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2.1E IS VHF FRESNEL REFLECTIVITY DUE TO LOW FREQUENCY BUOYANCY WAVES? 

T. E, VanZandt and R. A. Vincent* ' 

Aeronomy Laboratory, National Oceanic and Atmospheric 
Administration, Boulder, CO 80303 

*Department of Physics, University of Adelaide, Adelaide, South Austral ia  5001 
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VBF radar  echoes are great ly  enhanced near the zeni th  r e l a t i v e  t o  other 
directions.  This enhancement must be due t o  r e f l ec t ion  from horizontally 
s t r a t i f i e d  laminae of r e f r ac t ive  index. I n  t h i s  paper, we suggest t h a t  the 
r e f r a c t i v i t y  laminae are due t o  the displacements of low frequency buoyancy 
( in t e rna l  gravi ty)  waves act ing on the background v e r t i c a l  gradient of 
r e f r ac t iv i ty .  

The radar  cross  sect ion a(&) i s  given by (OTTERSTEN, 1969) 

where k 
the  s p a t i a l  power spec t r a l  density of ?.I. 
spectrum of v e r t i c a l  displacement act ing on M = <dU/dz>, the background 
gradient of u, then 

4r/Iradar, u i s  the potent ia l  radio r e f r ac t ive  index, and W(&) i s  
If-the f luc tua t ions  of p are due t o  a 

where E (@ is the s p a t i a l  power spectrum of v e r t i c a l  displacement. In  order 
for dtfi t o  be strongly enhanced near the zenith,  E ( ) must a lso be strongly enhanced. 0 

VAMZANDT (1982) has shown t h a t  the observed spectra  of mesoscale wind 
f luctuat ions i n  the troposphere and laver s t ra tosphere can be modeled by a 
universal  spectrum of buoyancy ( in t e rna l  gravity) waves t h a t  i s  a s l i g h t  
modification of the GARRETT and MUNK (1975) model of oceanic in t e rna l  gravity 
waves. Since the observed frequency spectrum i s  red,  t he  buoyancy wave model of 
the v e r t i c a l  displacement spectrum i s  strongly enhanced near the zenith.  
other terms, the r e su l t i ng  r e f r a c t i v i t y  i r r e g u l a r i t i e s  are strongly s t r a t i f i e d .  
The model spectrum is  

In  

where n i s  the buoyancy (Brunt-Vaieala) frequency, E, i s  the normalized energy 
per u n i t  mass (E* n 'L 10 ( m / s )  1, and u* i s  a sca l e  phase veloci ty  (c6 m / s ) .  2 

4 i t e l  = -2 
9rf ((e/Zl2 + 1l7j3 

2s m I 

describes the angular va r i a t ion  normalized so t ha t  

where 0 i s  the  zeni th  angle of &, and f = f /n ,  where f is the  i n e r t i a l  

frequency. 

The maximum lies a t  e 

,f 1 F(8) s i n e  dB d@ 1, 
-. 0 0  

l?8)/(4/9.rrf2) = ( 8 / f ) 2 / ( ( e / f ) 2  + l I 7 l 3  i s  plot ted i n  the figure.  

("1 = ( 6 / 2 ) f  = ( ~ /2 ) ( s in ( la t i tude) /120n(rad / s ) ) .  max 
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Figure 1. The angular dependence of u(k). 
% 

For n = 1 x lo-' ( r ad l s )  (troposphere) a t  Arecibo (18.3'1, Sunset (40'), and 
Poker F l a t  (65O),  Omax = 0.23", 0.46', and 0.50°,  respectively.  

With t h i s  form of E ( ) 
S t  

and the power r e f l e c t i v i t y  i s  
2 

Ip12 = 4 // dk)) g ( e 1 * @ ' )  s ine  dB de 

where g(9' ,4 ')  i s  the normalized antenna gain function. 
with F, as i t  usually is, then near the zenith the integral  = 1. 

