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ABSTRACT 

R a d i a t i o n  d a t a  i n  t h e  8-12 micron a tmosphe r i c  window 
and 6-6.5 micron water vapor  a b s o r p t i o n  r e g i o n  a c q u i r e d  from 
t h e  TIROS I11 m e t e o r o l o g i c a l  s a t e l l i t e  on 16 J u l y  1961 are 
used t o  demons t r a t e  some of t h e  pract ical  a p p l i c a t i o n s  of 
s a t e l l i t e  radiat ion d a t a  i n  s y n o p t i c  wea the r  a n a l y s i s ,  l o o k i n g  '* 

t o  t h e  n e a r - f u t u r e  when s imilar  data w i l l  become available for  
o p e r a t i o n a l  use  These a p p l i c a t i o n s  i n c l u d e  t h e  mapping of 
h o r i z o n t a l  c l o u d  p a t t e r n s  a t  t h r e e  d i f f e r e n t  scales T r o m  meso- 
t o  q u a s i - g l o b a l ,  t h e  d e r i v a t i o n  of mean r e l a t ive  humidi t ies  

i n  t h e  t r o p o s p h e r e  over t h e  United S t a t e s ,  and t h e  i n f e r e n c e  
of v e r t i c a l  c l o u d  s t r u c t u r e  a long  a cross sect ion e x t e n d i n g  from 
Jamaica t o  B r i t i s h  Columbia, 

Each of t h e  a p p l i c a t i o n s  i s  d i s c u s s e d  i n  t h e  l i g h t  of t h e  
c o r r e s p o n d i n g  c o n v e n t i o n a l  s u r f a c e ,  upper  a i r ,  v e r t i c a l  motion,  
re la t ive  humidi ty ,  p r e c i p i t a t i o n ,  and c l o u d  cover c h a r t s .  Also, 
s a t e l l i t e  t e l e v i s i o n  p i c t u r e s  a r e  used  i n  t h e  d i s c u s s i o n  of meso- 
and macro-scale cloud mapping. 

t h e  c o n v e n t i o n a l  data and t e l e v i s i o n  p i c t u r e s  and t h e  r a d i a t i o n  
data. P l a u s i b l e  mechanisms to  e x p l a i n  several  a p p a r e n t  d i s -  

c r e p a n c i e s  between t h e  s a t e l l i t e  and t h e  conven t iona l  d a t a  are 

I n  g e n e r a l ,  a good s y n o p t i c  correspondence is  found between 

p r e s e n t e d .  

v 

l 
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1. INTRODUCTION 

S i n c e  t h e  i n i t i a l  launch o f  t h e  TIROS I m e t e o r o l o g i c a l  
s a t e l l i t e  i n  A p r i l  1960, f o u r  s a t e l l i t e s  of t h e  TIROS ser ies  
have been used f o r  r a d i a t i o n  exper iments  by t h e  N a t i o n a l  
A e r o n a u t i c s  and 'Space  Admin i s t r a t ion ,  namely, TIROS 11, 111, 
IV, and VII. I n  a d d i t i o n  t o  t h e  s t a n d a r d  camera sys t ems ,  
t h e s e  s a t e l l i t e s  c a r r i e d  a f ive -channe l  medium r e s o l u t i o n  r a d i o -  
meter, which measured t h e  outgoing r a d i a t i o n  of t h e  atmosphere- 
earth sys tem i n  f i v e  d i f f e r e n t  s p e c t r a l  r e g i o n s .  A comprehensive 
se r ies  of p u b l i c a t i o n s  h a s  a l r e a d y  d e s c r i b e d  t h e  d e t a i l s  of 
t h e  radiometer d e s i g n ,  t h e  data e v a l u a t i o n  p r o c e s s e s ,  and 
v a r i o u s  r e s u l t s  i n  many f i e l d s  of a tmospher i c  physics.1,2p3p4,5*6 
The purpose  of t h i s  pape r  i s  to demonst ra te  some of the  p r a c t i c a l  
u s e s  of satellite-detected radiation data i n  s y n o p t i c  wea the r  
a n a l y s i s .  

I 
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2. THE TIROS RADIATION EXPERIMENT -- 
The TIROS scanning radiometer consis ts  of f ive  channels, 

each channel being sensi t ive t o  a cer tain spec t ra l  region of 
the v is ib le  and infrared radiation which i s  ref lected of 
emitted by the ear th 's  surface and the atmosphere i n t o  space. 
The spectral  s e n s i t i v i t i e s  of the channels are as follows: 

Channel Spectral Region, Purpose 
1 
2 8 - 12 micron, the atmospheric "window" 
3 0.2 6 micron, the t o t a l  ref lected so la r  radiation 
4 7 - 30 micron, the t o t a l  outgoing infrared radiation 
5 0.55-0.75 micron, the response of the television camera 

6.0 - 6.5 micron, the v2 fundamental water vapor band 

s y s  terns 

Contrary to the design of the television picture system of the 

t o  the daylight portions of the orbi ts .  
system of acquisit ion s t a t ions ,  radiation data are available f o r  
a maximum of 9 out of 14 orb i t s  pe r  day covering the quasi-globe. 
For example, the scan l i m i t s  are approximately 55ON and S f o r  
TIROS 111, and approximately 65ON and S f o r  TIROS VII. Some 
examples of the large spectrum of appl icabi l i ty  for  t h i s  

type of s a t e l l i t e  information w i l l  be shown i n  the following 

L TIROS s a t e l l i t e s ,  the infrared radiation data are not r e s t r i c t ed  
Thus,  w i t h  the current 

I, 

. .  
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sections.  I t  w i l l  become i n c r e a s i n g l y  e v i d e n t  t h a t  t h e  TIROS 
r a d i a t i o n  d a t a  d e l i n e a t e  s i g n i f i c a n t  meteorological char- 
acterist ics  of t h e  atmospheric  c i r c u l a t i o n ,  such as c l o u d  regimes 
of c y c l o n e s  and a n t i c y c l o n e s ,  fronts, s q u a l l  l i n e s ,  t r o p i c a l  
storms, monsoonal c l o u d s ,  convergence zones and o t h e r  important 
seasonal and d i u r n a l  s y n o p t i c  f e a t u r e s .  
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3. THE DERIVATION OF HORIZONTAL PATTERNS OF CLOUDINESS - - - 
FROM THE TIROS RADIATION DATA 
The r a d i a t i o n  maps shown i n  t h i s  s t u d y  were plot ted and 
ICI- - 

ana lyzed  i n  terms of t h e  basic q u a n t i t y  measured i n  t he  l a b o r a t o r y  
c a l i b r a t i o n  , namely, t h e  e q u i v a l e n t  blackbody t e m p e r a t u r e ,  TBB(OK) . 
The v a l u e s  of TBB s h o u l d  n o t  be i n t e r p r e t e d  as t h e  t e m p e r a t u r e s  
of viewed s u r f a c e s  (aJ though,  for measurements i n  t h e  8-12 micron 
window, t h e  d i f f e r e n c e  between t h e  two may be s m a l l  under  c e r t a i n  
c o n d i t i o n s ) .  
s imply  t h e  t empera tu re  of a blackbody which ,  when f i l l i n g  t h e  

f i e l d  of view, would cause  t h e  same r a d i a t i o n  o u t p u t  as t h a t  
which r e s u l t s  from v iewing  t h e  g e n e r a l l y  nonblackbody r a d i a t i o n  
from t h e  ear th  and its a t m o ~ p h e r e , ~ , ~  

of t h e  TBB v a l u e s .  
layers  do n o t  e m i t  e x a c t l y  as a blackbody and a b s o r p t i o n  and 
r e e m i s s i o n  by gases i n  the  stmosphere can  markedly change t h e  

c h a r a c t e r i s t i c s  of o u t g o i n g  r a d i a t i o n  from t h e  u n d e r l y i n g  s u r f a c e s .  
The radiometer c a l i b r a t i o n  as w e l l  as data conve r s ion  p rocedures  
can also i n j e c t  some u n c e r t a i n t i e s  i n t o  t h e  a n a l y s i s .  D i a g n o s t i c  
methods have shown t h a t  the  est imated r e l a t i v e  accu racy  fo r  
TIROS 111, c h a n n e l s  1, 2 and 4 is +2OK, whi le  the estimated 
a b s o l u t e  accu racy  is  f 4 O  t o  +S°K up t o  o r b i t s  118, 875 and 130, 
after a p p l y i n g  c o r r e c t i o n s ,  r e s p e c t i v e l y ,  after which t h e  use  

1 of t h e  data i n  t e rms  of absolute measurements becomes ques t ionable . -  
However, c o n s i d e r i n g  t h e  complete lack of c o n v e n t i o n a l  s y n o p t i c  

range of radiometer i n a c c u r a c y  is n o t  of major impor tance  fo r  
global or meso-scale s y n o p t i c - r a d i a t i o n  a n a l y s e s .  

