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WAVE DISSIPATION ON A BARRED BEACH: A METHOD FOR 

DETEFiMINING SAND B A R  MORPHOLOGY 

PART I :  INTRODUCTION 

1 .  O f f s h o r e  s a n d  b a r s  a r e  common f e a t u r e s  o f  t h e  w o r l d ' s  c o a s t l i n e s .  The  

amount o f  s e d i m e n t  a s s o c i a t e d  w i t h  b a r r e d  b e a c h e s  makes them a v e r y  l a r g e  a n d  

dynamic s e d i m e n t  t r a n s p o r t  r e g i o n .  Whi le  a n n u a l  c y c l e s  i n  s e d i m e n t  d e p o s i t i o n  

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

d u r i n g  h i g h e r  e n e r g y  wave c o n d i t i o n s  i n  w i n t e r  m o n t h s ) ,  s i g n i f i c a n t  morpho- 

l o g i c a l  c h a n g e s  a l s o  o c c u r  on a  much s h o r t e r  t i m e  scale,  e s p e c i a l l y  i n  res- 

ponse t o  s t o r m s .  

2 .  TP.e many p h y s i c a l  p r o c e s s e s  t h a t  c o n t r i b u t e  t o  t h e  d y n a m i c s  o f  b a r r e d  

b e a 2 h e s  a r e  n o t  as s i m p l e  a s  f o r  p l a n e  b e a c h e s .  Yet t h e  new i n f o r m a t i o n  

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

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

c r o s s - s h o r e  a n 3  l o n g s h o r z  l e n g t h  s c a l e s  o f  b a r s  may p o t e n t i a l l y  b e  r e l a t e d  t o  

f l u i d  p a r a m e t e r s  i f  a p p r o p r i a t e  d y n a m i c a l  mode ls  a r e  a v a i l a b l e .  

3 .  I n  f a c t ,  t h e  l i t e r a t u r e  c o n t a i n s  a  number o f  m o d e l s  o f  b a r  g e n e r a t i o n  

by f l u i d  m o t i o n s .  I t  h a s  been h y p o t h e s i z e d  t h a t  l i n e a r  b a r s  are f o r m e d  a t  t h e  

b r s a k e r  l o c a t i o n  o f  p l u n g i n g  i n c i d e n t  waves ( K e u l e g a n  1948;  S h e p a r d  1950; 

Millsr 1 9 7 6 ) ,  o r  p e r h a p s  u n d e r  n o d e s  o r  a n t i n o d e s  o f  waves s t a n d i n g  a g a i n s t  

t h e  s h o r e l i n e  ( C z r t e r  e t  21. 1973;  Lau a n 3  T r a v i s  1973;  S h o r t  1975;  Bowen 

1 9 8 0 ) .  H y p o t h e s e s  a l s o  e x i s t  f o r  t h e  f o r m a t i o n  o f  t h r e e - d i m e n s i o n a l  cres- 

c e n t i c  (Bowen a ~ d  Inman 1 9 7 1 ) ,  w e l d e d ,  and  e v e n  a p p a r e n t l y  a p e r i o d i c  s a n d  

b a r s ,  ~ a s o d  f c r  e x a m p l e ,  on t h e  i n t e r a c t i o n  o f  p h a s e - l o c k e d  e d g e  waves (Holman 

and  Boden 1982). Y e t ,  s u r p r i s i n g l y ,  t h e s e  mode ls  a r e  l a r g e l y  u n t e s t e d  u n d e r  

n a t u r a l  c o n a i c  i o n s .  

4. T h e r a  a r e  s e v e r a l  r e a s o n s  why f i e l d  tests have  n o t  b e e n  accom- 

p l i s h e d .  P r o p e r  measurement  o f  t h e  low f r e q u e n c y  s u r f  b e a t  i n v o k e d  by s e v e r a l  

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

c i l a r  t r a p p e d  and l e a k y  modes. Though t h i s  t e c h n i q u e  r e q u i r e s  a more e x t e n s i v e  

a r r z y  of i n s t r u m e n t a t i o n  t h a n  o r i g i n a l l y  t h o u g h t ,  i t  is  now a t  least  f e a s i b l e  

( H u n t l y  e t  a l .  1981 ; Oltman-Shay and Guza 1 9 8 7 ) .  



5.  Measuring t h e  morphology o v e r  l a r g e  enough s p a t i a l  s c a l e s  a n d  s h o r t  

ecough  time s c a l e s  r e m a i n s  a  m a j o r  d i f f i c u l t y ,  e x a c e r b a t e d  by t h e  s c i e n t i f i c  

e m p h a s i s  o n  s t o r m  p e r i o d s  when b a r  e v o l u t i o n  is m o s t  r a p i d l y  o c c u r r i n g .  

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

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

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

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

h u n d r e d s  o f  meters. N o n - s t a t i o n a r i t y  may l e a d  t o  e r r o r s  i f  t h e  b a r  moves 

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

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

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

6. We h a v e  d e v e l o p e d  a remot?  s e n s i n g  t e c h n i q u e  t h a t  a l l o w s  t h e  v i s u a -  

l i z a t l o n  and  s u b s e q u e n t  q u a n t i f i c a t i o n  o f  n e a r s h o r e  morphology  b a s e d  o n  t h e  

p a t t e r n s  o f  i n c i d e n t  wave b r e a k i n g .  However, i n s t e a d  o f  u s i n g  a n  i n s t a n -  

t a n e o u s  image ,  we employ a  l o n g  time e x p o s u r e ,  t h e r e b y  a v e r a g i n g  o u t  f l u c -  

t u a t i o n s  d u e  to l n c i d e n t  wave m o d u l a t i o n s  and g i v i n g  a s t a t i s t i c a l l y  s t a b l e  

image o f  t h e  wave b r e a k i n g  p a t t e r n .  F i g u r e  1 i l l u s t r a t e s  t h e  t e c h n i q u e  w i t h  

a n  e x a m p l e .  The b r e a k i n g  wave p a t t e r n  l n  F i g u r e  1 ( a )  s u g g e s t s  t h e  p r e s e n c e  

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

t h e  statistical u n c e r t a i n t y  a s s o c i a t e d  w i t h  t h e  n a t u r a l  m o d u l a t i o n s  i n  wave 

h e i g h t  r e n d e r  t h e  d s t a i l s  o f  t h e  b a r  morphology u n c e r t a i n .  I n  F i g u r e  1 ( b ) ,  

t h e  b r e a k i n g  p a t t e r n  h a s  b e e n  a v e r a g e d  o v e r  a  t e n  m i n u t e  p e r i o d  i n  a time 

e x p o s u r e .  T h i s  image y i e l d s  a  much c l e a r e r  view o f  t h e  b a r .  S p a t i a l  c o v e r a g e  

is b o t h  e x t e n s i v e  a n d  o f  h i g h  r e s o l u t i o n .  N o n - s t a t i o n a r i t y  p r o b l e m s  a r e  

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

t h a n  t h e  o b s e r v e d  s c a l i n g  time f o r  a p p r e c i a b l e  b a r  movement ( S a l l e n g e r  e t  a l .  

1 9 8 4 ) .  F i n a l l y ,  t h e  l o g i s t i c s  o f  t h e  r e m o t e  measurement  t e c h n i q u e  are n o t  

c o n s c r a l n e d  by s u r f  z o n e  r o u g h n e s s ,  and c a n  be u t i l i z e d  w h e r e v e r  a n  a d e q u a t e  

v a n t a g e  p o i ~ t  is a c c e s s i b l e .  

7 .  Ocr  d i s c u s s i o n  o f  t h e  t e c h n i q u e  w l l l  s ta r t  w i t h  t h e  t h e o r e t i c a l  

b a c k g r o u n d ,  f c l l o w e d  by a s e c t i o n  on t h e  pho togrammet ry  i n v o l v e d  i n  t h e  t r a n s -  

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

t e c h n i q u e  is t h e n  d i s c u s s e d ,  a f te r  which is  a  d e s c r i p t i o n  o f  o u r  f i e l d  m e t h o d s  

a n d  l a b o r a t o r y  d i g i t i z a t i o n  t e c h n i q u e s  u s i n g  a c o m p u t e r i z e d  image p r o c e s s o r .  

F i n a l l y ,  we w i l l  d i s c u s s  f i e l d  tests b a s e d  o n  f i e l d  d a t a  f r o m  t h e  1986 

SUFERDUCK e x p e r i m e n t  (Crowson e t  a l .  i n  p r e s s ) .  



F i g u r e  1 a .  Ob l ique  s n a p  s h o t  o f  wave b r e a k i n g  on Oc tobe r  10, 1987, 
a t  low t i d e  d u r i n g  the  SUPERDUCK e x p e r i m e n t .  

F i g u r e  1 b .  A 10 minu te  t ime  exposu re  from t h e  same d a t e  and  t i d e .  The 
The w h i t e  band a t  t h e  s h o r e l i n e  is t h e  d i s s i p a t i o n  maximum c o r r e s p o n d i n g  

t o  t h e  s h o r e  b r e a k ,  w h i l e  t h e  bank o f f s h o r e  i n d i c a t e s  t h e  p r e s e n c e  of a 
sand  b a r .  



PART I I : THEORY 

8. The a c t u a l  p a t t e r n s  o f  l i g h t  i n t e n s i t y  t h a t  a r e  r eco rded  as  time 

e x p o s u r e  pho tog raphs  a r e  a r e s u l t  o f  t h e  b u b b l e s  and  foam o f  b r e a k i n g  waves.  

To r e l a t e  t h i s  v i s i b l e  s i g n a l  t o  t h e  f l u i d  mo t ions  ( and  hence  t h e  u n d e r l y i n g  

b a r  morphology) we must make some a s sumpt ions  a b o u t  t h e  mechanism o f  b u b b l e  

f o r m a t i o n .  For  t h e  pu rposes  o f  t h i s  p a p e r ,  we w i l l  h y p o t h e s i z e  t h a t  t h e  l i g h t  

i n t e n s i t y  r eco rded  on t h e  f i l m ,  I ( x , y ) ,  is s imp ly  p r o p o r t i o n a l  t o  t h e  l o c a l  

i n c i d e n t  wave ene rgy  d i s s i p a t i o n  < ~ ( x , y ) > ,  

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

c a p a b i l i t y  of t h i s  t e c h n i q u e  t o  r e v e a l  u n d e r l y i n g  morphology.  

9. We w i l l  c o n s i d e r  two models  o f  i n c i d e n t  wave d i s s i p a t i o n .  The f i r s t  

is t h e  d s p t h - l i m i t e d  monochromatic model where in  t h e  wave ene rgy  is  r e p r e -  

s e n t e d  by a s i n g l e  wave h e i g h t ,  Hrms ,  and f r e q u e n c y ,  f .  The second  model is a 

random wave model where t h e  wave ene rgy  is c o n s i d e r e d  composed o f  a d i s t r i -  

b u t i o n  cf  waves w i t h  h e i g h t s  t h a t  a r e  d e s c r i b e d  s t a t i s t i c a l l y .  F o r  b o t h ,  we 

w i l l  a p p r o a c h  t h e  problem th rough  t h e  ene rgy  f l u x  b a l a n c e ,  

where p is d e n s i t y ,  g is t h e  a c c e l e r a t i o n  due t o  g r a v i t y ,  E is t h e  wave e n e r g y  

d s n s i t y ,  and c is t h e  group v e l o c i t y .  
g  

Monochromatic Model 

10. The s i m p l e s t  r e p r e s e n t a t i o n  o f  waves s h o a l i n g  on a  beach  assumes  t h a t  

t h e  i n c i d e n t  e n e r g y  is narrow-banded and can  be  r e p r e s e n t e d  by a s i n g l e  fre- 

quency and wave h e i g h t .  O u t s i d e  t h e  s u r f  zone ,  d i s s i p a t i o n  is t h r o u g h  bot tom 

f r i c t i o n .  T h i s  is small compared t o  s u r f  zone b r e a k i n g  (Thorn ton  and Guza 

1983) a n 3  is o f  no i n t e r e s t  f o r  o u r  a p p l i c a t i o n .  Thus we t a k e  wave ene rgy  

f l u x ,  Ec t o  be c o n s e r v e d .  I n s i d e  t h e  s u r f  z o n e ,  wave h e i g h t  is assumed 
g ' 

d e p t h - l i m i t e d ,  similar t o  s o l i t a r y  wave t h e o r y  (McCowan 1891 ) o r  monochromatic  



l a b  r e s u l t s  ( G a l v i n  and  E a g l e s o n  1965)  a n d  s u p p o r t e d  by f i e l d  tests  ( T h o r n t o n  

a n d  Guza 1382) ,  

" rms = yh 

where  , 1s a  b r e a k i n g  c o n s t a n t  (0 .42  f o r  t h i s  s t u d y ) ,  h  is w a t e r  d e p t h ,  x  is 

d i s t a n c z  a i ~ n g  t h e  p r o f i l e ,  and  xb is t h e  o f f s h o r e  d i s t a n c e  t o  t h e  b a r  c res t  

a t  m?ar, t i d e .  Thus  wave e n e r g y  f l u x  is s t r i c t l y  a f u n c t i o n  o f  d e p t h ,  a n d  

l o c a l  d i s s i p a t i o n  is s i m p l y  d e t e r m i n e d  f rom t h e  f l u x  g r a d i e n t  ( e q u a t i o n  2 ) .  

b i s s i p a t i o n  o v e r  a n  a r b i t r a r y  b e a c h  p r o f i l e  c a n  e a s i l y  be c a l c u l a t e d  u s i n g  ( 2 )  

ar.3 ( 3 ) .  

