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OCEAN WAVES 

1. GENERAL DESCR I PTIOa 

It is a matter  of comnon observat ion t h a t  t h e  su r face  of t h e  sea r a r e l y  

p resen t s  a smooth mir ror - l ike  appearance even on a calm day, and t h a t  a s  a 

wind develops t h e  su r face  quickly t akes  on an undulating appearance, 

r i p p l e s  form and t h e s e  enlarge i n t o  waves as  t h e  wind increases.  F r i c t i o n  

between t h e  moving a i r  and t h e  f l a t  sea su r face  induces tu rbu len t  eddies  i n  

t h e  a i r .  As a r e s u l t  some of t h e  a i r  p a r t i c l e s  previously moving p a r a l l e l  

t o  t h e  su r face  now s t r i k e  aga ins t  it and d i s t o r t  it, producing r ipp le s .  

Once t h i s  occurs t h e  r i p p l e s  a r e  ac ted  on by t h e  ho r i zon ta l ly  moving a i r  

p a r t i c l e s  a s  well .  These c r e a t e  excess pressure on t h e  windward s lope  of 

t h e  r i p p l e  and a l s o  diminished pressure  on t h e  l e e  s ide .  This causes t h e  

r i p p l e s  t o  move downwind and t o  inc rease  i n  s i z e  a s  long a s  t h e  wind i s  

moving f a s t e r  than  t h e  wave which it i s  producing. Acting aga ins t  t h e  

wind fo rce  and tending t o  r e s t o r e  t h e  water su r face  t o  i t s  undisturbed 

pos i t i on  a r e  t h e  fo rces  of su r face  t ens ion  and gravi ty .  For waves of more 

than  a few cent imet res  length t h e  e f f e c t  of su r face  t ens ion  i s  Imimportant. 

The d e t a i l s  of t h e  phys ica l  processes which t r a n s f e r  energy from t h e  wind t o  

t h e  water su r face  - leading t o  t h e  production of waves - a r e  s t i l l  not 

completely understood. Observation shows t h a t  as  t h e  wind increases ,  s o  

does t h e  height  of t h e  waves. This height  increases  wi th  t h e  length of 

t ime f o r  which t h e  wind has been blowing ( t h e  du ra t ion ) ,  and a l s o  with t h e  

d i s t a n c e  across  t h e  water  over which t h e  wind has been blowing unimpeded 

( t h e  fetch), but  f o r  any steady wind speed t h e  waves eventua l ly  reach a 

maximum height.  Such waves a r e  sa id  t o  be " f u l l y  developed", and t h e  sea 

su r face  i s  described a s  a f u l l y  developed sea. 

2. BASIC THEORY 

Elementary wave theory  shows t h a t ,  t o  a f i r s t  aporoximation, small naves 

on t h e  boundary su r face  between two f l u i d s  (e.g. water and a i r )  w i l l  be 

waves having a v e r t i c a l  cross-sect ion i n  t h e  form of a sine-curve. 

However, observat ion of any sea su r face  a f f ec t ed  by winds of Beaufort 

Force 3 o r  more shows t h a t  t h e  r e s u l t i n g  waves a r e  f a r  removed from simple 

sine-waves. Instead of producinn a simple sine-wave wi th  a d e f i n i t e  period 

and height,  t h e  wind may be regarded ins tead  a s  producing a family of 

sine-waves of d i f f e r i n g  periods and he ights  which combine t o  form t h e  

observed shape of t h e  sea surface.  I n  theory an instantaneous p i c t u r e  of 

a v e r t i c a l  c ross-sec t ion  of t h i s  su r face  can be reduced by Fourier  a n a l y s i s  

t o  i ts  component sine-curves but t h e  r e s u l t  i s  of l i t t l e  value i n  p r a c t i c a l  

fo recas t ing  of waves. Analysis does show however t h a t  f o r  any p a r t i c u l a r  

wind speed sine-waves of a l l  periods up t o  a c e r t a i n  maximum period a r e  

produced. 



Figure 1 shows a simple sine-wave, with 

amplitude, height  and length  of A, H and L, 

moving with a ve loc i ty  V along t h e  su r face  

x of a l i qu id  whose depth i s  D. The period 

of t h i s  wave i s  T, so t h a t  

v - L/T 

The equat ion of t h i s  wave is 

y = A s i n  2rc (i - 5 )  
T L 

I 1 
and theory  shows t h a t  t h e  ve loc i ty  of t h e  

Fig. 1 
wave i s  given by 

For D/L E 3 t anh  = 1 s o  t h a t  V = a 
2 

or ,  us ing  v = L/T, L = % , a n d V  = g. 
2 

For g i n  fee t / sec  t h i s  g ives  approximately 

V ( i n  knots )  = 3 T ( i n  seconds) 

L - S T  
2 

= l*f l  ( i n  f e e t ) .  

The above formulae a r e  va l id  where t h e  half-wave length i s  l e s s  than t h e  

depth of t h e  water. Such waves a r e  described a s  su r face  waves, and a r e  t h e  type  

normally encountered over t h e  ocean, where t h e  p rec i se  depth i s  i r r e l e v a n t  

s o  long a s  it exceeds t h e  half wave-length. 

In a wave ( s e e  Fig. 2 )  t h e  water p a r t i c l e s  

a t  t h e  sea su r face  move i n  almost c i r c u l a r  

o r b i t s  i n  a v e r t i c a l  plane, forwards when 

a t  t h e  wave c r e s t  and backwards when i n  

t h e  trough. The diameter of t h i s  o r b i t  is 

t h e  same a s  t h e  height  of t h e  wave. 

