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4.4A RELATIONSHIP OF ISOLATED TURBULENT REGIONS TO 
TEE GmERAL TURBULENT BACKGROUND 

R. G. Roper 

School of Geophysical Sciences 
Georgia I n s t i t u t e  of Technology 

Atlanta,  GA 30332 

The atmosphere below 100 km i s  of ten re fe r red  t o  a s  the homosphere; the  
region above, the  heterosphere. I n  the homosphere, const i tuents  a r e  mixed, and 
average molecular weight i s  constant. I n  the heterosphere,  d i f f u s i v e  separat ion 
occurs, and species tend t o  f r ac t iona te ;  average molecular weight decreases with 
height. Mixing i n  the homosphere has a s  i t s  source dynamical (wind) energy. 

Against t h i s  background turbulence, in te rmi t t en t  enhancements of turbulent 
in tens i ty  a r e  observed. Some of these enhancements a r e  long l ived -- fo r  
example, a turbulent layer  a t  approximately 86 km a l t i t u d e  seens t o  be almost a 
permanent f e a t u r e  of the (global?) daytime D region, a s  observed by p a r t i a l  
r e f l e c t i o n  and MST radars.  This may well  be a del ineat ion of the  mesopause 
l eve l ,  s ince  long-term radio meteor s tudies  have shown 85 km t o  be the break- 
point  between thermoepheric c i r cu la t ion  above, and mesospheric c i r cu la t ion  
below. Rocket-released chemical t r a i l s  a r e  a l s o  characterized by turbulent  
sheets in ter leaved by laminar l aye r s  i n  which the di f fus ion coef f i c i en t  i s  not 
much l a rge r  than molecular.  he prevalent pract ice  of p lo t t ing  v e r t i c a l  
d i f fus ion  coef f i c i en t s  which a r e  l e s s  than molecular does not r ea l ly  make much 
sense -- one of the bas ic  de f in i t ions  of turbulence i s  t h a t  it i s  characterized 
by a d i f fus ion  coef f i c i en t  much l a rge r  than molecular.) I f  the observed 
turbulent l aye r s  renain a t  constant height,  then v e r t i c a l  mixing i s  severely 
inhibited.  Most models prdpose an eddy d i f fus ion  p r o f i l e  which v a r i e s  smoothly 
with height -- such a p r o f i l e  is  observed f o r  about one i n  ten chemical t r a i l  
r e l eases  i n  the mesopause and lower thermosphere. 

I n  t e r n s  of long-term monitoring, the bes t  estimates of heightl t ime 
p ro f i l e s  of turbulent i n t e n s i t y  come from the height/ t ime p r o f i l e s  of s ignal  
s t rengths  from ST radars  i n  the lower atmosphere, and MST and par t ia l - ref  l ec t ion  
rada r s  i n  the mesosphere. I n  the stratosphere,  Fresnel r e f l e c t i o n  i s  observed 
from s t a b l e  r e f r a c t i v i t y  s t ruc tu res  whose "ti1 t" i s  r e l a t e d  t o  ba roc l in ic  
disturbances. 

Correlations between v e r t i c a l  shear i n  the  hor izonta l  wind, presumably the 
source of turbulent energy, and the  existence of turbulent l aye r s  have not 
proved conclusive. However, once a turbulent sheet i s  formed (perhaps by the ' 

breaking or nonlinear in te rac t ion  of gravi ty  waves), the  h y s t e r i s i s  inherent i n  
the formation and d i s s ipa t ion  of turbulent s t ruc tu res  could mean t h a t  the sheet 
i s  advected a considerable d is tance from i t s  source before diss ipat ing.  Such a 
mechanism should be observable from the Colorado Wind P r o f i l e  Network. 
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