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PREFACE 

This r e p o r t  p re sen t s  r e sea rch  f ind ings  which were obtained dur ing  the  
f a l l  of 1962. 
developed dur ing  the  f a l l  months of 1962, and are presented here  i n  the  form 
t h a t  they had a t  t h a t  time. They r ep resen t  what was known, discussed, and 
w r i t t e n  a t  t h a t  t i m e .  Thus, a l though the  material presented he re  has  w e l l  
withstood the  test of time, and has  undergone l i t t l e  refinement dur ing  t h e  
pas t  year  and a ha l f ,  i t  is, i n  f a c t ,  dated.  The correct, and bes t ,  d a t e  
f o r  these  f ind ings  and concepts  i s  Septernber-October 1962. 

The concepts  presented and u t i l i z e d  i n  t h i s  r e p o r t  were 

As o r i g i n a l l y  planned t h i s  r e p o r t  was to  be one p a r t  of a more comprehensive 
r e p o r t  which was t o  summarize and compare r e s u l t s  obtained dur ing  t h e  fou r  days 
of the  second set of f l i g h t s  of t he  MSL-RFF Cape Verde Operation. 

The t a s k s  of d a t a  reduct ion  and summarization of the  f ind ings  proved 
t o  be  so l a rge  t h a t  i t  was necessary t o  reduce the  immediate scope of t he  
p r o j e c t  and concent ra te  on t he  process ing  of the  information obtained du r ing  
a s i n g l e  day, the  day wi th  the  b e s t  a i r c r a f t  and sa te l l i t e  coverage, which 
was  September 22, 1962. Shor t e r  r e l a t e d  summaries are planned f o r  the  o t h e r  
days of t h i s  set. 

During the  p repa ra t ion  of t h i s  r e p o r t  several problems arose concerning 
procedures f o r  t he  p re sen ta t ion  of t he  information of  t he  r e p o r t  and t h e i r  
improvement. Some experimentat ion was necessary, and a few innovat ions were 
t r i e d .  
and are capable  of f u r t h e r  refinement,  they have proved t o  be u s e f u l  and 
e f f e c t i v e .  

Although the  procedures adopted r e f l e c t  t h e i r  experimental  o r ig ins ,  

Se lec ted  s p e c i f i c  cloud formations,  atmospheric condi t ions ,  and atmospheric 
systems have been given des igna to r  numbers. 
f i g u r e  12. Each number r e f e r s  also t o  the  same cond i t ion  as shown i n  o the r  
p i c t u r e s  t h a t  inc lude  the  condi t ion.  
seen i n  a p a r t i c u l a r  TIROS p ic tu re ,  which is gene ra l ly  spec i f ied ,  b u t  i t  i s  
u s u a l l y  a l s o  shown (of ten  informat ive ly)  i n  o t h e r  p i c tu re s .  The s p e c i f i c  
cond i t ions  are e a s i l y  loca ted  i n  the  unlabeled p i c t u r e s  by appearance and by 
p o s i t i o n  relative to the  o t h e r  d e t a i l s  shown. Thus a r e fe rence  t o  formation 
(11) i n  f i g u r e  1 4 D  r e f e r s  t o  the  formation labe led  11 i n  f i g u r e  12 b u t  as 
shown i n  f i g u r e  14D. 
which has  no des igna to r  number, is u s u a l l y  r e f e r r e d  t o  by means of l a t i t u d e  
and longi tude coord ina tes .  More des igna tor  numbers could have been used t o  
advantage . 

The numbers a r e  presented i n  

A s p e c i f i c  cond i t ion  is u s u a l l y  b e s t  

A s p e c i f i c  cond i t ion  t o  which r e fe rence  is  made, b u t  

The observa t ion  scale of c e r t a i n  condi t ions ,  of ten  of c r i t i ca l  importance, 
TIROS observa t ion  is ind ica t ed  by t h e  des igna to r s  TOS, AOS, GOS ( respec t ive ly :  

scale, a i r c r a f t  observa t ion  scale, and ground observa t ion  scale) i n  t h i s  r epor t .  
These des igna tors ,  and scale, are f u r t h e r  d i scussed  i n  t h e  glossary.  
des igna to r s  could have been used t o  advantage more o f t en ,  

These 
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The mosaics are numberd i n  the  order  i n  which they a re  discussed, which 

They 
is from e a s t  t o  west on t h i s  day. For convenience of re ference  and 
comparison they were grouped toge ther  t o  form the  set of f i g u r e s  6-11. 
provide an in tegra ted ,  large-scale ,  ove r -a l l  view. 

The ind iv idua l  TIROS p i c t u r e s  fol low; f i g u r e  12, providing the  des igna tors ,  
be ing  f i r s t ,  and f i g u r e  14 last  having been prepared much la ter  than any of 
t h e  o the r  f i g u r e s .  These f i g u r e s  provide the  b e s t  ava i l ab le  TIROS d e t a i l e d  
views. 

The p i c t u r e  i d e n t i f i e r  let ters of f i g u r e s  12, 13 and 14 are presented i n  
the  usua l  convent ional  order .  
from l e f t  t o  r i g h t  i n  the  upper row and cont inues  from l e f t  t o  r i g h t  i n  the  
lower row. Consequently west is t o  the l e f t  and east is t o  the  r i g h t  as it 
is a l s o  on maps. 
these  p i c t u r e s  a r e  discussed i n  the  r eve r se  order .  This plan c l e a r l y  would 
be b e t t e r  f o r  eastward f l i g h t s ,  such as those t o  the  Cape Verde I s l ands  on 
21 Sept.  1962. 

Thus t h e  p i c t u r e s  form a series which runs  

However, a s  the f l i g h t s  on t h i s  day went from east to  west, 

The a i r c r a f t  p i c t u r e s  of s e c t i o n  4 may be r e l a t e d  t o  the  f l i g h t  t r acks  
and TIROS p i c t u r e  d e t a i l s  of f i g u r e  14 r e l a t i v e l y  e a s i l y  be  means of t a b l e s  If 
and 111, Table I11 presen t s  longi tudes and times i n  decimal form, and a l s o  
p'icture azimuths. I n t e r p o l a t i o n  along the f l i g h t  t r acks  by means of longi tudes 
e a s i l y  loca t e s  the  p lace  from which each p i c t u r e  was taken. The l i s t e d  azimuth 
provides  the  approximate d i r e c t i o n  toward which the  p i c t u r e  was taken. 
Al te rna te ly ,  and a t  times more quickly,  the  p i c t u r e  p o s i t i o n s  may be obtained 
by i n t e r p o l a t i o n  along the  t r acks  us ing  times. The t imes f o r  each f l i g h t  
t r a c k  d o t  a r e  l i s t e d  i n  Table 11. Thus t a b l e  I1 provides  the  time scale 
a s soc ia t ed  wi th  the  f l i g h t  t r ack  dots ,  and the  i n t e r p o l a t i o n  follows e a s i l y  
us ing  the  p i c t u r e  times i n  Table 111 e s p e c i a l l y  when many p i c t u r e s  a r e  be ing  
loca ted  during a s h o r t  per iod of t i m e .  It proved t o  b e  not  f e a s i b l e  t o  e n t e r  
the  p i c t u r e  pos i t ions ,  wi th  o r  without azimuth ind ica t ions ,  d i r e c t l y  on the  
TIROS p ic tu re s .  A s u i t a b l e  over lay  was a l s o  not  f e a s i b l e  i n  t h i s  case.  Thus 
the  r eade r  is asked t o  make these  i n t e r p o l a t i o n s  and loca te  the  p i c t u r e s  himself .  
We be l i eve  the  reader  w i l l  f i n d  the  e f f o r t  t o  be a r e l a t i v e l y  small  one and 
the  r e s u l t  t o  be  rewarding. 

The synopt ic  cond i t ions  a r e  discussed f i r s t  because much of what Eollows 
is dependent upon t h i s  information. 
TIROS p i c t u r e s  fol lows n a t u r a l l y ,  and ampl i f i e s  the more convent ional  ' d i scuss ion  
of synopt ic  condi t ions .  The information i n  the  a i r c r a f t  p i c tu re s ,  and the  
r e l a t e d  discussion,  then amplify f u r t h e r  the  earlier d iscuss ions .  

The d i scuss ion  of t he  mosaics and r e l a t e d  

A major problem a r i s e s  from the  numerous i n t e r r e l a t i o n s h i p s  t h a t  a r e  a 
p a r t  of t h i s  presenta t ion .  
and the  non-l inear  o r  r e t i c u l a r  d i sduss ion  t h a t  is developed is not  as eas i ly  
followed as might be  des i r ed .  
r e fe rences  t o  a p r a c t i c a l  mipimum, a good many are included. 
have been used t o  advantage. 

A s t r i c t l y  l i n e a r  d i scuss ion  is not f eas ib l e ,  

Although an e f f o r t  was made t o  l i m i t  c ross -  
More could e a s i l y  

V 



The information summarization was prepared i n  response t o  a s p e c i a l  
request ,  and was placed before  the  main body of the  r e p o r t  as requested.  It 
r ep laces  the  more convent ional  d i scuss ion  and summary section t h a t  according 
t o  the  o r i g i n a l  plan was t o  fo l low s e c t i o n  4. 

This  preface,  t he  information summarization, the  main body of the  t e x t ,  
t he  p re sen ta t ion  of the  information obtained on the  southern f l i g h t  t rack,  
t he  glossary,  and the  appendices r ep resen t  p r imar i ly  the  th inking  and concepts  
of the  s e n i o r  author,  who prepared these  sec t ions ,  who had a primary i n t e r e s t  
i n  ''the ITC", and who f lew on t h e  southern a i r c r a f t .  
i n  important a spec t s  of t he  prepara t ion  of t h i s  r e p o r t  by Captain Robert W. F e t t ,  
who prepared the  d i scuss ion  of t h e  cond i t ions  observed on the  nor thern  f l i g h t  
t rack ,  and who f lew on the  nor thern  aircraet. 

He was ab ly  a s s i s t e d  

H. M. Johnson 

S u i t  land, 1964 
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TROPOSPHERIC CONDITIONS OVER THE TROPICAL ATLANTIC 
AS OBSERVED BY TWO TIROS SATELLITES AND RESEARCH AIRCRAFT 

DURING 22 SEPTEMBER 1962 

INFORMATION SUMMARIZATION 

Th i s  summarization o u t l i n e s  b r i e f l y  some of t h e  more important  
o b s e r v a t i o n a l  and i n t e r p r e t i v e  informat ion  which is summarized i n  cons ide rab ly  
more d e t a i l  and somewhat d i f f e r e n t l y  i n  t h e  main body of t h i s  r e p o r t ,  

The r e p o r t  summarizes a major p a r t  o f  the informat ion  obta ined  by t h e  
meteoro logica l  s a t e l l i t e s  TIROS V and V I  and t h a t  ob ta ined  concur ren t ly  o r  
approximately concur ren t ly  from two Research F l i g h t  F a c i l i t y  wel l - instrumented 
r e s e a r c h  a i r c r a f t  du r ing  22 September 1962, 
Sa l ,  Cape Verde Is. t o  Barbados, B.W.I.  on approximately p a r a l l e l  t r a c k s  as 
shown i n  f i g u r e  1. Each a i r c r a f t  twice obta ined  photographs and measurements 
which were s imultaneous wi th  t h e  sa te l l i t e  observa t ions ,  and each obta ined  
many o t h e r  obse rva t ions  d i f f e r i n g  i n  time by small amounts from t h e  
cor responding  s a t e l l i t e  obse rva t ions .  The s a t e l l i t e  coverage, the  most 
complete obta ined  t o  t h i s  da t e ,  i s  shown i n  f i g u r e  1. 

The a i r c r a f t  f l ew  westward from 

A primary concern du r ing  these  f l i g h t s  was the de t ec t ion ,  from t h e  
a i r c r a f t  and from t h e  Sa te l l i t e s ,  of s i g n i f i c a n t  a tmospheric  systems and of 
d e t a i l s  of t h e i r  s t r u c t u r e ,  c louds,  and motions.  A c l o s e l y  r e l a t e d  primary 
concern was t h e  determinat i .on of t h e  r e l a t i o n s h i p s  of cond i t ions ,  phenomena, 
and c louds  as seen  from t h e  a i r c r a f t  (i.e., AOS [ a i r c r a f t  obse rva t ion  scale] 
c o n d i t i o n s )  t o  t h e  same cond i t ions ,  phenomena, and c louds  as observed by t h e  
sa te l l i t es  (i.e.,  t o  'COS [TIROS obse rva t ion  s c a l e ]  c o n d i t i o n s ) ,  

The importance of t h e  AOS-TOS re l a t i o n s h i p s  d e r i v e s  from, among o the r s ,  
t h e  f a c t s  t h a t :  1) An improved unders tanding  of t h e s e  r e l a t i o n s h i p s  makes 
p o s s i b l e  an  improved a b i l i t y  t o  d e t e c t  a tmospheric  systems, and d e t a i l s  of  
t h e i r  s t r u c t u r e ,  c louds,  and motions, i n  s a t e l l i t e  p i c t u r e s  taken a t  o t h e r  
times, both  a t  t h e  A t l a n t i c  r eg ion  and a t  comparable reg ions ,  and t o  do i t  
both wi th  and wi thout  t h e  a i d  of conven t iona l  synop t i c  in format ion;  
r e l a t i o n s h i p s  r e p r e s e n t  a body of in format ion  necessary  f o r  t h e  s u c c e s s f u l  
meteoro logica l  i n t e r p r e t a t i o n  of meteoro logica l  s a t e l l i t e  p i c t u r e s ;  
r e l a t i o n s h i p s  make it  p o s s i b l e  t o  re la te  the  new s a t e l l i t e  information more 
c e r t a i n l y  t o  t h e  o l d e r  concepts  and informat ion  of meteorology. 

2) These 

3)  These 

Primary o b j e c t i v e s  du r ing  t h e  f l i g h t s  were: 

1. To observe,  i f  poss ib l e ,  earl@ s t a g e s  of t r o p i c a l  cyc lones ;  
and t o  determine t h e  AOS-TOS r e l a t i o n s h i p s  of t h e s e  systems. 

* 
The f i r s t  two l e t t e r s  of such terms are  under l ined  where the  terms are f i r s t  
used i n  t h i s  summarization. 

See g l o s s a r y  f o r  the meaning in tended  f o r  terms used i n  a s p e c i a l i z e d  sense .  
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2. To observe, i f  possible ,  "the ITC" and a s soc ia t ed  phenomena; 
and t o  determine AOS-TOS r e l a t i o n s h i p s  o F t h e s e  phenomena. 
reason why the  southern a i r c r a f t  f lew as f a r  south as i ts  range would permit .  

This was the  

3. To observe, i f  poss ib le ,  o the r  synopt ic  s c a l e  atmospheric 
systems, component subsystems, and synopt ic  cond i t ions  general ly ,  inc luding  
both d is turbances  and undis turbed condi t ions ,  and inc luding  the  cond i t ions  
c h a r a c t e r i s t i c  of the  n o r t h e a s t e r l y  t r a d e  flow; and t o  determine the  AOS-TOS 
r e l a t i o n s h i p s  of these  systems and condi t ions .  

4 .  To observe cloud u n i t s ,  c loud groups, c loud  formations,  and - cloud systems; 
cond i t ions ;  and t o  determine so f a r  as poss ib l e  the  synopt ic  meteorological  
s i g n i f i c a n c e  of these  cloud condi t ions .  

t o  d e t e r m z e  the  AOS-TE r e l a t i o n s h i p s  of these  cloud 

5. To observe, i f  poss ib le ,  c h a r a c t e r i s t i c  s t a t e s  of the  atmosphere 
and t h e i r  a s soc ia t ed  c loud  p a t t e r n s ;  
s h i p s ;  and t o  o b t a i n  information on t h e i r  synopt ic  s ign i f i cance .  

t o  determine t h e i r  AOS-TOS r e l a t i o n -  

6 .  To observe small-scale  (AOS) cond i t ions  a t  a r e a s  wi th  t r ade  
cumulus l i n e s  and bands, t o  obtain,  i f  poss ib le ,  information on the  small- 
s c a l e  motions, ope ra t ive  mechanisms, and t ime-va r i ab i l i t y  ; and t o  relate 
these  phenomena t o  phenomena which a r e  resolved by the  TIROS sa te l l i t es  
(i.e., t o  the  a s soc ia t ed  TOS l ines ,  bands, and o t h e r  phenomena). 

The f l i g h t s  represented  an unusual oppor tuni ty  t o  advance the  s c i e n t i f i c  
process  of meteorological  s a t e l l i t e  information i n t e r p r e t a t i o n  i n  terms of 
atmospheric systems and t h e i r  s t r u c t u r e ,  clouds,  and motions by:  1)  providing 
d e t a i l e d  a i r c r a f t - o b t a i n e d  information on the  t r o p i c a l  atmospheric systems 
a l s o  observed by the  s a t e l l i t e s  dur ing  the  f l i g h t s ;  by 2) e s t a b l i s h i n g  
r e l a t i o n s h i p s  i n  d e t a i l  between the  AOS cond i t ions  and the TOS cond i t ions  
observed a t  t hese  systems; and by 3) providing needed information on t r o p i c a l  
clouds,  cloud formations,  and cloud d i s t r i b u t i o n s  and on t h e  AOS-TOS r e l a t i o n -  
shi.ps of these  cl.oud condi t ions .  
determinable  from t h e  a i r c r a f t  was developed during the  f l i g h t s  as an 
important a i d  in the  process  of i n t e r p r e t i v e  observat ion.  

An a n a l y s i s  of t he  synopt ic  Conditions 

Among the  more s i g n i f i c a n t  f i nd ings  made dur ing  these  f l i g h t s ,  inc luding  
f ind ings  based on r e l a t e d  s a t e l l i t e  and a i r c r a f t  observa t ions ,  a r e  the  
fol lowing:  

1. Early s t a g e s  of t r o p i c a l  cyclones:  

A dis turbance  was observed d i s t a n t l y  t o  the  south  from the  southern a i r c r a f t ,  
and was w e l l  observed from the  s a t e l l i t e  TIROS V, which appears t o  have been 
an e a r l y  s t age  of a system t h a t  l a t e r  developed i n t o  a t r o p i c a l  storm [23 
t h a t  caused damage i n  Guatemala. 
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2. ''The ITC" and a s soc ia t ed  phenomena: 

The a i r c r a f t  on the  southern t r ack  was almost cont inuously wi th in  s i g h t  of 
" the  ITC", and obtained a continuous photographic record of the sequence of 
as tems of " the ITC" which extended eastward and westward t o  the south.  
sequence of systems was we ' l l  observed by the  s a t e l l i t e s ,  a s  is shown wel l  in 
the  TIROS p i c t u r e s  of f i g u r e s  12 t o  14, and is a l s o  shown i n  tho inosaics of 
f i g u r e s  6-9, The main systems observed were systems (6), ( 9 ) ,  (20), (22), 
(32), (34), (40), and (39), shown i n  t h i s  order  westward i n  f i g u r e  12.** 

This 

A i r c r a f t  views of these systems, as revealed by t h e i r  a s soc ia t ed  cloud 
systems, are: f o r  system (6)-No. 7 ;  f o r  system (9)-Nos. 12, 16, 18, 21, and 
22; f o r  system (20)-Nos. 22, 31, 33, and 34; f o r  system (22)-Nos. 34, 36, 
39, 41, and 42. Systems (32) and (34) were not  observed from the  a i r c r a f t .  
The nor thern  p a r t  of system (40) was observed from the  southern a i r c r a f t .  
Associated d i s tu rbed  cond i t ions  t o  t h e  no r th  of the f l i g h t  t r a c k  a r e  shown 
in Nos. 56-60. System (39) was penet ra ted  by the  southern a i r c r a f t  and is  
shown i n  Nos, 61-64, and i n  p i c t u r e  U. 

A l l  of these  systems included ex tens ive  c i r r u s  formations.  Cirrus ,  a t  
l e a s t  i n  par t  of systems (6) and (9), extended f a r  t o  the  nor th  of the  
southern f l i g h t  t r ack  as i s  shown i n  Nos. 1, 4, 6, 8, 9, 11, 14, and i n  
p i c t u r e s  A and B. Active cumulonimbus clouds were wel l  seen from the  a i r c r a f t '  
i n  systems (20) ,  (22), (39) and (40), and presumably generated much i f  no t  a l l  
of t he  c i r r u s  of the  o the r  systems. 
cumulonimbus clouds i n  a l l  of t hese  systems. 

The TIROS p i c t u r e s  i n d i c a t e  a c t i v e  

A major gap t o  the  west te rmina tes  t h i s  sequence, as is well shown i n  
f i g u r e  14B, 

3.  Other atmospheric systems and aynopt ic  condi t ions :  

A,  The t r ade  flow cond i t ions  of t he  southern s i d e  of the  semipermanent 
s u b t r o p i c a l  an t icyc lone  of the  North A t l a n t i c  Ocean ( the Bermuda High) were 
observed almost cont inuously dur ing  the  f l i g h t s .  Along the  southern t r a c k  
the  low l e v e l  n o r t h e a s t e r l y  t r ade  flow was t raced  ac ross  almost a l l  of the  
A t l a n t i c  by means of c loud  l ines ,*  cloud lean,* sea  su r face  whitecap and 
"white horse" condi t ions,  foam and f i l m  s t r eaks ,  and cloud shadows. 
of  t r ade  flow cloud lean  a r e  shown i n  Nos. 3, 4, 12, 15, 24, 25, 26, 29, 35, 
37, 47, 49, 50, 51, 55, 57, 59, and 65, and i n  p i c t u r e s  J, L, M. and U. Cloud 
l i n e s  are 'shown i n  Nos. 24, 34, 35, 40, 41, 44, 47, 48, 50, and 65. 

Examples 

w 
See f i g u r e  12 f o r  des igna tor  numbers, and  f i g u r e  14 f o r  l a t i t u d e s  and 
longi tudes,  of cond i t ions  r e f e r r e d  t o  by number i n  t h i s  summarization. 

See g lossary .  

r_ 

* 
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TOS i n d i c a t i o n s  of the  t r a d e  flow were r e l a t i v e l y  few i n  the  TIROS 
p i c t u r e s  on t h i s  day, b u t  were present ,  as a t  bands (l), (2), and (3) i n  
f i g u r e s  12D and 1 4 H ;  a t  group (25) shown b e s t  i n  f i g u r e  14F and shown i n  
No. 35; presumably a l s o  a t  group (24); a t  the long bands shown"in f i g u r e s  9 
and 13B (near 9"N as shown by f i g u r e  14A); l e s s  c l e a r l y  a t  the  r e l a t i v e l y  
l a rge  bands near  16"N, 51"W i n  f i g u r e  14C; and a t  a downstream cumulus band 
west of Guadaloupe (G) i n  f i g u r e s  9 and 12A. 

B.  Two upper l e v e l  s u b t r o p i c a l  an t icyc lones ,  and the  c o l  between them, were 
f a i r l y  w e l l  defined, as shown i n  f i g u r e  3, by c i r r u s  plumes and bands. 
views of dense c i r r u s  formations wi th  axes approximately p a r a l l e l i n g  the  upper 
flow and with'asymmetry i n d i c a t i n g  flow d i r e c t i o n  a r e  shown a t  a number of  
areas i n  f i g u r e s  6-11 and 12-14. Condi t ions (7), (15), (19), (23), (41), 
t h e  plume i n  p i c t u r e  P, and t h e  f i n e  plume group near  15"N, 70"W. i n  f i g u r e  11, 
rep resen t  cirrus of t h i s  type. Condition (15) is  shown i n  No. 12, cirrus 
band (19) is  shown i n  No. 30, and plume (23) i s  shown i n  No. 39. The TIROS 
observat ions,  being more extensive,  were more h e l p f u l  i n  de f in ing  the  upper  
f low p a t t e r n  than were the  more l imi t ed  a i r c r a f t  observa t ions .  

TIROS 

C. A t  least one e a s t e r l y  wave w a s  observed by the  s a t e l l i t e s .  The cloud 
system of one i s  shown nea r  20-25"N. and 60"W. i n  f i g u r e s  8-10, and f i g u r e s  12A, 
14A and 14C. Associated c loudiness  was d i s t a n t l y  observed from the  a i r c r a f t .  
This  system was observed aga in  by sa te l l i t es  and was observed and penet ra ted  
by a i r c r a f t  on 23 September. 
f i g u r e  2, and i n  the  time s e c t i o n s  of appendix 6.  

It i s  a l s o  d e t e c t i b l e  i n  the  su r face  cha r t ,  

D. A smal l  d i s turbance ,  system (42), was crossed  by the  nor thern  a i r c r a f t ,  
as shown i n  f i g u r e  14B. T h i s  system had r ada r  r a i n  bands i n  the form of a 
numeral 6, curved major cloud bands a s  shown i n  f i g u r e  12B, Cb a c t i v i t y ,  
r e l a t i v e l y  high su r face  winds, and a sharp western edge as shown i n  p i c t u r e s  
S and T. 

E.  Extensive a r e a s  r e l a t i v e l y  f r e e  of low clouds,  o r  wi th  h igh ly  suppressed 
low clouds and cloud f i e l d s ,  and gene ra l ly  w i t h  marked haze layers ,  i nd ica t ed  
apprec iab le  low t ropospher ic  subsidence a t  a number of a r e a s  dur ing  these  
s a t e l l i t e  and a i r c r a f t  observa t ions .  
of formation (16) i n  f i g u r e  1 2 C  and i n  Nos. 18 and 22;  no r th  and northwest 
of system (22) i n  f i g u r e  12C and i n  Nos. 32, 34, 39, 44; and elsewhere i n  
f i g u r e s  1 2  t o  14. 

Examples of such a r e a s  a r e  shown south 

Smaller o r  local. a r e a s  with suppressed low clouds o r  no low clouds were 
Examples of such commonly observed a t  both d i s tu rbed  and undis turbed a reas .  

areas are shown: n o r t h  of condi t ion  (12) and west of the  Sc band i n  No. 5 ;  
e a s t  of (10) i n  f i g u r e  1 2 D  and i n  No. 9 ;  nor th  of band (11) i n  f i g u r e s  1 2 C ,  
12D,  13E, 14F, and 14G and i n  Nos. 15, 17, and 20; west of  the  band group (25) 
i n  f i g u r e s  1 2 C  and 14F and i n  Nos. 38 and 40; a t  the  westernmost corner  i n  
f i g u r e  14E and i n  No. 44; i n  No. 58, b u t  obscured by h igher  c loudiness  i n  
f i g u r e  1 4 D ;  i n  p i c t u r e s  B, C, and N and south of formation (28) i n  f i g u r e s  12A 
and 14D; i n  p i c t u r e  S and a t  the west edge of system (42) and no r th  of edge 
(43) i n  f i g u r e s  12A and 14B; and a t  numerous o t h e r  a r e a s  i n  f i g u r e s  1.2 t o  14. 
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4. AOS-TOS r e l a t i o n s h i p s  of cloud u n i t s ,  groups, formations and systems: 

One consequence of the  in t ens ive  cloud observa t ion  and cloud record ing  program 
c a r r i e d  out  dur ing  these  f l i g h t s  was t h a t  much d e t a i l e d  information on AOS-TOS 
r e l a t i o n s h i p s  was obtained.  Highl ights  and examples of these  f ind ings  f a l l  
i n t o  four  ca t egor i e s ,  those of :  11 phenomena which a r e  w e l l  observed from 
research  a i r c r a f t ,  bu t  which cannot b e  resolved or observed by the  s a t e l l i t e s ;  
21 cond i t ions  and d e t a i l s  which a r e  a t  t i m e s  observable both from a i r c r a f t  
and by s a t e l l i t e s ,  bu t  which a r e  f requent ly  missed by s a t e l l i t e  observa t ions ;  
31 condi t ions  which a r e  wel l  observed from a i r c r a f t ,  but  which  a r e  o f t e n  
ambiguously, marginally,  o r  otherwise poorly observed by s a t e l l i t e s ;  and 
41 condi t ions  which a r e  wel l  observed by s a t e l l i t e s ,  whether wel l  observed 
from a i r c r a f t  o r  no t .  

Category 1: 

A l l  
small-sca1.e s t r u c t u r e ,  evidence of motions, and cloud elements, u n i t s ,  and 
groups with dimensions of about 1 1 / 2  miles  o r  less (with the  except ion of 
c e r t a i n  cloud l i n e s )  cannot be reso lved  even with good l i g h t  and small  ob jec t  
n a d i r  angles .  Thus most d e t a i l s  i n  the  hand-held camera p i c t u r e  s e q u e n z s  
a r e  not  reso lved .  

A l a rge  number of condi t ions  and phenomena a r e  i n  t h i s  category.  

Examples of such d e t a i l s  a r e  : a )  The small  cumulus clouds i n  Nos, 4, 22 
and p ic tu re  G ;  b )  The small  cloud l i n e s  i n  Nos. 24 and 44; c )  the nearby 
cumulus clouds i n  Nos. 64 and 65; d )  The altocumulus d e t a i l s  i n  Nos. 23, 24, 
and 26;  d )  The altocumulus waves i n  No. 47; f )  The c i r r u s  d e t a i l s  i n  Nos. 
3, 17, and 43, and i n  p i c t u r e s  C and I; and g) the  c i r rus  shown in  Nos. 65 
and 66. 
presence of f i e l d s  of cumulus, such as those shown i n  Nos. 64-66, may be 
d e t e c t i b l e  a s  f a i n t  v a r i a t i o n s  i n  shades of gray, as along t h e  southern f l i g h t  
t r a c k  i n  f i g u r e  14B, when the  ind iv idua l  c louds a r e  too  small  t o  be resolved.  
Thin formations,  such a s  the altocumulus i n  Nos. 23, 24, and 27 and the c i r rus  
of Nos. 15, 17, 65 and p i c t u r e  I, may be d e t e c t i b l e  as f a i n t  o r  very f a i n t  
gray a reas ,  bu t  are ,  i n  general ,  v i r t u a l . 1 ~  unobservable.  

Many o t h e r  examples can be seen i n  the  a i r c r a f t  p i c t u r e s .  The 

Category 2: 

than what cannot be seen i n  s a t e l l i t e s  p i c t u r e s  is what can be seen and how 
we l l  such d e t a i l s  can be seen. 

More important, i n  the s a t e l l i t e  information i n t e r p r e t a t i o n  process,  

Many d e t a i l s  can be c l e a r l y  de tec ted ,  a t  times even we l l  observed, when 
the  l i g h t i n g  cond i t ions  and o b j e c t  nad i r  angles  a r e  most favorable ,  y e t  no t  
be c l e a r l y  de tec ted ,  o r  even de tec t ed  a t  a l l ,  when the  viewing cond i t ions  
become l e s s  favorable .  Such d e t a i l s  a r e  sometimes v i s i b l e  i n  a p a r t i c u l a r  
frame of a TIROS p i c t u r e  sequence but  no t  i n  any o the r  frame. Marginally 
observed condi t ions  of these  types a r e  those of ca tegory  2. 
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Examples of d e t a i l s  i n  t h i s  ca tegory  a re :  

a) The cumulus bands (25) i n  f i g u r e s  12C and 14F and i n  Nos, 35 and 37. 

b) The larger more d i s t a n t  cumulus groups shown i n  No. 64, bu t  not  shown 
w e s t  of edge (43) i n  f i g u r e  14B (very l i k e l y  because of the  4 hour time 
d i f f e rence ,  and growth leading t o  what is shown i n  No. 64). 

c )  The l a r g e r  d i s t a n t  cumulus bands shown i n  No. 65, and shown i n d i s t i n c t l y ,  
i f  a t  a l l ,  i n  f i g u r e s  12A and 14B. 
d) The l a r g e r  c i r r u s  la teral  f i l amen t s  or minor bands shown w e l l  i n  Nos. 16 
and 18 b u t  shown r e l a t i v e l y  i n d i s t i n c t l y  south of band (11) i n  f i g u r e s  12C, 
13E, 13F and 14F. The major c i r r u s  bands are d i s t i n c t l y  shown i n  f i g u r e  14F, 
and the  presence of  much c i r r u s  is  ind ica t ed  near  12'N and 28" t o  3 O O W .  

e )  Much of the  c i r r u s ,  p a r t i c u l a r l y  t h e  smaller scale, th inne r  d e t a i l s  shown 
i n  Nos. 1, 5, 6, 8, 9, 15, 21, 22, 43, 64, and p i c t u r e s  B and C.  The presence 
of c i r r u s  is shown i n  t h e  corresponding TZROS p i c t u r e s  bu t  the  s t r u c t u r a l  
d e t a i l  is mostly missing. 

f )  The long c i r r u s  bands shown b e s t  i n  f i g u r e  14G (frame #!I) near  18'N, 23OW, 
which a r e  no t  w e l l  shown i n  any o t h e r  frame. Some of these  bands can be seen 
d i s t i n c t l y  only i n  t h i s  frame. 

Many other examples can be found i n  the  a i r c r a f t  p i c t u r e s  by comparing 
Such r e l a t i v e l y  poorly them i n  d e t a i l  t o  the  corresponding 'I'IROS p i c t u r e s .  

observed d e t a i l s  can be important i n  the  i n t e r p r e t a t i v e  process, as i n  the  
cases  of the  smaller c i r r u s  plumes, c i r r u s  major bands, and low l e v e l  cumulus 
bands, which provide information on upper and lower t ropospher ic  flow. 

Category 3: 
Many cond i t ions  are i n  t h i s  category, f o r  many d e t a i l s  are not  w e l l  

observed by the  satel l i tes ,  and ambiguity remains a real problem. 
fo l lowing  examples, in t h i s  category,  r e v e a l  more concerning what is observed 
and what is missed i n  the  TIROS p i c t u r e s :  

The 

a )  The c i r r u s  of Nos. 4, 5,  and 6 r ep resen t s  an e s s e n t i a l l y  overcas t  condi t ion .  
The t h i n n e s t  c i r r u s  of t h i s  overcas t  is not  even c l e a r l y  ev ident  i n  the  
a i r c r a f t  p i c tu re s .  ?%e t h i c k e r  c i r r u s  is d i s t i n c t l y  i f  f a i n t l y  v i s i b l e  in 
f i g u r e  14H nea r  t h i s  pos i t i on .  C i r r u s  of the  type and amount shown i n  t h i s  
f i g u r e  when seen i n  o t h e r  TIROS p i c t u r e s  commonly implies  the  presence of 
c i r r u s  overcas t  condi t ions .  Thus, i n  t h e  t r o p i c s  a t  least, t h e  presence of a 
c i r r u s  ove rcas t  condi t ion  is commonly ind ica t ed  even though the  ove rcas t  can 
not be  c l e a r l y  de tec ted .  C i r r u s  which is even more dense, as a t  (7) i n  
f i g u r e  12D, is  e a s i l y  seen and c l e a r l y  i n d i c a t e s  a c i r r u s  overcas t  condi t ion .  

b) The major bands of t he  cirrus formations shown i n  Nos. 16, 18, 21, and 22 
are shown r e l a t i v e l y  d i s t i n c t l y  i n  f i g u r e s  12C, 14E, and 14F, b u t  only these  
larger, more dense d e t a i l s  are d i s t i n c t l y  shown. Much o t h e r  c i r r u s  is 
i nd ica t ed  a t  t h i s  area, b u t  t h e  d e t a i l s  are shown i n d i s t i n c t l y  or  not  a t  a l l .  
C i r r u s  formations f r equen t ly  have d e t a i l s ,  which, as is the  case here ,  range 
from ca tegory  4 t o  ca tegory  1 condi t ions .  
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c) The s t ra tocumulus formation (11) and (16) shown i n  Nos. 15, 17, 19 and 21 
is f a i r l y  w e l l  shown i n  f i g u r e s  12D, 13G, 14G, and 14H, b u t  is b e t t e r  shown 
about 1 hour l a t e r  i n  f i g u r e s  12C, 13E, 13F, 143 and 14F. The s t ra tocumulus 
band as seen i n  the  TIROS pictures is c l e a r l y  cumuliform, r e l a t i v e l y  sharp- 
edged, r e l a t i v e l y  wide, and q u i t e  gray, y e t  r e l a t i v e l y  r e f l e c t i v e .  These 
c r i t e r i a ,  among o thers ,  d i s t i n g u i s h  i t  from cirrus, towering cumulus bands, 
and most i f  no t  a l l  altocumulus of t h i s  reg ion  and season. 
d e t a i l s  of the  western end (16) of formation (11) as shown i n  f i g u r e  13E 
correspond w e l l  t o  those shown i n  No. 21, which a l s o  shows well what d e t a i l s  
are not  revea led  i n  the TIROS p i c t u r e s .  

d)  The row of cloud u n i t s  (TOS) a t  (21) i n  f i g u r e  12C, is what it appears t o  
be, namely, a row of h igher  build-ups,  as i s  shown i n  Nos. 31, 33, and 34. 
Although the  v e r t i c a l  ex ten t  of such clouds may not  be determinable wi th  
c e r t a i n t y  from TIROS p i c t u r e s  alone, t h e  grayness of t hese  u n i t s  suggests  
r e l a t i v e l y  low and spreading build-ups, which was t h e  type observed from tho 
a i r c r a f t .  
we l l  revealed i n  these  a i r c r a f t  p i c tu re s .  

e )  A t  cond i t ion  (14) shown i n  Nos. 9 t o  14 and i n  f i g u r e s  12C, 12D, 14G, and 
14F, so much c i r r u s  occurs  over s t ra tocumulus t h a t  i t  is  d i f f i c u l t  t o  s ee  
e i t h e r  the  c i r r u s  o r  t he  s t ra tocumulus w e l l  i n  t h e  TIROS p i c t u r e s .  
combination of c i r r u s  and s t ra tocumulus is revealed by the  many ind ica t ions  
of the presence of c i r r u s  shown a t  and near  the  area of (14) and by the_ more 
r e f l e c t i v e ,  cumuliform s t r u c t u r e  of the  stratocumulus.  The d i s t i n c t l y  grayer  
c i r r u s  appears  t o  be s i g n i f i c a n t l y  more ex tens ive  than the  underlying s t r a t o -  
cumulus , 

E )  A t  condi t ion  (18) shown i n  f i g u r e s  12C and 14F and i n  Nos. 28 t o  31, which 
r ep resen t s  another  a r e a  with c i r r u s  over cumulus, the cumulus groups a r e  
much more c l e a r l y  seen i n  the  TIROS p i c t u r e s  than is the  c i r r u s .  The cirrus 
band (19), shown i n  No, 30, which extends northward from the extens ive  c i r r u s  
of system (20), shown i n  No. 31, i s  d i f f i c u l t  t o  i d e n t i f y  as c i r r u s  without: 
t he  a i d  of t he  a i r c r a f t  p i c t u r e ,  

The smaller scale 

The types of d e t a i l s  no t  resolved i n  the TIROS p i c t u r e s  a r e  also 

The 

Many o the r  cond i t ions  i n  t h i s  ca tegory  can be found i n  the  a i r c r a f t  
p i c tu re s .  Although the  most informative are those which involve small  
obse rva t iona l  time d i f f e rences ,  such a s  those j u s t  l i s t e d ,  many of t he  o t h e r s  
a r e  a Is0  revea 1 ing and informative . 
Category 4: ’ 

Many cond i t ions  a r e  also i n  t h i s  important category, f o r  many d e t a i l s  
are we l l  observed by the  s a t e l l i t e s .  Some condi t ions  i n  t h i s  category are 
b e t t e r  revea led  by the  s a t e l l i t e s  than by any o the r  r o u t i n e l y  a v a i l a b l e  
observa t ton  procedure. The fol lowing examples present  d e t a i l s  and organiza t ion  
which a r e  unusual ly  we l l  revealed by t h e  s a t e l l i t c s .  

a )  Cloud d e t a i l s  (TOS) of the  c i r r u s  formations of system (6) which a r e  we l l  
shown i n  f i g u r e s  13H and 14H include:  t he  e x t e n t  of the r e l a t i v e l y  dense 
cirrus, the  p o s i t i o n s  of t he  major component formations and t h e i r  shapes and 
d e n s i t i e s ,  t h e  r e l a t i o n s  of the  component formations t o  each o the r  and t o  
the  c i r r u s  genera t ing  cumulonimbus clouds,  and i n d i c a t i o n s  of upper  t ropospher ic  
flow. The dense c i r r u s  major l a t e r a l  bands a r e  w e l l  shown. The ex tens ive  
very  open a r e a s  ad jacent  to, and r e l a t e d  to,  system (6) a r e  a l s o  wel l  shown. 

