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I N T R O D U C T I O N  

One o f  t h e  w e a k e s t  l i n k s  i n  d e v e l o p i n g  v i a b l e  n u m e r i c a l  
models  f o r  e n v i r o n m e n t a l  t r a n s p o r t  p r o c e s s e s  i s  t h e  n e e d  f o r  
l a r g e  c o m p r e h e n s i v e  da t a  bases  f o r  c a l i b r a t i o n  and  v e r i f i c a t i o n .  
The s p e c i f i c  n e e d s  vary  w i t h  t h e  c h a r a c t e r i s t i c s  o f  t h e  model  
u n d e r  c o n s i d e r a t i o n .  However, it h a s  b e e n  f o u n d  t h a t  t h e  more 
complex t h e  model  i s ,  t h e  more d i f f i c u l t  it i s  t o  o b t a i n  t h e  
a d e q u a t e  d a t a  b a s e .  I n  f a c t ,  o f t e n  e v e n  b e f o r e  c a l i b r a t i o n  and  
v e r i f i c a t i o n ,  t h e  p rob lem m a n i f e s t s  i t s e l f  i n  t e r m s  o f  s p e c i f i -  
c a t i o n  of  a d e q u a t e  boundary  c o n d i t i o n s  f o r  a w e l l  p o s e d  mathe-  
m a t i c a l  f o r m u l a t i o n .  T h i s  p a p e r  d e a l s  w i t h  t h e  u n i q u e  p r o b l e m s  
o f  c a l i ' b r a t i o n  a n d  v e r i f i c a t i o n  o f  m e s o s c a l e  models  a p p l i e d  t o  
i n v e s t i g a t i n g  power p l a n t  d i s c h a r g e s .  

