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

T h i s  r e p o r t  d e s c r i b e s  t h e  C o a s t a l  W a v e s  P r o g r a m  ( C W P ) *  o f  t h e  N a t i o n a l  

O c e a n i c  a n d  A t m o s p h e r i c  A d m i n i s t r a t i o n  ( N O A A ) .  T h e  C W P  i s  d e s i g n e d  a n d  

p l a n n e d  a s  o n e  c o m p o n e n t  o f  a  c o o p e r a t i v e  n a t i o n a l  e f f o r t  b y  F e d e r a l  a n d  s t a t e  

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

T h e  p r i m e  t a s k s  o f  t h e  C W P  a r e  t o  p r o v i d e  l a r g e - s c a l e ,  l o n g - t e r m  d a t a  a n d  

s t a t i s t i c s  f o r  a l l  U . S .  c o a s t a l  w a t e r s ;  w a v e  i n f o r m a t i o n  a f f e c t i n g  p u b l i c  

s a f e t y  ( e s p e c i a l l y  t o  n a v i g a t i o n ) ;  a n d  o v e r a l l  c o o r d i n a t i o n  o f  w a v e  p r o g r a m s .  

O t h e r  F e d e r a l  a g e n c i e s  w i l l  p r o v i d e  w a v e  f o r e c a s t s ,  s o m e  m e a s u r e m e n t s ,  a r 

c h i v a l  s e r v i c e s ,  a n d  o t h e r  e n v i r o n m e n t a l  d a t a  n e e d e d  t o  s u p p o r t  w a v e  s t u d i e s .  

T h e  p r i v a t e  s e c t o r  a n d  F e d e r a l  a g e n c i e s  g e n e r a l l y  u s e  t h e i r  o w n  a n d  o t h e r  d a t a  

t o  p r o v i d e  s i t e  s p e c i f i c  f o r e c a s t s  a n d  s t a t i s t i c s  t o  m e e t  p a r t i c u l a r  n e e d s .  A  

h i g h  d e g r e e  o f  c o o p e r a t i o n  i s  e x p e c t e d  i n  m e a s u r e m e n t s ,  h i n d c a s t s ,  e x c h a n g e  o f  

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

m e a s u r e m e n t .  

W a v e s  a r e  a  n e v e r - e n d i n g  o c e a n  p h e n o m e n o n  w h i c h  h a v e  b o t h  f a s c i n a t e d  a n d  

t e r r o r i z e d  m a n  s i n c e  h i s  e x i s t e n c e .  W i t h  t h e  p o t e n t i a l  f o r  e x e r t i n g  e n o r m o u s  

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

w a t e r  a n d  o n  t h e  c o a s t ,  a n d  t h e  c o a s t  i t s e l f .  T o  s u r v i v e ,  s t r u c t u r e s  m u s t  b e  

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

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

f i s h e r m a n ,  t h e  o f f s h o r e  o i l  o p e r a t o r ,  t h e  s u p e r t a n k e r  n a v a l  a r c h i t e c t ,  t o  t h e  

b e a c h  h o u s e  o w n e r — m u s t  d e a l  w i t h  w a v e s .  N o  o n e  i s  i m m u n e .  

W a v e s  a n d  w a v e  i n f o r m a t i o n  a v a i l a b i l i t y  i m p a c t  i n i t i a l  c o s t s ,  o p e r a t i o n a l  

c o s t s ,  s a f e t y  o f  l i f e  a n d  p r o p e r t y ,  a n d  e f f i c i e n c y  o f  w o r k i n g  i n  t h e  o c e a n s .  

T h u s ,  i t  i s  n o  w o n d e r  t h a t  a  g r e a t  v a r i e t y  o f  i n d i v i d u a l s  a n d  g r o u p s  i n  

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

w a v e  d a t a  i n  m a k i n g  d e c i s i o n s .  T h e  s u c c e s s  o f  t h e i r  e n d e a v o r s  d e p e n d s  o n  

r e l i a b l e  i n f o r m a t i o n  a b o u t  w a v e s — p a s t ,  p r e s e n t ,  a n d  f u t u r e .  

* F u n d s  w e r e  a p p r o p r i a t e d  b y  C o n g r e s s  t o  b e g i n  t h i s  p r o g r a m  i n  F i s c a l  Y e a r  

1980. 
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T h e  r e s p o n s i b i l i t y  f o r  i m p l e m e n t a t i o n  o f  t h e  C W P  m u s t  f a l l  o n  t h e  F e d e r a l  

G o v e r n m e n t  f o r  m a n y  r e a s o n s :  ( 1 )  t h e  l a r g e - s c a l e  a n d  l o n g - t e r m  m e a s u r e m e n t s  

a n d  m o d e l s  r e q u i r e d — v e r y  l o n g - t e r m  m e a s u r e m e n t s  o v e r  a  t o t a l  o c e a n  a r e a  a r e  

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

t y p i c a l  s i n g l e  s i t e ;  ( 2 )  t h e  w i d e  r a n g e  o f  u s e r s — m a n y  s m a l l  f i r m s  a n d  o r g a n i 

z a t i o n s  i n  t h e  p r i v a t e  s e c t o r  a n d  l o c a l  g o v e r n m e n t s  w h o  n e e d  e s s e n t i a l l y  t h e  

s a m e  w a v e  d a t a  a s  t h e  F e d e r a l  G o v e r n m e n t  a n d  m a j o r  c o r p o r a t i o n s  w o u l d  n o t  b e  

a b l e  t o  a f f o r d  t h e  d a t a  o t h e r w i s e ;  ( 3 )  t h e  i n t e r d i s c i p l i n a r v  c h a r a c t e r  o f  t h e  

p r o g r a m — t h e  C W P  m u s t  i n t e r a c t  w i t h  o t h e r  F e d e r a l  p r o g r a m s  i n c l u d i n g  w e a t h e r  

a n d  s t o r m  s u r g e  f o r e c a s t i n g ,  b a t h y m e t r i c  m a p p i n g ,  a n d  t i d e s  a n d  c u r r e n t s  t o  

p r o v i d e  g o o d  w a v e  i n f o r m a t i o n ;  a n d  ( 4 )  t h e  b r o a d  i m p a c t  o f  t h e  p r o g r a m — w a v e  

i n f o r m a t i o n  t o  b e  p r o v i d e d  b y  t h e  C W P  i m p a c t s  p u b l i c  s a f e t y ,  e n v i r o n m e n t a l  

