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SUMMARY 

Two pass ive  microwave radiometers  w e r e  flown on t h e  Ames CV-990 a i r c r a f t  
during t h e  1979 Clear A i r  Turbulence Mission (see re fe rence  1 f o r  a mission 
d e s c r i p t i o n ) .  
p ro f i l e s " ,  and a 180 GHz radiometer  w a s  used f o r  monitor ing l ine-of -s ight  i n t e -  
g ra t ed  w a t e r  vapor conten t .  
w a s  motivated by t h e  sugges t ions  t h a t :  1 )  CAT (Clear A i r  Turbulence) i s  o f t e n  
found w i t h i n  inve r s ion  l a y e r s  (Haymond, unpublished1) and a t  t h e  tropopause,  
and 2) CAT s e v e r i t y  is r e l a t e d  t o  t h e  static; s t a b i l i t y  ( l a p s e  r a t e )  of t h e  
l a y e r  w i th in  which t h e  turbulence  is generated (Haymond). The w a t e r  vapor 
measurements w e r e  motivated by t h e  r e c e n t  success  of D r .  P e t e r  Kuhn (Ref- 
e rence  2) i n  providing warnings of CAT encounters  u s ing  an I R  sensor  t h a t  
responds t o  l ine-of-s ight  w a t e r  vapor conten t .  The microwave counterpar t  
has  t h e  advantage of no t  being s u b j e c t  t o  t h e  confusing in f luence  of c i r r u s  
c louds.  

A 55.3 GHz radiometer  w a s  used t o  measure " a l t i t u d e  temperature  

The measurement of a l t i t u d e  temperature  p r o f i l e s  

INTRODUCTION 

It i s  d e s i r a b l e  t h a t  a CAT (Clear A i r  Turbulence) warning system provide  
t h e  answer t o  t h r e e  ques t ions :  when, how severe ,  and how t o  avoid. The bulk 
of prev ious  sensor  development has  been devoted t o  answering "when", and 
usua l ly  i n  a q u a l i t a t i v e  manner ( i . e . ,  Ifsoon", o r  "not soon"). A convincing 
f l i g h t  demonstrat ion of s e v e r i t y  f o r e c a s t i n g  and avoidance guidance has  no t  
y e t  been conducted. 
t i o n a l  u se  a t  t h e  p re sen t  t i m e .  

To t h e  a u t h o r ' s  knowledge, no CAT sensor  is  i n  opera- 

The i n t e n t  of t h e  55.3 GHz sensor  eva lua t ion ,  which w i l l  be descr ibed  
b r i e f l y  he re ,  is  t o  develop a s e v e r i t y  f o r e c a s t i n g  and a l t i t u d e  avoidance 
c a p a b i l i t y .  The i n t e n t  of t h e  180 GHz sensor  eva lua t ion  is t o  develop a n  

being f l i g h t - t e s t e d  by D r .  Kuhn. 
improved" ( c i r r u s  i n s e n s i t i v e )  v e r s i o n  of t h e  I R  CAT warning sensor  t h a t  i s  1 1  

1High A l t i t u d e  Clear A i r  Turbulence,  9WS Tech. Rep. #2, 1967, by 
F. Haymond. 
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55.3 GHz MEASUREMENTS 

The 55.3 GHz radiometer  i s  a modified v e r s i o n  of t h e  NIMBUS-6 SCAMS 
(Scanning Microwave Spectrometer) instrument .  Measurements of sky b r i g h t n e s s  
temperature  w e r e  made a t  a sequence of e l e v a t i o n  ang le s  spaced 4 degrees  a p a r t  
and extending from -16 degrees  t o  +20 degrees .  Aircraf t -generated parameters 
w e r e  measured every 2 seconds ( r o l l ,  p i t c h ,  p re s su re  a l t i t u d e ,  s t a t i c  a i r  
temperature ,  and ver t ica l  accelerometer  ou tpu t ) .  The instrument  w a s  mounted 
i n s i d e  t h e  cabin ,  wi th  a view through a s p e c i a l l y  designed microwave-trans- 
parent  window. 

