moving 
toward t h e  WW a t  approximately 10 k t ,  
t he  shea r  of a n v i l  t ops  from cumulonimbus c louds  between the  equator  and 10°N, 
l a t i  tude.  

E a s t e r l y  f low a l o f t  is suggested by 

FIGURE 108. 
1962 a t  0447 GMT. 
s u r f a c e  winds near  90 k t .  (smoothed). The eye of t h e  storm can  s t i l l  be 
d i sce rned  i n  s p i t e  of t he  h igh  n a d i r  ang le  view. To the  no r th  of Jean  a 
j e t  stream c i r r u s  band i s  e v i d e n t  over  t h e  Chinese mainland. The shadow of 
t h i s  band on t h e  ground i s  also  c l e a r l y  ev iden t  as i t  w a s  i n  t h e  remarkably 
similar view of  a j e t  stream a s s o c i a t e d  w i t h  Typhdon Amy (Figure 78) .  

FIGURE 109. Two TIROS V views of Typhoon Jean  showing areas not  v i s i b l e  i n  
the  TIROS V I  v iew'of  F i  re 108. P i c t u r e s  were taken on o r b i t  2045 R/O 2044, 
November 9 
l a t i t u d e  5'N. 

Se lec t ed  frames from TIROS V I ,  o r b i t  756 R/O 756 on November 9, 
These views show Typhoon Jean  wi th  maximum sus t a ined  

I 

1962 a t  n4OFGMT. What appears  t o  be t h e  ITC is v i s i b l e  a long  
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FIGURE 110. A TIROS V I  view of  t h e  remains of Typhoon Jean  on November 13, 
1962 a t  0235 GMT. The p i c t u r e  w a s  taken on o r b i t  813 R/O 813. The lack  of 
an  upper c loud  s h i e l d  is evidence of t he  decreased i n t e n s i t y .  Sur face  s h i p  
r e p o r t s  i nd ica t ed  maximum winds of 20 t o  25 k t  near  the  storm c e n t e r .  An 
an t i cyc lone  was s t i l l  ev iden t  a t  upper l e v e l s  on convent iona l  ana lyses  and 
is a l s o  supported by the  c i r r u s  s t r i a t i o n s  i n  the TIROS photo which i n d i c a t e  
s o u t h e r l y  flow on t h e  w e s t  s i d e  of t h e  vo r t ex .  

FIGURE 111. 
Jean on November 16, 1962 a t  0120 GMT. 
China Sea and i n  t h i s  view, 3 days a f t e r  the  view i n  F igure  109, s t i l l  shows 
a w e l l  developed low l e v e l  c i r c u l a t i o n  wi th  increased  convec t ive  a c t i v i t y .  

A TIROS VI p i c t u r e  from o r b i t  856 R/O 856 of t he  remains of 
The depres s ion  s tagnated  over  t h e  

FIGURE 112. Two s e l e c t e d  TIROS V views from o r b i t  2166 R/O 2158 of t h e  
remains of Jean on November 17, 1962 a t  0120 GMT. 
obvious s i g n s  of r e - i n t e n s i f i c a t i o n .  Numerous s h i p  r e p o r t s  show a w e l l  
developed low level c i r c u l a t i o n  wi th  speeds of 20-30 k t .  

Jean  a t  t h i s  time shows 

Figure  113. Two f i n a l  TIROS V I  views of T rop ica l  Depression Jean  on November 
18, 1962 a t  0103 GMT. P i c t u r e s  were taken  on o r b i t  893 R/O 885. The mainland 
of Indo-China ib v i s i b l e  near  longi tude  110'E. 

***KAREN*** 

FIGURE 114. An e a r l y  view of  a formative s t a g e  of Typhoon Karen taken by 
TIROS V on November 5, 1962. Karen is v i s i b l e  on t h e  western hor izon  near  
so& longi tude  115°F j u s t  n o r t h  of what appears  t o  be the  ITC. The vor tex ,  
i n  t h i s  high n a d i r  ang le  view, appears q u i t e  symmetrical. This  is unusual  
f o r  format ive  s torms u n l e s s  they  are:  (1) e i t h e r  very  weak wi th  no c losed  
s u r f a c e  c i r c u l a t i o n ;  o r  (2) have a l r e a d y  a t t a i n e d  near  t r o p i c a l  s torm 
i n t e n s i t y  wi th  maximum winds approaching 35 k t ,  [2] .  This  la t ter  p o s s i b i l i t y  
seems the  most reasonable  when one cons ide r s  t he  view of Karen on t h e  
f 0 1 lowing day (Figure 115). 

