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The report reviews the methods presently available for the prediction of 

waves at a coast, with particular emphasis on techniques which can be used 

in real time. The interest in these techniques stems from the increasing 

awareness, in local district councils and regional water authorities, of the 

role of wave action in coastal flooding. 

It is already normal practice in many parts of the country for regional 

water authorities to be sent early warning of high tidal levels by the Storm 

Tide Warning Service. When such a warning has been issued, it falls to 

local duty officers to decide whether any further action should be taken, 

perhaps including the evacuation of low lying areas. This decision, 

however, is heavily influenced by the expected level of wave activity around 

the time of high water. 

On most coasts, modest wave activity occurring at the time of a high tidal 

level occurring, say, once in 10 years will produce a much more dangerous 

situation than a l in 100 year tide occurring when the weather was calm. It 

therefore follows that a reliable prediction of wave conditions at a coast 

at such times will assist in the assessment of the likelihood of flooding. 

However, the complicated sea bed contours along many coasts often make it a 

difficult task to convert estimated wave heights offshore into corresponding 

values near the shoreline. This problem is made more difficult by the 

limited time available to the duty officer between receiving a storm tide 

warning and deciding on an appropriate course of action. 

This report reviews the possible techniques which might be of use, and 

recommends a method which minimises calculations in real time. Instead, 

results are provided in the form of look-up tables or graphs, sets being 

provided for key locations along a coast, each covering a wide range of 

tidal levels and wave conditions offshore. This technique is relatively 

cheap to apply, and can also be extended for use in design calculations if 

required. 
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1 INTRODUCTION 
Much of t h e  t h e o r e t i c a l  development which forms t h e  
b a s i s  of methods t o  p r e d i c t  wave c o n d i t i o n s  c l o s e  t o  a 
c o a s t  has  been p r e s e n t e d  i n  p r e v i o u s  r e p o r t s  (eg R e f s  
10,  1 2 ) .  and is t h e r e f o r e  no t  reproduced h e r e .  T h i s  
r e p o r t  c o n c e n t r a t e s  i n s t e a d  on a n  overview of t h o s e  
methods which may be u s e f u l  t o  e n g i n e e r s  who wish t o  
f o r e c a s t  wave a c t i v i t y  i n  rea l - t ime .  The use of such 
t e c h n i q u e s  would be t o  p r e d i c t  wave h e i g h t s  and 
p e r i o d s  perhaps  4-6 hours  ahead of t h e i r  o c c u r r e n c e ,  
and t h e y  a r e  l i k e l y  t o  be combined wi th  r e s u l t s  from 
t i d a l  f o r e c a s t s  such a s  provided by t h e  Storm Tide 
Warning S e r v i c e .  Armed wi th  t h e  p r e d i c t i o n  of w a t e r  
l e v e l s  and wave c o n d i t i o n s ,  i t  shou ld  t h e n  be p o s s i b l e  
f o r  t h e  e n g i n e e r  t o  make a n  a c c u r a t e  judgement on t h e  
l i k e l i h o o d  of over topp ing ,  f l o o d i n g ,  and t h e  n e c e s s i t y  
f o r  any e v a c u a t i o n .  

The s p e c i f i c  impetus f o r  producing t h i s  review stemmed 
from a  r e q u e s t  t o  produce m a t e r i a l  f o r  a  manual being 
p repared  by t h e  I n s t i t u t i o n  of Water E n g i n e e r s  and 
S c i e n t i s t s  (Ref 1 3 ) ;  t h i s  r e p o r t  expands and e x t e n d s  
t h e  d i s c u s s i o n  p resen ted  t h e r e .  I n  g e n e r a l  o u t l i n e ,  
Chap te r  2  d e a l s  wi th  t h e  p r e d i c t i o n  of wave i n  deep  
w a t e r ,  fo l lowed by a  d e s c r i p t i o n  of t h e  e f f e c t s  of 
s h a l l o w  w a t e r  i n  Chap te r  3. An i m p o r t a n t  a s p e c t  of 
t h e  use  of such methods i s  t h e i r  accuracy  and t h i s  
a s p e c t  i s  cons idered  i n  Chap te r  4 t o g e t h e r  w i t h  some 
comments on t h e  c o s t s  and b e n e f i t s  of t h e i r  use .  
F i n a l l y  i n  Chap te r  5 a  summary and some o v e r a l l  
c o n c l u s i o n s  a r e  o resen ted .  

2  DEEP WATER WAVE 
FORECASTING 

Apart  from s i m p l e ,  e m o i r i c a l  methods f o r  p r e d i c t i n g  
extreme wave h e i g h t s  dur ing  s e v e r e  s t o r m s ,  t h e  f i r s t  
a t t e m p t s  t o  f o r e c a s t  wave c o n d i t i o n s  from wind d a t a  i n  
t h e  UK were made dur ing  t h e  Second World War. Not 
s u r p r i s i n g l y  t h e s e  e a r l y  methods were r a t h e r  crude.  
p a r t l y  because of t h e  l a c k  of a c c u r a t e  wave record ing  
i n s t r u m e n t s .  Almost con t inuous  r e s e a r c h  o v e r  t h e  l a s t  
40 y e a r s  h a s ,  however, g r e a t l y  i n c r e a s e d  t h e  a c c u r a c y  
and s o p h i s t i c a t i o n  of t h e  methods a v a i l a b l e .  
N e v e r t h e l e s s ,  even i n  deep w a t e r ,  t h e r e  a r e  s t i l l  
c o n s i d e r a b l e  d i f f i c u l t i e s  i n  making a c c u r a t e  
p r e d i c t i o n s .  It i s  worthwhile reviewing t h e  o r o c e s s e s  
invo lved  and some of t h e  problems encounte red .  

I n  t h e  f i r s t  i n s t a n c e  t h e  mechanism by which wind 
energy i s  t r a n s f e r r e d  t o  t h e  s e a  t o  form s u r f a c e  waves 
i s  h i g h l y  complex and a s  y e t  n o t  comple te ly  
unders tood.  However, t h r e e  broad p r o c e s s e s  have been 
i d e n t i f i e d .  



m The f l o w  of a i r  o v e r  t h e  s e a  e x e r t s  a  
t a n g e n t i a l  s t r e s s  on t h e  w a t e r  s u r f a c e  
r e s u l t i n g  i n  t h e  t r a n s f e r  of e n e r g y  t o  t h e  
w a t e r  and  t h e  f o r m a t i o n  and  g rowth  o f  waves .  
T h i s  p r o c e s s  i s  dominant  i n  t h e  v e r y  e a r l y  
s t a g e s  o f  wave growth .  

Because  t h e  a i r  f l o w  'is a l w a y s  t u r b u l e n t  o v e r  
t h e  sea s u r f a c e .  wind e d d i e s  a r e  formed and  
t h e s e  create r a p i d  v a r i a t i o n s  i n  t h e  p r e s s u r e  
and  s h e a r  stress on t h e  w a t e r  s u r f a c e .  When 
t h e s e  changes  i n  p r e s s u r e  and  s h e a r  s t ress  
"match" i e ,  have  t h e  same l e n g t h  and  v e l o c i t y  
as any  e x i s t i n g  w a t e r  waves ,  t h e s e  w i l l  be  
a m p l i f i e d .  T h i s  p r o c e s s  o c c u r s  once  w a t e r  
waves have  been  e s t a b l i s h e d .  

When waves of a c e r t a i n  s i z e  have  b e e n  
c r e a t e d ,  t h e  wind c a n  add  f u r t h e r  e n e r g y  t o  
t h e  waves by " form d r a g " ,  i e ,  by e x e r t i n g  
g r e a t e r  f o r c e  d i r e c t l y  on t h e  rear (upwind) 
s i d e  of t h e  crest t h a n  on t h e  f r o n t  f a c e  which  
i s  s h e l t e r e d .  The maximum wave g r o w t h  w i l l  be  
o b t a i n e d  when t h e  a v e r a g e  wind s p e e d  m a t c h e s  
t h e  speed  of  t h e  w a t e r  waves.  

The second  of t h e  wave g e n e r a t i o n  p r o c e s s e s  m e n t i o n e d  
a b o v e  i m p l i e s  t h a t ,  because  of t u r b u l e n t  e d d i e s  i n  t h e  
w i n d ,  waves w i t h  d i f f e r e n t  p e r i o d s  and  d i r e c t i o n s  c a n  
be c r e a t e d  e v e n  when t h e  wind h a s  a c o n s t a n t  mean 
s p e e d  and  d i r e c t i o n .  A s  a r e s u l t  t h e  sea s t a t e  d u r i n g  
a s t o r m  i s  a l w a y s  s h o r t - c r e s t e d  and  i r r e g u l a r .  Of 
c o u r s e ,  i n  most  s t o r m s  b o t h  t h e  a v e r a g e  wind s t r e n g t h  
a n d  d i r e c t i o n  v a r y  i n  time and  s p a c e ,  making t h e  
p r o c e s s  o f  wave g r o w t h  even  more complex.  Waves 
c r e a t e d  i n  t h i s  way a t ,  o r  c l o s e  t o  t h e  s i t e  of 
i n t e r e s t  form a n  i m p o r t a n t  p a r t  of t h e  deep -wa te r  wave 
f i e l d .  T h e s e  waves a r e  g e n e r a l l y  r e f e r r e d  t o  as "wind 
waves" o r  " s t o r m  waves".  T h e i r  p e r i o d s  are u s u a l l y  
w i t h i n  t h e  r ange  2 s econds  t o  16  s e c o n d s .  