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

U S F R  R E Q U I R E M E N T S  

F i g u r e  1  i d e n t i f i e s  m a j o r  u s e r s  a n d  t h e  a c t i v i t i e s  r e q u i r i n g  k n o w l e d g e  o f  

w a v e s .  F e d e r a l  a g e n c i e s  n e e d  i n f o r m a t i o n  a n d  d a t a  f o r  a n  a r r a y  o f  m i s s i o n s  

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

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

s e r v i c e s .  P r i v a t e  i n d u s t r y  a n d  a l l  l e v e l s  o f  g o v e r n m e n t  n e e d  w a v e  d a t a  f o r  
e n g i n e e r i n g  d e s i g n s  a n d  m a r i n e  o p e r a t i o n s .  

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

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

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

a c c u r a t e  w a v e  d a t a .  W a v e  d a t a  o b v i o u s l y  a r e  n e e d e d  f o r  w a v e  e n e r g v  d e v e l o p 

m e n t  a n d  w a v e  p h e n o m e n o n  i n v e s t i g a t i o n .  W a v e  f o r e c a s t s  a n d  h i s t o r i c a l  s t a t i s 

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

s a l v a g e ,  m e r c h a n t  s h i p p i n g ,  a n d  o t h e r  m a r i n e  o p e r a t i o n s .  

U s e r s  r e q u i r e  w a v e  d a t a ,  i n f o r m a t i o n ,  a n d  s e r v i c e s  i n  a  v a r i e t y  o f  f o r m s  

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

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

h e i g h t s ,  m e a n  p e r i o d s ,  m e a n  d i r e c t i o n s ,  p e r i o d s  o f  m a x i m u m  w a v e  v a r i a n c e ,  
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National Oceanic and Atmospheric Administration X X X X 

U.S. Army Corps of Engineers X X X X 
U.S. Coast Guard X X X 
U.S. Navy X X X 
U.S. Geological Survey X X 
Nuclear Regulatory Commission X X 
Department of Energy X X 
Maritime Administration X 
Federal Emergency Management Administration X 

TYPICAL STATE AND LOCAL GOVERNMENT 
Port Authorities X X X 
Coastal Planning Organizations X X X 
Recreational Organizations X X X X 
Civil Defense Directors X X 
Public Works Departments X X X 

TYPICAL INDUSTRY AND PUBLIC 
Contractors and Builders X X 
Fishing X 
Marine Recreation X X 
Offshore Oil and Gas X X X 
Dredging X X 
Salvage X X 
Coastal Utilities/Refineries X X X X X 
Marine Transportation X X 

Figure 1. Users of Wave Information and Applications 
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groupiness factors, nonlinear shapes and characteristies, directional spread

ing factors, and spectral width parameters. Many users will want raw data 

that they can process in their own special way. Others will want completely 

analyzed information. 

The accuracy and quality of wave information affect safety, cost, and 

efficiency of offshore and coastal activities. Consider, for example, the 

design of a typical large offshore platform. The desiqner of such a structure 

includes a safety factor in his design to compensate for the lack of reliable 

wave information. This can be costl.v for large structures since, for each 

foot of increase in the design wave height criterion, the cost goes up Si 

million or more. The cost to the operator could be much greater if the 

structure fails because of underestimating the design waves. Design of 

breakwaters and other coastal protection devices is even more dependent on the 

accuracy and quality of the wave information since it is often more difficult 

to add safety factors to them. 

Other marine operations are similarly affected. The decisions a ship 

master makes are critically dependent on confidence in the wave forecasts 

received as well as on the forecasts and waves themselves. Short routes are 

only attempted if the forecasts are reliable enough to assure no untoward 
danger. 

LIMITED AVAILABILITY OF WAVE DATA 

Presently available wave information is not adequate to meet the needs of 

users. Relatively few long-term wave measurements are available for U.S. 

waters, and accuracies of these measurements are unknown. There are no 

operational measurements of directional spectra being made now. 

Although models are available for hirdcasting* deepwater wave conditions, 

these models do not have the capability to consider all factors which 

• *Hindcasting is the use of forecast type models to estimate the wave 

conditions that occurred in the past based on historical wind data. 
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i n f l u e n c e  t h e  w a v e s  s u c h  a s  c u r r e n t s ,  s m a l l - s c a l e  e f f e c t s ,  a n d  t h e  l o c a t i o n  o f  

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

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

f r o m  t h e s e  m o d e l s  o r  w h i c h  m o d e l s  a r e  t h e  m o s t  a c c u r a t e .  

W h i l e  u s e r s  m u s t  m a k e  d o  f o r  n o w  w i t h  t h e  l i m i t a t i o n s  o f  a v a i l a b l e  w a v e  

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

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

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

f u l l y  m a t c h  e x p e c t e d  w a v e  c o n d i t i o n s .  W i t h  m u c h  o c e a n  d e v e l o p m e n t  m o v i n g  i n t o  

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

w a v e  d a t a  d o  n o t  e x i s t .  