I 
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b )  Details of the  c i r r u s  of system (9) which are w e l l  shown i n  f i g u r e s  12C, 
12D, 13H, 14E, 14F, 14G, and 14H inc lude  many long bands ex tending  from the  
sou th  which have a d i a g n o s t i c  wispy, f i lamentous,  diffuse-edged,  almost 
opa le scen t  appearance.  The f i l a m e n t s  o f t e n  curve,  tend t o  fade ou t  a t  one 
end i n  a c h a r a c t e r i s t i c  way, and sometimes a p p e a r  branched. It i s  no tab le  
t h a t  on a l l  scales (GOS, AOS, TOS) c i r r u s  commonly appears  f i lamentous  o r  
f i b r o u s .  The c i r r u s  gene ra t ing  cumulus of t h i s  system is  w e l l  shown i n  
f i g u r e  13F, as are a s s o c i a t e d  banded cumulus format ions  t o  the  southwest .  
Stratocumulus under  system (9) c i r r u s  is r e l a t i v e l y  c l .ear ly  shown i n  f i g u r e s  
12C, 14F, and 14H nea r  13 'N  t o  16'N. The c o n t r a s t i n g  cumuliform appearance 
of t h e  under ly ing  strat 'ocumulus i s  w e l l  shown i n  f i g u r e  1 4 H  between 15'N and 
16'N. 

c )  A format ion  of s t ra tocumulus  groups under ex tens ive  c i r r u s  i s  wel-1 shown 
a t  and nea r  area (12) i n  f i g u r e s  12D and 14H. Some of t he  c i r r u s ,  e s p e c i a l l y  
the  nearer c i r r u s  and the  c i r r u s  major l a te ra l  band, i s  r e l a t i v e l y  w e l l  shown 
i n  No. 7. The s t ra tocumulus,  be ing  t o o  low and t o o  d i s t a n t ,  i s  very  poor ly  
shown i n  No. 7 .  The major c i r r u s  band shown i n  No. 7 is w e l l  shown i n  
f i g u r e s  12D and 14H, and the  l a t e r a l  band i s  margina l ly  shown i n  t h e s e  f i g u r e s .  
The r e l a t i o n s h i p  of t h i s  major band t o  the  rest of system (6) i s  very  wel l  
shown i n  f i g u r e  12D. This  n o t a b l e  TIROS p i c t u r e  shows w e l l :  1) t h e  south-  
e a s t e r n  p a r t  of t h e  low level s u b t r o p i c a l  an t i cyc lone  (Bermuda High) w i t h  i t s  
n o r t h k a s t e r l y  t r a d e  flow, inve r s ion  control . led cond i t ions ,  e f f e c t s  of l o c a l  
subsidence,  and o t h e r  cond i t ions ,  under 2) t he  wes tern  p a r t  of t he  upper 
t r o p o s p h e r i c  Af r i can  s u b t r o p i c a l  an t i cyc lone  wi th  i t s  s o u t h e r l y  f low i n d i c a t e d  
by t h e  e x t e n s i v e  c i r r u s  format ions .  

d )  I s l a n d  cumulus c loud  l i n e s  are w e l l  shown a t  (1) and (2) i n  f i g u r e s  120 
and 14H; and j u s t  w e s t  o f  D i n  f i g u r e  12A. Although i s l a n d  cloud l i n e s  a r e  
o f t e n  w e l l  observed from a i r c r a f t ,  t h e  l i n e s  (1) and (2) were no t  w e l l  seen  
from t h e  a i r c r a f t  on t h i s  day. 

e )  Details of t h e  a c t i v e  cumulonimbus group (22) which a r e  w e l l  shown i n  
f i g u r e s  12C and 13E inc lude :  a sha rp  nor thwes tern  edge, a northward ex tending  
a n v i l  (23) ;  t h e  very  l i m i t e d  sou the rn  and zonal  e x t e n t ,  a long curved band t o  
t h e  south,  t h e  r e l a t e d  ve ry  open areas t o  t h e  south,  and o t h e r  c o n d i t i o n s  n o t  
observable  from t h e  a i r c r a f t .  

f )  Many d e t a i l s  of t h e  l a r g e r  cumulonimbus system (20) a r e  w e l l  shown i n  
f i g u r e s  13E, 13F, and 14F, i nc lud ing  t h e  dense c j r r u s  formations,  much low 
cumulus, and the  r e l a t e d  ve ry  open c o n d i t i o n s .  The cumulus f i e l d  (18), w e l l  
shown i n  f i g u r e  13E, i s  a f i e l d  of t r a d e  cumulus bands which provides  good 
i n d i c a t i o n s  of t h e  low l e v e l  t r a d e  flow. It could  be  seen  from the  a i r c r a f t ,  
as shown i n  No. 29, b u t  w a s  r e l a t i v e l y  poor ly  seen  from t h e  a i r c r a f t .  

g) The group of l a r g e  cumulus bands shown nea r  16'N, 50" t o  52OW, a r e  w e l l  
shown i n  f i g u r e  14C. This  group, o r  a group of t h i s  type, i s  no t  c l e a r l y  
r evea led  i n  p i c t u r e  Q which shows c o n d i t i o n s  a t  t h e  e a s t e r n  p a r t  of t h i s  a r ea  
(and a t  a l a t e r  t ime) .  Extensive groups of l a r g e  bands of t h i s  type a r e  
g e n e r a l l y  n o t  ea sy  t o  see well from a i r c r a f t .  Thus the  o r g a n i z a t i o n  i n  such 
groups and o t h e r  d e t a i l s  (TOS) may be  b e t t e r  observed, i n  genera l ,  by t h e  
s i t e l l i t e s .  

h)  Many d e t a i l s  of the e a s t e r l y  wave d i scussed  above are i n  t h i s  ca tegory .  
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The condi t ions  l i s t e d  here  represent  condi t ions  which are ,  i n  general ,  
b e t t e r  revealed by the TIROS p i c t u r e s  than by the a i r c r a f t  p i c t u r e s .  This  
is so  d e s p i t e  the f a c t  t h a t  much important d e t a i l  i s  missing i n  the  TIROS 
p i c t u r e s .  Numerous o the r  condi t ions  i n  t h i s  category can be found i n  the  
TIROS p i c t u r e s .  

5 .  C h a r a c t e r i s t i c  s t a t e s :  

The primary condi t ion  which can be considered t o  be a s t a t e  o f  t h i s  type 
was the invers ion  dominated convective condi t ion  observed a t  the  e a s t e r n  
A t l a n t i c  and near  the  Cape Verde I s l ands .  This condi t ion  included ex tens ive  
areas of stratocumulus groups of a c h a r a c t e r i s t i c  appearance (AOS, TOS). 
The groups form a t  a s t rong  low invers ion  by the  lateral spreading of  a t h i n  
l aye r  of der ived stratocumulus (or altocumulus, i f  s u f f i c i e n t l y  high)  which 
forms a grayish  f r i n g e  o r  layer  (a "water anv i l "  181) a t  o r  over generat ing,  
smaller, more r e f l e c t i v e ,  more or l e s s  c e n t r a l ,  swel l ing  cumulus or s t r a t o -  
cumulus clouds o r  groups. This condi t ion  was b e t t e r  developed l a t e  i n  the  
day dur ing  21 Sept .  1962, than i t  was dur ing  the  morning of 22 Sept.  1962, 
bu t  is shown i n  f igu re  14H near  16"N, 24"W and in No. 2 ( a l so  less we11 i n  
No. 1). 

Another condi t ion  which may be considered t o  be a s t a t e  of t h i s  type, 
a l though not  a very good example of a c h a r a c t e r i s t i c  state, is t h a t  shown i n  
Nos. 64 and 66. This r ep resen t s  a type of ex tens ive  f i e l d  of towering cumulus 
which is very f requent ly  observed a t  western t r o p i c a l  A t l a n t i c  a reas .  It is 
not  shown i n  t h e  TIROS p i c t u r e s  on t h i s  day. 
u n i t s  and groups shown a t  and south of cond i t ion  (46) i n  f i g u r e  12A rep resen t s  
a r e l a t e d  but: d i s t i n c t l y  d i f f e r e n t  condi t ion .  

The a rea  of l a r g e r  convective 

6. Small-scale cond i t ions  a t  a r e a s  with t r ade  cumulus l i n e s  and bands: 

Many observa t ions  were obtained a t  such a reas .  This information revealed, 
among o the r  things,  t h a t :  

1) Condit ions favorable  for the  development of one l i n e  u s u a l l y  lead t o  the  
development of a group of l i n e s  of l imi ted  areal extent. 
2) Changes i n  the  cloud components of such l i n e s  are usua l ly  q u i t e  rapid,  and 
s p e c i f i c  d e t a i l s  i n  such l i n e s  a r e  o f t e n  h ighly  t r a n s i e n t .  

3)  The smaller l i n e s  have a r e l a t i v e l y  complex organized i n t e r n a l  s t r u c t u r e ,  
and include both a scen t  and descent  wi th in  the  l i n e s .  

4) Most such l i n e s  are p a r a l l e l  or very nea r ly  p a r a l l e l  t o  the  low l e v e l  t r ade  
flow. 
he igh t  through the  cloud l aye r ,  

5 )  The cloud lean of t h e  towers of the  smaller l i n e s  can be r e l i e d  upon t o  
provide u s e f u l  information on the d i r e c t i o n  of t he  low level  flow, and on the  
vertical g rad ien t s  of the  h o r i z o n t a l  component of ve loc i ty .  

The t r ade  flow c h a r a c t e r i s t i c a l l y  had l i t t l e  change of d i r e c t i o n  with 
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6)  The l a r g e r  l i n e s  o r  bands may be approximately p a r a l l e l  t o  the smaller l i nes ,  
and thus  may a l s o  i n d i c a t e  the  d i r e c t i o n  of the  low l e v e l  flow i n  TIROS p i c tu re s .  
However, they may a l s o  have o t h e r  a x i s  d i r e c t i o n s  r e l a t i v e  t o  the  smal le r  l i n e s .  
They commonly show a major tendency t o  be approximately p a r a l l e l  t o  the  smal le r  
l i n e s ;  bu t  commonly have a t  t he  same time o t h e r  axis  d i r e c t i o n  tendencies,  and 
branch where d i f f e r i n g  axes meet. 

7) Much of t he  information on low l e v e l  flow condi t ions  prov€ded by small cloud 
lines is a l s o  provided by a r r a y s  of small cloud u n i t s  whether i n  lines, o r  
rows, o r  i n  i n d i s t i n c t  l i nes ,  o r  no t .  

8 )  I f  any smal l  cumulus clouds are present  i n  t h e  t r a d e  flow, almost i nva r i ab ly  
some w i l l  i nd ica t e ,  by t h e i r  asymmetry, t he  d i r e c t i o n  of t he  low l e v e l  flow. 

This b r i e f  summarization p resen t s  on ly  a few examples t o  i n d i c a t e  what 
can be seen i n  t h e  TIROS p ic tu res ,  what is missing i n  these  p i c tu re s ,  and 
what sense and what use  can be made of what is seen. Other s i g n i f i c a n t  and 
r evea l ing  examples can be found i n  the  photographs. Other examples are a l s o  
d iscussed  i n  the  r e p o r t .  Among the  most important examples a r e  those which 
i l l u s t r a t e  information on atmospheric systems, and on synopt ic  condi t ions ,  
which i s  contained in the  TIROS p i c t u r e s .  

Only sys temat ic  comparative s tudy  of the  a i r c r a f t  and s a t e l l i t e s  p i c t u r e s  
can provide a c l e a r  and d e t a i l e d  understanding of t he  mat te rs  i l l u s t r a t e d  by 
the  examples presented i n  t h i s  summarization. This i s  notab ly  so i n  the  cases  
of the  AOS-TOS r e l a t i o n s h i p s .  

The r e p o r t  t h a t  fol lows provides  an oppor tuni ty  f o r  t he  i n t e r e s t e d  reader  
t o  develop such an  understanding by means of c a r e f u l  comparative s tudy of t he  
information presented.  
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1. INTRODUCTION 

During the  autumn of 1962 two sets of f l i g h t s  t o  t h e  Cape Verde I s l a n d s  
o f f  t he  wes tern  t i p  o f  A f r i c a  were c a r r i e d  o u t  under the  sponsorsh ip  o f  t h e  
Meteo ro log ica l  S a t e l l i t e  Laboratory (MSL) and t h e  Research F l i g h t  F a c i l i t y  
(RFF) of t he  United S t a t e s  Weather Bureau. 
has  been des igna ted  the  MSL-RFF Cape Verde Operat ion.  
summary of some of t h e  r e s u l t s  ob ta ined  d u r i n g  one day, 22 September, of t h e  
second set  of f l i g h t s .  The f o u r  f l i g h t s  of t h i s  set were: (1) M i a m i ,  F l o r i d a ,  
t o  Antigua, B . W . I . ,  on 20 Sept . ,  (2) Antigua t o  Sa l ,  Cape Verde I s l a n d s ,  on 
21 Sep t .  ; ' (3) S a l  t o  Barbados, B.W.I., on 22 Sept  ., and ( 4 )  Barbados t o  
Miami on 23 Sep t .  Th i s  se t  of  f l i g h t s  was similar t o  t h e  f i r s t  set, made 
du r ing  t h e  per iod  17 t o  22 August, except  t h a t  t h e  e a r l i e r  set  of f l i g h t s  
inc luded  an  e x p l o r a t o r y  l e g  t o  t h e  south  of  Antigua and a r e t u r n  from t h e  
Cape Verde I s l a n d s  t o  Miami v i a  Antigua. 

For  convenience t h i s  p r o j e c t  
Th i s  r e p o r t  i s  a 

The second set  of  f l i g h t s  was made s h o r t l y  a f t e r  t h e  s u c c e s s f u l  launching 
During t h i s  per iod  t h e  s a t e l l i t e  

Both TIROS V and TIROS V I  were o b t a i n i n g  obse rva t ions  
o f  t h e  me teo ro log ica l  s a t e l l i t e  TIROS V I .  
coverage was excellent.  
over  t h e  t r o p i c a l  A t l a n t i c  i n  good l i g h t  and a t  good v iewing  ang le s .  The 
t o t a l  coverage of t h i s  a r e a  du r ing  t h i s  pe r iod  was much b e t t e r  t han  t h a t  
ob ta ined  du r ing  any previous  per iod ,  and was ve ry  n e a r l y  complete (see f i g u r e  1). 
To t ake  advantage of t h e  unusual  oppor tun i ty  r ep resen ted  by such good coverage, 
a n d ' t o  maximize r e l a t e d  a i r c r a f t  coverage, two wel l - ins t rumented  RFF DC-6 
a i r c r a f t  were u t i l i z e d  and flown on approximately p a r a l l e l  cou r ses  sepa ra t ed  
by about  2' t o  3' of l a t i t u d e .  The A t l a n t i c  c r o s s i n g s  were made a t  a n  a l t i t u d e  
of  roughly  12,000 f e e t  n o t  f a r  from l a t i t u d e  15'N (as i n d i c a t e d  by the  broken 
l i n e s  i n  f i g u r e  1). The au tho r s ,  one on each a i r c r a f t ,  occupied t h e  v i s i t i n g  
s c i e n t i s t  p o s i t i o n s  and c o l l e c t e d  important  supplementary informat ion  i n  t h e  
form of interpretive notes and hand-held camera pictures. 

Primary o b j e c t i v e s  d u r i n g  the second s e t  of f l i g h t s  were: 

1. 
p a r t i c u l a r l y  those  t h a t  might l a t e r  d e v e l o p 7 n t o  t r o p i c a l  s torms o r  h u r r i c a n e s .  

2. To observe phenomena a s s o c i a t e d  w i t h  " the  ITC", and, i f  poss ib l e ,  
" the  ITC" i t s e l f  (i.e., systems of t h e  zone of " the  ITC"), w i t h i n  t h e  l i m i t s  
imposed by t h e  range of t h e  a i r c r a f t .  

e x t e n s i v e  areas of &tense  convec t ive  a c t i v i t y  t h a t  might be well observed 
from t h e  a i r c r a f t  and by t h e  s a t e l l i t e s .  

To observe and determine t h e  common clouds,  c loud  formations,  and - c loud  systems a t  c loudy a r e a s  and at  t he  r e l a t i v e l y  i n a c t i v e  and r e l a t i v e l y  
open (TOS-TIROS obse rva t ion  s c a l e )  areas observed. 

To f l y  i n t o  and observe  i n  d e t a i l  ea r ly*  s t a g e s  of t r o p i c a l  cyclones,  

- 
. -  

3.  To observe o t h e r  t r o p i c a l  a tmospher ic  systems, d i s t u r b a n c e s ,  and 

4 .  

* 
See g l o s s a r y  f o r  t h e  meaning in tended  f o r  terms used i n  a s p e c i a l i z e d  way. 

The more impor tan t  terms of t h i s  type are ind ica t ed ,  where f i r s t  used i n  
t h i s  r e p o r t ,  by l i n e s  under t h e i r  f i r s t  two l e t t e r s .  
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5. To observe i n  d e t a i l  l a rge-sca le  (TOS) c h a r a c t e r i s t i c  s t a t e s  of the  

lower atmosphere a t  the  reg ions  t r ave r sed  by the  a i r c r a f t .  Of p a r t i c u l a r  
i n t e r e s t  were states r ep resen t ing  r e l a t i v e l y  undis turbed bu t  gene ra l ly  
convective condi t ions  which had been observed previous ly  by the  TIROS s a t e l l i t e s  
and were revealed as r e c u r r i n g  d i s t i n c t i v e l y  organized c loud  pa t t e rns .  

t o  the  cloud and system d e t a i l s  observed by the  s a t e l l i t e s ,  inc luding  not  
only cloud condi t ions  bu t  a l s o  very open and apparent ly  c loud-free (or 'Inon- 
cloud") condi t ions .  

a t  a r e a s  having t r a d e  wind cumulus - cloud l ines ,  - cloud bands, o r  approximately 
l i n e a r  cloud formations.  

6. To r e l a t e  i n  d e t a i l  the  clouds and systems observed from the  a i r c r a f t  

- - 
7 .  To observe i n  d e t a i l  from the  a i r c r a f t  the  small-scale  condi t ions  

An at tempt  was made cont inuously t o  determine a t  l e a s t  approximately the  
na tu re  of the  major synopt ic  systems a t  bo th  low and high t ropospher ic  l e v e l s  
a t  the data-gap a r e a s  of the  reg ions  observed from the  a i r  and by the s a t e l l i t e s ,  
and the  synopt ic  condi t ions  gene ra l ly .  

The s e c t i o n s  of t h i s  r e p o r t  which fol low present :  1)  the s a t e l l i t e  
observa t ion  coverage dur ing  22 September, and the  f l i g h t  t r a c k s ;  2) the  
synopt ic  cond i t ions  of t h e  t r o p i c a l  North A t l a n t i c  a rea  on the  b a s i s  of the  
information provided by the  Miami District Meteorological  Off ice  ope ra t iona l  
c h a r t s ,  the  TIROS observat ions,  and the  a i r c r a f t  and supplementary observa t ions ;  
3) a s e l e c t i o n  of hand-held camera photographs with r e l a t e d  observat ions,  
comments, and conclusions;  4) a s h o r t  b ib l iography;  5) a g los sa ry ;  and 
6 )  s e v e r a l  appendices. 

2. SATELLITE OBSERVATION COVERAGE DURING THE 22 SEPTEMBER FLIGHTS 

The TIROS s a t e l l i t e  coverage dur ing  22 September i s  shown i n  f i g u r e  1 
(see a l s o  f i g u r e  11 f o r  pass T5 P64(63), which i s  no t  included i n  f i g u r e  1 ) . l  
Four TIROS observa t ion  passes occurred over the  f l i g h t  a r e a  and a t  times c l o s e  
t o  the  t imes of the  f l i g h t s ,  These primary pass= (each l i s t e d  with the  t i m e  
of the  c e n t r a l  p a r t  of the  pass) were: (a)  T6 W62(61) 1350GNT (b) T5 W1364 
(1363) 1458GMT; (c) T6 W63 (62) 1535GMT; (d) T5 P1365 (1364) 1644GMT;The a i r c r a f t  
f l i g h t  t r acks  c rossed  the  primary pass a r e a s  as shown i n  f i g u r e  1. An ad jo in ing  
pass:  T5 W1363(1362) is  shown t o  the  e a s t ;  a cont inua t ion:  T5 W1364D is shown 
t o  the no r th ;  and a pass over t he  Gulf of Mexico: T5 P1366(1365) i s  shown t o  
the  w e s t .  

'The des igna t ion  T5 P64(63) means: TIROS V, Point  Mugu readout s t a t i o n ,  
p i c t u r e - t a k i n g  pass (63) read out  on pass 64. 
number s i g n i f i e s  t h a t  t h a t  pass was read out  a t  the Wallops Is land,  Va., 
readout  s t a t i o n .  According t o  t h i s  convention a p l a i n  number, such a s  64, 
always r e f e r s  t o  a readout  pass. A p i c tu re - t ak ing  pass is  always r e f e r r e d  t o  
with parentheses,  and a l l  ambiguity i s  thus  e l imina ted .  F igures  1. and 6 t o  11, 
showing s tandard TIROS nephanalyses, show a l s o  the  s tandard ope ra t iona l  
convention. F igures  1 2  t o  14 u t i l i z e  an abbreviated form of the  ope ra t iona l  
convention. 
p i c tu re - t ak ing  pass numbers t o  avoid ambiguity. 

A "W" preceding a readout  pass 

These l a t t e r  conventions r e q u i r e  the  use of - both readout  and 
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The a i r c r a f t  f l igl- . ts  commenced a t  about 120OGMT and terminated a t  about 

2100GMT. 
thus  providing fou r  p o i n t s  wi th  time d i f f e rences  of  zero. 
and (d) above occurred before  the  f l i g h t s  reached these  areas. 
areas the  time d i f f e r e n c e s  were gene ra l ly  1 t o  3 hours, b u t  a t  the  west ends 
of the  t r acks  they were as g r e a t  as 5 hours. 
TIROS coverage between passes  (b) and (c) with a width gene ra l ly  of 2' t o  3' 
of longitude. 2 

The passes  designated (a) and (b) above crossed over the  f l i g h t s ,  
Passes designated (c) 

For these  

Figure 1 reveals a gap i n  the  

3. THE SYNOPTIC SITUATION DURING THE 22 SEPTEMBER FLIGHTS 

The a i r c r a f t  f lew westward along the  southern s i d e  of the la rge  semi- 
permanent North A t l a n t i c  sub t rop ica l  an t icyc lone  (Bermuda High), wel l  south 
of the  low l e v e l  an t icyc lone  center ,  and j u s t  nor th  of t he  gene ra l ly  e a s t -  
west zone of enhanced convect ive a c t i v i t y  here  termed the  zone of " the ITC". 

Most of the  a reas  observed from the  research  a i r c r a f t  were a r e a s  which 
have been poorly o r  i n f r equen t ly  observed i n  the  pas t .  Thus, i n  general ,  
they r ep resen t  t r u l y  x a r s e - d a t a  a reas  and data gap a r e a s ,  The main except ion 
i s  the western a r e a  near the  Lesser A n t i l l e s .  Much of t h i s  t o t a l  a rea ,  though 
s t i l l  sparse-data  a r e a  i n  the  convent ional  sense, has  been f r equen t ly  and wel l  
observed by the meteorological  s a t e l l i t e s .  
very we l l  observed by s a t e l l i t e s  on 22 September 1962. 

As was pointed out  above, i t  was 

The Surface Chart:  

The convent ional  da t a  coverage shown i n  the  sur face  
( f igu re  2)  is  r ep resen ta t ive ,  o r  perhaps somewhat b e t t e r  
c h a r t  shows : 

t he  southern and southeas te rn  po r t ion  of t he  Bermuda 

c h a r t  f o r  180- 
than average. This 

High with cha rac t e r -  
i s t i c  low l e v e l  n o r t h e a s t e r l y  winds, revea led  by da ta  o r  implied by the  
a n a l y s i s  (and confirmed near  the  f l i g h t  pa ths  by information obtained 
dur ing  the f l i g h t s ) ,  from the  Cape Verde I s l ands  t o  the  c e n t r a l  p a r t  of 
the  A t l a n t i c ;  

gene ra l ly  e a s t  winds west of  the  c e n t r a l  p a r t  of the  t r o p i c a l  A t l a n t i c  and 
northwest of the  A n t i l l e s ,  becoming gene ra l ly  southeas t  winds toward 
F lo r ida  and nor th  of  Cuba; 

a weak trough and wind s h i f t  no r th  of the  Lesser An t i l l e s ,  with a trough 
l i n e  near  longi tude 62'14 and cumulonimbus a c t i v i t y  east of the trough l ine ,  
a s soc ia t ed  with the  e a s t e r l y  wave shown near  20"N and 60"W i n  f i g u r e s  8 ,  
9, and 10;  

3 
L The t r u e  s i z e  of  the  gap is  somewhat l e s s  than t h a t  shown, bu t  because the  
viewing angles  were not  favorable  near  the  gap on both s i d e s  and t h e  coverage 
was of poor q u a l i t y  i n  the' few p i c t u r e s  t h a t  provided i t ,  the e f f e c t i v e  width 
of t he  gap is approximately as shown. 
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( 4 )  a n  e x t e n s i v e  t rough eas t  of the  Lesse r  A n t i l l e s ,  a s s o c i a t e d  wi th  the 

e x t e n s i v e  d i s tu rbance  shown nea r  1 O " N  and 50"W i n  f i g u r e s  8 and 9 ;  

(5) a small c i r c u l a t i o n  wi th  a s u r f a c e  low pressure c e n t e r  near  14"N and 56"W; 

(6) l i t t l e  evidence of " the  ITC" (note the  two r e p o r t s  n e a r  42"W). 

The l a rge  low south  and west of Spain i s  the  near  surEace ex tens ion  of a 
p e r s i s t e n t  deep co ld  low which i.s w e l l  developed a t  t h e  200 mb. l e v e l  (see 
a l s o  f i g u r e  3, and t h e  nephanalys is  T5 W1363 of f i g u r e  1). The presence of 
t h i s  low r e p r e s e n t s  a depa r tu re  from the c o n d i t i o n s  of fl.ow more f r e q u e n t l y  
observed a t  t h e  sou theas t e rn  p o r t i o n  of t he  Bermuda High b u t  appears  no t  t o  
have a f f e c t e d  t h e  low l e v e l  f low much, i f  a t  a l l ,  as f a r  south as 1S"N. 

The informat ion  and c o n t i n u i t y  of t h e  preceding and subsequent  c h a r t s  
conf i rm most of t h e s e  cond i t ions .  

The TIROS and a i r c r a f t  obse rva t ions ,  d i scussed  below, a l s o  confirm most 
of  t hese  cond i t ions ,  bu t  reveal much a d d i t i o n a l  complexity,  and show much 
i n t e n s e  convec t ive  a c t i . v i t y  i n  t h e  zone of " the  STC". 

The 200 mb l e v e l :  

The conven t iona l  d a t a  coverage a t  t he  200 mb level is  j u s t  good enough 
t o  permi t  a n  a n a l y s i s  ( f i g u r e  3) which i s  a reasonable  f i r s t  approximation.  
The c o n d i t i o n s  t o  t h e  w e s t  a re  r e l a t i v e l y  w e l l  de f ined  on t h i s  c h a r t ,  which 
shows t h e r e :  (1) an  a n t i c y c l o n e  east  of t h e  Lesser A n t i l l e s  wi th  a r idgeml ine  
a t  about  1O"N; (2) g e n e r a l l y  southwest winds a long  the  northwest  s i d e  of t h e  
a n t i c y c l o n e ;  (3) two small low c e n t e r s ,  one no r th  of Pue r to  Rico and one 
west of the  Lesse r  A n t i l l e s ;  ( 4 )  a c y c l o n i c  shea r  1i.ne o r  zone between 20"N 
and 25"N which ex tends  from about  45"W t o  about  60"W. The s e v e r a l  e a r l i e r  and 
later O O O O W  and 120OGMT c h a r t 8  for t h i 8  level, p a r t i c u l a r l y  t h e  21  September 
120Oc;MT c h a r t  (not shown), p rovide  d a t a  and c o n t i n u i t y  which conf i rm t h e  main 
f e a t u r e s  of t h i s  analys ' is .  
Puer to  Rico p e r s i s t e d  and moved s lowly  westward nea r  l a t i t u d e  20"N. The 
t ime-sec t ion  ana lyses  f o r  San Juan, Puerto Rico and Antigua, B . W . I .  (see 
Appendix 6)  confirm t h i s  and r e v e a l  t h a t  t h i s  low was n o t  d i r e c t l y  a s s o c i a t e d  
wi th  the  major c loud system shown t o  the  sou th  i n  f i g u r e  10. These t i m e -  
s e c t i o n s  show t h a t  t h i s  c loud  system was a s s o c i a t e d  wi th  an e a s t e r l y  wave. 

They a l s o  show t h a t  t h e  smal.1 low n o r t h  of 

The o r i g i n a l  o p e r a t i o n a l  a n a l y s i s  shown n e a r  t h e  e a s t e r n  p a r t  of t h e  
f l i g h t  area is less r ea l i s t i c ,  The c e n t e r  of t he  major low is  p laced  t o o  f a r  
south,  and t h e  area of s t r o n g  g r a d i e n t s  i s  too  e x t e n s i v e  and too  f a r  south .  
Th i s  comment is based on c o n t i n u i t y ,  t he  d a t a  of t h i s  c h a r t ,  and the  TIROS 
and a i r c r a f t  obse rva t ions .  
ear l ier  200 mb analyses ,  and which ag rees  wi th  t h e  upper f low i n d i c a t e d  by 
many c i r r u s  plumes, would p l ace  a second a n t i c y c l o n e  t o  the  east, w i t h  a 
r i d g e - l i n e  near 15'N a t  20"W and ex tending  west-southwestward from the  Afr ican  
Coas t  t o  beyond 30°W, and would p l ace  a c o l  a t  about  35 t o  40"W. This  a n t i -  
cyc lone  may be  cons idered  t o  be a westward e x t e n s i o n  of t he  p e r s i s t e n t  upper 
level Af r i can  S u b t r o p i c a l  Anticyclone [31. The r e a l i t y  of t h i s  westward 
e x t e n s i o n  is n i c e l y  r evea led  i n  t h e  TIROS p i c t u r e s  of f i g u r e s  6, 13H, and 14H 
by t h e  cirrus l i n e s ,  plumes, and bands which stream northward i n  t h e  upper  

An improved a n a l y s i s  which i s  c o n s i s t e n t  wi th  
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level  flow. 
(See the schematic a n a l y s i s  ind ica ted  by the  dashed l ines  i n  f i g u r e  3). 
schematic a n a l y s i s  shows two long-dashed 070 l ines ,  and four short-dashed l i n e s  
which i n d i c a t e  the  trough, t he  ridge,  and the c o l .  Nine c i r r u s  plume d i r e c t i o n s  
are a l s o  ind ica ted .  

From the  c o l  a trough would extend northeastward t o  t h e  deep low. 
The 

The g r e a t e r  complexity of the  ope ra t iona l  a n a l y s i s  i n  the  region with the 
l a r g e r  amount of d a t a  is noteworthy. 

The 700 mb level: 

a t  t h e  200 mb level, l a rge ly  because of t h e  wind d a t a  provided by t h e  a i r c r a f t ,  
t he  p a t t e r n  of flow a t  t h i s  level is not e n t i r e l y  clear. 
condi t ions  a t  o r  near 1200GMT on 22 September, and f i g u r e  5 shows the  condi t ions  
a t  o r  near OOOOGMT on 23 September. 
r ada r  instrumentation are included i n  these f i g u r e s  (see Appendix 1). 

Although the  d a t a  coverage a t  t h e  700 mb level is much b e t t e r  than t h a t  

Figure 4 shows the  

Winds determined by the a i r c r a f t  doppler 

The winds a t  s p e c i f i c  longitudes along t h e  two t rack8  gener l l y  d i f f e r ,  
b u t  are similar i n  a few areas (as a t  E1N and E2S; G3N and G3S).' 
can be analyzed, however, i n  a manner c o n s i s t e n t  with a concept of an east- 
west series of weak atmospheric sys t aas .  The veer ing  of t he  winds westward 
a t  I) on the southern t r a c k  is a real e f f e c t ,  and cons ider ing  a l s o  the  winds 
on the nor thern  t r ack  sugges ts  the  presence of a weak convergent zone o r  
poss ib ly  an eddy near 25'W. 
of a t  leaat 2' of longitude a t  the  western p a r t  of B on the  nor thern  track, 
and f o r  about 7'  i n  C and D on the  southern track, and appear t o  represent  
a real zone of sou the r ly  flow. 
winds a t  D and E on t h e  nor thern  t rack ,  and about 5' of n o r t h e r l i e s  8t D and 
E on t h e  southern t rack ,  i n d i c a t e s  a shear l i n e  and weak trough near 3 5 O W ,  
which is near and northwe t of the  area of i n t ense  convective a c t i v i t y  

winds which s h i f t e d  t o  l i g h t  e a s t e r l y  winds near 49OW on the  southern track, 
and the s t ronge r  winds on the  nor thern  t r ack  which backed s l i g h t l y  westward, 
were a s soc ia t ed  w i t h  the d is turbances  designated as systems (39-40) i n  
f i g u r e s  1 2 A  and 12B. 
observed a long  the  southern t r a c k  a t  G and H, and s t ronge r  e a s t e r l i e s  Were 
observed along the  nor thern  t r a c k  a t  G and H. 

I n  f i g u r e s  4 and 5 intervals  of 5' of longitude westward from 20'W have been 3 

labeled by means of t h e  letters A t o  E (figure 4) and E t o  W ( f igure  5 ) .  The 
smoothed wind va lues  have been designated by t r ack  (N f o r  nor thern  t r a c k  and 
S f o r  southern t rack) ,  by l e t t e r e d  in te rva l  (A t o  H), and by p o s i t i o n  w i t h i n  
t h e  i n t e r v a l  (numbered from r i g h t  t o  l e f t ) .  For example, D1S r e f e r s  t o  the  
south  wind p l o t t e d  near 14ON, 36OW on the southern track. 
easy  re ference  t o  t h e  p o s i t i o n  of each p lo t t ed  poin t  and i ts  immediate v i c i n i t y .  

The i d e n t i f i e r  numbers and le t ters  used i n  t h i s  s e c t i o n  and i n  s e c t i o n  4 refer 4 
t o  t he  d e t a i l s  l abe led  i n  f i g u r e  12. The i d e n t i f i e r  numbers are indica ted  by 
parentheses i n  t h e  t e x t ,  as i n  the  des igna t ions :  l ine  (3),  and system (20). 
Cer ta in  d e t a i l s ,  mainly the  smaller ones, are located by means of a s t e r i s k s  
i n  f i g u r e  12, Others are located d i r e c t l y  by i d e n t i f i e r  numbers. 
loca ted  by d o t s  and a s soc ia t ed  letters. 
should be noted (by us ing  f i g u r e  12 f o r  i d e n t i f i c a t i o n  and loca t ion)  i n  the  
f i g u r e s  6-11, 13, and 14 (see a l s o  Appendix 2) .  

They 

Light south winds were encountered for a d i s t ance  

A s h i f t  t o  about 9" of longitude of no r the r ly  

designated as system (20) x in f i g u r e  12C. A change to  s t ronge r  southeas t  

Light e a s t e r l y  winds, over low level e a s t e r l i e s ,  were 

This scheme permits 

I s l ands  are 
These d e t a i l s  are a l s o  shown, and 



Also shown on the 700 mb charts are: 

1) A trough extending f a r  southwestward from the  deep low off Spain and 
continuing t o  the shear l i n e  s h a m  from about L8'N, 31OW t o  about 
U 0 N ,  38OW. 

2) A large anticyclone over North Africa which has a ridge extending over 
the t rop ica l  At lan t ic  (see a l s o  [3] ) .  

3) The Bermuda High, which extends over much of the North Atlant ic .  

These cha r t s  include no evidence of the upper low which lies j u s t  north 
of Puerto Rico (shown i n  f igure  3)  nor any evidence of the small disturbance 
which is placed near 14ON and 54OW i n  the surface ana lys i s  shown i n  f igure 2 
and which is designated as system (42) i n  f igure  12A. 

The general  impression given by the  700 ab data  and analysis,  and one 
consis tent  with the information of t h e  surface and 200 mb analyses, is one 
of a sequence of weak t rop ica l  systems of varying type and in t ens i ty  extending 
from east t o  west i n  and near the area traversed by the two a i r c r a f t .  

Another east-west sequence of more intensive systems f a r the r  t o  the 
south, a sequence of the zone of "the ITC", was observed from the a i r c r a f t  
and was c l e a r l y  revealed by the TIROS observations. 
extended westward and then northwestward near its western l i m i t  and i n t o  
the subtropical  f a r  western North Atlant ic .  
as shown i n  f igures  1 and 14. 