P o l i c a s t r o  ( r e f s . 1 , 2 , 3 )  i n  a s e r i e s  of  r e p o r t s  h a s  c a l i -  
b r a t e d  a n d  v e r i f i e d  a l a r g e  number o f  t h e r m a l  plume mode l s  w i t h  
f i e l d  d a t a .  H e  u s e d  a s i n g l e  d a t a  base t o  o b t a i n  c o m p a r a t i v e  
r e s u l t s  f rom d i f f e r e n t  m o d e l s .  Very f e w  s t u d i e s  o f  t h i s  n a t u r e  
have  b e e n  done  p r i m a r i l y  owing t o  t h e  l a c k  o f  c o m p r e h e n s i v e  d a t a  
bases .  Lee e t  a 1  ( r e f . 4 )  summarized t h e  i m p o r t a n c e  o f  r emote -  
s e n s i n g  da ta  i n  t h e r m a l  p o l l u t i o n  s t u d i e s .  S e n g u p t a  e t  a 1  
( r e f . 5 )  have  d e m o n s t r a t e d  t h e  i m p o r t a n t  r o l e  o f  r e m o t e - s e n s i n g  
d a t a  i n  t h e  deve lopmen t  o f  n u m e r i c a l  m o d e l s .  However, remote-  
s e n s i n g  d a t a  u s u a l l y  p r o v i d e  o n l y  t h e  s u r f a c e  c o n d i t i o n s .  For 
t h r e e - d i m e n s i o n a l  m o d e l l i n g  it i s  i m p e r a t i v e  t o  have  v a r i a t i o n s  
w i t h  d e p t h .  The r o l e  o f  i n - s i t u  measu remen t s  i s  t h e r e f o r e  
e s s e n t i a l  u n t i l  r e m o t e - s e n s i n g  t e c h n i q u e s  a r e  d e v e l o p e d  f o r  
v e r t i c a l  p r o f i l e  measu remen t .  Some s t u d i e s  o f  t h e r m a l  p lumes  
have  b e e n  made u s i n g  g round  t r u t h  and  r e m o t e - s e n s i n g  d a t a .  
Madding e t  a 1  ( r e f . 6 )  u s e d  a Texas I n s t r u m e n t  RS-18A s c a n n e r  
mounted on a DC-3 t o g e t h e r  w i t h  i n - s i t u  measurements  made b y  
Argonne N a t i o n a l  L a b o r a t o r y  t o  s t u d y  p lumes  f rom P o i n t  Beach 
N u c l e a r  Power P l a n t  l o c a t e d  on t h e  s h o r e l i n e  o f  Lake Mich igan .  
D i n e l l i  e t  a1 ( r e f . 7 )  have  d i s c u s s e d  t h e  u s e  o f  t h e r m a l  i n f r a r e d  
s c a n n e r  d a t a  i n  e v a l u a t i n g  p r e d i c t i v e  mode l s  f o r  t he ' rma l  p lumes .  
They s t u d i e d  t h e  power p l a n t  s i t e s  a t  Vado L i g u r e  and  P o r t o  T y l l e  
i n  I t a l y .  They d i s c u s s e d  t h e  u s e  o f  I R  d a t a  t o  d e v e l o p  plume 
models  as w e l l  as v e r i f y  them. 
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The t h e r m a l  p o l l u t i o n  g r o u p  a t  t h e  U n i v e r s i t y  o f  M i a m i  i s  
d e v e l o p i n g  a p a c k a g e  o f  t h r e e - d i m e n s i o n a l  mode l s  t o  p r e d i c t  
and  m o n i t o r  t he rma l  a n o m a l i e s  c a u s e d  b y  power p l a n t  d i s c h a r g e s .  
Remote - sens ing  I R  d a t a  f r o m  s a t e l l i t e s  and  a i r b o r n e  r a d i o m e t e r s  
i n  c o n j u n c t i o n  w i t h  g r o u n d  t r u t h  and  i n - s i t u  measu remen t s  a re  
u s e d  t o  c a l i b r a t e  a n d  v e r i f y  t h e  models .  The a p p l i c a t i o n  s i t e s  
a r e  B i s c a y n e  Bay and  H u t c h i n s o n  I s l a n d  i n  S o u t h  F l o r i d a  where  a 
number o f  power p l a n t s  a r e  l o c a t e d .  The d e t a i l s  o f  t h e  e f f o r t  
a r e  p r e s e n t e d  i n  a s e r i e s  o f  r e p o r t s  by  Lee e t  a1  ( r e f s .  8 and  9 ) .  
H i s e r  e t  a 1  ( r e f . 1 0 )  have  p r e s e n t e d  t h e  r e m o t e  s e n s i n g  e f f o r t .  
A b r i e f  d e s c r i p t i o n  o f  t h e  o v e r a l l  s t u d y  i s  p r e s e n t e d  by 
S e n g u p t a  e t  a 1  ( r e f .  11). F i g u r e  1 shows t h e  r e l a t i o n s h i p  be tween  
t h e  d a t a  a c q u i s i t i o n  e f f o r t  and  m o d e l l i n g  e f f o r t  f rom t h e  model  
deve lopmen t  s t age  t o  v e r i f i c a t i o n  and  a p p l i c a t i o n  s t a g e s .  

THE MATHEMATICAL MODELS 

The hydro-  and  thermodynamic  b e h a v i o r  o f  a body o f  wa te r  i n  
a n  e c o s y s t e m  i s  a f f e c t e d  b y  n a t u r a l  i n f l u e n c e s  as  c h a r a c t e r i z e d  
by t h e  m e t e o r o l o g i c a l  and  h y d r o l o g i c a l  c h a r a c t e r i s t i c s  o f  t h e  
domain a s  w e l l  a s  t h e  a n t h r o m o r p h i c  d i s t u r b a n c e s  g e n e r a t e d  by  
i n d u s t r y ,  a g r i c u l t u r e  and  u r b a n  a c t i v i t y .  The method o f  numer i -  
c a l  m o d e l l i n g  i s  t o  d e s c r i b e  t h e  s y s t e m  i n  t e r m s  o f  g o v e r n i n g  
e q u a t i o n s  and  b o u n d a r y  c o n d i t i o n s  t h a t  e x p r e s s  t h e  r e l e v a n t  
p h y s i c a l  l a w s  and  domain c h a r a c t e r i s t i c s  and  t h e n  t o  s i m u l a t e  o r  
s o l v e  t h e  e q u a t i o n s  w i t h  n u m e r i c a l  t e c h n i q u e s  , a f t e r  a p p r o x i -  
m a t i o n s  a r e  made r e g a r d i n g  v a r i a b l e s  as  w e l l  a s  d i m e n s i o n s .  We 
w i l l  c o n s i d e r  t h r e e - d i m e n s i o n a l  "comple t e"  models  o n l y ,  t h e  d a t a  
r e q u i r e m e n t s  b e i n g  l e s s  s t r i n g e n t  f o r  s i m p l e r  m o d e l s .  