Sky b r i g h t n e s s  temperatures  measured by t h e  55.3 GHz radiometer  are re- 
l a t e d  t o  t h e  phys ica l  temperature  of the 'oxygen  molecules a long  t h e  viewing 
d i r e c t i o n ,  range-weighted i n  accordance wi th  an e-folding d i s t a n c e  of about 
3-kilometers.  
and below t h e  a i r c r a f t  a l t i t u d e  i n  accordance wi th :  h=3kmf~sin(elevat ion) .  A s  
a f i r s t  approximation, air  temperature ve r sus  a l t i t u d e  can  be est imated from 
t h e  p l o t  of sky b r igh tness  temperature ve r sus  e l e v a t i o n  angle ,  wi th  t h e  ele- 
va t ion  angle  re-scaled t o  correspond t o  "app l i cab le  a l t i t u d e " .  The a l t i t u d e  
coverage i s  t y p i c a l l y  1500 m (5000 f t ) ,  cen tered  on t h e  a i r c r a f t  a l t i t u d e .  
The a l t i t u d e  r e s o l u t i o n  is  approximately 10% of the a l t i t u d e  coverage ( f o r  
t h e  instrument  descr ibed  he re ) .  This  i s  s u f f i c i e n t  f o r  the d e t e c t i o n  of 
most i nve r s ion  l a y e r s  w i th  th i ckness  exceeding 300 m (1000 f t ) .  

Eleva t ion  ang le  scanning moves t h e  "app l i cab le  a l t i t u d e "  above 

Figure  1 i s  an  example of " a l t i t u d e  temperature  p r o f i l e s "  generated from 
t h e  55.3 GHz radiometer  measurements i n  t h e  manner descr ibed above. The l e f t  
panel  i s  t h e  most commonly observed p r o f i l e ,  e x h i b i t i n g  l a p s e  rates (s lopes)  
of about  -7 K/km. Occasional ly ,  t h e  dry  a d i a b a t i c  l a p s e  rate of -9.5 K/km 
is  observed. 
l a y e r .  Note how i t  i s  p o s s i b l e  t o  read of f  the a l t i t u d e s  of t h e  lower and 
upper boundary of t h e  inve r s ion  l a y e r .  It i s  a l s o  p o s s i b l e  t o  estimate t h e  
l a p s e  rate w i t h i n  t h e  inve r s ion  l a y e r .  
17  seconds of f l i g h t  (3.5 km). It is  t h e r e f o r e  p o s s i b l e  t o  monitor t h e  
va r ious  p r o p e r t i e s  of t h e  inversion l a y e r ,  and t o  c h a r a c t e r i z e  i t  as 
unchanging o r  changeable. 

The r i g h t  pane l  w a s  taken w h i l e  f l y i n g  within an  inve r s ion  