This southern sequence 

It was crossed by the  a i r c r a f t  

The TIROS p ic tures  and mosaics: 

The TIROS pic tures  provide a subs t an t i a l  amount of addi t iona l  information 
on the  synoptic conditions encountered during the 22 September f l i g h t s .  
Reference to  some of t h i s  information has already been made i n  the discussion 
of the synoptic cha r t s  above. 
very important a i d s  i n  the de t a i l ed  in te rpre ta t ion  of TIROS information, BO 
are TIROS pic tures  when ava i lab le  very important a i d s  in  the development of 
a de ta i l ed  understanding of the synoptic conditions indicated by or implied 
by the char t s .  
information i n  the  discussion above of synoptic char t s .  
discussion of the TIROS information i s  presented here. 

Jus t  as synoptic cha r t s  are when ava i lab le  

Consequently i t  was d i f f i c u l t  t o  avoid using some TIROS 
A more de ta i l ed  

The more highly developed atmospheric and cloud systems, pa r t i cu la r ly  
the  sequence of systems i n  the zone of "the ITC" (as re fer red  t o  above), and 
many lesser systems, formations, and conditions, are well revealed i n  the 
TIROS pic ture  mosaics of f igures  6 t o  11 and i n  the re la ted  TIROS pic ture  
sequences of f igures  12 t o  14. 
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The f a r  eas te rn  t rop ica l  Atlantic:  

Figure 6 ,  and t h e  related f igures  136, 13H, 14G, and 14H (see a l s o  
f igure  12D), show the Cape Perde Is lands and adjacent area, and several  types 
of TIROS scale cloud systems and d e t a i l s .  
i n  these pictures,  largely because of the presence and complexity of the 
cloud pa t te rn  i n  t h e i r  immediate v i c in i ty .  
boundaries could not  be determined exact ly .  These i s lands  have, however, 
been seen c l e a r l y  i n  p ic tures  obtained during other  TIROS passes. Being 
a r i d  Islands extensive enough to  be resolved, and with r e l a t i v e l y  large 
albedos, they are usual ly  not  d i f f i c u l t  t o  see during r e l a t i v e l y  cloud-free 
conditione. 
i n  f igure  1 2 D  as follows: 

The is lands are not c l e a r l y  seen 

Consequently, solme of the is land 

A good estimate of t h e i r  posi t ions is indicated by the  labe ls  

SA 
sv 
SN 
S 
BV 
M 
ST 
F 

Santo Antgo 
SZO Vicente 
Sgo Nicolau 
Sa 1 
Boa Vista 
mi0 
SSo Tiago 
Fogo 

As the  uncertainty of the posi t ion of t he  c e n t r a l  par t  of most of these 
i s lands  is less than f 1/10' of longitude the configuration of is land center  
pos i t ion  estimates has been used ae a "landmark" reference f o r  the refinement 
of the placement of the gr ids  of f igures  14G and 14H (see a l s o  Appendix 5). 

Each ieland, except possibly Sgo Vicente, appears t o  have is land 
control led cloud formations. 
cumulus cloud l ines,  the l i nes  (1)* and (2) respectively.  A t h i rd  l i ne  (3) 
is not d i r e c t l y  associated with an island. These approximately NE-SW l i nes  
a r e  approximately p a r a l l e l  t o  the  low l eve l  northeaster ly  t rade flow known 
t o  be present i n  t h i s  area (see f igure  2). Small (TOS) cumulus groups, such 
as (4) and (5), which are r e l a t i v e l y  large groups of a c h a r a c t e r i s t i c  
stratocumulus, have a sca t te red  d i s t r i b u t i o n  i n  t h i s  area.5 
formations l i e  extensively over the is land area, but are not  well seen t h i s  
f a r  north in t he  T6 W62(61) pictures .5  They extend from c i r r u s  generating 
systems t o  the south, notably the conspicuous system (6) which has generally 
northward extending c i r r u s  plumes (7) t o  the north, and has lateral  plumes (8) 
fu r the r  south. 
"the ITC". Another, more extensive, system i n  the zone of "the ITC" ( 9 )  lies 
t o  the west. 
the southern f l i g h t  track, as a t  (lo), and less evident c i r r u s  extends a l s o  
over the northern t rack.  

Sa l  and Boa Vista appear t o  have downstream 

Thin c i r r u s  

System ( 6 )  is an llITC" system o r  disturbance i n  the  zone of 

Ci r rus  associated with t h i s  c l e a r l y  extends northward across 

mer--- shaped formation (11) was crossed by the 
* 

See footnote 4 f o r  an explanation of i d e n t i f i e r  numbers. 

5The a i r c r a f t  p ic tures  of these conditions and o thers  discussed i n  t h i s  
sect ion are discussed i n  sec t ion  4 below. 
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aircraft on the  southern t r a c k  and proved t o  be a stratocumulus formation 
(see s e c t i o n  4 f o r  d e t a i l s ) .  A t h i r d  c i r r u s  genera t ing  syatem of "the ITC" 
lies t o  t h e  east of the  system (6) (see e s p e c i a l l y  f i g u r e  13H). Re la t ive ly  
open condi t ions  south of "the ITC" are shown f a r  t o  the  south (see e s p e c i a l l y  
f i g u r e  6). 

Figure 6 a l s o  shows t o  t h e  nor th  of t h e  i s l a n d  area, success ive ly :  

1) A very open area (TOS) nor th  of t h e  ev ident  c i r r u s  and near l a t i t u d e  20'N. 

2) An extens ive  area of stratocumulus groups, gene ra l ly  of r e l a t i v e l y  l a rge  
s i z e  on the  TIROS scale, t o  about 30'N. This  area continues i n t o  the 
c i r c u l a t i o n  of t he  cold-core cyclone of f  Spain t o  the  east and nor th .  

and probable s q u a l l  l i n e  a t  about 35' t o  40'N. 
3) A v a r i e t y  of mid- la t i tude  condi t ions  t o  t h e  nor th  including a co ld  f r o n t  

The c e n t r a l  t r o p i c a l  A t  l an t i c -eas t e rn  p a r t :  

Figure 7, and the  r e l a t e d  f i g u r e s  13E, 13F, 14E and 14F (see a l s o  
f i g u r e  12C), show t h e  cond i t ions  gene ra l ly  eo the  west of those j u s t  discussed. 
System (9) is shown wi th  i t s  northward extending c i r r u s .  Banded cumulus 
extending t o  the  w e s t  near t he  southern l i m i t  of t h i s  system, and a p a r t  of 
t he  southern  l i m i t  are a l s o  shown. Formation (11) is shown again bu t  about 
one hour later. An extens ive  d is turbance  (20) ,  a l s o  i n  the zone of "the ITC", 
and j u s t  east of a n  upper level trough and under upper l e v e l  an t i cyc lon ic  
flow (see f i g u r e s  3 and 4), i s  shown t o  the west of the  system (9). This 
d i s tu rbed  area rep resen t s  a group of a c t i v e l y  growing cumulonimbi, and lacks  
t h e  ex tens ive  c i r r u s  formations of t h e  th ree  systems i n  the  zone of "the ITC" 
t o  t h e  east .  A smaller group of a c t i v e l y  growing cumulonimbus clouds (22) 
l i es  j u s t  t o  t h e  west of t h e  system ( 2 0 ) .  
groups is a very ex tens ive  area of very open condi t ions  and a low level 
n o r t h e a s t e r l y  t r ade  flow. An extens ive  area of very open condi t ions  l ies  
under t h e  upper c o l .  A few cumulus groups, such as (24), and bands occur i n  
a s c a t t e r e d  d i s t r i b u t i o n  t o  beyond 20'N. 
are c h a r a c t e r i s t i c  of t h e  zone t o  the south of t he  zone of "the ITC" are well 
shown i n  f i g u r e  7 .  

To t h e  nor th  of t he  cumulonimbus 

The r e l a t i v e l y  open condi t ions  which 

Figure 7 a l s o  shows: 

(1) An extens ive  area of c e l l u l a r  stratocumulus and cumulus south of t he  
r e l a t i v e l y  open area which l i es  t o  t h e  south of "the ITC". These formations 
are considered t o  be i n  t h e  e a s t e r l y  flow of the  nor thern  margin of the  
southern hemisphere A t l a n t i c  sub t rop ica l  an t icyc lone .  

(2) Generally open condi t ions  w i t h  cumulus groups and bands from about 
20'N t o  almost 4OoN, r ep resen t ing  t h e  c e n t r a l  p a r t  of t h e  Bermuda High, with 
t r ade  easterlies i n  the  southern p a r t  and w e s t e r l i e s  ac ross  a r idge  l i n e  a t  
about 33'N and i n  t h e  nor thern  pa r t .  

f i g u r e  6 which is shown here  from 3 5 O  t o  40'N about one hour later. 
(3) Mid-lati tude condi t ions ,  inc luding  the  co ld  f r o n t  and s q u a l l  l i n e  of 
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The c e n t r a l  t r o p i c a l  Atlant ic-western p a r t :  

Figure 8, and the  r e l a t e d  f i g u r e s  13C, 13D, 14C, and 14D (see a l s o  12B), 
show the  condi t ions  t o  the  west of  t he  TIROS coverage gap. An extens ive  area 
of d i s tu rbed  cond i t ions  (39-40) between about 5"N and 15"N, and from east of 
45"W t o  52"W a t  the  southern p a r t  (bu t  t o  a t  least 56"W a t  the nor thern  p a r t )  
is  w e l l  shown. This dis turbance  l i e s  under the 200 mb ant icyc lone  shown i n  
f i g u r e  3 - an  a n t i c y c l o n e , w e l l  confirmed by the  c i r r u s  plumes shown i n  
f i g u r e s  8 and 13D.  This  d i s turbance  included i n t e r n a l  banding, many cumulo- 
nimbus clouds,  cyc lonic  curva ture  of the  flow a t  f l i g h t  level, and a marked 
wind s h i f t .  It appears  t o  r ep resen t  a r e l a t i v e l y  well def ined e a s t e r l y  wave. 
It may a l s o  be considered t o  be a system i n  the  zone of "the ITC". It has  
a sharp ly  marked western edge, which can be seen i n  f i g u r e  8 but  is much 
b e t t e r  seen i n  f i g u r e  9. A band of i n t ense  convect ive a c t i v i t y  which inc ludes  
cloud formations (28-31) and extends t o  formation (32) l ies  t o  the  nor th  and 
east .  The band is b e s t  seen i n  the  mosaic of f i g u r e  8,  and is designated as 
a " l ine  of Cb's" on the  nephanalysis  of t h i s  f i g u r e .  A small bu t  i n t ense  
banded system (42) l ies  near  15"N and 54"W, and is c l o s e  t o  the  p o s i t i o n  of 
the  small low pressure  system shown i n  f i g u r e  2.  This system can be  seen 
i n  f i g u r e  8, bu t  is a lso b e t t e r  seen i n  f i g u r e  9. It is  s u r p r i s i n g l y  
inconspicuous.  
as shown i n  f i g u r e  14B. The su r face  winds near  the  cen te r ,  es t imated from 
ocean su r face  and white cap  condi t ions ,  had speeds of 25 t o  30 knots .  
banding observed by means of r ada r  was ex tens ive  and of a form suggest ing 
the  numeral "6", a p a t t e r n  similar t o  t h a t  revealed by the  TIROS p i c t u r e s .  
As i nd ica t ed  i n  f i g u r e  5, no marked wind s h i f t  was apparent  i n  the  winds a t  
f l i g h t  l e v e l  a long the  nor thern  t r a c k ,  Another more ex tens ive  d is turbance  
is shown t o  the  northwest.  The nor thern  and e a s t e r n  edges of t h i s  can be 
seen f a i r l y  we l l  i n  f i g u r e  8, and d e t a i l s  near  t h e  southern l i m i t  of  it can 
be seen i n  f i g u r e  9, b u t  most of it can be seen b e s t  i n  f i g u r e  10. This  
system appears  t o  be a f a i r l y  w e l l  def ined  slowly moving e a s t e r l y  wave (see 
also t h e  d i scuss ion  of f i g u r e  10). It may be considered t o  be a system which 
is not  i n  t h e  zone of "the ITC". A d i s tu rbed  reg ion  (32 t o  34 and southward) 
with groups of i n t ense  convective a c t i v i t y ,  and some curved banding t o  the  
north,  (34), is shown between about 5"N and 1O"N and about 40"W and 45"W. 
This  is a system of the  zone of "the ITC", the  system t o  the  west of gmups 
(20) and (22). 
d i s tu rbed  reg ions  (40) and (32 t o  34 and southward). 

The a i r c r a f t  on the  nor thern  t r a c k  passed through t h i s  system 

S p i r a l  

R e l a t i v e l y  open cond i t ions  are shown t o  the  south of t h e  

F igure  8 a l s o  shows: 
1) An extens ive  very  open area t o  the  no r th  of t he  major d i s tu rbed  areas ,  the 

southern p a r t  of which is  i n  the  zone of low level e a s t e r l i e s  and inc ludes  
bands of towering cumulus. 

2) F r o n t a l  c louds t o  the  f a r  north,  which are b e t t e r  shown i n  f i g u r e  10, 

3) The eastern t i p  of t h e  "bulge1' of Brazil  with d i u r n a l  terrestrial  cumulus 
f i e l d s ,  and a NW-SE banded formation of cumulus build-ups o f f  t h e  c o a s t  
t o  t h e  east and nor theas t ,  the  nor thern  p a r t  of which i n d i c a t e s  t he  
presence of  the  normal e a s t e r l y  t r ade  flow. 

4 )  R e l a t i v e l y  open cond i t ions  t o  t h e  south  of the t i p  of B r a z i l .  

5) Mid-lat i tude condi t ions ,  and probable f r o n t a l  c loudiness ,  f a r  t o  the  south.  
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The western t rop ica l  Atlant ic :  

Figure 9, and the r e l a t ed  f igures  13A, 13B, 14A, and 14B (see a l s o  
f igure  12A), show the conditions t o  the west of those j u s t  discussed and i n  
the v i c i n i t y  of the Lesser Anti l les .  The western l i m i t s  of the three major 
systems re fer red  t o  i n  the discussion of f igure  8 a re  shown, as is  the 
southern limit of system (40). 
a s  a t  (45) ,  is  shown t o  the west and south. 
as they appear here (see sec t ion  4 below). 
several  long roughly E-W bands of larger  towering cumulus (44) a re  evident 
i n  the low l eve l  e a s t e r l y  t rade flow (see espec ia l ly  f igure 13B). Scattered 
groups of small (TOS) cumulus are v i s i b l e  t o  the north of the bands, and 
shades of gray reveal  the presence of other  less w e l l  resolved small groups. 
An area of larger,  arld therefore  apparently more numerous, towering cumulus 
groups (46) is shown t o  the north, mainly north of 1 5 O N .  
mostly c l e a r l y  v i s i b l e  and a r e  indicated by the labe ls  i n  f igure 1 2 A  a s  follows: 

A vas t  area of apparently very open conditions, 
These conditions are not as open 

West of the edge of system (39-40) 

The i s lands  are 
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Trinidad 

Island orographic cloudiness and a few downstream cumulus l i nes  i n  the low 
l eve l  easterlies are shown. 

Figure 9 a l s o  shows: 

Thin c i r r u s  formations t o  the f a r  north and west. 
The Guiana coast  of South America, the Amazon drainage and Amazon River 
from Belterra t o  the mouth of the Amazon and Marajo Island, and other  areas  
of northern Brazil ,  a l l  with vast  f i e l d s  of d iurna l  t rop ica l  t e r r e s t r i a l  
cumulus and towering cumulus. 
t o  the south and west, and an extensive area of very open conditions i s  
v i s i b l e  over cen t r a l  and southern Brazi l  f a r  t o  the south. 

Mid-latitude conditions, including presumed f r o n t a l  cloudiness, south of 
2OoS (see also f igure  8 ) .  

Areas of more intense convection are shown 

Figure 10 shows well, between the l a t i t udes  20°N and 28ON, the major 
system refer red  t o  as an e a s t e r l y  wave i n  the discussion of f igure 8 .  The 
time-sections f o r  Antigua and San Juan, Puerto Rico, support t h i s  Interpretat ion,  
as do the synoptic cha r t s  preceding and following those of f igures  2 t o  5. 
The small upper low north of Puerto Rico shown i n  f igure 3 l ies t o  the west 
of the  extensive cloud system associated with t h i s  e a s t e r l y  wave. This low 
appears t o  l i e  mainly over weakly organized, generally open, low l eve l  
conditions, although it should be noted t h a t  several  oceanic cumulonimbus 
clouds l i e  below it, and t h a t  i t s  eas t e rn  margin l i ec  over o r  a t  l e a s t  very 
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c lose  t o  t h e  western edge of the extensive cloud system (as is indicated by 
the 200 mb wind repor t  a t  23'N, 63'W). 
and is taken t o  be e s s e n t i a l l y  correct .  The c i r r u s  plume indicat ions i n  the 
v i c i n i t y  of 23'N, 63OW have approximately north-south axes and extend generally 
northward. 
extensive cloud system a l s o  extend northward and have axes approximately 
p a r a l l e l  t o  the  d i r ec t ion  of the wind of the 200 mb report  (see a l so  f igure 8 ) .  
The upper low moved westward away from t h i s  posi t ion f o r  several  days a f t e r  
t h e  time of f igure 3, and exis ted near o r  southwest of t h i s  posi t ion during 
the preceding several  days (see also the  discussion of the 200 mb level) ,  

The 200 mb wind repor t  is reasonable, 

Furthermore, several  cirrus plumes on the northern edge of the 

Also shown i n  f igure  10 i n  the r e l a t i v e l y  open area west  of the extensive 

1) Small (TOS) bands of large towering cumulus between 20°N and 2SoN, and 

2) Dense, long, c i r rus  plumes streaming east-northeastward 

cloud system are: 

near 6SoW, or  j u s t  w e s t  of the e a s t e r l y  wave extensive cloud system. 

from the v i c i n i t y  of Puerto Rico and i n  the  southwesterly upper flow 
shown in f igure  3. 

These c i r r u s  plumes are approximately p a r a l l e l  t o  the  50 knot 200 mb 
wind repor t  a t  San Juan and suggest the presence of a r e s t r i c t e d  r e l a t i v e l y  
high ve loc i ty  upper current  o r  loca l  speed maximum zone extending from near 
San Juan t o  a t  least 20°N and 60°W. The zone of diverging flow (difluence) 
which lies north of t h i s  westerly current  and southeast of the souther ly  
cur ren t  near 63OW (see f igure 3) appears t o  be one characterized by s t rong 
d i r ec t iona l  divergence. 
does not dominate, as seems l i k e l y  i n  view of the s t rength of the d i r ec t iona l  
divergence, t h i s  zone of dif luence may well be a zone of s ign i f i can t  divergence. 
It is notable t h a t  the zone of dif luence lies over the extensive cloud system 
of the ea$ te r  l y  wave. S igni f icant  upper leve 1 divergence wou Id, presumably, 
favor in t ens i f i ca t ion  of the e a s t e r l y  wave and i ts  cloudiness. Furthermore, 
s ince the cloud system is extensive and includes intense convective a c t i v i t y  
with many large and ac t ive  cumulonimbi, as near 21°N, 62OW, the system as 
shown may well imply s ign i f i can t  upper divergence. 
of upper divergence cannot be considered t o  be firmly established, the 
apeement of the severa l  indicat ions is noteworthy, 

If the associated and implied speed convergence f i e l d  

Although the condition 

Figure 10 also shows: 

1) An extensive cloud formation associated with a weakening f ron ta l  

2) An extensive area of r e l a t i v e l y  open conditions south of the f ron ta l  
system t o  the north. 

cloud formation. 
southward as is shown t o  the north in f igure  8, and a l so  extend 
westward and southward t o  the area which lies w e s t  of the extensive 
cloud system of the e a s t e r l y  wave as is shown i n  f igure 10. 

in the r e l a t i v e l y  open area j u s t  south of the  f r o n t a l  cloud formation. 

The open conditions extend eastward and then f a r  

3) Long generally NE-SW bands of towering cumulus which are conspicuous 
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Figure 11 shows t o  t h e  nor th  apparent ly  open condi t ions  i n  the  Caribbean 

area, with some in t ense  convective a c t i v i t y  over e a s t e r n  Cuba, Jamaica, west- 
e r n  Hispaniola, and o the r  areas. 
near 15'N and 7OoW reveals c l e a r l y ,  by i ts  a r r a y  of dense c i r r u s  plumes a l l  
streaming east-northeastward, t he  west-southwesterly upper level flow nor th  
of Venezuela, which is  a l s o  ind ica ted  i n  f i g u r e  3. 

The notable group of cumulonimbus clouds 

Also shown, t o  t h e  south, are the t e r r e s t r i a l  d i u r n a l  cumulus f i e l d s  
of t he  Amazon drainage a rea twi th  inc reas ing ly  in t ense  convective a c t i v i t y  
northward, and several r e l a t i v e l y  la rge  groups of in tense  convective a c t i v i t y  
near t h e  coas t  of western Venezuela and Colombia. These areas of increased 
convective a c t i v i t y  near 10"N are near the zone of r e l a t i v e l y  low pressures  
(and pressure  minima) shown near 1O"N i n  f i g u r e  1. 
a c t i v i t y  have been considered t o  be systems of " the  ITC". 
i n t e r p r e t a t i o n  may be realist ic f o r  many of the  observed cases i t  is important 
t o  keep i n  mind a fundamental d i s t i n c t i o n  between systems of t h i s  kind which 
are a f f e c t e d  by s t rong  c o n t i n e n t a l  hea t ing  and t h e  oceanic systems of "the 
ITC" which are not d i r e c t l y  a f f e c t e d  by s t rong  sur face  heating. 

Such areas of convective 
Although t h i s  

4 .  THE HAND-HELD CAMERA AIRCRAFT PHOTOGRAPHS 

Procedure: 

means of t h e  hand-held s t i l l  and motion p i c t u r e  cameras. 
p i c t u r e s  were taken from the  v i s i t i n g  s c i e n t i s t  p o s i t i o n  which was near t he  
nose s e c t i o n  and on the  r i g h t  s i d e  of the  a i r c r a f t .  
i n t e r p r e t i v e  
combination of condi t ions .  
example every t e n  minutes, a rate which would have provided f a i r l y  good 
coverage., Consequently, t he  coverage from t h e  r i g h t  s i d e  was somewhat spotty,  
although f o r  c e r t a i n  per iods  t h e  coverage was r e l a t i v e l y  complete. 
automatic motion p i c t u r e  camera mounted on the  a i r c r a f t  provided gene ra l ly  
good coverage from the l e f t  s i d e  i n  a d i r e c t i o n  normal t o  the  long i tud ina l  
a x i s  of the  a i r c r a f t  and a t  a rate of one p i c t u r e  every second. 
automatic camera recorded t h e  condi t ions  forward and s l i g h t l y  t o  the r i g h t  
a t  a rate of one frame every two seconds (see Appendix 4). 
obtained normal to  the  long i tud ina l  a x i s  of t h e  a i r c r a f t  from t h e  r i g h t  s i d e  
was t h a t  provided by the hand-held cameras. 
from t h e  r i g h t  s i d e  was a t  angles  of from 20 t o  60' from the  normal. 
r e l a t i v e l y  small number of p i c t u r e s  were taken from t h e  l e f t  s i d e  of the  
a i r c r a f t  by meas of t h e  hand-held cameras. 
l e f t  s ide ,  because of the  instrumentation forward on t h e  left s ide ,  i t  was 
necessary t o  move t o  the t a i l  s e c t i o n  of the  a i r c r a f t  and r e t u r n  along the  
narrow, crowded, and busy c e n t r a l  a is le  of t he  a i r c r a f t .  The d i f f i c u l t i e s  
of this procedure and the  f a c t  t h a t  t h i s  s i d e  was r a t h e r  w e l l  covered by t h e  
automatic camera were t h e  main f a c t o r s  accounting f o r  t he  r e l a t i v e l y  small 
number of p i c t u r e s  obtained from the  lef t  s ide .  

A s u b s t a n t i a l  number of photographs were taken f r m  the  a i r c r a f t  by 
Most of these  

Each p i c t u r e  was an  
p i c t u r e  taken t o  record some s p e c i f i c  phenomenon o r  p a r t i c u l a r  

The p i c t u r e s  were not  taken rout ine ly ,  as f o r  

An 

Another 

The only coverage 

Much of t he  coverage obtained 
A 

To ob ta in  t h e  p i c t u r e s  from t h e  
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The photographs were taken with a t  l e a s t  6 ob jec t ives  i n  mind: 

t o  record quick ly  s i g n i f i c a n t  s i t u a t i o n s  involving much d e t a i l ,  as 
a memory a i d  and as an i n t e g r a l  p a r t  of the  i n t e r p r e t i v e  a n a l y t i c  
supplementary note  t ak ing  process;  

t o  o b t a i n  a d e t a i l e d  photographic record of s e l e c t e d  phenomena, o r  
important choice combinations of phenomena, seeking supe r io r  
i l l u s t r a t i o n s  and c r u c i a l  combinations, i n  an at tempt  t o  ga in  and 
record answers t o  primary and secondary research  ques t ions  a t  the  
time of t he  f l i g h t s ;  

t o  o b t a i n  a d d i t i o n a l  o r  b e t t e r  views of d e t a i l s  and systems presumed 
t o  be resolved o r  w e l l  observed o r  s i g n i f i c a n t  i n  TIROS p i c t u r e s ;  

t o  o b t a i n  p a r t i a l  photographic coverage f o r  t he  otherwise gene ra l ly  
not  covered r i g h t  s i d e  of t he  a i r c r a f t ;  

t o  provide backup coverage, so t h a t  a t  least same s i d e  coverage 
would be obtained i f  t he  automatic s i d e  camera f a i l e d ;  and 

t o  o b t a i n  photographic coverage which could be used and reviewed 
very soon a f t e r  t he  a i r c r a f t  r e tu rned  t o  M i a m i .  

The p i c t u r e  sequences: 

The fol lowing sequences of photographs, each ordered chronological ly ,  
r ep resen t s  a s e l e c t i o n  made from t h e  hand-held camera p i c t u r e s  taken from both 
a i r c r a f t  dur ing  22 September 1962. Frames from the  16 mm. motion p i c t u r e  
camera footage are not  included i n  t h i s  s ec t ion .  The f i r s t  sequence, numbered 
by success ive  in tegers ,  p re sen t s  information obtained during the  f l i g h t  made 
on t h e  southern t r a c k .  The second, labe led  by successive letters, p re sen t s  
similar information f o r  t he  f l i g h t  made on the  nor thern  t rack .  The s e l e c t i o n  
has been made c a r e f u l l y  t o  i l l u s t r a t e  a v a r i e t y  of condi t ions ,  and t o  reduce 
the  number of p i c t u r e s  r e q u i r i n g  reproduct ion  as well as t o  minimize dup l i ca t -  
ion. I n  a few cases p i c t u r e s  were s e l e c t e d  t o  provide an  east-west c o n t i n u i t y  
of observed cond i t ions .  

The s e l e c t e d  b r i e f  comnents fol lowing the  numerical information f o r  each 
p i c t u r e  are based t o  a l a rge  e x t e n t  on notes  taken dur ing  the f l i g h t s .  
are intended t o  c l a r i f y ;  t o  be desc r ip t ive ,  i n t e r p r e t i v e ,  and i n t e g r a t i v e ;  
and t o  provide a d d i t i o n a l  r evea l ing  information. 
cond i t ions  which cannot be seen  i n  the  a s soc ia t ed  p i c t u r e s .  Some comnents 
i n  t h e  second sequence r e f e r  t o  cond i t ions  f o r  which no a s soc ia t ed  p i c t u r e s  
were or could be obta ined;  t hese  comments are presented in  the  sequence i n  
chronologica l  order  bu t  without  i d e n t i f i e r  letters. The d e t a i l e d  no te s  made 
on the  southern f l i g h t  which were not  a s soc ia t ed  wi th  s p e c i f i c  p i c t u r e s  are 
not  presented o r  d iscussed  here .  

They 

A few comments r e f e r  t o  
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The f l i g h t  tracks are shown i n  f igures  1, 4, 5, and 14. The posi t ions 

shown i n  f igure  14 are the same as those shown i n  f igures  4 and 5. 
should be re fer red  t o  frequently when t h i s  sec t ion  is read. 
locat ion and o r i en ta t ion  necessary f o r  a real  appreciation of what each picture  
reveals .  The posi t ion from which each p ic ture  was taken is  e a s i l y  and quickly 
determined by in te rpola t ing  along the appropriate f l i g h t  t rack  using the 
p ic ture  longitude l i s t e d  i n  Table 111 (Appendix 7).  The approximate d i rec t ion  
toward which the p ic ture  w a s  taken is  a l s o  provided by Table 111. Alternately 
the times of the posi t ion dots  of f igure  14 ( i . e .  the t i m e  sca le )  may be obtained 
from Table If (Appendix 7) ,  and the in te rpola t ion  may be made using the picture  
times provided by Table 111. 

Figure 14 
It provides the 

The southern t rack sequence: 

Picture  
No. 1 1157 05/ 16311 2318/ /NW/ luc/  / 186/8/ 19. 66 

This view, taken soon a f t e r  departure from the is land of Sal, a t  an a l t i t u d e  
of about 5170 fee t ,  shows a banded c i r r u s  overcast  ( w i t h  band axes roughly 
NW-SE) of the type t h a t  is a l s o  v i s i b l e  i n  f igure  146 north and south of 
t h i s  posit ion.  Groups of inversion suppressed swelling cumulus, with tops 
near.4000 f e e t  and wi th  t h i n  layers  of derived Sc spreading from the tops 
of the groups, of various s i z e s  and separated by gaps of various sizes, are 
sca t te red  over an extensive area. Large groups or c l u s t e r s  of t h i s  type of 
cloud formation are resolved i n  f igu res  14G and 13G near t h i s  posit ion.  

No. 2 120636/ 16 18/2344//W/2uc//Zl0/6/8.1 

A view of a la rger  group of swelling Cu and t h i n  f r ing ing  layer  of derived 
Sc seen from an a l t i t u d e  of about 8150 f e e t  near the large group (5) of 
f igu re  12D. Cumulus formations of t h i s  type are very c m o n  at, and are 
cha rac t e r i s t i c  of, t h i s  area and adjoining areas of the eas te rn  t rop ica l  
Atlant ic .  
t h i n  c i r r u s  above. 

Also shown are other  c w l u s  groups and gaps t o  the west, and much 

~ ~ _ _  - - ~ ~ 

The first line a f t e r  each p ic ture  number contains numerical information 6 

according to  the following plan: Time (GMT)/Latitude (deg., min.)/ Longitude 
(deg., mine)// Azimuth/ Tropical Sky Code// Wind Direction (de&)/ Wind Speed 
(kt.)/ Temperature (deg.C.). Thus p ic ture  No. 1 was taken a t  1157:OS GMT a t  
the  posi t ion 16'31'N, 23'18'W. The p ic ture  center  was approximately northwest 
of the  a i r c r a f t .  
were 186' and 8kt. 
19.6'C. (See Appendix 2 f o r  d e t a i l s  concerning numerical information, and 
Appendix 3 f o r  information on the Tropical Sky Code.) 

The sky code value was luc. The wind d i r ec t ion  and rpeed 
The temperature a t  or near f l i g h t  level was approximately 
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No. 3 1215541 16O4l24lOllNWlluc,.oll 1851 1114.9 

This  view shows a long r e l a t i v e l y  narrow approximately NE-SW Sc band, one of 
s e v e r a l  similar p a r a l l e l  bands observed a t  and near  t h i s  area, seen  from an 
a l t i t u d e  of about 11,130 f e e t .  A similar formation can be seen i n  f i g u r e  14H 
nea r  t h i s  pos i t i on .  S imi la r  
open cond i t ions  can be seen northwest of  the  f l i g h t  t r ack  near  t h i s  p o s i t i o n  
i n  f i g u r e  14H. As p i c t u r e  No. 3 was taken about lh 40m before  f i g u r e  14H, 
an exact correspondence of d e t a i l s  i n  these  p i c t u r e s  is not  revealed.  
banded t h i n  c i r r u s  overcas t  r e p r e s e n t s  a northward ex tens ion  of the  c i r r u s  
of system (6), f i g u r e  12D. Very few white caps were p resen t  on the  ocean 
su r face .  

Very open condi t ions  e x i s t  t o  the  northwest.  

A 

A view of a f i e l d  of a common type of small cumulus (or fractocumulus), seen 
from a a l t i t u d e  of about 12,800 f e e t .  This  type of cumulus, and the  comon 
open and small groups of t h i s  type, are not  reso lved  i n  TIROS p i c t u r e s  and 
would gene ra l ly  appear as a %lear" condi t ion .  Larger f i e l d s  and f i e l d s  of 
l a r g e r  and more dense cloud u n i t s  o r  groups may be revea led  i n d i s t i n c t l y  as 
v a r i a t i o n s  i n  the  shades of gray of t h e  "clear" condi t ion .  
open cond i t ions  t h a t  can be seen i n  f i g u r e  14H west of t h i s  pos i t i on ,  
Cumulus elements lean ing  northeastward confirm the  presence of the  low level 
n o r t h e a s t e r l y  t r ade  flow.* West of the  cumulus f i e l d  is an  ex tens ive  area 
wi th  few o r  no low clouds.  

Note the  r e l a t i v e l y  

A series of p a r a l l e l ,  approximately N-S, r e l a t i v e l y  dense c i r r u s  bands 
extends t o  t h e  horizon and r e p r e s e n t s  a northward ex tens ion  of t h e  plumes (7) 
of t h e  llITC1l system (6) shown i n  f i g u r e  12D, and i n d i c a t e s  sou the r ly  flow 
a t  the  c i r r u s  leve l .  The c loudiness  shown w e s t  of and near  t h i s  p o s i t i o n  i n  
f i g u r e  14H is pr imar i ly  t h i s  c i r r u s .  
s t ra tocumulus formations can be seen below t h e  c i r r u s .  
reso lved  i n  the  TIROS p ic tu re s ,  such as the  r e l a t i v e l y  dense c i r r u s  shown 
here  and i n  No. 1, is gene ra l ly  r e l a t i v e l y  p e r s i s t e n t .  Even minor bands and 
minor r e l a t i v e l y  dense c i r r u s  u n i t s  have been observed t o  maintain t h e i r  
i d e n t i t y  f o r  per iods  of 2 t o  3 hours or  more. 
r e l a t i v e l y  good correspondencg of d e t a i l s  even when t h e  observa t ion  time 
d i f f e r e n c e s  are as l a rge  as 1 30m or more as is t h e  case here.  

South of t h i s  p o s i t i o n  cumulus and 
C i r r u s  of the  types 

Such c i r r u s  may r e v e a l  a 

No. 5 1227 141 1547 I24431 IwNwI7 o,v / /  1661 814.4 

This  shows aga in  the  c i r r u s  bands shown i n  No. 4. An i s o l a t e d  der ived Sc 
band l ies  ac ross  bu t  no t  perpendicular  to  the  low l eve l  flow. This band is 
too  small to  be c l e a r l y  de t ec t ed  i n  the  wide angle  camera TIROS p ic tu res .  
Very open cond i t ions  a r e  shown t o  the  west and were a l s o  observed nor th  and 
South of t h e  a i r c r a f t .  
sha rp ly  def ined  top. 
near  t h i s  p o s i t i o n  is e v i d e n t l y  mainly the  c i r r u s  shown here.  

A haze l aye r  was t h i c k  and conspicuous and had a 
The r e l a t i v e l y  i n d i s t i n c t  c loudiness  shown i n  f i g u r e  14H 

* 
See cloud lean  i n  g lossary  
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No. 6 123802/ 1526/ 25 18//W//7~//202/8/3.3 

A view of r e l a t i v e l y  dense c i r r u s  bands with major axes or iented approximately 
north-south, and associated minor bands and lateral bands. 
small cumulus cloud u n i t s  are v is ib le ,  b u t  otherwise the conditions are very 
open a t  low leve ls  i n  a l l  d i rec t ions .  Figure 14H shows the very open conditions 
t o  the west from t h i s  posit ion,  and a l s o  shows, ind is t fnc t ly ,  the c i r r u s  
shown i n  t h i s  picture .  
posi t ion i n  f igure  14H b u t  is not c l e a r l y  shown. S i m i l a r  but more dense 
and extensive cumulus formations (12) are c l e a r l y  shown t o  the south near 
t h i s  pos i t ion  i n  f igures  12D, 14G and 14H. 

S m a l l  f i e l d s  of 

The la rger  cumulus f i e l d  may be de t ec t ib l e  near t h i s  

No. 7 124159/ 15 18/ 253 1//S/7dc/ / 202/6/3.1 

A view of c i r r u s  bands associated with system (6), the  c i r r u s  becoming less 
dense t o  the west, espec ia l ly  northward, toward the zone (gap) between 
systems (6) and (9). To the south haze was  conspicuous. Conditions i n  the 
near dis tance are very open a t  low levels, with a few small cumulus groups 
v i s ib l e .  Figure 14H shows t h a t  extensive groups (12) of low cumulus and 
stratocumulus l i e  f a r t h e r  t o  the south. These groups are mostly too low and 
too d i s t a n t  t o  be v i s i b l e  i n  No. 7, although the  edge of one d i s t a n t  and 
extensive group can be detected near the center  of the picture .  
represent a condition which when s u f f i c i e n t l y  d i s t a n t  i s  b e t t e r  seen from 
the  satel l i te  than from the a i r c r a f t .  Figure 14H shows t h a t  these groups 
extend eastward and under the dense c i r r u s  formation t h a t  is  c l e a r l y  shown 
a l s o  i n  No. 7.  Lesser lateral c i r rus  bands are shown i n  No. 7 and i n  
f igures  14G and 14H. 

These groups 

No. 8 125 111/ 1501/2559//NW/7~//229/6/3.3 

A view of the c i r r u s  which extends t o  the north near the gap area re fer red  
t o  a t  No. 7 above. Conditions are very open a t  low leve ls  t o  the north, 
northwest, and w e s t ,  with only a few small cumulus u n i t s  and groups v i s ib l e .  
Figures 12D, 13G, 13H, 146 and 14H a l s o  show open conditions i n  these d i r ec t -  
ions, and reveal  t h a t  c i r r u s  is present i n  and near t h i s  area. The low cumulus 
groups shown not f a r  t o  the northwest fmm t h i s  posi t ion i n  f igure  14H are 
not v i s i b l e  i n  No. 8 

No. 9 130634/ 1430/2646//NW/7~//293/ 12/ 1.8 

This shows a r e l a t i v e l y  dense c i r r u s  formation t o  the west which extends 
northward from system (9). 
f igures  14G and 14H (and a l s o  near (10) i n  f igure  12D). A f i e l d  of cumulus 
with small (AOS) u n i t s  becoming stratocumulus westward l ies  t o  the west, 
northwest, and south, Cumulus of t h i s  type i s  shown, r e l a t i v e l y  ind is t inc t ly ,  
near t h i s  posi t ion i n  f igures  146 and 14H. Somewhat more dense extensive 
cumulus and stratocumulus is more c l e a r l y  shown f a r t h e r  t o  the north and 
northwest. Southward much dense c i r r u s  was v i s ib l e .  

