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1 .  INTRODUCTION 

The a tmospher ic  c loud/weather  sys tems 
a r e  l a r g e  cohe ren t  s t r u c t u r e s  which form 
i n  t h e  t u r b u l e n t  s h e a r  f low of t h e  p l a n e t a r y  
Atmospher i c  Boundary Layer (ABL) and a r e  
a s s o c i a t e d  w i t h  h igh  Reynold's numbers 
up t o  10'' t o  1 OiYerYThe e x i s t e n c e  of c o h e r e n t  
s t r u c t u r e s  (seemingly  s y s t e m a t i c  mot ion)  i n  
t u r b u l e n t  f lows has  been  w e l l  e s t a b l i s h e d  
d u r i n g  t h e  l a s t  20 y e a r s  of r e s e a r c h  i n  
t u r b u l e n c e .  I t  is st i l l ,  however deba ted  
whether  t h e s e  s t r u c t u r e s  a r e  t h e  consequences 
of some kind of i n s t a b i l i t i e s  ( such  a s  s h e a r ,  
o r  c e n t r i f u g a l  i n s t a b i l i t i e s )  o r  whether  
t h e y  a r e  m a n i f e s t a t i o n s  of some i n t r i n s i c  
u n i v e r s a l  p r o p e r t i e s  o f  any t u r b u l e n t  f low.  
Numerical c loudmode l ing  h a s  not  been s u c c e s s f u l ,  
because ,  l i m i t a t i o n s  o f  a v a i l a b l e  computer 
c a p a c i t y  has  r equ i red  s e v e r e  t r u n c a t i o n  of 
t h e  N a v i e r - S t o k e s  e q u a t i o n s  c o n v e n t i o n a l l y  
used f o r  s i m u l a t i n g  t u r b u l e n t  f l u i d  f lows .  
An under s t and ing  and a  q u a n t i t a t i v e  d e s c r i p t i o n  
of t h e  fo rma t ion  of o r g a n i s e d  c loud/weather  
sys tems i n  t h e  appa ren t  chaos  of t h e  t u r b u l e n t  
ABL w i l l  be p o s s i b l e  wi th  t h e  f o r m u l a t i o n  
of model e q u a t i o n s  s imple r  t h a n  t h e  Navier- 
S tokes  e q u a t i o n s  and amenable t o  computer 
s i m u l a t i o n s  b u t  still  c a p a b l e  of d e s c r i b i n g  
t h e  m i n  f e a t u r e s  of l a r g e  s c a l e  turbulence 
(Lev ich ,  1987) .  I n  t h i s  paper ,  a  u n i v e r s a l  
t h e o r y  of chaos  is p r e s e n t e d  and a p p l i e d  
t o  model macroscale  a tmospher i c  t u r b u l e n c e  
( eddy  dynamics) and c loud  sys tems wi th  s imple  
a n a l y t i c  e q u a t i o n s  d e s c r i b i n g  s t e a d y  s t a t e  
m i c r o s c o p i c  domain  e d d y  energy t r a n s p o r t  
p r o c e s s e s  i n t e r n s  of non-dimensional q u a n t i t i e s  
f o r  r e l a t i v e  l e n g t h  s c a l e s  and t h e r e f o r e  
a p p l i c a b l e  f o r  a l l  macroscopic s c a l e s .  The 
proposed numerical  t h e o r y  f o r  chaos  dynamics 
is analogous  t o  t h e  r e c e n t l y  i d e n t i f i e d  compu- 
t a t i o n a l  methods of ( 1 )  ' c e l l u l a r  automata '  
( F r i s c h  , Hass lache r  and Pomeau , 1 986 ) where 
it is suggested t h a t  a  mic roscop ic  pseudo 
molucular  model i s  more e a s i l y  computable 
t h a n  t h e  corresponding e q u a t i o n s  f o r  f l u i d  
mot ion,  and would c e r t a i n l y  p rov ide  a l l  needed 
in fo rma t ion  abou t  macroscopic f lows ( 2 )  ' randomly 
e x a c t  methods'  which make use  of s t o c h a s t i c  
a l g o r i t h m s  t h a t  a r e  o n l y  weakly dependent 
o n  d i m e n s i o n a l i t y  w i t h  e a s e  of t r a n s i t i o n  
b e t w e e n  c l a s s i c a l  and  quantum mechanical 
d i s c r i p t i o n s .  ( m l l  and Freeman, 1987) .  
The u n i v e r s a l  pe r iod  doub l ing  r o u t e  t o  chaos  
o r  d e t e r m i n i s t i c  chaos  is a  s i g n a t u r e  of 
n o n - l i n e a r i t y  and is found t o  occur  i n  d i p a r a t e  
p h y s i c a l ,  chemical  and b i o l o g i c a l  sys tems 

