
T D

1 9 6

. 0 3

C 5

1 9 8 0

Report To Regional Response Team
Coastal Region II
T h i r d  C o a s t  G u a r d  D i s t r i c t

A Climatological Oil Spill
Planning Guide

No.1 The New York Bight

U.S. DEPARTMENT OF COMMERCE

National Oceanic and Atmospheric Administration
Environmental Data and Information Service





Report To Regional Response Team
Coastal Region II
T h i r d  C o a s t  G u a r d  D i s t r i c t

A Climatological Oil Spill
P l a n n i n g  G u i d e

No.1 The New York Bight
Compiled by: Joseph M. Bishop
Center for Environmental Assessment Services

Marine Environmental Assessment Division

Washington, D.C.

February 1980

GREAT CAKES ENVIRONMENTAL
RESEARCH LABORATORY, LIBRARY
2 3 0 0  W A S H T E N A W  A V E N U E
A N N  A P R O R .  M I .  4 8 1 0 4

U.S.  DEPARTMENT OF COMMERCE
Philip M. Klutznick, Secretary

National Oceanic and Atmospheric Administration
Richard A. Frank, Administrator

Envi ronmenta l  Data  and In format ion Serv ice
Thomas D. Potter, Director



C O N T E N T S

P a g e

T D
1 9 6

0 3

C 5

1980
1 .  I N T R O D U C T I O N  1

2 .  F A T E  O F  O I L  A T  S E A  2

2 . 1  I n t r o d u c t i o n  2

2 . 2  S p r e a d i n g  3
2 . 3  A d v e c t i o n  4
2 . 4  T u r b u l e n t  D i f f u s i o n  4
2 . 5  E m u l s i o n  F o r m a t i o n  4
2 . 6  P h o t o c h e m i c a l  O x i d a t i o n  4

2 . 7  S o l u t i o n  a n d  D i s p e r s i o n  6
2 . 8  M i c r o b i o l o g i c a l  A c t i o n  6
2 . 9  E v a p o r a t i o n  6
2 . 1 0  O i l  S p i l l  M o d e l i n g  6

2 . 1 0 . 1  O i l  F a t e  M o d e l s  7

2 . 1 0 . 2  O i l  F a t e  a n d  E f f e c t  M o d e l s  7

2 . 1 0 . 3  S i n g l e  E v e n t  M o d e l s  7
2 . 1 0 . 4  C l i m a t o l o g i c a l  M o d e l s  7
2 . 1 0 . 5  R i s k  A s s e s s m e n t  M o d e l s  8

2 . 1 1  R u l e  o f  T h u m b  T e c h n i q u e s  8

3 .  E N V I R O N M E N T A L  D A T A  1 0

3 . 1  T h e  S u r f a c e  W i n d  F i e l d  1 0

3 . 2  W i n d  W a v e s  1 7
3 . 3  W a t e r  T e m p e r a t u r e  3 3

3 . 3 . 1  T e m p e r a t u r e  D i s t r i b u t i o n  3 3
3 . 3 . 2  S e a - S u r f a c e  T e m p e r a t u r e  4 6

3 . 4  S a l i n i t y  4 9
3 . 5  D e n s i t y  D i s t r i b u t i o n  4 9
3 . 6  V e r t i c a l  M i x i n g  5 1
3 . 7  O c e a n  F r o n t s ,  M e a n d e r s ,  a n d  E d d i e s  5 9
3 . 8  M e a n  C o a s t a l  C u r r e n t s  6 5
3 . 9  A  S i m u l a t e d  O i l  D r i f t  E x p e r i m e n t  6 8
3 . 1 0  L o c a t i o n  o f  B i o l o g i c a l  a n d  R e c r e a t i o n a l  R e s o u r c e s  6 8
3 . 1 1  C a l c u l a t e d  C l i m a t o l o g i c a l  R e l a t i v e  R i s k  E l l i p s e s

o f  t h e  N e w  Y o r k  B i g h t  7 0

4 .  D A T A  A N D  S U P P O R T  F O R  A C T U A L  S P I L L S  O R  S P I L L  P L A N N I N G

( N O A A )  1 2 0

1 2 15 .  A C K N O W L E D G E M E N T

1 2 26 .  R e f e r e n c e s

i i



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

O i l  s p i l l s  a r e  a  m a j o r  c o n c e r n  a s s o c i a t e d  w i t h  b o t h  o f f s h o r e
o i l  p roduct ion  and movement  o f  o i l  th rough the  Mid-At lan t ic  B igh t
area .  Th i s  repo r t  summar i zes  app rop r ia te  env i ronmen ta l  da ta ,
d iscusses  the  movement  o f  o i l  a t  sea ,  and  a t tempts  to  p red ic t  the
e f f e c t s  o f  o i l  s p i l l s  f o r  t h e  N e w  Y o r k  B i g h t ,  a  r e g i o n  l y i n g
between Montauk Poin t ,  N.Y.  and Cape May,  N.J .  The concept  that,

a  r e p o r t  t h i s  t y p e  s h o u l d  b e  a v a i l a b l e  w a s  i n i t i a l l y  d e v e l o p e d
du r i ng  t he  g round ing  o f  t he  A rgo  Merchan t .  A t  t ha t  t ime ,  and
e v e n  t o  t h e  p r e s e n t ,  t h e r e  i s  n o  s o u r c e  o f  k e y  e n v i r o n m e n t a l  d a t a
a v a i l a b l e  r e l a t e d  t o  o i l  s p i l l s  f o r  r e g i o n a l  r e s p o n s e  p l a n n i n g .
T h e  o b j e c t i v e  o f  t h i s  s t u d y  i s  t o  p r o v i d e  t h i s  i n f o r m a t i o n  i n  a
f o r m a t  t h a t  c a n  b e  b o t h  u n d e r s t o o d  a n d  u s e d  b y  d e c i s i o n  m a k e r s
f o r  o i l  s p i l l  c o n t i n g e n c y  p l a n n i n g  a n d  f o r  s c i e n t i f i c  s u p p o r t
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2 .  F A T E  O F  O I L  A T  S E A

2 . 1  I n t r o d u c t i o n

E n v i r o n m e n t a l  f a c t o r s  d e t e r m i n e  t h e  f a t e  o f  o i l  s p i l l e d  a t
s e a .  I n i t i a l l y ,  t h e  o i l  s t a r t s  t o  s p r e a d .  T h i s  p r o c e s s  i s  a t
f i r s t  r a p i d  b u t  s l o w s  ( e x c e p t  f o r  s o m e  o i l  f r a c t i o n s )  u n t i l  a f t e r
s o m e  h o u r s  a  s l i c k  o f  s e m i  -  s o l i d  c o n s i s t e n c y  i s  f o r m e d .  W i n d  a n d
w a v e s  t e n d  t o  b r e a k  u p  t h e  s l i c k  i n t o  p a t c h e s .  T h e s e  p a t c h e s  a r e
e v e n t u a l l y  a d v e c t e d  a n d  d i f f u s e d  f r o m  t h e  s p i l l  s i t e .  I n
g e n e r a l ,  t h e  p r i m a r y  f a c t o r s  c o n c e r n i n g  o i l  f a t e ,  a s  i l l u s t r a t e d
i n  f i g u r e  1 ,  a r e :

S p r e a d i n g
A d v e c t i o n

T u r b u l e n t  d i f f u s i o n
E m u l s i o n  f o r m a t i o n

P h o t o c h e m i c a l  o x i d a t i o n

S o l u t i o n  a n d  d i s p e r s i o n
M i c r o b i o l o g i c a l  a c t i o n
E v a p o r a t i o n

Trace of Sinking Oil
P l u m e  o n  S e a  F l o o r

F i g u r e  1 .  .  - - B l o c k  d i a g r a m  s h o w i n g  t h e  f a t e  o f  a n  o i l
s l i c k  ( a f t e r  K o l p a c k  a n d  P l u t c h a k ,  1 9 7 6 )
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2 . 2  S p r e a d i n g

A t t e m p t s  t o  d e s c r i b e  t h e o r e t i c a l l y  t h e  s p r e a d i n g  o f  a n  o i l
s l i c k  h a v e  b e e n  s i m p l e  a n d  a r e  g e n e r a l l y  c o n s i d e r e d  t o  b e  o f
l i m i t e d  p r a c t i c a l  v a l u e  f o r  u s e  a t  s e a .  T h e  c o m m o n l y  u s e d  F a y
( 1 9 6 9 )  T h e o r y  s t a t e s  t h a t  o i l  s p r e a d s  i n  t h r e e  s t a g e s  a s  s h o w n  i n
f i g u r e  2 .  T h i s  t y p e  o f  i n f o r m a t i o n  m i g h t  b e  u s e f u l  i n  h e l p i n g
o n e  m a k e  a  d e c i s i o n  o n  t h e  a m o u n t  o f  c l e a n  u p  r e s o u r c e s  r e q u i r e d
b y  g i v i n g  e s t i m a t e s  o f  s p i l l  s i z e .

F i g u r e  2 .  .  - -  - T h e  s i z e  ( d i a m e t e r )  o f  a n  o i l  s l i c k  a s  a
f u n c t i o n  o f  t i m e  f o r  a  1 0 , 0 0 0  t o n  s p i l l
( a f t e r  F a y ,  1 9 6 9 )
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2 . 3  A d v e c t i o n

T h e  s t e a d y  o r  r e s i d u a l  m o v e m e n t  o f  a n  o i l  s l i c k  i s
c r i t i c a l .  T o  d e t e r m i n e  t h i s  a d v e c t i o n  o n e  m u s t  f i r s t  c o n s i d e r
t h e  a p p r o p r i a t e  a v e r a g i n g  i n t e r v a l ,  b e c a u s e  c u r r e n t s  t h a t  o c c u r
a t  i n t e r v a l s  e q u a l  t o  o r  l e s s  t h a n  t h a t  t i m e  m a y  c a u s e  e i t h e r  n o
n e t  m o v e m e n t  ( i f  t h e y  a r e  p e r i o d i c )  o r  a  d i f f u s i v e  e f f e c t  ( i f
t h e y  a r e  r a n d o m ) .  I n  g e n e r a l ,  f o r  o i l  s p i l l  a d v e c t i o n  e s t i m a t e s
o n e  u s u a l l y  u s e s  t h e  c u r r e n t s  a s  d e p i c t e d  i n  a n  a v a i l a b l e  a t l a s
t h a t  h a v e  b e e n  a v e r a g e d  f o r  p e r i o d s  o n  t h e  o r d e r  o f  a  m o n t h  f o r
m a n y  y e a r s  o f  o b s e r v a t i o n s .  F o r  t h i s  i n t e r v a l  t i d a l  c u r r e n t s  a r e
pe r i od i c  and  t r ans ien t  w ind -d r i ven  cu r ren t s  have  s t r ong  random
n o n a d v e c t i v e  c o m p o n e n t s .  O n e  m u s t  b e  c a r e f u l  h e r e  i n  t h a t  i f  t h e
o i l  i s ,  f o r  e x a m p l e ,  n e a r  t h e  c o a s t  b o t h  t h e  t i d a l  c u r r e n t  a n d / o r
" r a n d o m "  w i n d - d r i f t  d r i v e  t h e  o i l  s l i c k s  o n  s h o r e  o v e r  a
s h o r t e r  t h a n  a d v e c t i v e  t i m e  s c a l e .

2 . 4  T u r b u l e n t  D i f f u s i o n

U n d e r  f a v o r a b l e  e n v i r o n m e n t a l  c o n d i t i o n s  o i l  s l i c k s  t e n d  t o
b r e a k  i n t o  p a t c h e s .  T h e s e  p a t c h e s  a r e  g e n e r a l l y  a d v e c t e d  w i t h
t h e  m e a n  c u r r e n t  b u t  t h e y  a r e  a l s o  s u b j e c t e d  t o  r a n d o m  e d d i e s  i n
t he  cu r ren t  f i e l d  wh i ch  sp read  t he  pa t ches  ove r  a  l a rge  a rea .
The rate of  la tera l  spreading of  these patches can be roughly
e s t i m a t e d  u s i n g  f i g u r e  3  o v e r  v a r i o u s  t i m e  a n d  s p a c e  s c a l e s .

2 . 5  E m u l s i o n  F o r m a t i o n

I n  a  s h o r t  t i m e  a f t e r  t h e  s p i l l  t h e  h e a v i e r  f r a c t i o n s  a t
t imes  take  on  a  h igh ly  v iscous  cons is tency  caused by  the
f o r m a t i o n  o f  a  w a t e r - i n - o i l  e m u l s i o n  t e r m e d  " m o u s s e "  b e c a u s e  o f
i t s  c o l o r  a n d  c o n s i s t e n c y .  I n  t h i s  f o r m  o i l  m a y  p e r s i s t  f o r
m o n t h s  a n d  b e  a d v e c t e d  t o  d i s t a n t  s h o r e l i n e s .  A n  o i l - i n - w a t e r
e m u l s i o n  c a n  a l s o  e x i s t  w i t h  t h e  o i l  i n  s u s p e n s i o n .

