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INFRARED FLUX AND SURFACE TEMPERATURE DETERMINATIONS 
FROM TIROS RADIOMETER MEASUREMENTS 

ABSTRACT 

The TIROS I1 meteo ro log ica l  s a t e l l i t e  c a r r i e d  a m u l t i p l e  channel  rad io-  
meter of  medium r e s o l u t i o n  (about 5 deg rees ) .  
e d  t o  measure t h e  upward r a d i a t i o n  i n  t h e  "window" a t  8-12 microns,  and over 
t h e  broad s p e c t r a l  r eg ion  of 7-30 microns.  To deduce  s u r f a c e  temperatures  
and t o t a l  upward f l u x  va lues  from t h e  measurements i n  these  two channe l s ,  
a d d i t i o n a l  o p e r a t i o n s  must be c a r r i e d  ou t  on t h e  d a t a .  As a b a s i s  f o r  t hese  
t r ans fo rma t ions ,  t h e  s p e c i f i c  s p e c t r a l  i n t e n s i t y  over  t h e  e n t i r e  i n f r a r e d  
r eg ion  was c a l c u l a t e d  a t  f i v e  z e n i t h  ang le s  f o r  each of  106 atmospheric  m o c l c k .  
I n  the  7-30 micron channel ,  an e m p i r i c a l  r e l a t i o n  was found t o  t ransform 
measured va lues  t o  t o t a l  i n t e n s i t y ;  and,  from t h e  l imb-darkening exh ib i t ed  by 
t h e  106 i n d i v i d u a l  models, a method of c a l c u l a t i n g  f l u x  was formulated;  i n  t h i s  
c a s e ,  t h e  resul ts  c o n t a i n  inaccurac i e s  of on ly  about  two percent  a t t r i b u t a b l e  
t o  t h e  method used.  I n  the  8-12 micron channel ,  t h e  in f luence  of ozone and 
water  vapor was determined fo r  the  model a tmospheres ,  and curves were devc lop-  
e d  f o r  t h e  d i r e c t  t r ans fo rma t ion  from measured va lues  t o  s u r f a c e  tempera ture ;  
however, i f  a knowledge of t h e  water  vapor con ten t  of t he  viewed column i s  
l ack ing ,  e r r o r s  i n  t h e  i n f e r r e d  s u r f a c e  temperature  can range from near  ze ro  
t o  t en  degrees  o r  more. A s e r i e s  of r a d i a t i v e  f l u x  maps over  Europe, ca l cu -  
l a t e d  from t h e  7-30 micron d a t a ,  have va lues  whose magnitudes a r e  i n  accord 
wi th  o t h e r  e s t i m a t e s  and measurements. Corrected s a t e l l i t e  8-12 micron da ta  
a r e  compared wi th  s h e l t e r  tempera tures  f o r  s e v e r a l  s t a t i o n s  i n  a c l o u d l e s s  
area;  t h e  range of t h e  s a t e l l i t e  da ta  from 3.5 degrees  h ighe r  t o  5.0 degrees  
lower than  t h e  s h e l t e r  d a t a  i s  d i s c u s s e d .  

Two of t h e  channels  were design-  

I .  INTRODUCTION 

Radiometers of r e l a t i v e l y  h igh  angu la r  r e s o l u t i o n  and low s p e c t r a l  rcso-  
l u t i o n  have been designed t o  measure from s a t e l l i t e s  the  r a d i a t i o n  emanating 
from the  e a r t h  and t h e  atmosphere.  The i r  purpose i s  t o  provide measurements 
of temperature  and of  t h e  h e a t  ba lance  f o r  me teo ro log ica l  u se .  However, the 
d e s i r e d  q u a n t i t i e s  are no t  immediately d e r i v a b l e  from t h e  measurements, b u t  
r e q u i r e  c o n s i d e r a t i o n  of t he  s p e c t r a l  response of t h e  ins t ruments  and of t h e  
p rocesses  g i v i n g  rise t o  the  r a d i a t i o n ,  as w i l l  be shown. I n  t h e  ensuing  
d i s c u s s i o n ,  t h e  TIROS I1 radiometers  and the  measurements ob ta ined  by them 
are  c i t e d ,  bu t  t h e  p r i n c i p l e s  are  a p p l i c a b l e  t o  any s i m i l a r  ins t rument .  

The s a t e l l i t e s ,  TIliOS 11, 111, and IV each c a r r i e d  a m u l t i p l e  channel  
radiometer  w i th  a r e s o l u t i o n  of about  f i v e  deg rees .  be t a i l s  of  t h i s  e x p e r i -  
ment a r e  d i scussed ,e l sewhere  (Astheimer, DeWaard and Jackson,  [ 1  1 ; Hanel 
and Wark, [151 . Essen t i . a l ly ,  t h e r e  were f i v e  broad band channe l s ,  two a t  
s h o r t  ( s o l a r )  wave l eng ths  and t h r e e  a t  long ( t e r r e s t r i a l )  wave l e n g t h s .  The 
e a r t h  was scanned by t h e  rad iometer ,  mounted a t  45 degrees  from t h e  s p i n  a x i s  
of t h e  c ~ t e l l i t e ;  p rogres s ive  scan  swaths can be r econs t ruc t ed  a s  r a d i a t i o n  
maps. The response ve r sus  f requency f o r  each channel  is shown by Hanel and 
Wark. 

The r a d i a t i o n  d a t a  from a channel  of t h e  TIROS radiometer  con ta in  t h e  
s p e c t r a l  c h a r a c t e r i s t i c s  of bo th  t h e  f i l t e r  and t h e  r a d i a t i o n ;  a l though each 
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i s  v a r i a b l e  through the  spectrum, the  f i l t e r  remains cons tan t  while the  spec- 
t r a l  shape of the  r a d i a t i o n  changes with the  meteorological  cond i t ions ,  The 
two a r e  not  y e t  separa ted .  I n  add i t ion ,  each radiometer response does not  
necessa r i ly  cover a s p e c t r a l  band i n t e r v a l  which is necessary and s u f f i c i e n t  
f o r  the  deduction of meteorological ly  s i g n i f i c a n t  q u a n t i t i e s .  These problems 
a r e  examined i n  t h i s  paper,  and methods of deducing des i red  q u a n t i t i e s ,  spec i -  
f i c a l l y  the  outgoing in f r a red  f l u x  and the  su r face  temperature,  are explored.  
The d iscuss ion  w i l l  be confined t o  channels 2 and 4, which a r e  s e n s i t i v e  i n  
the  ranges 700-1400 cm." and 300-1400 cm.-l, r e spec t ive ly .  

11. ACCOUNTING FOR THE INFLUENCE OF THE FILTERS 

Because of the  r a t h e r  high angular  r e s o l u t i o n  of the  TIROS radiometer,  
the  sensed r a d i a t i o n  comes from a small area wi th in  which the  d i r e c t i o n  of 
propagation is  nea r ly  cons tan t  r e l a t i v e  t o  t h e  l o c a l  v e r t i c a l ;  dimensionally,  
then,  s p e c i f i c  i n t e n s i t y  is  i m p l i c i t  i n  a measurement. I n  add i t ion ,  however, 
the  r a d i a t i o n  i s  f i l t e r e d  before  a r r i v i n g  a t  the  sensor .  Therefore ,  the  
quan t i ty  measured by the  TIROS radiometer i s  

3 n t  00 

where I,Ce)is the  t o t a l  s p e c i f i c  i n t e n s i t y  passing through a f i l t e r  i n  the  
d i r e c t i o n  
e a r t h ' s  atmosphere a t  wave number 9 ; Cpw is  the  f i l t e r  t ransmi t tance ;  and the 
l imi t ing  wavenumbers v ,  and % determine an i n t e r v a l  ou t s ide  which ( p , = O ,  
By the  mean value theorem f o r  the  i n t e g r a l s ,  (1) can be w r i t t e n  as 

+, t he  z e n i t h  angle ;  14ei.s the  outgoing i n t e n s i t y  from the  

where 9 defined by (2),  is  the  average value of Cp, between Y; and Y; . 
The i n t e g r a l  &!&Ce)dv is a meteoro logica l ly  s i g n i f i c a n t  quan t i ty  and should be 
estimated from the  observed d a t a .  However, s ince  9 depends not  only on Y; . , 
and yi, bu t  a l s o  on the  func t iona l  shape of I,@], a unique r e l a t i o n  between 
I,@') and[:q9)d$ does not  e x i s t  t h e o r e t i c a l l y .  
quence of us ing  a broad band f i l t e r  with a varying t ransmi t tance  with r e spec t  
t o  wave number. P r a c t i c a l l y ,  i f  the  v a r i a b i l i t y  of cp with r e spec t  t o  the  
d i f f e r e n t  values  ofJ:TJ%)d+ which we encounter i n  the  e a r t h ' s  atmosphere is  
t o l e r a b l y  small, then we can eva lua te  &*I,(* with in  reasonable  l i m i t s .  
Furthermore, since the  f i l t e r  t r a n s m i t t h c e  drops r a p i d l y  a t  both ends,  i t  is  
poss ib l e  t o  use the  fol lowing r e l a t i o n  in s t ead  of (2): 

This  i s  an  i n e v i t a b l e  conse- 

(3) 

v;' 
where%'>q ,  and $4 V ; .  The new average f i l t e r  t ransmi t tance ,  9' , is  made 
a s  i nva r i ab le  as poss ib l e  with varying atmospheric condi t ions  by s u i t a b l y  
choosing 3E.; and Y".,'. I n  order  t o  do t h i s ,  it is  necessary t o  c a l c u l a t e  the  
outgoing i n t e n s i t i e s  wi th  and without  a f i l t e r  f o r  a s  many d i f f e r e n t  atmos- 
pher ic  condi t ions  a s  p o s s i b l e  and t o  determine from these  the  l i m i t s  y ' a n d  
.r;. 
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Next, i n  o r d e r  t o  be a b l e  t o  e v a l u a t e  the  outgoing i n t e n s i t y  f o r  the 
i n t e r v a l  o u t s i d e  the  l i m i t s  o f  our  f i l t e r  t r ansmi t t ance ,  i t  is  necessary  t o  
f i n d  some e m p i r i c a l  r e l a t i o n s h i p  between t h i s  a u a n t i t y  and the  observed 
qiiant i t y  . 

I n  s tudy ing  these  problems, t he  outgoing i n t e n s i t y  was c a l c u l a t e d  f o r  
106 atmospheric  models a t  f i v e  z e n i t h  ang le s  ( e= O o ,  20°, 45', 60°, and 78.50). 
The models were taken from radiosonde data from a l l  l a t i t u d e s  and seasons ,  
59 of  them wi th  c lear  sky cond i t ions  and 47 with  ove rcas t  cond i t ions  a t  
d i f f e r e n t  c loud a l t i t u d e s  (clouds are assumed t o  be b l ack ) .  A l l  t h e  soundings 
used went t o  a t  least  25 mb. and the  temperatures  were e x t r a p o l a t e d  p a r a l l e l  
t o  a s tandard  atmosphere (Minzner e t  a l . ,  [171) t o  the p re s su re  0 . 1  mb. 
Humidity was e x t r a p o l a t e d  t o  conform i n  gene ra l  t o  observed s t r a t o s p h e r i c  
va lues  (See,  f o r  example, t he  summary by Barclay,  e t  a l . ,  C3l ) wi th  cons t an t  
f r o s t  p o i n t s  above 100 mb. and c o n s t a n t  mixing r a t i o s  above 10 mb. The ozone 
d i s t f i i b u t i o n s  f o r  d i f f e r e n t  l a t i t u d e s  and seasons were assumed from the  work 
of Dutsch [81  and of Cra ig  [SI. 

Appendix A l is ts  the  p r e s s u r e ,  temperature ,  water vapor ,  and ozone d i s t r i -  
bu t ions  of  t he  106 atmospheric  models which were used i n  the  c a l c u l a t i o n  of 
t h e  outgoing i n t e n s i t y .  I n  a d d i t i o n ,  the  sky c o n d i t i o n  and t o t a l  water vapor 
and ozone massesJare l i s t e d  wi th  each model. The l o c a t i o n  and time of the  
radiosonde release a r e  a l s o  presented  

111. TRANSMISSION 

To c a l c u l a t e  t he  outgoing r a d i a t i o n ,  the  spectrum was d iv ided  i n t o  77 
i n t e r v a l s ,  most of  which are 25 cmT1 wide. 

' The t ransmiss ion  f o r  each  i n t e r v a l  o f  t h e  H 0 bands,  except  the window 
reg ion ,  was expressed g r a p h i c a l l y  as shown i n  f i g u r e  1 wi th  use of two para-  
meters; 1 , U / Z  and f& , where 

n P 

and 1, is the  gene ra l i zed  abso rp t ion  c o e f f i c i e n t  def ined  by Elsasser [ 9 1, 
3 i s  the  a c c e l e r a t i o n  due t o  g r a v i t y ,  % ( i n  grn.k$') i s  the  mix ing- ra t io ,  P 
is  the  p r e s s u r e ,  P, i s  the  s t anda rd  p res su re  (1013.25 mb.), and oc and a r e  
the  ha l f -wid th  a t  p and po r e s p e c t i v e l y .  The shape of t he  t ransmiss ion  
curve f o r  pd = 1 i s  based on Cowling's "universa l"  curve [4 1, which, accord- 
i ng  t o  him, can  be used w i t h  adequate  accuracy  f o r  every  25 cm:l i n t e r v a l s  
of the  H20 spectrum. Later Goody [121 has  shown t h a t  t h e  t ransmiss ion  due t o  
h i s  random model ag rees  wel l  wi th  t h i s  curve ,  and Yamamoto [271 
i n  c o n s t r u c t i n g  h i s  r a d i a t i o n  c h a r t .  I n  o r d e r  t o  expres s  t h e  p re s su re  e f f e c t  

has  used it 
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reasonably  ( refer  t o  Yamanioto and Sasamori 
d i f f e r e n t  va lues  of re a r e  shown i n  f i g u r e  1. Cons t ruc t ion  of  these curves  is  
based on measurements o f  Howard, Burch,and Willianis 1161 i n  the  6 . 3  micron 
H 2 0  band. 
va lues  f o r  the r o t a t i o n a l  band a r c  those  coni i led by Yamamoto 1271 , based 
on Yamamoto and O n i s h i ' s  t h e o r e t i t a l  va lues  7 281 
on the  whole r o t a t i  n a l  band and Weber and Randa l l ' s  nieasurenients [ 25 1 f o r  
t he  400 t o  600 cm. The va lues  of  & f o r  the  6 . 3  micron band a r e  
newly eva lua ted  based on measurements c a r r i e d  ou t  i n  our  l a b o r a t o r y  (unpublished) 
and r e f e r r i n g  t o  measurements of Howard, Burch,and Williams 
Fowle [ 10 1. 

h O ] )  t he  t ransmiss ion  curves w i t h  

The va lue  of R p f o r  each 25 cmY1 i n t e r v a l  i s  shown i n  Table 1. The 

, corresponding t o  T = 260K 

-Y * i n t e r v a l  , 

[16]  and a l s o  of  

For the  window reg ion  from 778 t o  1232 cm." the  outgoing  r a d i a t i o n  w a s  
f i r s t  c a l c u l a t e d  on the b a s i s  of d a t a  and a formula proposed by Roach and 
Goody 2 1  1 . However, because t h i s  procedure i s  too  s o p h i s t i c a t e d  f o r  prac-  
t i c a l  a p p l i c a t i a n ,  t h e  use of t he  formula was d i scon t inued .  I t  was found 
i n s t e a d  t h a t  t he  outgoing i n t e n s i t y  c a l c u l a t e d  by the  Roach and Goody formula 
can be approximated f a i r l y  w e l l  by us ing  the  f r a c t i o n a l  abso rp t ion  curves  
shown i n  f i g u r e  3 ,  which are very  close t o  t h e  exponen t i a l  curve and which 
are expressed  a s  a func t ion  of t he  e f f e c t i v e  o p t i c a l  pa th  ue given  hy 

0 

The t ransmiss ion  va lues  f o r  each i n t e r v a l  i n  the  window reg ion  a r e  shown i n  
f i g u r e  3 .  

The t r ansmiss ion  va lues  o f  t he  9 .6  micron ozone band f o r  the  i n t e r v a l  
from 948 t o  1100 cm." were eva lua ted  from the  measurements o f  Walshaw 
and were expressed  as func t ions  of the  ozone pa th  l eng th  k(OJ, and the  p re s su re  
parameter pcCo,), where 

241 

0 

*After completion of the  computation of  the  outgoing  i n t e n s i t y ,  a r e c e n t  
i n v e s t i g a t i o n  of  the  abso rp t ion  o f  t h e  r o t a t i o n a l  band of H 2 0  by Palmer [20]  
was no ted .  He measured the  f r a c t i o n a l  abso rp t ion  of the r o t a t i o n a l  band 
between 200 and 500 cm.''. 
taken by him as a rneasiire of t he  band i n t e n s i t y  and p l o t t e d  a s  a func t ion  of 
the  wave number as shown i n  f i g u r e  2 ;  he re  CC is the  vapor o p t i c a l  p a t h  i n  
gm. cm.'* and p*=p,+ bp, wi th  p+ t he  t o t a l  p re s su re  and 5 t he  p a r t i a l  p re s su re  
of  water  vapor. Therefore  i n  o r d e r  t o  compare our  t ransni ies ion w i t h  Pa lmer ' s ,  
t he  value o f  u f o r  50 pe rcen t  a b s o r p t i o n  f o r  Q-f assuming T = 300K was obta ined  
from Yamamoto's paper  [271 and i s  shown i n  f i g u r e  2 .  It w i l l  be seen t h a t  
Palmer 's  exper imenta l  va lues  and our  valrles based on t h e o r e t i c a l  c a l c u l a t i o n  
ag ree  f a i r l y  wel l .  

The va lue  of  p*u f o r  50 percen t  a b s o r p t i o n  was 



TABLE I. GENERALIZED ABS~RPTION COEFFICIENT OF THE ~ 2 0  BANDS AND TRANSMITTANCE OF FILTERS 

INTERVAL Band L i m i t s  
(em-1) 

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 

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 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 

0-25 
25-50 
50-75 
75- 100 
100-125 
125- 150 
150-175 
175 -200 
200 - 2 25 
225 - 250 
250-275 
2 75 -300 
300-325 
325 - 350 
350 - 3 75 
3 75 -400 
400-425 
425-450 
450475 
475500 
500 - 5 25 
525-550 
550-575 
575-600 
600-625 
625-650 
650 - 675 
675 - 700 
700-725 
7 25 - 750 
750-778 
778-814 
814-871 
8 71-908 
908-948 

948-1100 
1100- 1149 
1149- 1198 
1198-1232 
1232- 1250 
1250-1275 
1275-1300 
1300-1325 
1325-1350 
1350-1375 
13 75 - 1400 
1400- 1425 
1425- 1450 
1450- 14 75 
1475-1500 
1500- 15 25 
1525-1550 
1550- 1575 
15 75 - 1600 
1600- 1625 
1625-1650 
1650- 1675 
1675- 1700 
1700- 1725 
1725-1750 
1750- 17 75 
1775 - 1800 
1800- 1825 
1825-1850 
1850- 18 75 
1875- 1900 
1900- 1925 
1925-1950 
1950-1975 
1975-2000 
2000- 2025 
2025-2050 
2050-2075 
2075- 2100 
2100-2125 
2 125 - 2 160 
2 160- 2500 

Band 
Center 
(cm-1) 

12.5 
37.5 
62 -5 
87.5 
112.5 
137.5 
162.5 
187.5 
212.5 
237.5 
262.5 
287 -5 
312.5 
337.5 
362.5 
387.5 
412.5 
437.5 
462.5 
487.5 
512.5 
537.5 
562.5 
587.5 
612.5 
637.5 
662.5 
687.5 
712.5 
737.5 
764.0 
796.0 
842.5 
889.5 
928.0 

1024.0 
1124.5 
1173.5 
1215 -0  
1241.0 
1262.5 
1287.5 
1312.5 
1337.5 
1362.5 
1387.5 
1412.5 
1437.5 
1462.5 
1487.5 
1512.5 
1537.5 
1562.5 
1587.5 
1612.5 
1637.5 
1662.5 
1687.5 
1712.5 
1737.5 
1762.5 
1787.5 
1812.5 
1837.5 
1862.5 
1887.5 
1912.5 
1937.5 
1962.5 
1987.5 
2012.5 
2037.5 
2067.5 
2087.5 
2112.5 
2142.5 
2330.0 

25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
28 
36 
57 
37 
40 

15 2 
49 
49 
34 
18 
25 
25 
25 
25 
2s 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
25 
-25 3 5  
;Ls 3+0 

& 
(T= 260 K) 

12 
330 
65 0 
9 70 
1200 
1250 
1230 
1100 
700 
600 
400 
260 
170 
96 
52 
30 
18 
12 
7.5 
5 . O  
3.3 
2.25 
1.60 
1.15 
0.74 
0.54 
0.40 
0.305 
0.225 
0.185 
0.140 

0.32 
0.53 
0.95 
1.90 
4.4 
10.0 
13.0 
48. 
78. 
130. 
270. 
450. 
410. 
160. 
55. 
145. 
245. 
270. 
245. 
155. 
70. 
36. 
18. 
9.3 
5 .O 
2.8 
1.8 
1.12 
0.70 
0.43 
0.26 
0.17 
0.085 
0.050 
0.024 
0.011 
0.005 
0.000 

Transmittance v TIROS 11 TTRnS TI1 
_.A.\VY ..I 

Channe 1 Charrne 1 Channe 1 Channe 1 Channe 1 
2 4 2 4 2 

0.468 
0.418 
0.374 

0.328 
0.321 
0.302 
0.250 
0.159 
0.064 
0.015 

0.331 

0.002 
0.006 
0.012 
0.024 
0.032 
0.040 
0.038 
0.022 
0.011 
0.006 
0 -015 
0.047 
0.119 
0.168 
0.360 
0.465 
0.467 

0.033 
0.108 
0.152 
0.193 
0.189 
0.195 
0.213 
0.213 
0.200 
0.199 
0.200 
0.203 
0.201 
0.184 
0.170 
0.201 
0.275 
0.259 
0.254 
0.245 
0.333 
0.313 
'0.297 

0.001 
0.002 
0.008 
0.017 
0.032 
0.047 
0.070 
0.092 
0.094 
0 -060 
0.015 
0.008 
0.017 
0.070 
0.160 
0.253 
0.345 
0.410 
0.460 

0.046 
0.164 
0.255 
0.353 
0.356 
0.402 
0.457 
0.508 
0.527 
0.550 
0.570 
0.593 
0.612 
0.620 
0.631 
0.637 
0.587 
0.582 
0.568 
0.555 
0.541 
0.524 
0.508 

0 308 0.477 0.454 
0.304 0.440 0.396 
0.291 0.375 0.355 
0.266 0.320 0.310 
0.261 0.294 0.279 
0.257 0.262 0.245 
0.231 0.205 0.188 
0.176 0.140 0.083 
0.122 0.086 0.016 
0.048 0.041 
0.007 04N2 b.OZ0 

u . m z  

I 

QI 

I 

0.001 
0.002 
0.008 
0.017 
0.032 
0.047 
0.070 
0.092 
0.094 
0.060 
0.015 
0.008 
0.017 
0.070 
0.160 
0.253 
0.345 
0.410 
0 -460 

0.477 
0.440 
0.375 
0.320 
0.294 
0.262 
0.205 
0.140 
0.086 
0.041 

0 *ga 7- 

-&f302-0.020 
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region a r e  shown a s  a func t ion  of the  
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andp(O4 i s  t h e  ozone c o n c e n t r a t i o n  i n  . c m .  -atnio. p e r  nib. The t r a n s m i s s i o n  
v a l u e s  f o r  t h e  9 . 6  micron ozone band are ,shown i n  f i g u r e  4 ,  i n  which t h e  
band i n t e r v a l  w a s  t a k e n  t o  be 138 cm." as Walshaw d i d .  However, because 
i n  t h e  p r e s e n t  s t u d y  t h e  band i n t e r v a l  was assumed t o  be 152 c m . ' l ,  f o l l o w i n g  
Roach and Goody, t h e  a c t u a l  t . ransnt iss ion v a l u e  which was used i s  g i v e n  by 

where %'is t h e  f r a c t i o n a l  t r a n s m i s s i o n  shown i n  f i g u r e  4 and Z is  t h a t  used 
i n  t h e  p r e s e n t  s t u d y .  

It should  be noted  t h a t  t h e  t .emperaturc e f f e c t  on t r a n s m i s s i o n  has  been 
n e g l e c t e d  i n  b o t h  t h e  H20 and O3 t r a n s m i s s i o n s .  The 15 micron c0 band t r a n s -  
m i s s i o n  i s  based main ly  on t h e  work of Yanianioto and Sasamori 
Sasamori [ 22 1 , but  some m o d i f i c a t i o n s  were niade as a r e s u l t  of measurements 
which were carried o u t  i n  o u r  l a b o r a t o r y .  The t r a n s m i s s i o n  v a l u e s  f o r  e a c h  
s u b - i n t e r v a l  a r e  shown i n  f i g u r e  Sa through 5 j , in each. of which (a) i n d i -  
c a t e s  t h e  p r e s s u r e  e f f e c t  on t r a n s m i s s i o n  a t  300K and (b) t h e  tempera ture  
e f f e c t  on t r a n s m i s s i o n  a t  normal p r e s s u r e ,  The t r a n s m i s s i o n  v a l u e s  f o r  t h e  
4 . 3  micron C 0 2  band are based on t h e  measurements of Howard, Burch,and 
Wil l iams ,  and on o u r  own l a b o r a t o r y  measurements,  which are shown i n  f i g u r e  6.  

[@! and of 

I V .  THE OUTGOING IflTENSITY 

The o u t g o i n g  i n t e n s i t y  f o r  e a c h  i n t e r v a l  w a s  c a l c u l a t e d  a t  t h e  f i v e  
z e n i t h  a n g l e s  from 

by assuming t h e  0 . 1  mb. level a s  the top of t h e  atmosphere and by d i v i d i n g  
t h e  atmosphere i n t o  200 l a y e r s ,  where G is  t h e  c e n t e r  of t h e  i n t e r v a l  A Y  , 
T is  t e m p e r a t u r e ,  t h e  tempqra turc  a t  0 . 1  n i b . ,  'B i s  t h e  P l a n c k  i n t e n s i t y ,  
and Zj;  i s  t h e  t r a n s m i s s i o n  from, t h e  0 . 1  nib. l e v e l  t o  a g i v e n  l e v e l .  For t h e  
i n t e r v a l  i n  which t h e  H 2 0  and C 0 2  ( o r  03) bands o v e r l a p ,  T'gi i s  t a k e n  t o  be 
t h e  p r o d u c t  ,of t h e  t r a n s m i s s i o n s  of  t h e  s e p a r a t e  g a s e s .  

The o u t g o i n g  i n t e n s i t y  which p a s s e s  through a f i l t e r  is found by m u l t i -  
p l y i n g  t h e  average  f i l t e r  t r a n s m i t t a n c e  w i t h i n  t h e  i n t e r v a l  AVby t h e  a u a n t i t y  
e v a l u a t e d  i.n (10). Appendix B l i s t s  t h e  o u t g o i n g  i n t e n s i t y  and t h e  f i l t e r e d  
o u t g o i n g  i n t e n s i t y  € o r  e a c h  a t m o s p h e r i c  model a t  t h e  f i v e  z e n i t h  a n g l e s .  
Data f o r  TIROS 11 and IT1 are p r e s e n t e d .  
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PATH LENGTH OF OZONE = 103u03in cm-atm 

Figure 4. Transmission values of the 9 . 6  micron ozone band for  a band interval  
of  138 cm.'l. 
function of the ozone path length,  

Curves for  d i f f e r e n t  values of Pe are drawn a s  a 
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indicates the temperature e f f e c t  on transmission a t  normal pressure. 

The upper sect ion (a) of each figure indicates t e 
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The computed outgoing i n t e n s i t i e s  a t  8= Oo under three atmospheric condi- 

t i o n s  are shown i n  f i g u r e  7 .  A t  t h e  l e f t  are the  atmospheric  models, wi th  
p re s su re  ve r sus  a i r  temperature  drawn as s o l i d  l i n e s  ( the  e x t r a p o l a t e d  p a r t s  
are do t t ed )  and p res su re  versus  dew p o i n t s  as dashed l i n e s .  A t  the  r i g h t  the  
corresponding i n t e n s i t i e s ,  i n  c . g . s ,  u n i t s ,  versus  wave number are drawn as 
heavy l i n e s ;  the  l i g h t e r  l i n e s  r ep resen t  the  Planck i n t e n s i t i e s  ve r sus  wave 
number f o r  a range of tempera tures ,  as i n d i c a t e d .  These three diagrams reprc-  
s e n t  (a, c l o u d l e s s  cond i t ions  i n  the  A r c t i c  i n  win te r ;  (b) cloi.u.llcss condi- 
t i o n s  i n  t h e  western United S t a t e s  i n  sumnicr; and ( c )  overcas t  cond i t ions  i n  
t h e  Trop ic s .  The in f luence  of the  s t r o n g  abso rp t ion  bands i s  ev iden t  at: 600- 
800 cm." (carbon d i o x i d e ) ,  950-1100 cm." (ozone), and 1300-1900 a n . - '  (water 

fvapor)  . 9.Lp fib' dp 

V. ESTIMATION OF TIIE OUTGOING INTENSITY FROM TIROS DATA 
'5P 

Using the  computed r e s u l t s  f o r  106 model atmospheres,  i t  was found, 
a f t e r  s e v e r a l  t r i a l s  t h a t  the  va lues  of V, ' ,  and *' given  i n  Table 2 Rave 
t h e  least sca t te r  of oiitgoing i n t e n s i t y  between these  l i m i t s  p l o t t e d  a g a i n s t  
va lues  of i n t e n s i t y  through the  f i l t e r  ( E q . 1 ) ;  t hese  r e l a t i o n s  f o r  T I K O S  11 
(TIROS I1 w i l l  h e r e a f t e r  be c i t e d  u n l e s s  s p e c i f i c  r e fe rence  i s  made t o  another  
s a t e l l i t e )  are  shown i n  s i n g l e  mean l i n e s  i n  . f igures  8 a and b ,  f o r  channels  
2 and 4 ,  r e s p e c t i v e l y .  

TABLE 2 .  VALUES OF THE LIMITS %' AND y;' FOR TIROS 11, 111 and I V  

TIROS I1 Channel 2 814 c m , "  1325 cm.-'. 
Channel 4 350 cm.-1 1325 cm.-l 

TIROS 111 Channel 2 750 cm.-' 1250 cm." 
Channel 4 350 cm.-l 1149 crn,'l 

1250 crn.'l TIROS I V  Channel 2 750 cm. -1 

The i n t e n s i t i e s  between these  l i m i t s  f o r  TIROS 11, I11 and I V  a r e  shown i n  
Appendix B .  

Because t h e  dependence on 6 i s  sma l l ,  s i n g l e  mean l i n e s  i n  f i g u r e s  8 a 
and. b,  which inc lude  va lues  f o r  b =  O o ,  60°, and 78.5', provide s a t i s f a c t o r y  
t r ans fo rma t ions ,  w i t h  n e g l i g i b l e  e r r o r ;  va lues  f o r  b = 7 8 . 5 O  l i e  above the  
mean l i n e s  and those  f o r  8'= 0' l i e  below f o r  channel  2;  t he  r e v e r s e  i s  t r u e  
f o r  channel  4 .  The mean d e v i a t i o n s  of the  p o i n t s  from t h e  mean l i n e s  are 
abotit 0 .4  pe rcen t  f o r  channel  2 and 0 . 6  pe rcen t  f o r  channel. 4 .  

However, i n  the  case of channel  4 i t  i s  n o t  s u f f i c i e n t  t o  o b t a i n  the  
i n t e n s i t y  between 350 and 1325 cm." 
over  the  e n t i r e  i n f r a r e d  spectrum, which inc ludes  s p e c t r a l  reg ions  o u t s i d e  the  
observed p o r t i o n .  I n  these  o u t e r  r eg ions  the  average abso rp t ion  by t h e  
atmospheric  gases  i s  g r e a t e r  than  the  average i n  the observed r eg ion ,  so t h a t  
one cannot account  e x a c t l y  f o r  t he  unobserved p o r t i o n  of t he  spectrum nor  
should t h e  v a r i a t i o n  of i n t e n s i t y  w i t h  z e n i t h  angle  be the  same i n  t h e  observed 
and unobserved p o r t i o n s .  I n  f i g u r e  9 t h e  i n t e n s i t y  over  t he  e n t i r e  i n f r a r e d  
spectrum is p l o t t e d  ve r sns  the  i n t e n s i t y  through the  channel  4 f i l t e r :  ca lcu-  
l a t e d  va lues  a t  t h r e e  z e n i t h  ang le s  f o r  t he  106 model atmospheres are shown, 
.w i th  mean l i n e s  drawn f o r  

The d e s i r e d  q u a n t i t y  i s  the  i n t e n s i t y  

= O o ,  60' and 78.5'. The v a r i a b i l i t y  of  the 
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cated temperatures.  
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Figure 8 .  (a) S p e c i f i c  intensj . ty ,  814-1325 ~ . m . ~ ' ,  versus s p e c i f i c  jn tens i ty  
through the TIKOS - I1 channel 2 f i l t e r ;  (b) s p e c i f i c  i n t e n s i t y ,  
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channel 4 f i l t e r .  The data include values for  *=  Oo, 60°, and 
78.5O, calculated from 106 mode 1 atmospheres. 

, versus s p e c i f i c  i n t e n s i t y  through t h e  TIROS I1 
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t o t a l  i n t e n s i t y  i s  somewhat g r e a t e r  than  f o r  t h e  350 t o  1325 cm.- '  i n t e r v a l ,  
a s  can be seen  from a comparison of f i g u r e 8  b and 9 ,  but i t  i s  s t i l l  smal l ;  
on ly  a small cor . rect ion f o r  z e n i t h  ang le  i s  r equ i r ed .  The t ransformat ion  of 
t he  da t a  i n  f i g u r e  9 can be represented  well by the empi r i ca l  formula 

where r 
-2.6X10", and I,= 7500; the  f i n a l  term i n  (lla) is  smal l ,  a t  a l l  t imes less 
than  3 percen t .  For TIROS 111, t h e  angu la r  dependence given by the  l a s t  term 
i n  ( l l a )  i s  n e g l i g i b l e ;  f o r  t h i s  s a t e l l i t e ,  however, the  t ransformat ion  is no t  
q u i t e  l i n e a r ,  b u t  can be expressed by 

14,1000 and 8 = 4.040 a r e  eva lua ted  from the  %- = 0 l i n e ;  t .I 

where r '  110,500, s' = 1.971 and t '  = 6.419X10-6. 
t h e r e  was no channel  4 ;  by us ing  channel  2, n e v e r t h e l e s s ,  a f a i r  approximation 
of I('3j i s  p o s s i b l e .  I n  f i g u r e  10, the  channel  2 i n t e n s i t y  i s  p l o t t e d  ve r sus  

I n  t h e  case  of T I R O S  I V ,  

I(e) ; t he  mean l i n e c a n  be expressed by 

I.- 

where r" = 31,180, s" = 3.426, t" =-6,130, v" = 1.126, w" =-2.92X10'5, 

i s  seen  t o  be about  1.5 pe rcen t .  Thus, f o r  each of the  t h r e e  s a t e l l i t e s  a 
d i f f e r e n t  e m p i r i c a l  formula i s  found t o  be most s u i t a b l e .  

& = 78.5O and I,(8) is the  channel  2 i n t e n s i t y ;  t he  s c a t t e r  of p o i n t s  

I n i t i a l l y  i t  was thought t h a t  a b e t t e r  e s t i m a t i o n  of the  outgoing in t en -  
s i t y  over  t h e  whole spectrum might be achieved through the  combined use of 
channels  2 and 4 .  The s p e c t r a l  reg ions  o u t s i d e  t h e  channel 4 f i l t e r  are 
cha rac t e r i zed  b s t r o n g  abso rp t ion ;  t h i s  i s  a l s o  t h e  case  f o r  t he  i n t e r v a l  
350 t o  814 cm.-I, t h e  d i f f e r e n c e  between the  i n t e r v a l s  of t h e  channel  2 and 
channel  4 f i l t e r s .  From a mean r e l a t i o n  betwcen the  i n t e n s i t i e s  i n  the  
d i f f e r e n c e  i n t e r v a l  and o u t s i d e  the  channel  4 i n t e r v a l ,  u s ing  the  c a l c u l a t e d  
va lues  f o r  t h e  106 model atmospheres,  the  outgoing i n t e n s i t i e s  over  the  e n t i r e  
spectrum were estimated. 
same a s  t h a t  obtained when us ing  Eq. ( l l a ) .  Because t h e  d i f f e r e n c e  method 
o f f e r s  no advantage i n  t h e  c a l c u l a t e d  case ,  system no i se  i n  the a c t u a l  TIROS 
measurements makes the  use of t he  channel  4 da t a  a lone  p r e f e r a b l e .  

