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ABSTRACT 

The o b j e c t i v e s  o f  t h e  p r o j e c t  were t o  de te rmine  t h e  p h y s i c a l /  
dynamical  p r o c e s s e s  c o n t r o l l i n g / a f f e c t i n g  t h e  d i s t r i b u t i o n  o f  . 
phytoplankton  n u t r i e n t s  on t h e  c o n t i n e n t a l  s h e l f  i n  t h e  South 
A t l a n t i c  Bight .  The i n i t i a l  o b j e c t i v e s  were t o  de te rmine  t h e  
s h o r t  term,  i . e . ,  2 t o  10 day and l o n g e r  term f l u x  o f  n u t r i e n t s  
o n t o  t h e  c o n t i n e n t a l  she)cf,:. Th is  i s  c l e a r l y  r e l 5 t e d  t o  t h e  more 
g e n e r a l  problem o f  combihe'd p h y s i c a l  and b i o g e n i c  c o n t r o l  o f  
phytop lankton  n u t r i e n t s .  

P i e t r a f e s a  (Nor th  C a r o l i n a  S t a t e  U n i v e r s i t y )  and Atkinson 
(Skidaway I n s t i t u t e  o f  Oceanography) conducted a p i l o t  exper iment  
on t h e  "Summer1' (August-September) .and l l F a l l l l  ( .~ctober-December)  
c i r c u l a t i o n  and hydrography on t h e  -Nor th '%aro lTna  c o n t i n e n t a l  
s h e l f  i n  1975, ' The exper iment  d i d  produce t h e  f i r s t  r e s u l t s  from 
.which processes , % h e i r  ..causes .,and - e f f e c t s  , ..and ' t h e i r  f requency  -of 
occu r rence  and p e r s i s t e n c e ,  cou ld  be  a p p r e c i a t e d  and s t u d i e d .  :The 
c u r r e n t  meter  - d a t a  :-suggested t h a t  - t h e r e  is- b - o t h . = t i d a l  and s u b - t i d a l  
energy on t h e  North Carol i -na  s h e l f  and t h a t  t h e  s u b - t i d a l  v a r i a b i l i t y  

. . .  . . : i's s t r o n g l y -  a t m o s p h e r i ~ a l l y '  and G u l f .  St ream i n f l u e n c e d .  . :. . '. . . . . .  

Encouraged. by ' - the  ' r e l a t i v e  s u c c e s s  o f  - t h e  1975 p i l o t  s tudy ,  
Atkinson.,' P i e t r a f e s a ,  Duns t a n  (Sktdaway I n s t i t u t e  -of 0ceanogr.aphy) 
a n d  P a f f e n h o f e r  (Skidaway I n s t i t u t e  o f  Oceanography) conducted a '  
more e x t e n s i v e  and comprehensive f i e l d  exper iment  i n  Onslow Bay 
d u r i n g  t h e  p e r i o d  June  t h r u  September, 1976. The o b j e c t i v e s  of  
t h i s  second y e a r .  ( o f  funding)  exper iment  i n c l u d e d  bo th  t h e  d i r e c t  
measurement o f  t h e  a l o n g - s h e l f ,  c r o s s - s h e l f  and v e ' r t i c a l  s t r u c t u r e  
of t h e  - " l a t e  Spring-Summer-early F a l l 1 '  c u r r e n t ,  Lemperature,  
c o n d u c t i v i t y  and . p r e s s u r e  f i e 1 . d ~  from f i x e d  p o i n t ,  v e r t i c a l  moor- 
i n g s  and a  c o n t i n u a t i a n  of  t h e  hydrographic  and b i o l o g i c a l  sampl ing  
by SKI0 pe r sonne l .  

A d d i t i o n a l l y ,  t h e  moorings were r e - e s t a b l i s h e d  i n  December, 
1976 and a r e  s chedu led  t o  be r e t r i e v e d  i n  l a t e  A p r i l ,  1977.  During 
t h i s  p e r i o d ,  Lee ( U n i v e r s i t y  of  ~ i a m i ) ,  Atkinson and P i e t r a f e s a  a r e  
c o - o r d i n a t i n g  a Winter/-Spring. p i l o t  exper iment .  This  exper iment ,  . . 

i f  s.uccessfu1, w T l l  y i e l d  the' f i r s t  major  a longshore  ,South A t l a n t i c  
BT gh3 pfi-pi c a i  data. 



Scope : 

The o b j e c t i v e s  o f  t h i s  p r o g r e s s  r e p o r t  a r e  t o  p r o v i d e  a b r i e f  

d e s c r i p t i o n  o f  t h e  scope  .of . the  i n v e s t i g a t i o n s  unde r t aken  and some 
- 

o f  t h e  r e s u l t s  which have been o b t a i n e d .  