2 . 6  P h o t o c h e m i c a l  O x i d a t i o n

T h e  l e s s  v o l a t i l e  f r a c t i o n s  o f  o i l  a r e  h y d r o c a r b o n s  w h o s e
so lub i l i t y  i n  wa te r  i s  s l i gh t .  Under  the  in f l uence  o f  sun l igh t ,
however,  these fract ions can react with atmospheric oxygen to
p r o d u c e  m o r e  s o l u b l e  c o m p o u n d s .  T h i s  e f f e c t  i s  s m a l l  a n d  c o u l d
o n l y  b e c o m e  i m p o r t a n t  w h e n  o i l  i s  s p r e a d  i n  a  t h i n  f i l m  o v e r  a
l a rge  a rea .  Thus ,  pho tochemica l  ox ida t i on  may  become a  fac to r  i n
b r e a k i n g  d o w n  s l i c k s  a  f e w  m i c r o n s  t h i c k .
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Figure 3 . - -Surface dye patch size, as a function
of t ime (after Okubo, 1962)
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2 . 7  S o l u t i o n  a n d  D i s p e r s i o n

A  c e r t a i n  a m o u n t  o f  t h e  o i l  s l i c k  m a y  a c t u a l l y  p a s s  i n t o
so lu t i on  i n  seawa te r .  A l t hough  mos t  p robab ly  a  sma l l  e f f ec t ,  i t
m a y  c o n s t i t u t e  a  p o l l u t i o n  h a z a r d  b e c a u s e  t h i s  i s  t h e  e a s i e s t
s t a t e  f o r  i n t e r a c t i o n  w i t h  m a r i n e  o r g a n i s m s .  S o l u b i l i t y
dec reases  rap id l y  w i th  mo lecu la r  we igh t  and  i s  usua l l y  sma l l  when
c o m p a r e d  t o  t h e  a m o u n t  o f  o i l  d i s p e r s e d  a s  f i n e  d r o p l e t s .
D i s p e r s i o n  a n d  s o l u b i l i t y  a r e  p r o c e s s e s  t h a t  m o v e  o i l  f r o m  t h e
s l i c k  t o  t h e  w a t e r  c o l u m n .  S e a  s t a t e  ( w a v e  h e i g h t )  i s  t h e  m o s t
i m p o r t a n t  e n v i r o n m e n t a l  p a r a m e t e r  g o v e r n i n g  d i s p e r s i o n .  T h i s
p r o c e s s  c o u l d  l e a d  t o  c o n c e n t r a t i o n s  o f  o i l  o f  1 0  p p m  t o  d e p t h s
o f  f e w  m e t e r s  b e l o w  s l i c k .  D i s p e r s e d  o i l  c a n  e a s i l y  b e
i n g e s t e d  b y  m a r i n e  o r g a n i s m s .

2 . 8  M i c r o b i o l o g i c a l  A c t i o n

M a n y  s p e c i e s  o f  b a c t e r i a ,  m o l d s ,  a n d  y e a s t s ,  c a p a b l e  o f
a t t a c h i n g  o i l ,  e x i s t  i n  s e a w a t e r .  T h e s e  o r g a n i s m s  a r e  m o r e
n u m e r o u s  i n  c o a s t a l  w a t e r s .  T h e y  u s e  t h e  h y d r o c a r b o n s  a s  a n
e n e r g y  s o u r c e ,  b u t  t h e i r  a c t i v i t y  d e p e n d s  o n  a  p l e n t i f u l  s u p p l y
o f  n u t r i e n t s .  U n d e r  t h e  m o s t  f a v o r a b l e  c o n d i t i o n s  i t  s e e m s  t h a t
a  p e r i o d  o f  m o n t h s  i s  r e q u i r e d  t o  r e m o v e  a  l a r g e  p o r t i o n  o f  a
s l i c k .

2 . 9  E v a p o r a t i o n

A  s u r f a c e  o i l  s l i c k  w i l l  l o s e  m a s s  d u e  t o  s u r f a c e
e v a p o r a t i o n  ( v a p o r a t i o n )  T h e  a m o u n t  o f  l o s s  i s  d i r e c t l y  r e l a t e d
t o  t h e  c a r b o n  n u m b e r  o f  t h e  o i l  f r a c t i o n  i n  q u e s t i o n .  I t  a l s o
depends  on  env i ronmenta l  fac to rs  such  as  w ind  speed and  the
amoun t  o f  w ind -wave  wh i t ecapp ing .  Fo r  t he  s l i c k  as  a  who le ,
e v a p o r a t i o n  r a t e s  d e c l i n e  w i t h  t i m e .  E v a p o r a t i o n  i s  u s u a l l y
p r e d i c t e d  t h e  s i n g l e  s t e p  a p p r o a c h  i n  w h i c h  t h e  e v a p o r a t e d
f r a c t i o n  o f  t h e  s l i c k  i s  r e m o v e d  a s  a  s t e p  f u n c t i o n .

2 . 1 0  O i l  S p i l l  M o d e l i n g

K n o w l e d g e  o f  t h e  m o v e m e n t  o f  a  s u r f a c e  o i l  s l i c k  i s
i m p o r t a n t  t o  g i v e  w a r n i n g  o f  p o s s i b l e  s h o r e l i n e  p o l l u t i o n  a n d
a p p l i c a t i o n  o f  c l e a n - u p  c o u n t e r  m e a s u r e s .  O i l  s p i l l  m o d e l i n g
t e c h n i q u e s  h a v e  b e e n  d e v e l o p e d  t o  p r e d i c t  t h e  m o v e m e n t  o f  a n  o i l
s p i l l  u n d e r  a c t u a l  o r  h y p o t h e t i c a l  c o n d i t i o n s .  S o m e  o f  t h e
c o m m o n l y  u s e d  m o d e l i n g  t e c h n i q u e s  i n c l u d e :

O i l  f a t e  m o d e l s

O i l  f a t e  a n d  e f f e c t  m o d e l s
S i n g l e  e v e n t  m o d e l s
C l i m a t o l o g i c a l  m o d e l s
R i s k  a s s e s s m e n t  m o d e l s
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2 . 1 0 . 1  O i l  F a t e  M o d e l s

T h e  o i l  f a t e  m o d e l  i s  u s e d  t o  e s t i m a t e  t h e  c o n c e n t r a t i o n ,
d i s t r i b u t i o n ,  a n d  r e s i d e n c e  t i m e  o f  v a r i o u s  f r a c t i o n s  o f  o i l  i n t o
v a r i o u s  e n v i r o n m e n t a l  s i n k s .  A n  a t t e m p t  i s  m a d e  t o  t r a c e  t h e
p a t h w a y s  t h a t  o i l  t a k e s  a s  i t  c o m e s  i n t o  c o n t a c t  w i t h  t h e
b i o t a .  T h e  r e s u l t i n g  c o m p u t e r  c a l c u l a t i o n s  i n c l u d e  a l l  k n o w n
p r o c e s s e s  a n d  p a r a m e t e r s  a n d  t h e i r  v a r i a b l e  r e a c t i o n  r a t e s .  T h i s
a p p r o a c h  i s  p r o b a b l y  t h e  m o s t  a d v a n c e d  s c i e n t i f i c a l l y ,  b u t
b e c a u s e  o f  t h e  d e t a i l e d  e n v i r o n m e n t a l  d a t a  i n p u t s  r e q u i r e d ,  h a s
l i m i t e d  o p e r a t i o n a l  u s e .

2 . 1 0 . 2  O i l  F a t e  a n d  E f f e c t s  M o d e l s

T h e  o i l  f a t e  a n d  e f f e c t  m o d e l  i s  s i m i l a r  t o  t h e  f a t e

m o d e l .  I t  e x t e n d s  t h i s  t y p e  o f  c a l c u l a t i o n  b y  u s i n g  t h e  o u t p u t
o f  a  f a t e  m o d e l  a s  i n p u t  t o  a  b i o l o g i c a l  e f f e c t  m o d e l .  I t  a l s o
r e q u i r e s  d e t a i l e d  e n v i r o n m e n t a l  d a t a  b u t ,  i n  g e n e r a l ,  i s  l e s s
s o p h i s t i c a t e d  i n  i t s  p h y s i c a l  a n d  c h e m i c a l  p a r a m e t e r i z a t i o n s  t h a n
t h e  f a t e  m o d e l .  T h i s  i s  a  u s e f u l  r e s e a r c h  t o o l  b u t  t o  d a t e  i s

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

2 . 1 0 . 3  S i n g l e  E v e n t  M o d e l s

T h e  s i n g l e  e v e n t  m o d e l  i s  p r o b a b l y  t h e  b e s t  t o o l  d e c i s i o n
m a k e r s  h a v e  a t  t h e i r  d i s p o s a l  f o r  a n  a c t u a l  s p i l l ,  p r o v i d i n g  t h a t
l i m i t e d  e n v i r o n m e n t a l  d a t a  i s  a v a i l a b l e  t o  a  m o d e l i n g  s u p p o r t
g r o u p .  g e n e r a l l y  a t t e m p t s  t o  i n c o r p o r a t e  t h e  m o s t  i m p o r t a n t
p h y s i c a l  p r o c e s s e s  s u c h  a s  a d v e c t i o n ,  d i f f u s i o n ,  a n d  s p r e a d i n g .
T h i s  t y p e  o f  m o d e l  a t t e m p t s  t o  c a l c u l a t e  f u t u r e  l o c a t i o n s  o f  o i l
b a s e d  o n  i n p u t  p a r a m e t e r s  s u c h  a s  w i n d  c o n d i t i o n s  a n d  t h e  a m b i e n t
c u r r e n t  p a t t e r n s ,  b u t  i t  i s  l i m i t e d  b y  d a t a  i n p u t s  a n d  t h u s
c a l c u l a t e d  t r a j e c t o r i e s  a r e  o n l y  a s  g o o d  a s  t h e  s o m e t i m e s
q u e s t i o n a b l e  i n p u t s .

2 . 1 0 . 4  C l i m a t o l o g i c a l  M o d e l s

T h e  c l i m a t o l o g i c a l  m o d e l i n g  t e c h n i q u e  i s  b a s e d  o n  a r c h i v e d
e n v i r o n m e n t a l  d a t a .  I t  u s e s  f i r s t  o r d e r  c a l c u l a t i o n s  o f  c u r r e n t s

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

s u c h  s p i l l s  a s  t h a t  o f  t h e  A r g o  M e r c h a n t .  T h e  " p e r m a n e n t "
c u r r e n t  ( d e r i v e d  f r o m  a v a i l a b l e  a t l a s  p r e s e n t a t i o n s )  a n d  a
t r a n s i e n t  w i n d - d r i v e n  c u r r e n t  ( d e r i v e d  f r o m  l o c a l  w i n d  r e c o r d s

u s i n g  t h e  3  p e r c e n t  r u l e )  a r e  a d d e d  t o  p r o d u c e  a  t r a j e c t o r y .  T h e
t r a j e c t o r y  i s  t r a c t e d  i n  3 - h o u r  i n t e r v a l s  u s i n g  a  c o m p u t e r
s i m u l a t i o n  f r o m  t h e  h y p o t h e t i c a l  s p i l l  s i t e .  A d d i t i o n a l
t r a j e c t o r i e s  a r e  t r a c e d  u n t i l  r e l a t i v e  r i s k  d i a g r a m s  c a n  b e  d r a w n
t h a t  i n d i c a t e  t h e  m a j o r  d i r e c t i o n  o f  o i l  m o v e m e n t  a n d  i t s  s p r e a d

7



a r o u n d  t h i s  a x i s .  T h e  a d v a n t a g e  o f  t h i s  c a l c u l a t i o n  i s  t h a t  i t
c a n  b e  d o n e  c a l m l y  b e f o r e  t h e  s p i l l  o c c u r s  a n d  k e p t  a v a i l a b l e  i n ,
f o r  e x a m p l e ,  a n  a t l a s  f o r  a  s p e c i f i c  l o c a t i o n .  T h e  d i s a d v a n t a g e
i s  t h a t  i t  i s  a n  a p p r o x i m a t i o n  u n d e r  a c t u a l  c o n d i t i o n s  t h a t  i s
o n l y  a s  g o o d  a s  t h e  s i m p l e  m o d e l  a s s u m p t i o n s .  A l s o ,  t h i s  t y p e  o f
m o d e l  i s  l i m i t e d  b y  t h e  a s s u m p t i o n  t h a t  c o n d i t i o n s  a t  s p i l l  t i m e
a r e  c l o s e  t o  t h e  c l i m a t o l o g i c a l  m e a n .  T h i s  l a s t  a p p r o x i m a t i o n
m a y  n o t  b e  a  p o o r  o n e  i f  t h e  d i s t a n c e  t o  a n  i m p a c t  p o i n t  i s
l a r g e .

I n  s e c t i o n  3 . 1 1 ,  r e l a t i v e  r i s k  d i a g r a m s  a r e  p r e s e n t e d  f o r
t h e  N e w  Y o r k  B i g h t  u s i n g  a  c l i m a t o l o g i c a l  c o m p u t e r  s i m u l a t i o n  a s
e x p l a i n e d  i n  B i s h o p  ( 1 9 7 6 ) .  T h e s e  r e l a t i v e  r i s k  d i a g r a m s  f o r
s u m m e r  a n d  w i n t e r  a r e  c o n s i d e r e d  a p p r o p r i a t e  f o r  a l l  r e g i o n s  i n
t h e  N e w  Y o r k  B i g h t .  T h e  r e l a t i v e  r i s k  c h a r t s  a r e  m o v e d  t o  t h e
p o s i t i o n  o f  t h e  h y p o t h e t i c a l  s p i l l  a n d  a d j u s t e d  t o  t h e  m e a n
a d v e c t i o n  c u r r e n t  a x i s .  I n  t h i s  m a n n e r ,  o n e  c a n  e s t i m a t e  t h e
r e l a t i v e  r i s k  o f  v a r i o u s  r e g i o n s  t o  i m p a c t .

2 . 1 0 . 5  R i s k  A s s e s s m e n t  M o d e l s

A  r i s k  a s s e s s m e n t  m o d e l  c o m b i n e s  t h e  t r a j e c t o r y  o f  o i l
m o v e m e n t  w i t h  i t s  b i o l o g i c a l  a n d  e c o n o m i c  i m p a c t  t o  a r r i v e  a t  a
d e c i s i o n  o n  t h e  p o s s i b l e  d e p l o y m e n t  o f  t h e  a v a i l a b l e  l i m i t e d
r e s o u r c e s  t o  r e d u c e  d a m a g e .  I t  a l s o  c a n  b e  u s e d  b e f o r e  t h e  f a c t
t o  m a k e  d e c i s i o n s  a b o u t  l o c a t i n g  o i l  f a c i l i t i e s .

S u m m e r  a n d  w i n t e r  r i s k  a s s e s s m e n t  c h a r t s  f o r  t h e  N e w  Y o r k

B i g h t  w e r e  c o n s t r u c t e d  b y  o v e r l a y i n g  r e s o u r c e  c h a r t s  w i t h  t h e
c l i m a t o l o g i c a l  r e l a t i v e  r i s k  d i a g r a m s  ( f i g .  5 7 - 1 0 5 ) .  I n  g e n e r a l ,
w i n t e r  s p i l l s  t e n d  s e a w a r d  a n d  p o s s i b l y  e n d a n g e r  o f f s h o r e  f i s h i n g
r e s o u r c e s ,  w h i l e  s u m m e r  s p i l l s  t e n d  t o  i m p a c t  t h e  s o u t h  s h o r e  o f
L o n g  I s l a n d  m o r e  t h a n  a n y  o t h e r  r e g i o n .