A TBB measurement of a g iven  radiometer channe l  is 

There  are some u n c e r t a i n t i e s  i nvo lved  i n  t h e  i n t e p p r e t a t i o n s  
For example,  the  ear th 's  s u r f a c e  and c l o u d  

- - 

* data over c o n s i d e r a b l e  p o r t i o n s  of  t h e  ear th 's  atmosphere, t h e  
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I n  order t o  properly i n t e r p r e t  t h e  "window" r a d i a t i o n  
measurements,  t he  f i e l d  of  view m u s t  a l so  be c a r e f u l l y  c o n s i d e r e d .  
The i n d i v i d u a l  mkdium r e s o l u t i o n  radiometer sensor has  an  
a p e r t u r e  of approximate ly  5 degrees  (between t h e  half-power p o i n t s )  
which co r re sponds  t o  a s c a n  s p o t  diameter of 4 0  m i l e s ,  when i t  
s c a n s  i n  t he  ver t ica l  and an e l o n g a t e d  s c a n  s p o t  hav ing  an area 

Hence, h igh  s c a n  n a d i r  a n g l e  da t a  recorded d u r i n g  each r o t a t i o n  
of t h e  s a t e l l i t e  (9-12 rpm) w i l l  have a poorer r e s o l u t i o n  t h a n  
l o w  s c a n  n a d i r  a n g l e  data. When a homogeneous overcast c l o u d  
l aye r  or clear skies o v e r  a sea or  l a n d  r e g i o n  f i l l s  t h e  f i e l d  of 
view of t h e  radiometer, a uniform i n t e r p r e t a t i o n  of  t h e  TBB 
v a l u e s  i n  terms of s u r f a c e  and c loud  t o p  t e m p e r a t u r e s ,  can  be 
made. But i f  scattered t o  broken c l o u d  decks  of v a r y i n g  t r a n s -  
parency  are viewed, t h e  r a d i a t i o n  o r i g i n a t i n g  from t h e  ground 
and t h e  v a r i o u s  c l o u d  layers  c o n t r i b u t e  t o  the  i n t e g r a t e d  i n t e n s i t y  
detected by t h e  s a t e l l i t e  and make t h e  i n t e r p r e t a t i o n  of t h e  

10 measurement v e r y  d i f f i c u l t . -  
s u r f a c e  and upper  a i r  o b s e r v a t i o n s ,  i n - f l i g h t  r e p o r t s ,  and 
s a t e l l i t e  t e l e v i s i o n  p i c t u r e s  must be used  t o  resolve t h e  

de t a i l ed  h o r i z o n t a l  and v e r t i c a l  c l o u d  s t r u c t u r e .  

approximate ly  10 L i m e s  as l a r g e  w i t h  a 58O s c a n  n a d i r  angle., 9 

L 

Other  means such  as c o n v e n t i o n a l  

The t w o  short-wave c h a n n e l s  (3 and 5) can  be used  t o  detect  
t h e  p r e s e n c e  of h i g h l y  r e f l e c t i v e  c l o u d s  provided tha t  t h e  

e a r t h ' s  s u r f a c e  below p r o v i d e s  s u f f i c i e n t  c o n t r a s t  i n  r e f l e c t a n c e  . 
Areas cove red  by snow, ice or I ight-colored e a r t h  o r  desert 
sand  c a n  lead t o  m i s i n t e r p r e t a t i o n  of c l o u d  f i e l d s .  U s e  of t h e  

"solar" c h a n n e l s  is r e s t r i c t e d  t o  t h e  d a y l i g h t  p o r t i o n  of t h e  

ear th  i n  a manner s i m i l a r  t o  t h e  t e l e v i s i o n  camera s y s t e m ,  and 

k reflected short-wave radia omes m a r g i n a l  
&'in%% * P .,',?&$ 

v a t i o n  a n g l e s  d u r i n g  s u n s e t ,  s u n r i s  
1 

I 
I 

w i n t e r  s e a s o n  at h i g h  l a t i t u d e s .  

,, '. . . 1 
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Channel 2 which i s  n o t  dependent on solar i l l u m i n a t i o n  and 
l e a s t  e f f e c t e d  by a tmospher ic  a b s o r p t i o n  is  best s u i t e d  for t h e  
d e t e c t i o n  of  c l o u d  c o v e r  i f  c o r r e c t i o n s  for i n s t r u m e n t a l  d e g r a d a t i o n ,  
s m a l l  r e s i d u a l  water vapor  and ozone are appl ied . -  1,g 

a. Meso-scale Clouds and R a d i a t i o n  P a t t e r n s  
The c a p a b i l i t y  of u s i n g  t h e  WROS rad ia t ion  data f o r  

a d e t a i l e d  c l o u d  a n a l y s i s  i s  demonstrated i n  Figures 1 and 2. A 
c l o u d  sys tem a t  10°N, 40OW on J u l y  16, 1961 which w a s  l a te r  
i d e n t i f i e d  as t h e  e a r l y  stage of Hurr icane  Anna, w a s  selected 

11 for t h e  a n a l y s i s  e- 
F i g u r e  l shows t h e  channel  2 r ad ia t ion  a n a l y s i s  fo r  

t h i s  storm. These d a t a  were acquired i n  t h e  s i n g l e  open 
s c a n n i n g  mode and hence are l o c a t e d  w i t h  greater accurady  t h a n  
data a c q u i r e d  i n  e i t he r  of t h e  o t h e r  two s c a n n i n g  modes, namely, 
t h e  a l t e r n a t i n g  open and c l o s e d  scann ing  modes .- Each,  scan 
s p o t  (cross mark) w a s  hand p l o t t e d  from a computer l i s t i n g .  The 
computer l i s t i n g  c o n t a i n s  t h e  geograph ica l  l o c a t i o n  of each scan 
s p o t ,  t h e  scan  n a d i r  a n g l e ,  the azimuth a n g l e s  and s imul t aneous  

13 r e a d i n g s  f o r  a l l  f i v e  r a d i a t i o n  channels.- 

upon a TIROS t e l e v i s i o n  p i c t u r e  of t h e  same storm (F igure  2 ) .  

Good agreement  w a s  found between t h e  t e l e v i s i o n  p i c t u r e  and  t h e  
r a d i a t i o n  f i e l d  even  o u t  t o  the o u t e r  f r i n g e s  of t h e  photograph.  
An e q u i v a l e n t  blackbody tempera ture  d i f f e r e n c e  of more than  50°K 
w a s  i n d i c a t e d  between t h e  h i g h e s t  c l o u d  t o p s  (230°K) and t h e  

. p a r t l y  c loudy ocean area (282OK). By u s e  of t h e  Dakar, Senegal  
r ad iosonde  sounding  €or 0000 GMT, 16 J u l y  1961,- t h e  230% TBB 
v a l u e  r e l a t e d  t o  an  " e f f e c t i v e  r a d i a t i o n  he igh t "  of approximate ly  
250 mb. (35 ,000  f t )  e The . " e f f e c t i v e  radiation h e i g h t "  is  def ined 
as t h a t  h e i g h t  i n  t h e  atmosphere where t h e  ambient  t empera tu re  
equals t h e  equ iva len t  blackbody t empera tu re  (TBB). 