1 1 .  The monochromat ic  mode l ,  w h i l e  s i m p l e ,  h a s  s e v e r a l  d i s t i n c t  d i s a d -  

v z n t a g e s .  F i r s t ,  i f  t a k e n  s t r i c t l y ,  wave h e i g h t s  s h o u l d  a c t u a l l y  i n c r e a s e  as  

wavzs p r o p a g a t e  o v e r  a  s a n d  b a r  and  i n t o  t h e  d e e p e r  water of t h e  t r o u g h .  

Hodz~e?r ,  t h i s  n o n - p h y s i c a l  r e s u l t  c a n  be s i m p l y  a v o i d e d  i f ,  as a wave is 

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

" l o c a l "  wave h e i g h t ,  c a l c u l a t e d  by i n v i s c i d  s h o a l i n g  f r o m  t h e  p o i n t  irnmed- 

i a t z l y  o f f s h o r e .  The s e c o n d  prob lem w i l l  g e n e r a l l y  be a t  t h e  i n i t i a l  b r e a k  

p o i n t .  T h i s  i s ,  a g a i n ,  a  n o n - p h y s i c a l  r e s u l t ,  a s  well as a n  u n f o r t u n a t e  o n e  

f a r  o u r  t e c h n i q u e  s ince?  we are i n t e r e s t e d  i n  u s i n g  t h e  i n t e n s i t y  s i g n a l  t o  

d e ~ z r m i n e  t h e  l o c a t i o n  o f  c h e  b a r  c r e s t ,  n o t  t h e  b r e a k  p o i n t .  However,  t h i s  

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

r e s t e d  by c o n s i d e r i n g  a random wave model f o r  i n c i d e n t  wave h e i g h t s  ( T h o r n t o n  

a n d  Guza 1 9 8 3 ) .  

Random Wave Model 

12 .  Models  f o r  t h e  s h o a i i n g  and  b r e a k i n g  o f  random wave f i e l d s  h a v e  b e e n  

p u b l i s h e d  by a number o f  a u t h o r s  ( C o l l i n s  1970;  B a t t j e s  1972;  Kuo a n d  Kuo 

1974 ; Goda 1975;  B a t t j e s  and  J a n s s e n  1978;  T h o r n t o n  a n d  Guza 1 9 8 3 ) .  T h e s e  

c o n s i d e r  t h e  wave e n e r g y  t o  be composed o f  a d i s t r i b u t i o n  o f  waves o f  v a r y i n g  

h e i g h t .  The a n a l y s i s  is t h e n  c a r r i e d  o u t  s t a t i s t i c a l l y ,  r e p r e s e n t i n g  t h e  

waves i n  terms ~ f  p r o b a b i l i t y  d i s t r i b u t i o n s  whose b u l k  p r o p e r t i e s  may b e  f o u n d  

by i n t e g r a t i o n .  Many o f  these? mode ls  s t i l l  i n v o k e  d e p t h - l i m i t e d  b r e a k i n g  w i t h  



d i s s i p a t i o n  be ing  de termined from e q u a t i o n  ( 2 )  a s  t h e  g r a d i e n t  o f  a 

d e p t h - l i m i t e d  f l u x .  However, t h e  l a t t e r  two ( B a t t j e s  and J a n s s e n  1978,  

Thornton  and Guza 1983) i n s t e a d ,  s p e c i f y  d i s s i p a t i o n  and u s e  ( 2 )  i n  t h e  

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

p r o c e d u r e .  

13. Using t h e  e x t e n s i v e  d a t a  set  from t h e  Nearshore  Sediment  T r a n s p o r t  

S tudy  (NSTS), Thornton  and Guza (1983) showed t h a t  t h e  wave h e i g h t s ,  H ,  o f  a 

random i n c i d e n t  wave f i e l d  were w e l l  d e s c r i b e d  by a Rayle igh  p r o b a b i l i t y  

d i s t r i b u t i o n ,  

S u r p r i s i n g l y ,  t h i s  r e s u l t  was found t o  be  v a l i d  th roughou t  t h e  e n t i r e  n e a r -  

s h o r e  r e g i o n  i n c l u d i n g  t h e  s u r f  zone where t h e  u n d e r l y i n g  a s sumpt ions  o f  

l i n e a r i t y  are c l e a r l y  v i o l a t e d .  

14.  As t h e  wave f i e l d  s h o a l s ,  some p o r t i o n  o f  t h e  waves beg in  t o  b r e a k ,  

modify ing  t h e  d i s t r i b u t i o n .  The form o f  t h i s  m o d i f i c a t i o n  is t h e  main d i s t i n -  

g u i s h i n g  f e a t u r e  o f  t h e  a b o v e - l i s t e d  r e f e r e n c e s .  Thornton and Guza (1983)  are 

un ique  i n  t h a t  t h e i r  model f o r  t h e  s h o a l i n g  o f  t h e  wave h e i g h t  d i s t r i b u t i o n  is 

based  on f i e l d  d a t a  from a  b a r r e d  beach ( S o l d i e r ' s  Beach, C a l i f o r n i a )  where in  

t h e  wave h e i g h t  t ime  s e r i e s  were augmented w i t h  a recond o f  waves which were 

a c t x a l l y  b r e a k i n g .  They e x p r e s s  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  b r e a k i n g  

waves,  p b ( H ) ,  a s  a  we igh t ing  o f  t h e  d i s t r i b u t i o n  o f  a l l  waves, 

where ,  from t h e  d a t a ,  t hey  de t e rmine  t h e  b e s t  form o f  t h e  w e i g h t i n g  f u c t i o n  t o  

be 



They t h e n  model t h e  d i s s i p a t i o n  o f  a  b r e a k i n g  wave based  on a p e r i o d i c  b o r e  

model ( S t o k e r  1957; Hwang and Divoky 1 9 7 0 ) ,  

where B is e m p i r i c a l  b reake r  c o e f f i c i e n t ,  rough ly  r e p r e s e n t i n g  t h e  f r a c t i o n  o f  

t h e  bo re  f a c e  t h a t  is covered  w i t h  foam. The mean d i s s i p a t i o n ,  < E > ,  is t h e n  

j u s t  t h e  i n t e g r a l  t h rough  t h e  wave h e i g h t  d i s t r i b u t i o n ,  

A p p l i c a t i o n  o f  t h e  Models 

15. Numerical  implementa t ion  o f  t h e  two models  was c a r r i e d  o u t  t o  d e t e r -  

mine t h e  b e h a v i o r  o f  d i s s i p a t i o n  o v e r  p r o f i l e s  i n  g e n e r a l ,  and t o  p r o v i d e  a 

comparison f o r  f i e l d  t e s t s ,  t o  be d i s c u s s e d  l a t e r  i n  t h e  p a p e r .  The e n e r g y  

f l u x  b a l a n c e ,  e q u a t i o n  2 ,  forms t h e  b a s i s  o f  t h e  model. Thornton  and Guza 

1983 n o t e  t h a t  i n  t e s t i n g  a  v a r i e t y  o f  numer i ca l  schemes,  t h e  s i m p l e s t  f o r w a r d  

s t e p p i n g  t e c h n i q u e  was found t o  be s u f f i c i e n t l y  a c c u r a t e .  We w i l l  u s e  t h i s  

same a l g o r i t h m  , 

S t a r t i n g  from t h e  d e e p e s t  g r i d  p o i n t  (assuming a wave h e i g h t  t h a t  h a s  been 

l i n e a r l y  s h o a l e d  from deep w a t e r ) ,  t h e  wave energy  f l u x  is s t e p p e d  l andward .  

For t h e  random wave model ,  t h e  f l u x  a t  any shoreward p o i n t ,  l a b e l l e d  2 ,  is 

c a l c u l a t e d  u s i n g  t h e  f l u x  and d i s s i p a t i o n  ( e q u a t i o n  8)  found a t  t h e  n e x t  

seaward p o i n t ,  l a b e l l e d  1.  For t h e  monochromatic model ,  t h e  rms wave h e i g h t  

a t  e a c h  p o i n t ,  2 ,  is t aken  a s  t h e  s m a l l e r  o f  yh2 o r  H ( h  /h and < E >  1 1 2  
found from ( 9 ) .  Note t h a t  t h e  sha l low water a s sumpt ion  is v a l i d  f o r  a l l  cases 

examined.  Va lues  used  f o r  B and y a r e  1.54 and 0 .42  r e s p e c t i v e l y ,  t a k e n  as 

r e p r e s e n t a t i v e  o f  f i e l d  d a t a  (Thornton  and Guza 1983) .  



1 6 .  T h e o r e t i c a l  d i s s i p a t i o n  p r o f i l e s  have  been c a l c u l a t e d  f o r  t h r e e  beach  

p r o f i l e s .  The f i r s t ,  a p l a n e  beach ,  p r o v i d e s  a  good i l l u s t r a t i o n  o f  t h e  d i f -  

f e r e n c e s  between t h e  monochromatic and random wave models .  The s e c o n d ,  T o r r e y  

P i n e s  beach  ( t h e  s i t e  o f  t h e  NSTS) was used  f i r s t  t o  check  t h e  model r e s u l t s  

a g a i n s t  Thornton and Guza (1983)  as an e r r o r  check  o f  t h e  programming and  sec- 

o n d l y  t a  show t h e  s e n s i t i v i t y  o f  d i s s i p a t i o n  t o  minor p e r t u r b a t i o n s  i n  a n  

o t h e r w i s e  s i m p l e  p r o f i l e .  F i n a l l y ,  a b a r r e d  p r o f i l e  from t h e  SUPERDUCK 

e x p e r i m e n t  was u sed  t o  show t h e  a b i l i t y  of  d i s s i p a t i o n  ( a n d  hence  t h e  t ime  

e x p o s u r e  t e c h n i q u e )  t o  h i g h l i g h t  t h e  b a r  c r e s t  l o c a t i o n .  The l a t t e r  c a s e  was 

a l s o  u s e d  t o  p r o v i d e  a n  u n d e r s t a n d i n g  o f  the ground t r u t h  s t u d i e s ,  conduc ted  

d u r i n g  SUPERDUCK, t h a t  w i l l  be d i s c u s s e d  l a t e r .  

17 .  F i g u r e  2  shows t h e  behav io r  o f  t h e  two models  on a  p l a n e  beach  

p r o f i l e ,  shown i n  t h e  t o p  p a n e l .  The monochromatic model ,  shown i n  t h e  midd le  

p a n e l  b shaves  a s  e x p e c t e d ,  w i t h  ene rgy  f l u x  conse rved  ( z e r o  d i s s i p a t i o n )  u n t i l  

t h e  l o c a l  Hrms exceeds  yh when d i s s i p a t i o n  is  sudden ly  a  maximum ( b u t  f o r  t h e  

one  i n t e r m e d i a t e  p o i n t  which a r i s e s  a r t i f i c i a l l y  due  t o  f i n i t e  s t e p  s i z e ) .  On 

t h e  o t h e r  hand ,  t h e  random wave model shows a  much b r o a d e r  maximum, r ecog-  

n i z i n g  t h e  d i s t r i b u t i o n  o f  b r e a k e r s  w i th  some d i s s i p a t i o n  a r i s i n g  o f f s h o r e  

f rom t h e  o c c a s i o n a l  e n e r g e t i c  wave w h i l e  n e a r l y  a l l  waves a r e  b r e a k i n g  n e a r  

t h e  s h o r e l i n e ,  b u t  a r e  o f  low e n e r g y .  There  is a d i s s i p a t i o n  maximum d e s p i t e  

t h e  f a c t  t h a t  t h e  beach p r o f i l e  is p l a n e .  I n t e r e s t l y ,  t h e  l o c a t i o n  o f  maximum 

d i s s i p a t i o n  is t h e  same f o r  bo th  models .  The a r e a  under  b o t h  c u r v e s  is a l s o  

t h e  same,  ;nd must e q u a l  t h e  deep  water energy  f l u x .  

18. F i g u r e  3 shows t h e  model r e s u l t s  f o r  Tor rey  P i n e s  beach  on  10/20/78 ,  

d u r i n g  t h e  NSTS e x p e r i m e n t ,  T h i s  day was chosen as  one  o f  t h e  two d a t a  r u n s  

a n a l y z e d  i n  Thornton  and Guza (1983)  a g a i n s t  which we c o u l d  check  t h e  func -  

t i o n i n g  o f  o u r  model .  Again,  t h e  beach p r o f i l e  is shown i n  t h e  t o p  p a n e l ,  

w i t h  a s s o c i a t e d  Hrms and < E >  c u r v e s  f o r  t h e  monochromatic and  random wave 

models  shown i n  t h e  middle  and lower  p a n e l s ,  r e s p e c t i v e l y .  One o f  t h e  prob- 

lems o f  t h e  monochromatic  model is immedia te ly  a p p a r e n t .  The d i s s i p a t i o n  

c u r v ?  shows an ex t r eme  a r t i f i c i a l  s e n s i t i v i t y  t o  d e t a i l s  o f  t h e  beach  p r o f i l e ,  i n  

c o n c r a s c  t o  t h e  more p h y s i c a l l y  s e n s i b l e  b e h a v i o r  o f  t h e  random wave model .  

