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STATISTICAL AND SYNOPTIC EVALUATIONS OF TIROS N 
AND NOAA 6 RETRIEVALS 

Harold J. Brodrick,  Carmella Watkins, and Arnold Gruber 

Nat ional  Oceanic and Atmospheric Adminis t ra t ion  
Nat ional  Ea r th  S a t e l l i t e  Se rv ice  

Washington, D.C. 

ABSTRACT. TIROS N and NOAA 6 temperature  r e t r i e v a l s  are eva lua ted  
us ing  s ta t i s t ica l  parameters and synop t i c  case s t u d i e s .  
from September 1979 through A p r i l  1980 i s  examined wi th  t h e  use  of 
t he  roo t  mean square  (RMS) and mean d i f f e rence  between matched 
p a i r s  of radiosonde and sa te l l i t e  der ived l a y e r  mean 
temperatures .  
r e t r i e v a l  method ( c l e a r ,  p a r t l y  cloudy, and cloudy) ,  and topography 
type  ( land  o r  s e a ) .  The p r i n c i p a l  r e s u l t s  show t h a t  t h e  l a r g e s t  
RMS d i f f e r e n c e s  occur i n  t h e  l a y e r s  near  t h e  E a r t h ' s  s u r f a c e  and 
i n  t h e  tropopause reg ion ,  with t h e  clear r e t r i e v a l s  g iv ing  t h e  
smallest RMS d i f f e r e n c e s  and cloudy r e t r i e v a l s  producing t h e  
l a r g e s t  . 

A pe r iod  

The monthly samples are divided according t o  

The case s t u d i e s  compare ana lyses  of 1000-500 mb and 700-300 mb 
th i cknesses  made from sa te l l i t e  d a t a  only  wi th  NMC analyses  made 
from convent ional  d a t a ,  I n  a d d i t i o n ,  i s ,en t ropic  c ros s  s e c t i o n s  
ac ross  b a r o c l i n i c  zones us ing  d a t a  from e i t h e r  radiosondes,  
s a t e l l i t e  soundings,  o r  NMC ana lyses  are shown. These c ros s  
s e c t i o n s  demonstrate t h a t  t h e  s a t e l l i t e  soundings g e n e r a l l y  
r ep resen t  the  b a r o c l i n i c  zones a t  least as w e l l  as t h e  NMC 
ana lyses ,  with thermal  wind speed maxima that  are comparable w i t h  
t hose  obtained from e i t h e r  t h e  radiosonde o r  NMC a n a l y s i s  c r o s s  
s e c t i o n s .  However, t h e  computed speed maxima from t h e  s a t e l l i t e  
d a t a  were achieved because t h e  soundings depic ted  t h e  f r o n t a l  
zones as being s t e e p e r  than  i n  t h e  radiosonde vers ions .  That 
cond i t ion  a l igned  t h e  s i g n i f i c a n t  h o r i z o n t a l  temperature  g r a d i e n t s  
i n  a n e a r l y  v e r t i c a l  f a sh ion  i n  t h e  s a t e l l i t e  c ros s  s e c t i o n s  and 
t h u s  con t r ibu ted  t o  t h e  v e r t i c a l  summation of t h e  g r a d i e n t s ,  
a l though temperature  g r a d i e n t s  a t  i n d i v i d u a l  l e v e l s  were u s u a l l y  
weaker than  t h e  corresponding radiosonde g rad ien t s .  

1. INTRODUCTION 

TIROS N type  v e r t i c a l  temperature  sounders have been i n  f u l l  ope ra t ion  
s i n c e  e a r l y  1979, f i r s t  on t h e  TIROS N sa te l l i t e  and la te r  i n  1979 on t h e  NOAA 
6 s a t e l l i t e ,  A con t inua l  ques t ion  i n  t h e  minds of ope ra t iona l  u s e r s  and 
r e sea rche r s  a l i k e  i s  t h e  accuracy and r e l i a b i l i t y  of t h e  sounding da ta  and i t s  
capab.i.lity f o r  dep ic t ing  t h e  atmospheric thermal s t r u c t u r e .  A d e s c r i p t i o n  of 
t h e  TIROS N Opera t iona l  Vertical Sounder (TOVS) and eva lua t ions  of e a r l y  
o p e r a t i o n a l  temperature  soundings from TIROS N are found i n  art icles f o r  GARP 
t o p i c s  by Smith e t  a l .  (1979) and P h i l l i p s  e t  a l .  (1979) i n  t h e  B u l l e t i n  of 
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t h e  AMS. This  r e p o r t  i n  essence  c o n s t i t u t e s  a d d i t i o n a l  eva lua t ions  of l a t e r  
d a t a  from t h e  f i r s t  two s a t e l l i t e s  i n  t h e  new series. 

A s  poin ted  by P h i l l i p s  e t  a l .  (19791, t h e r e  are some new c a p a b i l i t i e s  i n  
t h e  sounding in s t rumen t s  on board t h e s e  satel l i tes ,  and t h e  procedures t o  use  
t h e s e  c a p a b i l i t i e s  are 'in a more o r  less cont inuous s ta te  of development and 
evo lu t ion .  Evalua t ion  s t u d i e s  themselves c o n s t i t u t e  a p a r t  of t h e  improvement 
process ;  c e r t a i n l y  no p a r t i c u l a r  e v a l u a t i o n  r e p r e s e n t s  t h e  l a s t  word on e i t h e r  
t h e  accuracy o r  t h e  c a p a b i l i t y  of t h e  sounding da ta .  

The e v a l u a t i o n s  i n  t h i s  s tudy  are of two types :  s t a t i s t i c a l  comparisons 
between s a t e l l i t e  soundings and rad iosondes ;  and case s t u d i e s  of s p e c i f i c  
s y n o p t i c  s i t u a t i o n s  t o  determine how w e l l  t h e  soundings desc r ibe  t h e  
atmospheric s t r u c t u r e .  
a n a l y s e s  der ived  therefrom. A s  has been pointed out  f r e q u e n t l y ,  t h e  
radiosondes themselves inc lude  some e r r o r , a n d  t h e r e  i s  a most s i g n i f i c a n t  
d i f f e r e n c e  i n  t h e  s i z e  of t h e  volume of a i r  sampled by t h e  two types  of 
ins t ruments .  It i s  t h e  n a t u r e  and a b i l i t y  of t h e  radiosonde t o  measure fine 
v e r t i c a l  s t r u c t u r e  a long a pa th ,  and i t  i s  t h e  a b i l i t y  of t h e  s a t e l l i t e  
in s t rumen t s  t o  measure average atmospheric  cond i t ions  f o r  a volume. Thus, 
t h e r e  i s  a major d i f f e r e n c e  i n  t h e  v e r t i c a l  and h o r i z o n t a l  r e s o l u t i o n  of t h e  
two ins t rumen t s .  

The s t anda rd  i n  e i t h e r  approach is t h e  radiosonde,  o r  

2. INSTRUMENT SYSTEM AND RETRIEVAL PROCESS 

Details of t h e  TOVS ins t rument  system and t h e  processing systems f o r  
t ransforming  r ad iances  i n t o  p r o f i l e s  of a tmospheric  temperature  are contained 
i n  Smith e t  a l .  (1979) and P h i l l i p s  e t  a l .  (1979), so only a summary of t h e  
e s s e n t i a l  a s p e c t s  of t h e s e  systems,  from t h o s e  two papers ,  will be presented 
i n  t h i s  r e p o r t .  

TIKOS N and NOAA 6 c o n t a i n  t h e  same ins t rumen ta t ion ,  and soundings are 
produced from t h r e e  ins t ruments :  t h e  High Resolu t ion  In f r a red  Radiat ion 
- Sounder (HIRS) , t h e  - Microwave Sounding'iTnit (MSU) , and-the S t r a t o s p h e r i c  
- Sounding Unit (SSU). 
concern if; t h e  r e p o r t ,  on ly  r ad iances  from t h e  f irst  two ins t ruments  are 
used. These sense  atmospheric  tempera ture  i n  t h e  3.7-pm, lS-pm, and microwave 
r eg ions ,  t h e  E a r t h ' s  s u r f a c e  tempera ture  i n  t h r e e  i n f r a r e d  and one microwave 
r eg ion ,  a tmospheric  water vapor i n  t h r e e  channels ,  a tmospheric  ozone i n  one 
channel ,  and r e f l e c t e d  s o l a r  r a d i a t i o n  i n  one channel.  Table 1 provides  t h e  
c h a r a c t e r i s t i c s  and purpose of t h e  r ad iance  obse rva t ions  provided by t h e  
v a r i o u s  spectral  channels ,  and t h e  weight ing f u n c t i o n s  f o r  each channel are 
shown i n  f i g u r e  1. Each curve i n  t h e  f i g u r e  d i s p l a y s  t h e  v e r t i c a l  r e s o l u t i o n  
of t h e  r a d i a t i o n  w i t h i n  a g iven  channel and shows t h e  s e n s i t i v i t y  of t h e  
r ad iance  t o  a l o c a l  v a r i a t i o n  i n  a tmospheric  temperature .  

For tempTratures TI-I t h e  p o r t i o n  of t h e  atmosphere of 

These p o l a r  o r b i t i n g  satel l i tes  keep a cons tan t  equator  c ross ing  t i m e  
( l o c a l ) ;  TIROS N and NOAA 6 r e s p e c t i v e l y ,  pass  a po in t  on t h e  equator  a t  
approximately 1500 and 1900 l o c a l  t i m e  going northward and a t  approximately 
0300 and 0700 l o c a l  time southward. They complete about  1 4  o r b i t s  per  day 
w i t h  a westward s h i f t  of about  25.5 '  l o n g i t u d e  between ad jacen t  o r b i t s .  The 
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TABLE 1. Characteristics of TOV sounding channels. 
_- - 

HIRS 
Channel 
n um ber 

Channel 
central 

wavenumber 

668 
679 
691 
704 
716 
732 
748 

Central 
wavelength 

(rm 1 

15.00 
14.70 
14.50 
14.20 
14.00 
13.70 
13.40 

Principal 
absorbing 

constituents 

COY 
COl 
cor 
COl 
COl 

COi/HsO 
COs/HiO 

Level of 
peak energy 
contribution 

30 mb 
60 mb 

100 mb 
400 mb 
600 mb 
800 mb 
900 mb 

Purpose of the radiance okrva t ion  

Temperature sounding. The 15-pm band channels 
provide better sensitivity to the temperature of 
relatively cold regions of the atmosphere than can 
be achieved with'the 4.3-pm band channels. Radi- 
ances in Channels 5, 6, and 7 are also ueed to  
calculate the heights and amounts of cloud within 
the HIRS field of view. 

8 898 11.10 Window Surface Surface temperalure and cloud detection. 

9 1028 9.70 0. 

10 1217 8.30 H io 900 mb Wakr vapor sounding. Provides water vapor correc- 
11 1364 7.30 H SO 700 mb tions for COS and window channels. The 6.7-pm 
12 1484 6.70 H a 0  5 0 0  mb channel is also used to detect thin cirrus cloud. 

13 2 190 4.57 N 10 1000mb Temperature sounding. The 4.3-pm band channels 
14 2 213 4.52 N SO 950 mb provide better sensitivity to the temperature of 
15 2 240 4.46 C O d N t O  700 mb relatively warm regions of the atmosphere than 
16 2 276 4.40 COl/NYO 400 mb can be achieved with the 15-pm band channels. 
17 2 361 4.24 cot 5 mb AI-, the short-wavelength radiances are less sensi- 

25 mb Totd ozone concentration. 

tive to clouds than those for the 15-pm region. 

18 2 512 4.00 Window Surface Surjace kmperature. Much less sensitive to clouds 
19 2 671 3.70 Window Surface and HlO than the 11-pm window. Used with 

1 1-fim channel to detect cloud contamination and 
derive surface temperature under partly cloudy 
sky conditions. Sifidtaneous 3.7- and 4.0-pm 
data enable reflected solar contribution to  be 
eliminated from observations. 

20 14 367 0.70 Window Cloud Cloud dckcfwn. Used during the day with 4.0- and 
11-pm window channels to define clear fields of 
view. 

Principal Level of 
Frequency absorbing peak energy 

MSU ( G H 4  constituents contribution Purpose of the radiance observation 
~ 

1 50.31. Window Surface Surface nnissivify and c l o d  atknwatwn determi- 
nation. 

2 53.73 Or 700 mb Temperafure sounding. The microwave channels 
3 54.96 01 300 mb probe through clouds and can be used to  alleviate 
4 57.95 01 90 mb the influence of clouds on the 4.3- and 15-pm 

sounding channels. 

Principal Level of 
Wavelength absorbing peak energy 

SSU bm) constituents contribution Purpoee of the radiance obeervation 

1 15.0 COl 15.0 mb Temperafure sounding. Using COS gM cells and 
2 15.0 cor 4.0 mb pressure modulation, the S S U  otmerves thermal 
3 15.0 cos 1.5 mb emiseions from the stratosphere. 
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FIG. 1. TOVS weighting functions (normalized). 
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scan  width of t h e  in s t rumen t s  r e s u l t s  i n  overlapping of views poleward of 
38'. Each HIRS measurement ( scan  s p o t )  r e so lves  a c i r c u l a r  area t h a t  i s  30 km 
diameter  a t  t h e  s u b s a t e l l i t e  p o i n t ,  whereas t h e  MSU r e so lves  a c i r c u l a r  area 
of 110 km diameter  ar t h e  s a t e l l i t e  subpoin t .  The f i e l d s  of view en la rge  and 
become e l l i p t i c a l  as t h e  ins t ruments  scan  away from t h e  sa te l l i t e  subpoint.  
F i f t y - s i x  HIRS s p o t s  are conta ined  wi th in  each scan  l i n e  covering a l i n e a r  
d i s t a n c e  of about 2250 km. The MSU ins t rument  has 11 f i e l d s  of view along i t s  
swath having t h e  same l i n e a r  e x t e n t .  A sounding i s  made f o r  every a r r a y  of 
seven HIRS s c a n  l i n e s  and n ine  s p o t s ,  r e s u l t i n g  i n  5 x 6 a r r a y  of p r o f i l e s  f o r  
each 40 x 56 a r r a y  of scan  spo t s .  The nominal h o r i z o n t a l  r e s o l u t i o n  of 
soundings from TOVS i s  about  250 km. 

The conversion of measured rad iances  t o  temperature  p r o f i l e s  r equ i r e s  
many adjustments  t o  produce t h e  f i n a l  rad iances  from which temperatures  are  
produced us ing  l i n e a r  r e g r e s s i o n  c o e f f i c i e n t s .  These inc lude  adjustments  f o r  
t h e  changing scan  ang le ,  s u r f a c e  e m i s s i v i t y ,  and clouds.  Two p a r t i c u l a r l y  
r e l e v a n t  f e a t u r e s  of t h e  techniques  used t o  produce temperatures  below 100 mb 
w i l l  be d iscussed  b r i e f l y .  

Temperature p r o f i l e s  are produced from "clear rad iances"  t h a t  have been 
co r rec t ed  f o r  any clouds t h a t  are i n f e r r e d  t o  be present .  The processing 
program t h a t  produces clear rad iances  f i r s t  a t t e m p t s  t o  i d e n t i f y  scan  s p o t s  
t h a t  are completely clear.  F a i l i n g  i n  t h i s ,  t h e  program then a t t e m p t s  t o  
e x t r a c t  c lear  rad iances  from scan  s p o t s  t h a t  are only p a r t l y  covered w i t h  
clouds.  I f  t h i s  t oo  f a i l s ,  i t  a t t e m p t s  t o  produce temperatures  from t h e  f o u r  
microwave channels  and t h e  f o u r  s t r a t o s p h e r i c  HIRS channels ,  s i n c e  t h e  l a t te r  
measurements are not  as s i g n i f i c a n t l y  a f f e c t e d  by clouds as are t h e  
t r o p o s p h e r i c  HIRS channels .  These are i n  essence  t h e  t h r e e  r e t r i e v a l  methods 
o r  pa ths  and w i l l  be i d e n t i f i e d  as  1, 2 ,  and 3 f o r  clear,  p a r t l y  cloudy, and 
cloudy,  r e s p e c t i v e l y .  Path 1 and 2 r e t r i e v a l s  use rad iances  from a l l  24 HIRS 
and MSU channels, and i d e n t i c a l  c o e f f i c i e n t s  are used t o  convert  from rad iance  
t o  temperature .  However, pa th  3 r e t r i e v a l s  use  a d i f f e r e n t  set of 
c o e f f i c i e n t s ,  because a d i f f e r e n t  set of rad iances  i s  used. 

One would expect  pa th  1 r e t r i e v a l s  t o  be more accu ra t e  than path 2 
r e t r i e v a l s  because of t h e  s p e c i a l  assumptions involved i n  t h e  second method. 
However, t h e  d i f f e r e n c e  between t h e  pa th  3 r e t r i e v a l s  and e i t h e r  t h e  path 1 o r  
2 r e t r i e v a l s  i s  g r e a t e r  than  t h e  d i f f e r e n c e  between p a t h  1 and 2 r e t r i e v a l s .  
I n  a d d i t i o n ,  t h e  r e l a t i v e  accu rac i e s  of t h e  t h r e e  types  are s e n s i t i v e  t o  
l i m i t s  i n  tes ts  used t o  accept o r  re ject  t h e  at tempted r e t r i e v a l s .  For 
example, i n c l u s i o n  of some p a r t l y  cloudy measurements i n  t h e  ones s e l e c t e d  as 
clear w i l l  decrease  t h e  accuracy  of t h i s  group of soundings.  Also, t h e  
d e c i s i o n  about t h e  r e t r i e v a l  method s e l e c t e d  invo lves  tests t h a t  are only 
i n d i r e c t l y  r e l a t e d  t o  c loud amounts. These tests involve  comparisons between 
measured and expected a lbedo  and s u r f a c e  tempera tures ,  and between a measured 
microwave r ad iance  and a microwave rad iance  p red ic t ed  from those i n f r a r e d  
r ad iances  t h a t  are  s u b j e c t  t o  cloud contaminat ion.  Radiances from t h e  1 5 - p ~  
r eg ion  are a l s o  used t o  p r e d i c t  r ad iances  of t h e  4 . 3 - p ~  channels ,  which are 
compared t o  measured va lues .  
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The second important  f e a t u r e  of t h e  process ing  procedure i s  t h e  
r e g r e s s i o n  f o r  a tmopsheric  temperature  a l luded  t o  above. Regression 
c o e f f i c i e n t s  f o r  a g iven  l a t i t u d e  zone are updated weekly using c o l l o c a t e d  
radiosonde and s a t e l l i t e  d a t a  uniformly d i s t r i b u t e d  over  t h e  preceding two 
weeks. C o e f f i c i e n t s  are then  used f o r  t h e  fol lowing week. This  procedure 
r e s u l t s  i n  an  average time l a g  ranging from one and one-half weeks i n  a da ta-  
r i c h  reg ion  t o  two and one-half weeks i n  a data-sparse  reg ion  ( i t  t a k e s  longer  
t o  c o l l e c t  a given q u a n t i t y  of c o l l o c a t i o n s ) .  Sepa ra t e  r e g r e s s i o n  c o e f f i c i e n t s  
a re  c a l c u l a t e d  f o r  each of f i v e  l a t i t u d e  zones: two zones from 60" l a t i t u d e  
t o  t h e  po le s ,  two zones from 30" and 60" l a t i t u d e ,  and one t r o p i c a l  zone from 
30"N t o  30's. 