The g o v e r n i n g  e q u a t i o n s  a r e  t h e  c o n s e r v a t i o n  o f  t o t a l  m a s s ,  
momentum a n d  e n e r g y .  The c o n s t i t u t i v e  e q u a t i o n  d e s c r i b i n g  den-  
s i t y  as  a f u n c t i o n  o f  t e m p e r a t u r e  c o m p l e t e s  t h e  s e t .  The system 
c o n s i s t s  o f  c o u p l e d ,  n o n - s t e a d y ,  n o n - l i n e a r ,  s e c o n d a r y ,  t h r e e -  
d i m e n s i o n a l  p a r t i a l  d i f f e r e n t i a l  e q u a t i o n s .  The e q u a t i o n s  a r e  
p r e s e n t e d  by  S e n g u p t a  e t  a l ( r e f . 5 ) .  T u r b u l e n c e  i s  m o d e l l e d  by  
eddy t r a n s p o r t  c o e f f i c i e n t s .  

The r i g i d - l i d  a s s u m p t i o n  i s  made, t h e r e b y  e l i m i n a t i n g  s u r -  
f a c e  g r a v i t y  waves a n d  t h e r e f o r e  t h e  r e s t r i c t i v e  Courant -Levy 
F r e d r i c h s '  c o n d i t i o n .  T h i s  a s s u m p t i o n  h a s  b e e n  u s e d  e x t e n s i v e l y  
i n  o c e a n i c  m o d e l l i n g  b y  Bryan  ( r e f . 1 2 )  a n d  o t h e r s .  S e n g u p t a  
and  L i c k  ( r e f . 1 3 )  d e v e l o p e d  t h i s  i d e a  f o r  e c o s y s t e m  m o d e l l i n g .  
However, where  s u r f a c e  h e i g h t  f l u c t u a t i o n s  a r e  d o m i n a n t ,  a f r e e -  
s u r f a c e  model  h a s  t o  be used. T h e r e f o r e  two s e t s  o f  m o d e l s ,  
name ly ,  r i g i d  l i d  a n d  f r e e  s u r f a c e ,  h a v e  b e e n  d e v e l o p e d  by  t h e  
U n i v e r s i t y  o f  M i a m i  g r o u p  t o  s t u d y  t h e r m a l  p o l l u t i o n .  
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The d e t a i l s  o f  t h e  r i g i d - l i d  model have  been  p r e s e n t e d  by 
Sengupta  and L i c k  ( r e f . 1 3 )  and Lee e t  a1  ( re f .  9 ) .  The g o v e r n i n g  
e q u a t i o n s  a r e  c o n t i n u i t y ,  two h o r i z o n t a l  momentum e q u a t i o n s  , t h e  
h y d r o s t a t i c  e q u a t i o n ,  t h e  e n e r g y  e q u a t i o n  and t h e  equa t io r l  of 
s t a t e .  A p r e d i c t i v e  e q u a t i o n  f o r  s u r f a c e  or l i d  p r e s s u r e  ( n o  
l o n g e r  a t m o s p h e r i c )  d e r i v e d  from t h e  v e r t i c a l l y  i n t e g r a t e d  momen- 
tum e q u a t i o n s  c o m p l e t e s  t h e  system of  e q u a t i o n s .  The boundary  
c o n d i t i o n s  a r e  n o - s l i p  and no-normal v e l o c i t y  a t  s o l i d  s u r f a c e s .  
A t  t h e  a i r - w a t e r  i n t e r f a c e  wind s t r e s s  and h e a t  t r a n s f e r  co- 
e f f i c i e n t s  a r e  s p e c i f i e d ,  The s o l i d  s u r f a c e s  a re  c o n s i d e r e d  
a d i a b a t i c .  I n f l u x  c o n d i t i o n s  f o r  v e l o c i t y  and t e m p e r a t u r e  a r e  
s p e c i f i e d  a t  open b o u n d a r i e s .  E x p l i c i t  schemes a r e  used  t o  i n -  
t e g r a t e  t h e  momentum and e n e r g y  e q u a t i o n s .  I t e r a t i v e  schemes 
a re  u s e d  t o  c a l c u l a t e  t h e  s u r f a c e  p r e s s u r e  f rom t h e  p r e d i c t i v e  
e q u a t i o n  for p r e s s u r e .  Forward t i m e ,  c e n t r a l  s p a c e  schemes a r e  
used  f o r  t h e  d i f f u s i o n  t e r m s  which u s e  t h e  Du F o r t - F r a n k e l  
scheme, S i n g l e - s i d e d  schemes a r e  used  a t - t h e  b o u n d a r i e s .  A 
v e r t i c a l  n o r m a l i z a t i o n  w i t h  r e s p e c t  t o  l o c a l  d e p t h  i s  u s e d  t o  
map a v a r i a b l e  d e p t h  domain t o  c o n s t a n t  d e p t h .  