It is a l s o  shown i n  the TIROS pic tures  of 
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No. 10 1310261 1422/2657//W/7//299/ 131 1.5 

A view of  the  r e l a t i v e l y  dense c i r r u s  bands shown also i n  No. 9, and an 
underlying ex tens ive  cumulus f i e l d .  In t h e  foreground small cumulus clouds 
lean*southwestward, i n d i c a t i n g  a) the presence of t he  n o r t h e a s t e r l y  t r a d e  
flow and b)  a speed maximum near  or  above the  cloud tops.  The d i r e c t i o n  of 
c loud lean, determined dur ing  the  f l i g h t  i n  each case, is o f t e n  no t  c l e a r l y  
shown i n  a s i n g l e  p i c tu re .  It is evident  bu t  no t  well shown i n  t h i s  p i c tu re .  
The cumulus f i e l d  is  shown, under c i r r u s ,  i n  f i g u r e s  12D, 146 and 14H. 

No. 11 1314161 14141 2708//W/7o1/280/8/ 1 4 

A view of  t he  r e l a t i v e l y  dense c i r r u s  also shown i n  Nos. 9 and 10 over a 
banded s t ra tocumulus f ie ld  which has band axes tending t o  be approximately 
normal t o  the  low level n o r t h e a s t e r l y  flow. 
t h e  types shown i n  Nos. 10 and 11 are evident  under the  c i r r u s  a t  condi t ion  
(14) which l ies  j u s t  west of t h i s  p o s i t i o n  as shown i n  f igu rea  12D and 14H. 
The cumuliform na tu re  of t h i s  s t ra tocumulus is masked by the  c i r r u s  and not  
c l e a r l y  ev iden t  i n  the  TIROS p ic tu re s .  
i nd ica t ed  by t h e  r e l a t i v e l y  high r e f l e c t i v i t y  of t he  c i r r u s  and cumulus 
combination. A few seconds a f t e r  t h i s  observa t ion  a t u r n  was comenced which 
changed t h e  heading from about 237O t o  (a minute later)  about 270'. 

Re f l ec t ive  cumulus f i e l d s  of 

The presence of the  cumulus is  

No. 12 13 1805/ 1412.5127 22/ /SE/ 7 dc / /  298/7 1 1.6 

A view of the  banded dense c i r r u s  s h i e l d  t o  t h e  southeas t  which extends north-  
ward from system (9) as between (10) and (15) i n  f i g u r e  12D. Low level 
cond i t ions  southward are very  open. 
group i n  the  foreground lean* northeastward i n d i c a t i n g  the  presence of the  
n o r t h e a s t  t r a d e  f low and a wind speed maximum below the  tower tops.  

Small cumulus towers of t h e  cumulus 

No. 13 132026 / 1412.51 27 3 11 / N / 7  I / 295/ 6/ 1.6 

A view of the  cumulus f i e l d  t o  the  nor th  showing inve r s ion  suppressed swel l ing  
cumulus, which is f r inged  a t  the  top  by t h i n  der ived stratocumulus,  i n  groups 
of  var ious  s i z e s  and separa ted  by gaps of var ious  s i z e s .  A p a r t  of the  north- 
western edge of  the  c i r r u s  of system (9) is v i s i b l e  t o  t h e  north.  The cumulus 
and c i r r u s ,  r ep resen t ing  condi t ion  (14) and conditions t o  the  nor th  and north-  
west of (14), a r e  shown also i n  f i g u r e s  12D, 13G, 14G, and 14H. 

No. 14 132327 / 1412.7 /2741//NNW/ 7c//298/7 12.0 

This shows the  swel l ing  cumulus groups, wi th  der ived t h i n  stratocumulus,  and 
r e l a t i v e l y  la rge  open areas of cond i t ion  (14). A small build-up is  v i s i b l e  
t o  the  north.  The northwestern edge of the  c i r r u s  formation shown i n  No. 13 
is b e t t e r  shown here.  
l a y e r  had a d i f f u s e  upper limit. 
14H near and no r th  of t h i s  p o s i t i o n  are mainly cumulus groups of the  type 
shown here .  The cumulus, be ing  more r e f l e c t i v e ,  sharp-edged, and cumuliform, 
is more c l e a r l y  shown than  the  c i r r u s ;  b u t  the c i r r u s  is also shown, as a 
gray, diffuse-edged, wispy formation, i n  t h e s e  f i g u r e s .  

The c i r r u s  extends f a r  t o  the  nor th .  The deep haze 
The c louds  shown i n  f i g u r e s  12D, 146 and 

*See cloud lean  i n  g lossary .  
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No. 15 13284 11 14 12.81 28001 lNWl70, VI 130817 12.7 

This  shows a long gene ra l ly  E-W band (11) of swel l ing  cumulus no r th  of an 
open area i n  which are a few small cumulus towers lean ing  southwestward. 
Also shown are t h e  nor thern  ends of c i r r u s  "f i laments"  which are the  northern-  
most ex tens ions  of  t he  western edge of t he  system (9) cirrus.  The atmosphere 
w a s  very  hazy westward. 
These condi t ions,  which are j u s t  west of t he  cond i t ion  (14), are a l s o  well 
shown in f i g u r e s  12D, 14G and 14H.  

Condi t ions are very  open t o  t h e  n o r t h  of t he  band. 

No. 16 1335411 1413.11 2827 I /S/7dc, v113061512.3 

A view south  and somewhat eastward toward system (9) showing a l a rge  r a t h e r  
dense c i r r u s  band which extends t o  the  south horizon and showing a s soc ia t ed  
lesser lateral  bands (or "f i laments") which extend gene ra l ly  westward. 
Condi t ions a t  low levels t o  the  south are very open as f a r  as can be seen 
c l e a r l y .  
t h i s  p o s i t i o n  and f u r t h e r  south nea r  and west of cond i t ion  (15) i n  f i g u r e s  
12D and 14H. The major band shown here  is i n d i s t i n c t l y  shown i n  f i g u r e  12D. 
The major ba ds, and lesser la teral  bands, are more c l e a r l y  shown, f o r  a 
time about  1 30m later, i n  f i g u r e s  13E,  13F and 14F. 

The more dense c i r r u s  is w e l l  shown i n  the  TIROS p i c t u r e s  near  

R 
No. 17 13373111413.2/2833//N/70,~//286/4/2.0 

A view of the  long gene ra l ly  E-W swel l ing  cumulus band (11) which extends 
across t h i s  p i c t u r e  and is a con t inua t ion  of t h e  band shown i n  No. 15. It 
is resolved in the  TIROS p i c t u r e s  of t w o  passes,  as is shown i n  f i g u r e s  12C, 
12D, 14F, and 14H.  The somewhat open s t r u c t u r e  of t h i s  band is well shown, 
a t  a la ter  t i m e ,  i n  f i g u r e s  13E, 13F and 14F. Note the  scales of t he  d e t a i l s  
which are, and which are not,  reso lved  i n  t h e  TIROS p i c t u r e s .  
of very open cond i t ions  l i e  n o r t h  and south  of t h i s  band. 
w e l l  shown i n t h e  TIROS p i c t u r e s .  C i r r u s  a s soc ia t ed  with system (9) is s t i l l  
present  b u t  is t h i n  i n  t h i s  view. The c i r r u s  is  too t h i n  t o  be c l e a r l y  
de t ec t ed  i n  t h e  TIROS p i c t u r e s .  

Extensive areas 
These are a l s o  

No. 18 1344441 1413.51 2900//SE/7dc, VI/ 277 141 1.8 

A view southeastward of the  c i r r u s  band formation west and no r th  of cond i t ion  
(15) of the  rtITCr' system (9). This  c i r r u s  formation is t h e  southern  p a r t  
of t h e  c i r r u s  system shown i n  No. 16. Note the  lesser lateral  bands shown 
i n  both p i c t u r e s .  Bands of t h i s  type are not  c l e a r l y  shown i n  the  TIROS V I  
p i c t u r e s ,  bu t  are d i s t i n c t l y  shown i n  the  somewhat later TIROS V p i c t u r e s .  
The major band is w e l l  shown i n  both TIROS V and TIROS VI p i c t u r e s .  No low 
c louds  are v i s i b l e  over  almost a l l  of  the  area of t h i s  view. Band (11) 
cont inues  westward t o  the  north.  
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No. 19 135215/1414.3/2928//N/7~//261/4/2.0 

A view of t h e  southwestward extending western end (16) of the  swel l ing  
cumulus band (11) showing invers ion  suppressed convective a c t i v i t y  with 
some der ived  t h i n  s t ra tocumulus near  t he  tops  of t he  swel l ing  cumulus groups, 
The cumuliform na ture  of t h i s  band is c l e a r l y  ev ident  i n  the  TIROS pic tures ,  
as i n  f i g u r e s  13G, 146 and 14H, and more c l e a r l y  but  f o r  a later t i m e  i n  
f i g u r e s  12C, 13E, 13F, and 14F. Very open condi t ions  e x i s t  north,  west, 
and south of t h i s  low cloud group. The open cond i t ions  are a lso we l l  shown 
i n  the  TIROS p ic tu re s .  The haze l a y e r  was deep and conspicuous, The few 
c i r r u s  w i s p s  present  r ep resen t  a northwesternmost ex t remi ty  of t he  system (9) 
cirrus. Much c i r r u s  is s t i l l  v i s i b l e  t o  the  south .  TIROS V I  passed over 
t he  a i r c r a f t  f l i g h t  t r a c k s  a t  about t h i s  time. 

No. 20 1357 461 1414.7 / 2948//N/7v// 26 1/51 2.3 

This  shows a NNE-SSW cumulus band near, the  western l i m i t  of formation (16), 
and another,  smaller, band t o  the  northwest.  Other cond i t ions  are as 
descr ibed  f o r  No. 19. 

No. 21 1 4 0 4 5 6 / 1 4 1 5 . 2 / 3 0 1 4 / / S E / 7 d c / / 2 4 6 / 6 / 3 . 0  

A view of t he  southwestern limit of the  cumulus group (16) (see a l s o  f i g u r e s  
12C, 13E, and 14F). Note the  r e l a t i v e l y  c l o s e  r e l a t i o n s h i p  of t he  l a r g e r  
d e t a i l s  shown here  t o  those  shown i n  the  TIROS V p ic tu res ,  as i n  f i g u r e s  13E 
and 13F, d e s p i t e  t he  time d i f f e r e n c e  of about 55 minutes. The cond i t ions  
were very  open south of t h i s  group, and a l so  very  open ( e s s e n t i a l l y  clear) 
no r th  of t h e  a i r c r a f t .  Apparently r a d i a t i n g  long r e l a t i v e l y  dense c i r r u s  
bands extending from a more continuous and dense c i r r u s  s h i e l d  of system (9) 
are conspicuous f a r  t o  the  southeas t .  Most of the  lesser bands (or "fi laments") 
are no t  c l e a r l y  resolved i n  the  TIROS p ic tu re s ,  al though some may be detected,  
and s e v e r a l  major bands are c l e a r l y  resolved as is shown i n  f i g u r e s  13E, 13F 
and 14F. These c i r r u s  bands appear  t o  be s i m i l a r  t o  the  bands of the  c i r r u s  
of system (6) which are we11 revealed i n  the  TIROS p i c t u r e s  (as in f i g u r e  14H). 
Edges of t h i n  altocumulus formations are a l s o  v i s i b l e  f a r  t o  the  southeas t .  

No. 22 141008/ 1415. 6/3034//S/7dc, v//229/5/2.5 

A view southward of t he  d i s t a n t  c i r rus  of system (9) and the  ad jo in ing  
e a s t e r n  ex tens ion  of system (20) showing a l s o  some d i s t a n t  altocumulus as 
r e l a t i v e l y  dark  gray t h i n  formations a g a i n s t  a background of very white c i r r u s  
(see a l s o  f i g u r e s  13F and 14F). Cloud d e t a i l s  t o  the  l e f t  are the  same as 
those to  the  r i g h t  i n  No. 21. An open f i e l d  of very small cumulus clouds 
is v i s i b l e  i n  the  foreground. This f i e l d ,  and such f i e l d s ,  are not  resolved 
i n  the  TIROS p i c t u r e s .  The TIROS p i c t u r e s  show t h a t  very open low l e v e l  
cond i t ions  extend south  and sou theas t  of t h i s  p o s i t i o n  for 2' t o  3' of 
l a t i t u d e  and t h a t  c i r r u s  l ies over much of t h e  area of open condi t ions .  
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No. 23 1419101 1415.5/3108//NW/7v//211/4/2.6 
This shows generally very open conditions a t  low levels,  and an open f i e l d  of 
small cumulus towers with tower tops leaning northeastward, indicat ing the 
continued presence of low leve l  nor theas te r l ies .  A t h in  altocumulus formation 
is v i s i b l e  above and near the a i r c r a f t .  Against the dark sky background t h i s  
appears to be a r e l a t i v e l y  white cloud formation, A formation i n  t h i s  posi t ion 
r e l a t i v e  t o  the a i r c r a f t  but of varying form was v i s i b l e  c lose t o  the north a 
few minutes e a r l i e r ,  and continued’to be v i s i b l e  i n  or  near t h i s  posi t ion f o r  a 
t o t a l  period of about one hour. None of these clouds can be  seen i n  t h e  TIROS 
pictures .  The haze layer  was conspicuous. White caps were numerous, indicat ing 
a stronger low l eve l  flow. 
(17) i n  f igure  12C was not seen from the a i r c r a f t  on the southern t rack  hence 
cannot be detected i n  Nos. 19, 20, and 23. This formation was undoubtedly a low 
cumulus formation which was too low and too d i s t an t  t o  be seen from the a i r c r a f t .  
It represents another example of a condition which although r e l a t i v e l y  close t o  
the a i r c r a f t  was not seen from the a i r c r a f t  but which was r e l a t i v e l y  w e l l  
observed by a s a t e l l i t e .  

The formation shown j u s t  northeast  of condition 

No , 24 1427 291 1414.8/ 3140//NNW/7oy s s l  /200/8/ 2.7 

A view of cloud l i nes  of general ly  small cumulus u n i t s  and towers aligned 
approximately ENE-WSW, showing ti number of towers leaning east-northeastward. 
The l i n e s  and towers indicate  well  the presence of the low l eve l  northeast  
t rade flow. The altocumulus formation continues nearby t o  the north. Other  
t h in  altocumulus formations can be seen i n  the dis tance t o  the northwest. 
Most of these cloud formations are not resolved i n  the TIROS pictures .  A 
f i e l d  of la rger  bands is shown t o  the northwest i n  the  TIROS V pictures,  and 
shades of gray can be detected j u s t  north of t h i s  posit ion,  as i n  f igure  14F. 

No; 25 143036/1414.5/3152//NW/7~~//196/8/2.9 

A view of a f i e l d  of small towering cumulus u n i t s  and groups with towers leaning 
east-northeastward. 
of a more extensive and complex altocumulus formation is v i s i b l e  t o  the west. 
A t  t h i s  time the a i r c r a f t  was approaching the edge (17) of the condition (18) 
which was resolved by TIROS V as shown i n  f igures  12C, 13E and 14F. 
(18) represents  an extensive f i e l d  of l o w  cumulus towers, groups, and bands 
under some t h in  altocumulus, as shown here, and a l s o  shown i n  subsequent 
p ic tures  (as i n  Noe. 26, 28, and 29). White caps were numerous, indicat ing 
the presence of a moderate low level t rade flow. 

Altocumulus is  s t i l l  present t o  the  north, and the edge 

Condition 

A view of a f i e l d  of small towering cumulus u n i t s  showing aligned groups, 
open bands, and towers leaning east-northeastward. 
formations are a l so  v i s ib l e .  Much of t h i s  t rade  cumulus is  not c l e a r l y  
resolved i n  the  TIROS pictures .  However, some of t h i s  cumulus, and more 
cumulus of t h i s  type, appear i n  the TIROS V pic tures  as a set of small, 
r e l a t i v e l y  shor t  bands near and north and northwest of t h i s  poeitfon, as in  
f igu res  13E and 14F. 
the low l eve l  nor theas te r ly  t rade flow. The larger cumulus groups are well 
resolved, as is  shown i n  f igu res  13E and 14F. 

Thin altocumulus 

These bands ind ica te  d i r e c t l y  and well the presence of 
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No. 27 1436 161 1414.1/3213/ / N / 7  / /  236Vl313.4 

This  shows banded s t r u c t u r e ,  waves, and o the r  d e t a i l s  of the  t h i n  altocumulus 
t o  the  no r th  near  and above the  a i r c r a f t .  
a t  the  f l i g h t  l e v e l  (about 12,700 f e e t )  on the  southern  t r a c k  from about  3OoW 
t o  36OW, which is from a po in t  near  formation (16), over condi t ion  (18), and 
t o  a po in t  west of formation (25) where t h e  f l i g h t  l e v e l  wind shear  l i n e  was 
crossed  (near 37OW) as is shown i n  f i g u r e  4. 

Light  sou the r ly  winds were measured 

No. 28 143822/1413.9/3221//MJ/7o,~s/192/9/3.1 

A view of t r a d e  cumulus i n  approximately NE-SW l i n e s  and small bands showing 
towers lean ing  northeastward. Altocumulus formations are v i s i b l e  t o  the  nor th .  
The sa t e l l i t e -obse rved  p a t t e r n  of  the  clouds of condi t ion  (18), shown i n  
f i g u r e s  12C, 13E and 14F, r ep resen t s  mainly the  f i e l d  of t r ade  cumulus l i nes ,  
bands, and groups. I n  t h e  TIROS V p i c t u r e s  the  l a r g e r  t r a d e  cumulus bands 
and the  l a r g e r  groups a r e  r e l a t i v e l y  c l e a r l y  resolved,  smaller groups and 
l i n e s  c o n t r i b u t e  t o  the  r a t h e r  i n d i s t i n c t  gray areas, some of the  altocumulus 
probably a l s o  c o n t r i b u t e s  t o  the  gray areas, and open f i e l d s  and groups of 
small trade cumulus and much of the  t h i n  altocumulus are apparent ly  n o t  
resolved a t  a l l .  The compact l a r g e r  cumulus group shown t o  the  r i g h t  of the  
c e n t e r  of t h i s  p i c t u r e  appears  t o  be t h a t  shown near  1 4 . 5 O N ,  32.5OW i n  f i g u r e s  
1 3 E  and 14F. 
west of t h i s  group is w e l l  shown i n  f i g u r e s  1 3 E  and 14F (as near  14,3ON, 32,8*W), 
A number of o t h e r  d e t a i l s  of t h i s  t r ade  cumulus f i e l d  are a l s o  shown i n  f i g u r e s  
13E  and 14F as well as i n  t h i s  p i c tu re .  C i r r u s  appears  t o  be absent  over much, 
b u t  n o t  a l l ,  of t he  area of cond i t ion  (18). 

The area of r i g n i f i c a n t l y  more open cond i t ions  shown t o  the  

No. 29 144549/1413.2/3250//NNW/7s//190/5/3.0 

A view of a f i e l d  of t r a d e  cumulus a l igned  and leaning  as i n  p i c t u r e  No. 28 
and showing a r e l a t i v e l y  ex tens ive  and dense ly  cloudy group t o  the  west. 
This  l a r g e r  group is resolved i n  the  TIROS p i c t u r e s  and is the  r e l a t i v e l y  
b r i g h t  group shown i n  f i g u r e s  12C and 14F j u s t  west of t he  14.3ON, 32.8OW 
open area and n o r t h  of and a t  t h e  f l i g h t  t r a c k  near  33'W, and extending west 
and south from 14.2'N, 3 3 O W .  
of t h i s  group are well shown i n  these  f igu res .  
are a l s o  shown i n  t h i s  p i c tu re .  

The areas of r e l a t i v e l y  open cond i t ions  east 
Thin altocumulus formations 

No. 30 145234/1412.4/3317//NW/7v,ss//186/7/2.9 

This  shows the  nor thern  p a r t  of a dense r e l a t i v e l y  wide NE-SW c i r r u s  band 
which i s  apparent  as band (19) i n  f i g u r e s  12C, 13E and 14F. This  band, be ing  
over and near  o the r  clouds,  could e a s i l y  have been mis iden t i f i ed  i n  the  TIROS 
p i c t u r e s  and n o t  recognized t o  be a c i r r u s  formation, 
t h a t  i n  the  TIROS p i c t u r e s  it d i f f e r s  i n  appearance from the  formations of 
t h e  underlying and nearby cumulus f i e l d ,  and does show cirrus c h a r a c t e r i s t i c s  
a l though r e l a t i v e l y  poorly,  
tnwers lean ing  gene ra l ly  northeastward is  v i s i b l e  i n  the foreground. 
altocumulus is also v i s i b l e .  
a few minutes a f t e r  t h i s  time. 

It should be noted 

A f i e l d  of small t r ade  cumulus cloud u n i t s  with 

TIROS V passed over the  a i r c r a f t  f l i g h t  t r a c k s  
Thin 
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A view t o  t h e  south showing the  southern ex tens ion  of  the  cirrus band (19) 
t o  the  southeast ,  and an ex tens ive  system inc luding  much cirrus which extends 
f a r  southward. Much t h i n  altocumulus is a l s o  shown. These formations r ep resen t  
t he  nor thern  p a r t  of t h e  nor thern  p a r t  of the  western edge of t he  l a r g e  "ITC" 
system (20) which extends over 3 degrees  t o  t h e  south.  
t o  be an e a r l y  s t a g e  of t h e  system which la ter  became a t r o p i c a l  storm and 
caused damage i n  Guatemala. A f i e l d  of t r a d e  cumulus clouds,  groups, and 
NW-SE l i n e s  with towers lean ing  gene ra l ly  northeastward is v i s i b l e  i n  t h e  
foreground. Although most of t h e s e  cumufus formations are not  resolved i n  
the  TIROS p ic tu res ,  t he  l a r g e r  bands and groups, such as those shown near  the  
lef t  edge of  t h i s  p i c tu re ,  may be d e t e c t i b l e ,  as i n  f i g u r e  13E near  and s o u t h  
of t h i s  pos i t i on .  A l a r g e r  group of swel l ing  cumulus is shown f a r t h e r  south.  
The l i n e  of fou r  cumulus grops (21) c o n s i s t s  of such l a r g e r  cumulus formations.  
This group appears  t o  be present ,  b u t  obscured by h ighe r  clouds,  south of t h i s  
p o s i t i o n  (near 34.3'W) i n  f i g u r e s  13E and 14F. Condi t ions were very open t o  
t h e  no r th  and very  hazy. 
(see a l so  No. 32). F igures  13E  and 14F show well the  open cond i t ions  t o  
the  north,  and gray  formations south of  t h i s  p o s i t i o n  which r ep resen t  mainly 
t h e  t r a d e  cumulus groups but  which may also rep resen t  a c o n t r i b u t i o n  from the  
gene ra l ly  poorly reso lved  over ly ing  altocumulus formations.  

No, 32 151045/ 1411.3/3429//NW/7~//170/7/0.9 

This  system appears  

Altocumulus w a s  s t i l l  p resen t  nearby t o  the  no r th  

A view showing almost no c i r r u s ,  and the  edge of a t h i n  altocumulus formation. 
Very open cond i t ions  were observed n e a r l y  everywhere t o  the  nor th ,  and much 
of t he  area was t r u l y  clear. The lower atmosphere w a s  very  hazy. Figure 14F 
shows well these  ve ry  open condi t ions ,  bu t  shows shades of  gray not f a r  t o  
the  nor th  and northwest and a s i z a b l e  cluster of l a rge  towering cumulus groups 
and bands (24) f a r t h e r  t o  the  no r th  and northwest, c louds which were not  seen 
from the  a i r c r a f t  a t  t h i s  p o s i t i o n ,  The nea re r  gray bands and groups, and 
t h e  l a r g e  and h i g h l y  r e f l e c t i v e  group (24), r ep resen t  good examples of 
cond i t ions  which were r e l a t i v e l y  w e l l  observed by a s a t e l l i t e  b u t  which, 
though r e l a t i v e l y  c lose ,  were too  f a r  from t h e  a i r c r a f t  and too  low t o  be 
v i s i b l e  from the  a i r c r a f t .  

No. 33 151505/1411.1/3446//SE/7~~//166/10/0.6 

A view of the  ex tens ive  cirrus and t h i n  altocumulus formations of system (20). 
Also shown are very open low l e v e l  cond i t ions  nearby t o  the  south, and 
scattered groups of cumulus and swel l ing  cumulus f a r t h e r  south.  
cumulus groups are reso lved  i n  the  TIROS p ic tu re s ,  as is  shown i n  f i g u r e s  13E 
and 14F. The l a r g e r  cumulus group a t  the  r i g h t  edge of t h i s  p i c t u r e  i s  the  
group of t h e  set  (21) which is  nea r  longi tude 34.7OW. The less d i s t i n c t  more 
d i s t a n t  groups near  t h e  p i c t u r e  cen te r ,  a t  least p a r t l y  under t h i n  altocumulus 
formations,  are also shown i n  f i g u r e s  13E and 14F. The gray formations shown 
t o  the  south  near  longi tude 34.5"W i n  f i g u r e s  13E and 14F appear t o  r ep resen t  
mainly cumulusqclouds and groups b u t  appear t o  include a l s o  some t h i n  a l t o -  
cumulus. The northwestern edge of t he  higher  dense c i r rus  formation of system 
(20) l ies  s t i l l  f a r t h e r  to  the  southeas t  as is shown i n  f i g u r e s  13E and 14F 
and also i n  p i c t u r e  no. 31. 

Some of the  
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No. 34 152045/1410.7/3509//S17~f//165/6/1.2 

This  shows the  gene ra l ly  very open cond i t ions  which extend t o  the  d i s t a n t  
systems (20) t o  the  l e f t  and (22) to  the  r i g h t .  The dark edge of an 
altocumulus formation is conspicuous t o  t h e  l e f t .  Sca t t e red  cumulus small 
l i n e s  and groups, inc luding  two l a r g e r  groups of  t he  l i n e  (21), are v i s i b l e  
t o  the  south.  
i n  f i g u r e  14F (and under the  star of t h e  l a b e l  (21) i n  f i g u r e  12C) and the  
group shown under the  a i r c r a f t  wing is the  smal le r  group shown t o  the  west 
(near  35.2OW) i n  f i g u r e s  12C and 14F. 
present  near the  a i r c r a f t  t o  the  north.  For the  f i r s t  time a t  f l i g h t  l e v e l  
turbulence was apprec iab le  ( fo r  a s h o r t  per iod of t i m e ) .  
unusual ly  dense t o  the  nor th  and t o  the  south.  
nimbus group (22) is wel l  shown f a r  t o  the  south.  

The group l e f t  of t he  p i c t u r e  c e n t e r  is the  group near 35"W i n  

Thin altocumulus formations were s t i l l  

The haze was 
The a n v i l  (23) of the  cumulo- 

No. 35 1527461 1410.3/3538//NW/4ss// 17 8/81 1.6 

A view of a r e s t r i c t e d  f i e l d  of gene ra l ly  NE-SW l i n e s  and bands of t r ade  
cumulus. The l a r g e r  bands are v i s i b l e  i n  t h e  TIROS V p ic tu res ,  as shown a t  
(25) i n  f i g u r e s  12C, 1 3 E  and 14F. The towers lean  northeastward,  Thin 
altocumulus i s  s t i l l  p re sen t  nearby t o  the  nor th .  Very open cond i t ions  extend 
t o  the  f a r  d i s t a n c e  northwest of the  cumulus f i e l d .  A long high dense c i r r u s  
apparent  band is shown near  t he  horizon. During the  f l i g h t  i t  appeared t o  be 
a f a r  d i s t a n t  long c i r r u s  plume o r  band with i t s  western end somewhat closer 
t o  the  a i r c r a f t  than t h e  e a s t e r n  end. The e a s t e r n  end is e v i d e n t l y  wider 
than the  western end, i s  apparent ly  somewhat lower, and may we l l  be a f a i r l y  
ex tens ive  l a y e r  o r  s h i e l d  r a t h e r  than a narrow band. 
a r e  ev iden t ly  r e l a t i v e l y  t h i n  and much of it may be r e l a t i v e l y  t h i n .  This  
formation l ies  a t  t h e  e a s t e r n  end of the  group (26) shown i n  f i g u r e s  12C and 
14F. 
ex tens ive  b u t  poorly reso lved  c i r r u s  formation a s soc ia t ed  wi th  the  eas t e rn -  
most subgroup near  15.5ON and 36.7OW. Inconspicuous i n d i c a t i o n s  of r a t h e r  
t h i n  c i r r u s  can be seen i n  the  TIROS p i c t u r e s  a t  and near  t h i s  subgroup. 
This  formation is  not  a s soc ia t ed  wi th  the  group (24) o r  with the  conspicuous 
long east-west band near  the  center of t h e  group (26), groups which were no t  
Seen from the a i r c r a f t  on t h e  southern  t rack .  Although the  presence of c i r r u s  
of t h i s  or a similar type was suspected a t  these  groups, because of the  
presence of t h i s  c i r r u s  formation and because of poss ib l e  ind ica t ions  of c i r r u s  
i n  the  TIROS p ic tu re s ,  i t  was not  c l e a r l y  observed a t  these  groups. 
formation r ep resen t s  a good example of a major and d i s t a n t  cloud band o r  
s h i e l d  which was r e l a t i v e l y  we11 observed from the  a i r c r a f t  bu t  was, unexpect- 
edly,  very poorly observed by the  sa te l l i t e .  
the  presence, poss ib ly  e a r l i e r ,  of a t  l e a s t  a small c i r rus -gene ra t ing  cumulo- 
nimbus cloud.  The b r i g h t  l a r g e s t  cloud u n i t  of the  subgroup near  15.5'N and 
36.7Ow may well be  the  c i r rus -gene ra t ing  cumulonimbus cloud. However i t  
should be noted t h a t  dur ing  the  f l i g h t  the  band appeared t o  be detached, a 
cond i t ion  which could not  be c l e a r l y  v e r i f i e d ,  and the  genera t ing  cloud may 
have changed g r e a t l y  o r  p a r t l y  d i s s i p a t e d  and may not  be recognizable  i n  
f i g u r e s  12C and 14F. The f l i g h t  level shear  l i n e  e x t e d s  over the group (24), 
Over t h e  c l u s t e r  of bands t o  the  nor theas t ,  over the  p o i n t  3OoW and 18.5'N, 
and f a r t h e r  northeastward. It should be noted t h a t  thetrouah which inc ludes  
the  f l i g h t  level  shear  l i n e  is assoc ia t ed  with very open low level condi t ions ,  
t h e  two minor except ions being t h e s e  r a t h e r  open groups of towering cumulus bands. 

Parts of t h i s  formation 

It is n o t  c l e a r l y  revea led  i n  these  p i c t u r e s .  It appears  t o  be an  

This 

This  c i r r u s  formation impl ies  
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No. 36 1530081 1410.0/3547//S/OIdf / I  1911212.3 

A view of convective system (22) showing active cumulonimbus clouds with 
c i r r u s  tops  spread-ing l a t e r a l l y ,  and the  s h o r t  c i r r u s  plume (23) extending 
northward. A r a p i d l y  growing tower is  v i s i b l e  near t he  west end of t h i s  
group j u s t  below the  western edge of t h e  c i r r u s  (see a l s o  Nos. 39, 41, and 
42). The nor thern  edge of system (22) l i es  about 2 degrees of l a t i t u d e  south 
of t he  a i r c r a f t .  Very open condi t ions  extend south  t o  t h i s  system and a l s o  
t o  system (20) t o  t h e  east. Widely s c a t t e r e d  small cumulus clouds and l i n e s  
and a l a r g e r  t r ade  cumulus group are v i s i b l e  i n  the  foreground. The l a r g e r  
t r ade  cumulus group is  t h e  w e s t e r m o s t  group (near longitude 35.5OW) of t he  
l i n e  (21). (The o the r  groups of the  l i n e  of groups (21) are shown i n  Nos. 33 
and 34). These condi t ions  are well shown i n  f i g u r e s  133 and 14F. 

No. 37 1531511 1409.7 /3554//NNW/4-~~// 17 81512.6 

A b e t t e r  view of t h e  c i r r u s  band shown a l s o  i n  No. 35, which shows t h a t  i t  is 
w e s t  of t h e  group (24) and is as f a r  w e s t  as the  subgroup of (26) a t  15.5'N 
and 36.7"W. The western t i p  of a second apparent ly  even more d i s t a n t  c i r r u s  
formation can be seen a t  the  extreme r i g h t  i n  t h i s  p i c tu re .  The i n d i s t i n c t  
formation near 16.2ON and 36.2OW i n  f i g u r e  14F is i n  t h e  r i g h t  d i r e c t i o n  and 
a t  a reasonable d i s t ance  (see a l s o  Nos. 42 and 39) and may poss ib ly  be t h i s  
c i r r u s  formation. Both of these band-like c i r r u s  formations appear t o  be 
somewhat anomalous. Trade cumulus l i n e s  and bands, including a branched 
band, are shown i n  the  foreground, The curved towers with bases  leaning 
southwestward and tops  lean ing  northeastward i n d i c a t e  the  presence of t h e  
n o r t h e a s t e r l y  t r a d e s  and a speed maximum near the  middle l e v e l  of the  more 
d i s t a n t  towers. The small cumulus l i nes ,  and the  ENE-WSW band a x i s  tendency 
shown here  and i n  f i g u r e  14F, a l s o  i n d i c a t e  the  presence of t h e  n o r t h e a s t e r l y  
t r ade  flow. 
branched cumulus band, t he  e a s t e r n  p a r t  of which is the  band shown i n  the  
l e f t  h a l f  of No. 35, appears t o  be v i s i b l e  near 14.4'N, 35.8OW i n  f i g u r e  14F, 
which shows cond i t ions  about 30 minutes before the  time of' t h i s  p i c t u r e .  
Other cumulus bands inc luding  one crossed by the  a i r c r a f t  are a l s o  shown 
i n  f i g u r e  14F. 

Thin altocumulus i s  s t i l l  present  nearby t o  the  north.  The 

No. 38. 1537 281 1409.1/36 1 6 / / ~ / 0 v / /  17 31312.5 

This shows t h e  c i r r u s  band a l s o  shown i n  Nos. 35 and 37 i n  the  d i s t ance ,  t h i n  
altocumulus nearby, and very open low level cond i t ions  over most of t he  area. 
A Eew small t r a d e  cumulus l ines  are shown, with tower tops  leaning no r theas t -  
ward. The haze l aye r  was  deep and conspicuous. Most of t h e  clouds shown 
i n  t h i s  p i c t u r e  are not reso lved  i n  the  TIROS p i c t u r e s ,  The l a r g e r  cumulus 
group t o  the  r i g h t  i n  t h i s  p i c t u r e  is apparent ly  revealed (near longitude 
36.loW), and t h e  c i r r u s  band appears t o  be poorly resolved as was discussed 
under No. 35 above. 
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No. 39 1549241 1406.8/3704//SE/Ov,df//5V/3/3.4 

A view of the  northwestern edge of system (22), showing t.he tower r e f e r r e d  t o  
a t  No, 36 d i s t i n c t l y  l a r g e r ,  This  tower was determined from the  s i d e  camera 
16 mm f i l m  t o  be about 130 n.mi. from t h e  a i r c r a f t  when near  t h i s  pos i t i on  
and t o  have a top  a l t i t u d e  of about 56,500 f e e t .  The easternmost a n v i l  of 
system (22) reached a he igh t  of about 50,500 f e e t  and was about 100 n.mi. 
d i s t a n t .  Very open condi t ions  are shown over an ex tens ive  a rea  i n  t h i s  view 
and i n  f i g u r e  14F. Approximately NE-SW l i n e s  of very small  cumulus cloud 
u n i t s  are v i s i b l e  i n  t h e  foreground. Details a long the  northwestern edge 
of  system (22) are a l s o  well shown i n  f i g u r e s  13E and 14F. 

No. 40 155444/1405.4/3725//Nw/00//14v/5/3.0 

A view of small cumulus l i n e s  with axes approximately NE-SW, and ve ry  open 
cond i t ions  over a very ex tens ive  area. A t h i n  cirrus formation is v i s i b l e .  
Haze was conspicuous. These clouds are not reso lved  i n  the  TIROS p i c t u r e s .  
The open condi t ions,  however, a r e  well shown i n  f i g u r e  14F. 

NO. 41  1557 021 1404.8137 35//SE/Oo, df  1 / 2OV/ 21 2.5 

A view of system (22) showing f u r t h e r  growth of the  western tower and a lateral  
spreading  of i t s  upper p a r t .  
A f i e l d  of approximately NE-SW small cumulus l i n e s  is v i s i b l e  i n  the  foreground. 
The open cond i t ions  j u s t  west of those shown here,  inc luding  those f a r  t o  the  
south,  l i e  i n  the  TZROS coverage gap and are not  shown i n  f i g u r e s  12B, 12C, 
140, 14E o r  14F. 
shown i n  f i g u r e  3 and under t h e  trough shown i n  f i g u r e  4. 
l i n e s  are no t  resolved i n  the  TIROS p i c t u r e s .  The open cond i t ions  shown 
here, and d e t a i l s  of t h e  d i s t a n t  system (22), are a l s o  well shown i n  
f i g u r e s  13E  and 14F, 

Very open cond i t ions  extend f a r  t o  the  south ,  

These ex tens ive  open cond i t ions  are mainly under the  c o l  
The t r ade  cumulus 

No, 42 1607 15/ 1402 8138161 /SE/4-df / / 117 /3 /3 ,2  

A f i n a l  view of system (22) showing t h e  western tower, f u r t h e r  developed, a 
f a r  d i s t a n t  western c i r r u s  plume (a l so  shown i n  Nos. 31 and 41), and the  
very open cond i t ions  t o  the  west.  Trade cumulus cloud u n i t s ,  approximately 
NE-SW l i nes ,  and groups are shown i n  the  foreground. Haze w a s  conspicuous. 
C i r r u s  formations were v i s i b l e  t o  t h e  no r th ,  A f i e l d  o f  cumulus groups, 
probably similar t o  the  l a r g e r  groups shown i n  t h i s  p i c tu re ,  is  shown i n  
f i g u r e  14F south  of t h i s  p o s i t i o n  near  13'N. The cumulus a t  the  base of the  
western c i r r u s  plume, which is  well shown i n  No, 39, is almost no t  v i s i b l e  
i n  t h i s  p i c t u r e  because of the  increased  d i s t a n c e  and the  curva ture  of t he  
su r face  of the  Ear th  (see a l s o  No. 41). 
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No. 43 16 1327 1 140 1.61 3842//NW/7 -, VI I 11 2V/ 2/ 3.2 

This  shows a c i r r u s  formation extending westward. 
cond i t ions  extend .to t h e  horizon. The l o w  cumulus formations shown i n  f i g u r e  
14E no r th  of 15'N i n  t h i s  d i r e c t i o n  are no t  shown h e r e  and were no t  v i s i b l e  
from the  a i r c r a f t .  The deep haze l aye r  had a conspicuous sharp ly  marked upper 
l i m i t .  The a i r c r a f t  passed under a r e l a t i v e l y  dense NE-SW c i r r u s  band a t  1622. 
Much c i r r u s  w a s  v i s i b l e  t o  the  south a t  1633. Because of the  sa te l l i t e  coverage 
gap most of t h e  r e so lvab le  f e a t u r e s  of these  cond i t ions  are no t  shown i n  the  
TIROS p i c t u r e s .  Some of the  c i r r u s  observed near  t h i s  time can be de t ec t ed  
near  14.2'N and 39.2'W i n  f i g u r e  14E. 