The mean e r r o r  by t h i s  method (0.7 pe rcen t )  was the  

V I .  ESTIMATION OF THE OIJTGOING FLUX 

From t h e  meteoro logica l  p o i n t  of view the  outgoing f l u x  i s  more s i g n i f i -  
c a n t  than  the  outgoing i n t e n s i t y  because the  former i s  the  r a d i a t i o n  leaving  
a u n i t  a r e a  of  t h e  atmosphere i n  a l l  d i r e c t i o n s ,  whereas the  l a t t e r  i s  the  
r a d i a t i o n  i n  one d i r e c t i o n  only .  The outgoing f l u x  F is given by 
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Figure 10. Total s p e c i f i c  in tens i ty  versus s p e c i f i c  in tens i ty  throush the TIROS I V  channel 2 f i l t e r .  
Data were calculated f r o m  106 model atmospheres; mean l i n e s  are drawn for B= Oo and 78.5O. 
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0 

where 
trum i n  the  d i r e c t i o n  8. Because the TIROS radiometer  measures only  the 
outgoing i n t e n s i t y  i n  a g iven  d i r e c t i o n ,  t he  angu la r  dependence of t h e  out -  
going i n t e n s i t y  has  t o  be known i n  o r d e r  t o  e v a l u a t e  F from the  observed d a t a .  

z(e) r e p r e s e n t s  t h e  outgoing i n t e n s i t y  over  t he  e n t i r e  i n f r a r e d  spec- 

The limb-darkening e f f e c t  was examined by c a l c u l a t i n g  the  outgoing 
i n t e n s i t y  f o r  B= 0, 2oo, 45*, 6oo, and 78.5’ f o r  t he  106 model atmospheres.  
I n  f i g u r e  11 i s  shown the  limb-darkening f o r  s e v e r a l  model atmospheres,  inc lud-  
ing  extreme cases i n  which the l a r g e s t  amotints of water vapor are i n  c lear  sky 
cond i t ions  and t h e  smallest amounts are i n  ove rcas t  c o n d i t i o n s ,  and the  mean 
f o r  t he  106 models. Limb-darkening i s  here  def ined  i n  the  usua l  way, as the  
r a t i o  of  t he  i n t e n s i t y  i n  d i r e c t i o n  6 
I(’%)/I[OI i s  drawn ve r sus  b i n  t h i s  f i g u r e .  
l a rge  where t h e  amount of  water vapor and the  temperature  lapse  rate i n  the 
t roposphere are l a r g e ,  as u s u a l l y  occurs  a t  lower l a t i t u d e s ;  a t  h igh  l a t i t u d e s  
o r  i n  h igh  t h i c k  ove rcas t  c o n d i t i o n s ,  where the  amount of water vapor and the  
temperature  lapse  rate are less, the  e f f e c t  i s  smaller. As a f i r s t  approxi-  
mat ion,  t he  limb-darkening f o r  any atmospheric  cond i t ion  might be assumed t o  
be t h a t  o f  the average f o r  t h e  106 model atmospheres.  This  average curve may 
be expressed  wi th  cons ide rab le  acciiracy by the  e m p i r i c a l  formula 

t o  the  i n t e n s i t y  i n  the  v e r t i c a l ;  
The limb-darkening e f f e c t  i s  

wi th  a = -1.989X10m4, b = 5.876X10-6, c =-1.928X10-7, and 8 i n  degrees .  
However, i t  is  appa ren t  from the  curves shown i n  f i g u r e  11 f o r  s e v e r a l  d i f f e r e n t  
atmospheres t h a t  the use of t h e  average limb-darkening curve f o r  a l l  cond i t ions  
w i l l  in t roduce  e r r o r s .  These e r r o r s  w i l l  be sys t ema t i c ,  r a t h e r  than  random, 
g iv ing  f o r  l a r g e  z e n i t h  ang le  measurements an  ove res t ima t ion  of f l u x  i n  high 
l a t i t u d e s  and areas of  o v e r c a s t  c o n d i t i o n s ,  and an  underes t imat ion  f o r  warm 
moist  c o n d i t i o n s  encountered a t  low l a t i t u d e s ;  t h e  r eve r se  i s  t r u e  a t  very  
small z e n i t h  a n g l e s .  Eauat ion (13) must t h e r e f o r e  be modified t o  a l low a 
more e x a c t  c a l c u l a t i o n  of the  i n t e n s i t y  f o r  any atmospheric  c o n d i t i o n .  

From Eq. (13), [ ( ~ ~ ~ ~ / I ( o l ) - L ] / [ ~ ~ + b 4 ) ? +  = Y = I 
f o r  t he  mean i n t e n s i t y  of t he  106 models. For each  i n d i v i d u a l  model, however, 

i s  no t  n e c e s s a r i l y  u n i t y .  I n  f i g u r e  12 i s  p l o t t e d  v s .  I( 0 )  wi th  
% = 200, 45O, 60°, and 78.5O f o r  each  of  t he  106 model atmospheres,  showing 
the  change of limb-darkening e f f e c t  wi th  i n c r e a s i n g  i n t e n s i t y .  The va lue  of 
Y is  about  ze ro  f o r  small i n t e n s i t i e s  and about  2 f o r  l a rge  i n t e n s i t i e s ,  wi th  
Z = 1 f o r  t he  average va lue  I ( O ) =  75,574. Because the  d a t a  i n  t h i s  f i g u r e  
can be c l o s e l y  approximated by a s t r a i g h t  l i n e ,  Eq. (13), expres s ing  the  
average l imb-darkening, may be co r rec t ed  t o  r e p r e s e n t  any s p e c i f i c  case by 
s e t t i n g  Y , t he  a u a n t i t y  i n  the  o r d i n a t e ,  equa l  t o  oc 1’/8Zc”’. Hence, t he  
i n t e n s i t y  can be expressed by the  e m p i r i c a l  formula 
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Figure 11. Calculated limb-darkening f o r  the  mean of 106 model atmospheres, 
and (1) Isachsen (7g0N., 104OW.), Feb. 21, 1958, c l e a r  s k i e s  and 
la rge  su r face  invers ion;  (2) E l  Paso (32'N., 106OW.), Mar. 1, 1958, 
overcas t  a t  400 mb.; (3) Mould Bay (I6ON., 119OW.), Apr. 1, 1958, 
c l e a r  s k i e s  and small su r face  invers ion;  (4) Green Bay (44'N., 
88OW.) ,  Oct. 24, 1958, overcas t  a t  700 mb.; (5) Albany (43ON, 
76OW), Aug. 1, 1958, overcas t  a t  930 mb.; (6) Albuquerque (3S0N., 
l O p W ) ,  J u l y  11, 1958, c l e a r  s k i e s  and high humidity a l o f t .  

INTENSITY (ERG /CM2 SEC STRDN) 
Figure 12. Change of limb-darkening with t o t a l  s p e c i f i c  i n t e n s i t y .  The o rd i -  

na t e  ind ica t e s  the  s c a l e  of the  limb-darkening r e l a t i v e  t o  t h a t  
f o r  the  mean limb-darkening. 
60° and 78.5 for 106 model atmospheres were used. 

Calculated da ta  a t  p). = 20°, 45O, 



- 32 - 

where CC = -1.375 and @ = 3.129X10-5. 
p o i n t s  i n  f i g u r e  12 is  q u i t e  l a r g e .  However, i t  should be borne i n  mind 
t h a t  the  q u a n t i t y  
0 .20 ,  s o  t h a t  t he  average e r r o r  in t roduced  by c a l c u l a t i n g  I (0) f rom (14) w i l l  
be 2 pe rcen t  o r  l e s s .  

It may seem t h a t  the  s c a t t e r i n g  of  

[*+/tr(d][a% i- b'B' 4- cB3] does no t  exceed 0.15 o r  

F =  I < o , [ A +  C I ( O > ]  (15) 

where 

0 

The procedure i n  c a l c u l a t i n g  r a d i a t i v e  f l u x  from the  TIROS d a t a ,  xcp(e), i s  
thus  t o  determine I@) from ( l l ) ,  so lve  (14) f o r  mol, and i n s e r t  t he  r e s u l t -  
i ng  va lue  i n t o  (15) .  

This method of c a l c u l a t i n g  f l u x  canno t ,  of cour se ,  g ive  an  e x a c t  s o l u t i o n .  
F i r s t ,  t h e  assumption of  a p lane  p a r a l l e l  atmosphere which was made i n  s o l v i n g  
Eq. (10) beconies i n v a l i d  a t  very  l a rge  a n g l e s ;  a t  78.5O t h e  t o t a l  a i r  mass i s  
about  4 .9  a tmospheres ,  compared wi th  5 atmospheres i n  the  p lane  p a r a l l e l  
assumption,  and t h e  d i f f e r e n c e  i n c r e a s e s  r a p i d l y  a t  g r e a t e r  a n g l e s . .  Second, 
t he  e x t r a p o l a t i o n  of t he  l imb-darkening t o  90' by means of  (14) l eads  t o  sub- 
s t a n t i a l  e r r o r s  a t  very  l a r g e  a n g l e s ,  where the  i n c r e a s i n g  ip f luence  o f  t he  
h ighe r  atmosphere can even lead t o  a r e v e r s a l  of  t h e  s l o p e  of  t he  limb-darken- 
i n g  cu rve .  Th i rd ,  the  assumption of c i r c u l a r  symmetry i n  t h e  r a d i a t i o n  f i e l d  
which is  i m p l i c i t  i n  (12) i s  c o n t r a r y  t o  the  scale o f  h o r i z o n t a l  v a r i a t i o n s  
which occur  i n  the  atmosphere,  a l though t h i s  i s  n o t  important  i n  l i g h t  of t h e  
r e s o l u t i o n  of the  ins t rument  under c o n s i d e r a t i o n ;  t he  viewed area i s  40 m i l e s  
o r  more a c r o s s  whereas t h e  v e r t i c a l  dimension of t he  p a r t  o f  the  atmosphere 
c o n t r i b u t i n g  s u b s t a n t i a l l y  t o  t h e  outgoing r a d i a t i o n  i s  much less. However, 
the r a d i a t i o n  a t  l a rge  z e n i t h  a n g l e s  does n o t  c o n t r i b u t e  g r e a t l y  t o  the  f l u x ;  
from a n g l e s  g r e a t e r  than 60° t h e  c o n t r i b u t i o n  i s  about  25 p e r c e n t ,  and f o r  
ang le s  g r e a t e r  than 78.5' i t  i s  only  about  4 p e r c e n t .  F lux ,  c a l c u l a t e d  from 
the  TIROS i n t e n s i t y  d a t a ,  which do no t  occur  f o r  9 g r e a t e r  than about  75O, 
should t h e r e f o r e  c o n t a i n  only  small sys t ema t i c  o r  random e r r o r s  induced by the  
method out  l i ned  above. 
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U n t i l  now, c .g . s  u n i t s  have been used e x c l u s i v e l y .  It is  the  p r a c t i c e  
i n  meteorology, however, t o  expres s  r a d i a t i v e  f l u x  i n  langleys  (cal/cm 2 ) per  
minute;  i n  a d d i t i o n ,  t he  TIROS s a t e l l i t e  d a t a ,  6 s  descr ibed  i n  the  Data Users' 
Manual 6 7 , are expressed a s  r a d i a t i v e  f l u x  i n  wa t t s  p e r  meter . Equations 
(ll), (14) and (15) can be app l i ed  d i r e c t l y  t o  t h e  TIROS I1 d a t a ,  IT(*) by 
a p p r o p r i a t e  changes of the  c o n s t a n t s ;  t he  va lues  of t he  cons t an t s  f o r  TIROS 11, 
I11 and I V  a r e  given i n  Table 3. 

2 

Table 3. CONSTANTS FOR TRANSFORMATION OF TIROS DATA TO RADIATIVE FLUX 

TIROS I1 

r = .06348 ly/min 
2 

s = .005789 
w min 

2 
t = ' - 3 .  73X10'8 b 

w min 

y9= 23.56 w/m2 

Os = -1.375 
+9 = 6.950 min/ ly  
A = 1.0307 
C = - ,1554 min/ ly  

TIROS I11 

r '  = .04727 ly/min 
1 m2 

S' = .002628 -&- w min 
t '  = 2.928x10-6 

= -1.375 
4 = 6.950 min/ ly  
A .i 1.0307 
C = -.1554 min/ ly  

TIROS I V  

rlr - .1404 lv/rnin 
< -  

1 m 2  
w min s" = ,004909 

t" =: 0.92760 .AY- 
rnin 

v" = .001614 l y  m2/w min 
w" = -1.332X10'5 l y  m 4 2  / w  min 

Q = 78.5O 

cx = -1.375 
j5 = 6.950 min/ ly  
A = 1.0307 
C = -.1554 min/ ly  

Other  s a t e l l i t e s  would r e q u i r e  t h e  e v a l u a t i o n  of new e m p i r i c a l  formulae and 
sets of  c o n s t a n t s .  

The TIROS r a d i a t i o n  d a t a  a r e  compiled onto  magnetic t apes  f o r  use on 
e l e c t r o n i c  computers;  complete d e t a i l s  are contained i n  the  Data Users' Manual 
E 6 . J  . 

expressed  i n  wat t s  pe r  meter2,  def ined  by E q .  (1) m u l t i p l i e d  by 'V . 
I11 and TIROS I V ,  however, i t  was decided t o  expres s  the  i n f r a r e d  da ta  by t h e  
" e f f e c t i v e  b l ack  body temperature" ,  def ined  by 

I n  the  case  of TIROS 11, t h e  r a d i a t i o n  d a t a  on these  t a p e s  a r e  
For TIROS 

- u  
where &,(%)is t he  Planck i n t e n s i t y  a t  v , and T, i s  t h e  " e f f e c t i v e  b l a c k  body 
temperature" ,  t he  cons t an t  7T i s  included t o  t ransform Planck i n t e n s i t y  t o  the  
b l a c k  body f l u x .  
f o r  each  s a t e l l i t e .  

Table  4 g i v e s  t h e  va lues  of W and T n  f o r  channels  2 and 4 

I n  p a r t l y  cloudy cond i t ions  t h e  l imb-darkening e f f e c t  i s  soinewhat d i f f e r e n t  
from t h a t  of clear o r  o v e r c a s t  c o n d i t i o n s .  Consider t h e  in f luence  of p a r t i a l  
c loud iness  on the  l imb-darkening by assuming a c loud p a t t e r n  composed of s c a t -  
tered cumulus type  c louds ,  a t y p i c a l  cloud p a t t e r n .  I n  such a case  the out -  
going i n t e n s i t y  which reaches  the  radiometer  i n  t h e  TIROS w i l l  be a weighted 
mean va lue  of  t he  i n t e n s i t i e s  o r i g i n a t i n g  from the  cloud-covered a r e a  and from 
t h e  c loud-f ree  a r e a .  Because o f  t h e  v e r t i c a l  ex tens ion  of cloud masses,  t he  
appa ren t  a r e a  covered by c louds  i n c r e a s e s  w i t h  i n c r e a s i n g  z e n i t h  a n g l e .  Th i s  
makes t h e  l imb-darkening e f f e c t  somewhat g r e a t e r  than  t h a t  f o r  t he  ove rcas t  o r  
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Table 4 .  VALUES OF w AND TB FOR CHANNELS 2 AND 4 OF TfROS 11, 111 AND IV. 

170 
180 
190 
200 
210 
220 
230 
240 
25 0 
260 
2 70 
280 
290 
300 
3 10 
3 20 
330 
340 
35 0 

TIROS I1 ' TIROS I11 TIROS I V  
Ch. 2' Ch. 4 *  Ch. 2 Ch. 4 Ch.2 Ch. 4 

3.09 

6.45 

11.93 

20.11 

31.50 

46.77 

65.71 

88.90 

116.4 

9.07 

14.62 

23.13 

34.60 

49.04 

67.20 

88.48 

112 8 

142.7 

2.48 

5.33 

10.10 

17.37 

27.65 

41.38 

58 89 

80.41 

106.1 

135.9 

14.55 

25.15 

40.01 

59.66 

84.50 

114.8 

150.6 

191.9 

238.8 

290.9 

2.48 

5.33 

10.10 

17.37 

27.65 

41.38 

58.89 

ao ,41  

106.1 

135.9 

c l e a r  sky conditions because of t he  increas ing  weight given t o  the co lder  clouds 
with inc reas ing  zen i th  angle .  
outgoing f l u x  when the limb-darkening curve as ca lcu la ted  from c l e a r  and over- 

cast condi t ions  is applied t o  the  sca t t e red  cloud conditions.  Because of the  
d i f f e rence  of t he  limb-darkening e f f e c t s ,  when the  TIROS i s  viewing v e r t i c a l l y  
above an area of s ca t t e r ed  clouds, the  outgoing f l u x  from the a rea  w i l l ,  i n  
the  average, be overestimated; whereas, when the  TIROS i s  viewing obl ique ly  a t  
a l a rge  angle,  the outgoing f l u x  from the a r e a  w i l l  be underestimated; t he re  
w i l l  be a tendency f o r  the e r r o r s  due t o  this e f f e c t  t o  average out  f o r  large 
numbers of da ta .  Nevertheless, t he re  w i l l  be a range of angles i n  which t h e  
e r r o r  of es t imat ion  is very small, even when applying the limb-darkening curve 
ca l cu la t ed  from c l e a r  and overcas t  conditions t o  the scattered cloud conditions.  
Fur ther ,  when the  ind iv idua l  cloud masses are l a rge  enough t o  be com a rab le  

become n e g l i g i b l e  relative t o  the cloud diameter and the  r a t i o  of clouded t o  
unclouded areas is v i r t u a l l y  independent of the viewing angle;  accordingly,  

Consider now the  e r r o r  of es t imat ion  of t h e  

with the  area viewed by the  TIROS radiometer, the  cloud height and t R ickness 

+ F l l t e r  same as t h a t  i n  TIROS 111 * TIROS I V  d i d  not c a r r y  a channel 4 radiometer 
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t he  limb-darkening e f f e c t  w i l l  approach t h a t  of ove rcas t  o r  clear sky condi- 
t i o n s ,  which were d iscussed  ear l ie r ,  It may be concluded, t h e r e f o r e ,  t h a t  the  
use of t h e  limb-darkening curve obta ined  from the  c l e a r  and ove rcas t  cond i t ions  
i s  no t  so s e r i o u s  as might a t  f i r s t  be thought .  
through the  examination of s imultaneous s a t e l l i t e  photographs and r a d i a t i o n  
d a t a .  

This  remains t o  be v e r i f i e d  

Examples of es t imated  va lues  of outgoing f l u x  c a l c u l a t e d  from TIROS I1 
data are shown i n  f i g u r e s  13a, 13b, and 13c. The s u r f a c e  weather c h a r t  
a n a l y s i s  f o r  1200 GMT on November 27, 28, and 29, 1960, made by the  Nat ional  
Weather Analysis  Center  of  t h e  U. S. Weather Bureau, is shown i n  the  upper 
p a r t  of each f i g u r e ;  t h e  lower p a r t  of each f i g u r e  i s  an  a n a l y s i s  of t he  
r a d i a t i v e  f l u x ,  c a l c u l a t e d  by t h e  method given i n  t h i s  s e c t i o n .  

I n  t h i s  sequence of maps the  r a d i a t i o n  va lues  are most ly  i n d i c a t i v e  of the  
amount and he igh t  of c louds:  i t  i s  seen  t h a t  t h e  f r o n t  moving a c r o s s  Europe 
i s  a s s o c i a t e d  wi th  lower va lues  than  are the  high p res su re  areas,  and the  
development of t he  open wave over  southern  Europe is evidenced by the  cor re-  
sponding development of a c e n t e r  of low r a d i a t i o n  va lues .  
o v e r ~ S y r i a  and sou the rn  USSR on Nov. 27 show a n  ex tens ive  s h i e l d  of c louds  t o  
be a s s o c i a t e d  wi th  t h e  Low over  t h e  e a s t e r n  Mediterranean; on Nov. 28 the  Low 
has f i l l e d  and the  c louds  have e v i d e n t l y  moved eastward t o  the  edge of t he  map, 
as one might i n f e r  from t h e  r a d i a t i o n  va lues .  I n  gene ra l ,  t he  va lues  range 
from 0 .2  t o  0 .4  ly . /min.  which i s  i n  accord wi th  t h e  t h e o r e t i c a l  va lues  pre-  
d i c t e d  by Yamamoto 

Low r a d i a t i o n  va lues  

[271 and wi th  the  Explorer  V I 1  measurements found by Suomi 
[ 23 3 and Weinstein and Suomi 26 1 . 

However, t h e  channel  4 d a t a  a r e  no t  mere i n d i c a t o r s  of c louds ,  f o r  t he  
channel  2 data are b e t t e r  adapted t o  t h i s  purpose.  Rather ,  i t  is t o  be hoped 
t h a t  r a d i a t i v e  f l u x  information can e v e n t u a l l y  be incorpora ted  i n t o  eva lua t ions  
of t he  energy regime of t he  atmosphere. For such use ,  t he  r e s o l u t i o n  ind ica t ed  
by f i g u r e  13 i s  probably not  r equ i r ed ,  but  t h i s  r e s o l u t i o n  is r equ i r ed  i f  t he  
method set f o r t h  i n  t h i s  s e c t i o n  i s  t o  be employed. 

VII. ESTIMATION OF SURFACE TEMPERATURE 

Because the  TIROS channel  2 f i l t e r  covers  the  window reg ion ,  i n  which the  
abso rp t ion  c o e f f i c i e n t  of  water  vapor is small, t h e  outgoing i n t e n s i t y  i n  t h i s  
reg ion  i s  no t  changed g r e a t l y  by abso rp t ion  and r a d i a t i o n  w i t h i n  the atmos- 
phere from the  i n t e n s i t y  e m i t t e d  by the  under ly ing  s u r f a c e .  Seve ra l  au tho r s  
(Bandeen e t  a l . ,  [ 2 1, F r i t z  and Winston, 1 11 1 , and Hanel and St roud ,  
[ 14 ] ) have shown t h a t ,  by assuming the  P lanckian  i n t e n s i t y  d i s t r i b u t i o n  
f o r  the  outgoing i n t e n s i t y  observed by the  TIROS channel 2 radiometer ,  both 
t h e  s u r f a c e  a i r  temperature  under c l e a r  sky cond i t ions  and the  cloud top  
temperature  when the  sky i s  covered by r e l a t i v e l y  dense clouds such as  s t r a t o -  
cumulus o r  a l t o s t r a t u s  can approximated; however, the  estimated temperature  i s  
almost  i n v a r i a b l y  too  low by s e v e r a l  degrees  under c l e a r  sky cond i t ions .  Simi- 
lar  r e s u l t s  are found by Nordberg e t  a l . ,  E 1 9  1 f o r  TIROS 111. 
i n  f i g u r e  7, t h e  i n t e n s i t y  w i t h i n  the  9 .6  micron ozone band i s  g e n e r a l l y  less 
than t h a t  over  t he  rest of t he  window reg ion ;  fur thermore,  because the  l a y e r s  
of t he  atmosphere w i t h i n  which the  water vapor is concent ra ted  are u s u a l l y  
coo le r  than  the  s u r f a c e ,  the  outgoing i n t e n s i t y  throughout t h e  window reg ion  

As was seen  
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Figure 13. Charts of radiative f lux over Europe, derived from TIROS I1 
channel 4 data, and corresponding surface analyses; three consec 
t i v e  days are shown. 
a .  November 27, 1960 
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Figure 13b. November 28, 1960 
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Figure 13c. November 29, 1960 
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i s  less than the  in tens ' i ty  emitted by the  underlying sur face .  
es t imat ion  of the  sur face  temperature from the  TIROS channel 2 da t a ,  correc-  
t i o n s  a r e  necessary t o  account f o r  the inf luences  by ozone and water vapor 
upon the outgoing i n t e n s i t y .  

For a b e t t e r  

Water vapor and ozone are l a rge ly  concentrated i n  sepa ra t e  l aye r s  of the  
atmosphere, near  the  sur face  and i n  the  s t r a tosphe re ,  r e spec t ive ly .  The 
d i f f e rence  between the  outgoing i n t e n s i t y  i n  the ozone band i n t e r v a l  and the 
i n t e n s i t y  wi th in  the  same i n t e r v a l  coming from below the  ozonosphere i s  
caused by the  n e t  e f f e c t  of emission and absorp t ion  by the ozone l aye r  a lone.  
L i t t l e  change takes  p lace  i n  the  amount and d i s t r i b u t i o n  of ozone and the 
temperature of the  ozone l aye r  with seasons and l a t i t u d e s ,  whereas the re  a r e  
l a rge  changes of su r face  and cloud top temperatures with seasons,  l a t i t u d e s ,  
and cloud he igh t s .  Therefore,  the  emission of the ozone l aye r ,  which depends 
upon i t s  temperature and emiss iv i ty ,  changes l i t t l e  compared with the  absorp- 
t i o n  of the sur face  i n t e n s i t y  by the  ozone l aye r ;  the  l a t te r  depends upon the  
su r face  temperature and the  a b s o r p t i v i t y  of the  ozone l aye r .  It i s ,  the re fo re ,  
expected t h a t  the d i f f e rence  between the  su r face  i n t e n s i t y  and the  outgoing 
i n t e n s i t y  wi th in  the  ozone band i n t e r v a l  changes pr imar i ly  with the  change of 
the  temperature of the  underlying su r face ,  the  quan t i ty  t o  be es t imated .  As 
a f i r s t  approximation, the  outgoing i n t e n s i t y  from the  window region without 
ozone co r rec t ion ,  may be used t o  determine the  ozone co r rec t ion .  Figure 14a 
shows the  d i f f  rence between the outgoing i n t e n s i t y  i n  the  ozone i n t e r v a l  
(948-1100 cm. ') f o r  an ozone-free atmosphere and t h a t  with ozone p resen t ,  
p lo t t ed  versus  the  outgoing i n t e n s i t y  of the  814 t o  1325 crn.'l i n t e r v a l  a t  
zero  zen i th  angle ;  t hese  data were computed f o r  40 se l ec t ed  atmospheres. It 
i s  seen t h a t  the  r e l a t i o n  is  l i n e a r ,  with l i t t l e  s c a t t e r i n g  of po in t s .  It 
has been found t h a t  the  same co r rec t ions  apply t o  o the r  angles .  

Unlike ozone, water vapor amounts i n  the  atmosphere vary g r e a t l y  with 
season and l a t i t u d e .  Although the  to ta l  water vapor v a r i e s  roughly with 
su r face  temperature,  t h i s  i s  obviously not  a s a t i s f a c t o r y  gage. Minimum 
amounts a r e  found i n  win ter  Arc t i c  o r  sub-Arctic regimes; maximum amounts are 
found wi th in  t r o p i c a l  maritime a i r  masses; but intermediate  amounts may be 
found both i n  moderate m i d d l e  l a t i t u d e  condi t ions  and over the  summertime 
d e s e r t .  It i s  the re fo re  not  poss ib l e  t o  account f o r  the  e f f e c t  of water vapor 
on the  outgoing i n t e n s i t y  from the  data of channel 2 a lone .  
f u r t h e r  complicated by the  inf luence  of invers ions  and by abnormal water vapor 
d i s t r i b u t i o n s .  The inference  of su r face  temperature from the  sa te l l i t e  da ta  
r equ i r e s  cons idera t ion  of the  a i r  mass being viewed i n  order  t o  make a s a t i s -  
f a c t o r y  co r rec t ion  f o r  water vapor. Figure 14b shows the  d i f f e rence  between 
the  i n t e n s i t y  a t  the  su r face  i n  the  i n t e r v a l  814 t o  1325 cm.-l and the  out- 
going i n t e n s i t y  from the  atmosphere with water vapor present  (but without  
ozone), p l o t t e d  versus  the  outgoing i n t e n s i t y  over t he  i n t e r v a l ,  as ca l cu la t ed  
from the  106 model atmospheres. The la rge  s c a t t e r  of po in t s  is  a consequence 
mostly of the  va r i ab le  water vapor amounts i n  the  models, but  su r f ace  inver-  
s i o n s  and abnormal water vapor d i s t r i b u t i o n s  a l s o  con t r ibu te  markedly t o  the  
s c a t t e r i n g .  The main c h a r a c t e r i s t i c s  are ev iden t ,  as shown by the  two curves 
sketched on the  f igu re :  
co r rec t ions  f o r  very moist  atmospheres t o  be added t o  the  measured i n t e n s i t y  
t o  ob ta in  the  i n t e n s i t y  a t  t h e  su r face ;  the  lower curve r ep resen t s  atmospheres 
wi th  low water vapor conten t .  

The problem is  

the  upper curve may be considered t o  r ep resen t  the  

The values  between the  two curves represent  
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SPECIFIC INTENSITY, 814 - I325 CM-l (ERG/CM2 SEC STRDN) 

I I I I I I .  
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SPECIFIC INTENSITY, 814 - I325 CM-I (ERG/CM SEC STRDN 1 

-1 Figure 14. (a) Ozone co r rec t ion  versus  s p e c i f i c  i n t e n s i t y  814-1325 cm. . -1 
(b) Water vapor co r rec t ion  versus  s p e c i f i c  i n t e n s i t y  814-1325 cm. . 
The curves i n d i c a t e  co r rec t ions  f o r  t y p i c a l  high (upper curve) and 
low (lower curve) humidity cases .  The co r rec t ions  a r e  a d d i t i v e ,  
with due regard t o  s i g n ,  t o  the  absc issa  va lues .  
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atmospheres conta in ing  intermediate  amounts of water vapor,  and, of course,  
these more o r  less normal atmospheres a r e  i n  the  g r e a t  major i ty .  The negat ive 
values  ind ica t e  the  ex i s t ence  of sur face  invers ions ;  atmospheres with low 
water vapor conten t  a r e  more l i k e l y  t o  have s t rong  sur face  invers ions ,  and the 
lower curve has therefore  been drawn t o  include the  negat ive va lues .  

The t o t a l  co r rec t ion  required t o  ob ta in  su r face  temperature from the  TIROS 
I1 data  i s  the sum of the ozone and water vapor co r rec t ions .  I f  the  values  
ind ica ted  by the  curves i n  f igu res  14a and 14b a r e  used, the r e s u l t s  shown i n  
f i g u r e  15 are obtained.  This f igu re  gives  the t ransformation from TIROS I1 
channel 2 da t a ,  with 8 = 0, t o  sur face  r a d i a t i o n  temperature: the dashed 
curve gives  t h e  e f f e c t i v e  temperature versus  the  f i l t e r e d  r a d i a t i v e  f lux ,  as 
given i n  the  Data Users' Manual [ 6 1 ; the  two s o l i d  curves give the sur face  
r a d i a t i v e  temperature f o r  atmospheres of high (upper curve) and low (lower 
curve) water vapor conten t .  The absc i s sa  i s  shown i n  c .g . s .  i n t e n s i t y  u n i t s  
a t  the  bottom, and i n  w . / m . 2  of f l u x  a t  the  top.  

Limb-darkening f o r  channel 2 i s  considerably less than f o r  channel 4 a t  
small ang le s ,  but a t  p).= 78.5O the two a r e  about equal .  One may ignore the  
channel 2 limb-darkening a t  angles  up t o  about 8 =  30°, but i t  i s  des i r ab le  
t o  take account of i t  a t  g r e a t e r  ang le s .  The limb-darkening e f f e c t  can be 
seen q u a l i t a t i v e l y  i n  f igu re  16: here the absc issa  i s  Tgs , t h e  e f f e c t i v e  
temperature a t  angle (8, taken from t h e  dashed curve i n  f i gu re  15; the ord i -  
na t e  i s  (AT), Ts - TB , where Ts i s  the  su r face  temperature.  The examples 
a r e  extremes, with e= 0 in the  upper p a r t  and '&= 78.5' i n  t h e  lower p a r t ;  
the  curves i n  each correspond once more t o  atmospheres of high and low water 
vapor conten t .  From t h i s  f i gu re ,  and from s i m i l a r  curves fo r  o the r  angles ,  an 
empir ica l  r e l a t i o n  has been found t o  r e l a t e  T s  with Ts: 

where 

K - 516, G = 350 and H - 3.9; 
degree of moisture of the  a i r  mass, varying from 1.069 t o  1.000 f o r  the moist  
and dry atmospheres and having an average value of about 1.040. 
empir ica l  r e l a t i o n s  f o r  TIROS I11 and I V  can h e  developed. 

'13. i s  i n  degrees .  The parameter D descr ibes  the 

S imi la r  

O r b i t  4 of TIROS I1 on November 23, 1960, afforded a good opportuni ty  t o  
examine the  channel 2 da t a  over a la rge  c l e a r  a r e a  a t  about noon. This  case 
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i s  d iscussed  a t  length  by F r i t z  and Winston [ 11 1, but  i n  essence  t h e r e  
w a s  a f r o n t a l  system over  the  area eas t  of t he  Appalachians and a l a r g e  High 
cover ing  th'e c e n t r a l  United S t a t e s  ea s t  of  t he  Rocky Mountains. 
a r e  l i s t e d  the  e f f e c t i v e  temperature  obta ined  from the average around each 
s t a t i o n  by t h e  measurement of TIROS 11, the  co r rec t ed  s u r f a c e  temperature  
us ing  the  dashed curve i n  f i g u r e  15 and Eqs. (19),  (ZO), and ( Z l ) ,  the  s u r -  
f ace  a i r  ( s h e l t e r )  temperature  f o r  s e v e r a l  s t a t i o n s  a t  t he  L i m e  when TIROS 11 
w a s  pas s ing  (about 1810 GMT), and the  d i f f e r e n c e  between the  l a s t  two. The 
sky w a s  c lear  a t  each s t a t i o n ;  D w a s  t aken  t o  be 1.040.  The c o r r e c t i o n s  f o r  
t he  combined e f f e c t s  of ozone and water vapor (Eq. 18) are no t  l a r g e ,  averag-  
i n g  about  5OC. i n  t h i s  s i t u a t i o n ;  t he  a i r  w i t h i n  t h i s  high p res su re  area was 
r a t h e r  d r y  and the  s u r f a c e  temperatures  were moderate.  Agreement between the 
i n f e r r e d  s u r f a c e  temperature  and the  s h e l t e r  temperature  seems t o  be remarkably 
good i n  most cases; average va lues  are 280 .8O~.  and 281.1°K., r e s p e c t i v e l y ,  
Although the  mean va lues  ag ree  w e l l ,  t he  d i f f e r e n c e s  f o r  t he  i n d i v i d u a l  sta- 
t i o n s  vary  from minus 5.0°C. t o  p l u s  3.5OC. Although t h i s  might be thought 
t o  i n d i c a t e  t h e  accuracy  of  measurement by TIROS 11, the  nega t ive  va lues  may 
p o s s i b l y  be a t t r i b u t e d  t o  t h i n  c louds ,  n o t  r epor t ed  by the  obse rve r ;  a t  a l l  
bu t  t h r e e  s t a t i o n s  some c loud iness  was repor ted  w i t h i n  t h r e e  hours of t he  
TIROS obse rva t ion .  Small u n c e r t a i n t i e s  i n  the  geographica l  l o c a t i o n  o f  the  
TIROS obse rva t ion  a l s o  may be r e spons ib l e  f o r  t he  disagreement .  It is  w e l l  
known, however, t h a t  t he  s h e l t e r  temperature  u s u a l l y  d i f f e r s  s u b s t a n t i a l l y  
from t h e  temperature  of the  a c t u a l  s u r f a c e ,  so t h a t  such agreement between 
s a t e l l i t e  and normal meteoro logica l  measurements of temperature  can r e s u l t  
from the  na tu re  of  the  s u r f a c e ,  o r , i t  can be the  f o r t u i t o u s  consequence of 
some o t h e r  f a c t o r  such as the  t i m e  o f  day o r  t he  wind v e l o c i t y .  

I n  Table 5 

I n  any case, t h e  temperature  i n f e r r e d  from the s a t e l l i t e  measurements 
is t he  s u r f a c e  r a d i a t i v e  temperature .  I f  the  e m i s s i v i t y  of  t he  s u r f a c e  i s  
less than  u n i t y ,  and i t  s u r e l y  i s  t o  some degree ,  then  the  a c t u a l  s u r f a c e  
temperature  would be underest imated from a s a t e l l i t e .  A good c o r r e c t i o n  
can be made f o r  the  ozone, and,  i f  c a r e  i s  observed,  the  water vapor co r rec -  
t i o n  can be e s t ima ted  r a t h e r  wel l .  No account has  been taken of  s c a t t e r i n g  
by a e r o s o l s  i n  the  atmosphere,  but  Deirmendjian [ 7 1  has ind ica t ed  t h a t  the  
e x t i n c t i o n  c o e f f i c i e n t s  due t o  the  s c a t t e r i n g  are about  a n  o rde r  of magnitude 
sma l l e r  than  the  water vapor abso rp t ion  c o e f f i c i e n t s  a t  t he  wavelengths being 
d iscussed;  a l s o  unaccounted f o r  i s  emission by the  atmospheric  a e r o s o l s ,  and 
no estimate of t h i s  e f f e c t  i s  a v a i l a b l e .  Sca t t e red  clouds w i l l  normally lead 
t o  a n  underes t imat ion  of  s u r f a c e  temperature ,  and t h i n  c i r r u s  which cannot be 
seen i n  t e l e v i s i o n  p i c t u r e s  can prove troublesome. A l toge the r ,  the hazards  
e s t i m a t i n g  s u r f a c e  temperatures  from s a t e l l i t e s  a r e  numerous and have no exact  
s o l u t i o n  from s a t e l l i t e  measurements a lone .  Es t imat ion  of cloud top  tempera- 
ture  is  l ikewise  s u b j e c t  t o  some u n c e r t a i n t y ,  inasmuch a s  the  o p t i c a l  depth 
of the cloud i s  dependent upon both the  d e n s i t y  and na tu re  of t he  cloud 
p a r t i c l e s .  Many c louds ,  p a r t i c u l a r l y  c i r r i f o r m ,  may not  be t o t a l l y  absorb ing ,  
s o  t h a t  the background of a lower cloud l a y e r  o r  the  s u r f a c e  can make a s i g n i -  
f i c a n t  c o n t r i b u t i o n  t o  the  upward r a d i a t i o n  and thereby  lead t o  a f i c t i t i o u s  
temperature .  P a r t i a l  c loud iness  w i l l  have a similar inf luence  upon i n f e r r e d  
tempera tures .  