The f r e e - s u r f a c e  model u s e s  e s s e n t i a l l y  t h e  same s e %  of  
e q u a t i o n s  as  t h e  r i g i d  l i d  e x c e p t  t h a t  h e i g h t  i s  now a v a r i a b l e .  
T h e r e f o r e  an  e q u a t i o n  f o r  s u r f a c e  h e i g h t  i s  o b t a i n e d  from t h e  
v e r t i c a l l y  i n t e g r a t e d  c o n t i n u i t y  e q u a t i o n .  The p r e s s u r e  a t  t h e  
s u r f a c e  i s  a t m o s p h e r i c .  The bo-undary c o n d i t i o n s  a t  t h e  a i r -  
wa te r  i n t e r f a c e  a r e  o b t a i n e d  from w i n d  s t r e s s  and s u r f a c e  h e a t  
t r a n s f e r  c o e f f i c i e n t ,  A t  s o l i d  w a l l s  s l i p  c o n d i t i o n s  a r e  used, 
e x c e p t  f o r  t h e  bot tom.  A l l  s o l i d  w a l l s  a r e  assumed a d i a b a t i c .  
An open boundary ,  t e m p e r a t u r e  and e i t h e r ,  h e i g h t  or v e l o c i t i e s  
a r e  s p e c i f i e d .  E x p l i c i t  schemes w i t h  c e n t r a l  d i f f u s e  i n  t i m e  
and s p a c e  a r e  u s e d .  

Both t h e  r i g i d - l i d  and f r e e - s u r f a c e  models  a r e  a p p l i e d  t o  
f a r - f i e l d  and n e a r - f i e l d  s i t u a t i o n s .  The n e a r  f i e l d  i s  t h a t  
r e g i o n  a f f e c t e d  by t h e r m a l  d i s c h a r g e s .  The f a r  f i e l d  a f f e c t s  
t h e  n e a r  f i e . l d  and n o t  v i c e  v e r s a .  S p e c i f i c a l l y ,  i n - B i s c a y n e  
Bay t h e  whole bay i s  c o n s i d e r e d  f a r ’  f i e l d  whereas  t h e  n e a r  f i e l d  
i s  t h o s e  r e g i o n s  where s i g n i f i c a n t  t h e r m a l  a n o m a l i e s  a r e  c a u s e d  
by d i s c h a r g e s .  Thus we have f o u r  sub-models (1) f r e e - s u r f a c e  
f a r  f i e l d ,  ( 2 )  f r e e - s u r f a c e  n e a r  f i e l d ,  ( 3 )  r i g i d - l i d  f a r  f i e l d ,  
and ( 4 )  r i g i d - l i d  n e a r  f i e l d .  