~ 

12 

The r a d i a t i o n  a n a l y s i s  shown i n  F i g u r e  1 w a s  superimposed 

14 

, 

y 
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S e v e r a l  examples employing a detai led hand a n a l y s i s  of 
Hurr icane  Anna on 23 J u l y  1961 a r e  found i n  Refe rences  15 and 
16. 

b. Macro-Scale Clouds and Rad ia t ion  P a t t e r n s  
Besides t h e  de t a i l ed  s t r u c t u r e  03 meso-scale c l o u d  

sys t ems ,  t h e  g e n e r a l  d i s t r i b u t i o n  o f  c l o u d i n e s s  i n  the macro- 
scale is  of v i t a l  i n t e r e s t  t o  t h e  s y n o p t i c  meteorologist. The 
h igh  c o r r e l a t i o n  between t h e  outgoing  r a d i a t i o n  w i t h i n  t h e  water 
vapor  window and c loud iness , -  - - - T e p r e s e n t s  a m o s t  u s e f u l  
a p p l i c a t i o n  of r a d i a t i o n  data provided  by t h e  TIROS s a t e l l i t e .  
An example w i l l  be g i v e n  i n  t h i s  s e c t i o n .  

t h e  c o r r e s p o n d i n g  500 m b  upper  a i r  chart  ana lyzed  by t h e  N a t i o n a l  
Meteorological C e n t e r ,  U. S .  Weather Bureau, f o r  1200 GqT, 
J u l y  16,  1961. The general weather pattern o v e r  t h e  United States 
is  characterized by an upper  r idge  and a weak s u r f a c e  h i g h  o v e r  
t h e  w e s t e r n  s ta tes ,  a t h e r m a l  su rzace  l o w  o v e r  t h e  sou thwes t ,  and 
an upper  t r o u g h  over t h e  M i s s i s s i p p i  Va l l ey  w i t h  wel l -developed 
thunders torm and shower a c t i v i t y  e x t e n d i n g  NE/SW from Maine t o  
Texas.  A second area of c y c l o n i c  a c t i v i t y  is i n d i c a t e d  by a 
f r o n t a l  zone a l o n g  t h e  no r thwes te rn  bo rde r  s ta tes .  

shown i n  t h e  c o n v e n t i o n a l  nF2hanalys is  chart  (F igu re  5 ) .  The 
broad r e g i o n  of c l o u d i n e s s  ove r  t h e  s o u t h e a s t e r n  United States  
i s  conf i rmed by a mosaic of t e l e v i s i o n  p i c t u r e s  t a k e n  d u r i n g  k 

o r b i t  61 ( F i g u r e  6 )  . However, t h e  s y n o p t i c  e x p l a n a t i o n  f o r  t h e  
d i s t i n c t i v e  weather f e a t u r e s  over  L o u i s i a n a ,  M i s s i s s i p p i ,  

10,16,17,18 

F i g u r e s  3 and 4 show the s u r f a c e  s y n o p t i c  chart ,  and 

1 

The observed  s u r f a c e  c loud  p a t t e r n s  f o r  1200 GMT are 

Alabama, Tennessee and Kentucky was s i n g u l a r l y  l a c k i n g  i n  t h e  
i k 
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The channe l  2 radiation a n a l y s i s  for o r b i t s  57, 58 and 60 
over  t h e  United S t a t e s  w a s  drawn (F igure  7 ) .  T h i s  coniputer- 
produced map w a s  p r i n t e d  on a 1 : l O  m i l l i o n  scale ,  w i t h  a 4 0  degree 
s c a n  n a d i r  angle l i m i t a t i o n .  An average  f 4 O K  c o r r e c t i o n  w a s  

The 2 3 0 0 K  t o  270% i s o l i n e s  o u t l i n e  h igh - reach ing  c l o u d s  
over  t h e  Appalachian Mountains and lower M i s s i s s i p p i  Va l l ey  and 
a broad c loudy region along t h e  nor thwes t  and n o r t h  cen t ra l  
United S t a t e s  b o r d e r ,  southwes tern  Texas and t h e  w e s t  coast of 
F l o r i d a .  

a p p l i e d  t o  channe l  2 TBB v a l u e s  for i n s t r u m e n t a l  degradation.- 1 

.,, 

The 2 8 0 ° K  t o  290°K i s o l i n e s  a r e  associated w i t h  t h e  c lear  
t o  s c a t t e r e d  c l o u d s  i n  t h e  weak s u r f a c e  h i g h  and thermal  s u r f a c e  
l o w  p r e s s u r e  r e g i o n s  o v e r  t h e  central ,  sou thwes t ,  and Gulf 
Coast s ta tes .  Low-lying s t r a t u s  and s t r a t o c u m u l u s  c l o u d  decks  
o v e r  I n d i a n a ,  I l l i n o i s ,  Michigan,  Wisconsin and Minnesota  and 
t h e  scattered s w e l l i n g  cumulus and cumulonimbus c l o u d s  ove r  
c e n t r a l  Texas occur  w i t h i n  r e g i o n s  dominated by TBB v a l u e s  of 
270° t o  280°K. 

Based upon t h i s  TIROS r a d i a t i o n  a n a l y s i s  (F igu re  71, t h e  

mosaic of TIROS t e l e v i s i o n  pictures (F igu re  61, and c o n v e n t i o n a l  
c l o u d  n e p h a n a l y s i s  (F igu re  5 ) ,  a r e v i s e d  s u r f a c e  a n a l y s i s  was 
prepared (F igure  8). 

A cold f r o n t ,  i n  t h e  state of f r o n t o l y s i s  w a s  drawn i n  
o v e r  Ohio ,  Kentucky, Tennessee and Arkansas.  A p r e - f r o n t a l  

. s q u a l l  l i n e  w a s  shown, e x t e n d i n g  from V i r g i n i a  through Tennessee ,  
Alabama, M i s s i s s i p p i  t o  Texas.  An i n s t a b i l i t y  l i n e ,  of2 t h e  
east coast w a s  drawn c ross ing  the  n o r t h  end of F l o r i d a  (cumulonimbus 

"+'e . 
merged w i t h  an e a s t e r l y  wave over western Cuba. 

The c l o u d i n e s s  over northwest F l o r i d a ,  as shown i n  t h e  
te levis ion mosaic (Figure 6 )  i s  i n  good agreement w i t h  t h e  
c h a n n e l  2 radiation data (Figure 71, w i t h  only a s l i g h t  dis- 
p lacemen t ;  which w a s  caused  by a 3 t o  6 hour  d a t a - r e c o r d i n g  
t i m e  d i f f e r e n t i a l .  
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4 .  THE DERIVATION OF TROPOSPHERIC MEAN RELATIVE HUMIDITY - - 
FROM THE TIROS RADIATION DATA 
Channel 1, of t h e  medium r e s o l u t i o n  scann ing  r a d i o m e t e r  is 
-- - 

s p e c t r a l l y  s e n s i t i v e  t o  emiss ion  w i t h i n  t h e  fundamental  water 
vapor  band (6.0 t o  6.51-1). 
of i n t e r p r e t i n g  t h e  r a d i a t i o n  detected w i t h i n  t h i s  region i n  
combina t ion  w i t h  channe l  2 ,  as a measure of t h e  mean ve r t i ca l  

1 7 , 1 8 , 1 9  r e l a t i v e  humidi ty  of t h e  troposphere.-  - - 

F. Mdl le r  h a s  deve loped  a method 

'inis method which assumes a model atmosphere w i t h  a range  
of c o n s t a n t  r e l a t i v e  humidi ty  i n  t h e  ve r t i ca l ,  p r o v i d e s  a n  
estimate of t h e  mean r e l a t i v e  humidi ty  (+15%) for homogeneous 
o v e r c a s t  or clear sky  condi t ion-  and  t e n d s  t o  overestimate 
t h i s  pa rame te r  for nonhamogeneous scattered t o  broken c l o u d  

20 condi t ions.-  

- 17 

The f o l l o w i n g  s e c t i o n s  w i l l  d e s c r i b e  an e v a l u a t i o n  of t h e  
Muller  t echn ique  o v e r  t h e  United S t a t e s  on J u l y  16,  1961 which 
complements an a n a l y s i s  performed o v e r  Europe on J u l y  15, 1961.- 1 7 .  