The b b j e c t i v e s  o f  me' p r o j e c t  were t o  de t e rmine  t h e  p h y s i c a l /  

dynamical  p r o c e s s e s  c o n t r o l l i n g / a f f e c t i n g  t h e  d i s t r i b u t i o n  o f  

phy top l ank ton  n u t r i e n t s  on t h e  c o n t i n e n t a l  s h e l f  i n  t h e  Sou th  

A t l a n t i c  B i g h t .  The i n i t i a l  o b j e c t i v e  was t o  de t e rmine  t h e  s h o r t  

te rm,  i . .e . . ,  .2 t o  1-0 day f l u x  o f  n u t r i e n t s  o n t o  t h e  c o n t i n e n t a l  

s h e l f .  Th i s  i s  c l - e a r l y  . r e l a t e d  t o  - t h e  more . gene ra l  prob-lem o f  

.co,mbined. p h y s i c a l  and b i o g e n i c  c o n t r o l  o f .  phy top l ank ton  n u t r i e n t s .  
. . . . . .  . . . . 

P i e t r a f . e s a  aria Atkinson :conducted a p i l o t  exper iment  on t h e  

"Summer" (August -Sept.ember) and  " F a l l "  .(October-December ) c i r c u l a -  

t i o n  and hydrography o n . t h e  North C a r o l i n a  c o n t i n e n t a l  s h e l f  i n  

1975. These f i e l d  exper iments  c o n s i s t e d  o f  two t e m p e r a t u r e  s e n s o r  

and c u r r e n t  me t e r  moorings d u r i n g  each  p e r i o d  o f  o b s e r v a t i o n .  An 

i n t e n s i v e  hyd rog raph i c  g r i d  was su rveyed  w h i l e  t h e  f i x e d  p o s i t i o n  

t ime  s e r i e s  were b e i n g  r eco rded .  The mooring l o c a t i o n s  and hydro  

g r i d  a r e  d e p i c t e d  i n  F i g u r e s  1 , 2 ;3 ,4 ,  and 5 .  Whi le .  s e v e r a l  o f  t h e  

i n s t r u m e n t s  f u n c t i o n e d  i m p e r f e c t l y ,  t h e  exper iment  d i d  produce  t h e .  

f i r s t  r e s u l t s  from which p roc . e s se s ,  t h e i r  c ause s  and e f f e c t s ,  and 

t h e i r  f r equency  o f  o c c u r r e n c e  and p e r s i s t e n c e ,  cou ld  b e  a p p r e c i a t e d  

and s t u d i e d .  The c u r r e n t  me t e r  d a t a  s u g g e s t e d  t h a t  t h e r e  i s  bo th  

t i d a l  and s u b - t i d a l  energy on t h e  North C a r o l i n a  s h e l f  and t h a t  

t h e  s u b - t i d a l  v a r i a b i l i t y  i s  s t r o n g l y  a t m o s p h e r i c a l l y  and Gulf  

S t ream i n f l u e n c e d .  Low-passed and f a s t  f o u r i e r  t r an s fo rmed  





Figu re  2.  
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c o a s t a l  a tmospher . i c ,  wind speed  and d i r e c t i o n ,  p r e s s u r e  and tcmpera-  

t u r e  and c o a s t a l  s e a  l e v e l  d a t a  i n d i c a t e  t h a t  t h e r e  a r e  sequences  . 
o f  b r o a d  band e n e r g y  p e a k s ' w i t h  o b v i o u s  c o r r e l a t i o n s  be tween t h e  

d i f f e r e n t  d a t a  w i t h i n  t h e  banded s p e c t r a .  H e r e i n ,  i t  was f e l t  
/ '; -- 

t h a t  i n v e s t i g a t i o n s  o f  p a r t i c u l a r  p r o c e s s e s  o r  e v e n t  o r i e n t e d  

e x p e r i m e n t s  c o u l d  b e  p l a n n e d ,  w i t h  more a p p r o p r i a t e  g u i d e l i n e s .  

A d d i t i o n a l l y ,  t h e  h y d r o g r a p h i c  and b i o l o g i c a l  d a t a  c o l l e c t e d  by 

Skidaway I n s t i t u t e  of Oceanography (SKIO) p e r s o n n e l  ( a n d  a i d e d  by 

Nor th  C a r o l i n a  S t a t e  U n i v e r s i t y  s t a f f  and s t u d e n t s ) ,  seems t o  

h a v e  a sound b a s i s  i n  t h e  p h y s i c a l  . even t s  t h a t  were obse&ed,  i . e . ,  
' 

. . . . . . . . . . . .. . , . .  . . .. ~. . . 
r e c o r d e d  ' c o ~ t e m p o r a n e o u s l y  i n  t h e  . c u r r e n t  d a t a .  . . . " .  . _ . . . _  . . . . . > . .  . . .  . . 

