
4.1A DETERMINATION OF BILLOWS AND OTHER TUREULENT STRUCTURES 

P. K. Rastogi 

Department of E l e c t r i c a l  Engineering and Applied Physics 
Case Western Reserve Univers i ty  , 

Cleveland, OR 44106 

INTRODU (;TION 

Billows a r e  regular ,  wave-like a r r ays  of cross-flow v0rtice.s t ha t  develop 
i n  s t r a t i f i e d  oceanic o r  atmospheric f lows wi th  l a rge  shear. Atmospheric 
b i l lows can become manifest  through condensation. Billows a r e  f requent ly  seen 
i n  t h e i r  c h a r a c t e r i s t i c  cloud forms i n  the  lower atmosphere. Under s u i t a b l e  
viewing condit ions,  b i l lows can a l s o  be seen i n  noct i lucent  clouds t h a t  form 
near t he  polar  mesosphere during the summer months. Excellent  examples of these 
cloud forms have been catalogued by SCORER (1972). 

Other turbulent  s t r u c t u r e s  -- r e l a t e d  t o  b i l lows -- a r e  the  Kelvin- 
fielmholtz i n s t a b i l i t y  (KHI) and c a t ' s  eye s t r u c t u r e s  t h a t  occur i n  f u l l y  
developed tu rbu len t  shear flows. Shear flows may conta in  per turbat ions  a t  many 
d i f f e r e n t  hor izonta l  wavelengths and v e r t i c a l  sca les .  R e a l i s t i c  t h e o r e t i c a l  . 
models have been cons t ruc ted  t o  study the  s t a b i l i t y  and growth of these 
per turbat ions .  For the  purpose of t h i s  note ,  it w i l l  s u f f i c e  t o  point out t h a t ,  
a s  t he  l o c a l  gradient  Richardson number R i  i s  reduced below a  value of about 
0.25, t he  most rapid ly  growing per turbat ions  have a  wavelength (A) t h a t  i s  %21r 
times the  i n i t i a l  thickness,  h  (TURNER, 1973; GOSSARD and HOOKE, 1975). A s  the 
l aye r  becomes completely mixed, i t  may eventually acquire  a  th ickness  H s Sh 
(SCORER, 1969; WOODS and WILEY, 1972). Stages i n  the growth of a  shear-flow 
i n s t a b i l i t y  have been out l ined  by SCORER (19691, TtIORPE (19691, VOODS (1969) and 
READINGS (1973). 

I n  t h i s  no te  we ou t l ine  the  extent  t o  which b i l lows and KHI have been 
observed i n  the  atmosphere, p r inc ipa l ly  with the  use of radars.  Most of these  
observat ions  a r e  confined t o  the  troposphere. Suggestions a r e  made f o r  improved 

- r ada r  experiments t h a t  a r e  requi red  t o  de t ec t  these  s t ruc tu res  a t  higher 
a l t i t u d e s .  

- - . -  - - BILLOW OBSERVATIONS IR THE ATMOSPHERE 

High-power r ada r s  opera t ing  a t  GHz frequencies have a  s u f f i c i e n t l y  f i n e  
s p a t i a l  and temporal r e so lu t ion  t o  de tec t  b i l lows of %loo-200 m thickness.  
Early radar  observations of b i l low s t ruc tu res  and KHI i n  the troposphere were 
repor ted  by HICKS and ANGELL (19681, and HARDY and KATZ (1969). 

ATLAS e t  a l .  (1970) have used a  2.9 GHz FM-CW radar ,  with a  height 
r e so lu t ion  of Q1 m, t o  observe the d e t a i l s  of growth of a KHI i n  the boundary 
l aye r  a t  300-400 m, and i t s  eventual  decay i n t o  c l ea r - a i r  turbulence.  JAMES and 
BROWNING (1981) have used a  s imi l a r  radar ,  with a  S30 m range r e so lu t ion  and 
Doppler c a p a b i l i t y ,  t o  observe the development of secondary b i l lows of 350 rn 
wavelength on primary b i l lows of 4.2 km wavelength a t  heights of 7-8 Ian. 