FIGURE 115. A TIROS V mosaic of Karen on November 6, 1962. Without t he  
b e n e f i t  of the TIROS informat ion  the  J o i n t  Typhoon Warning Center  i n  a pos t -  
typhoon summary r epor t ed  t h a t  "On t h e  6 t h  Nov., t he  Truk-Ponape area was 
suspec t ,  . . . . ' I .  

t h e  summer of 1964 i t  would have prompted an adv i so ry  t o  t h e  hu r r i cane  and 
typhoon f o r e c a s t  c e n t e r s  t h a t  a t r o p i c a l  cyclone possess ing  the  a t t r i b u t e s  
of a t r o p i c a l  storm had been d e t e c t e d  by t h e  TIROS s a t e l l i t e .  
t h e  of t hese  p i c t u r e s ,  shows pronounced low level banding, d e f i n i t e  
i n d i c a t i o n s  of a n t i c y c l o n i c  outflow, and i t s  c e n t e r  i s  obscured by a c loud 
s h i e l d  of  3 t o  5 degrees  i n  d iameter .  These i n d i c a t i o n s  are t y p i c a l  of a 
t r o p i c a l  s torm wi th  maximum s u r f a c e  winds approaching a t  least  40 k t ,  [2] .  
The f i r s t  t r o p i c a l  cyclone warning was i s sued  concerning Karen on the  fo l lowing  
day (November 7, 1962) a t  1800 GMT when Karen was r epor t ed  t o  be a t r o p i c a l  
s torm w i t h  maximum winds of 40 k t  . The i n s e t  p i c t u r e  of F igu re  115 shows 
t h a t  t h e  ITC band south  of Karen extended f a r  t o  the  east .  Another ITC band 
i 8  appa ren t  a t  approximately 10"N.and a l s o  ex tends  f a r  t o  the  eas t  as can  be 
seen  from p i c t u r e s  obta ined  on a TIROS VI o r b i t  (Figure 116). 

Had t h i s  p i c t u r e  been rece ived  a t  th5  readout  s t a t i o n s  du r ing  

Karen, a t  the  
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FIGURE 116. A TIROS V I  mosaic taken  on November 6 ,  1962 showing t h e  con- 
t i n u a t i o n  o f  ITC bands eas t  from t h e  area of t r o p i c a l  cyc lone  Karen. Karen 
was loca ted  a t  t h e  time of t h i s  mosaic near  5"N, 161OE. (See F igure  115). 

FIGURE 117. A TIROS VI mosaic of  Karen on November 7,  1962. Karen was 
r e p o r t e d  t o  have winds of 40 k t .  by 1800 GMT on t h i s  day. 

FIGURE 118. A TIROS V I  mosaic of Typhoon Karen on November 9, 1962. Maximum 
s u s t a i n e d  s u r f a c e  winds had a t  t h i s  t i m e  increased  t o  155 k t ,  (smoothed). 
Th i s  i n c r e a s e  i n  i n t e n s i t y  i s  q u i t e  obvious i n  the  TIROS p i c t u r e s  i f  one 
compares t h e  view i n  F5gure 117 wi th  F igure  118. The l a t t e r  view shows much 
more pronounced ou t f low which i s  r evea led  by the  c i r r u s  s t r i a t i o n s ,  and 
s p i r a l  banding p resen t  forms smoother, more cont inuous l i n e s .  The r e c t i f i e d  
s i ze  of t he  o v e r c a s t  c loud  s h i e l d  a l s o  shows a s i g n i f i c a n t  i n c r e a s e  i n  a r e a l  
e x t e n t .  

FIGURE 119. A TIROS V I m o s a i c  of Typhoon Karen w i t h  maximum s u r f a c e  winds 
nea r  150 k t .  (smoothed). The eye  of t h e  s torm i s  v i s i b l e  i n  t h e  lower l e f t  
hand c o r n e r  of t h e  s e p a r a t e  frame. It should be noted t h a t  t h e  c u r v a t u r e  of 
t h i s  mosaic g ives  t h e  impress ion  t h a t  c loud iness  of t h e  s torm on the  n o r t h  
s i d e  ex tends  more i n  an  east-west than  a no r th - sou th  d i r e c t i o n  as is  shown 
i n  t h e  nephanalys is .  Karen, a t  t h i s  t i m e ,  began t o  move more r a p i d l y  i n  
a w e s t e r l y  d i r e c t i o n  having p rev ious ly  moved s lowly toward t h e  nor th-nor th-  
east .  The s m a l l  v o r t e x  near  3 loR,  17"E.was analyzed as a developing  wave 
on a f r o n t a l  band which extended toward t h e  NE and SW of t h e  v o r t e x  c e n t e r .  