P a r t i c l e s  below t h e  su r face  a l s o  move i n  

?\ ? \, c i r c u l a r  o r b i t s  but  t h e  diameter of t hese  -' '. , 
o r b i t s  decreases geometr ica l ly  with t h e  

Fig. 2 depth. 

A t  a depth of one-ninth t h e  wavelength t h e  diameter of t h e  o r b i t  is rcduced 

t o  one-half t h a t  a t  t h e  sur face ,  while  a t  a depth of one-half t h e  wavelength 
1 it is reduced t o  /23 t h e  su r face  value. Thus f o r  p a r t i c l e s  below t h i s  

depth t h e  amount of movement i s  neg l ig ib l e ,  and i f  t h e  sea bed is below 

t h i s  depth it presen t s  no appreciable impediment t o  t h e  motion of t h e  wave. 



As waves inc rease  i n  height ,  the  wave p r o f i l e  depar t s  from a simple s i n e  

curve. The c i r c u l a r  motion of t h e  water p a r t i c l e s  tends t o  heighten and 

sharpen t h e  c r e s t s ,  and reduces and f l a t t e n s  t h e  t roughs,  s o  t h a t  t h e  

curve becaae more l i k e  a  t rochoid ( t h e  curve which is formed by t h e  motion 

of a  point  on a  d i s c  a s  t h e  d i s c  r o l l s  on a  f l a t  su r face ) .  

Another t h e o r e t i c a l  r e s u l t  i s  t h a t  t h e  maximum wave height  poss ib le  

without t h e  wave c r e s t  breaking i s  one-seventh of t h e  wavelength. 

In  p r a c t i c e ,  however, t h i s  r a t i o  seldom exceeds one-tenth. (The Marine 

Observeis Handbook s t a t e s  one- th i r teenth . )  

3. SIGNIFICANT AND WXIMUM WAVE-HEIGHTS 

A t y p i c a l  sea wave can be regarded a s  being made up of a  s e r i e s  of s i n e  

waves of d i f f e r i n g  amplitudes and periods,  A i  and T. .  From Ai we can 
1 

def ine  a  number 

This number i s  a t h e o r e t i c a l  measure of t h e  energy of t h e  wave and it i s  

a l s o  r e l a t ed  t o  t h e  wave heights  i n  t h e  sea.  The averaae wave height i s  

given by 1 . 7 7 6  A height  more f requent ly  used i n  theory i s  t h e  

s i a n i f i c a n t  height (usua l ly  denoted by HS or  HA). This is defined a s  

t h e  average of t h e  h ighes t  one-third of t h e  waves, and i s  of s ign i f i cance  

because it has been found t o  agree  f a i r l y  c lose ly  w i t h  t h e  wave height 

obtained by experienced observers aboard sh ip  who a r e  at tempting t o  

es t imate  t h e  average height  of t h e  higher well-defined waves. This 

height  Hs i s  given by 2.831% 

Another height  which i s  sometimes used i s  t h e  maximum wave height ,  bax. 
T h i s  i s  obtained by tak ing  t h e  highest wave occurring during each of a  

s e r i e s  of i n t e r v a l s ,  and f inding i t s  average value. There a r e  d i f f e rences  

of opinion a s  t o  how hax is  re l a t ed  t o  Hs. Darbyshire ( s e e  l a t e r )  used 

Hmax = 1.6 H,, based on t y p i c a l  wave records  of about 10 minutes dura t ion  

and containing about 100 waves, but o t h e r  workers have obtained s l i g h t l y  

d i f f e r e n t  values,  due perhaps t o  having used records of d i f f e r e n t  length. 

For p r a c t i c a l  purposes a  value bax = 1.5 Hs can be taken,  but it must be 

remembered t h a t  extreme waves w i l l  occur i n  i so l a t ed  cases  which w i l l  be 

higher than  t h i s  derived value. I n  t h e  above case where records each 

containing about 100 waves a r e  used i f  t h e  observat ion i s  repeated a  l a rge  

number of t imes then 5% of t h e  values obtained w i l l  ba hiaher  than 1.94 Hs. 

I f  longer i n t e r v a l s  a r e  used, giving about 1OOO waves per record,  then  5% 

of t h e  highest  values observed w i l l  exceed 2.22 Hs. These f igu res ,  which 

a r e  based on theory,  a r e  due t o  t h e  indiv idual  components which make up t h e  



wave, each reaching a  maximum simultaneously, a  phenomenon which can 

occur only inf requent ly .  Such waves a r e  occasional ly observed i n  p r a c t i c e  

but a s  they e x i s t  only f o r  a  very shor t  time they w i l l  o f t en  go unobserved. 

These outsized waves a r e  destroyed by t h e i r  own height.  As described 

e a r l i e r ,  t h e  water p a r t i c l e s  on t h e  sea su r face  r o t a t e  i n  v e r t i c a l  c i r c l e s  

whose diameter equals t h e  height of t h e  wave. As t h i s  height  increases t h e  

p a r t i c l e s  acqui re  g r e a t e r  speeds, so  t h a t  eventual ly - when a t  t h e  c r e s t  

of t h e  wave - they a r e  moving forward f a s t e r  than t h e  c r e s t  i t s e l f  is 

moving. Hence t h e  wave breaks a s  t h e  c r e s t  topples  forward i n t o  t h e  

t rough ahead of it. 