Ext reme t i d a l  l e v e l s  due  t o  s u r g e s  u s u a l l y  o c c u r  i n  
s t o r m y  w e a t h e r  making t h e  p r e d i c t i o n  of  wind waves 
v i t a l  a t  s u c h  times. I n  a d d i t i o n  t o  t h e  wind w a v e s ,  
which  p redominan t  a round  much o f  t h e  UK s h o r e l i n e ,  
t h e r e  a r e  a l s o  waves g e n e r a t e d  f u r t h e r  a f i e l d  which  
c a n  fo rm a s i g n i f i c a n t  c o n t r i b u t i o n  t o  t h e  e n e r g y  
a r r i v i n g  a t  a c o a s t .  These  waves are r e f e r r e d  t o  as  
" s w e l l " .  T y p i c a l l y  t h e y  have q u i t e  a d i f f e r e n t  
c h a r a c t e r  t o  s t o r m  waves d u e  t o  t h e  l o n g  d i s t a n c e s  
t h a t  t h e y  have t r a v e l l e d .  S w e l l  c a n  e a s i l y  be  
r e c o g n i s e d  by t h e  l o n g  c r e s t s  and  n e a r l y  r e g u l a r  
p e r i o d  of  t h e  waves. Waves r e s u l t i n g  f rom a  s t o r m  
w i l l  t r a v e l  away f rom t h e  g e n e r a t i o n  a r e a  i n  much t h e  
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The e a r l i e s t  t y p e s  of wave p r e d i c t i o n  methods used  a 
combina t ion  of s i m p l e  fo rmulae  and e m p i r i c a l l y  
d e t e r m i n e d  f a c t o r s  t o  g i v e  t h e  wave h e i g h t  and p e r i o d  
f o r  a v a r i e t y  of s t e a d y  wind c o n d i t i o n s .  U s u a l l y  
t hese  methods  are p r e s e n t e d  as g r a p h s  f rom which t h e  
wave h e i g h t  and  p e r i o d  can  be read  o f f  f o r  a range  of  
s t o r m  c o n d i t i o n s .  Among t h e s e  methods  can  be 
ment ioned: -  

(1 )  The SMB (Sve rdrup-Munk-B re t s c h n e i d e  r )  
method (Ref 2 ) .  T h i s  method u s e s  e m p i r i c a l  
e x p r e s s i o n s  d e r i v e d  from a comprehens ive  
series of o b s e r v a t i o n s  a t  locations i n  t h e  
Nor th  P a c i f i c ,  Nor th  A t l a n t i c  a n d  Great 
Lakes .  

( i i )  The Darbysh i r e -Drape r  method (Ref 3 ) .  T h i s  
method i s  based  on o b s e r v a t i o n s  a round  t h e  
UK c o a s t ,  and  i s  o n l y  v a l i d  f o r  t h e s e  
a reas. 

These  two methods are u s u a l l y  used  t o  p r o v i d e  a n  
estimate of j u s t  t h e  wave h e i g h t  and  p e r i o d .  

I n  a d d i t i o n  t o  t h e s e  b a s i c  methods ,  i t  i s  a l s o  
p o s s i b l e  t o  u s e  more s o p h i s t i c a t e d  t e c h n i q u e s  t o  g i v e  
i n f o r m a t i o n  on t h e  wave f r e q u e n c y  spec t rum,  i e ,  t h e  
d i s t r i b u t i o n  of wave e n e r g y  as a f u n c t i o n  of f r e q u e n c y  
( t h e  i n v e r s e  of wave p e r i o d ) .  The most i m p o r t a n t  of  
t h e s e ,  f o r  a p p l i c a t i o n s  around t h e  U K  c o a s t l i n e ,  i s  
t h e  JONSWAP method (Re£ 4 ) .  T h i s  method u s e s  a 
s e m i - e m p i r i c a l  fo rmula  d e r i v e d  from s p e c i f i c a l l y  
d e s i g n e d  e x p e r i m e n t s  c a r r i e d  o u t  i n  t h e  s o u t h e r n  N o r t h  
S e a  d u r i n g  t h e  J o i n t  North Sea  Wave P r o j e c t  (hence  t h e  
acronym).  The e x t r a  i n f o r m a t i o n  on t h e  f r e q u e n c y  
s p e c t r u m ,  however, w i l l  be l o s t  i f  t h e  r e s u l t s  d e r i v e d  
f rom u s i n g  t h i s  method are s imply  used  t o  p roduce  
f o r e c a s t i n g  c u r v e s .  

The a d v a n t a g e s  o f  u s i n g  s u c h  c u r v e s ,  from any  of t h e  
above  methods ,  a r e  speed  and s i m p l i c i t y .  However, 
some a c c u r a c y  is  l o s t  by assuming a s t e a d y  wind and a 
g r e a t l y  s i m p l i f i e d  d e s c r i p t i o n  of t h e  geomet ry  of t h e  
g e n e r a t i o n  area. A t y p i c a l  method of s i m p l i f y i n g  t h e  
s h a v e  of t h e  g e n e r a t i n g  area i s  t o  j u s t  t a k e  t h e  
l e n g t h  a c r o s s  i t  i n  t h e  wind d i r e c t i o n .  T h i s  l a t t e r  
s i m p l i f i c a t i o n  can  be a v o i d e d  i f  t h e  p o i n t  a t  which 
p r e d i c t i o n s  are r e q u i r e d  is known i n  a d v a n c e ,  and  t h i s  
i s  l i k e l y  t o  be t h e  case i n  t h e  c o n t e x t  of f l o o d  
w a r n i n g s .  I n  t h i s  s i t u a t i o n ,  i t  i s  p o s s i b l e  t o  
improve  on .  s a y ,  t h e  g e n e r a l  JONSWAP method by 
i n c o r p o r a t i n g  more d e t a i l e d  i n f o r m a t i o n  i n  t h e  
geomet ry  of t h e  g e n e r a t i o n  a r e a .  



A s u i t a b l e  method f o r  t h i s  Durpose was proposed by 
Seymour (Ref 5 ) .  He suggested t h a t  a  s e t  of r a d i a l  
f e t c h  l i n e s  should be drawn a t  say 10" i n t e r v a l s  
o r i g i n a t i n g  from t h e  p o i n t  a t  which p r e d i c t i o n s  a r e  
r e q u i r e d  ( F i g  1 ) .  Wave c o n d i t i o n s  a t  t h e  ' t a r g e t '  
p o i n t  a r e  c a l c u l a t e d  by summing c o n t r i b u t i o n s  a r r i v i n g  
a l o n g  each ray which i s  w i t h i n  90' of t h e  wind 
d i r e c t i o n .  Such c a l c u l a t i o n s  can be c a r r i e d  o u t  
r a p i d l y  w i t h  a  s imple  computer program f o r  a  wide 
range of h y ~ o t h e t i c a l  wind c o n d i t i o n s .  The r e s u l t s  
o b t a i n e d  can t h e n  be p r e s e n t e d  a s  a  set of 
s i t e - s p e c i f i c  f o r e c a s t i n g  curves .  Each g raph  would 
g i v e  p r e d i c t i o n s  f o r  a  f a i r l y  narrow range of wind 
d i r e c t i o n s ,  and t h e  whole s e t  can be p repared  w e l l  i n  
advance of being r e q u i r e d  f o r  a p p l i c a t i o n .  

Such a  method is c e r t a i n l y  a n  improvement on u s i n g  
more g e n e r a l  f o r e c a s t i n g  c u r v e s ,  and may be 
s u f f i c i e n t l y  a c c u r a t e  i n  many a r e a s  f o r  f l o o d  warning 
purposes .  It a l s o  has  t h e  advantage of being very  
s imple  t o  use .  However, i t  cannot d e a l  p r o p e r l y  w i t h  
wind c o n d i t i o n s  which may vary  e i t h e r  i n  space  o r  t i m e  
d u r i n g  a  s torm,  nor  can i t  p r e d i c t  t h e  a r r i v a l  o r  
i n t e n s i t y  of swel l .  

To t a c k l e  t h e s e  more complicated problems i t  i s  
n e c e s s a r y  t o  t u r n  t o  cor responding ly  more 
s o p h i s t i c a t e d  numerical  models. G e n e r a l l y ,  such  
models u s e  a  f i n i t e  d i f f e r e n c e  g r i d  o v e r  t h e  
g e n e r a t i o n  a r e a ,  and r e q u i r e  wind c o n d i t i o n s  t o  be  
s p e c i f i e d  a t  r e g u l a r  i n t e r v a l s  both  i n  space  and 
t ime.  

The more d e t a i l e d  s p e c i f i c a t i o n  of wind c o n d i t i o n s  
w i l l  c e r t a i n l y  improve t h e  accuracy  of wave 
p r e d i c t i o n s ,  but many of t h e  advan tages  of  t h e  s imple  
methods a r e  l o s t .  I n  p a r t i c u l a r  i t  becomes i m p o s s i b l e  
t o  c a r r y  o u t  c a l c u l a t i o n s  f o r  a l l  p o s s i b l e  wind 
f i e l d s ,  and t h i s  p r e v e n t s  c a r r y i n g  o u t  c a l c u l a t i o n s  
w e l l  i n  advance of a  p o s s i b l e  f l o o d  e v e n t .  A s  a  
consequence,  i t  becomes necessa ry  t o  run such a  model 
i n  r e a l  t i m e  i n  o r d e r  t o  p rov ide  p r e d i c t i o n s  f o r  f l o o d  
warnings .  