Although t h e  in fe rence  of s u r f a c e  temperature  from measurements i n  a 
s i n g l e  s p e c t r a l  i n t e r v a l  l eads  t o  t h e  ambigu i t i e s  apparent  i n  the  foregoing  
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TABLE 5 .  COMPARISON OF TIROS TEMPERATURES WITH SHELTER TEMPERATURES 
PASS 4 ,  1808-1814 GMT, NOVEMBER 23,  1960 

S t a t  ion  
Te TS Ta T s  - Ta 

TIROS I1 TIROS I1 Surf  ace 
E f f e c t i v e  Corrected Air (She1ter )  

Tempera t u r e  (Surface) Temperature 
Temperature 

(OK) 

F l i n t  
D e t r o i t  
Evansvi 1 le 
Springf  ie Id  
S t .  Louis 
Mus kegon 
Akron 
F t .  Smith 
Tulsa 
C inc inna t i  
Mansf i e l d  
Oklahoma C i t y  
Dayton 
P e m i a  
Columbia 
Green Bay 
S a u l t  S t e .  Marie 
Amaril lo 
L i t t l e  Rock 
P i t t s b u r g h  

275.3 
272.6 
275.9 
277.1  
278.3 
277.8 
277.1 
275.3 
277.1 
277.1 
276.5 
277.1  
277.1 
275.9 
274 .O 
273.3 
272.6 
277.1 
277.1 
275.9 

279.5 
276.5 
280.3 
282.1  
283.2 
282.4 
281.6 
280.4 
282.6 
281.6 
280.9 
282.7 
281.6 
280.2 
278.2 
277.3 
276.6 
284.5 
282.6 
280.2 

279.9 
279.9 
283.2 
282.6 
279.9 
279.9 
281.0 
285.4 
282.6 
281 .O 
279.9 
283.2 
278.8 
280.4 
280.4 
278.8 
277.6 
281 .O 
286.0 
279.9 

-0 .4  
-3 .4  
-2 .9  
-0.5 

3 .3  
2.5 
0 . 6  

-5 .O 
0 .o 
0 . 6  
1 .o 

-0.5 
2.8 

-0 .2  
-2 .2  
-1.5 
-1.0 

3.5  
-3 .4  
0.3 
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d i s c u s s i o n ,  measurements i n  o t h e r  s p e c t r a l  i n t e r v a l s  can be used t o  improve 
es t imated  va lues  s u b s t a n t i a l l y .  
s imultaneous measurements i n  channels  1 (6-6.5 micron) and 2 (8-12 micron) 
can be used t o  determine the  mean r e l a t i v e  humidity i n  the  atmosphere;  wi th  
the  humidity known, the  parameter D i n  Eq. (15) can be eva lua ted .  One might 
a l s o  make use  of channel  3 (0.2-5 micron) o r  channel  5 (0.55-0.75 micron) i n  
t h e  s u n l i t  p a r t  of t h e  e a r t h  t o  estimate cloud amount, so t h a t  account  can 
be taken of the  in f luence  of c louds upon the  upward intensl’ ty;  t h i s  problem 
has  no t  y e t  been i n v e s t i g a t e d ,  and i t  is p o s s i b l e  t h a t  o t h e r  measurements, 
such as t h a t  proposed by Hanel 1131 t o  measure 
t h e  cloud top  h e i g h t ,  might a l s o  be inco rpora t ed .  The channel  2 measurements 
are u s e f u l  i n  themselves,  wi thout  ad jus tments  of any k ind ,  bu t  t h e  d e s i r a b i l i t y  
of knowing s u r f a c e  temperatures  d i c t a t e s  a d d i t i o n a l  s tudy  directed toward the  
r e s o l u t i o n  of the  problems ind ica t ed  i n  t h i s  s e c t i o n .  Whereas the  method of 
Sec.VI f o r  c a l c u l a t i n g  f l u x  from channel  4 measurements b r ings  the  r e s u l t s  
wi th in  accep tab le  u n c e r t a i n t y ,  t he  r e l i a b l e  in fe rence  of s u r f a c e  temperature  
from channel  2 measurements r e q u i r e s  a d d i t i o n a l  ref inements  t o  account  f o r  
water vapor amount and d i s t r i b u t i o n ,  f o r  t he  temperature  s t r u c t u r e ,  and f o r  
the n a t u r e  and d i s t r i b u t i o n  of c louds .  

For example, Mgller [18] has shown t h a t  

and Yamamoto and Wark [311 

Note : 

made on the rmis to r s  of the  type used i n  the  TIROS 5-channel rad iometers .  
These show some s p e c t r a l  dependence, whereas i t  had p rev ious ly  been assumed 
t h a t  the  e m i s s i v i t y  of a t he rmis to r  was independent o f  wavelength.  The TIROS 
I1 d a t a  contained i n  the  F i n a l  Meteorological  Radia t ion  Tapes a r e  given as  

W , def ined  by Eq. (18) and the  f i l t e r  func t ions  shown i n  Table  1; those 
f o r  TIROS u3c and I V  w i l l  be g iven  as T e  , determined from the  c a l i b r a t i o n  
of  t he  rad iometers  w i th  a b l ack  body. T h e r e f o r e ,  a l though the  r e l a t i o n s  
and c o n s t a n t s  given i n  t h i s  r e p o r t  w i l l  g ive  reasonable  r e s u l t s ,  sys t ema t i c  
c o r r e c t i o n s  may be r equ i r ed  t o  account  f o r  mod i f i ca t ion  of t he  f i l t e r  func t ion  
q p  r e s u l t i n g  from i n c l u s i o n  of  the  the rmis to r  e m i s s i v i t y .  Add i t iona l  i n f o r -  

mation may be obta ined  from the  a u t h o r s ,  upon r e q u e s t ,  when it becomes a v a i l -  
a b l e .  

Recent ly  the  NASA has  obta ined  the  r e s u l t s  of s p e c t r a l  e m i s s i v i t y  tests 
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APPENDIX A 

TEMPERATURE, WATER VAPOR, AND OZONE PROFILES OF 106 MODEL ATMOSPHERES 

The atmospheric models used t o  c a l c u l a t e  outgoing i n t e n s i t i e s  are given 
here  a s  p r o f i l e  l i s t i n g s  of pressure ,  temperature,  water vapor, and ozone. 
The temperature and water vapor p r o f i l e s  a s  funct ions of pressure  were obtained 
from radiosonde da ta  l i s t e d  i n  the Northern Hemisphere Data Tabulat ions pub- 
l i shed  by the  U.  S. Weather Bureau. The ozone p r o f i l e s  were assumed with 
regard to  season and l a t i t u d e ,  from the  work of S t s c h  [SI and Craig 151. 

Each model atmosphere is i d e n t i f i e d  by a number, the  name of the  radio-  

The 
sonde s t a t i o n ,  and the  d a t e  and t i m e  of launching. The sky condi t ion  i s  ind i -  
cated by ' c l e a r '  o r  by the he ight  ( i n  mb.) of the  top of the  undercast .  
t o t a l  water vapor mass i n  a v e r t i c a l  column i s  given i n  cent imeters  of p rec ip i -  
t a b l e  water and the  t o t a l  ozqne mass i n  cent imeter  atmospheres. The t o t a l  
water vapor mass includes a l l  water vapor from the  su r face  t o  the  0 . 1  inb. 
l e v e l  f o r  c l e a r  condi t ions  and from the  cloud top t o  the  0 .1  mb. l e v e l  f o r  
overcas t  condi t ions .  

Pressures  a r e  expressed i n  m i l l i b a r s ,  temperatures i n  degrees Kelvin, 
water vapor mixing r a t i o s  i n  grams per  kilogram, and ozone i n  cent imeters-  
atmospheres pe r  m i l l i b a r .  
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P A V A N A I  CURA 
1200GPT 
H2O M A S S  = 4.247 

H 
(G./ 
019. 
010. 
005. 
001. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 

4 
NANTUCKEI1  MASS.  
12OOGMT 
H2O M A S S  = 1.284 

P K E S S  
(MH.) 
1014.0 
0836.0 
0812.0 
0700.0 
0651.0 
0610.0 
0500.0 
0300.0 
0250.0 
0200.0 
0150.0 
0100.0 
0050.0 
0025.0 
0015.0 
0010.0 
000h.O 
0004.0 
0003.0 
0002.0 
0001.1 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEPP 
(0EG.K) 
284.0 
273.0 
276.0 
270.0 
266.0 
268.0 
258.0 
232.0 
225.0 
224.0 
218.0 
213.0 
218.0 
221.0 
725.0 
233.0 
244.0 
253.0 
259.0 
269.0 
283.0 
2R3.0 
271.0 
762.0 
251.0 
231.0 

SEPT.  29, l 9 5 H  

0 3  M A S S  = 0.255 
CLEAH 

il 
G. 1 
000 
000 
000 
200 
000 
500 
210 
140 
110 
2'0 
450 
560 
750 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 

03. 
ICM./MB.l 
00000.00 
00000.50 
00001.00 
00002.50 
00004.00 
00006.00 
00012.50 
00020.50 
00042.00 
001 3 1.00 
00330.00 
0039R.00 
00460.00 
005 1 3 - 0 0  
00561.50 
00642.50 
00623.00 
00547.50 
00337.50 
00033.70 
oon03.70 
00002.10 
00001.70 
00000.10 

SEPT. 29. 1958 

03 M A S S  = 0.270 
CLEAR 

H2O 
lG./KG. 1 
006.2000 
0 0 3  -4000 
001.1000 
000.5000 
000.5000 
000.6000 

00.0.1400 
000.0700 
000.02 10 
000.01 30 
000.01 10 
000.0220 
000.0450 
000.0750 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

ono.9000 

0 3 -  
tCY./MB. 1 

GOOOO.OO 
00000.50 
00000.60 
00001 -00 
0000 1.50 
00001.80 
00002.50 
00004.00 
00008.00 
00012.50 
00020.50 
00042.50 
00140.50 
00375.00 
00490.00 
00530.00 
00590.00 
0065+.00 
00639.50 
00558.00 
00287.50 
00028.70 
00003.00 
00002.00 
OOOOk -00 
00000.10 

s E P r .  29. 1958 
1700Gb!T CLEAR 
1120 M A S S  = 7.890 0 3  h b S S  = 0.255 

PRESS 
I Y R .  1 
1000.0 
0850.0 
0700.0 
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0200.0 
0150.0 
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0050.0 
0025.0 
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(0EG.K) 
293.0 
294.0 
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229.0 
228.0 
235.0 
245.0 
254.0 
260.0 
270.0 
283.0 
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251.0 
231.0 
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HUFFALO. N.Y. 
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H2O MA5S = 1.250 
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000.1 
000.1 
000.1 
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00 
00 
00 
00 
00 
00 
00 
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10 
20 
50 
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20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20  

( I ? *  
lCP./MH. 1 
ocooo. 00 
00000.50 
0000 1-00  
00002.50 
00004.00 
00008.00 
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00330.00 
00398.00 
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00623.00 
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000035.7 
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00002.50 
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SEPT. 29. 1958 

03 M A S S  = 0.267 
CLEAR 
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00001.00 
00002 20 
00002.50 
00'004.00 
00007.90 
0001 1-00 
000 12.50 
00020.50 
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00255.00 
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00003.00 
00002.00 
00001.00 
00000.10 

3 
OAKLPhC. CALIT. 

H2C Y A S S  = 2.596 
1 2 0 0 GK r s E P r .  29. 1959 

CLEAR 
03  M A S S  = 0.254 
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00563.50 
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00547.50 
00255.00 00025.50 

00002.50 
00001.50 
00000.50 
00000.10 
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SEPT. 29. 1958 

CLEAR 
03 M A S S  = 0.272 

MAN1 WAK I t PUEBEC 
1200GMT 
H20 M A S S  = 1.393 

PRESS 
I M t 3 . 1  
0996.0 
09.60.0 
0927.0 
0850.0 

0682.0 
0941.0 0622.0 

0500.0 
0300.0 
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0200.0 
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0100.0 
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253.0 
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217.0 
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222.0 
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260.0 
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262.0 
251.0 
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00000.19 
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00006.00 00002.50 
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00590.00 
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0055H.00 
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00003.00 
00002.00 
00001.00 
00000.00 

00001.20 

0043Y.00 00530.00 

00466.00 

UNITS OF TEN T O  THE MINUS 5TH 
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0.634 

T E M P  
O E G - K l  
267.0 
277.0 
271.0 
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7h4.0 
274.0 

7 8 3 . 0  
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731 .0 
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S E P T .  29. 1958  

0 3  M A S S  = 0.254 
C L E A R  

H Z O  
lG./KG. I 
007.3000 
003.4000 
003.0000 
00 I .  3000 
000.3000 

000.01t30 

000.0100 
000.01 10 
000.0720 

ono. 0 2  30 

ono.oioo 
ono. oioo 

nno.ozRo 
ono. 0350 
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noo. I 120 
ono.1120 
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0lro.1120 
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0 3 f  
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nno04.00 
oon05.00 
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00000.40 

00006. A 0  
00012.00 
00020.50 
00042.00 

00 1 H4.00 
00750.00 

00460.00 

00563.50 
00h42.50 
00h23.00 
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00445.00 

00004.00 
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00000.10 
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00044.50 
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10 
C H A G U A K A V A S  R A Y .  I R I S  APR.  1, 1958 
i z o o w i  C L f A R  
H Z I l  M A C 5  = 3.904 03 M A S S  = 0.304 

P K E S C  
I M 0 . 1  
1000.0 
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015n.o 
oio0.n 
OC,5U.O 
0075.11 
0070.0 
0015.0 
0010.0 
0006.0 nnn4.0 
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0001.4 
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8 
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2bR.0 
257.0 
729.0 
717.0 

713.0 

707.0 
21'3.0 

224.0 
227.0 
23R.0 
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00465.00 

no oh^.. 00 
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wi 
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1 3  
WASH 1 NGTON 
12OOGMT 
H2O MASS = 

O.C. 

0.970 

PRESS 
I M 8 . 1  
1003.0 
0916.0 
0898.0 
0850.0 
0700.0 
‘0670.0 
0500.0 
0400.0 
0311.0 
0244.0 
0200.0 
0150.0 
0100.0 
0050.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.1 
0000.6 
0000.4 
0000.3 
0000,2 
0000.1 

APR- 1. 1958 
CLEAR 

03 MASS = 0.303 

H20 
lG./KG. 1 
004.1000 
003.1000 
003.4000 
002.7000 
001.3000 
000.6000 
000.1860 
000.1400 
000.0340 
000.0750 
000.0210 
000.0140 
000.0110 
000.0220 
000.0450 
000.0750 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03+ 
1CH.IHB.I 
00000.00 
00000.40 
00000.70 
00001.00 
00002.50 
00002.90 
00005.00 
00006.50 
00009.50 
00013.50 
00020.00 
00034.00 
00066.00 
00 175.00 
00345.00 
00452.50 
005 10.00 
00540.00 
005 15.00 
00465.00 
00354.00 
00195.00 
00045.00 
00005.00 
00003.00 
00001 * 00 
00000.10 

16 
N I T C H E Q U O N ~  PUEBEC APR. 1, 1958 
12OOGMT CLEAR 
H2O MASS = 0.372 03 MASS = 0.354 

H20 
I G. /KG. ) 
001.1000 
002.2000 
002.4000 
00 1.6000 
001.3000 
000.7000 
000.3000 
000.2000 
000.0480 
000.0060 
000.0060 
000.0070 
000.0110 
000.0220 
000.0450 
000.0750 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
0 0 0 ~ 1 1 2 0  
000.1120 

03. 
ICM. lMR. )  
00000.30 
00000.40 
00000.50 
00000.90 
00001.00 
00001 40 
00002.50 
00003.40 
00007.50 
00012.50 
00025.00 
00042.50 
00080.00 
00225- 00 
00406.00 
00495.00 
00537.00 
00557.50 
00543.00 
00509.00 
00395.00 
00290.00 
00187.50 
00045.00 
00005.00 
00003.00 
00001.00 
00000.10 

MODEL ATMOSPHERES 
14 

N A S H V l L L E v  TENN. APR. I t  1958 
12OOGMT CLEAR 
H2O MASS = 0.922 03 MASS = 0.303 

PRESS 
lM8.) 
0998.0 
09H2.0 
0837.0 
0796.0 
0700.0 
0609.0 
0400.0 
0300.0 
0226.0 
0150.0 
0100.0 
0050.0 
0025.0 
0015.0 
0011.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.2 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP n20 
l0EG.K) IG . IKG.1  
275.0 004.4000 
281.0 005.2000 
272.0 002.5000 
275.0 000.8000 
270.0 000.6000 
265.0 000.5000 
240.0 000.1080 
225.0 000.0040 
212.0 000*0120 
215.0 000.0120 
215.0 000.0110 
220.0 000.0220 
227.0 000.0450 
230.0 000.0750 
232.0 000.1020 
234.0 000.1120 
245.0 000.1120 
254.0 000.1120 
260.0 000.1120 
270.0 000.1120 
283.0 000.1120 
283.0 000.1120 
271.0 000.1120 
262.0 000.1120 
251.0 000.1120 
231.0 000.1120 

03. 
lCM./MB.)  
00000.00 
00000.10 
00001.10 
00001.60 
00002.50 
00003.40 
00006.50 
00010.00 
000 15.50 
00034.00 
00066.00 
001 75.00 
00 34 5.00 
00452.50 
00497.50 
00510.00 
00540.00 
00515.00 
00465.00 
00354.00 
00218.50 
00045.00 
00005.00 
00003.00 
0000 1 I O 0  
00000.10 

17 
CORAL HARBAR. N.W.T. APR. 1. 1958 
12OOGHT CLEAR 
H20 MASS = 0.268 0 3  MASS = 0.394 

PRESS 
IMB. )  
1011.0 
1000.0 
0850.0 
0747.0 
0726.0 
0500.0 
0400.0 
0264.0 
0190.0 
0150.0 
0100.0 
0050.0 
0025.0 
0016.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.8 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP ti20 
I0EG.K) IG.IKG.1 
248.0 000.3000 
254.0 000.6000 
263.0 000.3000 
260.0 000.6000 
261.0 000.7000 
242.0 000.2000 
233.0 000.0700 
212.0 000.0080 
221.0 000.00RO 
222.0 000.0090 
224.0 000.0110 
222.0 000.0220 
217.0 000.0450 
217.0 000.0700 
226.0 000.1120 
236.0 000.1120 
245.0 000.1120 
252.0 000.1120 
261.0 000.1120 
277.0 000.1120 
2R3.O 000.1120 
283.0 000.1120 
271.0 000.1120 
262.0 000.1120 
251.0 000.1120 
231.0 000.1120 

03. 
I C H . I M 8 . )  
00000.00 
00000.00 
00001.00 
00001.50 
00001.70 
OOO06.00 
00009.00 
00018.50 
00035.50 
00054.50 
00100.00 
00245.00 
00420-00 
00496.50 
00543.50 
00562.00 
00547.50 
00517.50 
004 13.00 
00188.00 
00127.50 
00045.00 
00005.00 
00003.00 
00001.00 
00000.10 

15 
M A N I W A K I .  QUEHEC 
12OOGHT 
H2O MASS = 0.699 

PRESS 
IMB.) 
1003.0 
1000.0 
0966.0 
0850.0 
0752.0 
0732.0 
0700.0 
0636.0 
057Q.O 
0400.0 
0261.0 
0200.0 
0150.0 
0100.0 
0050.0 
0025.0 
0022.0 
0015.0 

0004.0 
0003.0 
0002.0 
0001.4 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

0010.0 0006.0 

TEMP 
I 0 E G . K )  
270.0 
271.0 
278.0 
26A.0 
260.0 
261.0 
259.0 
257.0 
249.0 
234.0 
216.0 
221.0 
221.0 
223.0 
219.0 
224.0 
223.0 
231.0 
2 39.0 
250.0 
258.0 
2h5.0 
274.0 
283.0 
2R3.0 
283.0 
271.0 
262.0 
251.0 
231.0 

18 
HALL LAKE. N.W.T. 
12OOGMT 
H2O MASS = 0.141 

PRESS 
I Ma. I 
1013.0 
1000.0 
0962.0 
0930.0 0850.0 

0760.0 
0700.0 
0500.0 
0380.0 
0300.0 
0200.0 
0150.0 
0130.0 
0100.0 
0050.0 
0040.0 0025-0 

0020.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 0000.1 

TEYP 
t 0 F G . K )  
242.0 
242.0 
244.0 
24R.O 
248.0 
24R.0 
246.0 
737.0 
228.0 
226.0 
226.0 
227.0 
224.0 
226.0 
219.0 
219.0 
21R.O 
218.0 
230.0 
241.0 
249.0 
256.0 
705.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

H 
1G.I 
002. 
002. 
003. 
001. 
001. 
001. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000 .  
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000.  
000. 
000. 
000. 
000. 
000. 
000. 

APR. 1 s  1958 
CLEAR 

0 3  MASS = 0.355 

0 
G. ) 

000 
000 
000 
000 
000 
850 
700 
140 
130 
120 
110 
220 
450 
510 
750 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 

no0 no0 

no0 

035 
lCH./MB. 1 
00000.00 
00000.00 
00000.20 
00001.00 
00002.00 
00002.20 
00002.50 
00003.20 
00004.80 
00007.50 
0001 3.50 
00024.00 
00042.50 
OOORO.OO 
00225.00 
00406.00 
00433.00 
00495.00 
00537.00 
00557.50 
00543.00 
00509.00 
00395.00 
00276.00 
00187.50 
00045.00 
00005.00 
00003.00 
00001.00 
00000.10 

APR. 11 1958 
CLEAR 

0 3  MASS = 0.395 

H2O 
lG. /KG. 
000.2000 
000.2000 
000.2000 
000.4000 
000.300O 
000.3000 
000.2000 
000.0700 
000.0450 
000.0450 000.0310 

000.021 0 
000.0 160 
000.01 10 
000.0220 
000.0280 
000.0450 
000.0560 
000.1120 

000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

000.1120 000.1120 

03.  
lCH. /M8 . )  
00000.00 
00000.00 
00000.30 
00000.50 
00001 * 00 
00002.00 
00002.50 
00006.00 
00010.00 
00014.00 
00032.50 00054.50 

00068.50 
00 100.00 
00245.00 
00307.00 
00420.00 
00462.50 
00543.50 
00562.00 
00547.50 
00517.50 
00413.00 
00 188.00 
00045.00 00005.00 

00003.00 
00001.00 
00000.10 

U N I T S  OF TEN TO THE M I N U S  5TH 



19 
COULO O A Y ,  N.Y.T. 
12OOGMT 
tl20 M A S S  = 0.146 

PKESS 
I YR. 1 
1000.0 
0990.0 
0940.0 
0H50.0 
0700.0 
0500.0 
0410.0 

0750.0 
0200.0 
0150.0 
0 100.0 
0050.0 
0025.0 
0020.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 

0000.2 
0000.1 

0300.0 

onno. 3 

T E M P  
I DEL-K I 
240.0 
244 -0 
247.0 
246.0 
241.0 
229.0 
772.0 
222 -0 
226.0 
227.0 
726.0 
222.0 
219.0 
217.0 
218-0 
215.0 
213.0 
224-0 
732.0 
239.0 
249.0 
266.0 
282.0 
271.0 
262 -0 
25 1.0 
231.0 

P R E S S  
IW.1  
0983.0 
0950.0 
0931.0 
0767.0 
0'74 1 0 
0700.0 
0500.0 
0300.0 
0219.0 
0200.0 
0150.0 
0100.0 
0050.0 
0025.0 
0 0 1 R . O  
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.6 
0001.0 
0000. 6 
0000.4 
0000.3 
0000.2 onoo. I 

TEMP 
10EG.K) 
279.0 
272.0 
273.0 
769-0 
770.0 
2hH.O 
250.0 
224.0 
215.0 
220.0 
219.0 
216.0 
719.0 
226.0 
230.0 
242.0 
252.0 
261 -0 
267.0 
277.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251 -0 
731.0 

APR. 1, 1958 
CLEAR 

03 M A S S  = 0.394 

ti20 
I G. /KC. 1 
000.1000 
000.2000 
000.4000 
000-4C*OO 
000.2000 
000.0700 
000.0420 
000.0350 
000.0250 
000.0240 
000.0180 
000.0 110 
000.022 0 
000.0450 
000.0560 
000.0750 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03. 
l C M . / M h .  1 
00000.00 
00000.10 
00000.40 
0000 1-00 
00002.50 
00006.00 
00009.00 
00014.00 
00020.00 
00032.50 

00 100.00 
00245.00 
00420.00 
00462.50 
00504-50 
00543.50 
00562.00 
00547.50 
005 17.50 
0041 3.00 
00 IHR. 00 
00054.00 
00005.00 
00303.00 
0000 1-00 
00000.10 

oon54.50 

APR. 1. 1958 

0 3  M A S S  = 0.304 
CLEAR 

ti20 
l t i . / K G .  1 
005. 6000 
003.1000 
002 -7000 
002.3000 
000.9000 
000.5000 
000.2000 
000.0160 
000.01 10 
000.01 00 
000.0100 
000.01 10 
000.0220 
000.0450 
000.0620 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000. I 1 2 0  

0 3 *  
lCM./MH. ) 
00000.10 

00001.20 
00001.80 
00007-10 
00002.50 
00005.00 

00016.50 
00020.00 
00034.00 
00066.00 
001 75.00 

004 17.50 
005 10- 00 

005 15.00 
00465.00 
00354.00 
00287.50 
00 185.00 
00045.00 
00005.00 
00003.00 
0000 1-00 
00000.10 

m o o 1  . oo 

oon io. oo 

on345.00 

oo540.00 

HnOEL ATMOSPHERES _ _  
ZU 

CLARK FIELD. P.I. 
l2OOGMT 
H2fl MASS = 1.27R 

JAN. 1, 1958 
CLEAR 

0 3  M A S S  = 0.275 

ti20 
LG./KG. 1 
010.4000 
0c1.4000 
000.9000 
000.2000 
000.11 20 
000.0 1 80 
000.0090 
000.01 no 
000.0370 
000.0610 
000.0920 
0 0 0 ..O 9 2 0 
000.0920 
000.0920 
000.0920 
000.0920 
000.0920 

000.0920 
000.0920 
000.0920 

oo0.0920 

O 3 *  
lCH./Mtl. I 
00001.00 
00002.00 
00004.00 
00008.50 
00011.00 
00024.50 
00050.00 
00147.50 
00357.50 
00454.50 
00474.00 
004fl5. 00 
00498.00 
00413 7.50 
0045 1-00 
00370.00 
00187.50 
00095.00 
00020.00 
00002 -00 
00000.10 

23 
STEPHENVILLE, TEXAS APR. 1. 1958 
l2OOGMT CLEAR 
ti20 M A S S  = 0.566 03 M A S S  = 0.355 

PRESS 
1MR.l 
1000.0 
OH50.0 
0700.0 
0400.0 
0300.0 
0250.0 

0150.0 
0100.0 
0050.0 
0025.0 
0020.0 
0015.0 
0010.0 
0006.0 

0003.0 
0002.0 
0001.4 
0001.0 
0000.6 
0000.4 

0002.0 
0000. I 

0200.0 

0004. o 

oono.3 

T E M P  
1DEG.K) 
214.0 
268.0 
257.0 
237.0 
220.0 
717.0 
220.0 
222.0 
223.0 
220.0 
2?5.0 
22h.O 
230.0 
23n.o 
249.0 
258.0 
265.0 
274.0 
283.0 
283.0 
283.0 
271.0 
262.3 
251.0 
231.0 

H20 
lG.IKG.1 
002.1000 
001.4000 
000.7000 
000.0550 
000,o 180 
000.n0RO 
000 .00HO 

000.0110 
000.0220 

000.0560 
000.0750 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1 120 
000.112c 
oca. 1120 
000.11 20 
000.1120 

oon. 0090 

no0.0450 

03. 
I C M . / M H .  1 
00000.00 
0000 I .  00 
00002.50 
00007.50 
00011.00 
000 15.00 
00024.00 
00042.50 
00080.00 
0022 5 - 00 
00406.00 
00452.00 
00495.00 
00537.00 
00557.50 
00543.00 
00509.00 
OO395.00 
002 75.00 
001 87.50 
00045.00 
00005.00 
00003.00 
00001.00 
00000. IO 

PRESS 

0845.0 

0748.0 0480.0 

I Y B . )  
0891.0 
OH8I.O 

0814.0 

0300.0 0231.0 

0200.0 
016Y.0 
0104.0 
0100.0 
0050-0 
0025.0 
001Y-O 

0004.0 
0002.0 0003.0 

0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

0010.0 0006.0 

0000.7 0001.0 

rEnP 
I C E G - K  1 

269.0 
274.0 
274.0 
772.0 
275.0 
753.0 
224.0 
215.0 
719.0 
219.0 
206.0 
206.0 
214.0 
217.0 
221.0 
218.0 
229.0 
237.0 
244.0 
254.0 
271.0 
283.0 
283.0 
271-0 
262.0 
251.0 
231.0 

ti 
I C . /  
002. 
007. 
004. 
000. 
000. 
000. 

000. 
000. 
000. 
000. 
ooc. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 

000. 
000. 

oon. 

oon. 

24 
EL P A S O ,  T t X A S  
12OOGKT 
ti2c M A S S  = 0.431 

JAN, 1, 1958 
CLEAR 

0 3  M A S S  = 0.274 

0 

000 

no0 
000 
000 
400 
450 
120 
100 
100 
110 
220 
450 
700  
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 

r,. 

no0 

0 3 *  
ICM./MH, 00000.50 1 

noo00.90 000n2. on 
nouo3. on 

oonoy. 50 
non12.00 
00015.on 

00004.40 00004.00 

noo50.00 0002 1 - 5 0  

0014 7-50 
0044fl.C.O 00357.50 

00474.00 
00485.00 
0049R. 00 
0048 7.50 
00451.00 
00330.00 

00020.00 

ooin7.5n 00095.00 

00002.00 ooooo- in 

JAN. 1, i v s e  
CLtAK 

0 3  M A \ S  = 0,274 

t+?n 
lC; . /KS.  1 
001.7'700 001 -6000 

001.4000 
001.2noo 
001~0000 
000.4000 
000.0570 000.0200 

OOC. 01 40 
000.01 20 
000.01 10 
000.0 I10 
000.0220 
00.0- 045 0 
000.0620 
000. 1170 
000.1120 

000.1120 
000.1120 
000.1120 
000.1120 
000. I 1 2 0  
000.1120 
000.1120 
000.11z0 

000.1120 000.1120 

I C M . / Y M .  (i 3 1 

00000.70 
00COO.HO 

00002.00 0000 1.30 

00004.00 
00008.50 00012.0n 

00015.00 
0001 00046.50 9.50 

00050.00 
00147.50 
00357.50 
004 32.50 
00485.0n 00474.00 

00498.00 
00487.50 
0 0 4 5 1 . C O  
00330.00 
00235.00 
001 87.50 
00095.00 

00000.20 
00000.10 

nooo1.oo 

00020.00 

UNITS OF T O  THE MIYIJS 5 ~ t i  



25  
I lE' iVEH C o t  0. 
12POLMT 
t I72 YASS. = 0.422 

rfiFc,s 
IMB.  I 
OO41.0 
0 8 3 0 . 0  
0918.0 

0400.0 
0750.0 
0210.0 
0153.0 
0117.0 
0106.0 
0100.0 
0076.0 

0075.0 
0020.0 
0010.0 

0034.0 
0003.0 

0001.0 

0000.4 

0500.0 
n406.0 

0044.0 
0035.0 

on06.0 

oon7.o 
onoo.6 
ooon. 3 
0000.  2 
onno. I 

TF"P 
1nEG.K)  
265.0 
273.0 

751.0 
239.0 
237.0 
214.0 
209.0 
219.0 
213.0 

217.0 
214.0  

21R.I )  
216.0 
278.0 
7 7 9 . 0  
248.0 
755.0 
7h4.0 

283.0 
271.0 
262.0 

23 1.0 

777.0 

219.0 

273.0 
216.0 

7H3.n 

2 s  I .n 

28 
I I M A H A ,  N E R  
I Z O O G Y T  
H 7 0  M A S S  = 

P U E S S  
I w q . 1  
097Y.O 
0967.0 

0910.0 

OA5O.O 

0700.0 

0 9 2 0 .  o 
0n6n.n 

0742.0 

o5no.o 
o4nn.o 
03no.o 

0175.0 

0025.0 
0070.0 

0006.0 
0004.0 
0003.0 

oon1.o 

0250.0 
0150.0 

01oo.c 
0050.0 

0010.0 

0002.0 
0001.0 

0000.6 
0000.4 
0000.3 
0000.2 nooo. 1 

+ U N I T S  

0.322 

T E P P  
C E G . l o  

262.0 
261.0 
764.0 
764.0 
763.0 
254.0 
254.0 
240 .0 

223.0 
224.0 
271.0 
773.0 
22 1.0 
21 7.0 
214.0 
214.0 
227.0 
23H.O 
748.0 
254.0 
264.0 
2R0.0 
283.0 
283.0 
771.0 
762.0 
251.0 
231.0 

754.0 

730.0 

IC 
0 0  
00 

00 

0 0 

0 0  

0 0  
0 0  
00 
0 0 

00 

0 0  

no 
on 
on 
on 
on 

on 
on 
on 
on 
on 

on 
on 

00 
00  
00 

00  

00 

J A \ .  I t  175H 
( .LEAK 

0 3  V A S 5  = 0.307 

.0 

.n 
- 0  
.o 
- 0  

.c 
- 1  
. I  
. I  
. I  
. I  
. I  
. I  
- 1  
- 1  
. I  
. I  

.n 

. n  

7 (: 
Y 0 
10 
5 0 
h0 
2 0  
50 
6 0 
2 0  
2 0  
7 0  
7 0  
2 0  
2 0  
20  
7 0  
2 0  
2 0  
20 

I; 3 
(CM. /Pf ! . )  o n n o i .  i o  
onooi.2o 
onooi. 30 

onno5.qn 

00017.50 
0001 7.00 
00079.50 
non49.00 
nnr156.00 

oon~6.no 
00300.00 

on4  3 7-50 
no480.00 

on503.00 

00004.00 

0000h .  00  

00062.00 

00725.00 

00402.50 

00493.50 
00511.50 

00462.50 
00330.00 
00187.50 
00095.00 

00000.70 
00000.10 

oowo.  00 

JAN. I r  1958 

0 3  M A S S  = 0.310 
C L E A R  

H2n 
1 G . I K G . )  
000.7000 

001 - 2 0 0 0  
001.3000 

000.6000 

000.0990 
000.0550 
000.0210 
000.01 90 

000.01 10 

001.2000 

oni.3000 
001. 1000 

on0.200n 

onn .n i40  
ono. 0120 

ono.0220 
cno.0450 
000. 0560 
000.1120 
000.1120 
000.11 20  
000.1120 
000. I 1 2 0  
000.  I 1 2 0  
000.1120 
000.1120 
000.1120 

ono. I 1 2 0  

ono.1120 
ono. I 120  

03. 
ICH./MB.) 
00000.10 
00000.20 
00000.50 
00000.60 
00000.90 

00001.70 
00002.00 
00004.00 

00009.50 
00012.50 

00043.00 
00062.00 
00 185.00 
00402-50  
00437.50 
00480.00 
00493.50 
00511.50 
00503.00 
00462.50 
CC330.00 
00 3 1 0 0 0 
00 187.50 

onnoi.oo 

oon06.00 

00031.00 

ono05.00 
00n20.00 
oonon. 20 
00000.10 

OF TE% TO T H E  M l F i U S  5 1 H  

POIIE L A T  '40s PHEHE S 
7 6  

E I1 VCN I Oh., A L HE K T A J A N .  1. 1958 
1 2 00L 'I T 
h20  V 4 S S  = 0.943 0 3  N A S S  = 0.309 

C L E A r (  

P R E S <  
I F H .  I 
OY39.0 
0905.0 
0876.0 
0850.0 
0790.0 
0772.0 
0700.0 
0500.0 

0300.0 
0225.0 
0200.0 
OlA2.O 
0150.0 
0100.0 
0050.0 

0025.0 
0014.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

n4oo.o 

0040.0 

T E M P  H2O 
1DEG.K) lG.IKG.1 

262.0 UO1.3000 
272.0 002.2000 
275.0 007.2000 
774.0 001.8000 
270.0 002.1000 
270.0 002.5000 

750.0 000.7000 
237.0 000.2000 
221.0 000.0570 
707.0 000.0OUO 
219.0 000.0050 
716.0 000.0050 
217.0 000.0060 
219.0 000.0110 

216.0 000.0450 
20R.O 000.0800 
215.0 OCO.1120 
226.0 000.1120 
235.0 000.1129 

268.0 000.1120 

267.0 007.hooo 

220.0 000.02)o 
220.0 oon.ozRo 

241.0 OOO.II)O 
251.0 noo.1170 
283.0 !>on. 1170 
271.0 non.112n 
262.0 nno. 1120 
251.0 000.1120 
741.0 000.1120 

0 3 .  
( C M . / M H . )  

00000.40 
00000.60 
00000.  RO 
0000  1-00  

00001.50 
00002.00 
00004.00 
00006.00 

00015.00 
00018.50 
00021.50 

00062.00 
00185.00 
00255.00 
00402.50 
00*68.00 
004 80.00 
00493.50 
0051  I. 50 
00503.00 
00462.50 
00330.00 

00020.00 
00000.20 
00000, 10 

ooon I -40  

ooon9.50 

on03 1.00 

00197.00 
ono05.00 

29 
P O R T  H A K R I S O N t  QUEBEC J A h .  1, 1958  
12OOGMT C L E A 9  
H Z O  M A S S  = 0.304 03  P A S S  = 0.306 

ti20 
( G . / K C .  1 
001.6000 
000.4000 
000.5000 
000. hOOO 
000.6000 
000.4000 
000.1360 

000.0560 
000.0250 
000.02 1 0  
000.0 160 

000.0220 

000.0750 
000.1120 

000.1120 

000.1120 
000.1120 

060.  I170 

000.1170 

non.o7oo 

ooo.oiin 
oon. o 190 

no0.0450 

noo. I 120 

noo. 1120 
non. I 120 

oon. I 1 2 0  

no0.1120 

non. 1120 

0 3 -  
( C M . / H R .  1 
00000.00 
00000.40 

0000 1.30 
00002.00 
00002.50 

00006.00 
OOOD 7.30  
0001 2.50 
00018.50 
0@03 1.00 

00137.50 
00185.00 
00402.50 
00464.00 
004R0.00 
00493.50 
0051  1.50 
00503.00 
00462.50 
00330.00 
00275.00 
001A7.50 

00020.00 
00000.20 
00000.10 

onon 1.20 

ooon4.00 

on062.00 

no095.00 

S L A S C @ W .  27 MO'UT. 

12 OOGF' 1 
H2C M A S S  i: 0 .441  

P R E S S  
l r M . 1  
0941.0 
0914.0 
0RY7.0 

0837.0 
0700.0 

0400.0 
0260.0 
0126.0 
0155.0 
0 1 0 0.0 
0050.0 
0025.0 

0010.0 
0006.0 
OC04.0 
0003.0 
0002.0 

ooc1.0 
0000.6 
0000.4 
0000.3 

coco. 1 

0353.0 

0500.0 

0 ~ 2 2 . 0  

ooo1.n 

noGo.2 

T E M P  
I O t  6 .  K 

258.0 
770.0 
270.0 
26M.O 
270.0 
264.0 
250.0 
236.0 
212.0 
208.0 
220.0 
772.0 
219.0 
217.0 
716.0 
730.0 
241.0 
250.0 
256.C 
2 6 5 . 0  
781.0 
7R3.0 
2H3.0 
771.0 
767.0 
751.0 
231.0 

30 
N I T C H E Q U C U I  O b E S t C  
1700GPT 
H2O P4CS = 0.268 

P R E S S  
IrR. )  
0952.0 
0936 .0  
CR82.O 
0~66.n 
0806.0 
~ 7 4 1 . n  
0692.0 
0464.0 0336.0 

0323.0 

0250.0 

0050.0 
0040.0 

0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.8 

0000.3 
0000.7 
0000. I 

0265.0 

0158.0 
n1oo.o 

0025.0 

0000.6 0000.4 

T E M P  
1CEG.K) 

243.0 
750.0 
252.0 
751.0 
216.0 
255.0 
756.0 
736.0 
271.0 

21H.O 
219.0 
720.0 
216.0 
709.0 
2OA.O 
70H.O 
217.0 
225.0 

245.0  
252.0 
261.0 
276.0 
2R3.0 
283.0 
271.0 
2hZ.O 
251.0 
231.0 

223.0 

23h.n 

H 
1 G . /  
001. 
0 0 2 .  