(Fei'genbaum, 1980; F a i r b a i r n ,  1986; Delbourgo, 
1986) .  Feigenbaum (1980)  e s t a b l i s h e d  t h a t  
t h e  r o u t e  t o  chaos  is independent  of t h e  
non- l inear  e q u a t i o n s  d e s c r i b i n g  t h e  system. 
Lorenz  ( 1963)  showed t h a t  d e t e r m i n i s t i c  
chaos  is  e x h i b i t e d  by t h e  t h r e e  coupled 
non- l inea r  o r d i n a r y  d i f f e r e n t i a l  e q u a t i o n s  
f o r  a  h e a t  convec t ive  system ob ta ined  by 
s e v e r e  t r u n c a t i o n  of Navier-Stokes  equa t ions .  
Lovejoy (1981)  and Lovejoy and S c h e r t z e r  
(19861, by t h e i r  v a l u a b l e  s tudy  of t h e  
f r a c t a l  dimension of g l o b a l  c loud  cover  
p a t t e r n  have e s t a b l i s h e d  c o n c l u s i v e l y  t h e  
e x i s t e n c e  of d e t e r m i n i s t i c  chaos  i n  t h e  
ABL. 

S a t e l l i t e  p i c t u r e s  of g l o b a l  c loud 
cover  p a t t e r n  show c loud  o r g a n i s a t i o n  i n  
s t r e e t s / r o w s ,  and Mesoscale Cloud C l u s t e r s  
(MCC) i n d i c a t i n g  t h e  e x i s t e n c e  of h e l i c a l  
vo r t ex  r o l l  c i r c u l a t i o n s  i n  t h e  ABL (Eymard, 
1985) .  However, it i s  not  c l e a r  how such 
l o n g  l i v e d  c o h e r e n t  c loud conEigura t ions  
a r e  mainta ined i n  t h e  d i s i p a t i v e  t u r b u l e n t  
environment of t h e  ABL (Tennekes,  1973) .  
I n  t h e  fo l lowing  it is  shown t h a t  smal l  
s c a l e  t u r b u l e n c e  [ c h a o s ) ,  conven t iona l ly  
regarded a s  d i s s i p a t i v e ,  on t h e  c o n t r a r y ,  
c o n t r i b u t e s  t o  t h e  d e t e r m i n i s t i c  growth 
of c o h e r e n t ,  macroscopic c loud  sys tems.  
I t  i s  shown i n  t h i s  paper  t h a t  o rgan i sed  
h e l i c a l  v o r t e x  r o l l  ( l a r g e  eddy)  c i r c u l a t i o n s  
grow by space- t ime i n t e g r a t i o n  of t u r b u l e n c e  
s c a l e  buoyant energy g e n e r a t i o n  wi th  i m p l i c i t  
o rde red  two way energy f low b e t w e e n t h e  
l a r g e r  and s m a l l e r  s c a l e s  and such a  mechanism 
f o r  growth of s e l f  s i m i l a r  s t r u c t u r e s  is 
i d e n t i f i e d  a s  t h e  u n i v e r s a l  pe r iod  doubl ing 
r o u t e  t o  chaos  o r  d e t e r m i n i s t i c  chaos .  
T h e a u t h o r  h a s  f i r s t  made a  d e t a i l e d  d i s c u s s i o n  
of t h e  u n i v e r s a l  t heo ry  f o r  d e t e r m l n i s t i c  
chaos  fo l lowed by i t s  a p p l i c a t i o n t o  fo rma t ion  
of s e v e r e  weather  sys tems i n  t h e  a tmospher ic  
boundary l a y e r .  

2. DETERMINISTIC CHAOS I N  ABL AND 
FRACTAL GEOmTRY OF CLOUDS. 

M i t c h e l l  Feigenbaum 11980) d i scove red  
t h a t  a  few u n i v e r s a l  r a t i o s  - independent  
o f  any  dynamica l  d e t a i l s  - c h a r a c t e r i s e d  
a l l  sys t ems  where p e r i o d s  doubled a s  t h e y  
approached t u r b u l e n c e .  A t  t h e  p o i n t  of 
i n f i n i t e  p e r i o d  doub l ing  t h e  o r b i t s  of 
Feigenbaum's sys tem showedacomplex behaviour  