F i g u r e  3 a l s o  i l l u s t r a t e s  a  second d i f f e r e n c e  between t h e  two models .  For  t h e  

p z r t i c u l a r  wave h e i g h t  u s e d ,  t h e  whves a r e  b a r e l y  s t a r t i n g  t o  b r e a k  o v e r  t h e  



Plane Beach Case 

Depth-limited Model 

Random Wave Model 
.21 

F i g u r e  2 .  Model r e s u l t s  as  waves are s h o a l e d  o v e r  a p l a n e  beach p r o f i l e  
( t o p  p a n e l ) .  The b e h a v i o r  of Hrrns and < E > ,  p l o t t e d  a g a i n s t  o f f s h o r e  

d i s t a n c e ,  is shown f o r  t h e  d e p t h - l i m i t e d  monochromatic model i n  t h e  
midd le  p a n e l  and f o r  t h e  random wave model i n  t h e  bottom p a n e l .  



Torrey Pines, 10/20/78 
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F i g u r e  3 .  Model t e s t  r e s u l t s  f o r  wave shoa l ing  and d i s s i p a t i o n  over  a 
surveyed p r o f i l e d  ( t o p  p a n e l )  from Torrey P ines  beach on October 20,  1978. 
The c ross - shore  behavior  of  Hrm and < E >  a r e  shown f o r  t h e  monochromatic 

model i n  t h e  middle panel  and For t h e  random wave model i n  t h e  lower pane l  



o f f s h o r e  bump (x=200  m) i f  t h e  wave f i e l d  is c o n s i d e r e d  monochromatic .  Thus 

t h e  l o c a l  d i s s i p a t i o n  peak is p o o r l y  d e f i n e d .  By c o n t r a s t ,  t h e  random wave 

model y i e l d s  a  w e l l - d e f i n e d  peak ,  a r e s u l t  o f  a l l o w i n g  a d i s t r i b u t i o n  o f  wave 

h e i g h t s .  

19 .  I t  a p p e a r s  from F i g u r e  3 t h a t  t h e  imaging o f  d i s s i p a t i o n  may p r o v e  

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

( s a n d  b a r s ,  t s r r a c e s )  t o  a  beach  p r o f i l e .  S i n c e  t h e  magni tude  o f  d i s s i p a t i o n  

is dependen t  on beach s l o p e ,  peaks  o f  d i s s i p a t i o n  w i l l  r e f l e c t  p o s i t i v e  

c h a n g e s  c f  s l o p e  ("bumps" i n  t h e  p e r t u r b a t i o n  p r o f i l e ) .  

2 0 .  F i g u r e  4  shows wave s h o a l i n g  and d i s s i p a t i o n  f o r  a b a r r e d  beach  

p r a f i l ?  ( a  l i n e a r  s to rm b a r  t h a t  formed d u r i n g  t h e  SUPERDUCK e x p e r i m e n t ) .  A 

second p e r t u r b a t i o n  375 m o f f s h o r e  is t h e  r e s i d u a l  o f  a semi-permanent  s econd  

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

t h e  p r e s e n c e  o f  t h e  second b a r  ( p e r t u r b a t i o n )  is i n d i c a t e d  on  t h e  random wave 

c u r v e  by a  s m a l l  d i s s i p a t i o n  p s a k ,  shoreward o f  which d i s s i p a t i o n  is lower  b u t  

n o t  z e r o .  T h i s  is s i m i l a r  t o  t h e  r e s u l t s  f o r  t h e  l ow- t ide  t e r r a c e  on T o r r e y  

P i n e s  beach .  Note t h a t  t h e  monochromatic model comple t e ly  m i s s e s  t h i s  

f s a t u r e .  The we l l -deve loped  i n n e r  b a r  is c l e a r l y  h i g h l i g h t e d  by t h e  d i s s i -  

p a t i o n  c u r v e s  f o r  bo th  models .  However, t h e  l o c a t i o n  o f  maximum d i s s i p a t i o n  

is d i s p l a c e d  seaward  from t h e  measured b a r  c r e s t  ( l o c a t i o n  o f  minimum d e p t h )  

by 20 m f o r  t h e  random wave f i e l d  and 40 m f o r  monochromatic waves,  a r e s u l t  

o f  w e i g h t i n g  t h e  d i s s i p a t i o n  toward  t h e  l a r g e r  waves. C o n t i n u i n g  l andward ,  

t h e  t r o u g h  is  i n d i c a t e d  by a r e g i o n  o f  e s s e n t i a l l y  z e r o  d i s s i p a t i o n .  T h i s  

c o n t r a s t  between t h e  l a r g e  d i s s i p a t i o n  o v e r  t h e  b a r  and z e r o  o v e r  t h e  t r o u g h  

d i s t i n g u i s h e s  ( a t  l e a s t  q u a l i t a t i v e l y )  t h e  s i g n a l  due  t o  s a n d  b a r  morphology 

f rom t h a t  o f  a  t e r r a c e  o r  more minor p e r t u r b a t i o n .  F i n a l l y ,  we see a nar row 

d i s s i p a t i o n  maximum nea r  t h e  s h o r e l i n e ,  a  f e a t u r e  t h a t  a l s o  shows up i n  t h e  

f i e l d  t e s t s  d i s c u s s e d  l a t e r .  While  t h e  p re sence  o f  t h i s  " s h o r e b r e a k "  maximum 

is r e a s o n a b l e ,  t h e  d e t a i l s  o f  its l o c a t i o n  may be  p o o r l y  r ep roduced  s i n c e  o u r  

d i s s i p a t i o n  models  a r t i f i c i a l l y  f o r c e  wave h e i g h t  t o  z e r o  a t  t h e  s h o r e l i n e  (we 

a l l o w  no s t a n d i n g  wave component ) .  

21. The i n f l u e n c e  o f  deep-water  wave h e i g h t ,  Ho i s  shown i n  F i g u r e  5 .  F o r  

any  o f f s h o r e  p o s i t i o n ,  i t  a p p e a r s  t h a t  a n  i n c r e a s e  i n  Ho w i l l  r e s u l t  i n  an 

i n c r e a s e  i n  l o c a l  have h e i g h t ,  Hrms, u p  t o  a maximum v a l u e  which depends  on 

d e p t h .  F u r t h e r  i n c r e a s e s  i n  Ho have no e f f e c t  and t h e  l o c a l  wave f i e l d  is 

s a i d  t o  s a t u r a t e .  T h i s  behav io r  shows t h e  merging o f  t h e  d i s s i p a t i o n - b a s e d  
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F i g u r e  4 .  Model r e s u l t s  f o r  wave s h o a l i n g  and d i s s i p a t i o n  o v e r  a b a r r e d  beach  
p r o f i l e  ( t o p  p a n e l )  from SUPERDUCK on October  1 1 ,  1986. The c r o s s - s h o r e  

behav io r  o f  Hrm, and < E >  a r e  shown f o r  t h e  monochromatic model i n  t h e  
midd le  p a n e l  and f o r  t h e  random wave model i n  t h e  lower  p a n e l  
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F i g u r e  5 .  I n f l u e n c e  o f  deep  water  rms wave h e i g h t ,  ove r  a b a r r e d  beach  
p r o f i l e  ( t o p  p a n e l )  from SUPERDUCK on October  1 1  ,H01$86. The e f f e c t  o f  

i n c r e a s i n g  H on d i s s i p a t i o n ,  < E > ,  and l o c a l  wave h e i g h t ,  Hrms, a t  9 o f f s h o r e  l o c a t i o n s  are shown i n  t h e  midd le  and lower  p a n e l s ,  respectively 



model o f  s h o a l i n g  used h e r e  w i t h  e a r l i e r  d e p t h - l i m i t e d  models  f o r  d e p t h s  t h a t  

a r e  " sha l lowt t  w i t h  r e s p e c t  t o  t h e  wave h e i g h t ,  a p o i n t  t h a t  was a l s o  made 

t h e o r e t i c a l l y  i n  Thor ton  and Guza 1983. 

22 .  V a r i a t i o n  o f  wave p e r i o d ,  T ,  w i l l  a f f e c t  t h e  model i n  two ways. The 

deep  w a t e r  e n e r g y  f l u x  (hence  a r e a  under  t h e  d i s s i p a t i o n  c u r v e )  depends  l i n -  

e a r l y  on T .  A l so ,  d i s s i p a t i o n  ( e q u a t i o n  8)  is j u s t  i n v e r s e l y  p r o p o r t i o n a l  t o  

T .  The n e t  r e s u l t  is  t h a t  d i s s i p a t i o n  p r o f i l e s  f o r  d i f f e r e n t  wave p e r i o d s  

have d i f f e r e n t  magni tudes  b u t  t h e  same s t r u c t u r e ,  i n c l u d i n g  l o c a t i o n  and s h a p e  

o f  p e a k s .  

23 .  The s a t u r a t i o n  behav io r  o f  d i s s i p a t i o n  is b e n e f i c i a l  t o  o u r  o b j e c t i v e  

o f  l o c a t i n g  sand b a r  f e a t u r e s  s i n c e  t h e  l o c a t i o n  o f  t h e  d i s s i p a t i o n  maximum is 

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

F i g u r e  6 which shows t h e  f r a c t i o n a l  e r r o r  i n  l o c a t i n g  t h e  b a r  crest ( d i f f e r -  

ence  between t h e  l o c a t i o n  o f  t h e  d i s s i p a t i o n  maximum and t h e  measured b a r  

c r e s t  p o s i t i o n ,  Ax, d i v i d e d  by t h e  o f f s h o r e  d i s t a n c e  t o  t h e  b a r  crest a t  mean 

t i d e ,  xb )  v e r s u s  t h e  non-dimensional  wave h e i g h t ,  

The v a r i a b l e s  hc an3  k c  r e f e r  t o  t h e  d e p t h  and l o c a l  wave number a t  t h e  b a r  

c r e s t ,  and H,* i s  s i m i l a r  i n  form t o  e q u a t i o n  ( 3 ) ,  b u t  w i t h  a wave h e i g h t  t h a t  

would r e s u l t  f rom l i n e a r  s h o a l i n g  from deep  water. F i g u r e  6 shows t h a t  t h e  

f r a c t i o n a l  e r r o r  i n  l o c a t i n g  t h e  b a r  c r e s t  v a r i e s  from 0 p e r c e n t  f o r  small 

waves t h a t  j u s t  b reak  ove r  t h e  b a r  (Hc* = 0.5-1 .0)  t o  a b o u t  35 p e r c e n t  f o r  a 

s a t u r a t e d  wave f i e l d  . 
24.  The above a n a l y s i s  s u g g e s t s  t h a t  i f  t h e  v i s i b l e  i n t e n s i t y  s i g n a l  

r e c o r d e d  i n  time exposure  photographs  does  depend on i n c i d e n t  wave d i s s i p a -  

t i o n ,  t hen  t h e  t i m e  exposure  t e c h n i q u e  s h o u l d  work. B e s t  r e s u l t s  w i l l  o c c u r  

f o r  waves which j u s t  b reak  o v e r  t h e  b a r ,  b u t  even f o r  l a r g e r  waves,  t h e  e r r o r  

i n  b a r  l o c a t i o n  i d e n t i f i c a t i o n  w i l l  r e a c h  a maximum v a l u e ,  35  p e r c e n t  f o r  t h e  

above c a s e .  I f  t h e  r e s u l t s  a r e  t o  be used t o  test  b a r  g e n e r a t i o n  models  based  

on s t a n d i n g  wave mot ions ,  where in  t h e  b a r  l o c a t i o n  s c a l e s  as 
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F i g u r e  6 .  F r a c t i o n a l  e r r o r  i n  l o c a t i n g  t h e  b a r  c r e s t  from t h e o r e t i c a l  
d i s s i p a t i o n  maxima p l o t t e d  a g a i n s t  non-d imens ional  wave h e i g h t ,  H*, 



where 8 is t h e  e f f e c t i v e  beach s l o p e ,  t hen  e r r o r s  o f  l e s s  t h a t  18 p e r c e n t  w i l l  

o c c u r  i n  t h ?  p r e d i c t e d  f r e q u e n c y ,  f ,  o f  t h e  s t a n d i n g  wave. I t  s h o u l d  be n o t e d  

t h a t  t h i s  v a l u e  is  j u s t  from one  sample  geometry and would be  d i f f e r e n t  f o r  

d i f f e r e n t  beach p r o f i l e s .  For i n s t a n c e ,  t h e  v a l u e  o f  xb d o e s  n o t  e n t e r  i n t o  

t h e  d imens iona l  e r r o r ,  Ax, s o  t h a t  f o r  b a r s  t h a t  a r e  f a r t h e r  o f f s h o r e  t h e  

e r r o r  would be s m a l l e r ,  and v i s a - v e r s a .  S i m i l a r l y ,  a t  h i g h e r  t i d e ,  H*, would 

bz s m a l l e r  ( d u e  t o  l a r g e r  hc )  and xb would be l a r g e r .  Both would t e n d  t o  

y i e l d  s m a l l e r  r e l a t i v e  e r r o r s .  Again, t h e  o p p o s i t e  is a l s o  t r u e ,  s o  t h a t  low 

t i d e  e s t i m a t e s  w i l l  t end  t o  be worse .  