T o  m e e t  i m m e d i a t e  n e e d s ,  m a j o r  p r i v a t e  s e c t o r  a n d  F e d e r a l  o r g a n i z a t i o n s  

h a v e  e s t a b l i s h e d  e x p e n s i v e  p r o g r a m s  t o  g a t h e r  a v a i l a b l e  w a v e  i n f o r m a t i o n  a n d  

m a k e  r e l a t i v e l y  s h o r t - t e r m  m e a s u r e m e n t s .  H o w e v e r ,  t h e s e  s h o r t - t e r m  p r o g r a m s  

a r e  i n a d e q u a t e .  F o r  e x a m p l e ,  t h e  D i r e c t o r  o f  C i v i l  W o r k s  o f  t h e  U . S .  A r m y  

C o r p s  o f  E n g i n e e r s  f C O E )  s t a t e d :  

" . . .  t h e  C o r p s  n e e d s  c o m p r e h e n s i v e  a n d  d e t a i l e d  w a v e  d a t a  a l o n g  e v e r y  
c o a s t  o f  t h e  U n i t e d  S t a t e s .  W h e n  w e  p e r f o r m  a  s p e c i f i c a l l y  a u t h o r i z e d  
s t u d y ,  w e  d o  n o t  h a v e  t i m e  t o  c o l l e c t  a d e q u a t e  w a v e  d a t a .  W e  s h o u l d  
h a v e  .  .  .  d a t a  .  .  .  c o l l e c t e d  o v e r  a  s u f f i c i e n t  n u m b e r  o f  y e a r s  t o  b e  
s t a t i s t i c a l l y  s i g n i f i c a n t  t o  s u p p l e m e n t  t h e  d a t a  c o l l e c t e d  . . .  a t  t h e  
t i m e  o f  i n v e s t i g a t i o n . " *  

I n  t h i s  n e e d ,  t h e  C O E  i s  t y p i c a l  o f  m o s t  e n g i n e e r i n g  u s e r s .  

P R O G R A M  G O A L  A N D  O B J E C T I V E S  

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

i n c l u d i n g  n a t i o n a l  d e f e n s e  o p e r a t i o n s ,  e r o s i o n  m i t i g a t i o n s ,  t r a n s p o r t a t i o n ,  

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

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

r e a l - t i m e ,  a n d  s t a t i s t i c a l  d a t a  a n d  i n f o r m a t i o n  o n  w a v e s  i n  U . S .  w a t e r s .  

* L e t t e r  f r o m  M a j o r  G e n e r a l  E r n e s t  G r a v e s  t o  t h e  A d m i n i s t r a t o r  o f  N O A A  

d a t e d  J u l y  1 9 ,  1 9 7 6 .  
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O b j e c t i v e s :  

1 .  D e v e l o p ,  d e p l o y ,  a n d  o p e r a t e  w a v e  m e a s u r e m e n t  a n d  d a t a  
p r o c e s s i n g  s y s t e m s  a s  n e e d e d  t o  a s s u r e  a d e q u a t e  g e o g r a p h i c  c o v e r a g e .  

2 .  D e v e l o p  a n d  o p e r a t e  w a v e  h i n d c a s t i n g  m o d e l s  a s  n e e d e d  t o  f i l l  
v o i d s  i n  m e a s u r e d  w a v e  d a t a .  

3 .  P r o v i d e  s t a t i s t i c s  o f  t h e  l a r g e - s c a l e  w a v e  " c l i m a t e . "  

4 .  P r e p a r e  d e s c r i p t i o n s  o f  i m p o r t a n t  l o c a l  w a v e  p h e n o m e n a  w h i c h  a r e  
h a z a r d o u s  t o  n a v i g a t i o n  f o r  i n c l u s i o n  i n  t h e  " C o a s t  P i l o t s . "  

5 .  P r o v i d e  w a v e  d a t a  i n  r e a l  t i m e  t o  s u p p o r t  f o r e c a s t i n g  a n d  o t h e r  
o p e r a t i o n a l  n e e d s .  

6 .  E v a l u a t e  a n d  i m p r o v e  t h e  a c c u r a c y  o f  w a v e  d a t a  a n d  i n f o r m a t i o n .  

7 .  P r o v i d e  a  n a t i o n a l  f o c u s  f o r  c o o r d i n a t i o n  o f  w a v e - r e l a t e d  
a c t i v i t i e s .  

8 .  A d v a n c e  w a v e  s c i e n c e  a n d  m e a s u r e m e n t  t e c h n o l o g y .  

I n  t e r m s  o f  g e o g r a p h i c  c o v e r a g e ,  t h e  p r o g r a m  w i l l  p r o v i d e  d a t a  a n d  
s t a t i s t i c s  o n  w a v e s  i n  a l l  i c e - f r e e  U . S .  w a t e r s  o u t  t o  t h e  e d g e  o f  t h e  

C o n t i n e n t a l  S h e l f  ( o r  2 0 0 - m i l e  e c o n o m i c  z o n e  w h i c h e v e r  i s  l a r g e r )  a n d  o c e a n -

w i d e  d a t a  s u f f i c i e n t  t o  c o m p u t e  c o a s t a l  s w e l l  c o n d i t i o n s .  E m p h a s i s  w i l l  b e  

p l a c e d  o n  t h e  r e g i o n  s e a w a r d  o f  t h e  b r e a k e r  z o n e  ( a p p r o x i m a t e ! v  7  m e t e r s  o f  

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

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

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

p r o v i n c e  o f  p r i v a t e  f i r m s  a n d  c o n s u l t a n t s .  H o w e v e r ,  t h e  n o n s p e c i f i c  p r o d u c t s  
o f  t h e  C W P  w i l l  m e e t  s o m e  o f  t h e i r  r e g u i r e m e n t s .  