Very open (apparent ly  clear) 

No. 44 1639431 1354.614027 //Nw/70, d f / /  1217 13.6 

A view showing very  open cond i t ions  t o  the north,  and a f i e l d  of approximately 
ENE-WSW small t r a d e  cumulus l i n e s  which r e v e a l  the  cont inued presence of the  
n o r t h e a s t e r l y  t r a d e  flow. The i r r e g u l a r  e a s t e r n  edge and p a r t  of the  overcas t  
s h i e l d  of an  ex tens ive  high altocumulus formation is shown t o  the  west.  Haze 
w a s  conspicuous t o  t h e  west.  The altocumulus r ep resen t s  t he  e a s t e r n  edge of 
t he  band of ex tens ive  altocumulus formations,  some extending from la rge  
towering cumulus groups, which lies t o  the  east of the  similar formations (30) 
and (31), and which is i nd ica t ed  a t  (33) i n  f i g u r e  12B and n o r t h  of (33) i n  
f i g u r e  14D. 

No. 45 1643 121 1353.8/404l//SE/7-//6/9/3.7 

A view of a r e l a t i v e l y  dense c i r r u s  band which inc ludes  s e v e r a l  dense cirrus 
masses and which extends eastward t o  the  south.  A t  low l e v e l s  very open 
cond i t ions  extend f a r  t o  the  southeas t .  These r ep resen t  the  western s i d e  of 
t h e  area of open cond i t ions  r e f e r r e d  t o  a t  No. 42. Low t r ade  cumulus l i n e s  
wi th  approximately ENE-WSW axes and groups are v i s i b l e  t o  the  south.  

No. 46 (Data the  same as those f o r  No. 45 except  t h a t  t he  azimuth is south)  

This shows the  western end of the  c i r r u s  band shown i n  No. 45, An ex tens ive  
high l e v e l  c loud system which inc ludes  much altocumulus is v i s i b l e  t o  the  west. 
This  is t he  southern  p a r t  of t he  e a s t e r n  edge of the band of altocumulus form- 
a t i o n s  r e f e r r e d  t o  a t  No. 44 and is t he  e a s t e r n  edge of formation (33). A band 
of l a r g e r  swel l ing  cumulus is shown to  the  w e s t .  Much d i s t a n t  cumulus is a l s o  
shown t o  the  west. The cumulus l i n e s  shown i n  No. 45 a r e  b e t t e r  shown here .  
The l a r g e r  cloud formations shown i n  t h i s  p i c t u r e  are l a r g e  enough t o  be 
reso lved  i n  t h e  TIROS p ic tu re s ,  b u t  are no t  shown i n  t h e  TIROS p i c t u r e s  because 
of t he  coverage gap. 
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No. 47 164903/1352.5/4105//NNW/70, ss / /12 /8 /4 .1  

A view of t he  southern p a r t  of the  altocumulus formation shown t o  the  west i n  
No. 44 showing thinness ,  banding, and wave s t r u c t u r e .  An ENE-WSW band of 
t r a d e  cumulus, and o t h e r  t r a d e  cumulus groups and cloud u n i t s ,  with towers 
lean ing  east-northeastward i n d i c a t e  the  continued presence of the  low l e v e l  
n o r t h e a s t e r l y  t r ade  winds. 
The top  of the  haze l aye r  was marked t o  t h e  east b u t  d i f f u s e  t o  the  west. 
This  p i c t u r e  shows well t he  condi t ions  t o  the  no r th  of t he  a i r c r a f t  a t  the  
s a t e l l i t e  coverage gap area. ' 

A somewhat more d i s t a n t  l a r g e r  band i s  a l s o  shown. 

No. 48 170027 /1350.5/4151//SE/7v, dn//7 1313.5 

A view of an ex tens ive  s h i e l d  of a l t o s t r a t u s  a s soc ia t ed  with a pene t r a t ing  
l a rge  towering cumulus c e n t r a l  mass. 
p a r t  of formation (33), which l ies  t o  the  e a s t  of formation (31). The 
western edge of formation (33) can be de t ec t ed  b u t  is not well shown i n  
f i g u r e s  12B and 14D. The e a s t e r n  edge of t h i s  formation i s  shown i n  p i c t u r e  
No, 46. It should be noted t h a t  most of the  formations and formation d e t a i l s  
seen from the  a i r c r a f t  near  and a f t e r  t h i s  t i m e  do no t  c o r r e l a t e  as well with 
the  smaller d e t a i l s  shown i n  the  TIROS p i c t u r e s  as d i d  the  formations and 
formation d e t a i l s  seen earlier.  This is p r imar i ly  due t o  the  l a r g e r  
obse rva t iona l  time d i f f e r e n c e s ,  Pictures No. 48 and No. 49 were taken about 
1.5 hours a f te r  the  t i m e  of f i g u r e s  12B and 14D. S i g n i f i c a n t  t r a n s l a t i o n ,  
development, d i s s i p a t i o n ,  and o t h e r  changes may occur when the  t i m e  d i f f e r e n c e s  
are as l a rge  as t h i s  o r  l a rge r .  It was found, however, t h a t  the  c o r r e l a t i o n  
i s  u s u a l l y  improved when it is poss ib l e  t o  make a reasonable  allowance f o r  
lateral displacement.  
a l t o s t r a t u s .  A few ENE-WSW small cumulus l i n e s  a r e  shown. A towering cumulus 
bui ld-up is c l e a r l y  v i s i b l e  i n  t h e  d i s t ance .  
s t i l l  in t he  weak n o r t h e r l y  c u r r e n t  w e s t  of  t he  700 mb shear  l i n e .  

This  s h i e l d  appears  t o  be the  c e n t r a l  

General ly  open cond i t ions  cont inue beneath the  

A t  t h i s  t i m e  t he  a i r c r a f t  w a s  

No. 49 

A view of a t h i n  a l t o s t r a t u s  sh i e ld ,  almost an overcas t ,  which is  a northward 
con t inua t ion  of the  a l t o s t r a t u s  shown i n  No. 48, which i s  a formation of a 
l a te r  s t a g e  of the  roughly NW-SE curved and r e l a t i v e l y  wide complex band 
t h a t  l ies  northwest of formation (33) as shown i n  f i g u r e s  8, 12B and 14D, and 
which appears  t o  extend i n t o  a l t o s t r a t u s  a s soc ia t ed  with a later s t age  of 
formation (30). 
c l e a r l y  shown i n  the  TIROS p ic tu re s ,  as when over areas of few o r  small low 
cumulus clouds.  The c loudiness  shown between formations (30) and (33), 
no tab ly  t h a t  shown j u s t  east of formation (30) i n  f i g u r e  14D, appears  t o  be 
i n d i s t i n c t l y  shown a l t o s t r a t u s  over some low cumulus. 
formations (31) and (33) appears  t o  be i n d i s t i n c t l y  shown t h i n  a l t o s t r a t u s  
over very l i t t l e  i f  any low cumulus. 
with towers lean ing  approximately east-northeastward is shown below the  
a l t o s t r a t u s  s h i e l d .  This  f i e l d  is  less we11 developed t o  the  east. Dense 
c i r r u s  is v i s i b l e  f a r  t o  the  northwest.  White caps were present  bu t  few i n  
number. 

Much of t h i s  a l t o s t r a t u s ,  be ing  r e l a t i v e l y  th in ,  may no t  be 

That shown between 

An extensive f i e l d  of t r a d e  cumulus 
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No. 50 17 11591 1348.9/4238//N/7v, osl/16V/4/3.8 

A view of conditions similar t o  those shown i n  No. 49. The a l t o s t r a t u s  i s  
thicker  and forms an overcast. 
and becomes very open t o  the west. 
cons i s t s  mainly of sca t te red  approximately ENE-WSW small suppressed t rade 
cumulus l ines ,  with towers leaning west-southwestward. The d i s t an t  dense 
c i r rus  is  s t i l l  v i s i b l e .  These conditions occur between t h e  posi t ions of 
formations (30) and (33) shown i n  f igures  12B and 14D. 

The f i e l d  of t rade cumulus is  more open, 
The pa r t  of t o t a l  f i e l d  shown here 

No. 51 

A view taken when the  a i r c r a f t  was approaching a formation which had 
considerable v e r t i c a l  development and extended i n t o  a high a l t o s t r a t u s  
overcast  and extensive and dense c i r r u s  shield.  Several layers  of middle 
leve l  a l t o s t r a t u s  a re  v i s ib l e .  Relat ively t a l l  t rade cumulus towers leaning 
east-northeastward are c l e a r l y  shown east of the apparent " w a l l f 1  of the 
large formation. Lower t rade  cumulus towers, s imi la r  t o  those shown i n  
No. 50, lean west-eouthwestward. The large formation is evident ly  a l a t e r  
s tage of formation (30). Shortly a f t e r  t h i s  time the a i r c r a f t  passed from 
the weak norther ly  cur ren t  t o  a southerly flow which increased westward t o  
the wind s h i f t  zone near 5OoW (as shown i n  f igure  5) and which extended 
over a wide area northeast  of system (40) and east of system (39). 

No. 52 1733371 1345.8/4405llNwl 1% I1 1341412.4 

A view of a large band, apparent band, or second "wall" of convective bui ld-  
ups, t o  the west of the formation shown i n  No. 51. This band i s  bounded on 
the  w e s t  by an approximately N-S long and r e l a t i v e l y  broad zone, or  corridor,  
which lacks large towering cumulus clouds and is i n  general  r e l a t i v e l y  open 
a t  the lower levels.  The lower portions of the cumulus towers lean generally 
eastward, and extend from low l eve l  e a s t e r l i e s  through mid-level souther l ies  
i n t o  upper l eve l  northwesterlies.  Much a l to s t r a tus ,  and some c i r rus ,  are 
v i s i b l e  above. T h i s  band, apparent band, o r  corr idor  " w a l l "  appeared from 
the a i r c r a f t  t o  be a type of convective band. 
band o r  elongate quasi- l inear  group of large towering cumulus cloud systems, 
a band of intense convective a c t i v i t y .  
the northern part ,  of formation (35) which is well shown i n  f igures  12B and 
14D, but appears t o  include a l s o  some of the towering cumulus clouds of the 
western s ide  of formation (30) which l ies  t o  the north. This generally N-S 
band, or  apparent band, of par t s  of formations (35) and (30), and with a 
major open cor r idor  t o  the w e s t ,  is r e l a t i v e l y  w e l l  shown i n  f igures  12B and 
14D. As No. 52 was taken about 2 hours a f t e r  f igures  12B and 14D the d e t a i l s  
shown i n  t h i s  p ic ture  represent later s tages  and a de ta i l ed  one-to-one 
correspondence of cloud formation fea tures  can no longer be determined with 
cer ta in ty .  Formation (35) may have moved s igni f icant ly ,  perhaps even somewhat: 
eastward, and c e r t a i n l y  changed o r  developed during t h i s  in te rva l .  

It appeared t o  be a d i s t i n c t  

It appears t o  represent a major part ,  
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No. 53 17 38361 1345.4/4425//W/ 13511 148V/2/2.3 

A view forward showing an  ex tens ive  s t r a t i f o r m  cumulus layer  below t h e  a i r c r a f t ,  
high t h i n  c i r r u s  t o  the  south, and a dense c i r r u s  band a s soc ia t ed  with a 
group of cumulonimbus clouds t o  the  nor th .  
p a r t  of a later s t age  of formation (36). 
cumulonimbus cloud system. The low s t r a t i f o r m  clouds appear t o  be too t h i c k  
and ex tens ive  t o  be the same i n  type a s  the  gray  formations shown i n  f i g u r e s  
12B and 14D near t h i s  p o s i t i o n  bu t  may be later s t ages  of such formations. 
The d e t a i l s  shown i n  t h i s  p i c t u r e  correspond i n  a genera l  way only with those 
shown i n  f i g u r e s  12B, 13C and 14D, The d i f f e rences  are doubt less  due t o  
r ap id  changes, growth, and displacement dur ing  t h e  2 hour i n t e r v a l  between t h e  
times of t he  a i r c r a f t  and the TIROS p ic tu re s .  For example, the  dense c i r r u s  
may have increased i n  amount and very  l i k e l y  moved southeastward apprec iab ly  
i n  the  upper l e v e l  nor thwes ter l ies  dur ing  t h i s  period. The condi t ions  shown 
i n  t h i s  p ic ture ,  when compared with those of f i g u r e  14D, suggest such changes. 
White caps were almost absent  below. 

The dense c i r r u s  band is probably 
This formation is ev iden t ly  a 

No. 54 17 5007 1 1344.0145 101 /N/ 13p/ 1 152V/ 1/ 2.9 

This shows an ex tens ive  approximately N-S band or apparent band of towering 
cumulus t o  the  east, and a broad c o r r i d o r  with small suppressed cumulus 
clouds t o  the  west, The c o r r i d o r  t o  the  east of t h i s  band is the  one west 
of the  formation shown i n  No. 52. Much c i r r u s ,  dense t o  the  east bu t  th inner  
t o  t h e  west, and some a l t o s t r a t u s  and altocumulus, are shown a t  the  higher 
levels. The dense c i r r u s  shown t o  the nor th  and east appears t o  be c i r r u s  of 
a l a te r  s t age  of formation (36). The band of towering cumulus appears t o  be 
p a r t  of t he  western s i d e  of a later s t age  of formation (36). A gene ra l ly  
NW-SE zone of r e l a t i v e l y  open low level condi t ions  is shown near  and west of 
t h i s  p o s i t i o n  i n  f i g u r e s  12B and 14D (see a l s o  No. 5 5 ) .  Generally NW-SE 
cumulus small bands are a l e o  shown i n  f i g u r e s  12B and 14D, and b e t t e r  i n  
f i g u r e  13C; over a r e l a t i v e l y  ex tens ive  area near and south of t h i s  pos i t i on  
and elsewhere i n  these  TXROS p i c t u r e s .  
shown i n  t h e  TIROS p ic tu re s  i n  and near t h e  f l i g h t  t r a c k  area a t  t h i s  region. 
These were, i n  general ,  no t  observed o r  not c l e a r l y  observed f r a n  the  a i r c r a f t .  

A v a r i e t y  of o the r  d e t a i l s  are well 

No. 55 (Data e s s e n t i a l l y  the  same as those f o r  No. 54, except t h a t  t he  
azimuth is  NW) 

A view of t h e  f i e l d  of small t r ade  cumulus cloud un i t s ,  l i nes ,  and groups 
i n  t he  broad co r r ido r .  The curved towers r e v e a l  t h e  presence of a low l e v e l  
approximately eas t -no r theas t e r ly  flow ( in  a manner similar t o  t h a t  shown 
i n  No. 37). The smaller cumulus towers lean  approximately west-southwestward 
as d i d  t h e  smaller towers observed t o  t h e  east in t h i s  region. The l a r g e r  
towers though curved, and un l ike  those shownqin No. 51, are nea r ly  vertical ,  
i n d i c a t i n g  reduced v e r t i c a l  g rad ien t s  i n  t h e  wind f i e l d  of t he  t r ade  flow. 
Increased c loudiness  is a l s o  shown west of t h e  NW-SE r e l a t i v e l y  open zone .or 
co r r ido r ,  and west of t h i s  pos i t ion ,  i n  f i g u r e s  12B and 14D. This c loudiness  
inc ludes  c i r r u s  and several l aye r s  of altocumulus and a l t o s t r a t u s  as is well 
shown in t h i s  p i c tu re .  
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No. 56 1757/ 1341.0/4538//N/13// 167V/3/2.3 

A view of the  band of towering cumulus clouds which bounded t o  the west the 
c o r r i d o r  shown i n  No. 54. Another c o r r i d o r  is  shown t o  the west of t h i s  band. 
Also shown are a t h i n  c i r r u s  ove rcas t  above, some altocumulus a t  middle l eve l s ,  
and suppressed cumulus i n  the  c o r r i d o r .  A r e l a t i v e l y  small  cumulus band with 
a small r e l a t i v e l y  open zone t o  the  west i s  shown near  t h i s  pos i t ion ,  e s p e c i a l l y  
t o  t h e  south of the  f l i g h t  t rack,  i n  f i g u r e  14D. Other bands and open a r e a s  
and zones are a l s o  shown southwest of formation (36). The major band shown 
i n  t h i s  p i c t u r e  may we l l  be a l a t e r  s t age  of one of t hese  s a t e l l i t e - o b s e r v e d  
bands. A l a r g e r  r e l a t i v e l y  open zone i s  present  near  longi tude 46'W. Many 
of t he  bands and open zones shown near  t h i s  area i n  f i g u r e  14D r e v e a l  a 
tendency toward o r i e n t a t i o n  along NW-SE axes ;  o t h e r s  i n d i c a t e  a weak bu t  r e a l  
tendency toward an approximately NNE-SSW a x i s  o r i e n t a t i o n  (see a l s o  No. 57). 
The former a r e  approximately normal t o  the  t r ade  flow; the  l a t t e r  appear t o  
be approximately p a r a l l e l  t o  the  est imated wind d i f f e rence  (approximate mean 
shear) between the  t r ade  and mid-tropospheric flows, and could conceivably 
be used t o  improve the  e s t ima te  of t h i s  d i f f e r e n c e .  

No. 57 180236/1338.2/4559//NW/15~//159/7/2.4 

A view showing the  westward ex tens ion  of the  c o r r i d o r  shown t o  the  west i n  
No. 56. This is near  the  pos i t i on  of the  open zone shown near  longi tude 46"W 
i n  f i g u r e  14D. This p i c t u r e  shows very open a r e a s  t o  the  e a s t  and west and 
an open low approximately NNE-SSW band of curved t r ade  cumulus towers, which 
(as i n  Nos. 37 and 55) i n d i c a t e  the  l e v e l  of the  speed maximum of the  low 
level gene ra l ly  e a s t e r l y  t r a d e  flow. 
a t  the  f l i g h t  l eve l .  A r e l a t i v e l y  dense c i r r u s  overcast ,  which appears t o  
be an ex tens ion  from formation (37), is we l l  shown above. It should be noted 
t h a t  much cirrus ,  i n  gene ra l  a c i r r u s  overcast ,  is shown i n  the  a i r c r a f t  
p i c t u r e s  west of about 42OW, and t h a t  r e l a t i v e l y  l i t t l e  c i r r u s  i s  c l e a r l y  
revea led  i n  the  TIROS p i c t u r e  near  t h e  f l i g h t  t r a c k  from about 42OW t o  about 
46 O W .  

A s o u t h e a s t e r l y  flow is s t i l l  present  

No. 58 180823/ 1335.2/4623//N/15v/ /168/ 13/ 2.2 

A view of an ex tens ive  a r e a  c l e a r  of low cumulus clouds,  which extends west 
of t he  area of open cond i t ions  shown i n  No. 57, and a r e l a t i v e l y  dense 
c i r r o s t r a t u s  overcas t .  Almost no whitecaps were v i s i b l e .  This a r e a  was 
under the  c i r r u s  s h i e l d  of formation (37) (see f i g u r e s  12B and 14D). Some 
cumulus is shown t o  the  no r theas t  i n  t h i s  p ic ture ,  and may r ep resen t  the  edge 
of a cumulus formation of the  type which causes  the  cumuliform inhomogenity 
apparent  no r th  of t h e  f l i g h t  t r a c k  near  t h i s  p o s i t i o n  i n  f i g u r e  14D. The 
southern p a r t  of formation (37) is more homogeneous and apparent ly  inc ludes  
less low cumrtlus c loudiness .  
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No. 59 182109/1328.7/47 14/NNW/15ss/l65/13/3.0 

This shows the  condi t ions  a t  the  western s i d e  of t he  area of low l e v e l  open 
condi t ions  shown i n  Nos. 57 and 58. Cumulus towers lean  somewhat nor th  of 
eastward under a dense c i r r u s  overcas t .  Altocumulus formations are shown 
t o  the  west and i n  t h e  d i s t ance  t o  the  east. Over t h i s  area the  winds a t  
f l i g h t  l e v e l  were s i g n i f i c a n t l y  s t ronge r  than they were t o  the  east. 
white caps were present a t  t h i s  time. 
west. This area was near t h e  p o s i t i o n  of t h e  western l i m i t  of the  more 
r e f l e c t i v e  clouds of formation (37) shown i n  f i g u r e s  12B and 14D. More 
open condi t ions  are ind ica ted  t o  the  west i n  these  f igures ,  but are not shown 
in t h i s  p ic ture .  
p o s i t i o n  shown i n  f i g u r e s  ,12B and 14D of t h e  nor theas te rn  margin of t he  
r e l a t i v e l y  dense c i r rus ' /o f  t he  systems (39) and (40). I n  f a c t ,  by then, as 
t h e  aircraft p i c t u r e s  show, the  a i r c r a f t  had been f l y i n g  under dense c i r r u s  
f o r  over 30 minutes, The observation time d i f f e rence  a t  the  t i m e  of t h i s  
p i c t u r e  was almost 3 hours. C lea r ly  major changes had occurred s ince  the  
t h e  of these TIROS p ic tu res .  

Many 
Rain a r e a s  were a l s o  v i s i b l e  t o  t h e  

About 10 minutes a f t e r  t h i s  t i m e  t h e  a i r c r a f t  passed the  

No. 60 184258/1318. 5/4841//NNE/14-//164/13/30 3 

A view of the  western s i d e  of the  band of p r e c i p i t a t i n g  towers which l a y  t o  
the  west of t h e  open condi t ions  shown i n  No. 59. 
Clearlyshown i n  f i g u r e s  12B and 14D near t h i s  pos i t ion ,  b u t  may be a later 
Stage of t he  formation shown extending t o  t h e  nor th  near 48.5'N, o r  may be a 
formation t h a t  developed a f t e r  t h e  t i m e  of t h e  TIROS pic ture .  
are a r e l a t i v e l y  dense c i r r u s  overcas t  above, and much altocumulus. 
ex tens ive  zone of s o l i d  c loudiness  a t  f l i g h t  l e v e l  and r a i n  l a y  t o  the  west. 
The mafor gene ra l ly  N-S band shown under c i r r u s  near longitude 49.2'N i n  
f i g u r e  14D may represent  an e a r l i e r  s t age  of t h i s  s o l i d l y  cloudy condition. 
The s t ronge r  sou the r ly  flow a t  f l i g h t  level was s t i l l  present over t h i s  area. 

This major band is no t  

Also shown 
An 

NO. 6 1  190946/ 1303.6/ 50 301 /N/  144 17 4/4/4.1 

A view about 1 minute a f t e r  f l i g h t  ou t  of the  cloud and r a i n  a rea  r e f e r r e d  t o  
a t  No, 60, and about 15 minutes a f t e r  t h e  change i n  the  wind d i r ec t ion ,  showing 
a r e l a t i v e l y  dense c i r r o s t r a t u s  overcast ,  build-ups and cumulonimbus clouds 
t o  the  north, and ind ica t ions  of t he  high level wes ter ly  flow. 
is  also shown. 
i n  f i g u r e  14D. 
e a s t e r n  margin of t h e  ex tens ive  very  dense cloud system of system (39) which 
lies t o  t h e  west and southwest. 
marked wind s h i f t  nea r  t h i s  area, bu t  d i d  encounter a s l i g h t  wind s h i f t  and 
markedly s t ronge r  winds nor th  of t h i s  area. These s t rong  e a s t e r l y  winds a t  
f l i g h t  l e v e l  along the  northern t r a c k  occurred a t  t he  area from about 48OW t o  
%OW which has, as is well shown i n  f i g u r e  14C, well-defined s i z a b l e  east-west 
bands of towering cumulus and cumulonimbus clouds. These easterlies continued 
westward t o  abort 56OW, o r  through and pas t  the  organized in t ense  convective 
a c t i v i t y  of the  system (42) shown i n  f i g u r e s  12A and 14C. 

Much a l t o s t r a t u s  
A more open condi t ion  is shown near and no r th  of t h i s  p o s i t i o n  
This  f i g u r e  a l s o  shows t h a t  t h i s  pos i t i on  is a t  the  north- 

The nor thern  a i r c r a f t  d i d  n o t  encounter a 
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No. 62 1918291 1257.5/5106//NMJ/ 14s11851413.7 

A view showing a dense c i r r u s  overcast ,  approximately E-W bands of stratocumulus 
t o  t h e  no r th  (which were a l s o  present  t o  t h e  south& a d i s t a n t  cumulonimbus 
cloud ( a l so  shown i n  No. 61), and more ind ica t ions  of t he  high level wes ter ly  
flow. Another s o l i d  cloud and r a i n  area w i t h  turbulence a t  f l i g h t  level l a y  
t o  the  west. The a i r c r a f t  was  under the very dense c i r r u s  s h i e l d  of system 
(39), and was  about t o  e n t e r  a major r a i n  area of t h i s  system. The a i r c r a f t  
crossed the  nor thern  p a r t  of t h i s  h ighly  r e f l e c t i v e  system as shown i n  
f i g u r e s  14B and 14D. 

No. 63 194231/1240.8/5247/lNNW/l5//14/8/4.2 

A view of a dense tu rbu len t  overcas t  of c i r r u s ,  which had a mammatus s t r u c t u r e  
over t h i s  area, showing a l s o  some altocumulus, a t  and wi th in  t h e  nor thern  p a r t  
of system (39). Many conspicuous white caps were present.  An area of s o l i d  
cloud and r a i n  l ay  t o  the west. It included a c t i v e  cumulonimbus clouds both  
nor th  and south of t he  a i r c r a f t .  
System (39) included so much s o l i d  c loudiness  and r a i n  t h a t  few p i c t u r e s  
could be obtained dur ing  the  c ros s ing  of t h i s  system. This was i n  sharp  
c o n t r a s t  t o  the  cond i t ions  observed nea r ly  every where else dur ing  t h i s  
f l i g h t .  

The last  r a i n  area was passed a t  about 2005. 

No. 64 20 1656/ 1222.51 55081 /NNW/ 5dn/ 1 931 11 3.4 

A view about 5 minutes a f t e r  t h e  aircraft left  t h e  western edge (431, a l s o  
w e l l  shown i n  f i g u r e s  12A and 14B, of system (39). It shows altocumulus 
formations, dense c i r rus ,and  cumulonimbus clouds t o  the  east, It shows a l s o  
the  ex tens ive  f i e l d  of t r a d e  cumulus (45) with a few la rge  cumulus towers, 
small towers leaning gene ra l ly  eastward, and approximately E-W small l ines ,  
which l a y  t o  the  north, west, and south. Almost no white caps were present.  
Much cirrus is shown t o  t h e  nor th  and f a r  t o  t h e  north.  This c i r r u s  i s  not 
c l e a r l y  shown infhe  TIROS p ic tu re s .  Most of t he  t r a d e  cumulus is too small 
t o  be resolved i n  t h e  TIROS p i c t u r e s ,  

No. 65 2031451 1230.7 /5608//S/5-0, SS/ /  1261214.5 

A view t o  t h e  south showing an  open f i e l d  of t r a d e  cumulus groups and long 
roughly east-west bands, comparable t o  those marked (44) and well shown i n  
f i g u r e  13B, i n  the  t r a d e  cumulus f i e l d  f a r  t o  t h e  south. 
foreground leaning approximately eastward r e v e a l  t h e  presence of t h e  low level 
e a s t e r l y  t r a d e  flow. Most of t he  t r a d e  cumulus of f i e l d s  of t h i s  type is not  
resolved i n  t h e  TIROS p ic tu re s .  It is not  shown i n  f i g u r e s  12A, 13A, 13B, 
and 14B, although shades of gray mark t h e  areas of increased c loudiness  near 
t h i s  p o s i t i o n  i n  these  f i g u r e s  and i n d i c a t e  t h e  presence of f i e l d s  of t r a d e  
cumulus. Bands of t he  scale of those shown in t h e  d i s t ance  here  are well resolved 
when t h e  TIROS observing condi t ions  are most favorable,  t h a t  is, when t h e  
ob jec t  n a d i r  angles  are small and angles  between the  raster l i n e s  and t h e  band 
axes are r e l a t i v e l y  small. 
f i g u r e s  13B and 14B, probably mainly because of t he  observation time d i f f e r e n c e  
( t h i s  p i c t u r e  r ep resen t ing  cond i t ions  about 4 hours later than those of t h e  
TIROS p ic tu re s ) .  

Towers i n  the  

Such bands are not  shown near t h i s  p o s i t i o n  i n  

The bands shown f a r t h e r  t o  t h e  south in f i g u r e  13B are 
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comparable but  are considerably larger .  
are generally very open. 
indicate  an extensive area of very open low leve l  conditions near t h i s  position. 
Much cirrus is  a l s o  shown i n  t h i s  picture .  
the TIROS pictures .  Few, 
i f  any, indicat ions of i t  can be detected over most of t h i s  and the adjacent 
very open area. It is, i n  e f fec t ,  not shown i n  these TIROS pictures .  

The low level conditions shown here 
It should be noted t h a t  the TIROS p i c t u r e s  do 

This c i r r u s  is  not resolved i n  
It is not d i s t i n c t l y  shown in  the TIROS pictures.  

No. 66 205 1401 1241.1157 281 1NW15uc1167 1214.8 

A view of towering cumulus groups showing extended gaps, other d e t a i l s  of 
the d i s t r ibu t ion  of these groups, and indicat ions of the low leve l  easterlies. 
A t h in  c i r r u s  overcast  is present t o  the north. 
i n d i s t i n c t  shades of gray near t h i s  posit ion.  
cumulus present a t  the time of the s a t e l l i t e  crossing were resolved. A s  the 
cumulus groups shown here represent conditions about 4 hours later than those 
shown i n  f igures  13B and 14B, and as the  la rger  cumulus groups a re  large 
enough t o  be resolved i n  the TIROS pictures,  some in t ens i f i ca t ion  and growth 
is  indicated,  
as the cumulus clouds shown here and i n  the TIROS p ic tures  are r e l a t i v e l y  
s t rongly suppressed. 
conditions more l i ke  those shown south of t h e  labe l  a t  condition (46) than 
those shown a t  condition (45) i n  f igures  12A and 13B. It should be noted, 
however, t h a t  condition (46) includes many cumulus groups t h a t  are subs tan t ia l ly  
larger  than any shown here,  
conditions shown i n  p ic tures  Nos. 64-66 and a t  the corresponding and adjacent 
areas  i n  the TIROS pic tures  imply the presence of a subsidence inversion and 
extensive subsidence. A t  least along the eas te rn  margin of t h i s  extensive 
open area t h i s  subsidence is associated with the extensive disturbances which 
l i e  t o  the east as is well shown i n  f igures  13A, 13B, 14A and 14B. 

The TIROS p ic tures  show only 
Neither the cirrus nor the 

The amount of the growth was probably r e l a t i v e l y  small, however, 

The larger  cumulus groups shown here may well represent 

The very open r e l a t i v e l y  s t rongly suppressed 

The northern t rack sequence: 

Picture  A 1223/1630/2400//NE/7v//135/20/M* 

C i  and Cs, v i s i b l e  i n  t h i s  picture,  was broken var iable  t o  overcast  and qui te  
dense. It appeared streaked with apparent alignment NW-SE. This cloudiness 
is  a l s o  apparent i n  the TIROS view 1 112 hoyrs, l a t e r  (figure 146) north of 
the f i rs t  posi t ion dot between l a t i t udes  17-20N. The alignment of s t reaks  
i n  the TIROS view agrees precisely with tha t  determined from the a i r c r a f t .  
Note, however, t h a t  the Cs viewed from the a i r c r a f t  was more abundant and 
more dense than t h a t  apparent i n  the TIROS view (it was even more dense i n  
the view t o  the south). 
the read-out s t a t i o n  t h a t  the  area i n  question was analyzed as containing 
only sca t te red  cumuliform clouds (figure 6). 
Very suppressed Cu or  Fc which had been much heavier and appeared i n  broken 
mounts over Sal .  

In  fact ,  i t  was so inconspicuous t o  t h e  analyst  a t  

The p ic ture  a l so  s h w s  scat tered,  

*See footnote '  6.  "M" indicates  report  omitted o r  missing. 
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Pic tu re  B 1239/1630/251O//NW/7~//150/ 1 1 / M  

A very few small Cu appear i n  t h i s  area with s c a t t e r e d  va r i ab le  t o  broken 
C i  s t r e a k s  above a l igned  ENE-WSW. 
system (6) shown i n  f i g u r e  12D. The time-lapse movie f i l m  shows q u i t e  dense 
c i r r u s  extending southward i n  broken t o  overcas t  amounts t o  the  area of t he  
I s l and  of Fogo ( f igu re  12D). The a i r c r a f t  on the  southern t r a c k  a l s o  
photographed these  c i r r u s  near Fofo and noted t h e i r  southward ex tens ion  t o  
system (6). [See d i scuss ion  of p i c t u r e  3 on S .  sequence]. Figure 12D a l s o  
r e v e a l s  the broken Sc, noted over Santo Antoa I s l and  (SA) and clear condi t ions  
over S t .  Vincente (SV). 

The C i  i n  this area appear der ived  from 

P ic tu re  C 1300/ 1630/2620//N/7v// 130/8/M 

Sca t t e red  Fc i n  t h i s  area with broken Cs i n  patches and s t r e a k s  above. 
C s  was p o s i t i v e l y  i d e n t i f i e d  through the  t i m e  lapse photos as p a r t  of the  
long plume v i s i b l e  i n  t h e  TIROS p i c t u r e  50 minutea later, extending northward 
i n  f i g u r e  14G along longitude 26'20'W.between l a t i t u d e s  16 t o  1 8 N .  The broader 
p a r t  of t he  plume near 16N has underlying areas of s ca t t e r ed  t o  broken elements 
of Cu and Fc. 
base of the  plume, apparent i n  t h e  TIROS views. 
was estimated 060°/10kt. 

This 

These elements g ive  a b r i g h t e r  "speckled" appearance t o  t h e  
Surface wind a t  t h i s  t i m e  

1308/ 162512640//M/M// 135/5/M 

The edge of t h e  C s  plume w a s  reached a t  t h i s  po in t  though more C i  were v i s i b l e  
t o  the south i n  what appeared t o  be a least broken amounts. 
determined photpgrammetrically, t o  be a t  a d i s t ance  of 34 n.mi. and a t  a he ight  
of 30,800 f e e t .  This is i n  e x c e l l e n t  agreement with the  cloud patch v i s i b l e  
i n  f i g u r e  14G j u s t  south of p o s i t i o n  d o t  number 4 (counting from r i g h t  t o  l e f t )  
a long  16N l a t i t u d e .  The "speckled" appearance of t h i s  cloudy patch, however, 
suppor ts  t h e  a i r c r a f t  observa t ion  t h a t  i t  w a s  made up of underlying areas of 
broken Fc and Sc elements. 
system (9), f i g u r e  12D. It was clear of c i r r u s  ahead and t o  the  north,  f o r  
t he  next 3 degrees. 

These were 

The c i r r u s  appears t o  have been derived from 

13 17 / 16 25/ 27 20/ /M/M/ / 196/ lo/ 5 

Clear above, s c a t t e r e d  Fc below. 
horizon, with underlying areas of s c a t t e r e d  t o  broken Cu and Fc. 

Broken t o  overcas t  C i  v i s i b l e  on south 

13271 1620/2820//M/M// 184/ 11/5.1 

Clear above, s c a t t e r e d  Fc below. Broken C i  on south horizon i n  s t r e a k s ,  Edge 
of patch r e f e r r e d  t o  a t  1308 reached. C i  now viewed t o  t h e  south are over 
area of a hook p a t t e r n  [Feature (11) f i g u r e s  12C and D ] .  The "hook" i t s e l f  
was i d e n t i f i e d  by t h e  a i r c r a f t  on the  southern t r a c k  as an  E-W band of swel l ing  
Cu. 
12D, over t h i s  llhookll. 

P i c t u r e  15 shows the  nor thern  l i m i t  of C i  derived from system ( 9 ) ,  f i g u r e  

7 
Photogrammetry measurements were made by D r .  Paul McClain, NWSC. 
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1337!1620/2830//M/M// 190/10/4.8 

Sca t t e red  rows Fc, s e v e r a l  t h i n  bands of Ac  o r i en ted  NNE-SSW on NW horizon. 
These are no t  apparent  i n  t h e  TIROS photos. 

135 11 1630/3030//M/M//M/M/M 

Sca t t e red  Fc Clear above, 

P i c tu re  D 

S c a t t e r e d  Fc below are more dense ahead. 
horizon. 
t h e  TIROS view i n  the  form of  a f l y i n g  gull i n  f i g u r e  14F near  1 6 O l O ' N ,  30'20'W. 
This  f e a t u r e  was determined t o  be 36 n.mi. from the  a i r c r a f t  a t  a he ight  of 
29,700 f t .  The cloud patch south of t h i s  fea ture ,  near  15'1y, 3 1 O W .  ( f igure  14H) 
has  the  c h a r a c t e r i s t i c  b r i g h t e r  speckled appearance of  low Cu or  Sc and was 
seen  from n e i t h e r  a i r c r a f t  because of i ts  low e l e v a t i o n  and d is tance .  