VtiF r a d a r s  opera t ing  a t  a  t yp ica l  frequency of 50 MHz have a  b e t t e r  
a l t i t u d e  coverage'(%5-25 km and 60-90 km), but t h e i r  poor s p a t i a l  r e so lu t ion  
( typ ica l ly  2-5 km i n  the  v e r t i c a l  and ho r i zon ta l  d i r e c t i o n s )  usually smears the 
f i n e  s t r u c t u r e  i n  the  shear regions.  Few VEIF r ada r s  make use of phase-coding 
and decoding techniques t o  achieve an improved height  r e so lu t ion  of ~ 1 5 0  m. 
UHF r a d a r s  provide a  narrow beam, and the re fo re  an improved ho r i zon ta l  
resolu t ion .  I n  e i t h e r  case, t he  hor izontdl  r e so lu t ion  i s  of ten impaired by the 



i n t eg ra t ion  time ( s l  min) and depends on the wind speed. For these reasons VftF 
and UHF radars  have provided only l imited evidence f o r  bil low s t ructures  i n  the  
middle atmosphere, and most of these observations a r e  below the  tropopause . 

ROTTGER and SCHMIDT (1979) have used VHF observations with 150-m resolut ion 
and 30-m spacing t o  detect  a Cat ' s  eye s t ruc tu re  a t  4.5-km a l t i tude .  UHF 
observations with 1 5 0 9  resolut ion a t  Arecibo (see e.g., RASTOGI, 1981) show 
vaguely defined large-vortex s t ruc tu res  and bi furcat ing l aye r s  of turbulence i n  
the  troposphere. 

I n  t h e  above experiments the  Doppler resolut ion i s  usually inadequate t o  
resolve  d i f f e r e n t i a l  motions i n  a radar  ce_il. WAND e t  a l .  (1983) have improved 
t h e  r a d i a l  v e l o c i t y  r e so lu t ion  t o  4 cm s i n  a UHF radar  experiment, and have 
used t h i s  capab i l i ty  t o  detect  the  evolution of a KliI and a braided s t ruc tu re  i n  
the  troposphere. 

Radars, and other  techniques e.g., balloon-borne sensors, have been 
i n e f f e c t i v e  i n  detect ing the  evolution of bil low s t ruc tu res  i n  the s t ra tosphere ,  
though estimates of CAT layer  thickness a r e  more read i ly  obtained (BARAT, 1982; 
WOODMAN and RASTOGI, 1984). The CAT layer  thickness can a l s o  be inferred i n  the  
mesosphere b0.1  to  1 km) using high-resolution VHF radars  (ROTTGER e t  a l . ,  
1979). ROYRVIK (1983) has used an in te r f  erometr ic  method with the Jicamarca VHF 
r ada r  t o  i n f e r  tha t  ro ta t ing,  vortex-like, s t ruc tu res  may occur i n  the  
mesosphere. 

SUGGESTIONS FOR IMPROVED RADAR EXPERIMENTS 

The ex i s t ing  VIfF and UHF radars  have provided scant r e s u l t s  on the  
c h a r a c t e r i s t i c s  of bil low s t ruc tu res  i n  the atmosphere, due mainly t o  t h e i r  poor 
v e r t i c a l ,  hor izonta l  and temporal resolution.  It i s  c l e a r  tha t  the thickness of 
f u l l y  grown CAT regions i s  usually l e s s  than 1 km. 

To observe the growth of bil lows and FHI i n  CAT regions i n  the stratodphere 
and mesosphere, i t  i s  theref ore necessary to :  

1. Improve the v e r t i c a l  r e so lu t ion  t o  s l O O  m (or l e s s )  with the use of 
phase codes and decoding techniques, 

- 
2. reduce the hor izonta l  smearing by l imi t ing  the  beim width t o  lo-2'. 

3. reduce the horizontal  smearing by l imi t ing  the  in teg ra t ion  time t o  10-30 s, 
and 

-1 
4. improve the Doppler resolut ion t o  s 1 0  cm s (or l e s s )  by spec t ra l  

ana lys i s  of longer s e r i e s  of samples. 
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