2 . 1 1  R u l e  o f  T h u m b  T e c h n i q u e s

U n d e r  c e r t a i n  c i r c u m s t a n c e s ,  t h e  p e r s o n  c h a r g e d  w i t h  m a k i n g
a  t i m e l y  d e c i s i o n  t h a t  r e q u i r e s  a n  e s t i m a t e  o f  t h e  f a t e  o f
s p i l l e d  o i l  m u s t  a c t  b e f o r e  q u a l i f i e d  s c i e n t i f i c  a d v i c e  c a n  b e
r e n d e r e d .  I n  t h i s  c a s e ,  c l i m a t o l o g i c a l  e s t i m a t e d  t r a j e c t o r i e s
m i g h t  b e  h e l p f u l ,  b u t  i t  s e e m s  a  f e w  c o m m o n  s e n s e  " r u l e s  o f
t h u m b "  a r e  n e e d e d  t o  h e l p  i n  m a k i n g  d e c i s i o n s .  C o n s i d e r  t h e
f o l l o w i n g  f i r s t - o r d e r  a p p r o x i m a t i o n s  f o r  a d v e c t i o n .

I n  t h e  a b s e n c e  o f  a  s t r o n g  p e r m a n e n t  c u r r e n t ,  b o t h  e m p i r i c a l
a n d  t h e o r e t i c a l  s t u d i e s  h a v e  s h o w n  t h a t  a n  o i l  s l i c k  o n  t h e  o c e a n
s u r f a c e  t r a v e l s  a t  a b o u t  3  p e r c e n t  o f  t h e  w i n d  s p e e d  d i r e c t e d  a t
a  s l i g h t  a n g l e  ( a b o u t  1 5 °  t o  t h e  r i g h t )  o f  t h e  d o w n w i n d
d i r e c t i o n .
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I n  r e g i o n s  w h e r e  s t r o n g  p e r m a n e n t  c u r r e n t s  e x i s t ,  s u c h  a s
t h e  G u l f  S t r e a m ,  a v a i l a b l e  a t l a s  p r e s e n t a t i o n s  o r  s a t e l l i t e  d a t a
s h o u l d  b e  c o n s u l t e d .  I n  g e n e r a l ,  t h e  G u l f  S t r e a m  i s  v i s i b l e  o n
t h e  I R  p h o t o g r a p h  a s  a  d a r k  r e g i o n  a b o u t  1 0 0  k m  w i d e  w i t h  t h e
c o r e  a b o u t  3 0  k m  f r o m  t h e  s h o r e w a r d  b o u n d a r y .  A  p e a k  c u r r e n t  o f
a b o u t  1 5 0  c m / s e c  c a n  b e  a s s u m e d  f o r  t h e  c o r e .  T h e  a d v e c t i o n  c a n
b e  a p p r o x i m a t e d  a s  t h e  v e c t o r a l  s u m  o f  w i n d  d r i v e n  c u r r e n t  a n d
p e r m a n e n t  c u r r e n t .  I f  t h e  o i l  s p i l l  i s  w i t h i n  a  t i d a l  e x c u r s i o n
t o  t h e  i m p a c t  p o i n t ,  a n  e s t i m a t e  o f  t i d a l  c u r r e n t  m a y  a l s o  b e
a d d e d  t o  t h e  c u r r e n t  v e c t o r .

A n o t h e r  i m p o r t a n t  o p e r a t i o n a l  c o n s i d e r a t i o n  i s  t h e  d i s t a n c e
b e t w e e n  i m p a c t  a n d  s p i l l  s i t e  a n d  h o w  t h i s  r e l a t e s  t h r o u g h
v a r i o u s  e n v i r o n m e n t a l  p r o c e s s e s  t o  t h e  t i m e  o f  i m p a c t .  F i g u r e  4
i n d i c a t e s  t h e s e  r e l a t i o n s h i p s  b y  p l o t t i n g  t h e  i m p o r t a n t
e n v i r o n m e n t a l  p r o c e s s e s  o n  a  s p a c e - t i m e  c h a r t .  O n e  n e e d  o n l y
e s t i m a t e  t h e  d i s t a n c e  t o  t h e  i m p a c t  p o i n t s  a n d  t h e  a d v e c t i o n
v e l o c i t y  t o w a r d  i m p a c t .  T h e  d i a g r a m  i n d i c a t e s  i m p a c t  t i m e  a n d
t h e  v a r i o u s  p h y s i c a l  p r o c e s s e s  o f  i m p o r t a n c e  f o r  t h o s e  l e n g t h  a n d
t i m e  s c a l e s .  F o r  e x a m p l e ,  a  c o n s i d e r a t i o n  o f  t i d a l  c u r r e n t s  i s
o n l y  n e e d e d  a t  a  d i s t a n c e  m  f r o m  s p i l l  t o  i m p a c t .

F i g u r e  T i m e  s c a l e s  c o n n e c t e d  w i t h  o i l
s p i l l s  o f  v a r i o u s  d i s t a n c e  f r o m  s h o r e
( a f t e r  S t o l z e n b a c h  e t .  a l .  ,  1 9 7 7 )
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3 .  E N V I R O N M E N T A L  D A T A

3 . 1  S u r f a c e  W i n d  F i e l d

A n  o i l  s p i l l  a t  s e a  i s  i n f l u e n c e d  b y  w e a t h e r  c o n d i t i o n s .
S u r f a c e  w i n d  c o n d i t i o n s  p r o d u c e  w i n d  w a v e s  a n d  w i n d - d r i v e n
c u r r e n t s .  W i n d  w a v e s  m i x  t h e  o i l  b o t h  i n t o  t h e  w a t e r  c o l u m n  a n d
h o r i z o n t a l l y .  A l s o ,  i n  t h e o r y ,  w a v e  h e i g h t  i s  r e l a t e d  t o  a
d o w n w i n d  w a v e  d r i v e n  c u r r e n t .  S u r f a c e  w i n d  d r i v e n  c u r r e n t s ,  i n
t h e o r y ,  f l o w  a t  4 5 °  t o  t h e  r i g h t  o f  t h e  w i n d .  T h e  c o m b i n e d  o i l
a d v e c t i o n  d u e  t o  w a v e s  a n d  w i n d - d r i f t  h a s  b e e n  o b s e r v e d  t o  b e

O
a b o u t  3  p e r c e n t  o f  t h e  w i n d  m a g n i t u d e  d i r e c t e d  a b o u t  1 5  t o  t h e
r i g h t  o f  t h e  w i n d .  O t h e r  m e t e o r o l o g i c a l  f a c t o r s  s u c h  a s  t h e
m o v e m e n t  a n d  l o c a t i o n  o f  m a j o r  w e a t h e r  s y s t e m s  a n d  a t m o s p h e r i c
f r o n t s  a r e  i m p o r t a n t  d u e  t o  s h i f t i n g  w i n d  c o n d i t i o n s  a s s o c i a t e d
w i t h  s u c h  d i s t u r b a n c e s .

T h e  s u r f a c e  w i n d  f i e l d  i s  o f  p r i m e  i m p o r t a n c e  i n  j u d g i n g  t h e
m o v e m e n t  a n d  t h u s  t h e  f a t e  o f  o i l  s p i l l e d  a t  s e a .  D u r i n g  t h e
w i n t e r ,  t h e  w i n d  i n  t h e  N e w  Y o r k  B i g h t ,  r e l a t e d  t o  a  m o s t
p r o b a b l e  c l i m a t o l o g i c a l  p o l l u t a n t  t r a j e c t o r y ,  i s  f r o m  t h e  W N W - N W
a t  5  t o  1 0  k t .  D u r i n g  t h e  s u m m e r  t h e  m e a n  w i n d  i s  d i r e c t e d  f r o m
t h e  s o u t h w e s t  a t  3  t o  4  k t .  F i g u r e s  5  t o  1 0  s h o w  c a l c u l a t e d  m e a n
w i n d  v e c t o r s  f o r  v a r i o u s  r e g i o n s  d u r i n g  s p e c i f i c  m o n t h s .  B a s e d
o n  t h i s  m e a n  s u r f a c e  w i n d  d r i v e n  o i l  t r a j e c t o r i e s  h a v e  a
h igher  p robab i l i t y  o f  mov ing  o f fshore  dur ing  the  w in te r  months ,
wi th  the  summer  t ra jec to r ies  hav ing  a  h igher  onshore  tendency .

T h e  m e a n  w i n d  f i e l d  a s  p r e s e n t e d  c a n  b e  e x p l a i n e d  b y  t h e
w i n t e r  d o m i n a n c e  o f  t h e  I c e l a n d i c  L o w  p r e s s u r e  s y s t e m
( p roduc ing  WNW-NW f l ow)  and  t he  summer  dom inance  o f  t he  Be rmuda
h i g h  p r e s s u r e  s y s t e m  ( p r o d u c i n g  S S W - S W  f l o w ) .

T h e  c o n s t a n c y  o f  t h e  s u r f a c e  w i n d  i n  t h e  N e w  Y o r k  B i g h t  h a s
b e e n  c a l c u l a t e d  b y  W i l l i a m s  a n d  G o d s h a l l  ( 1 9 7 7 )  W i n t e r  a n d
summer  cons tancy  (about  50  percen t  and  40  percen t ,  respec t i ve ly )
i s  r e l a t i v e l y  h i g h  a s  c o m p a r e d  t o  s p r i n g  ( a b o u t  1 5  p e r c e n t )  a n d
f a l l  ( a b o u t  2 5  p e r c e n t ) .

T h e  a b o v e  i n f o r m a t i o n  c o n c e r n i n g  t h e  m e a n  w i n d  a n d  i t s
c o n s t a n c y  c a n  b e  i n t e r p r e t e d  i n  t e r m s  o f  o i l  s p i l l  t r a j e c t o r y
e s t i m a t e s  i n  t h e  f o l l o w i n g  m a n n e r .  I n  r e g i o n s  t h a t  a r e  f a r
e n o u g h  f r o m  t h e  i m p a c t  p o i n t  ( f o r  e x a m p l e ,  o u t s i d e  o n e  t i d a l
excursion),  the most probable impact would occur more frequent ly
a l o n g  t h e  m e a n  w i n d  d i r e c t i o n .  T h i s  t y p e  o f  c l i m a t o l o g i c a l
p r o j e c t i o n ,  b a s e d  o n  w i n d - d r i v e n  c u r r e n t s ,  i s  m o s t  a c c u r a t e
d u r i n g  s e a s o n s  o f  h i g h  w i n d  c o n s i s t e n c y  a n d  w i l l  b e  m o d i f i e d  i n
t h e  o f  t h e  p r e v a i l i n g  p e r m a n e n t  c u r r e n t .  T h e  c o n s t a n c y
c a n  b e  i n t e r p r e t e d  i n  t h e  c o n t e x t  o f  t h e  s p r e a d  o f  o i l  s p i l l
t r a j e c t o r i e s  f r o m  a  c o m m o n  p o i n t .  T h e  c l i m a t o l o g i c a l

1 0



Figure .  - -Monthly mean wind vectors in knots (af ter
Lettau, Bernhard, and Bower, 1976)
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Figure . -Monthly mean wind vectors in knots (after Lettau,
Bernhard ,  and Bower ,  1976)
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F i g u r e  7 .  o  - -  M o n t h l y  m e a n  w i n d  v e c t o r s  i n  k n o t s  ( a f t e r  L e t t a u ,
B e r n h a r d ,  a n d  B o w e r ,  1 9 7 6 )
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Figure 8 . -- Monthly mean wind vectors in knots (after Lettau,
B e r n h a r d ,  a n d  B o w e r ,  1 9 7 6 )
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F i g u r e  .  m e a n  L e t t a u ,
Bernhard, and Bower, , 1976)
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Figure 10 . --Monthly mean wind vectors in knots (after Lettau,
Bernhard,  and Bower,  1976)
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presentat ion depic t ing wind var iab i l i ty  is  the wind rose.
Figures 11 to 22 show surface wind roses for the study region in
w h i c h  w i n t e r  a n d  s u m m e r  r o s e s  i n d i c a t e  m o r e  o f  t h i s
u n i d i r e c t i o n a l  t e n d e n c y  t h a n  s p r i n g  a n d  f a l l .  T h i s  t e n d e n c y
generally agrees with the calculations of constancy given by
W i l l i a m s  a n d  G o d s h a l l  ( 1 9 7 7 ) .  H e n c e ,  o i l  s p i l l s  i n  w i n t e r  a n d
summer can be expected to be advected wi th a higher probabi l i ty
i n  t h e  m e a n  w i n d  d i r e c t i o n  s p r i n g  a n d  f a l l .

3 . 2  W i n d  W a v e s

Ocean waves have impor tan t  e f fec ts  on  the  eventua l  fa te  o f
spilled oil at sea. Wind waves provide surface turbulence which
m i x e s  a  s u r f a c e  s l i c k  i n t o  t h e  w a t e r  c o l u m n .  A l s o ,  d u e  t o
exponential decay of wave particle velocity with depth, particles
on  wave  c res t s  move  s l i gh t l y  f o rwa rd  compa red  t o  t hose  a t  t he
t rough, result ing in a sl ight wave-induced dri f t  (about 1 percent
o f  t he  w ind  speed )  i n  t he  down  w ind  d i r ec t i on .  Fo r  t he  pu rpose
of  oceanograph ic  ana lys is ,  ocean area has been par t i t ioned as
i n  W i l l i a m s  a n d  G o d s h a l l  ( 1 9 7 7 )  i n t o  v a r i o u s  o c e a n  r e g i o n s  a s
i l l u s t r a t e d  i n  f i g u r e  2 3 .

