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Further s tudies  of VHF radar  s igna l s  from the troposphere and s t ra tosphere 
revealed not only sca t t e r ing  from i so t rop ic  turbulence a t  scales  of half  the 
radar wavelength ( typ ica l ly  about 3 m fo r  VHF radars)  but a l s o  p a r t i a l  o r  
Fresnel r e f l ec t ion  or sca t t e r ing  from horizontally s t r a t i f i e d  temperature 
d i scon t inu i t i e s  (e.g., ROTTGER, 1980). Proof fo r  t h i s  observation was given by 
the l a rge  s p a t i a l  and temporal coherence of r ada r  signals.  
t h a t  t h i n  s t ructures ,  pa r t i cu la r ly  i n  the stratosphere,  may be pe r s i s t en t  over 
some ten seconds, which is longer than the coherence t i m e  of 3711 sca l e  
turbulence i n  the s t ra tosphere (e.g., WOODMAN and GUILLEN, 1974). The v e r t i c a l  
thickness of the s t ructures  was estimated t o  be much thinner than 150 m (ROTTGER 
and SCHMIDT, 1979). Observations over a longer t i m e  period indicate  t h a t  these 
fine-scale s t ructures  o r  sheets are clumped together forming patches or 
ensembles of mostly downward sloping s t ructures .  

I t  i s  recognized 

I f  one assumes t h a t  these f ine  s t ructures  a re  due t o  temperature s t eps  or 
gradients r a the r  than t o  very thin turbulent layers  some evident s i m i l a r i t i e s  
between the temperature f i n e  s t ruc tu re  of the s t ra tosphere and the oceanic 
thermocline are found (e.g., WOODS, 1968). This i s  obvious since both the 
s t ra tosphere and the thermocline a re  very s t ab le  regions due to  the increase of 
po ten t i a l  temperature with height. 
nomenclature as  used i n  oceanography t o  describe the f i n e  s t ruc tu re  detected 
with v e r t i c a l l y  beaming VHF radars:  the thin,  pe r s i s t en t  s t r a t i f i c a t i o n s  or 
laminae are regarded as  "sheets" which form thicker  "ensembles". Fine-scale 
measurements of the oceanic temperature p r o f i l e  showed t h a t  the sheets a r e  t h i n  
i n t e r f a c i a l  regions separating "turbulent layers". It can be shown t h a t  radar  
echoes afe  a lso received from the regions between individual sheets,  which are 
turbulent layers  according t o  observations of the oceanic thermocline. 
radar  echoes a re  due to  sca t t e r ing  from small-scale turbulence (3-m sca l e )  and 
a re  normally much weaker than the echoes from the sheets.  
sheets a t  the boundaries of turbulent layers  are the typ ica l  "turbulence 
s t rhc tu res"  detected by VHF radars.  

ROTTGER (1980) proposed t o  use the same 

These 

Thus, ensembles of 

It s h a l l  be s t ressed here tha t  t h i s  model of atmospheric turbulence was 
already proposed by BOLGIANO (1968). 
turbulent layer tends t o  equalize the mean temperature p r o f i l e  so t ha t  tempera- 
t u r e  gradients a r e  formed a t  i t s  boundaries. We regard the temperature 
gradients as "sheets being responsible fo r  the enhanced and pe r s i s t en t  echo 
power observed with the VHF radars. Recent t heo re t i ca l  invest igat ions of 
PELTIER e t  a l .  (1978) yield a more de t a i l ed  descr ipt ion of the temperature 
p r o f i l e  i n  a turbulent layer.  There i s  accepted evidence t h a t  turbulence i n  the 
s t a t i c a l l y  s t ab le  atmosphere i s  caused by Kelvin-Helmholtz i n s t a b i l i t y .  The 
e s s e n t i a l  condition for  the onset of turbulence i s  t h a t  the Richardson number 
f a l l s  below i t s  c r i t i c a l  value, which can be due t o  an increase of wind shear. 
I n  Figure 1 the r e s u l t s  of PELTIER e t  a l .  (1978) a re  sketched t o  show how 
temperature gradients ,  viz.  ensembles of sheets,  a r e  formed. The o r ig ina l  
height p ro f i l e s  of wind ve loc i ty  u and po ten t i a l  temperature 0 a re  given by the 
curve uo and 8,. 
because the gradient of po ten t i a l  temperature N / a z  i s  posit ive.  
p r o f i l e  is characterized by a shear which gives rise to  Kelvin-Helmholtz 

H e  pointed out t h a t  v e r t i c a l  mixing i n  a 

The temperature p r o f i l e  indicates  high s t a t i c  s t a b i l i t y  
The veloci ty  
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i n s t a b i l i t y  and yields  a turbulent layer. 
layer (up t o  some minutes), t he  ve loc i ty  and temperature p ro f i l e s  are given by u1 
and el. Consequently, gradients of e occur near the top and the bottom of the 
turbulent layer.  These gradients a r e  sheets,  according t o  the above-mentioned 
def ini t ion,  which p a r t i a l l y  r e f l e c t  VHF rada r  ,signals. 
shear layer (0 -+ 1 -+ 2 -+ ... ) may progress and cause the formation of multiple 
turbulent layers ,  i.e., ensembles of sheets a t  t h e i r  boundaries. The 
corresponding time development of the sheets i s  sketched i n  the center par t  of 
Figure 1 and may be compared with well-known VHF radar  observations. 

After a typical  growth time of the 

The s p l i t t i n g  of the 

The b i r t h  and decay of the sheets depend on the background conditions of 
Only crude estimates of the l i f e t ime  of sheets s t a t i c  and dynamic s t a b i l i t y .  

can be obtained from current radar observations since the turbulence s t ructures  
are advected with the wind through the radar  beam. 
observed sheets range from several  seconds t o  minutes. 

Typical times of VHF-radar 

We conclude from these de f in i t i ons  and arguments t h a t  v e r t i c a l l y  beaming 
VBF radars  only ind i r ec t ly  detect  turbulent l aye r s  i n  the  stratosphere,  because 
they are more sens i t i ve  t o  the temperature gradients a t  the boundaries of the 
turbulent layers.  Consequently some care  must be taken i n  estimating turbulent 
transport  coeff ic ients  using the cha rac t e r i s t i c s  of VHF radar  s ignals  such as 
echo power and correlat ion time. Further considerations on these l imi t a t ions  
were outlined by ROTTGER (1980). It i s  i n t e r e s t i n g  t o  note tha t  recent ly  BARAT 
(1982) reported about measurements of s t r a tosphe r i c  turbulence and temperature 
p ro f i l e s  which were consistent with the model of Figure 1. 

t 

Figure 1. Formation of ensembles of sheets by Kelvin-Helmholtz. 
instability (u and 0 profiles a f t e r  PELTIER et al., 1978). 
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