Eqn. ( 2 )  f o r  l a r g e  eddy growth from t h e  
t u r b u l e n c e  s c a l e  energy pump a t  t h e  p l a n e t a r y  

w* 
s u r a f a c e  and i s  g i v e n  a s  W = --- I n  Z .  k  
k  = 0.4 f o r  Z = 10. The energy f low s t r u c t u r e  
i n  t h e  eddy c o n t i n u u m i s  i n  t h e  form of nes t ed  
l o g a r i t h m i c  s p i r a l  vo r t ex  r o l l  c i r c u l a t i o n s  
where p a r t i c l e  t r a j e c t o r i e s  f o l l o w  K e p l e r ' s  
t h i r d  law of p l a n e t a r y  rrptipn (Mary Selvam 
and Murty, 1987) s i n c e  R /T is a  c o n s t a n t  
from Eqn. ( 1  1 ,  T being t h e  l a r g e  eddy c i r c u -  
l a t i o n  t i m e  pe r iod .  F u r t h e r ,  t h e  pe r iod  
d o u b l i n g  g r o w t h  s e q u e n c e  which governs  
a l l  n a t u r a l  phenomena be ing  b a s i c a l l y  a  
space- t ime i n t e g r a t i o n  of  mic rosca le  pe r tuba -  
t i o n  e v e n t s  l e a d s  t o  t h e  fo l lowing  conclu-  
s i o n s  a s  a  n a t u r a l  consequence ( 1 )  t h e  
commonly observed nomal d i s t r i b u t i o n  cha rac -  
t e r i s t i c s  f o r  t h e e n e r g y / g e o m e t r i c a l  s t r u c t u r e  
i n  n a t u r e  i s  c o n s i s t e n t  ( 2 )  t h e  eddy energy 
continuum spect rum is t h e  same a s  t h e  cumu- 
l a t i v e  normal p r o b a b i l i t y  d i s t r i b u t i o n  ( 3)  
t h e  k i n e t i c  energy of  u n i t  mass of any 
component eddy of f requency V of  t h e  s c a l e  
i n v a r i a n t  eddy continuum i s  e q u a l  t o  HV w h  e r e  
H i s  t h e  s p i n  angu la r  momentum of t h e  l a r g e s t  
eddy i n  t h e  continuum (Mary Selvam, 1987) .  
T h e r e f o r e ,  t h e  eddy continuum ene rgy  s t r u c -  
t u r e  f o l l o w s  laws ana logous  t o  quantum mecha- 
n i c a l  laws f o r  subatomic phenomena. I t  
f o l l o w s  t h a t  subatomic phenomena appear  t o  
p o s s e s s  t h e  d u a l  n a t u r e  of wave and p a r t i c l e s  
s i n c e  one complete eddy ene rgy  c i r c u l a t i o n  
is i n h e r e n t l y  b i d i r e c t i o n a l  and a s s o c i a t e d  
w i t h  co r re spond ing  bimodal form f o r  man i fe s t ed  
phenomena e . g . ,  fo rma t ion  of c loud  i n  u p d r a f t  
r e g i o n s  and d i s s i p a t i o n  of c l o u d s  i n d o w n d r a f t  
r e g i o n s  g i v i n g  r i s e  t o  d i s c r e t e  c e l l u l a r  
s t r u c t u r e  t o  c loud  geometry which i s  t h e r e f o r e  
b a s i c a l l y  a  quantum mechanical phenomena 
i n  t h e  macroscale .  

I n  t h e  fo l lowing  it is shown t h a t  
t h e  u n i v e r s a l  pe r iod  doub l ing  r o u t e  t o  
c h a o s  g rowth  phenomena i n  n a t u r e  ' g i v e s '  
r i s e  t o  geomet r i ca l  s t r u c t u r e s  which f o l l o w  
s t a t i s t i c a l  normal d i s t r i b u t i o n  pa ramete r s  
a s  a  n a t u r a l  consequence. The p e r i o d  doub l ing  
r o u t e  t o  growth i s  i n i t i a t e d  and s u s t a i n e d  
by t h e  t u r b u l e n t  ( f i n e  s c a l e )  eddy a c c e l e r a -  
t i o n  w, a c r o s s  u n i t  c r o s s  s e c t i o n  and propo- 
g a t e s  by i n h e r e n t  p r o p e r t y  of i n e r t i a  of 
t h e  medium. There fo re ,  t h e  s t a t i s t i c a l  
pa ramete r s ,  mean, v a r i a n c e ,  skewness and 
k u r t o s i s  f o r  t h e  geometry of t h e  p e r t u b a t i o n  