A r e a  6  h a s  a  d e p t h  o n  t h e  o r d e r  o f  5 0  m .  B e c a u s e  o f  t h e
coas t l i ne ,  i t  i s  fe t ch - l im i ted  to  the  wes t  and  no r th ;  t hus ,  fo r  a
given duration, maximum waves would not be expected when the wind
i s  f r o m  t h e s e  d i r e c t i o n s .  M o n t h l y  w a v e  r o s e s  f o r  w i n t e r
(November to Apr i l )  and summer (May to October)  in th is area are
shown in  f i gu re  24 .  Seas  a re  h ighe r  i n  w in te r ,  and  the
predominant wave direction for November and February is from west
to  nor thwes t .  The  h ighes t  waves ,  f rom 6  to  7 .5  m,  a re  observed
in December, January, and February, but for only a very small
percentage of the time. For 30 percent of the time, the waves
propagate from a westerly direction and are less than 1.5 m in
height. In June and July, the waves are almost exclusively from
t h e  s o u t h w e s t  a n d  s o u t h  l e s s  t h a n  1 . 5  m  h i g h .  T h e  w i n t e r  a n d
summer height-period histograms for area 6 indicate that waves as
high as 9 m have been observed in winter, although rarely,
w h e r e a s  s u m m e r  t h e  m a x i m u m  i s  5  m  ( f i g .  2 5 ) .
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Figure 11 . -Monthly surface wind roses for the New
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
Serv ice Detachment ,  1976)
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F i g u r e  1 2  .  -  M o n t h l y  s u r f a c e  w i n d  r o s e s  f o r  t h e  N e w
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
S e r v i c e  D e t a c h m e n t ,  1 9 7 6 )
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F i g u r e  1 3  .  - M o n t h l y  s u r f a c e  w i n d  r o s e s  f o r  t h e  N e w
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
S e r v i c e  D e t a c h m e n t ,  1 9 7 6 )
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F i g u r e  1 4  .  - -  M o n t h l y  s u r f a c e  w i n d  r o s e s  f o r  t h e  N e w
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
S e r v i c e  D e t a c h m e n t ,  1 9 7 6 )
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F i g u r e  1 5  .  - -  - M o n t h l y  s u r f a c e  w i n d  r o s e s  f o r  t h e  N e w
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
S e r v i c e  D e t a c h m e n t ,  1 9 7 6 )
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Figure .  Month ly  sur face wind roses for  the New
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
Serv ice Detachment ,  1976)
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F i g u r e  1 7  .  - -  M o n t h l y  s u r f a c e  w i n d  r o s e s  f o r  t h e  N e w
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
Serv i ce  De tachmen t ,  1976 )
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F i g u r e  1 8  .  - -  M o n t h l y  s u r f a c e  w i n d  r o s e s  f o r  t h e  N e w
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
S e r v i c e  D e t a c h m e n t ,  1 9 7 6 )
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Figure 19 .  - -Monthly sur face wind roses for  the New
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
S e r v i c e  D e t a c h m e n t ,  1 9 7 6 )
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F i g u r e  2 0 .  - -  s u r f a c e  w i n d  r o s e s  f o r  t h e  N e w
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
Serv ice  Detachment ,  1976)
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F i g u r e  .  M o n t h l y  s u r f a c e  w i n d  r o s e s
Y o r k  B i g h t  ( a f t e r  t h e  N a v a l  W e a t h e r
S e r v i c e  D e t a c h m e n t ,  1 9 7 6 )
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F i g u r e  2 2  .  M o n t h l y  s u r f a c e  w i n d  r o s e s  f o r  t h e  N e w
Y o r k  ( a f t e r  t h e  N a v a l  W e a t h e r
S e r v i c e  D e t a c h m e n t ,  1 9 7 6 )
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Figure 23 .  -  Areas used for summaries of  oceanographic
d a t a  ( a f t e r  W i l l i a m s  a n d  G o d s h a l l ,  1 9 7 7 )
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FREQUENCY %
NO. OF OBSERVATIONS

F i g u r e  2 4 .  W a v e  r o s e s  f o r  w i n t e r  ( t o p )  a n d  s u m m e r
(bo t tom)  (a f te r  Wi l l i ams and Godsha l l ,
1 9 7 7 )
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%

%

H E I G H T  ( m )
F i g u r e  2 5  W a v e  h e i g h t - p e r i o d  h i s t o g r a m s ,  a r e a  6

( a f t e r  W i l l i a m s  a n d  G o d s h a l l ,  1 9 7 7 )
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3 . 3  W a t e r  T e m p e r a t u r e

3 . 3 . 1  T e m p e r a t u r e  D i s t r i b u t i o n

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

B e c a u s e  o f  i n c r e a s e d  w i n d  m i x i n g  i n  t h e  w i n t e r ,  a  v e r t i c a l l y
c o n s t a n t  t e m p e r a t u r e  i s  o b s e r v e d  t h r o u g h o u t  t h e  w a t e r  c o l u m n ,
w i t h  t h e  c o l d e s t  w a t e r  n e a r  s h o r e  i n c r e a s i n g  t o w a r d  t h e  2 0 0  m
i s o b a t h .

A  r a p i d  v e r t i c a l  c h a n g e  o f  t e m p e r a t u r e  ( t h e r m o c l i n e )  a p p e a r s
i n  M a y  a n d  c o n t i n u e s  t o  i n t e n s i f y  t o  a  m a x i m u m  t e m p e r a t u r e
d i f f e r e n c e  o f  a b o u t  1 7 °  i n  e a r l y  S e p t e m b e r .  T h u s ,  d u r i n g  t h e
s u m m e r  t h e  w a t e r  c o l u m n  i s  a  p o i n t  o f  m i n i m u m  m i x i n g  a b i l i t y
(max imum stab i l i ty )  F igures 26 to  37 show the mean month ly
t e m p e r a t u r e  d i s t r i b u t i o n  f o r  t h e  N e w  Y o r k  B i g h t .
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F i g u r e  .  M e a n  m o n t h l y  t e m p e r a t u r e
Bight .  Map pa i rs  show bot tom contours  ( top) ,  sur faceand vertical contours (bottom) . Units are are
( a f t e r  B o w m a n  a n d  L e w i s ,  1 9 7 7 )
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F i g u r e  .  M e a n  m o n t h l y  t e m p e r a t u r e

Bight. Map pairs show bottom contours (topbc. surfacea n d  v e r t i c a l  c o n t o u r s  ( b o t t o m ) .  .  U n i t s  a r e
(a f ter  Bowman and Lewis ,  1977)
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Figure 28 . --  Mean monthly temperature distr ibut ion in the New York
Bight. Map pairs show bottom contours (top), surfaceand vertical contours (bottom). Units are oc.
(a f te r  Bowman and  Lewis ,  1977)
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A P R I L

F i g u r e  2 9  .  - -  M e a n  m o n t h l y  t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  N e w  Y o r k

Bight. Map pairs show bottom contours (top), surfaceand  ve r t i ca l  con tou rs  (bo t tom) .  .  Un i t s  a re  c .
( a f t e r  B o w m a n  a n d  L e w i s ,  1 9 7 7 )
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M A Y

F i g u r e  3 0  .  M e a n  m o n t h l y  t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  N e w  Y o r k

Bight. Map pairs show bottom contours (top), surfaceand vertical contours (bottom) Units are ac.
(a f ter  Bowman and Lewis ,  1977)
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J U N E

F i g u r e  3 1  .  - -  M e a n  m o n t h l y  t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  N e w  Y o r k
Bight. Map pairs show bottom contours (top), surface
a n d  v e r t i c a l  c o n t o u r s  ( b o t t o m ) .  U n i t s  a r e  c c .
( a f t e r  Bowman  and  Lew is ,  1977 )
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F igure  32  .  Mean  mon th ly  tempera tu re  d i s t r i bu t ion  in  the  New York
Bight. Map pairs show bottom contours (top), surfaceand vertical contours (bottom). Units are are
(after Bowman and Lewis, 1977)
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Figure 33 . -- Mean monthly temperature distribution in the New York
Bight. Map pairs show bottom contours (top), surface
and vertical contours (bottom). Units are oc.
(after Bowman and Lewis, 1977)
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SEPTEMBER

Figure 34 . Mean monthly temperature distribution in the New York
Bight. Map pairs show bottom contours (top), surface
a n d  v e r t i c a l  c o n t o u r s  ( b o t t o m ) .  U n i t s  a r e  c c .
(after Bowman and Lewis, 1977)
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F i g u r e  3 5  .  M e a n  m o n t h l y  t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  N e w  Y o r k
Bight. Map pairs show bottom contours (top), surfacea n d  v e r t i c a l  c o n t o u r s  ( b o t t o m )  U n i t s  a r e  c .
(a f te r  Bowman and  Lewis ,  1977)
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N O V E M B E R

Figure 36 .  -  -  Mean monthly temperature distr ibut ion in the New York
Bight. Map pairs show bottom contours (top), surface
a n d  v e r t i c a l  c o n t o u r s  ( b o t t o m ) .  U n i t s  a r e  c c .
( a f t e r  B o w m a n  a n d  L e w i s ,  1 9 7 7 )
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F i g u r e  3 7  .  -  M e a n  m o n t h l y  t e m p e r a t u r e  d i s t r i b u t i o n  i n  t h e  N e w  Y o r k

Bight. Map pairs show bottom contours (top), surfacea n d  v e r t i c a l  c o n t o u r s  ( b o t t o m ) .  .  U n i t s  a r e  o c .
( a f t e r  B o w m a n  a n d  L e w i s ,  1 9 7 7 )
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3.3.2 Sea-Surface Temperature (remote sensing techniques)

The  "ave rage"  p i c tu re  o f  wa te r  t empera tu res  p resen ted  i n  t he
p r e v i o u s  s e c t i o n  i s  c l e a r l y  a n  o v e r s i m p l i f i c a t i o n  t h a t  t e n d s  t o
smooth out the convoluted fronts and sharp gradients which may
e x i s t .  T h e  c o m p l e x i t y  o f  t h e  s e a  s u r f a c e  t e m p e r a t u r e  s t r u c t u r e
i n  t h i s  r e g i o n  h a s  b e e n  c o n f i r m e d  b y  h i g h  r e s o l u t i o n  s a t e l l i t e
i m a g e r y .

One opera t iona l  p roduc t  based on  these  sa te l l i te  images  i s
t he  ana l ys i s  wh i ch  has  been  p roduced  week l y  by  t he  USCG
Oceanographic Uni t ,  the U.S.  Navy,  and NOAA. Each analys is,
b a s e d  o n  s e v e r a l  d a y s  o f  o b s e r v a t i o n ,  s h o w s  t h e  p o s i t i o n s  o f  t h e
m a j o r  t h e r m a l  f r o n t s  i n  s c h e m a t i c  f o r m  a n d  t h e  l o c a t i o n s  o f  c o l d
a n d  w a r m  e d d i e s ,  a n d  i d e n t i f i e s  t h e  d i f f e r e n t  w a t e r  m a s s e s .  T w o
o f  t h e s e  a n a l y s e s  ( f i g s .  3 8  a n d  3 9 )  s h o w ,  f o r  e x a m p l e ,  t h a t
c o n d i t i o n s  c a n  r a n g e  f r o m  t h e  r e l a t i v e l y  s i m p l e  t o  t h e
c o m p l i c a t e d ;  b o t h  a r e  f o r  t h e  s a m e  m o n t h  ( A p r i l )  b u t  t w o
d i f f e r e n t  T h e s e  a n a l y s e s  m a y  b e  o b t a i n e d  b y  w r i t i n g  t o :

N O A A / N E S S  S 1 3 2
D i r e c t o r ,  E n v i r o n m e n t a l  P r o d u c t s  B r .
W o r l d  W e a t h e r  B l d g . ,  R o o m  5 1 0
W a s h i n g t o n ,  D C  2 0 2 3 3

Sa te l l i t es  a re  ex t reme ly  va luab le  t oo l s  t o  map  l a rge  sca le
c i rcu la t ion  fea tu res  such  as  permanent  cur ren ts ,  water  mass
b o u n d a r i e s ,  a n d  l a r g e  e d d i e s ,  b u t  t h e y  d o  h a v e  l i m i t a t i o n s .

1 .  A t  b e s t ,  t h e y  r e c o r d  o n l y  t h e  s k i n  t e m p e r a t u r e  o f  t h e
o c e a n ,  a s  o p p o s e d  t o  t h e  b u l k  t e m p e r a t u r e  m e a s u r e d  b y
ord inary ,  immersed thermometers .  Except  dur ing  per iods  o f
u n u s u a l  c a l m ,  t h e  n o r m a l  s t i r r i n g  b y  w a v e s  e l i m i n a t e s  t h i s
a s  a  s e r i o u s  p r o b l e m .  H o w e v e r ,  e v e n  b u l k  s u r f a c e
t e m p e r a t u r e s  a r e  n o t  r e l i a b l e  i n d i c a t o r s  o f  d e e p e r
t e m p e r a t u r e  p a t t e r n s .

2 .  M o r e  s e r i o u s  i s  t h e  e f f e c t  o f  w a t e r  v a p o r  i n  t h e
i n t e r v e n i n g  a t m o s p h e r e  o n  s a t e l l i t e  m e a s u r e m e n t s .  T h e s e
e r r o r s  c a n  b e  c o r r e c t e d  t o  s o m e  e x t e n t  b y  u s i n g  a n  a s s u m e d
w a t e r  v a p o r  p r o f i l e  f r o m  a  m o d e l  a t m o s p h e r e .  A  b e t t e r
so lu t i on  w i l l  be  poss ib le  w i th  the  fo r thcoming  advances
wh ich  w i l l  have  two  in f ra red  bands  tha t  respond  qu i te
d i f f e r e n t l y  t o  w a t e r  v a p o r .  T h e  d i f f e r e n c e s  i n  m e a s u r e d
rad iance can be used to  determine the a tmospher ic
c o r r e c t i o n .  I t  i s  e x p e c t e d  t h a t  a b s o l u t e  t e m p e r a t u r e s
s h o u l d  b e  a c c u r a t e  t o  a b o u t  1  P C .  ( R e s e a r c h  I n s t i t u t e  o f  t h e
G u l f  o f  M a i n e ,  1 9 7 4 ) .
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Figure 38 . Experimental Gulf Stream analysis
produced by NOAA satellite monitoring
( a f t e r  t h e  R e s e a r c h  I n s t i t u t e  o f  t h e
Gul f  o f  Ma ine ,  1974)
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Figure 39 . -Experimental Gulf Stream analysis
produced by NOAA satellite monitoring
( a f t e r  t h e  R e s e a r c h  I n s t i t u t e  o f  t h e
G u l f  o f  M a i n e ,  1 9 7 4 )
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3 .  C l o u d  c o v e r  i s  a  s e r i o u s  l i m i t a t i o n  t o  s a t e l l i t e
m a p p i n g ,  s i n c e  s e a - s u r f a c e  t e m p e r a t u r e s  c a n  b e  o b s e r v e d  o n l y
w h e n  t h e  s a t e l l i t e  p a s s  h a p p e n s  t o  c o i n c i d e  w i t h  a  c l o u d -
f r e e  p e r i o d .  O c e a n i c  p h e n o m e n a  c h a n g e  m o r e  s l o w l y  t h a n
t h o s e  i n  t h e  a t m o s p h e r e ,  s o  t h a t  t h e  c o n t i n u a l l y  i m p r o v i n g
c o v e r a g e  i n  t i m e  w i l l  e l i m i n a t e  m u c h  o f  t h i s  p r o b l e m ,  e x c e p t
f o r  p e r i o d s  o f  e x t e n d e d  c l o u d  c o v e r .