FIGURE 120. A TIROS V mosaic of Typhoon Karen s l i g h t l y  more than one hour 
a f t e r  t h e  view shown i n  F igu re  119. Th i s  mosaic shows a cloudy a r e a  due w e s t  
of  Karen sepa ra t ed  from the  s torm by a more open zone. Guam loca ted  n e a r  
13.5"Q, 145"E.was under the  c loudy area a t  t h e  t i m e  of t h e s e  p i c t u r e s .  
c r o s s - s e c t i o n  a n a l y s e s  of  Guam d u r i n g  t h i s  pe r iod  are q u i t e  i n t e r e s t i n g  
(F igures  1 2 1  and 122).  

Time 

FIGURE 121. A time c r o s s - s e c t i o n  f o r  Guam dur ing  the  per iod  of t h e  approach 
of  Typhoon Karen t o  t h i s  s t a t i o n  from 6-11 November 1962. The eye of Typhoon 
Karen c rossed  Guam on t h e  11th  of November n e a r  1200 GMT. Sus ta ined  winds 
of  150 k t .  with g u s t s  t o  180 k t ,  were e s t ima ted  a s  Karen 'c rossed  the  i s l a n d .  
Th i s  t ime- sec t ion  shows some of the  c h a r a c t e r i s t i c s  of  Karen which have a l s o  
been found t o  t y p i f y  o t h e r  mature s torms [ l ] .  
passed Guam nea r  45,000 f t .  du r ing  the  7 t h  of November. T h i s  was the  f i r s t  
i n d i c a t i o n  of ou t f low from t h e  storm area. Karen moved g e n e r a l l y  northward 
a t  a d i s t a n c e  of approximate ly  500 miles e a s t  o f  Guam du r ing  the per iod  
7-9 November. L a t e  on the  9 th  of  November, Karen turned  s h a r p l y  westward and 
moved d i r e c t l y  toward Guam i n c r e a s i n g  i t s  speed from 7 k t .  t o  about  19 k t ,  as 
i t  s t r u c k  the  i s l a n d .  A t rough l i n e  i s  appa ren t  below the  o u t e r  edge of  t he  
ou t f low of  t he  s torm as can  be seen  on t h e  t ime-sec t ion ,  The a x i s  of t h i s  
t rough passed Guam dur ing  the  8 t h  of November. Wind s h i f t s  were e s p e c i a l l y  
pronounced nea r  t he  400-mb.leve1, changing from n o r t h e a s t  on November 7 t h  

An upper-shear  l i n e  a p p a r e n t l y  
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a t  1200 GMT t o  s o u t h e a s t  24 h r .  l a te r .  A s  Karen moved northward du r ing  t h e  
9 t h  of Covember Guam remained under the  in f luence  of sou t l i ea s t e r ly  f low a t  
the  400 and 500-mb. l e v e l s  i n  t h e  e a s t e r n  p o r t i o n  of t h i s  t rough.  The view 
of Karen a t  0146 GMT on November 10, 1962 shows Guam t o  be  j u s t  emerging 
from t h e  c loudy a r e a  which was a p p a r e n t l y  a s s o c i a t e d  wi th  t h i s  trough. 
R a i n f a l l  amounts as  i n d i c a t e d  on t h e  t ime-sec t ion  show t h a t  over  1 3/4" of 
r a i n  f e l l  on Guam from 1200 GMT, November 9th u n t i l  1200 GMT on November 10th.  
As Guam emerged from t h e  t rough area and the major edge o f  t h e  cloud s h i e l d  
of Karen approached the  s t a t i o n  du r ing  the  10th  of November t h e  atmosphere 
through a deep l a y e r  became very  d r y  and warm.  Height rises a t  upper 
e l e v a t i o n s  i n  c o i n c i d e m e w i t h  s t e a d i l y  f a l l i n g  s u r f a c e  p re s su re  a f t e r  1200 GMT 
on November 10th i n d i c a t e  t h e  p r o b a b i l i t y  of f a i r l y  i n t e n s e  subsidence a t  
t he  edge of s torm c loud iness  (see F igure  122).  