2  f i e l d  i n  t h e  medium i s  g i v e n  by w + ,  w +, 
A wjand w: r e s p , e c t i v e l y .  By ana logy ,  

p e r t u r b a t i o n  speed w, (mot ion )  p e r  second 
of t h e  medium s u s t a i n e d  by i t s  i n e r t i a  
r e p r e s e n t s  t h e  mass, w2* t h e  a c c e l e r a t i o n  
( o r  f o r c e ) ,  w$ t h e  momentum ( o r  p o t e n t i a l  
ene rgy)  and w, t h e  s p i n  a n g u l a r  momentum , 
s i n c e  a n  eddy motion has  a n  i n h e r e n t  curva-  
t u r e  t o  i t s  t r a j e c t o r y .  The eddy motion is 
i n h e r e n t l y  s y m m e t r i c  w i t h  b i d i r e c t i o n a l  
energy flow and t h e r e f o r e ,  t h e  skewness 
f a c t o r  w, i s  equa l  t o  z e r o  f o r  one complete 
eddy c i r c u l a t i o n ,  t he reby  s a t i s f y i n g  t h e  
law of c o n s e r v a t i o n  of momentum. The moment 
c o e f f i c i e n t  of k u r t o s i s ,  a  measure of t h e  
i n t e r m i t t e n c y  of t u r b u l e n c e  i s  g i v e n  by 
(dW)4/wi and is  shown t o  be equa l  t o  3  

from ( 1 )  and ( 2 )  (Mary Selvam, 1987) i n d i -  
c a t i n g  t h a t  p e r i o d  doub l ing  growth phenomena 
r e s u l t s  i n  a  t h r e e f o l d  i n c r e a s e  i n  t h e  s p i n  
a n g u l a r  momentum a s s o c i a t e d  w i t h  t h e  l a r g e  
eddy g e n e r a t i o n  and is c o n s i s t e n t  s i n c e  p e r i o d  
doub l ing  growth o c c u r s  o n  e i t h e r  s i d e  of 
t h e  pr imary t u r b u l e n t  eddy. 

4.1 P h y s i c a l  meaning of t h e  u n i v e r s a l  
Feigenbaum ' s Cons tan t s  

The u n i v e r s a l  p e r i o d  doubl ing r o u t e  
t o  chaos  h a s  been s t u d i e d  e x t e n s i v e l y  by 
mathemat ic ians  ( Feigenbaum, 1 980; Delbourgo, 
1986) who found t h a t  two u n i p e r s a l  c o n s t a n t s  
a  and d  d e s c r i b e  t h e  approach t o  tu rbu lence  
independent  of t h e  d e t a i l s  of t h e  non- l inea r  
e q u a t i o n s  d e s c r i b i n g  t h e  p h y s i c a l  system. 
Delbourgo 's  (1986)  computat ions  show t h a t  t h e  
u n i v e r s a l  c o n s t a n t s  a  and d  fo l low t h e  r e l a t i o n  
3d = 2 2  ove r  a  wide domain. The p h y s i c a l  
concep t  of t h e  l a r g e  eddy growth by pe r iod  
doub l ing  p rocess  e n a b l e s  t o  d e r i v e  Feigenbaum's 
u n i v e r s a l  c o n s t a n t s  a  and d  and t h e i r  mutual 
r e l a t i o n s h i p  a s  f u n c t i o n s  i n h e r e n t  t o  t h e  
s c a l e  i n v a r i a n t  eddy energy s t r u c t u r e  a s  f o l l o w s .  
From Eqn. ( 1 ) t h e  f u n c t i o n  a  may be  d e f i n e d  a s  

a  i s  t h e r e f o r e  e q u a l  t o  l / k  from Eqn. ( 2 )  where 
k  r e p r e s e n t s  t h e  non-dimensional s t e a d y  s t a t e  
f r a c t i o n a l  volume d i l u t i o n  r a t e  of l a r g e  
eddy by t u r b u l e n t  eddy f l u c t u a t i o n s  a c r o s s  
u n i t  c r o s s  s e c t i o n  o n  t h e  l a r g e  eddy enve lope .  
The re fo re  a  r e p r e s e n t s  t h e  non-dimensional 
t o t a l  f r a c t i o n a l  mass d i s p e r s i o n  r a t e  by 
d i l a t i o n  and a 2  r e p r e s e n t s  t h e  co r re spond ing  
f r a c t i o n a l  energy f l u x  i n t o  t h e  environment .  
Let  d  r e p r e s e n t  t h e  r a t i o  of t h e  s p i n  a n g u l a r  
moments f o  t h e  t o t a l  mass of  t h e  l a r g e  and 
t u r b u l e n t  e d d i e s .  