A l a r g e  v a r i e t y  of computer models have been developed 
i n  r e c e n t  y e a r s  t o  t a c k l e  t h i s  type of problem, and a  
number have been r e c e n t l y  reviewed by MIAS (Ref 6 ) .  
I t  would a l s o  be p o s s i b l e  f o r  a  p o t e n t i a l  u s e r  t o  
deve lop  a  s p e c i f i c  model f o r  h i s  own p a r t i c u l a r  
a p p l i c a t i o n .  However, t h e  requirement t o  p r e d i c t  
s w e l l  can be a  major  compl ica t ing  f a c t o r .  I n  view o f  
t h i s  i t  i s  l i k e l y  t h a t  most u s e r s  w i l l  f i n d  t h e  
e x i s t i n g  fine-mesh wave model (Ref 7 )  run by t h e  
H e t e o r o l o g i c a l  O f f i c e  t o  be t h e  most s u i t a b l e  way t o  



prov ide  t h e  i n f o n n a t i o n  they r e q u i r e .  T h i s  model 
covers  t h e  whole North-West European c o n t i n e n t a l  s h e l t  
and f u r t h e r  a f i e l d ,  a t  a g r i d  svacing of 25km. I n  
a d d i t i o n ,  i t  a d j o i n s  a  c o a r s e r  ~nesh model which 
c o v e r s  t h e  North A t l a n t i c  and p rov ides  i n f o n n a t i o n  on 
waves g e n e r a t e d  i n  t h a t  a r e a  and t r a v e l l i n g  towards 
che B r i t i s h  I s l e s .  

The fine-mesh model i s  run twice  a  day and p r o v i d e s  
deep w a t e r  s to rm wave and s w e l l  o r e d i c t i o n s  f o r  up t o  
36 hours  i n  advance a t  3 hour ly  i n t e r v a l s .  These 
r e s u l t s ,  t o g e t h e r  wi th  f o r e c a s t s  of wind c o n d i t i o n s ,  
a r e  then  d i s t r i b u t e d  us ing  t h e  P u b l i c  Switched 
Telephone Network (PSTN) t o  s u b s c r i b e r s ,  by a  document 
f a c s i m i l e  system. The mesh s i z e  i s  g e n e r a l l y  
s u f f i c i e n t  t o  r e p r e s e n t  t h e  shape of t h e  g e n e r a t i o n  
a r e a s  a c c u r a t e l y ,  and t h e  model a l s o  i n c o r p o r a t e s  t h e  
e f f e c t s  of  w a t e r  dep th  (Ref 7 ) .  

A s  w i t h  t h e  o t h e r  models d e s c r i b e d  above t h e  f i n e  mesh 
wave model i s  n o t  des igned t o  i n c l u d e  che e f f e c t s  of 
near - shore  topography where bo th  dep th  and wave wind 
c o n d i t i o n s  may vary  s u b s t a n t i a l l y  over  l e n g t h s  of  a  
k i l o m e t r e  o r  l e s s .  Never the less  i t  may, on exposed 
c o a s t s .  produce i m p r e s s i v e l y  a c c u r a t e  p r e d i c t i o n s  of 
t h e  wave h e i g h t s  and t h e  t i m e  of t h e i r  occur rence  ( s e e  
F i g  2 showing a  comparison between model p r e d i c c i o n s  
i n  J a n u a r y  1984 a t  Seaford i n  t h e  E n g l i s h  Channel and 
recorded near-shore  wave h e i g h t s ) .  More of  t e n ,  
however, t h e  c o a s t a l  topography may prov ide  
c o n s i d e r a b l e  s h e l t e r ,  and i t  w i l l  be found t h a t  
deep-water wave p r e d i c t i o n s  w i l l  s u b s t a n t i a l l y  
o v e r - e s t i m a t e  near-shore  wave h e i g h t s .  T h i s  problem 
i s  d i s c u s s e d  n e x t .  

3 PREDICTING WAVES 
CLOSE TO A COAST 

The p r e v i o u s  s e c t i o n  d e s c r i b e d  a  v a r i e t y  of methods 
which p r e d i c t  che growth and p ropaga t ion  of waves i n  
t h e  open s e a .  Most of t h e s e  models,  however, do not 
e x p l i c i t l y  a l l o w  f o r  che e f f e c t s  of changing w a t e r  
d e p t h .  The JONSWAP model, f o r  example, was developed 
and v a l i d a t e d  us ing  measurements from t h e  s o u t h e r n  
North Sea.  It cannot be r e a d i l y  adopted t o  g i v e  
a c c u r a t e  p r e d i c t i o n s  of wave growth i n  a  deep ocean o r  
i n  ve ry  sha l low w a t e r  a d j a c e n t  t o  a  coasc .  Even t h e  
M e t e o r o l o g i c a l  O f f i c e  fine-mesh wave model, which does  
i n c l u d e  s h a l l o w  w a t e r  e f f e c t s .  can only  do s o  a t  a  
c o a r s e  s c a l e  i n  t h e  con tex t  of c o a s t a l  bathymetry.  

C lose  t o  t h e  s h o r e l i n e ,  however, waves t h a t  have been 
generaced  o v e r  many t e n s  o r  hundreds of k i l o m e t r e s  a r e  
s u b s t a n t i a l l y  modif ied and f i n a l l y  d e s t r o y e d  i n  a  
v e r y  narrow s t r i p  of shal low wate r .  I n  t h i s  s e c t i o n .  



t h e r e f o r e ,  attention i s  turned t o  d e s c r i b i n g  both the  
p r o c e s s e s  t h a t  o c c u r  i n  t h i s  i m p o r t a n t  a r e a  and t h e  
methods a v a i l a b l e  t o  model them. A s  i n  p rev ious  
s e c t i o n s ,  t h e  main purpose of c h i s  review i s  t o  
i d e n t i f y  methods of c a l c u l a t i o n s  which can be a p p l i e d  
q u i c k l y  and e a s i l y  i n  o r d e r  t o  produce r e s u l t s  i n  r e a l  
cime. 

There  a r e  a  l a r g e  number of p r o c e s s e s  which a f f e c t  
waves a s  they  approach  a  c o a s t  and they  can  be 
c o n v e n i e n t l y  grouped i n t o  two c l a s s e s .  F i r s t l y  t h e r e  
a r e  t h e  phenomena which on ly  a l t e r  t h e  s p a t i a l  
d i s t r i b u t i o n  of wave energy o v e r  t h e  s e a  s u r f a c e .  
These  p r o c e s s e s  i n c l u d e  s h o a l i n g ,  ref  r a c t i o n  and 
d i f f r a c t i o n  and a r e  termed ' n o n - d i s s i p a t i v e '  . 
I n  c o n t r a s t ,  t h e r e  a r e  a  v a r i e t y  of ' d i s s i p a t i v e '  
p r o c e s s e s  which a l t e r  t h e  t o t a l  energy of waves a s  
they t r a v e l  shorewards ,  c o n v e r t i n g  i t  f i r s t  i n t o  
t u r b u l e n c e  and hence i n t o  h e a t  and movement of  t h e  s e a  
bed m a t e r i a l .  Wave b reak ing  and d i s s i p a t i o n  due t o  
f r i c t i o n a l  e f f e c t s  f a l l  i n t o  t h i s  c a t e g o r y .  

Mosc of t h e  s h a l l o w  w a t e r  p r o c e s s e s  mentioned above 
a r e  u s u a l l y  o n l y  s i g n i f i c a n t  i n  a  narrow s t r i p  of 
w a t e r  immediate ly  a d j a c e n t  t o  t h e  c o a s t .  T y p i c a l l y  
t h i s  s t r i p  i s  on ly  a  few k i l o m e t r e s  wide and w i t h i n  
t h i s  r eg ion  i t  i s  u s u a l l y  reasonab le  t o  i g n o r e  any 
i n c r e a s e  i n  wave energy  due t o  wind a c t i o n .  a t  l e a s t  
i n  comparison w i t h  t h e  r a p i d  d e c r e a s e s  caused by 
r e f r a c t i o n  o r  f r i c t i o n a l  d i s s i p a t i o n .  T h i s  
s i m p l i f i c a t i o n  a l s o  reduces  t h e  complex i ty  of 
subsequen t  c a l c u l a t i o n s .  

A s  w i t h  models f o r  wave growth i n  t h e  open s e a ,  t h e r e  
a r e  a  v a r i e t y  of t e c h n i q u e s  f o r  p r e d i c t i n g  t h e  change 
i n  wave c h a r a c t e r i s t i c s  i n  s h a l l o w  w a t e r .  For  s e a  bed 
c o n t o u r s  t h a t  a r e  s t r a i g h t  and p a r a l l e l  i t  i s  p o s s i b l e  
t o  u s e  a  ve ry  s i m p l e  g r a p h i c a l  method t o  c a l c u l a t e  t h e  
s h o a l i n g  and r e f r a c t i o n  of waves of uniform p e r i o d  and 
d i r e c t i o n  (Ref 8 ) .  However, t h i s  i d e a l i s e d  s i t u a t i o n  
i s  u n l i k e l y  t o  be even a  r easonab le  approx imat ion  t o  
c o n d i t i o n s  around o u r  c o a s t l i n e ,  e s p e c i a l l y  d u r i n g  
s to rms .  I n  consequence,  i t  becomes n e c e s s a r y  t o  
c o n s t r u c t  a  s p e c i f i c  numer ica l  model f o r  each  s t r e t c h  
of c o a s t  t h a t  needs  t o  be cons ide red .  F o r  f l o o d  
warning purposes  t h i s  means t h a t  t h e  model h a s  t o  be 
s e t  up w e l l  i n  advance of i t s  u s e  i n  r e a l  t i m e .  

