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Meteor echoes come from random points i n  the  observation volume, and a r e  
i r r egu la r ly  spaced i n  time. This precludes the  use of FFT techniques on the 
raw data  t o  g ive  the  spectrum of waves t h a t  a r e  present. One way around t h i s  
obstacle  i s  t o  r e s t r i c t  our i n t e r e s t  t o  a p a r t i c u l a r  c l a s s  of waves, and f i t  a 
corresponding model t o  the raw data. Tides can be determined t h i s  way, since 
we a u r i o r i  know the periods:  24 and 12 hours, by def ini t ion.  Even here we 
have t o  make assumptions about the s p a t i a l  s t ruc tu re  of the  t i d e s ;  i t  may be 
reasonable t o  assume t h a t  the re  i s  no hor izonta l  va r i a t ion  across the observa- 
t i o n  volume, but i n  the  v e r t i c a l  t h i s  i s  ce r t a in ly  not the case. I f ,  i n  addi- 
t ion ,  we a r e  in te res ted  i n  o ther  types of waves which may be present and whose 
periods a r e  unknown, then examining the raw line-of-sight v e l o c i t i e s  does not 
t e l l  us how t o  modify the model, since the line-of-sight d i rec t ion  i s  not f ixed.  
This then i s  the motivation fo r  in terpola t ion.  

In te rpo la t ion  takes a temporal s e r i e s  of line-of-sight v e l o c i t i e s ,  and 
transforms i t  t o  a temporal s e r i e s  of wind v e l o c i t i e s  fo r  each orthogonal di- 
rec t ion,  i.e. north, eas t ,  and v e r t i c a l ,  The v e l o c i t i e s  along a given direc- 
t i o n  can then be examined read i ly  for  any waves i n  addi t ion t o  t ides .  

There a r e  d i f fe ren t  approaches t o  in terpola t ion,  each method having i t s  
advantages (and disadvantages). One method i s  t o  assume tha t  the wind i s  con- 
s t a n t  during some f ixed heightl t ime i n t e r v a l ,  and use regression on a l l  echoes 
occur r ing  i n  t h a t  in te rva l  t o  determine the (model) constant wind. I n  another 
method, the wind i s  assumed t o  vary,  i n  time, as a polynomial of speci f ied  qe- 
gree. A s  before, the regression only uses echoes wi thin  a f ixed timetheight 
region. I n  both cases an equally spaced g r i d  in .  time and height,  each g r id  
point  having an associated wind vector ,  i s  obtained by marching the  "interpola- 
t i o n  region" i n  both time and height. The resu l t ing  g r id  i s  then ready for  
FFT analysis.  

Another method i s  t o  regress  only on c l u s t e r s  of echoes t h a t  a re  reasona- 
bly correlated.  This avoids unrel iable  wind estimates,  pa r t i cu la r ly  when there  
a r e  few echoes i n  the  in te rpo la t ion  region, but the r e su l t ing  winds a re  irregu- 
l a r l y  spaced i n  time and height.  

The impl ic i t  assumption, i n  a l l  the methods mentioned, i s  t h a t  the e r r o r s ,  
t h a t  is, the  r e s idua l s  i n  the  regression,  a r e  uncorrelated and normally d i s t r i -  
buted. -This i s  the underlying assumption i n  least-squares regression,  and im- 
p l i e s  t h a t  the in te rpo la t ion  region must be much smaller than the shor tes t  
period wavelength that  we expect t o  see. The res idua l s  a r e  then a t t r i b u t e d  t o  
i n s t r m e n t a l  e r ro r  and random turbulence. 