The re fo re  2a2 '3d i n  agreement wi th  Delbourgo 's  
( 1986) r e s u l t s .  The v a l u e s  of a  and d  a r e  
r e s p e c t i v e l y e q u a l t o  2.52 and4 .05  f o r  o r g a n i s e d  
eddy growth (Z=10) i n  t h e  a tmospher i c  boundary 
l a y e r .  2a2 '3d is a  s t a t e m e n t  of t h e  law 
of c o n v e r s a t i o n  of energy f o r  t h e  p e r i o d  
doub l ing  growth sequence s i n c e  2a2 r e p r e s e n t s  
t h e  t o t a l  b i d i r e c t i o n a l  eddy energy flow 
i n t o  t h e  environment and i s  equa l  t o  t h e  
t h r e e  f o l d  i n c r e a s e  i n  t h e  s p i n a n g u l a r  momentum 
of t h e  l a r g e  eddy. The p r o p e r t y  of i n e r t i a  
e n a b l e s  p ropoga t ion  of t u r b u l e n c e  s c a l e  p e r t u r -  
b a t i o n  i n  t h e  medium where t r a n s l a t i o n a l  
k i n e t i c  energy i s  g e n e r a t e d  du r ing  d i l a t i o n  
by i n h e r e n t  l a t e n t  energy p o t e n t i a l  of  t h e  
medium e  .g . ,  t h e  buoyant energy g e n e r a t i o n  
by wa te r  vapour c o n d e n s a t i o n  i n  t h e  u p d r a f t  
r e g i o n s  of t h e  a tmospher i c  boundary l a y e r .  

5. DITERMINISTIC CHAOS MODEL OF SEVERE 
LOCAL STORMS 

Cloud growth o c c u r s  i n  t h e  u p d r a f t  
r e g i o n s  of l a r g e  eddy c i r c u l a t i o n s  under 
f a v o u r a b l e  c o n d i t i o n s  of moi s tu re  supply  
i n  t h e  environment .  The t u r b u l e n t  e d d i e s  
i n h e r e n t  t o  t h e  l a r g e  e d d i e s  a r e  a m p l i f i e d  



i n  which one cou ld  d i s c e r n  a  s c a l e  i n v a r i a n t  
o r  f r a c t a l  s t r u c t u r e .  Phenomenological 
o b s e r v a t i o n s  of f r a c t a l  s t r u c t u r e  i n  na tu re  
r e p r e s e n t  t h e  two fundamental symmetries 
of n a t u r e ,  namely, d i l a t i o n  ( r  +b r ) a  n  d  
t r a n s l a t i o n  ( r  +r + c )  and correspond respec-  
t i v e l y  t o  change i n  u n i t  of l e n g t h  o r  i n  
t h e  o r i g i n  of t h e  co -o rd ina te  system (Kadanoff ,  
1986) .  A s e l f  s i m i l a r  o b j e c t  i s  i d e n t i f i e d  
by i t s  f r a c t a l  d imension D which i s  d e f i n e d  
a s  dlnM( R)/dlnR where M (  R )  i s  t h e  mass con ta in -  
ed  w i t h i n  a  d i s t a n c e  R from a  t y p i c a l  p o i n t  
i n  t h e  o b j e c t .  S e l f  s i m i l a r  growth p rocesses  
i n  n a t u r e  l e a d  t o  t h e  observed u n i v e r s a l  
f r a c t a l  geometry of macrocopic s t r u c t u r e s  
i n  n a t u r a l  phenomena. However, t h e  b a s i c  
p h y s i c a l  mechanism of t h e  s e l f  0ganised 
f r a c t a l  geometry i n  na tu re  i s  not y e t  i d e n t i -  
f i e d  (Kadanoff ,  1986) .  

A s t r i k i n g  example of s e l f  s i m i l a r  
f r a c t a l  geometry i n  na tu re  i s  e x h i b i t e d  by 
t h e  g l o b a l  c l o u d  cove r  p a t t e r n .  Macroscopi- 
c a l l y  d i f f e r e n t  shaped c louds  a r e  s e l f  s i m i l a r  
f r a c t a l s  over  a  number of o r d e r s  of magnitude 
of l e n g t h  s c a l e s  i n  t h e  t u r b u l e n t  p l a n e t a r y  
a t m o s p h e r i c  b o u r d a r y  l a y e r  (Lovejoy and 
S c h e r t z e r ,  1986) .  