A  s e c o n d  t e c h n i q u e  f o r  m a p p i n g  s e a - s u r f a c e  t e m p e r a t u r e s  i s
t h e  u s e  o f  a i r - b o r n e  r a d i a t i o n  t h e r m o m e t r y  ( A R T )  T h i s  t e c h n i q u e
i s  u s e f u l  i n  l o c a t i n g  t h e  r e g i o n  o f  s h a r p  g r a d i e n t s ,  s u c h  a s
t h o s e  t h a t  o c c u r  n e a r  m a j o r  c u r r e n t  b o u n d a r i e s  a n d  l a r g e  s c a l e
e d d i e s  ( f i g .  4 0 ) .  E x c e p t  f o r  s p e c i a l  s t u d i e s ,  A R T  d a t a  s h o u l d  b e
s u p p l e m e n t e d  b y  s a t e l l i t e  i m a g e r y  w h i c h  p r o v i d e s  b r o a d e r  c o v e r a g e
a n d  i s  m o r e  n e a r l y  i n s t a n t a n e o u s  o v e r  a  l a r g e  a r e a .

F o r  c l i m a t o l o g i c a l  p u r p o s e s ,  t h e  b e s t  r e g u l a r  r e p o r t s  o n
s e a - s u r f a c e  t e m p e r a t u r e  a r e  p r o v i d e d  b y  " G u l f s t r e a m " ,  a  m o n t h l y
p u b l i c a t i o n  o f  t h e  N a t i o n a l  W e a t h e r  S e r v i c e .  T h e  r e p o r t s  a r e
b a s e d  o n  a l l  a v a i l a b l e  i n f o r m a t i o n  f r o m  s h i p s ,  a i r c r a f t ,  a n d
s a t e l l i t e s .  E a c h  i s s u e  i n c l u d e s  a  s c h e m a t i c  d r a w i n g  o f  t h e
l o c a t i o n s  o f  t h e  o c e a n i c  f r o n t s  a n d  e d d i e s ,  a  s e l e c t i o n  o f
b a t h y t h e r m o g r a m s  ( B T s )  a n d  c h a r t s  g i v i n g  t h e  m e a n  s u r f a c e
t e m p e r a t u r e  f o r  t h e  m o n t h ,  a n o m a l y  f r o m  t h e  1 0 0 - y e a r  m e a n  f o r  t h e
m o n t h ,  a n d  t h e  c h a n g e  f r o m  t h e  p r e v i o u s  m o n t h ,  a l l  o n  a  o n e -

o  4 5  N  a n d  5 5  t o  8 5 ° W .

3 . 4  S a l i n i t y  D i s t r i b u t i o n

T h e  o b s e r v e d  s a l i n i t y  d i s t r i b u t i o n  i s  a  r e s u l t  o f  t h e
b a l a n c e  b e t w e e n  r i v e r  r u n o f f ,  e v a p o r a t i o n  m i n u s  p r e c i p i t a t i o n ,
a d v e c t i o n ,  a n d  m i x i n g .  S a l i n i t y  i s  a t  a  m a x i m u m  a t  t h e  e n d  o f
w i n t e r  ( d u e  t o  s u b f r e e z i n g  c o n d i t i o n s  o n  t h e  c o n t i n e n t )  a n d  a t  a
m i n i m u m  i n  e a r l y  s u m m e r  ( d u e  t o  s p r i n g  r u n o f f ) .  A l t h o u g h  t h e
s a l i n i t y  f i e l d  i s  c r i t i c a l  i n  t h e  d e t e r m i n a t i o n  o f  t h e  d e n s i t y
d i s t r i b u t i o n ,  s a l i n i t y  c h a r t s  a r e  n o t  p r e s e n t e d  h e r e ,  s i n c e  t h e r e
i s  n o  p r e s e n t l y  a c c e p t e d  l i n k  b e t w e e n  t h i s  p a r a m e t e r  a n d  o i l
s p i l l  p r o c e s s e s .

3 . 5  D e n s i t y  D i s t r i b u t i o n

I n  t h e  N e w  Y o r k  B i g h t  r e g i o n  t h e  w a t e r  r e a c h e s  i t s  m a x i m u m
d e n s i t y  d u r i n g  t h e  w i n t e r  m o n t h s  b e c a u s e  o f  t h e  a n n u a l  m i n i m u m  i n
t e m p e r a t u r e  a n d  m a x i m u m  i n  s a l i n i t y .  I n  t h e  s p r i n g ,  v e r n a l
w a r m i n g  o f  t h e  s u f a c e  w a t e r  c o u p l e d  w i t h  a  l a r g e  i n c r e a s e  i n
r u n o f f  p r o d u c e  a  m a r k e d  v e r t i c a l  a n d  h o r i z o n t a l  s t r a t i f i c a t i o n  o f
t h e  w a t e r  c o l u m n .  T h e  r e s u l t i n g  c r o s s - s h e l f  h o r i z o n t a l
s t r a t i f i c a t i o n  d r i v e s  a  s o u t h w a r d  d i r e c t e d  c o a s t a l  f l o w  t h a t
i n c r e a s e s  i n  m a g n i t u d e  ( i . e .  1 0 - 1 5  c m / s e c )  i n t o  l a t e  s u m m e r .
T h i s  m e a n  b a r o c l i n i c  ( d e n s i t y  d r i v e n )  c u r r e n t  m a y  b e  i m p o r t a n t  i n
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o n d

Figure  40 .  - -  Sea-sur face temperature  th rough U.S.  Coast
G u a r d  A i r b o r n e  R a d i a t i o n  T h e  r m o m e t e r  ( a f t e r
t h e  R e s e a r c h  I n s t i t u t e  o f  t h e  G u l f  o f
M a i n e ,  1 9 7 4 )
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t h e  l o n g - t e r m  a d v e c t i o n  o f  a n  o i l  s p i l l  a t  s e a  d u r i n g  c a l m
p e r i o d s .  T h e  v e r t i c a l  s t r a t i f i c a t i o n  a n d  d e v e l o p m e n t  o f  a  s h a r p
d e n s i t y  c h a n g e  ( p y c n o c l i n e )  s t a r t s  ( a s  d o e s  t h e  t h e r m o c l i n e )  i n
M a y  a n d  c o n t i n u e s  t o  i n c r e a s e  i n  i n t e n s i t y  t o  a  m a x i m u m  i n
S e p t e m b e r .  T h i s  c o n d i t i o n  w i l l  l e a d  t o  a  t e n d e n c y  f o r  o i l
s p i l l e d  i n  t h e  u p p e r  1 0 - 1 5  m  m i x e d  l a y e r  t o  b e  t r a p p e d  a b o v e  t h e
s t r o n g  p y c n o c l i n e  a t  1 5 - 3 0  m .  F i g u r e s  4 1  t o  4 5  s h o w  t h e  m e a n
d e n s i t y  d i s t r i b u t i o n  f o r  t h e  N e w  Y o r k  B i g h t .  F i g u r e  4 6  s h o w s
t y p i c a l  v e r t i c a l  d e n s i t y  p r o f i l e s .

3 . 6  V e r t i c a l  M i x i n g

V e r t i c a l  m i x i n g  o f  o i l  i n  t h e  o c e a n  c a n  o c c u r  b y  c o n v e c t i v e
p r o c e s s e s ,  b y  m e c h a n i c a l  s t i r r i n g  s u c h  a s  s u r f a c e  w i n d - w a v e  -
m i x i n g ,  b y  t i d a l  c u r r e n t  m i x i n g ,  o r  b y  d i f f u s i o n .  V e r t i c a l
m i x i n g  i s  t h e r e f o r e  a  f u n c t i o n  o f  t h e  d e n s i t y  s t r a t i f i c a t i o n  a n d
o f  t h e  v e r t i c a l  t u r b u l e n c e .

I m p l i c a t i o n s  r e g a r d i n g  t h e  e x t e n t  o f  v e r t i c a l  m i x i n g  a r e
d r a w n  f r o m  t h e  a n a l y s i s  o f  w a t e r  " s t a b i l i t y , "  E ,  d e f i n e d  b y
H e s s e l b e r g  a n d  S v e r d r u p  ( 1 9 1 4 )  t o  b e  t h e  v e r t i c a l  d e n s i t y
g r a d i e n t .  L a r g e  p o s i t i v e  v a l u e s  o f  E  i m p l y  s t r o n g  v e r t i c a l
s t r a t i f i c a t i o n ,  w h i c h  i n h i b i t s  v e r t i c a l  m i x i n g ;  s m a l l  p o s i t i v e
v a l u e s  o f  E  i m p l y  d e e p  v e r t i c a l  m i x i n g ,  a s  c a u s e d ,  f o r  e x a m p l e ,
b y  s t r o n g  w i n t e r  w i n d s .  H e r e ,  E  w i l l  b e  c l o s e l y
a p p r o x i m a t e d  b y  A O  1 0 2  t h e  v e r t i c a l  g r a d i e n t  o f
s i g m a - t  =  ( d e n s i t y - 1 ) 1 0 0 0 ] ,  t o  p r o v i d e  a  c o n v e n i e n t  n u m e r i c a l
r a n g e .

V a l u e s  o f  s t a b i l i t y  f o r  a r e a s  5 ,  6 ,  8 ,  9 ,  a n d  1 2  a r e  g i v e n
i n  t a b l e  1  f o r  a l l  s e a s o n s .

W i n t e r .  I n  m i d - s h e l f  a r e a s  5 ,  6 ,  a n d  8 ,  s t a b i l i t y  i s  l o w
a n d  v a r i a b i l i t y  i s  h i g h .  T h e  w a t e r  c o l u m n  f o r  a r e a  6  i n  w i n t e r ,
s h o w n  i n  f i g u r e  4 6  i s  n e a r l y  h o m o g e n e o u s  w i t h  o n l y  a  s l i g h t
i n c r e a s e  i n  d e n s i t y  f r o m  s u r f a c e  t o  b o t t o m .  T h i s  i s  a s s o c i a t e d
w i t h  s t r o n g  w i n d  m i x i n g  a n d  s u r f a c e  c o o l i n g .  T h e  o f f s h o r e  a r e a s
9  a n d  1 2  s h o w  s i m i l a r  c h a r a c t e r i s t i c s  i n  t h e  f i r s t  1 0 0  m ,  b u t
s t a b i l i t y  b e l o w  1 0 0  m  d e c r e a s e s  s m o o t h l y  t o  n e a r  z e r o  i n  t h e
b o t t o m  l a y e r s .  D u r i n g  w i n t e r ,  d e n s i t y  i n c r e a s e s  v e r y  g r a d u a l l y
w i t h  d e p t h ,  a n d  m i x i n g  o c c u r s  t h r o u g h o u t  t h e  w a t e r  c o l u m n  o n  t h e
s h e l f  a n d  d o w n  t o  t h e  d e p t h  o f  p e n e t r a t i o n  o f  s e a s o n a l  i n f l u e n c e
o n  t h e  s l o p e  ( > 2 0 0  m ) .  T h e s e  c o n d i t i o n s  l e a d  t o  e n h a n c e d  m i x i n g
o f  a  s u r f a c e  o i l  s p i l l  t h r o u g h o u t  t h e  w a t e r  c o l u m n .