DATA REQUIREMENTS 

T a b l e  I shows t h e  d a t a  r e q u i r e m e n t s  f o r  t h e  models  f o r  
i n i t i a l i z a t i o n ,  s p e c i f i c a t i o n  of boundary c o n d i t i o n s ,  c a l i b r a -  
t i o n  and v e r i f i c a t i o n .  It i s  n e c e s s a r y  t o  s p e c i f y  v a l u e s  of  a l l  
dependent  v a r i a b l e s  t h r o u g h o u t  t h e  t h r e e - d i m e n s i o n a l  domain as  
i n i t i a l  c o n d i t i o n s .  Remote s e n s i n g  can  a t  p r e s e n t  p r o v i d e  s u r -  

1095 



f a c e  t e m p e r a t u r e s  t h r o u g h o u t  t h e  domain bu t  v e r t i c a l  p r o f i l e s  
have t o  be o b t a i n e d  b y  i n - s i t u  m e a s u r e m e n t s ,  wh ich  a r e  u s u a l l y  
s p a r c e  a n d  n o n - s y n o p t i c .  T h e r e f o r e  compromises  i n  s p e c i f i c a t i o n  
o f  i n i t i a l  c o n d i t i o n s  h a v e  t o  b e  made. One o f  t h e  common assump- 
t i o n s  i s  t o  s t a r t  w i t h  i s o t h e r m a l  domain and  z e r o  v e l o c i t y  f i e l d .  
Where d a t a  i s  a v a i l a b l e ,  i n t e r p o l a t i o n  schemes a r e  u s e d  t o  ap- 
p r o x i m a t e  c o n d i t i o n s  i n  t h e  domain u s i n g  a v a i l a b l e  measu remen t s .  
Boundary  c o n d i t i o n s  on c l o s e d  b o u n d a r i e s  a r e  eas i e r  t o  s p e c i f y  
s i n c e  t h e y  c a n  b e  d e r i v e d  f r o m  s t r i c t  r e q u i r e m e n t s  o f  n o - s l $ p  
and  no-normal  v e l o c i t y .  A d i a b a t i c  c o n d i t i o n s  a r e  commonly u s e d .  
Boundary  c o n d i t i o n s  on open  b o u n d a r i e s  a r e  c o n s i d e r a b l y  more 
d i f f i c u l t  t o  p r e s c r i b e .  F o r  t h e  f r e e - s u r f a c e  model ,  v a l u e s  or 
g r a d i e n t s  o f  any  t h r e e  v e l o c i t y  components  and  s u r f a c e  h e i g h t s  
a r e  r e q u i r e d .  S u r f a c e  h e i g h t  v a r i a t i o n s  may b e  o b t a i n e d  f o r  
t i d e  gauge  s t a t i o n s .  F o r  t h e  r i g i d - l i d  model  a t  open  b o u n d a r i e s  
a l l  v e l o c i t i e s  and  t e m p e r a t u r e s  have  t o  b e  s p e c i f i e d .  F o r  open 
b o u n d a r i e s  which  s e p a r a t e  n e a r  f i e l d  f rom f a r  f i e l d  t h e  b o u n d a r y  
c o n d i t i o n s  a r e  s p e c i f i e d  f rom f a r - f i e l d  c a l c u l a t i o n s  i n  c o n j u n c -  
t i o n  w i t h  r e m o t e  s e n s i n g  and  i n t e r p o l a t e d  i n - s i t u  measu remen t s .  
The s u r f a c e  c o n d i t i o n s  f o r  b o t h  models  c o n s i s t  of s u r f a c e  wind  
s t r e s s e s  and  h e a t  t r a n s f e r  c o e f f i c i e n t s .  F o r  c a l i b r a t i o n  and  
v e r i f i c a t i o n  t h e  r e q u i r e m e n t s  a r e  s i m i l a r  t o  t h o s e  f o r  s p e c i -  
f i c a t i o n  o f  i n i t i a l  c o n d i t i o n s .  A t  d i s c h a r g e  l o c a t i o n s  t h e  
v a l u e s  o f  a l l  d e p e n d e n t  v a r i a b l e s  h a v e  t o  b e  s p e c i f i e d  a t  a l l  
t i m e s ,  e x c e p t  f o r  s u r f a c e  h e i g h t  which  c a n  b e  c a l c u l a t e d  s u b s e -  
q u e n t l y  f rom t h e  v e l o c i t y  f i e l d .  The eddy t r a n s p o r t  c o e f f i c i e n t s  
h a v e  t o  b e  s p e c i f i e d ;  t h e y  a r e  n o t  i s o t r o p i c .  These  a r e  o b t a i n e d  
e i t h e r  f rom e m p i r i c a l  r e l a t i o n s  or b y  t r i a l  and  e r r o r  d u r i n g  t h e  
c a l i b r a t i o n  p r o c e s s .  