To e l i m i n a t e  temperature  d i s c o n t i n u i t i e s  t h a t  would o therwise  occur a t  
30" and 60", t h e  c o e f f i c i e n t s  used f o r  a r e t r i e v a l  are i n t e r p o l a t e d  from those  
f o r  t h e  f i v e  zones. I n  t h e  i n t e r p o l a t i o n ,  t h e  highest-peaking microwave 
channel (57.95 GHZ) ,  which senses  t h e  upper t roposphere  and lower 
s t r a t o s p h e r e ,  i s  used t o  i n t e r p o l a t e  between l a t i t u d e  zones. When 
c o e f f i c i e n t s  are genera ted ,  t h e  average va lue  of t h e  b r i g h t n e s s  temperature  
f o r  t h i s  channel i s  ca l cu la t ed  f o r  each zone. If t h e  t h r e e  average va lues  f o r  
a hemisphere are monotonic ( t h e  u s u a l  cond i t ion  i n  summer), then  t h e  va lue  of 
t h i s  channel f o r  a p a r t i c u l a r  sounding is  used t o  determine t h e  two l a t i t u d e  
zones whose va lues  bracke t  t h e  obse rva t ion ,  and t h e  r e s u l t i n g  p r o f i l e  i s  t h e  
weighted average between t h e  r e s u l t s  obtained w i t h  the  two l a t i t u d e  zones. If 
t h e  sounding i s  not  bracketed because i t  f a l l s  ou t s ide  t h e  range of t h e  t h r e e  
average va lues ,  no weight ing i s  performed,and c o e f f i c i e n t s  from t h e  n e a r e s t  
l a t i t u d e  zone are used. Also,  no weight ing is  allowed between 15'N and 
15"s. I f  t h e  t h r e e  average va lues  f o r  a hemisphere are not monotonic ( t h e  
usua l  c o n d i t i o n  i n  w i n t e r ) ,  t hen  i t  i s  n o t  p o s s i b l e  t o  dec ide  which zones t o  
use.  I n  t h i s  s i t u a t i o n ,  a l l  soundings poleward of 45" are  weighted between 
p o l a r  c o e f f i c i e n t s  and m i d l a t i t u d e  c o e f f i c i e n t s .  S i m i l a r l y ,  equatorward of  
45" weight ing i s  performed between mid la t i t ude  and t r o p i c a l  c o e f f i c i e n t s .  

The in s t rumen ta t ion  and t h e  process ing  of t h e  rad iances  from t h e  sounders  
on t h e  two s a t e l l i t e s  were e s s e n t i a l l y  t h e  same, wi th  t h e  n o t a b l e  except ion  
t h a t  t h e  MSU channel 3 on NOAA 6 was not  used from e a r l y  December 1979 u n t i l  
a f t e r  t h e  end of t h e  per iod  i n  t h i s  study, because i t  was considered t o o  noisy.  

3. STATISTICAL EVALUATION 
The s t a t i s t i c a l  p o r t i o n  of t h i s  e v a l u a t i o n  i s  der ived  from a d a t a  set 

produced o p e r a t i o n a l l y ,  
obse rva t ions .  Co l loca t ion  means t h a t  some s t anda rd  of a c c e p t a b l e  s e p a r a t i o n  o r  
"window" must be set .  The s p a t i a l  "windows" are smallest i n  r eg ions  of h igh  
d e n s i t y  radiosonde coverage and vary from 1" l a t . / l o n g .  i n  t h e  Northern 
Hemisphere middle l a t i t u d e s  t o  2" i n  t h e  p o l a r  and t r o p i c a l  reg ions .  A 3" 
"window" i s  used everywhere sou th  of 10"N. 
s i n c e  t h e  radiosonde d a t a  are i n t e r p o l a t e d  t o  t h e  time of t h e  s a t e l l i t e  
obse rva t ions  from two bracke t ing  radiosonde obse rva t ion  times. These 
c o l l o c a t e d  d a t a  have been c o l l e c t e d  f o r  t h e  f i v e  broad l a t i t u d e  zones 
corresponding t o  t h e  l a t i t u d e  zones used f o r  c a l c u l a t i n g  r e t r i e v a l  
c o e f f i c i e n t s  (60-90N/S, 30-60N/S and 30N-30s). The s t a t i s t i c a l  comparisons 
have been summarized by sa te l l i t e  (TIROS N o r  NOAA 6), month, r e t r i e v a l  pa th  

These sets .are  comprised of c o l l o c a t e d  and radiosonde 

There i s  no t i m e  window pe r  s e ,  
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(1 ,  2 , 0 r  3 ) ,  and t e r r a i n  ( l a n d  o r  w a t e r ) .  We w i l l  show t h e  r e s u l t s  of t h e s e  
comparisons f o r  t h e  30N - 60N l a t i t u d e  zone because rad iosonde  coverage i s  
b e s t  i n  t h i s  l a t i t u d e  b e l t ,  t h e  zone covers  t h e  a c t i v e  e x t r a t r o p i c a l  
westerlies, and t h e  volume of r e s u l t s  i s  reduced.  

A l l  comparisons are f o r  mean l a y e r  tempera tures  d e f i n e d  by t h e  mandatory 
p r e s s u r e  l e v e l s .  The rad iosonde  g e o p o t e n t i a l  h e i g h t  a t  each  l e v e l  was used t o  
d e t e r m i n e  t h e  t h i c k n e s s  f o r  each l a y e r  and, assuming d r y  a i r ,  t h e s e  were 
conver ted  t o  l a y e r  mean t e m p e r a t u r e s  u s i n g  t h e  h y d r o s t a t i c  e q u a t i o n .  
S i m i l a r l y ,  t h e  l a y e r  mean t e m p e r a t u r e s  were c a l c u l a t e d  f o r  t h e  s a t e l l i t e  
r e t r i e v a l s .  Comparisons are c o n f i n e d  t o  t h e  n i n e  l a y e r s  d e f i n e d  by t h e  
mandatory p r e s s u r e  l e v e l s  up t o  100 mb. 

The s t a t i s t i c a l  parameters  shown are f o r  a p e r i o d  from September 1979 
through A p r i l  1980, a t i m e  when both s a t e l l i t e s  were producing soundings 
o p e r a t i o n a l l y .  The e r r o r  s t a t i s t i c s  c a l c u l a t e d  a r e  t h e  r o o t  mean s q u a r e  (RMS) 
and t h e  mean t e m p e r a t u r e  d i f f e r e n c e s  between t h e  s a t e l l i t e  and t h e  rad iosonde  
matches.  These s t a t i s t i c a l  parameters  a r e  shown s e p a r a t e l y  i n  g r a p h i c a l  form 
and s t r a t i f i e d  by s a t e l l i t e ,  t e r r a i n  t y p e ,  r e t r i e v a l  p a t h ,  and month, i n  t h a t  
o r d e r  of breakdown. The graphs  are i s o p l e t h e d  and shaded t o  make i t  easier t o  
g r a s p  t h e  p i c t u r e  t h e y  p r e s e n t .  Four p a i r s  of f i g u r e  graphs  ( b o t h  s a t e l l i t e s  
f o r  each  of t h e  f o u r  combinat ions of RMS o r  mean d i f f e r e n c e  and land  o r  sea) 
are shown i n  f i g u r e s  2-5 ( a  and b) .  The RMS v a l u e s  r e p r e s e n t  t h e  t o t a l  s p r e a d  
of t h e  measured d a t a  about  t h e  v e r i f y i n g  d a t a  and w i l l  be d i s c u s s e d  f l r s t .  

One a l l - p e r v a s i v e  e f f e c t  can be s e e n  i n  t h e  f o u r  f i g u r e s  showing t h e  RMS 
v a l u e s  f o r  t h e  two s a t e l l i t e s  o v e r  both  land  and sea ( f i g s .  2 a ,  2b,  3a,  and 
3b) .  The RMS v a l u e s  are l a r g e s t  i n  t h e  l a y e r s  c l o s e s t  t o  t h e  s u r f a c e  of t h e  
E a r t h  and i n  t h e  l a y e r s  c o n t a i n i n g  t h e  upper  t r o p o s p h e r e  and t r o p o p a u s e  
r e g i o n .  Minimum RMS v a l u e s  are t h e r e f o r e  a s s o c i a t e d  w i t h  t h e  mid-troposphere 
and t h e  low s t r a t o s p h e r i c  l a y e r  a t  t h e  t o p  of t h e  diagrams.  The two maxima 
are  a consequence of t e m p e r a t u r e  s t r u c t u r e  combined w i t h  t h e  low v e r t i c a l  
r e s o l u t i o n  of t h e  sounder .  Broad weight ing  f u n c t i o n s  s imply  cannot  c a p t u r e  
b h e  s t a b l e  l a y e r s ,  i n v e r s i o n s ,  and o t h e r  h i g h l y  v a r i a b l e  tempera ture  s t r u c t u r e s  
found n e a r  t h e  s u r f a c e  and t ropopause .  S ince  t h e  mid-troposphere,  e x c e p t  i n  
b a r o c l i n i c  zones,  i s  g e n e r a l l y  more s imply s t r u c t u r e d  b o t h  i n  t h e  v e r t i c a l  and 
h o r i z o n t a l ,  sounding r e t r i e v a l s  h e r e  do r a t h e r  w e l l  on t h e  whole. 

Looking a t  t h e  i n d i v i d u a l  v e r t i c a l  r e g i o n s  mentioned above w i t h  r e s p e c t  
t o  t h e  cloud-dependent r e t r i e v a l  t y p e s ,  one can see t h a t  t h e  lower- layer  
maximum d e f i n i t e l y  i n c r e a s e s  i n  magnitude and e x t e n t  going from clear t o  
c loudy c o n d i t i o n s .  Also,  t h e  mid-tropospheric  minimum d e f i n i t e l y  d e c r e a s e s  i n  
e x t e n t  from clear t o  c loudy c o n d i t i o n s .  Looking a t  t h e  t ropopause  maximum, 
one can see t h a t  i t  t e n d s  t o  i n c r e a s e  i n  e x t e n t  from c l e a r  t o  c loudy r e g i o n s ,  
most obvious ly  f o r  TIROS N l a n d  and NOAA 6 sea c o n d i t i o n s  ( f i g s .  2a and 3b) .  
The h i g h e s t  l a y e r  minimum shows a tendency t o  i n c r e a s e  i n  e x t e n t ,  i . e .  
improve, when proceeding  from clear t o  cloudy c o n d i t i o n s .  This improvement i s  
probably r e a s o n a b l e , s i n c e  one should  be a b l e  t o  r e t r i e v e  t h i s  h i g h  l a y e r  i n  
t h e  presence  of c louds ,and  a t  t h e  same t i m e  t h e r e  may be less v a r i a b i l i t y  i n  
t h i s  l a y e r  f o r  any g i v e n  sample. 
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TIROS N. Land RMS Differences 30°N-60"N 
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Figure 2.--RMS d i f f e r e n c e s  between s a t e l l i t e  r e t r i e v a l  and radiosonde layer  mean 
temperatures €or 30" - 60"N. 
a)  TIROS N over l and ,  b) N O M  6 over land.  

Hatching i n d i c a t e s  RMS va lues  grea te r  than  2'. 
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The nex t  a s p e c t  of t h e  RMS diagrams we w i l l  examine i s  t h e  s e a s o n a l  o r  
time v a r i a t i o n s  w i t h i n  t h e  s e v e r a l  s e c t i o n s  of a tmosphere p r e v i o u s l y  
d i s c u s s e d .  I n  t h e  boundary l a y e r s  g e n e r a l l y  t h e  s e a s o n a l  v a r i a t i o n  a p p e a r s  t o  
be i n d i s t i n c t ,  w i t h  o n l y  a s l i g h t  tendency f o r  t h e  RMS v a l u e s  t o  be larger  i n  
t h e  w i n t e r  months. I n  t h e  mid - t roposphe r i c  l a y e r s  unde r  b o t h  clear and cloudy 
c o n d i t i o n s ,  b o t h  s a t e l l i t e s  o v e r  l a n d  and sea do show some i n c r e a s e  i n  RMS 
go ing  i n t o  w i n t e r  and a s l i g h t  d e c r e a s e  i n  s p r i n g .  
n o t i c e a b l e  f o r  t h e  clear TTROS N sea r e t r i e v a l s  ( f i g .  3 a ) .  For the t r o p o p a u s e  
r e g i o n  of t h e  atmosphere,  b o t h  s a t e l l i t e s  o v e r  l a n d  and sea under  a l l  
r e t r i e v a l  c o n d i t i o n s  show a n  i n c r e a s e  o r  a tendency f o r  a n  i n c r e a s e  i n  RMS 
v a l u e s  go ing  i n t o  t h e  w i n t e r  months bu t  w i t h  v a r y i n g  t e n d e n c i e s  t o  d e c r e a s e  
i n t o  t h e  s p r i n g  months. 

This tendency i s  most 

A l t o g e t h e r ,  t h e n ,  t h e  RMS v a l u e s  i n  t h e s e  f i g u r e s  f o r  t h i s  r e l a t i v e l y  
s h o r t  p e r i o d ,  t h a t  d o e s n ' t  i n c l u d e  summer months, show a r e l a t i v e l y  mild and 
non-uniform s e a s o n a l  r e l a t i o n s h i p .  However, t h e r e  i s  some o v e r a l l  tendency 
f o r  t h e  i n c r e a s e  i n  RMS v a l u e s  i n t o  w i n t e r  and some s l i g h t  d e c r e a s e s  i n  t h e  
e a r l y  s p r i n g  months t h a t  one g e n e r a l l y  e x p e c t s  because  of t h e  g r e a t e r  
a t m o s p h e r i c  v a r i a b i l i t y  d u r i n g  t h e  c o l d e r  p a r t  of t h e  y e a r .  

Another  a s p e c t  of t h e  comparisons of i n t e r e s t  i s  t h a t  of l a n d  v e r s u s  sea 
r e t r i e v a l s .  F o r  TIROS N under  clear c o n d i t i o n s  t h e  sea RMS v a l u e s  a re  
somewhat l a r g e r  i n  t h e  mid - t roposphe r i c  and t ropopause  l a y e r s ,  and f o r  p a r t l y  
c loudy  t h e  sea r e t r i e v a l s  have d i s t i n c t l y  l a r g e r  RMS v a l u e s  i n  the middle  and 
t r o p o p a u s e  l a y e r s .  The RMS v a l u e s  f o r  c loudy c o n d i t i o n s  i n  t h e  middle l a y e r s  
t end  t o  be s l i g h t l y  smaller f o r  t h e  l a n d  v a l u e s  and i n  t h e  t r o p o p a u s e  l a y e r s  
s l i g h t l y  l a r g e r  t h a n  t h e  sea v a l u e s .  

F o r  NOAA 6 t h e  land-sea d i f f e r e n c e s  are even less we l l -de f ined  t h a n  t h o s e  
f o r  TIKOS N. Under clear c o n d i t i o n s  t h e  RMS v a l u e s  f o r  t h e  sea t e n d  t o  be 
somewhat larger  i n  the t r o p o p a u s e  l a y e r s .  The l a n d  v a l u e s  f o r  t h e  low l a y e r s  
under  p a r t l y  c loudy  r e t r i e v a l s  t e n d  t o  be somewhat l a r g e r .  For c l o u d y  
c o n d i t i o n s  i t  i s  d i f f i c u l t  t o  f i n d  any n o t i c e a b l e  o r  c o n s i s t e n t  d i f f e r e n c e s  
between l a n d  and sea th roughou t  a l l  of t h e  l a y e r s  c o n s i d e r e d  h e r e .  

I n  general ,  t h e n ,  f o r  TIROS N t h e  l a n d  RMS v a l u e s  would t end  t o  be b e t t e r  
( s m a l l e r )  t h a n  t h e  sea RMS v a l u e s  f o r  c lear  and p a r t l y  c loudy c o n d i t i o n s  w i t h  
l i t t l e  d i f f e r e n c e  f o r  c loudy c o n d i t i o n s ,  whereas f o r  NOAA 6 t h e  l and  and sea 
v a l u e s  t e n d  t o  be more n e a r l y  comparable th roughou t  t h e  t h r e e  t y p e s  of c l o u d  
c o n d i t i o n s .  

Next, we d i s c u s s  t h e  mean o r  b i a s  d i f f e r e n c e s  i n  t h e  comparisons,  shown 
i n  f i g u r e s  4 a ,  4b,  5a, and 5b. F i r s t  t o  be d i s c u s s e d  are t h e  means f o r  TIROS 
N and NOAA 6 o v e r  l a n d .  Before going t o  t h e  v a r i o u s  a tmosphe r i c  s e c t i o n s ,  
some g e n e r a l  s t a t e m e n t s  w i l l  be made. Some tendency can be observed f o r  t h e  
mean d i f f e r e n c e s  t o  be l a r g e r  i n  t h e  lowes t  l a y e r s  and i n  t h e  t r o p o p a u s e  
l a y e r s ,  a l t h o u g h  t h i s  d o c s  n o t  s t a n d  o u t  as c l e a r l y  o r  c o n s i s t e n t l y  as i n  t h e  
case w i t h  t h e  RMS v a l u e s .  The b i a s e s  are g e n e r a l l y  p o s i t i v e  i n  t h e  t ropopause  
r e g i o n  f o r  TIROS N ,  w i t h  t h e  l a r g e s t  be ing  f o r  c loudy  c o n d i t i o n s ,  whereas t h e  
b i a s e s  are not  c o n s i s t e n t l y  p o s i t i v e  f o r  NOAA 6 e x c e p t  f o r  p a r t l y  c loudy 
c o n d i t i o n s .  
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TIROS N. Sea RMS Differences 30"N.60"N 
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NOAA 6, Sea 30"N.60"N RMS Differences 
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F i g u r e  3.--Same as figure 2 .  a) TIROS N over sea; b) N O M  6 over sea. 
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TIROS N. Land Mean Differences 30"N.60°N 
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Figure  4.--Mean d i f f e r e n c e s  between s a t e l l i t e  r e t r i e v a l  and radiosonde l a y e r  mean 

tempera tures  f o r  30' - 60"N. Hatching i n d i c a t e s  mean d i f f e r e n c e  va lues  
g r e a t e r  t han  1" (+ o r  - ) .  a )  TIROS N over  land ,  b) N O M  6 over land .  