a. Method of A n a l y s i s  
The TIROS I11 E v a l u a t i o n  D i a g r a m  for conver s ion  of channe l  1 

and channe l  2 t o  t r o p o s p h e r i c  mean r e l a t i v e  humidi ty  is  p r e s e n t e d  
i n  F i g u r e  9 .  T h i s  diagram w a s  c o n s t r u c t e d  by W .  R.  Bandeen f o r  
a t ropical  model atmosphere and p r e s e n t e d  t o  t h e  Workshop on t h e  
U s e s  02 S a t e l l i t e  Data i n  T r o p i c a l  Meteorology,  T a l l a h a s s e e ,  F l o r i d a  
i n  Februa ry  1963. M B l l e r  h a s  shown t h a t  e v a l u a t i o n  diagrams €or 
v a r i o u s  a tmospheres  are e s s e n t i a l l y  e q u i v a l e n L  and i t  w a s  
deemed s a t i s f a c t o r y  for  t h e  purpose of t h i s  pape r  t o  u t i l i z e  
t h i s  diagram fo r  middle  l a t i t u d e s  as w e l l .  S i n c e  t h e  d e t e r m i n a t i o n  
of mean r e l a t i v e  humidi ty  becomes ex t r eme ly  i n a c c u r a t e  below 230%, 
i t  w a s  assumed t h a t  f o r  values b e l o w  230°, the relative 
humidi ty  was >90% (Figure 9) .  

17 

i 

Corrections for d e g r a d a t i o n  
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and s c a n  n a d i r  a n g l e  were made i n  accordance  w i t h  t h e  TIROS 111 
R a d i a t i o n  D a t a  Users Manual Supplement- and nomograms g i v e n  

17 by M6ller and Raschkei- 

1 

The channe l  1 and 2 g r id  p r i n t  maps f o r  o rb i t s  57, 58 

W and 60 were computed-produced on a 1 : l O  m i l l i o n  scale (composi te)  
w i t h  a 4 0  degree s c a n  n a d i r  angle l i m i t a t i o n .  The 41° t o  5S0 scan 
n a d i r  angle d a t a  were used where d a t a  gaps  exis ted i n  t h e  40' 

d a t a .  For  a d i s c u s s i o n  of mapping scales and computer p r o c e s s i n g  
t echn ique ,  see R e f  . 12. 

d e r i v e d  mean r e l a t i v e  humidi ty  f o r  J u l y  1 6 ,  1961. Va lues  of 70% 

and g r e a t e r  are shown i n  dark grey s h a d i n g ,  41% t o  69% are 
e n c l o s e d  i n  w h i t e ,  and 40% and l e s s  are shown i n  l i g h t e r  grey  
shad ing .  

F i g u r e  10 presents the  f i n a l  a n a l y s i s  o f  t h e  sa te l l i t e -  

b. Comparison w i t h  Convent iona l  Mois ture  P a t t e r n s  
F i g u r e s  11, 1 2 ,  13 show t h e  m o i s t u r e  c h a r t s  f o r  t h e  

300 m b ,  400 m b  and 500 m b  l e v e l  a t  1200 GMT on J u l y  16, 1961 as 
14 drawn from U. S. Weather Bureau radiosonde data.- 

These c o n v e n t i o n a l  middle and upper  t r o p o s p h e r i c  m o i s t u r e  
char t s  and t h e  sa te l l i t e -der ived  m o i s t u r e  char t s  ( F i g u r e  10)  show 
good agreement i n  o u t l i n i n g  l a r g e  r e g i o n s  of d r y n e s s  (~20% R.H.) 
o v e r  t h e  c e n t r a l  and w e s t e r n  two- th i rds  of t h e  United S t a t e s .  
Two d r y  tongues  which were or ien ted  N/S th rough c e n t r a l  Texas,  
and NE/SW from t h e  Gulf s ta tes  to t h e  C a r o l i n e s  are shown i n  b o t h  

t y p e s  of data, A t h i r d  d r y  tongue over Western Texas,  w i t h i n  t h e  
s a t e l l i t e - d e r i v e d  d a t a  does  n o t  occur  i n  t h e  c o n v e n t i o n a l  a n a l y s i s  

. b u t  migh t  be s u g g e s t e d  w i t h i n  t h a t  area of s p a r s e  r ad iosonde  data. 
The moist region (70% and greater R.H.) i n  F i g u r e  10 re la te  

best  t o  the  i n t e g r a t e d  r a d i a t i v e  c o n t r i b u t i o n  of t h e  300 m b ,  400 m b  

t h e  moist h i g h  c l o u d s  over t h e  c o l d  f r o n t  and t h e  p r e - f r o n t a l  s q u a l l  
and 50 -%he BQBin;oilta;l, atla w- 

ine r e  confirmed w i t h  minor v a r i a t i o n s  
- y t h e  i t  rived t u r e .  analysis.. 
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F i g u r e  14 p r e s e n t s  a n  a n a l y s i s  of t h e  U. S. Weather 
Bureau ( N a t i o n a l  M e t e o r o l o g i c a l  Center )  mean r e l a t i v e  humidi ty  
data for t h e  1000 mb t o  500 mb l a y e r  f o r  1200 GMT. T h i s  c h a r t  
shows t h e  l a r g e  d r y  and m o i s t  r e g i o n s  d e s c r i b e d  above and i n  
a d d i t i o n  a w e l l - d e f i n e d  moist  tongue o v e r  Minnesota ,  Wiscons in ,  
Michigan and t h e  Great Lakes.  

The s a t e l l i t e  measurements would n o t  be expec ted  t o  be 
a f f e c t e d  by t h e  water vapor  c o n t e n t  i n  t h e  layers below 500 mb 
as t h e  atmosphere i s  l a r g e l y  opaque i n  t h e  6 to 6 . 5 ~  region i n  
t h e s e  l aye r s . -  Hence t h e  l o w  l e v e l  m o i s t u r e  shown i n  F i g u r e  14 
does n o t  c o n t r i b u t e  t o  t h e  s a t e l l i t e  d e r i v a t i o n  of mean r e l a t i v e  
humidi ty  (F igu re  l o ) .  

i n d i c a t e d  t h a t  t h e  TIROS r a d i a t i o n  data are capab le  of  p r o v i d i n g  
a g r o s s  p i c t u r e  of t h e  upper  t r o p o s p h e r i c  m o i s t u r e  p a t t e r n s .  
F u r t h e r  work i s  reciuired i n  view of t h e  problem of i n s t r u m e n t a l  
d e g r a d a t i o n  and the  assumption of c o n s t a n t  r e l a t i v e  humidi ty  

17 i n  t h e  v e r t i c a l . -  

7 

The p r e l i m i n a r y  m o i s t u r e  a n a l y s i s  p r e s e n t e d  above h a s  

c. Comparison w i t h  Vert ical  Motion F i e l d s  
F i g u r e  15 shows t h e  U. S ,  Weather Bureau Vertical Motion 

C h a r t  a t  t h e  650 m b  l e v e l  f o r  1200 GMT, J u l y  16, 1961. The 
f o l l o w i n g  are some i n t e r r e l a t i o n s h i p s  between F igure  15 and  
F i g u r e s  7 ,  8 ,  1 0 ,  11, 12,  13, 1 4  and 1 6 ,  which are of i n t e r e s t :  

(1) The p o s i t i v e  v a l u e s  (upward motion) of +0.1 t o  +0.9 
cm/sec e x t e n d i n g  from cent ra l  Texas to e a s t e r n  Ohio ,  o v e r l i e  t h e  
c l o u d  layers  of t h e  c o l d  f r o n t  and s q u a l l  l i n e s  (F igs .  7 ,  81, areas 
Of h i g h  m o i s t u r e  c o n t e n t  a l o f i  ( F i g s .  10 t h r u  14) , and major 
p r e c i p i t a t i o n  zones (F igu re  16)  

* 

1 .  

he n e g a t i v e  v a l u e s  (downward motion) of  -0.6 t o  -1.7 
izona and ex tend ing  from yew .Mexico northeastward- 

to Minnesota  and of -0.1 t o  -1.0 cm/sec o v e r  C a l i f o r n i a ,  Oregon, 
and Nevach generally coincide with clear t o  scattered c l o u d s  or 

L 
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low- leve l  c loud  decks w i t h  d r y  ail- a l o f t .  An area of sub- 
sidence o v e r l i e s  t h e  1000 t o  500 m b  m o i s t  tongue ove r  Minnesota, 
Iowa, and W i s c o n s i n ,  as p r e v i o u s l y  described i n  S e c t i o n  4 ( b ) .  

