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1, INTRODUCTION I 

Numerical weather  pred ic t ion  
(NWP) models  in. cu r ren t  u se  are 
based  on Newtonian continuum dyna- 
m i c s  and  cons i s t  of nonl inear  gover- 
ning equat ions.  F in i t e  prec is ion  

, com pu te r  r ea l i za t ions  of such N W P 
models are sens i t i ve ly  dependent  
on initial condit ions and g i v e  chao- 
t ic so lu t ions t  now iden t i f i ed  as 
de terminis t ic  chaos ,  a n  area of 
in tens ive  r e sea rch  i n  all branches  
of sc ience  (Gleick 1987).  The  phys-  
ics of de t e rmin i s t i c  chaos  is not 
y e t  i den t i f i ed .  Mary Selvam (1993) 
h a s  shown t h a t  round-off e r r o r  
doubles  on a n  ave rage  f o r  each 
i t e r a t ion  of e r r o r  s e n s i t i v e  d ynami- 
cal sys t ems  such  as Xn+l = F(Xn) 

wherer  Xn+l r t h e  va lue  of t h e  

v a r i a b l e  X at  ( n + l ) t h  i n s t an t  is 
a function F of Xn. Round-off e r r o r  

w i l l  e n t e r  t h e  mainstream computa- 
t i on  and  g i v e  un rea l i s t i c  so lu t ions  
in NWP and climate models  which 
inco rpora t e  thousands  of such  itera- 
t i o n s  in long-term numerical  integra- 
t i o n  schemes. Realistic predic t ion  
t h e r e f o r e  r e q u i r e s  nondeterminis t ic  
models which can s a t i s f a c t o r i l y  
expla in  t h e  r ecen t ly  documented 
(Lovejoy and  S c h e r t z e r  1 9 8 6 ;  Tesse r  
et al 1993; F r i t t s  and VanZandt 
1993) long-range s p a t i o t e  m pora l  
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co r r e l a t ions  manifested as t h e  se l f -  
similar f r a c t a l  geometry t o  t h e  
g l o b a l  cloud c o v e r  pa t t e rn  concomi- 
t a n t  with i n v e r s e  power l a w  form 
f o r  power s p e c t r a  of tempora l  fluc- 
tuat ions.  Such s e l f s i m i l a r  pa t t e rn  
formation by  selfsimilar tern p o r a l  
f luctuat ions of a l l  scales is gene r i c  
t o  ex tended  dynamical  s y s t e m s  
i n  na ture  and  is recent ly  i den t i f i ed  
as s igna ture  of self-organized criti- 
c a l i t y  (Bak,  Tang and  Wiesenfeld 
1988) . The p h y s i c s  of self-organized 
c r i t i c a l i t y  is not y e t  ' i den t i f i ed .  
In t h i s  p a p e r r  a r ecen t ly  deve loped  
cell dynamical  system model f o r  
a tmosphe r i c  f lows  (Mary Selvam 
1990; Mary Selvam et al 1992) 
is summarized. The  model p r e d i c t s  
t h e  obse rved  self-organized c r i t i ca -  
l i t y  as intrinsic t o  quantum-like 
mechanics governing flow dynamics.  
The  model p r e d i c t s  un ive r sa l  struc- 
t u r e  f o r  a tmosphe r i c  e d d y  energy 
spectrum which is independent  
of d e t a i l s  of energy generat ion 
mechanisms in a tmosphe r i c  f l o w s  , 
t h e r e b y  avoiding a r b i t r a r y  assump- 
t i o n s  and  approximat ions  t r ad i t i on -  
a l l y  r e q u i r e d  f o r  modelling s t u d i e s .  

2, MODEL CONCEPTS 

The model is based on 
Townsend 's (1956) concept t h a t  
l a r g e  e d d i e s  form i n  turbulen t  s h e a r  
f lows  as t h e  s p a t i a l  integrat ion 
of enclosed tu rbu len t  edd ie s .  The  
energy ( k ine t i c )  spectrum of atmos- 
p h e r i c  e d d y  continuum t h u s  generated 
follow statistical normal d i s t r i bu t ion  
cha rac t e r i s t i c s .  The s q u a r e  of e d d y  



space-time s t ruc tu re  of atmospheric 
flows. In t h i s  paper  a recently 
developed nondeterministic - . ..* cell 
dynamical system model f o r  ' atmosph- 
eric flows is summarised. The 
model p red ic t s  t h e  observed self- 
organized c r i t i ca l i ty  a s  in t r ins ic  
to quantum-like mechanics governing 
f l o w  dynamics (Mary Selvam 1990; 
Mary Selvam et al 1992). Model 
predict ions a r e  in agreement with 
observations of surface ( 8  m )  f luxes 
of momenta and sens ible  heat. 