F i g u r e  2  s h o w s  t h e  l o n g - t e r m  a c c u r a c y  o b j e c t i v e s  o f  t h e  C W P  i n  t e r m s  o f  
f i e l d  m e a s u r e m e n t s ,  m o d e l s ,  a n d  s t a t i s t i c a l  p r o d u c t s .  A  m o r e  i m m e d i a t e  

o b j e c t i v e  i s  t o  d e t e r m i n e  t h e  t r u e  a c c u r a c y  o f  p r e s e n t l y  a v a i l a b l e  w a v e  d a t a .  
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P a r a m e t e r s  D e r i v e d  f r o m  M e a s u r e m e n t s  
( n o t  i n c l u d i n g  s t a t i s t i c a l  c o n f i d e n c e )  
I n d i v i d u a l  H e i g h t s  ± 5 % * *  
S i g n i f i c a n t  H e i g h t s  ± 2 % * *  

P e r i o d  ( M e a n  o r  P e r i o d  o f  M a x i m u m  V a r i a n c e s ) *  ± 0 . 5  s e c  
M e a n  D i r e c t i o n  ±5°  

V a r i a n c e  S p e c t r a l  D e n s i t y  ± 1 0 %  

P a r a m e t e r s  D e r i v e d  f r o m  M o d e l s  
D i r e c t i o n a l  S p e c t r a  D e n s i t y  ± 2 5 % * *  
S i g n i f i c a n t  H e i g h t  ± 1 0 % * *  
P e r i o d  o f  M a x i m u m  V a r i a n c e *  ± 0 . 5  s e c  
D i r e c t i o n a l  R e s o l u t i o n  ±15°  

O u t p u t  P r o d u c t s  ( i n c l u d i n g  8 0  p e r c e n t  s t a t i s t i c a l  
c o n f i d e n c e  a n d  r e p r e s e n t a t i v e n e s s )  
N o n e x t r e m e  S i g n i f i c a n t  H e i g h t  S t a t i s t i c s  
N o n e x t r e m e  S p e c t r a l  S t a t i s t i c s  

E x t r e m e  S i g n i f i c a n t  H e i g h t  f o r  1 0 0 - Y e a r  R e t u r n  P e r i o d  

*0r equivalent frequency. 

**For waves with significant height greater than 3 meters. 

±10% 
± 1 5 %  
± 1 5 %  

F i g u r e  2 .  I n i t i a l  L o n g - T e r m  A c c u r a c y  O b j e c t i v e s  o f  C o a s t a l  W a v e s  P r o g r a m  
( A t  T h r e e  S t a n d a r d  D e v i a t i o n  L e v e l s ) .  
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T o  m e e t  t h e s e  a c c u r a c y  o b j e c t i v e s ,  a  l o n g - t e r m  s t a t i s t i c a l  w a v e  d a t a  b a s e  

f o r  t h e  C o n t i n e n t a l  S h e l f  i s  r e q u i r e d .  T h e  m o s t  f e a s i b l e  a p p r o a c h  t o  e s t a b 

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

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

m a d e  b y  t h e  U . S .  N a v y ,  t h e  U . S .  A r m y  C o r p s  o f  E n g i n e e r s ,  a n d  o t h e r s ,  t h e  C W P  

w o u l d  n o t  r e p e a t  t h e i r  w o r k .  H o w e v e r ,  t h e s e  h i n d c a s t s  a r e  l i m i t e d  i n  r e l i 

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

P R O G R A M  T A S K S  

T h e  C W P  c o n s i s t s  o f  f i v e  m a j o r  t a s k s :  m e a s u r e m e n t s ,  h i n d c a s t i n g ,  q u a l i t y  

a s s u r a n c e ,  d a t a  m a n a g e m e n t ,  a n d  l o c a l  h a z a r d s .  E a c h  o f  t h e s e  i s  d e s c r i b e d  i n  
t h e  f o l l o w i n g  s u b s e c t i o n s .  

M e a s u r e m e n t s .  A l t h o u g h  e x i s t i n g  w a v e  m e a s u r e m e n t  s y s t e m s  c a n n o t  m e e t  a l l  t h e  

o b j e c t i v e s  o f  t h e  C W P ,  t h e y  m u s t  b e  u s e d  w h i l e  n e w  t e c h n o l o g v  i s  b e i n g  d e v e l 

o p e d ,  e s p e c i a l l y  f o r  d i r e c t i o n a l  v a r i a b l e s .  T h e  C W P  h a s  s p o n s o r e d  s e v e r a l  n e w  

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

l i t e ,  C o a s t a l  O c e a n  D y n a m i c s  R a d a r  ( C O D A R ) ,  a n d  p i t c h - r o l 1 - h e a v e  d i r e c t i o n a l  

b u o y  s y s t e m s .  T h e  C W P  h a s  o p e r a t e d  a  p i l o t  n e t w o r k  o f f  M a r y l a n d ,  D e l a w a r e ,  

a n d  N e w  J e r s e y .  A l s o ,  i t  w a s  a  c o l e a d e r  o f  t h e  A t l a n t i c  R e m o t e  S e n s i n g  L a n d  

O c e a n  E x p e r i m e n t  ( A R S L O E )  i n  t h e  f a l l  o f  1 9 8 0 .  A R S L O E  w a s  c o n d u c t e d  t o  

( 1 )  t e s t  a n d  c o m p a r e  p e r f o r m a n c e  o f  a l l  a v a i l a b l e  w a v e  m e a s u r e m e n t  s y s t e m s  

( i n c l u d i n g  b u o y s ,  r a d a r ,  a i r c r a f t ,  w a v e  s t a f f s ,  a n d  b o t t o m - m o u n t e d  d e v i c e s ) ;  
a n d  ( 2 )  t e s t  s h a l l o w  w a t e r  w a v e  t h e o r y .  