In  choosing a  s u i t a b l e  model f o r  c a l c u l a t i n g  s h a l l o w  
w a t e r  e f f e c t s ,  t h e  e n g i n e e r  i s  f a c e d  w i t h  a  v a r i e t y  of 
d e c i s i o n s .  F i r s t  i t  i s  n e c e s s a r y  t o  d e f i n e  t h e  a r e a  
covered by t h e  model. G e n e r a l l y  s p e a k i n g ,  a  s i n g l e  
model w i l l  c o v e r  pe rhaps  5 - lOkm of t h e  c o a s t l i n e ,  



a l t h o u g h  on s t r a i g h t  c o a s t s  which have u n i f o n u  
o f f s h o r e  wave c o n d i t i o n s ,  t h i s  d imens ion  may be 
i n c r e a s e d  w h i l s t  r e t a i n i n g  a  manageable model. Along 
t h e  UK c o a s t l i n e ,  however, t h e  o f t e n  r a p i d  changes  i n  
beach  o r i e n t a t i o n  and wave e x p o s u r e  w i l l  u s u a l l y  l e a d  
t o  t h e  u s e  of s e v e r a l  small models  r a t h e r  t h a n  a 
s i n g l e  l a r g e  one .  

The seaward  l i m i t  of any  model w i l l  have t o  be d e f i n e d  
c a r e f u l l y ,  e s p e c i a l l y  i n  areas such  as t h e  North Sea  
o r  I r i s h  Sea .  Here  i t  i s  i m p r a c t i c a l  t o  choose a n  
o f f s h o r e  boundary seawards  of which  waves do  n o t  
r e f r a c t  a t  a l l ,  s i n c e  t h e  area s o  d e f i n e d  would 
i n c l u d e  most o r  a l l  of t h e  a r e a  i n  which  t h e  waves a r e  
g e n e r a t e d .  The c h o i c e  of t h e  o f f s h o r e  boundary i s  
t h e r e f o r e  a compromise depend ing  on t h e  d i s t a n c e  
o f f s h o r e  a n d  t h e  c h a r a c t e r  of t h e  l i k e l y  wave 
c o n d i t i o n s .  A s  a v e r y  rough g u i d e ,  i n  s h a l l o w  seas, 
t h e  seaward  l i m i t  of a  s h a l l o w  water model c o r r e s p o n d s  
t o  a minimum water d e p t h  of 15m - 25m. On A t l a n t i c  
c o a s t s  where  t h e  wave p e r i o d s  t e n d  t o  be g r e a t e r ,  t h e  
o f f  s h o r e  boundary would no rma l ly  be f u r t h e r  o f f  s h o r e  
i n  d e p t h s  of p e r h a p s  40m - 60m. 

Between t h i s  o f f s h o r e  boundary and t h e  c o a s t  i t  i s  
n e c e s s a r y  t o  r e p r e s e n t  t h e  sea ba thymet ry  by s e t t i n g  
up a n  i n t e r n a l  g r i d  mesh, u s u a l l y  u s i n g  r e c t a n g u l a r  
e l e m e n t s .  The l o n g e r  s i d e s  of t h e s e  e l e m e n t s  are 
a l i g n e d  rough ly  p a r a l l e l  t o  t h e  c o a s t .  T h i s  r e d u c e s  
c o m ~ u t a t i o n a l  e f f o r t  w h i l s t  r e t a i n i n g  a c c u r a c y .  The 
d i m e n s i o n s  of t h e  g r i d  e l e m e n t s  w i l l  depend on t h e  
i r r e g u l a r i t y  of t h e  sea bed c o n t o u r s ,  bu t  t y p i c a l l y  
v a r y  from 500a  i n  d e e p e r  w a t e r  down t o  p e r h a p s  50m 
c l o s e  t o  t h e  c o a s t .  

Having d e c i d e d  on a s u i t a b l e  g r i d  s y s t e m ,  i t  i s  t h e n  
n e c e s s a r y  t o  d e c i d e  on t h e  p h y s i c a l  p r o c e s s e s  t h a t  
need t o  be t a k e n  i n t o  a c c o u n t .  Almost w i t h o u t  
e x c e p t i o n  b o t h  wave ref r a c t i o n  and s h o a l i n g  w i l l  be 
i n c l u d e d ,  s i n c e  c h e s e  are u s u a l l y  r ega rded  as t h e  most 
i m p o r t a n t  of t h e  s h a l l o w  water phenomena. I f  a 
p a r t i c u l a r  area of i n t e r e s t  i s  p a r t l y  s h e l t e r e d  by a 
h e a d l a n d  o r  a n  o f f s h o r e  i s l a n d ,  i t  may be n e c e s s a r y  t o  
i n c l u d e  wave d i f f r a c t i o n  e f f e c t s  as w e l l .  I f  t h e s e  
are t h e  o n l y  i m p o r t a n t  p r o c e s s e s ,  t h e n  t h e  p r o d u c t i o n  
of r e s u l t s  f o r  u s e  i n  real-time f o r e c a s t i n g  i s  g r e a t l y  
s i m p l i f i e d ,  s i n c e  l i n e a r  wave t h e o r y  can  be used.  
T h i s  a s p e c t  i s  d i s c u s s e d  i n  more d e t a i l  l a t e r .  

I n  areas where  t h e  sea bed s l o p e  i s  v e r y  s h a l l o w ,  o r  
where  a n  o f f s h o r e  bank crest i s  c l o s e  t o  t h e  w a t e r  
s u r f a c e ,  i t  may be n e c e s s a r y  t o  i n c l u d e  d i s s i p a t i v e  
e f f e c t s  such  as wave b r e a k i n g  o r  a t t e n u a t i o n  d u e  t o  
f r i c t i o n .  To do  s o  r e q u i r e s  a more complex model ,  a n d  



a v e r y  s u b s t a n t i a l  i n c r e a s e  i n  c o m p u t a t i o n a l  e f f o r t  t o  
produce  s u i t a b l e  r e s u l t s  i n  advance  of  r e a l - t i n e  
f o r e c a s t i n g .  

The n e x t  d e c i s i o n  conce rns  t h e  s p e c i f i c a t i o n  of t h e  
wave and t i d a l  c o n d i t i o n s  which are t o  be i n p u t  t o  t h e  
model .  T h i s  i n c l u d e s  choos ing  one o r  more t i d a l  
e l e v a t i o n s  ( i n c l u d i n g  t h e  e E f e c t s  of a  s u r g e ) ,  and  
p e r h a p s  p r o v i d i n g  i n f o r m a t i o n  on t i d a l  c u r r e n t s  ( a t  
t h e  chosen  w a t e r  l e v e l )  i f  t h e y  a r e  s u f f i c i e n t l y  
s t r o n g  t o  a l t e r  t h e  wave p r o p a g a t i o n  p a t t e r n .  

F o r  e a c h  o r  a l l  of t h e s e  ' f l a t  s u r f a c e '  s i t u a t i o n s ,  i t  
i s  t h e n  n e c e s s a r y  t o  s p e c i f y  t h e  i n c i d e n t  wave 
c o n d i t i o n s  a t  t h e  o u t e r  edge  oE t h e  g r i d  sys t em.  A t  
t h e  minimum, some e s t i m a t e  of t h e  o f f s h o r e  wave 
h e i g h t ,  d i r e c t i o n  and p e r i o d  a re  r e q u i r e d  t o  e n a b l e  
t h e  s u b s e q u e n t  c a l c u l a t i o n s  t o  b e  c a r r i e d  o u t .  I n  
a r e a s  w h e r e  swell  i s  i m p o r t a n t ,  a s  w e l l  as l o c a l l y  
g e n e r a t e d  s e a s ,  t h i s  t y p e  of i n f o r m a t i o n  i s  needed f o r  
bo th  t y p e s  of  waves.  However, i t  i s  u s u a l l y  n e c e s s a r y  
t o  p r o v i d e  r a t h e r  more t h a n  t h i s  v e r y  b a s i c  
i n f o r m a t i o n  t o  o b t a i n  a c c u r a t e  answers .  F o r  example ,  
most  n u m e r i c a l  models  now d e a l  w i t h  wave c o n d i t i o n s  
s p e c i f i e d  as  d i r e c t i o n a l  s p e c t r a ,  Le w i t h  t h e  wave 
e n e r g y  d e f i n e d  as a  f u n c t i o n  of  bo th  f r e q u e n c y  and 
d i r e c t i o n .  Al though t h i s  improves  t h e  a c c u r a c y  of t h e  
m o d e l l i n g  of  s h a l l o w  water e f f e c t s ,  i t  c l e a r l y  a l s o  
i n c r e a s e s  t h e  c o m p u t a t i o n a l  e f f o r t  r e q u i r e d .  T h i s  
becomes a d i s a d v a n t a g e  f o r  r e a l - t i m e  f o r e c a s t n g .  
u n l e s s  a  s u b s t a n t i a l  p o r t i o n  of t h e  c a l c u l a t i o n s  c a n  
be c a r r i e d  o u t  i n  advance .  

A t  t h i s  s t a g e  i t  becomes u s e f u l  t o  c o n c e n t r a t e  on  a 
s i n g l e  m o d e l l i n g  t e c h n i q u e  which i s  l i k e l y  t o  be 
u s e f u l  i n  real-time f l o o d  f o r e c a s t i n g .  W h i l s t  
d i s c u s s i n g  t h e  p a r t i c u l a r  method. however ,  o t h e r  
p o s s i b l e  a p p r o a c h e s  are compared b o t h  i n  t e r m s  of  
t h e i r  a c c u r a c y  and t h e i r  ease of a p p l i c a t i o n .  