3 .  PHYSICS OF DETERMINISTIC CHAOS I N  
THE ABL 

The p e r i o d  doubl ing r o u t e  t o  chaos  
i s  b a s i c a l l y  a  growth phenomena where by 
l a r g e  eddy growth is i n i t i a t e d  from t h e  
t u r b u l e n c e  s c a l e  i n  success ive  l e n g t h  s t e p  
inc remen t s  equa l  t o  t h e  t u r b u l e n c e  s c a l e  
l e n g t h  (Mary Selvam, 1987) .  I n  summary, 
t u r b u l e n t  e d d i e s  of f r i c t i o n a l  o r i g i n  a t  
t h e  p l a n e t a r y  s u r f a c e  p o s s e s s  a n  i n h e r e n t  
upward momentum f l u x  which i s  p r o g r e s s i v e l y  
a m p l i f i e d  by buoyant energy g e n e r a t i o n  from 
M i c r o s c a l e  F r a c t i o n a l  Condensat ion (MFC) 
of wa te r  vapour on hygroscopic  n u c l e i  by 
de l iquescence  even i n  a n  u n s a t u r a t e d  env i ron-  
ment (Pruppacher  and K l e t t ,  1978) .  The 
e x p o n e n t i a l  d e c r e a s e  of a tmospher ic  d e n s i t y  
wi th  h e i g h t  f u r t h e r  a c c e l e r a t e s  t h e  t u r b u l e n c e  
s c a l e  upward momentum f l u x .  Theref o r e ,  
t h e  u n i d i r e c t i o n a l  (upward) t u r b u l e n c e  s c a l e  
energy pump g e n e r a t e s  s u c c e s s i v e l y  l a r g e r  
v o r t e x  r o l l  c i r c u l a t i o n s  i n  t h e  ABL. The 
l a r g e r  e d d i e s  c a r r y  t h e  t u r b u l e n t  e d d i e s  a s  
i n t e r n a l  c i r c u l a t i o n s  which c o n t r i b u t e  t o  
t h e i r  ( l a r g e  e d d i e s )  f u r t h e r  growth. Such a  
p r o c e s s  of l a r g e  eddy growth is analogous  
t o  t h e  emiss ion  of a n t i - S t o k e s  l a s e r  emiss ion  
t r i g g e r e d  by l a s e r  pump dur ing  chaos  i n  
o p t i c s  ( H a r r i s o n  h Biswas, 1986) .  

Townsend ( 1 956 ) h a s  i n v e s t i g a t e d  
t h e  s t r u c t u r e  and dynamics of l a r g e  eddy 
fo rma t ions  i n  t u r b u l e n t  s h e a r  f lows and 
h a s  shown t h a t  l a r g e  e d d i e s  of a p p r e c i a b l e  
i n t e n s i t y  form a s  a  chance c o n f i g u r a t i o n  
of t h e  t u r b u l e n t  motion. Consider ing a  
l a r g e  eddy of r a d i u s  R which forms i n  a  
f i e l d  of i s o t r o p i c  t u r b u l e n c e  w i t h  t u r b u l e n c e  
l e n g t h  and v e l o c i t y  s c a l e s  2 r  and w r e s p e c t -  
i v e l y .  I t  may be shown t h a t  t h e  r o o t  mean 
s q u a r e  ( r . m . s )  v e l o c i t y  of c i r c u l a t i o n  W i n  

t h e  l a r g e  eddy nf r a d i u s  R i s  
2 W2 = ---- -5-- 
II 

w2 
R 

The above e q u a t i o n  c a n  be a p p l i e d  
d i r e c t l y  t o  d e r i v e  t h e  r . m . s c i r c u l a t i o n s p e e d  
W of t h e  l a r g e  eddy of r a d i u s  R gene ra t ed  by 
t h e  t u r b u l e n c e  s c a l e  energy pump. The 
s c a l e  r a t i o  Z i s  e q u a l  t o  t h e  r a t i o  of 
t h e  r a d i i  of t h e  l a r g e  and t u r b u l e n t  e d d i e s .  
The environment of t h e  t u r b u l e n t  eddy i s  a  
r e g i o n  of buoyant energy p roduc t ion  by 
condensa t ion  ( i n  t h e  t roposphere )  and is  
t h e r e f o r e  i d e n t i f i e d  by a  Microscale  Capping 
I n v e r s i o n  (MCI) l a y e r  o n  t h e  l a r g e  eddy 
envelope.  An inc remen ta l  growth dR of 
l a r g e  eddy r a d i u s  e q u a l  t o  t h e  t u r b u l e n t  
eddy.  r a d i u s  r occur s  i n  a s s o c i a t i o n  wi th  a n  
i n c r e a s e  dW i n  l a r g e  eddy c i r c u l a t i o n  speed 
a s  a  d i r e c t  consequence of t h e  buoyant 
v e r t i c a l  v e l o c i t y  w, p roduc t ion  pe r  second 
by MFC. The MCI i s  t h u s  a  r e g i o n  of wind 
s h e a r  and t empera tu re  i n v e r s i o n  i n  t h e  
ABL. The growth of l a r g e  e d d i e s  from t h e  
t u r b u l e n c e  s c a l e  a t  i n c r e m e n t a l  l e n g t h  
s t e p s  e q u a l  t o  r - t u r b u l e n c e  l e n g t h  s c a l e  
doubl ing - i s  t h e r e f o r e  i d e n t i f i e d  a s  t h e  
u n i v e r s a l  p e r i o d  doubl ing r o u t e  t o  chaos  
i n  t h e  ABL. 