Fig. 3. Port ion of Wave Record from Daunt Light Vessel, 12 January 1969 

The highest  wave recorded i n  I r i s h  waters  occurred a t  t h e  Daunt Light 

Vessel of f  t h e  coas t  of Co. Cork on 12 January 1969. Figure 3 (taken from 

"Wave Data fo r  t h e  Kish, Barrels  and Daunt Rock Light Vessels", 

by A.D.H. Martin of The I r i s h  Lights O f f i c e ) ,  shows a  por t ion  of t h e  wave 

record,  and , ind ica te s  how much t h i s  s o l i t a r y  wave exceeded t h e  normal waves 

which occurred during t h e  t en  minute period. I ts t r u e  height ,  a f t e r  

co r rec t ions  had been applied t o  allow f o r  t h e  l imi t a t ions  of t h e  recording 

equipment, was 4* f e e t .  

6+ 

The highest  wave recorded i n  t h e  North At l an t i c  was almost 67 f e e t  

. (20.4 metres) a t  Ocean Weather S t a t i o n  Ju l i e t t  ( 5 2 9 ,  19%) on 

12 September 1961. 

4. WAVE SPEED 

Waves move i n  t h e  same d i r e c t i o n  a s  t h e  wind. As shown e a r l i e r ,  individual  

s i n e  waves move with a  speed given by V = 3T. Actual waves praduced by 

t h e  wind a r e  composed of individual  s i n e  waves of d i f f e r e n t  wavelengths and 

periods,  which move with d i f f e r e n t  speeds. The e f f e c t  of t h i s  is t o  

produce a l t e r n a t e  a r e a s  of f a i r l y  l a rge  and well  defined waver (where t h e  

major sine-components a r e  roughly i n  phase with each o t h e r )  and a reas  of 



smal le r  i l l -de f ined  waves (where t h e  same components a r e  mostly out of s t e p ) .  

The a r e a s  of l a r g e r  waves a r e  known as  wave aroues, i n  them t h e  individual  

components appear t o  form a t  t h e  r e a r  of t h e  group and move forward 

through it, f i n a l l y  disappearing a s  they move out through t h e  forward edge. 

Such wave groups move with a  ve loc i ty  V = 1.5 T ,  where T i s  an averaoe 

period f o r  t h e  waves i n  t h e  grouo. For waves of periods 7 t o  10 seconds, 

which a r e  f a i r l y  t y p i c a l  of ocean waves, t h i s  gives speeds of 10 t o  15 knots 

s o  t h a t  i n  12 hours they w i l l  move downwind d is tances  of 120 t o  180 nml, 

equal t o  two t o  t h r e e  degrees of l a t i t u d e .  

5. WIMI-WAM DIAGRAMS 

Much of t h e  d i f f i c u l t y  i n  der iv ing  t h e o r e t i c a l  r e l a t i o n s h i p s  l i e s  i n  

t r y i n g  t o  measure accura t e ly  corresponding values of wind speed and wave 

height.  Wind speed i s  normally measured a t  a  height of 10 metres o r  more 

above t h e  sea sur face ,  but t h i s  value can d i f f e r  from t h a t  of t h e  wind 

a c t u a l l y  i n  contac t  with t h e  sea,  t h e  d i f f e r e n c e  depending on t h e  

s t a b i l i t y  of t h e  a i r  and a l s o  on t h e  degree of t u rbu len t  mixing alreadv 

present  a s  a  r e s u l t  of i n t e r a c t i o n  between a i r  and sea. I n  addi t ion ,  

wind r e p o r t s  over t h e  sea a r e  genera l ly  sub jec t ive  es t imates  r a t h e r  than 

instrumental  measurements. Wave he ights  a l s o  a r e  more o f t e n  than not 

v i s u a l  est imates  on t h e  p a r t  of t h e  observer.  Even with moderate winds, 

waves a r e  usual ly  i r r e g u l a r  i n  shape and of varying height ,  with smaller  

wavelets superimposed on t h e  l a r g e r  waves. The observer is  ins t ruc ted  t o  

es t imate  an average height  and period f o r  t h e  higher,  well-defined waves, 

ignoring these  smal le r  wavelets.  Natural ly between one observer and 

another  t h e r e  may be d i f f e r e n t  opinions a s  t o  what c o n s t i t u t e s  a  well-defined 

wave. Anemometers and wave recorders  have been i n  use i n  a  l imited number 

of sh ips  during t h e  p a s t  twenty yea r s  o r  so, and t h e i r  observat ions have 

helped t o  improve t h e  accuracv of t h e  wind/wave r e l a t ionsh ips .  However, 

even with instrumental  measurements t h e r e  i s  s t i l l  unce r t a in ty  i n  t h e  

exact  values of wind and wave upstream from t h e  sh ip ,  and t h e s e  f a c t o r s  

must a l s o  be taken i n t o  cons idera t ion  when der iv ing  any r e l a t ionsh ips .  