The method chosen  a s  a n  example i n c l u d e s  t h e  e f f e c t s  
of  bo th  wave r e f r a c t i o n  and s h o a l i n g ,  and p roduces  
r e s u l t s  a t  a s i n g l e  l o c a t i o n ,  u s u a l l y  c h o s e n  c l o s e  t o  
a  c o a s t .  It c a n  a l s o  b e  a d a p t e d ,  i f  n e c e s s a r y ,  t o  
i n c l u d e  d i f f r a c t i o n  a r o u n d ,  s a y ,  a n  o f f s h o r e  i s l a n d .  
The  model u s e s  wave ' r a y s '  i e ,  l i n e s  p e r p e n d i c u l a r  t o  
t h e  wave c r e s t s ,  and t r a c k s  t h e  r ay  p a t h s  s e a w a r d s  
f rom t h e  chosen  p o i n t  t owards  d e e p  water. Because  t h e  
r a y  p a t h s  are r e v e r s i b l e ,  t h i s  g i v e s  i n f o r m a t i o n  on 
t h e  way t h a t  wave ene rgy  t r a v e l s  f rom t h e  seaward  edge  
of t h e  model g r i d  t o  t h e  p o i n t  of i n t e r e s t .  T h i s  
t e c h n i q u e  was o r i g i n a l l y  s u g g e s t e d  by D o r r e s t e i n  (Ref 
9 )  b u t  h a s  s i n c e  been c o n s i d e r a b l y  e x t e n d e d  by many 



o r g a n i s a t i o n s  and can now a l s o  d e a l ,  f o r  example,  w i t h  
the  e f f e c t s  of t i d a l  c u r r e n t s  (Kefs 10,  11) .  

A s i g n i f i c a n t  advantage of t h i s  t echn ique  is t h a t  t h e  
whole computat ional  e f t o r t  i s  d i r e c t e d  towards 
o b t a i n i n g  r e s u l t s  f o r  one s p e c i f i c  p o i n t ,  u s u a l l y  j u s t  
o f f s h o r e  from a  particular a r e a  of concern .  Many 
o t h e r  models d e l i v e r  r e s u l t s  a long a  l o n g e r  s t r e t c h  of 
c o a s t  b u t ,  f o r  t h e  same computa t iona l  e f f o r t ,  c o n s i d e r  
many fewer  wave c o n d i t i o n s .  

I n  a d d i t i o n  t o  u s i n g  a  r e v e r s e - t r a c k i n g  ray t e c h n i q u e ,  
t h e  example method a l s o  uses  l i n e a r  wave t h e o r y .  A s  
w i l l  be s e e n  l a t e r  t h i s  g r e a t l y  s i m p l i f i e s  t h e  
c a l c u l a t i o n s .  and a l l o w s  most i f  not  a l l  of t h o s e  
c a l c u l a t i o n s  t o  be c a r r i e d  o u t  i n  advance of being 
needed f o r  r ea l - t ime  c o a s t a l  f l o o d  warn ings .  A 
d i s a d v a n t a g e ,  however, i s  t h a t  t h e  model cannot  
p r o p e r l y  i n c l u d e  d i s s i ~ a t i v e  e f f e c t s  such a s  bed 
f r i c t i o n  o r  wave b reak ing .  A s  a  r e s u l t  i t  w i l l  t e n d  
t o  somewhat o v e r e s t i m a t e  wave h e i g h t s  c l o s e  t o  t h e  
s h o r e .  

I n  e s s e n c e ,  t h e  model works a s  f o l l o w s .  For e a c h  
chosen s t i l l  w a t e r  l e v e l ,  a  l a r g e  number of d i f f e r e n t  
i n c i d e n t  wave c o n d i t i o n s  a r e  c o n s i d e r e d ,  e a c h  having a  
s i n g l e  d i r e c t i o n  and pe r iod .  A l a r g e  range of 
d i r e c t i o n s  and p e r i o d s  a r e  used (pe rhaps  250) ;  t h e y  
a r e  a l l  assumed ( a t  t h i s  s t a g e )  t o  have u n i t  h e i g h t  
and can  be termed "components". The r e s u l t s  from t h e  
mode l l ing  of t h e s e  components a r e  s t o r e d  i n  a  s e t  of 
m a t r i c e s ,  i n  which each  row cor responds  t o  a n  o f f s h o r e  
d i r e c t i o n  and each column t o  a  wave p e r i o d .  Each 
m a t r i x  e n t r y  g i v e s  i n f o r m a t i o n  on t h e  change i n  t h e  
c h a r a c t e r  of t h a t  component ( e g ,  i t s  energy)  between 
t h e  o f f s h o r e  edge of t h e  g r i d  sys tem and t h e  chosen 
i n s h o r e  s i t e  of i n t e r e s t .  These m a t r i c e s  a r e  
t h e r e f o r e  known a s  t r a n s f e r  f u n c t i o n s .  They c o n t a i n  
a l l  t h e  i n f o r m a t i o n  n e c e s s a r y  t o  c a l c u l a t e  t h e  
r e f r a c t i o n  behaviour  of more complex i n c i d e n t  wave 
c o n d i t i o n s  and produce cor respond ing  c o n d i t i o n s  a t  t h e  
i n s h o r e  l o c a t i o n .  An example of  one such m a t r i x  i s  
p r e s e n t e d  a s  F igure  3 .  

To s t u d y  any p a r t i c u l a r  of f s h o r e  wave c o n d i t i o n s ,  
whether  l o c a l l y  g e n e r a t e d ,  s w e l l ,  o r  a  combinat ion of 
b o t h ,  t h e  procedure  i s  a s  f o l l o w s .  The s p e c i f i e d  
i n c i d e n t  wave f i e l d  i s  f i r s t  r e p r e s e n t e d  by a  weighted 
combinat ion of t h e  components, w i t h  t h e  we igh t ing  
f a c t o r s  e n t e r e d  i n t o  a  ma t r ix  of t h e  same form a s  t h e  
t r a n s f e r  f u n c t i o n s .  The cor respond ing  i n s h o r e  wave 
c o n d i t i o n s  t h a t  r e s u l t  a r e  t h e n  o b t a i n e d  by a  
multiplication of t h e  t r a n s f e r  f u n c t i o n s  and t h e  
we igh t ing  f a c t o r s  m a t r i x .  Th i s  is a  t r i v i a l  o p e r a t i o n  



on a  computer,  and couid e a s i l y  be c a r r i e d  o u t  i n  
real - t ime i f  necessa ry .  

I n  p r a c t i c e ,  however, i t  is s i m p l e r  t o  a n t i c i p a t e  a 
wide range of o f f s h o r e  wave c o n d i t i o n s ,  and c a r r y  out  
t h e s e  o p e r a t i o n s  w e l l  i n  advance of any a p p l i c a t i o n .  
I n  t h i s  way r e s u l t s  can be p resen ted  i n  t h e  form of 
g r a p h s  o r  t a b l e s  which can be used r a p i d l y  t o  produce 
e s t i m a t e s  of nearshore  wave c o n d i t i o n s  d u r i n g  a  s torm.  
A t y p i c a l  s e t  of g raphs  from such a n  e x e r c i s e  a r e  
p r e s e n t e d  a s  F i g u r e s  4 - 6. The f i r s t ,  F i g u r e  4 ,  
c o n t a i n s  c u r v e s  which e n a b l e  t h e  e n g i n e e r  t o  c a l c u l a t e  
t h e  i n s h o r e  wave h e i g h t  g i v e n  t h e  o f f s h o r e  wave 
d i r e c t i o n  ( h o r i z o n t a l  a x i s )  and t h e  ( z e r o - c r o s s i n g )  
wave per iod  ( l a b e l l e d  c u r v e s ) .  Not ice  t h a t  t h e  
i n s h o r e  wave h e i g h t  has  t o  be e v a l u a t e d  u s i n g  t h e  
r a t i o  of i n s h o r e / o f f s h o r e  h e i g h t s  ( v e r t i c a l  a x i s ) .  

It shou ld  be noted h e r e  t h a t  i n  o r d e r  t o  u s e  such a  
s imple  g r a p h ,  i t  i s  necessa ry  t o  make some assumpt ions  
about  t h e  form of t h e  f requency spectrum, and a l s o  t h e  
d i r e c t i o n a l  sp read  of wave energy o f f s h o r e .  However, 
i t  is u s u a l l y  found t h a t  t h e s e  assumptions  can be made 
t o  match t h e  s i t e  being cons idered ,  and t h e  r e s u l t s  
o b t a i n e d  a r e  r e l i a b l e .  

F i g u r e  5 works i n  a  s i m i l a r  way but r e t u r n s  t h e  
i n s h o r e  ( z e r o - c r o s s i n g )  wave p e r i o d ,  whi le  F i g u r e  6 i s  
s i m p l e r  s t i l l  and d i r e c t l y  g i v e s  t h e  i n s h o r e  wave 
d i r e c t i o n  ( i n  d e g r e e s  North).  Note t h a t  a  s e t  of 
t h e s e  curves  would be requ i red  f o r  each t i d a l  s t a g e  
cons idered  ( u s u a l l y  a t  a  s p e c i f i e d  high w a t e r  l e v e l ) .  
A s e p a r a t e  s e t  of t r a n s f e r  f u n c t i o n s ,  and r e s u l t s ,  a r e  
needed f o r  each  d i f f e r e n t  l o c a t i o n  a long  a  c o a s t .  
Even s o ,  t h e  real - t ime p r e d i c t i o n  of n e a r s h o r e  wave 
c o n d i t i o n s  can be c a r r i e d  o u t  us ing  a n  e a s i l y  
manageable number of graphs .  