000.  
001. 
000.  
000.  
ooc. 
ooc. 
0 0 0 .  
000.  
0 O C .  
0 0 0 .  
000.  
000.  ooc. 
000. 
000.  
000. 
000 .  
000.  

0 c c .  
000. 

nul. 

ono. 

nnc. 

noo. 
noo. 

J A N .  1 .  195R 
C L E A H  

0 3  M A S S  = 0.310 

n 
G. I 
QOO 
700 

000 

900 

140 
070  
'370 
110 
770 
450 
510 
170 
120 
1 7 0  
170 

1?0 
1 7 3  
170 
170 
170 
120 
I 2 3  

no3 
no0 
no0 
Rno 

I ? n  

0 3 +  
I C M . / I + R . )  

00000.40  

00000.70 
ooooo. 60 

nnooi.on 
oooni. i o  
ooon2.00 
00004 .) 00 
00006.on 
n o n i 2 .  

noo62.00 
n o i ~ 5 . 0 0  
00402.50 

00493.50 00480.00 

no 3 30. on  
n0324.00 

nooy5.on 
noo2o.on 

ooooi). i n  

0 0 0 1 ~ . 0 0  00079. 00 

00425.00 

0051 1.50 
00467.5n 0 0 5 0 3 . 0 0  

00 187.50 

ooc00.20 

H 2 0  
I G . / K G . )  
O O C .  7000 

L C 0 .  6000 ooc. 9900 

noc.4rno C O G . 6 9 0 0  

oor .7700 uoc .  4 0 0 0  

onc. 2000 

ooc.n3iio ooo. n v o  

oon.n78o 

000.0590 
000.0>30 

OOC.0130 
000.0 I 1 0  
000.0720 

000.0450 
000.0750 

000.1120 
000.1120 coo. I 1 2 0  
000.1120 
000.  I 1 2 0  
000.1120 
000.l120 
000.1120 
0 0 0 . l l 2 0  
000.1120 

ooc. 000.1120 1120 

i 3 s  
(CY./'+B. I 

0 0 0 0 7 . 3 0  
05000 .  51) 
nonoo.+n oooon. vi' 
n o o c i  .zn 
n o o o i . y s  
0 0 0 ~ 7 .  i n  
nono'.. 8 0  
nonn7.  o n  
oono7.zo 
ooon0.5r) 

nno22.on 00062. no 

0 0 4 1 ~ .  004oz.50  on 
0 0 4 ~ 0 .  0049  3.50 p n  

nn462.50 no3 30.00 

001 ~ 7 . 5 ~  
00095. on 
n 0 0 2 0 . ~ n  

000 12.53 

no755.nn OfilH5.00 

0051 1.50 
00503.0'3 

00270.50 

00000.20 
00000.10 



31 
PARTER ISLAKC, ALAS. JAti .  1. 1958 
17 OOGM 1 CLEAR 
h 2 0  MASS = 0.117 i)3 M f i S S  = 0.213 

P R E S S  
1 YR. 1 
1020.0 
1000.0 
0950.0 
O R 5 0 . 0  
0819.0 
0656.0 
0545.0 
0500.0 
0324.0 
0300.0 
0750.0 
0200.0 
0150.0 
oioo. n 
nos9.n 
0034.0 

0015.0 oo 1 0. n 
0006. o 
(.(in 3. L 
nnn7.0 
ono1.o 
(.ann. 9 
onon. 6 
nnoo.4 

L325.0 

C304.0 

C000.3 
0000.2 
0000.1 

TEMP 
1 G E G - K  1 
235.0 
237.0 
742.0 
244.0 
744.0 
241.0 
236.0 
232.0 
216.0 
215.0 
717.0 
218.0 
716.0 
715.0 
213.0 
217.0 
7 12.0 
771 .0 
22Y.0 
2 3 Y . O  
7 4 R . U  
754.0 
763.0 
77R.0 

7R3.O 
271.0 
262.0 
751 .O 
231.0 

zn3.0 

1 2 0 0 G M  T 
1-20 M A C S  = 1.780 

M A I N E  

PHESS 
I MR. I 
1013.0 
1000.0 
097R.O 
0805.0 
0772.0 
0700.0 
0622.0 
0500-0 
0300.0 
0786.0 
0250.0 
0150.0 
0138.0 
0100.0 
0050.0 
0025.0 
0015.0 

0009.0 
0006.0 
0004.0 
0003.0 
0007.0 
0001.2 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

on1o.o 

TEMP 
(DEG.KI 
292.0 
292.0 
293.0 
279.0 
2AO.O 
277.0 
274.0 
262.0 
736.0 
233.0 
230.0 
215.0 
214.0 
215.0 
224.0 
227.0 
232.0 
236.0 
237.0 
746.0 
254.0 
261.0 
270.0 
2R3.0 
283.0 
283.0 
771.0 
262.0 
751 -0 
231 -0 

IilC’ 
( G . / h G .  I 
000.75:)o 

000.2 70 0 
000.2300 
000.1300 
000.03 70 
000.01 60 
000.00 30 
ooo . 00  3 n 
ooo.on 3n 
ooo.cc40 
000.00 60 
ooo.ili 10 
000.022n 
000.0 3 4 0  
nno.o42(1 
000.07>0 ono. 1120 
O¶O. 1120 
000.117~1 
000.1120 
000.1170 
000.1170 
000.1120 
000.1120 
000.1L70 
000.1120 
000. 1120 
000.1120 

ono. 0500 
000. I 7no 

03. 
ICM./MR. I 
00000.00 0onoo.oo oonoo. 30 
OOOQ1.OO 
00001.20 
00 00 7 - 4 C 
00003.50 
onnn4.oo 
00 00 7.9 (1 
0000H.50 
0001 1-00 
0r)o;s.m 
00024.50 
0onso.oi: 
00 147.50 
00752.50 
00357.50 
00454.3c 
00474.00 
t’04H5. 0G 
(104 ‘4 F - 0  0 
1.174H7.50 
co /. 5 1. no 
r:0330. no 

onn95.00 
O ~ O ~ C . O O  
00n00.20 w o o o .  i o  

00275.00 
cn 1 R 7 . 2 0  

AUG. 1. 1’458 

03 MASS = 0.270 
C L L I R  

H20  
1 G. I K G .  I 
010.6000 
008.8000 
006.9000 
004.8000 
00 1.4000 
000. 8000 
000.9000 
000.6000 
000.11 70 
000.0980 
000.0690 
000.0160 
000.0 140 
000.01 10 
000.02 20 
000.0450 
000.0750 
000.1120 
000.1l20 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1170 
000.1120 
000. 1120 

U3* 
(CM./C@.l 
0000c.00 
00000.00 

00000.90 
QOOO1.00 
00001.40 
00002.50 
00006.00 
00006.50 
00008.00 
00020.50 
00024.0U 
00042.5C 

00375.00 
00490.00 
00530. OC 
00535.50 
00590.00 
00654.00 
00639.5i) 
0055R.00 
00370.00 
00255.00 
00025. SO 
00003.00 

00000.20 

onooo. i o  oooon. 70 

ooi40.50 

oo007.00 

ooono. io 

M@DEL A T Y O S P H E R E S  
32 

KINDLEY BERM. 8 E & U ~ ~ O A  AL‘C. I, 1958 
12OOGMT 
ti20 MASS = 5.07s G3 Y A C 5  = ’ -255 

C L t  A I 

35 
G < A * ~ L  12O:)G”I  JIACT 

H 7 1 ;  PACS = 

PRE ss 
I M H . 1  
0956.0 
cnz1.o 
0777.0 
0700.0 
0566.0 
0537.0 
0500.0 
0400.0 
0300.0 
0700.0 
0150.0 
0116.0 
0100.0 
0050.0 
C044.0  
0025.0 
n015.0 
no1i.o 
on1o.o 

0002.0 

(1006.0 
3004.0 
0003.0 

0001.5 
0001.0 
0000. 6 
0000.4 
0000.3 
OGOO. 2 
0000.1 

ti20 
l b . / K G .  I 
3 I Y . oouo 
007.5000 
’100. HOOO 

000.0100 

noo.5000 
noo.06vo 

oon.01 10 
oo0.0~70 
oon. 0450 
000.0560 
000.1120 
000.1170 
000.1120 
000.112c: 
000.1170 

000.1120 

000. 1120 
000.1120 
000.1170 

oon.112o 

oon.1170 o m .  1170 

r13. 
( C K . I M H . 1  ocooo. 00 ouon 1. no 
OGOOZ. 50 
ooon4.oo 
ooontl. no 
00020.50 
00042.00 
00 1 3  1-00 
00310.00 
00 398.00 
00513.00 
00543-50 
00630.00 
00642.50 
00623.00 
0054 7.50 
00255.00 
00075. SO 
00003.00 
00002.00 

00000.10 
ooono. 20 

UN COLO. AUG. 1,  1958 
CLEAR 

(13 P A S S  = 0.253 -520 

TEMP 
DEG-KI 
291.0 
294.0 
788.0 
245.0 
169.0 
268.0 
766.0 
256.0 
243.0 
722.0 
709.0 
203.0 
707.0 
221.0 
724.0 
727.0 
733.0 
737.0 
238.0 
249.0 
25R.O 
265.0 
275.0 
283.0 
2H3.O 
283.0 
771.0 
267.0 
751.0 
731.0 

H2O 
(G./KG. 1 
005.2000 
005..000 
004.6000 
005.1000 
002.9000 
001.1000 
000.6000 
000.400G 
000. 2000 
000.0350 
000.0100 
000.0070 
000.01 10 

000.0260 
000.0450 
Ob0.0750 

000.1120 
000.1120 
000. 1120 
000.1170 
000.1120 
000.1120 
000.1120 

000.1120 
000.1120 
000.1170 
000.11 70 

no0 .) 0220 

noo. 1020 

ooo.iizn 

03. 
lCC./fiI... I 
00000.50 
00000.60 
00000.90 
00001.00 
00002.00 
00002.20 
00002.50 
00004 -00 
00006.00 
000 12.50 
00020.50 
00032.50 
00042.00 
00131.00 
00160.00 
00330.00 
00460.00 
00503.00 
005 13.00 
00563.50 
00642.50 
00623.00 
00547.50 
00442.50 
00255.00 
00025.50 
00003.00 
00002.00 
00000.20 
00000.10 

P R C S S  

1008.0 

0942.0 

0760.0 

i rn. I 
inoo.0 

n91y.o 

n7on.o. 
0670.0 

n5cn.n 
o4m.n 
n3o:i.o 
0 2 ~ 0 . 0  
n 1 50. n 
0123.0 
oioi1.n 
n377.c 
0050.0 
noz5.c 

nc 0 7 n 
0004.0 
ccn3.n 
nno1.7 
ncoo.6 
onc9.4 
0 0 ~ 3 . 3  
n00;).2 

0652.0 

OCY2.G 

001’,.0 
O ( i L g . 0  

0f!c;?.r! 

0000.1 

T E M P  
( O E G . K I  

29H.0 
79H.0 
297.0 
798.0 
7R6.0 
7H4.0 
2H1.0 
2d1.0 
2 6 Y . O  
757.0 
242.0 
771.0 

7C0.0 
2n7.o 

2cn.o 
201.0 
711.0 

7Jn.o 

717.0 
277.0 

7 3 3 . 0  
241.0 
753.0 
760.0 
769.0 
283.0 
793.0 
271.0 
767.0 
2>1.0 
231.0 

36 
NC*T l (  P L P t T E .  ?.El?. 

H 2 0  YACS = 7.433 
1200~rr 

P R E 5 S  
1PH.I 
0913.0 

0850.0 
0767.0 
0700.0 
0662.0 
0500.0 
0400.0 
0300.0 
0246.0 
0226.0 
0150.0 
0108.0 
0100.0 
0067.0 
0050.0 
0025.0 
0015.0 

OOOR.O 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
ooc0.2 
0000.1 

0 ~ 7 2 . 0  

0010.0 

AlJG. I r  1958 
CLEAR 

0 3  MASS = 0.252 

HZG 

016.c)noo o 15. 8000 

004.7noo 

002.7000 

noo.6ooo 

017.8000 I G . / K G -  I 

007.3000 
009.5000 

004.6000 

000. ROO0 

000.2000 
000.0310 
000.0060 000.0060 

00c.0110 
000.0l20 
000.0140 

000.0450 
000.0750 000.1120 

000.1120 
0OC. 1170 
000.1120 

000.1170 
000.1170 0oc. 1120 

000.1170 

on0.0220 

000.1120 000.1l70 

onc.1120 

03. 
( C M . / P H .  1 
00000.00 
00000.00 
00000.20 
00000.30 
0 0 0 0 0 . R O  
00001.00 
00001.20 
00001.40 00007. 5‘1 

00004.00 
00001.00 
00012.50 
00070.50 
00028.50 
00042.00 
00048.50 OOC65.50 

001 00330.00 31 -00 

00460.00 
0051 3.00 
00543.00 

00547.50 
00337.50 
00034.00 
C0003.CO 000n2.00 

00000.20 

00647.50 
00623.00 

ooooo. i n  

AUG. 1. 1958 
CLEAR 

0 3  MASS = 0.266 

TEYP H70 
1 C F S . K )  ( G . / K G .  I 

2RR.n n11.3’100 
293.r‘ 009.5noo 
292.11 009.1non 

7~2.0 nc5. ~ n n o  

754.0 c~n.4000 

131.0 oon.0410 

706.0 o c o . n ~ o o  
706.0 ooo.ni1o 

276.0 ooo.0~50 

733.0 noo.1120 

2Hd.0  005.8000 

27A.0 904.6000 
7h6.0 000.7000 

73R.O (JO0. 1740 
730.0 090.0700 

713.0 OOC.0710 

716.0 000.0160 
71 1.0  090.0720 

733.0 000.0750 

735.0 00C. 1170 
241.0 000.1120 
741.0  000.1170 
256.0 000.1120 
2 t b . O  000.1170 
7H3.O 000.1120 
783.0 000.1170 

251.0 000.1120 
731.0 000.1170 

271.0 000.1120 
2w.0 n00.1120 

03- 

oooon. 30 
~oooo.50 
oonoo.8o 
onno1 .oo 
oonoi.3o 
nnon~.50 
nuoo4.on 

nnoo8.50 
on01 on07n.50 o.no 

00047.50 00042.50 

00530.~0 n 0 4  9 0.00 

0 0 5 4 4 .  on 
00654.00 
00639.50 

00075. 
nnnoT.on 
0 ~ ~ 0 2 .  09 

nooo3. 19 

lCM./MB. I 

00000.43 

0O006.00 

0O037.59 

00140.50 
OG375.00 

00590. CO 

00558.C’l 
C0255.00 

00000.1 ) 

UNllS OF 1EN 10 T H E  M I F i U >  5TH 



MOOEL ATMOSPHERES 
2 s  37 

I A R I B O U ,  M A I N E  
l2OOGMT 
ti20 MASS = 1.586 

PRESS 
1 M R . l  
0992.0 
0969.0 
0850.0 
OR15.0 
0790.0 
0712.0 
0700.0 
0584.0 
0s00.0 
0421.0 
0400.0 
0300.0 
0266.0 
0250.0 
0200.0 
0150.0 
0100.0 
0070.0 
0050.0 
0025.0 
0015.0 
0010.0 
0009.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.3 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 
43 

F L I N T .  MICH.  
l2OOGMT 
H2O MASS = 1.412 

TEMP 
1OEG.Kl 
288.0 
289.0 
279.0 
277.0 
277.0 
272.0 
271.0 
267.0 
258.0 
248.0 
245.0 
229.0 
223.0 
226.0 
228.0 
223.0 
221.0 
219.0 
225.0 
230.0 
235.0 
238.0 
239.0 
247.0 
256.0 
263.0 
272.0 
283.0 
2R3.0 
283.0 
271.0 
262.0 
251.0 
231.0 

PRESS 
I ME. 1 
0992.0 
0976.0 
0954.0 
0850.0 
0700.0 
0500.0 
0300.0 
0261.0 
0208.0 
0190.0 
0150.0 
0116.0 
0100.0 
0050.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.2 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
I O E G - K l  
281.0 
289.0 
290.0 
286.0 
281.0 
264.0 
236.0 
228.0 
222.0 
222.0 
216.0 
212.0 
213.0 
221.0 
226.0 
231.0 
246.0 
254.0 
261.0 
270.0 
283.0 
283.0 
283.0 
271.0 
262 .O 
251.0 
231.0 

234.0 

AUG. 1 1958 
03 MASS = 0.259 

C ~ E A R  

H2O 
lG./KG. I 
008.3000 
007.4000 
003.9000 
003.8000 
003.1000 
002.1000 
00 1.7000 
000.6000 
000.7000 
000.3000 
000.1860 
000.0570 
000.0300 
000.0250 
000.0140 
000.0140 
000.01 10 
000.01 2 0 
000.0220 
000.0450 
000.0750 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03 .  
I C M . I M 8 .  I 
00000.00 
00000.10 
00000.50 
00000.60 
00000.70 
00001.00 
00001.00 
0000 1.40 
00002.50 
00003.70 
00004.00 
00006.00 
00007.50 
0000R. 00 
00012.50 
00020.50 
00042.50 
00051,50 
00140.50 
00375.00 
00490.00 
00530.00 
OOS35.50 
00590.00 
00654.00 
00639.50 
0055R.00 
00402.50 
00255.00 
00025.50 
00003.00 
00002.00 
00000.20 
00000.10 

AUG. 1, 1958 
03 MASS = 0.270 

CLEAR 

H2O 
lG . /KG. )  
006.8000 
009.1000 
008.1000 
002.1000 
00 1.3000 
000.5700 
000.1170 
000.0660 
000.0340 
000.0280 
000.01 80 
000.0130 
000.0 1 10 
000.0220 
000.0450 
000.0750 
000.1120 
000.11 20 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000. I120 
000.1120 

03.  
lCM./M8.  I 
00000.00 
00000.10 
00000~ 20 
00000.50 
00001.00 
00002.50 
00006.00 
00008.00 
00012.00 
00013.50 
00020.50 
00032.50 
00042.50 
00140.50 
00375.00 
00490.00 
00530.00 
00590.00 
00654.00 
00639.50 
00558.00 
00362.50 
00255.00 
00025.59 
00003.00 
00002.00 
00000.20 
00000.10 

S<i(. STE.  M A R I E ,  M I C H  AUG. 1, 1958 
12OOGMT CLEAR 
H2O MASS = 2.100 03 MASS = 0.270 

PRESS 
I M 8 . 1  
0993.0 
0974.0 
0938.0 
0826.0 
0807.0 
0786.0 
0700.0 
0664.0 
0500.0 
0400.0 
0250.0 
0700.0 
0150.0 
0100.0 
0050.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.1 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
10EG.Kl  
285.0 
288.0 
291.0 
283.0 
283.0 
283.0 
280.0 
278.0 
264.0 
251.0 
725.0 
219.0 
218.0 
216.0 
222.0 
228.0 
2.31.0 
233.0 
244.0 
253.0 
760.0 
269.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

41 
THULE,  GREENLAND 
OOOOGMT 
H2O MASS = 0.159 

ni 
lG. /H 
007.E 
009.! 
007.1 
007. I 
002.6 
003.2 
002.4 
002.c 
000.6 
000.5 
0oo.c 
0oo.c 
00o.c 
000.c 
00o.c 
0oo.c 
00o.c 
000.1 
000.1 
000. I 
000.1 
000.1 
000.1 
000. I 
000.1 
000.1 
000.1 
000.1 

. I  
00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
20 
70 
40 
10 
20 
50 
50 
20 
70 
70 
20 
70 
70 
20 
20 
20 
20 
70 

0 3 s  
lCM./MB.l  
00000.00 
00000.10 
00000.20 
00000.60 
00000.70 
00000.80 
00001.00 
00001.40 
00002.50 
00004.00 
00008.00 
000 12.50 
00020.50 
00042.50 
00 140.50 
00375.00 
00490.00 
005 30.00 
00590.00 
00654.00 
00639.50 
00558.00 
0033 7.50 
000 34.00 
00003.00 
00002.00 
00000.20 
00000.10 

OCT. 20s 1958 
03 MASS = 0.254 

CLEAR 

HZO 
lG. /KG.  I 
000.6000 
000.4000 
000.16YO 
000.0620 
000.0100 
000.0090 
000.0090 
000.0 1 1  0 
000.0220 
000.0450 
000.0560 
000.1120 
000.1120 
000.1170 
000.1120 
000.1120 
000.1120 
000.117O 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

(1 3 * 
lCM./MO. I 
OGOOO.00 
00000.50 
00001.00 
00002.50 
00006.00 
0001 2.50 
00020.50 
00042.00 
00131 -00 
00330.00 
00398.00 
005 13.00 
00563.50 

00623.00 
00547.50 
00255.00 
00130.00 
000 13.00 
00003.00 
00002.00 
00001.00 
00000.10 

00642.sn 

39 
EUREKA, N.H 
l2OOGHT 
H2O MASS = 

PRESS 
l M 8 .  I 
1021.0 
1010.0 
0865.0 
0752.0 0832.0 
0731.0 
0700.0 
0631.0 
0500.0 
0400.0 
0300.0 
0250.0 
0229.0 
0184.0 
0150.0 
0100.0 
0050.0 
0030.0 
0020.0 0025.0 

0012.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.6 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

1. 

.284 
TEMP 
0EG.K) 
278.0 
2R3.0 
774.0 
276.0 
271.0 
271.0 
270.0 
266.0 
255.0 
243.0 
227.0 
218.0 
217.0 
226.0 
226.0 
228.0 
231.0 
730.0 
232.0 
236.0 
239.0 
242.0 
253.0 
262.0 
268.0 
277.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

AUG. 1 195R 

03 MASS = 0.253 
CLEAR 

H20 
lG./KG.) 
004.0000 
003.3000 002.6000 

003.2000 
003.0000 
002.9000 
002.4000 
000.6000 
000.9000 000.4000 
000.0320 OOO.OC)30 

000.0270 
000.0190 
000.0180 
000.0 110 
000.0220 
000.0370 000.0450 

000.0560 
000.0940 000.1120 

000.1120 

000.1120 
000.1120 

000.1120 

000.1120 

000.l120 000.1120 

000.1120 000.1120 

000.1120 000.1120 

0 3 t  
l C M . / M B .  I 
00000.00 
00000.00 
00000.50 
00000.40 

00001.00 
00001.50 
00002.50 
00004.00 
00006.00 00008.00 

00009.50 
00014.50 
00020.50 
00042.00 
00131.00 
00268.50 
00330.00 
00398.00 
00492.50 
0051 3-00  
00563.50 
00642.50 
00623.00 
OC547.50 
00475.00 
00255.00 
00075.50 
00003.00 
00002.00 
00000.20 
00000.10 

00000.80 00000.90 

42 
PORT HARRISON, a u E R E c  OEC. 4, 1958 
l2OOGrT CLEAR 
HZ0 MASS = 0.323 0 3  MASS = 0.310 

PRESS 
tH8.1 
1004.0 
0967.0 
0827.0 
0779.0 
0700.0 
0576.0 
0526.0 
0500.0 
0400.0 
0267.0 
0200.0 
0150.0 

0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0002.0 0003.0 
0001.0 
0000.7 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

0100.0 0050.0 

TEMP 1 
1CEG.K) 1G. r  
255.0 000. 
25R.O 001. 
251.0 000. 
254.0 000. 
252.0 000. 
245.0 000. 
244.0 000. 
241.0 000. 
233.0 000. 
218.0 000. 
225.0 000. 
227.0 000. 
22R.O 000. 
227.0 000. 
224.0 000. 
221.0 000. 
220.0 000. 
231.0 000. 
240.0 000. 
246.0 000. 
256.0 000. 
272.0 000. 
283.0 000. 
283.0 000. 
271.0 000. 
262.0 000. 
251.0 OOC. 
231.0 000. 

0 
G. I 
00 0 
IO00 
000 
000 
000 
300 
000 
000 
400 
340 
730 
180 
110 
220 
450 
750 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 

03.  
ICM./MB. I 
00000.00 
00000.20 
00001.20 
00002.00 00001.50 
00003.60 
00003.90 
00004.00 
00006.00 
0001 1-00 
00018.50 
000 31 - 00 
00062.00 
00185.00 
00402.50 
00464.00 
00480.00 
00493.50 
00511.50 
00503.00 
00462.50 
00330.00 
00237.50 
00187.50 
00095.00 00020. on 
00002.00 
OOQOO.10 

U N I T S  OF T E N  TO THE MINUS 5TH 



43 
ALBUPUERPUE. N- HEX- JULY 11. 1958 
OOOOGMT CLEAR 
HZO MASS = 1.363 03 MASS = 0.289 

PRESS 
[Me. I 
0838.0 
0804.0 
0700.0 
0653.0 
0500.0 
0492.0 
0476.0 
0400.0 
0300.0 
0250.0 
0200.0 
0150.0 
0122.0 
0115.0 
0100.0 
0071.0 
0050.0 
0025.0 
0019.0 
0010.0 
0006.0 
0004.0 . 
0003.0 
0002.0 
0001.4 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000. 1 

TEnP 
(DEG.Kl 
311.0 
306 -0 
293.0 
287.0 
266.0 
265.0 
265.0 
256.0 
239.0 
230.0 
222.0 
211.0 
204.0 
205.0 
200.0 
212.0 
218.0 
223.0 
228.0 
240.0 
251.0 
260.0 
267.0 
276.0 
283.0 
283.0 
783.0 
271.0 
262.0 
251.0 
231.0 

kl%E, ALASKA 
12OOSMT 
H20 M A S S  = 0.188 

P R E S S  
IMP.) 
1008.0 
0994.0 
0895.0 
0808.0 
0700.0 
0609.0 
0500.0 
0400.0 
0319.0 
0250.0 
0150.0 
0100.0 
0050.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.7 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEVP 
10EG.K I 
252.0 
261 - 0  
756.0 
259.0 
253.0 
250.0 
244.0 
233.0 
226.0 
224.0 
226.0 
228.0 
223.0 
220.0 
220.0 
220.0 
231.0 
240.0 
246.0 
256.0 
272.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

HZO 
[G./KG.l 
008.0000 
004. 1000 
002.8000 
003.2000 
003,0000 
002.8000 
000.9700 
000.4400 
000.1450 
000.0990 
000.0570 
000.0240 
000.0120 
000.01 10 
000.0110 
000.0160 
000.0220 
000.0450 
000.0590 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03. 
[CM./nB. I 
00001.70 
00002.00 
00003.00 
00003.60 
00005.50 
00005.60 
00005.80 
00007.00 
0001 0.00 
00012.50 
00016.50 
00026.50 
00038.50 
00043.00 
00054.50 
00093.50 
00157.50 
00352.50 
00427.50 
00525.00 
00553.00 
00557.50 
00523.50 
00400.00 
00295.00 
00175.00 
0001 8.00 
00005.00 
00003.00 
00002.00 
00000.10 

n 
1G. I  
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000.  
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 

OEC. 21 1958 
CLEAR 

0 3  M A S S  = 0.275 

0 
G . )  
000 
000 
000 
000 
000 
740 
370 
700 
370 
280 
180 
110 
220 
450 
750 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 

03. 
ICM./MB. 1 
00000.00 
00000.10 
00000.50 
00001.50 
00002.00 
00002.50 
00004 - 00 
00006.00 
00007.50 
00011.00 
00024.50 
00050.00 
00147.50 
00357.50 
00454.50 
00474.00 
004A5.00 
00498.00 
00487.50 
00451.00 
00330.00 
00235.00 
00 187.50 
00095.00 
00020.00 
oooo2,oo 
00000.10 

MODEL ATMOSPHERES 
44 

GREEN BAY, M I S .  NOV. 7. 1958 
OOOOGMT CLEAR 
H20 M A S S  = 0.527 03 M A S S  = 0.311 

PRESS 
tH8. I I 
0988.0 
0973.0 
0850.0 
0700.0 
0663.0 
0500.0 
0426.0 
0400.0 
0320.0 
0200.0 
0150.0 
0100.0 
0050.0 
0039.0 
0025.0 
0014.0 
0010.0 
0006.0 
0004.0 
0003-0 
0002.0 
0001.0 
0000.8 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEnP HZO 
1DEG.K) lG-/KG.) 
275.0 003.1000 
276.0 002.0000 
267.0 001.6000 
255.0 000.6000 
255.0 000.5000 
241.0 000.1120 
233.0 000-0520 
233.0 000.0380 
227.0 000.0250 
226.0 000.0180 
223.0 000.0140 
222.0 000.0110 
218.0 000.0220 
216.0 000.0290 
218.0 000.0450 
221.0 000.0800 
227.0 000.1120 
237.0 000.1120 
246.0 000.1120 
253.0 000.1120 
261.0 000.1120 
277.0 000.1120 
283.0 000.1170 
783.0 000.1120 
271.0 000.1120 
262.0 000.1120 
251.0 000.1120 
231.0 000. 1120 

47 
RESULUTE. N.W.T. 
1200GM T 
H2O M A S S  = 0.214 

03. 
lCM./nB.) 
00000.10 
00000.20 
0000 I .  00 
00002.00 
00002.40 
00004.00 
00005,50 
00006.00 
00009.00 
00018.50 
00031.00 
00062.00 
00 185.00 
00262.50 
00402.50 
00468.00 
00480.00 
00493.50 
0051 1.50 
00503.00 
00462.50 
00330.00 
00270.00 
00187.50 
00095.00 
00020.00 
00002.00 
00000.10 

NOV. 9. 1958 

0 3  PASS = 0.275 
CLEAR 

PRESS 
(Me.)  
1002.0 
0948.0 
0927.0 
0882.0 

0700.0 
0500.0 
0300.0 
0250-0 
0200.0 
0150.0 
0100.0 
0050.0 
0025.0 
0020.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.8 
0000.6 
0000.4 
0000.3 
0000.2 
0000. 1 

oai8.o 

TEMP H2O 
(0FG.K) lG./UG.) 
245.0 900.2900 
245.0 000.2500 
255.0 000.5900 
259.0 000.4700 
258.0 000.5600 
252.0 000,4500 
237.0 000.0790 
214.0 000.0091 
214.0 000.0081 
219.0 000.0088 
221.0 000.0100 
220.0 000.0110 
216.0 000.0220 
213.0 000.0450 
211.0 000.0560 
224.0 000.1120 
234.0 000.1120 
244.0 000.1120 
251.0 000.1120 
260.0 000.1120 
277.0 000.1120 
283.0 OOO.ll20 
283.0 000.1120 
27 0 000 1120 
262:O 000:1120 
251.0 000.1120 
231.0 000.1120 

03. 

00000.00 
00000.20 
00000.30 
00000.90 
0000 1.40 
00002.00 
00004.00 
00008.50 
0001 1.00 
00015.00 
00024.50 
00050.00 
00147.50 
00357.50 
00415.00 
00474.00 
00485.00 
00498.00 
00487.50 
00451.00 
00330.00 
00272.50 
00187.50 
00095.00 
00020.00 
00002.00 
00000.10 

(cw./na.) 

45 
PORT HARRISON, auE8Ec DEC. 4, 1958 

CLEAR l2OOGMT 
ti20 M A S S  = 0.320 03  M A S S  = 0.310 

PRESS 
tne. 
1004.0 
0967.0 
0850.0 
0827.0 
0779.0 
0700.0 
0576.0 
0526.0 
0500.0 
0400.0 
0300.0 
0267.0 
0250.0 
0200.0 
01so.o 
0100.0 
0050.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.7 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP HZO 
I O E G - K l  I G - I K C , .  
255.0 000.6000 
258.0 001.0000 

251.0 000.7000 
254.0 000.4000 
252.0 000.2000 
245.0 000.6000 
244.0 000.2000 
241.0 000,3000 
733.0 000.1400 
223.0 000.0570 
218.0 000.0500 
71Y.O 000.0420 
225.0 000.0310 
227.0 000.0180 
228.0 000.0110 
227.0 000.0220 
224.0 000.G450 
221.0 000.0750 
270.0 000.1120 
231.0 000.1120 
240.0 000.1120 
247.0 000.1170 
256.0 000.1120 
271.0 000.1120 
283.0 000.1120 
283.0 000.1120 
271.0 000.1120 
262.0 000.1120 
251.0 000.1120 
231.0 000.1120 

252.0 ooo.7000 

48 
BARROW, ALASKA 
12OOGMl 
H2C MASS = 0.256 

0 3 1  
lCM.IM8.1 00000~ 00 

00000.30 
00001.00 
0000 00001 1.60 -40 

00002.00 
00002.80 
00003.00 
00004.00 
00006.00 
00007.50 
00012 I O 0  
0001 2.50 
00018.50 
00031.00 
00062.00 
001 85.CO 
00402.50 
00464.00 
00480.00 
00493.50 
00511.50 
00462- 00503.00 50 

00330.00 
00235.00 
00187.50 
00095.00 
00020.00 
00002.00 
00000.10 

PRESS 
(ME. I 
1006.0 
0993.0 
0800.0 
0700.0 
0500.0 
0391.0 
0270.0 
0150.0 
0100.0 
0050.0 
0025.0 
0022.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.1 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP H2 
1OEG.K) 1G. IK  
254.0 000.6 
262.0 000.9 
750.0 000.5 
244.0 000.3 
229.0 000.0 
219.0 000.0 
227.0 000.0 
226.0 000.0 
224.0 000.0 
220.0 000.0 
218.0 000.0 
218.0 000.0 
234.0 000.1 
244.0 000.1 
254.0 000.1 
260.0 000.1 
269.0 000.1 
283.0 000.1 
2R3.0 000.1 
271.0 000.1 
262.0 000.1 
251.0 000.1 
231.0 000.1 

OCT. 21, 1958 

0 3  MASS = 0.254 
CLEAR 

.)  
00 
90 
00 
00 
90 
40 
70 
40 
10 
20 
50 
10 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

03. 
lCM./M8.) 
00000.00 
00000.10 
00000.50 
00001 -00  
00002.50 
00003.50 
00020.50 00007.50 

00042.00 
00131.00 
00330.00 
00372.50 
00513.00 
0056’3.50 
00642.50 
00623.00 
00547.50 
00316.20 
00000.00 
00000.00 
00002.00 
00001.00 
00000.10 

UNITS OF TEN TO THE MINUS 5TH 



4 9  
KEFLAVIK. I C t  LAYL) 
12OOGMl 
t ~ n  M A \ \  = 0 . 4 0 7  

POrl E L A T  Y O S  PH E K E S 
'10 

JAhi. 29. 195R CHATEAUKOUX, FKANCE JAN. 75. 1958 

U3 M A S S  = 0.274 H2O MA5S = 0.437 (:3 M A S S  = 0.311 
(.LEAP. ~ Z O O L M T  CLEAR 

n 2  

ono. 7 

000.0 
000.0 
nccl. o 

oon. 1 

nno. 1 
000. I 

ono. 1 

( G . / U  
002.1 
001.0 

000.0 
000.0 

000.0 
000.0 
000.0 

000.1 

000.1 

ooc. 1 
000.1 
000.1 
000.  1 
000.1 

. I  
00  
0 0  
0 (1 

1 0 
6 0  
1 0  
20 
5c  
50 
20  

?O 
7 0  
7 0  
? O  
7 0 
? 0 
20 
? O  

nn 
5n 

7 0  

7 (I 

01- 
(CM./MH. I 
0000  I .  00 
00002.00 

00006.00 

000 15.00 
00024.50 
00050.00 
0 0  147.50 
00357.50 
00454.50 
00474.00 

00487.50 
0045  1 - 0 0  

00 187.50 
00095.00 
00020.00 
00002.00 
00000.10 

onoo4.oo 
moon. 50 

1-104~7.50 
o049n.00 

oo i3o .  no 

52 
C t1A T f A UKOU X , F K A '1C E JVLY 12. 1958 
1200GMT UNUENCASr A T  500 MH 
H2U M A S S  = 0.161 G 3  P A S S  = 0.332 

ti7 
l G . / K  
007 .Y  
005.n 
002.2 
000.7 
o0n.o 
000.0 
0OG.0 
000.0 
000.0 
000.0 
O(10.0 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000. 1 
000.1 
000.1 

6;  
30 

00 
20  
00 
8 7  
10 
10 
50 
i I1 

10 
7 0  
7 0  
70 
2 0  
?O 
2 0  
70 
20 
20  
20  
7 0  

no 

2 n  

0 3 *  
lLM. /PB.  I 

0900  1 - 5 0  
00003.00 
00005.50 
00007.50 
000 15.00 
00071.50 
00034.00 
OOO65.00 

0041C.00 
00515.00 
00557.00 
00570.00 
00575.00 
00572.50 
00541.50 
00400.00 
00 175.00 
00 100.00 
00010.00 
00000.00 
00000.00 
00002.00 
00000.10 

no 185.00 

P R E S S  
( M R .  I 
0850.0 
0700.0 
0500.0 
0400.0 
0200.0 
0150.0 
0100.0 
0050.0 

0015.0 
0010.0 
OOC6.0 
0004.6 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
0000.7 
0000.1 

0025.0 

TEMP 
1DEG.K) 

275.0 
267.0 
251.0 
240.0 
202.0 
211.0 
213.0 
273.0 
248.0 
25R.0 
266.0 
276.0 

283.0 
7 R 3 . O  

283.0 
271.0 
262.0 
251.0 
231.0 

2 ~ 3 . 0  

283.0 

53 
PT. HARDY, B.C, 
1700GMI 
H2O M A S S  = 0.344 

PHESS 
lMH.1 
0991.0 
0958.0 
ORR4.0 
0830.0 
0757.0 
0700.0 
0500.0 
0400.0 
0286.0 
0230.0 
0200.0 
0150.0 
0100.0 
0087.0 
0050.0 
0025.0 
0017.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.2 
0001.0 
0000.6 
0000.4 

0000.2 
0000.1 

oono. 3 

TEMP 
1DFG.K) 
275.0 
280.0 
774.0 
275.0 
272.0 
2h6.0 
247.0 
234.0 
216.0 
726.0 
727.0 
228.0 

725.0 
225.0 
274.0 
135.0 
246.0 
254.0 
761.0 
271.0 
2R3.0 

7R3.0 
271.0 
262.0 
751.0 
231.0 

f % : 8  

283.0 

n20  
IG. /KG.  I 
001.7800 
001 -0300 
000.5 700 
000.1200 
000.0026 
000.0034 
000.01 10 
000.0220 

000.0750 

000.1170 
oon.1120 
000.1120 
000.1120 
000.1170 
000.1120 
000. 1170 
000.1170 
000.1120 
000.1120 

000.0450 

000.1120 

n3. 
lCM./HB. 1 
0000 I. 00 
00002.00 
00004.00 
00006.00 
00018.50 
0 0 0 3 1  .OO 
00062.00 
00185.00 
00402.50 
00464.00 
OC480.00 
00493.50 
005D5.00 
00503.00 

00330.00 
00187.50 
00095.00 
00020.00 
00002.00 
00000.10 

00462.50 

JAN. 24. 1958 
URDEKCAST A T  830 MH 

0 3  P A S S  = 0.307 

H2O 
lG./KG. I 
004.1500 
005.7 100 
004.0200 
003.6900 

000.5000 
000.1700 
O00.?60O 
000.0071 
000.0077 
000.0076 
000.00R7 
000.0110 
000.0130 
000.0220 
000.0450 
000.0660 
000.1120 
000.112') 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1170 
000.1120 
000.1120 
000.1120 
000.1120. 

on1.3300 

I13* 
lCM./MH. I 
00000.10 
00000.30 
00000.50 
00001.20 
0000 1 -80  
00002.00 
00004.00 
00006.00 
00009.AO 
00015.00 
00018.50 
00031  -00 
00062.00 
00075.80 
00 185.00 
00402.50 
00455.00 
0 0 4 R O .  00 
00493.50 
005  11.50 
00503.00 
00462.50 
00374.50 
00330.00 

00095.00 
00020.00 
00002.00 
00000.10 

on 1177. 50 

5 1  
RlT8UKG. GERPAUV 
1200GMT 
H2C M A S S  = 0.170 

P R E S S  TEMP 
I MB.) 1OCC.KI 
OH50.0 26R.0 
0700.0 261.0 
0 5 00.0 246.0 
0400.0 234.0 
0250.0 212.0 
0200.0 205.0 
0150.0 211.0 
0100.0 216.0 

226.0 0050.0 
0025.0 748.0 
0015.0 758.0 
0010.0 266.0 
0006.0 276.0 
00C4.3 2R3.O 

0002.0 7 R 3 . O  

0000.6 2R3.O 
0000.4 271.0 
0000.3 262.0 
0000.2 251.0 
ooco. 1 231.0 

0003.0 2 ~ 3 . 0  

oco1.0 2x1.0 

JAM. 25. 1958 

R l  M A S S  = 0.311 
CLEAR 

H?O 
lG./KG. I 
OOC.4500 
000.3700 
000.3500 
000.3700 
000.00R1 
000.004 1 
000.0040 

000.0450 
OOC.0750 
000.1120 
000.1170 
000.1170 

000.1120 
000 .1 l20  
000.1120 
000.1170 
000.  1120  
000.1170 

000.0320 000.0 1 12 

000.1120 000.1170 

c 3. 
ICM.IMB.1 
0000 1.00 

00n06.00 
00012.50 

oono2. 00004.00 no 

noni 8.50 
00031 00067. -00 no 
001 85.00 
00402.50 
00464.00 

00493.50 

00467-  50 
00530.00 
00187.50 
00095.00 

00000.10 

004no.00 

00508. 0050  3.00 no 

00020.00 00002.00 

ALERT, N.W.T. JAQ. 74, 1958 
UNCCKCAST A T  703 PH 

H2O M A S S  = 0.292 C!3 MAS5 = 0.277 
1 2 0 0 ~ ~ ~  

PKESS 
1MR.l 
1006.0 
1cco.0 
0976.0 
0Rh2.0 
OR23.0 
0703.0 
Oh78.0 
0500.0 
0400.0 
0300.0 
0215.0 

0126.0 
0100.0 
0050.0 

0021.0 
0010.0 
L006.0 
0004.0 
0003.0 

0000.6 
0000.4 
0 0 C O .  3 
0000.2 
ooco. 1 

0150.0 

0025.0 

0002.0 0001.0 

r E v P  H? 
1DFG.L) (G./K 

273.0 OO2.R 
273.0 007.P 
775.0 00?.5 
272.0 007.6 
173.0 002.5 
764.0 001.1 
764.0 001.: 

236.0 OOO.C 
717.0 000.0 

?06.0 00O.C 
206.0 0CC.G 
? 0 3 . 0  000.C 
197.0 000.0 
195.0 O C 0 . n  

717.0 000.1 
723.0 000.1 
737.0 O O C . 1  
239.0 OOC.1 

766.0 000.1 
2R2.0 ooc.1 
271.0 000.1 
2h7.O 000.1 

731.0 000.1 

74n.0 O C O .  