The p h y s i c s  of d e t e r m i n i s t i c  chaos  
t h e r e f o r e  e n a b l e s  t o  i d e n t i f y  t u r b u l e n c e  
a s  topo logy  dependent and i n t r i n s i c  t o  
boundary l a y e r  f lows ,  t h e  t empera tu re  i n v e r -  
s i o n  and wind shea r  being m a n i f e s t a t i o n s  of 
l a r g e  eddy growth from t u r b u l e n t  energy 
g e n e r a t i o n  p rocesses .  Th i s  concep t  is 
i n  d i r e c t  c o n t r a s t  t o  t h e  conven t iona l  
view t h a t  i n v e r s i o n  l a y e r s  a c t  a s  a tmospher i c  
l i d s  suppress ing  convec t ive  a c t i v i t y  and 
t h a t  boundary l a y e r  t u r b u l e n c e  e . g  . , Clea r  
A i r  Turbulence (CAT) i s  g e n e r a t e d  by wind 
s h e a r  i n  i n v e r s i o n  l a y e r s .  

4 .  UNIVERSAL THEORY OF CHAOS FOR ABL 
AND QUANTUM MECHANICAL LAWS 

T h e  t u r b u l e n t  f l u c t u a t i o n s  mix 
o v e r l y i n g  environmental  a i r  i n t o  t h e  growing 
l a r g e  eddy volume and t h e  f r a c t i o n a l  volume 
d i l u t i o n  r a t e  k  of t h e  t o t a l  l a r g e  eddy 
volume a c r o s s  u n i t  c r o s s  s e c t i o n s  o n  i t s  
envelope is equa l  t o  

w* dR 
k = - - - - - - 

dW R 
where w* i s  t h e  u n i d i r e c t i o n a l  t u r b u l e n t  eddy 
a c c e l e r a t i o n  and dW t h e  corresponding a c c e l e -  
r a t i o n  of t h e  l a r g e  eddy c i r c u l a t i o n  (Mary 
Selvam, 1987) du r ing  t h e  l a r g e  eddy i n c r e -  
mental  l e n g t h  s t e p  growth dR equa l  t o  r . k>0 .5  
f o r  ZclO. There fo re  o rgan i sed  l a r g e  eddy 
growth can  occur  f o r  s c a l e  r a t i o  Z>lO o n l y  
s i n c e  d i l u t i o n  by environmental  mixing is  
more t h a n  h a l f  by volume and e r a s e s  t h e  
s i g n a t u r e  of l a r g e  e d d i e s  f o r  s c a l e  r a t i o  
Z<10. The re fo re ,  a  h i e r a r c h i c a l ,  s c a l e  
i n v a r i a n t  s e l f  s i m i l a r  eddy continuum with  
semi-permanent dominant e d d i e s  a t  s u c c e s s i v e  
d e c a d i c  s c a l e  r ange  i n t e r v a l s  is  gene ra t ed  
by t h e  s e l f  o r g a n i s e d  p e r i o d  doub l ing  r o u t e  
t o  chaos  growth p r o c e s s .  The l a r g e  eddy 
c i r c u l a t i o n  speed i s  o b t a i n e d  by i n t e g r a t i n g  



- 
inside t h e  c l o u d s  due t o  enhanced c loud water  
c o n d e n s a t i o n  and form "cloud t o p  g r a v i t y  
(buoyancy)  o s c i l l a t i o n s " .  The c loud t o p  
g r a v i t y  o s c i l l a t i o n s  a r e  r e s p o n s i b l e  f o r  
( 1 )  c loud v e r t i c a l  mixing and d i l u t i o n .  
Downward t r a n s p o r t  of s t r a t o s p h e r i c  Ozone may 
a l s o  occur  i n  deep convec t ive  systems a s  
r e p o r t e d  by s e v e r a l  workers ( 2 )  c loud e l e c t r i -  
f i c a t i o n  by downward t r a n s p o r t  of n a t u r a l l y  
occur r ing  nega t ive  space  cha rges  from above 
c loud t o p  r e g i o n s  t o  t h e  c loud base  and s imul-  
t aneous ly  t h e  upward t r a n s p o r t  of p o s i t i v e  
space  cha rges  from lower t roposphere  t o  t h e  
c l o u d  t o p  r e g i o n s  the reby  g e n e r a t i n g  t h e  
observed v e r t i c a l  p o s i t i v e  d i p o l e  c loud  cha rge .  
The T r a v e l l i n g  Ionospher i c  Di s tu rbances  (TIDS) 
have been a t t r i b u t e d  t o  c loud  t o p  g r a v i t y  
o s c i l l a t i o n s  i n  d e e p  c o n v e c t i v e  sys tems.  
The c a u l i f l o w e r  l i k e  s u r f a c e  g r a n u l a r i t y  
t o  t h e  cumulus cloud i s  a s i g n a t u r e  of t h e  
innumerable  t u r b u l e n t  e d d i e s  which form t h e  
c loud t o p  g r a v i t y  o s c i l l a t i o n s .  Severe  l o c a l  
s torms occur  i n  r e g i o n s  where t h e r e  i s  gene ra -  
t i o n  of mass ive  q u a n t i t i e s  of t u r b u l e n c e  
s c a l e  buoyant energy and t h e r e f o r e '  a s s o c i a t e d  
wi th  l a r g e  s c a l e  r a t i o s  f o r  t h e  dominant 
t u r b u l e n t  eddy and t h e  c loud  s c a l e  l a r g e  
eddy. 