One problm with decreasing the s i ze  of the in te rpo la t ion  region i s  t h a t  
fewer echoes a re  avai lable  f o r  the regress ion and consequently the precis ion 
suffers .  I f  the region i s  too large ,  so t h a t  it encompasses many cycles 
( e i t h e r  temporal or s p a t i a l  wavelength), then we can s t i l l  model the e r ro r s  a s  
uncorrelaked, because the point of occurrence within the observation volume i s  
random. I n  th'is case, however, information i s  l o s t  since we have essen t i a l ly  
f i l t e r e d  out the high-frequency contact. So the problem i s  t o  choose an in ter-  
po la t ion  region small enough so as not t o  f i l t e r  out the waves t h a t  a re  of in- 
t e r e s t ,  y e t  not too small as  t o  have too few echoes f o r  a r e l i a b l e  estimate. 
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I f  we a r e  t ry ing  t o  i n t e r p o l a t e  the wind when the re  a r e  too few echoes, 
then the re  a r e  two options. The f i r s t  i s  t o  not in t e rpo la t e  a t  t ha t  point ,  
thus leaving a gap i n  the time-series. I f  these winds a re  t o  be Fourier  trans- 
formed, then the gaps must somehow be f i l l e d ,  preferably i n  such a.way as  not 
t 3  d i s t o r t  the  t rue  spectrum. The second opt ion i s  t o  increase  the interpola- 
t i o n  region so a s  to  increase the number of echoes. This may lead t o  excessive 
smoothing, a s  mentioned before. So the  problen is: Do we always t r y  t o  in t e r -  
pola te  a wind, r e s u l t i n g  i n  a time-series with no missing values ,  or do we s e t  
a lowest acceptable " r e l i a b i l i t y "  and t r e a t  t he  missing-value problen a s  a sep- 
a r a t e  i s sue?  

The l a s t  problan has t o  do with co r re l a t ed  er rors .  I f  t h e r e  i s  a steady 
v e r t i c a l  shear,  o r ,  say, a trend produced by a long-period planetary  wave, then 
the  e r r o r s  w i l l  always be corre la ted ,  no mat ter  how small we choose the  in t e r -  
pola t ion region. What i s  the  e f fec t  on our est imate of the  (model) wind and 
thus  on our est imate of the  t i d e s ?  

To see what e f f e c t  co r re l a t ed  e r r o r s  have on the  accuracy of the interpo- 
l a t i o n  procedure, we-have simulated a meteor radar ,  randomly picking the  ob- 
served paraneters  of height,  e levat ion,  azimuth, and time of a r r i v a l .  A speci- 
f i e d  wind was then projected onto the line-of-sight d i rec t ions .  The height,  
e levat ion,  azimuth, and hourly echo r a t e  d i s t r i b u t i o n s  correspond t o  those of 
r e a l  echoes. Twelve hundred echoes/day were generated. Following GROVES 
(1959) the  l ~ o r i z o n t a l  winds a t  ( t  h ) were computed using an interpola- 
t i o n  box centered on ( t o ,  h,,) witRSa ?ime width of 2 hours and a height 
width of 5 km. The echoes I n  the box were weighted inverse ly  by the d is tance  
t o  the  center  of the box. The t i d a l  components were then determined using a 
l e a s t  squares curve f i t .  

Figure 1 i s  a harmonic d i a l  showing the  senidiurnal  t i d e  ( a t  a given a l -  
t i t u d e )  computed da i ly  from 30 days of simulated meteor echoes. The speci f ied  
meridional wind i n  t h i s  case consisted of a semidiurnal t i d e  with a v e r t i c a l  
wavelength of 80 km, a 3-hour g rav i ty  wave with a v e r t i c a l  wavelength of 5.4 km, 
and gaussian white noise with zero mean and a standard devia t ion of 25. The 
zonal wind was zero. For the cloud of t i d a l  est imates shown i n  t h i s  f i g u r e ,  an 
e r r o r  e l l i p s e  and 2-dimensional standard devia t ion about the t rue  value was com- 
puted (BARTELS, 1932). This ca lcula t ion was performed a t  a l l  he ights  and the  
standard dev ia t ion  was then p lo t t ed  a s  a funct ion of height a s  shown i n  Figure - 

Semidiurnal Tidal Estimates 

Figure 1. Harmonic d i a l  of semidiurnal t i d a l  est imates (Case Dl. 
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Figure 2. standard deviation of t i d a l  estimates for  different  wind f ie lds .  

From Figure 2 we can conclude tha t  the variance of the t ida l  estimate w i l l  
depend on the nature of the noise (correlated or uncorrelated). I n  the case of 
uncorrelated noise, the t i d a l  variance decreases with increasing echo rate.  
With correlated noise (the presence of wind shears), the t i da l  variance i s  
governed more by the magnitude of the wind shears. The presence of long-term 
trends such as planetary waves contributes l e s s  t o  t ida l  variance than gravity- 
wave-induced wind shears. 
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