S p r i n g .  W a r m e r  t e m p e r a t u r e s  a n d  r i v e r  r u n o f f  i n  t h e  s u r f a c e
l a y e r s  c o m b i n e  t o  d e c r e a s e  d e n s i t y  i n  t h e  s u r f a c e  l a y e r s  a n d  t h u s
i n c r e a s e  s t a b i l i t y .  T h e r e  i s  a  d e c r e a s e  i n  d e n s i t y  o n  b o t h  t h e
s h e l f  a n d  t h e  s l o p e .  T a b l e  1  s h o w s  t h e  s l i g h t  i n c r e a s e  i n
s t a b i l i t y .  U n d e r  t h e s e  c o n d i t i o n s ,  v e r t i c a l  m i x i n g  w i l l  n o t  b e
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F igu re  41  .  -  -  Seasona l  mean  dens i t y  d i s t r i bu t i on .  Map  pa i r s  show
b o t t o m  c o n t o u r s  ( t o p ) ,  s u r f a c e  a n d  v e r t i c a l  c o n t o u r s
( b o t t o m )  .  U n i t s  a r e  s i g m a - t .  ( a f t e r  B o w m a n  a n d
L e w i s ,  1 9 7 7 )
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Figure 42 . -- Seasonal mean density distr ibution. Map pairs show
b o t t o m  c o n t o u r s  ( t o p ) ,  s u r f a c e  a n d  v e r t i c a l  c o n t o u r s
(bot tom) .  Uni ts  are s igma-t .  (a f ter  Bowman and
Lewis ,  1977)
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Figure 43. - - Seasonal mean density distribution. Map pairs show
b o t t o m  c o n t o u r s  ( t o p ) ,  s u r f a c e  a n d  v e r t i c a l  c o n t o u r s
( b o t t o m ) .  U n i t s  a r e  s i g m a - t .  ( a f t e r  B o w m a n  a n d
L e w i s ,  1 9 7 7 )
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F i g u r e  .  S e a s o n a l  m e a n  d e n s i t y  d i s t r i b u t i o n .  M a p  p a i r s  s h o w
b o t t o m  c o n t o u r s  ( t o p ) ,  s u r f a c e  a n d  v e r t i c a l  c o n t o u r s
( b o t t o m )  .  U n i t s  a r e  s i g m a - t .  ( a f t e r  B o w m a n  a n d
L e w i s ,  1 9 7 7 )



F i g u r e  .  S e a s o n a l  m e a n  d e n s i t y  d i s t r i b u t i o n .  M a p  p a i r s
b o t t o m  c o n t o u r s  ( t o p ) ,  s u r f a c e  a n d  v e r t i c a l  c o n t o u r s
( b o t t o m ) .  U n i t s  a r e  s i g m a - t .  ( a f t e r  B o w m a n  a n d
L e w i s ,  1 9 7 7 )
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Figure 46. . -- -Mean vertical density profiles for area 6 (after
Wil l iams and Godshal l ,  1977)
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Table  1  -  Ver t ica l  s tab i l i ty  E = (AT /  OZ)  X 10 (a f ter
W i l l i a m s  a n d  G o d s h a l l ,  1 9 7 7 )

Winter SpringSummer F a l l

Depth (m)MeanStand. dev.MeanStand. dev.MeanStand. dev.MeanStand. dev.
Area 5

1 09 . 12 0 . 65 4 . 15 1 . 5100.04 3 . 48 . 013 .0
2 01 5 . 23 . 24 9 . 33 6 . 79 2 . 84 1 . 66 . 21 3 . 8
3 02 . 26 . 72 3 . 51 4 . 66 1 . 52 2 . 96 . 38 . 3
4 01 . 72 . 81 4 . 48 . 43 3 . 21 6 . 71 3 . 01 2 . 1
5 0 3 0 . 07 . 1

Area 6
1 05 . 32 0 . 57 4 . 5108.8167.0123.216 .128.6
2 01 7 . 43 6 . 27 4 . 58 5 . 61 2 5 . 48 1 , 14 4 . 16 8 . 8
3 06 . 21 4 . 22 9 . 04 2 . 16 5 . 34 5 . 32 6 . 63 2 . 1
4 02 . 06 . 09 . 61 0 . 13 1 . 61 9 . 53 8 . 41 3 . 1

Area 8
1 02 4 . 77 4 . 5147.9164.7226.4225.55 0 . 2104.7
2 02 . 65 . 83 8 . 44 5 . 91 1 9 . 81 0 2 . 01 4 . 82 7 . 2

Area 9
1 02 . 54 . 85 . 02 8 . 95 0 . 24 9 . 29 . 529.3
2 03 . 15 . 03 0 . 01 9 . 66 4 . 43 6 . 41 0 . 91 9 . 5
3 04 . 36 . 32 2 . 32 3 . 46 3 . 81 9 . 81 5 . 21 9 . 7
4 04 . 35 . 31 9 . 89 . 64 8 . 61 7 . 31 6 . 81 8 . 0
5 04 . 04 . 31 4 . 37 . 23 2 . 81 1 . 21 6 . 71 3 . 8
6 03 . 54 . 08 . 31 3 . 72 3 . 08 . 31 6 . 81 2 . 6
7 03 . 63 . 68 . 91 2 . 11 6 . 56 . 51 4 . 59 . 4
8 03 . 64 . 56 . 78 . 51 2 . 85 . 31 2 . 91 0 . 0
9 03 . 74 . 17 . 36 . 69 . 64 . 31 1 . 57 . 8
1 0 03 . 23 . 27 . 18 . 27 . 63 . 61 0 . 15 . 1

Area 12
1 00 . 11 3 . 85 3 . 38 4 . 2123.6148.72 6 . 35 2 . 5
2 02 . 55 . 73 6 . 63 5 . 41 3 0 . 39 5 . 02 6 . 63 1 . 0
3 02 . 87 . 21 9 . 32 2 . 05 8 . 25 0 . 43 4 . 92 8 . 0
4 02 . 54 . 41 8 . 41 5 . 33 6 . 12 4 . 82 9 . 62 2 . 4
5 01 . 92 . 81 5 . 01 1 . 52 5 . 81 7 . 82 2 . 91 7 . 8
6 02 . 64 . 21 3 . 09 . 61 8 . 21 6 . 31 8 . 41 7 . 4
7 02 . 92 . 91 0 . 38 . 31 5 . 81 4 . 61 8 . 51 2 . 2
8 03 . 42 . 79 . 06 . 81 6 . 01 1 . 42 0 . 71 7 . 5
9 03 . 53 . 98 . 25 . 51 1 . 97 . 31 4 . 98 . 5
1 0 03 . 84 . 86 . 64 . 58 . 15 . 41 1 . 48 . 1
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a s  s t r o n g  a s  d u r i n g  w i n t e r ,  b u t  t h e r e  i s  n o  " b a r r i e r "  t o  v e r t i c a l
m i x i n g ,  a s  o c c u r s  i n  t h e  s u m m e r  w h e n  a  s t r o n g  p y c n o c l i n e
d e v e l o p s .

S u m m e r .  S u r f a c e  h e a t i n g  a n d  i n f l o w  o f  r i v e r  w a t e r  a r e
a s s o c i a t e d  w i t h  a  f u r t h e r  i n c r e a s e  i n  t h e  n e a r - s u r f a c e  s t a b i l i t y
o n  t h e  s h e l f  ( f i g .  4 6 ) .  S t a b i l i t y  i s  a l s o  h i g h  i n  t h e  t o p  3 0  m
o n  t h e  s l o p e ,  a s  s e e n  i n  t a b l e  1 ,  w i t h  i n c r e a s i n g  v a l u e s  t o w a r d
t h e  s o u t h .  A r e a  9  s h o w s  e v i d e n c e  o f  a  d e f i n a b l e  m e a n  m i x e d  l a y e r
1 5  m  d e e p .  D u r i n g  t h i s  s e a s o n ,  a  s u r f a c e  o i l  s p i l l  w i l l  m o s t
p r o b a b l y  b e  t r a p p e d  i n  t h e  u p p e r  m i x e d  l a y e r  d u e  t o  t h e
d e v e l o p m e n t  o f  t h e  s t r o n g  p y c n o c l i n e .

F a l l .  S u r f a c e  c o o l i n g  a n d  e v a p o r a t i o n  i n c r e a s e  d e n s i t y  b o t h
o n  t h e  s h e l f  a n d  o n  t h e  s l o p e ,  r e s u l t i n g  i n  l o w e r e d  s t a b i l i t y  o f
b o t h  s h e l f  a n d  s l o p e  w a t e r  ( t a b l e  1 ) .  A u t u m n  c o n v e c t i v e  o v e r t u r n
o n  t h e  s h e l f  i n  t h e  f a l l ,  w i t h  s u b s e q u e n t  r e t u r n  t o  w i n t e r
c o n d i t i o n s ,  c a n  b e  q u i t e  r a p i d  ( w i t h i n  a  w e e k )  a n d  d r a m a t i c ,  a s
h a s  b e e n  s h o w n  b y  S h o n t i n g  e t  a l .  ( 1 9 6 6 ) .

3 . 7  O c e a n  F r o n t s ,  M e a n d e r s ,  a n d  E d d i e s

T h e  b o u n d a r y  b e t w e e n  c o a s t a l  ( s h e l f )  w a t e r  a n d  s l o p e  w a t e r
i s  d e l i n e a t e d  b y  a  s h a r p  f r o n t  a t  a b o u t  t h e  2 0 0  m  i s o b a t h  ( f i g .
4 7 ) .  S u r f a c e  t e m p e r a t u r e  d i f f e r e n c e s  a c r o s s  t h e  w i n t e r  f r o n t  a r e
a b o u t  2 °  t o  4 ° C  t o  a  m a x i m u m  o f  8 ° C .  S a l i n i t y  d i f f e r e n c e s  a r e  o n
t h e  o r d e r  1  t o  2  p p t  o v e r  1 0 - 1 5  k m  h o r i z o n t a l l y  a n d  2 0  t o  4 0  m
v e r t i c a l l y .  M e a n d e r s  o f  t h e  f r o n t a l  s u r f a c e  o f  +  7 5  K m  ( t o w a r d
l a n d  o r  s e a )  h a v e  b e e n  o b s e r v e d  t o  p r o p a g a t e  s o u t h w e s t  ( t h e
o p p o s i t e  o f  G u l f  S t r e a m  m e a n d e r s ) .  T h e  s t r o n g  h o r i z o n t a l
s t r a t i f i c a t i o n  a n d  v e l o c i t y  s h e a r s  i n  t h e  f r o n t a l  r e g i o n  w o u l d
t e n d  t o  t r a p  a n  o i l  s p i l l  i n  t h i s  r e g i o n .

A n t i c y c l o n i c  e d d i e s  t h a t  b r e a k  o f f  f r o m  t h e  G u l f  S t r e a m  a r e
a n  i m p o r t a n t  m e c h a n i s m  f o r  t r a n s f e r r i n g  p r o p e r t i e s  ( h e a t ,
m o m e n t u m ,  s a l t )  f r o m  t h e  G u l f  S t r e a m  t o  t h e  s l o p e  w a t e r .  T h e y
f o r m  w h e n  a  l a r g e ,  i n s h o r e  G u l f  S t r e a m  m e a n d e r  d e t a c h e s  t o  f o r m  a
c l o c k w i s e  v o r t e x  ( f i g .  4 8 ) .  T h e  s t r o n g  c u r r e n t s  a n d
s t r a t i f i c a t i o n  a l s o  m a k e  e d d y  l o c a t i o n  i m p o r t a n t  i n  t h e
p r e d i c t i o n s  o f  o i l  s p i l l  a d v e c t i o n .

T h e  m e a n d e r s  o f  t h e  G u l f  S t r e a m  o c c a s i o n a l l y  b e c o m e
e l o n g a t e d  a n d  p i n c h e d  o f f  t o  f o r m  s e p a r a t e  r i n g s  o f  c u r r e n t  t h a t
r e t a i n  t h e i r  i d e n t i t y  f o r  l o n g  p e r i o d s  o f  t i m e .  T h e  r i n g s ,  w h i c h
b r e a k  o f f  i n  t h e  S a r g a s s o  S e a ,  r o t a t e  i n  t h e  c o u n t e r c l o c k w i s e ,  o r
c y c l o n i c ,  s e n s e  a n d  e n c l o s e  s l o p e  w a t e r ,  w h i c h  a t  a n y  d e p t h  i s
c o l d e r  t h a n  t h e  s u r r o u n d i n g  S a r g a s s o  S e a  w a t e r  ( f i g .  4 9 ) .
T h e r e f o r e ,  t h e y  a r e  c a l l e d  c y c l o n i c  o r  c o l d - c o r e  r i n g s  o r
e d d i e s .  C o n v e r s e l y ,  t h o s e  w h i c h  b r e a k  o f f  i n  t h e  s l o p e  w a t e r
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F igu re  47  .  - -  S l ope  f r on t  and  Gu l f  S t r eam,  Ma rch  31 ,
1970  (a f te r  Bowman,  1977)
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Figure 48 . -- Drift of anticyclonic eddy (after Bowman,
1 9 7 7 )
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r o t a t e  c l o c k w i s e  a n d  c o n t a i n  w a t e r  t h a t  i s  a n o m a l o u s l y  w a r m e r ;
t h e y  a r e  k n o w n  a s  a n t i - c y c l o n i c  o r  w a r m  c o r e  r i n g s  o r  e d d i e s
( f i g .  5 0 ) .

T h e  c y c l o n i c  r i n g s ,  f i v e  t o  e i g h t  y e a r l y ,  m o v e  o f f  t h r o u g h
t h e  S a r g a s s o  S e a  a n d  e i t h e r  d i s s i p a t e  a f t e r  a b o u t  a  y e a r  o r  a r e
r e a s s i m i l a t e d  w i t h i n  t h e  G u l f  S t r e a m .  T h e y  a r e  a s s o c i a t e d  w i t h
t h e  s l o p e  w a t e r  o n l y  a s  a  m e c h a n i s m  f o r  t r a n s f e r r i n g  s l o p e  w a t e r
a c r o s s  t h e  G u l f  S t r e a m .  I n  c o n t r a s t ,  t h e  w a r m e r  c o r e  r i n g s  w h i c h
b r i n g  S a r g a s s o  a n d  G u l f  S t r e a m  w a t e r  i n t o  t h e  s l o p e  w a t e r  a r e
m u c h  m o r e  i m p o r t a n t  b e c a u s e  o f  t h e  l i m i t e d  a r e a  o f  t h e  s l o p e
w a t e r  b e c a u s e  o f  t h e  s i g n i f i c a n t  r o l e  t h e y  a r e  b e l i e v e d  t o
p l a y  i n  d e t e r m i n i n g  i t s  c h a r a c t e r  a n d  c i r c u l a t i o n .

T h e  o c c u r r e n c e  a n d  m o v e m e n t  o f  w a r m  c o r e  r i n g s  a r e  b e i n g
d o c u m e n t e d  b y  b o t h  s a t e l l i t e  i m a g e r y  a n d  A R T  a i r c r a f t  f l i g h t s  a n d
t h e  m o n t h l y  " G u l f s t r e a m "  s u m m a r i e s  n o w  r e g u l a r l y  s h o w  t h e i r  s h a p e
a n d  p o s i t i o n .  M o s t  w a r m - c o r e  r i n g s  a p p e a r  t o  d e v e l o p  i n  t h e
region of large Gulf Stream meanders east of 66°W, but some are
f o r m e d  i n  t h e  w e s t e r n  s l o p e  w a t e r .  A t  t h e  s a m e  t i m e  t h a t  t h e
r i n g  i s  m o v i n g ,  i t  i s  a l s o  r o t a t i n g  w i t h  s p e e d s  n e a r  t h e  o u t e r
e d g e  r a n g i n g  u p  t o  a b o u t  1  k t  ( 5 0  c m / s e c ) .  F r o m  s a t e l l i t e
o b s e r v a t i o n s ,  i t  a p p e a r s  t h a t  t h e  r o t a t i n g  r i n g s  e n t r a i n  s u r f a c e
s h e l f  w a t e r  a l o n g  t h e  s h e l f  s l o p e  b o u n d a r y  a n d  d r a w  i t  o u t  i n t o
t h e  s l o p e  w a t e r  i n  l o n g ,  n a r r o w  f i l a m e n t s .  W a r m - c o r e  r i n g s  b e g i n
t o  d e c a y  s h o r t l y  a f t e r  f o r m a t i o n ;  f i r s t  t h e  s u r f a c e  c o o l s  t o  t h e
t e m p e r a t u r e  o f  t h e  s u r r o u n d i n g  s l o p e  w a t e r ,  t h e n  t h e  w a r m  w a t e r
b e g i n s  t o  m i x  a w a y  a r o u n d  t h e  c i r c u m f e r e n c e .  T h e  l i f e t i m e  o f  a
r i n g  i s  e s t i m a t e d  a t  6  m o n t h s  t o  a  y e a r ,  b u t  m a n y  a p p e a r  t o  b e
r e - a b s o r b e d  b y  t h e  G u l f  S t r e a m  b e f o r e  t h e y  l o s e  t h e i r  i d e n t i t y .