When d r y  a i r  o v e r l i e s  a r e a s  of upward motion such  
as o v e r  s o u t h e r n  Idaho, eastern Nevada and Utah, east c e n t r a l  
Texas and Georgia, a 'weaken ing  of t h e  cumuloform-type c l o u d  

. a c t i v i t y  w a s  noted.  
A q u a l i t a t i v e  e s t i m a t e  of t h e  large scale p o s i t i v e  

. and n e g a t i v e  v e r t i c a l  mot ion  f i e l d  c o u l d  be made f r o m  F i r u r e  10 
i f  t h e  g e n e r a l i z e d  r e l a t i o n s h i p  between ascencking mot ion ,  s a t u r a t e d  
a i r  a loTt ,  deep v e r t i c a l  c l o u d i n e s s  and p r e c i p i t a t i o n  on t h e  one 
hand and descend ing  mot ion ,  dry air  a l o f t  and s u p p r e s s e d '  v e r t i c a l  

21,22? 23 c l o u d i n e s s  on t h e  other  were used as a basis.- -- 

4 

I 
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5. THE DERIVATION 
RADIATION DATA 
- OF VERTICAL CLOUD - STRUCTURE FROM THE TIROS -- 

n 

A s  a l r e a d y  i n d i c a t e d  i n  S e c t i o n  3(a) ,  t h e  TIROS channe l  2 

(8-12 mic ron)  data,  when conve r t ed  i n t o  e q u i v a l e n t  blackbody 
t empera tu re  (TBB) may be i n t e r p r e t e d  t o  some e x t e n t  as c l o u d  top 
h e i g h t s .  By use  of loca l  radiosonde data, t h e  d e r i v e d  TBB 

. v a l u e  may e a s i l y  be located i n  t h e  v e r t i c a l  by means of t he  

v e r t i c a l  t empera tu re  p ro f i l e .  I n  remote areas, however, 
. climatological mean soundings  may c e r t a i n l y  be used  as a f i rs t  

approximat ion  e 

The c o r r e l a t i p n  between c o n v e n t i o n a l  c l o u d  i n f o r m a t i o n  and 
s a t e l l i t e  r a d i a t i o n  data can  be demonstrated by t h e  v e r t i c a l  
c r o s s - s e c t i o n  i n  F i g u r e  17. T h i s  c r o s s - s e c t i o n  e x t e n d s  from 
Kings ton ,  Jamaica northwestward across t h e  Uni ted  S t a t e s  t o  
Annet te  I s l a n d ,  Alaska on June 16,  1961 (see F i g u r e  81, and is  
based upon c o n v e n t i o n a l  upper  a i r  data, a t  1200 GMT.- The 

t e m p e r a t u r e  f i e l d  (OC) i n c l u d i n g  d i s c o n t i n u i t y  l i n e s  from a 
s q u a l l  l i n e ,  f r o n t a l ,  and t ropopause  p o s i t i o n s  were p r e s e n t e d .  
The humidi ty  f i e l d  w a s  p l o t t e d  and ana lyzed  by means of 
temperature-dew p o i n t  differences,  as r e p o r t e d  i n  t h e  r ad iosonde  
data,- I n  a more schematic manner, t h e  probable c l o u d  d i s t r i -  

b u t i o n  w a s  drawn f o r  temperature-dewpoint  d i f f e r e n c e s  of 3 O C  or 

14 

. less  and f r o m  c o n v e n t i o n a l  s u r f a c e  and p i l o t  weather reports. 
The m o s t  a p p a r e n t  f e a t u r e s  w i t h i n  t h e  cross s e c t i o n  (F igu re  17) 

are t h e  p r e - f r o n t a l  s q u a l l  l i n e  over  n o r t h e r n  Alabama, t h e  cold 
f r o n t  o v e r  n o r t h w e s t e r n  Tennessee,  t h e  cold f r o n t  ove r  Montana, 
and t h e i r  c o r r e s p o n d i n g  heavy c loud  s y s t e m s ,  reported by s u r f a c e  
o b s e r v a t i o n s  as w e l l  as b e i n g  derivable from t h e  r ad iosonde  
humidi ty- , - in format ion .  

.? L t r.; * . s o l i d  l i n e  w i t h  s m a l l  
I nc luded  i n  

open c i r c l e s  
t h i s  c ross . - sec t ion  is a heavy 
which i n d i c a t e s  the effective 



r a d i a t i o n  h e i g h t  of channe l  2 ,  o r b i t s  56, 57, 58, and 60 on 
J u l y  1 6 ,  1961. 
e x a c t l y  a l o n g  t h e  b a s e - l i n e  of t h e  c r o s s - s e c t i o n .  The f u l l  d o t s  
r e p r e s e n t  t h e  co r re spond ing  v a l u e s  o v e r  t h e  r ad iosonde  s t a t i o n  
l o c a t i o n .  A larger  d i s c r e p a n c y  between bo th  v a l u e s  o c c u r s  o n l y  
w i t h  regard t o  L i t t l e  Rock, Arkansas ,  as t h e  c r o s s - s e c t i o n  
p a s s e s  t h e  c o l d  f r o n t  j u s t  i n  a p o r t i o n  of weakes t  i n t e n s i t y  
(see F i g u r e s  5, 8 )  of c l o u d  development,  w h i l e  much h i g h e r  r e a c h i n g  
c l o u d s  are r e p o r t e d  i n  t h e  area surroudi 'ng t h e  radiosonde s ta t ion.  
The re la t ive  d r y n e s s  i n d i c a t e d  by t h e  L i t t l e  Rock r ad iosonde  
measurement may be i n t e r p r e t e d  as hav ing  o c c u r r e d  between several 
h i g h  r e a c h i n g  c l o u d  ce l l s  r a t h e r  t h a n  w i t h i n  t h e  m o s t  i n t e n s e  
f r o n t a l  c l o u d  system. 
f r o n t a l  clouds was drawn up t o  t h e  e f f e c t i v e  r a d i a t i o n  h e i g h t  

de t e rmined  by t h e  s a t e l l i t e  measurement. I t  shou ld  be no ted  
t h a t  w h i l e  t h e  c r o s s - s e c t i o n  i s  v a l i d  Zor 12002, t h e  s a t e l l i t e  
data were recovered from approximate ly  0800 GMT, for o r b i t  56 over  
Cuba t o  1500 GMT, f o r  o r b i t  60 a long  t h e  U. S. - Canadian border. 
Thus, Zur the cent ra l  por t ion  of t h e  s e c t i o n ,  roughly  between 
Tennessee and South  Dakota, t h e  c o n v e n t i o n a l  data and t h e  s a t e l l i t e  
data are q u a s i - s y n o p t i c ,  and hence some d e v i a t i o n s  between 
c o n v e n t i o n a l  and s a t e l l i t e  data are a p p a r e n t .  T h e r e f o r e ,  i n  order 
t o  make t h e  c r o s s - s e c t i o n  r e p r e s e n t a t i v e  f o r  t h e  area rather t h a n  
f o r  a s i n g l e  s p o t  of t h e  f rontal  sys t em,  t h e  c l o u d  system of t h e  
cold f r o n t  o v e r  L i t t l e  Rock w a s  drawn i n  t o  approximate ly  22,000 

The c i r c l e s  g i v e  the  a c t u a l  v a l u e s  of TBB 

T h e r e f o r e  t h e  schemat i c  i n d i c a t i h n  of the 

- f ee t .  The s q u a l l  l i n e  and c o l d  f r o n t a l  c l o u d  decks  which were 
p r i m a r i l y  based upon t h e  humidi ty  p r o f i l e s  o v e r  N a s h v i l l e ,  

essee ontana were found t o  be i n  good agreement 
-2 . 

w i t h  t h e  



# 

a .  