PART 111: PHOTOGRAMMETRY 

25. Ob l ique  images were used  t o  q u a n t i f y  t h e  o f f s h o r e  l e n g t h  s c a l e s  o f  t h e  

sand ba r  ( a n d  p o t e n t i a l l y  o t h e r  v a r i a b l e s ) .  The l o c a t i o n  o f  any o b j e c t  i n  t h e  

image is a f u n c t i o n  o f  t h e  s p a t i a l  o r i e n t a t i o n  o f  t h e  c a m e r a . i n  r e l a t i o n  t o  

ground topography ,  and can be  de termined by a s i m p l e  a n a l y s i s  o f  t h e  geome- 

t r y .  We w i l l  o u t l i n e  t h e  e q u a t i o n s  t h a t  d e f i n e  t h e  t r a n s f o r m a t i o n  between 

image c o o r d i n a t e s  and ground c o o r d i n a t e s .  When t r a n s f o r m i n g  from ground t o  

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

is two-dimensional  w h i l e  t h e  ground is t h r e e - d i m e n s i o n a l ,  t h e  o p p o s i t e  p r o c e s s  

( c a l l e d  r e c t i f i c a t i o n )  is underdetermined.  We overcome t h i s  by assuming one  

d imension  t o  be known. For example, i n  r e c t i f y i n g  images o f  waves, we assume 

t h e  v e r t i c a l  c o o r d i n a t e  t o  be a t  s e a  l e v e l  and t h a t  e r r o r s  o f  t h e  o r d e r  o f  t h e  

wave a m p l i t u d e  are n e g l i g i b l e  compared t o  t h e  h e i g h t  o f  t h e  camera.  

2 6 .  The geometry and l a b e l i n g  c o n v e n t i o n s  used  i n  t h e  r e c t i f i c a t i o n  

p r o c e s s  a r e  shown i n  F i g u r e  7.  The o p t i c  c e n t e r  o f  t h e  camera is l o c a t e d  a t  

p o i n t  0 ,  a d i s t a n c e  Zc  above t h e  ground p l a n e .  The camera n a d i r  l i n e  i n t e r -  

s e c t s  t h e  ground a t  t h e  n a d i r ,  N .  The image p o i n t s  l i e  i n  t h e  f o c a l  p l a n e ,  

which f o r  o u r  pu rposes  w i l l  be c o n s i d e r e d  t h e  1 : 1  p o s i t i v e ,  c o n s i s t e n t  w i t h  

t r a d i t i o n a l  photogrammetry c o n v e n t i o n s .  The f o c a l  p l a n e  is s e p a r a t e d  f rom 0 

by t h e  f o c a l  l e n g h t ,  f,, c a l l e d  t h e  p r i n c i p a l  p o i n t ,  and forms a n  a n g l e  

r ( t h e  camera t i l t )  w i th  t h e  v e r t i c a l  n a d i r  l i n e .  The p r i n c i p a l  l i n e  p a s s e s  

t h rough  t h e  p r i n c i p a l  p o i n t  and b i s e c t s  t h e  f o c a l  p l a n e .  The p r i n c i p a l  p o i n t  

is a l s o  t h e  o r i g i n  f o r  t h e  image c o o r d i n a t e  sys t em w i t h  t h e  p r i n c i p a l  l i n e  as 

t h e  y - a x i s .  The n a d i r  p o i n t  a c t s  as t h e  o r i g i n  f o r  t h e  camera c o o r d i n a t e  

sys t em w i t h  t h e  p r i n c i p a l  l i n e  i n  t h e  ground p l a n e  d e f i n i n g  t h e  p o s i t i v e  

Y-axis .  Image c o o r d i n a t e s  w i l l  be deno ted  w i t h  small l e t t e r s ,  ( x , y ) ,  and 

ground c o o r d i n a t e s  w i l l  be denoted  w i t h  c a p i t a l  l e t t e r s ,  (X,Y). 

27.  The ground l o c a t i o n  o f  any p o i n t ,  Q ,  is de te rmined  from its image 

c o o r d i n a t e s  ( x  y  ) by 
9 '  9  

XQ = Z c  s e c  ( r t a )  t a n  y 

and 

Y Z t a n  ( ~ + a )  Q =  c  

where t h e  a n g l e s  a and y a r e  d e f i n e d  by t h e  l o c a t i o n  o f  image p o i n t s  as  





and 

T r a n s f o r m a t i o n  i n  t h e  o p p o s i t e  d i r e c t i o n ,  from ground t o  image p o i n t s ,  is done 

by s i m p l y  i n v e r t i n g  and combining ( 1 2 )  and ( 1 3 )  t o  y i e l d  

and 

y =f,m tan - - z  
9 i -I21 1 

28. S e v e r a l  c o m p l i c a t i o n s  a r i s e  i n  a p p l y i n g  t h e s e  r e l a t i o n s h i p s  i n  t h e  

f i e l d .  F i r s t ,  t h e s e  e q u a t i o n s  a r e  a  f u n c t i o n  o f  t h e  camera t i l t  and f o c a l  

l e n g t h .  However, f i e l d  measurement o f  t i l t  may be awkward and i n a c c u r a t e ,  and 

t h e  f o c a l  l e n g t h  o f  a zoom l e n s  may be h a r d  t o  e s t i m a t e .  Second,  we d o  n o t  

g e n e r a l l y  work from a 1:1 p o s i t i v e ,  b u t  i n s t e a d  e i t h e r  r e a d  d i s t a n c e s  on a 

p h o t o g r a p h i c  en la rgemen t  o r  coun t  p i c t u r e  e l emen t s  ( p i x e l s )  on a t e l e v i s i o n  

s c r e e n .  I n  do ing  s o ,  we w i l l  have a l t e r e d  t h e  a p p a r e n t  f o c a l  l e n g t h  o f  t h e  

image by a n  unknown amount. We can s o l v e  f o r  t h e  "magnif ied"  f o c a l  l e n g t h  

a n a l y t i c a l l y  u s i n g  

where x, i s  t h e  measured d i s t a n c e  from t h e  p r i n c i p a l  p o i n t  t o  t h e  r i g h t  hand 

edge o f  t h e  e n l a r g e d  image, and 6 is t h e  h o r i z o n t a l  f i e l d  o f  view o f  t h e  

l e n s .  U n f o r t u n a t e l y ,  f o r  most c a s e s ,  6 i t s e l f  is n o t  a c c u r a t e l y  known. 

T h i r d ,  t h e  d i r e c t i o n  o f  aim o f  a camera i n  t h e  f i e l d  is g e n e r a l l y  chosen  t o  

g i v e  t h e  b e s t  view. Thus,  t h e  ground c o o r d i n a t e  sys tem d e f i n e d  by t h e  p r i n c i -  

p a l  l i n e  may n o t  be  p a r t i c u l a r l y  c o n v e n i e n t .  The t r ans fo rmed  ground p o i n t s  

can  be e a s i l y  r o t a t e d  i n t o  a more t r a d i t i o n a l  c o o r d i n a t e  sys t em,  f o r  example 



with  t h e  x -ax i s  d i r e c t e d  o f f s h o r e ,  i f  t h e  a n g l e ,  + between t h e  two c o o d i n a t e  

sys tems is known. U n f o r t u n a t e l y ,  a c c u r a t e  e s t i m a t i o n  o f  4 i n  t h e  f i e l d  is 

a g a i n  d i f f i c u l t .  

29. The unknowns, f,, x and 4 can be determined q u i t e  a c c u r a t e l y  by making 

u s e  o f  t a r g e t s  a t  known l o c a t i o n s  i n  t h e  image. By knowing both t h e  ground 

and image c o o r d i n a t e s  of  p a r t i c u l a r  p o i n t s ,  e q u a t i o n s  ( 1 2 ) ,  ( 1 3 ) ,  and ( 1 4 )  can 

be s o l v e d  i t e r a t i v e l y  t o  c a l c u l a t e  t h e  unknowns. I f  two o r  more known p o i n t s  

a r e  used ,  t h e  problem is over-determined and can be  so lved  by minimizing a n  

a p p r o p r i a t e  e r r o r  term. Using t h i s  t echn ique  i n  ana lyz ing  t h e  images d i s -  

cussed l a t e r  i n  t h e  paper ,  we f i n d  t y p i c a l  e r r o r s  i n  t h e  e s t i m a t e s  o f  T, 4 

and f c  t o  be l e s s  than 0 .25  deg,  0 . 5  deg,  and 0 . 5  p e r c e n t  r e s p e c t i v e l y ,  

roughly  c o n s i s t e n t  w i t h  t h e o r e t i c a l  e x p e c t a t i o n s  d i s c u s s e d  below. 

T h e o r e t i c a l  Resolut ion and Accuracy 

30. The photogrammetric measurements o u t l i n e d  i n  t h e  l a s t  s e c t i o n  a r e  

based on s s t i m a t e s  o f  one d i s t a n c e  ( t h e  camera h e i g h t )  and two a n g l e s  

( v e r t i c a l  and a z i m u t h a l ) .  The p r e c i s i o n  o f  t h e  t echn ique  then r e l i e s  on t h e  

p r e c i s i o n  o f  each o f  t h e s e  e s t i m a t e s .  

31. While t h e r e  may be e r r o r s  a s s o c i a t e d  wi th  e s t i m a t i n g  camera h e i g h t  

above some s u r f a c e ,  t h e r e  is no i n h e r e n t  l i m i t a t i o n  on t h a t  measurement. On 

t h e  c o n t r a r y ,  t h e r e  is a d i s c r e t e  r e s o l u t i o n  a s s o c i a t e d  wi th  our  e s t i m a t e s  o f  

a n g l e .  For image q u a n t i f i c a t i o n ,  we use  an  image p rocess ing  system ( d e s c r i b e d  

l a t s r )  which b reaks  t h e  image i n t o  a 512 x 512 a r r a y  o f  p i x e l s .  S i n c e  we can 

r e s o l v e  t o  no b e t t e r  t h a t  +1/2 p i x e l ,  we f i n d  a fundamental  l i m i t  on a n g u l a r  

r e s o l u t i o n  t o  be Aa = Ay = 6 / I024 (assuming t a n  6/2 = 6 / 2 ) .  For o u r  t y p i c a l  

wide a n g l e  l e n s ,  6 = 40°, s o  Po = 0.04' = 7 x r a d i a n s .  

32 .  From equa t ion  ( 1 2 ) ,  we s e e  t h a t  t h e  p r e c i s i o n  o f  e s t i m a t e s  i n  YQ is 

g iven  by 

AYQ - + 2A(z+a) - 2A(z+a) - 1.4 x 10" --- 
YQ H, sin 2(z+a) - sin 2(2+a) - sin 2(2+a) 

S e n s i b l y ,  r e s o l u t i o n  degrades  a s  ( T  + a) approaches  a / 2 ,  o r  a s  t h e  p o i n t  o f  

view approaches  t h e  hor izon .  I f  we t a k e  t h e  maximum u s e f u l  v e r t i c a l  a n g l e  t o  

be 85 deg ( 5  deg from t h e  h o r i z o n ) ,  t h e  r e s o l u t i o n  i n  Y w i l l  be 0.8 p e r c e n t .  

Note t h a t  t h e  f r a c t i o n a l  e r r o r s  a l s o  i n c r e a s e  a s  t h e  view approaches  n a d i r .  



However, t h i s  is simply a  f u n c t i o n  o f  normal iz ing by Y ,  which goes  t o  z e r o  a t  

t h e  n a d i r ;  a b s o l u t e  e r r o r s  w i l l  a c t u a l l y  be  a  minimum. 

33. The e r r o r  i n  X e s t i m a t e s  (normalized by YQ, roughly  r e p r e s e n t i n g  t h e  

d i s t a n c e  from t h e  camera) is given by 

For t y p i c a l  camera views,  s i n  ( r  + a) z 1 ,  hence t h e  t h e o r e t i c a l  r e s o l u t i o n  is 

a g a i n  l i m i t e d  by angu la r  r e s o l u t i o n  through t h e  l a s t  two t e rms .  Using r e p r e -  

s e n t a t i v e  v a l u e s ,  we f i n d  a  wors t  c a s e  r e s o l u t i o n  of  0 . 3  p e r c e n t ,  a s m a l l e r  

v a l u e  t h a t  f o r  Y ,  p a r t l y  due t o  t h e  cho ice  o f  normal iza t ion .  S i n c e  t h e  camera 

c o o r d i n a t e  system is n o t  u s u a l l y  a l i g n e d  w i t h  t h e  survey sys tem,  we chose  a 

c o n s e r v a t i v e  e s t i m a t e  t h a t  s p a t i a l  r e s o l u t i o n  i n  e i t h e r  a x i s  w i l l  be on t h e  

o r d e r  of 0 . 8  p e r c e n t  o f  t h e  d i s t a n c e  from t h e  camera. 