I f  g i s  broad compared 

This model can be t e s t ed  by comparison with measurements of a($,) or  / P I 2  
as funct ions of the parameters. Two re se rva t ions  must be kept i n  mind, however. 
F i r s t ,  i t  has been assumed impl i c i t l y  t h a t  E, is  a universal  constant, 
independent of l a t i t ude ,  a l t i t u d e ,  e tc .  I n  f a c t ,  4 could depend on l a t i t u d e  
through f and on a l t i t u d e  through the atmospheric density p,  as it should 
theoret ical ly .  Observations so f a r  have been inadequate t o  describe such 
var ia t ions.  Nevertheless, i n  order t o  avoid t h i s  uncertainty,  tests of the 
model should be made a t  a given l a t i t u d e  and over a s m a l l  a l t i t u d e  range. 

Second, although the buoyancy wave model f i t s  observed spectra  ra ther  wel l  
down t o  v e r t i c a l  scales as small as  $20 ma the l i m i t  of the observed spectra,  
a t  some scale  not much smaller than 20 m the spectrum should start  t o  become 
increasingly attenuated by K-8 i n s t a b i l i t y  and eventually by viscosi ty .  
the model can be quant i ta t ively correct only for  radar frequencies smaller than 
about 7.5 MHz (corresponding t o  20 m). 
observations of Fresnel r e f l e c t i v i t y  are i n  the attenuated range a t  frequencies 
between 40 and 54 MKz (h,,,.~ r /2 between 3.7 and 2.8 m). 
observed r e f l e c t i v i t y  s h o u d  be much smaller than the model r e f l e c t i v i t y  and the  

Thus, 

Unfortunately, the only su i t ab le  

In t h i s  range the 
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dependence of k should be much stronger than k-112. 
and 8 may a l so  d i f f e r  from the model. 

The dependence on n, f ,  

Nevertheless, comparisons a t  frequencies between 40 and 54 M€Iz are of 
i n t e r e s t .  Results so f a r  are: (1) The width of the model angular spectrum 
convolved with the radar beam i s  roughly consis tent  with the observed widths 
(GREEN e t  al., 1981; ROTTGER e t  a l . ,  1981). 
inversely with the Brunt-Vaisala frequency, so t ha t  the width i n  the s t ra to-  
sphere should be about 112 the width i n  the troposphere, consis tent  with 
o se 3 yf cE ,4.5* roughly consis tent  with observations (GAGE e t  al., 1981). 
(4) The model l p I 2  fo r  h,,dar = 7.4 m i s  much larger  (by a f ac to r  of 100) than 
the r e f l e c t i v i t y  reported by GAGE e t  a l .  (19811, as i s  to  be expected. 

(2) The model angular width va r i e s  

i ons  (ROTTGER e t  al., 1981). (3) The model dependence on n i s  given by 

These comparisons are sat isfactory a t  the present l eve l  of development of 
the model and the experiments, but fu r the r ,  more c r i t i c a l ,  tests are clear ly  
needed. Observations with radar half-wavelengths 
c l ea r ly  needed. 
ferometer. I n  s p i t e  of the l imi t a t ions  of the model for  half-wavelengths i n  the  
lower VHF range, fu r the r  comparisons should a l s o  be made there,  since the 
at tenuat ion of the spectrum may not have f i rs t -order  e f f ec t s  on the dependence 
on n, f ,  and 8.  

20 m ( f  2 7.5 MBz) are 
The angular va r i a t ion  might be measured by means of an in t e r -  

It should be noted t h a t  i f  the model i s  substantiated,  then radar 
observations i n  the attenuated range yield information about the spectrum of 
buoyancy waves a t  small scales  t h a t  i s  very d i f f i c u l t  t o  obtain by other means. 
The buoyancy wave spectrum i n  t h i s  regime has implications on the cascade of 
energy i n  the buoyancy wave f i e l d ,  on the turbulent energy d i s s ipa t ion  r a t e ,  and 
on turbulent mixing by the K-H breakdown of buoyancy waves. 

A l l  of the proposed mechanisms fo r  the generation of the Fresnel 

The present model i s  distinguished from the others  by being 
r e f r a c t i v i t y  i r r e g u l a r i t i e s ,  including the present one, depend upon speculative 
assumptions. 
quan t i t a t ive  and therefore  tes table ,  a t  least under some conditions. 
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