N o r t h w e s t  of Edmonton, i n  a n  a r e a  where v a r i o u s  c loud ,  
layers of s t r a t o c u m u l u s ,  a l tocumulus  and c i r r u s  were reported, 
t h e  e f f e c t i v e  r a d i a t i o n  ' he igh t s  appeared between t h e  c i r r u s  
c l o u d s  a t  350 m b  and the  c l o u d  decks which ex tended  from me 
s u r f a c e  t o  500 mb.  The characterist ics of t h e  channe l  2 
emiss ion  from scattered t o  broken c i r r u s  c l o u d s  have been d i s -  
c u s s e d  p r e v i o u s l y  by Fr i tz  and Winston- 10 and Rao and Winston.- 24 

i n d i c a t e d  TBB v a l u e s  of 7.5OC d i f f e r  Z r o m  t h e  20°C s h e l t e r  
t empera tu re .  I n  t h i s  case, t h e  t h i n  c l o u d  or moist layer a t  
650 m b s  is  t h e  pr imary  c a u s e  of the  t empera tu re  d i f f e r e n c e  
a l t h o u g h  ozone a b s o r p t i o n  and/or  possibly p a r t i c u l a t e  matter 
n e a r  t h e  t ropopause  a t  a b o u t  13 km can  also act t o  decrease the 
c h a n n e l  2 TBB t empera tu re  .- 24 

0 

In t h e  clear area around Rapid C i t y ,  Nor th  Dakota, the  
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6. QUASI-GLOBAL SCALE CLOUD DISTRIBUTION 
The spec t rum of a p p l i c a b i l i t y  of t h e  TIROS r a d i a t i o n  d a t a  

e x t e n d s  from t h e  meso-scale t o  t h e  q u a s i - g l o b a l  scale. F i g u r e  18 
is t h e  world-wide s y n o p t i c - r a d i a t i o n  a n a l y s i s  on J u l y  16, 1961 
i n  which s y n o p t i c  i n f o r m a t i o n  from world wea the r  c e n t r a l s  were 
u t i l i z e d . -  Channel 2 TBB values from 7 o r b i t s  (56, 57, 58, 60 ,  
61, 62,  63) were composi ted and ana lyzed  on a 1:20 m i l l i o n  map 
scale u s i n g  a 5 8 O  scan n a d i r  ang le  l i m i t a t i o n .  
w a s  m i s s i n g ,  a c c o u n t s  for  t h e  gaps o v e r  Africa and t h e  central  
P a c i f i c  . 

The s y n o p t i c  a n a l y s e s  were a d j u s t e d  t o  approximate o r b i t a l  
t i m e s  s t a r t i n g  a t  0600 GMT and ending  2000 GMT, approximate ly .  
The p o r t i o n  of t h e  map l y i n g  east  of t h e  d i a g o n a l  runn ing  from 
2OoS, 450E t o  200N, 96OE cons is t s  l a r g e l y  of n i g h t t i m e  data  w h i l e  

25  

O r b i t  59, which 

t h e  area w e s t  of t h i s  l i n e  c o n s i s t s  of d a y l i g h t  r e c o r d i n g .  

annua l  h e a t  maximum; t h e  Southern Hemisphere be ing  i n  mid-winter 
s eason  w i t h  i t s  u s u a l  strong c y c l o n i c  a c t i v i t y  e x t e n d i n g  P a r  

A t  t h i s  t i m e ,  t h e  Nor thern  Hemisphere is close t o  i t s  

northward toward t h e  e q u a t o r .  The d a r k e s t  grey s h a d i n g  showing 
t h e  h i g h e s t  t e m p e r a t u r e s  i n d i c a t e  clear t o  scat tered c l o u d  cover 
(few s m a l l  cumulus o r  v e r y  t r a n s p a r e n t  c i r r u s  p a t c h e s ) .  We f i n d  
t h e s e  TBB va lues  o f  290°K and greater, ove r  t h e  Saha ra  D e s e r t ,  
Saudi-Arabia ,  A s i a  Minor,  I r a n ,  Turkmen, Spain,  and t h e  deserts 
of Southwes t  Africa. The semi-permanent subtropical  high&-. 
(TBB v a l u e s  between 2700K and 280°K i n d i q a t e  large areas of clear 
t o  scattered c l o u d s ) .  

The l i g h t e s t  g rey  s h a d i n g  i n  t h i s  f i g u r e  is  associated w i t h  
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consequent ly  w i t h  t h e  h ighes t  amount of h igh - reach ing  c l ,oudiness .  
The areas of h i g h  r e a c h i n g  c l o u d i n e s s  r e p r e s e n t  t he  f r o n t a l  zones  
of both hemispheres  as w e l l  as t h e  heavy monsoonal c l o u d i n e s s  
ove r  Southern  A s i a  and f o u r  t r o p i c a l  d i s t u r b a n c e s .  We can  d i s -  

t i n g u i s h  t h e  f r o n t a l  sys tem over t h e  s o u t h e a s t e r n  United States 
(see F i g u r e s  5 and 81, t h e  p o l a r  f r o n t  over Western and C e n t r a l  
Europe and a v e r y  ex tended  f r o n t a l  band r e a c h i n g  from Japan  
no r theas tward  t o  t h e  Gulf of A l a s k a .  Minimum TBB v a l u e s  as 
l o w  as 225OK, i n d i c a t e  t h a t  t h e s e  c l o u d  sys tems e x t e n d  upward 
toward the  t ropopause .  S imi la r  m i n i m u m  v a l u e s  occur  w i t h i n  t h e  
c l o u d  m a s s  of t h e  t r o p i c a l  storm "F loss i e"  ove r  t h e  P h i l i p p i n e s .  
The t r o p i c a l  storms "Kathleen" and  "Liza" off t h e  west coast 
of  Mexico are i n  t h e i r  decay s t a g e  and TBB v a l u e s  of 230° and 
greater are i n d i c a t e d .  Over the tropical A t l a n t i c  Ocean, a 
s i n g u l a r  c l o u d  mass n e a r  1 0 ° N  and 4OoW w a s  i d e n t i f i e d  as t h e  
ea r ly  s t a g e  of h u r r i c a n e .  '!Anna", which w a s  p r e s e n t e d  i n  d e t a i l  
i n  F i g u r e  1. 

The c l o u d i n e s s  a l o n g  t h e  t ropical  convergence z6ne i s  r e p r e -  
s e n t e d  by cold e q u i v a l e n t  blackbody t empera tu re  (225OK t o  2600K) 
o v e r  C e n t r a l  America, Nor thern  Brazi l ,  t h e  Western A f r i c a n  coast ,  
no r th  of Lake Victor ia ,  east  of the  coast of Somali land and 
between 1 0 ° N  and t h e  e q u a t o r  over t h e c e n t r a l  P a c i f i c .  

I 

The h igh- reaching  c l o u d s  over t h e  I n d i a n  s u b c o n t i n e n t  and t h e  
' '. 

a d j a c e n t  Bay of Bengal  and Indian Ocean and S o u t h e a s t  Asia c l e a r l y  
show t h e  dense c l o u d  o u t l i n e s  of t h e  sou thwes t  moonsoon i n  
those r e g i o n s .  

Over t h e  Southern  Hemisphe re ,  w e  can  d e l i n e a t e  c l o u d  zones  of 
t h e  i n t e n s i v e  storm t r a c k s  ex tend ing  northward t o  Uruguay, close 

1 la  . 
and p a r t i c u l a r l y  New Zealand. 

-=- 



7. CONCLUSION 
The r e s u l t s  of t h i s  s t u d y  i n d i c a t e  t h a t  a w e a l t h  of 

s y n o p t i c  wea the r  i n fo rma t ion  can be d e r i v e d  or measured 
d i r e c t l y  f r o m  t h e  c o n v e n t i o n a l  TIROS rad ia t ion  data. 

s a t e l l i t e s  w i t h  t h e i r  g l o b a l  data coverage  and s i m p l e r  radio- 
meter scann ing  geometry w i l l  p rovide  an even g r e a t e r  c a p a b i l i t y  
for a world-wide real-time s y n o p t i c - r a d i a t i o n  weather watch.  