703.0 000.0 

195.0 000.0 

249.0 oon.1 

751.0 0no.i 

. I  
00 
0 0  
00 
00 
0 0  
00 
00 
00 

6 0  
2 0  
34 
4 T  
10 
7 0  
5 0  
9 0  
20  
7 0  
20  
20 

7 0  
20  
20  
7 0  
20 
20  

no 

70 

R 3 *  
lCY . /Mt ( .  ! 
00000.c0 
0oonn.oo 
nonno. i n  
onom. 40 
00001.23 
no001.90 
00007.60 
0onn4. on 
noooh.co 
onnoti. 5:) 
00012.7n 
no024.50 0003?.50 

oon50.00 

00357.50 

00474.00 

00147.50 

00182.50 

004R5.00 
00498.C3 00487.50 

00451.00 
00310.00 
00197.50 
00095.00 
00070.c0 
00002.00 noooo. i o  

I 

Q\ 
0 
I 

UNITS OF TEN T O  I h E  MIPtUS 5TH 



55 
SANTA M O N I C A *  C A L I F .  J U L Y  15. 1958 
l2OOCMT UNOERCAST AT 908 M8 
HZO MASS = 1.340 0 3  MASS = 0.283 

PRESS 
(ME. I 
1008.0 
0982.0 
0908.0 
0875.0 
0850.0 
0742.0 
0718.0 
0700.0 
0532.0 
0417.0 
0364.0 
0292.0 
0200.0 
0150.0 
0127.0 
0091.0 
0063.0 
0050.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.3 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

1EMP 
I0EG.K I 
292.0 
289.0 
285.0 
286.0 
292.0 
285~0 
286.0 
285.0 
267.0 
259.0 
250.0 
242.0 
219.0 
209.0 
203.0 
203.0 
216.0 
218.0 
228 .o 
233.0 
236.0 
247.0 
256.0 
263.0 
273.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

58 
ENIWETOK ATOL 
l2OOGMT nzo M A S S  = 0.158 
PRESS TEMP 
(FIR.) IOEG-KO 
1000.0 300.0 
0850.0 290.0 
0500.0 267.0 
0400.0 257.0 
0300.0 241.0 
0250.0 232.0 
0200.0 218.0 
0150.0 204.0 
0100.0 189.0 
0050.0 205.0 
0025.0 218.0 
0015.0 224.0 
0010.0 229.0 
0007.0 230.0 
0005.0 236.0 
0004.0 243.0 
0003.0 242.0 
0002.0 251.0 
0001.0 268.0 
0000.6 283.0 
0000.4 771.0 
0000.3 262.0 
0000.2 251.0 
0000.1 231.0 

03* 
I CM. /ME. I 
00000.00 
00000.70 
00000.90 
00001.20 
00001.50 
00002.10 
00002.60 
00003.00 
00004.90 
00006.00 
00007-50 
0001 2.50 
00016.50 
00026.50 
00010.00 
00063.00 
00 112.50 
00157.50 
00352.50 
00474.00 
00525.00 
00553.00 
00557.50 
00523.50 
00400.00 
00262.50 
00175.00 
00018.00 
00005- 00 
00003.00 
00002.00 
00000.10 

‘OCT. 14. 1958 
03 MASS = 0.254 

UNDERCAST A 1  400 M 8  

03.  
ICM./WR.l 
00000.00 
00000.50 
00002.50 
00004.00 
00006.00 
00008.00 
00012.50 
00020.50 
00042.00 
001 31.00 
00330.00 
00460.00 
00513.00 
00542.50 
00552.50 
00642.50 
00 547.50 
00255.00 
00026.00 
00005.00 
00003.00 
00002.00 
00000.10 

n0623.00 

MODEL ATMOSPHERES 
56 

EUREKA. N.W.T. 
lZOOGMT 
HZO MASS = 0.056 

PRESS TEMP 
(ME. I I DEG.K I 
1013.0 269.0 
0979.0 274.0 
0850.0 266.0 
0824.0 267.0 
0709.0 266.0 
0526.0 249.0 
0482.0 248.0 
0400.0 237.0 
0300.0 221.0 
0211.0 205.0 
0160.0 211.0 
0100.0 209.0 
0050.0 204.0 
0023.0 197.0 
0015.0 205.0 
0010.0 213.0 
0006.0 224.0 
0004.0 233.0 
0003.0 240.0 
0002.0 250.0 
0001.0 267.0 
0000.6 283.0 
0000.4 271.0 
0000.3 262.0 
0000.2 251.0 
0000.1 231.0 

. J A N .  2 4 .  1958 
UhrDERCAST AT 526 88 

03 MASS = 0.269 

P ~ N A P E .  CAROLINE i s .  PAY 17. 1958 
l2OOGMT UNOERCASl  AT 850 M8 
HZO MASS = 2.637 03 MASS = 0.293 

P R E S S  
lM8.1 
1000.0 
0850.0 
0700.0 
0500.0 
0400.0 
0300.0 
0250.0 
0200.0 
0150.0 
0100.0 
0050.0 
0025.0 
0020.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.3 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP H2 
1DEG.K) IG./l( 
300.0 019.1 
291.0 012.1 
283.0 006.? 
269.0 OOZ.! 
258.0 000.4 
245.0 000.2 
234.0 000.1 
222.0 000.0 
206.0 000.0 
187.0 000.0 
205.0 000.0 
219.0 000.0 
220.0 000.0 
236.0 000.0 
246.0 000.0 
255.0 000.0 
261.0 000.0 
271.0 000.1 
283.0 000.1 
283.0 000.4 
283.0 000.1 
271.0 000.1 
262.0 000.1 
251.0 000.1 
231.0 000.1 

f l l .  

57 
I S A C H S E N ,  N.W.T. 
1200GPT 
H20 MASS = 0.148 

P H E S S  I 0 E G . K )  TEMP 
IM8.1 
1006.0 226.0 
1000.0 225.0 
0979.0 227.0 
0948.0 245.0 
0840.0 247.0 
0560.0 237.0 
0435.0 224.0 
0332.0 223.0 
0250.0 228.0 
0157.0 234.0 
0100.0 229.0 
0050.0 272.0 
0025.0 215.0 
0020.0 214.0 
0017.0 215.0 
0010.0 226.0 
0006.0 237.0 
0004.0 246.0 
0003.0 253.0 
0002.0 262.0 
0001.0 777.0 
0000.9 283.0 

783.0 0000.6 0000.4 271.0 
onoo. 3 262.0 
0000.2 251.0 
0000.1 231.0 

60 
NANTUCKETt  1200GMT MASS. 

HZO MASS = 0.202 

PRESS 
IP8.I 
1006.0 
1000.0 
0938.0 
0738.0 
0700.0 
Oh14.0 
0500.0 
0400.0 
0300.0 
0215.0 
0170.0 
0150.0 
0100.0 
0050.0 
0025.0 
0022.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.5 

0000.4 
0000.3 
0000.2 
0000.1 

0001.0 0000 .6  

1EMP 
1OEG.Kl 
787.0 
787.0 
286.0 
275.0 
274.0 
271.0 
261.0 
248.0 
234.@ 
220.0 
215.0 
216.0 
218.0 
220.0 
222.0 
224.0 
240.0 
250.0 
260.0 
766.0 
775.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

FEM. 21, 1958 
03 M A S S  = 0.396 

CLEAH 

03.  
lCM./HB. 1 
00000.00 
00000.00 
00000.10 
00000.20 
00001.20 
00005.00 
00020.00 000 12.50 
00050.00 
00100. 00 
00245.00 
00420.00 
00462.50 
00487.50 00543.50 

00562.00 
0041 00517.50 3.00 
001 88.00 
00160.00 

00003.00 
00002.00 
00000.10 

00008. m 

00547,sn 

00045. on 
nooo5.00 

JUNE 27, 1958 
UNCERCAST AT 500 M B  

0 3  MASS = 0.332 
G3. 

ICM./MH.I  
00000.00 ooooo;oo 
00001.20 
00002.50 
00003.00 
00004.50 
00005.50 
00007.50 
00012.00 
00014.00 
00028.80 

00185.00 
00465.00 004 10.00 

00552.00 00570.00 
00572.50 00541.50 
00400.00 00295.00 
001 0001 75.00 8 .  00 

00003.00 
OOQOZ. 00 
00001.00 
00000.10 

oon34.00 00065.00 

U N I l S  OF TEN lfl THE M I N U S  5TH 



61  
CANTON ISLAND 
l2OOGMT 
H20 MASS = 1.112 

PRESS 
(M8.1 
1000.0 
0850.0 
0700.0 
0500.0 
0400.0 
0300.0 
0200.0 
0150.0 
0 100.0 
0050.0 
0025.0 
0015.0 
0010.0 
-0006.0 
0004.0 
0003.0 
0002.0 
0001.1 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
1OEG.K) 
301.0 
292.0 
283.0 
269.0 
259.0 
242.0 
220.0 
204.0 
192.0 
207.0 
214.0 
225.0 
233.0 
243.0 
252.0 
258.0 
268.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

64 
EL PASO, TEXAS 
l2OOGMT 
H2O MASS = 0.012 

PRESS 
I MR. ) 
0876.0 
0865.0 
0850.0 
0807.0 
0700.0 
0500.0 
0400.0 
0340.0 
0300.0 
0250.0 
0220.0 
0150.0 
0100.0 
0071.0 
0050.0 
b025.0 
0016.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
I DEG .K) 
276.0 
279.0 
278.0 
276.0 
265.0 
244.0 
230.0 
224.0 
226.0 
223.0 
226.0 
221.0 
216.0 
210.0 
216.0 
221.0 
223.0 
232.0 
242.0 
251.0 
258.0 
267.0 
283.0 
283.0 
271.0 
262.0 
251.0 
23k.O 

MAR 1 1958 

03 MASS = 0-304 
UNOERCASi A t  700 M8 

H2O 
IG.IKG.1 
017.9700 
009.7500 
008.4100 
000.8400 
000.5400 
000.1800 
000.0520 
000.01 60 
000.0060 
000.0 120 
000.0240 
600.0400 
000.0600 
000.1000 
000.1120 
000.1120 
000.1120 
000.1120 
000.11 20 
000.1120 
000.1120 
000.1120 
000.1120 

03. 

00000.00 
00001.00 
00002.50 
00005.00 
00006.50 
00010.00 
00020.00 
00034.00 
00066.00 
00175.00 
00345.00 
00452.50 
00510.00 
00540.00 
00515.00 
00465.00 
00354.00 
00205.00 
00045.00 
00005.00 
00003.00 
00002.00 
00000.10 

(Ct4,/M8. 

MAR. 1, 1958 
UNDERCAST AT 400 M8 

03 Y h S S  = 0.302- 

HZ0 
lG./KG.) 
003.0100 
002.0600 
001.7800 
002.0400 
001.8600 
000.4800 
000.1400 
000.0310 
000.0140 
000.0140 
000.0110 
000.0100 
000.0110 
000.0160 
0 0 0 ~ 0 2 2 0  
000.0450 
000.0750 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

.03. 

00000.40 
00000.50 
00001.00 
00001.30 
00002.50 
00005.00 
00006.50 
00008. 80 
00010.00 
00012.50 
00020.00 
00034.00 
00066.00 
00110.00 
00 175.00 
00345.00 
00442.50 
00510.00 
00540.00 
00515.00 
00465.00 
00354.00 
00185.00 
00045.00 
00005.00 
00003.00 
00002.00 
00000.10 

(CM./W8. 

MOOEL ATMOSPHERES 
62 

M I A M l ,  .FLA- 
lzOOGM1 
H2O MASS = 0.418 

MAR. 1, 1958 
UNDERCAST A T  652 M 8  

03 MASS = 0.298 

' 65 
CARIROUs M A I N E  
1200GMT 
H2O MASS = 0.630 

PRESS 
(MR. 
0981.0 
0917.0 
0885.0 
0845.0 
O?OO.O 
0500.0 
0400.0 
0250.0 
0200.0 
0173.0 
0150.0 
0096.0 
0050.0 
0025.0 
0012.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.9 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TE 
I OE 
27 
26 
26 
27 
26 
25 
24 
21 
22 
22 
22 
21 
21 
21 
22 
22 
23 
24 
25 
26 
28 
28 

.28 
27 
26 
25 
23 

IP 
t.Kl 

-0  
' - 0  
1.0 
' - 0  
8.0 
.o 

'. 0 
..O 
I. 0 
.O 
'.O 
,.O 
,.O .. 0 
8.0 
8.0 
,.O 
.o 
.o 
1.0 
.o 
.o .o 
- 0  .o 
- 0  

!.O 

ti20 
(G. IKG.1 
014.6400 
014.8800 
011.9200 
007.8400 
006.2200 
004.7100 
00 1.4700 
001.1900 
000.7000 
000.5700 
000.3600 
000.0830 
000.0840 
000.0520 
000,0360 
000.0280 
000.01 10 
000.0140 
000.0220 
000.0330 
000.0450 
000.01 5 0  
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1170 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03* 
ICM./MR.) 
00000.00 
00000.00 
00001.00 
00002.50 
00003.10 
00003-20 
00003.80 
00004.20 
00005.00 
00005.50 
00006.50 
000 10.40 
00009.80 
00020.00 
00025.20 
00034.00 
00066.00 
00095.00 
00175.00 
00265.00 
00345.00 
03452.50 
005 10.00 
00540.00 
005 15-00 
00465.00 
00355.00 
00212.50 
00045.00 
00005.00 
00003.00 
00002.00 
00000.10 

MAR. 1, 1958 
UNDERCAST AT 700 M B  

03 MASS = 0.361 

1420 
IG./KG.) 
002.4900 
002.2800 
002.5500 
004.Z100 
003.4900 
001.2000 
000.4900 
000.0420 
000.0180 
000.0 160 
000.0140 
000.0120 
000.0220 
000.0450 
000.0940 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03. 
ICM.lM8.) 
00000.10 
00000.40 
00001.20 
00001.70 
OD002.50 
00005.50 
00007.50 
000 15.00 
00024.00 
00032.50 
00042.50 
00097.50 
00225.00 
00406.00 
00521.20 
00537.00 
00557.50 
00543.00 
00509.00 
00395.00 
00 187.50 
00160.00 
00045.00 
00005.00 
00003.00 
00002.00 
00000.10 

63 
MAR f 1958 RROhYSVILLE, T E X A S  UNOERCAST'AT:P54 M8 

l2OOGMT 
H2O MASS = 0.506 03 MASS 0.300 

PRESS 
IM8. 1 
1009.0 
0964.0 
0850.0 
0766.0 
0754.0 
0700.0 
0544 0 
0400.0 
0372.0 
0300.0 
0250.0 
0218.0 
0200.0 
0150.0 
0130.0 
'0085.0 
0058.0 
0025.0 
0021.0 
0010.0 
0006.0 
0004.0 
0003.0 
0001.6 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
10EG.K) 
292.0 
291.0 
284.0 
278.0 
2R3.0 
280.0 
268.0 
248.0 
247.0 
237.0 
230.0 
222.0 
219-0 
208.0 
203.0 
197.0 
214.0 
224.0 
228.0 
242.0 
252.0 
261.0 
268.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

IG./KG.) HZO 

012.1700 
011.1900 
007.9500 
006.2200 
005.8700 
001.7 100 
000.7000 
000.2400 
000.2300 000.1200 

000.0540 
000.0280 
000.0140 
000.0120 

000.0190 
000.0450 
000.0530 
000.1120 
000.1120 

000.0120 000.0130 

000.1120 000.1120 

000.1 120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

09. 

00000.00 
00000.20 
0000 1-00 
00001.80 
00002.10 
00002.50 
00003.80 00006.50 

00001.50 
000 10.00 
00012.50 
00016.80 
00020.00 
00034.00 
00043.80 
00085*00 
00143.80 
00345.00 
00985.00 
DO5 10.00 
00540.00 
00515.00 
00465.00 
00285.00 
00285.00 
00045.00 
00005.00 
00003.00 
00002.00 
00000.10 

ICM.lM8. 

66 
SLT. STE-  M A R I E ,  MICH MAR. 1 1958 
1200GMT UNDERCAST AT.700 MR 
H2O MASS = 0.526 03 MASS = 0.355 

PRESS 
I C8. 
098'3.0 
0936.0 
0920.0 
0810.0 
0789.0 
0700.0 0600.0 

0400.0 
0300.0 
0224.0 
0200.0 
0150.0 
0100.0 
0050.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004-0 
0003.0 
0002.0 
0000.9 
0000.6 
0000.4 
0000.3 
0000.2 0000.1 

TEMP 
1OEG.K) 
271.0 
269.0 
271.0 
264.0 
267.0 
766.0 
264.0 
243.0 
226.0 
213.0 
217.0 
220.0 
217.0 
216.0 
216.0 
222.0 
227.0 
238.0 
247.0 
254.0 
263.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

H20 
(G./KG.) 
002.6800 
002.4100 
002.8600 
002.2000 
003.1000 
002.7600 
001.9900 
000.3600 
000.0730 
000.0160 
000.0160 
000.0120 
000.0110 
000.0220 
000.0450 
000.0 750 
000.1120 
000.1120 
000*1120 
000.1120 

000.1120 
000.1120 

000.1120 

000.1120 000.1120 

%Oo: : :% 

03. 
ICM./M8.) 

00000.70 
00001.20 

00003.80 
00007. so 
0001 1 .oo 
00019.00 
00024.00 
0004 2.50 
00080.00 
00225.00 
00406.00 
00537.00 0049S.00 

00557.50 
00543.00 
00509.00 
00395.00 
00160.00 
00045.00 
00005.00 
00003.00 
00002.00 
00000.10 

00000.40 00000.10 

IIISt:48 

* UNITS OF TEN TO THE MINUS 5TH 



67 
PAN I WAK.I, OUEBEC 
1200GMT. 
H2O MASS = 0.195 

PRESS 
(M8.h 
0987.0 
0970-0 
0850.0 
0789.0 
0568.0 
0500.0 
0400.0 
0315.0 
0239.0 
0200.0 
0150.0 
0094.0 
0050.0 
0025.0 
0017.0 
0010.0 
0006.0 
0004,O 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
1DEG.K) 
271.0 
272.0 
265.0 
271.0 
261.0 
254.0 
240.0 
232.0 
218.0 
223.0 
224.0 
215.0 
217.0 
218.0 

242.0 
251.0 
258.0 
267.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

5:;:: 

H2O 
lG - /KG.  I 
002-6700 
002,9300 
001 -9300 
003.6000 
002.11 00 
000.9200 
000.2700 
000.0890 
000.0300 
000.0180 
000.0140 
000.0120 
000.0220 
000.0450 
000.0660 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03. 
00000.10 
00000.20 
00001.00 
00001.40 
00005.00 
00005.50 
00007.50 
00010.40 
00016.50 
00024.00 
00042.50 
00092.50 
00225.00 
00406.00 
00477-50 
00537.00 
00557.50 
00543.00 
00509.00 
00395.00 
00 187.50 
00 045.00 
00005.00 
00003.00 
00002.00 
00000.10 

(cn./we.) 

MAR. 1. 1958 
UNDERCAST AT 568 M e  

03 MASS = 0,355 

XAR. 1, 1958 
03 MASS = 0.394 

UNDERCAST A T  700 ne 
70 

ALERT,  N.Y.T. 
l200GMT 
H2O MASS = 0.10Z 

H2O 
lG. /KG. I 
000.6000 
000.6700 
000.4900 
000.6800 
000.6600 
000.7500 
000,6000 
000.1100 
000.0780 
080.0750 
000.0510 
000.03iO 
000.0 180 
000.0110 
000.0220 
00 0.04 50 
OQ0.0560 
000.0750 
000. 1 120 
000.1120 
000.11z0 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03+ 
lCM./M8.) 
00000.10 
00000.20 
00001.00 
00001.30 
00001.70 
00002.10 
00002150 
00006.00 
00009.00 
00010.00 
00014.00 
00032.50 
00054.50 
00 100.00 
00245.00 
00470.00 
00462.50 
00504.50 
00543.50 
00512.00 
0054 7.50 
0051 7-50 
004 13.00 
00 1 RR. 00 
00055.00 
000‘15.00 
00005.00 
W3003.00 
00002.00 
00000.10 

U N I T S  OF TEN TO THE M l N l r ~  S T t i  

MOOEL ATMOSPHERES 
68 

BARROW. ALASKA 
12OOGHT 
~ 2 0  nAss = 0.036 

MAR. 1, 1958 
UNDERCAST AT 500 M8 

03 MASS = 0,393 

PRESS 
( M 0 . J  
1017.0 
0973.0 
0920.0 
0850.0 
0826.0 
0716.0 
0500.0 
0400.0 
0289.0 
0206.0 
0150.0 
0100.0 
0050.0 
0025.0 
0014.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEHP 
I OEG. K 1 
248.0 
248.0 
255.0 
258.0 
259.0 
255.0 
238.0 
229.0 
219.0 
226.0 
226.0 
224.0 
220.0 
217.0 
213.0 
220.0 
230.0 
239.0 
245.0 
254.0 
271.0 
283.0 
271.0 
262.0 
251.0 
231.0 

71 
MIDLAND.  TEXAS 
l2OOGMT 
ti20 MASS = 0.287 

PRESS 

0916.0 
0903-0 
0876.0 
0850.0 
0700.0 
0476.0 
0400.0 
0382.0 
0300.0 
0250.0 
0176.0 
0150.0 
0100.0 
0050.0 
0025-0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002~0 
OOOL.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000,1 

tne.) 
TEMP 

1DEG.K) 
296.0 
300.0 
300.0 
-298.0 
288.0 
264.0 
258.0 
256.0 
243.0 
232.0 
213.0 
207.0 
201.0 
216.0 
224;O 
227.0 
229.0 
241.0 
250.0 
257.0 
267.0 
283.0 
283.0 
271.0 
263.0 
251.0 
231.0 

H2O 
(G./KG. 1 
000.3100 
000.3300 
000.6500 
000.6400 
000,4600 
000.9200 
000.2300 
000.1100 
000.0470 
000.0300 
000.0 180 
000.. 0110 
000.0220 
000.0450 
000.0800 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03- 
(CM oo~oo.?Jo /Me I 
00000.20 
00000.60 
00001.00 
00001.90 
00002.40 
00006.00 
00009.00 
00015.00 
00028.80 
00054.50 
00100.00 
00245.00 
00420.00 
00512.50 
00543.50 
00562.00 
00547.50 
00517.50 
00413-00 
00 188.00 
00055.00 
00005.00 
00003.00 
00002.00 
00000.10 

AUG, 1. 1958 
UNDERCAST AT 476 M8 

03 MASS = 0.254 

H2O 
(G./KG, I 
0 16 - 2800 
013.6300 
010.1100 
009.7500 
009.0300 
003,1900 
001.5000 
000.7500 
000.3900 
000~2800 
000.0350 
000,0180 
000.0 110 
000.0220 
000.0450 
000.0750 
000.1120 
000.1120 
000.1120 
000.11z0 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03. 
ICM./M8.) 
00000, 10 
00000,20 
00000.30 
00000.50 
00001.00 
00002.70 
00004.00 
00004.50 
00006.00 
00008.00 
000 15.00 
00020.50 
00042-00 
001 31-00 
00330.00 
00460.00 
0051 3.00 
0 563 50 
00623-00 
00547. SO 
00255.00 
00026.00 
00005.00 
00003.00 
00002 , 00 
00000. LO 

0a642:50 

69 
EUREKA, N.W.T. 
1200GPT 
H2O MASS = O.OY6 

PRESS 
(MR.  1 
1013-0 
0960.0 
0894.0 
0813.0 
0744.0 
0720.0 
0700.0 
0500.0 
0423.0 
0400.0 
0300.0 
0250.0 
0200.0 
0150.0 
01c0,o 
0050.0 
0025.0 
0013.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEWP 
1DEG.K) 
242.0 
242.0 
746.0 
255.0 
249.0 
250.0 
248.0 
232.0 
725.0 
276.0 
228.0 
230.0 
230.0 
229.0 
226.0 
221.0 
213.0 
209.0 
214.0 
225.0 
233.0 
239.0 
248.0 
264.0 
282.0 
271.0 
262.0 
251.0 
231.0 

MAR. 1. 1958 
UNCERCAST AT 700 H8 

03 MASS = 0.393 

H2O 
(G./KG. 1 
000.1400 000.1800 
000.3200 
000.8100 
000.5600 
000.6400 
000.5400 000.1400 
000.0660 000.0550 

000.0400 
000.0325 
000.0240 
000.0180 
000.01 10 
000.0220 
000.0450 
000.OR60 
000.1120 
000.1120 

000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

8 8 8 : X  

03. 
1cn.in0.1 
00000.50 00000.00 

00002.50 00002.20 

00032.50 00020.00 

00000.80 
00001.30 
0000 1.70 

00006.00 
00008.80 
00009.00 
00014.00 

00054.50 
00100.00 
00245.00 00420.00 
00543.50 00523.00 
00562.00 
00547.50 
00517.50 
0041 3.00 
00 188.00 
00055.00 
00005.00 
00003.00 
00002. 00 
00000.10 

72 
CAPE HATTERAS. N.C. UNCERCAST AUG. A T  1. 466 1958 ne 
1200GW 
H2C-MASS = 0.186 0 3  MASS = 0.255 

H2O 
1 G. /KG. 1 
020.0600 
0 19.3 TOO 
019.7200 
012.7300 
005.6000 
006,3300 
003.9200 
002.5700 
000.2100 000.7900 
000.1100 
000.0200 
000.0110 
000.01 10 

000.0450 000.0860 

000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

000.0220 000.0260 

000.1120 00c.1120 

03. 
00000.00 

00000.50 
00000.90 

00002.90 
00006.00 00004.00 
00008.00 
00015.10 
00034.00 
00042.00 
001 31.00 
00180.00 
00330.00 
00482.50 
00513.00 
00563.50 
00642.50 
00623.00 00547.50 
00420.00 
00255.00 
00026.00 00005.00 
00003.00 00002.00 
00000.10 

tcn./ni. I 
00000,10 00000.30 

00001.00 00002.50 

1 

Q\ w 
8 



73 
@ A L B O A .  CAPiAL ZUNE 
1 20OGM T 
b 2 0  M A S S  = 1.237 

P R E S S  
I M B .  I 
1022.0 
1000.0 
0943.0 
0937.0 
OR94.0 
O R 5 0 . 0  
0801.0 
0700.0 
0500.0 
04R5.0 
0400.0 
0300.0 
0200.0 
O 1 8 R . O  
0150.0 
0100.0 
0050.0 
0025.0 
0020.0 
0012.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.4 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

L A S K A  

1.525 

T E M P  
0 E t . K I  
281.0 
2H1.0 
278.0 
276.0 
281.0 
7h1.0 
280.0 
276.0 
261.0 
259.0 
249.0 
235.0 
225.0 
212.0 
219.0 
218.0 
223.0 
228.0 
730.0 
234.0 
238.0 
249.0 
258.0 
265.0 
274.0 
2R3.0 
283.0 
2R3.0 
271.0 
262.0 
251.0 
231.0 

AUC.. 1, 1Y58 
U h C E K C A S l  A T  700 C R  

I 1 3  P A S S  = 0.255 

tl 
IS . /  
010. 
01 1. 
00&. 
002. 
000 .  
000. 
000. 
000.  

000. 
000. 
000. 
000. 
000.  
000. 
000. 
000. 

000 .  
u00. 
000. 
000.  
000. 
020.  

000. 

000 .  

L) 
L. 1 
300 

300 
HOO 

3 1 0  
I O U  
110  
720  
450  
750 
120 
170  
120  
120 
120 
120  
120 
120  
120  
170  
170  
120  
120  

700 

5 0 0  

c3 .  
lLM. lP f3 .1  
00000.00 
00000. 5 0  
00001  - 0 0  
00002.50 
00006.00 
00012.50 
00020.50 
00042.00 
001 3 1  - 0 0  
00 330.00 
004 60.00 
0051  3.0C 
00542.50 
00600.00 
00642.50 
00623.00 
00547.50 
00255.00 
00 130.00 
000 13.00 
00005.00 
00003-00  
00002.00 
00000.10 

AUG.  
I I N O E R C A S T  

03 M A S  

t i20 
I I;. /KG. ) 
006.5000 
006.2Y00 
005.8000 
004.7400 
004.9500 
004.5000 
003.5500 
002.9800 
001.1000 
001.1300 
000.5400 
000.3200 
000.0350 
000.0250 
000.02 1 0  
000.01 10 
000.0220 
000.0450 
000.0560 
000.0940 
000.1120 
000.1120 
0 0 0 . l l 2 0  
000.1120 
000.1120 
000.1120 
000. I120 
000.1120 
000. I 1 2 0  
000. 1120 
000.1120 
000.1120 

I .  1958 
Ar 932 MH 

= 0.271 

03. 
CM./MH. I 
00000.00 
00000.00 
00000.20 
00000.30 
00000.40 
00000.50 
00000.80 
00001.00 
00002.50 
00002.70 
00004.00 
00006.00 
00012.50 
00013.50 
00020.50 
00042.50 
00140.50 
00375.00 
00439.00 
005 16.20 
00530.00 
00590.00 
00654.00 
00639.50 
0055R. 00 
00432.50 
00755.00 
00026.00 
00005.00 
00003.00 
00007.00 
00000.10 

M C C E L  A 1 " O S P t l E K E S  
74 

I ) A Y T O h ,  l iH I I?  
12OTrGYT 
t l20 M A < S  = 1.924 

P K E X S  
I M H . 1  
O3H3.O 
0940.0 
0725.0 
OH1O.O 
077h.0 
0700.0 
0500.0 
0442.0 
0476.0 
0400.0 
0300.0 
OJ 6 2.0 
0130.0 
0100.0 
0050.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.3 
0001.0 
0000.6 
0000.4 
0000.3 
0000.7 
0000.  I 

T t M F  
1DFG.h)  

7Y2.0 
2H9.0 
7'12.0 
7H5.n 
2H5.O 
291.0 
2h5.0 

760.0 
255.0 
741 .O 
717.0 
208.0 
70R.0 
220.0 
72Y.O 
233.0 
736.0 
247.0 
256.0 
263.0 
772.0 
2H3.0 
2R3.0 
283.0 
271.0 
2h2.O 
221.0 
231.0 

259.n 

77 
K € S I , L U T € .  N.k.T. 
1200GMT 
H2O M A S S  = 0.135 

P R E S S  
I M H .  I 
1004.0 
0967.0 
0954.0 
0894.0 
0700.0 
0610.0 
0500.0 
0400.0 
0300.0 
0732.0 
0192.0 
0150.0 
0100.0 
0050.0 
0025.0 
0020.0 
0010.0 
0006.0 
0004.0 
0003.0 
0007.2 
0001.0 
0000.6 
0000.4 
0000.3 
0000.7 
0000.1 

T t M P  
I O C G - K l  
276.0 
274.0 
273.0 
2H0.0 
271.0 
766.0 
756.0 
245.0 
779.0 
217.0 
22R.O 
22R.O 
279.0 
2 3 1 . 0  
234.0 
236.0 
250.0 
760.0 
767.0 
276.0 
2H3.0 
2ti3.0 
283.0 
271.0 
262.0 
251.0 
231.0 

AUG.  I .  1958 
U N 0 E d C I l S l  A I  810 MR 

G 3  Y A S S  = 0.270 " 
H2C 

lG.l~G.1 
0 1  3.3400 
01  1.4430 
012.4600 
00 H . '9 3 00 
DOH. 1300 
006.3300 
001.4400 
000.4900 
000.5000 
000.5900 
000.2300 
000.0 130 
000.0120 
000.0 1 10 
000.0220 
000.0450 
000.0750 
000.1120 
000.1170 
000.1120 
000.1 170 
000.1170 
0 0 0 . 1 1 ~ 0  
000.1120 
000.1120 
000.11 20  
000.1170 
000.1120 
000.1120 

c 3 *  
I C M . / N I 3 . 1  
00030.10 
00000.20 
00000.30 
G0000.50 
00000.20 
0000 1 - 0 0  
00002.50 
00003.10 
00003.60 
00004.00 
00006.00 
00017.50 
00026.20 
00042.50 
00140.50 
00375.00 
00490.00 
00530.00 
00590.00 
00654.00 
006  39.50 
00558.00 
00400.00 
00255.00 
00016.00 
00005.00 
00003.00 
00002.00 
00000.10 

AUG.  1, 1958 
I I t $ O E R C A S T  A T  500 MR 

0 3  M A S S  = 0.255 

H2O 
1 t i . l K G . l  
004.4000 
00 3.9500 
3 0 5 - 7 3 0 0  
006.1200 
004.3900 

001.5h00 
000.3600 
000.1000 
0C0.0310 
000.0250 
000.0180 
000.01 10 
000.0220 

OGO.0560 
000.1120 
000. 1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
0 0 0 . l l 2 0  
000.1120 

no3.1700 

000. 0450 

03. 
l C M . l M B . 1  

00000.00 
00000.10 
00000.30 
00000.40 
00001.00 
00002.00 
00002.50 
00004.00. 
00006.00 
00009.50 
000 13.60 
00020.50 
00042.00 
OC131.00 
00330.00 
00398.00 
005  13.00 
00563.50 
00642.50 
00623.00 
00570.00 
00255.00 
00026.00 
00005.00 
00003.00 
00002.00 
00000.10 

P R E S S  
IPIH.1 
.I 006.0 
1000.0 
0959.0 
0930.0 
0850.0 oa1i .o  
0791.0 
0716.0 
0700.0 
0669.0 
0500.0 
0400.0 
0300.0 
0287.0 
0200.0 
0140.0 
0100.0 
0050.0 
002s.o 

0006.0 0004.0 

0003.0 
0002.0 
0001.6 
0001.0 
0000.6 
0000.4 
0000.3 
00c0.2 
0000. I 

0017.0 0010.0 

75 
A L 8 A V Y  h . Y .  AI&- l r  195R 
12OOLPi U N O E R C A S T  A T  930  NR 
H7D P A S S  = 1.367 C3 M A S S  = 0.271 

I 

78 
Y A K U T A T .  A L A S K A  AUG.  11 1960 
12OOGWT U N C E R C A S T  AT 500  MR 
H70 M A S S  = 0.107 0 3  M A S S  = 0.270 