An  eddy  no rma l l y  has  an  e longa ted  shape  and ,  when  new ly
f o r m e d ,  i t s  l o n g  a x i s  i s  o r i e n t e d  e a s t - w e s t .  T h i s  a x i s  r o t a t e s
w i t h  t i m e ,  a n d  h a s  a  g e n e r a l  n o r t h - s o u t h  o r i e n t a t i o n  w h e n  t h e

O  W .  A t  t h i s  p o i n t ,  t h e  e d d y  s h a p e  b e c o m e se d d y  r e a c h e s  7 0  t o  7 1

T h e  d i a m e t e r  o f  a n  e d d y  v a r i e s  f r o m  a b o u t  1 0 0  t o  2 0 0  k m  a t
t h e  s u r f a c e ,  a s  d e t e r m i n e d  b y  a i r b o r n e  r a d i a t i o n  t h e r m o m e t e r
o b s e r v a t i o n s  a n d  t e m p e r a t u r e  g r a d i e n t s .  A t  t h e  2 0 0  m  d e p t h  ( a n
eddy normal ly  be ing  loca ted by  the  15°C iso therm a t  th is  depth) ,
t h e  d i a m e t e r  i s  7 0  t o  1 2 0  k m .  T h e r e  i s  a  t e n d e n c y  f o r  a n  e d d y  t o
d e c r e a s e  s o m e w h a t  i n  s i z e  o n c e  i t  c r o s s e s  7 0 ° W .
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Figure 49 . Diagram of ring formation from meander development to
s e p a r a t i o n  o f  t h e  S t r e a m .  S o l i d  l i n e s  r e p r e s e n t  t h e
position of the 15°C isotherm at 200 m. Dashed lines
r e p r e s e n t  t h e  a p p r o x i m a t e  l i m i t  o f  t h e  S a r g a s s o  s e a
a n d  t h e  G u l f  S t r e a m .  ( a f t e r  t h e  R e s e a r c h  I n s t i t u t e  o f
t h e  G u l f  o f  M a i n e ,  1 9 7 4 )
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F i g u r e  5 0  - -  S u r f a c e  c u r r e n t  s p e e d  ( K t )  a n d  d i r e c t i o n  o f
c i r c u l a t i o n  ( a f t e r  W i l l i a m s  a n d  G o d s h a l l ,
1 9 7 7 )
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3 . 8  M e a n  C o a s t a l  C u r r e n t s

A l a rge  amoun t  o f  ev i dence  i nd i ca tes  t ha t  t he  "pe rmanen t "
a v e r a g e  f l o w  i n  t h e  c o a s t a l  r e g i o n  o f  t h e  N e w  Y o r k  B i g h t  i s
s o u t h w e s t  a t  a l l  d e p t h s .  E x t e n s i v e  s t u d i e s  b y  B u m p u s  ( 1 9 7 3 )  o f
t h e  p e r m a n e n t  f l o w  i n s h o r e  o f  t h e  1 0 0  m  i s o b a t h  i n d i c a t e  a  m e a n
f l o w  o n  t h e  o r d e r  o f  0 . 1  k t  ( 5  c m / s e c )  s o u t h w e s t  f r o m  N a n t u c k e t
S h o a l s  t o  C a p e  H a t t e r a s .  D u r i n g  p e r i o d s  o f  p r o l o n g e d  s o u t h w e s t
winds and low runof f ,  sur face currents have been observed f lowing
no r t hwa rd  i n  summer  nea r  t he  coas t .  Bo t t om cu r ren t s  appea r  t o  be
m u c h  w e a k e r  ( 0 . 0 0 8 - 0 . 0 2  k t ;  0 . 4 - 1 . 0  c m / s e c )  t h a n  s u r f a c e  c u r r e n t s
a n d  f l o w  s o u t h  a n d  s o u t h w e s t .  A  w e a k  s e a s o n a l  f l u c t u a t i o n  i n  t h e
p e r m a n e n t  c o a s t a l  c u r r e n t  r e s u l t s  f r o m  v a r i a t i o n s  i n  w i n d  s t r e s s
a n d  r u n o f f .

S h i p  d r i f t  i s  t h e  r e s u l t  o f  t h e  s u r f a c e  c u r r e n t  a n d  t h e
a c t i o n  o f  t h e  w i n d  o n  t h e  s h i p ' s  s u p e r s t r u c t u r e .  S h i p - d r i f t  d a t a
r e p r e s e n t  a  m a j o r  s o u r c e  o f  i n f o r m a t i o n  o n  l a r g e - s c a l e  f l o w  i n
t h e  N e w  Y o r k  B i g h t  a n d  h a v e  b e e n  e x a m i n e d  i n  s o m e  d e t a i l .
W i l l i a m s  a n d  G o d s h a l l  ( 1 9 7 7 )  p r e p a r e d  s h i p  d r i f t  c h a r t s  f o r  t h i s
r e g i o n .

Seasona l  su r face  cu r ren t  vec to rs  a re  p resen ted  i n  f i gu res  51
t o  5 4 .  T h e y  c l e a r l y  s h o w  t h e  w e l l - d o c u m e n t e d  m e a n  s o u t h w e s t  f l o w
over  the  she l f ,  the  tu rn  to  seaward  jus t  nor th  o f  Cape Hat te ras ,
and  the  nor thward  f l ow seaward  o f  the  200  m i soba th  a long  the
n o r t h e r n  e d g e  o f  t h e  G u l f  S t r e a m .  T h e  t y p i c a l  m e a n  s p e e d  i s  0 . 1
k t  ( 5  c m / s e c ) .  .

A  s t r i k i n g  f e a t u r e  i s  t h e  l a c k  o f  s t r o n g  s e a s o n a l
v a r i a b i l i t y  i n  c u r r e n t s ,  e x c e p t  n e a r  t h e  m o u t h s  o f  e s t u a r i e s .  I n
w i n t e r  t h e  p r i m a r y  d r i v i n g  f o r c e  i s  t h e  w i n d  s t r e s s  f r o m  t h e
n o r t h w e s t ,  w h i l e  i n  s u m m e r  i t  i s  t h e  c r o s s - s h e l f  p r e s s u r e
g r a d i e n t  g e n e r a t e d  t h e  o u t f l o w  o f  l o w - s a l i n i t y  w a t e r  f r o m  t h e
m o u t h s  o f  e s t u a r i e s .

I n  summer ,  s l i gh t  seasona l  dec rease  i n  cu r ren t  s t r eng th
i n f e r r e d  f r o m  t h e  s h i p - d r i f t  d a t a  i s  p r o b a b l y  b e c a u s e  t h e
p r e v a i l i n g  s o u t h w e s t  w i n d s  t h e  " c o a s t a l  c i r c u l a t i o n "
c r e a t e d  b y  t h e  d i s t r i b u t i o n  o f  t h e  m a s s  f i e l d .

T h e  c o n s t a n c y  i s  t h e  r a t i o ,  i n  p e r c e n t ,  o f  t h e  s p e e d
a s s o c i a t e d  w i t h  t h e  m e a n  v e c t o r  o f  t h e  c u r r e n t  v e l o c i t i e s  t o  t h e
m e a n  s c a l a r  a v e r a g e  o f  t h e  s p e e d ;  i . e .  a  c u r r e n t  t h a t  a l w a y s
f lows in the same direct ion would have a constancy approaching
1 .  T h e  a r e a s  o f  h i g h e s t  c o n s t a n c y  w e r e  c a l c u l a t e d  i n  t h e
s o u t h e a s t e r n  p a r t  o f  t h e  r e g i o n  a l o n g  t h e  n o r t h e r n  e d g e  o f  t h e
G u l f  S t r e a m ,  a n d  i n  t h e  m i d s h e l f  r e g i o n ,  e s p e c i a l l y  i n  t h e
s o u t h e r n  h a l f  o f  t h e  a r e a .  A l o n g  t h e  s h e l f  b r e a k  i s  a n  a r e a  o f
l o w  c o n s t a n c y ,  i . e .  h i g h  v a r i a b i l i t y  i n  c u r r e n t  d i r e c t i o n .,
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F i g u r e  5 3  S u m m e r  c u r r e n t  v e c t o r s  ( a f t e r
W i l l i a m s  a n d  G o d s h a l l ,  1 9 7 7 )

F i g u r e  5 4 .  F a l l  c u r r e n t  v e c t o r s  ( a f t e r
W i l l i a m s  a n d  G o d s h a l l ,  1 9 7 7 )



3 . 9  S i m u l a t e d  O i l  D r i f t  E x p e r i m e n t

A  f i e l d  e x p e r i m e n t  d e s i g n e d  t o  s i m u l a t e  t h e  m o v e m e n t  o f  o i l
s p i l l s  i n  t h e  N e w  Y o r k  B i g h t  w a s  c o n d u c t e d  b y  t h e  M a r i n e  S c i e n c e s
Center, State Universi ty of New York at Stony Brook (Hardy,
B a y l o r ,  a n d  M o s k o w i t z  1 9 7 6 ) .  M o r e  t h a n  2 1 , 0 0 0  p l a s t i c  d r i f t c a r d s
w e r e  r e l e a s e d  a t  2 4  r e l e a s e  p o i n t s  ( f i g s .  5 5  a n d  5 6 )  b e t w e e n
J a n u a r y  2 3  a n d  S e p t e m b e r  1 6 ,  1 9 7 4 .  T h e  r e s u l t s  w e r e  s u m m a r i z e d
i n  t e r m s  o f  a n d  w i n t e r  p e r i o d s  a s  f o l l o w s :

T h e  p r e v a i l i n g  w i n d  f o r  t h e  f i v e - m o n t h  p e r i o d
N o v e m b e r  t o  M a r c h  w a s  w e s t  t o  n o r t h w e s t  w h i c h
impa r ted  a  gene ra l  seaward  d r i f t  away  f r om Long
I s l a n d ' s  s o u t h  s h o r e .  I n  t h e  o p e n  o u t e r
c o n t i n e n t a l  s h e l f  t h e  s e a  s u r f a c e  m o t i o n  w a s
g e n e r a l l y  d e f l e c t e d  t o  t h e  r i g h t  o f  t h e  w i n d  b y  0  o
to  10°  so that  prevai l ing winds f rom the west  and
n o r t h w e s t  s e t  u p  a  d r i f t  w h i c h  w a s  s e a w a r d  f r o m
L o n g  I s l a n d .  T h e  p r e v a i l i n g  o n s h o r e  w i n d s  o f
summer (112° to 147° T)  b low toward Long Is land.
However,  the boundary condi t ions imposed by the
land mass o f  Long Is land in ter fer  w i th  the s imple
d o w n w i n d  t r a n s p o r t .  T h i s  d e f l e c t s  a d v e c t i o n  m o r e
p a r a l l e l  t o  t h e  s h o r e l i n e .  I n  t h e s e  c a s e s ,  t h e
re lease-recovery  paths o f  dr i f t  cards may appear
t o  be  de f lec ted  f rom the  w ind  d i rec t ion  by  la rge
a n g l e s .  T h e  s o u t h w e s t  w i n d  a p p e a r e d  t o  c a u s e  t h e
s u r f a c e  l a y e r  t o  m o v e  e a s t e r l y  o r  p a r a l l e l  t o  t h e
s h o r e l i n e  w i t h o u t  c o n v e r g i n g  o n  L o n g  I s l a n d .