T h e  f i r s t  l a r g e - s c a l e  C W P  m e a s u r e m e n t  e f f o r t  w i l l  b e  t h e  e s t a b l i s h m e n t  o f  

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

F i s c a l  Y e a r  1 9 8 2 .  T h e  b u o y s  a n d  t h e i r  l o c a t i o n s  a r e  s h o w n  i n  f i g u r e  3 .  T h i s  

n e t w o r k  w i l l  p r o v i d e  p r a c t i c a l  e x p e r i e n c e  i n  n e t w o r k  o p e r a t i o n s  a n d  d a t a  f o r  

d e v e l o p i n g  a n d  t e s t i n g  h i n d c a s t  m o d e l s .  A f t e r  2  y e a r s  o f  o p e r a t i o n ,  t h e  p l a n  

c a l l s  f o r  r e m o v a l  o f  s e l e c t e d  s t a t i o n s ,  l e a v i n g  a  m o r e  s p a r s e  l o n g - t e r m  n e t 

w o r k .  A f t e r  t h i s ,  t h e  p l a n  i s  t o  i n s t a l l  m e a s u r e m e n t  n e t w o r k s  i n  o t h e r  

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

w i t h  t h e  M i d - A t l a n t i c  B i g h t  N e t w o r k ,  b u d g e t s ,  a v a i l a b i l i t y  o f  h a r d w a r e  a n d  

s y s t e m s ,  a n d  p r o g r e s s  i n  m o d e l  d e v e l o p m e n t .  A l l  C W P  m e a s u r e m e n t s  w i l l  b e  
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Figure 3. Mid-At lant ic Bight Network. 

communicated and made avai lable in real t ime to forecasters and others who 
need these data. 

Figure 4 shows one possible conf igurat ion for a nat ional wave measurement 
network which would be cooperat ively operated by several agencies. Measure

ment stat ions are tentat ively spaced approximately 500 km apart  because of the 

scale of the wind systems generat ing the waves. Most measurement stat ions are 

located suff ic ient ly offshore to el iminate bottom effects, and thus provide 
data which are representat ive of large areas. Relat ively smal l-scale measure

ment systems wi l l  be operated on a short- term basis for s i te specif ic studies, 
model test ing, and research. 

Hindcast ing. A wave hindcast ing model provides est imates of wave condit ions 

that occurred in the past based on est imates of the wind f ie lds which occurred 

in the past.  Past wind f ie lds are usual ly determined from a combinat ion of 

synopt ic atmospheric pressure and wind data through a boundary layer wind 

model.  In the hindcast model,  waves bui ld as a funct ion of the winds and 
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Figure 4.  Planned Long-Term Wave Measurement Network. 

propagate as a function of water depth, currents,  and their own character

ist ics. Through interaction with each other and with outside forces, these 
waves wil l  change and dissipate.  The output of modern models is usually 
directional spectra.  Hindcasts for waves in most coastal  areas must ut i l ize 
models which cover essential ly the entire ocean, since waves generated in 
distant locations propagate into coastal areas as well .  

The CWP hosted a wave modeling workshop in June 1980 with internationally 

recognized scientists in attendance. The workshop concluded that present 

models of shallow ( i .e. ,  about 15 to 20m depth) water waves provide signif i 

cant wave heights* within ±50 percent of actual condit ions. For deepwater 

wave models,  the experts did not agree on the accuracy of hindcasts. Further,  

there are no models available which include important factors such as currents 
or which use available wave measurements. Obviously,  there is a great need to 
improve the models.  

*Signif icant wave height is defined as the average of the highest third 
of the individual wave heights. 
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T h e  C W P  w i l l  u s e  h i n d c a s t i n g  m o d e l s  t o  i n t e r p o l a t e  b e t w e e n  m e a s u r e m e n t  
l o c a t i o n s ,  t o  d e t e r m i n e  s h a l l o w  w a t e r  w a v e  c o n d i t i o n s ,  a n d  t o  d e t e r m i n e  
e x t r e m e  w a v e  c o n d i t i o n s  u n t i l  a  l o n g - s e r i e s  o f  m e a s u r e m e n t s  c a n  b e  c o m p l e t e d .  

M a n y  e n g i n e e r i n g  a p p l i c a t i o n s  r e q u i r e  t h e  p r o b a b i l i t y  o f  e x t r e m e  w a v e  
c o n d i t i o n s  o c c u r r i n g  o v e r  p e r i o d s  r a n g i n g  f r o m  2 5  t o  1 0 0  v e a r s  w h i c h  r e q u i r e  

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

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

T h e  e v a l u a t i o n  o f  a c c u r a c i e s  i s  c o m p l i c a t e d  b e c a u s e  o f  t h e  m a n y  p o t e n t i a l  
s o u r c e s  o f  e r r o r s  i n  m e a s u r e m e n t s ,  d a t a  p r o c e s s i n g ,  m o d e l i n g ,  d a t a  a n a l y s i s  
a n d  t h e  n a t u r a l  s a m p l i n g  v a r i a b i l i t y  i n  m e a s u r e m e n t s  w h i c h  c a u s e s  r e l a t i v e l y  
w i d e  c o n f i d e n c e  i n t e r v a l s  f o r  r e a l i s t i c  r e c o r d  l e n g t h s .  W a v e  m e a s u r e m e n t  
s y s t e m  a c c u r a c i e s  w i l l  b e  d e t e r m i n e d  b y  b o t h  l a b o r a t o r y  a n d  f i e l d  t e s t s .  T h e  
A R S L O E  i s  p r o v i d i n g  i m p o r t a n t  i n t e r c o m p a r i s o n s  o f  m o s t  o f  t h e  a v a i l a b l e  w a v e  
m e a s u r e m e n t  s y s t e m s  i n c l u d i n g  C O D A R ,  W a v e r i d e r  b u o y s ,  w a v e  s t a f f s ,  d i r e c t i o n a l  
b u o y s ,  a n d  a  l a r g e  N O A A  D a t a  B o u y  O f f i c e  b u o y  a l o n g  w i t h  a  n u m b e r  o f  a i r c r a f t -
b a s e d  r e m o t e  s e n s i n g  s y s t e m s .  P r e l i m i n a r y  r e s u l t s  h a v e  s h o w n  d i s c r e p a n c i e s  
b e t w e e n  d i f f e r e n t  b u o y  s y s t e m s  a s  h i g h  a s  2 5  p e r c e n t  i n  s i g n i f i c a n t  w a v e  
h e i g h t .  