An a l t e r n a t i v e  way of  p r e s e n t i n g  r e s u l t s  would be t o  
u s e  t a b l e s  r a t h e r  than  graphs .  A s  a n  example. F i g u r e  
7 shows a  t a b l e  of i n s h o r e / o f f s h o r e  wave h e i g h t  r a t i o s  
a r r a n g e d  by o f f s h o r e  wave d i r e c t i o n  (columns) and wave 
h e i g h t  ( rows) .  Although t h i s  i s  a  s l i g h t l y  d i f f e r e n t  
method of p r e s e n t a t i o n ,  i t  i s  c l e a r l y  s t i l l  s imple  t o  
use.  

I n  a r e a s  where both l o c a l l y  g e n e r a t e d  waves and s w e l l  
o c c u r ,  t h e  r e s u l t  t a b l e s  o r  g raphs  could  be used 
t w i c e ,  i e ,  f o r  both components s e p a r a t e l y .  The t o t a l  
i n s h o r e  wave h e i g h t  (HT) would then  be o b t a i n e d  by 
u s i n g  t h e  formula:  



where H L  i s  t h e  c a l c u l a t e d  n e a r s h o r e  wave h e i g h t  
due  t o  t h e  l o c a l l y  g e n e r a t e d  waves and HSW t h a t  due t o  
s w e l l .  Rough e s t i m a t e s  can a l s o  be made of t h e  
r e s u l t a n t  t o t a l  wave p e r i o d  and mean d i r e c t i o n  of t h e  
i n s h o r e  l o c a t i o n .  T h i s  c a l c u l a t i o n ,  however,  i s  
a l w a y s  l i k e l y  t o  be d i f f i c u l t  because  of t h e  problems 
i n  s p e c i f y i n g  t h e  s w e l l  waves a c c u r a t e l y .  

It can  be s e e n  from t h e  above  t h a t  t h e  example method 
c h o s e n ,  i e ,  u s i n g  r e v e r s e  r a y - t r a c k i n g  and l i n e a r  wave 
t h e o r y ,  i s  b o t h  v e r s a t i l e  and  u r o d u c e s  r e s u l t s  i n  a  
s i m p l e  fo rma t  which i s  s u i t a b l e  f o r  r e a l - t i m e  
f o r e c a s t i n g .  

F o r  more s o p h i s t i c a t e d  models ,  which i n c l u d e  
d i s s i p a t i v e  e f f e c t s  such  as wave b r e a k i n g  and 
f r i c t i o n a l  d i s s i v a t i o n ,  t h e s e  s u b s t a n t i a l  a d v a n t a g e s  
d i s a p p e a r .  T h i s  i s  because  i t  i s  no l o n g e r  u o s s i b l e  
t o  r e p r e s e n t  t h e  m o d i f i c a t i o n  of any  r e q u i r e d  o f f s h o r e  
wave c o n d i t i o n  by combining t h e  r e s u l t s  f rom t h e  
component waves i n t r o d u c e d  above .  A s  a r e s u l t ,  no  
t r a n s f e r  f u n c t i o n  can  be produced and e a c h  o f f s h o r e  
wave c o n d i t i o n  h a s  t o  be s t u d i e d  i n d i v i d u a l l y .  

It i s  c o n c e i v a b l e  i n  t h e  f u t u r e  t h a t  s u c h  m o d e l l i n g  
c o u l d  be done i n  r e a l - t i m e .  C e r t a i n l y  t h e  
M e t e o r o l o g i c a l  O f f i c e  F i n e  Mesh Wave Model c a n  p roduce  
p r e d i c t i o n s  of o f f s h o r e  waves as a  d i s c r e t i s e d  
s p e c t r a ,  i n c l u d i n g  bo th  t h e  s w e l l  and  l o c a l l y  
g e n e r a t e d  waves,  and t h i s  i n f o r m a t i o n  i s  p r e c i s e l y  
what  a c o m p u t a t i o n a l  model r e q u i r e s  a s  i n p u t .  
However, i t  seems u n l i k e l y  t h a t  t h e  s o p h i s t i c a t e d  
s y s t e m  t h a t  would be needed t o  a c c e u t  t h i s  d a t a  f rom 
t h e  M e t e o r o l o g i c a l  O f f i c e .  and  t h e n  run a  s p e c i f i c  
s h a l l o w  w a t e r  wave model ,  is l i k e l y  t o  be a p p r o p r i a t e  
a t  p r e s e n t .  

P r o b a b l y  t h e  most e f f e c t i v e  way of i n c o r p o r a t i n g  
d i s s i p a t i v e  e f f e c t s  i n t o  r e a l - t i m e  wave p r e d i c t i o n  i s  
t o  o b t a i n  some i d e a  of t h e  e x t e n t  t o  which t h e  
ray- t  r a c k i n g  model o v e r p r e d i c t s  t h e  n e a r s h o r e  wave 
h e i g h t s .  T h i s  might  be done d i r e c t l y ,  i e ,  by 
m e a s u r i n g  waves a t  t h e  chosen  p o i n t  of i n t e r e s t  and  
t h e n  comparing a c t u a l  c o n d i t i o n s  w i t h  t h o s e  f o r e c a s t  
by t h e  model. Such a n  e x e r c i s e  would p r o b a b l y  need t o  
be c a r r i e d  o u t  a t  normal  t i d a l  l e v e l s  ( e g ,  a t  High 
Wate r  of S p r i n g  T i d e s ) ,  and would g i v e  t h e  b e s t  
p o s s i b l e  v a l i d a t i o n  of t h e  model u r e d i c t i o n s .  T h i s  
t o p i c  i s  d i s c u s s e d  f u r t h e r  i n  C h a p t e r  4 below. 

A l t e r n a t i v e l y ,  a more s o p h i s t i c a t e d  n u m e r i c a l  model 
c o u l d  be run. t o  e s t i m a t e  t h e  e f f e c t s  of d i s s i p a t i v e  
phenomena, f o r  a modest  s e l e c t i o n  of l i k e l y  s t o r m s .  
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model i s  p r e s e n t e d  i n  F igure  2 t o g e t h e r  w i t h  recorded 
wave c o n d i t i o n s  nearby ( o f f  S e a f o r d ) .  I t  i s  worth 
making t h e  p o i n t  he re  t h a t  t h i s  s o r t  of comparison i s  
r a t h e r  r a r e .  Usual ly  h i n d c a s t  wave conditions a r e  
compared wi th  wave r e c o r d s ,  s o  t h a t  a c t u a l  measured 
wind speeds  a r e  used i n  t h e  f o r e c a s t i n g  model, a f t e r  
t h e  even t .  The p r e d i c t e d  wave c o n d i t i o n s  i n  F igure  2 
use  p r e d i c t e d  wind speeds  up t o  24 hours  i n  advance.  
D e s p i t e  t h i s ,  and t h e  f a c t  t h a t  no wave r e f r a c t i o n  
model l ing had been c a r r i e d  out  t o  a d j u s t  t h e  o f f s h o r e  
p r e d i c t i o n s  t o  g i v e  more r e f i n e d  f o r e c a s t s  f o r  t h e  
nearshore  wave recording s i te ,  t h e  accuracy  i s  v e r y  
good. Both t h e  t iming  and h e i g h t  of t h e  l a r g e  wave 
c o n d i t i o n s  were w e l l  a n t i c i p a t e d  and could be used 
w i t h  some conf idence  i n  a  rea l - t ime  f o r e c a s t i n g  
s i t u a t i o n .  There  i s  l i t t l e  d i f f e r e n c e  between t h e  
accuracy  of t h e  12 hour and 2 4  hour f o r e c a s t s  i n  t h e  
example, but i t  seems l i k e l y  t h a t  f o r e c a s t s  w i l l  be 
r a t h e r  more a c c u r a t e  f o r  s h o r t e r  p e r i o d s  ( i e  3 t o  6 
hours  i n  advance a s  would be l i k e l y  i n  a  f l o o d  
f o r e c a s t i n g  s i t u a t i o n ) .  Another  p o i n t  worth making i s  
t h a t  t h e  l o c a t i o n  f o r  which t h e  wave p r e d i c t i o n s  were 
made i n  F igure  2  l i es  i n  t h e  E n g l i s h  Channel and i s  
open t o  s w e l l  waves p ropaga t ing  up t h e  s o u t h  wes te rn  
approaches  from t h e  A t l a n t i c .  The long  f e t c h e s  i n  
t h i s  d i r e c t i o n ,  t o g e t h e r  wi th  t h e  s h o r t e r  a r e a s  a c r o s s  
t h e  Channel make t h e  t a s k  of f o r e c a s t i n g  waves r a t h e r  
d i f f i c u l t ,  and s o  t h e  s u c c e s s  of t h e  model i s  
p a r t i c u l a r l y  re -assur ing .  

I n  t h e  p a r t i c u l a r  c a s e  a t  S e a f o r d ,  however, t h e  c o a s t  
i s  r e l a t i v e l y  s t r a i g h t  and t h e  s e a  bed has  r a t h e r  
smooth con tours .  A s  a r e s u l t  t h e r e  was no g r e a t  need 
t o  a d j u s t  t h e  o f f s h o r e  waves t o  improve t h e  
p r e d i c t i o n s  f o r  t h e  i n s h o r e  wave recording s i t e  which 
w a s  i n  10-15m of wa te r .  T h i s  w i l l  c e r t a i n l y  no t  
always be t h e  c a s e ,  and s h a l l o w  w a t e r  e f f e c t s  w i l l  
g e n e r a l l y  need t o  be modelled a s  w e l l .  Necefisari ly 
t h i s  f u r t h e r  f i tage i n  t h e  p r e d i c t i o n  method i n t r o d u c e s  
y e t  a n o t h e r  s o u r c e  of p o s s i b l e  e r r o r ,  t h e  s i z e  of 
which depends on t h e  d i f f i c u l t y  of t h e  a r e a  being 
cons idered .  