- 11 - 
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Figure 5.--a) TIROS N over sea; b) NOAA 6 over s e a .  
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Looking now a t  i n d i v i d u a l  s e c t i o n s  of t h e  atmosphere,we see t h a t  i n  t h e  
l o w e s t  l a y e r s  f o r  clear c o n d i t i o n s  b o t h  s a t e l l i t e s  have r a t h e r  small b i a s e s  i n  
f a l l  and s p r i n g  w i t h  l a r g e r  c o l d  b i a s e s  i n  t h e  w i n t e r  p e r i o d ;  however, TIROS N 
d e f i n i t e l y  h a s  t h e  l a r g e r  v a l u e s .  The b i a s e s  f o r  c loudy  r e t r i e v a l s  are r a t h e r  
c o n s i s t e n t l y  l a r g e r  t h a n  t h o s e  f o r  clear r e t r i e v a l s .  
between t h e  sa te l l i t es  can be n o t i c e d  such  as NOAA 6 hav ing  l a r g e r  v a l u e s  t h a n  
TIROS N f o r  p a r t l y  c loudy c o n d i t i o n s ,  b u t  as i n  t h e  c lear  s k y  c o n d i t i o n s ,  
TIROS N c loudy  r e t r i e v a l s  t end  t o  have larger  mean d i f f e r e n c e s  t h a n  NOAA 6. 
A l so ,  t h e  TIKOS N c loudy  cases have a markedly c o l d  b i a s  i n  w i n t e r  and weaker 
c o l d  b i a s  i n  s p r i n g ,  as opposed t o  a r a t h e r  weak co ld  b i a s  f o r  NOAA 6 i n  
w i n t e r  and a w a r m  b i a s  i n  s p r i n g .  

Non-uniform v a r i a t i o n s  

I n  t h e  mid - t roposphe r i c  l a y e r s  f o r  clear re t r ieva ls  t h e  b i a s e s  are small 
f o r  b o t h  s a t e l l i t e s  d u r i n g  f a l l  and w i n t e r  w i t h  a tendency f o r  a s l i g h t  
i n c r e a s e  and a c o l d  b i a s  i n  t h e  s p r i n g .  A L S O ,  f o r  b o t h  s a t e l l i t e s  t h e  b i a s  
t e n d s  t o  i n c r e a s e  i n  s i z e  from clear  t o  c loudy  c o n d i t i o n s .  
c o n d i t i o n s ,  and bo th  s a t e l l i t e s ,  t h e  b i a s e s  are l a r g e s t  i n  t h e  s p r i n g  p e r i o d .  

F o r  a l l  c l o u d  

Cons ide r ing  t h e  t ropopause  r e g i o n ,  one f i n d s  t h a t  f o r  bo th  s a t e l l i t e s  
c lear  c o n d i t i o n s  produce t h e  smallest b i a s e s .  Both s a t e l l i t e s  show a w a r m  
b i a s  f o r  p a r t l y  c loudy  c o n d i t i o n s  d u r i n g  t h e  w i n t e r ,  which weakens and carries 
i n t o  t h e  s p r i n g .  TIKOS N c loudy  r e t r i e v a l s  a l s o  show a warm b i a s  d u r i n g  t h e  
w i n t e r ,  b u t  NOAA 6 t e n d s  t o  have a c o l d  b i a s .  The TIKOS N w a r m  b i a s  weakens 
c o n s i d e r a b l y  and carr ies  i n t o  s p r i n g ,  whereas t h e  NOAA 6 c o l d  b i a s  s t r e n g t h e n s  
markedly as i t  carries i n t o  s p r i n g .  

The re  i s  a n  i n t e r e s t i n g  r e l a t i o n s h i p  between t h e  b i a s e s  j u s t  d e s c r i b e d  
f o r  t h e  two s a t e l l i t e s  under c loudy  c o n d i t i o n s  d u r i n g  w i n t e r  and s p r i n g .  A s  
p o i n t e d  o u t  e a r l i e r  f o r  t h e  low l a y e r s ,  NOAA 6 i s  warmer t h a n  TIROS N,and f o r  
t h e  t r o p o p a u s e  l a y e r s  j u s t  d i s c u s s e d  NOAA 6 i s  c o l d e r  t h a n  TIROS N by 
s i g n i f i c a n t  amounts. T h i s  combinat ion of b i a s  d i f f e r e n c e s  between t h e  two 
s a t e l l i t e s  c o i n c i d e s  w i t h  t h e  e l i m i n a t i o n  of MSU channe l  3 i n  t h e  NOAA 6 
i n s t r u m e n t  from t h e  r e t r i eva l  p r o c e s s  e a r l y  i n  December 1979 because  i t  was 
though t  t o  be too  n o i s y  f o r  u se .  This channe l  peaks near 250 mb so t h a t  a n  
e f f e c t  i n  t h e  t r o p o p a u s e  l a y e r s  i s  u n d e r s t a n d a b l e ,  b u t  t h e s e  r e s u l t s  s u g g e s t  a 
p o s s i b l e  e f f e c t  i n  t h e  low l a y e r s  as w e l l .  

Pu r su ing  t h e  p reced ing  r e l a t i o n s h i p  f u r t h e r ,  i t  can be noted from t h e  RMS 
diagrams t h a t , w h i l e  t h e  RMS v a l u e s  of t h e  two s a t e l l i t e s  under  c l o u d y  
c o n d i t i o n s  are q u i t e  comparable f o r  t h e  f a l l  p e r i o d , t h e r e  i s  a d e f i n i t e  
i n c r e a s e  i n  t h e  NOAA 6 v a l u e s  i n  t h e  t ropopause  l a y e r s  d u r i n g  t h e  w i n t e r  and 
s p r i n g  months. 
w i t h  and w i t h o u t  MSU c h a n n e l  3, showed t h a t  t h e r e  w a s  up t o  1 .5"K i n c r e a s e  i n  
t h e  RMS e r r o r  n e a r  where t h e  we igh t ing  f u n c t i o n  peaks,  around 250 mb, when 
c h a n n e l  3 was n o t  used.  I n  a d d i t i o n ,  t h e  s t u d y  showed t h e r e  was about  .5"K 
e r r o r  i n c r e a s e  below 850 mb, which s u g g e s t s  t h e r e  i s  g e n e r a l l y  a s t a t i s t i c a l  
c o n n e c t i o n  between t h e  upper  and lower  l e v e l s ,  and a g r e e i n g  w i t h  r e s u l t s  n o t e d  
i n  t h e  p r e c e d i n g  pa rag raph .  The i n c r e a s e  of NOAA 6 RMS v a l u e s  i n  t h e  
t r o p o p a u s e  r e g i o n  d u r i n g  w i n t e r  w a s  p o i n t e d  o u t  i n  Gruber e t  a l .  (1980). where 
i t  was a l s o  no ted  t h a t  a n  i n c r e a s e  showed up i n  t h e  NOAA 6 c lear  RMS v a l u e s  
f o r  w i n t e r .  The i n c r e a s e  of KMS i n  clear cases can be s e e n  i n  t h e s e  RMS 

A s i m u l a t i o n  s t u d y  of a dependent  d a t a  s e t  by Grody ( 1 9 8 0 ) ,  
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diagrams f o r  s p r i n g  as w e l l ,  and i n  a d d i t i o n ,  i t  i s  seen  i n  t h e  p a r t l y  cloudy 
cond i t ions .  The similar e f f e c t  of t h e  l a c k  u s e  of MSU channel 3 i n  pa th  1 
and 2 re t r ieva ls  appa ren t ly  r e f l e c t s  t h e  importance of t h i s  channel i n  t h e  
t ropopause r eg ion  even when a l l  of t h e  i n f r a r e d  channels are being used. It 
can  be seen  i n  f i g u r e  1 t h a t  MSU channel  3 f i l l s  i n  a gap l e f t  by t h e  H I R S  
channels .  

Turning t o  t h e  mean d i f f e r e n c e s  over  t h e  sea and s t a r t i n g  w i t h  t h e  lowest 
l a y e r s ,  bo th  s a t e l l i t e s  under clear and p a r t l y  cloudy condi t ions  tend t o  have 
a c o n s i s t e n t l y  w a r m  b i a s  through a l l  seasons .  For cloudy cond i t ions  TIROS N 
has a s m a l l  co ld  b i a s  i n  f a l l  and s p r i n g  and a moderate cold b i a s  i n  wfn te r ,  
whereas NOAA 6 t ends  t o  have a r a t h e r  small w a r m  b i a s  i n  f a l l ,  a modest warm 
b i a s  i n  s p r i n g ,  and a modest cold b i a s  i n  win ter .  
i s  warmer r e l a t i v e  t o  TIROS N f o r  cloudy cond i t ions .  

NOAA 6 thus has a b ias  t h a t  

For t h e  mid-tropospheric  l a y e r s ,  t h e  c l e a r  r e t r i e v a l s  show a cold b i a s  
f o r  both s a t e l l i t e s  i n  t h e  s p r i n g  t h a t  i n c r e a s e s  t o  f a i r l y  moderate 
magnitudes. Under p a r t l y  cloudy c o n d i t i o n s  NOAA 6 has  a r e l a t i v e l y  small cold 
b i a s  i n  f a l l  and win te r  t h a t  i n c r e a s e s  t o  a moderate s i z e  i n  t h e  spr ing.  Both 
satel l i tes  under cloudy cond i t ions  have r a t h e r  moderate warm b i a ses  i n  t h e  
win te r .  

I n  t h e  l a y e r s  around t h e  t ropopause reg ion ,  bo th  satel l i tes  show warm 
b i a s  f o r  clear and p a r t l y  cloudy cond i t ions  du r ing  win te r ,  e s p e c i a l l y  
N , O f i  6. Both s a t e l l i t e s  during s p r i n g  cloudy cond i t ions  have cold b i a s e s ,  
which become rather l a r g e  f o r  NO& 6 .  

A s  over  t h e  l and ,  NOAA 6 has  a r e l a t i v e l y  warmer b i a s  i n  ' the  low l a y e r s  
i n  win te r  and s p r i n g  f o r  cloudy cond i t ions  and a r e l a t i v e l y  cold b i a s  i n  t h e  
t ropopause l a y e r s .  However, t h e  s i t u a t i o n  ove r  t he  sea is  not near ly  as 
pronounced as i t  i s  over  t h e  land.  

3.1 Summary 

The most obvious f e a t u r e  seen  i n  t h e  s t a t i s t i c s ,  r e g a r d l e s s  of t h e  
s a t e l l i t e ,  r e t r i e v a l  pa th ,  o r  under ly ing  s u r f a c e ,  i s  t h a t  t h e  RMS va lues  are 
l a r g e s t  i n  t h e  l a y e r s  c l o s e s t  t o  t h e  s u r f a c e  and i n  t h e  l a y e r s  conta in ing  t h e  
t ropopause region.  Minimum RMS va lues  are found i n  mid-tropospheric l aye r s .  

In regard  t o  r e t r i e v a l  pa th ,  t h e  c lear  r e t r i e v a l s  are d e f i n i t e l y  the  b e s t  
i n  a l l  seasons and i n  a l l  l a y e r s  but t h e  very h ighes t  one, wi th  the  cloudy 
r e t r i e v a l s  having c o n s i s t e n t l y  l a r g e r  RMS values .  The genera l  tendency i s  f o r  
t h e  p a r t l y  cloudy r e t r i e v a l s  t o  have RMS v a l u e s  somewhere between c l e a r  and 
cloudy . 

The l e n g t h  of t h i s  sample i s  r a t h e r  s h o r t  t o  e v a l u a t e  seasonal  t r ends ;  
however, i n  t h e  mid-tropospheric  and t ropopause reg ions  t h e r e  i s  a tendency 
f o r  an  i n c r e a s e  of KMS va lues  from f a l l  i n t o  win te r  under most cond i t ions ,  but  
wi th  much weaker and sporad ic  i n d i c a t i o n s  of any decrease  fol lowing t h e  win te r  
months. These s l i g h t  dec reases  may not  be s u r p r i s i n g ,  s i n c e  t h e  sample goes 
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only i n t o  e a r l y  sp r ing  when t h e r e  i s  s t i l l  cons iderable  a tmospheric  
v a r i a b i l i t y  l i k e l y  t o  be present .  

A comparison of t h e  RMS va lues  between sa te l l i t es  w a s  only p a r t i a l l y  
covered i n  t h e  d i s c u s s i o n ,  but i t  appears  from t h e  diagrams shown t h a t  t h e  two 
s a t e l l i t e s  are about comparable, o r  n e a r l y  so ,  under most cond i t ions  i n  most 
reg ions  of t h e  atmosphere,  except  i n  t h e  t ropopause l a y e r s  where t h e  l ack  of 
u se  of microwave channel 3 on NOAA 6 gave a d i s t i n c t  advantage t o  t h e  q u a l i t y  
of t h e  TIROS N r e t r i e v a l s .  

I n  gene ra l ,  d i f f e r e n c e s  i n  RMS va lues  between land and sea are not w e l l  
de f ined ,  but TIROS N tends  t o  show more d i f f e r e n c e  between t h e  two t h a n  NOAA 
6. For TIROS N t h e  RMS va lues  f o r  sea r e t r i e v a l s  tend t o  be l a r g e r  i n  t h e  
middle layers and a l s o  f o r  t h e  tropopause l a y e r s  under c lear  and p a r t l y  cloudy 
cond i t ions .  Land and s e a  RMS va lues  f o r  NOAA 6 are q u i t e  comparable o r  t h e  
d i f f e r e n c e s  between them are mixed wi th  no d i s t i n c t  edge f o r  e i t h e r  one. 

Although t h e r e  i s  some tendency f o r  mean d i f f e r e n c e s  t o  be l a r g e r  i n  the  
s u r f a c e  and t ropopause l a y e r s  than i n  t h e  middle l a y e r s ,  t h e  p a t t e r n  is  no t  
n e a r l y  as c o n s i s t e n t  o r  well-defined as was t h e  case wi th  RMS va lues .  For 
TIROS N over land t h e  t ropopause r eg ion  b i a ses  are gene ra l ly  p o s i t i v e ,  but  
over  t h e  sea t h e  s i g n  of t h e  b i a s  i s  mixed, being c o n s i s t e n t l y  p o s i t i v e  only 
i n  t h e  win te r  months. In t h e  low l a y e r s ,  t h e  b i a ses  f o r  TIROS N over land  
tend t o  be nega t ive ,  but  over  t h e  sea they are c o n s i s t e n t l y  nega t ive  only f o r  
cloudy cond i t ions .  For NOAA 6 t h e  l a c k  of use  of t h e  microwave channel 3 from 
December onward may account f o r  t h e  l ack  of cons is tency  between t h e  two 
s a t e l l i t e s .  

4 .  CASE STUDIES 

S t a t i s t i c a l  type  e v a l u a t i o n s ,  such as presented i n  t h e  previous s e c t i o n ,  
are  u s e f u l  f o r  determining t h e  gene ra l  accuracy of t h e  s a t e l l i t e  
measurements. Such informat ion  i s  necessary  f o r  s e v e r a l  purposes ,  e.g. 
q u a l i t y  c o n t r o l ,  v a l i d a t i o n  of improvements i n  r e t r i e v a l  process ing ,  and 
determining e r r o r  l e v e l s  f o r  optimum i n t e r p o l a t i o n  a n a l y s i s  procedures .  
However, s t a t i s t i c a l  eva lua t ions  t e l l  l i t t l e  about t h e  p r e c i s e  manner i n  which 
t h e  s a t e l l i t e  measurements w i l l  de sc r ibe  t h e  temperature  s t r u c t u r e  of a 
p a r t i c u l a r  cyclone system o r  f r o n t a l  zone i n  any g iven  synop t i c  s i t u a t i o n .  
The purpose of t h e  case s t u d i e s  presented he re  i s  t o  show t h e  thermal p a t t e r n s  
i n  t h e  v i c i n i t y  of b a r o c l i n i c  zones and examine t h e  manner i n  which these  
zones are dep ic t ed  by t h e  s a t e l l i t e  da t a .  Evidence of some of t h e  primary 
s t a t i s t i c a l  f e a t u r e s  of t h e  prev ious  s e c t i o n ,  such as l a r g e r  RMS e r r o r s  i n  t h e  
near -sur face  l a y e r s  and t h e  t ropopause r eg ion ,  w i l l  a l s o  be seen  i n  t h e  
i n d i v i d u a l  cases, but  o t h e r  f e a t u r e s  of t h e  thermal s t r u c t u r e  depic ted  by t h e  
s a t e l l i t e  d a t a  could no t  be a n t i c i p a t e d  from t h e  r e s u l t s  of t h e  s t a t i s t i c a l  
e v a l u a t i o n ,  

4.1 Data Processing and Analys is  

Before d i scuss ing  t h e  case s t u d i e s ,  some of t h e  necessary  process ing  
d e t a i l s  should be noted. F i r s t ,  a NMC r o u t i n e  was used t o  convert  t h e  l a y e r  
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mean t e m p e r a t u r e s  provided by NESS t o  c o n s t a n t  p r e s s u r e  l e v e l  t e m p e r a t u r e s  and 
t h i c k n e s s e s  from 1000 mb t o  e a c h  mandatory c o n s t a n t  p r e s s u r e  l e v e l .  Thus, t h e  
s a t e l l i t e  soundings used i n  t h e  s t u d y  were s t r u c t u r e d  t h e  same as t h o s e  NMC 
would u s e  i n  t h e i r  o p e r a t i o n s .  