A  l a b o r a t o r y  c a l i b r a t i o n  s y s t e m  h a s  b e e n  d e v e l o p e d  b v  t h e  C U P  w h i c h  t e s t s  
t h e  d y n a m i c  p e r f o r m a n c e  o f  s e n s o r  e l e c t r o n i c s  i n  a c c e l e r o n e t e r  b u o y s .  T h i s  i s  
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t h e  o n l y  s u c h  s y s t e m  i n  t h e  U n i t e d  S t a t e s .  M o s t  o f  t h e  b u o y  s e n s o r s  c a l i 

b r a t e d  w i t h  t h i s  s y s t e m  h a v e  b e e n  f o u n d  t o  h a v e  a n  o u t p u t  a s  m u c h  a s  1 0  p e r 

c e n t  l o w e r  t h a n  a c t u a l  i n  t e r m s  o f  w a v e  h e i g h t  a n d  2 0  p e r c e n t  l o w e r  i n  t e r m s  

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

c i r c u i t s .  

D a t a  M a n a g e m e n t .  T h i s  t a s k  w i l l  c o v e r  t h e  d e s i g n ,  d e p l o y m e n t ,  a n d  i m p l e m e n t a 

t i o n  o f  a  d a t a  m a n a g e m e n t ,  s y s t e m  w h i c h  e n c o m p a s s e s  t h e  e n t i r e  f l o w  a n d  m a n i p 

u l a t i o n  o f  d a t a — m e a s u r e m e n t s ,  t r a n s m i s s i o n ,  p r o c e s s i n g ,  a n a l y s i s ,  p r o d u c t  

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

c o o r d i n a t i o n  w i t h  u s e r s  t o  d e t e r m i n e  t e c h n i c a l  r e q u i r e m e n t s ,  c o n t e n t ,  f o r m a t ,  

d e l i v e r y ,  a n d  a c c u r a c y .  

T h e  b a s i c  d a t a  f l o w  f o r  C W P  m e a s u r e m e n t s  b e g i n s  a t  a n  i n t e r n a l  m i c r o 

p r o c e s s o r  i n  t h e  b u o y  w h i c h  i s  p r o g r a m m e d  t o  p r o v i d e  e i t h e r  ( a )  w a v e  s p e c t r a  

a t  3 - h o u r  i n t e r v a l s  o r  ( b )  1 - s e c o n d  s a m p l e d  t i m e  s e r i e s  o f  t h e  s u r f a c e  e l e v a 

t i o n  a t  1 - h o u r  i n t e r v a l s ,  d e p e n d i n g  o n  p r e s e t  t h r e s h o l d s .  F o r  v e r y  h i g h  

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

r e s o l u t i o n .  T h e s e  d a t a  a r e  t e l e m e t e r e d  v i a  G O E S  a n d  l a n d l i n e  t o  t h e  N a t i o n a l  

M e t e o r o l o g i c a l  C e n t e r  ( N M C )  w h e r e  i n i t i a l  p r o c e s s i n g  a n d  q u a l i t y  c h e c k s  a r e  

m a d e .  N M C  t h e n :  ( 1 )  p r e p a r e s  a n d  t r a n s m i t s  b u l l e t i n s  o f  w a v e  c o n d i t i o n s  o v e r  

t h e  w e a t h e r  c o m m u n i c a t i o n  s y s t e m  w i t h i n  1  h o u r ,  ( ? )  p r e p a r e s  a .  t a p e  o f  a l l  
d a t a  f o r  l a t e r  C W P  a n a l y s e s ,  a n d  ( 3 )  f l a o s  s y s t e m  m a l f u n c t i o n s  f o r  c o r r e c t i v e  

a c t i o n .  A f t e r  m o r e  c a r e f u l  q u a l i t y  c o n t r o l  a n d  f o r m a t t i n g ,  e l l  d a t a  e r e  

a r c h i v e d  a t  t h e  N a t i o n a l  O c e a r g r a p h i c  D a t e  C e n t e r  f N O D C ) .  

T h e  C W P  p r o d u c t s  w i l l  b e  b a s e d  o n  a l l  d a t a  a v a i l a b l e - - n o t  j u s t  t h a t  w h i c h  

i t  g a t h e r s  i t s e l f .  M o s t  o f  t h e s e  w i l l  c o m e  v i a  t h e  a r c h i v e s  o f  N O D C  a n d  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 .  