Panels  l i k e  t h e s e  are obtained every 

INTERPRETATION OF 55.3 GHz MEASUREMENTS 

Layers of a i r  t h a t  e x h i b i t  a n  a d i a b a t i c  l a p s e  rate are unable t o  s u s t a i n  
wind shear .  Sub-adiabatic l a y e r s  ( inc lud ing  inve r s ion  layers) are a b l e  t o  
support  wind shear .  It  i s  commonly thought that ver t ical  wind shear  is  t h e  
energy source  f o r  t h e  tu rbu len t  motions a s soc ia t ed  wi th  CAT. Since l a r g e  
vaIues  of wind shear  r ep resen t  a l a r g e  r e s e r v o i r  of energy f o r  t h e  product ion 
of CAT, i t  is n a t u r a l  t o  p o s t u l a t e  t h a t  CAT s e v e r i t y  bea r s  a r e l a t i o n s h i p  t o  
the  magnitude of t h e  wind shear  w i t h i n  t h e  l a y e r .  Since l a r g e  va lues  of wind 
shear  can  only  e x i s t  w i th in  l a y e r s  having l a r g e ,  p o s i t i v e  l a p s e  rates ( i .e . ,  
i nve r s ion  l a y e r s ) ,  i t  i s  n a t u r a l  t o  suppose t h a t  t h e  most severe  CAT w i l l  be 
found wi th in  inve r s ion  l a y e r s .  Moreover, t h e  g r e a t e r  t h e  l a p s e  rate of t h e  
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i nve r s ion  l a y e r ,  t h e  g r e a t e r  t h e  s e v e r i t y  of any ensuing turbulence .  These 
p r e d i c t i o n s  are supported by t h e  measurements of Haymond (Ref. l), who ana- 
lyzed 4000 s o r t i e s  of U2 a i r c r a f t ,  f l y i n g  above t h e  tropopause.  It  i s  
important t o  independent ly  v e r i f y  t h e s e  f ind ings ,  e s p e c i a l l y  f o r  f l i g h t  below 
t h e  tropopause.  The 55.3 GHz sensor  i s  i d e a l  f o r  such a n  i n v e s t i g a t i o n .  

The r i g h t  panel  of Figure 1 is one of a sequence covering a half-hour 
per iod.  A case s tudy  a n a l y s i s  of t h i s  d a t a  set has  been conducted and w i l l  
be  publ ished elsewhere.  To summarize, the inve r s ion  l a y e r  supported a wind 
shear  of 28 knots ,  averaged 400 m (1300 f t )  i n  th i ckness ,  and w a s  gene ra l ly  
i so thermal  when it w a s  400 m (1300 f t )  t h i c k .  I f  i t  i s  assumed t h a t  t h e  
wind p r o f i l e  compressed and expanded as t h e  temperature  f i e l d  d e f i n i n g  the 
inve r s ion  l a y e r  compressed and expanded, then  it is  p o s s i b l e  t o  c a l c u l a t e  a 
Richardson number f o r  each h y p o t h e t i c a l  t h i ckness  (Richardson number, R i ,  is 
t h e  r a t i o  of s t a b i l i z i n g  f o r c e s  t o  over turn ing  f o r c e s ,  o r  R i  = " p o t e n t i a l  
temperature  l a p s e  rate" d iv ided  by "wind shear  squared").  I n  t h i s  way, it i s  
c a l c u l a t e d  t h a t  when t h e  l a y e r  is th inne r  than  about 210 m (700 f t ) ,  R i  w i l l  
be c0 .25 ,  which is  a t h e o r e t i c a l  p recondi t ion  f o r  growth of wind shea r  d r iven  
i n s t a b i l i t i e s .  
760 m (2500 f t )  t o  a low of 120 m (400 f t )  ( b r i e f l y ) .  When it w a s  a t  i ts  
sha l lowes t ,  "nibbles" of tu rbulence  w e r e  noted. Unfortunately,  t h e  a i r c r a f t  
120 m below t h e  inve r s ion  l a y e r  when t h e s e  cond i t ions  occurred,  and i t  can 
only be specula ted  t h a t  t h e  turbulence  o r i g i n a t e d ,  and w a s  more severe, 
wi th in  t h e  inve r s ion  l a y e r .  

