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1. INTRODUCTION 

The symbiotic existence of 
fluctuations of all scales  ranging 
in size-duration from m u m e t r e -  
second (turbulence) t o  thousands 
of kilometres-days ( planetary scale)  
contribute t o  t h e  ver t i ca l  f luxes 
of sensible  heat  and momentum 
in t h e  atmospheric boundary l aye r  
( A B L )  and resu l t  in t h e  formation 
of weather systems of a l l  scales. 
The t e m  poral  fluctuations of meteoro- 
logical parameters ex h ib i t  s e l f s i m i -  
l a r i t y  , i.e. t h e  power spect ra  
follow q e  inverse  power law of 
form l / f  where f is t h e  frequency 
and B I t h e  exponent. Inverse power 
law indicates scaling o r  selfsimila- 
r i t y .  The values of B ,  t h e  scaling 
factor is found t o  be  different 
f o r  different length scales. F r i t t s  
and Van Zandt (1993) have summari- 
sed  numerous s tudies  over  t h e  l a s t  
t h r e e  decades, of t h e  remarkably 
uniform spec t ra l  shape  of fluctua- 
t ions which a r e  signatures of atmos- 
pher ic  gravi ty  ( buoyancy ) waves. 
The spec t ra l  shape,  namely, t h e  
inverse  power law form is universal  
and independent of t i m e ,  location 
and a l t i tude of observation. Lovejoy 
and Schertzer  (1985, 1986) and 
Tesser et al  (1993) have a l so  docu- 
mented and discussed t h e  universal  
nature of t h e  inverse  power Law 
spectra  of t e m  poral  fluctuations 
in atmospheric flows. Such self- 
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s imilar  scaling behaviour in geoph y- 
s i c a l  parameters a l so  has  been docu- 
mented ( Agnew , 1992). Inverse power 
l a w  form fo r  power spect ra  indicate 
long-range tern poral  correlations. 
Atmospheric flows exh ib i t  long-range 
spa t i a l  correlations a l so  a s  manifested 
in t h e  selfsimilar f rac ta l  geometry 
t o  t h e  global cloud cover pattern 
documented by Lovejoy and Scher tzer  
(1986) . Such selfsimilar  f rac ta l  pat- 
t e rn  evolution by selfsimilar  fluctua- 
t ions  on all t i m e  sca les  is generic 
t o  a l l  dynamical systems in nature 
and is recently identif ied a s  signature 
of self  -organized c r i t i ca l i ty  ( B a  k , 
Tang and Wiesenfeld 1988) . Self-organ- 
ized cr i t ica l i ty  implies long-range 
spatiotem poral  correlations i . e . 
sensi t ive  dependence on in i t i a l  condi- 
t ions  in  r e a l  world extended dynami- 
cal system such a s  atmospheric flows. 
Finite precision com puter  real izat ions 
of nonlinear mathematical models 
of atmospheric flows a lso  exh ib i t  
such sensi t ive  dependence on i n i t i a l  
conditions identif ied a s  determinist ic  
chaos, an area  of intensive research 
in all branches of science. The 
physics  of determinist ic  chaos o r  
self-organized c r i t i ca l i ty  i n  r e a l  
world and model dynamical systems 
is not ye t  identif ied.  ~ e t e r m i n i s t i c  
chaos in computed model dynamical 
systems precludes long-term predicta-  
b i l i ty .  Tradit ional  determinist ic  
models of atmospheric flows cannot 
ex plain sa t is factor i ly  t h e  observed 
se l fs imi lar i ty  i n  atmospheric f l o w s  
(Tesser  et a1 1993). Recently (s ince  
1980) developed concepts in nonlinear 
dynamical systems theory  may he lp  
identify t h e  observed f rac ta l  



amplitude the re fo re  r ep resen t s  pro- 
babi l i ty  of occurrence. Such a 
concept t h a t  a d d i t i v e  ampli tudes 
of edd ies  when squared represent  
probabi l i ty  dens i t ies  is observed 
i n  subatomic dynamics of quantum 
systems. Atmospheric flows the re fo re  
follow quantum-like mechanics with 
inherent  long-range spat iotemporal  
correlat ion , i . e . self-organized 
c r i t i ca l i ty  , since,  by concept , t h e  
power spectrum of temporal  fluctua- 
t ions  follow t h e  universa l  inve r se  
power l a w  form of statistical normal 
distr ibution.  Atmospheric eddy  
energy spectrum has  unique s t ruc tu re  
independent of de ta i l s  of dynamics. 

3 ,  DATA AND ANALYSIS 

Continuous periodogram s p e c t r a l  
ana lys i s   enki kin son 1977) w a s  
done f o r  TOGA (Tropica l  Ocean 
Global Atmosphere) g lobal  1000 
mb 00 GMT temperature da ta  f o r  
t h e  92-day period June t o  August 
1988. THe la t i tudinal  mean power 
spec t ra  are plotted in Figure 1 
a s  t h e  cumulative -.percentage contri- 
bution t o  t o t a l  variance ve r sus  
t h e  normalised standard deviat ion 
t equal  t o  ( l o g ~ / l o g T ~ ~ ) - l  where 
L is t h e  period in d a y s  and T50 
t h e  period upto which t h e  cumula- 
t i v e  percentage contribution t o  
t o t a l  variance is equal  t o  50, The 
power spec t ra  a r e  found t o  closely 
follow t h e  s t a t i s t i c a l  normal d i s t r i -  
bution consistent with model 
predict ions,  

4, CONCLUSION 

Universal s t ruc tu re  f o r  atmosp- 
h e r i c  eddy  energy spectrum presen- 
t e d  i n  t h i s  paper  is independent 
of de ta i l s  of dynamics and does 
not r equ i re  a r b i t r a r y  assumptions 
and approximations f o r  modelling 
atmospheric f lows such a s  in t r ad i -  
t ional  NWP models. Energy input  
into any one scale propagates t o  
all scales s o  a s  t o  conform t o  t h e  
universa l  spectrum. 
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