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4.5B PARAMETERIZATION OF FRESNEL RETURNS 
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It appears appropriate t o  use the in t ens i ty  correlat ion function p ( ~ )  t o  
invest igate  va r i a t ions  of a r e f l ec t ed  s ignal  component, Cr2, and a scat tered 
s ignal  component, CS2, because it i s  determined by the r e l a t i v e  motions, i.e., 
f l uc tua t ions  of i r r e g u l a r i t i e s  or s t r u c t u r a l  changes. 

An example of a co r re l a t ion  function P(T) is  shown i n  Figure 1. It can be 
separated i n t o  th ree  par ts .  (1) A very f a s t  drop between zero and the 
neighboring lag which i s  due t o  uncorrelated noise. 
small l ags  up t o  a few seconds which i s  due to  scat ter ing.  This decrease can be 
approximated by a parabola (equation ( I ) ) .  
due to  Fresnel r e f l ec t ion  and very gradually approaches zero correlat ion fo r  
longer lags.  

(2)  A smooth decrease a t  

(3) A r a the r  slow fadeout which i s  

The noise contribution (part  (1)) has t o  be eliminated by normalizing the 
co r re l a t ion  function by means of the zero-lag value p '  which follows from a 
parabolic approximation. A s  signal i n t ens i ty  va r i a t ions  a r e  d i r ec t ly  connected 
t o  turbulent va r i a t ions  i n  a sca t t e r ing  medium or the changes of a r e f l ec t ing  
discont inui ty ,  w e  can evaluate  pa r t s  (2)  and (3) of the normalized correlat ion 
functions i n  terms of cha rac t e r i s t i c  s t ruc tu re  parameters (e.g., FROST and 
BITTE, 1977) : 

(1) The microscale co r re l a t ion  time i s  defined a s  

The value of re i s  given by the intercept ion of the p = 0 a x i s  by the parabolic 
curve f i t t e d  through p(r) a t  0 ,$ I- << T (see Figure 1).  The microscale 
co r re l a t ion  time i s  a measure of the most rapid changes t h a t  occur i n  the 
f luc tua t ions  on the radar Bragg scale.  T h e  time Te i s  a l so  cal led "coherence 
t i m e "  or " t i m e  t o  independence" (e.g., ATLAS, 19641, since t h i s  i s  the t i m e  
a f t e r  which the turbulent f l uc tua t ions  a t  half  the radar wavelength X become 
s t a t i s t i c a l l y  independent. 

(2) The average persistency of a s t ruc tu re  is given by the integral-scale 
co r re l a t ion  time 

T 

T, 1 P ( T >  dT 

0 
where T i s  the length of the correlat ion function. The persistency 
measure of the longest-lived coherence i n  s t ruc tu ra l  behavior. 

( 2 )  

T, i s  a 

I t  can be shown t h a t  T~ % X/(4aow), where ow i s  the rms deviation of the 
ve loc i ty  d i s t r ibu t ion .  I n  a similar way, the integral-scale correlat ion t i m e  
o r  persistency Te can be expressed by a cha rac t e r i s t i c  length L and a ve loc i ty  
u, with which a r e f l ec t ing  s t ruc tu re  i s  advected through the radar beam. 
f i n d  T % L/u. This assumption i s  based on the Taylor hypothesis t h a t  the t i m e  
scale  f o r  evolution of a s t ruc tu re  of dimension L i s  so long t h a t  there  is no 
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Figure 1. In tens i ty  correlat ion function p ( ? ) .  The 
scal ing of the T ax i s  i s  d i f f e ren t  f o r  t he  lags  
0 s < T < 10 s and 15 s c T 150 s; p '  i s  the 
o f f s e t  correlat ion a t  zero l a g  due t o  noise contri-  
butions; T, i s  the microscale correlat ion t i m e ,  
and the area p ' T ,  determines the integral-scale 
correlat ion t i m e  Te. 

s i gn i f i can t  change during i t s  advection through the radar  beam, The persistency 
T, i s  l a rge  fo r  a slowly changing discont inui ty  and f o r  minor contributions due 
to  scat ter ing,  C S 2  << Cr2. 

conditions, s ca t t e r ing  and r e f l e c t i o n  a r e  observed, %.e., C S 2  % Cr2. 
co r r e l a t ion  function then indicates  a Gaussian shape approximated by a parabola 
near zero lag. 
because o t  contributions from re f l ec t ion  (e.g., Figure 1 ) .  

I f  C S 2  >> Cr2, the i n t e  ra l -scale  correlat ion t i m e  
w i l l  approach the microscale correlat ion t i m e  (Te+ 9 3. T,). I n  most r e a l i s t i c  

The 

Zero correlat ion i s  gradually approached f o r  long t i m e  lags  
The in t eg ra l s  

I(Te) = p p  d? and I(Te) = /:p d-t - I ( T ~ )  yield a rough estimate of the 

scat tered and r e f l ec t ed  contributions.  
0 2 2 

We expect I(Te) % I(Te) i f  Cr % C, . 
For T < T ~ ,  P ( T )  i s  e s sen t i a l ly  determined by turbulence s c a t t e r ,  whereas it i s  
determined by r e f l ec t ion  f o r  T > T ~ .  An estimate of the scat tered contribution 

can also be obtained by high pass f i l t e r i n g  (f  > .re-') and an estimate of the 

r e f l ec t ed  contribution by low pass f i l t e r i n g  (f  < 1 of the in t ens i ty  time 
ser ies .  

-1 

RASTOGI and ROTTGER (1982) used a high-pass and low-pass f i l t e r  procedure 
t o  separate the scat tered from the r e f l ec t ed  component. They defined a 
specular i ty  index R which i s  the r a t i o  of the rms outputs from the low-pass and 
the  high-pass f i l t e r s .  This procedure of course needs an a p r i o r i  d e f i n i t i o n  of 
t he  cutoff frequencies of these f i l t e r s .  
dominant; i f  R < 1, the scat tered component i s  dominant. 

I f  R > 1, the ref lected component i s  

Another most preferred way would be t o  evaluate the spectra  as suggested by 
Rottger ( t h i s  volume, p. 112). As mentioned there ,  the scat tered contribution i s  
the  i n t e g r a l  over the Gaussian background d i s t r ibu t ion ,  whereas the r e f l ec t ed  
contribution i s  the in t eg ra l  over the remaining spikes which a r e  assumed t o  be 
caused by diffuse r e f l ec t ion .  



288 

REFERDICES 

A t l a s ,  D. (19641, Advances i n  radar meteorology, in:  Advances of Geophysics, 
(ed. H. E. Landsberg and J. van Mieghem), Academic, New York, 317-478. 

Frost ,  W. and J. Bitte (1977), S t a t i s t i c a l  concepts of turbulence, in:  
Handbook f o r  Turbulence. 1, (ed. W. Frost and T. H. Mouldon), Plenum, N e w  
York, 53-83. 

Rastogi, P. IC. and J. Rottger (1982), VHF radar  observations of coherent 
r e f l e c t i o n s  i n  the v i c i n i t y  of the tropopause, J. Atmos. Terr. Phvs.. 44, 
461-469. 