34. While fundamental  limits on p r e c i s i o n  depend, f o r  our  sys tem,  s imply 

on t h e  angu la r  s i z e  of  t h e  p i x e l s ,  t h e  a b s o l u t e  accuracy o f  o u r  measurement 

depends on cumulat ive  e r r o r s  from a  number o f  e s t i m a t e s .  I f  t h e  l o c a t i o n  o f  

t h e  camera is wel l  known, t h e  e r r o r  i n  t h e  f i r s t  term o f  ( 16)  and (17)  r e s u l t s  

l a r g e l y  from e r r o r s  i n  de te rmin ing  s e a  l e v e l  (assuming t h a t  t h e  ocean s u r f a c e  

is being imaged).  For t h e  d a t a  d i scussed  l a t e r ,  t h i s  w i l l  be on t h e  o r d e r  

+ 0.25 m w i t h  a camera h e i g h t  on 40 m ,  s o  t h a t  t h e  r e l a t i v e  e r r o r  c o n t r i b u t i o n  - 
is 0 . 6 5  p e r c e n t .  Th i s  e r r o r  could be s u b s t a n t i a l l y  l a r g e r  f o r  lower camera 

h e i g h t s .  Es t ima t ion  o f  t h e  v e r t i c a l  and h o r i z o n t a l  a n g l e s  a c t u a l l y  incor -  

p o r a t e s  parameters  such a s  r  , f and 4 , each o f  which h a s  a s s o c i a t e d  

e r r o r s .  I f  we assume t h a t  t h e  parameters  themselves were e s t i m a t e d  based on 

t h e  l o c a t i o n  o f  two known p o i n t s  ( a s  o u t l i n e d  i n  t h e  p r e v i o u s  d i s c u s s i o n ) ,  

then they  w i l l  c o l l e c t i v e l y  i n c o r p o r a t e  t h e  e r r o r  of  f o u r  s e p a r a t e  a n g l e  

measures ,  4 ~ a .  . Inc lud ing  t h e  e r r o r  a s s o c i a t e d  wi th  e s t i m a t i n g  t h e  a n g l e  o f  

i n t e r e s t ,  t h e  t o t a l  angu la r  e r r o r  could be 5Aa = 0.20' = 3 . 5  x 1 0 ' ~  

r a d i a n s .  For a  maximum v e r t i c a l  a n g l e  o f  85 deg,  and i n c l u d i n g  t h e  e r r o r  f o r  

camera h e i g h t ,  t h e  t h e o r e t i c a l  wors t  c a s e  accuracy shou ld  be 



35. As shown, t h e  a c c u r a c y  and r e s o l u t i o n  o f  t h e  sys t em depend on t h e  

a n g u l a r  f i e l d  o f  v iew,  6 , and t h e  v e r t i c a l  a n g l e ,  (T + a ) .  The v a l u e  o f  

6 used  h e r e  i s  f o r  a wide a n g l e  l e n s  and g i v e s  a w o r s t  c a s e  r e s u l t .  C l e a r l y ,  

a t e l e p h o t o  l e n s ,  zoomed i n  on t h e  s u b j e c t  a t  hand,  w i l l  y i e l d  improved 

e s t i m a t e s .  The v e r t i c a l  a n g l e  becomes c r i t i c a l  as ( T  + a )  a p p r o a c h e s  t h e  

h o r i z o n .  While 85 deg is  a r e a s o n a b l e  v a l u e  f o r  a maximum a n g l e ,  a  b e t t e r  

app roach  t o  e x p e r i m e n t a l  d e s i g n  would be t o  d e t e r m i n e  t h e  r e q u i r e d  r e s o l u t i o n  

and camera geometry ,  t h e n  s o l v e  f o r  t h e  maximum v e r t i c a l  a n g l e  f o r  which t h i s  

r e s o l u t i o n  is a c h i e v a b l e .  



PART IV: FIELD TECHNIQUES 

36 .  The t i m e  exposu re  t e c h n i q u e  f o r  measur ing  l a r g e  s c a l e  n e a r s h o r e  

morphology was t e s t e d  as p a r t  o f  t h e  DUCK85 and SUPERDUCK e x p e r i m e n t s  i n  

September  1985 and Oc tobe r  1986,  r e s p e c t i v e l y ,  a t  t h e  Army Corps  o f  E n g i n e e r s  

F i e l d  Research  F a c i l i t y  (FRF) i n  Duck, N . C .  The DUCK85 expe r imen t  (Mason, e t  

a l .  1987) was used  t o  per form i n i t i a l  t e s t i n g  p r i m a r i l y  w i t h  s t a n d a r d  35 m 

cameras  and s i m p l e  p h o t o g r a p h i c  t ime exposu re  t e c h n i q u e s .  The images a c q u i r e d  

were p r o j e c t e d  o n t o  an x-y d i g i t i z e r  t a b l e  and t h e  l o c a t i o n  o f  t h e  i n t e n s i t y  

maximum de te rmined  v i s u a l l y  (Holman and Lippmann 1987) . R e s u l t s  from t h a t  

expe r imen t  were e n c o u r a g i n g ,  b u t  i n d i c a t e d  a need  f o r  f u r t h e r  q u a n t i f i c a t i o n  

and more s o p h i s t i c a t e d  d i g i t i z a t i o n  methods.  

37 .  Dur ing  SUPERDUCK t h e  u s e  o f  v i d e o  imagery was implemented a s  an  

improvement t o  t h e  p h o t o g r a p h i c  t e c h n i q u e .  A Panason ic  b lack-and-whi te  

t e l e v i s i o n  camera was mounted on t o p  o f  a  40 m h i g h  tower  e r e c t e d  on t h e  dune  

c r e s t .  F i g u r e  8 is a map o f  t h e  f i e l d  s i t e  d u r i n g  t h e  Oc tobe r  p o r t i o n  o f  t h e  

SUPERDUCK expe r imen t  showing t h e  l o c a t i o n  o f  t h e  s t u d y  a r e a ,  r e f e r r e d  t o  as 

t h e  m i n i g r i d ,  i n  r e l a t i o n  t o  t h e  FRF tower and t h e  ground cove rage  a s s o c i a t e d  

w i t h  t h e  camera .  

38. Hourly v i d e o  r e c o r d s  o f  twenty  minute  l e n g t h  were a c q u i r e d  from 

Oc tobe r  6-16. Time e x p o s u r e s  were c r e a t e d  d i g i t a l l y  by m a t h e m a t i c a l l y  

a v e r a g i n g  s u c c e s s i v e  v i d e o  f r ames  ove r  a t e n  minu te  p e r i o d  u s i n g  a n  Imaging 

Technology image p r o c e s s i n g  sys t em i n  a  DEC LSI 11/73  h o s t  computer  

( F i g u r e  1 ( b )  is a n  example time exposu re  image from Oc tobe r  1 0 ) .  Using t h e  

photogrammetry r e s u l t s ,  t h e  t ime exposu re  image can  t h e n  b e  r e c t i f i e d  t o  

p roduce  a  map view w i t h  c o r r e c t  s c a l i n g .  The r e c t i f i c a t i o n  p r o c e s s  i n v o l v e s  

mapping t h e  o b l i q u e  image i n t e n s i t i e s ,  p i x e l  by p i x e l ,  o n t o  t h e  s c a l e d  g r i d .  

From t h e  r e c t i f i e d  view, c r o s s - s h o r e  i n t e n s i t y  p r o f i l e s  a t  p r e s c r i b e d  long -  

s h o r e  d i s t a n c e s  a r e  e a s i l y  found .  F i g u r e  9 is t h e  r e c t i f i e d  image o f  t h e  

m i n i g r i d  a r e a  o u t l i n e d  i n  F i g u r e  1 ( b ) .  F i g u r e  10 shows a n  example c r o s s -  

s h o r e  i n t e n s i t y  p r o f i l e  and t h e  l o c a l  ba thyme t ry .  C l e a r l y ,  t h e r e  a r e  l o c a l  

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

b a r .  Note t h a t  t h e  i n t e n s i t y  v a l u e s  a r e  non-d imens ional  numbers whose magni- 

t u d e  i s  n o t  r e l a t e d  t o  t h e  ba thymetry .  

3 9 .  The u s e  o f  t h e  image p r o c e s s i n g  sys t em h a s  many a d v a n t a g e s .  E x t r a c -  

t i n g  i n f o r m a t i o n  i n  t h i s  manner a l l o w s  f o r  minimum h a n d l i n g  o f  raw d a t a  and  





F i g u r e  9. R e c t i f i e d  t i m e  exposure  image o b t a i n e d  a t  low t i d e  on 
October  16 ,  1986 encompassing t h e  m i n i g r i d  area. The l o n g s h o r e  and 
c r o s s - s h o r e  d i s t a n c e s  a r e  s c a l e d  e q u a l l y  w i t h  ticmark s p a c i n g  o f  50 m .  The 
t h i n  w h i t e  band i n d i c a t e s  t h e  s h o r e  b reak  w h i l e  t h e  b r o a d e r  o f f s h o r e  band 
shows b r e a k i n g  o v e r  t h e  b a r .  The r e l a t i v e  s i z e  i n  raster wid th  r e f l e c t s  t h e  
p i x e l  r e s o l u t i o n  i n  t h e  o r i g i n a l  t ime  exposu re .  
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r e d u c e s  any  p e r s o n a l  b i a s  a s s o c i a t e d  w i t h  v i s u a l  image a n a l j , ~ s .  Fu r the rmore ,  

w i t h  t h e  a i d  o f  t h e  image p r o c e s s o r  we may d i g i t a l l y  enhance  t h e  images t o  

b e s t  r e v e a l  t h e  i n f o r m a t i o n  a v a i l a b l e .  For  example,  though some v i d e o  

r e c o r d s  do n o t  y i e l d  h i g h  c o n t r a s t  raw images,  t h e  image p r o c e s s o r  a l l o w s  u s  

t o  i n c r e a s e  t h e  dynamic r ange  o f  t h e  image by s t r e t c h i n g  t h e  c o n t r a s t  t o  as  

many as  256 g r a y  s h a d e s .  

40 .  Ground t r u t h  bathymetry d a t a  d u r i n g  SUPERDUCK was c o l l e c t e d  by t h e  FRF 

s t a f f  u s i n g  t h e  CERC C o a s t a l  Research  Amphibious Buggy (CRAB) (B i rkme ie r  and 

Mason 1984) .  F i g u r e  8 shows t h e  l o c a t i o n  o f  t h e  i n t e n s i v e  s u r v e y  r e g i o n .  

Ba thymet r i c  d a t a  were c o l l e c t e d  d a i l y  (October  6 ,  9-16) a l o n g  p r e s e t  c r o s s -  

s h o r e  p r o f i l e  l i n e s  spaced approx ima te ly  20 m a p a r t  a l o n g s h o r e .  Each s u r v e y  

went beyond t h e  f i r s t  (and most p rominen t )  s a n d  b a r ,  w i t h  t h e  e x c e p t i o n  o f  t h e  

10th  when ex t r eme  wave c o n d i t i o n s  p reven ted  su rvey  comple t ion .  F i g u r e  11 

shows t h r e e - d i m e n s i o n a l  o b l i q u e  views o f  t h e  m i n i g r i d  s u r v e y  f o r  Oc tobe r  6 ,  9 ,  

1 1 ,  13,  15, and 16 .  

41 .  A maximum o f  20 shore-normal  p r o f i l e s  w i t h i n  t h e  m i n i g r i d  a r e a  were 

ana lyzed  f o r  e a c h  d a t a  r u n .  As i n  F i g u r e  9 ,  e a c h  p r o f i l e  c o n t a i n e d  a maximum 

i n t e n s i t y  ( o r  p e a k )  i n  t h e  v i c i n i t y  o f  t h e  s h o r e l i n e  and t h e  b a r ,  p r o v i d e d  t h e  

waves were b r e a k i n g  o f f s h o r e .  Given t h e  l a r g e  amount o f  d a t a  (464 c r o s s - s h o r e  

compar i sons )  n o t  a l l  p r o f i l e  p l o t s  a r e  i n c l u d e d .  I n s t e a d  most o f  t h e  d a t a  is 

summarized i n  t h e  f o l l o w i n g  a n a l y s i s  u s i n g  two-dimensional  plan-view maps i n -  

d i c a t i n g  t h e  su rveyed  b a r  l o c a t i o n  and d i g i t i z e d  i n t e n s i t y  maximum l o c a t i o n  a t  

d i f f e r e n t  s t a g e s  o f  t h e  t i d e .  With t h i s  s ampl ing  scheme we a r e  a b l e  t o  d e t e r -  

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

ba thymetry  unde r  v a r y i n g  wave c o n d i t i o n s ,  wa te r  l e v e l s ,  and beach s t a t e .  

T a b l e  1 summarizes t h e  sampl ing  t i m e s ,  wave c o n d i t i o n s ,  and v i d e o  q u a l i t y  f o r  

each  d a t a  r u n .  