A number of s c i e n t i s t s  have derived t h e o r e t i c a l  r e l a t i o n s h i p s  connecting 

wind speed, dura t ion  and fe tch  w i t h  t h e  r e s u l t i n g  wave height.  For 

p r a c t i c a l  purposes they expressed t h e i r  r e s u l t s ,  not i n  mathematical 

formulae, but i n  t h e  form of nomograms r e l a t i n g  some or  a l l  of t hese  

parameters. Figures 4 t o  8 show some of t h e s e  nomoqrams, a l l  of which 

have been used by d i f f e r e n t  meteoroloqical o r  oceanic i n s t i t u t e s .  Since 

t h e i r  i n i t i a l  hypotheses d i f f e r e d ,  and s i n c e  each worker introduced 

empir ical  constants ,  based on d i f f e r e n t  s e t s  of observed waves and winds 

( t h e  l a t t e r  measured by anemometers of d i f f e r e n t  he igh t s ) ,  it i s  not su rp r i s ing  

t h a t  t h e r e  i s  some d i s s i m i l a r i t y  i n  t h e i r  r e s u l t s .  



6. 

Duration (hours) 

Fig, 4. Bretschneider's nomogram for significant wave heights 

Durn tion (hours) 

Fig. 5. Dorrestein's nomogram for significant wave heights 





F i g .  f a  Pierson, Noum8nn and Jamsg nomogram for  
s ignif icant  wave heights, d t h  di f ferent  
fetcher and winds of 10 t o  44 k t .  



Fig. 7b Pierson, Ncunrnn and James' nomogram for 
signif icant wave heights, with di f ferent  
fetches and winds of 36 t o  56 k t .  



Fig. 7c Plenon, N e w n n  and James' mmogru for  
s ignif icant  wave heights, with di f ferent  
durations and winds of 10 t o  U kt. 



Fig. 7d Pierson, Nernsann and James' nomogram for  
s ign i f i cant  wave heights, with di f ferent  
durations and winds of 36 t o  56 kt .  
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Fig. 81. Suthons '  nomogram fo r  wave h e i g h t s ,  wi th  
l i m i t e d  f e t c h  



GRADIENT WIND SPEED (Kt4  

Fig. 8b. Suthons' nomogram for wave heights, with 
limited duration 
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F i q .  9. Comparison of  s i o n i f i c a n t  wave h e i g h t s  w i t h  
f e t c h  lCOO nvl  and d u r a t i o n  50 h o u r s  
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Fig.  10. Comparison of s i g n i f i c a n t  wave heights  with 
fe tch  500 nml and duration 25 hours 



Fig.  11. Comparison of s i g n i f i c a n t  wave h e i g h t s  wi th  
f e t c h  100 nml and d u r a t i o n  10 hours  

- --- B r e t s c h n e i d e r  (1953) 
D o r r e s t e i n  

--a Sut hons (1945) 

Darbyshire  (1963) 

- 
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Fig.  12. Comparison of s i g n i f i c a n t  wave h e i g h t s  wi th  
f e t c h  300 nml and d u r a t i o n  10 hours  



F i g u r e s  9 t o  1 2  compare t h e  s i g n i f i c a n t  wave h e i g h t s  o b t a i n e d  from t h e s e  

nomograms f o r  a  range  of wind speeds  under  d i f f e r e n t  c o n d i t i o n s  of f e t c h  

and d u r a t i o n .  (Note: no a l lowance has been made f o r  t h e  d i f f e r e n t  

anemometer h e i g h t s ,  which ranged from 7* t o  14 metres ,  b u t  Su thons '  

" g r a d i e n t "  winds have been conver ted t o  " sur face"  winds by m u l t i p l y i n g  

by a  f a c t o r  of 8, and t h e  "maximum" wave h e i g h t s  i n  Darbvsh i re  8 Draper ' s  

nomograms have been reduced t o  " s i g n i f i c a n t "  wave h e i g h t s  by d i v i d i n q  

by 1.60). F igure  9 shows a l s o  a  r e l a t i o n  produced by Moskowitz i n  t h e  

c a s e  where f e t c h  and d u r a t i o n  a r e  u n l i m i t e d  and Hs = .0182 ?, 
( i n  u n i t s  of f e e t  and k n o t s ) .  On examining t h e s e  g raphs  perhaps t h e  

s u r p r i s i n g  t h i n g  i s  t h a t  t h e r e  i s  not more d i s s i m i l a r i t y  i n  t h e  r e s u l t s  

ob ta ined  by t h e  d i f f e r e n t  workers.  

6. FORECASTING OF SEA W A i / E S  

From nomograms such a s  t h e s e  t h e  wave h e i g h t  produced by a  p a r t i c u l a r  

wind blowing f o r  a  c e r t a i n  t ime  over  a  known f e t c h  can be  r e a d  o f f  

d i r e c t l y .  I f  e i t h e r  t h e  f e t c h  o r  t h e  d u r a t i o n  i s  i n s u f f i c i e n t  t o  produce 

a  f u l l v  developed wave it i s  t h e  lower of t h e  two h e i g h t s  ob ta ined  by 

u s i n g  t h e  g iven  v a l u e s  of f e t c h  and d u r a t i o n  s e p a r a t e l y  which must be  

taken.  