The d e t e r m i n i s t i c  chaos  model e n a b l e s  
a u n i v e r s a l  no s c a l e  ( s c a l e  i n v a r i a n t )  q u a n t i -  
f i c a t i o n  o f  t h e  s t e a d y  s t a t e  c loud  dynamical,  
mi rophys ica l  and e l e c t r i c a l  p rocesses  (Mary 
Selvam and Murty, 1987) a s  l i s t e d  i n  t h e  
fo l lowing .  ( 1 1 The r a t i o  of t h e  a c t u a l  c loud  
l i q u i d  wa te r  c o n t e n t  ( q )  t o  t h e  a d i a b a t i c  
l i q u i d  w a t e r  c o n t e n t  (4,) is equa l  to f ,  

t h e  f r a c t i o n  of s u r f a c e  a i r  which r e a c h e s  
t h e  normal ised h e i g h t  Z a f t e r  d i l u t i o n  by 
v e r t i c a l  mixing due t o  t u r b u l e n t  eddy f l u c t u a -  
t i o n s  ( 2 )  t h e  v e r t i c a l  p r o f i l e s  of t h e  v e r t i c a l  
v e l o c i t y  W and t h e  t o t a l  c loud  l i q u i d  wa te r  
c o n t e n t  q a r e  r e s p e c t i v e l y  g i v e n  by W = w,fZ 
and qt zt q,fZ where t r e p r e s e n t s  t h e  t o t a l  
v a l u e s  and * r e p r e s e n t s  c loud base  va lue  
( 3 )  t h e  c l o u d g r o w t h  t ime  T E l i  ( J z ) ;  w h e r e  

li is  t h e  loga r i thm i n t e g r a l  ( 4  ) t h e  c loud 
d r o p s i z e  spect rum f o l l o w s  t h e  n a t u r a l l y  occur r -  
i n g  Junge a e r o s o l  s i z e  spect rum and ( 5 )  t h e  
computed r a i n d r o p  s i z e  spect rum c l o s e l y  resum- 
b l e s  t h e  observed Marshal l  - Palmer r a i n d r o p  
s i z e  d i s t r i b u t i o n  a t  t h e  s u r f a c e ,  ( 6 )  t h e  
e l e c t r i c  f i e l d  a t  t h e  s u r f a c e  due t o  t h e  
c loud d i p o l e  cha rge ,  t h  s t r e n g t h  of t h e  c loud  
d i p o l e ,  t h e  c loud  e l e c t r i c a l  c o n d u c t i v i t y ,  
t h e  p o i n t  d i s c h a r g e  c u r r e n t  a r e  ' e x p r e s s e d  
i n  t e rms  of  t h e  b a s i c  non-dimensional pa ramete r s  
f  and Z .  Tha above q u a n t i t a t i v e  r e l a t i o n s  
a r e  u n i v e r s a l  f o r  a l l  c l o u d s  and depends o n l y  
o n  t h e  s c a l e  r a t i o  2 .  

6. CONCLUSION 

The u n i v e r s a l  t heo ry  of chaos  is 
developed i n  d e t a i l  f o r  t h e  t u r b u l e n t  ABL and 
a p p l i e d  f o r t h e  s i m u l a t i o n o f  c loud  mic rophys ica l ,  
d y  n a m i c a l  and  e l e c t r i c a l  c h a r a c t e r i s t i c s .  
The quantum mechanical n a t u r e  of t h e  cohe ren t  
c loud s t r u c t u r e s  i s  emphasised. The v a s t  amount 
of knowledge acqu i red  i n  quantum mechanics and 
stochasticprocessesmaythereforebebeneficially 

a p p l i e d  f o r  t h e  s t u d y  and p r e d i c t i o n  of weather  
phenomena, i n  p a r t i c u l a r  s e v e r e  l o c a l  s to rms .  
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