Encouraged by t h e  r e l a t i v e  s u c c e s s  o f  t h e  1975 p i l o t  s t u d y , '  

A t k i n s o n ,  P i e t r a f e s a , .  Dunstan  and ~ a f f e n h o f e r  conduc ted  a ' m o r e  

e x t e n s i v e  and comprehensive  f i e i d  e x p e r i m e n t  i n  Onslow Bay d u r i n g .  

t h e  p e r i o d  J u n e  t h r u  September ,  1976.  The o b j e c t i v e s  o f  t ' h i s  

s e c o n d  y e a r  ( o f  f u n d i n g )  e x p e r i m e n t  i n c l u d e d  b o t h  t h e  d i r e c t  

measurement  o f  t h e  a l o n g - s h e l f ,  c r o s s - s h e l f  and v e r t i c a l  s t r u c t u r e  

of  t h e  " l a t e  Spring-Summer-early F a l l "  c u r r e n t ,  t e m p e r a t u r e ,  

c o n d u c t i v i t y  and  p r e s s u r e  f i e l d s  f rom f i x e d  p o i n t ,  v e r t i c a l  
. '  

moorings  and a' c o n : t i n u a t i o n  o f  t h e  h y d r o g r a p h i c  and b i o l o g i c a l  . . 

s a m p l i n g ,  a l o n g  t h e  1975  g r i d  ( F i g u r e  4 )  by SKIO p e r s o n n e l .  The 

moor ing  l o c a t i o n s  and v e r t i c a l  c o n f i g u r a t i o n s  a r e  shown i n  F i g u r e s  

6 and  7. A t o t a l  o f  8 Endeco a n d  G e n e r a l  Ocean ic  c u r r e n t  m e t e r s  

and  the rmographs  were usei a t  t h e  30 meter l o c a t i o n s  ( s i t e s  A and 

B )  and 8 Aanderaa  RCM-4 s e n s o r s  were  u s e d  a t  t h e  t h r e e  45 m e t e r  

and one 70 m e t e r  s i t e s  ( C ,  D ,  E and F ) .  Usab le  d a t a  was o b t a i n e d  

from t h e  8 ~ n d e c o - ~ e n e r a l  Ocean ics  e l e m e n t s  a t  A and B, 2 Aanderaa 
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s e n s o r s  a t  C ,  2 Aanderaa s e n s o r s  a t  D ,  2 Aanderaa  s e n s o r s  a t  E . 

and 1 Aanderaa s e n s o r  a t  F.  S e v e r a l  ma jo r  and minor q u a s i -  

s y n o p t i c  h y d r o g r a p h i c  and b i o l o g i c a l  s u r v e y s  were made d u r i n g  t h e  

moored a r r a y  e x p e r i m e n t  jo.. s t u d y  t h e  v a r i a b I l i t y _ . o f  t h e  s h e l f  w a t e r  
/ ' 

and b i o l o g i c a l  p r o p e r t i e s  and t o  b e t t e r  d e t e r m i n e  t h e  s p a t i a l  and 

t e m p o r a l  d i s t r i b u t i o n s  t h e r e i n .  Y e t e o r o l o g i c a l  and c o a s t a l  s e a  

l e v e l  d a t a  have  been  c o l l e c t e d  from t h e  s t a t i o n s  l i s t e d  i n  T a b l e s  

1 a.nd 2 .  Wind s t r e s s  v e c t o r  components have  beenLare  b e i n g  com- 

p u t e d  from t h e  wind v e c t o r  components u s i n g  a q u a d r a t i c  law and ' . 

low p a s s , a n d  'h igh .  p a s s  t i m e  s e r i e s  have  been  g e n e r a t e d  by f i l t e r -  
. . . . .  . . . .  ' . . .  . . . .  . . . . . .. . . . . , : . .  . _  - . .. 

i n g  w i t h  a ~ a n c z o s .  f i l t e r  t a p e r  w i t h  + t h e  r e s p o n s e  ' n ~ e l & e  shown . .' 

i n  F i g u r e  8.;. Hourly..-ssea l e v e l  h e i g h t s  f rom c o a s t a l  t i d e  gauges  - 
. - 
. > . i 

were low p a s s  f i l t e r e d  w i t h  t h e  Lanczos f i l t e r  t a p e r . ,  t h e r e b y  
. . 

s e g r e g a t i n g  t h e  l o n g  p e r i o d  s e a  l e v e l  f l u c t u a t i o n s  from t h e  semi-  

' d i u r n a l  and d i u r n a l  t i d a l  s i g n a l s .  Computa t ions  o f  a u t o  and 
- ... .- .- - 

c r o s s  s p e c t r a ,  phase  and c o h e r e n c e  s q u a r e d  as w e l l  a s  g r a p h s  o f  

v a r i a n c e  v e r s u s  l o g a r i t h m  o f  f r e q u e n c y  have  b e e n  made and a re  i n -  : 
. - - 

.. c l u d e d  i n  t h e  accompanying r e p o r t .  ,/ 

A d d i t i o n a l l y ,  t h e  moorings were r e - e s t a b l i s h e d  i n  December, 
. . 

1976 and ar .e  s c h e d u l e d  t o  b e  r e t r i e v e d  i n  l a t e ' A p r i 1 ,  1977.  