By t h i s  means a  f o r e c a s t  can  be  made of t h e  wave h e i g h t  a t  a  s e l e c t e d  

p o i n t  f o r  some f u t u r e  t ime,  assumino t h e  wind remains unchanged i n  t h e  

i n t e r i m .  Such a  wave h e i g h t  i s  based on t h e  assumption t h a t  no waves 

a r e  p r e s e n t  i n i t i a l l y .  I n  p r a c t i c e ,  waves u s u a l l y  d o  e x i s t ,  b u t  can be 

a l lowed f o r  i n  t h e  fo l lowing  way. From t h e  nomogram can be found t h e  

t i m e  f o r  which t h e  e x i s t i n g  wind would have had t o  blow t o  produce t h i s  

s i z e  of wave. Th is  t i m e  i s  added t o  t h e  r e q u i r e d  f o r e c a s t  i n t e r v a l  t o  

g i v e  a  t o t a l  d u r a t i o n ,  which i s  t h e n  used w i t h  t h e  wind t o  o b t a i n  a  f i n a l  

o v e r a l l  h e i g h t  from t h e  nomogram. 

I n  t h e  c a s e  where t h e  wind speed i s  not  s t e a d y  bu t  i s  i n c r e a s i n g  ( o r  i s  

expected t o  i n c r e a s e )  d u r i n g  t h e  pe r iod  t h e  s i m p l e s t  p rocedure  i s  t o  

assume a  mean wind over  t h e  pe r iod .  The average of t h e  i n i t i a l  and 

f i n a l  winds could be  used,  bu t  it has been found by e x ~ e r i e n c e  t h a t  when 

t h e s e  v a l u e s  d i f f e r  by more t h a n  about  f i v e  kno ts  a  b e t t e r  r e s u l t  is 

ob ta ined  by t a k i n g  a  va lue  equal  t o  t h e  f i n a l  wind l e s s  one-quar ter  of 

t h e  d i f f e r e n c e  between t h e  i n i t i a l  and f i n a l  values .  Using t h i s  wind 

and t h e  d u r a t i o n  o r  f e t c h  t h e  wave h e i g h t  a t  t h e  end of t h e  pe r iod  i s  

ob ta ined  a s  be fore .  

Note: S t r i c t l y  speaking,  i n  t h e  above o p e r a t i o n s  it i s  not  t h e  i n i t i a l  
0 

wind and wave h e i g h t  a t  t h e  s e l e c t e d  p o i n t  which should be  used,  but  



t hose  values which were occurring a t  t h e  same time a t  a poin t  j u s t  f a r  

enough up-wind f o r  t h e  wave t h e r e  t o  reach t h e  se lec ted  poin t  by t h e  end 

of t h e  period. 

(The oppps i te  case  - where t h e  wind decreases  during t h e  period - w i l l  be 

d e a l t  w i t h  l a t e r  under S A W  ). 

As well  a s  changing i n  speed, winds can a l s o  change i n  d i r e c t i o n  during t h e  

period being considered. If t h i s  change i s  l e s s  than 30 degrees it can be 

ignored without any apprec iable  l o s s  of accuracy. I f  t h e  change i s  

30 degrees o r  more two th ings  w i l l  happen: ( i )  The new wind w i l l  s t a r t  

producing waves which w i l l  grow with time. Their height  can be obtained 

from t h e  diagram f o r  wind-speed and dura t ion .  These waves w i l l  propagate 

downwind through t h e  a l ready e x i s t i n g  waves a t  an angle  t o  them, 

( i i )  t h e  o r i g i n a l  waves (formed by t h e  wind which ex i s t ed  e a r l i e r )  w i l l  d i e  

away, unless  t h e  new wind has a component ac t ing  i n  t h e  same d i r e c t i o n  a s  

before, s t rong enough t o  maintain them. I f  t h i s  component i s  not a b l e  t o  

maintain them a t  t h e i r  e x i s t i n g  height  they w i l l  soon decrease  t o  a s i z e  which 

it can support.  

A f e t c h  can be defined a s  an area of t h e  sea s u r f a c q o r  a d i s t a n c e  across  t h e  

sea sur face ,  over which t h e  wind is blowing with a cons tant  speed and 

d i r e c t i o n .  When a s teady wind is blowing from o f f  t h e  land t h e  f e t ch  a t  

any se l ec t ed  point  i s  simply t h e  d i s t ance  from t h e  shore,  measured along 

t h e  t r a c k  of t h e  wind, and t h e  f e t c h  i s  described a s  being l imited.  

However cases  of l imi ted  f e t c h  a l s o  occur i n  mid ocean, f a r  from land, 

where t h e  f e t c h  i s  l imi t ed  - not by a c o a s t l i n e  - but  by a f r o n t  o r  by 

any o t h e r  apprec iable  change i n  t h e  d i r e c t i o n  o r  spacing of t h e  i sobars .  

I n  such cases t h e  f e t c h  a t  a se lec ted  poin t  may a l t e r  a s  t h e  f r o n t s  o r  

pressure  systems move. A problem may then  a r i s e  i n  dec id ing  t h e  most 

appropr i a t e  d i s t ance  t o  use fo r  t h e  f e t ch .  We w i l l  consider  two examples: 

F igure  13a on t h e  next page shows t h e  pos i t i ons  of a cold f r o n t  and t h e  

i soba r s  behind it a t  two d i f f e r e n t  t imes ( t h e  d e t a i l s  f o r  t h e  e a r l i e r  

occasion being indica ted  by dashed l i n e s ) .  I n i t i a l l y  t h e  f e t c h  is t h e  

a rea  A'B'C'D', which moves downwind t o  ABCI) during t h e  i n t e r v a l .  S ince  

t h e  waves formed i n  A'B'C'D' move downwind i n t o  ABCD t h e  e f f o o t i v e  f e t c h  

a t  t h e  l a t e r  t ime can be taken a s  A'B'CD and t h e  d i s t a n c e  A'B' t o  LX used 

i n  ca l cu la t ions .  A s  t h e  f ron t  passes a p a r t i c u l a r  poin t  t h e  waves t h e r e  

w i l l  i nc rease  r ap id ly  t o  t h e  value produced by t h e  pos t - f ronta l  wind over 

t h e  t o t a l  fe tch .  