P R F S S  
IM8.1 
1012.0 
0'464.0 
0850.0 
0750.0 
0611.0 
0500.0 
0400.0 
0327.0 
0238.0 
O21H.O 
0200.0 
0150.0 
0100.0 
0050.0 0025.0 

0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.4 
0001.0 
0000.6 0000.4 

0000.3 
0000.2 
0000.1 

. I  
00 
00  
00  
00  
00 
00 
00 
00 
00 
00 
00 
00 
00 
6 0  
00 
90 
10 
20  
50  
6 0  
2 0  
2 0  
20  
2 0  
2 0  
20  
20  
2 0  
2 0  
20  
2 0  
2 0  

03. 
l.CM./MR. 00000.00 I 

ooooo.co 
00000.10 
00000.30 
00000.50 
00000.70 
oocoo. 80 

00001.80 
00002.50 
00004.C0 
00006.00 
00007.00 
00012.50 
00022.50 
00042.50 00140.50 

00375.00 
00470.00 

00590.00 
00654.00 
00639.50 
00558.00 
00480.00 
00255.00 
00026.00 
00003.00 
00002.00 
0 0 0 0 1  - 0 0  
00000.10 

%X: % 

o0530.00 



P R E S S  
I MR. ) 
1000.0 
OR5O.O 
0700.0 
0500.0 
04oc. 0 
0750.0 
0 I 50.0  
0100.0 
0050.0 
0025.0 
0015;O 
0010.0 
OOOh.O 
0004.0 
0003.0 
0001.6 
0001.0 
0000. 6 
0000.4 
oooo.> 
0000.2 
0000.1 

TEMP 
I 0 E G . K )  
2R0.0 
274.0 
271.0 
255.0 
744.0 
220.0 
226.0 
227.0 
229.0 
230.0 
235.0 
241.0 
252.0 
261.0 
768.0 
263.0 
783.0 

271.0 
7h2.O 
251.0 
231.0 

2 ~ 3 . 0  

7 9  
T H U L E ,  G R E E N L A Y D  

H7T: P A S S  = 0.068 
1 2 0 0 ~ ~  

8 2  
GOOSE P A Y .  L A B .  
12 OOb* T 
h 7 0  M A < S  = 0.027 

P K t 5 S  

1000.0 
0950.0 
O i i r O . 0  
0500.0 
0400.0 
0300.0 
0250.0 
0200.0 
0150.0 
0100.0 
0050.0 
0025.0 
0020.0 
0015.0 
0010.0 
0007.0 

'0005.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
0000.7 
0000. I 

i w. 
TEHP 

0EG.K I 
270.0 
762.0 
257.0 
241.0 
233.0 
221.0 
225.0 
228.0 
227.0 
225.0 
221.0 
272.0 
224.0 
224.0 
223.0 
230.0 
230.0 
231.0 
233.0 
743.0 
260.0 
7P2.0 
271.9 
7h7.0 
251.0 
231.0 

AUG. 1. 1960 
' t N D E K C A S T  A T  400  HR 

3 3  MASS = 0.255 

HZO 
IG-IKG. 1 
004.7500 
004.1800 
004.3900 

000.6600 
000.0690 
000.0740 
000.0110 
000.0220 
000.0450 
000.0750 
000.1120 
000.1120 
000.1120 
000.1170 
000.1170 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

00 1.5600 

0 3 1  
ICM.I'8.) 
00000.00 
00000.50 
0000 1-00 
00002.50 
00004.00 
0000R.00 

00042-  00 
0 0 1 3 1  -00 
00 3 30.00 
00460.00 
005 13.00 
00563.50 
0064?.50 
0062 3.00 
00475.00 
00255.00 
00076.00 
00005.00 
00003.00 
00002.00 
00000.10 

oon20.50 

n C T .  201 1958 

0 3  W C S  = 0.270 
U H C E H C A S T  d T  4 0 0  H8 

H2O 
l G . / K G - )  
001 -9300  
001.7800 

000.3Y00 
000.2200 
000.0730 
000.04HO 
000.02 7 0  
000. 71  HO 
000.011G 
000.0220 
000.04 5 0  
000.0560 
000.0750 
ooc. 11 20 
000.1120 
000.1120 
000.1120 
090.1120 
000.1120 
000.1120 
030.1120 
000.1170 
000.1120 
000.1170 
000.1120 

000. H ~ O O  

MOOEL A T M O S P H E R E S  
R O  

AKLAVIK, N.W.T. AUG. 1, 1960 
12OOGHT U N O E R C A S T  A T  806  M R  
HZO M A S S  = 0.497 C3 M A S S  = 0.254 

P R E S S  
IMH. 
1012.0 
O86S.O 
0832.0 
0806.0 
0747.0 
0721.0 
0680.0 
04R5.0 
0400.0 
0307.0 
0226.0 
0150.0 
0100.0 
0050.0 
0040.0 
0024.0 
0015.0 
0010.0 
0006.0 
0004.0 
0002.6 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
I 0 E G . K  
281.0 
272.0 
272.0 
268.0 
264.0 
266.0 
265.0 
249.0 
237.0 
226.0 
234.0 
233.0 
233.0 
234.0 
234.0 
238.0 
247.0 
254.0 
264.0 
273.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

8 3  
N A N  l U C K  E T , E A  S 5 .  
12OOGHT 
HZO M A S S  0.361 

P R E S S  

1008.0 
OR5O.O 
0800.0 
0730.0 
0593.0 
0400.0 
0365.0 
0300.0 
0250.0 
0200.0 
0132.0 
0100.0 
O O R H . 0  
0050.0 
0025.0 
0020.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.9 
0000.6 
0000.4 
0000.3 
0000.7 
0000.1 

iun.1 T E M P  
1 O E G . K )  
280.0 
268.0 
Zb4.0 
765.0 
256.0 
233.0 
230.0 
237.0 
239.0 
234.0 
217.0 
217.0 
213.0 
211.0 
212.0 
214.0 
22H.0 
738.0 
247.0 
754.0 
263.0 
27R.0 

783.0 
271.0 
7h2 .O 
251.0 
231.0 

2 ~ 3 . ~ )  

H2O 
I G . / K G .  1 
005.8000 
003.2800 
093.6900 
002.5900 
001.2400 
001.4000 
001.4800 
000.6500 
000.2700 
000.0810 
000.0460 
000.0240 
000.0110 
000.0220 
000.OZHO 
000.0470 
000.0750 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
OOO.ll20 
000.1120 
000.1120 
000.1120 

03. 

00000.00 
00000.40 
00000.60 
00000.70 
00000.80 
00000.90 
00001 - 8 0  
00003.20 
00004.00 
00005.40 
00010.00 
00020.50 
00042.00 
0 0 1  31.00 
00183.80 
00342.50 
00460.00 
00513.00 
00563.50 
00642.50 
00587.50 
80255.00 
00026.00 
00005.00 
00003.00 
00002.00 
00000.10 

(CM./HH. 

NOV. 71 1958 
U H C E R C A S I  A T  800  MR 

C3 U A S S  = 0.305 

H2C 
1 G . I K G . j  
004.OROO 
002.1000 
007.2300 
001.5 100 
000.4400 
000.0700 
000.0860 
000.1200 
000.1800 
000.1400 
000.03 10 
000.0 110 
000.0 130 
000.0270 
000.0450 
000.0560 
000.1120 
000.1120 
000.1120 
000.1120 
000.1170 
oorJ.1120 
000.1170 
000.11 20 
000. 1120 
000.1170 
000. I170  
0co. 1120 

03 -  
ICh./MH. I 
00000.00 
0000 1 - 0 0  
0000  1 20 
00002.00 
00002.70 
00006.00 
00007.00 
00009.50 
00012.50 
00018.50 
00039.50 
00062.00 
00065.00 
00 185.00 
00402.50 
0 0 4  3 7.50 
004R0.00 
00493.50 
OOSl1.50 
00503.00 
004E~2.50 
00 3 30.00 
0c300.00 
00187.50 
00095.00 
00020.00 
0G002.00 
00000.10 

8 1  
MAY 15 ,  1958 N A K N E K .  A L A S K A  

12OOGHT U N D E R C A S T  A T  500 PR 
H2O M A S S  = 0.040 0 3  MASS = 0.338 

P R E S S  

1000.0 
O R 5 0 . 0  
0700.0 
0500.0 
0421.0 
0330.0 
0200.0 
0139.0 
0085.0 
0050.0 
0024.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.3 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

iun.) 
1 O E G . K )  TEMP 

277.0 
266.0 
255.0 
242.0 
233.0 
224.0 
230.0 
223.0 
216.0 
218.0 
220.0 
229.0 
237.0 
249.0 
258.0 
264.0 
273.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

HZ 
I G ..I K 
004.4 
002.6 
001.1 
000.3 
000. 1 
000.0 

000.0 
0c0.0 
000.0 
000.0 
000.q 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 
000.1 

oao. o 

P A E S S  
I N & . )  
0969.0 
O R 6 1 . 0  
0722.0 
0596.0 
0500.0 
0442.0 
0400.0 
0300.0 0200.0 

0150.0 
0100.0 
0052.0 
0025.0 
0021.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
OOOO.h 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
0 E G . K )  
277.0 
269.0 
263.0 
253.0 
245.0 
737.0 
235.0 
233.0 
229.0 
225.0 
223.0 
215.0 
216.0 
716.0 
230.0 
240.0 
244.0 
256.0 
265.0 
2R3.O 
2R3.0 
271.0 
762.0 
25r.O 
231.0 

- 1  
00 
00 
00 
00 
00 
20  
10 
50 
30 
2 0  
70 
50 
20 
20  
20  
20  
2 0  
2 0  
2 0  
2 0  
20  
20  
20  
20  

I 

Q\ cn 
I 

NOV. 9s 1958 
U N C E R C A S T  AT 722 M8 

0 3  H A S S  = 0.310 

l G . I K G . 1  h20 

004.5600 
003.0600 
002.2900 
000.4 900 
000.2300 
000.1600 
000.1100 
000.0730 000.0400 

000.0740 
000.01 10 
000.0220 
OC0.0450 
000.0530 000.1120 

000.1120 
OOC.ll20 
000.1 I20 
000.1120 

000.1120 
000.1120 
ooc. 1120  
ooc. 1120 

000.1120 OCO. 1120 



P K F S S  
IYR.1 
0983.0 
0700.0 
0543.0 
0400.0 
0355.0 
0311.0 
0250.0 
0200.0 
0150.0 
0100.0 
0072.0 
0050.0 
0025.0 
0014 .0  
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.9 
0000.6 
0000.4 
0000.3 
0000.2 
0000. I 

TEMP 
( I I E G  K I 
282.0 
266.0 
254.0 
235.0 
229.0 
236.0 
234.0 
231.0 
225 -0 
218.0 
2 1 4 . 0  
217.0 
220.0 
22 1 .o 
228.0 
238.0 
247.0 
253.0 
263.0 
279.0 
2P3.0 
283.0 
271.0 
262.0 
251 -0 
231.0 

88  
A L E R T  N.W.T. 
l Z O O G i 4 T  
H20 M A S S  = 0.069 

O C I .  24. 1958 
03 M A S S  = 0.267 

UNOEKCAST AT 700 M8 

H20 
IG-IKG. I 
006.8600 
002.9800 
001.0 LOO 
000.2400 
000.1400 
000.0490 
000.0420 
000.0310 
000.0 1 HO 
000.0110 
000.01 60 
000.0220 
000.0450 
000.0800 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

DEC.  12. 1958 
0 3  MASS = 0.275 

U N O E R C A S T  A T  818 M B  

H2O 
(G./KG. I 
000.2000 
000.2200 
000.1600 
000.1700 
000.2R00 
000.2600 
000.4000 
000.4300 
000.1100 
000.0390 
000.0330 
000.0150 
000.006H 
000.0076 
000.008 7 
000.0110 
000.0220 
000.0420 
000.0450 
000.0750 
000.1120 
000.1120 
000.1120 
000. I120 
000.11 20 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03. 
I CM. /HE. I 
00000.00 
00000.00 
00000.20 
00000.30 
00000.40 
00000.50 
00000.80 
OOOOI. 30 
00002.60 
00004.00 
00004.90 
00006.00 
00008.50 
00015.00 
00024.50 
00050.00 
00147.50 
00332.50 
00357.50 
00454.50 
00474.00 
00485.00 
00498.00 
00487.50 
0045 1 - 00 
00330.00 
00 7 3 7.50 
00187.50 
00095.00 
00020.00 
0001.500 
00000.10 

MODEL ATMOSPHERES 
8h 

P O R T  H A R R l S O N t  OUEBEC OEC- 15. 1958 
1 2 0 0 G M T  UNOERCAST A T  720 MR 
H Z O  M A S S  = 0.098 03 MASS = 0.309 

P R E S S  
I M R . 1  
1010.0 
1000.0 
OR95.0 
0872.0 
0850.0 
0720.0 
0500.0 
0444.0 
0400.0 
0300.0 
0217.0 
0150.0 
0100.0 
0091.0 
0050.0 
0075.0 
0020.0 
0010.0 
0006.0 
OC'04.0 
0003.0 
0002.0 
0001.0 
0000.7 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

T E M P  
I 0 E G . K )  
255.0 
255.0 
248.0 
251.0 
251.0 
24A.O 
233.0 
226.0 
224.0 
214.0 
222.0 
222.0 
218.0 
216.0 
212.0 
208.0 
208.0 
220.0 
231.0 
239.0 
246.0 
255.0 
272-0 
2H3.0 
283.0 
271.0 
262.0 
251.0 
231.0 

89 
k i A S H I N G T O N s  O.C. 
1200GMT 
HZ0 M A S S  = 0.053 

P R E S S  
lHU.1 
0997.0 
0979.0 
0953.0 
0850.0 
0670.0 
0570.0 
0500.0 
0430.0 
0300.0 
0283.0 
0212.0 
0150.0 
0100.0 
0068.0 
0050.0 
0025.0 
0023.0 
0015.0 
0010*0 
0006.0 
0004.0 
0003.0 
0001.8 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
l 0 E G . K )  
275.0 
274.0 
278.0 
272.0 
257.0 
254.0 
246.0 
236.0 
221.0 
221.0 
228.0 
223.0 
221.0 
218.0 
221.0 
230.0 
229-0 
237.0 
245.0 
255.0 
264.0 
270.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

H2O 
I G - I K G .  I 
000.7100 
000.6600 
000.4700 
000.6300 
000.6400 
000.5300 
000.1400 
000.0790 
000.0550 
000.02 IO 
000.01 30 
000 -0100 
000.01 10 
000.0120 
000.0220 
000.0450 
000.0560 
000.1120 
000.1120 
000.1120 
000. I120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000. 1120 ooo.llzo 
000.1120 

03. 
(CH./HR. I 
00000.00 
00000.00 
00000.30 
00000.80 
0000 1.00 
00002.50 
00004.00 
00005.10 
00006.00 
00009.50 
00015.50 
0003 1-00 
00062.00 
00072.50 
00185.00 
00402.50 
00437.50 
00480.00 
00493.50 
005 11.50 
03503.00 
00462.50 
003 30.00 
00237.50 
00187.50 
00095.00 
00020.00 
00002.00 
00000.10 

JAN.  31, 1958 
U N O E R C A S T  AT 500 ME 

03  MASS = 0.271 
H 

lG./ 
003. 
002. 
003. 
002. 
001. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 
000. 

0 
G. I 
100 
900 
IO0 
700 
700 
800 
700 
200 
450 
370 
190 
140 
110 
170 
220 
450 
490 
750 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 
120 

03. 
ICH.lM8. I 
00000.10 
00000.20 
00000.40 
00001.00 
00002.20 
00003.20 
00004.00 
00006.00 
00008.50 
00008.80 
0001 2.60 
00024.50 
00050.00 
00092.50 
00147.50 
00357.50 
00382.50 
00454.50 
00476.00 
00485.00 
00498.00 
00487.50 
00433.70 
00330.00 
00187.50 
00095.00 
00020.00 
0001 -500 
00000.10 

90 
W A S H I N G T O N I  0 .C.  
l2OOtHT 
H2G M A S S  = 0.038 

DEC.  31. 1 V 5 A  
U N D E R C A S T  AT 400 MH 

0 3  M A S 5  = 0.273 
I G. ti20 /KG. 1 

000.1700 

000.1500 
000.1500 
000.0600 000.1700 
000.0200 
000.0048 
000.0061 
000.0365 
000.0075 
0 0 0 . 0 1 1 0  
000.0220 
000.0350 
000.0450 
000.0750 
000. I120 
000.1120 
000.1120 
000.1120 
000. I120 
000.1120 
000.1120 
000.1120 
000.1120 

000.1100 000. l R O O  

000.1120 000.1120 

11 3 
lCM.lMB.1 
00000.00 
00000.10 
00000.50 
00001.30 
00001. RO 
00002.00 
00004.00 
00006.00 
00007.50 
000 11.00 
00015.00 
00024.50 
00050.00 
0014? .50  
00275.00 
00 35 7.50 
00454.50 
00474.00 
00485.00 
00498.00 
00487.50 
00451.00 
00330.00 
00 197.50 
00020.00 00095.00 
0001.500 
00000.10 

J U L Y  121 1958 
UNOEKCAST 03 MASS AT = 370 0.293 M U  

h2f1 
l G . / K G .  1 
017.9400 
015.7500 
0 17.0000 
009.7500 
005.8900 
001.7000 
000.4800 
000.1700 
000.01 80 
000.0039 
000.0110 

000.0750 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

000.0220 000.0450 

1 

m m 
1 

U N I T S  OF T E N  TO THE MINUS 5TH 



P C D E L  ATHO’ jPHERES 
0 7  9 7  9 1  

K E Y  h E S T .  F L A .  
l2OOGMT 
H2O M A S S  = 2.843 

P H E S S  
Inn.) 
1000.0 
OR50.0 
0700.0 
0500.0 
0400.0 
0300.0 
0750.0 
0200.0 
0150.0 
0100.0 
0050;O 
0025.0 
0020.0 
0015.0 
0010.0 
OOOh.O 

0004.0 
0002.0 
co01.1 
0000.6 
0000.4 
0000.3 
0000.1 
0000.1 

0004.0 

v4 

r 
I OE 

30 
29  
28 
26 
25 
7 4  
23 
21 
20 
7 0  
21 
23 
27 
23 
23 
24 
25 
75  
76  
7R 
78 
77 
7 6  
75 
7 3  

MP 
. K I  
-0 
.o 
.o 
.o 
.o 
-0 
-0 
-0 
.o 
.o 
.o 
.o 
-0 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
-0 
.o 
-0 
-0  

JfiitNSIGt$ I S L A N O  

ti70 M A S S  = 1.765 
I Z O O L M ~  

P K E S S  
I ‘ I R .  I 
1000.0 
OR5O.O 
0700.0 
9 5 00 - 0 
0 4 0 0 - 0  
0300.0 
0250.0 
0700.0 
0150.0 
0100.0 
0050.0 
0025.c 
0020.0 
0 0 1 5 - 0  
0010.0 
0007.0 
0005.0 
0003.0 
0002.0 
0001.0 
0000.7 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

T E M P  
1CFG.K 
297.0 
2R9.0 
283.0 
268.0 
25R.O 
240.0 
231 -0 
219.0 
206.0 
197.0 
20R.0 
722.0 
215.0 
227.0 
227.0 
235.0 
239.0 
240.0 
250.0 
266.0 
783.0 
2H3.O 
271.0 
262.0 
251.0 
231.0 

AUG. I. 195R 
C L E A R  

0 3  MASS = 0.255 

0 3 -  
I C P . / % M . )  
00000.00 
00000.50 
0000 1-00 
00002.50 
00004.00 
00006.00 
0 0 0 0 H .  00 
G O O 1  2.50 
00020.50 
00042-  00 
00131.00 
00330 .00  
0039R. 00 
004h0.00 
005 1 3.00 
00563.50 
00642.50 
0062 3 - 0 0  
00547.50 
0 0 1  17. 50 
00031.30 
0000 3.00 
00002.00 
G O O 0 1  - 5 0  
00000. LO 

H A Y  I ,  i 9 5 n  
UNOEHCAST A T  850 PH 

U3 U A S S  = 0.294 

0 3 .  
I C W . / U P .  I 
00000.00 
00001.50 
00003.00 
00005.50 
00007.00 
c0010.00 
0001 2.50 
00016.50 
00026 - 50 
00054.50 
00 157.50 
00352.50 
004  15.00 
00474.00 
00525.00 
0054  7.00 
00557.50 
00573.50 
00400.00 
00 175.00 
000 1 H. 50 
00009.00 
00005.00 
0002.500 
0001 -500  
00000.10 

C U Z A C A O ,  W . I .  NCV. 1. 1958 
l2OOGMT U h O E K C A S r  A T  700  MR 
H2O M A S S  = 1.174 03  H A S S  = 0.270 

P R E S S  
I M R . )  
1012.0 
1000.0 
0933 .0  
0919.0 
O R 5 0 . 0  
0700.0 
0500.0 
0400.0 
0300.0 
0200.0 
0150.0 
0132.0 
0115.0 
0106.0 
0095.0 
0060.0 
0050.0 
0025.0 
0015.0 
0010.0 
OOOR.  0 
0001.5 
0005.0 
0004.0 
0003.0 
0002.0 
000  1 .) 1. 
0001.0 
0000.6 
0000.4 

0000. z 
0000.1 

0000.3 

95 

T E M P  
I 0 t G . K )  

301.0 
301.0 
295.0 
737.c  
291.0 
2l34.0 
269.0 
258.0 
242.0 
220.0 
207.0 
201.0 
118.0 
194.0 
144.0 
210.0 
211.0 
222.0 
719.0 
214.0 
233.0 
219.0 
749.0 

L>9.0 
264.0 
2’33.0 
2d 3.0 
133.0 
271.0 
7h2.0 
751.0  
2 3 1  .0 

253.0 

JOkNSIllt. I \LA’:U 
I2OOGr r 
H7D M A \ \  = 1.021 

PRESS 

1000.0 
OX50.0 
0700.0 
0500.0 
0400.0 
0300.0 
0200.0 
0150.0 
0100.9 
0050.0 
0025.0 
0015.0 
0010.0 
0007.0 
0 0 0 4 - 0  
0003.0 
0002.0 
0001.0 
0000. X 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

i r n . )  
r t v p  

2 ~ 8 . 0  

1UtC.K 
297.0 

2re .o  
767.0 
75h.0 
740.0 
223.0 
207.0 
l ’ i6 .0  
205.0 
222.0 
275.0 
224.0 
230.0 
243.0 
249.0 
259.0 
275.0 
213.0 
243.0 
271.0 
262.0 
251.0 
231.0 

ti 
I G . /  
017. 
017.  
015. 
01 I. 
006. 
009. 
000.  
000. 
000. 
000. 
000. 
000. 
000. 
OCO. 
000. 
000. 
000. 
000. 
000. 
000. 
900. 
000. 
000. 
000. 
000.  
000. 
000. 
000. 
000. 
000. 
000. 
O G C .  
000 .  

F E H .  1, 1958 
( I k P t R C A C T  A I  700  MB 

I13 WAS5 = 0.304 

K I G U L E Y  RERM.  BERMUDA AUG. 1, 1958 
12OC)GCIT U N C E R C A S T  AT 7 0 0  M M  
H2C P A S S  = 1.076 0 3  M A S S  = 0.255 

P K E S S  T E M P  
IMR.1 I 0 E G . K )  
1000.0 300.0 

292.0 0850.0 0700.0 2H3.0 

0500.0 267.0 
0400.0 257.0 
0300.0 242.0 
0200.0 221.0 
0150.0 207.0 
0100.0 201.0 
0050.0 217.0 
0075.0 224.0 
0020.0 727.0 
0015.0 229.0 
0010.0 234.0 
0007.0 232.0 
0005.0 735.0 
0003.0 241.0 
0007.0 250.0 
0001.0 766.0 
0000.7 2R3.0 
0000.6 283.0 
0000.4 271.0 
OG00.3 262.0 
0000.2 251.0 
0000.1 231.0 

9 6  
K E Y  WEST,  F L A .  
12OOGMT 
H2O H A S S  = 0.894 

T E M P  
I 0 E G . K  
293.0 
285.0 
2R1.O 
263.0 
250.0 
234.0 
220.0 
212.0 
202.0 
213.0 
220.0 
221.0 
234.0 
245.0 
254.0 
260.0 
270.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.3 

U N C E R C A S T  F E R .  AT 1, 850 1958 H H  

I13 M A S S  = 0.304 

U h f I C  OF I E N  TO THE MINUS 5TH 



97 
KlNDLEY BERM, DERMUOA NOV; 1, 1958 
12OOGMT UNOERCAST A T  850 MR 
H2O M A S S  = 1.264 03 M A S S  = 0.275 

PRESS 
I M R .  1 
1000.0 
OR50.0 
0700.0 
0500.0 
0400.0 
0300.0 
0200.0 
0150.0 
0100.0 
0050.0 
0015.0 
0020.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000. R 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
1OEG.K) 
295.0 
282.0 
278.0 
262.0 
252.0 
235.0 
216.0 
209.0 
206.0 
217.0 
220.0 
221.0 
221.0 
223.0 
234.0 
243.0 
250.0 
260.0 
276.0 
283.0 
2fl3.0 
271.0 
262.0 
251.0 
231.0 

ti20 
lG./KG. 1 
010.0100 
011.9200 
001.0300 
000.5700 
000.3300 
000.1000 
000.0270 
000.0160 
000.01 10 
000.0220 
000.0450 
000.0560 
000.0750 
000.11 20 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

PRESS 
IMR.) 
0850.0 
0700.0 
0400.0 
0300.0 
0250.0 
0200.0 
0100.0 
0050.0 
0025.0 
0020.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.3 
0001.0 
0000.6 
0000.4 
0000.3 
0000,2 
0000.1 

TEMP 
10EG.K 1 
264.0 
255.0 
233.0 
223.0 
226.0 
228.0 
223.0 
222.0 
222.0 
224.0 
237.0 
248.0 
256.0 
263.0 
272.0 
283.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

MAY 1 1958 
UNOERCAST A i  700 M8 

03 MASS = 0.335 

ti20 
IG./KG. 1 
001.9300 
001 - 0300 
000.1100 
000.0350 
000.0250 
000.0180 
000.0 110 
000.0220 
000.0450 
000.0560 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

MODEL ATMOSPHERES 
0 0  0" 

SEiEN 1SLANOS. CUEHEC AUG. 1, 1958 A ~ ~ A N Y .  N.Y. NOV. 1, 1958 
l2OOGMr UNOERCAST A T  724 ME l2OOGMT UNOERCAST A T  900 ME 
ti20 M A S S  = 0.428 0 3  M A S S  = 0.270 t i 2 0  M A S S  = 0.457 03 M A S S  = 0.309 

t i20 
lG./KG. 1 
007.7000 
008.2100 
007.0000 
005.6000 
003.9300 
003.2300 
001 * 2100 
000.7600 
000.1400 
000.0240 
000.0150 
000.0100 
000.0100 
000.01 10 
000.0220 
000.0450 
000.0560 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 
000.1120 

03. 
ICM. /MB.  1 
00000.00 
00000.00 
00000.30 
00000.50 
00000.80 
0000 1.00 
00002.10 
00002.50 
00004.00 
00006.00 
00008.30 
000 12.50 
00020.50 
00042.50 
00140.50 
00375.00 
00439.00 
00530.00 
00590.00 
00654.00 
0063Y.50 
00558.00 
00487.50 
00255.00 
00026.00 
00005.00 
00003.00 
000 1.500 
00000.10 

PHESS 
1 M H . l  
1002.0 
0989.0 
0900.0 
0879.0 
0651.0 
0619.0 
0400.0 
0300.0 
0209.0 
0146.0 
0108.0 
0100.0 
0050.0 
0030.0 
0025.0 
0018.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.0 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
1OEG.K) 
275.0 
276.0 
271.0 
275.0 
265.0 
266.0 
244.0 
231.0 
215.0 
221.0 
213.0 
214.0 
214.0 
221.0 
218.0 
216.0 
228.0 
239.0 
248.0 
255.0 
264.0 
283.0 
2R3.O 
271.0 
262.0 
251.0 
231.0 

(CM. /MR.  03. 1 

00000.00 

00000.70 
00002 30 
00002.60 
00006.00 
00009.50 
0001 5.50 
00032.50 
00047.50 
00062.00 
001 85.00 
00360.00 
00402.50 
00450.00 
00480.00 
00493.50 
00511.50 
00503.00 
00462.50 
00330.00 
00187.50 
00095.00 
00020.00 
00002.00 
00000.10 

00000.10 00000.30 

JULY 19, 1960 
101 102 
BEER-YA A O O V t  ISRAEL AUG- 26, 1960 BAHREIN. A R A B I A  
12OUGMT CLEAR 0000GPT CLEAR 
H2O M A S S  = 1.535 03 M A S S  = 0.250 H2O M A S S  = 4.245 C 3  M A S S  = 0.254 

PRESS 
lM8. 1 
1000.0 
0850-0 
0700.0 
0500.0 
0400.0 
0300.0 
0200.0 
0150.0 
0100.0 
0050-0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0000.9 
0000.6 
0000.4 
0000.3 
0000.2 
0000.1 

TEMP 
I0EG.K) 

306.0 
295.0 
287.0 
270.0 
258.0 
247.0 
227.0 
217.0 
206.0 
206.0 
206.0 
216.0 
224.0 
235.0 
244.0 
251.0 
261.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

n3. 
ICM./MB. 1 
00000.00 
00000.50 
00001.00 
00002.50 
00004.00 
00006.00 
000 12.50 
00020.50 
000*2.00 
0013 1-00 
00330.00 
00398.00 
005 13.00 
00563.50 
00642.50 
0062 3.00 
00541.50 
00196.50 
00020.00 
000 10.00 
00005.00 
00004.00 
00003.00 

PRESS 
IUR.  1 
1000.0 
OR50.0 
0700.0 
0500.0 
0400.0 
0300.0 
0200.0 
0150.0 
0100.0 
0050.0 
0030.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 
0001.3 
0000.6 
0000.4 
0000.3 
0000.2 0000.1 

TEMP 
I0EG.K) 

308.0 
304.0 
292.0 
268.0 
262.0 
246.0 
225.0 
211.0 
194.0 
209.0 
218.0 
218.0 
22R.O 
236.0 
247.0 
256.0 
263.0 
273.0 
2R3.0 
283.0 
271.0 
262.0 
251.0 
231.0 

0 3 1  
lCM./MB. 1 
00000.00 
00000.50 
00001.00 
00002.50 
00004.00 
00006.00 
00012.50 
00020.50 
00042.00 
00131.00 
00270.00 
00330.00 
00460.00 
005 13.00 
00563.50 
00642.50 
00623.00 
00547.50 
00393.50 
00040.00 
00030.00 
00020.00 
00010.00 
00005.00 

I 

Q\ 
03 
I 

t UNlTS OF TEN T O  THE MINUS 5TH 
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AOULEF. ALGERIA 
12OOGMT 
H2O H A S S  = 1.329 

PRESS 
I M f l .  I 
1000.0 
0850.0 
0700.0 
0500.0 
0400.0 
0300.0 
0200.0 
0150.0 
0100.0 
0070.0 
0050.0 
0025.0 
0015.0 
0010.0 
0006.0 
0004.0 
0003.0 
0002.0 

0000.4 
0000.3 
0000.2 
0000.1 

0000.6 

TEMP 
10EG.K) 
319.0 
302.0 
2R9.0 
268.0 
258.0 
246.0 
230.0 
218.0 
205.0 
209.0 
217.0 
231 -0 
241.0 
750.0 
261.0 
269.0 
275.0 
283.0 
283.0 
271.0 
262.0 
251.0 
231.0 

AUG. 16. 1960 

03 MASS = 0.252 
CLEAR 

H2O 
lG./KG. I 
005.1000 
003.1000 
001.7100 
000.6300 
000.2700 
000.1300 
000.0460 
000.02 10 
000.0060 
000.0085 
000.0120 
000.0240 
000.0400 
000.0600 
000.0600 
000.0600 
000.0600 
000.0600 
000.0600 
000.0600 
000.0600 
000.0600 
000.0600 

0 3 -  
lCM./MB.l 
00000.00 
00000.50 
00001 -00 
00002.50 
00004.00 
00006.00 
00012.50 
00020.50 
00042.00 
00077.50 
00131.00 
00330.00 
00460.00 
00513.00 
00563.50 
00642.50 
00623.00 
00547.50 
00050.00 
00040.00 
00030.00 
00020.00 
00010.00 

MODEL ATMOSPHERES 
104 
AOULEF. ALGERIA 
12OOGYT 
H2O M A S S  = 1-177 

AUG. 25 1960 

0 3  -MASS = 0.251 
CLEAR 

ti20 
lG./KG. 1 
004.1100 
003.3400 
001.3200 
000.4300 
000.2400 
000.0730 
000.0210 
000.01 20 
000.0082 
000.0 120 
000.0160 
000.0270 
000.04 10 
000.0820 
000.0820 
000.Ofl20 
000.0820 
000.0820 
000.0820 
000.0820 
000.0820 
000.0820 
000.0820 
000.0820 

03. 
lCM./MB. 1 
00000.00 
00000.50 
00001 -00 
00002.50 
00004.00 
00006.00 
00012.50 
00020.50 
00042.00 
00077.50 
00131 -00 
00270.00 
00398.00 
0051 3.00 
00563.50 
00642.50 
0062 3.00 
00547.50 
00412.50 
00040.00 
00020.00 
000 10.00 
00005.00 
00002.00 

105 
AOULEF. ALGERIA 
H2G l2OOGHT HASS = 1.344 

AUG. 12. 1960 

03 MASS = 0 - 2 5 1  
CLEAR 

1G.IKG. H2O I 
004.4200 
003.6100 
000.5700 00 1.7 100 

000.0880 000.3300 

000.0270 
000.0120 
000.0044 
000.0062 
000.0087 

000.0440 000.0440 

000.0440 
000.0440 
000.0440 
000.0440 000.0440 

000.0440 
000.0440 
000.0440 

000.0150 000.0220 

03* 
lCM./MB. 00000.00 I 
00000.50 

00004.00 00006.00 

00012.50 00020.50 

00042.00 
00077.50 
00131.00 
00270.00 0039R.00 

005 13.00 
00563.50 00642.50 

00623.00 
00547.50 00050.00 

00040.00 
00030.00 
00020.00 
0001 0.00 

00002.50 00001.00 

AUG. 15. 1960 

03 HASS = 0.251 

106 
AOULEF. ALGERIA 

H2U H A S S  = 1.515 
CLEAR 1200tir*r 

P R E S S  
I MR. ) 
0977.0 
0850.0 
0700.0 
0500.0 
0400.0 
0300.0 
0200.0 
0150.0 
0100..0 
0070.0 
0050.0 
0030.0 
GO2O.O 
0010.0 
0006.0 
0004.0 
0003.0 
0001.7 
0000. h 
0000.4 
0000.3 
0000.2 
0000.1 

I E H P  
10EG.Kl 
321.0 
305.0 
291.0 
267.0 
259.0 
244.0 
227 -0 
218.0 
205.0 
208.0 
215.0 
223.0 
231.0 
245.0 
255.0 
264.0 
270.0 
2fl3.0 
783.0 
271.0 
262.0 
251.0 
731.0 

H2O 
I G - I K G .  I 
004.2100 
003.61 00 
002.5500 
00 1.7000 
000.5400 
000.1800 
000.0400 
000.0 I 8 0  
000.0051 
000.0073 
000.01 00 
000.01 70 
000.0250 
000.0510 
000.05 10 
000. os10 
000.0510 
000.0510 
000.0510 
000.05 10 
000.05 10 
000.0510 
000.05 10 

0 3 .  
lCM./HB. I 
00000.00 
00000.50 
00001 -00 
00002.50 
00004.00 
00006.00 
00012.50 
00020.50 
00042- 00 
00077.50 
001 31 -00 
00270.00 
00398.00 
005 13-00 
00563.50 
00642.50 
00623.00 
00498.00 
00040.00 
00020.00 
00010~00 
00005.00 
00002.00 

e U N I T \  OF T E Y  T O  THE M I Y U S  5TH 
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TIROS 111 

TIROS I V  
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T o t a l  u n f i l t e r e d  
F i l t e r e d  F i l t e r e d  

P a r t i a l  u n f i l t e r e d  P a r t i a l  u n f i l t e r e d  

F i l t e r e d  F i l t e r e d  

P a r t i a l  u n f i l t e r e d  P a r t i a l .  u n f i l t e r e d  

F i  1 t e r e d  

P a r t i a l  u n f i l t e r e d  

---- --- ' 

--_. -_ _- --- ---- 

INFRARED SPECIFIC INTENSITIES OF MODEL ATMOSPHERES 

The t o t a l  u n f i l t e r e d  outgoing i n t e n s i t y ,  t h e  f i l t e r e d  (channels 2 and 
4) outgoing i n t e n s i t y ,  and p a r t i a l  i n t e g r a l s  of  the  u n f i l t e r e d  outgoing 
i n t e n s i t i e s ,  as determined by t h e  l i m i t s  q' , and y;' , a r e  l i s t e d  f o r  each 
model atmosphere a t  f i v e  z e n i t h  ang le s  ( 0 = O o ,  20°, 45', 60°, and 78.5' ). 
Each model atmosphere is i d e n t i f i e d  by the  number appear ing  above the  s t a t i o n  
name i n  Appendix A. 

where " t o t a l  u n f i l t e r e d "  i s  l : I y ; . B )  CIV- ; "f i l te red"  is  J,"r,\*)q,d.u; and " p a r t i a l  
u n f i l t e r e d "  i s  j'..~IJ+)d+, wi th  9,' and V; as given i n  t a b l e  2, page 22 of the  
main t e x t .  Thus, t o t a l  i n f r a r e d  i n t e n s i t y  is given a t  t he  top,  and t h e  channel  
2 and channel  4 f i l t e r e d  and p a r t i a l  u n f i l t e r e d  i n t e n s i t i e s  f o r  t h e  ind ica t ed  
sa te l l i t es  are  g iven  a t  t h e  l e f t  and r i g h t ,  r e s p e c t i v e l y .  



lNFRARED SPECIFIC INTENSITlES OF MOOEL ATYOSPHERES 

THETA = 78.5 THETA = 0 THETA = 20 THETA = 45 THETA = 60 

90629. 
16438. 19346. 
55497. 74955. 
17069. 36501. 
40213. 67489. 

82763. 
14788. 17517-  

31895. 15364. 68043. 33238. 
36212. 61643-  
15364. 
36212. 

NO. I 96486. 
T I R O S  11 17405. 20599. 

37579, 79871. 
TIROS 111 18081. 38862. 