Dur ing t h i s  p e r i o d ,  .Lee ( U n i v e r s i t y  o f  M i a m i )  and P i e t r a f e s a  a r e  

c o - o r d i n a t i n g  a Win te r /Spr ing  p i l o t  e x p e r i m e n t .  The North 

C a r o l i n a  S t a t e  U n i v e r s i t y  -moor ing  l o c a t i o n s  a r e  d e p i c t e d  i n  F i g u r e  

9. T h i s  exper iment ,  i f  s u c c e s s f u l ,  w i l l  y i e l d  t h e  f i r s t  major  

a l o n g s h o r e  South  A t l a n t i c  B i g h t  p h y s i c a l  d a t a .  
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I S i g n i f i c a n t  r e s u l t s  : 

These  d a t a  p r o d u c t s  i n d i c a t e  some p r e l i m i n a r y  r e s u l t s  of  t h e  

i n v e s t i g a t i o n s  w i t h  o b v i o u s  p a r t i c u l a r  i n t e r e s t  b e i n g  g i v e n  t o  . 

t h e  d e t e r m i n a t i o n  o f  t h e / t t d a l  t o  s u b t i d a l  v a r i a b l l i t y  w i t h  r e g a r d  

t o  t h e  p o s s i b l e  d r i v i n g  mechanisms s u p p o r t i n g  t h e  b e h a v i o r  of  t h e  

reg ime .  

One can  b e g i n  by examin ing  r e p r e s e n t a t i v e  . k i n e t i c  e n e r g y  

s p e c t r a  which have  b e e n  ge .ne ra ted  -using. s t a n d a r d  t i m e - s e r i e s  

a n a l y s i s  t e c h n i q u e s .  It s h o u l d  .be no ted ,  h e r e i n  t h a t  t h e  low 

. .: freq.u.ency . c u t o f f  i s  i n v e r s e ' i y  . . p r o p o r t i o n a l  . . .  . t o  t h e  . . l e n g t h  . . o f  the, .  
. - -. - -- - - - . - - -. - . .. . . _  , I - .  

d a t a  r e c o r d  . b e i n g  . -analyzed and we a r e '  s e v e r e l y  l i m i t e d  a t  t h i s  p o i n t  
. . 

i n - m a k i n g  any. c r e d i b l e  - e s t i m a t e  of t h e  -shape o f  t h e .  k i n e t i c  e n e r g y  ' . . - - 
. . 

s p e c t r u m  o v e r  more t h a n  s e v e r a l  d e c a d e s  o f  f r e q u e n c y  r a n g e .  
-- 

/' .. The computed s p e c t r a  i n d i c a t e  s o u r c e  a p p a r e n t l y  f u n d a m e n t a l -  

f e a t u r e s  of  t h e  wind and c u r r e n t  v a r i a b i l i t y  i n  t h e  r e g i o n  o f  t h e  

C a r o l i n a  Capes S h e l f .  From t h e  s p e c t r a  i t  a p p e a r s  t h a t  t h e  wind 

s t r e s s  h a s  f l u c t u a t i o n s  which have  p e r i o d s  r a n g i n g  fr0m.a h a l f  

day t o  a week and  a r e  b u i l t  i n t o  t h e  a t m o s p h e r i c  c y c l o n e s  which 

p r o g a g a t e  up a l o n g  t h e  e a s t e r n  U .  S.  c o a s t  w i t h  c k a r a e t e . r i s t i c  

p e r i o d s  of s e v e r a l  days  t o  s e v e r a l  weeks. . .  . . . * .  

The c u r r e n t  s p e c t r a  show s h a r p  peaks  a t  t h e  s e m i - d i u r n a l  

f r e q u e n c y  and p e a k s  a t  t h e  d i u r n a l  f r e q u e n c y .  It i s  p r o j e c t e d  

t h a t  t h e  K , E .  d e n s i t y  w i l l  assume a  d e p t h  t o  t h e  minus t h r e e  - 
haves  power law,  a t  t h e  s e m i - d i u r n a l  f r e q u e n c y .  T h i s  law i s  

d e r i v e d  from s i m p l e  s h a l l o w - w a t e r  wave t h e o r y .  S i n c e  t h e  c u r r e n t  

meter moorings ,  d u r i n g  t h e  1975 e x p e r i m e n t ,  were  l o c a t e d  a l o n g  



t h e  same i s o b a t h  o v e r  t h e  deployment p e r i o d s ,  i t  i s  d i f f i c u l t  t o  

d o  more t h a n  s p e c u l a t e  on t h e  s p a t i a l  s t r u c t u r e  o f  t h e  t i d e s ,  

i n  ' t h i s  a r e a .  

  he s i x  moor ing a r r a v e s t a b l i s h e d  i n  Summer, 1 9 7 6  i n  Onslow 

Bay ( a n d  r e - e s t a b l i s h e d  i n  December, 1 9 7 6 )  s h o u l d  h e l p  i n  t h e  con- 

s t r u c t  o f  some s i m p l e  t i d a l  models  f o r .  t h e  . immedia te  f u t u r e ,  

s i n c e  t h e  t i d a l  c u r r e n t s  a r e  p a r t i a l l y  p r e d i c t a b l e ,  g i v e n  t h e  

d e t e r m i n i s t i c  f o r c i n g .  The q u e s t i o n s  c o n c e r n i n g  t h e  r o l e  of  i n -  

t e r n a l  waves,  p o s s i b l i  p r . e sen t  a t  t i d a l  f r e q u e n c i e s ,  e s p e c i a l l y  

.: d u r i n g  "summer" . c o n d i t i o n s ,  when a s t r o n g ,  t r a n s i e n t  t h e r m o c l i n e  ' 

. .  . . . . .  .. . . . . 
. . .  