Next,  t h e  s a t e l l i t e  d a t a  w e r e  ana lyzed  by a Cressman-type o b j e c t i v e  
a n a l y s i s  scheme. A z e r o  guess  f i e l d  was used on t h e  f i r s t  scan, and each p i e c e  
of d a t a  w a s  weighted t o  a l l  g r i d  p o i n t s  w i t h i n  a 5 g r i d - l e n g t h  r a d i u s  about  
i t s  l o c a t i o n .  A g r o s s  e r r o r  check w a s  t h e n  performed between each d a t a  v a l u e  
and t h e  i n t e r p o l a t e d  f i r s t  s c a n  v a l u e  a t  i t s  l o c a t i o n .  If t h e  d i f f e r e n c e  
between t h e  two v a l u e s  exceeded a p r e s p e c i f i e d  l i m i t  t h a t  p i e c e  of d a t a  was 
thrown o u t  f o r  t h e  remainder  of t h e  a n a l y s i s .  Subsequent ly ,  f o u r  a d d i t i o n a l  
s c a n s  were c a r r i e d  out  w i t h  a s u c c e s s i v e l y  d e c r e a s i n g  r a d i u s  of i n f l u e n c e .  A 
f i v e - p o i n t  smoother  was used a f t e r  each scan. 

Comparisons were made between NMC ana lyzed  f i e l d s  (which conta ined  n o  
s a t e l l i t e  soundings i n  t h e  A p r i l  1979 case and none over l a n d  i n  subsequent: 
c a s e s )  and t h e  s a t e l l i t e - o n l y  a n a l y s e s  as d e s c r i b e d  above,  b o t h  by v i s u a l  
i n s p e c t i o n  and by t a k i n g  g r i d - p o i n t  d i f f e r e n c e s .  T h i s  was done f o r  a n a l y s e s  
a t  3 c o n s t a n t - p r e s s u r e  l e v e l s ,  850, 500, and 250 mbs, and f o r  two t h i c k n e s s  
l a y e r s ,  1000-500 mb and 700-300 mb. The 700-300 mb l a y e r  was chosen because 
i t  i s  above t h e  lower boundary l a y e r  where t h e r e  are d i f f i c u l t i e s  w i t h  t h e  
s a t e l l i t e  soundings and i n  t h e  middle  t r o p o s p h e r e  where t h e  r e t r i e v a l s  should  
do w e l l .  The NMC a n a l y s e s  used were from t h e  f i n a l  c y c l e ,  which u s e s  t h e  
optimum i n t e r p o l a t i o n  t e c h n i q u e .  

I s e n t r o p i c  c r o s s - s e c t i o n s ,  u s i n g  a modif ied form of t h e  Shapiro-Hast ings 
program (1973) ,  were computed i n d i v i d u a l l y  from s a t e l l i t e  r e t r i e v a l s ,  
r a d i o s o n d e  o b s e r v a t i o n s ,  and t h e  NMC t e m p e r a t u r e  a n a l y s e s .  These cross 
s e c t i o n s  i n c l u d e  v e r t i c a l l y  i n t e g r a t e d  t h e r m a l  wind speeds  computed normal t o  
t h e  o r i e n t a t i o n  of t h e  s e c t i o n .  Thermal wind s p e e d s ,  of c o u r s e ,  p rovide  an 
e x c e l l e n t  measure of t h e  h o r i z o n t a l  ( i s o b a r i c )  t e m p e r a t u r e  g r a d i e n t s  p r e s e n t  
i n  t h e  s e v e r a l  r e p r e s e n t a t i o n s  of t h e  atmosphere.  

4.2 Case Study - A p r i l  6 ,  1979, 1200 GMT 

4.2.1 S y n o p t i c  S i t u a t i o n  

The s u r f a c e  p r e s s u r e  a n a l y s i s  f o r  1200 GMT A p r i l  6 shows a c o l d  f r o n t  
moving through t h e  east c o a s t  S ta tes  and t r a i l i n g  westward through Arkansas t o  
t h e  Texas panhandle ,  b r i n g i n g  w i t h  i t  an  a r c t i c  a i r  mass. An ea r l i e r  p o l a r  
a i r  mass c o v e r s  t h e  r e g i o n  ahead of t h e  c o l d  f r o n t .  A l o f t  t h e  co ld  o u t b r e a k  
i s  a s s o c i a t e d  w i t h  a d i f l u e n t  shortwave t rough t h a t  Tiad dropped southeas tward  
from Canada i n t o  t h e  longwave t r o u g h  p o s i t i o n  i n  t h e  e a s t e r n  p o r t i o n  of t h e  
United S t a t e s .  The s t r o n g e s t  t e m p e r a t u r e  g r a d i e n t s  and a r a t h e r '  s h a r p l y  
d e f i n e d  speed  maximum of t h e  j e t  stream are l o c a t e d  on t h e  s o u t h e r n  and 
w e s t e r n  s i d e s  of t h e  t rough.  It i s  through t h i s  p o r t i o n  of t h e  system t h a t  
t h e  c r o s s  s e c t i o n s  are taken .  
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4.2.2 S a t e l l i t e  Data and Analyses  

The l o c a t i o n s  and t i m e s  of t h e  TIROS N r e t r i e v a l s  a r e  shown i n  f i g u r e  
6 .  The area through t h e  midwest where t h e  c r o s s  s e c t i o n s  are taken  i s  about  
two hours  p r i o r  t o  t h e  t i m e  of t h e  rad iosondes  and NMC a n a l y s e s .  The symbols 
i n d i c a t e  t h e  t y p e  of r e t r i e v a l  p a t h  used;  open circles f o r  c l e a r ,  s o l i d  
c i rc les  f o r  c loudy,  and stars f o r  t h e  N-star o r  p a r t l y  cloudy paths .  

The I R  c loud  p i c t u r e  from TIROS N i n  f i g u r e  7 i n d i c a t e s  t h e  pr imary 
c l o u d i n e s s  w i t h  t h e  shortwave t rough i s  t o  t h e  n o r t h e a s t  of t h e  Great  Lakes,  
w i t h  o n l y  a weak c loud  band o r i e n t e d  NW-SE a c r o s s  t h e  midwest. 
p a t h  r e t r i e v a l s  from Minnesota  northward toward Hudson's Bay ( f i g .  6 )  a r e  i n  a 
r e g i o n  t h a t  i s  most ly  clear a c c o r d i n g  t o  t h e  s u r f a c e  c h a r t ,  o therwise  t h e  
c l o u d i n e s s  i n  f i g u r e  7 seems t o  be i n  good agreement w i t h  t h e  p l o t t e d  
r e t r i e v a l  p a t h s  i n  f i g u r e  6. This  d i s c r e p a n c y  between t h e  cloudy p a t h  
r e t r i e v a l s  f o r  a n  a p p a r e n t l y  clear r e g i o n  may ar ise  because t h e  s u r f a c e  was a t  
such  a c o l d  and uniform t e m p e r a t u r e ,  as can be s e e n  i n  t h e  I R  p i c t u r e  ( f i g .  
7 ) ,  t h a t  t h e  p r o c e s s i n g  r o u t i n e s  (which u t i l i z e  t h e  window channels )  d e f i n e d  
t h e  area as cloudy.  

The c loudy 

The TIKOS N and NMC 1000-500 mb t h i c k n e s s  a n a l y s e s  are shown i n  f i g u r e  
8. The g e n e r a l  resemblance of t h e  p a t t e r n s  i s  q u i t e  s t r o n g .  Over most of t h e  
North American r e g i o n  they  a g r e e  t o  w i t h i n  k40 m ( 2 "  mean tempera ture) .  
co ld  r e g i o n  i n  t h e  TIROS N a n a l y s i s  o v e r  t h e  mountainous wes tern  United S t a t e s  
i s  probably a n  e l e v a t i o n  e f f e c t  caused by a low tempera ture  from t h e  lowes t  
r e p o r t e d  TIROS N l a y e r  ( s t i l l  some d i s t a n c e  above ground) being reduced t o  a 
1000 mb t e m p e r a t u r e  t h a t  i s  t o o  low, t h e r e b y  c a u s i n g  t h e  t h i c k n e s s  t o  be t o o  
sha l low.  Note t h e  p o s i t i v e  d i f f e r e n c e  r e g i o n  i n  s o u t h e r n  Canada e x t e n d i n g  
s o u t h e a s t w a r d  i n t o  t h e  c e n t r a l  United S t a t e s  and l o c a t e d  i n  t h e  most 
b a r o c l i n i c  zone. This  d i f f e r e n c e  r e a c h e s  a magnitude of g r e a t e r  t h a n  80 m a n d  
i t s  s i g n i f i c a n c e  w i l l  be explored  la te r .  
d i f f e r e n c e s  i n  t h e  P a c i f i c  w i l l  a l s o  be d i s c u s s e d  s e p a r a t e l y .  

The 

The system w i t h  t h e  l a r g e  n e g a t i v e  

Examining t h e  700-300 mb t h i c k n e s s  a n l a y s e s  i n  f i g u r e  9 ,  one can see t h e  
agreement between t h e  TIROS N and NMC p a t t e r n s  is e x c e l l e n t  over  most of t h e  
map. The p r i n c i p a l  e x c e p t i o n s  are a g a i n  l a r g e  and s t r o n g  n e g a t i v e  d i f f e r e n c e s  
i n  t h e  Gulf of Alaska and t h e  n e g a t i v e  d i f f e r e n c e s  i n  t h e  n o r t h e r n  Great 
P l a i n s .  T h i s  l a t t e r  area cor responds  c l o s e l y  t o  t h e  l a r g e  d i f f e r e n c e  area of 
o p p o s i t e  s i g n  p r e v i o u s l y  noted  i n  t h e  1000-500 mb t h i c k n e s s  a n a l y s e s .  
C e r t a i n l y  c l o s e r  s c r u t i n y  i s  warran ted  t o  de te rmine  t h e  n a t u r e  of t h e  thermal  
s t r u c t u r e  i n  t h a t  r e g i o n .  

The three-d imens iona l  thermal  s t r u c t u r e  of t h e  s h o r t  wave t rough can be 
a s s e s s e d  w i t h  t h e  h e l p  of i s e n t r o p i c  c r o s s - s e c t i o n s .  
l o c a t i o n s  are shown i n  f i g u r e  10 - TIROS N r e t r i e v a l s  o n l y ,  rad iosonde  o n l y ,  
and NMC a n a l y s i s  e x t r a c t e d  a t  TIKOS N l o c a t i o n s .  Sur face  and r e p o r t e d  
t r o p o p a u s e  s i g n i f i c a n t  l e v e l s  were added t o  t h e  radiosonde r e p o r t s ;  o t h e r w i s e  
o n l y  mandatory l e v e l  t e m p e r a t u r e s  were used i n  a l l  t h r e e  t y p e s  of d a t a .  Two 
f e a t u r e s  can be noted i n  comparing t h e s e  t h r e e  s e c t i o n s .  One i s  t h e  t r e a t m e n t  
i n  t h e  t r o p o p a u s e  r e g i o n  where t h e  a d d i t i o n  of t h e  t ropopause  l e v e l  t o  t h e  
r a d i o s o n d e  p r o f i l e  undoubtedly i n c r e a s e s  t h e  d e f i n i t i o n  i n  t h i s  c r o s s  

Three s e c t i o n s  and t h e i r  
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iinw pod 0815-0827 GMT 'Job 

1134-1153 GMT 0956-1008 GMT 

TlROS N Data Locationi and Retrieval Path April 6. 1979 

! F i g u r e  6.--TIROS N r e t r i e v a l  l o c a t i o n s  f o r  Apr i l  6 ,  
o r b i t a l  swaths wi th  times as i n d i c a t e d .  
s tars i n d i c a t e  p a r t l y  cloudy p a t h ,  and s o l i d  c i r c l e s  i n d i c a t e  cloudy pa th  
r e t r i e v a l s .  

1979. Broken l i n e s  d e l i n e a t e  
Open c i r c l e s  i n d i c a t e  c lear  p a t h ,  

F igure  7.--TIROS N d i g i t i z e d  i n f r a r e d  mosaic f o r  Apr i l  6 ,  1979. Time corresponds 
t o  swaths i n  F igure  6.  
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April 6. 1979 (1200 GMT) 

NMC 1000.500 mb Thickness Analysis (contour interval = 6 dm) 

TIROS N - NMC 1000.500 mb Thickness Difference (contour interval = 40 m) ---- 

April 6, 1979  (1200 GMT) 

TIROS N 1000-500  mb Thickness Analysis (contour interval = 6 dmi 

TIROS N - NMC 1000-500 mb Thickness Difference (contour interval = 40 ---- 

Figure 8.--a) NMC 1000 - 500 mb t h i c k n e s s  a n a l y s i s  i n  s o l i d  l i n e s  (contour i n t e r v a l  
= 6 dm), and t h e  broken l i n e s  a re  t h e  TIROS N minus NMC t h i ckness  d i f f e r e n c e  
(contour  i n t e r v a l  = 40 m) f o r  1200 GMT,  Apr i l  6 ,  1979. 
500 m h  t h i c k n e s s  a n a l y s i s  i n  s o l i d  l i nes  (contour  i n t e r v a l  = 6 dm) with 
broken l i n e s  same as  a )  f o r  about 1000 GMT Apr i l  6 ,  1979. 

11) TIROS N 1000 - 
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April 6, 1 9 7 9  (1200 GMT) 

NMC 7 0 0 - 3 0 0  mb Thickness Analysis (contour interval = 6 dm) 

---- TlROS N - NMC 700.300 mb Thickness Difference (contour interval = 50 m) 

b )  April 6, 1 9 7 9  (1200 GMT) 

- TlRCS N 7 0 0 - 3 0 0  mb Thickness Analysis (contour interval = 6 dm) 

---- TlROS N - NMC 700-300 mb Thickness Difference (contour interval = 50 m) 

Figure  9.--a)  Same as f i g u r e s  9a) and b) except  f o r  t h e  700 - 300 mb t h i c k n e s s ,  
and t h e  t h i c k n e s s  d i f f e r e n c e  contour  i n t e r v a l  = 50 m .  
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Potential  Temperature ( K )  and  Thermal Wind (m/sec) Cross Sections, 6 April 1979: 

From 'TIROS, N a t  1000 GMT 

5i 211 445 4 0 7  3 9 1  354 31 9 287N 

80 7w 88 1 89 7 9 5 6  9 7 6  1022 t06 1w 

From NMC Analysis at TIROS N Retrieval Locations 
at 1200 GMT 4 

28 6N 500N 487 467 416 39 1 37 6 3 5 0  326 
812W 8 7 9 9 0 0  9 1 1  9 6 1  9 9 1  999 1035 1080W 

Retrieval Locations RAOB LoCatlOflS 

Figure 1 0 . - - I s e n t r o p i c  c r o s s - s e c t i o n s  f o r  1200 GMT Apr i l  6 ,  1979 (TIROS N ahout 
1000 GMT). P o t e n t i a l  t empera ture  (deg. K )  i n  narrow s o l i d  l i n e s  and thermal 
winds i n  wide s o l i d  l i n e s  (m/sec).  a )  TIROS N r e t r i e v a l s ,  b) rad iosondes ,  
c )  NMC f i n a l  c y c l e  a n a l y s i s  a t  TIROS N l o c a t i o n s ,  and d)  TIROS N l o c a t i o n s  
ind ica t ed  with t r i a n g l e s  and broken l i n e ,  radiosonde l o c a t i o n s  wi th  c i r c l e s  
and s o l i d  l i n e .  
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s e c t i o n .  In  gene ra l ,  t h e  change i n  t h e  lapse rate a t  t h e  tropopause i s  more 
apparent  i n  the radiosonde cross -sec t ion  than  i n  t h e  TIROS N o r  a n a l y s i s  c r o s s  
s e c t i o n s .  The break i n  t h e  tropopause l e v e l s  a t  t h e  thermal wind j e t  maximum 
is much more obvious i n  t h e  radiosonde than  i n  e i t h e r  of t h e  o t h e r  two, 
e s p e c i a l l y  i n  t h e  TIROS N. 
f r o n t a l  zone i n  t h e  radiosonde cross -sec t ion  as compared with t h e  o t h e r  two; 
h e r e ,  however, t h e  TIROS N appears  t o  p re sen t  a sha rpe r  f r o n t a l  zone than t h e  
a n a l y s i s  c ross -sec t ion ,  p a r t i c u l a r l y  i n  t h e  600-800 mb l a y e r .  This s t r e n g t h  
of t h e  f r o n t a l  zone can be compared d i r e c t l y  by examining t h e  computed thermal 
wind p a t t e r n .  The wind maximum i n  t h e  TIROS N s e c t i o n  i s  q u i t e  comparable i n  
s t r e n g t h ,  h e i g h t ,  and l o c a t i o n  t o  t h e  one i n  t h e  radiosonde s e c t i o n  and , 
al though i t  agrees  wi th  t h e  a n a l y s i s  s e c t i o n  i n  l o c a t i o n ,  t h e  magnitude i s  
g r e a t e r  i n  t h a t  of TIROS N. 
t h e  radiosonde s e c t i o n  l e a d s  t o  a h o r i z o n t a l  and v e r t i c a l  concen t r a t ion  of t h e  
wind maximum t h a t  i s  much g r e a t e r  than  i n  e i t h e r  of t h e  o t h e r  two. The 
impression l e f t  i s  t h a t  t h e  TIROS N s e c t i o n  compares r a t h e r  f avorab ly  wi th  t h e  
o t h e r  two i n  gene ra l  and l ies  somewhere between t h e  two i n  d e t a i l i n g  t h e  
b a r o c l i n i c  zone. 

The second f e a t u r e  t o  note  i s  t h e  sharpness  of t h e  

The doming i n  the  tropopause south  of t h e  j e t  i n  

4 . 2 . 3  Upper Midwest D i f f e rence  P a t t e r n  

Returning now t o  t h e  d i f f e r e n c e  p a t t e r n s  noted previous ly  i n  t h e  Midwest 
and p a r t i c u l a r l y  t h e  n o r t h e r n  Great P la ins  and extending i n t o  southern  Canada, 
we w i l l  f i r s t  b r i e f l y  cons ide r  t h e  off-time e f f e c t  of t h e  s a t e l l i t e  da ta .  
Over most of t h e  reg ion  t h e  s a t e l l i t e  observa t ions  were about two hours  
ear l ie r  than  t h e  radiosondes and NMC a n a l y s e s ,  except  i n  t h e  northwest  p o r t i o n  
of t h e  r eg ion  where t h e  s a t e l l i t e  ana lyses  w e r e  blended wi th  obse rva t ions  t h a t  
were only 1/2 hour earlier than  synop t i c  t i m e .  