42481. 71698. 
1 v  18081. 

42481. 

95994.  
17331. 20498. 
37419. 79472. 
18003. 38671. 
42310. 7 1 3 5 6 -  
18003. 
42310. 

93603. 
16960. 19996. 
36626. 77482. 
17612. 37710. 
41445. 69647. 
17612. 
41445. 

TIWOS 17069- 
40213. 

NO. 
1 IWOS 

T I R O S  

TlRCS 

2 
11 

11 

1v 

91 
16313. 
35122. 
16979, 
39909. 
16979. 
39909. 

295 
19528. 
75951. 
37042. 
68327. 

90834. 
16257. 19436. 
35015. 75575. 
16916. 368bO. 
39763. 67996. 
16916. 
39763. 

88749. 
15999. 19017. 
34481. 73860. 
16639. 36026. 
39178. 66500. 
16639. 
39178. 

86209. 
15640. 18485. 
33723. 71720. 
16260. 34999. 
38346. 64656.  
16260. 
38346. 

79134. 
14286. 1 6 8 5 4 .  
30814. 65409. 
14846. 32018. 
35039. 59286. 
14846. 
35039. 

92835. 
16051. 19591. 
34519. 76534. 
16721. 37271. 
39150. 68811. 
16721. 
39150. 

91158. 
15955. 19301. 
34347. 75266. 
16610. 36638. 
38991. 67666. 
16610. 
38991. 

89168. 
15836. 18950. 
34141. 73737-  
16473. 35881. 
38763. 66315-  
16473. 
38763. 

15156. 03461. 17805. 

32763. 6 9 0 3 3 -  
15735. 33624. 
37135. 62284. 
15735. 
37135. 

76826. 
13127. 16051-  
28205. 62795. 
13684. 30780. 
32153. 57127-  
13684. 
32153. 

F10- 
T I R O S  

TIRUS 

3 
11  

11 

1v 

93208. 
16076. 19656. 
5455H. 76813. 
16750. 37411. 
39205. 69067. 
16750. 
39205. 

T l R O S  

A1987. 
13928. 17172. 
29893. 67278. 
14532. 32918. 
34067. 60990. 
14532. 
34067. 

NO. 4 85828. 
TlRUS 11 14338. 17925. 

30711. 70415. 
1 I R O S  111 14978. 34449. 

54992- 63766. 
TIROS 1 V  14978. 

34992. 

85511. 
14308. 17866. 
30649. 70168. 
14946. 34330. 
34927. 63547. 
14946. 
34927. 

83928. 
14152. 17562. 
30341. 68887. 
14773. 33701. 
34583. 62407. 
14773. 
34583. 

75262. 
12496. 15605-  
26784. 61358-  
13050. 30C91. 
30581. 55909. 
13050. 
30581. 

NO. 5 82691. 
TIRCS 11 13191. 17026. 

28114. 67354. 
l I R l l S  111 13824. 33014-  

32164. 61259. 
1 I R O S  1 V  13R24. 

32164. 

82427. 
13176. 16981. 
28085. 67160. 
13807. 32918. 
42140. 61083. 
13807. 
32140. 

81  104. 
13089. 16747. 
27933. 66142. 
13705. 32412-  
31961. 60153. 
13705. 
31961. 

76880. 
12226. 15826. 
26009. 62666. 
12830-  30841. 
29929. 57206. 
12830. 
29929. 

74706. 
10993. 14975. 
23271. 59983. 
11573. 29508. 
26739. 55009. 
11573. 
26  139. 

79499- 
129t.i; ---i6450. 
27695. 64877. 
13561. 31789. 
31689. 59010. 
i 3 5 6 i .  
31689. 

11714. 72010. 14816-  

25023. 58401. 
12264. 28792. 
28754. 53449-  
12264. 
28754. 

NO. 6 78258. 
TlROS 11 12309. 16079-  

26153. 63775-  

30080. 58220-  
TlRCS 1 V  12928. 

50080. 

ritws 111 12928. 31386. 

78027. 
12298. 16039. 
26132. 63596. 
12915. 31299-  
30064. 58056. 
12915. 
30064. 

75522. 
12117. 15563. 
25807. 61531. 
12708. 30289. 
29710. 56185-  
29710. 12708. 

24. 
14821. 
59282. 
29167. 
54349. 

71066. 
10872. 14352. 
23154. 57167-  
11408. 28143-  
7 6 5 3 3 .  52'38C.  

8. 
15152. 
60770. 
29907. 
55770. 

75636. 
11019. 15125. 
23283. 60655-  
11612. 29847. 
26789. 55653. 
11612. 
26789. 

73 
10979. 
23256. 
11553. 
267RO. 
11553. 
26780. 

NO. 7 75R 
TIROS 11 11023-  

23286. 
TIKUS 111 11619-  

26794. 
T I R O S  1 V  11619. 

26794. 

_.... 
11408. 
26533. 

70227. 
9924. 13924. 

ZOR71. 56047. 
10494. 27635-  
24191. 51703. 
10494. 
24191. 

69172. 
9885. 13154. 

20821. 55293. 
10442. 27254-  
24114. 50987. 
10442- 
2 4 1 1 4 .  

66367. 
9748. 13278. 

20627. 53176. 
10272. 26200. 
23805. 4 9 C 0 1 -  
10272. 
23805. 

KO. 8 71269. 
T I R O S  11 9959. 14086- 

20913. 56767. 
T I R f l S  111 10541. 28002- 

24254. 52392. 
T l R O S  1 V  10541. 

24254. 

71095. 
9954. 14060. 
20906. 56651. 
10534. 27944. 
24243. 52282. 
1 0 5 3 4 .  
24243. 



INFHARED SPECIFIC INTENSITlES OF MODEL ATMOSPHERES 

THETA = 0 T H E T A  = 2 0  THETA = 45 THETA = 60 THETA = 78.5 

NO. 9 60630. 
T I K O S  11 7261. 11475. 

14930. 47165. 
11 7797. 23510. 

17683. 44212. 
1 V  7797. 

17683. 

60555. 60135. 
7262. 11466. 7264. 11405. 

14935, 47122. 14958. 46840. 
7797. 23489. 7793. 23343. 

17688. 44169. 17705. 43885. 
7797. 7793. 

17688. 17705. 

59655. 
7270. 11334. 

14990. 46511. 
7792. 23177. 

17735. . 43552. 
7792. 

17735. 

58465. 
7298. 11148. 

15128. 45601. 
7799. 22727. 

17816. 42643. 
7799. 

17816. 

I R O S  

TlHOS 

NO. 
T 1 K O S  

I KflS 

T I K O S  

1 0  96263. 95803. 
1 1  17098. 20438. 17032. 20344. 

36895. 79405. 36753. 79028. 
11 17772. 38640. 17703. 38459. 

41753. 71233. 41601. 70910. 
1 V  17772. 17703. 

41753. 41601. 

9 3  5 3 3, 
16697. 19866. 
36041. 77113. 
17348. 37531. 
40826. 69251. 
17348. 
40826. 

14731. R3481. 17517. 

31786. 68068. 
15304. 33236. 
36099. 61527. 
15304. 
36099. 

82121. 
14683. 17503. 
31710. 68096. 
15258. 33239. 
36031. 61441. 
15258. 
36031. 

77407. 
13053. 16104. 
28045. 63152. 
13613. 30957. 
32007. 57393. 
13613. 
32007. 

74112. 
12030. 15242. 
25762. 60146. 
12573. 29554. 
29425. 54907. 
12573. 
29425. 

76206. 
12213. 15616. 
26157. 61775. 
12765. 30281. 
29825. 56249. 
12765. 
29825. 

71503. 
11000. 14465. 
23435. 57544. 
11540. 28345. 
26924, 52711. 
11540. 
26924. 

67407. 
9467. 13284. 

19976. 53558. 
9996. 26417. 

23103. 49408. 
9996. 

23103. 

NO. 
Tinos 

11 92616. 
11 15881. 19537. 

34168. 76435. 
TlROS 1 1 1  16545. 37262. 

38747. 68724. 
TlKOS 1 V  16545. 

38747. 

92401. 
15817. 19466. 
34003. 76173. 
l64R3. 37126. 
38571. 68524. 
16483. 
38571. 

90564. 
15667. 19137. 
33715. 74773. 
16316. 36434. 
38262. 67271. 
16316. 
38262. 

88095. 
15474. 18710. 
33367. 72958. 
16099. 35556. 
37880. 65642. 
16099. 
37880. 

NO. 12 85379. 
T l R O S  11 13929-  17693. 

29792. 69746. 
T I R G S  111 14566. 34136. 

33992. 63189. 
1V 14566. 

339'12. 

85085. 
13907. 17640. 
29751. 69521. 
14541. 34027. 
33946. 62988. 
14541. 
33946. 

83693. 
13803. 17387. 
29549. 68433. 
14426. 33492. 
33760. 62010. 
14426. 
33760. 

81944. 
13641. 17050. 
29238. 67016. 
14245. 32800. 
33399. 60745. 
14245. 
33399. 

T l R O S  
I 

U 
h) 

I 
NO. 

lHOS 

RCS 

I R O S  

1 3  81628. 
1 1  12939. 16757. 

27582. 66362. 
11  13559. 32545. 

31597. 60394. 
I V  13559. 

31597. 

R1366. 
12918. 16710. 
27539. 661b5. 
13536. 32450. 
31553. 60219. 
13536. 
31553. 

80008. 
12795. 16457. 
27317. 65098. 
13396. 31924. 
31259. 59254. 
13396. 
31 259. 

T 

hO. 
T I R D S  

T l R C S  1 

TlROS 

1 4  82450. 82215. 
1 12576. 16701. 12566. 16664. 

26742. 66481. 26729. 66320. 
1 13199. 32583. 131R7. 32503. 

30586. 60560. 30567. 60410. 
V 13199. 13187. 

30586. 30567. 

81120. 
12527. 16490. 
26666. 65550. 
13137. 3211Y. 
30526. 59692. 
13137. 
30526. 

79748. 
12461. 16259. 
26567-  64543. 
13056. 31620. 
30403. 58757. 
13056. 
30403. 

hO. 15 76822. 
I H O S  11 11373. 15437. 

24093. 61732. 
*US 111 11970. 30371. 

27724. 56517. 
IKOS 1 V  11970. 

27724. 

76621. 
11363. 15404. 
24078. 61589. 
11959. 30302. 
27709. 56385. 
11959. 
27709. 

75608. 
11312. 15231. 
24005. 60831. 
11894. 29923. 
27599. 55678. 
111194. 
27599. 

74532. 
11263. 1504Y. 
23904. 60033. 
l l R 4 0 .  29538. 
27559. 54952. 
11840. 
27559. 

T 

hO. 1 6  71072, 70939. 70237. 
T I K O S  11 Y547. 13868. 9544. 13850. 9530. 13744. 

19983. 56180. 19983. 56100. 19979. 55629. 
T I K O S  111 10127. 27761. 10123. 27722. 10099. 27483. 

23.238. 51932. 23235. 51854. 23216. 51395. 
T I K O S  1 V  10127. 10123. 10099. 

23238. 23235. 23210. 

69405. 
9512. 13614. 

19977. 55053. 
10070. 27196. 
23186. 50836. 
10070. 
23186. 



INFRARED SPECIFIC INTENSITlES OF MODEL ATMOSPHERES 

THETA = 0 T H E T A  = 2 0  

62191. 
7499. 11804. 

15442. 48466. 
8045. 24118. 

18292. 45324. 
8045. 

18292. 

THETA = 45 THETA = 60 THETA = 78.5 

NO. 
r imos 

TIROS 

T l R O S  

1 7  62277. 

15437. 48512. 
1 8044. 24140. 

V 8044. 

11 7498. 11814. 

18287. 45371. 

18287. 

6 1 7 1  . 
7502. 11738. 

15467. 48168. 
8041. 23961. 

18316. 45020. 
8041. 

18316. 

57380. 
6535. 10677. 

13365. 44107. 

15952. 41529. 
7047. 22054. 

61147. 
7510. 11660. 

15505. 47808. 
8042. 23778. 

18357. 4 4 6 5 5 .  
8042. 

18357. 

59650. 
7532. 11437. 

15659. 46738. 
8035. 23241. 

18406. 43577. 
8 0 3 5 -  

18406; 

NO. 
TIROS 

r IKOS 

T I  HOS 

1 8  57723. 
1 6539. 10726. 

13362. 44324. 
1 7056. 22166. 

15954. 41745. 
V 7056. 

15954. 

5 7 6 7 4 .  
6539. 10720. 

13362. 44299. 
7055. 22154. 

15954. 41719. 
7055. 

15954. 

57042. 56220. 
6532. 10627. 6520. 10493. 

13369. 43883. 13386. 43279. 
7040. 21940. 7015. 21646. 

7040. 7015. 
15954. 15935. 

15954. 41307. 15935. 40711. 
7047. 

15952. 

NO. 
T IRUS 

TIROS 1 

TIROS 

1 9  54887. 
1 6205. 10208. 

12666. 42202. 
1 6702. 21103. 

15176. 39787. 
V 6702. 

15176. 

54822. 
6204. 10198. 

12665. 42161. 
6700. 21083. 

15175. 39747. 
6700. 

15175. 

33. 
19802. 
77398. 
37683. 
69539. 

87981. 
14776. 18375. 
31692. 72093. 
15420. 35184. 
36080. 65134. 
15420. 
36080. 

8 3 7 4 7 .  
13230. 17137. 
28225. 67877. 
L3856. 33249. 
32257. 61698. 
13856. 
32257. 

77568. 
12024. 15808. 
25583. 62800. 
12622. 30871. 
29409. 57314. 
12672. 
29409. 

75506. 
11285. 15283. 
23862. 61046. 
l l 8RR.  29993. 
27524. 55893. 
11888. 
27574. 

54468. 
6191. 10143. 

12664. 41913. 
6688. 20953. 

15166. 39502. 

54056.  
6190. 10079. 

12662. 41621. 
6676. 20803. 

15160. 39216. 
6676. 

15160. 

52906. 
6163. 9900. 

12656. 40790. 
6633. 20389. 

15098. 38414. 
6633. 

15098, 
6688. 

15166-  

NO. 
T IROS 

I l K U S  1 

2 0  9 4  108. 
1 16229. 19869. 

34915. 77672. 
1 16902. 37816. 

39511. 69783. 
T I R f l S  1 V  16902. 

39511. 

93 
16197. 
3 4 8 6 0 .  
16865. 
39457. 
16865. 
39457. 

91847. 
16053. 19467. 
34581. 75957. 
16705. 36969. 
39149. 68243. 
16705. 
39149. 

89565. 
15846. 19043. 

16478. 36095. 
38704. 66657. 

38704. 

34176. 74174. 

16478. 

83530. 
15090. 17825. 
32616. 69216. 
15669. 33723. 
36955. 62350. 
15669. 
36955. 

hC. 2 1  
TIROS 11 

IIRCS 111 

r i w s  i v  

8831  
14805. 
31750. 
15451. 
36140. 
15451. 
36140. 

7. 
18435. 
72345. 
35307. 
65357. 

86332. 84265. 78687. 
14626. 18070. 14401. 17669. 13583. 16497. 
31396. 70808. 30949. 69153. 29250. 64462. 
15254. 34549. 15009. 33739. 14139. 31489. 
35762. 63988. 35241. 62525. 33258. 58466. 

15009. 14139. 
35241. 33258. 

15254. 
35762. 

hU. 2 2  84001. 
T I A U S  11 13249. 17182. 

20?62. 68064. 
T l R V S  111 13877. 33339. 

32297. 61867. 
T I i c O S  1 V  13817. 

32297. 

82458.  
13128. 16907. 
28034. 66899. 
13740. 32767. 
32039. 60814. 

80866. 
12978. 16606. 
27753. 6 5 6 4 4 .  
13573. 32155. 
31691. 59688. 
13573. 
31691. 

76720. 
12440. 15752. 
26675, 62171. 
12990. 30504. 
30372. 56643. 
12990. 
30372. 

13740. 
3203’1. 

hO. 7 3  7711155. 
TIWOS 11  17042. 15851. 

25615. 62’155. 
I I R G S  111  12642. 30761. 

29446. 514Rl. 
ilRCC 1 V  1264?. 

76424. 
11936. 15594. 
25419. 61881. 
12521. 30419. 
29224. 56493. 
12521. 
29224. 

75062. 71474. 
11811. 15329. 11336. 14566. 
25179. 60760. 24227. 57625. 
12383. 29875. 11869. 28382. 
28954. 55483. 27790. 52752. 
12383. 11869, 
28954. 27790. /Y44b. 

NO. 24  75729. 
T I R O S  11 11292. 15316. 

23R72. 61196. 

27537. 56036. 
iiacs 1 1 1  1 1 ~ 9 8 .  30068. 

T I l c O S  1v 11s9e. 

74375. 72992. 69487. 
11244. 15100. 1118X. 14867. 11008. 14248. 
23811. 60231. 23735. 59202. 23461. 56468. 
11834. 29580. 11762. 29063. 11541. 27715. 
27459. 5511Y. 27357. 54149. 27002. 51617. 
11834. 11762. 11541. 
27459. 27357. 27002. 27537. 



INFRARED S P E C l F l C  INTENSITIES OF HGOEL AIHCSPHERES 

THETA = 20 THETA = 45 THETA = 60 THETA = 78.5 

68562. 
10307. 13813. 
21856. 55150. 

25280. 10844.  27162. 50633. 
1 0 8 4 4 .  
25280. 

hO. 25 73544 rimos 11 104~1. 

riRos :v 11077. 

22060. 
1 l k l I S  111 11077. 

25558. 
25558. 

b. 

14643. 
58853. 
2HY9l. 
54119. 

73358. 72440. 
10448.  1 4 4 7 0 .  10476. 14615. 

22054. 58729. 22025. 58080. 
11030. 28607. 11069. 28933. 

75,541. 54000. 25508. 53379. 
11069. 11 030. 
25549. 25508. 

7 1292. 
21982. 10407. 57232. 14278- 
10974. 28180- 
25430. 52573. 
10974. 
25430. 

67693. 
9890. 13606. 

70839. 54546 .  
1044Y. 26910. 
24265. 50210. 
10449. 
24265. 

0. 
13135. 
5 2 3 8 4 .  
25835. 
48185. 

9. 
13938. 
56076. 
27684. 
51673. 

69633. 
9Y07. 13910. 

2OH21. 55Y47. 
10484. 27620. 
24199. 51550.  
1 0 4 8 4 .  
24199. 

686 
9884. 
20820. 
1 0 4 4 8 .  
2 4  156. 
10448.  
24 156. 

13754. 
55238. I 

27256. 
50868. 

649 
9817. 

20782. 
10343. 
24 180. 
10343. 
24180. 

NO. 26 698 
rimes 1 1  9910. 

20871 - 
IlRUS .111 10490. 

24204.  
TlROS 1 V  10490. 

24204. 

67623. 6 5 6 0 4 .  
923'3. 13292- 9271. 12Y91. 

19517. 52339. 19364. 5 3 7 7 8 -  
9802, 25870. 9795. 26577. 

22539. 49708. 22711. 48306. 
9795. 9802. 
22539. 22711. 

NO. 2 7  69 366. 
riRos t i  9250. 13549. 

19310. 54949. 
r l K 0 S  1 1 1  9830. 27172- 

22529. 50863. 
V 9830. 

22529- 

69228. 
9250. 13531. 

19513. 5 4 8 6 6 .  
Y828. 27131. 

22531. 50781. 
Y82R. 
22531. 

68502. 
9245. 13425. 
19333. 5 4 3 8 4 .  
9814. 26H84. 
22540. 50304. 
9814. 
22540. 

T I K O S  

28 6 5 6 6 4 .  
1 8459. 12668. 

175Y6. 51578. 
1 9011. 25555. 

20615. 47947- 
V 9013. 

20615. 

65544. 
8457. 12651. 
17598. 51503. 
YOll. 25517. 

9011. 
20615. 
20615. 4 7 8 7 4 .  

64906. 
8447- 12554. 
17601. 51065. 
8991. 25ZYO. 
20602. 41442. 
8991. 

20602. 

59. 
12439. 
50545. 
25026- 
46934. 

62344- 
8414. 12151. 
17649. 49212. 
8923. 24367. 

20559. 45648. 
8923. 

20559. 

NO. 
T I  RFS 

I l R f i S  1 
I I R O S  

64 
8 4 3 4 .  

17605.  
8968 - 

20580. 
8968. 
20580. 

57318. 7091. 55735. 10676. 
7166. 10962- 
14826. 44801 .  14732. 43535. 

7569.. 21659- 7668. 22280- 
17580. 41908. 17411. 40708. 

7668 .  7 569. 
17580. 17411. 

NO. 29 
rIROS 11 

r iwi s  i i i  

T I R O S  I V  

58 
7205. 
14869. 
7723. 
17646. 
7723, 

17646 .  

573.  
11167. 
45713. 
42787. 
22742. 

5 8 4 7 8 .  57954. 
7203. 11153. 7187. 11069. 
14866. 45652. 14049. 45216. 
7720. 22712. 7697. 22520. 

7720. 
17641. 

17641.  42729- 17616. 42365. 
7697. 
17616. 

56539. 
6735. 10698- 
13829. 4 4 0 1 0 -  
1241. 21916- 

16488. 41274- 
7241. 

lb488. 

NO. 30  57594. 
TIROS 1 1  6720. 10044.  

13760. 44686 ,  

16413- 41965. 
1 V  7239. 

16413. 

rimos 111 7239- 22266. 

9. 
10836. 
44648. 
22248. 
41926. 

57078. 
6727. 10776. 
13791. 44370. 
7240. 22102. 

16447.  41641 .  
7240. 

16447 .  

52955. 
5587. 9601. 
11319. 39961. 
6063. 19971. 
13641. 37838. 
6063- 
13641. 

5 5 1  
6763. 
13986. 
7242. 
16562. 
7242. 
16562. 

io487. 
42997. 
21405. 
40248. 

575 
6722. 
13765. 
7241. 

16419. 
7241. 
16419. 

T IRCS 

52227. 
9526. 

l?::.f: 39637. 
6079. 19805. 
13728. 37476. 
13728. 
6079. 

31 
11 

11 

1v 

53150. 
5583. 9620. 
11301. 40035. 
6062. 20014. 
13625. 37920. 
6062. 
13625. 

53130. 
5 5 8 4 .  9620. 

11304. 40036. 
6063. 20015. 

1 629 37920. 
2063: 
13629. 

G3769 NO. 
T I  RCS 

1 IKOS 
TIRCS 

.-. . _ -  
5594. 9581. 

11341. 39877. 
6067. 1YY25- 

1 3 6 6 4 .  37745. 
h O h ? -  . 

1 3 6 6 4 -  

94461. 
17043. 20143. 
36794. 78089. 
17700. 37986. 
41608. 70210. 
17700. 
41608.  

91334. 
16483. 19462. 

40277. 67953. 
35580. 75455- 
17117. 36722. 
17117. 
40277. 

2. 
17635- 
6 8 5 3 5 .  
3 3 4 3 3 .  
62068.  

NO. 32 97492. 
~ I R O S  11 17528. 20777. 

r i w s  111 18~08. 3Yi93. 
riKos iv 18208. 

37833. 80585. 
42748. 72355- 
42748. 

3.  
20671. 
80166. 
38992. 
71998. 

833 
14858. 
32026. 
15441. 
36376. 
15441. 
36376. 

969 
17446.  
37656. 
18173. 
18123. 
42557. 
42557. 



INFRAREO S P E C I F I C  INTENSITIES OF MOOEL ATMOSPHERES 

THETA = 60 THETA = 78.5 THETA = 0 THETA = 20 THETA = 4 5  

96125. 
17292. 20485. 

42155. 71331. 

42155. 

37356. 79490. 
17956. 38649. 
17956. 

93366. 85881. 
16886. 19914. 15479. 18238. 
17527.. 37553. 16065. 3 4 5 0 4 .  

17527. 16065- 
41204. 37818. 

36497. 77215. 33455. 70768. 

41204. 69374- 37818. 63886. 

NO. 33 98823. 
T I R O S  11 17638. 21019. 

38071. 81658. 
TIROS 1 1 1  18325. 39703- 

42955. 73216. 
TIROS 1 V  18325. 

42955. 

98336. 
17576. 20924. 

42794. 72876. 
37952. 81270. 
18257. 39514. 
18257. 
42794. 

89701. 83525. 
33975. 73886. 31739. 68560. 
16373. 36020. 15277. 33512- 
38385. 66582. 35870. 62052. 
16373. 15277. 
38385. 35870. 

15749. 18954. 14702. 17603. NO. 34 94261. 
TIROS,11 16294. 19851. 

35084.  77564. 
T I R O S  111 16960. 37803. 

39649. 69798. 
TIROS 1 V  16960. 

39649. 

93881. 
16253. 19780. 
16916, 37663. 
39559. 69543. 
16916. 
39559. 

34998. 772 71. 

94569. 
16247. 19886. 

39565. 70006. 
16926. 
39565. 

34928. 77747 .  
16926. 37916. 

92064. 
16056. 19433. 

39139. 68282. 

39139. 

34586. 75831. 
1670s. 36963. 
16705. 

84863, 
32313. 14982. 69780. 17918. 
15576. 34086. 
36624. 63108. 
15576. 
36624- 

NO. 35 94897. 
TIROS 1 1  16273. 19943. 

TIRES i l l  16952. 38029- 
34989. 77985. 

39601. 70213. 
TIROS 1 V  16952. 

39601. 

92801. 
16087. 19559. 

39224. 68781. 
16749. 
39224. 

34617. 76369. 
16749. 37235. 

90349. 
15421. 18960. 
33132. 74216. 

16073. 
16073. 36204. 
37607. 66955. 
37607. 

90658. 
15855- 19145- 
16500. 36405. 
16500. 
38721. 

34141. 74661. 
38721. 67285. 

92040. 
15559. 19266. 
16229. 36853. 
37901. 68127. 
16229. 
37901. 

33388. 75519. 

8 8 3 4 1 .  
15236. 18585. 
37209. 15871. 65569. 35435. 
15871- 

32765, 72647. 

37209. 

86675. 
14766. 18114. 
31747. 79927. 
1 5 3 8 4 .  34671. 
36002. 64219. 
15384 .  
36002. 

82775. 
14484.  17442. 
31219. 68027- 
35402. 15065. 61578. 33221. 
15065. 
35402. 

KO. 
TIROS 

36 
11 

11 

1v 

368. 
19322. 
75758. 
36969. 
68339. 

T I R O S  

TIROS 

NO. 
TI ROS 

T I aos 
T I ROS 

NG I 
1 IROS 

TIKOS 

88680. 
15033. 18523. 
32304. 72579. 
15668. 35465. 
36622. 65649. 
15668. 
36622. 

81063. 
13755. 16861. 
29597. 66039. 
14324. 32359. 
33527. 60037- 
14324. 
33527. 

80941. 
13995. 16999. 
30128. 66440- 
14572. 32521. 
34220. 60215- 
14572. 
34220. 

37 90672. 
11 15266. 18911. 

1 1  15918. 36239. 
37148. 61045. 

1 V  15918. 
37148. . 
32782. 7 ~ 1 7 5 .  

90332. 
15226. 18846- 
32699. 73910. 
15875. 36112. 
37057. 66814. 
37057. 
15875. 

85844 .  
14592- 17999. 

15215. 34488. 
35606. 63797. 
15215. 
35606. 

31339. 7 0 5 5 7 .  
3 8  

11 
1 1  

TIROS 1 V  

89517. 
14874. 18667. 
31873.  73417. 
15531. 35890. 
36178. 66363. 
15531. 
36178. 

89198. 
14850. 18611. 
15505. 3 5 7 7 4 .  
36129. 66148. 
15505. 
36129. 

31827. 73178. 

82192. 
13091. 16910. 
27899. 66950. 

31882. 61035. 
13721. 
31882. 

13721. 32934. 

87669. 
14740. 18337. 
15380. 35191. 
35911. 65082. 
15380. 
35911. 

31623. 71997. 

75649. 
12205. 15515. 
26078. 61252. 
12773. 30228. 
29811. 56068. 
12773. 
29811. 

82521. 
27940. 67226. 
13765. 33072. 
32010. 61290. 
13765. 
32010. 

13126. 16976. 
80968. 

12972. 16613. 
13590. 32449. 
31626. 60141. 
1'3590. 
31626. 

27664. 65949. 

12816. 79537. 16384.  

27342. 64747. 
13423. 31875. 
31298, 59085. 
13423. 
31298- 

NO. 39 
T I K O S  1 1  
TlROS 1 1 1  
TIROS 1 V  

08759. 
14294. 18323. 
30546. 72412. 
14950. 35402. 
34700. 65534. 

87429. 
14265. 18113. 
30535. 71459. 
14Y05. 34919. 
34676. 64632. 
14905. 
34676. 

85869. 
14224. 17861. 
14848.  34350 .  

14848. 
34641. 

30499. 70317. 

34641. 63567. 

81993. 
14019. 17194. 
14661. 32893. 
34393. 60869- 
14661. 
34393. 

30317. 67320. 
NO. 40 

TIRCS 1 1  
T I R O S  111 

TIROS 1 V  

89016. 
14298. 18360. 
30545. 72584. 
14955. 35486. 
34696. 65696. 
14955. 
34696. 

14950. 
34700. 



I K F R A R E O  SPECIFIC INTENSITIES OF MOOEL ATMGSPHERES 

T H E T A  = 20  T H E T A  = 4 5  T H E T A  = 60 T H E T A  = 78.5 T H E T A  = 0 

NO. 4 1  
TlROS 11  

T I K O S  111 

T I X U S  1 V  

68035. 
9465. 13416. 

198bH. 54092. 
10023. 26680. 
23114. 499a7. 

67869. 
9458. 13390. 

10014. 26624. 
23099. 49880. 
10014. 
13099. 

1 9 ~ 5 7 .  53978. 

67045. 
9423. 13257. 

19807. 53388. 
9969. 26327. 

23028. 49321. 
9969. 

23028. 

66027. 63370. 
9373. 13085. 91Y7. 12606. 

19734. 52637. 19445. 50555. 
9697. 24327. 9907. 25950. 

9901. 9697 
22922. 22500. 

22922. 48614. 22500. 46687. 
10023. 
23114. 

63250. 
17711. 8482. 50044. 12348. 

9019. 24871. 
20757. 46536. 

9019. 
20757. 

61302. 
8335. 11972. 

17453. 8849. 48404. 24072. 

20418. 45032. 
8849. 

20418. 

NO. 42 
I I R O S  11 

I l R O S  111 

T I R O S  1 V  

64759. 
8561. 12613. 

17833. 51210. 
9115. 25448. 

20916. 4 1629. 
9115. 

20916. 

110386. 
21265. 24028. 
46331. 92185. 
21971. 44555. 
51860. 81566. 
21971. 
51860. 

64632. 
M555. 12592. 

17824. 51118. 
9108. 25404. 

20904. 47543. 
9108. 

20904. 

64006. 
8524. 12484. 

17778. 50640. 
9070. 25 lb5 .  

20844. 47092. 
9070. 

20844. 

93995. 
18377. 20434. 
40087. 78158. 
18965. 37915. 
44945. 69875. 

NO. 4 3  
TlROS 11 

T I K U S  111 

T I R O S  1 V  

109830. 107022. 103599. 
21198. 23921. 20833. 23356. 20311. 22637. 
46184. 91747. 45435. 89447. 44311. 86587. 
21901. 44347. 21512. 43231. 20967. 41866. 
51721. 81196. 50879. 79231. 49678. 76829. 
21901. 21512. 20967. 
51721. 50879. 49678. 

18965. 
44945. 

78786. 
12208. 16068. 
26174. 63755. 
lZ88R. 31278. 
30012. 58122. 
12HR8. 
30G12. 

77562. 
12198. 15847. 
26011. 62799-  
12785. 30802. 
29824. 57254. 
12785. 
29824. 

76099. 72131. 
12073. 15574. 24800. 11588. 58316. 14769. 
25769. 61637. 

12120. 28626. 12646. 30231. 
28367. 53294. 29551. 56213. 

12646. 12120. 
29551. 28367. 

NO. 44 
T I R O S  11 

T I R O S  111 

T I R O S  1 V  

79030. 
12306. 16113. 
26206. 63946. 
12909. 31372. 
30051. 58295. 
12909. 
3005 1. 

63266. 
8488. 12353. 

17722. 50062. 
9025. 24880. 

20772. 46551. 
9025. 

20772. 

61321. 

17471. 8344. 48424. 11978. 

20441. 45047. 
8857. 24082. 

2044 8857. 1. 

NO. 4 5  
T I R O S  11 

T I R O S  111 

T I R O S  1 V  

6 4 7 7 7 .  
8565. 12618. 

17841. 51232. 
9120. 25459. 

9120. 
20927. 

20927. 47648. 

64650. 
8559. 12597. 

17833. 51140-  
9113. 25414. 

20916. 47562. 
9113-  

20916. 

64788. 
8169. 12423. 

16933. 50718. 
8725. 25194. 

8725. 
19894. 

19894. 47295. 

59329. 
7033. 11187-  

14450. 4 6 0 1 3 .  
7557. 22894. 

17161. 43144. 
7557. 

17161. 

64023. 
8529. 12489. 

17788. 50660. 
9075. 25175. 

20857. 47109-  
9075. 

20857. 

61870. 
8105. 11967. 

16915. 48652. 
8621. 24151. 

19772. 45286. 
862 1. 

19772. 

56938-  
7049. 10H42. 

14607. 44410. 
7535. 22079. 

17233. 41527. 
7535. 

17233. 

NO. 46 
T I R O S  11 

T I R O S  111 

T I R O S  1 V  

64891. 
8171. 12437. 

8727. 25225. 
19896. 4735s. 
8727. 

19896. 

16934. 50779. 

64245. 
8160. 12343. 

16931. 50359. 
8708. 25008. 

19882. 46943. 
8708. 

19882. 

58872. 
7034. 11124. 

14469. 45728. 
7551. 22744. 

7551. 
17176. 

17176. 42856. 

63598. 
8148. 12246. 

11928. 49922. 
8689. 24786. 

19870. 46515. 
8689. 

19870. 

NO. 4 7  
T I K O S  11 

TIROS 111 

T I R O S  1 V  

59409. 
7033. 11197. 

14447. 46054. 
7558. 22915. 

17158. 43186 .  
7558. 

17158. 

58340. 
7038. 11051. 

14497. 45393. 
7549. 22572. 

17203. 42516. 
7549. 

17203. 

62346. 
8355. 12139. 

17457. 49195. 
8879. 24437. 

20433. 45758. 
8879. 

20433. 

63669. 
8423. 12380. 

17552. 50269. 
8965. 24969. 

20573. 46770. 
8965. 

20573. 

63055. 
8394. 12271. 

17514. 49780. 
8928. 24724. 

20516. 46306. 
8928. 

20516. 

60686. 
8229. 11804. 

20145. 8732. 44418. 23737. 

8732. 
20145. 

17239. 47727. 
KO. 48 

TIROS 11 

T I R O S  111 

TIHOS 1 V  

63793. 
8428. 12402. 

17559. 50364. 
8972. 25015. 

20584. 46859. 
8972. 

20584. 



INFRARED SPECIFIC INTENSITIES OF HOOEL ATMOSPHERES 

THETA = 0 

NO. 49 75476. 
TIROS 11 11290. 15231- 

23868. 60875- 
T I R O S  111 11895. 30110- 

27537. 55931. 
TIROS 1V 11895. 

27537. 

NO. 50 81210. 
T l K O S  11 12541. 16551- 

26641. 65830- 
TIRCS 111 13170. 32411. 

30555. ' 60106- 
TIKOS 1 V  13170. 

30555. 

NO. 51 76990. 
1lROS 11 11166- 15370. 

23562. 61668- 
TIROS 111 11777. 30451. 

27167. 56672. 
TIROS 1V 11777. 

27167. 

KO. 52 71722. 
TlROS 11 9746. 14070. 

20389. 56891. 
TIROS 111 10343. 28178- 

23734. 52640- 
1IROS 1V 10343. 

23734. 

bo. 53 81357. 
1IROS 11 12527. 16567- 

26638. 65927. 
T I K O S  111 13148- 32374- 

30493. 60093. 
TIKOS 1 V  13148. 

30493. 

NO. 54 70148. 
T I R O S  11 10133. 14013- 

21339. 56142. 
IIHOS 111 10705. 27567- 

24808. 51624. 
TIROS 1V 10705- 

24808. 

NO. 55 91752- 
TIROS 11 15038. 19034. 

32220. 74987- 
lIROS 1 1 1  15702- 36606. 36493. 67679- 

T I R O S  IV 15702. 
36493. 

FtO. 56 60231. 
TIRCT 11 7528- 11513- 

15574. 46972- 
TIROS 111 8052. 23259- 

18429. 43858- 
T I R O S  1V  8052- 

18429. 

THETA = 20 

81000. 
12526. 16514. 
26615. 65671- 
13153. 32336. 
30525. 59962. 
13153. 
30525. 

iis84. 
9741. 14049- 

203R1. 56801. 
10337. 28135- 
23726. 52555. 
10337. 
23726. 

81121. 
12514. 16528- 
26617. 65758- 
13134. 322Y2. 
30468. 59937- 
13134. 
30468. 

60112. 
7525. 11497. 
15571. 46901- 
8049. 23223. 
18426. 43789- 
8049. 
18426. 

THETA = 45 

74526. 
11208. 15041. 
23719. 60072- 
11800. 29737. 
27367. 55212. 
11800. 
27367. 

76104. 
11115. 15214. 
23481. 61004. 
11715. 30140. 
27070. 56060. 
11715: 
27070. 

70892. 
9715. 13939. 
20345. 56321. 
10303. 27895- 
23684. 52100. 
10303. 
23684. 

THETA = 60 THETA = 78.5 

71642. 
10755. 14337- 
22807. 57238- 
26289. 11311. 28489. 52795- 
11311. 
26289. 

78H25. 
12347. 16098- 
26283.- 63919. 
12950. 31511- 
30157. 58395. 
12950. 
30157. 

67921. 
9551. 13419- 
20086. 54079- 
10103. 26811. 

23351. 10103- 
50019- 

23351. 

68864. 
10081. 13808. 
21265. 55237. 
10639. 27102. 
24717. 50766. 
10639. 
24717. 

88210. 
14869- 18444. 
31942. 72388. 
15501. 35316- 
36236. 65294. 
15501. 
36236. 

58718. 
7491. 11292- 
15539. 7999- 45998- 22751. 
18377. 42910- 
7999. 
18377. 

78561. 
12363. 16077. 
26366. 63791- 
12954. 31323- 
30160. 58125- 
12954. 
30160- 

14530. 83722- 17619- 
31317. 68062- 
35524. 15120. 62168- 33621- 

15120. 
35524. 