Fig.  13a 

F i g u r e  13b Shows a n  open f r o n t a l  wave moving eas twards  and t h e  f e t c h  on 

t h e  n o r t h e r n  s i d e  of it ( a g a i n  t h e  dashed l i n e s  r e f e r  t o  t h e  e a r l i e r  

p o s i t i o n  and cor responding  i s o b a r s ) .  T h i s  f e t c h  moves a g a i n s t  t h e  

wind from A'B'C'D' t o  ABCD, but  t h e  waves i n c r e a s e  and move downwind 

from A'B' t o  C'D'. Hence t h e  waves formed i n  A'B'C'9' a r e  of no 

a s s i s t a n c e  i n  deve lop ing  waves i n  Am. The e f f e c t i v e  f e t c h  i n  t h i s  

c a s e  a t  t h e  end of t h e  i n t e r v a l  i s  A D ,  t h e  h i g h e s t  waves being a long  

CD. To t h e  west of t h i s  l i n e  winds a r e  now d e c r e a s i n g  and s o  waves 

a r e  a l s o  beginning t o  d e c r e a s e .  

Fig .  13b 



8. s m  

So f a r  we have cons idered  only  t h e  c a s e  where t h e  wind i s  e i t h e r  i n c r e a s i n g  

o r  s t eady .  While t h e  wind con t inues  t o  i n c r e a s e  energy is t r a n s f e r r e d  

from it t o  t h e  sea .  T h i s  energy goes  i n t o  i n c r e a s i n q  t h e  h e i g h t  of t h e  

longer  components i n  t h e  waves, a s  t h e s e  components t r a v e l  more r a p i d l y  

t h a n  t h o s e  of s h o r t e r  wavelength and have speeds  n e a r e r  t o  t h a t  of t h e  

wind. When t h e  wind becomes s t e a d y  a  s t a t e  i s  reached f i n a l l y  where 

t h e r e  i s  no f u r t h e r  t r a n s f e r  of energy from wind t o  wave, and t h e  

dominant wave component i s  t r a v e l l i n g  a t  t h e  same speed a s  t h e  wind. 

(Th is  means t h a t  t h e  wave group - a s  d e s c r i b e d  e a r l i e r  - moves w i t h  h a l f  

t h e  speed of t h e  wind).  

I f  t h e  wind d e c r e a s e s  i n  s t r e n g t h  o r  changes d i r e c t i o n ,  t h o s e  wave 

components w i t h  l o n g e r  wavelengths w i l l  now be movino f a s t e r  t h a n  t h e  wind 

o r  i t s  component a t  r i g h t  a n q l e s  t o  t h e  waves, s o  t h e  forward s i d e s  of 

t h e i r  c r e s t s  push t h e  wind a long,  e f f e c t i v e l y  t r a n s f e r r i n g  energy from t h e  

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

t h e  wave. I f  t h e  wind d i s a p p e a r s  comple te ly  a l l  t h e  wave components w i l l  

s u f f e r  a t t e n u a t i o n  i n  t h e  same way, but  t h e  s h o r t e r  components w i l l  

d i s a p p e a r  more r a p i d l y  because  t h e y  a r e  s m a l l e r  i n i t i a l l y  and s o  c o n t a i n  

l e s s  energy t h a n  t h e  longer  components. I n  a d d i t i o n ,  i n t e r n a l  f r i c t i o n  of 

t h e  w a t e r  has a  damping e f f e c t  on a l l  t h e  u n d u l a t i o n s  of t h e  s e a ,  and 

s i n c e  t h e  s h o r t e r  waves u n d u l a t e  more r a p i d l y  ( t h e y  have s h o r t e r  p e r i o d s ) ,  

t h e y  a r e  more a f f e c t e d  t h a n  t h e  longer  waves. A s  t h e  s h o r t e r  components 

d i s a p p e a r  t h e  waves g r a d u a l l y  t a k e  on a  smoother and more s i n u s o i d a l  

( o r  t r o c h o i d a l )  appearance and t h e  c r e s t s  - measured a c r o s s  t h e  d i r e c t i o n  

of motion - become longer .  Th i s  t y p e  of wave i s  c a l l e d  &. 
Swel l  i s  a l s o  produced when waves move o u t  of t h e  r e g i o n  where t h e y  have 

been c r e a t e d  by t h e  wind, o r  when t h e  p r e s s u r e  system which produced t h e  

waves moves away. For example, a  d e p r e s s i o n  may have s t r o n g  n o r t h w e s t e r l y  

winds on i t s  r e a r  s i d e .  These w i l l  produce waves which w i l l  move 

sou theas twards  a s  s w e l l  i n t o  r e g i o n s  which never exper ienced s t r o n g  winds 

a t  a l l .  Depress ions  moving nor theas twards  a c r o s s  t h e  A t l a n t i c  and pass ing  

between I r e l a n d  and I c e l a n d  can produce waves which move sou theas twards  a s  

swell and a r r i v e  s e v e r a l  days  l a t e r  on t h e  c o a s t  of Morocco where t h e y  can 

d i s r u p t  load ing  o p e r a t i o n s  i n  t h e  p o r t  of Casablanca.  