For t h e  1000-500 mb th i ckness  t h e  TIROS N minus NMC a n a l y s i s  d i f f e r e n c e  
w a s  p o s i t i v e ,  i n d i c a t i n g  the s a t e l l i t e  th i cknesses  were g r e a t e r  and t h e r e f o r e  

g r e a t e r  than  40 m d i f f e r e n c e s  t h e  NMC-analyzed 1000-500 mb th i cknesses  
inc reased  f o r  t h e  12-hour per iod bracke t ing  t h e  s a t e l l i t e  observa t ions .  Thus, 
a l lowing  f o r  t h e  of f-time f a c t o r  would decrease  t h e  NMC-analyzed th i cknesses  
and f u r t h e r  i n c r e a s e  t h e  d i f f e r e n c e s  between t h e  two ana lyses  by an amount 
vary ing  from 14 pe rcen t  t o  53  p e r c e n t .  However, i n  t h e  southern  Great Lakes 
and I l l i n o i s - I n d i a n a  r eg ion  where t h e  d i f f e r e n c e s  were less than  40 m, t h e  
of f - t ime f a c t o r  h e l p s  and accounts  f o r  up t o  100 pe rcen t  o f  t h e  d i f f e r e n c e s  
between t h e  ana lyses .  

The 700-300 mb t h i c k n e s s  d i f f e r e n c e s  between t h e  two ana lyses  were 
nega t ive ,  i n d i c a t i n g  t h e  s a t e l l i t e  mean tempera tures  f o r  t h e  l a y e r  were 
lower.  
t h e  NMC-analyzed t h i c k n e s s e s  increased  f o r  t h e  12-hour p e r i o d .  Allowing €or 
t h e  o f f - t ime  f a c t o r  i n  t h i s  case would dec rease  t h e  NMC-analyzed t h i c k n e s s  
va lues  and, t h e r e f o r e ,  t h e  d i f f e r e n c e s  between t h e  two ana lyses  by an amount 
vary ing  from 14 pe rcen t  t o  55 p e r c e n t .  
example, would have 2 2  pe rcen t  accounted f o r  by t h e  time change. 
12-hour t h i c k n e s s  changes account  f o r  between 34 pe rcen t  and 50 pe rcen t  of 
t h e  d i f f e r e n c e  between t h e  TIROS N and NMC a n a l y s e s .  
s i g n i f i c a n t  d i f f e r e n c e s  i n  t h e s e  f i e l d s  t o  be explored and expla ined .  

, had a h ighe r  mean temperature  f o r  t h e  l a y e r .  Within t h e  area covered by 

Within t h e  area covered by g r e a t e r  (nega t ive ly )  t han  -50 m d i f f e r e n c e s  

The l a r g e s t  d i f f e r e n c e  (-92 m ) ,  f o r  
The l a r g e s t  

Thus, t h e r e  remain 
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To g a i n  an  a d d i t i o n a l  f e e l  f o r  the n a t u r e  of t h e  d i f f e r e n c e s  between t h e  
two a n a l y s e s ,  examine f i g u r e  11. It shows p r o f i l e s  of analyzed g r i d  po in t  
tempera tures  a t  850 and 500 mb along two l i n e s  ac ross  t h e  system. The two 
l i n e s  (def ined  by g r i d  p o i n t s )  s tar t  a t  ad jacen t  g r i d  po in t s  n e a r  James Bay, 
Canada, t h e  f i r s t  one o r i e n t e d  southwestward and t h e  o t h e r  more westward. One 
t h i n g  t o  be noted i s  t h a t  t h e  l o c a t i o n  of t h e  lowest  temperatures  a t  t h e  two 
l e v e l s  from t h e  NMC a n a l y s e s  changes, i .e . ,  t h e r e  is  an apparent  t i l t  t o  t h e  
cold a i r ,  whereas i n  t h e  TIROS N ana lyses  t h e r e  i s  no such t i l t .  The o t h e r  
f e a t u r e  t o  be observed i s  the area of t h e  g r e a t e s t  s l o p e  of t h e  temperature  
p r o f i l e s .  Again, i n  t h e  p r o f i l e s  from t h e  NMC ana lyses ,  t he  reg ion  of t h e  
s t r o n g e s t  s l o p e  changes i n  l o c a t i o n  such t h a t  t h e  f r o n t a l  zone e x h i b i t s  a tilt  
wi th  h e i g h t .  However, i n  t he  TIROS N p r o f i l e s  t h e  area of maximum s lope  
appears  not t o  change l o c a t i o n  a t  t h e  two l e v e l s .  Thus, a t  least as depic ted  
by cond i t ions  a t  t h e s e  two l e v e l s ,  t h e  TIROS N ana lyses  show a nea r ly  v e r t i c a l  
f r o n t a l  zone. 

To add t o  t h e  understanding of t h e  manner i n  which t h e  two types  of 
analyzed thermal  p a t t e r n s  d i f f e r ,  f i g u r e  1 2  shows t h e  NMC a n a l y s i s  i s e n t r o p i c  
c ros s - sec t ion  from f i g u r e  10 w i t h  tempera ture  d i f f e r e n c e s  between t h e  TIROS N 
r e t r i e v a l s  and t h e  NMC f i n a l  a n a l y s i s  superimposed. General ly ,  t h e  l a r g e s t  
d i f f e r e n c e s  seen  are i n  t h e  t ropopause r eg ion  where t h e  r e t r i e v a l s  are 
c o n s i s t e n t l y  t o o  warm. 
t empera tures  i n  t h e  lower l e v e l s  centered  toward t h e  cold s i d e  and s loping  
upward a long  t h a t  s i d e  of t h e  f r o n t .  On t h e  o t h e r  hand, i n  t h e  mid- 
t roposphere  t h e  r e t r i e v a l  tempera tures  are lower toward the leading  o r  o u t e r  
s i d e  of t h e  f r o n t a l  zone and tend t o  s l o p e  downward on t h e  warm s i d e  of t h e  
f r o n t .  As a r e s u l t  of t h e s e  tempera ture  d i f f e r e n c e s ,  t h e  r e t r i e v a l s  would, i n  
e f fec t ,  expand the cold a i r  i n  the middle l e v e l s  outward from the cold dome 
t o o  much and then  p u l l  t h e  warmer a i r  i n  t h e  lower l e v e l s  inward too  f a r .  The 
n e t  e f f e c t  of t h e  r e t r i e v a l  tempera tures ,  t h e r e f o r e ,  i s  t h e  c r e a t i o n  of a 
f r o n t a l  zone tending  t o  be t o o  v e r t i c a l .  As an ad junc t  t o  t h i s  f r o n t a l  
s t r u c t u r e ,  t h e  h ighe r  tempera tures  dep ic t ed  by t h e  r e t r i e v a l s  i n  t h e  lower 
l e v e l s  ( r e l a t i v e  t o  t h e  NMC a n a l y s i s  i n  f i g u r e  12) are v e r t i c a l l y  beneath the 
lower tempera tures  i n  t h e  middle l e v e l s  r e s u l t i n g  i n  a v e r t i c a l  column t h a t  i s  
more uns t ab le  than  t h e  NMC a n a l y s i s  i n  t h e  f r o n t a l  zone. This e f f e c t  could 
a l s o  be seen  i n  f i g u r e  11 where t h e  v e r t i c a l  s e p a r a t i o n  of temperature  
p r o f i l e s  from t h e  NMC a n a l y s e s  i s  much less than  those  from t h e  TIROS N 
ana lyses  i n  t h e  f r o n t a l  r eg ion ,  i n d i c a t i n g  g r e a t e r  s t a b i l i t y .  

In  t h e  f r o n t a l  zone, t h e  r e t r i e v a l s  show h ighe r  

I n  o rde r  t o  f i n d  t h e  b a s i s  of t h e  temperature  d i f f e r e n c e s  and thermal 
s t r u c t u r e  p rev ious ly  d i scussed ,  we w i l l  nex t  examine some matched r e t r i e v a l  
and radiosonde p r o f i l e s .  The radiosondes f o r  I n t e r n a t i o n a l  F a l l s ,  Minn., and 
Bismark, N. D.,are i n  f i g u r e  13 a long  wi th  a nearby r e t r i e v a l  f o r  each one. 
Looking only a t  t h e  radiosondes one can see the t o p  of t h e  f r o n t a l  l a y e r  
r i s i n g  from n e a r  750 mb a t  Bismark t o  about  500 mb a t  I n t e r n a t i o n a l  Falls.  
The t ropopause,  w i th  an  oppos i t e  s l o p e ,  d rops  from about 200 mb t o  near  300 
mb. 
f r o n t a l  s t a b l e  l a y e r  adequately.  F u r t h e r ,  however, i t  can be seen  t h a t  t h e  
r e t r i e v a l s  i n  f i g u r e  13 produce a l a y e r  t h a t  is  t o o  warm below t h e  f r o n t a l  
l a y e r  and t o o  co ld  above i t .  Consequently,  t h e  h igher  t h e  f r o n t a l  l a y e r ,  as 
a t  I n t e r n a t i o n a l  F a l l s ,  t h e  greater t h e  depth  of t h e  warm l a y e r  below i t ,  and 

By the i r  n a t u r e  retrievals l a c k  the v e r t i c a l  r e s o l u t i o n  t o  dep ic t  a 
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Figure 11.--Analysis temperature profiles along 
two lines (as given by latitudes and 
longitudes in figure for 850 mb and 500 mb 
NMC analysis in solid lines (1200 GMT)  and 
TIROS N analysis in broken lines (about 
1000 GMT)  for April 6 .  
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Figure 12.--Isentropic cross-section from NMC 
analysis (same as fig. 1Oc) with TIROS N 
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difference superimposed in wide lines 
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t h e  lower t h e  f r o n t  t h e  g r e a t e r  t h e  depth  of t h e  cold l a y e r  above i t ,  as a t  
Bismark. In each case t h e  p r o f i l e  from t h e  r e t r i e v a l s  would i n d i c a t e  less 
s t a b i l i t y  i n  t h e  main p o r t i o n  of t h e  t roposphere  than  t h a t  shown by t h e  
radiosondes.  Also, i n  both cases t h e  i n d i c a t e d  t ropopause i n  t h e  r e t r i e v a l s  
i s  lower and warmer than t h e  t ropopause i n  t h e  radiosondes.  

The r e t r i e v a l s  i n  t h e  prev ious  f i g u r e  were t h e  cloudy type ,  whereas i n  
f i g u r e  1 4  are shown t o  clear r e t r i e v a l s .  
Kansas , the radiosondes aga in  d i s p l a y  t h e  f r o n t a l  s lope ,  from n e a r  700 mb down 
t o  below 850 mb a t  Topeka. 
c h a r a c t e r  t o  t h e  two previous ly  d i scussed ;  t o o  w a r m  below t h e  f r o n t a l  s t a b l e  
l a y e r  and t o o  cold throughout  most of t h e  t roposphere  above i t ,  al though t h e  
area of t h e  cold r eg ion  seems t o  be smaller than  i n  t h e  Bismark comparison, 
where t h e  f r o n t  was a t  a similar he ight .  A t  Topeka, w i t h  t h e  f r o n t a l  zone 
cons iderably  lower,  t h e  two p r o f i l e s  are q u i t e  c l o s e  through t h e  
t roposphere .  Because of t h e  t e r r a i n  e l e v a t i o n ,  t h e  r e t r i e v a l  p r o f i l e  does not 
extend down f a r  enough t o  show a l a y e r  ' that  is  t o o  warm below t h e  f r o n t .  
Again t h e  t ropopauses  i n  t h e  r e t r i e v a l s  are too  low and warm, and t h e  
r e t r i e v a l  n e a r  Peoria  shows less s t a b i l i t y  than  t h e  radiosonde.  

A t  Peo r i a ,  I l l i n o i s , a n d  Topeka, 

The r e t r i e v a l  near  Peor i a  e x h i b i t s  very similar 

Therefore ,  i n  t h e s e  examples of radiosonde and r e t r i e v a l  comparisons one 

The r eg ion  
can see t h e  cause of t h e  d i f f e r e n c e s  seen  ear l ie r  i n  t h e  temperature  s t r u c t u r e  
between t h e  NMC a n a l y s e s  and t h e  ana lyses  of s a t e l l i t e - o n l y  da t a .  
of lower temperature  shown by t h e  s a t e l l i t e  d a t a  i n  t h e  mid-troposphere arises 
from t h e  lower tempera tures  above t h e  f r o n t a l  zone i n  t h e  v e r t i c a l  p r o f i l e s ;  
and t h e  h ighe r  tempera tures  below t h e  f r o n t  g ive  rise t o  t h e  r eg ion  of h i g h e r  
tempera tures  shown by t h e  s a t e l l i t e  d a t a  i n  t h e  lower t roposphere  i n  t h e  
comparison of t h e  ana lyses .  These v e r t i c a l - p r o f i l e  comparisons a l s o  account  
f o r  t h e  tendency of t h e  s a t e l l i t e  dep ic t ed  f r o n t a l  zone t o  be n e a r l y  
ve rt i cal  . 
4.2.4 P a c i f i c  Cyclone 

I n  somewhat of a d i g r e s s i o n  from t h e  primary purpose of t h e  case s t u d i e s  
being p resen ted ,  i t  is worthwhile t o  examine t h e  system i n  t h e  Gulf of Alaska 
t o  see how t h e  s a t e l l i t e  soundings d e s c r i b e  t h e  temperature  p a t t e r n s  i n  
comparison w i t h  t h e  NElC a n a l y s e s  t h a t  were made wi thout  b e n e f i t  of t h e  
r e t r i e v a l s .  Re fe r r ing  back t o  f i g u r e  7, one recalls t h e  l a r g e  mature s p i r a l  
cloud p a t t e r n  sou th  of t h e  western t i p  of t h e  Alaskan pen insu la ,  t h e  s t a g e  
normally a s s o c i a t e d  w i t h  a deep, ful ly-developed cyclone. What are t h e  
soundings capable  of d e p i c t i n g  f o r  such a system? 

The system i s  w e l l  covered by r e t r i e v a l s ,  as seen  i n  f i g u r e  6 ,  with  
cloudy pa th  r e t r i e v a l s  a s s o c i a t e d  wi th  t h e  s p i r a l  c loud band and clear pa th  
o u t s i d e  t h e  cloud band. The d a t a  i n  t h i s  area are from 1 . 3  t o  3 hours  
a f t e r  synop t i c  a n a l y s i s  t i m e .  What t h e s e  r e t r i e v a l s  show about t h e  thermal  
s t r u c t u r e  of t h e  system can be seen  i n  t h e  t h i c k n e s s  ana lyses  i n  f i g u r e s  8 and 
9. 
marked and much l a r g e r  than  those  over  land.  
c e n t e r s  n e a r  50"N and 160W, s i g n i f i c a n t l y  co lde r  and f a r t h e r  east t h a n  
i n d i c a t e d  by t h e  NMC ana lyses .  

The d i f f e r e n c e s  between t h e  s a t e l l i t e - o n l y  and NMC ana lyses  are q u i t e  
They both show d i s t i n c t  cold 

The th i ckness  r idge  a s s o c i a t e d  w i t h  t h e  cloud 
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band has  been sharpened and s h i f t e d  somewhat eastward i n  t h e  s a t e l l i t e - o n l y  
a n a l y s i s .  The zone of s t r o n g e s t  thermal g rad ien t  a s s o c i a t e d  with t h e  j e t  
coming through t h e  t rough behind t h e  cloud band has  been t igh tened  
cons iderably  and s h i f t e d  southeastward by t h e  s a t e l l i t e  d a t a ,  with an  
a s s o c i a t e d  increase i n  cyc lon ic  curva ture .  I n  gene ra l ,  t h e r e f o r e ,  t h e  thermal 
p a t t e r n s  from t h e  s a t e l l i t e  d a t a  possess  more c h a r a c t e r  than those  from t h e  
NMC ana lyses .  

Over t h e  ocean, i t  i s  d i f f i c u l t  t o  assess t h e  accuracy of t h e  thermal 
p a t t e r n s  being dep ic t ed  by t h e  s a t e l l i t e  d a t a ,  but t h e  p a t t e r n s  are i n  
agreement wi th  exper ience  gained from i n t e r p r e t a t i o n  of s a t e l l i t e  cloud 
p a t t e r n s  as presented  by Anderson, e t  a l .  (1974). 
n o t e  t h e  placement of t h e  th i ckness  r i d g e ,  r e g i o n  of t i g h t e s t  g r a d i e n t ,  and 
t h e  cold c e n t e r .  

In  t h i s  r ega rd ,  one should 

To provide a more complete p i c t u r e  of t h e  3-dimensional s t r u c t u r e ,  we can 
The c r o s s  s e c t i o n s  i n  f i g u r e  15 are  use  i s e n t r o p i c  c r o s s  s e c t i o n s  once again.  

taken west-east through t h e  system nea r  50" N. The one from t h e  TIROS N d a t a  
shows a d i s t i n c t  f r o n t a l  zone between approximately 145" and 150" W with a 
c l e a r l y  de f ined  thermal wind maximum centered  a t  300 mb. I n  t h e  NMC a n a l y s i s  
c ros s - sec t ion  t h e r e  i s  a r a t h e r  weak b a r o c l i n i c  zone i n  t h e  mid-troposphere 
w i t h  only a very weak thermal  wind maximum. The f r o n t a l  zone i n  t h e  TIROS N 
s e c t i o n  does appear t o  be n e a r l y  v e r t i c a l ,  which may be a drawback i n  l i g h t  of  
t h e  preceding d i s c u s s i o n  of r e s u l t s  from t h e  f r o n t a l  zone i n  t h e  midwest. 

North-south c r o s s  s e c t i o n s  through t h i s  system (not  shown) us ing  t h e  
TIROS N d a t a  and t h e  NMC a n a l y s e s  were i n  much b e t t e r  agreement, i n d i c a t i n g  t h a t  
t h e  mer id iona l  temperature  g r a d i e n t s  i n  t h e  NMC ana lyses  were probably def ined  
more r e a l i s t i c a l l y .  