I n  t h e  f u t u r e ,  p o l a r - o r b i t i n g ,  e a r t h - o r i e n t e d  m e t e o r o l o g i c a l  

, 

_- 
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. .  
. .  

c 



. 
-19- 

8 ACKNOWLEDGEMENTS 
The a u t h o r s  would l i k e  to thank D r .  W i l l i a m  Nordberg, 

Mr. W i l l i a m  R. Bandeen and M r .  V i r g i l  Kunde of t h e  Goddard 
Space F l i g h t  C e n t e r  f o r  t h e i r  comments and s u g g e s t i o n s .  

of t h e  M e t e o r o l o g i c a l  S a t e l l i t e  Labora to ry ,  U. S Weather 
Bureau and C a p t a i n  Robert W .  F e t t ,  U. S o  A i r  Fo rce ,  f o r  
t h e i r  c o n t r i b u t i o n s  and a s s i s t a n c e  i n  t h e  p r e p a r a t i o n  of 
t h i s  ar t ic le .  I t  is  of i n t e r e s t  t o  note  t h a t  t h e  double  
f r o n t a l  model d e p i c t e d  throughout  t h e  Southern  Hemisphere 
i n  t h e  r e v i s e d  s u r f a c e - r a d i a t i o n  a n a l y s i s  shown i n  F i g u r e  18, 
w a s  l a r g e l y  t h e  work of Thomas I. Gray, Jr., (Reference 25)  

We are p a r t i c u l a r l y  i n d e b t e d  to  M r .  Thomas I. Gray, Jr. 

h 



-20- 

9. REFERENCES 

1. W .  R. Bandeen, R. E. Samuelson and I .  P. S t r a n g e ,  "TIROS I11 
, R a d i a t i o n  Data Users ' Manual Supplement: C o r r e s t i o n  models 
for I n s t r u m e n t a l  Response Degradation",  NASA, Goddard Space 
F l i g h t  C e n t e r ,  G r e e n b e l t ,  Md., December 1, 1963. 

2.  W .  R. Bandeen, B. J. Conra th ,  W .  Nordberg and H. P. Thompson, 
"A Rad ia t ion  V i e w  of Hurr icane  Anna from t h e  TIROS I11 
Meteorological S a t e l l i t e " ,  Proc. F i r s t  I n t L I  .Symposium on 
Rocket and S a t e l l i t e  Meteorology, Wash., D.C., A p r i l  1962,  
Amsterdam: Nqth -Hol l and  P u b l i s h i n g  Co. ,  1963. 

3. "TIROS I V  R a d i a t i o n  D a t a  Catalog and Users' Manual," 
NASA/Goddard Space F l i g h t  C e n t e r ,  G r e e n b e l t ,  Md., 
15 December 1963. 

4 .  D. Q. Wark and J. S. Winston,  "Appl ica t ion  of S a t e l l i t e  
R a d i a t i o n  Measurements t o  Synop t i c  A n a l y s i s  and to S t u d i e s  
of P l a n e t a r y  H e a t  Budget", Proc.  F i r s t  I n t l .  Symposium 

on Rocket and S a t e l l i t e  Meteorology, Washington, D. C . ,  

A p r i l  1962, Amsterdam: North-Holland P u b l i s h i n g  CO. ,  1963. 

L 

5. W .  Nordberg, W .  R: Bandeen, V. Kunde and G. Warnecke, 
" S t r a t o s p h e r i c  Temperature Pa t t e rns  Based on Radiometric 
Measurements from t h e  TIROS V I 1  S a t e l l i t e " ,  NASA TN ( t o  

be p u b l i s h e d ) ,  Goddard Space F l i g h t  Cen te r ,  Greenbelt, Md. 



? -21- 

9. REFERENCES (Continued)  

6. D. Q. Wark, G. Yamamoto and J. H. L ienesch ,  "Methods of 
E s t i m a t i n g  I n f r a r e d  F lux  and Sur face  Temperature  from 
M e t e o r o l o g i c a l  S a t e l l i t e s " ,  J o u r n a l  of t h e  Atmospheric 
S c i e n c e s ,  V o l e  19, ( 5 ) ,  369-384, S e p t .  1962. 

7. Hanel ,  R. A. and D. Q. Wark, "Phys ica l  S i g n i f i c a n c e  of  t h e  
TIROS I1 R a d i a t i o n  Experiment", NASA T e c h n i c a l  Note 

U D-701, Dec. 1961. 

8. "TIROS I11 R a d i a t i o n  Data Users' Manual", NASA/Goddard 
Space F l i g h t  Center ,  G r e e n b e l t ,  Maryland, August 1962. 

9. T. F u j i t a ,  "Out l ine  of a Theory and Examples for P r e c i s e  
A n a l y s i s  of S a t e l l i t e  Rad ia t ion  Data", Mesometeorology 

P r o j e c t  Research  Paper  15, U n i v e r s i t y  of Chicago,  Feb. 1963. 

10. S. F r i t z  and J. S. Winston ,  "Synopt ic  U s e  of R a d i a t i o n  
Measurements f r o m  S a t e l l i t e  TIROS IIJ!, Monthly Weather 
Review, V o l e  90,  1, (1962).  

11. S. F r i t z ,  n S a t e l l i t e  P i c t u r e s  and t h e  O r i g i n  of Hur r i cane  
. Anna", Monthly Weather Review, V o l .  90, pp. 507-513, 

Dec. 1962. 

12 .  W .  R. Bandeen, "TIROS I1 Rad ia t ion  D a t a  Users' Manual 
Supplement,  " NASA/Goddard Space F l i g h t  C e n t e r ,  G r e e n b e l t ,  
Maryland,  May 15, 1962. 

a 13. "TIROS 111 R a d i a t i o n  Data C a t a l o g ,  I' NASA/Goddard Space 
F l i g h t  C e n t e r ,  Greenbelt, Maryland, 15 December 1962. 



9. REFERENCES (Continued)  

-22- 

14.  D a i l y  S e r i e s ,  S y n o p t i c  Weather Maps, P a r t  11, Nor the rn  
Hemisphere Data T a b u l a t i o n s ,  Dai ly  B u l l e t i n ,  J u l y  1 6 ,  1961,  
U. S ,  Department of Commerce, Weather Bureau,  Government 
P r i n t i n g  O f f i c e ,  Washington, D. C. 

15. T. F u j i t a  and J. Arnold ,  "The Decaying S t a g e  of H u r r i c a n e  
Anna of J u l y  1961,  as P o r t r a y e d  by TIROS Cloud Pho tographs  
and I n f r a r e d  R a d i a t i o n  from t h e  Top of t h e  Storm", 
Mesometeorology P r o j e c t ,  Research Pape r  2 8 ,  U n i v e r s i t y  of 
Chicago ,  November 1963. 

v 

16. W Nordberg,  !'Research w i t h  TIROS R a d i a t i o n  Measurements", 
A s t r o n a u t i c s  and Aerospace E n g i n e e r i n g ,  V o l .  1, NO. 3, 
pp. 76-83, A p r i l  1963. 

17. F. Maller and E. Raschke,  "Evalua t ion  of TIROS I11 Radia t ion  
Data", I n t e r i m  Report N o .  1, Ludwig-Maximilians-Universitgt , 
M e t e o r o l o g i s c h e s  I n s t i t u t ,  Milnchen, Germany, J u l y  1963. 

18. F. Meller, "b;ome P r e l i m i n a r y  Evaluat i 'on of TIROS I1 Rad ia t ion  
Measurementst1, U n i v e r s i t g t  Milnchen, M e t e o r o l o g i s c h e s  

I n s t i t l i t ,  J a n u a r y  15, 1962. 

. 19. F. Maller, "Atmospheric Water Vapor Measurements a t  6-7 
Microns  from a S a t e l l i t e " ,  P l a n e t  Space S c i e n c e ,  V o l .  5, 
pp. 202-206, Pergamon Press ,  Great B r i t a i n ,  1961. 