. . . . . . . . 

f e a t u r e  i s  e v i d e n t ,  ( S t e f a n s s o n  and A t k i h s o n ,  1971;  A t k i n s o n  e t  a-1, 

1976)  w i l l  a l s o  b e  i n v e s t i g a t e d .  T h i s  l a t t e r  phenomenon a p p e a r s  . t 

a c r o s s  t h e  s h e l f .  B a r o c l i n i c  t i d e s  might  a l s o  a p p e a r  a t  t h e  s h e l f  
-- 

/ .,' b. reak  o v e r  most o f  t h e  y e a r ,  g i v e n  t h e  s t r o n g  f r o n t a l  f e a t u r e s  . t h a t  

p e r s i s t s . g i v e n  t h e  p r e s e n c e  of  t h e  Gulf  S t r e a m  a t  t h e  S h e l f  b r e a k .  

I n e r t i a l  f r e q u e n c y  components a r e  a l s o  e v i d e n t  i n  t h e  c u r r e n t  

s p e c t r a .  M e t e o r o l o g i c a l  t r a n s i e n t s  i n  t h e  form o f  a n t i - c y c l o n i c a l l y  

r o t a t i n g  winds c a n  l o c a l l y  g e n e r a t e  n e a r  i n e r t i a l  s i g n a l s  i n  t h e  

c u r r e n t  f i e l d  ..- T h i s  s o r t  o f  m e t e o r o l o g i c a l  f e a t u r . e  i s  c e r t a i n l y  

$ . . e v i d e n t  i n  t h e  a r e a .  . . . . . . . . .  . . . 

On t h e  f r e q u e n c y  and o f  t h e  c u r r e n t  s p e c t r a ,  one c a n  i n f e r  

s h e l f  and edge wave t y p e  modes w i t h  c h a r . a c t e r i s t i c  pe r i .ods  o f  t h e  

o r d e r  s e v e r a l  d a y s  t o  s e v e r a l  weeks.  There  a r e  a l s o  G u l f  S t r e a m  

meander ings  and eddy,  s h i n g l e ,  f i l i m e n t  s h e d d i n g  p r o c e s s e s  which 

presumably  y i e l d  s i g n a l s  i n  t h e  d a t a ,  b u t  t h e s e  s i g n a l s  a r e  y e t  

t o  b e  d e f i n i t i v e l y  r e s o l v e d .  



It would appea r  t h a t  t h e  s u b t i d a l  c u r r e n t s  observed  a t  s i t e s  

A and B a r e  s t r o n g l y  wind dominated.  The lower  f requency  s igna l s ' ,  

cou ld  c o n s i s t  of  energy  d e r i v e d  from m e t e o r o l o g i c a l  f o r c i n g  and from 

t h e  p r o p a g a t i o n  o f  t h i s  frfquency energy on to  t h e  s h e l f  from o f f -  . 

s h o r e .  The a c t u a l  p a r t i t i o n  w i l l  be  more f u l l y  i n v e s t i g a t e d  w i th  

t h e  r e s u l t s  from t h e  Summer,, 1976 and Winte r /Spr ing  1977 s t u d i e s .  

There  i s  no doubt  t h a t  o f f s h o r e  and s h e l f  b r eak  phenomena a r e  an 

i m p o r t a n t  s o u r c e  o f  energy f o r  t h e  o u t e r  and perhaps  i n n e r  C a r o l i n a  

Capes S h e l f  b u t  t h e r e  now seem t o  be i n s i g h t s  i n t o  a more ' d e f i n i t e  

, r e l a t i o n s h i p  . . .  . between t h e  d i r e c t  mechanical  f o r c i n g  o f  t h e  . wind . . .. . . 
and 

_ .  . I .  . . . . . ,. . . . . . .  . . . .. . . . . . . .  . . 

t h e  c u r r e n t  s p a t i a l  and tempora l  v a r i a b ' i l i t y  . 
. - -  . - .___ --- a - 

A d i r e c t  e f f e c t  of t h i s  wind can be  expressed.  i n  t h e  

h o r i z o n t a l ;  on-shore-of f s h o r e  p r e s s u r e  g r a d i e n t  c o n s i s t i n g  o f  t i d a l  

and n o n t i d a l  components. Vsing an  i n v e r s e  barometer  r u l e ,  10 mbar 

p r e s s u r e  d i f f e r e n c e  a longsho re  would r e s u l t  i n  s e a  s u r f a c e  s l o p e s  
1 
I oP o r d e r  5 (10-7) ,  c o n t r i b u t i n g  5 cm/sec t o  t h e  g e n e r a l  c i r c u l a t i o n .  