F I G U R E  122. 
I s o p l e t h s  of  r e l a t i v e  humidi ty  have been l abe led  f o r  t h e  va lues  25, 50 and 
75%. It can be seen  t h a t  maximum r e l a t i v e  humidi ty  e a r l y  on t h e  10th of  
November a s s o c i a t e d  wi th  t h e  t rough (Figure 121)  was r ep laced  by a pronounced 
minimum by 1200 GMT on t h e  10th of November. This  was i n  t u r n  followed by a 
s h a r p  i n c r e a s e  as the  edge of t he  ove rcas t  c loud s h i e l d  of  Karen moved over  
t h e  s t a t i o n .  The minimum mois ture  i n d i c a t i o n  on t h e  10th of November co inc ides  
wi th  pronounced warning throughout  t he  middle and upper t roposphere .  
o f  warming (24-hr, changes) i n  excess of  1 deg. C. have been i n d i c a t e d  by 
S t i p p l i n g .  
(24-hr.changes).  
p l o t t e d  and analyzed i n  t h e  c e n t r a l  p o r t i o n  of t h e  24-hr. t i m e  per iod  t o  more 
adequa te ly  i n d i c a t e  the  in s t an taneous  change tendency. Of major importance, 
no te  t h a t  t h e  edge of t h e  d r y  zone and the  beginning  of t h e  moist  area by  
0000 GMT on t h e  11th  of November c o i n c i d e s  w i t h  the  passage of  the  major 
o v e r c a s t  c loud  s h i e l d  of Karen over  Guam and t h a t  t h i s  passage a l s o  d e l i n e a t e s  
t h e  edge of maximum s u s t a i n e d  s u r f a c e  wind speeds of 20 k t  
F igure  123). To summarize t h e  t ime-sec t ion  i n d i c a t i o n s :  

A time c r o s s - s e c t i o n  f o r  Guam dur ing  t h e  per iod  6-11 November 1962. 

Values 

The o t h e r  l i n e d  a r e a s  on t h e  c h a r t  i n d i c a t e  areas of  c o o l i n g  
The 24-hr.changes of temperature  and he igh t  have been 

o r  g r e a t e r  (see 

1. The f i r s t  i n d i c a t i o n  of Karen's c i r c u l a t i o n  a t  Guam was the  a r r iva l  
of  a n  upper s h e a r - l i n e  a s s o c i a t e d  w i t h  t h e  out f low of t h e  s torm.  

A t rough o r  s q u a l l  area preceded a r r i v a l  of  a pronounced area of  
subs idence .  
t rough.  Warming wi th  ve ry  d r y  c o n d i t i o n s  a t t e n d e d  t h e  zone o f  subsidence.  

The edge of t he  major o v e r c a s t  c loud  s h i e l d  of Karen co inc ided  wi th  t h e  
commencement of maximum s u r f a c e  winds of  20 k t .  o r  g r e a t e r .  

2. 
Atmospheric c o o l i n g  was a s s o c i a t e d  wi th  passage o f  t h e  

3. 

S i m i l a r  c o n d i t i o n s  have been found t o  appear  q u i t e  commonly i n  o t h e r  mature 
s torms [ l l .  

FIGURE 123. A TIROS V I  mosaic of  Typhoon Karen on November 11, 1962. Maximum 
Sus ta ined  s u r f a c e  wind speeds  w e r e  approximately 150 k t .  (smoothed). Guam 
(near  13.5ON, 145'6) a t  t h e  t i m e  of  t h e s e  p i c t u r e s ,  had j u s t  passed under  the 
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f i r s t  major s p i r a l  band of the  storm. The eye of Karen passed over Guam 
approximately 11 hours a f t e r  t h i s  TIROS V I  observat ion.  This view shows 
t h a t  c i r c u l a t i o n  e f f e c t s  of Karen extended from a t  least 20°N, t o  7's. - a 
d i s t ance  of over 1500 n.mi. 

FIGURE 124. A TIROS V I  mosaic of Typhoon Karen on November 13, 1962. 

FIGURE 125, A TIROS V I  mosaic of Typhoon Karen on November 14, 1962. 
Maximum sus ta ined  su r face  winds were near  140 k t  (smoothed). Karen a t  t h i s  
t i m e  was i n t e r - a c t i n g  with a f r o n t a l  zone extending northeastward from the  
nor thern  edge of the  storm. The eye of Karen on the  o r i g i n a l  f i lm  s t r i p  
shows a "doughnut" shape, t y p i c a l  o f  the  concent r ic  eye and of a , v e r y  
in t ense  storm. 
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