2. MODEL CONCEPTS 

In summaryr t h e  model is 
based on Townsend ' s ( 1956) concept 
t h a t  l a rge  eddy  circulations form 
i n  turbulent  s h e a r  f l o w s  as t h e  
envelopes of enclosed turbulent  
eddy  circulations. The energy ( kine- 
tic) of atmospheric eddy continuum 
w i l l  therefore  follow normal d i s t r i -  
bution character is t ics .  The square  
of t h e  eddy  ampli tuder i-e.,  t h e  
variance w d l  then represent  t h e  
probabi l i ty  of occurrence. Such 
a concept t h a t  t h e  add i t ive  amplitu- 
d e s  of e d d i e s r  when squaredr  repre-  
sent  t h e  probabi l i ty  densi t ies  is 
analogous to  quantum mechanical 
l a w s  governing subatomic dynamics 
of quantum sys tems such as electron 
o r  photon. Atmospheric f lows there-  
fo re  follow quantum-like mechanical 
l a w s  with inherent  long-range spati-  
& e m  pora l  correlat ions r i . e . self- 
organized cr i t ica l i ty .  The model 
p rov ides  universa l  quantification 
f o r  self-organized c r i t i ca l i ty  by 
predicting t h a t  t h e  power spec t ra  
of temporal  fluctuations follow t h e  
universa l  inverse  power law form 
of t h e  s t a t i s t i ca l  normal d is t r ibut ion 
with t h e  percentage contribution 
to to ta l  variance representing t h e  
percentage probabi l i ty  corresponding 
to normalised standard deviation 
t equal  t o  (logL/logT )-1 where 
L is t h e  period (tim;? and 
t h e  period up t o  which t h e  cumula- 
t i v e  percentage contribution t o  

to ta l  variance is equal  t o  50. Model 
prediction of unique scaling s t ruc tu re  
f o r  atmospheric eddy  continuum is 
independent of t h e  de ta i l s  of t h e  
dynamics of energy generation m ech an- 
i s m s  in atmospheric f l o w s .  

3- DATA AND ANALYSIS 

High resolution ( 8  Hz) sonic 
wind ( U ~ V  I W )  and temperature ( T )  
measurements a t  8 m above surface  
l e v e l  a t  Kharagpur (23.3Nr 87.2Er 
83 m a.s.1) India f o r  10-minute 
t i m e  per iods  w e r e  used t o  compute 
t h e  power spec t ra  of ve r t i ca l  £luxes 
of momenta (wur wv) and sens ible  
heat  ( wT ) using continuous periodo- 
gram (Jenkinson 1977 ) analys is  
technique. Representative sample 
spect ra  a r e  shown in  Fig. 1 a s  cumu- 
l a t i v e  percentage contribution t o  
to ta l  variance versus  t h e  normalised 
s tandard  deviation t . The s ta t i s t i ca l  
normal distr ibution is also plotted 
in Fig. 1. The flux spec t ra  closely 
follow t h e  s t a t i s t i ca l  normal d is t r ibu-  
tion in  agreement with model 
prediction . 
4, CONCLUSION 

Universal spectrum f o r  t h e  non- 
l inea r  va r iab i l i ty  of ve r t i ca l  f luxes  
of momenta and sens ible  heat  indicate 
predic tabi l i ty  of to ta l  pattern of 
fluctuations independent of location r 
t i m e  and o the r  d e t a i l s  of energy 
generation mechanisms. Tradit ional  
parameterization schemes f o r  boundary 
l a y e r  f luxes ( ~ v i s s a r  et a l  1993) 
incorporate ad  hoc assumptions and 
approximations which can now be 
avoided with t h e  present  model 
concepts. 
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POWER SPECTRA : KHARAGPUR ( 2 3 . 3  N ,  8 7 . 2  E ,  8 3 m  os l  1 
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