T o  a c c o m p l i s h  t h e  o b j e c t i v e s  o f  t h e  p r o g r a m ,  c o m p l e x  s t a t i s t i c a l  a n a l y s e s  

a r e  r e q u i r e d .  I n i t i a l  C W P  s t u d i e s  h a v e  s h o w n  t h a t ,  c o n t r a r y  t o  g e n e r a l l y  

a c c e p t e d  p r a c t i c e ,  i n n a t e  u n c e r t a i n t i e s  i n  b a s i c  d a t a  r e s u l t  i n  t h e  e s t i m a t e d  

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

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

r e c o n s t r u c t  m o r e  a c c u r a t e l y  t h e  a c t u a l  s h a p e  o f  l a r g e r  w a v e s .  
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L o c a l  H a z a r d s .  T h e  C W P  w i l l  p e r f o r m  s p e c i a l  s t u d i e s  t o  d e s c r i b e ,  e x p l a i n ,  a n d  

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

p h e n o m e n a  a s  w a v e s  b r e a k i n g  o n  h a r b o r  e n t r a n c e  " b a r s "  w h i c h  h a v e  b e e n  

r e p e a t e d l y  c a l l e d  o u t  f o r  s t u d y  a n d  r e p o r t i n g  b y  t h e  N a t i o n a l  T r a n s p o r t a t i o n  

S a f e t y  B o a r d  i n  v a r i o u s  a c c i d e n t  i n v e s t i g a t i o n s .  T h e  s t u d i e s  w i l l  b e  d i r e c t e d  

t o w a r d  g i v i n g  p r a c t i c a l  g u i d a n c e  t o  c o m m e r c i a l  a n d  r e c r e a t i o n a l  n a v i g a t o r s  a n d  

t o  w e a t h e r  f o r e c a s t e r s ,  a s  w e l l  a s  a d d i n g  t o  t h e  a v a i l a b l e  b a s e  o f  s c i e n t i f i c  

k n o w l e d g e .  E m p h a s i s  w i l l  b e  o n  p o s s i b l e  p r e c u r s o r  s i g n s  o f  d a n g e r  s u c h  a s  

c h a n g e  o f  t i d e  o r  s w e l l .  S t u d y  s i t e s  w i l l  b e  s e l e c t e d  b y  e s t a b l i s h i n g  

p r i o r i t y  a c c o r d i n g  t o  f a c t o r s  s u c h  a s  d e g r e e  o f  d a n g e r ,  h i s t o r y  o f  a c c i d e n t s ,  

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

s c h e d u l e  o f  t h e  " C o a s t  P i l o t s . "  

I n d i v i d u a l  s t u d i e s  w i l l  b e  m a d e  o f  e a c h  h a z a r d o u s  l o c a l  c o n d i t i o n .  

I n v e s t i g a t i o n s  m a y  i n v o l v e  d e t a i l e d  m e a s u r e m e n t s ,  l o c a l  " l o r e "  o f  w a v e s ,  

c u r r e n t s ,  w i n d s ,  t o p o g r a p h y ,  o r  o t h e r  c r i t i c a l  p a r a m e t e r s  w h i c h  i m p a c t  t h e  

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

o f  s u c h  p h e n o m e n a .  

P R O D U C T S  A N D  S E R V I C E S  

T h e  C W P  w i l l  p r o v i d e  d a t a  a n d  i n f o r m a t i o n  i n  b o t h  r e a l  t i m e  a n d  n o n r e a l  

t i m e .  N o n r e a l - t i m e  h i s t o r i c a l  a n d  s t a t i s t i c a l  w a v e  p r o d u c t s  a r e  d e s i g n e d  t o  

s u p p o r t  e n g i n e e r i n g  a n d  p l a n n i n g .  R e a l - t i m e  d a t a  p r o d u c t s  w i l l  s u p p o r t  

f o r e c a s t e r s  a n d  o p e r a t i o n a l  d e c i s i o n m a k e r s .  

R e a l - t i m e  p r o d u c t s  w i l l  b e  m a d e  a v a i l a b l e  t o  u s e r s  w i t h i n  1  h o u r  o f  

a c q u i s i t i o n  v i a  N O A A  s a t e l l i t e s  a n d  l a n d l i n e  t e l e m e t r y .  T h i s  w i l l  i n c l u d e  

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

T h e  g r e a t  b u l k  o f  t h e  p r o d u c t s  w i l l  b e  i n  t h e  n o n r e a l - t i m e  m o d e .  B e s i d e s  

s t a t i s t i c s ,  t h i s  w i l l  i n c l u d e  d a t a  t h a t  a r e  a l s o  a v a i l a b l e  i n  r e a l  t i m e  b u t  

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

t r a n s m i t t e d  b y  r e a l - t i m e  t e l e m e t r y ,  u n p r o c e s s e d  f i e l d  d a t a ,  a n d  o u t p u t  o f  

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

i n  e n g i n e e r i n g ,  m a n a g e m e n t ,  n a v i g a t i o n ,  f o r e c a s t i n g ,  e t c . ,  t h e  C W P  w i l l  

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

o  T e l e t y p e  b u l l e t i n s  i n  r e a l  t i m e  o f  w a v e  p a r a m e t e r s  s u c h  a s  s i g n i f i c a n t  

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

o  T a p e s  o f  u n p r o c e s s e d  a n d  p r o c e s s e d  m e a s u r e d  t i m e  h i s t o r i e s  o f  w a v e  

h e i g h t s .  

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

o  P l o t s  a n d  t a b u l a t i o n s  o f  t h e  p r o b a b i l i t y  a n d  j o i n t  p r o b a b i l i t y  

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

m e a n  p e r i o d s ,  m e a n  d i r e c t i o n s ,  p e r i o d s  o f  m a x i m u m  w a v e  v a r i a n c e ,  g r o u p i n e s s  

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

l o c a t i o n s .  