Fur thermore ,  p r e s s u r e  changes i n  resonance  w i t h  v a r i o u s  f r e e  wave 
! modes, such as s h e l f  waves, cou ld  r e s u l t  i n  g e o s t r o p h i c  c u r r e n t s  

o f  t h e  o r d e r  o f  cms'/sec.' s h a r p  : f r o n t s  o n t o  t h e  

s h e l f  cou ld  a l s o  p u t  c o n s i d e r a b l e  energy i n t o  a f r e e  s e i c h e  mode. . . 
, 

A d d i t i o n a l l y ,  t h e r e  i s  ev idence ,  t h e  3-5 day ttrier>gy. peak i n  t h e  

cu r r en t -me te r  s p e c t r a ,  t h a t  f o r c e d  "She l f  wave" o s c i l l a t i o n s ,  can 

e x i s t  a l o n g  t h e  North CaroMna c o a s t  and may i n  f a c t  be topo-  

g r a p h i c a l l y  encouraged o r  t r a p p e d .  These fo rced  modes cou ld  be  

. accompanied by c u r r e n t s  o f  t h e  o r d e r  o f  1 0 ' s  o f  cms/sec. 

S e v e r a l  major  m e t e o r o l o g i c a l  e v e n t s  occu r r ed  d u r i n g  t h e  



summer, 1976 moored a r r a y  e x p e r i m e n t ,  t h e  most p rominen t  o f  which 

was H u r r i c a n e  B e l l e .  These s t o r m s  p roduced  c u r r e n t  t r a n s i e n t s  - "  

which a r e  d i s t i n c t l y  v i s i b l e  i n  t h e  u n f i l t e r e d  d a t a  r e c o r d s .  

T h i s  d a t a  s e t  i s  d i s t i n c t l y  u n u s u a l  s i n c e  we a r e  - . p r e s e n t l y  aware 
/ .  -- 
/' ' 

o f  o n l y  two o t h e r  d a t a  s e t s  t a k e n  on a c o n t i n e n t a l  s h e l f  u n d e r  

d i r e c t  h u r r i c a n e  f o r c i n g .  F o r t u i t o u s l y ,  t h e s e  o t h e r  t i m e  s e r i e s  

were  o b t a i n e d  d u r i n g  B e l l e  by NOAA,  i n  t h e  r e g i o n  o f  t h e  New 
J 

York B i g h t ,  and  b y - t h e  Chesapeake Bay I n s t i t u t e ,  i n  V i r g i n i a  n e a r -  

c o a s t a l  w a t e r s .  These  da ta- ,  when i n t e r c o m p a r e d ,  w i l l  a f f o r d  us  a 

rare l o o k  a t  t h e  r e s p o n s e  o f  s e v e r a l  c o n t i n e n t a l  marg ins  t o  
.. . . . . . . . . . . . . . . .  . . .: . . ' . '  '. ' '  . . . . . . . .  . . 

. . . , . 
. . 

h u r r i c a n e  : f o r c i n g .  ' ' . 
> . .  . . .  - . . . . ' - .  , ' . .  

-- . 
. .  . -- ~ >. .- -- - 

A t  t h e  edge  o f  t h e  ' s h e l f ,  t h e r e  seems t o  b e  a c o n s i . d e r a b l e  
. .  . 

amount o f - e x c h a n g e  and  mix ing  o f  s l o p e  and s h e l f  w a t e r s .  S t r o n g  

r e v e r s f n g  c u r r e n t s  d r i v e n  by t h e  d i u r n a l  ( and  t o  l e s s e r  e x t e n t  

s e m i - d i u r n a l )  t i d e  c o u l d  c a u s e  l o c a l  mix ing  and e f f e c t i v e l y  pump 

n u t r i e n t s  and o t h e r  m a t e r i a l s  up o n t o  t h e  s h e l f  w i t h o u t  much n e t  

mass f l u x .  A d d i t i o n a l l y ,  i n t e r n a l  t i d e s  may b r e a k  o r  mix n e a r .  

t h e  s h e l f  b r e a k  and l a r g e  a m p l i t u d e  i n t e r n a l  waves may b e  o b s e r v e d  

i n  t h e  s e a s o n a l  t h e r m o c l i n e ,  d r i v e n  by s h e l f - b r e a k  t i d a l  f o r c i n g  

may e x i s t .  The r e l a t i v e  i m p o r t a n c e  o f  t h e s e  poss"ib1e mechanisms 

f o r  s h e l f  and  s l o p e  w a t e r  exchange i s  n o t  y e t  known b u t  must b e  

a d d r e s s e d .  ~ l s o ,  l i t t l e  i s  a l s o  known a b o u t  t h e  a c t u a l  dynamical  

c o u p l i n g  be tween  t h e  she1.f and s l o p e  r e g i o n s ,  p a r t i c u l a r l y  t h e  

t r a n s m i s s i o n  o f  low f r e q u e n c y  e n e r g y  from t h e  deep  ocean  o n t o  t h e  

c o n t i n e n t a l  s h e l f  and v i c e  v e r s a .  It i s  h e r e i n  a l s o  o f  n o t e  

t h a t  b a r o t r o p i c  t o p o g r a p h i c  Rossby waves c o u l d  e x i s t  and p r o p a g a t e  

i n  t h e  a r e a  o f  s t u d y .  Fresumably ,  t h e  meander ings  o f  t h e  Gulf  



Stream could  r a d i a t e  t h e s e  low f requency  motions o n t o  t h e  s h e l f ,  \ 

' b u t  t h e  g e n e r a t i n g  and s u p p o r t  mechanisms a r e  no t  y e t  known. 