The l a y e r  w a s  observed t o  vary i n  th i ckness  from a h igh  of 

The observa t ions  descr ibed  i n  t h e  previous paragraph are s i g n i f i c a n t  i n  
seve ra l  r e s p e c t s .  
t h e o r e t i c a l  p o r t r a y a l  of CAT being formed by t h e  breakdown of Kelvin-Helmholtz 
waves, which are d r iven  p a s t  t h e i r  s t a b i l i t y  l i m i t  by condi t ions  a s soc ia t ed  
wi th  decreas ing  Richardson number ( t o  t h e  <1/4 r eg ion ) .  Second, i nve r s ion  
l a y e r s  t h a t  are very dynamic do n o t  always produce CAT. 
sensors  t h a t  base t h e i r  "when" warnings on v a r i a b i l i t y  of t h e  remotely sensed 
temperature f i e l d  must contend wi th  t h e  f a l s e  alarm problem. Thi rd ,  i f  a CAT 
"when" warning sensor  i s  ever  found accep tab le  f o r  ope ra t iona l  u se ,  a rad io-  
meter s i m i l a r  t o  t h e  55.3 GHz sensor  could be deployed f o r  t h e  a l t i t u d e  
l o c a t i o n  of nearby inve r s ion  l a y e r s ,  which could then  se rve  f o r  any evas ive  
a c t i o n s  t h a t  t h e  p i l o t  deems necessary.  It is  important  t o  l e a r n  how o f t e n  
inve r s ion  l a y e r s  are t h e  source of CAT, o r  else a l t i t u d e  changes f o r  t h e i r  
avoidance would be f r u i t l e s s .  

F i r s t ,  t h e  behavior of t h e  inve r s ion  l aye r  suppor ts  t h e  

I n  o t h e r  words, CAT 

During t h e  1979 CAT Mission t h e r e  are many ins t ances  when CAT w a s  found 
wi th in  inve r s ion  l a y e r s .  On some occas ions ,  dur ing  a s c e n t s  o r  descents ,  t h e r e  
is a remarkable a s s o c i a t i o n  between turbulence  i n t e n s i t y  and inve r s ion  l a y e r  
l o c a t i o n .  
55.3 GHz sensor  d id  not show t h e  presence of an inve r s ion  l a y e r .  Many f l i g h t  
hours w e r e  spent  a t  low a l t i t u d e s ,  near  r i d g e  level, searching  out  topography- 
generated turbulence.  Under t h e s e  circumstances,  i nve r s ion  l a y e r s  would n o t  
be r e l a t e d  t o  t h e  o r i g i n  of t h e  turbulence  i n  t h e  s a m e  way t h a t  can be 
expected f o r  c r u i s e  a l t i t u d e  events .  A sys temat ic  s tudy  of t h e  s t a t i s t i ca l  
a s s o c i a t i o n  of CAT encounters  wi th  inve r s ion  l a y e r  l o c a t i o n s  w i l l  have t o  be 
conducted. Although such a s tudy  w i l l  be performed on t h e  1979 CAT Mission 
da ta  i n  hand, a more d e f i n i t i v e  a n a l y s i s  should be a v a i l a b l e  i n  2 o r  3 yea r s ,  

However, t h e r e  are many cases where CAT w a s  encountered when t h e  
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when a h ighly  improved ve r s ion  of t he  55.3 GHz radiometer  is deployed f o r  a 
more ex tens ive  eva lua t ion  on NASA's C-141 a i r c r a f t .  

180 GHz MEASUREMENTS 

The 180 GHz radiometer w a s  borrowed from a d i f f e r e n t  p r o j e c t ,  and h a s  
The wide bandwidth channel  w a s  used dur ing  

The radiometer  w a s  mounted i n s i d e  the  cab in ,  wi th  a 
been descr ibed  i n  Reference 3.  
t h e  1979 CAT Mission. 
view through a microwave t r anspa ren t  window (high-densi ty  polye the lene ,  w i t h  
1 / 4  wave grooves).  
degrees  r i g h t  of forward. The an tenna  beamwidth w a s  5 degrees .  The rad io-  
meter output  w a s  gated every 2 seconds,  and t h e  s e n s i t i v i t y  w a s  t y p i c a l l y  less 
than  1 K. A t  t h e  f requency of 180 GHz, t h e  atmosphere i s  approximately 50% 
t r a n s p a r e n t  a t  an  a l t i t u d e  of 6 km (20 000 f t >  ( f o r  t h e  viewing d i r e c t i o n  used) .  
A t  180 GHz, t h e  p r i n c i p a l  source  of opac i ty  (and, hence, emission) i s  molecular 
water vapor. Ro l l  compensation w a s  no t  app l i ed ,  which g r e a t l y  complicated t h e  
t a s k  of e x t r a c t i n g  atmospheric  r e l a t e d  v a r i a t i o n s .  S m a l l  frequency d r i f t s  
occurred a t  random t i m e s ,  c r e a t i n g  ga in  d r i f t s ,  which occas iona l ly  complicated 
i s o l a t i o n  of atmospheric e f f e c t s .  It should be noted t h a t  radiometers  f o r  
ope ra t ion  a t  f r equenc ie s  as h igh  as 180 GHz are d i f f i c u l t  t o  b u i l d ,  and t h e i r  
s tate of t h e  a r t  i s  improving r ap id ly .  