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

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

o  R e p r e s e n t a t i o n s  o f  d i r e c t i o n a l  a n d  n o n d i r e c t i o r e l  s p e c t r a  a t  t h e s e  
1 o c a t i o n s .  

o  P l o t s  a n d  t a b u l a t i o n s  o f  j o i n t  p r o b a b i l i t i e s  o f  w a v e  p a r a m e t e r s  w i t h  

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

o  R e p o r t s  d e s c r i b i n g  a n d  w a r n i n g  a g a i n s t  d a n g e r o u s  w a v e  c o n d i t i o n s  n e a r  
h a r b o r  e n t r a n c e s  a n d  a b s t r a c t s  o f  t h e s e  f o r  t h e  " C o a s t  P i l o t . "  

o  R e p o r t s  o f  w a v e s  a n d  o t h e r  e n v i r o n m e n t a l  p a r a m e t e r s  i n  m a j o r  s t o r m s  

w h e r e  t h e  d a t a  m a y  b e  o f  s i g n i f i c a n t  s c i e n t i f i c  o r  e n g i n e e r i n g  i n t e r e s t .  

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

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

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

o  R e p o r t s  e v a l u a t i n g  a c c u r a c i e s  a n d  c a p a b i l i t i e s  o f  m o d e l s ,  m e a s u r e m e n t  
s y s t e m s ,  m e a s u r e d  d a t a ,  a n d  s t a t i s t i c a l  p r o d u c t s .  

o  R e p o r t s  o f  s c i e n t i f i c  a n d  e n g i n e e r i n g  r e s e a r c h  a n d  d e v e l o p m e n t  
p e r f o r m e d  u n d e r  C W P  a u s p i c e s .  

o  R e p o r t s  p r o v i d i n g  g u i d a n c e  a n d  i n s t r u c t i o n s  f o r  u s e  o f  w a v e  d a t a  a n d  
i n f o r m a t i o n  p r o d u c t s .  

F i g u r e s  5 a  t h r o u g h  5 c  s h o w  e x a m p l e s  o f  p r o d u c t s .  F i g u r e  5 a  s h o w s  t h e  
r e c o n s t r u c t i o n  o f  a  t y p i c a l  1 7 - m i n u t e  r e c o r d  o f  t h e  w a v e s .  F i g u r e  5 b  i s  a  

p l o t  o f  a  v a r i a n c e  s p e c t r u m  o f  t h e  w a v e s  w i t h  9 0  p e r c e n t  c o n f i d e n c e  i n t e r v a l s  

d u r i n g  A R S L O E .  F i g u r e  5 c  s h o w s  t h e  d i s t r i b u t i o n  a n d  c u m u l a t i v e  d i s t r i b u t i o n  
o f  s i g n i f i c a n t  w a v e  h e i g h t  m e a s u r e d  a t  O c e a n  C i t y ,  M a r y l a n d .  

D i s s e m i n a t i o n  o f  t h e s e  p r o d u c t s  w i l l  b e  a s  f o l l o w s ;  

o  B u l l e t i n s  o f  r e a l - t i m e  w a v e  d a t a  p r o v i d e d  t h r o u g h  t h e  N O A A  N a t i o n a l  
W e a t h e r  S e r v i c e  w i t h i n  1  h o u r  a f t e r  c o m p l e t i o n  o f  t h e  m e a s u r e m e n t .  

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

t h r o u g h  t h e  N O A A  E n v i r o n m e n t a l  D a t a  a n d  I n f o r m a t i o n  S e r v i c e  w i t h i n  6  m o n t h s  
a f t e r  t h e  t i m e  o f  t h e  o b s e r v a t i o n .  

o  D e s c r i p t i o n s  a n d  w a r n i n g s  o f  i m p o r t a n t  l o c a l  w a v e  p r o b l e m s  d i s s e m i 
n a t e d  t h r o u g h  b o t h  p r o g r a m  r e p o r t s  a n d  t h e  " C o a s t  P i l o t "  w h i c h  i s  p u b l i s h e d  b y  
t h e  N O A A / N a t i o n a l  O c e a n  S u r v e y .  

o  A l l  o t h e r  d a t a  a n d  i n f o r m a t i o n  s u c h  a s  s t a t i s t i c s  a n d  r e p o r t s  m a d e  
a v a i l a b l e  t h r o u g h  t h e  O f f i c e  o f  O c e a n o g r a p h y  o f  t h e  N O A A /  N a t i o n a l  O c e a n  
S u r v e y .  
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Figure 5a. Example of  Data Product:  Time History of Sea Level Surface 

Elevat ions Measured of f  Ocean City,  Maryland, 1759 GCT, 

October 15, 1981. 
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SPECTRAL PLOT 

DUCK, N.C. 
NRTER DEPTH 10.9 M 
DRTE/TIMEI 801024 1315 Z 
SIG HEIGHT 2.7 M 

Y SCALE 1.596 
PER 100 or MAX 6.9 SEC 

907. CONFIDENCE LIMITS 

0.0 0.1 0.0 0.3 0.4 0.5 0.0 
FREQUENCY (HZ) 

Figure 5b. Example of Data Product: Variance Spectrum with 5 Percent and 
95 Percent Confidence Bands of Waves Measured off  Duck, North 
Carol ina, 1315 GCT, October 24, 1980. Ordinate is relat ive, 

2 conversion to M -  sec is achieved by mult iplying bv 1.596. 
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Figure 5c. Example of Data Product: Histogram and Cumulative Distribution 

Of Significant Wave Height Occurring in January off Ocean City, 
Maryland (Based on Measurements from 1979 through 1981). 
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F o r  f u r t h e r  i n f o r m a t i o n  a b o u t  t h e  p r o g r a m  o r  p r o d u c t s  c o n t a c t  t h e  P r o g r a m  

M a n a g e r :  

D r .  L e d o l p h  B a e r  ( 0 A / C 2 x 8 )  

N a t i o n a l  O c e a n  S u r v e y ,  N O A A  

6 0 0 1  E x e c u t i v e  B o u l e v a r d  

R o c k v i l l e ,  M a r y l a n d  2 0 8 5 2  

T e l e p h o n e  ( 3 0 1 )  4 4 3 - 8 4 7 4  
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