DATA G A T H E R I N G  PROCEDURE 

The t h e r m a l  I R  d a t a  u s e d  f o r  t h e  s t u d y  i s  r e c e i v e d  a t  Wal lops  
I s l a n d ,  V i r g i n i a ,  f rom t h e  NOAA-2 and  NOAA-3 s a t e l l i t e s  and  i s  
p r o c e s s e d  a t  t h e  N a t i o n a l  E n v i r o n m e n t a l  S a t e l l i t e  S e r v i c e s  
(NESS) f a c i l i t y  i n  S u i t l a n d ,  Maryland .  Data f o r  t h e  F l o r i d a  
a r ea  a r e  a v a i l a b l e  on s o u t h b o u n d  p a s s e s  a t  a p p r o x i m a t e l y  0945 
EDT (1345  Z )  and  on n o r t h b o u n d  p a s s e s  a t  2100 EDT ( 0 1 0 0  Z I ( r e f . 1 4 ) .  

T h e  NASA-6 s y s t e m  i s  a D a e d a l u s  s c a n n e r  which  u s e s  t h e  8-14 
m i c r o n  window f o r  w a t e r  s u r f a c e  t e m p e r a t u r e  measurement .  I t ' s  
f i e l d  o f  v i e w  i s  2-5 m i l l i r a d i a n s  and  it s c a n s  t h r o u g h  7 7 O  20 '  
d e g r e e s  of a r c  n o r m a l  t o  f l i g h t  p a t h .  It h a s  a n  10°C u s e a b l e  
dynamic r a n g e  and  f o r  t h i s  s t u d y  i s  c a l i b r a t e d  t o  m e a s u r e  t e m -  
p e r a t u r e s  f rom 24OC t o  3 4 O C .  
m a g n e t i c  t a p e  a b o a r d  t h e  a i r c r a f t .  Data i s  l a t e r  t r a n s f e r r e d  t o  
70 mm f i l m  a t  Kennedy S p a c e  C e n t e r .  A c a l i b r a t i o n  o f  t h e  f i l m  
g r a y  s c a l e  d e n s i t y  i n  t e r m s  o f  t e m p e r a t u r e  i s  p r o v i d e d .  

The a n a l o g  r e a d o u t  i s  r e c o r d e d  on 
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The major  f u n c t i o n s  f o r  i n - s i t u  measurements  a r e  t o  p r o v i d e  
(1) ground t r u t h  f o r  e v a l u a t i o n  of r e m o t e l y  s e n s e d  measurements ,  
( 2 )  boundary  c o n d i t i o n s  and v e r i f i c a t i o n  o f  t h e  m a t h e m a t i c a l  
model,  p a r t i c u l a r l y  v e r t i c a l  p r o f i l e s ,  and ( 3 )  a s s i s t a n c e  i n  t h e  
development  of new t e c h n i q u e s  for r emote  s e n s i n g .  