14101 163013 120//SW/Od/ 12401814 

Ac o r  dense C i  and Sc appear on SW 
A i r c r a f t  p i c t u r e  shows c loudiness  near  l&.# 3Oo31'W. b e e t  seen i n  

P i c t u r e  E 1416/ 16501 31 lo/ /NW/ 2//M/M/M 

Approaching area of broken Sc in t e rcep ted  by a i r c r a f t  t r ack  i n  f i g u r e  14E a t  
approximately 17 ON., 32OW. Note the  b r i g h t  speckled appearance of t h i s  cloud 
group. Tops were es t imated  a t  6000 f e e t .  Alignment of rows appeared t o  be 
g e n e r a l l y  E-W i n  good agreement with t h e  alignment suggested i n  the  TIROS 
p i c t u r e s  taken 40 minutes later ( f igu res  7 and 14E).  

P i c tu re  F 14311 16501 32 1511NW1411 2 111 914 

This  p i c t u r e s  shows rows of  s c a t t e r e d  t o  broken Sc forming group r e f e r r e d  t o  
a t  1416. From t h i s  pos i t ion ,  looking t o  the  south, the  nor thern  ex tens ions  
of system (20) i n  f i g u r e  12C, could be seen. These were determined t o  be 
C i  a t  a d i s t a n c e  of 102 n.mi. wi th  tops  t o  40,300 f t .  

14421 1648/335O//M/M//MfM/M 

A c  s t r e a k s  are v i s i b l e  SW. Some of the  horizon c loudiness  appeared t o  have 
cons iderable  vertical  development. 

P i c t u r e  G, H 150011645/3400//NW/0// 165/5/4 

The p i c t u r e  shows C i  s t r e a k s  v i s i b l e  t o  the  west. Sca t t e red  Fc appears below. 
P i c t u r e  G shows C i  s t r e a k s  a l igned  N-S. 
c i r r u s  was appa ren t ly  der ived  from c loudiness  t o  the  south, implying sou the r ly  
flow a t  the  C i  l e v e l  (see f i g u r e  3). The long plume nea res t  the  horizon i n  
p i c t u r e  H was c a l c u l a t e d  t o  be over 100 n.mi. d i s t a n t  (see f u r t h e r  comments 
a t  1532). 

P i c t u r e  H shows long Ci band. This 

15131 1645/3430//M/M//215/2/4.2 

C i  s t r e a k  ahead is a l igned  NE-SW. Surface wind es t imated  a t  215°/10 k t .  
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P i c t u r e  I 1523/ 1655/3534//NW/2//025/ 1/4.9 

Broken Sc appears  below t h e  long C i  s t r e a k  noted earlier. 
measured about 2 miles i n  diameter  cannot be seen i n  the  TIROS views. Por t ions  
of t h e  C i  band may a l s o  have been observed from the  a i r c r a f t  f l y i n g  t h e  
southern  t r a c k  (See d i scuss ion  of p i c t u r e  35). TIROS evidence of  t h i s  C i  
band is very i n d i s t i n c t .  However, some evidence may appear i n  f i g u r e  14E. 
A long wisp of grey can be de t ec t ed  extending NE from f e a t u r e  (26) [ f i g u r e  12Cl 
between p o s i t i o n  d o t s  7 and 8 on f i g u r e  14E. The wisp extends over the  group 
of  Sc near  18°N.,350W, The alignment of t h i s  C i  band p a r a l l e l s  t he  f l i g h t  l e v e l  
shea r  l i n e  and may be a s soc ia t ed  wi th  similar shear  producing a wind maximum 
a t  t h e  C i  l eve l .  The importance of similar C i  bands i n  r e l a t i o n  t o  j e t  streams 
sugges ts  the  importance of ob ta in ing  b e t t e r  r e s o l u t i o n  i n  f u t u r e  satel l i tes  
so t h a t  such bands can be  more r e a d i l y  de tec ted .  
would not  have been found i n  t h e  TIROS p i c t u r e s  without  t he  supplementary 
a i r c r a f t  observat ions,  and, even then, t he  evidence is admi t ted ly  weak. Group 
(24) , [ f igure 12C1, cons i s t ed  of low Cu, Fc and Sc which extended up t o  t h e  
a i r c r a f t  t rack .  
t he  small s i z e  of  t h e  ind iv idua l  elements.  
of t h i s  group. 

The Sc patch which 

It i s  clear t h a t  t h i s  band 

Much of t h i s  c loudiness  was unresolved by TIROS because of 
Note the  b r i g h t  speckled appearance 

The C i  s t r eak ,  r e f e r r e d  t o  a t  1523 was  d i r e c t l y  above the  a i r c r a f t  a t  t h i s  
time. 

153 91 1648/ 363 9//M/M// 340/6 /4.0 

No middle or high clouds were v i s i b l e  t o  the  no r th  and west. Only a few Fc 
and t h e  f i r s t  Cu p r o j e c t i n g  above t h e  inve r s ion  appeared ahead. 
low c loudiness  surrounding f e a t u r e  (26) in f i g u r e  12C was v i s i b l e  i n  broken 
amounts. 

To the  south  

P i c t u r e  J 1551/1642/3727//IW/ 10c//M/M/M 

A s c a t t e r e d  v a r i a b l e  t o  broken f i e l d  of small Cu were v i s i b l e  a l igned  NE-SW. 
Some Ac and As a l igned  i n  a similar manner were v i s i b l e  nea r  t h e  tops  of 
t h e  Cu. These clouds were apparent ly  formed by t h e  spreading  out  of t h e  tops 
of the  Cu a g a i n s t  the  invers ion .  
bu t  a s soc ia t ed  with, f e a t u r e  (26) i n  f i g u r e  12C. Nearly a l l  of the  small Cu 
elements were unreso lved , in  t h e  TIROS photograph. 

1607/1634/3831//M/M//008/12/4.5 

Cloudiness i n  t h i s  p i c t u r e  appears  no r th  of ,  

C s  was v i s i b l e  on the  SW horizon over the  west end of &a tu re  (26) i n  f i g u r e  12C. 
A check on the  he igh t  and d i s t a n c e  of t hese  clouds us ing  the  time l apse  
p i c t u r e s  showed them t o  be approximately 58 n.mi. d i s t a n t  and a t  a he igh t  of 
32,500 f e e t .  
t o  broken Fc and Sc below, The low clouds leaned northeastward i n d i c a t i n g  g 
decrease  i n  the  speed of the  easterl ies wi th  he igh t .  Cu appeared a l igned  i n  
rows r a t h e r  than  c e l l u l a r  groups. 

Condi t ions were clear overhead, however, with s c a t t e r e d  v a r i a b l e  
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16311 1626/4008l/M/M//O14/9/5.0 

In t h e  "gap1' area of no TIROS coverage (see f i g u r e  1) s c a t t e r e d  va r i ab le  t o  
broken Fc were s t i l l  present .  No upper c l o u l s  were present  i n  the  area of 
the  a i r c r a f t .  However, a major area of upper c louds appeared over the  western 
and southwestern horizon. TIROS views of t h i s  c loudiness  appear i n  figures 8, 
12A, 12B, 13C and 13D.  

16481 1620/4118/ /M/M/ /M/M/M 

C i  s t r e a k s  ahead appeared a l igned  NE-SW. 
haze l aye r  appeared t o  deepen over t h i s  area wi th  top  approximately 11,000 f t .  
Low Cu appeared a l igned  with the  su r face  wind which was est imated a t  025'112 

Virga t r a i l e d  from the  Ci. The 

k t *  

P i c t u r e  K 17 10/1613/4247//NW/70//05014/6.0 

I n  t h e  Gap area, p i c t u r e  shows broken Ac as the  a i r c r a f t  passed underthe edge 
of t h i s  c loudiness .  These clouds formed t h e  e a s t e r n  ex tens ion  of c loudiness  
o f f  t h e  band of Cb's extending northwestward i n  f i g u r e s  C and D from 16N; 
44W to  approximately 19°Ns520W. Rows of Fc are a l s o  v i s i b l e  i n  t h e  a i r c r a f t  
p i c tu re ,  r e f l e c t i n g  the  n o r t h e a s t e r l y  low level flow. 

1722/1606/4336//M/M// 100/5/5.5 

A i r c r a f t  was s t i l l  under a broken A c  l aye r  a t  t h i s  time. 
cumulus appeared below. 
240', range 50 n.mi. These build-ups were apparent ly  a s soc ia t ed  with the  
" l i n e  of Cb's" shown on t h e  nephanlysis  of f i g u r e  8 and seen m o s t  c l e a r l y  
a l s o  a long  t h e  right:  edge of f i g u r e s  13C and 14D. 

Sca t t e red  l i n e s  of 
A few bui ld-ups were ind ica t ed  on the  r ada r  bea r ing  

P i c t u r e  L 17 281 1603/~01//Nw/5ss/1085/8/5.2 

The cumulus c louds  changed markedly i n  appearance, becoming much la rger ,  i n  
t h i s  area, as the  a i r c r a f t  f lew i n t o  the  band apparent  a t  the  top  of f i g u r e  
14D, 
a l s o  a t  t h e  top  of f i g u r e  14D. 
s t i l l  leaned toward t h e  NE. 

The nor thern  edge of t h i s  band can be  seen i n  the  a i r c r a f t .  photo and 
The ind iv idua l  cumulus towers i n  t h i s  view 

1734/1600/4427//M/M//110/ 14/+6 .O 

Mult ip le  l a y e r s  appeared i n  t h e  band area wi th  s c a t t e r e d  cumulus build-ups.  

17461 1554/4518//M/M//120/ 1615.6 

Winds a t  f l i g h t  level during the 'preceding hour s h i f t e d  from n o r t h e r l y  t o  
e a s t e r l y  or s o u t h e a s t e r l y  wi th  t h e  most r a p i d  change occurr ing  as the  
a i r c r a f t  passed from the  suppressed area, descr ibed  a t  1 6 3 L  
l aye r  c loudiness  i n  t h e  more d i s t u r b e d  reg ion .  

t o  the  mul t ip l e  
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17511 1552/4539//M/M// 110/18/5.2 

The a i r c r a f t  had passed through t h e  Cb band, i nd ica t ed  on f igu re  8, a t  about 
t h i s  time, and en te red  a r e l a t i v e l y  clear area, which extended northwestward, 
This  area can be seen j u s t  west of t h e  th ree  b r i g h t  Cb clouds v i s i b l e  i n  the  
upper r i g h t  hand corner  of f i g u r e  13C.  These are numbered (27), (28) and 
(29) i n  f i g u r e  12B. Note t h a t  t he  band had moved westward by about 112 degree 
from the  time of t h e  TIROS view (1535) u n t i l  a i r c r a f t  pene t r a t ion  (1751). 

P i c t u r e  M 1802/ 1543/4638/ /W/ 9811 1101 17 14.3 

P i c t u r e  shows broken patches of Ac and curved Cu streets as the  c i r c u l a t i o n  
appeared t o  i n t e n s i f y .  The grey area t o  the .  south  of t h e  f l i g h t  t r a c k  near 
15'40'N, 46'40'W.in f i g u r e  14c c o n s i s t s  of t he  Ac and underlying Cu which made 
up t h i s  c loudiness .  
They had apparent ly  developed cons iderably  i n  the  2 112 h r .  time lapse  from 
TIROS t o  a i r c r a f t  view. Cloudiness such as t h i s  was nephed as only s c a t t e r e d  
cumuliform by the  read-out ana lys t .  

The b r i g h t e r  f l e c k s  of grey r ep resen t  the  Cu groups. 

P i c t u r e  N 1819/1529/4738//N/6~//120/19/4.6 

The a i r c r a f t  passed under dense Cs ,  apparent ly  der ived  from Cb's, v i s i b l e  i n  
a l i n e  curving northwestward i n  f i g u r e  14D from 13'30'N, 46'20'W. t o  15'20'N., 
51'W. The l i n e  must have expanded northward dur ing  the  time lapse  from TIROS 
t o  a i r c r a f t  view s ince  f i g u r e  14D appears  clear of c loudiness  a t  the a i r c r a f t  
pos i t ion .  The p i c t u r e  shows Cb's lean ing  eastward r e f l e c t i n g  t h e  upper 
westerlies over t h i s  area (see f i g u r e  3). The sea became more choppy i n  t h i s  
area. Surface winds were est imated 090'115 kt. 

Note wind increase  t o  24 kt.. 

P i c t u r e  0 1834/1518/4841//NW/ 12s 1//120/28/5.2 

P i c t u r e  shows overcas t  S t  patch t o  west of  a i r c r a f t .  
wi th  s c a t t e r e d  v a r i a b l e  t o  bro~ea-Cs-abo~e-.-_--Some of the  C s  appeared banded. 
F igure  14C shows t h e  band of Cb's extending wes-tward-fr-m t h i s  pos i t i on .  
C i  c loud iness  and most of t h e  smaller Fc and Sc elements-&d-patchss,w_ere 
unresolved o r  appear only as a f a i n t  grey over t h i s  area. 

Broken Fc were below 

The 

18431 15 11/492O//M/M//M/M/M 

A i r c r a f t  w a s  over the  broken v a r i a b l e  t o  ove rcas t  Sc r e f e r r e d  t o  a t  1834. 
The C s  l a y e r  ended above as the  a i r c r a f t  f lew i n  and out  a long the  edge of 
t he  ove rcas t  system ( f i g u r e  14C). 
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Pic tu re  P 1846/1508/4933//NW/ 12s1//110/22/5.2 

P ic tu re  shows pronounced e a s t e r l y  shear  t o  Cb 0," Gorizon. rNq,te banded Cb 
c loudiness  a l igned  E-W i n  f i g u r e  14C between 15-17N,and 48-52W. 
200 mb analyses  f o r  1200GMT, 22 Sept. 62 and 63 Sept. 62 v e r i f y  upper level 
wes te r ly  flow over t h e  A n t i l l e s  i n  excess of 30 knots  ( f igu re  3). E a s t e r l y  
low-level winds coupled with the  upper l e v e l  westerlies combine t o  cause 
the  e x t r a  E-W e longa t ioq  v i s i b l e  i n  p i c t u r e  P and the  banded s t r u c t u r e  
apparent  i n  the  TIROS view. Antigua 's  PIBAL f o r  1800GMT, 22 Sept.  62 shows 
t h a t  l i g h t  e a s t e r l y  winds changed very sharp ly  t o  s t rong  westerlies a t  
upper l e v e l s  i n  agreement wi th  these  o the r  observat ions.  

The M i a m i  

P i c tu re  Q, R 18541 1501/4956//N/ 12s//088/20/5.2 

P i c t u r e s  show another  view of t he  Cb t o  t h e  north.  
a l s o  be  seen i n  the  pa th  of t he  a i r c r a f t ,  wi th  C s  emanating from these  clouds.  
Very suppressed low c loudiness  cond i t ions  e x i s t e d  p r i o r  t o  pene t r a t ing  the  
Cb's. 
appearing i n  the  TIROS view al though a genera l  correspondence of c loudiness  
cond i t ions  is  q u i t e  apparent .  The 3 1 /2  hour time lapse  between a i r c r a f t  
observa t ion  and TIROS view dur ing  which development and t r a n s l a t i o n  of 
f e a t u r e s  occurred appears  t o  be an  important f a c t o r  i n  t h i s  respec t ,  as well 
as the  d i s tu rbed  and complex na ture  of the  c loudiness  cond i t ions  over t h i s  
area (Not t r u e  of the  western edge. See remark a t  2008, p i c t u r e  S). 

A major w a l l  of Cb's can 

These p i c t u r e s  cannot e a s i l y  be r e l a t e d  t o  s p e c i f i c  cloud masses 

A long band of bui ld-ups was v i s i b l e  t o  the  NE (See d i scuss ion  18463. Dense 
overcas t  C s  s h i e l d  was above with a broken mul t ip l e  cloud l aye r  below. C s  
was s t r eaked  a long  the  d i r e c t i o n  NE-SW. This  C s  was apparent ly  der ived from 
the  ex tens ive  dense area t o  the  south of t rack ,  v i s i b l e  i n  f i g u r e  14C, which 
now completely covered t h e  f l i g h t  t r ack  area. The a i r c r a f t  f lew under t h i s  
s h i e l d  u n t i l  2008.. 

19181 1436/5151//M/M/O86/25/+6 .O 

The Cb band t o  the  no r theas t  was s t i l l  v i s i b l e  extending westward. (See 
d i scuss ion  a t  1846) Dense overcast above. 

19261 1428/5225//M/M/ /080/ 22/6.2 

An ex tens ive  area of build-ups was apparent  t o  the  west. 
showed s p i r a l  bands winding around a c e n t e r  approximately 40 n.mi. west. 
A d i s t i n c t  cloud mass i n  t h e  form of t h e  cypher 6 was v i s i b l e  i n  the  TIROS 
and r a d a r  view of t h i s  a r e a  and is  l abe l l ed  f e a t u r e  (42) in f i g u r e  12A. 
The a i r c r a f t  was embedded i n  c loud iness  throughout t h i s  area so no p i c t u r e s  
are a v a i l a b l e .  See a l so  su r face  ana lys i s  ( f igure  2) which shows a su r face  
pressure  c e n t e r  i n  t h i s  a r e a .  

The r a d a r  p a t t e r n  
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19491 1424/5302//M/M//090/ 1515.8 

Sea suddenly became calm over t h i s  area near t he  apparent c e n t e r  of c i r c u l a t i o n  
i n c u l a t i o n  as determined by r ada r  and TIROS, 
no s h i f t  i n  winds could be de t ec t ed  from t h e  winds a t  f l i g h t  level determined 
from t h e  a i r c r a f t  f l y i n g  the  no r th  track. 
have poss ib ly  been ind ica ted  by the  s h i f t  i n  winds shown by t h e  a i r c r a f t  
f l y i n g  t h e  south  t r a c k  ( f igure  5). 

Note, however, t h a t  l i t t l e  o r  

A weak wave over t h i s  area may 

19591 1416/5444//M/M/075/24/7.0 

Sky was s t i l l  overcas t  with Cs a t  t h i s  time. 
nor th  and southwest. 
i n d i c a t e s  t h a t  t h e  c i r c u l a t i o n ,  centered near 15OO'Y,  53'30'W. a t  time of TIROS 
pass (1644, f i g u r e  9) had moved westward by about one degree during the  3-hour 
lapse  u n t i l  t he  aircraft t raversed  the  same area. 

Build-ups were apparent t o  the  
Figure 14B shows the  b e s t  view a t  t h i s  time and 

P ic tu re  S 20081 1410/5523//N/ 13//095/22/6.0 

P ic tu re  shows cond i t ions  "breaking out" of the  d i s tu rbed  area. 
clear channel is v i s i b l e  extending no r th  along t h e  edge of t he  major cloud 
mass. (See also p i c t u r e  T) ,  

A pronounced 

P ic tu re  T 20101 1410/5525//N/ 13//M/M/M 

A p i c t u r e  of t h e  edge of t he  d is turbance ,  The butld-ups i n  t h i s  p i c t u r e  
correspond t o  a po r t ion  of t he  band of clouds, v i s i b l e  i n  f i g u r e  14B extending 
d iagonal ly  from 14'N, 54'W t o  16'N, 56OW. Note t h e  sudden t r a n s i t i o n  from t h e  
very  suppressed cloudy condi t ions  t o  the  west, and i n  f a c t  a probable downdraft 
condi t ion  extending northward along the  edge of t he  band, t o  t h e  in t ense  upward 
vertical  motion i n  the  band and i n  t h e  d is turbance  i t s e l f ,  The clear area 
corresponds t o  the  downdraft area, which otherwise would have cons is ted  of 
t h e  low c loudiness  shown t o  the  west i n  P ic tu re  T. 
t o  t h e  east i n  the  p i c t u r e  was almost e n t i r e l y  unresolved by the  TIROS camera. 
The clear c u t  t r a n s i t i o n  i n  "breaking out1' of the western edge versus  the  
much more complex t r a n s i t i o n  on e n t r y  t o  the  east (near 16ON, 44OW) was a 
major'and poss ib ly  fundamentally important c h a r a c t e r i s t i c  of t h i s  disturbance. 

The & i n  Cs l aye r  v i s i b l e  

P ic tu re  U 20 111 1410155 251 / S I  13/ /M/M/M 

This  p i c t u r e  shows condi t ions  t o  t h e  south i n  t h e  d i r e c t i o n  of f e a t u r e  (43), 
f i g u r e  12A and shown most c l e a r l y  i n  figure. 14B. 
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20181 1404/5606//M/M//095/ 18/+6 . 0 

Very t h i n  overcas t  C s  clouds were above s t reaked  NE-SW.. A s c a t t e r e d  va r i ab le  
t o  broken Cu f i e l d  appeared below. 
some suggestion of t h i s  alignment i n  t h e  TIROS p i c t u r e  ( f igure  14A) i n  the  
area from 14:18'N and 56 -̂6OoW. 
the  TIROS cameras. 
TIROS p i c t u r e s  i n  the v i c i n i t y  of Trinidad (fagure 14A and 14B near l1°N,610M) 
suggest a southwest flow a l o f t ,  v e r i f i e d  by Tr in idad ' s  PIBAL f o r  120OGMT on 
22 Sept 62. This ind ica ted  a 200 mb wind of 250'/25 knots. This relates well 
t o  the alignment of the  th inner  Cs located over t he  f l i g h t  area and also 
v e r i f i e d  by the  200 mb ana lys i s  of f i g u r e  3. 

20341 1341157 ll//M/M//085/ 1116.0 

The Cu were aligned NW-SE. There is 

The many small Cu elements were unresolved by 
St reaks  i n  the  th i cke r  c i r r u s  cloudiness, v i s i b l e  i n  the  

Thin overcas t  C s  shee t  was s t i l l  overhead, with a f i e l d  of small sca t te red ,  
v a r i a b l e  broken Cu below. A haze layer  appeared t o  the  west. 

2046/1328/5801//M/M//095/ 1116.8. 

The Cu became very suppressed i n  t h i s  area. 
no de tec t ab le  c loudiness  i n  t h i s  area. 

TIROS view i n  f i g u r e  14B shows 

Sky condi t ion  was clear above with a broken Cu f i e l d  over the  i s l and .  
i s l a n d  of Barbados is v i s i b l e  because of t h i s  c loudiness  i n  f i g u r e  14A. 

The 
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GLOSSARY 

This  list of terms is an annotated p a r t i a l  l i s t  of  terms used i n  t h i s  
r epor t .  The purpose of the l ist  is t o  c l a r i f y  the  meaning intended when a 
term is used i n  a s p e c i a l i z e d  o r  r e s t r i c t e d  way i n  t h i s  r epor t .  
a few convent ional  terms are included, most of the  terms rep resen t  r e l a t i v e l y  
new ref inements  and usages. 
of a set  of working d e f i n i t i o n s  which have been developed, re f ined ,  and 
t e s t e d  by use  dur ing  a per iod of several years .  
a r e  i n  a sense preliminary,  as the  process  of refinement is a cont inuing  one, 
most of them have reached a r e l a t i v e l y  stable s t a t u s  based on need, usefulness ,  
and the  n a t u r a l  l i m i t s  involved. Most of t h e  terms r e t a i n  a more o r  less c l o s e  
r e l a t i o n s h i p  t o  earlier terms o r  ear l ier  usages, t h a t  is, t o  the  earlier 
terminology of meteorology and sc ience  genera l ly .  
avoid ambigui t ies  and t o  meet the  cons iderable  need f o r  improved terms which 
was made ev iden t  by the  new meteorological  s a t e l l i t e  information.  Increased 
P rec i s ion  was sought, both f o r  genera l  c a t e g o r i e s  and f o r  s p e c i f i c  condi t ions  
and phenomena. Few of  the  terms a r e  included i n  the  Glossary of Meteorology 
[41. These. terms gene ra l ly  have a d i f f e r e n t  o r  more l imi ted  meaning i n  t h a t  
glossary.  

Although 

The set of newer terms rep resen t s  a s ta tement  

Although the  d e f i n i t i o n s  

Other o b j e c t i v e s  were t o  

Since t h e  scale r e f e r r e d  t o  matters very much, a t  times c r i t i c a l l y ,  when 
such re la t ive  terms as "long", "large", and t t d i s t i n c t "  are used, an at tempt  has been 
made t o  spec i fy  t h e  scale i n  a genera l  way by the  use of the  des igna tors  GOS, 
AOS, and TOS (see a l s o  Sca le  below). 
a t i o n  the  ground observer scale (GOS) is gene ra l ly  ( f requent ly ,  if not  u sua l ly )  
an order  of magnitude (about 10 times) smaller than  the  a i r  observer  scale 
(AOS), which i n  t u r n  is about an order  of magnitude smal le r  than the  TIROS 
observa t ion  scale (TOS). Because the  TOS is about t w o  o rde r s  of magnitude 
l a r g e r  than  the  GOS, and because of t h e  TIROS r e s o l u t i o n  l i m i t s ,  much t h a t  
is c l e a r l y  v i s i b l e  on the  GOS can not  be seen a t  a l l  on the  TOS. 
the  TOS can r evea l  pa t t e rns ,  r e l a t i o n s ,  and d e t a i l s  which can not  be seen 
e f f e c t i v e l y  o r  can n o t  be de t ec t ed  a t  a l l  on the  GOS. 
represent  an  important l i n k  o r  key which can very  e f f e c t i v e l y  reveal the  
r e l a t i o n s h i p s  between the  TOS cond i t ions  and the  GOS condi t ions .  Thus AOS 
P i c t u r e s  can provide a u s e f u l  connect ion between GOS and TOS observat ions,  
a s  d i d  a l s o  the  narrow angle  TIROS p i c t u r e s .  
have been genera l ized  t o  apply on a l l  t h r e e  scales, o t h e r s  apply mainly o r  
only on one o r  two scales as noted below. 

A s  a real is t ic  " ru le  of thumb" approxim- 

Conversely, 

The AOS observa t ions  

Although some of the  terms 

See scale. 

Apparently c loud-f ree - 
a l s o  "non-c loud". 

A very open RO (q.v.) cond i t ion  (mainly TOS, b u t  also AOS). See 
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Atmospheric regime - 

A general  term f o r  atmospheric conditions which represent, general ly  

Such types may be qui te  simple or r e l a t i v e l y  
over a l imited area but  a t  times over an extensive area, e s s e n t i a l l y  a 
s ing le  type of condition. 
complex. 
atmospheric systems (q.v.). 

systems, although atmospheric regimes may a t  times be considered to  be 
atmospheric systems. 
regimes as component subsystems. 

which is: 
1) r e l a t i v e l y  d i s t i n c t ,  hence r e l a t i v e l y  sharply separated from d i f f e ren t  

2) r e l a t i v e l y  homogeneous horizontally,  although same horizontal  var ia t ion  

3) i n  general, a recurr ing condition, o f ten  of frequent occurrence, although 

The most complex are not as complex as the more complex 

Thus atmospheric regimes are, i n  general, not t h e  same as atmospheric 

Complex atmospheric systems commonly have atmospheric 

This term r e f e r s  t o  a pa r t i cu la r  condition o r  set of component conditions 

conditions of adjacent areas, 

is usual, 

rare conditions are not necessar i ly  excluded. 
Such regimes occur i n  a wide va r i e ty  of types. Major and minor regimes 

are distinguished. 
pat terns .  Some represent cha rac t e r i s t i c  states (q.v.). Many represent 
re )a t ive ly  undisturbed conditions.  
pa r t i cu la r  type of atmospheric condition is necessar i ly  indicat ive of the 
state of a component, generally a lower tropospheric component, of the 
con t ro l l i ng  synoptic system. Thus, each is  int imately re la ted  to, and 
contains  information regarding, components of the regional synoptic systems. 

Some regimes have highly d i s t i n c t i v e  associated cloud 

Each d i s t i n c t  type representing a 

Atmospheric systems - 
A very general  term which r e f e r s  t o  thermodynamic and hydrodynamic 

(hydro-thermodynamic) components of the atmosphere of varying degree o r  
organization, complexity, and scale, which f o r  c e r t a i n  purposes can be 
usefu l ly  considered t o  be d i s t i n c t  e n t i t i e s .  They are generally r e l a t i v e l y  
highly organized, and are usual ly  r e l a t i v e l y  d i s t i n c t  with r e l a t i v e l y  sharp 
na tu ra l  boundaries. Many are disturbances (q.v,). They are of ten revealed, 
more o r  less c lear ly ,  by t h e i r  associated clouds, b u t  are not, i n s n e r a l ,  
the same as cloud systems (q,v.). 
which are of ten  composed of a va r i e ty  of cloud formations (q.v.). 
general, they cons is t  of more than t h e i r  component cloud eystems, 
times, however, a cloud system may usefu l ly  be considered t o  be a lesser 
atmospheric system or  subsystem. 

systems or  disturbances of the zone of "the ITC" (q.v.); other  disturbances 
(Q.v.); mesoscale eddies, eddy groups, and v o r t i c a l  cloud systems; extensive 
convective regimes (4.v. ); i so la ted  cumulonimbus groups and l i n e s ;  shear 
l i ne  Subsystems; small upper leve l  cyclones and anticyclones;  and many 
o ther  atmospheric conditions. 
Dis t inc t  atmospheric regimes (q.v.), some representing relatively undisturbed 
conditions, such as the undisturbed t rade flow regimes, are included. The 
la rger  mesoscale, synoptic scale, and more s ign i f i can t  systems are implied, 
un less  otherwise indicated, when t h i s  term is used i n  a general  sense. 

Many have associated cloud systems, 
I n  
A t  

Atmospheric systems of t he  t rop ic s  include: the t rop ica l  cyclones (q.v.); 

Major and minor systems are distinguished. 
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C e l l u l a r  f i e l d  - 

See cloud f i e l d  . 
Charac ter i s t ic  states - 

A r a the r  spec i f i c  term, based primarily on meteorological sa te l l i t e  
information (TOS), which r e f e r s  t o  atmospheric states, atmospheric regimes 
(q.v.), o r  atmosphere subsystems, which have associated cloud pa t te rns  which 
are d i s t inc t ive ,  of ten highly d i s t inc t ive ,  i n  a var ie ty  of respects ;  which 
a re  presumably to  some degree diagnostic;  and which recur r e l a t i v e l y  
frequently.  Such states are commonly cha rac t e r i s t i c  a t  spec i f ic  regions, 
and may be c h a r a c t e r i s t i c  of spec i f i c  synoptic conditions. 
t o  represent a l imited range of atmospheric states o r  a pa t t i cu la r  type 
of synoptic condition. 
atmosphere are included, 
organization and of homogeneity (TOS) is implied. 

Each is presumed 

Both undisturbed and disturbed states of the 
A r e l a t i v e l y  high degree of organization and of 

Clear - 
Cloud f r e e  over the area considered (GOS, AOS). I n  the case of TOS 

conditions it is bes t  t o  avoid the use of t h i s  term, f o r  a t r u l y  cloud- 
f r e e  condition cannot be determined with ce r t a in ty  without the use of 
supplementary information. 

Cloud band - 
A very general  term which r e f e r s  t o  a cloud formation or  cloud group 

(GOS, AOS, TOS) which has a d i s t i n c t  long ax i s  and is s ign i f i can t ly  longer 
than wide. The length is generally more than 2 o r  3 times the width, and 
is commonly much grea te r  than the width. 
thousands of miles long. Bands a re  generally considered t o  be more than 
one basic  cloud un i t  (q.v.) wide, and may be many cloud u n i t s  wide. They 
may a l s o  be a continuous cloud layer equivalent i n  width t o  many basic 
cumulus cloud uni t s .  Bands may be very large (GOS, AOS, TOS), o r  may be 
small (GOS, AOS). 
Bands may include component bands, and thus show more or  less marked 
subbanding, or multiple banding. 
cumuliform bands, t rade cumulus bands, c e l l u l a r  bands, s t ra t i form bands, 
c i r r u s  bands, cumulonimhus bands, f r o n t a l  bands, and others .  They occur 
frequently i n  the atmosphere and on a l l  sca les  (GOS, AOS, TOS). 

Bands may be hundreds even 

They are generally la rger  than cloud l i nes  (q.v.1. 

Bands may be of many types including: 

See a l so :  cloud l ines .  

Cloud condition - 
The most general term re fe r r ing  t o  the s ta te  or  condition of the 

atmosphere with respect  t o  i t s  clouds and cloud f r ee  areas .  

Cloud d e t a i l s  - 
A very general  term which r e f e r s  t o  any de ta i l s ,  subdivisions, o r  

s t ruc tu re  of clouds as seen on several  scales (GOS, AOS, TOS). The 
smaller d e t a i l s  a r e  often, but not  necessarily,  implied. 

C loud element - 
See cloud un i t .  
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Cloud f i e l d  - 

A type of cloud group (GOS, AOS, TOS) which: (1) c o n s i s t s  of  
i nd iv idua l  clouds,  cloud u n i t s ,  o r  small cloud subgroups t h a t  a r e  gene ra l ly  
d i s t i n c t l y  separa ted  and are  o f t e n  r e l a t i v e l y  widely separa ted  (the group 
then inc luding  much c loud-f ree  area); and (2) r ep resen t s  a s i g n i f i c a n t  
degree of o rde r  (i.e. non-randomness of d i s t r i b u t i o n ) .  Cloud f i e l d s  may 
c o n s i s t  of very small u n i t s ,  o r  large u n i t s ;  may be very open, or c o n s i s t  
of u n i t s  which are q u i t e  c l o s e l y  spaced; and may be very ex tens ive  o r  of 
very l imi ted  e x t e n t .  Many types of  f i e l d s  are c l e a r l y  cumuliform i n  
na ture .  
Although some cloud - f ie lds  a r e  c e l l u l a r ,  hence may be termed c e l l u l a r  
f i e l d s ,  o the r  c e l l u l a r  formations a r e  not  cloud f i e l d s  according t o  t h i s  
usage. Thus, i n  general ,  c e l l u l a r  cloud f i e l d s  r ep resen t  a s p e c i a l  type 
of c loud f i e l d  as w e l l  as a s p e c i a l  type of c e l l u l a r  formation. 
of cloud l i n e s  and of small (AOS, TOS) bands, occur commonly i n  the  
t r o p i c a l  t r ade  wind zones. I n  general ,  c loud f i e l d s  have d i s t i n c t i v e ,  
o f t e n  h ighly  d i s t i n c t i v e ,  a s soc ia t ed  cloud p a t t e r n s  (4.v.). 

Others c o n s i s t  of u n i t s  which are e s s e n t i a l l y  s t r a t i f o r m  i n  na ture .  

F i e l d s  

Cloud formation - 
A very  genera l  t e r m  which r e f e r s  va r ious ly  t o  a cloud u n i t  (GOS, AOS, 

TOS) (q.v.), an ex tens ive  cloud l aye r  o r  c loud s h i e l d  (q.v.), o r  a la rge  
or. small c loud group (q.v.); which r e p r e s e n t s  a r e l a t i v e l y  continuous, 
and homogeneous cloud cond i t ion  (q.v.); and which has  a r e l a t i v e l y  w e l l -  
marked and continuous boundary so t h a t  it can be reasonably considered 
t o  be a d i s t i n c t  and sepa ra t e  e n t i t y .  Cloud formations may be very 
extensive,  b u t  u s u a l l y  do no t  cover a major region, and i f  they do, 
u s u a l l y  do  not  do so f o r  long. They are normally not  s u f f i c i e n t l y  
extensive t o  cover a major land mass o r  most of an ocean. Cloud formations 
may a l s o  be  of very l imi ted  e x t e n t  (GOS, AOS, TOS). Cloud formations may 
show much s t r u c t u r e ,  pa t t e rn ,  and evidence of o rgan iza t ion  o r  order ,  o r  may 
have no ev iden t  s t r u c t u r e ,  p a t t e r n  o r  i n d i c a t i o n  o r  organiza t ion .  They may 
be p e r s i s t e n t  or h igh ly  t r a n s i e n t .  

Larger cloud systems (q.v.) gene ra l ly  c o n s i s t  of s e v e r a l  cloud formations,  
as i n  s t rong  co ld  f r o n t  c loud systems, e x t r a t r o p i c a l  cyclone cloud systems, 
and t r o p i c a l  cyclone cloud systems. 

Cloud group - 
A very gene ra l  term which r e f e r s  t o  aggregat ions of cloud8 o r  s m a l l  

cloud formations (GOS, AOS, TOS) which c o n s i s t  of 2 o r  more separated,  
d i s c r e t e  c loud u n i t s  (4.v.) o r  elements ( G O S ) .  A s  most cumuliform 
formations seen i n  TIROS p i c tu re s ,  p a r t i c u l a r l y  i f  they  are a t  a l l  s i z a b l e  
(TOS), are groups i n  t h i s  sense, t h e  t e r m  may be used t o  r e f e r  t o  small  
(TOS) i s o l a t e d  clouds,  cloud formations or cloud "units". A v a r i e t y  of 
d i s t i n c t i v e  types of groups have been observed, inc luding  cloud l i nes ,  
bands, f i e l d s ,  c e l l u l a r  a r r ays ,  and o t h e r s  with d i s t i n c t i v e  pa t t e rns .  
Groups may be of very l imi ted  ex ten t  (GOS, AOS, TOS) or  may be ex tens ive .  
They o f t e n  r ep resen t  a s i g n i f i c a n t  degree of organiza t ion  o r  order .  
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Cloud lean - 

A cloud condition observed when clouds have su f f i c i en t  v e r t i c a l  
development through atmospheric layers  with appreciable v e r t i c a l  gradients 
of the  horizontal  veloci ty  component. 
cumulus formations. In  trade flow with l i t t l e  var ia t ion  of wind d i rec t ion  
with height, and a speed maximum a t  an intermediate level, cloud towers 
below the speed maximum leve l  of ten have tops t h a t  lean downstream 
conspicuously. 
t h a t  lean upstream, a t  times conspicuously. Towers or  t u r r e t s  which extend 
from below the speed maximum leve l  t o  we11 above i t  have lower portions 
t h a t  lean downstream, and upper portions t h a t  lean upstream, so t ha t  the 
towers are ( -shaped o r  (-shaped, and the speed maximum level  is indicated 
by the downstream-most p a r t  of the tower. These e f f e c t s  may be weak o r  
they may be s t rongly marked. In  more complexly vawing  f i e l d s  of flow, 
turrets may lean i n  d i f f e r e n t  d i rec t ions  a t  d i f f e r e n t  levels,  and may 
even appear t o  spiral  upward. Useful information concerning r e l a t i v e  
motions i n  t h e  lower troposphere may be obtained, a t  times almost continu- 
ously, from observations (GOS, AOS) of the cloud lean conditions of the 
more informative cloud towers (notably the t a l l  narrow ones). 

picture .  
means of 3-dimensional v i s ion  and perspective changes observed as the 
a i r c r a f t  passed leaning clouds . 