There is  one l o c a t i o n  on t h e  c ros s  s e c t i o n  i n  f i g u r e  15 t h a t  can be 
checked a t  s h i p  P l o c a t e d  a t  50"N and 145OW. The 1200 GMT radiosonde and t h e  
TIROS N r e t r i e v a l  c l o s e s t  t o  t h a t  l o c a t i o n  are shown i n  f i g u r e  16. An 
occluded f r o n t  (cold type )  was west of s h i p  P so  t h a t  t h e  s t a b l e  l a y e r  
cen te red  near  850 mb i n  t h e  radiosonde was t h e  warm f r o n t  ahead of t h e  
occ lus ion .  The r e t r i e v a l  d i s p l a y s  t h e  usua l  p a t t e r n  of being t o o  warm below 
t h e  s t a b l e  l a y e r  and f o r  some d i s t a n c e  i n t o  t h e  r e l a t i v e l y  s t a b l e  lower part 
of t h e  rad iosonde ,  t hen  becoming t o o  cold above t h a t  po in t  through t h e  middle 
t roposphere.  The t ropopause i n  t h e  r e t r i e v a l  is  c h a r a c t e r i s t i c a l l y  t o o  low 
and warm.  The n e t  r e s u l t  of t h e  above i s  t h a t  t h e  1000-500-mb th i ckness  of  
t h e  two p r o f i l e s  agrees  very w e l l  but t h e  700-300 mb TIROS N t h i c k n e s s  i s  t o o  
small. Despi te  t h i s  s l i g h t  disagreement ,  one cannot h e l p  but f e e l  t h a t  t h e  
TIROS N d a t a  i n  t h i s  case are d i sp lay ing  thermal s t r u c t u r e  and o t h e r  
in format ion  t h a t  are  l ack ing  i n  t h e  NMC a n a l y s i s .  

4.3 'Case Study - December 12, 1979, OOOOGMT 

4.3.1 Synopt ic  S i t u a t i o n  

On December 1 2 ,  t h e r e  w a s  a r a t h e r  s t r o n g  co ld  f r o n t a l  zone through t h e  
midwestern United S t a t e s .  It extended southwestward from a 1004 mb s u r f a c e  
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P o l e n t i a l  T e m p e r a t u r e  (K) o n d  T h e r m a l  W i n d s  ( m / s e c l  C r o s s  Sect ion  

from TlROS h R e t r i e v a l s  

1 5 3  5 1 5 0 P  1 4 5  6 1 4 2  3 1 3 8  6 W  

P o t e n t i o l  T e m p e r o t u r e  (K) a n d  T h e r m o l  Wands ( m / s e c )  C r o s s  Sect ion  

f rom N M C  F i n a l  A n a l y s i s  o t  TIROS N R e t r i e v a l  L o c a t i o n s  

1 5 0 .  

2 0 0 .  

2 5 0  * 

3 0 0  * 

5 0 0 .  

600' 

7 0 0  * 

800 

PO0 
1000* 

4 8  P N  4 8  P 4 8  4 4 8  8 51 1 S O P  5 0  3 4 P  P 49 1 W  
1 5 3  5 1 5 0 P  1 4 5  6 1 4 2  3 138 6 W  I 7 P S W 1 7 5  2 1 7 2 0  165 I 

Figure  1 5 . - - I s e n t r o p i c  c r o s s  s e c t i o n s  €or 1200 GMT Apr i l  6 ,  1979 (TIROS N about 
1330 t o  1500 GMT). P o t e n t i a l  t empera ture  (deg. K) i n  narrow s o l i d  l i n e s  
and thermal  winds i n  wide s o l i d  l i n e s  (m/sec).  a )  TIROS N r e t r i e v a l s ,  and 
b) NMC f i n a l  c y c l e  a n a l y s i s  a t  TIROS N l o c a t i o n s .  
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Figure 16.--Radiosonde for ship P, 1200 GMT April 6, 1979 (solid line) 
and nearby TIROS N retrieval, 1324 GMT (broken line). 
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low j u s t  n o r t h  of Lake Huron through Lake Michigan, I l l i n o i s ,  Missouri ,  
nor thwest  Arkansas and c e n t r a l  Texas. Behind t h e  f r o n t  w a s  a 1030 mb high i n  
South Dakota a s soc ia t ed  w i t h  an a r c t i c  a i r  mass. Tropica l  a i r  was e n t e r i n g  
sou th  Texas. 

A l o f t  t h e r e  w a s  a sharp  r idge  i n  t h e  Gulf of Alaska and a broad r idge  i n  
e a s t e r n  North America and off  t h e  east U.S. coas t .  Associated with t h e  
s u r f  ace cold  f r o n t  w a s  a conf luen t  shortwave trough o r i e n t e d  nor theas t -  
southwest running east of Lake Winnipeg through e a s t e r n  North Dakota and Utah t o  
sou the rn  C a l i f o r n i a .  A t  500 mb temperatures  of -35" dipped j u s t  i n t o  North 
Dakota but were -15" a t  Topeka, Kans. The conf luen t  n a t u r e  of t h e  t rough 
r e s u l t e d  i n  t h e  s t r o n g e s t  temperature  g r a d i e n t  being i n  Minnesota and 
northeastward t o  James Bay, Canada, but weakening from Minnesota southwestward 
through South Dakota and Nebraska. A t  500 mb wind speeds were 8 5  k t s .  a t  S t .  
Cloud, Minn.,and 100 k t s .  a t  James Bay. A t  300 mb a j e t  a x i s  extended from 
s o u t h e a s t e r n  Arizona t o  James Bay wi th  140-kt wind speed a t  James Bay and 120 
k t s  a t  S t .  Cloud. 

4.3.2 Analyses of Thicknesses  

To i l l u s t r a t e  t h e  d i f f e r e n c e s  i n  t h e  thermal  p a t t e r n s  between t h e  
s a t e l l i t e  d a t a  ana lyses  and NMC a n a l y s e s ,  maps f o r  t h e  1000-500 mb and 700-300 
mb t h i c k n e s s  will a g a i n  be used. I n  f i g u r e  17 are t h e  ana lyses  made from 
TIROS N d a t a  superimposed wi th  t h e  d i f f e r e n c e s  between t h e  TIROS N and NMC 
ana lyses .  On t h e  1000-500-mb th i ckness  c h a r t  t h e r e  is  a reg ion  i n  t h e  thermal 
t rough and b a r o c l i n i c  zone through t h e  Great P la ins  where t h e  TIROS N a n a l y s i s  
i s  warmer. East and sou th  of t h i s  r eg ion ,  t h e  s a t e l l i t e  a n a l y s i s  i s  co lde r  
than  t h e  NMC a n a l y s i s ,  reaching  a r e l a t i v e  maximum along t h e  Texas Gulf 
coast . -  Since t h e  s a t e l l i t e  a n a l y s i s  i s  warmer i n  t h e  cold a i r  and through t h e  
rear s i d e  of t h e  f r o n t a l  zone as w e l l ,  and coo le r  i n  t h e  warm a i r ,  t h e r e  i s  a 
weakening and some s h i f t i n g  of t h e  1000-500 mb th i ckness  g r a d i e n t  i n  t h e  
b a r o c l i n i c  reg ion .  The a c t u a l  maxima of nega t ive  d i f f e r e n c e  between t h e  two 
a n a l y s e s  occurs  i n  t h e  h ighe r  t e r r a i n  reg ions  of t h e  western p a r t  of t h e  
c o n t i n e n t s ,  s i m i l a r l y  t o  t h e  s i t u a t i o n  seen  i n  t h e  f i r s t  ca se .  

Examining t h e  700-300 mb th i ckness  a n a l y s i s ,  i t  can be seen  t h a t  t h e  
d i f f e r e n c e s  between t h e  two ana lyses  are g e n e r a l l y  much smaller than i n  t h e  
a n a l y s i s  of t h e  1000 - 500 mb th i ckness .  Associated w i t h  t h e  thermal trough 
i n  t h e  n o r t h e r n  Great P la ins  i s  a r eg ion  where t h e  s a t e l l i t e  a n a l y s i s  i s  
c o l d e r  t han  t h e  NMC a n a l y s i s  and centered  i n  t h e  s t rong  g r a d i e n t  ahead of t h e  
t rough.  In  a d d i t i o n ,  t h e  s a t e l l i t e  a n a l y s i s  shows t h e  r i d g e  ahead of t h e  
t rough t o  be warmer than  does t h e  NMC a n a l y s i s .  As i n  t h e  prev ious  case, t h e  
r eg ion  where t h e  700-300 mb th i ckness  i s  smaller is l oca t ed  e s s e n t i a l l y  
c o i n c i d e n t  w i t h  t h e  r eg ion  where t h e  1000 - 500 mb t h i c k n e s s  i s  l a r g e r .  

4.4.4 I s e n t r o p i c  Cross Sec t ions  

A s  be fo re ,  we w i l l  examine t h e  3-dimensional s t r u c t u r e  more thoroughly 
through i s e n t r o p i c  c r o s s  s e c t i o n s .  F igure  18 shows t h e  l o c a t i o n s  of 
rad iosondes  and TIROS N soundings used i n  t h e  c r o s s  s e c t i o n s .  Three c r o s s  
s e c t i o n s  are shown i n  f i g u r e  19: one from t h e  radiosonde r e p o r t s ,  one from 
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, ,  
December 12, 1 9 7 9  (0000 GMT) 

- TIROS N 1000.500 mb Thickness Analysis 
(contour interval = 6 dm) 

-- - TIROS N - NMC 1000.500 mb Thickness Difference 
(contour interval = 40 m) 

December 12, 1 9 7 9  (0000 GMT) 
TlROS N 7 0 0 - 3 0 0  mb Thickness Analysis 

(contour interval = 6 dm) 

--- TIROS N - NMC 700-300 mb Thickness Difference 
(contour interva! = 50 m) 

Figure  17 . - -a )  TIROS N 1000 - 500 mb th i ckness  a n a l y s i s  i n  s o l i d  l i n e s  (contour  
i n t e r v a l  = 6 dm) and t h e  broken l i n e s  a re  t h e  TIROS N minus NMC a n a l y s i s  
t h i ckness  d i f f e r e n c e  (contour i n t e r v a l  = 40 m) f o r  0000 GMT December 1 2 ,  
1979. b) TIROS N 700 - 300 mh th i ckness  a n a l y s i s  with t h i c k n e s s  d i f f e r e n c e  
t h e  same as  a) except  contour  i n t e r v a l  = 50 m. 
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Figure  18.--Locat ions of  radiosondes ( s o l i d  c i r c l e s )  f o r  0000 GMT 
December 1 2 ,  1979 and TIROS N r e t r i e v a l s  ( s t a r s )  about 2100 
GMT December 11, used i n  c r o s s  s e c t i o n s  i n  f i g u r e  19.  Loca- 
t i o n s  a re  p ro jec t ed  onto  broken l i n e  t h a t  s e rves  as t h e  base 
a x i s  f o r  f i g u r e  20. 
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Potential Temnerature ( K )  and  Thermal Wind (m/sec) Cross Sections: 

a )  From TIROS N a t  2100 GMT, 11 December 1979 

100 (1. 

E 

E 
YI "l 

a 

400 

R e t r i e v a l  Lo [  d l i o n s  

(La1 NI 
(Lol lg W)  

b 

R e f r i e v a l  Location< RAOB Sfallon Locallons 

Figure 19 . - - I sen t rop ic  c r o s s - s e c t i o n s  f o r  0000 GMT December 1 2 ,  1979 (TIROS N 
about 2100 GMT December 1 1 ) .  P o t e n t i a l  temperature  (deg. K )  i n  narrow s o l i d  
l i n e s  and thermal winds i n  wide s o l i d  l i n e s  (m/sec).  a )  TIROS N r e t r i e v a l s ;  
b) rad iosondes ;  and c )  NMC f i n a l  c y c l e  a n a l y s i s  a t  TIROS N l o c a t i o n s .  
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t h e  TIROS N r e p o r t s ,  and one taken from t h e  NMC f ina l - cyc le  a n a l y s i s  a t  t h e  
TIROS N l o c a t i o n s .  General impressions obta ined  from examining t h e  i s e n t r o p i c  
p o r t i o n s  of t h e s e  are t h a t  t h e  f r o n t a l  zone i s  most sha rp ly  def ined  and 
d i s t i n c t l y  sloped i n  t h e  radiosonde c ross  s e c t i o n ,  whereas i n  t h e  TIROS N 
s e c t i o n  t h e  f r o n t a l  zone appears  broader and t h e  s lope  i s  d i f f i c u l t  t o  
d i sce rn .  The NMC a n a l y s i s  c r o s s  s e c t i o n  shows a f a i r l y  well-defined f r o n t a l  
zone wi th  some apparent  s lope .  The radiosonde c ross  s e c t i o n  shows doming of 
t h e  t ropopause and t h e  upper t roposphere south  of t h e  f r o n t ,  def ined  f o r  
example by t h e  325'K i s e n t r o p e ,  whereas t h e  s a t e l l i t e  s e c t i o n  g ives  only a 
weak i n d i c a t i o n  of t h i s  doming e f f e c t , a n d  t h a t  appears  t o  be t i e d  i n  with t h e  
co ld  a i r  dome i t s e l f .  There i s  some sugges t ion  of t h e  tropopause doming i n  
t h e  c r o s s  s e c t i o n  of t h e  NMC ana lyses  and i t  appears  s e p a r a t e  from t h e  f r o n t a l  
zone i t s e l f ,  as i n  t h e  radiosonde c r o s s  s e c t i o n .  Among o t h e r  f e a t u r e s  t o  be 
noted i s  t h a t ,  i n  t h e  s a t e l l i t e  d e p i c t i o n ,  t h e  cold dome and f r o n t  i n  t h e  v i c i n i t y  
of 500 t o  400 mb bulge d i s t i n c t l y  southward, p l ac ing  t h e  f r o n t a l  zone 
f a r t h e r  south  than  i n  t h e  o t h e r  two s e c t i o n s .  In  a d d i t i o n ,  n e a r  800 t o  900 mb 
where t h e  radiosonde and a n a l y s i s  s e c t i o n s  show t h e  cold a i r  does tend t o  
bulge southward, t h e  TIROS N s e c t i o n  l a c k s  t h i s  c h a r a c t e r .  
l e a d  t o  a s teepening  of t h e  f r o n t a l  zone i n  t h e  s a t e l l i t e  c r o s s  s e c t i o n ,  
r e l a t i v e  t o  t h e  o t h e r  two, i f  one focuses  on a p a r t i c u l a r  i s e n t r o p e  such as  
295' o r  305'K. Also ,  t h e  s a t e l l i t e  depic ted  f r o n t a l  zone is  d i s t i n c t l y  less 
s t a b l e .  

These f e a t u r e s  

Turning a t t e n t i o n  now t o  the  thermal wind computations,  f i r s t  we see t h a t  
t h e  maximum wind speed i s  a c t u a l l y  g r e a t e r  i n  t h e  TIROS N s e c t i o n  than  i n  
e i t h e r  of t h e  o the r s .  The maxima i n  a l l  t h r e e  s e c t i o n s  are loca ted  f a r t h e r  
south  than  t h e  expected l o c a t i o n ,  which i s  a t  t h e  tropopause break (where t h e  
t ropopause drops down t o  meet t h e  f r o n t a l  zone). However, secondary maxima 
( they  are equal  i n  t h e  a n a l y s i s  c ros s  s e c t i o n )  are loca ted  i n  t h e  expected 
region.  AJ-1 of t h e  thermal wind maxima on t h e  south  s i d e  of t he  f r o n t a l  zone 
are f a i r l y  c l o s e  t o  t h e  same he igh t  and h o r i z o n t a l  l o c a t i o n ,  and t h e  s a t e l l i t e  
computed speeds drop o f f  sha rp ly  on t h e  south  s i d e  as do t h e  radiosonde 
speeds ,  whereas t h e  speeds i n  t h e  a n a l y s i s  s e c t i o n  drop of f  more slowly. To 
t h e  no r th ,  t h e  secondary maximum i n  t h e  radiosonde s e c t i o n  i s  more d e f i n i t e l y  
s p l i t  from t h e  southern  one (and r e s t r i c t e d  v e r t i c a l l y )  by t h e  t ropopause 
doming, and i t  is  loca ted  approximately 100 mb lower than  where t h e  sa te l l i t e  
d a t a  and NMC ana lyses  p lace  t h e  maximum. 