The most s i g n i f i c a n t  measurements  a r e  t h o s e  o f  c u r r e n t  mag- 
n i t u d e  and d i r e c t i o n ,  h o r i z o n t a l  and v e r t i c a l  t e m p e r a t u r e  p ro -  
f i l e s ,  s u r f a c e  t e m p e r a t u r e s  u s i n g  i n f r a r e d  d e t e c t o r s  and s a l i n -  
i t y .  C u r r e n t  i s  measured by an  i m p e l l e r  t y p e  i n s t r u m e n t ,  t h e  
Endeco 110 .  It has been  m o d i f i e d  t o  measu re  low f l o w s .  D i r e c t  
c o n t a c t  t e m p e r a t u r e s  a r e  measured u s i n g  t h e r m i s t o r s  a c c u r a t e  t o  
w i t h i n  0.2'C. 
mete r  . S a l i n i t y  i s  measured u s i n g  a n  i n d u c t i o n  t y p e  

C A L I B R A T I O N  AND VERIFICATION 

The c a l i b r a t i o n  and v e r i f i c a t i o n  p r o c e d u r e  f o r  t h e  r i g i d - l i d  
model f a r - f i e l d  a p p l i c a t i o n  w i l l  be  d i s c u s s e d  h e r e .  The a p p l i -  
c a t i o n  s i t e  w a s  B i s c a y n e  Bay i n  Sou th  F l o r i d a .  T h i s  i s  a s h a l l o w  
bay open on t h e  n o r t h e a s t  s i d e  t o  t h e  A t l a n t i c  Ocean. A t  t h e  
n o r t h  end a causeway e f f e c t i v e l y  i s o l a t e s  t h e  bay ;  a t  t h e  s o u t h  
end a s e r i e s  o f  banks  e n c l o s e  t h e  bay.  F i g u r e  2 shows a map of 
B i scayne  Bay. A t  t h e  m i d d l e  i s  t h e  F e a t h e r b e d  Banks which i s  a 
s h a l l o w  r e g i o n .  The re  a r e  a number of  c r e e k s  i n  t h e  s o u t h  bay  
open t o  t h e  ocean .  

The p r o c e d u r e  f o r  o b t a i n i n g  an a d e q u a t e  d a t a  b a s e  w a s  t o  
u se  t h e r m a l  s c a n n e r  f l i g h t s  on a n o r t h - s o u t h  r o u t e .  F i g u r e  2 
shows t h e  f l i g h t  l i n e s .  The cove rage  i s  n o t  e x a c t l y  s y n o p t i c  
s i n c e  t h e  t i m e  l a p s e  between t h e  e a s t e r n  most f l i g h t  and t h e  
w e s t e r n  most f l i g h t  i s  a round  3 h o u r s .  The I R  d a t a  was c o r -  
r e c t e d  u s i n g  ground t r u t h  d a t a  f rom b o a t s .  The r e s u l t i n g  d a t a  
was t h e n  i n t e r p o l a t e d  t o  draw s u r f a c e  i s o t h e r m s  f o r  t h e  whole 
bay.  The b o a t  measurements  a l s o  p r o v i d e d  v e r t i c a l  p r o f i l e s .  