It occurs very frequently i n  trade 

Towers with bases near the speed maximum leve l  have tops 

The d i rec t ion  of the cloud lean is  not always clear i n  a s ingle  a i r c r a f t  
Most d i r ec t ion  determinations were made during the  f l i g h t s  by 

Cloud l ine  - 
A general  term re fe r r ing  t o  those ordered cloud groups (q.v.) which 

are a t  least several  bas ic  cloud u n i t s  (GOS, AOS) long, but  are, i n  general, 
only one cloud u n i t  wide. They a r e  f requent ly  many cloud u n i t s  long. 
cloud u n i t s  re fer red  t o  here are a pa r t i cu la r  type of cloud uni t .  
a r e  the generally d i s t i n c t  basic  individual  clouds of which the l i nes  
are composed. These components are, i n  general, d i s t i n c t  bas ic  e n t i t i e s  
even when they subdivide more or less d i s t i n c t l y  l a t e r a l l y  or v e r t i c a l l y  
i n t o  lesser components (as they frequent ly  do) t o  become, i n  fact, small 
groups. Cloud l ines  may cons is t  of very small (GOS, AOS) bas ic  uni ts ,  
such a s  those which a re  small f a i r  weather cumulus o r  fractocumulus clouds. 
Trade cumulus cloud l i n e s  occur f requent ly  over extensive area8 of the 
t rop ica l  oceans, and commonly occur a t  o r  near is lands.  
very much longer than wide, and may be over 100 miles long. 
l ines ,  including some squa l l  l inea,  cons is t  of qu i te  large (GOS, AOS) 
units ,  the la rges t  being ac t ive  cumulonimbus clouds. 

uni ts ,  are a t  times refer red  t o  a s  bands (GOS, AOS) (see cloud band), and 
grade i n t o  bands as they become d i s t i n c t l y  more than one basic u n i t  wide. 

The 
They 

They are usual ly  
Some cloud 

The la rger  oumu,lus lines, of cumulus congestus or  cumulonimbus basic 
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Cloud l ines  may be considered t o  be a pa r t i cu la r  type of band, an 

extreme o r  l i m i t  i n  the  continuum of band types. 
group is known t o  be l ine,  t h a t  term is normally used t o  designate the 
group, and the term band i s  g e m r a l l y  used t o  r e f e r  t o  the  other  types 
of bands, Very long and narrow (TOS) cloud formations, of bas ic  u n i t s  
t h a t  a r e  not resolved, o r  which are apparently generally wider than one 
basic uni t ,  are properly re fer red  t o  as long, narrow bands. Lines (TOS) 
of cloud u n i t s  which are la rger  than the individual  bas ic  uni t s ,  such 
as c e r t a i n  stratocumulus small groups, a r e  properly re fer red  t o  as bands, 
o r  a l te rna te ly ,  as cloud u n i t  rows, or  cloud rows. Cloud streets, 
according t o  the ear ly ,  r e s t r i c t ed ,  special ized (and preferred) meaning 
of the  term, are a pa r t i cu la r  type of cloud l ine.  

However, when a cloud 

Cloud pa t t e rn  - 
A general  term which r e f e r s  t o  evident s t ruc tu re  ( O S ,  AOS, TOS) of 

cloud formations o r  of d i s t r ibu t ions  of cloud u n i t s  (q.v.), cloud 
formations (q.v.), and RO (q,v.) u n i t s  o r  areas? which reveals  a s ign i f i c -  
an t  degree of order (or non-randomness) o r  organization. 
be d i s t i n c t i v e  and cha rac t e r i s t i c .  
It may occur f requent ly  o r  rarely. It may be r e l a t i v e l y  ind i s t inc t .  
pa t te rns  may vary grea t ly  i n  degree of development, hence i n  d e t a i l  and i n  
evident pat tern.  
types of cloud groups, such a8 cloud l i n e s  and cloud l i ne  arrays, c e r t a i n  
cloud bands, open cloud f i e lds ,  c e l l u l a r  arrays,  and others .  Dis t inc t ive  
pa t te rns  are a l s o  associated with many cloud systems, notably vortex cloud 
systems. Charac te r i s t ic  states (q.v.) of the atmosphere have associated 
cloud pa t te rns  which are c h a r a c t e r i s t i c  i n  a va r i e ty  of respects  and are 
presumed t o  be diagnostic.  
so t h a t  i t  i s  normally improper t o  r e f e r  t o  a "random pattern", although 
i t  is reasonable t o  refer t o  the  degree of randomness of a pa t te rn ,  

The order may 
It may be complex o r  r e l a t i v e l y  simple, 

Related 

Dis t inc t ive  pa t te rns  are associated with the ordered 

Truly random conditions are normally excluded, 

Cloud plume - 
A cloud formation (GOS, AOS, TOS) which extends mainly downstream and 

thus asymmetrically from i ts  generating source cloud. 
e f f ec t ive  plume generators are large active cumulonimbus clouds, which 

Important and very 

le  conditions c h a r a c t e r i s t i c a l l y  produce a n v i l  top plumes 
produce very prolonged plumes , These are widely d i s t r ibu ted  

over land, and ocean areas of the warmer regions of the ear th .  The c i r r u s  
plumes produced may taper  t o  an apparent point downstream, o r  may be 
bandlike and not taper  appreciably, o r  may spread l a t e r a l l y  ddwnstream t o  
form a small c i r r u s  fan or a small c i r r u s  sh ie ld ,  
merge t o  form an extensive and dense c i r r u s  shield.  

Adjoining plumes may 

Cloud row - 
See cloud l ine.  
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Cloud sh ie ld  - 

A cloud formation (GOS, AOS, TOS) which is generally r e l a t i v e l y  
extensive and continuous, hence represents an overcast condition over a 
subs t an t i a l  area;  and which is  r e l a t i v e l y  sharply bounded, commonly having 
a long, very d i s t i n c t  edge. 
o r  may be very thin.  A sh ie ld  i s  c h a r a c t e r i s t i c a l l y  a product of a r e l a t i v e l y  
large scale cloud generating process. 
development, are characteristic of developing ex t r a t rop ica l  cyclones, d i s t i n c t  
warm fronts, major t rop ica l  cyclones and c e r t a i n  active cumulonimbus clouds 
and groups. 

A sh ie ld  may be very thick, o r  op t i ca l ly  dense, 

Thus shields,  of some degree of 

Cloud street - 
See cloud line. 

Cloud system - 
A general  term which r e f e r s  t o  an individual  cloud, o r  a group of clouds, 

o r  other  cloud formations (q.v.), o r  a complex combination of several cloud 
formations o r  types of cloud formations, viewed as an organized physical 
system (%.e. as a hydro-thermodynamic system). 
are defined so le ly  by geometrical considerations.  
a l s o  cloud systems. 
formations, and of ten have formations as components o r  subsystems. 
system, whether simple' o r  complex, is, in general, a d i s t i n c t  e n t i t y  with 
r e l a t i v e l y  $harp na tura l  boundaries. 
complex major systems, with d i s t i n c t  and s ign i f i can t  component subsystems, 
unless  otherwise indicated.  
o t h e t i  may be rare or represent an infrequent extreme degree of development. 

well developed squa l l  l ines,  cold f ront  
gloud systems, and t h e  complex cloud systems of ex t r a t rop ica l  and t rop ica l  
cyclones. A cloud system is, i n  general, a component or  subsystem of a 
more inclusive atmospheric system (such as the typhoon cloud system of the 
atmospheric eystem which is the typhoon). 
may a l s o  be considered t o  be a type of atmospheric system. 

I n  contrast ,  cloud formations 
Many cloud formations are 

However, cloud systems need not qua l i fy  as cloud 
A cloud 

The term generally implies r e l a t i v e l y  

Some systems recur r e l a t i v e l y  frequently;  

Well known cloud systems are: 

When convenient a cloud system 

Cloud u n i t  - 
A general  term,psed f o r  convenience, which refers variously to: 

1) an individual  cloud (COS, AOS), such as a f a i r  weather cumulus cloud 
or a cumulus congestus cloud; 2) a small, usual ly  sharply bounded, cloud 
formation (GOS, AOS, TOS) o r  group (mainly TOS); o r  3) any apparent (TOS) 
unit ,  or TIROS pic ture  "small white spot" or cloud %it**. 

A cloud u n i t  is not c l e a r l y  subdivided i n t o  d i s t i n c t l y  separated 
comparable subunits or components. 
may be c lose ly  spaced. Cloud u n i t s  are the evident un i ta ry  components 
of cloud groupr, 

Cloud lines (q.v.) are composed of a pa r t i cu la r  type of cloud un i t .  
The term is, i n  c e r t a i n  respects,  an a l t e rna t ive  to  the ambiguous and 

u n r e a l i s t i c  "cloud element" when used a8 a general  term. The term "cloud 
element'v (AOS, TOS) irr t o  be avoided. As usual ly  used it r e f e r s  t o  cloud 
formations which are r a r e l y  true elements i n  any log ica l  o r  na tu ra l  sense. 
In  general,. b e t t e r  alternative terms are avai lable .  The term a8 
used i n  GOS and AOS research-can have a precise and realistic application, 
but i r r  then necessar i ly  a highly technical  and special ized term. 

Cloud u n i t s  may be i so la ted  o r  they 
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Data gap area - 

An area with no conventional meteorological da ta  on a pa r t i cu la r  day o r  
during a succession of days. 
however. (compare with sparse-data a rea  [q. v. 1 ) . Satel l i te  information may be available,  

Disturbances - 
A very general  term, not synonymous with " t ropica l  disturbances" (q.v.), 

which r e f e r s  t o  a va r i e ty  of atmospheric conditions which may be considered 
t o  be developments in, major a l t e r a t i o n s  of, o r  departures from normal 
"undisturbed" conditions.  I n  general, s ign i f i can t  or  r e l a t i v e l y  large 
deviat ions from the prevai l ing condition o r  set of conditions are implied. 
Such developments include: systems of enhanced convective ac t iv i ty ,  
cumulonimbus groups, extensive unusual cloud systems (as i n  the upper 
troposphere), upper ( d i s t a l )  cyclones and associated ac t iv i ty ,  t rop ica l  
disturbances and t rop ica l  cyclones generally, systems i n  the zone of 
"the XTC", and many other  conditions. In  general, disturbances represent 
types of atmospheric systems. 
of scales, and may represent a r a the r  wide range of degree of development, 
it is necessary t o  indicate  what is being re fer red  t o  when t h i s  term i s  
used i n  a r e s t r i c t e d  sense; otherwise f u l l  genera l i ty  is  implied. 

As disturbances occur on a wide va r i e ty  

Early s tages  of t r o p i c a l  cyclones - 
This r e f e r s  t o  a l l  ea r ly  s tages  which have a de t ec t ib l e  cyclonic 

c i r cu la t ion  (with respect  t o  the  bas ic  flow within which they occur), 
whether they develop fu r the r  o r  not, and whether they are de tec t ib l e  by 
conventional means or  not. 
and more inclusive than t h a t  of " t ropica l  disturbances" as conventionally 
defined . 

This category is  intended t o  be more general 

Easter ly  wave - 
A term f o r  a pa r t i cu la r  type of atmospheric system which resembles more 

or  less c lose ly  the klassical" model developed by H. Riehl [71, and which 
is normally detected by means of conventional synoptic cha r t s  and time- 
sect ions.  

Such a wave is a disturbance i n  an eas t e r ly  t rade  current  which has 
c h a r a c t e r i s t i c a l l y ;  a generally north-south axis;  a very cloudy, of ten  
showery, p a r t  which is generally east of the  ax i s ;  a weak surface pressure 
trough; a wind s h i f t  which is generally more marked a l o f t  i n  the lower 
troposphere than a t  the surface; and a generally westward movement. 
waves vary r a t h e r  widely i n  degree of development and d is t inc tness .  
o f t en  form an east-west sequence ofwves,  some very weak and ind i s t inc t ,  
o thers  qu i t e  d i s t i n c t .  Some, perhaps many, include a d i s t i n c t  closed 
c i r cu la t ion  a l o f t ,  Others apparently lack any appreciable horizontal  
c i rcu la t ion .  They may represent more than one type of atmospheric system. 
Such waves are of a scale t h a t  is r e l a t i v e l y  w e l l  observed by the TIROS 
s a t e l l i t e s .  A var ie ty  of d i s t i n c t  densely cloudy cloud systems, r a t h e r  
d i f f e r e n t  i n  ex ten t  and appearance, but clearly associated with eas t e r ly  
waves, have been recorded i n  the s a t e l l i t e  pictures .  Other similar cloud 
systems observed by the satel l i tes  may w e l l  represent atmospheric systems 
of t h i s  general type o r  of c lose ly  r e l a t ed  types. 

Such 
They 



Extensive convect ive regime - 
A type of atmospheric regime (4.v.) which is both ex tens ive  and 

cha rac t e r i zed  by convect ive a c t i v i t y .  
s t r o n g l y  suppressed convect ive a c t i v i t y ,  as a t  a n  open f i e l d  (q.v.) of 
small t r a d e  cumulus cloud u n i t s ,  o r  may r ep resen t  i n t ense  convect ive 
a c t i v i t y  (q.v.), as a t  an extended group of cumulonimbus clouds i n  the  
zone of " the ITC". 
d i s t i n c t l y  (GOS, AOS, TOS), cumuliform i n  type, b u t  regimes cha rac t e r i zed  
by s t r a t i f o r m  cloud u n i t s  a l so  occur commonly. 
have h igh ly  d i s t i n c t i v e  a s soc ia t ed  cloud p a t t e r n s  (q.v.), 

Such a regime may r ep resen t  weak o r  

Such regimes gene ra l ly  have cloud u n i t s  which are 

Such regimes gene ra l ly  

F l i g h t  area - 
See f l i g h t  t r a c k  area. 

F l i g h t  t r a c k  area - 
The t o t a l  su r f ace  a r e a  which was v i s i b l e  from t h e  r e sea rch  a i r c r a f t ,  

or would have been v i s i b l e  dur ing  go0.d viewing condi t ions .  
be extended t o  include areas which could not  be seen because they  were 
beyond the  apparent  horizon, bu t  which were under c louds which were 
observed from the  a i r c r a f t .  

This area may 

GOS - 
See scale. 

In tense  convect ive a c t i v i t y  - 
A gene ra l  term which r e f e r s  t o  cumulus convection ranging i n  i n t e n s i t y  

from: 1) cond i t ions  cha rac t e r i zed  by groups, gene ra l ly  r e l a t i v e l y  extensive,  
of l a rge  towering cumulus clouds,  such as l a rge  t r a d e  cumulus and cumulus 
congestus  c louds ;  through 2) cond i t ions  wi th  g l a c i a t i n g  t r ade  cumulus and 
cumulus ca lvus  c louds  o r  groups; t o  3) cond i t ions  with cumulonimbus c louds  
and cloud groups, inc luding  cloud and atmospheric systems which have 
cumulonimbus c louds  and groups. Marked o rgan iza t ion  may be present ,  b u t  
is no t  n e c e s s a r i l y  implied,  Atmospheric cond i t ions  of these  types occur 
f r e q u e n t l y  a t  many t r o p i c a l  areas. 
c h a r a c t e r i s t i c a l l y  i n  the  zone of " the ITC". 
are commonly considered t o  be d i s tu rbed  cond i t ions  o r  d i s tu rbances  (q.v,) 
Many are s t r o n g l y  c o n t r o l l e d  by terrestrial topographic and s u r f a c e  condi t ions .  
Some of t h e s e  convect ive cond i t ions  are types of  atmospheric regimes (q.v,). 
Others  occur  in,  and o f t e n  are c h a r a c t e r i s t i c  of,  w e l l  organized systems 
such as t r o p i c a l  cyclones.  

Condi t ions of these  types occur 
Condit ions of these  types 

'QTc~~ s y s  tern - 
Here the  same as: system of "the ITC" (q.v.). See also "the ITC". 

ITCZ - 
The i n t e r t r o p i c a l  convergence done as convent iona l ly  def ined  [4]. 

See zone of " the ITC". 
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Mosaic - 

A composite of TIROS pic tures  formed by matching cloud d e t a i l s  seen i n  
successive p ic tures  (as opposed t o  one formed by matching longitude and 
l a t i t u d e  l i n e s  of gridded pictures).  
view, but comnonly introduces a s igni f  i can t  d i s t o r t i o n  which causes the 
mosaic t o  be curved, sometimes markedly. 

This process gives a good integrated 

Non-cloud - 
A term (mainly TOS) which refers t o  a clear area or  volume, or  %pace'1, 

between clouds; or, i n  the  case of "apparently non-cloud", a very open RO 
(q v. ) condition. 

Terrain fea tures  and snow and ice are not re fer red  t o  by t h i s  term i n  
t h i s  report .  

Northeasterly wind - 
See winds. 

Object nadir  angle - 
The angle a t  the  satel l i te  between the loca l  v e r t i c a l  passing through 

the satel l i te  and the l i ne  from the  satel l i te  to  the cloud un i t  o r  other 
object  spec i f i ca l ly  re fer red  to.  

Observation pass - 
A pass (q.v.) during which a satel l i te  obtained a picture,  pictures,  

An observation pass i s  usually, but not alwayr, or  a p ic ture  sequence. 
an earlier pass than the corresponding readout: pass (q.v.), and may be over 
10 passes earlier. The same as picture-taking pass. 

Pass - 
A portion of a satel l i te  ''orbitg1 during which a s a t e l l i t e  was read out 

by a ground s t a t i o n  (readout pass) or during which a satellite obtained 
observations (observation pass). An o r b i t  here refers t o  one complete 
c i r c u i t  of the e a r t h  by a satell i te,  considered t o  begin as the satel l i te  
crosses  the equator going northward (i.e. at: an ascending node) and t o  end 
when the sa te l l i t e  next crosses  t h e  equator going northward (i.e. a t  the 
next ascending node). Orbi ts  are numbered by successive integers,  o r b i t  1 
commencing when the sa te l l i t e  first crosses  the equator going northward. 

A readout pass takes the number of the o r b i t  of which i t  was a p a r t ,  
An observation pass takes the number of the o r b i t  of which it was a part ,  
o r  of the o r b i t  the satel l i te  was completing when the observations began, 
Thus when observations continue as a satel l i te  begins the next o r b i t  an 
observation pass cmsists of adjoining portions of two o rb i t s .  

Pass number - 
See pass. 

Picture  taking pass - 
The same a s  observation pass (q.v.). 
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Primary pass - 

An observa t ion  pass (q.v.) which was made a t  a time when a research  
a i r c r a f t  was f l y i n g  over t he  area observed. 
some p a r t  of t h e  t o t a l  area observed by the  s a t e l l i t e  was observed 
simultaneously from an a i r c r a f t ,  while contiguous p a r t s  were a l s o  observed 
from the  a i r c r a f t  and by  the  sa te l l i t e  bu t  with time d i f f e rences  which 
inc rease  with d i s t ance  from the  po in t  of s imul tane i ty .  

Thus during a primary pass 

Readout pass - 
A pass (q.v.) dur ing  which a satellite was "read out" and the  s a t e l l i t e  

observa t ion  information acquired a t  a ground s t a t i o n .  

RO - 
See r e l a t i v e l y  open. I 

Rela t ive ly  open (RO) - 
A genera l  b a s i c  category of "sky,condition" [41 o r  cloud condi t ion  

(TOS, AOS, GOS) which includes those cha rac t e r i zed  by areas having a small 
f r a c t i o n  covered by clouds (AOS) or by areas which appear t o  have a small 
f r a c t i o n  covered by clouds (TOS). Areas having these condi t ions  are 
b e t t e r  considered t o  have l a rge  f r a c t i o n s  which are cloud f r e e  (AOS) o r  
apparent ly  cloud f r e e  (TOS). Clear areas are included. 

although t h e  term a p p l i e s  t o  a l l  levels. 
(GOS, AOS, TOS) the  open f r a c t i o n  may be as small as 6/10, bu t  is gene ra l ly  
l a r g e r  (GOS, AOS). 
which is broken o r  even a t h i n  overcas t  (GOS, AOS). 
formation (GOS, AOS, TOS) occurs i n  o r  near t h e  area considered, t h e  open 
cond i t ion  extends up t o  bu t  does not include t h e  ex tens ive  and r e l a t i v e l y  
cloudy o r  overcas t  condi t ion .  Thus, i n  general, l a rge  cloud formations 
are excluded, even i f  widely s c a t t e r e d  in d i s t r i b u t i o n .  The white spo t s  
o r  areas i n  TLROS p i c t u r e s  are cloud u n i t s  o r  formations; the  dark spo t s  
o r  areas are RO u n i t s  o r  areas (which, i n  general, are not cloud-free areas). 
RO areas may be small o r  extensive,  and may take t h e  form of l ines ,  bands, 
" s p i r a l  arms", f i e l d s  and o the r  namable forms. 

In general, cloud p a t t e r n s  (!COS) c o n s i s t  of an organized, o f t en  
c h a r a c t e r i s t i c ,  d i s t r i b u t i o n  of white (cloud formations) and dark (RO a reas ) .  

Most f r equen t ly  the  condi t ions  r e f e r r e d  t o  are a t  the low cloud level, 
I f  t he  cloud u n i t s  are small 

The apparent ly  open f r a c t i o n  (TOS) may have a cover 
I f  a l a rge  cloud 

Sca le  - 
Three scale s i z e s  are d is t inguished:  1) TOS, the  TIROS observation 

scale (wide angle camera p i c t u r e  scale); 2) AOS, t he  a i r  observation s c a l e  
( r e f e r r i n g  mainly t o  a i r c r a f t  f l y i n g  about 10,000 f e e t  o r  h igher ) ;  3) GOS, 
the  ground observer o r  ground observation scale. 
o rde r s  o r  magnitude g r e a t e r  than, and the  AOS is about one order of magnitude 
g r e a t e r  than, t he  GOS. 

The TOS is about two 

See also g lossary  in t roduc t i an .  
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Sparse-data area 

Any r e l a t i v e l y  extensive 8rea f o r  which very l i t t l e  conventional 
atmospheric da ta  were obtained during the course of a season, year, o r  
period of years i n  the recent  past, o r  are being obtained a t  present. 
The same as data-sparse area, 

System of "the ITC" - 
A s ign i f i can t  atmospheric system (q.v.) o r  major cloud system (q.v.) 

occurring i n  the zone of 'Ithe ITC". 
i s t ic  of the zone of "the ITC". 

Many of these systems are character-  

See also:  "the ITC", and: zone of "the ITC". 

"The ITC" - 
The term ITC (for  i n t e r t r o p i c a l  convergence) as it  has  been used and is 

s t i l l  used conventionally r e f e r s  loosely t o  a var ie ty  of concepts and a 
va r i e ty  of t rop ica l  conditions which occur i n  or  near the equator ia l  trough 
zone. It is of ten  viewed as a narrow zone where the northeast  t rades  and 
southeast  t rades  meet or "intersect".  It is  perhaps more of ten  viewed as 
a very long narrow zone, or  band, of intense convective a c t i v i t y  and stormy 
weather, which is about 1' of l a t i t ude  wide and extends e s s e n t i a l l y  
continuously f o r  thousands of miles zonally. It i s  s t i l l  viewed by some 
a s  a f r o n t a l  condition. These and other  concepts are u n r e a l i s t i c  as 
general ly  applied, although they have some v a l i d i t y  a t  spec i f i c  places and 
times. They are generally based on very l i t t l e  or  no (i.e. inadequate) 
da ta  and on questionably interpreted c l imat ic  data.  

t o  avoid using ITC simply, with i t s  ambiguous meanings, fuzzy concepts, 
and generally u n r e a l i s t i c  implications, but t o  s t ay  close to the  older 
terminology so t h a t  any reader may recognize immediately what is  being 
re fer red  to.  The term "the ITC" thus is not the same as the term ITC, and 
does not r e f e r  t o  any previous concept. 

t o  the va r i e ty  of conditions, phenomena, and cloud and atmospheric systems 
which occur i n  the near-equatorial  ac t ive  zone (here termed the zone of 
"the ITC") and many of which are c h a r a c t e r i s t i c  of t h i s  d i s t i n c t  zone. 
t h i s  term r e f e r s  t o  the real  e n t i t i e s ,  observed o r  understood or  not, which 
correspond t o  the conditions which were encountered i n  the pas t  and which 
have been described i n  terms of the  various earlier concepts. 
is a p r a c t i c a l  and realist ic one made possible by the abundance of informat- 
ion on the real  conditions occurring i n  the zone of "the ITC" provided by 
the TIROS mteo ro log ica l  sa te l l i tes ,  If "the lTCv1 is  t o  be considered a 
s ing le  e n t i t y  i t  must be considered t o  be a zonal sequence of general ly  
d i s t i n c t  atmospheric and cloud systems which extends along the length of 
the zone of "the ITC", o r  along the lengths of i t s  segments. Thus t o  see 
"the ITC" i s  r e a l l y  t o  see one or  more of these systems, systems generally 
w e l l  observed by the TSROS s a t e l l i t e s .  In  t h i s  usage loca l  convergence is  
common, but  not  necessar i ly  implied, and extensive RO (4.v.) areas,  
subsidence, and divergence may be present. 

The term "the ITC" has been introduced here i n  a t r a n s i t i o n a l  attempt 

The te'rm "the ITC" r e f e r s  t o  the real atmosphere; and r e f e r s  co l l ec t ive ly  

Thus 

The d i s t i n c t i o n  



The term " the  ITC" as used i n  t h i s  spec ia l i zed  sense is considered 
t o  be a temporary convenience term which r e f e r s  to  a p a r t i c u l a r  set of 
real  atmospheric condi t ions .  The set doubt less  merits' a b e t t e r  term. 
One a l t e r n a t i v e  is t o  focus on the  zone i n  which the  a c t i v i t y  occurs, 
t h e  zone of " the ITC" or ZITC, and r e f e r  t o  sequences of systems i n  t h e  
ZITC, or t o  ind iv idua l  systems of t he  ZITC. 

See also: zone of "the ITC". 

TOS - 
See scale. 

Tropica l  cyclones - 
A very  gene ra l  term f o r  t r o p i c a l  cyc lonic  systems of synopt ic  scale, 

whether weak or s t rong,  o r  whether ea r ly ,  mature, o r  d i s s i p a t i n g  s t ages .  

Tropica l  d i s turbance  - 
A convent ional  term (11 f o r  a t r o p i c a l  cyclone having "no c losed  

su r face  i s o b a r s  and no s t r o n g  winds", and a r o t a r y  c i r c u l a t i o n  which is 
s l i g h t  o r  absent  a t  the  su r face  bu t  which may be b e t t e r  developed a l o f t .  

T rop ica l  storms - 
The convent ional  term [41 f o r  t r o p i c a l  cyclones having maximum winds 

s t ronge r  than  27 knots,  b u t  less than 66 knots .  

Very open - 
A RO (q.v.) cond i t ion  (mainly TOS, AOS) with o r  apparent ly  wi th  very  

few o r  v i r t u a l l y  no clouds.  Clear (q,v.) cond i t ions  are included. 

Winds - 
The approximate d i r e c t i o n  des igna t ions :  e a s t e r l y ,  nor ther ly ,  nor theas t -  

e r l y ,  etc., i n d i c a t e  approximations of a s p e c i a l i z e d  type. Thus e a s t e r l y  
impl ies  mainly c l o s e  t o  from the  east, gene ra l ly  i n s i d e  the  l i m i t s  ENE and 
ESE, and no t  (or r a r e l y )  ou t s ide  the  l i m i t s  NE and SE. Simi la r  restrictions 
apply  to t he  o the r  d i r e c t i o n s .  I f  a wind is mainly close t o  from the  north-  
east, then n o r t h e a s t e r l y  is used. I f  a wind is mainly c l o s e  t o  an  ENE wind, 
"eas te r ly"  may be used, o r  if emphasis on the  nor th  component is des i r ed  
"nor theas te r ly"  may be  used. Occasional ly  a term such as "eas t -nor theas t -  
e r l y "  is used, bu t  t h i s  impl ies  a smaller range of d i r e c t i o n s ,  so t ha t ,  i n  
t h i s  case, the  w i d s  would be gene ra l ly  very c l o s e  t o  ENE, and not  (or 
r a r e l y )  ou t s ide  the  l i m i t s  NE and E. 

ZITC - 
See: zone of " the IT(' 
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Zone of "the ITC" - 

A generalized term used here t o  r e f e r  t o  tha t  generally near-equatorial 
zone of the atmosphere i n  which occur the conditions, phenomena, and 
systems which correspond t o  w h a t  i s  usual ly  referred t o  by the conventional 
term ITC (and r e l a t ed  terms). It r e f e r s  t o  the  real atmosphere, and is the 
zone i n  which the real  phenomena and systems occur whether they are observed 
o r  understood o r  not. 
convergence zone (ITCZ) as conventionally defined [4, 61. It may be 
reasonably designated the ZITC, t o  d i s t inguish  it from the ITCZ.  

width, which may be very extensive zonally but may be subdivided i n t o  
segments, hence is not necessar i ly  continuous around the ear th .  It has 
generally sharp na tura l  boundaries, and is  a d i s t i n c t  zone over much of 
the ea r th ,  
i n  the degree of development of t h e  included systems. 
it a l s o  vary s ign i f i can t ly  from region t o  region. 
adjoining zones, a highly ac t ive  zone. However, i t s  presence does not 
invariably imply low leve l  convergence, or  r e l a t i v e l y  intense convective 
a c t i v i t y  (q.v.). 
appreciable subsidence and divergence may also be present. Thus t h e  
word "convergence" i n  the t e r m  may be considered t o  be a general term 
which includes divergence as negative convergence, the converse of common 
usage, but mathematically correct .  It is, notably, the zone i n  o r  near 
the equator ia l  trough zone i n  which marked low l eve l  convergence and 
associated phenomena and systems cha rac t e r i s t i ca l ly  do occur. 
and extent  are defined by the occurrence of i t s  convective a c t i v i t y  and 
cmponent atmospheric systems, pa r t i cu la r ly  as determined from t h e  s a t e l l i t e  
information. 
t h a t  of the  ITCZ as determined by conventional means. 

This zone is not the same as t h e  i n t e r t rop ica l  

The ZITC is a r e s t r i c t e d  zone, generally of the order of 5' l a t i tude  i n  

It has marked seasonal var ia t ions  i n  posi t ion and extent  and 
The conditions within 

It is, r e l a t i v e  t o  the 

Extensive RO (4.v.) areas  may be present within it, and 

Its posi t ion 

This posi t ion and ex ten t  is r e l a t ed  to, but not the same as, 

See also: "the ITC". 
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APPENDIX 1 - The doppler radar  winds. 

The winds along the southern t rack i n  f igures  4 and 5 are shown f o r  
times separated by 20 minute in t e rva l s  (with a few exceptions), s t a r t i n g  a t  
1215GMT in  f igure  4 and a t  164OGMT i n  f igure 5 .  
track are f o r  times separated by the same intervals ,  but s t a r t i n g  a t  1225GMT 
i n  f igure  4 and a t  1650 GMT i n  f igure  5 (see a l s o  Tables I and 11). These 
winds are representat ive smoothed winds. 
ten consecutive f i n a l  print-out values approximately centered on (5 before 
and 4 a f t e r )  the l i s t e d  t i m e  and separated by ten-second in te rva ls .  
in most of the sets of ten values the v a r i a b i l i t y  was r e l a t i v e l y  small, 
apparently random, and contained a large component of instrumental e r r o r  
t h i s  smoothing process was considered t o  be appropriate as well as convenient, 
For most, i f  not a l l ,  of these sets of wind values the  corresponding vec tor ia l  
means would not be s ign i f i can t ly  b e t t e r  or more meaningful. 

which lack wind information, as a t  H 2 S  and H 4 S  (see footnote 3),  have wind 
values which are considered t o  be ser ious ly  i n  e r r o r  (see a l so  tab le  1). 
Light and var iable  winds, which are not well determined by the  doppler rcldar 
equipment, occurred a t  D3S and E1S. As t he  tabulated values f o r  these times 
are considered t o  be nonrepresentative, other  values which are considered t o  
be representat ive and are based on determinations fo r  s l i g h t l y  d i f f e r e n t  
times are p lo t ted  a t  D3S and ElS. The wind value8 a t  GZS,.HlS, H2S, H3S, 
H4S ,  and H4N were also not representative,  because of doppler radar d i f f i c u l t -  
ies and descent. 
these longitudes and reported i n  the half-hourly reconnaissance repor t s  have 
not been p lo t ted  i n  f igure  5 .  
the southern track t h e  aircraft  was approaching the 11,000 foot  l eve l  R t  A l ,  
but  by B 1  was a t  thel2,700 foot  f l i g h t  level. 
a i r c r a f t  was approaching the 12,000 foot  l eve l  a t  A l ,  b u t  was a t  t h e  12,800 
foot  f l i g h t  l eve l  a t  B1. 

Those along the northern 

They were obtained by averaging 

Since 

Plot ted points  

The l i g h t  easterlies observed along the southern t rack  a t  

On Ascent 'affected only two plot ted values. 

On the northern t rack the 
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APPENDIX 2 - Numerical and o the r  information provided i n  t h e  comments of 

Sec t ion  4. 

The l a t i t u d e j  longitude, wind, and temperature va lues  are co r=  c t e d  va lues  
taken from t h e  RFF 'WRP 1" f i n a l  p r i n t o u t .  
are spo t  va lues  f o r  t he  second ind ica t ed  a t  t h e  l i s t e d  t i m e .  
are not  n e c e s s a r i l y  the  most r e p r e s e n t a t i v e  va lues  a v a i l a b l e .  
mean winds are shown i n  F igures  4 and 5. 
ative,  and have been ad jus t ed  t o  a common re fe rence  leve l ,  t he  12,000 foo t  l e v e l .  
The f l i g h t  a l t i t u d e ,  determined by radar ,  was gene ra l ly  near  12,500 f e e t .  
A l t i t u d e s  s i g n i f i c a n t l y  d i f f e r e n t  from t h i s  are s p e c i f i c a l l y  noted. 

The wind and temperature va lues  
Such wind va lues  
More r ep resen ta t ive  

The temperatures  a r e  h igh ly  represent -  

The azimuth l i s t e d  is a good approximation, r z f e r s  t o  t h e  p i c t u r e  center, 
and r ep resen t s  a 16 po in t  compass d i r e c t i o n .  
s l i g h t l y  modified ve r s ion  of  t h e  t r o p i c a l  whole sky code developed by 
D r .  Joanne Malkus and o t h e r s  (Reference 5 ) .  The code text  (not i l l u s t r a t e d )  
and modi f ica t ions  are presented i n  Appendix 3. 

The sky code r e f e r r e d  t o  i s  a 

Standard abbrev ia t ions  are used t o  denote c loud types.  A l e t te r  V a f t e r  
a wind d i r e c t i o n  marks a h igh ly  v a r i a b l e  apparent  wind d i r ec t ion ,  as occurred 
when the  wind speed w a s  too  low f o r  the  doppler  r ada r  system t o  func t ion  
e f f e c t i v e l y .  A le t ter  M i n d i c a t e s  missing numerical  information.  

The i d e n t i f i e r  numbers and letters, shown i n  F igure  12, are used t o  r e f e r  
t o  c loud formations,  atmospheric systems, and o t h e r  s p e c i f i c  cond i t ions  and 
d e t a i l s  which can be seen  i n  t h e  TIROS p i c t u r e s .  F igure  12 is intended t o  
be mainly a means of l abe l ing  and l o c a t i n g  these  d e t a i l s .  The same d e t a i l s  
are shown, i n  many cases b e t t e r  shown, i n  the  o t h e r  TIROS p i c t u r e s  inc luding  
the  unmarked p i c t u r e s  of  F igure  13, the  gr idded p i c t u r e s  of  Figure 14, and 
the  mosaics of F igures  7 t o  11. I n  c e r t a i n  cases  these  d e t a i l s  are a l s o  
shown i n  the  hand-held camera p i c t u r e s .  The i d e n t i f i e r  numbers a r e  used t o  
r e f e r  t o  these  d e t a i l s  wherever they  a r e  shown. Many d e t a i l s  ( fo r  example 
t h e  numerous very open areas) are no t  labe led  i n  F igure  12 nor r e f e r r e d  t o  
by number i n  t h i s  r e p o r t .  
TIROS p i c t u r e s  by u s i n g  as r e fe rence  p o i n t s  t h e  d e t a i l s  which are labeled.  
I d e n t i f i e r  le t ters  are used f o r  t he  labe led  is  lands.  

Most such d e t a i l s  can e a s i l y  be loca ted  i n  t h e  
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APPENDIX 3a - Trop ica l  Whole Sky Code 

This  code is f o r  use p r imar i ly  i n  coding aer ia l  photographs (or v i s u a l  
observa t ions)  over t h e  open seas i n  the  t r o p i c s  f a r  from land masses. 
Categor ies  0-4 denote undis turbed trade-wind s k i e s .  
weak or trade-wind type dis turbances,  while c a t e g o r i e s  10-16 relate t o  
s t rong  d i s tu rbances  (deep e a s t e r l y  waves, e q u a t o r i a l  trough d is turbances  o r  
convergence, through typhoons). The letters ( t o  be placed a f t e r  the  
appropr i a t e  numbers) permit some f u r t h e r  ref inements  o r  sub-spec i f ica t ions .  

Categories  5-9 cover 

Trade-Wind Skies  

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

No clouds a t  a l l ,  o r  a few suppressed, o r  small numbers of very suppressed 
cumulus. Upper cloud 1/10 o r  less, 

Inversion-dominated: t r a d e  cumulus spreading out  i n t o  stratocumulus,  
d e f i n i t e  s i g n s  of s t r a t i f o r m  b u t  to ta l  sky cover less than  about  one-half .  

Extensive s t r a t o p m u l u s  decks, more than about one-half t o t a l  sky cover.  

Average t r a d e  cumulus sky, no p a r t i c u l a r  organiza t ion  i n t o  l i nes .  No 
s i g n i f i c a n t  upper c louds.  No marked shear. Tops 8,000-10,000 or less, 
p r e c i p i t a t i o n  unl ike ly .  

Average t r ade  cumulus sky, bu t  with marked organiza t ion  i n t o  rows o r  
lines. No s i g n i f i c a n t  upper c louds.  No marked shear .  Tops 8,000-10,000 
o r  less. P r e c i p i t a t i o n  un l ike ly .  

Average t r ade  cumulus sky with upper shee t  c louds up t o  broken. No marked 
o rgan iza t ion  or shea r ,  No p r e c i p i t a t i o n ,  

Marked o rgan iza t ion  of convection, r a t h e r  l a r g e  convect ion clouds (not 
cumulonimbus) i n  view, wi th  ex tens ive  clear o r  almost c l e a r  areas. 
Upper s h e e t s  t o  broken may be p re sen t .  