The viewing d i r e c t i o n  w a s  1 2  degrees  e l e v a t i o n  and 50 

The b a s i s  f o r  D r .  Peter Kuhn's CAT warning c a p a b i l i t y  i s  t h a t  shear- 
d r i v e n  Kelvin-Helmholtz waves d i s t u r b  t h e  f l a t n e s s  of a n  i n t e r f a c e  s e p a r a t i n g  
over ly ing  a i r  masses t h a t  are cha rac t e r i zed  by d i f f e r e n t  abso lu t e  humidi t ies  
(Ref. 2 ) .  The v a r i a t i o n s  i n  l ine-of -s ight  water vapor which are measured by 
an  I R  sensor  i n  an a i r c r a f t  t h a t  is  under f ly ing  t h e  i n t e r f a c e  r eg ion  are re- 
vea l ing  a process  t h a t  i s  i n t i m a t e l y  r e l a t e d  t o  t h e  genera t ion  of CAT. I 
have suggested (Ref. 4 ) ,  us ing  s imple geometr ical  arguments, t h a t  i f  warning 
t i m e s  of s e v e r a l  minutes can  be generated from viewing d i r e c t i o n s  t h a t  are 
i n c l i n e d  upward by 7 degrees  and g r e a t e r ,  t h e r e  must be a n  annulus of d i s tu rbed  
a i r ,  surrounding t h e  CAT reg ion ,  t h a t  i s  recognized by t h e  I R  CAT sensor .  
The I R  CAT sensor ,  i n  o t h e r  words, i s s u e s  i t s  warning be fo re  i t s  viewing cone 
i n t e r c e p t s  t h a t  p a r t  of t h e  a i r  conta in ing  t h e  CAT. 

The reasoning descr ibed  i n  t h e  prev ious  paragraph convinced us  t h a t ,  i n  
s p i t e  of t h e  off-forward viewing d i r e c t i o n  ( t h a t  a n  inside-the-cabin i n s t a l -  
l a t i o n  would r e q u i r e ) ,  a f a i r  eva lua t ion  might s t i l l  be p o s s i b l e  of t h e  m e r i t s  
of a 180 GHz sensor  as a f o r e c a s t e r  of CAT encounters  i f  i t  w e r e  included i n  
t h e  1979 CAT Mission. A s  s t a t e d  i n  the in t roduc t ion ,  t h e  motivat ion f o r  i n -  
s t a l l i n g  and ope ra t ing  t h e  180 GHz radiometer  i s  t h a t  i t  would no t  be  s u b j e c t  
t o  t h e  confusing in f luence  of c i r r u s  c louds ,  which l eads  t o  f a l s e  alarms f o r  
t h e  I R  CAT sensor .  The s c a t t e r i n g  and absorbing c r o s s  s e c t i o n  of ice  
c r y s t a l s  is o rde r s  of magnitude smaller a t  180 GHz than a t  30 microns,  where 
t h e  I R  CAT sensor  ope ra t e s .  
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WSULTS OF 180 GHz MEASUREMENTS 

A s  expected, c i r r u s  c louds  had no n o t i c e a b l e  e f f e c t  on t h e  180 GHz ra- 
Th i s  much had been demonstrated on previous f l i g h t s  by diometer ou tput .  