The main s o u r c e  of d i f f i c u l t y  i s  l i k e l y  t o  be when 
e i t h e r  o f f s h o r e  banks o r  ve ry  s h a l l o w  s e a  bed s l o p e s  
cause  n o n - l i n e a r  e f f e c t s  such a s  wave b reak ing  o r  
bottom f r i c t i o n  t o  become impor tan t .  U s u a l l y  around 
t h e  c o a s t  of t h i s  coun t ry  such e f f e c t s  are only  
i m p o r t a n t  n e a r  t h e  l a r g e  e s t u a r i e s ,  eg t h e  Thames 
E s t u a r y ,  Morecambe Bay, and The Wash. Such e f f e c t s  
a r e  a l s o  a t  t h e i r  l e a s t  s i g n i f i c a n t  a t  h igh t i d a l  
l e v e l s ,  which i s  t h e  s i t u a t i o n  of most i n t e r e s t  f o r  
r ea l - t ime  f l o o d  warnings .  



E v e n t u a l l y ,  of c o u r s e ,  breaking L i m i t s  t h e  h e i g h t  of 
t h e  i n c i d e n t  waves on a l l  low l y i n g  c o a s t s ,  and i t  i s  
t h e r e f o r e  normally t h e  p r a c t i c e  t o  t r y  t o  o r e d i c t  
waves a t  some d i s t a n c e  seaward of t h e  s u r f  zone.  
Subsequent u s e s  of t h e  wave c o n d i t i o n s  o b t a i n e d ,  f o r  
example t h e  c a l c u l a t i o n  of se t -up,  run-up o r  wave 
over topp ing  d i s c h a r g e s ,  u s u a l l y  invo lve  t e c h n i q u e s  
which t a k e  account  of t h e  wave breaking f u r t h e r  
i n s h o r e  (eg t h e  s e a  w a l l  over topp ing  model, SWALLOW, 
Ref 1 4 ) .  o f t e n  r e l y i n g  on s c a l e  model exper iments  o r  
p r o t o t y p e  o b s e ~ a t i o n s .  

I f  a  good wave r e f r a c t i o n  model i s  used t o  p r e d i c t  
wave c o n d i t i o n s  j u s t  seawards of t h e  b r e a k e r  l i n e ,  a s  
i s  normal ly  t h e  c a s e ,  then i t  can be expec ted  t h a t  t h e  
accuracy  of t h e  r e s u l t s  o b t a i n e d  w i l l  be w i t h i n  abou t  
f10% e x c e p t  i n  a r e a s  of complex bathymetry where 9.0% 
i s  probably  more l i k e l y .  Work i s  p r e s e n t l y  c o n t i n u i n g  
a t  Wal l ingford  on v e r i f y i n g  such models and a  more 
comprehensive r e p o r t ,  complete w i t h  c a s e  h i s t o r i e s .  
shou ld  be a v a i l a b l e  i n  1988. 

O v e r a l l ,  t h e r e f o r e ,  t h e  c o a s t a l  e n g i n e e r  would 
normally expec t  t h e  combination of wind f o r e c a s t s  w i t h  
wave growth and r e f r a c t i o n  models t o  g i v e  p r e d i c t i o n s  
a c c u r a t e  t o  about  220%. On p a r t i c u l a r l y  open c o a s t s  
w i t h  s imple  con tours  o f f s h o r e  and only l o c a l  g e n e r a t e d  
waves, t h i s  f i g u r e  may drop t o  210%. On rocky 
A t l a n t i c  s h o r e s  where d i s t a n t  s w e l l  and o f f s h o r e  
b reak ing  a r e  compl ica t ing  f a c t o r s ,  t h e  accuracy  may be 
l e s s  than  30%. 

I n  any s i t u a t i o n ,  however, t h e  accuracy  of such  
p r e d i c t i o n s  may be improved s u b s t a n t i a l l y  by wave 
measurements. Of course  i t  i s  n o t  l i k e l y  t h a t  t h e  
combination of a n  extreme high t i d a l  l e v e l  and s torm 
waves would o c c u r  i n ,  s a y ,  a  one-year measurement 
program. However, t h e  c a r e f u l  a n a l y s i s  of wave 
r e c o r d s ,  i n  comparison w i t h  ~ r e d i c t i o n s  from 
mathemat ica l  models, a t  more normal t i d a l  l e v e l s  ( e g  
MHWS) w i l l  g i v e  much g r e a t e r  conf idence  i n  f u t u r e  
a p p l i c a t i o n s .  Some ad jus tment  of t h e  models i s  
u s u a l l y  p o s s i b l e ,  f o r  example t o  a d j u s t  n e a r s h o r e  wave 
h e i g h t s  f o r  t h e  e f f e c t s  of bottom f r i c t i o n ,  and 
e x t r a p o l a t i n g  t h e  models t o  g r e a t e r  t i d a l  l e v e l s  can 
t h e n  be c a r r i e d  o u t  w i t h  less doubt .  The d i s a d v a n t a g e  
of such  a  method f o r  c a l i b r a t i n g  t h e  mathemat ical  
models i s  t h e  added c o s t  of i n s t a l l i n g  t h e  wave 
records .  The q u e s t i o n  of expense  i s  d e a l t  w i t h  n e x t .  



4 . 2  Cos t s  and b e n e f i t s  
of real - t ime wave 
f o r e c a s t i n g  

I n  t h i s  s e c t i o n .  t h e  b e n e f i t s  of model l ing waves i n  
rea l - t ime  a r e  o u t l i n e d ,  fo l lowed by some comments on 
t h e  l i k e l y  c o s t s .  The major  b e n e f i t s  a r i s e  from t h e  
improvement i n  t h e  accuracy  of f l o o d  warnings.  It i s  
t h e r e f o r e  worth drawing a t t e n t i o n  t o  t h e  importance 
a t t a c h e d  t o  such warnings.  

A r ecen t  p a p e r  (Ref 15)  showed t h e  r a t e  of g r a n t  
a v a i l a b l e  f o r  f lood  warning schemes was t h e  same a s  
t h a t  f o r  urban sea  de fences .  More i m p o r t a n t l y ,  a  
l e t t e r  from MAFF t o  t h e  Reg iona l  Land Drainage 
Committees, d a t e d  9  January  1985, set out  p r i o r i t i e s  
f o r  schemes a t t r a c t i n g  g r a n t  a i d .  Flood warning was 
p laced  t o p  of t h e  l i s t ,  even above urban s e a  de fences .  
Even though each a p p l i c a t i o n  f o r  g r a n t  a i d  i s  t r e a t e d  
on i t s  own m e r i t s ,  t h e  pe rce ived  v a l u e  of f l o o d  
warnings  i s  very  c l e a r .  

There  a r e  two ways i n  which mode l l ing  waves c a n  
improve f l o o d  f o r e c a s t s .  I f  l a r g e  waves a r e  p r e d i c t e d  
t o  occur  a t  t h e  same t ime a s  a  t i d a l  l e v e l  which 
i t s e l f  would cause  no d i f f i c u l t i e s ,  t h e n  e a r l y  
warnings  w i l l  produce c o n s i d e r a b l e  s a v i n g s .  The 
c a l c u l a t i o n  of such b e n e f i t s  can be a s s e s s e d  i n  a  
s i m i l a r  way t o  t h a t  used f o r  f l u v i a l  f l o o d s .  Useful  
r e p o r t s  on such method (Refs  1 6 ,  17) have been 
produced by t h e  Flood Hazard Research Cent re  
(Fliddlesex P o l y t e c h n i c ) ,  i n c l u d i n g  a s p e c t s  such a s  
i n t a n g i b l e  b e n e f i t s .  However, on ly  a  pe rcen tage  of 
t h e  p o t e n t i a l  s a v i n g s  can reasonab ly  be claimed a s  
b e n e f i t .  Th i s  i s  because  of t h e  d i f f i c u l t i e s  i n  
c o n t a c t i n g  a l l  t h e  people  l i k e l y  t o  be a f f e c t e d  by 
f l o o d i n g  i n  good t ime ( s e e  Chap te r  4 ,  Ref 13) .  

I n  c o n t r a s t ,  i f  p r e d i c t e d  wave h e i g h t s  a r e  s m a l l  t h e n  
even  a  ve ry  high t i d e  may not cause  f l o o d i n g .  There  
would be some d i r e c t  s a v i n g s  a s  a  r e s u l t  of no t  
i s s u i n g ,  o r  c o n t i n u i n g  a  f l o o d  warning. F o r  example,  
i t  would no t  be n e c e s s a r y  t o  m o b i l i s e  emergency 
s e r v i c e s .  I n  a d d i t i o n ,  t h e r e  would be some b e n e f i t  i n  
che r e l i e f  from s t r e s s  o r  a n x i e t y  amongst t h e  l o c a l  
populace.  Perhaps  more i m p o r t a n t ,  however, would be 
t h e  i n c r e a s e d  conf idence  i n  che f l o o d  warning system. 
The danger  of " c r y i n g  wolf"  i s  very  r e a l ,  and could 
l e a d  t o  much more s e r i o u s  damage i n  t h e  long  t e r m .  