Suppressed t r a d e  cumulus sky wi th  upper s h e e t s  broken o r  overcas t  bu t  
no t  p r e c i p i t a t i n g .  No marked shear  o r  organiza t ion  i n  cumulus. 

Above average cumulus a c t i v i t y ,  high tops,  occas iona l  cumulus congestus.  
Shawers suspected o r  seen. Upper c loudiness  less than broken. No 
marked shea r  o r  o rgan iza t ion  of cumulus. 

Above average cumulus a c t i v i t y ,  high tops,  occas iona l  cumulus congestus.  
Showers suspected or seen. Upper c loudiness  broken t o  overcas t .  No 
marked shear  o r  organiza t ion .  
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10 Occasional cumulonimbus, no obvious organization, no s igni f  i can t  o r  

extensive independent upper sheet clouds. 
i n  plane of film. 

Indicate  component of shear 

11 Rows or  suspected organization of cumulonimbus, no extensive o r  
s ign i f i can t  independent upper clouds. 
p lane  of film. 

Indicate component of shear i n  

12 Cumulonimbus and p a r t i a l  coverage of independent upper sheet clouds. 
C i r rus ,  a l t o s t r a t u s  and/or altocumulus. 

13 Subs tan t ia l  upper cloud coverage, suppressed convection over wide cleat 
areas, except scxne cumulonimbus v i s ib l e .  
clouds absent o r  unlikely.  

Prec ip i ta t ion  from upper 

14 Rain from upper sheets (overcast o r  almost overcast)  cumulonimbus 
ind i s t inc t ,  p ic ture  dark. 

15 Rain from upper overcast, cumulonimbus s t i l l  suspected but not c l e a r l y  
v is ib le ,  p ic ture  dark and disturbed. 

16 Upper overcast  raining, no cumulonimbus seen or suspected, Suppressed 
low convective a c t i v i t y ;  p ic ture  dark and disturbed. 

Pos tscr ip ts  (primarily f o r  trade-wind sk ies )  

o Marked organization i n t o  rows or line. 

s Shear obvious; ind ica te  component in plane of film. 

c Apply t o  1 o r  2 i f  cumulus tops  are seen poking through the  s t r a tus .  

d Distant  disturbance - evident from high clouds low on horizon. 

- Weaker, more suppressed or less development than normal for category. 

(From J. S. Malkus et.al. [Reference 51) , 
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APPENDIX 3b - The Modified Tropical Whole Sky Code 

The t rop ica l  whole sky code a s  presented i n  Appendix 3a, was developed 
t o  describe aircmft-observed oceanic conditions i n  the t rade wind regions 
of the  North At lan t ic  and Pacif ic ,  with an emphasis on conditions observed 
ati the cen t r a l  and western pa r t s  of the subtropical  anticyclones which 
cont ro l  the t rade winds of these regions. For conditions i n  these regions 
the code has proved t o  be e f fec t ive ,  revealing, and useful.  
suggest, and f l i g h t  experience confirms, t h a t  the code appl iee  less w e l l  for :  
1) the very d i f f e r e n t  conditions of the f a r  eas te rn  pa r t s  of the t rop ica l  
North Pac i f ic  and Atlantic,  and 2) f l i g h t s  i n  one regime which a re  near and 
approximately p a r a l l e l  t o  the  boundary of another regime, such a s  was the 
case during the 22 September 1962 Cape Verde f l i g h t s  which were t o  the  north 
of and roughly p a r a l l e l  t o  the ITC. The code was not developed t o  cope with 
t rop ica l  coas ta l  and cont inental  conditions,  

TIROS pic tures  

The bas ic  categories  of thiscodc specify par t icu lar  conditions, such as 
"no marked shear" and "no marked.. .organization of cumulus", usual ly  i n  
cha rac t e r i s t i c  combination. 
condition which is otherwise specif ied t o  be absent. Other pos tscr ip ts  
provide addi t iona l  information. 

A pos tscr ip t  is used t o  indicate  presence of a 

I n  applying the code i n  t h i s  work a modification has been u t i l i z e d  which 
preserves the bas ic  categories  and po8tscripts. (hereafqer referred t o  a s  
" f i r s t  posi t ion postscripts11) b u t  incluaes' more f i r s t  posi t ion pos tscr ip ts  
t o  indicate  the presence of addi t iona l  conditions and includes a preliminary 
set of second posi t ion pos tscr ip ts  t o  provide addi t iona l  information. This 
scheme pe rmi t s  a b e t t e r  correspondence between code category and observed 
condition, and permits a useful  increased f l e x i b i l i t y .  Refinement of the  
pos tscr ip t ing  system, and inclusion of a few more bas ic  categories,  may well 
be a l l  t h a t  is needed' f o r  t h i e  codes to  apply generally throughout the  t rop ics  
and a t  cont inental  a8 well as a t  oceanic areas. 

The modification used i n  t h i s  report  cons i s t s  of addi t ions  as follows: 

A) f i r s t  posi t ion postscr ipts :  

1) p f o r  "prec ip i ta t ion  present" 
(prec ip i ta t ion  from cumulus i n  #3-6, 8, 9 and from upper clouds i n  #13) 

2) u f o r  "broken, overcast, o r  s ign i f i can t  - upper clouds" 

3) v f o r  "low cumulus xery suppressed, or generally absent" 

4) c (can be used with numbers other  than 1 o r  2) 
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B) second p o s i t i o n  p o s t s c r i p t s :  

1) with u: 

2) with 0 :  

uc f o r  "broken or overcas t  - c i r r u s "  

os f o r  "small - s c a l e  organizat ion" 
01 f o r  " la rge  scale organizat ion" 
ob f o r  "Eoth - l a rge  and small scale organizat ion" 

8s f o r  "marked shear  on small scale" 
sl f o r  "marked shea r  on l a rge  scale" 
sc f o r  "marked shea r  i nd ica t ed  by c i r r u s "  

df  f o r  " d i s t a n t  d i s turbance ,  i n  f a r  dis tance ' '  
dn f o r  " d i s t a n t  dis turbance,  i n  ;ear d is tance"  
dc f o r  " d i s t a n t  dis turbance,  ev izen t  from - c i r r u s  which is i n  near 

dw f o r  " d i s t a n t  d i s turbance ,  ev ident  from high  clouds low - on 

3) with 8 :  

4) with  d: 

d i s t a n c e  o r  overhead" 

horizon" (which is t he  o r i g i n a l  d e f i n i t i o n  of d)  

C )  o t h e r  modi f ie rs :  

A i n d i c a t e s  t h a t  t he  code, even as modified, does not  f i t  t he  
observed s i t u a t i o n  very  w e l l .  

' 

A comma followed by another  le t ter  i n d i c a t e s  t h a t  t h i s  l e t te r  is another  
f i r s t  p o s i t i o n  p o s t s c r i p t  (which may a l s o  be t h e  f i r s t  l e t te r  of a p o s t s c r i p t  
p a i r ) .  

These modi f ica t ions  should be considered t o  be pre l iminary  and t e n t a t i v e  
and s u b j e c t  t o  f u r t h e r  change and refinement.  

Although i l l u s t r a t e d  by s i n g l e  photographs, the  condi t ions  coded r e f e r  
t o  the  whole sky, hence may take  i n t o  account information no t  contained wi th in  
the  s i n g l e  photographs. 
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APPENDIX 4 - Camera Information 

1. Crown Graphic Camera: 

foca l  length: 65 m. 
lens : F 6.8 
angle of view: 
negative s ize :  

height 23.9', width 32.5' 
2 1/4 x 3 1/4 

2. Cine Rodak Royal 16 nuu. hand camera: 

foca l  length: 15 nun. 
lens : F 2.5 
angle of view: (unknown) 

3. DC-6 16 mm. nose and s ide  cameras: 

foca l  length: 9.5 mm. (nominal) 
lens : F 2.2 Angenieux 
Side camera axis: 

Nose camera axis :  17 1 / 2 O  t o  r i g h t  of a i r c r a f t  axis, 

angle of view: 58' (nominal) 
mode 1 : Fl ight  Research Inc. No. 3B 

90' t o  a i r c r a f t  axis,  on l e f t  side only, 
up 2 1/2O from horizontal .  

up 5 1/2' from horizontal .  
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APPENDIX 5 - The Grids of Figure 14 

The g r ids  were f i t t e d  t o  the  corresponding p ic tures  with grea t  care using 
t h e  following primary constraints :  

1) Posi t ions of islands,  pa r t i cu la r ly  those of is land groups. 

2) Consistency of coordinates of most i f  not a l l  cloud d e t a i l s  and configurations 

3) Consistency of coordinates of corresponding cloud d e t a i l s  seen more o r  less 

4) Consistency of plo t ted  f l i g h t  t rack  and known posi t ion of t rack  r e l a t i v e  t o  

i n  gridded frames of a s ingle  pass. 

c l e a r l y  i n  adjacent passes. 

cloud formations observed both from the  a i r c r a f t  and by the TIROS satellites. 

As a l l  four cons t r a in t s  applied w e l l  i n  the cases of passes T6 W62(61) 
and T5 P1365(1364) the g r ids  f o r  the p ic tures  of these passes could be f i t t e d  
with almost no res idua l  uncertainty.  
the case of pass T5 W1364(1363), consequently the gr ids  f o r  the p ic tures  of 
t h i s  pass could be f i t t e d  with a very small res idua l  uncertainty,  
case of pass T6 W63(62) the cons t ra in t  2) applied w e l l  but  the cons t ra in ts  
3) and 4) were less binding because of the  time di f fe rences  between the pass 
time and f l i g h t  times, because of the difference between the  time of t h i s  
pass and the time of the adjacent pass t o  the eas t ,  and because of rapid changes 
i n  cloud conditions.  
f u l l y  as was possible, but more weight was given t o  the posi t ions of the 
corner f iduc ia l  marks. 
6-15. indicat ions and very w e l l  with the  a i r c r a f t  observations. 

Constraints  2) t o  4) applied w e l l  i n  

I n  the 

In  t h i s  c a ~ e  the three cons t ra in ts  were applied as care- 

The f ina l  f i t t i n g  agreed we11 with the  independent 

The gridding accuracy is believed t o  be b e t t e r  than ? r l / l O o  generally, 
and perhaps as poor i2/1Oo a t  the eas te rn  s ide  of the pass T6 W63(62) p ic tures  
where the  r e s idua l  uncertainty was g rea t e s t  (although the accuracy there  may 
well also be b e t t e r  than f l / l O O ) .  
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APPENDIX 7 * 

Table I a  (Northern Track) 20922A 

Time - 
Designator (Grn 1 

A 1  

B 1  

B2 

B3 

B4 

c1 

c2 

c3 

c4  

1200:04.1 
1205:04,1 
1210:04.1 
1215:04.1 
1220:04.1 
1225:04.1 
1230:04.1 
1235:04.1 
1240:04.1 
1245:04.1 
1250:04.1 
1255:04.1 
1300 : 04.1 
1305:04.1 
1310:04.1 
1315:04.1 
1320:04.1 
1325:04.1 
1330:04.1 
1335:04.1 
1340: 04.1 
1345:04.1 
1350: 04.1 
1355 : 04.1 
1400 : 04.1 
1405 : 04.1 
1410:04.1 
1415 : 04.1 
1420:04.1 
1425:O4.1 
1430 : 04.1 
1435 :04.1 
1440 : 04.1 
1445 : 04.1 
1450 : 04.1 
1455 :04.1 
1500:04.1 
1505:04.1 
1510:04.1 
1515:04.1 

Wind 
Direct ion 

99.6 
103.0 
103.4 
119.8 
122.8 
117.6 
106.3 
120.6 
118.2 
120.1 
106.7 
110.9 
93.4 

106.1 
93.9 

144.5 
168.3 
157 .O 
165.6 
154.7 
166.9 
245.2 
248.1 
130.7 
250.3 
259.0 
267.9 
234.6 
178.9 
218.3 

99.5 
191.2 
283.4 
268.0 
268.0 
115.0 
107.9 
135.6 
119.6 
84.6 

Wind 
Speed 

010.6 
013.5 
014.4 
014.2 
018.3 
012.4 
005.9 
008.0 
007.3 
007.8 
005.5 
006.2 
007.6 
006.6 
004.8 
005.8 
006.3 
006.5 
007 .O 
007.2 
005.1 
012.4 
022.4 
006.9 
019.1 
042.2 
033.4 
002.8 
097 .O 
016.9 
022.1 
003.1 
005.6 
015.0 
015.0 
004.7 
003.4 
004.9 
003.4 
002.7 

Latitude (ON) Longitude (OW) 

16'41.3' 
16 '40.3 ' 
16'40.2' 
16'40.1' 
16 '40.4' 
16 '40.5 ' 
16'40.2' 
16 '40.4 ' 
16 O 40.0 ' 
16'39.3' 
16'38.6 ' 
16'37.7 ' 
16 '36.8' 
16'35.8' 
16 '34.9' 
16'34.2' 
16'33.6 ' 
16'33.2' 
16 ' 32.5 ' 
16'31.7 ' 
16'31.1' 
16'30.2' 
16'29.3' 
16 ' 29.2 ' 
16 ' 29.0 ' 
16'28.1' 
16'32.7 ' 
16 ' 32.0 ' 
16 '45.4' 
16'59.9' 
17'5.7' 
17 '4.6 ' 
17'2.8' 
17'1.2' 
16 '59 0' 
17 '04.2' 
17'2.9' 
17'1.4' 
16'59.9' 
16'58.3' 

23'9.4' 
23'24.8' 
23'40.2' 
23'56.1' 
24' 12.4' 
24'28.9' 
24'46.1 ' 
25'5.8' 
25' 26.0 ' 
25'46.2' 
26O6.3' 
26'26.3' 
26'46.3' 
27O6.4' 
27 '26.2' 
27 '46.0 ' 
28'5.8' 
28'25.5' 
28'45.6 ' 
29'5.8' 
29'25.9' 
29'45.8' 
30'6 .O' 
30'24.0' 
30'40.1' 
31'0.2' 
31'5.3' 
31'23.7 ' 
31'30.1' 
31'43.5 ' 

-31'56.2' 
32'16.5' 
32'36.6' 
32'56.4' 
33' 14.4' 
33 '40.0 ' 
34'0.4' 
34' 20.8 ' 
34'41.4' 
35'1.7' 

*Aircraft  number 



Designator 

D1 

D2 

D 3  

D4 

El' 
El 

E2 

E3 

F 1  

F 2  

F3 
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Tab le  Ia (Northern Track) 20922A- (Cont . ) 
Time - 

1520:04.1 
1525 : 04.1 
1530:04.1 
1535:04.1 
1540:04.1 
1545:04.1 
1550:04.1 
1555:04.1 
1600:04.1 
1605:04.1 
1610:04.1 
1615:04.1 
1620:04.1 
1625:04.1 
1630:04.1 
1635:04.1 
1640:04.1 
1645:04.1 
1650:04.1 
1655:04.1 
1700:04.1 
1705:04.1 
17 10 : 04.1 
17 15:04.1 
1720:04.1 
1725:04.1 
1730:04.1 
1735:04.1 
1740:04.1 
17 45 : 04.1 
1750:04.1 
1755:04. I 
1800: 04. 
1805:04.i 
1810:04.1 
1815:04.1 
1820:04.1 
1825 : 04,l 
1830:04.1 
1835:04.1 
1840:04.1 
1845:04.1 

Wind 
Direct ion 

051.9 
051.9 
045.5 
009.4 
007.2 
011.0 
007.4 
015.3 
012.3 
019.3 
017.9 
015.5 
014.2 
016 .O 
025.9 
025.8 
040.2 
038.6 
035 9 
038.7 
042.4 
065.4 
058.0 
052.4 
054.9 
061.2 
085.5 
092.2 
100.1 
105.8 
100.3 
094.3 
093.0 
100.9 
091.4 
092.5 
101.8 
099.4 
103.0 
111.5 
110.3 

' 107 . 1 

Wind 
Speed 

003.9 
004.0 
004.6 
007.4 
007.6 
011.1 
010.4 
01'1.3 
010.9 
012.9 
013.1 
014.6 
013.9 
012.3 
011.2 
011.3 
009.0 
007.5 
005.8 
007 . 5 
009.0 
005.8 
004.7 
006.4 
007.6 
007.8 
011.0 
013.5 
013.4 
013.9 
017.5 
018.4 
017 .O 
016.5 
017 2 
019,l 
018.4 
020.1 
024.2 
026.8 
022.8 
023.6 

Latitude (ON) Longitude(OW) 

16 "56.5 ' 
16 '54.5 ' 
16'52.5' 
16'50.2' 
16'47.7 ' 
16'45.2' 
16'42.7 ' 
16'40.1' 
16'37.5' 
16'35.1' 
16 '33 . 4' 
16'31.6 ' 
16'29.9' 
16'28.1' 
16' 26.5 ' 
16 ' 24.2 ' 
16'22.1' 
16 '20.5 ' 
16'18.9' 
16'17.4' 
16 '15.8' 
16'14.2' 
16'12.9' 
16'10.1' 
16'7.2' 
16'4.4' 
16'1.7 ' 
15'59.1' 
15'56.8' 
15'54.6 
15'52.3' 
15'49.2' 
15'45.0' 
15'40.8' 
15'36.8' 
15'32.3' 
15'28.4 ' 
15'24.3 
15.20.5 ' 
15'16.8' 
15' 13.6 ' 
15'9.1' 

35'21.8' 
35'42.1' 
36 '2.4' 
36 '22.7 ' 
36'42.9' 
37 ' 3.3 ' 
37 ' 22.7 ' 
37 '42.7' 
38'2.6 ' 
38' 22.7 ' 
38'43.2' 
39'3.7 ' 
39'23.9' 
39'44.9' 
40'4.5' 
40' 24.6 ' 
40'45.1' 
41'5.8' 
41'26.0' 
41'46.1' 
42'6.4' 
42'27 .O' 
42'47.2' 
43'7.6' 
43' 27.9' 
43'49.2' 
44'9.9' 
44'30.8' 
44'52.2' 
45 ' 13 4 ' 
45'34.2' 
45'56.0' 
46'17.3' 
46'38.5' 
46 '59.4' 
47 ' 20.6 ' 
47 '41.8 I 
48'2.9' 

48'45.8' 
49'7.2' 
49'28.5' 

480 24 . 4' 



De signa t or 

F4 

G1 

G2 

G3 

H1 

H2 

H3 

H4 
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Tab le Ia (Northern Track) 20922A- (Cant. ) 

Time - 
(=.I 

1850:04.1 
1855:04.1 
1900:04.1 
1905:04.1 
1910:04.1 
1915:04.1 
1920:04.1 
1925:04.1 
1930:04.1 
193k04.1 
1940:04.1 
1945:04.1 
1950:04.1 
1955:04.1 
2000:04.1 
2005 : 04.1 
2010:04.1 
2015:04.1 
2020:04.1 
2025 : 04.1 
2030:04.1 
203k04.1 
2040:04.1 
2045 : 04.1 
2050 : 04.1 
2055:04.1 
2100:04. I 
2105:04.1 

Wind Wind 
Direction Speed Latitude(ON) Longitude(%) 

094.6 
090.7 
075.4 
077.2 
076.8 
074.8 
075.1 
073.4 
069.8 
071.1 
073.8 
069.3 
080.5 
060.9 
071.0 
056.2 
079.9 
083.7 
07 9.3 
084.4 
079.5 
075.8 
080.0 
080.5 
089.3 
090.8 
056.1 
063.4 

021.9 
020.1 
022.5 
025.3 
029.6 
029.5 
026.4 
027.7 
023.9 
026.4 
023.3 
016.5 
018.1 
019.0 
026.7 
019.0 
024.6 
022.8 
019.0 
016.7 
015.1 
013.8 
014.7 
013.4 
013.5 
015.4 
008.1 
042 0 

15'4.5' 
14'59.9' 
14'54.9' 
14'49.7 ' 
14'44.5' 
14'39.0' 
14'33.8' 
14'28.6' 
14'24.3' 
14'19.7 ' 
14' 18.6 ' 
'14'22.7 ' 
14' 24.2 ' 
14'21.4' 
14'15.6 ' 
14'12.1' 
14'8.7' 
14'5.9' 
14'1.2' 
13'53.4' 
13'46.2' 
13'40.2' 
13'34.8' 
13'29.4' 
13 ' 24.2 ' 
13'19.1' 
13'13.3' 
13'6 .O' 

49'49.7 ' 
40 ' 10.8 ' 
50'32.3' 
50'53.8' 
5 1 ' 15.4 ' 
51'37 . 1' 
51'59.1' 
52'20.9' 
52'42.7 ' 
53'4.3' 
$3'25.5' 
53'45.5 ' 
54'6.3' 
54'27.7 ' 
54'48.5 ' 
55'9.9' 
55'31.3' 
55'53.3' 
56'14.6 ' 
56'34.7 ' 
56'54.9' 
57 ' 15.3 ' 
57'36.4' 
57 '56.6' 
58'17.6' 
58'39.4' 
59'1.5' 
59'21.7' 
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Table Ib (Southern track) 20922B 

Time - 
Designator (W.1 

A1 

B1 

82 

B3 

B4 

B5 

c1 

c2 

c3 

c4 

1155:02.1 
1200:02.1 
1205:02.1 
1210:02.1 
1215:02.1 
1220:02.1 
1225 :02.1 
1230:02.1 
1235 :02.1 
1240:02.1 
1245:02.1 
1250:02.1 
1255 : 02.1 
1300:02.1 
1305 : 02.1 
1310:02.1 
1315:02.1 
1320:02.1 
1325:02.1 
1330:02.1 
1335:02.1 
1340:02.1 
1345:02.1 
1350:02.1 
1355:02.1 
1400:02.1 
1405:02.1 
1410:02.1 
1415:02.1 
1420:02.1 
1425:02.1 
1430 : 02.1 
1435 : 02.1 
1440:02.1 
1445:02.1 
1450:02.1 
1455:02.1 
1500:02.1 
1505:02.1 
1510:02.1 
1515:02.1 
1520:02.1 
1525 :02.1 
1530:02.1 

Wind 
D ir ec t ion 

241.0 
191.4 
192.6 
208.4 
180.8 
193.6 
165.9 
167.5 
196.4 
193.4 
200.1 
226.2 
229.0 
271.9 
294.6 
296.5 
286.4 
294.3 
310.5 
297.5 
314.5 
279.1 
275.6 
234.0 
272.8 
269.9 
249.6 
205.9 
209.1 
216.1 
217.2 
201.2 
184.2 
183.5 
172.4 
196 .O 
186.8 
184.2 
178.8 
171.8 
167 .O 
173.6 
170.7 
176.7 

Wind 
Speed 

004.8 
007.9 
007.2 
007.2 
012.1 
011.3 
011.3 
007.7 
005.3 
006.5 
006.6 
005.5 
005.9 
006.8 
011.7 
013.3 
007.5 
006.1 
006.5 
005.4 
006.1 
004.9 
004.1 
004.9 
004.1 
004.0 
004.8 
004.1 
005.9 
004.9 
004.5 
006.8 
005.3 
004 4 
005.1 
005.1 
006.2 
005.6 
006.0 
009.0 
008.9 
005 3 
008.1 
003.6 

Latitude (ON) Longitude (OW) 

16 ' 33.6 ' 
16 "26.6 ' 
16' 19.5 ' 
16'12.7 ' 
16'05.4' 
15'58.2' 
15'50.7 ' 
15'41.8' 
15'32.1' 
15'22.3' 
15'12.6' 
15'3.1' 
14'53.4' 
14'43.5 ' 
14'33.3' 
14'22.7' 
14'28.7 ' 
14'12.4' 
14'12.8' 
14'12.8' 
14'13.1' 
14'13.2' 
14'13.5' 
14'14.1' 
14" 14.5 ' 
14' 14.9' 
14'15.2' 
14 ' 15 .5 ' 
14'15.7 ' 
14' 15.5 ' 
14'15.0' 
14' 14.5' 
14' 14.2 ' 
14" 13.9' 
14' 13.4' 
14' 12.9' 
14'12.2' 
14'11.9' 
14' 11.6 ' 
14' 11.3 ' 
14'11.1' 
14'10.8' 
14' 10.5 ' 
14O10.0' 

23'12.5' 
23'25.7' 
23 '40.0 ' 
23'53.5' 
24'07.4' 
24'21.1' 
24'35.7 ' 
24'52.6' 
25'8.9' 
25 ' 24.6 ' 
25'40.3' 
25 '55.6 ' 
26' 11.0' 
26'26. I.' 
26'41.1' 
26'55.7 ' 
27 ' 10.6 ' 
27 '28.7 ' 
27 '46.9' 
28'5.3' 
28'24.2' 
28'42.6 ' 
29'00.9' 
29'19.4' 
29'38.6 ' 
29'56.5' 
30'14.8' 
30'33.5' 
30'52.2' 
31'11.1' 
31 '30.0' 
31'49.5' 
32'8.6' 
32'27.7 ' 
32'47.3' 
33'6.6' 
33' 26.5 ' 
33'46.6' 
34'6.2' 
34'26 .O' 
34'46.3 ' 
35'6.2' 
35'26.5' 
35'46.6 ' 



Designator 

D1 

D2 

D3 

El' 
El 

E2 

E3 

E4 

F1 

F2 

F3 
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Tab le  Ib (Southern track) 20922B- (Contd. ) 

T i m e  - 
(GW 1 

1535:02.1 
1540:02.1 
1545:02.1 
1550:02.1 
1555 :02.1 
1600:02.1 
1605 : 02. I. 
1610:02.1 
1615:02.1 
1620: 05.1 
1625:Os. 1 
1630:05.1 
1635:OS.l 
1640:OS. 1 
1645:05.1 
1650:05.1 
1655:05.1 
1700:05.1 
1705:05.1 
1710:05.1 
1715:OS. 1 
1720:OS. 1 
17 25:05.1 
1730:OS. 1 
17 35: 05.1 
1740:05.1 
1745:OS. 1 
1750:OS. 1 
1755:OS. 1 
1800:OS. 1 
1805 : 05.1 
1810: 05.1 
1815:OS.l 
1820:05.1 
1825:OS.l 
1830:05.1 
1835:05.1 
1840:05.1 
1845:05.1 
1850:05.1 
1855 : 05.1 

Wind 
Direct ion 

179.2 
180.0 
256.4 
017.6 
017.2 
108.9 
096.9 
074.1 
084.1 
032.5 
012.4 
009.1 
008.7 
010.0 
006.9 
008.1 
010.3 
015.0 
015.3 
015.9 
012.9 
018.1 
126.1 
065.1 
127.4 
150.5 
037.7 
117.2 
122.5 
157.5 
154.7 
166.5 
156.8 
165.7 
164.9 
169.3 
167.7 
168.0 
162.0 
157.4 
147.8 

Wind 
Speed 

002.7 
004.3 
001.3 
003.6 
004.9 
001.3 
002.6 
002.4 
002.4 
003.6 
006.0 
007.3 
007.2 
005.4 
009.4 
009.5 
007.7 
003.9 
004.6 
004.7 
003.6 
004.4 
001.7 
002.3 
002.5 
002.9 
008.8 
001.7 
002.9 
006.9 
008.4 
014.7 
014.4 
015.9 
015.8 
017 .O 
020.7 
016.5 
013.5' 
012.7 
007 .O 

Latitude (ON) Longitude (OW) 

14'9.4 ' 
14'8.7' 
14'7.9' 
14'6.7' 
14'5.4' 
14'4.3' 
14'3.1' 
14'2.1' 
14'1.2' 
14"OO.O ' 
13'58.7 ' 
13'56.9' 
13'55.7 ' 
13'54.4' 
13'53.3' 
13'52.3' 
13'51.3' 
L3°5Q. 5 ' 
13'49.9' 
13'49.2' 
13 '48.5 ' 
13'47.9' 
13'47.3' 
13'46.4' 
13'45.7' 
13'45.2' 
13'45.1' 
13 '44.0 ' 
13'42.6 ' 
13'39.5' 
13'37 . O '  
13'34.4' 
13'31.7 ' 
13'29.2' 
13'26.9' 
13 ' 24.4 ' 
13' 22.4 ' 
13'20.1' 
13'17.3' 
13'14.1' 
13'11.3 ' 

36'6.6 ' 
36'26.3' 
36'46.2' 
37 '6.2' 
37O26.3' 
37'46.8' 
38'7.2' 
38'27.8' 
38'48.0' 
3 9 ' 8.4" 
39'28.8' 
39'51.4' 
40'8.2' 
40' 28.6 ' 
40'49.0' 
41'9.3' 
41'29.7 ' 
41'50.0' 
42'10.0' 
42'30.1' 
42'50.1' 
43" 10.0 ' 
43'30.2' 
43'50.4' 
44' 10.9' 
44'31.1' 
44'50.8' 
45'9.7 ' 
45 '29.4 ' 
45'49.2' 
46 ' 9.4' 
46 '30.0' 
46'49.9' 
47'9.7' 
47'29.4' 
47 ' 49.6 ' 
48'9.7' 
48'29.6 ' 
48'49.1 ' 
49'9.2' 
49'29.3' 
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Table Ib (Southern track) 20922B- (Contd. ) 

Designator 

F4 

G1 

62 

63 

H1 

H2 

H3 

H4 

T i m e  - 
(W) 

1900:05.1 
1905:05.1 
1910:05.1 
1915:05.1 
1920:05. I 
1925: 05.1 
1930:05.1 
1935 : 05.1 
1940:05.1 
1945:05.1 
1950 :05.1 
1955:05.1 
2000 : 05.1 
2005 : 05.1 
2010:05.1 
2015:05.1 
2020: 05.1 
2025 : 05.1 
2030:05.1 
2035 : 05.1 
2040 : 05.1 
2045: 05.1 
2050:05.1 
2055 : 05.1 
2100:05.1 
2105:05.1 
2110:05; 1 
2115:05.1 
2120:05.1 

Wind Wind 
Direction Speed Latitude('P) Longitude(OW) 

106.1 
136.8 
068.3 
043.1 
082.4 
096.5 
070.4 
066.9 
036.8 
019.6 
040.8 
040.6 
092.8 
150.1 
217.6 
093.0 
027.1 
023.2 
029.0 
126 .O 
126.0 
048.9 
062.2 
010.2 
071.0 
091.0 
089.0 
083.3 
323.5 

004.3 
007.2 
004.3 
005.2 
004.5 
004.2 
005.3 
004.9 
006.8 
004.3 
010.8 
015.4 
014.1 
008.3 
001.7 
001.0 
005.4 
005.1 
003.1 
002.0 
002.0 
003.7 
003.0 
007.9 
002.0 
003.0 
003,O 
002.4 
001.4 

13'8.6 ' 
13'6.0' 
13'3.4' 
12'59.9' 
12'56.3' 
12'52.9' 
12'49.5 ' 
12'46.4' 
1.2 ' 42.6 ' 
12'38.9' 
12'35.1' 
12'28.5' 
12'22.1' 
12'19.3' 
12' 19.4' 
12'21.5' 
12' 24.2 ' 
12'27.2' 
12'29.8' 
12'32.7 ' 
12'35.5 ' 
12'38.5' 
12'40.4' 
12'42.4' 
12'44.4' 
12'47.6 ' 
12'52.2 '' 
12356.2' 
13'00.7 

4'9'49.7 ' 
50'10.3' 
50'31.5 ' 
50'52.2' 
51'13.0' 
51'33.6' 
5 1'54.4 ' 
52'15.2' 
52'36.5' 
52'57.3' 
53'17.7 ' 
53'37.8' 
53'58.8' 
54'20.5' 
54'41.1 ' 
55'1.1' 
5 5 ' 2 1 .'O ' 
55'41.0 ' 
56' 1.6 ' 
56'21.6 
56'41.2' 
57 '0.7 ' 
57'21.1' 
57'41.3' 
58'1.8' 
58'23.8' 
58'43.9' 
59'2.7' 
59'20.1' 
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* TABLE I1 

Track dot number 
T i m e  (counted from r i g h t  to  l e f t 1  - Figure 

SOUTHERN TRACK 

14H 1 - G M T  
2 1215 
3 1235 
4 1255 
5 1315 
6 1335 

Designator 

Sa 1 
a15 
B 1s 
B 2s 
B 3s 
b45 

7 1355 ,b55 
14P 1 13 35 B 4s 

2 1355 b55 
3 1415 c 1s 
4 1435 c 2s 
5 1455 c 3s 
6 15 15 c45 
7 1535 D 1s 
8 1555 d25 

14D 1 17 20 E 3s 
2 17 40 e45 
3 1800 F 1s 
4 1820 f25 
5 1840 f35 
6 1900 f45 
7 1920 G 1s 

14B 1 1840 f35 
2 1900 f45 
3 1920 G1 S 
4 1940 G2 S 

. 5  2000 g35 
6 2020 H1 S 
7 2040 h25 
8 2 100 h35 
9 2120 h45. 

NORTHERN TRACK 

14G II Sal 
1225 A1N 
1245 BIN 
1305 B2N 
1325 B3N 
1345 B4N 



TABLE I1 - Northern Track (Continued) 

Figure 

14E 

Track dot number 
jcounted from r ight  t o  l e f t )  Time - 

1325 GMT 
1345 
1400 
1420 
144 0 
1500 
1520 
1540 
1600 

Designator 

B3N 
B4N 
C1N 
C2N 
C3N 
C4N 
D1N 
D2 N 
D3N 

14D 1730 E3N 
1750 F 1 N  
1810 F2N 
1830 F 3N 

5 185 0 F4N 

1 4 C  1 1750 F 1 N  
2 1810 F2N 
3 1830 F 3N 
4 185 0 F4N 
5 1910 G1N 
6 1930 G2N 
7 195 0 G3N 
8 2010 H1N 

14B 1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

1830 
185 0 
i g i o  
1950 
1950 
2010 
2030 
2050 
2105 - 

F3N 
F4N 
G1N 
G2N 
G3N 
H1N 
H2N 
H3N 
H4N 

Barbados 



TABLE I11 

Southern Track Picture Sequence 

Picture No. 

1 
2 
3 
4 
5 

6 
7 
8 
9 
10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

Approximate Longitude 

23.3 (OW) 

23.7 
24.2 
24.5 
24.7 

25.3 
25.5 
26 .O 
26.8 
26.95 

27.1 
27.4 
27.5 
27.7 
28.0 

28.45 
28.55 
29.0 
29.5 
29.8 

30.2 
30.6 
31.1 
31.7 
31.9 

32.0 
32.2 
32.35 

33.3 
32. a 

34.2 
34.5 
34.8 
35.15 
35.6 

- Time Approximate Azimuth 

1157.1 GMT Nw 
1206.6 W 
1215.9 Nw 
1223.75 W 
1227.2 WNW 

1238.0 
1242.0 
1251.2 
1306.6 
1310.4 

W 
5 
Nw 
Nw 
W 

1314.3 W 
1318.1 SE 
1320.4 N 
1323.45 NNW 
1328.7 NW 

1335.7 5 
1337.5 N 
1344.7 SE 
1352.25 N 
1357.8 N 

1404.9 SE 
1410.1 5 
1419.2 Nw 
1427.5 NNW 
1430.6 Nw 

1433.4 
1436.3 
1438.4 
1445.8 
1452.6 

NNW 
N 
Nw 
NNW 
Nw’ 

1506.8 5 
1510.75 Nw 
1515.1 SE 
1520.7 5 5 
1527.8 Nw 
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TABLE I11 - Southern Track Picture Sequence - (Continued) 

Picture No. 

36 
37 
38 
39 
40 

41 
42 
43 
44 
45 

46 
47 
48 
49 
50 

51  
52 
53 
54 
55 

56 
57 
58 
59 
60 

6 1  
62 
63 
64 
65 

66 

Approximate Longitude 

35.8 (OW) 
35.9 
36.3 
37 .O 
37.4 

37.6 
38.3 
38.7 
40.45 
40.7 

40.7 
41.1 
41.85 
42.0 
42.6 

43.4 
44.1 
44.4 
45.2 
45.2 

45.6 
46.0 
46.4 
47.2 
48.7 

50.5 
51.1 
52.8 
55.1 
56.1 

57.5 

- Time Approximate Azimuth 

1530.1 GMT 5 
1531.85 NNW 
1537.5 NNW 
1549.4 SE 
1554.7 Nw 

1557.0 SE 
1607.25 SE 
16 13.45 Nw 
1639.7 Nw 
1643.2 SE 

1643.2 SE 
1649.05 NNW 
17 00.45 SE 
1702.15 Nw 
1712.0 N 

1723.9 Nw 
1733.6 Nw 
1738.6 W 
1750.1 N 
1750.1 Nw 

1757.2 N 
1802.6 Nw 
1808.4 N 
1821.15 NNW 
1843 . 0 NNE 

1909.8 N 
1918.5 NNW 
1942.5 NNW 
2016.9 NNW 
2031.75 5 

2051.7 Nw 
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TABLE I11 - Northern Track Picture Sequence 

Picture Approximate 
Letter Longitude 

24.0 (OW) 

25.2 . 
26.3 
31.2 
31.0 

32.25 
34.0 
34.0 
35.6 
37.45 

42.8 
44.0 
46.6 
47.6 
48.7 

49.55 
49.9 
49.9 
55.4 
55.4 

U 55.4 

Time - 
1223 GMT 
1239 
1300 
14 10 
1416 

143 1 
1500 
1500 
1523 
1551 

17 10 
17 28 
1802 
1819 
1834 

1846 
1854 
1854 
2008 
20 10 

2011 

Approximate 
Azimuth 

NE 
Nw 
N 
sw 
Nw 

Nw 
Nw 
Nw 
Nw 
Nw 

Nw 
Nw 
Nw 
N 
Nw 

Nw 
N 
N 
N 
N 

S 
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TABLE I V  

TIROS P i c t u r e  Times 

- P a s s  Frame Number 

T6 .W62(61) 9 
8 
7 
6 

T5 W1364 (1363) 17 
16 
15 
14 

T6 W63(62) 22 
21 
20 
19 

T5 P1365 (1364) 31 
30 
29 
28 

Time - 
(22 S e p t .  1962) 

135400 GMT 
135430 
135500 
135530 

145830 
145 900 
145930 
150000 

153300 
153330 
153400 
153430 

163900 
163930 
164000 
164030 

USCOHM-WB-DC 



25. I n f r a r e d  Photography of the  Ea r th  Erom Mercury Spacec ra f t  MA-9, 
S t a n l e y  Soules ,  ( i n  p repa ra t ion )  

26. Meteoro logica l  Products  from D i g i t i z e d  S a t e l l i t e  Vidicon Cloud 
P i c t u r e s ,  C .  L .  B r i s r o r  and W .  M. C a l l i c o t t ,  (March 1964) 

27, 28, I n  p repa ra t ion  

USCOMM-WB.M: 