The evidence shows a thermal wind maximum i n  t h e  TIROS N c r o s s  s e c t i o n  
t h a t  i s  s l i g h t l y  s t r o n g e r  than  i n  t h e  radiosonde s e c t i o n .  This obse rva t ion  
may appear  a b i t  con t r ad ic to ry  t o  the  weaker d e f i n i t i o n  of t h e  f r o n t a l  zone i n  
t h e  TIROS N a n a l y s i s ;  however, t h e  thermal  winds are accumulated v e r t i c a l l y  
and, s i n c e  t h e  s a t e l l i t e  soundings p l ace  most of t h e  t roposphe r i c  temperature  
g r a d i e n t  i n  a v e r t i c a l l y  o r i e n t e d  column r a t h e r  t han  a s l o p i n g  zone as i n  t h e  
rad iosondes ,  t h e  n e t  e f f e c t  on t h e  thermal winds i s  comparable. This  sugges t s  
t h a t  t h e  th i ckness  g r a d i e n t s  through t h e  depth of t h e  t roposphere i n  t h e  
s a t e l l i t e  soundings are r e p r e s e n t a t i v e  of t h e  atmosphere. 
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4.3.4 Dif fe rences  i n  Temperature S t r u c t u r e  

Earlier i t  was shown t h a t  i n  t h e  s a t e l l i t e  a n a l y s i s  a co lde r  r eg ion  
o v e r l a i d  a warmer l a y e r .  This  e f f e c t  was a l s o  noted i n  the  examination of t h e  
c r o s s  s e c t i o n s .  To s tudy  t h i s  s t r u c t u r e  c l o s e r ,  f i g u r e  20 shows t h e  850 mb 
and 500 mb temperature  p r o f i l e s  along t h e  l i n e  of t h e  c ros s  sec t ion .  The l i n e  
i s  shown i n  f i g u r e  18, and t h e  radiosonde and s a t e l l i t e  l o c a t i o n s  are 
p ro jec t ed  normally on to  t h e  common l i n e  so  t h a t  t h e  p r o f i l e s  may be 
superimposed. This was no t  p o s s i b l e  i n  t h e  c ros s  sec t ions ,because  t h e  
radiosondes and s a t e l l i t e  r e t r i e v a l s  a r e  n o t  c o l l o c a t e d .  I n ’ f i g u r e  20, t h e  
radiosonde p r o f i l e s  are  shown as a s o l i d  l i ne , and  t h e  sa te l l i t e  p r o f i l e s  are 
shown wi th  a broken l i n e .  The NMC a n a l y s i s  va lues  are shown wi th  a triangle 
f o r  both t h e  r e t r i e v a l  and radiosonde l o c a t i o n s .  A t  850 mb, t h e  1000 - 500 mb 
d i f f e r e n c e  p a t t e r n s  pointed out  ear l ie r  s tand  out  q u i t e  c l e a r l y .  The a n a l y s i s  
po in t s  fo l low t h e  radiosonde p r o f i l e  i n  reasonable  agreement; however, t h e  
r e t r i e v a l  p r o f i l e  shows c l e a r l y  t h e  h ighe r  temperatures  on t h e  cold s i d e  of 
t h e  b a r o c l i n i c  zone and t h e  lower tempera tures  on t h e  warm s i d e  of i t .  This  
r e s u l t s  i n  a d e f i n i t e  weakening of t h e  temperature  g r a d i e n t  i n  t h e  f r o n t a l  
zone. A t  500 mb t h e  p r o f i l e  d i f f e r e n c e s  are no t  n e a r l y  so sha rp ,  but t h e r e  i s  
a tendency f o r  t h e  s a t e l l i t e  temperatures  t o  be lower i n  t h e  same region where 
they are h ighe r  a t  850 mb, and h ighe r  a t  500 mb where t h e  temperatures a t  850 
mb were lower. These p r o f i l e s  he lp  c l a r i f y  t h e  d i f f e r e n c e s  i n  temperature 
s t r u c t u r e  i n  t h e  b a r o c l i n i c  zone between t h a t  measured by t h e  radiosondes and 
t h a t  depic ted  by t h e  s a t e l l i t e  r e t r i e v a l s .  I n  t h i s  case t h e r e  are no 
c o l l o c a t e d  rad iosonde  and r e t r i e v a l s  i n  t h e  b a r o c l i n i c  zone so  t h a t  t h e  
v e r t i c a l  p r o f i l e s  could v i v i d l y  i l l u s t r a t e  t h e  d i f f e r e n c e s  i n  the  temperature 
s t r u c t u r e  as they  d i d  i n  t h e  f i r s t  case presented.  However, i t  is  clear from 
f i g u r e  20 t h a t  t h e  s a t e l l i t e  d i s p l a y s  much less s t a b i l i t y  i n  t h e  nor thern  end 
of t h e  b a r o c l i n i c  zone, a l though g r e a t e r  s t a b i l i t y  i s  shown by t h e  sa te l l i t e  
d a t a  over  t h a t  repor ted  by t h e  radiosonde d a t a  i n  t h e  southern  po r t ion  of t h e  
b a r o c l i n i c  zone. Nowhere do t h e  sa te l l i t e  soundings d i s p l a y  as much 
s t a b i l i t y  as  t h e  radiosondes.  Again, wh i l e  t h e s e  r e s u l t s  are no t  
unexpected, g iven  t h e  n a t u r e  of t h e  two measurements, they i l l u s t r a t e  
t h e  h o r i z o n t a l  synopt ic -sca le  e f f e c t s  produced by t h e s e  d i f f e r i n g  measure- 
ments of t h e  ve r t i ca l  tempera ture  s t r u c t u r e .  

4.4 Case Study - May 6 ,  1980, 1200 

4.4.1 Synopt ic  S i t u a t i o n  

The s u r f a c e  map f o r  t h i s  s i t u a t i o n  shows a l a r g e  10361nb high c e n t e r  i n  
north-western Canada and a 999-mb low c e n t e r  a t  t h e  no r theas t  end of Lake 
On ta r io  w i t h  only weak c i r c u l a t i o n  about i t .  A co ld  f r o n t  extends from t h e  
low c e n t e r  through wes tern  New York, Ohio, and through t h e  southern p a r t s  of 
t h e  states of Ind iana ,  I l l i n o i s ,  Missouri ,  and Kansas. In  t h e  midwest, t h e  
f r o n t  was r a t h e r  o l d  wi th  weak temperature  and p res su re  g rad ien t s  a s soc ia t ed  
w i t h  it. This  f r o n t  was a s s o c i a t e d  w i t h  a maritime a i r  mass,and i t  was 
apparent  from t h e  s u r f a c e  tempera tures  t h a t  by t h i s  time some a rc t ic  a i r  had 
i n f i l t r a t e d  t h e  no r the rn  Great P l a i n s  and midwest, a l though t h e r e  w a s  no 
longe r  an i d e n t i f i a b l e  f r o n t ,  
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iNor thJ  Posit ions Along l i n e  on M o p  i n  Figure iSouthl 

Figure  20.--Temperature p r o f i l e s  f o r  850 mb and 500 mb with p o s i t i o n s  
along base  l i n e  taken  from f i g u r e  18.  Radiosonde tempera tures  
shown wi th  open c i rc les  and s o l i d  l i n e ,  TIROS N r e t r i e v a l  tem- 
p e r a t u r e s  wi th  stars and broken l i n e ,  and NMC a n a l y s i s  tempera- 
t u r e s  f o r  both radiosonde and TIROS N l o c a t i o n s ,  wi th  t r i a n g l e s  
and t h i n  s o l i d  l i n e .  
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In  t h e  upper a i r  t h e r e  was a long wave t rough o f f  t h e  w e s t  coas t  and a 
r i d g e  i n  t h e  western p a r t  of North America. A s h o r t  wave t rough with a 
d i f l u e n t  contour  p a t t e r n  had moved southeastward from northwestern Canada. 
This c o n f i g u r a t i o n  of systems placed t h e  s t r o n g e s t  winds and g r a d i e n t s  of 
temperature on t h e  southwestern s i d e  of t h e  t rough,  i .e . ,  from t h e  North 
Dakota r eg ion  t o  w e s t  of Lake Winnipeg. The j e t  a x i s  was o r i e n t e d  from west 
of Lake Winnipeg t o  between I n t e r n a t i o n a l  F a l l s  and S t .  Cloud, Minn., and t o  
near  Green Bay, Wisc. Green Bay had a 300-mb wind speed of 135 k t ,  and speeds 
decreased  r a p i d l y  downstream from t h e r e .  

4.4.2 Analyses of Thicknesses  

The th i ckness  p a t t e r n  and ana lyses  of t h e  1000 - 500 mb and 700 - 300 mb 
l a y e r s  made from sa t e l l i t e  d a t a  a lone  t o g e t h e r  wi th  t h e  d i f f e r e n c e s  between 
t h e  s a t e l l i t e  and NMC f i n a l - c y c l e  ana lyses  are shown i n  f i g u r e  21. On t h e  
1000 - 500 mb a n a l y s i s ,  t h e  p o r t i o n  of t h e  area of concern t h a t  i s  n o r t h  of 
Lake Supe r io r  and t h e  Canadian border  i s  a r eg ion  where t h e  s a t e l l i t e  a n a l y s i s  
i s  warmer than  t h e  NMC a n a l y s i s .  On t h e  o t h e r  hand, throughout most of t h e  
upper  midwest and Great P l a i n s  t h e  s a t e l l i t e  a n a l y s i s  is  co lde r  than  t h e  NMC 
a n a l y s i s ,  but by r e l a t i v e l y  small magnitudes. A s  a r e s u l t  of t h e  l o c a t i o n s  of  
t h e s e  d i f f e r e n c e  p a t t e r n s  about t h e  b a r o c l i n i c  zone i n  t h e  upper midwest, t h e  
th i ckness  g r a d i e n t  i n  t h e  s a t e l l i t e  a n a l y s i s  i s  weakened. 

The 700 - 300 mb th i ckness  a n a l y s i s  i n  f i g u r e  2 1  shows a somewhat s imilar  
p a t t e r n  of d i f f e r e n c e s  between t h e  s a t e l l i t e - o n l y  and NMC ana lyses .  
p o s i t i v e  c e n t e r  n o r t h  of Lake Supe r io r  denotes  an area where t h e  s a t e l l i t e  
a n a l y s i s  i s  w a r m e r  i n  t h e  pool of cold a i r  a t  middle and upper l e v e l s .  Much 
of t h i s  same area w a s  a l s o  wanner i n  t h e  lower l e v e l s ,  as seen  above. The 
a x i s  of nega t ive  d i f f e r e n c e s  i n  th i ckness  i n  t h e  upper midwest shows t h e  
s a t e l l i t e  a n a l y s i s  t o  be even co lde r  i n  upper l e v e l s  than i n  lower. This 
p a t t e r n  i n d i c a t e s  t h a t  t h e  cold a i r  i n  t h e  middle and upper t roposphere  would 
tend  t o  be expanded southwestward, and a l s o  t h e  th i ckness  g r a d i e n t s  i n  t h e  
u p p e r  midwest would be somewhat weakened over  those  i n  t h e  NMC a n a l y s i s .  

The 

4.4.3 I s e n t r o p i c  Cross  Sec t ions  

I s e n t r o p i c  c r o s s  s e c t i o n s  a c r o s s  t h e  b a r o c l i n i c  zone from t h e  s a t e l l i t e  
r e t r i e v a l s ,  rad iosondes ,  and t h e  NMC f i n a l  a n a l y s i s  are shown i n  f i g u r e  23 and 
w i l l  a g a i n  be used t o  f a c i l i t a t e  comparison of t h e  three-dimensional thermal 
s t r u c t u r e .  The l o c a t i o n s  of t h e  radiosondes and NOAA 6 soundings used i n  t h e  
c r o s s  s e c t i o n s  are shown i n  f i g u r e  22. The no r the rn  two NOAA 6 r e t r i e v a l s  
were cloudy type  while  t h e  remainding ones were clear. F i r s t  of a l l ,  
i n s p e c t i n g  t h e  c r o s s  s e c t i o n  taken  from t h e  radiosondes,  i t  appears t h a t  t h e  
f r o n t a l  zone i s  non-typical  i n  t h a t  t h e r e  i s  no deep u n i f i e d  f r o n t a l  zone. 
The upper l e v e l  f r o n t a l  zone i s  confined t o  t h e  r eg ion  above 600 mb ( n o r t h  of 
Omaha), up t o  t h e  t ropopause ,  and t h e  s u r f a c e  f r o n t  analyzed through sou the rn  
Kansas appears  only weakly above t h e  su r face .  
poss ib ly  as a sha l low s t a b l e  l a y e r  n o r t h  of Omaha which then  s lopes  upward 
n o r t h  of S t .  Cloud t o  a dome i n  t h e  v i c i n i t y  of I n t e r n a t i o n a l  F a l l s .  
r e s u l t  i s  an i r r e g u l a r ,  broad, e s s e n t i a l l y  v e r t i c a l  b a r o c l i n i c  zone between 

The a r c t i c  a i r  shows up 

The 
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t5 

May 6, 1980  (1200 GMT) - NOAA 6 1000.500 mb Thickness Analysis 

- - = NOAA 6 - NMC 1000-500 mb Thickness Difference 
(contour interval = 6 dm) 

(contour interval = 40 m) 

b )  May 6, 1980  (1200 GMT) - NOAA 6 700.300 mb Thickness Analysis 

- - - NOAA 6 - NMC 700-300 mb Thickness Difference 

(contour interval = 6 dm) 

(contour interval = 5 0  m) 

Figure  21.--a) NOAA 6 1000 - 500 mb t h i c k n e s s  a n a l y s i s  (about 1400 GMT) i n  s o l i d  
l i n e s ,  and i n  broken l i n e s  t h e  N O M  6 minus a n a l y s i s  t h i ckness  d i f f e r e n c e  f o r  
1200 GMT May 6 ,  1980; b) NOAA 6 700 - 500 mb th i ckness  a n a l y s i s  with t h i c k n e s s  
d i f f e r e n c e  t h e  same as a ) .  Contour i n t e r v a l s  t h e  same as f i g u r e  17.  
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Figure 22.--Locations o f  radiosondes (solid circles) for 1200 GMT 
May 6, 1980 and N O M  6 retrievals (stars), about 1400 GMT, 
used in cross sections in figure 23. 
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Potential Temperature ( K )  a n d  Thermal Wind (m/sec) Cross Sections: 
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Figure 23.--Isentropic cross-sections for 1200 GMT May 6, 1980 (NOAA 6 about 1400 
GMT). Same as figure 19. 
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Omaha and I n t e r n a t i o n a l  F a l l s  up t o  500 mb, above which t h e  zone s lopes  
northward up t o  around 350 mb nor th  of I n t e r n a t i o n a l  F a l l s .  

A s  would be expected,  t h e  d e t a i l s  of t h e  thermal s t r u c t u r e  d isc losed  i n  
the  radiosonde c ross  s e c t i o n  are l ack ing  i n  both t h e  s a t e l l i t e  and a n a l y s i s  
ve r s ions .  The c r o s s  s e c t i o n  der ived  from t h e  sa te l l i t e  r e t r i e v a l s  t y p i c a l l y  
d i s p l a y s  an e s s e n t i a l l y  v e r t i c a l  b a r o c l i n i c  zone i n  approximately t h e  same 
l a t i t u d e  band as t h e  radiosondes but extending t h e  e n t i r e  depth t o  t h e  
t ropopause,  whereas t h e  a n a l y s i s  c ros s  s e c t i o n  does sugges t  a s lop ing  
c h a r a c t e r  above 500 mb. The doming i n  t h e  tropopause a t  S t .  Cloud i n  the  
radiosonde c r o s s  s e c t i o n  i s  absent  i n  t h e  sa te l l i t e  dep ic t ion ,  and south of 
t h i s  po in t  t h e  t ropopause i s  ind ica t ed  about 50 mb lower than t h e  radiosondes 
show. The a n a l y s i s  s e c t i o n  has  a tendency t o  dome t h e  tropopause f a r t h e r  
s o u t h  than t h e  radiosondes but  does br ing  i t  up t o  about t h e  same height .  

The co lde r  l ead ing  edge of t h e  b a r o c l i n i c  zone seen  i n  t h e  s a t e l l i t e  
a n a l y s i s  ( f i g ,  21b) i s  d i s c e r n i b l e  i n  t h e  s a t e l l i t e  c ros s  s e c t i o n  as a 
southward bulge of t h e  f r o n t a l  zone above 500 mb. This  phenomenon a l s o  
accounts  f o r  t h e  l ack  of s l o p e  i n  t h e  s a t e l l i t e  f r o n t a l  zone i n  t h e  upper 
t roposphere .  There i s  a very s l i g h t  h i n t  of a bulge i n  t h e  upper f r o n t a l  zone 
r eg ion  i n  t h e  a n a l y s i s  s e c t i o n  as well, but  nothing of t h e  s o r t  i s  seen i n  t h e  
radiosonde c ross  s e c t i o n .  This equatorward expansion of t h e  cold a i r  i n  t h e  
upper  t roposphere  ' is t y p i c a l  of t h e  s a t e l l i t e  a n a l y s i s  as noted i n  previous 
cases. 

F u r t h e r  examination of t h e  c r o s s  s e c t i o n s  r evea l s  t h a t  t h e  s a t e l l i t e  
a n a l y s i s  i s  somewhat warmer i n  t h e  900 - 700 mb reg ion  around Omaha and 
northward than  i s  t h e  radiosonde a n a l y s i s .  On t h e  o t h e r  hand, t h e  a n a l y s i s  
c r o s s  s e c t i o n  i s  even warmer i n  t h a t  r eg ion  than  e i t h e r  of them. This 
r e l a t i o n s h i p  between t h e  t h r e e  accounts  f o r  t h e  s a t e l l i t e  1000 - 500 mb 
th i ckness  a n a l y s i s  appearing co lde r  than  t h e  NMC a n a l y s i s  ( f i g .  21a),  when i n  
f a c t  t h e  c r o s s  s e c t i o n s  show t h a t  t h e  s a t e l l i t e  r e t r i e v a l s  are warmer than t h e  
radiosondes.  Thus, t h e  type  of temperature  s t r u c t u r e  r e l a t i o n s h i p  i n  t h e  
b a r o c l i n i c  zone seen  i n  t h e  prev ious  cases is  preserved a f t e r  a l l ,  because 
he re  t h e  s a t e l l i t e  th i cknesses  are g r e a t e r  i n  a lower l a y e r  co inc ident  with a 
c o l d e r  h ighe r  l a y e r ,  

The thermal wind speeds on t h e  c r o s s  s e c t i o n s  show t h a t  t h e  radiosonde 
maximum i s  somewhat s t r o n g e r  than t h e  s a t e l l i t e  and t h a t  i t  i s  loca ted  very 
s l i g h t l y  f a r t h e r  nor th .  The maximum i n  t h e  NMC a n a l y s i s  i s  about t h e  same 
s t r e n g t h  as t h e  s a t e l l i t e  but l o c a t e d  s l i g h t l y  f a r t h e r  nor th  a l so .  ?:he h e i g h t s  
of t h e  maxima are about t h e  same i n  a l l  t h r e e  s e c t i o n s .  The sa te l l i t e  
soundings g ive  a somewhat broader  maximum than  e i t h e r  of t h e  o t h e r  two, 
e s p e c i a l l y  i n  t h e  radiosonde s e c t i o n ,  where t h e  tropopause doming restricts 
t h e  speed maximum i n  t h e  v e r t i c a l  and somewhat i n  t h e  ho r i zon ta l .  Once aga in  
t h e  i n t e g r a t e d  v e r t i c a l  e f f e c t  of t h e  temperature  g r a d i e n t s  i n  the  s a t e l l i t e  
d a t a  provide a good r e p r e s e n t a t i o n  of what is  seen  i n  t h e  radiosonde o r  
a n a l y s i s  c r o s s  s e c t i o n s .  
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4.4.4 Dif fe rences  i n  Temperature Soundings 

Two of t h e  NOAA 6 soundings i n  t h e  c r o s s  s e c t i o n s  are c o l l o c a t e d  wi th  t h e  
Omaha, Neb. and S t .  Cloud, Minn. radiosondes.  These two p a i r s  of soundings 
are shown i n  f i g u r e  2 4  and i l l u s t r a t e  g r a p h i c a l l y  t h e  po in t s  d i scussed  above 
i n  t h e  c r o s s  sec t ions .  The base of t h e  upper l e v e l  f r o n t  can be seen  i n  t h e  
radiosondes s lop ing  from n e a r  600 mb a t  Omaha up t o  475 mb a t  S t .  Cloud. The 
s u r f a c e  i n v e r s i o n  a t  Omaha is probably evidence of t h e  s l i g h t l y  c o o l e r  and 
d r y e r  a i r  mass, a l though i t  is d i f f i c u l t  t o  d i s t i n g u i s h  i t  from a normal 
noc tu rna l  i nve r s ion .  A t  S t .  Cloud t h i s  c o o l e r  a i r  mass may be a s s o c i a t e d  wi th  
t h e  s l i g h t l y  s t a b l e  l a y e r  j u s t  above 700 m b  UP t o  570 mb. 
Arctic a i r  may be evidenced by t h e  lower stable p o r t i o n  of t h e  radiosonde 
p r o f i l e .  A t  Omaha, t h e  NOAA 6 r e t r i e v a l  i s  c l e a r l y  somewhat warmer i n  t h e  
lower p o r t i o n  of t h e  t roposphere  up t o  t h e  upper f r o n t a l  i nve r s ion  and then 
co lde r  above up t o  n e a r l y  300 mb. This s t r u c t u r e  ag rees  wi th  t h e  s i t u a t i o n  
s e e n  i n  t h e  prev ious  cases, d e s c r i b i n g  how t h e  sa te l l i t e  soundings d e p i c t  a 
more n e a r l y  v e r t i c a l  f r o n t a l  zone by being warmer i n  t h e  cold a i r  below t h e  
f r o n t a l  s u r f a c e  and co lde r  above. The r e t r i e v a l  p r o f i l e  i s  d e f i n i t e l y  warmer 
than t h e  raob  i n  t h e  t ropopause reg ion .  Near St .  Cloud t h e  s a t e l l i t e  
r e t r i e v a l ,  being deeper  i n t o  t h e  c o l d e r  a i r  than  Omaha, ag rees  wi th  t h e  
radiosonde up t o  j u s t  above 500 mb. Above t h i s  l e v e l  up t o  300 mb t h e  
r e t r i e v a l  i s  c o l d e r ,  w i th  once aga in  t h e  warmer t ropopause r eg ion  above 300 
mb. This comparison, a long  wi th  t h e  one a t  Omaha, demonstrates  t h e  source  of 
t h e  c o l d e r  r eg ion  i n  t h e  mid- t o  upper t roposphere  i n  t he  s a t e l l i t e  soundings 
and e x p l a i n s  the apparent  bulging of cold a i r  i n  t h e  s a t e l l i t e  c ross  s e c t i o n  
toward t h e  warm s i d e  of t h e  f r o n t a l  zone. 