3 . 1 0  L o c a t i o n  o f  B i o l o g i c a l  a n d  R e c r e a t i o n a l  R e s o u r c e s

I n  m a k i n g  a n  a n a l y s i s  o f  o i l  s p i l l  i m p a c t  o n e  m u s t
n o t  o n l y  c o n s i d e r  t h e  t r a j e c t o r y  o f  t h e  o i l  a n d  t h e
i m p o r t a n t  e n v i r o n m e n t a l  p a r a m e t e r s ,  b u t  a l s o  t h e
resources o f  the  potent ia l  impact  reg ions.  The fo l lowing
d iag rams  g i ve  the  l oca t i on  o f  se lec ted  b io log i ca l  and
r e c r e a t i o n a l  r e s o u r c e s .  ( f i g s .  5 8 - 1 0 5 ) .  R e l a t i v e  i m p a c t
c h a r t s  ( f i g .  5 7 )  b a s e d  o n  t h e  c l i m a t o l o g i c a l  o i l
t r a j ec to r y  mode l ,  as  exp la i ned  i n  sec t i on  3 .11 ,  can  be
c o m b i n e d  w i t h  s u c h  d a t a  t o  e s t i m a t e  r e l a t i v e  r i s k  o f
i m p a c t  f r o m  s p i l l s  a t  v a r i o u s  l o c a t i o n s .  T h e s e
c l i m a t o l o g i c a l  r e l a t i v e  r i s k  c h a r t s  c a n  b e  u s e d  a s  a n
o v e r l a y  o n  t h e  r e s o u r c e  c h a r t s  ( f i g .  5 8 - 1 0 5 )  t o  e s t i m a t e
l o c a t i o n s  o f  h i g h  r i s k  a r e a s .
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F i g u r e  5 5 .  .  - -  P e r c e n t  p r o b a b i l i t y  c o n t o u r s  t h a t  s o m e  f r a c t i o n  o f  o i l
s p i l l s  w i l l  s t r a n d  w i t h i n  1 0  d a y s  o n  L o n g  I s l a n d  i n
w i n t e r  (  ( J a n u a r y - M a r c h )  -  1 9 7 4 .  B a s e d  o n  d r i f t  c a r d  r e t u r n
f r e q u e n c i e s  p e r  s t a t i o n  ( H a r d y  e t  a l .  ,  1 9 7 5 )

F i g u r e  .  P e r c e n t  p r o b a b i l i t y  c o n t o u r s  t h a t  s o m e  f r a c t i o n  o f  o i l
s p i l l s  w i l l  s t r a n d  w i t h i n  1 0  d a y s  o n  L o n g  I s l a n d  i n
s u m m e r  ( A p r i l - S e p t e m b e r )  1 9 7 4 .  B a s e d  o n  d r i f t  c a r d  r e t u r n
f r e q u e n c i e s  p e r  s t a t i o n  ( H a r d y  e l  a l . ,  ,  1 9 7 5 )
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3 . 1 1  C a l c u l a t e d  C l i m a t o l o g i c a l  R e l a t i v e  R i s k
E l l i p s e s  o f  t h e  N e w  Y o r k  B i g h t

T o  o b t a i n  a  f i r s t - o r d e r  e s t i m a t e  o f  t h e  m o s t  p r o b a b l e  p a t h
a n  o i l  s p i l l  w i l l  t a k e ,  a  c l i m a t o l o g i c a l  a p p r o a c h  w a s  u s e d .  T h i s
t e c h n i q u e  i s  b a s e d  o n  t h e  a s s u m p t i o n  t h a t  a d v e c t i o n  o f  t h e  o i l
s l i c k  b y  w i n d - d r i v e n  c u r r e n t s  i s  t h e  m o s t  i m p o r t a n t  f a c t o r .  W i t h
t h i s  a p p r o a c h ,  w i n d  d r i f t  w a s  g i v e n  a s  3  p e r c e n t  o f  t h e  h o u r l y

o
w i n d  s p e e d  d i r e c t e d  1 5 '  t o  t h e  r i g h t  o f  t h e  w i n d .  T r a j e c t o r i e s
w e r e  s t a r t e d  f r o m  a  h y p o t h e t i c a l  s p i l l  s i t e  a n d  t r a c k e d  o n  a n
a r e a  g e o g r a p h i c  c h a r t  b y  c o m p u t e r  f o r  1 0  n a u t i c a l  m i l e s  b y  1 0
n a u t i c a l  m i l e  a r e a s .  T h e  c l i m a t o l o g i c a l  w i n d  r e c o r d  f o r  K e n n e d y
A i r p o r t  w a s  o b t a i n e d  f r o m  t h e  N a t i o n a l  C l i m a t i c  C e n t e r  a t
A s h e v i l l e ,  N . C . ,  a n d  t h o u s a n d s  o f  t r a j e c t o r i e s  w e r e  t r a c t e d  f o r
t h e  s u m m e r  a n d  w i n t e r  s e a s o n s .  T h e  r e s u l t i n g  a r e a  i m p a c t s  w e r e
d i v i d e d  b y  t h e  t o t a l  t r a j e c t o r i e s ,  a n d  r e l a t i v e  r i s k  e l l i p s e s
w e r e  f o r m e d .

T h e s e  e l l i p s e s  ( f i g .  5 7 ) ,  w i l l  b e  a s s u m e d  a p p r o p r i a t e  f o r
t h e  w h o l e  N e w  Y o r k  B i g h t  r e g i o n .  T h e  e l l i p s e s ,  m i r r o r  t h e
s t a t i s t i c s  o f  t h e  w i n d  f i e l d  s i n c e  t h e  w i n t e r  m e a n  w i n d  i s  t o w a r d

t h e  s o u t h e a s t  a n d  w i n d  v a r i a b i l i t y  i s  r e l a t i v e l y  l o w .  T h u s  t h e
r i s k  c a l c u l a t i o n s  s h o w  a  n o r t h w e s t / s o u t h e a s t  e l l i p t i c a l
d i s t r i b u t i o n .  I n  t h e  s u m m e r ,  w h e n  t h e  m e a n  w i n d  i s  t o w a r d  t h e
n o r t h e a s t  a n d  v a r i a b i l i t y  i s  h i g h ,  a  m o r e  c i r c u l a r  d i s t r i b u t i o n
i s  c a l c u l a t e d .  T h e  u s e  o f  t h e s e  e l l i p s e s  a s  a n  o v e r l a y  o n  t h e
r e s o u r c e  c h a r t s  i s  a  n o v e l  a n d  i m p o r t a n t  t e c h n i q u e  t o  e s t i m a t e
s p i l l  i m p a c t  f r o m  s e l e c t e d  s p i l l  s i t e s .  S u c h  a  u s e  w o u l d  b e
e s s e n t i a l  i n  p r e - s p i l l  c o n t i n g e n c y  p l a n n i n g .
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RELATIVE RISK ELLIPSES

+  S P I L L  S I T E

W I N T E R S U M M E R

F igu re  57 . -  - -  Re la t i ve  r i sk  e l l i pses .
7 1



Figure 58 . -Natural resource chart for si lver and red
hake spawning areas (after Smith, Slack,
and  Dav i s ,  1976 )
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F i g u r e  - -  r e s o u r c e  c h a r t  f o r  h a r b o r  s e a l
w h e l p i n g  a r e a s  ( a f t e r  S m i t h ,  S l a c k ,  a n d
D a v i s ,  1 9 7 6 )
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F i g u r e  6 0 .  .  - -  N a t u r a l  r e s o u r c e  c h a r t  f o r  h a r d  c l a m
g r o u n d s  ( a f t e r  S l a c k  a n d  W y a n t ,  1 9 7 8 )
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F i g u r e  6 1  .  -  N a t u r a l  r e s o u r c e  c h a r t  f o r  s o f t  c l a m
grounds (af ter  Slack and Wyant,  1978)
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F i g u r e  6 2 .  - -  r e s o u r c e  c h a r t  f o r  b a y  s c a l l o p
areas  (a f te r  S lack  and  Wyan t )
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F i g u r e  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  g r e y  s e a l
a r e a s  ( a f t e r  S l a c k  a n d  W y a n t ,  1 9 7 8 )
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F i g u r e  6 4  .  - -  - N a t u r a l  r e s o u r c e  c h a r t  f o r  s u r f  c l a m s
( a f t e r  G u s e y ,  1 9 7 6 )
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F i g u r e  6 5  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  A t l a n t i c  c o d
( a f t e r  G u s e y ,  1 9 7 6 )
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F i g u r e  6 6  .  - -  N a t u r a l  r e s o u r c e  c h a r t  f o r  b l u e f i s h
( a f t e r  G u s e y ,  1 9 7 6 )
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F i g u r e  6 7  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  A t l a n t i c
m a c k e r e l  ( f a l l )  ( a f t e r  G u s e y ,  1 9 7 6 )
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F i g u r e  6 8  .  - -  N a t u r a l  r e s o u r c e  c h a r t  f o r  A t l a n t i c
mackere l  ( sp r i ng )  (a f te r  Gusey ,  1976)
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F i g u r e  6 9  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  A t l a n t i c
herr ing ( fa l l )  (af ter  Gusey,  1976)
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F i g u r e  7 0 .  - N a t u r a l  r e s o u r c e  c h a r t  f o r  A t l a n t i c
h e r r i n g  ( s p r i n g )  ( a f t e r  G u s e y ,  1 9 7 6 )
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F i g u r e  7 1 .  .  - -  - N a t u r a l  r e s o u r c e  c h a r t  f o r  r e d  h a k e
( fa l l )  (a f te r  Gusey ,  1976)
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Figure 72. Natural  resource chart  for red hake
(spring) (after Gusey, 1976)
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F i g u r e  7 3  -  N a t u r a l  r e s o u r c e  c h a r t  f o r  w i n t e r
f l o u n d e r  ( f a l l )  ( a f t e r  G u s e y ,  1 9 7 6 )
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F i g u r e  7 4 .  .  - -  - N a t u r a l  r e s o u r c e  c h a r t  f o r  w i n t e r
f l o u n d e r  ( s p r i n g )  ( a f t e r  G u s e y ,  ,  1 9 7 6 )
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Figure 75. . -- -Natural resource chart for yellowtail
flounder (fall) (after Gusey, 1976)
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F i g u r e  7 6 .  .  - -  N a t u r a l  r e s o u r c e  c h a r t  f o r  y e l l o w t a i l
f l o u n d e r  ( s p r i n g )  ( a f t e r  G u s e y ,  1 9 7 6 )
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F i g u r e  7 7  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  A m e r i c a n  s h a d
(a f t e r  Mar ine  Expe r imen ta l  S ta t i on ,
U . R . I . ,  1 9 7 3 )
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F i g u r e  7 8  .  -  - - N a t u r a l  r e s o u r c e  c h a r t  f o r  s t r i p e d  b a s s
( a f t e r  M a r i n e  E x p e r i m e n t a l  S t a t i o n ,
U . R . I . ,  1 9 7 3 )
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Figure 79 . -Natural resource chart for summer
flounder (after Marine Experimental
Station, U.R.I., 1973)
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F i g u r e  8 0  - N a t u r a l  r e s o u r c e  c h a r t  f o r  m e n h a d e n
( a f t e r  M a r i n e  E x p e r i m e n t a l  S t a t i o n ,
U . R . I . ,  1 9 7 3 )
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Figure 81 . Natural resource chart for lobster
(after Marine Experimental Station,
U . R . I . ,  1 9 7 3 )
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F igu re  82 .  .  -Na tu ra l  resource  char t  f o r  sea  sca l l ops
a n d  c a l i c o  s c a l l o p s  ( a f t e r  M a r i n e
E x p e r i m e n t a l  U . R . I . ,  1 9 7 3 )
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F i g u r e  8 3  - -  r e s o u r c e  c h a r t  f o r  y e l l o w  t a i l
s i l v e r  h a k e ,  a n d  r e d  h a k e  ( f a l l )  ( a f t e r
Hennemuth,  1976)

9 7



F i g u r e  .  - N a t u r a l  r e s o u r c e  c h a r t  f o r  s q u i d ,  y e l l o w
t a i l ,  s i l v e r  h a k e ,  a n d  r e d  h a k e  ( s p r i n g )
(a f te r  Hennemuth ,  1976)
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Figure 85 . -Natural resource chart for sea scallops
a n d  r e d  ( a f t e r  H e n n e m u t h ,  1 9 7 6 )
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Figure 86 .  -  -  Natural  resource chart  for  wading birds
( a f t e r  S l a c k  a n d  W y a n t ,  1 9 7 8 )
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F i g u r e  :  8 7  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  s e a  d u c k s
( a f t e r  S l a c k  a n d  W y a n t ,  1 9 7 8 )
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F i g u r e  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  o s p r e y  ( a f t e r
S l a c k  a n d  W y a n t ,  1 9 7 8 )
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F i g u r e  .  - N a t u r a l  r e s o u r c e  e a g l e
( a f t e r  S l a c k  a n d  W y a n t ,  1 9 7 8 )
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Figure 90. -- resource chart for peregrine
falcon nesting areas (after Slack and
W y a n t ,  1 9 7 8 )
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Figure . Natural resource chart for peregrine
falcon migratory points (after Slack and
Wyant, 1978)

1 0 5



Figure 92. Natural  resource chart  for  b i rds wi th
l imited distribution (after Marine
Experimental Station, U.R.I., 1973)
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F i g u r e  9 3  N a t u r a l  r e s o u r c e  c h a r t  f o r  b i r d s  w i t h
l i m i t e d  d i s t r i b u t i o n  ( a f t e r  M a r i n e
E x p e r i m e n t a l  S t a t i o n ,  U . R . I . ,  1 9 7 3 )
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F i g u r e  9 4  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  b i r d s  w i t h
l im i t ed  b reed ing  d i s t r i bu t i on  ( a f t e r
Marine Experimental Station, U.R.I.,
1973 )
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F i g u r e  9 5  .  -  N a t u r a l  r e s o u r c e  c h a r t  s h o w i n g  s e l e c t e d
m a j o r  b r e e d i n g  a r e a s  ( a f t e r  M a r i n e
E x p e r i m e n t a l  S t a t i o n ,  U . R . I . ,  ,  1 9 7 3 )
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Figure 96 . Natural resource chart showing migration
poin ts  (a f ter  Mar ine Exper imenta l  97
S t a t i o n ,  U . R . I . ,  1 9 7 3 )
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F i g u r e  .  1 9 7 8 )( a f t e r  S l a c k  a n d  W y a n t ,
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Figure 98 -Natural resource chart for coastal marshes
(after Slack and Wyant, 1978)
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F i g u r e  9 9  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  a r e a l  e x t e n t
o f  n a t i o n a l  p a r k s ,  s e a s h o r e s ,  a n d
r e c r e a t i o n  a r e a s  ( a f t e r  S l a c k  a n d  W y a n t ,
1 9 7 8 )
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Figure  100 .  .  - -  -Natura l  resource  char t  fo r  a rea l  ex ten t  o f
l o c a l  a n d  s t a t e  p a r k s  a n d  s e a s h o r e s
(after Slack and Wyant, 1978)
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F i g u r e  1 0 1  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  a r e a l  e x t e n t  o f
n a t i o n a l  w i l d l i f e  r e f u g e s  ( a f t e r  S l a c k
and  Wyan t ,  1978 ) .
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Figure 102. .  - -  -Natural  resource chart  for  areal  extent of
s t a t e  w i l d l i f e  a n d  n a t u r a l  a r e a s  ( a f t e r
Slack and Wyant, 1978)
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F i g u r e  1 0 3  N a t u r a l  r e s o u r c e  c h a r t  f o r  a r e a l  e x t e n t  o f
s t a t e  m a r i n e  s a n c t u a r i e s  ( a f t e r  S l a c k
and  Wyan t ,  1978 )
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F i g u r e  1 0 4  .  N a t u r a l  r e s o u r c e  c h a r t  f o r  a r e a l  e x t e n t  o f
n o n g o v e r n m e n t  w i l d l i f e  a n d  n a t u r a l  a r e a s
( a f t e r  S l a c k  a n d  W y a n t ,  1 9 7 8 )
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F i g u r e  1 0 5 .  .  -  - N a t u r a l  r e s o u r c e  c h a r t  f o r  w e t l a n d s
(a f te r  Gusey,  1976)
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