S o  swell may b e  d e f i n e d  a s  waves produced by winds which no longer  e x i s t  o r  

which e x i s t  elsewhere.  Waves produced by winds s t i l l  e x i s t i n g  i n  a n  a r e a  

a r e  d e s c r i b e d  a s  "sea" and such a n  a r e a  i s  c a l l e d  a  " g e n e r a t i n g  area" .  



I t  may be appropr ia te  t o  summarize here t h e  d i f f e rences  i n  aDpearance 

between sea and swell .  

In  SEA t h e  indiv idual  waves a r e  lumpy i n  appearance, sometimes with sharp 

c r e s t s .  Individual  c r e s t s  can be followed by eye f o r  only a  few wave- 

lengths. Looking ac ross  t h e  genera l  wave d i r e c t i o n  any p a r t i c u l a r  c r e s t  

w i l l  extend only a  d i s t ance  equal t o  two o r  t h r e e  times t h e  d i s t ance  

between c r e s t s  and t h e  individual  c r e s t s  w i l l  not a l l  be al igned i n  t h e  

same d i r ec t ion ,  sho r t  por t ions  of s epa ra t e  c r e s t s  w i l l  appear a t  angles of 

up t o  20 or  30 degrees t o  each other .  The waves w i l l  not a l l  be of t h e  

sa,me s i z e  - small waves w i l l  be superimposed on t h e  l a r g e r  ones - and even 

with a  s t rong wind - t h e r e  w i l l  be a reas  where t h e  genera l  waveheight is  

momentarily q u i t e  low. 

SWELL waves a r e  much more rounded, and consecutive c r e s t s  a r e  nearly 

always of s i m i l a r  height .  Individual  c r e s t s  a r e  much more extensive 

(up t o  6 o r  7 times t h e  wavelength) and p e r s i s t  f o r  much longer. 

From t h e  t h e o r e t i c a l  viewpoint sea i s  made up of components whose periods 

and wavelengths cover a  wide range of  values and whose d i r e c t i o n s  of motion 

vary over 20 or  30 degrees. In  swell  t h e  components cover .only a  narrow 

range of periods and d i r e c t i o n s .  

In  p r a c t i c e ,  both sea and swell e x i s t  toge ther  and provision i s  made fo r  

both t o  be reported i n  s h i p s '  observat ions.  Generally w i t h  sea and swell 

a r r i v i n g  from well  separated d i r e c t i o n s  both wave systems can be f a i r l y  

e a s i l y  d is t inguished .  If  both systems a r r i v e  from approximately t h e  same 

d i r e c t i o n  t h e r e  is more d i f f i c u l t y  i n  separa t ing  them by eye,and t h e r e  i s  

a  s t rong p o s s i b i l i t y  t h a t  some of t h e  waves which an observer  i n t e r p r e t s  

a s  swell may i n  f a c t  be o lde r  and more r egu la r  waves formed by t h e  

e x i s t i n g  wind f a r t h e r  away from t h e  ship.  For t h i s  reason when long- 

c re s t ed  rounded waves ( t y p i c a l  of s w e l l )  a r e  observed a r r i v i n g  from within 

20 degrees of t h e  wind d i r e c t i o n  t h e  observer is ins t ruc ted  t o  regard 

such waves a s  forming a separa te  system only when t h e i r  period i s  a t  l e a s t  

four  seconds g r e a t e r  than t h a t  of t h e  l a r g e r  waves i n  t h e  e x i s t i n g  "sea". 

( I n  analysing a  wave cha r t  t h e  ana lys t  must keep i n  mind t h a t  t h i s  

i n s t r u c t i o n  i s  not  always adhered t o ,  and t h a t  s h i p  r epor t s  may be received 

g iv ing  sea  and swell coming from t h e  same d i r e c t i o n  with c lose ly  s imi l a r  

periods. I n  such cases  both waves w i l l  be regarded a s  sea ,  and i t s  

height  taken t o  be t h e  g r e a t e r  of t h e  two reported va lues . )  



9. HEIGHT OF SWELL 

Once waves have l e f t  t h e  g e n e r a t i n g  a r e a  i n t e r n a l  f r i c t i o n  removes t h e  

components w i t h  t h e  s h o r t e s t  p e r i o d s  f a i r l y  q u i c k l y ,  but  it reduces  t h e  

long-period swell o n l y  compara t ive ly  s lowly.  The main f a c t o r  i n  reducing 

t h e  h e i g h t  of t h i s  s w e l l  i s  i t s  a n g u l a r  d i s p e r s i o n .  As mentioned e a r l i e r  

wave c r e s t s  produced by t h e  i n f l u e n c e  of t h e  wind d o  n o t  l i e  i n  e x a c t l y  

p a r a l l e l  l i n e s ,  mainly because  t u r b u l e n t  e d d i e s  i n  t h e  wind c a u s e  it  t o  

f l u c t u a t e  about  a  mean d i r e c t i o n .  As a  r e s u l t  t h e  waves move i n  

d i r e c t i o n s  which vary from t h i s  mean d i r e c t i o n ,  and w i l l  c o n t i n u e  t o  d o  s o  

even a f t e r  t h e  wind has  s topped.  