The low-pass f i l t e r e d  c u r r e n t  r e c o r d s  o b t a i n e d  d u r i n g  o u r  
-- 

1976 Summer s h e l f  experim'ent s u g g e s t  t h a t  e n e r g e t i c  low f requency  
/ 

c u r r e n t s  w3th c h a r a c t e r i s t i c  p e r i o d s  o f  1 t o  2 weeks a l s o  o c c u r  

o v e r  t h e  o u t e r  c o n t i n e n t a l  s h e l f .  T h i s  observed low f requency  

v a r i a b i l i t y  cou ld  be  . . c o r r e l a t e d  .wi th  m e t e o r o l o g i c a l  e v e n t s  o r  

cou ld  r e p r e s e n t  .:energy .which h a s  p ropaga t ed  o n t o  t h e  s h e l f  from 

t h e  deep ocean.  
---- - ;--- " - 

. . .  ,, ~ i i l e r  and  . Mooers . h a v e  p o i n t e d  o u t  t h a t  t h e  b road  West F l o r i d a  . ,  
. . . . . . . .  . . . . . .  . . .  . . . . .  . . .  . . .  . . . . . . > . . , :  

. . 

s h e l f  appea r s  t o  e x h i b i t  a "banded" r e s p o n s e  t o  v a r i o u s  f o r c i n g  
.- 

mechanisms, i-. e . ,  t.he r e sponse  t o  a p a r t i c u l a r  . f o r c i n g  mechanism 
. ., 

may depend c r i t i c a l l y  on l o c a l  w a t e r  dep th  s o  t h a t  d i f f e ' r e n t  
. . 

mechanisms may be  more e f f e c t i v e  i n  e x c i t i n g  motions i n  d i f f e r e n t  

dep th  zones o f  '"bands1'. Th i s  s imp le  n o t i o n  o f  a  "banded" r e sponse  

may be a p p l i c a b l e  t o  t h e  S o u t h - A t l a n t i c  c o n t i n e n t a l  s h e l f .  We 

have a l r e a d y  sugges t ed  t h a t  t h e  low f requency  c u r r e n t s  o v e r  t h e  

s h a l l o w e r  zone o f  t h e  s h e l f  a r e  e s s e n t i a l l y  wind-driven ( a t  l e a s t  
. . 

i n  w in t e r - t ime)  and i n  f a c t  may be p r e d i c t a b l e  u s i n g  m e t e o r o l o g i c a l  
-- 

o r  c o r r e c t e d  s e a  l e v e l  d a t a .  T r a n s i e n t  m e t e o r o l o g i c a l  e v e n t s  can 

a l s o  d i r e c t l y  e x c i t e  c o n t i n e n t a l  s h e l f  waves which a r e  n e a r l y  

t r a p p e d  t o  t h e  s h e l f  and s l o p e .  Both h i g h  f requency  (predominant ly  .. 

e x t e r n a l  and i n t e r n a l  t i d e s )  and low f requency  energy p ropaga t e  

o n t o  t h e  c o n t i n e n t a l  s h e l f  from t h e  deep ocean.  S u f f i c i e n t  r e f l e c t -  

i o n  and damping might p r e v e n t  t h e  o f f s h o r e - d r i v e n  low f requency  



motion from p r o p a g a t i n g  i n t o  t h e ' s h a l l o w e r  wind-dr iven  zone o f  

t h e  s h e l f ,  and t h e  i n c r e a s e d  d e p t h  and d i s t a n c e  from t h e  s h o r e  

may r e d u c e  t h e  d i r e c t  e x c i t a t i o n  o f  s h e l f  wave modes n e a r  t h e  s h e l f -  -- 
b r e a k  s o  t h a t  t h e  o u t e r  &&lf c u r r e n t s  may b e  dominated  by o f f s h o r e  

o c e a n i c  s o u r c e s  and l i t t l e  low f r e q u e n c y  e n e r g y  may b e  r a d i a t e d  

i n t o  t h e  d e e p  ocean  f rom t h e  s h e l f  e x c e p t  by r e f l e c t i o n .  I f  i n  

f a c t  t h e  a c t u a l  r e s p o n s e  o n 5  t h e  S o u t h - A t l a n t i c  B i g h t  c o n t i n e n t a l  

s h e l f  and s l o p e  i s  .ilbanded" o r  n e a r l y  s o ,  t h e n  a  ma jor  s i m p l i f i c a -  

t i o n  o c c u r s  i n  t h e  d e s c r i p t i o n  and i n t e r p r e t a t i o n  o f  t h e  c u r r e n t  
. . 