56604. 
7423. 10960- 
15463- 44537- 
7903- 22009- 
18244. 41502. 
7903. 
10244. 



T h E T A  = 0 

I N F R A R E D  S P E C I F I C  

T H E T A  = 20 

KO. 57 4 9 y i 5 .  49931. 
T I K O S  11 4 6 4 6 .  8802. 4649. e8on. 

T 1 R I l S  111  5117. 18 I55 .  5121. 1 8 7 6 ~ .  
9207. 37144. 9214. 37169. 

11255. 35495. 11266. 35516. 
TIKOS 1 V  5117. 

11255. 
5121. 

11266. 

hO. 58 66312. 
T l H O S  11  8983. 13061. 

18725. 52812. 
11dUS 111  9557. 2613H. 

21939, 48993. 
TlKOS 1v 9557. 

21939. 

hO. 5 9  91619. 
T I K O S  11 15770. 19376. 

53076. 75492. 
TldUS 111  16441. 36822. 

38532. 6 8 0 3 4 .  

38532. 
r i w s  i v  16441. 

lU0. 60 70342. 
TIRCS 11  9684. 13887. 

T I X C S  1 1 1  10276. 27786. 
20766. 56010. 

23627. 51864. 
T l R O S  1 V  10276. 

23627. 

w .  6 1  83562. 
IIKUS 11 14225. 18160. 

1 I R I l S  111 14884. 34993. 
34678. 64912. 

T I R O S  1 V  14884. 
34678. 

30392. 71598. 

hO. 6 2  R0765. 
T I K U S  I 1  12305. 16431. 

260Y5. 65406. 
TIRCS 1 1 1  12938. 32096. 

29977. 59673. 
T I R O S  1 V  12930. 

29977. 

NO. 6 3  88933. 
T l R O S  11 14351. 18350. 

30689. 72434. 
TIKnS 111 15006. 35396. 

34911. 65532. 
T l R O S  1 V  15006. 

34911. 

hO. 6 4  49 049. 
T I R O S  11 4932. 0782. 

9908. 36729. 
T l R U S  111 5387. 18489. 

12046. 34975. 

12046. 
T I R O S  i v  5387. 

66149. 
8978. 13038. 

2 1 ~ 3 2 .  4 8 8 ~ 3 .  

18713. 52708. 
9551-  26086. 

9551. 
21932. 

91227. 
15727. 19253. 
33787. 75193. 
16396. 36678. 
38440. 67774. 
16396. 
38440. 

70195. 
9677. 13863. 

20255. 5596H. 
10268. 27737. 
23616. 51768. 
10260. 
23616. 

87250. 
14206. 18109. 
30355. 71381. 
14867. 34886. 
34640. 64615. 
14862. 
34640. 

R0523. 
12295. 16395. 
26070. 65245. 
12YZh. 3201 7. 
29959. 59523. 
12926. 
29959. 

88646. 
14335. 18304. 
30660.  72233. 
14587. 35290. 
34870. 65340. 
14987. 
34870. 

49047. 
4932. 8782. 
990R. 36732. 
5387. 18492. 

12046. 34978. 
5387. 

12046. 

I N T E N S I T I E S  OF MUDEL A T Y O I P H E H E S  

T H E T A  = 4 5  

49947. 
4666. R821. 
9250. 37226. 

11312. 35556. 
5138. 

11312. 

5138. 19790. 

T H E T A  = 60 

5000 1. 
46Y3. 9304. 37321. 8845. 

5166. 18834. 
11 390. 35629. 
5166. 

11 390. 

6 5  
8952. 

10685. 
Y516. 

21896. 
9516. 

21896. 

16. 
12910. 
57139. 
25793. 
48347. 

HY249. 
15508. 10074. 
33337. 73633. 
16159. 35908. 
3I952. 66401. 
16159. 
37952. 

69446. 
9646. 13737. 

20209 .  55412. 
1022R. 27459. 
23564. 51244. 
10228. 
23564. 

85603. 
14106. 17843. 
30167. 70230. 
14748. 74309. 
34457. 63564. 
14748. 
34457. 

79294. 
12240. 16196. 
25992. 6 4 3 7 3 .  
12858. 31577. 
29866. 58706. 
12858. 
29866. 

64303. 
891H. 12750. 

18636. 51434. 
9471. 25436. 

21844. 47675. 
9471. 

2 1 R 44. 

86791. 
15191. 18384. 
32674. 71652. 
15821. 34943. 
37220. 64674. 
15821. 
37220. ' 

60554. 
9602. 13581. 

20139. 54 I30 .  
10174. 27124. 
23486. 50607. 
10174. 
23486. 

83733. 
13956. 17495. 
29087. 68757. 
14570. 33577. 
34138. 62228. 
14579. 
34138. 

77809. 
12165. 15947. 
25867. 63294. 
12768. 31038. 
29727. 57704. 
12760. 
29727. 

87210. 85483. 
14250. 18058. 14132. 17751. 
30514. 71168. 30299. 69853. 
14807-  34768. 14753. 34120. 
34710. 64372. 34407. 63179. 
14807. 14753. 
34718. 34407. 

40991. 48935. 
4930. 0773. 4928. 8762. 
9907. 36694. 9905. 36653. 
5384. 18474. 5380. 10455. 

12043. 34941. 12039. 34901. 
5384. 

12043. 
5 380- 

12039. 

T H E T A  = 78.5 

50158. 
4785. 8907. 
9519. 37530. 
5257. lR932. 

11629. 35763. 
5257. 

11629. 

61686. 
8795. 12310. 

21612. 45885. 
9317. 

21612. 

18447. 9317. 49527. 244Y7. 

80072. 
14053. 16935. 
30244. 66018. 
14627. 32256. 
34477. 59834. 
L4627. 
34477. 

66337. 
9444. 13154. 

19868. 52899. 
9988. 26246. 

23152. 40930. 
9980. 

23152. 

78606. 
13415. 16508. 
28808. 64691. 
b3989. 31610, 
32904. 58623. 
13989. 
32904, 

73965. 
11889. 15248. 
25374. 60314. 
12450. 29588. 
29141. 54906. 
12450. 
29141. 

01054. 
13698. 16895. 
29459. 66208. 
14273. 32414. 
33506, 60027. 
14273. 
33506. 

48081. 
4920. 0743. 
9897. 36596. 
5368. 18443. 

12019. 34849. 
5368. 

12019. 

I 

U 
a3 

I 



I N F K A R E C  S P E C I F I C  I N T E N S I T I E S  OF P O O E L  A.TM0SPHEKES 

T H E T A  = 60 T H E T A  = 78.5 T H E T A  = 2 0  T H E T A  = 45 T H E T A  = 0 

69061. 
10425.  13998- 
22044. 55811. 
10989. 27560. 
25637. 51292. 
10989. 
25637. 

65783. 
10067. 13319- 
2 1 3 4 3 .  52964- 

10594. 
2 4 8 1 3 .  

2 4 8 1 3 .  10594. 48752- 26177. 

71346. 70306. 
LO. 65 71552. 10586. 1 4 4 2 5 .  10518. 14235. 

22219. 56830. T I R O S  1 1  10599. 14461- 
11095. 28063. 22362. 57819. 

I I K O S  1 1 1  11189. 28554- 25956. 52985. 25825. 52221. 
11095. . 25983. 5 3 1 2 9 -  

22339. 57661.  
11174. 28477. 

1 1 R O S  1 V  11189. 11 174- 
25983. 25956. 

_ _ ~  
25825. 

10365. 69978. 14099. 
21893. 56374. 
10934. 27814- 
25430. 51827- 
10934. 
25430. 

10105. 66893. 13505-  

21409. 5 3 8 4 1 -  
10639. 26580. 
24855. 49534. 
10639- 
24055 .  

72151. 
10488. 14481 .  
22100. 58045. 
11080. 28647. 
25661. 53376- 
I 1080. 
25661. 

71 169. 
10437. 14312. 
22016. 57301. 
11018. 28275. 
25569. 5 2 6 0 3 -  
11018. 
25569. 

68819. 
2-0061. 5 4 8 5 1 .  
10139. 27137. 
23399. 50683. 
10139- 
23399. 

9566. 13604. 

LO. 66 72 350. 
T I H U S  I 1  10498. 14514. 

22117. 58189- 
TIdGS I 1 1  11092. 28718- 

25682. 53509. 
T I K O S  1 V  11092. 

25682. 

65382. 
19713. 9 3 5 5 ,  52121-  12976. 

9886. 25794- 
22956. 4 8 1 5 5 -  
9886. 
22956. 

9520. 67859. 1 3 4 3 8 -  

19990. 54122. 
10082- 26773- 
23315. 49999- 
10082. 
23315-  

%[I. 67 69764. 
T I K O S  11 9605. 13759- 

20116. 5 5 5 4 0 .  
I I R l J S  1 1 1  10189. 21483- 

23465. 51335. 
I I K O S  1 V  10189. 

23465. 

69614. 
9599. 13736. 

20109. 5 5 4 3 8 .  
101R2; 27433- 
23457. 51238. 
10182. 
23457. 

52935. 
5909. 9794- 
12038. 6391. 40546. 20322. 
14465. 38311- 
6391- 
14465. 

5 2 0 8 6 .  
5874. 9643- 
11996. 6344- 39873- 19985- 
14391. 37666- 

6 3 4 4 .  
14391. 

NO. 68 53555. 
TlKOS 11  5926. 9892. 

12058. 40982. 
T I K D S  1 1 1  6416. 20540- 

14495. 38732. 
1 V  6416. 

14495. 

69 59746. 
I 1  7352. 11385- 

15179. 46601. 
T I R O S  11  7R79. 23226. 

17993. 43615. 
T I K O S  1v 7879. 

17993. 

NO. 70 6 1 3 2 4 .  
T I R O S  11 7661. 11734- 

15854. 47933. 
l I R ( I S  1 1 1  8197, 23852- 

18747. 44770. 
TlROS 1 V  8197. 

18747. 

NO. 71 12459. 
T I R I J S  11 10338. 14495- 

21698. 58247- 
T I K O S  111 10945. 28786. 

25199. 53711. 
TIROS 1 V  10945. 

25199. 

NO. 72 75038. 
1 I R O S  11 10592- 14899- 

22242 .  59918. 
1IHOS 1 1 1  11209- 29593- 

25764. 55228. 
T I R O S  I V  11709. 

25 764. 

53512.  
5925. 9880. 
12057. 40957- 
6414. 20529. 
14493. 38708. 

6 4 1 4 .  
14493. 

5 3 2 4 9 .  
5918. 9845- 
12049. 40772. 
6404. 2 0 4 3 5 .  

1 4 4 8 2 .  38529. 
1 1 K U S  

NU. 
TIROS 

58513. 56895. 
7210. 10879- 59648. 7303. 11175. 14972. 4 4 3 4 0 -  7329. 112.93- 15114. 45650. 7349. 11369. 

15150. 46141- 7700. 22C80-  7814. 22743- 15175. 46531. 
7874. 23191. 7848. 22990- 17897. 42714- 17680. 41479- 17950. 43174- 

7014. 17986. 4 3 5 4 8 -  7848. 
17897. 1874. 

17986. 17950. 

59135. 

7700. 
17680. 

58201. 
15639. 7512. 4 5 5 1 6 -  11192- 

8000 .  22624 .  
18423. 42485- 
8008. 

1 8 4 2 3 .  

61215. 
7657. 11717. 
15849. 47856. 
8192. 23813-  
18739. 44698. 
8197. 
18739. 

60656. 
7637. 11625.  
15824. 47440- 
8165. 23597- 
10702. 44298- 

8165. 
18702. 

59977-  
7609. 11510- 
15786. 46924- 
8129. 23333. 

I R b 4 R .  43007. 

10073. 67390. 13612. 

21263. 54408-  
24707. 10625. 26896- 50137- 

10625. 
24707. 

'71340. 
10296. 14316. 
21636. 57455- 
10891. 28387. 
25134. 52962. 
10891. 
2 5 1 3 4 .  

10247. 70219. 14128-  

21559. 56631. 
10831- 27975- 
25053. 52187. 
10831. 
25053- 

73001. 
10512. 14572- 
22124. 58488-  
11107. 28876. 
25636. 53878- 
11107. 
25636. 

72274. 
10331. 14467. 
21688. 58123-  
10937. 28725- 
25189. 53594. 
10937. 
25189. 

74873. 
10586. 14874. 
22233. 59012. 
11202. 29541. 
25755. 55128- 
11202. 
25755. 

70434. 
10359. 14115- 
21874. 10924- 56535- 27933.. 
25328. 52076. 
10924. 
25328. 

74022. 
10555. 14740. 
22189. 59218. 
11161. 29240. 
25707. 54565. 
1 1161. 
25707. 



I N F R A R E D  S P E C I F I C  INTEYSITIES OF MODEL ATMOSPHERES 

THETA = 60 THETA = 0 r H E T A  = 2 0  THETA = 45 THETA = 78.5 

NO. 82 799. 
TlKUS 1:' 13522. 17232. 

28830. 67906. 
T I R O S  111 14167. 33298. 

33039. 61721. 
TIROS 1 V  14167. 

33039. 

82502. 
13499. 17179. 
28785. 67681. 
14142. 33188. 
32994. 61520. 
14142. 
32994. 

81032. 
13384. 16910. 
28558. 66530. 
14014. 32616. 
32775. 60432. 
14014. 
32775. 

79199. 
13711. 16558. 
28219. 65054. 
13R23. 31887. 
32400. 59161. 
13823. 
32400. 

74351. 
12574. 15549. 
1b')lO. 60963. 
1313H. 29916. 
3000H. 55585. 
13138. 
30908. 

79321. 
13540. 16607. 
29067. 65033. 
14121. 31895. 
33155. 59126. 
14121. 
53155. 

NO. 74 88366. 
TlROS 11 14696. 18449. 

51442. 72520. 
TIKOS 111 15360, 35500. 

35838. '69671. 
TIROS l 'f 15360. 

35838. 

88025. 
14665. 18387. 
31386. 72257, 
15325. 35371. 
35760. 65435. 
15325. 
55760. 

93167. 
15721. 19468. 
33781. 76357. 
16383. 37244. 
38194. 68832. 
16383. 
38194. 

86433. 
14519. 18089. 
31099. 71005. 
15163. 34754. 
35450. 64316. 
15163. 
35450. 

84503. 
14313. 17714. 
30680. 69452. 
14941. 33998. 
34999. 62945. 
14941. 
34999. 

hO. 75 93509. 
TIHOS 11 15751. 19529. 

33842. 76610. 

38262. 69057. 
TlROS 1 V  16417. 

38262. 

riHos 111 16417. 37366. 

91490. 
15571. 19161. 
33490. 75062. 
16218. 36608. 
37875. 67675. 
16218. 
37875. 

89465. 
15365. 18776. 
33076. 73460. 
15994. 35831. 
37419. 66261. 
15994. 
37419. 

84620. 
14595'. 17639. 
31489. 68889. 
15174. 33658. 
35578. 62297. 
15174. 
35578. 

81452. 
12843, 16743. 
27312. 66373. 
13479. 32642. 
31314. 60505. 
13479. 
31314. 

80274. 
12779. 16534. 
27207. 65451. 
13403. 32184. 
31206. 59658. 
13403. 
31206. 

78880. 75274. 
12686. 16276. 12328. 15544. 
27036. 64332. 16354. 61244. 
13297. 31636. 12398. 30152. 
31038. 58646. 30213. 55928. 
13297. 12898. 
3103H. 50213. 

NO. 7 6  
TlROS 11 

TIRtIS 111 

TIROS 1 V  

R1684. 
12853. 16783. 
27329. 66546. 
13492. 32726. 
31329. 60663. 
13492. 
31329. 

I 

03 
0 
I 67593. 

R900. 13112. 
18533. 53282. 

9474. 26561. 
71668. 49603. 

9474. 
21663. 

66383. 
8900. 12855. 

18364. 52185. 
9356. 26061. 

21446. 48606. 
9356. 

21446. 

KO. 7 7  68651. 
TlROS 11 8952. 13299. 

18612, 54094. 
T l R O S  111 9538. 26944. 

21759. 50362. 
rlROS 1v 9538. 

21759. 

68567. 
8948. 13286. 

18606. 54037. 
9534. 26918. 

21753. 50308. 
9534. 

21753. 

68119. 
8928. 13209. 

18576. 53701. 
9508. 26758. 

21719. 49993-  
9508. 

21719. 

NO. 78  65285. 
TIKOS 11 8352. 12595. 

17321. 51299. 
TIHOS 111 8917. 25549. 

20346. 47853. 
TIROS 1 V  8917. 

20346. 

65198. 64725. 64163. 62768. 
8349. 12571. 8331. 12493-  8306. 12394. M214. 12121. 

17316. 51242. 17291. 50896. 17254. 50465. 17110. 49270. 
8889. 25353. 8857. 25145. 8746. 24582. 

70965. 45964. 8913. 25523. 
20341. 47799. 20311. 47471. 20265. 47065. 

8913. 8889. 8 8 5 7 .  
20341. 20311. 

8746. 
20065. 

. 
20265. 

58981. 58748. 58482. 
6921. 11090. 6911. 11048. 6898. 10997. 

14181. 45681. 14167. 45501. 14148. 45279. 
7452. 22908. 7439. 22824. 7423. 22723-  

16861. 43000. 16845. 42830. 16823. 42621. 
7423. 

16823. 

57939. 
6851. 10865. 

14071. 44719. 
7366. 22480. 

lb722.  42108. 
7366. 

16722. 

KO. 7 9  
T l R O S  11 

TIROS 111 

rIKos i v  

59028. 
6923. 11098. 

14183. 45714. 
7454. 22922. 

16863. 43031. 
7454. 

16863. 
7452. 

16861. 
7439. 

16845. 

76613. 758 
11165. 15318. 11 105. 
23545. 61408. 23438. 
11784.  30437. 11716. 
27159. 56554. 27037. 
11784. 11716. 
27159. 27037. 

72927. 
10715. 14499. 
22662. 57988. 
112Y2. 28832. 
26128. 53552. 
11292. 
26128. 

NO. R O  76755. 
TlKOS 11 11176. 15345. 

23566. 61523. 
TIROS 111 117Y7. 30490. 

27183. 56656. 
TlKOS 1 V  11797. 

27 183. 

5. 
15173. 
60780. 
30135. 
55985,. 

750 
11024. 
23282. 
11625. 
26865. 
11625. 
26865. 

6 .  
14994. 
60019. 
29774. 
553G7. 



I N F R A R E O  S P E C I F I C  I N T E N S I T I E S  OF MOOEL ATMOSPHERES 

T H E T A  = 78.5 T H E T A  = 45 T H E T A  = 60 T H E T A  = 0 T H E T A  = 2 0  

55816. 
6471. . 10393-  

13282. 42851-  
6962. 21467. 

15819. 40359. 
6962. 

15819. 

56R17. 
6522. 10584. 

13346. 43671. 
7031. 21857-  

15Y29. 41136. 
7031. 

15929. 

56516-  
6511. 10532. 

13333. 7015. 43445-  21746. 

15909. 40919-  
7015- 

15909. 

5342. 50687. 9 2 1 4 -  

10791. 38376. 
5811. 19306-  

13040. 36454-  
5811. 

13040. 

NO. 8 1  57111. 
TIROS 11 6531. 10631. 

13357. 43H75. 
R O S  111 7044. 21957-  

15944. 41332. 
IHOS 1 V  7044. 

15944. 

hO. 8 2  50995. 
IRDS 11 5351. 9263-  

10801. 38591. 
T I K U S  111 5823. 19412. 

13054. 36663. 
T l R O S  1V 5823-  

13054. 

%G. 8 3  71925. 
TIRUS 11 10206. 14303-  

21461. 57502. 

24914. 52979. 
TlROS 1 V  10798. 

24914. 

TIHns 111 10798. 28386. 

hoe 8 4  71310. 
TIKOS 11 10006. 14116. 

2101R. 56830. 

24425. 52436. 
T l R O S  1 V  105Y3. 

14425. 

rims 111  16593. 28091. 

57074. 
6530. 10626. 

13355. 43856-  
7042. 21949-  

15942. 41314. 
7042. 

15942. 

T 

50264. 
5325. 9139-  
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SUPPLEMENT TO M.S.L. REPORT NO.10 

INFRARED FLUX AND SURFACE TEMPERATURE 
DETERMINATIONS FROM TIROS RADIOMETER MEASUREMENTS 

ABSTRACT 

Changes i n  M.S.L. Report No. 10 a r e  requi red  because of the  
r e s u l t s  from recen t  tests on the  s p e c t r a l  emis s iv i ty  of thermis tor  
de t ec to r s ,  and because of some small e r r o r s  i n  the  computation 
of s p e c t r a l  i n t e n s i t i e s  f o r  model atmospheres. The s p e c t r a l  
emis s iv i ty  of the  thermis tor  d e t e c t o r s  of the  TIROS radiometers  
i s  presented ;  these d a t a  a r e  included i n  new f i l t e r  t ransmission 
values  f o r  TIROS 111 and I V .  Small changes and c o r r e c t i o n s  were 
introduced i n t o  the  computer program t o  produce new i n t e n s i t y  
va lues  f o r  the  106 model atmospheres. Corrected cons t an t s  and 
a d d i t i o n a l  empir ica l  equat ions f o r  the  determinat ion of r a d i a t i v e  
f l u x  and su r face  temperature a r e  given. 

I. CHANGES I N  THE FILTER TRANSMITTANCE VALUES 

Table 1 of M.S.L. No. 10 l ists  the  f i l t e r  t ransmi t tance  va lues  f o r  
TIROS 11, 111, and I V  which were a v a i l a b l e  a t  the  time of the  pub l i ca t ion .  
It had been assumed, i n  us ing  these  values,  t h a t  the  e m i s s i v i t y  of the  
d e t e c t o r  was u n i t y  throughout the  in f r a red  (see Hanel and Wark, 1961). 

More recent ly ,  t he  NASA has obtained the  r e s u l t s  of tests on the  
e m i s s i v i t y  of thermis tor  bolometers.  These showed a marked s p e c t r a l  depend- 
ence. Therefore,  the  "e f f ec t ive  f i l t e r  transmittance",  def ined by the  
product of the  emis s iv i ty  and t h e  f i l t e r  t ransmit tance,  must  be s u b s t i t u t e d  
f o r  i n  the  opera t ions  performed i n  M.S.L. No. 10. 

The accompanying Correc t ion  t o  Table 1 l is ts  the  e m i s s i v i t y  and the  new 
"e f fec t ive  f i l t e r  t ransmi t tance"  f o r  each i n t e r v a l  with a non-zero va lue ;  
the  i n t e r v a l  numbers are the  same a s  those of Table 1 of M.S.L. No. 10. 
Only TIROS I11 and I V  t ransmi t tance  values  have been changed i n  t h i s  
co r rec t ed  t a b l e .  Changes t o  the  TIROS I1 values  can be made, i f  des i red ,  
from the  values  of emis s iv i ty  and t ransmi t tance  l i s t e d  i n  t h i s  t a b l e .  
However, because TIROS I1 r a d i a t i o n  da ta  have been compiled i n  terms of 'ij 
(Eq. 18, M.S.L. No. lo), while the  da t a  of TIROS I11 and I V  a r e  i n  TB 
( e f f e c t i v e  b lack  body temperature), the  former would e n t a i l  a g r e a t e r  e f f o r t  
than the  l a t te r  i n  the  form of a d d i t i o n a l  t ransformat ions  t o  the  d a t a ;  
t e s t s  have shown t h a t  less than 1 percent  change i n  the  f i n a l  f l u x  va lues  
would r e s u l t ,  and i t  is no t  p r o f i t a b l e  t o  pursue t h i s  f u r t h e r .  

New va lues  of w as func t ions  of TB are requi red  by the changes i n  
e f f e c t i v e  f i l t e r  t ransmi t tance .  The values ,  a l t e r e d  f o r  TIROS I11 and I V ,  
b u t  not  f o r  TIROS 11, are given i n  the  accompanying Correc t ion  t o  Table 4 .  
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rhermi s t or 
Eini s s ivi t y 

Correction to Table 1: Thermistor %miss!vity 
and Effective Filter Transmittance 

TLROS 11'. 
Chan. 2 Chan. 4 In t erva I 

13 
14 
15 
16 
17 
18 
1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

I Transmittance 

0.660 
0.660 
0.662 
0.659 
0.683 
0.682 
0.707 
0.732 
0.739 
0.738 
0.737 
0.736 
0.734 
0.733 
0.732 
0.731 
0.730 
0.730 
0.730 
0.732 
0.778 
0.757 
0.703 
0.783 
0.839 
0.810 
0.843 
0.846 
0.839 
0.829 
0.818 
0.807 
0.795 
0.781 
0.763 

- - - - - - 
0.002 
0.006 
0.012 
0.024 
0.032 
0.040 
0.038 
0.022 
0.011 
0.006 
0.015 
0.047 
0.119 
0.168 
0.360 
0.465 
0.467 
0.468 
0.418 
0.374 
0.331 
0.328 
0.321 
0.302 
0.250 
0.159 
0.064 
0.015 - 

0.033 
0.108 
0.152 
0.193 
0.189 
0.195 
0.213 
0.213 
0.200 
0.199 
0.200 
0.203 
0.201 
0.184 
0.170 
0.201 
0.275 
0.259 
0.254 
0.245 
0.333 
0.313 
0.297 
0.308 
0.304 
0.291 
0.266 
0.261 
0.257 
0.231 
0.176 
0.122 
0.048 
0.007 - 

Effective Tilter Transmittance 
TIRO 

Chan. 2 
- - - - 

0.001 
0.001 
0.006 
0.012 
0.024 
0.035 
0.052 
0.068 
0.069 
0.044 
0.011 
0.006 
0.012 
0.051 
0.117 
0.185 
0.268 
0.310 
0.323 
0.373 
0.369 
0.304 
0.270 
0.249 
0.220 
0.170 
0.115 
0.069 
0.033 
0.016 
0.002 

-I - Does not include the  emissivi ty  t e r m .  

TIROS IV did not car ry  a channel 4 radiometer. 
* 

111 
Chan. 4 

0.030 
0.108 
0.169 
0.233 
0.243 
0.274 
0.323 
0.372 
0.389 
0.406 
0.420 
0.436 
0.449 
0.454 
0.464 
0.466 
0.429 
0.425 
0.415 
0.406 
0.421 
0.397 
0.357 
0.355 
0.332 
0.288 
0.261 
0.236 
0.206 
0.156 
0.068 
0.013 
0.000 - - 

TIROS IVY< 
Chan.  2 

- - - - 
0,001 
0.001 
0.006 
0.012 
0.024 
0.035 
0.052 
0.068 
0 . .06 9 
0.044 
0.011 
0.006 
0.012 
0.051 
0.117 
0.185 
0.268 
0.310 
0.323 
0.373 
0.369 
0.304 
0.270 
0.249 
0.220 
0.170 
0.3 15 
0.069 
0.033 
0.016 
0.002 
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B Cor rec t ion  t o  T a b l e  4: Values of ? and T 

f o r  Channels 2 and 4 of TIROS 11, 111, and I V .  

17 0 
:so 
190 
200 
210 
220 
230 
240 
250 
26 0 
27 0 
280 
2 90 
300 
310 
320 
3 30 
340 
350 

Ch. 2 

-- 
3.09 

6.45 

11.93 

20.11 

31.. 50 

46.77 

65.7 1 

88.90 

-- 
-- 
- -  
-- 
-- 
-- 
- -  
-- 

116.4 -- 

-- 
9.07 

14.62 

23.13 

34.60 

49.04 

67.20 

813.48 

-- 
-- 
-- 
-- 
-- 
-- 
-- 

! 12.8  

142.7 
-- 

-- I 

I .  b7 

4.05 

7 . 7 1  

13.32 

2 ? .  30 

31.98 

45.54 

62.46 

82.57 

-- 
-- 
- -  
-- 
- -  
-- 
-- 
- "  
-- 

106.0 

.. 
'Does no t  inc lude  t h e  e m i s s i v i t y  term. 

TIROS I V  d i d  not  c a r r y  a channel  4 rad iometer .  
* 

Ch. I 

10.49 

'I.& . 27 

29.30 

44.02 

42.79 

85.87 

-- 
- -  
-- 
--  
-- 
-- 

113.4 

145.4 

182.0 

2 2 2 . 9  

- -  
- -  
-- 

TIROS IV" 
Ch. 2 

1.. 87 

4.05 

7 . 7 1  

13.32 

2 ?  .30 

31.98 

45. c4  

6 2 .4.6 

82.57 

- -  
-- 
- -  
"- 
-- 
I- 

-- 
-- 
-- 

106.0 
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11. RECALCULATION OF THE OUTGOING INTENSITY 

I n  the  c a l c u l a t i o n  of outgoing i n t e n s i t y  (Eq. 10 of M.S.L. No. 10) an 
e r r o r  was made i n  the  ozone i n t e r v a l  (948-1100 cm-1). 
omitted the  sec  0 t e r m  f o r  t h i s  i n t e r v a l  only, g iv ing  i n c o r r e c t  t ransmi t tance  
va lues  f o r  a l l  angles  except  0 = 0. 

?e computer program 

This  e r r o r ,  a long wi th  s e v e r a l  o t h e r s  of minor importance, has  been 
cor rec ted ,  and the  s p e c t r a l  i n t e n s i t i e s  have been r eca l cu la t ed  f o r  t he  106 
model atmospheres. 

Using the  new i n t e n s i t i e s  and the new f i l t e r  func t ions  a s  given i n  the  
previous sec t ion ,  t he  q u a n t i t i e s  given i n  Appendix B of Y.S.L. No. 10 have 
been r eca l cu la t ed .  The l i m i t s  of i n t e g r a t i o n  d; and 9% , defined by 
E q .  3 and l i s t e d  i n  Table 2 of M.S.L. No. 10, a r e  unaf fec ted  by the  s l i g h t  
changes i n  e f f e c t i v e  f i l t e r  t ransmi t tance .  

111. FLUX CALCULATION 

With the  new va lues  of I 4  (e), new cons tan t s  used i n  the  c a l c u l a t i o n  
of r a d i a t i v e  f l u x  from Eqs. l l a ,  l lc,  14, and 15 have been determined. 
These are shown i n  the  Correc t ion  t o  Table 3. 

This  t a b l e  now inc ludes  cons t an t s  which permit the  use of Eq. l l c  f o r  
t he  c a l c u l a t i o n  of r a d i a t i v e  f l u x  from the  channel 2 d a t a  of TIROS I1 and 
111, as w e l l  as TIROS I V .  

The compilat ion of the  TIROS I11 and I V  r a d i a t i o n  da ta  i n  terms of TB 
( e f f e c t i v e  b lack  body temperature)  r e q u i r e s  t h a t  an a d d i t i o n a l  t ransformat ion  
be made t o  o b t a i n  I4(0). The fol lowing expression g ives  t h i s  t ransformat ion  
f o r  channel 2 of TIROS 111 and I V .  

where the  cons t an t s  a r e  given i n  the  Correc t ion  t o  Table 3, I ( 0 )  is the  

i n  OK. 
channel 2 i n t e n s i t y  a t  angle  0, and TB i s  the  e f f e c t i v e  b lack  (% ody temperature 

I n  the  case  of channel 4 TIROS 111, the  t ransformat ions  of TB t o  I+@) 
and 14,(0) t o  I ( 0 )  a r e  of such a form t h a t  they can be combined i n t o  a 
s i n g l e  t ransformat ion  with s u f f i c i e n t  accuracy. The TIROS I11 channel 4 d a t a  
i n  terms of TB are given as I ( 0 )  by the  express ion  

where the  va lues  g ' ,  f ' ,  e ' ,  and d '  a r e  given i n  the  Correc t ion  t o  Table 3 .  



Correc t ion  t o  Table 3: Constants f o r  Tran 

T I R O S  I1 

Channel 2 

Equation l l d  & l l c  

Channel 2 

Equation l l c  

r"=O.  1444 ly/min 

s"=0.005109 l y  m 

t "-0.0157 1 ly/min 

v"=0.001360 l y  m 

w"=- 1 . 2 4 0 ~ 1 0 - ~  1 m 

2 

w min 

2 

w min 

4 

k 
@,=7 8.5 " 

Channel 4 

Equation l l e  

Channel 4 

-6 

2 3  
g=7.958xlO w 

m deg 

f= -2 .624~10 '3~  
2 2  m deg 

2 '  
e=+O .27 8 w/m deg 

d=-8.63 w/m 2 

Equation l l a  

-8 

min deg 
-5 

min deg 

gf=6.797x1O l y  
3 

f '=-2.225~10 l y  
2 

e1=0.00298 l y  
min  deg 

r = O  .06 124 ly/rnin 

s=0.60584 l y  m 2 

w min 

-8 2 t= -4 .26~10  l y  m 
w min 

2 
"1+=25.23 w/m 

o< = -1.215 

.8 = 6.31 min/ly 

A = 1.0335 

C = -0.1737 min/ly 

Eormation of TIROS Data t o  Radiative Flux 

r "=O .1407 ly/min 

s"=0.006450 l y  m 

t"=-O.01827 ly/min 

2 

w min 

vt1=0.001752 l y  m 2 
w rnin 

w"=- 1.96 9 ~ 1 O ' ~ l y  m4 
w min 

0,=7 8.5" 

-4 a = -2 .145~10 

b = 5 . 5 5 1 ~ 1 0 - ~  

-7 
c = -2 .188~10 

d1=-0.1085 ly/min 

~ ~ 

T I R O S  I V  

Channel 2 

Equation l l d  & l l c  

-6 

m deg 

g=7.958~10 w 
2 3  

f=-2.624x10-3W 
2 2  m deg 

e=tO. 27 8 w/m2deg 

d=-8.  63w/m2 

r " = O .  1407 ly/min 

~ ~ ~ = 0 . 0 0 6 4 5 0  l y  m 2  
w min 

t "=-0.01827 ly/min 

VI'-0.001752 l y  m2 
w min 

w"=-l.969~10'~1y m 4 
2 

w min 

8 = 78.5" 
0 

(These values a r e  appl icable  
t o  TIROS 11, I11 and IV.) 
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I V .  SURFACE TEMPERATURE DETERMINATION 

In  determining su r face  temperature from the  channel 2 da ta ,  the  
fol lowing changes should be made i n  Eqs. 20 and 21: 

The t h e r  ons t an t s  a r e  unchanged. 

Because the  d a t a  i n  Table. 5 were mostly f o r  small 8, the  va lues  a r e  
nea r ly  the  same when they  are r eca l cu la t ed .  

V. SUMMARY OF FLUX AND TEMPERATURE CALCULATIONS 

The procedure f o r  t he  c a l c u l a t i o n  of r a d i a t i v e  f l u x  from channels  2 
and 4 of TIROS 11, 111, and I V  is ou t l ined  below. This  combines and 
summarizes t h e  s t e p s  presented  i n  M.S.L. No. 10 and t h e  preceding s e c t i o n s  
of t h i s  supplement. 

TIROS I1 Channel 2 

Determine I(0) from Eq. l l c  of M.S.L. No. 10 
S u b s t i t u t e  I(0) i n  Eq. 14 t o  determine I ( 0 )  
S u b s t i t u t e  I ( 0 )  i n  Eq. 15 t o  ob ta in  f l u x  

TIROS I1 Channel 4 

Determine I(@) from Eq. l l a  of M.S.L. No. 10 
S u b s t i t u t e  I(@) i n  Eq. 14 t o  determine I (0 )  
S u b s t i t u t e  I(0) i n  Eq. 15 t o  ob ta in  f l u x  

TIROS I11 and I V  Channel 2 

Determine Ib(0)  from-Eq. l l d  of t h i s  supplement 
S u b s t i t u t e  Ib(8) in  Eq. l l c  of M.S.L. No. 10 t o  determine 

S u b s t i t u t e  I(@) i n  Eq. 14 t o  determine I (0)  
S u b s t i t u t e  I ( 0 )  i n  Eq. 15 t o  ob ta in  f l u x  

I ( 8 )  

TIROS I11 Channel 4 

Determine I(8) from Eq. l l e  of t h i s  supplement 
S u b s t i t u t e  I(8) i n  Eq. 14 t o  determine I ( 0 )  
S u b s t i t u t e  I(0) i n  Eq. 15 t o  ob ta in  f l u x  

The c o n s t a n t s  t o  be used i n  a l l  of t he  above c a l c u l a t i o n s  are those 
appearing i n  the  Correc t  ion  t o  Tab le 3. 
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Equation 19 of M.S.L. No. 10 and equat ions 20a and 21a of t h i s  supplement 
provide t h e  e s t ima t ion  of su r face  temperatures.  The procedure is  as follows: 

Calcu la te  (ATe) from eq. 19, 20a and 21a. 
Determine su r face  temperature (TS) from t h e  r e l a t i o n  T !j = Te -+(AT*))  
where T8 is the  e f f e c t i v e  temperature a t  angle  8 .  

VI. REMARKS 

The e f f e c t s  of .the changes given i n  t h i s  Supplement are small, Radiat ive 
f l u x  i s  a f f e c t e d  by only about 1 percent,and su r face  temperature determinat ion 
by less than 1 degree i n  mdst cases. 
are : 

Much more s e r i o u s  t o  the  s a t e l l i t e  da t a  

1. The assumption t h a t  the  sky is e i t h e r  clear o r  s o l i d  overcas t .  
When the  sky is clear o r  the  c louds  a r e  th in ,  limb-darkening c,an 
d e v i a t e  from the  values  implied i n  t h i s  s tudy.  
on t h e  average, t h e  degree of limb-darkening does not  vary markedly 
with the  abso lu te  value of I + ( 8 ) ,  b u t  tends t o  be g r e a t e r  than 
ind ica t ed  i n  t h i s  s tudy.  This w i l l  be the  s u b j e c t  of a l a t e r  r e p o r t .  

It is l i k e l y  t h a t ,  

2. Changes t ak ing  p lace  i n  t h e  response of the  radiometers .  There has  
been a clear i n d i c a t i o n  tha t ,  i n  some ins tances ,  the  s i g n a l  from 
the  radiometers  degrades wi th  time. Great c a r e  should be observed 
i n  implying abso lu te  values  t o  the  da t a .  Fu r the r  information on 
t h i s  problem may be obtained from the  au thors .  

Because the  changes made i n  t h i s  supplement have only small e f f e c t s  
upon the  de te rmina t ion  of f l u x  and su r face  temperature, t h e  rev ised  Appendix 
B is n o t  reproduced here .  
obtained upon reques t  t o  the  au thors .  

However, copies  of the  r ev i sed  Appendix B may be 
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