"i 

20. W. R. Bandeen, P r i v a t e  Correspondence,  June  1964. - 
! 



-23- 

9 . REFERENCES (Continued)  

21. L. A.  Vuore l a ,  "On t h e  A i r  Flow Connected w i t h  t h e  
I n v a s i o n  of Upper T r o p i c a l  A i r  o v e r  Nor thwes te rn  Europe", 
Geophys ics ,  V o l .  4 ,  pp. 105-130 (1953) .  

~ 22. L. A,  Vuore l a ,  "A S tudy  of Vertical V e l o c i t y  D i s t r i b u t i o n  
i n  some Jet S t r eam Cases o v e r  Western Europe,  Geophys ics ,  
V o l .  6(2), pp. 68-90, (1957). 

23. E. P a u l  McClain, "The Case of March 9 ,  1962 - An I n v e s t i g a t i o n  
of t h e  S t r u c t u r e  of Cloud and Weather Systems A s s o c i a t e d  
w i t h  Cyclones  i n  t h e  Uni ted  S t a t e s " ,  S c i e n t i f i c  Report 
No .  11, U n i v e r s i t y  of Chicago,  S e p t .  1963.  

24,. P. K .  Rao and J. S. Winston,  "An I n v e s t i g a t i o n  of Some 
S y n o p t i c  C a p a b i l i t i e s  of Atmospheric'Window" Measurements 
f o r  S a t e l l i t e  TIROS II", J o u r n a l  09 Appl i ed  Meteoro logy ,  
V o l .  2, 1 (1963) : 

W 25. L. J.  A l l i s o n ,  T. I .  Gray, J r . ,  and G. Warnecke, "A Quasi-  
Global P r e s e n t a t i o n  of TIROS 111 Radiat ion Data", NASA 
SP 53 - (November 1964) ,  Goddard Space F l i g h t  C e n t e r ,  
G r e e n b e l t ,  Maryland 

. .  ... " 
- ' ' W . . .  , ,. . . , , 

, .  . " -  . .  

4 



1 
-24 - 

FIGURE CAPTIONS 

1. A n a l y s i s  of channe l  2 r ad ia t ion  data of t h e  e a r l y  stage 
of Hur r i cane  Anna, J u l y  16, 1961 (open mode d a t a  only)  
hand p l o t t e d  from l i s t i n g s  . 

2. Composite a n a l y s i s  of channe l  2 r a d i a t i o n  d a t a  ( l i s t i n g s )  
and a g r i d d e d  t e l e v i s i o n  p i c t u r e  of t h e  e a r l y  stage of 
Hur r i cane  Anna. 

3. The s u r f a c e  s y n o p t i c  c h a r t  1200 GMT, J u l y  16, 1961 o v e r  
t h e  U n i t e d  S t a t e s  ( N a t i o n a l  Meteorological C e n t e r ,  U. S 
Weather Bureau).  

4. 500 m b  c o n s t a n t  p r e s s u r e  c h a r t  o v e r  t h e  U n i t e d  S t a t e s ,  
a t  1200 GMT, J u l y  16, 1961. 

5. Convent iona l  c l o u d  a n a l y s i s  over  t h e  Uni ted  S t a t e s  a 

6. Mosaic and n e p h a n a l y s i s  of TIROS I11 ‘ t e l e v i s i o n  p i c t u r e s  

1200 GMT, J u l y  16, 1961. 

over t h e  United S t a t e s  recorded  d u r i n g  o r b i t  61, 1655 GMT, 
J u l y  1 6 ,  1961. 

7. Channel 2 r a d i a t i o n  a n a l y s i s  (TBB; OK) o v e r  t he  United 
S t a t e s  r eco rded  d u r i n g  o r b i t s  57, 58, and 60, J u l y  16, 1961 
from 1000 GMT t o  1500 GMT. 

8. Revised  surTace  a n a l y s i s  ove r  t h e  United S t a t e s  a t  1200 GMT, 
J u l y  16 ,  1961 (Diagonal  l i n e  i n d i c a t e s  p a t h  of v e r t i c a l  
cross sect ion i n  F i g u r e  (17 ) ) .  

9. TIROS 111 e v a l u a t i o n  d iagram for conver s ion  of channe l  1 
and c h a n n e l  2 TBB data t o  t r o p o s p h e r i c  mean r e l a t i v e  
humid i ty  (%). For  a p a i r  of s imul t aneous  c h a n n e l  2 and 
c h a n n e l  1 v a l u e s ,  t h e  mean r e l a t i v e  humidi ty  i s  de te rmined  
by t h e i r  i n t e r s e c t i o n .  For  example, for channe l  2 (260OK) 
and c h a n n e l  1 (2350K), t h e  Mean Rela t ive  Humidity = 60%. 
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FIGURE CAPTIONS (Continued) 

10. A n a l y s i s  of, s a t e l l i t e - d e r i v e d  mean r e l a t i v e  humidity 
, (%) for o r b i t s  57, 58, and 60 on J u l y  16, 1961. 

11. A n a l y s i s  of c o n v e n t i o n a l  300 mb r e l a t i v e  humidi ty  
I (%) at 1200 GMT, J u l y  16, 1961, o v e r  t h e  United S t a t e s .  
1 -  

12.  A n a l y s i s  of c o n v e n t i o n a l  400  m b  r e l a t i v e  humidi ty  
(%) a t  1200 GMT, J u l y  16, 1961, o v e r  t h e  Uni ted  S t a t e s .  

, 

13. A n a l y s i s  of c o n v e n t i o n a l  500 m b  r e l a t i v e  humidi ty  
(%) a t  1200 GMT, J u l y  16, 1961, o v e r  t h e  United S t a t e s .  

14. Analys i s  of convent iona l  1000 m b  t o  500 m b  mean r e l a t i i v e  
humidi ty  ($1 a t  1200 GMT, J u l y  16, 1961, o v e r  t h e  
United S t a t e s .  

15. A n a l y s i s  of v e r t i c a l  motion (650 m b  l eve l )  i n  cm/sec 
at 1200 GKT, J u l y  16, 1961. 

16 .  A n a l y s i s  of p r e c i p i t a t i o n  amounts ( i n c h e s )  a t  1200 GMT 
(4-1 - h r )  , J u l y  16, 1961,  over t h e  United S t a t e s .  

. .  
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FIGURE CAPTIONS (Continued) 

I 
I 17. Vertical  c r o s s - s e c t i o n  ove r  t h e  Uni ted  S t a t e s  a t  1200 GMT, 

1 

J u l y  16, 1961. Temperatures  are i n  OC. Thermal 
d i s c o n t i n u i t i e s  are ind ica ted  i n  a c o n v e n t i o n a l  manner. 
The humidi ty  d i s t r i b u t i o n  i s  for  pract ical  r e a s o n s  pre- 
s e n t e d  by i s o l i n e s  O f  temperature-dewpoint  d i f f e r e n c e s  i n  
OC . Grey shades d i f f e r e n t i a t e  t h e  s i g n i f i c a n t  m o i ' s t  zones  
( l i g h t  grey:  more t h a n  20° temperature-dewpoint d i f f e r e n c e ;  
medium grey:  l e s s  t h a n  50 temperature-dewpoint d i f f e r e n c e ;  
dark g r e y  i n d i c a t e s  s c h e m a t i c a l l y  c l o u d  s y s t e m s  i n f e r r e d  
by c o n v e n t i o n a l  and by s a t e l l i t e  data). The heavy so l id  
l i n e  w i t h  do ts  superimposed r e p r e s e n t s  t he  e f f e c t i v e  
r a d i a t i o n  h e i g h t s  der ived from e q u i v a l e n t  blackbody 
t empera tu re  measurements of c h a n n e l  2 and c o n v e n t i o n a l  
r ad iosonde  data. The p l o t t i n g  model used  shows a i r  
t empera tu re  t o  t h e  l e f t  of t h e  b l a c k  d o t  and a i r  t e m p e r a t u r e ,  
dewpoint  t empera tu re  d i f f e r e n c e  on t h e  r i g h t .  

18. Composite map of channe l  2 r a d i a t i o n  data and revised 
s u r f a c e  s y n o p t i c  a n a l y s i s  on a q u a s i - g l o b a l  scale f o r  
J u l y  16 ,  1961. 
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