. . . r i e l d  . . a n d  t h e  ch.ande.5 f o r  u ~ e f u l p r e d i c t i o n  . . . . . .  . o f  : t h e  c u r r e n t  f i e l d  ... . , , . ,, :., 

are  markedly  improved.  

F i n a l l y , .  we have  p roduced  a s i m p l e  two-dimensional  . :  m a t h e m a t i c a l  

model of  a  n u t r i e n t  d i s t r i b u t i o n  i n  c o n t i n e n t a l  s h e l f  w a t e r s  as a 

f u n c t i o n  o f  t h e  v e r t i c a l  p l a n e  c o n c e p t u a l  i n t r u s i o n  p i c t u r e  p r e -  

s e n t e d  by B l a n t o n  ( 1 9 7 1 ) .  The n u t r i e n t  d i s t r i b u t i o n  model (Hofmann, 

e t  a l ,  1977)  i s  i n c l u d e d  a s  a n  accompanyment t o  t h i s  p r o p o s a l .  
. - ._-_-. - . - -  . -  

Examples o f  t h e  d a t a  se ts  a r e  p r e s e n t e d  i n  t h e  f o l l o w i n g  f i g -  

u r e s ;  F i g u r e s  10-29. The f i g u r e s  a r e  a  p r o d u c t  o f  t h e  g e o p h y s i c a l  

t ime s e r i e s  a n a l y s i s  program deve loped  at North C a r o l i n a  s t a t e  Uni- 

v e r s i t y  under  ERDA f u n d i n g .  
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Summary 
i 

8 1. 

of  Accomplishments: 

Equipment a c q u i s i t i o n  

a .  2 Aanderaa R.CM-4 c u r r e n t  speed  and d i r e c t i o n ,  con- 

d u c t i v i t y ,  t e m p e r a t u r e  and p r e s s u r e  m o n i t o r i n g  s e n s o r s  
-- 

b .  1 AMF ~ c c o d s t i c  Re l ea se  Mechanism 

c .  1 AMF Bottom Release/Command Confirm System 

d .  Mooring/Laboratory S u p p l i e s  

Computer program - development .and d a t a  management f o r  : 

a.  T i m e . S e r i e s  Anal.ysis programs f o r  Sea  Leve l ,  M e t e o r o l o g i c a l ,  

c u r r e n t  t e m p e r a t u r e  and - p r e s s u r e  d a t a  . - 

Deployment /Re t r i eva l  o f  6 moorings i n  Onslow Bay June  - 
September,  1976 and deployment o f  6 moor ings - i n  Onslow 

. -. - 
and Long Bays, December, 1976 . . 

F i v e  Onslow Bay " i n t r u . s i o n  s t u d y "  c r u i s e s  

P u b l i c a t i o n s  , and  -C.onference Papers  a s  f o l l o w s  -: 

a.  P u b l i c a t i o n s  Submi t t ed  t o  Reviewed Journ .a l s  

1. McClain, C . ,  N .  Huang and L. J .  P i e t r a f e s a ,  1 9 7 7 . .  - 

E f f e c t s  o f  a  r a d i a t i v e  t y p e  boundary c o n d i t i o n  o f  

s h e l f  c i r c u l a t i o n .  J o u r n a l  P h y s i c a l  Oceanography.. 

B ,  Pape r s  i n  .P repara t ion  

1. Hofmann, E . ,  L .  J .  P i e t r a f e s a ,  L. Atk inson ,  G .  

P a f f e n h o f e r ,  W.  Dunstan,  1977.  l l V e r t i c a l  P lane  

N u t r i e n t  D i s t r i b u t i o n  i n  C o a s t a l  Waters ,  Theory 

and Obse rva t i ons . "  J o u r n a l  o f  E s t u a r i n e  and 

C o a s t a l  Marine S c i .  



c .  T e c h n i c a l  R e p o r t s  

1. P i e t r a f e s a ,  L . ,  D .  Brooks,  R .  DIAmato, L.  A t k i n s o n .  

1977.  Onslow Bay P h y s i c a l  Dynamical Exper iments ,  

Summer-Fall, 1975.  North C a r o l i n a  S t a t e  U n i v e r s i t y  
-- 

Technical ' '  Repor t .  77-4. 

2 .  P i e t r a f e s a ,  L:, D .  Brooks,  L .  A tk inson ,  R .  DIAmato, 

J .  Bane, 1976.  P r e l i m i n a r y  R e s u l t s  of  O b s e r v a t i o n s  
- .. 

i n  Onslow Bay, 1975.  North C a r o l i n a  ' S t a t e  U n i v e r s i t y  

. T e d h n i c a l  R e p o r t .  '76-5. 

3. . Hofmann, E. ,  L. ~ i e t r a f e s a ,  L. ~ t k i n s o n ,  G .  

. . . . . . P a f f e n h o f e r ,  W .  Dunstan ,  19.77:. A Mathemat ica l  . . 
. . . . .  . 

Model o f  N u t r i e n t  D i s t r i b u t i o n  i n  C o a s t a l  W a t e r s .  
- 

- North C a r o l i n a  S t a t e  - U n i v e r s i t y  . , T e c h n i c a l  Repor t  