SUPERDUCK BRTHYMETRY 6 OCT 86 
SUPERDUCK BRTHYHETRY 9 OCT 86 

SUPEROUCK BRTHYHETRY 11 OCT 8 6  SUPERWCK B R T H Y M R Y  13 OCT 8 6  

SUPERDUCK BATHYHETRY 15 OCT 8 6  
SUPERWCK BATHYETRY 16 OCT 8 6  

F i g u r e  1 1 .  Th ree -d imens iona l  o b l i q u e  views of t h e  m i n i g r i d  s u r v e y  d u r i n g  
SUPERDUCK. ( C o u r t e s y  B i l l  B i rkeme ie r  and t h e  FRF) 



T a b l e  1 

Sampling Time, Wave C o n d i t i o n s  and Video Q u a l i t y  Images 

Di scussed  i n  t h e  T e x t  

Date Tide 

06 low -0.1 1 
06 mid 0.25 
09 high 0.80 
09 mid 0.27 
09 low -0.27 
10 low -0.08 
10 mid 0.55 
10 high 1.10 
11 low 0.09 
11 mid 0.56 
11 high 1.06 
12 low 0.03 
12 mid 0.45 
12 high 0.93 
13 low -0.22 
13 mid 0.15 
13 high 0.73 
14 low -0.36 
14 mid 0.17 
14 high 0.70 
15 low -0.22 
15 mid 0.30 
15 high 0.76 
16 high 0.91 
16 mid 0.40 
16 low -0.30 

Time 

1400 EST 
1730 EST 
1130 EST 
1445 EST 
1800 EST 
0600 EST 
0915 EST 
1230 EST 
0720 EST 
1040 EST 
1400 EST 
0830 EST 
1 145 EST 
1500 EST 
1000 EST 
1230 EST 
1600 EST 
1100 EST 
1400 EST 
1700 EST 
1 130 EST 
1445 EST 
1800 EST 
0600 EST 
0915 EST 
1230 EST 

Video Quality 

good 
good 
good 
good 
good 
good 
poor (rain) 
poor (rain) 
good 
good 
good 
excellent 
excellent 
excellent 
good 
good 
good 
poor (noisy) 
poor (noisy) 
poor (noisy) 
good 
good 
good 
f2ood 
good 
good 



PART V: RESULTS 

Time Exposures 

42. The r e s e a r c h  o b j e c t i v e s  o f  t h e  t ime e x p o s u r e  t e c h n i q u e  are t h r e e -  

f o l d .  Ths f i r s t  is t o  d e t e c t  t h e  p re sence  o f  a sand b a r  by an  o f f s h o r e  i n t e n -  

s i t y  maximum. The second is t o  de t e rmine  t h e  c r o s s - s h o r e  l e n g t h  s c a l e  o f  t h e  

bar from t h e  l o c a t i o n  o f  t h e  i n t e n s i t y  maximum. The t h i r d  i s  t o  d e t e c t  t h e  

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

l o n g s h o r e  l e n g t h  s c a l e s .  We w i l l  examine each  o b j e c t i v e  i n  t u r n .  

43. The t h e o r e t i c a l  d i s s i p a t i o n  model s u g g e s t s  t h a t  o u r  b e s t  r e s u l t s  w i l l  

be o b t a i n e d  f o r  small waves t h a t  j u s t  b reak  ove r  t h e  b a r  ( H e #  v a l u e s  o f  0.5 t o  

1 . 0 ) .  For October  6 t h ,  an a v e r a g e  v a l u e  o f  Hc* was a p p r o x i m a t e l y  0.85, and 

w h i l e  t h e  ba thymetry  was complex, t h e r e  were l o c a l  r e g i o n s  o f  good b a r  d e f i n -  

i t i o n  ( F i g u r e  ? l a ) .  F i g u r e  12 shows t h e  m i d - t i d e  i n t e n s i t y  t r a n s e c t s  f o r  t h e  

t h r e e  b e s t - d e f i n e d  sand  b a r  p r o f i l e s  (de t e rmined  f rom m i n i g r i d  b a t h y m e t r y ) ,  

The i n t e n s i t y  maxima c l e a r l y  i n d i c a t e  t h e  p r e s e n c e  o f  t h e  sand b a r  a l t h o u g h  

t h e  peak d e f i n i t i o n  is somewhat s u b t l e  f o r  t h e  y=1187 t r a n s e c t ,  c o n s i s t e n t  

w i t h  t h e  s u b t l e  n a t u r e  o f  t h e  b a r .  There  is e x c e l l e n t  agreement  between t h e  

l o c a t i o n s  o f  t h e  i n t e n s i t y  maxima and b a r  c r e s t ,  well w i t h i n  t h e  r e s o l u t i o n  o f  

t h e  image. T h i s  s u p p o r t s  t h e  v a l i d i t y  o f  t h e  model and t h e  p o t e n t i a l  o f  t h e  

t e c h n i q u e  f o r  imaging morphology under  o p t i m a l  c o n d i t i o n s .  

44. F i g u r e  13 is t h e  r e c t i f i e d  time exposure  image ~ b t a i n e d  a t  low t i d e  on 

t h e  I l t h ,  a day when model per formance  was expec ted  t h e o r e t i c a l l y  t o  be  p o o r e r  

due  t o  t h e  l a r g e r  wave h e i g h t s  ( a v e r a g e  Hc* = 4.3, 2 . 6 ,  and 2 . 4  f o r  low,  mid 

and h i g h  t i d e ,  r e s p e c t i v e l y ) .  The ba thymetry  su rvey  ( F i g u r e  I l c )  showed t h e  

b a r  t o  be  l i n e a r  w i t h  no l o n g s h o r e  v a r i a b i l i t y .  The i n t e n s i t y  d i s t r i b u t i o n  i n  

F i g u r e  13 conf i rms  t h i s ,  showing a  c l e a r  l i n e a r  p a t t e r n  and p r o v i d i n g  a good 

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

45. While t h e  q u a l i t a t i v e  d e s c r i p t i o n  is good,  t h e  q u a n t i t a t i v e  b e h a v i o r  

o f  t h e  model b r e a k s  down i n  an  unexpected  way. F i g u r e  14 shows t h e  l o c a t i o n  

o f  t h e  i n t e n s i t y  peak f o r  low, m i d ,  and h i g h  t i d e  o v e r  t h e  m i n i g r i d  area. 

Also shown a r e  t h e  l o c a t i o n s  o f  t h e  mean s h o r e l i n e  and b a r  c r e s t .  The l a t t e r  

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

rounded by a s t i p p l e d  area, r e f l e c t i n g  t h e  f a c t  t h a t  t h e  b a r  i t s e l f  may n o t  be 

well d e f i n e d .  (From F i g u r e  12,  it is c l e a r  t h a t  b a r  d e f i n i t i o n  is t y p i c a l l y  



October 6 Time Exposure 

Cross-shore distance (m) 

F i g u r e  12 .  Bathymetry and c r o s s - s h o r e  i n t e n s i t y  p r o f i l e s  f rom a s i m p l e  time 
e x p o s u r e  o b t a i n e d  a t  mid t i d e  on October  6 ,  1986. The t h r e e  t r a n s e c t s  were 

chosen  as h a v i n g  t h e  b e s t - d e f i n e d  b a r s .  



F i g u r e  13. R e c t i f i e d  time exposure  image encompassing t h e  m i n i g r i d  area 
o b t a i n e d  a t  low t i d e  on October  1 1 ,  1986. The l o n g s h o r e  and c r o s s - s h o r e  
d i s t a n c e s  a r e  s c a l e d  e q u a l l y  w i t h  t i cmark  s p a c i n g  o f  50 m.  The image 
c o n t r a s t  has been  s t r e t c h e d  t o  b e t t e r  r e v e a l  t h e  b a r  l o c a t i o n .  The weak 
o f f s h o r e  i n t e n s i t y  maximum cor re sponds  t o  a poor ly -de f ined  second b a r .  



~ October 1-1 

Longshore distance (m) 

F i g u r e  14 .  Loca t ion  o f  t h e  mean s h o r e l i n e ,  measured b a r  c r e s t ,  and  i n t e n s i t y  
maxima from s i m p l e  time exposures  ( t x )  o b t a i n e d  a t  low, mid ,  and h i g h  t i d e  o n  
Oc tobe r  1 1 ,  1986. The s t i p p l e d  area i n d i c a t e d  t h e  area around t h e  crest f o r  
which t h e  water d e p t h  is w i t h i n  5 p e r c e n t  o f  hc 



based  on t h r e e  C R A B  su rvey  p o i n t s  w i t h  a t y p i c a l  s p a c i n g  o f  15 m and whose 

l o c a t i o n s  a r e  s u b j e c t  t o  o p e r a t o r  s u b j e c t i v i t y .  To p a r a m e t e r i z e  t h i s  unce r -  

t a i n t y  we have added t h e  s t i p p l e d  a r e a  whose bounds co r re spond  t o  a d e e p e n i n g  

by 5 p e r c e n t  o f  t h e  b a r  crest d e p t h ,  hc,  u s u a l l y  5-10 cm). 

46. The shape  and t r e n d  o f  t h e  b a r  i n  F i g u r e  14 a p p e a r s  t o  be p r e s e r v e d  a t  

a l l  s t a g e s  o f  che  t i d e .  However, t h e  o f f s h o r e  l o c a t i o n  o f  t h e  i n t e n s i t y  peaks  

d o e s  n o t  f a l l  ove r  t h e  b a r ,  and i n  fac t  l i e s  i n s i d e  t h e  crest w e l l  i n t o  t h e  

t r o u g h .  T h i s  r e s u l t  canno t  be r ep roduced  i n  any way by o u r  model and shows 

t h a t  o u r  a s sumpt ion  t h a t  t h e  a v e r a g e  v i s u a l  wave b r e a k i n g  s i g n a l  r e p r e s e n t s  

i n c i d e n t  wave d i s s i p a t i o n  is i n v a l i d  under  t h e s e  c o n d i t i o n s .  

47.  I n v e s t i g a t i o n  o f  t h e  o r i g i n a l  v i d e o  images r e v e a l s  two a p p a r e n t  

s o u r c e s  f o r  t h e  e r r o r .  The f i n i t e  d i s t a n c e  r e q u i r e d  f o r  wave r e f o r m a t i o n  

a f t e r  p a s s i n g  t h e  b a r  crest a p p e a r s  t o  p r o v i d e  a minor landward o f f s e t .  

However, most  o f  t h e  e r r o r  a p p e a r s  t o  stem from p r e f e r e n t i a l  p e r s i s t e n c e  o f  

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

i n t e n s i t y  maximum shoreward from t h e  l o c a t i o n  o f  maximum wave d i s s i p a t i o n .  We 

know o f  no t e s t a b l e  p h y s i c s  t o  d e s c r i b e  t h i s  b e h a v i o r  and hence  a l l o w  u s  t o  

remove t h e  b i a s .  By examining t h o s e  r e c o r d s  f o r  which a w e l l - d e f i n e d  b a r  is 

p r e s e n t ,  we f i n d  t h a t  app rox ima te ly  42 p e r c e n t  o f  t h e  i n t e n s i t y  maxima were 

l o c a t e d  shoreward  o f  t h e  b a r  c r e s t  and t h a t  t h e s e  were g e n e r a l l y  a s s o c i a t e d  

w i t h  h i g h  waves and s t r o n g  onshore  winds .  T h i s  l a t te r  o b s e r v a t i o n  s u g g e s t s  a 

p o t e n t i a l  mechanism which would need c o n s i d e r a b l e  f u r t h e r  t e s t i n g .  