Many d i f f e r e n t  m e t e o r o l o g i c a l  c o n d i t i o n s  were mode l l ed .  The 
d e t a i l s  a r e  p r e s e n t e d  by Lee e t  a1 ( r e f .  9 ) .  The c o n c l u s i o n s  
i n d i c a t e d  t h a t  t i d a l  f l o w s  domina te  wind d r i v e n  e f f e c t s .  The 
t i d e  f l o w s  p r i m a r i l y  i n t o  and o u t  of  t h e  s o u t h  bay .  The c r e e k s  
o n l y  p l a y  a l o c a l i z e d  r o l e .  The v e l o c i t i e s  a r e  s m a l l  o v e r  t h e  
F e a t h e r b e d  Banks. They a re  h i g h  i n  t h e  d e e p e r  r e g i o n s  a d j a c e n t  
t o  t h e s e  banks .  The t e m p e r a t u r e  d i s t r i b u t i o n  i s  p r e d o m i n a n t l y  
d e t e r m i n e d  by bot tom topography .  V e r t i c a l  d i f f u s i o p  i s  t h e  
dominant heat  t r a n s f e r  mechanism. 

I 
A f t e r  v a l u e s  f o r  eddy v i s c o s i t i e s  and  h e a t  t r a n s f e r  co- 

e f f i c i e n t s  were c a l i b r a t e d ,  t h e  model w a s  r e a d y  or v e r i f i c a t i o n .  
The v e r t i c a l  eddy d i f f u s i o n  c o e f f i c i e n t  w a s  5 cm / s e c .  The 5 
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2 0  s u r f a c e  h e a t  t r a n s f e r  c o e f f i c i e n t  w a s  176 W/m - C (750  BTU/day- 
OF- f t2 ) .  The t i d e  w a s  t a k e n  as incoming a t  1 0  cm/sec and  t h e  wind 
w a s  f rom t h e  s o u t h e a s t  a t  4.8 m/sec ( 1 0  MPH). On A p r i l 1 5 ,  1975 
a f i e l d  expe r imen t  was made. NASA-6 I R  d a t a  w a s  u s e d  t o  draw sur- 
f a c e  i s o t h e r m s .  The model w a s  r u n  f o r  6 hour s  w i t h  an i s o t h e r m a l  
i n i t i a l  t e m p e r a t u r e  of 2 4 . 5 O C  a t  8 A.M. 
p a r i s o n  between t h e  s u r f a c e  i s o t h e r m s  from model p r e d i c t i o n  and 
I R  d a t a .  The model no t  o n l y  a c c u r a t e l y  p r e d i c t s  t h e  q u a l i t a t i v e  
n a t u r e  of  t h e  t e m p e r a t u r e  f i e l d ,  b u t  t h e  a c t u a l  d i f f e r e n c e  i s  
w i t h i n  l0C t h r o u g h o u t  t h e  bay .  T h i s  i s  r e m a r k a b l e  c o n s i d e r i n g  
t h a t  t h e  I R  d a t a  i s  no t  t r u l y  s y n o p t i c .  The compar ison  o f  
v e r t i c a l  t e m p e r a t u r e  p r o f i l e s  o b t a i n e d  from i n - s i t u  measurements  
and model a g r e e d  t o  w i t h i n  l 0 C  ( r e f .  11). 

F i g u r e  3 shows a com- 

C O N C L U D I N G  REMARKS 

It i s  i m p e r a t i v e  t h a t  model development  b e  i n t e g r a t e d  w i t h  
a d e q u a t e  da t a  a c q u i s i t i o n  e f f o r t .  Remote s e n s i n g  i s  t h e  o n l y  
way t o  o b t a i n  r e q u i r e d  d a t a  b a s e s ,  f o r  most complex models .  
S a t e l l i t e  d a t a  i s  n o t  d i r e c t l y  u s e a b l e  a t  p r e s e n t  f o r  m e s o s c a l e  
s t u d i e s .  However, a i r b o r n e  r a d i o m e t e r  d a t a  i s  i n v a l u a b l e .  It 
h a s  been  d e m o n s t r a t e d  t h a t  even  w i t h  i n c o m p l e t e  d a t a  b a s e s  a 
t h r e e - d i m e n s i o n a l  model h a s  been  c a l i b r a t e d  and  v e r i f i e d  t o  g i v e  
r e s u l t s  w i t h i n  l 0 C  a c c u r a c y  f o r  B i scayne  Bay i n  Sou th  F l o r i d a .  
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