Waters ( p r i v a t e  communication, 1977). 

A few of t h e  100 t o t a l  hours  of 180 GHz d a t a  have been c leansed  of r o l l -  
r e l a t e d  f l u c t u a t i o n s .  P l o t s  of RMS v a r i a t i o n  w e r e  cons t ruc ted ,  and 
c o r r e l a t i o n s  w i t h  l i g h t  and moderate CAT encounters  were sought.  No c o r r e l a -  
t i o n s  w e r e  found! D r .  P e t e r  Kuhn, whose I R  CAT sensor  w a s  i n s t a l l e d  on t h e  
same a i r c r a f t ,  r e p o r t s  success fu l  warnings throughout t h e  1979 CAT Mission. 

There are 6 d i f f e r e n c e s  between t h e  180 GHz radiometer  and t h e  I R  CAT 
sensor  t h a t  can be  considered as p o t e n t i a l  explana t ions  f o r  t h e  d i f f e r e n c e  i n  
t h e i r  performance: 

1. S e n s i t i v i t y ,  10  ve r sus  5 microns of p r e c i p i t a b l e  water vapor 

2. Beamwidth, 5 degrees  ve r sus  2 degrees  
3 .  
4 .  Elevat ion ,  1 2  degrees  ve r sus  7 degrees  
5. Sampling rate, 2 seconds ve r sus  0 .1  second 
6 .  S e n s i t i v i t y  t o  r o l l  v a r i a t i o n s  

(es t imated)  

Off-forward viewing d i r e c t i o n ,  50 degrees  ve r sus  0 degrees  

I t e m  4 i s  probably n o t  important .  I t e m  1 is perhaps more important than  it 
appears .  
l i m i t e d ,  and not  "sky noise" l i m i t e d ,  whereas t h e  I R  CAT radiometer  appears  
t o  have been "sky noisel '  l imi ted!  Although t h e  sampling rates appear t o  be 
s i g n i f i c a n t l y  d i f f e r e n t  , t h e  I R  CAT sensor i s  r epor t ed  t o  produce warnings 
when t h e  r a w  d a t a  stream is converted t o  a sequence of 1-second averages.  
Indeed, t h e  earlier d a t a  from t h i s  sensor (Ref. 2) shows v a r i a b i l i t y  on t i m e -  
scales fa r  longer  than  2 seconds,  dur ing  t i m e s  t h a t  are a s s o c i a t e d  wi th  f l i g h t  
through turbulence .  A t  t h i s  t i m e ,  t h e r e  i s  no unique explana t ion  f o r  t h e  
d i f f e r e n c e  i n  performance between t h e  two sensors .  

The 180 GHz radiometer ou tpu t  w a s  d e f i n i t e l y  "radiometer noise" 

A g r e a t l y  improved 180 GHz radiometer could be b u i l t  w i t h  p re sen t  tech- 
nology. It is  p o s s i b l e  t h a t  a l l  t h e  shortcomings i n  performance r e l a t i v e  t o  
t h e  I R  CAT sensor ,  t h a t  are l i s t e d  above, could be  overcome. ( I t  should n o t  
be f o r g o t t e n ,  however, t h a t  any microwave coun te rpa r t  t o  a n  I R  sensor  can be 
expected t o  c o s t  more t o  produce.) The p r i n c i p a l  r e s u l t  of t h e  180 GHz f l i g h t  
experience is t h a t  any microwave coun te rpa r t  t o  t h e  I R  CAT sensor  w i l l  have t o  
be s i g n i f i c a n t l y  b e t t e r  than  t h e  180 GHz radiometer  descr ibed above. 