48. The c a p a b i l i t i e s  o f  t h e  t e c h n i q u e  f o r  d e t e c t i n g  and q u a n t i f y i n g  

l o n g s h o r e  v a r i a b i l i t y  a r e  i l l u s t r a t e d  i n  F i g u r e  15 ,  a comparison o f  

s h o r e - p a r a l l e l  t r a n s e c t s  o f  i n t e n s i t y  and bathymetry f o r  October  1 6 t h ,  a day 

o f  l ower  waves (Hcg = 1 . 7 ) .  The two t r a n s e c t s  d i f f e r  by 10 m i n  o f f s h o r e  

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

ba thymetry  p r o f i l e s  f o r  t h i s  day and f o r  a l l  o t h e r s  t e s t e d  from SUPERDUCK 

showed similar s t r u c t u r e ,  The p r e s e n c e  o f  t o p o g r a p h i c a l l y - t r a p p e d  r i p  

c u r r e n t s ,  o r i g i n a l l y  a conce rn ,  does  n o t  a p p e a r  t o  c a u s e  a  problem s i n c e  t h e  

r e l a t i v e  "da rkness"  o f  t h e  r i p  is imaged i n  a c o n s i s t e n t  manner w i t h  t h e  

"da rkness"  due  t o  reduced b reak ing  o v e r  t h e  u n d e r l y i n g  c h a n n e l .  S e v e r a l  o t h e r  

examples  o f  rhythmic  morphology from o t h e r  times o f  y e a r  c o n f i r m  t h e  r o b u s t -  

n e s s  o f  t h e  t e c h n i q u e  f o r  t h i s  pu rpose ,  i n d i c a t i n g  t h a t  t h e  time e x p o s u r e s  can  

i n  fac t  be used  t o  d e t e c t  and measure dominant  l o n g s h o r e  l e n g t h  scales o f  a 

sand b a r  sys t em.  
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F i g u r e  15. S h o r e - p a r a l l e l  t r a n s e c t s  c e n t e r e d  ove r  t h e  mean b a r  d i s t a n c e ,  60 m 
( u p p e r  p a n e l )  and 70 m ( l ower  p a n e l )  o f f s h o r e ,  from a s i m p l e  time e x p o s u r e  

o b t a i n i e d  a t  low t i d e  on October  16 ,  1986. V a r i a t i o n s  o f  i n t e n s i t y  
co r re spond  t o  t h e  u n d e r l y i n g  ba thymetry  



49. O v e r a l l ,  t h e  time exposure  t e c h n i q u e  a p p e a r s  t o  be  a ve ry  u s e f u l  t o o l  

f o r  d e t e r m i n i n g  t h e  p r e s e n c e  o f  a b a r  sys t em as well as t h e  p r e s e n c e  and 

l e n g t h  s c a l e s  o f  l o n g s h o r e  v a r i a b i l i t y .  Cross-shore  s c a l e s  are well r e p r o -  

duced unde r  c e r t a i n  c o n d i t i o n s ,  b u t  an  o b s e r v e r  hoping  t o  u s e  p h o t o g r a p h i c  

time e x p o s u r e s ,  f o r  example,  would have  t o  b e a r  i n  mind t h e  p o t e n t i a l  foam 

b i a s  and make a q u a l i t a t i v e  a s ses smen t  o f  t h e  problem b e f o r e  q u a n t i f y i n g  any 

sample  ( r e s i d u a l  foam is v i s i b l e ,  s o  a t  l e a s t  an a s ses smen t  can  be made). 

T h i s  problem seems t o  r educe  t h e  e f f e c t i v e n e s s  o f  t h e  time e x p o s u r e s .  

However, i f  an image p r o c e s s i n g  sys t em is a v a i l a b l e ,  more power fu l  t e c h n i q u e s  

are a v a i l a b l e  t o  improve t h e  s i t u a t i o n .  We have developed one  t e c h n i q u e ,  

c a l l e d  d i f f e r e n c i n g  time exposure ,  t h a t  accompl i shes  o u r  p u r p o s e s .  

D i f f e r e n c i n g  Time Exposures  

50. One way t o  a l t o g e t h e r  a v o i d  t h e  dynamics o f  r e s i d u a l  foam a c c u m u l a t i o n  

is t o  e l i m i n a t e  unwanted, p e r s i s t e n t  s i g n a l s  t h a t  do n o t  p e r t a i n  t o  a c t i v e  

b r e a k i n g  ( t h u s  ene rgy  d i s s i p a t i o n ) .  T h i s  e l i m i n a t i o n  can be accompl i shed  by 

s u b t r a c t i n g  v i d e o  f r a m e s ,  s e p a r a t e d  i n  time by a g i v e n  i n t e r v a l  (commonly 0.5 

- 1.0 s e c o n d s ) ,  t o  y i e l d  a d i f f e r e n c e  image. Regions o f  l i t t l e  o r  no  c o n t r a s t  

change ,  such  a s  areas o f  p e r s i s t e n t  foam, w i l l  show z e r o  d i f f e r e n c e .  Areas o f  

a c t i v e  b r e a k i n g  w i l l  show l a r g e  i n t e n s i t y  changes ,  hence  l a r g e  d i f f e r e n c e  

s i g n a l s .  A t ime exposu re  can be made by a v e r a g i n g  a set  o f  t h e s e  d i f f e r e n c e  

images o v e r  a s u i t a b l e  p e r i o d ,  a g a i n  t e n  minutes  f o r  o u r  c a s e .  F i g u r e  16 is 

an  example d i f f e r e n c i n g  t ime exposu re  image from October  1 1 .  The o f f s h o r e  

b r e a k i n g  p a t t e r n  is i n d i c a t e d  a g a i n  by t h e  h i g h  i n t e n s i t y  band o f f s h o r e .  

57. The d i f f e r e n c i n g  t e c h n i q u e  r e q u i r e s  t h e  s e l e c t i o n  o f  two free 

p a r a m e t e r s  t o  y i e l d  an  o p t i m a l  image. The f i r s t  is t h e  t ime i n t e r v a l  between 

images f o r  image s u b t r a c t i o n ,  mentioned above.  The second is a t h r e s h o l d  

v a l u e  below which c o n t r a s t  d i f f e r e n c e s  are c o n s i d e r e d  n e g l i g i b l e  ( and  are 

mapped t o  z e r o ) .  T h i s  t h r e s h o l d  s e r v e s  t h e  double  pu rpose  o f  e l i m i n a t i n g  

minor  v a l u e s  o f  d i f f e r e n c e  t h a t  r e s u l t  from camera shake  o r  t h e  i n e v i t a b l e  

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

t ime  a v e r a g i n g  a l l o w i n g  bo th  p o s i t i v e  and n e g a t i v e  d i f f e r e n c e s  must  a lways  

g i v e  a r e s u l t  o f  z e r o ) .  While r e s u l t i n g  image q u a l i t y  i s  i n f l u e n c e d  by t h e  



F i g u r e  1 6 .  R e c t i f i e d  d i f f e r e n c i n g  t ime  exposu re  o b t a i n e d  a t  low t i d e  on 
October  12 ,  1986. The b r i g h t  w h i t e  bank o f f s h o r e  i n d i c a t e s  t h e  p r e s e n c e  o f  a 
s a n d b a r ,  whereas  t h e  s h o r e l i n e  is i n d i c a t e d  by a r e l a t i v e  d a r k n e s s  w i t h i n  t h e  

s h o r e b r e a k  r e g i o n .  The longshore  and c r o s s - s h o r e  d i s t a n c e s  are s c a l e d  
e q u a l l y  w i t h  t i c m a r k  s p a c i n g  o f  50 m.  



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

l o g y  ( i n t e n s i t y  peak l o c a t i o n s )  a r e  n o t  o v e r l y  s e n s i t i v e .  F ixed  v a l u e s  have  

been u s e d  th roughou t  t h i s  pape r  t o  e l i m i n a t e  s e l e c t i v e  b i a s .  

52 .  Examination o f  t h e  d i f f e r e n c i n g  time exposure  t e c h n i q u e  b e g i n s  by 

l o o k i n g  at  t h e  l i m i t i n g  c a s e  where waves j u s t  beg in  t o  b reak  o v e r  w e l l - d e f i n e d  

b a r  crests.  F i g u r e  17 i s  a b a r  l o c a t i o n  map f o r  October  9 t h  i n d i c a t i n g  t h e  

e s t i m a t e d  b a r  l o c a t i o n  and i n t e n s i t y  maxima a t  low (Hce = 0 . 8 )  and  mid t i d e  

(Hc* = 0 . 6 )  f o r  t h e  d i f f e r e n c i n g  a l g o r i t h m  ( H c e  = 0 .45  a t  h i g h  t i d e  and no 

waves were b r e a k i n g  o f f s h o r e ) .  A t  mid t i d e  t h e  i n t e n s i t y  maximum l o c a t i o n  

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

good e s t i m a t e  a t  a l l  l o n g s h o r e  l o c a t i o n s .  Cross - sho re  p r o f i l e s  c o r r e s p o n d i n g  

t o  s e v e r a l  r e g i o n s  w i t h  we l l -de f ined  b a r  c r e s t s  ( i n d i c a t e d  i n  F i g u r e  17 )  are 

shown i n  F i g u r e  18. Not s u r p r i s i n g l y  t h e  o f f s h o r e  i n t e n s i t y  maximum shows 

e x c e l l e n t  agreement  w i t h  t h e  b a r  c r e s t  l o c a t i o n .  Fu r the rmore ,  t h e  i n t e n s i t y  

maximum h a s  moved o f f s h o r e  a t  lower  wa te r  l e v e l ,  c o n s i s t e n t  w i t h  t h e  r e s u l t s  

o f  t h e  d i s s i p a t i o n  model ( F i g u r e  6 ;  e q u a t i o n  10).  

53 .  F i g u r e  19 shows t h e  r e s u l t s  o f  t h e  d i f f e r e n c i n g  t e c h n i q u e  f o r  

Oc tobe r  1 1  when t h e  b a r  was l i n e a r  b u t  t h e  s i m p l e  time e x p o s u r e  r e s u l t s  were 

t h e i r  w o r s t .  The improvement is immediately e v i d e n t ;  a t  h i g h  t i d e  

(He* = 2 . 4 )  t h e  i n t e n s i t y  l o c a t i o n s  l i e  q u i t e  n e a r  t h e  c r e s t  w i t h i n  t h e  r a n g e  

o f  b a r  e s t i m a t e  f o r  most  o f  t h e  d a t a .  A t  lower  t i d e  l e v e l s  t h e  i n t e n s i t y  

moved o f f s h o r e  c o n s i s t e n t  w i t h  g r e a t e r  d i s s i p a t i o n  o f f s h o r e .  Fo r  low t i d e  

(H,* = 4 . 3 )  t h e  mean v a l u e  o f  Ax/xb = 39%, somewhat above t h e  same r a n g e  f o r  

t h e  t h e o r y  i F i g u r e  6 )  b u t  n o t  u n r e a s o n a b l e .  

5 4 .  F i g u r e  20 shows t h e  performance o f  t h e  t e c h n i q u e  f o r  Oc tobe r  1 6 t h  

when t h e  ba thymetry  was q u i t e  v a r i a b l e  i n  t h e  l o n g s h o r e .  A t  h i g h  t i d e  

( H C s  = 0 . 4 ) ,  t h e  waves were b a r e l y  b r e a k i n g  ove r  t h e  b a r  and t h e  i n t e n s i t y  

maximum prov ided  a n  e x c e l l e n t  mapping o f  even t h i s  compl i ca t ed  b a r  morpho- 

l o g y .  However, f o r  low t i d e  ( H c e  E 1.7) ,  t h e  d i f f e r e n c i n g  t i m e  exposu re  

maximum is  f u r t h e r  o f f s h o r e  and co r re sponds  t o  t h e  l o c a t i o n  o f  t h e  more con- 

t i n u o u s  s l o p e  b reak  a t  a b o u t  1 .75  m d e p t h .  The HCs v a l u e  f o r  t h e  s l o p e  b r e a k  

was a p p r o x i m a t e l y  1 . 0 ,  l a r g e  enough t o  a l low s i g n i f i c a n t  b r e a k i n g .  T h i s  may 

e x p l a i n  t h e  " s e l e c t i o n "  by t h e  t e c h n i q u e  o f  t h e  s t r a i g h t e r  s l o p e  b r e a k  i n s t e a d  

o f  t h e  compl i ca t ed  and more p o o r l y  d e f i n e d  ba r  crest.  



Mean shoreline 

Figure  17. Location o f  mean s h o r e l i n e ,  measured bar  c r e s t ,  and i n t e n s i t y  
maxima from d i f f e r e n c e d  time exposures  ( d i f f )  ob ta ined  a t  low and mid t i d e  on 

October 9, 1986. The s t i p p l e d  a r e a  i n d i c a t e s  t h e  a r e a  around t h e  c r e s t  f o r  
which t h e  water depth  is wi th in  5 p e r c e n t  o f  he. 
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F i g u r e  18. Local ba thymetry  and c ros s - sho re  i n t e n s i t y  p r o f i l e s  from a 
d i f f e r e n c e d  time exposure  o b t a i n e d  a t  mid t i d e  on Oc tobe r  9 ,  1986, f o r  t h e  

t h r e e  b e s t - d e f i n e d  sand  b a r  l o c a t i o n s .  



Mean shoreline 

Longshore distance (m) 

Figure  19. Location o f  mean s h o r e l i n e ,  measured b a r  c r e s t ,  and i n t e n s i t y  
maxima from d i f f e r e n c e d  t ime exposures  ( d i f f ) o b t a i n e d  a t  low, mid, and h igh  
t i d e  on October 1 1 ,  1986. The s t i p p l e d  area i n d i c a t e s  t h e  area around t h e  

c r e s t  f o r  which t h e  water dep th  is w i t i n  5 p e r c e n t  o f  he. 