A s  w e l l  a s  t h e  above advan tages  of improved f l o o d  
warn ings ,  t h e r e  a r e  o t h e r  b e n e f i t s  from t h e  models 
used.  For example, extreme wave c o n d i t i o n s  can be 
p r e d i c t e d  c l o s e  t o  t h e  shore  and used i n  t h e  d e s i g n  of 
c o a s t a l  de fences .  S i m i l a r l y  by use  of t h e  models. t h e  



n e a r s h o r e  wave c l i m a t e  can  be c a l c u l a t e d .  The 
r e s u l t i n g  i n f o r m a t i o n  can  t h e n  form t h e  i n p u t  t o  
models  of a l o n g s h o r e  sediment  t r a n s p o r t ,  o r  co 
i n d i c a t e  t h e  l i k e l i h o o d  of ca lm c o n d i t i o n s  n e c e s s a r y  
t o  o p e r a t e  E l o a t i n g  p l a n t .  Both t h e s e  p i e c e s  of 
i n f o r m a t i o n  would be v a l u a b l e  i n  a s s e s s i n g  a beach  
nour i shmen t  e x e r c i s e .  A l t e r n a t i v e l y .  of c o u r s e ,  much 
of t h e  c o s t  of a wave f o r e c a s t i n g  e x e r c i s e  c o u l d  be 
saved  by s e t t i n g  uv s imi lar  models  f o r  s p e c i f C c  d e s i g n  
t a s k s .  

T u r n i n g  f i n a l l y  t o  t h e  c o s t s  of a wave f o r e c a s t i n g  
s y s t e m  two main a s p e c t s  have t o  be  c o n s i d e r e d .  
F i r s t l y ,  t h e  m a t h e m a t i c a l  models  need t o  be 
e s t a b l i s h e d  and run. Then,  o p t i o n a l l y ,  s ~ e c i f i c  wave 
measurements  may be c a r r i e d  o u t  t o  improve  t h e  
a c c u r a c y  of t h e  f o r e c a s t s  f rom t h o s e  models .  

To a n  e x t e n t  t h e  c o s t  of bo th  of t h e s e  e x e r c i s e s  w i l l  
depend on t h e  s i z e  of t h e  a r e a  c o n s i d e r e d ,  and t h e  
c o m p l e x i t y  of t h e  s e a  bed c o n t o u r s .  On s t r a i g h t  
c o a s t s .  w i t h  s t e e p l y  s h e l v i n g ,  r e g u l a r l y  c o n t o u r e d  
b e a c h e s  s e t t i n g  up a d e p t h  g r i d  i s  v e r y  s i m p l e .  I n  
a d d i t i o n  o n l y  one o r  two p o i n t s  a l o n g  t h e  c o a s t  may 
need  t o  be c o n s i d e r e d ,  r e d u c i n g  bo th  t ime  and e f f o r t .  
I n  s u c h  a n  a r e a  t h e  c o s t  of t h e  m a t h e m a t i c a l  m o d e l l i n g  
would p r o b a b l y  be l e s s  t h a n  £15,000.  More c o m p l i c a t e d  
a r e a s  would r e q u i r e  g r e a t e r  e f f o r t  and t h i s  would be  
r e f l e c t e d  i n  t h e  c o s t s .  Even s o ,  a v e r y  l a r g e  model  
c o n s i d e r i n g  s e v e r a l  s i t e s  and t i d a l  l e v e l s  would 
r a r e l y  exceed  £50,000.  

The c o s t  of wave measurements  a l s o  depends  on t h e  
number of s i t e s  t h a t  have t o  be c o n s i d e r e d .  
A d d i t i o n a l l y ,  however,  t h e  l e n g t h  of deployment  of a 
r e c o r d e r  a l s o  a f f e c t s  t h e  expense  i n c u r r e d .  As a 
rough guCde a y e a r s '  r e c o r d t n g  a t  a s i n g l e  s i t e  would 
c o s t  a b o u t  £20.000 t o  £25,000.  F o r  some s t u d i e s  b o t h  
o f f  s h o r e  and  n e a r s h o r e  wave r e c o r d i n g  may be 
j u s t i f i e d ,  P e r h a p s  i n v o l v i n g  s e v e r a l  l o c a t i o n s  c l o s e  
t o  t h e  c o a s t .  T h i s  is more l i k e l y  f o r  a  ma jo r  c a p i t a l  
works  scheme t h a n  f o r  a r e a l - t i m e  f o r e c a s t i n g  
e x e r c i s e .  ;.lore u s u a l l y  a s i n g l e  wave r e c o r d e r  a t  a  
c r u c i a l  p o s i t i o n  i s  used.  A l though  t h i s  is l e s s  t h a n  
i d e a l ,  i t  w i l l  s t i l l  s i g n i f i c a n t l y  improve  t h e  wave 
p r e d i c t i o n s  i n  most s i t u a t i o n s .  T h i s  improvement w i l l  
a l s o  c a r r y  o v e r  t o  e s t i m a t e s  of  ex t r eme  waves. 

I n  view of t h e  p o s s i b l e  damage i n  low-ly ing  a r e a s  
c a u s e d  by a s i n g l e  u n a n t i c i p a t e d  f l o o d ,  t h e  above  
c o s t s  a r e  c o m v a r a t i v e l y  modest .  Indeed  i n  many 
s i t u a t i o n s  t h e  c o s t / b e n e f i t  r a t i o  of m a t h e m a t i c a l  
m o d e l l i n g  and wave r e c o r d i n g  w i l l  be f a v o u r a b l e  on t h e  
b a s i s  of r e a l - t i m e  f o r e c a s t s  a l o n e .  The added 



b e n e f i t s  of b e t t e r  i n f o n n a t i o n  on ex t r eme  waves ,  o r  on 
t h e  g e n e r a l  wave c l i m a t e ,  w i l l  improve  t h e  r a t i o  
s u f f i c i e n t l y  of many o t h e r  s i t e s .  F i n a l l y .  s i n c e  t h e  
r e s p o n s i b i l i t y  f o r  che  c o a s t  i n  t h i s  c o u n t r y  i s  
d i v i d e d  amongst  many a u t h o r i t i e s ,  i t  is somet imes  
p o s s i b l e  t o  s h a r e  r e s o u r c e s .  I n  t h e  p r e s e n t  c o n t e x t  a 
wave f o r e c a s t i n g  model may w e l l  b e  c o n s t r u c t e d  t o  
serve two o r  more a u t h o r i t i e s ,  b r i n g i n g  a b o u t  s a v i n g s  
f o r  bo th .  

5 SLMUARY AND 
CONCLUSIONS 

T h i s  r e p o r t  h a s  c o n s i d e r e d  t h e  methods a v a i l a b l e  t o  
improve  c o a s t a l  f l o o d  w a r n i n g s  by p r e d i c t i n g  wave 
c o n d i t i o n s  a t  h i g h  w a t e r .  A v a r i e t y  of p o s s i b l e  
t e c h n i q u e s  f o r  real-time f o r e c a s t i n g  have  been  
c o n s i d e r e d ,  f i r s t  t o  p r e d i c t  waves i n  d e e p  w a t e r  and  
t h e n  t o  c a l c u l a t e  t h e  m o d i f i c a t i o n  t h e y  u n d e r g o  as 
t h e y  t r a v e l  t o  t h e  s h o r e  

F o r  d e e p  w a t e r  waves ,  two methods  seem u s e f u l .  
F i r s t l y  t h e  M e t e o r o l o g i c a l  O f f i c e  F i n e  Mesh Wave Model 
c a n  be  u s e d ,  e s p e c i a l l y  on open c o a s t s .  T h i s  model 
n o t  o n l y  p r e d i c t s  wind waves b u t  a l s o  s w e l l  a n d  t h i s  
is i m p o r t a n t  on c o a s t s  open  t o  t h e  A t l a n t i c .  
A l t e r n a t i v e l y  a s i m p l e r  model  of wave g e n e r a t i o n  c a n  
b e  used  f o r  more c o n f i n e d  areas, where more d e t a i l  i n  
t h e  g e n e r a t i n g  area may b e  u s e f u l .  The I r i s h  Sea  i s  
a n  o b v i o u s  example.  T h i s  s i m p l e r  model  c a n n o t  p r e d i c t  
d i s t a n t l y  g e n e r a t e d  s w e l l .  

To modi fy  fiuch o f f s h o r e  waves t o  o b t a i n  c o r r e s p o n d i n g  
c o n d i t i o n s  j u s t  seaward  of t h e  b r e a k e r  l i n e ,  a f u r t h e r  
model  i s  r e q u i r e d .  It is conc luded  t h a t  runn ing  s u c h  
a wave r e f r a c t t o n  model  i n  real-time would b e  
d i f f i c u l t .  I n s t e a d ,  c a l c u l a t i o n s  c a n  be  c a r r i e d  o u t  
w e l l  i n  advance .  R e s u l t s  c a n  t h e n  be s t o r e d  i n  t h e  
form of look-up  t a b l e s ,  which  c a n  be r a p i d l y  u s e d  
d u r i n g  a f l o o d  a l e r t .  The t a b l e s  c a n  c o v e r  a r a n g e  of 
t i d a l  l e v e l s  and  i n c i d e n t  wave c o n d i t i o n s  f o r  a s i n g l e  
s i t e  on t h e  c o a s t .  To c o n s i d e r  s e v e r a l  l o c a t i o n s ,  a 
c o r r e s p o n d i n g  set  of t a b l e s  would b e  r e q u i r e d  f o r  
e a c h .  

F i n a l l y  t h e  l i k e l y  b e n e f i t s  and  c o s t s  of s u c h  
m o d e l l i n g  have  been  rev iewed.  Even i f  s p e c i f i c  wave 
r e c o r d i n g  i s  c a r r i e d  o u t  t o  improve  t h e  p r e d i c t i o n s  
made,  i t  seems t h a t  s u c h  m o d e l l i n g  w i l l  be  w e l l  
w o r t h w h i l e  i n  many areas. 
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67 2 .  Comparison of wave heights, actual and forecasted for 
Seaford - January 1984 
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