CONCLUDING REMARKS 

The 55.3 GHz a i r b o r n e  radiometer  i s  t h e  f i r s t  of i t s  type.  It w a s  used 
t o  measure, f o r  t h e  f i r s t  t i m e ,  " a l t i t u d e  temperature  p r o f i l e s " .  The se- 
quence of p r o f i l e s ,  spaced 17 seconds a p a r t  (3.5 km), enable  inve r s ion  l a y e r  
and tropopause p r o p e r t i e s  t o  be s tudied .  On some occas ions ,  t h e  a l t i t u d e  
d i s t r i b u t i o n  of CAT s e v e r i t y  c o r r e l a t e d  remarkably w e l l  wi th  inve r s ion  l a y e r  
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l oca t ion .  On o t h e r  occas ions ,  tu rbulence  w a s  n o t  l oca t ed  w i t h i n  55.3 GHz 
measured inve r s ion  l a y e r s .  These may be cases of topography-generated CAT, 
where inve r s ion  l a y e r s  would n o t  n e c e s s a r i l y  be expected. 
obtained suppor t ing  t h e  hypothes is  t h a t  CAT i s  generated w i t h i n  l a y e r s  con- 
t a i n i n g  levels of wind shear  that cannot be supported by t h e  l a y e r ' s  l a p s e  
rate; i . e . ,  t h a t  Kelvin-Helmholtz wave breakdown can  gene ra t e  CAT. 

Evidence h a s  been 

The 180 GHz radiometer  f a i l e d  t o  warn of CAT events .  It  is  suggested 
that the rad iometer ' s  s e n s i t i v i t y  (1 K) w a s  inadequate  f o r  d e t e c t i n g  t h e  
s m a l l  v a r i a t i o n s  i n  l ine-of -s ight  water vapor con ten t ,  which are r e p o r t e d l y  
r e spons ib l e  f o r  the success  of D r .  P e t e r  Kuhn's I R  CAT warning sensor .  The 
180 GHz radiometer  w a s  n o t  a f f e c t e d  by c i r r u s  c louds ,  which should j u s t i f y  i t s  
continued cons ide ra t ion  f o r  f u t u r e  sensor  development. 
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The JPL a i rbo rne  pass ive  microwave sensor  t h a t  w a s  tes t - f lown in  a NASA 
research  a i r c r a f t  demonstrated t h a t  " a l t i t u d e  temperature  p r o f i l e s "  can be  
measured remotely,  and i n  real t i m e .  The panel  on t h e  l e f t  shows t h a t  from 
610 m (2000 f t )  below a i r c r a f t  t o  910 m (3000 f t )  above, observed a i r  t e m -  
p e r a t u r e  ''0'' decreased u n i f o r a l y  w i t h  a l t i t u d e .  The dashed h o r i z o n t a l  l ine,  
corresponding t o  a i r c r a f t  a l z i t u d e  (5476 m (27 810 f t )  f o r  t h i s  pane l ) ,  has  
t h e  temperature  scale coded wi th  semicolons 10 K a p a r t .  Temperature a t  air- 
c r a f t  a l t i t u d e  i s  225.4 K. The slopi-ng p a t t e r n  of semicolons correspond t o  
an "adiaba t ic"  atmosphere, i n  which i t  i s  n e a r l y  impossible  t o  genera te  tu r -  
bulence.  The panel  on t h e  r i g h t  I l l u s t r a t e s  an  inve r s ion  l a y e r  a t  a i r c r a f t  
a l t i t u d e  (5456 m (17 900 f t ) ) .  The boundaries  of t h e  l a y e r  are a t  90 m 
(300 f t )  below and 400 m (1300 f t )  above. I f  a "yes/no" type  of tu rbulence  
d e t e c t o r  shows t h a t  CAT i s  imminent, t h e  p i l o t  could use  t h e  informat ion  
contained i n  t h i s  pane l  t o  reques t  a n  assignment t o  a lower a l t i t u d e ,  and 
thereby  unde r f ly  t h e  reg ion  of g r e a t e s t  tu rbulence .  

F igure  1.- Clear a i r  turbulence  s t u d i e s  w i t h  microwave radiometers .  
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