55. The above  d i s c u s s i o n  s u p p o r t s  t h e  h y p o t h e s i s  t h a t  o u r  t i m e  exposu re  

t e c h n i q u e  ( m o d i f i e d  by a d i f f e r e n c i n g  a l g o r i t h m )  is  r e p r e s e n t a t i v e  o f  ene rgy  

d i s s i p a t i o n  o f  i n c i d e n t  wave b r e a k i n g .  Con t inu ing  t h e  compar ison ,  we a t t e m p t  

t o  c h a r a c t e r i z e  t h e  d i s c r e p a n c i e s  i n  b a r  l o c a t i o n ,  Ax , as a f u n c t i o n  o f  

non-dimensional  wave h e i g h t ,  Hc*. The Ax v a l u e s  a r i s i n g  i n  t h e  d i f f e r e n c i n g  

t e c h n i q u e  f o r  October  9, 11-16 are normal ized  by t h e  mean d i s t a n c e  t o  t h e  b a r  

c r e s t  ( d i f f e r e n t  a l o n g  e a c h  p r o f i l e  f o r  each  d a y )  and p l o t t e d  a g a i n s t  He* i n  

F i g u r e  21 .  D e s p i t e  t h e  g r e a t e r  n o i s e  i n  t h e  f i e l d  o b s e r v a t i o n s ,  t h e  r e s u l t s  

are  similar t o  t h e  model b e h a v i o r  shown i n  F i g u r e  6 ,  a g a i n  s u p p o r t i n g  t h e  

v a l i d i t y  o f  t h e  model. 

56 .  A f u r t h e r  f e a t u r e  i n  time exposures  is a s h o r e  b reak  which shows up as 

h i g h e r  i n t e n s i t y  v a l u e s  a l o n g  t h e  beach f a c e .  The c r o s s - s h o r e  p r o f i l e s  shown 

i n  F i g u r e s  12 and 18 have  we l l -de f ined  peaks  i n  t h e  v i c i n i t y  o f  t h e  s h o r e -  

l i n e .  T h i s  i n t e n s i t y  maxima f o r  a l l  c r o s s - s h o r e  p r o f i l e s  ( f rom s i m p l e  time 

e x p o s u r e s )  are compared q u a n t i t a t i v e l y  w i t h  t h e  c a l c u l a t e d  s h o r e l i n e  l o c a t i o n  

i n  F i g u r e  22 .  The c o r r e l a t i o n  is very  good ( r  = 0 . 9 2 ) ,  however,  t h e  s l o p e  o f  

t h e  l i n e  th rough  t h e  d a t a  is s l i g h t l y  p o s i t i v e ,  a r e s u l t  o f  swash dynamics f o r  

which we have  no model. For i n d i v i d u a l  d a y s ,  t h e  agreement  is e x c e l l e n t ;  f o r  

example ,  on t h e  12 th  when image q u a l i t y  was b e s t  t h e  i n t e r c e p t  is  -2.0 and t h e  

s l o p e  1.02 ( r  = 0 . 9 7 ) .  

5 7 .  The p e r s i s t e n c e  o f  foam n e a r  t h e  mean run-up l o c a t i o n  g e n e r a t e s  a n  

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

f a i r l y  c o n s t a n t ,  c o n t r a s t  d i f f e r e n c e  w i l l  a lways  be  low, t h e  mean s h o r e l i n e  

f o r  t h e  d i f f e r e n c i n g  image o f t e n  shows a n  i n t e n s i t y  minimum t h a t  c o r r e s p o n d s  

t o  t h e  l o c a t i o n  o f  t h e  maximum f o r  t h e  s i m p l e  time exposure .  However, s h o r e -  

l i n e  l o c a t i o n  a p p e a r s  b e s t  done  w i t h  t h e  s i m p l e  t ime e x p o s u r e .  



Differencing Time Exposure Data 

F i g u r e  21. R e s u l t s  from d i f f e r e n c i n g  t ime e x p o s u r e s  on October  9 ,  11-13, 
15-16 showing t h e  f r a c t i o n a l  e r r o r  i n  l o c a t i n g  t h e  b a r  c r e s t  p l o t t e d  a g a i n s t  

non-dimensional  wave h e i g h t ,  H*,. Nega t ive  Ax/x b a r  v a l u e s  i n d i c a t e  a 
landward  o f f s e t  i n  i n t e n s i t y  b a r  l o c a t i o n  estimate. 



Shoreline Agreement 

Survey measurement (m) 

F i g u r e  22. A l l  s h o r e l i n e  i n t e n s i t y  maxima l o c a t i o n s  from s i m p l e  time 
e x p o s u r e s  o b t a i n e d  a t  low, mid, and h i g h  t i d e  on October  6 ,  9-16 p l o t t e d  

a g a i n s t  measured s h o r e l i n e  l o c a t i o n .  The r e g r e s s i o n  l i n e  is g i v e n  by 
y = -14.8 + 1 . 1 5 ~  ( r  = 0 .92 ) .  



PART VI: DISCUSSION 

58. Both t h e  s i m p l e  t i m e  exposu re  and t h e  d i f f e r e n c i n g  time e x p o s u r e  

t e c h n i q u e s  seem t o  p r o v i d e  a v a l u a b l e  t o o l  f o r  s t u d y i n g  n e a r s h o r e  morpho- 

l o g y .  Both d e t e c t .  t h e  p r e s e n c e  o f  a b a r  sys t em and a l l o w  measurement o f  any  

dominant  l o n g s h o r e  l e n g t h  s c a l e s  o f  r h y t h m i c i t y .  Both can  b e  used  t o  estimate 

c r o s s - s h o r e  l e n g t h  scales, a n e c e s s a r y  p r e - r e q u i s i t e  f o r  t e s t i n g  b a r  g e n e r a -  

t i o n  models .  The d i f f e r e n c i n g  t e c h n i q u e  is  based on sound p h y s i c s ,  s o  e r r o r s  

a r e  u n d e r s t o o d  a n d ,  f o r t u n a t e l y ,  are c o n s t r a i n e d  by i n c i d e n t  wave s a t u r a -  

t i o n .  For  t h e  s i m p l e  time exposure  t e c h n i q u e ,  t h e  p h y s i c s  becomes c o n f u s e d  by 

problems w i t h  r e s i d u a l  foam, s o  t h a t ,  f o r  non-dimensional  wave h e i g h t s  (Hcs) 

g r e a t e r  t h a n  a b o u t  1 ,  e s t i m a t e s  o f  b a r  p o s i t i o n  can  be s u b j e c t  t o  e r r o r  f o r  

which we have  no model. None the le s s ,  o u r  r e s u l t s  show t h a t  t h e  s i m p l e  time 

exposure  w i l l  g e n e r a l l y  y i e l d  b e t t e r  b a r  p o s i t i o n  e s t i m a t e ,  p rov ided  t h e  u s e r  

is aware o f  t h e  r e s i d u a l  foam problem. T h i s  is due  t o  a  f o r t u i t o u s  case o f  

compensa t ing  e r r o r s ;  d i s s i p a t i o n  o f  l a r g e r  waves t e n d s  t o  g i v e  e r r o r s  i n  t h e  

o f f s h o r e  d i r e c t i o n  w h i l e  foam t e n d s  t o  compensate toward t h e  o n s h o r e .  Unfor-  

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

59. The s u c c e s s f u l  p a r a m e t e r i z a t i o n  o f  t h e  d i f f e r e n c i n g  t e c h n i q u e  by t h e  

non-dimensional  wave h e i g h t ,  H * = H rms'yhc is r e a s s u r i n g  from a t h e o r e -  
C 

t i c a l  p o i n t  o f  view. However, i t  is o f  dub ious  p r a c t i c a l  v a l u e  s i n c e  we d o  

n o t  know hc ,  t h e  d e p t h  a t  t h e  b a r  crest .  I n s t e a d ,  a u s e r  o f  t h e  t e c h n i q u e  

must  r e f e r  back  t o  t h e  q u a l i t a t i v e  wave p a r a m e t e r i z a t i o n s .  Both s i m p l e  and  

d i f f e r e n c i n g  t e c h n i q u e s  work w e l l  when t h e  waves a r e  " j u s t  b reak ing"  o v e r  t h e  

b a r .  The s i m p l e  t e c h n i q u e  s t a r t s  t o  b r e a k  down when t h e  p r e s e n c e  o f  foam no 

l o n g e r  seems d i r e c t l y  r e l a t e d  t o  t he  amount o f  l o c a l  d i s s i p a t i o n .  Both  o f  

t h e s e  l i m i t s  a r e  o f  a t y p e  t h a t  can be v i s u a l l y  a s s e s s e d  by an  i n t e l l i g e n t  

u s e r .  

60. The c a l i b r a t i o n  o f  t h e  time exposure  t e c h n i q u e  d i s c u s s e d  i n  t h i s  pape r  

assumes t h a t  t h e  a p p r o p r i a t e  measure o f  a sand b a r  l o c a t i o n  is t h e  p o i n t  o f  

minimum d e p t h .  T h i s  may n o t  a lways  be t r u e .  For example,  f o r  t h e  b a r  gene- 

r a t i o n  mechanism p r e s e n t e d  by Holman and Bowen (1982) t h e  sand b a r  is t r e a t e d  

as a p e r t u r b a t i o n  t o  a n  u n d e r l y i n g  beach p r o f i l e .  The p o i n t  o f  maximum p e r -  

t u r b a t i o n  w i l l  a lways  be o f f s h o r e  from t h e  p o i n t  o f  minimum d e p t h ,  on  t h e  

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

mean s l o p e .  Thus t h e  e r r o r s  i n  t h e  time exposure  t e c h n i q u e  w i l l  p r o b a b l y  b e  



l e s s  f o r  t h i s  a p p l i c a t i o n .  Holman and Bowen (1982) a l s o  p o i n t  o u t  t h a t  i n  

t h e i r  t h e o r y ,  a low-t ide  t e r r a c e  can be thought  o f  as a small ampl i tude  b a r .  

Again, t h e  a p p r o p r i a t e  l o c a t i o n  of  t h e  maximum p e r t u r b a t i o n  would be a t  t h e  

s l o p e  b reak ,  j u s t  t h e  p o i n t  imaged by t h e  t ime exposure  t echn ique .  



PART VII: CONCLUSIONS 

61.  We have developed a t e c h n i q u e  t o  measure  t h e  s c a l e s  and morphology o f  

n a t u r a l  sand b a r s  based on t h e  p r e f e r e n t i a l  d i s s i p a t i o n  o f  wind waves and 

swell o v e r  t h e  s h a l l o w s  o f  t h e  b a r .  T h i s  is imaged p h o t o g r a p h i c a l l y ,  w i t h  

s t a t i s t i c a l  u n c e r t a i n t y  reduced by t h e  u s e  o f  time e x p o s u r e s  ( a v e r a g i n g  o v e r  a 

l e n g t h  of time l o n g  compared t o  modula t ion  time scales f o r  i n c i d e n t  wave 

h e i g h t ) .  A n a l y s i s  o f  t h e  photogrammetry shows t h a t  p o s i t i o n a l  i n f o r m a t i o n  i n  

t h e  r e s u l t i n g  images can be  q u a n t i f i e d  t o  an a c c u r a c y  o f  5 p e r c e n t  o f  t h e  

d i s t a n c e  t o  t h e  camera. 

62. T h e o r e t i c a l  mode l l i ng  shows t h e  s e n s i t i v i t y  o f  i n c i d e n t  wave 

d i s s i p a t i o n  t o  p e r t u r b a t i o n s  i n  bottom s l o p e ,  hence  t h e  p o t e n t i a l  f o r  u s i n g  

d i s s i p a t i o n  t o  l o c a t e  b a r s .  An i m p o r t a n t  pa rame te r  is t h e  non-dimensional  

wave h e i g h t ,  Hc* = HO/yhc For  Hc* = 0.5 - 1.0, t h e  waves are j u s t  b r e a k i n g  

and t h e  d i s s i p a t i o n  maximum c o r r e s p o n d s  w e l l  t o  t h e  b a r  crest p o s i t i o n .  

L a r g e r  Hc* v a l u e s  r e s u l t  i n  we igh t ing  t h e  d i s s i p a t i o n  maximum f a r t h e r  o f f s h o r e  

up t o  a maximum l o c a t i o n  beyond which t h e  l o c a l  wave f i e l d  is s a t u r a t e d .  The 

maximum d i s c r e p a n c i e s  based on a r e a s o n a b l e  example are 35 p e r c e n t  o f  t h e  t r u e  

b a r  c r e s t  d i s t a n c e .  

63. Ground t r u t h  t e s t i n g ,  conducted  d u r i n g  SUPERDUCK, conf i rm t h e  

c a p a b i l i t i e s  o f  t h e  time exposure  t e c h n i q u e  f o r  d e t e c t i n g  t h e  p r e s e n c e  o f  a 

sand  b a r  sys t em as well as d e t e c t i n g  longshore  v a r i a b i l i t y  and r h y t h m i c i t y  and  

q u a n t i f y i n g  l e n g t h  s c a l e s .  Cross - sho re  s c a l e  e s t i m a t e s  are a c c u r a t e  f o r  small 

Hc*, b u t  f o r  h i g h e r  waves p e r s i s t e n t  foam b i a s e s  t h e  i n t e n s i t y  shoreward  i n  

ways f o r  which we have no  t h e o r y .  The u s e  o f  v i d e o  d i f f e r e n c i n g  ( t h e  sub- 

t r a c t i o n  o f  c o n s e c u t i v e  f r a m e s )  removes r e s i d u a l  foam from t h e  image and 

r e s u l t s  from d i f f e r e n c i n g  time e x p o s u r e s  a p p e a r  t o t a l l y  c o n s i s t e n t  w i t h  o u r  

t h e o r e t i c a l  d i s s i p a t i o n  mode l l i ng .  
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