The i n t r u s i o n  of 

4.5 Summary 

I n  t h e s e  case s t u d i e s ,  ana lyses  of t h e  1000 - 500 mb and 700 - 300 mb 
th i cknesses  were made from sa t e l l i t e  r e t r i e v a l  d a t a  only  and compared wi th  t h e  
f i n a l - c y c l e  NMC a n a l y s e s  (which had no sa te l l i t e  d a t a  over  land) .  
s a t e l l i t e  d a t a  provided p a t t e r n s  t h a t  g e n e r a l l y  compared w e l l  wi th  those  from 
t h e  NMC ana lyses ;  however, c e r t a i n  c h a r a c t e r i s t i c  d i f f e r e n c e s  i n  t h e  v i c i n i t y  
of s t r o n g  b a r o c l i n i c  zones emerged. In  t h e s e  r eg ions ,  p o s i t i v e  d i f f e r e n c e s  
( s a t e l l i t e  warmer than  NMC a n a l y s i s )  between t h e  two 1000 - 500 mb th i ckness  
ana lyses  were approximately c o l l o c a t e d  wi th  nega t ive  d i f f e r e n c e s  between 700 - 
300 mb th icknesses .  

The 

The n a t u r e  of t h e  d i f f e r e n c e s  i n  t h e  three-dimensional temperature  
s t r u c t u r e  w a s  examined i n  more d e t a i l  u s ing  i s e n t r o p i c  c r o s s  s e c t i o n s  t aken  
approximately normal t o  t h e  b a r o c l i n i c  zones. These c r o s s  s e c t i o n s  were 
computed s e p a r a t e l y  from s a t e l l i t e  r e t r i e v a l s ,  rad iosondes ,  and from t h e  NMC- 
analyzed temperatures .  The p o t e n t i a l  temperature  g r a d i e n t s  were assessed  
us ing  v e r t i c a l l y  accumulated thermal  windspeeds. The r e s u l t s  i n d i c a t e d  t h a t  
t h e  s a t e l l i t e  d a t a  produced less sha rp ly  def ined  f r o n t a l  zones than  d id  t h e  
rad iosondes ,  a l though t h e y  ( s a t e l l i t e )  were comparable t o  t h e  f r o n t a l  zones 
produced from t h e  mC-analyzed f i e l d s .  Moreover, t h e  f r o n t a l  zones descr ibed  
by t h e  s a t e l l i t e  d a t a  tended t o  be more v e r t i c a l ,  which a l s o  reduced t h e  
s t a b i l i t y  i n  t h e  f r o n t a l  zone i t s e l f .  The tendency toward a v e r t i c a l  f r o n t a l  
t i l t  a r o s e  because t h e  s a t e l l i t e  d a t a  spread t h e  cold a i r  i n  t h e  mid- 
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Figure 24.--Radiosonde (1200 GMT) and N O M  6 retrieval (1436 GMT) 
pairs f o r  May 6, 1980. Radiosonde temperatures in solid line 
and retrievals in broken line. 
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t roposphere  outward from t h e  cold dome and pu l l ed  t h e  warmer a i r  i n  t h e  lower 
t roposphere  inward toward t h e  cold dome. This s h i f t i n g  of t h e  temperature 
g r a d i e n t s  i n  t h e  b a r o c l i n i c  zones accounted f o r  t h e  d i f f e rences  seen i n  t h e  
th i ckness  ana lyses ,  where t h e  s a t e l l i t e - b a s e d  ana lyses  were co lder  than t h e  
NMC ana lyses  i n  t h e  middle l e v e l s  over  a warmer lower l e v e l  region. 

The thermal  wind speed maxima computed from t h e  s a t e l l i t e  r e t r i e v a l  c r o s s  
s e c t i o n s  were, on t h e  whole, comparable wi th  those  computed from the  
radiosondes and t h e  NMC-analyzed f i e l d s  i n  magnitude, height ,and h o r i z o n t a l  
l o c a t i o n .  This  approximate equivalence of t h e  thermal wind speeds computed 
from t h e  s a t e l l i t e  d a t a  a rose  from t h e  h o r i z o n t a l  alignment of t h e  temperature 
g r a d i e n t s ,  caused by t h e  near  v e r t i c a l  d e p i c t i o n  of t h e  f r o n t a l  zone, which 
then  con t r ibu ted  t o  t h e  v e r t i c a l  summation of t h e  thermal wind speeds. In t h e  
radiosonde c r o s s  s e c t i o n s ,  t h e  break i n  t h e  t ropopause l e v e l s  a t  the  wind 
maximum and t h e  doming-of t h e  t ropopause and upper t ropospher ic  temperatures  
(produced by a band of lower temperatures  on t h e  warm s i d e  of t he  j e t )  
c o n t r i b u t e  t o  r e s t r i c t i n g  the thermal  wind maxima v e r t i c a l l y  and h o r i z o n t a l l y  
r e l a t i v e  t o  e i t h e r  t h e  sa te l l i t e  o r  NMC a n a l y s i s  c r o s s  sec t ions .  

Examination of matched p a i r s  of radiosondes and s a t e l l i t e  soundings i n  
t h e  b a r o c l i n i c  zones r e v e a l s  t h e  b a s i c  n a t u r e  of t h e  d i f f e r e n c e s  between t h e  
two types  of measurements of t h e  v e r t i c a l  temperature  s t r u c t u r e .  The 
s a t e l l i t e  r e t r i e v a l s ,  because of t h e i r  l i m i t e d  v e r t i c a l  and ho r i zon ta l  
r e s o l u t i o n ,  do not  d e t e c t  t h e  stable l a y e r s  i n  the  f r o n t a l  zones, so  t h a t  t h e  
s a t e l l i t e  soundings are warmer below a s t a b l e  l a y e r  ahd co lder  above i t  
r e l a t i v e  t o  radiosonde temperatures .  

The preceeding comparison between t h e  two sets of measurements thus  
accounts  f o r  t h e  near v e r t i c a l  f r o n t s  i n  t h e  s a t e l l i t e  r e t r i e v a l  c ros s  
s e c t i o n s  and t h e  p a t t e r n  of d i f f e r e n c e s  found between t h e  th ickness  analyses  
of sa te l l i t e  d a t a  and t h e  NMC analyses .  
regarded as merely a l i m i t a t i o n  i n  t h e  s a t e l l i t e ' s  a b i l i t y  t o  measure d e t a i l e d  
v e r t i c a l  s t r u c t u r e  has  been shown t o  r e s u l t  i n  synopt ic -sca le  h o r i z o n t a l  
t empera ture  d i f f e r e n c e s .  However, t h e  conclus ion  from t h e  thermal wind speeds 
i n  t h e  c r o s s  s e c t i o n s  i s  that,  taken through t h e  depth  of t he  t r o p o s p h e r a t h e  
s a t e l l i t e  soundings provide about t h e  a p p r o p r i a t e  amount of temperature 
g r a d i e n t  t o  account f o r  t h e  thermal  wind speed maxima. 

Therefore ,  what might a t  f i r s t  be 

The ear l ies t  case s tudy  (which was before  t h e  t i m e  NMC s t a r t e d  using t h e  
TIROS N soundings i n  t h e i r  a n a l y s e s )  inc luded  a s t r o n g  cyc lonic  system i n  t h e  
Gulf of Alaska. The ana lyses  from t h e  soundings showed a s u b s t a n t i a l l y  more 
i n t e n s e  system wi th  much g r e a t e r  b a r o c l i n i c i t y  i n  t h e  temperature  s t r u c t u r e  
t h a n  d id  t h e  NMC ana lyses .  This  case c l e a r l y  demonstrated t h a t ,  d e s p i t e  t h e  
l i m i t a t i o n s  descr ibed  above, t h e  s a t e l l i t e  soundings are capable  of providing 
very  s i g n i f i c a n t  in format ion  over  oceanic  r eg ions ,  where o t h e r  types of 
obse rva t ions  are l i m i t e d .  
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FIGURES 
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a. 

9. 
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11. 

TIROS N Opera t iona l  Vertical Sounder (TOVS) weight ing f u n c t i o n s  
(normalized) .  

RMS d i f f e r e n c e s  between s a t e l l i t e  r e t r i e v a l  and radiosonde l a y e r  mean 
temperatures  f o r  30' - 60"N. Hatching i n d i c a t e s  RMS values  g r e a t e r  than  
2'. a) TIROS N ove r  land ,  b )  NOAA 6 ove r  land. 

Same as f i g u r e  2. a )  TIROS N over  sea; b) NOAA 6 over  sea. 

Mean d i f f e r e n c e s  between s a t e l l i t e  r e t r i e v a l  and radiosonde l a y e r  mean 
tempera tures  f o r  30' - 60"N. 
g r e a t e r  t han  1" (+ o r  -). a )  TIROS N ove r  land ,  b )  NOAA 6 ove r  land. 

Hatching i n d i c a t e s  mean d i f f e r e n c e  va lues  

Same as f i g u r e  4. a )  TIROS N over  sea; b)  NOAA 6 over  sea. 

TIROS N r e t r i e v a l  l o c a t i o n s  f o r  A p r i l  6, 1979. Broken l i n e s  d e l i n e a t e  
o r b i t a l  swaths wi th  times as i n d i c a t e d .  Open circles i n d i c a t e  c l e a r  
pa th ,  stars i n d i c a t e  p a r t l y  cloudy pa th ,  and s o l i d  c i r c l e s  i n d i c a t e  
cloudy pa th  r e t r i e v a l s .  

TIROS N d i g i t i z e d  i n f r a r e d  mosaic f o r  A p r i l  6 ,  1979. Time corresponds t o  
swaths i n  f i g u r e  6. 

a )  NMC 1000 - 500 mb th i ckness  a n a l y s i s  i n  s o l i d  l i n e s  (contour  i n t e r v a l  
= 6 dm), and t h e  broken l i n e s  are t h e  TIROS N minus NMC t h i c k n e s s  
d i f f e r e n c e  ( con tour  i n t e r v a l  = 40 rn) f o r  1200 GMT, Apr i l  6 ,  1979. 
b) TIROS N 1000 - 500 mb th i ckness  a n a l y s i s  i n  s o l i d  l i n e s  ( con tour  
i n t e r v a l  = 6 dm) w i t h  broken l i n e s  same as a )  f o r  about  1000 GMT Apr i l  6 ,  
1979. 

a) Same as f i g u r e s  9a) and b) excep t  f o r  t h e  700 - 300 mb th i ckness ,  and 
t h e  th i ckness  d i f f e r e n c e  contour  i n t e r v a l  = 50 m. 

I s e n t r o p i c  c ros s - sec t ions  f o r  1200 GMT Apr i l  6, 1979 (TIKOS N about  1000 
GMT). P o t e n t i a l  t empera ture  (deg. K )  i n  narrow s o l i d  l i n e s  and thermal  
winds i n  wide s o l i d  l i n e s  (m/sec).  a )  TIROS N r e t r i e v a l s ,  b )  
rad iosondes ,  c)  NMC f i n a l  cyc le  a n a l y s i s  a t  TIROS N l o c a t i o n s ,  and d )  
TIROS N l o c a t i o n s  i n d i c a t e d  w i t h  t r i a n g l e s  and broken l i n e ,  radiosonde 
l o c a t i o n s  wi th  c i rc les  and s o l i d  l i n e .  

Analys is  temperature  p r o f i l e s  along two l i n e s  (as  g iven  by l a t i t u d e s  and 
l o n g i t u d e s  i n  f i g u r e )  f o r  350 mb and 500 mb. 
l i n e s  (1200 @IT) and TIROS N a n a l y s i s  i n  broken l i n e s  (about  1000 W) 
f o r  A p r i l  6. 

NMC a n a l y s i s  i n  s o l i d  
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12. 

13. 

14.  

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

I s e n t r o p i c  c ros s - sec t ion  from NMC a n a l y s i s  (same as f i g .  1Oc) wi th  TIROS 
N r e t r i e v a l  minus NMC a n a l y s i s  temperature  d i f f e r e n c e  superimposed i n  
wide l i n e s  (deg. C). 

Radiosonde (1200 GMT) and TIKOS N r e t r i e v a l  (about  1000 GMT.) p a i r s  f o r  
A p r i l  6 ,  1979. 
broken l i n e .  

Radiosonde temperatures  i n  s o l i d  l i n e  and r e t r i e v a l s  i n  

Same as f i g u r e  13. 

I s e n t r o p i c  c r o s s  s e c t i o n s  f o r  1200 GMT Apr i l  6, 1979 (TIROS N about  1330 
t o  1500 GMT). P o t e n t i a l  t empera ture  (deg. K) i n  narrow s o l i d  l i n e s  and 
thermal  winds i n  wide s o l i d  l i n e s  (m/sec).  a) TIROS N r e t r i e v a l s ,  and b) 
NMC f i n a l  cyc le  a n a l y s i s  a t  TIROS N l o c a t i o n s .  

Kadiosonde f o r  s h i p  P ,  1200 GMT Apr i l  6 ,  1979 ( s o l i d  l i n e )  and nearby 
TIROS N r e t r i e v a l ,  1324 GMT (broken l i n e ) .  

a )  TIROS N 1000 - 500 mb th i ckness  a n a l y s i s  i n  s o l i d  l i n e s  (contour  
i n t e r v a l  = 6 dm) and t h e  broken l i n e s  are t h e  TIROS N minus NMC a n a l y s i s  
t h i c k n e s s  d i f f e r e n c e  (contour  i n t e r v a l  = 40 m) f o r  0000 GMT December 12, 
1979. b )  TIROS N 700 - 300 mb th i ckness  a n a l y s i s  with th i ckness  
d i f f e r e n c e  t h e  same as a )  except  contour  i n t e r v a l  = 50 m. 

Locat ions of radiosondes ( s o l i d  c i r c l e s )  f o r  0000 GNT December 12,  1979 
and TIROS N r e t r i e v a l s  ( s t a r s )  about  2100 @I" December 11, used i n  c ros s  
s e c t i o n s  i n  f i g u r e  19. Locat ions are p ro jec t ed  onto broken l i n e ,  t h a t  
s e r v e s  as t h e  base axis f o r  f i g u r e  20. 

I s e n t r o p i c  c ros s - sec t ions  f o r  0000 GMT December 1 2 ,  1979 (TIROS N about  
2100 GMT December 11).  P o t e n t i a l  temperature  (deg. K) i n  narrow s o l i d  
l i n e s  and thermal  winds i n  wide s o l i d  l i n e s  (m/sec). a )  TIROS N 
r e t r i e v a l s ;  b)  rad iosondes ;  and c) NMC f i n a l  cyc le  a n a l y s i s  a t  TIROS N 
l o c a t i o n s .  

Temperature p r o f i l e s  f o r  850 mb and 500 mb w i t h  pos i t i ons  along base l i n e  
taken from f i g u r e  18. Radiosonde temperatures  shown with open c i rc les  
and s o l i d  l i n e ,  TIROS N r e t r i e v a l  temperatures  wi th  stars and broken 
l i n e ,  and NMC a n a l y s i s  temperatures  f o r  both radiosonde and TIROS N 
l o c a t i o n s )  w i t h  triangles and t h i n  s o l i d  l i n e .  

a )  NOAA 6 1000 - 500 mb th i ckness  a n a l y s i s  (about  1400 GMT) i n  s o l i d  
l i n e s ,  and broken l i n e s  are t h e  NOAA 6 minus a n a l y s i s  th ickness  
d i f f e r e n c e  f o r  1200 GMT May 6, 1980; b) NOAA 6 700 - 500 mb th i ckness  
a n a l y s i s  wi th  th i ckness  d i f f e r e n c e  t h e  same as a ) .  Contour i n t e r v a l s  t h e  
same as f i g u r e  17. 

Locat ions of radiosondes ( s o l i d  c i r c l e s )  f o r  1200 GMT May 6, 1980 and 
NOAA 6 r e t r i e v a l s  ( s t a r s ) ,  about  1400 GMT, used i n  c ros s  s e c t i o n s  i n  
f i g u r e  23. 
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23. I s e n t r o p i c  c ross -sec t ions  f o r  1200 GMT May 6, 1980 (NOAA 6 about  1400 
GMT). Same as f i g u r e  19. 

24. Radiosonde (1200 GMT) and NOAA 6 r e t r i e v a l  (1436 GMT) p a i r s  f o r  May 6 ,  
1980. Radiosonde tempera tures  in s o l i d  l i n e  and r e t r i e v a l s  i n  broken 
l i n e .  
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