Fig.  14 

F i g u r e  14 shows a  f e t c h  ABCD w i t h  t h e  

wind moving i n  t h e  d i r e c t i o n  A t o  C. 

When t h e  wind c e a s e s  t h e  waves c o n t i n u e  

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

d i v e r a e n t  d i r e c t i o n s  s o  t h a t  some of t h e  

swel l  w i l l  r e a c h  a  p o i n t  such  a s  P, which 

i s  not d i r e c t l y  "downwind" from CD. 

S i n c e  t h e  energy o f  t h e  wave i s  beino . 

soread ou t  over  a  wider  f r o n t  a s  t h e  wave 

moves on, and no f u r t h e r  energy i s  a v a i l -  

a b l e  from t h e  wind, t h e  wave h e i a h t  

d e c r e a s e s  a s  it moves away from CD. 

Observa t ion  and t h e o r y  sugges t  t h a t  t h e  energy a r r i v i n g  a t  P  ( o u t s i d e  t h e  

wave-qenerat ing a r e a )  from a  smal l  p o r t i o n  of t h e  wave-front As, i s  
2  p r o p o r t i o n a l  t o  cos  , where 0 i s  a s  shown i n  Fig.  14, a s  well a s  being 

i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  square  of t h e  d i s t a n c e  ( I )  from As t o  P. 

F i g u r e  15 (reproduced from Pie r son ,  Neumann and James' book) i s  a  graoh 

from which t h e  p e r c e n t a g e  energy a r r i v i n g  a t  P  from t h e  t o t a l  wavefront CD 

can  b e  ob ta ined  by s u b t r a c t i n g  t h e  p e r c e n t a g e s  corresponding t o  t h e  two 

a n g l e s  8 1  and O 2  i n  Fig.  14. 91 and 8 2  a r e  bo th  measured i n  same 

d i r e c t i o n .  (The d e r i v a t i o n  of t h i s  g raph  is a i v e n  i n  Appendix 1 ) .  

T h i s  p rov ides  a  method of c a l c u l a t i n g  t h e  h e i g h t  (H) of t h e  s w e l l  a t  a  

o o i n t  P  i n  terms of t h e  wave he igh t  (Po)  which e x i s t e d  a long  CD: 

H ~ / H , ~  = E/E, 

3 hence H = Ho (E/E,) . 

I 
F i g u r e s  16 and 17 show v a l u e s  c a l c u l a t e d  f o r  H a s  a  p e r c e n t a g e  of Ho a t  

v a r v i n o  d i s t a n c e s  and i n  va ry ing  d i r e c t i o n s  from f e t c h e s  of two d i f f e r e n t  

w i d t h s  D l  and D2. I t  can  be seen t h a t  t o  t h e  l e f t  and r i g h t  of t h e  f e t c h  

t h e  swell d i e s  away qu ick ly .  "Downwind" a long  t h e  c e n t r e  l i n e  of t h e  
f e t c h  t h e  wave-haight d e c r e a s e s  t o  t h r e e - q u a r t e r s  of i t s  o r i g i n a l  v a l u e  



Fig.15. Angu la r  d i s v e n s i o n  of wave enerav 



Fig. 16. Decrease of swell  height outside generating 
area, expressed a s  percentage of original 
height 



Fig .  17. Decrease of  s w e l l  height  o u t s i d e  generating 
area,  expressed a s  percentage of o r i g i n a l  
he ight  





a f t e r  a  d i s t ance  equal t o  t h e  width of t h e  fetch,  but t h e r e a f t e r  the  heiqht 

decreases more slowly and i s  s t i l l  more than one-third i t s  o r i g i n a l  value 

a f t e r  a  d i s t ance  equal t o  f i v e  times t h e  w i d t h  of t h e  fe tch .  

I t  should be noted t h a t  f i a u r e s  16 and 17 i r e  based s o l e l y  on geometrical 

cons idera t ions ,  t h e  p a r t i c u l a r  s c a l e s  a r e  i r r e l e v a n t .  However t h e  ac tua l  

width of t h e  f e t c h  w i l l  be re levant  i f  it i s  necessary t o  es t imate  t h e  time 

a t  which t h e  swell w i l l  a r r i v e  a t  a  piven point .  

10. SPEED OF MOVEMENT OF SWELL 

The dominant period of t h e  sea depends on t h e  speed of t h e  wind which is 

producing it, and a l s o  on t h e  dura t ion  and f e t c h  of t h e  wind, i f  e i t h e r  of 

t h e s e  i s  limited. I t  t he re fo re  behaves i n  a  manner s i m i l a r  t o  t h e  height 

of t h e  sea. Table 1 o ives  an approximate r e l a t ionsh ip  between t h e  

s i g n i f i c a n t  wave height  ( i n  metres)  and t h e  wave period ( i n  seconds). The 

d e r i v a t i o n  of t h i s  Table may be found i n  Appendix 2. 

I Per io i  1 5$ / 7 / %k 1 10 / 11 1 l l i l  12 / 126 1 13 1 13& 1 I4 1 seconds 

Table 1 1  S i a n i f i c a n t  Wave Heiqht and corresponding Wave Period 

The speed of movement ( V )  of t h e  swell depends on i t s  period (T),  

(V = 1.5 T where V is i n  knots and T i s  i n  seconds). The period of t h e  

swell  is i n i t i a l l y  t h e  period of t h e  dominant component i n  t h e  sea, 

produced by t h e  wind .  As t h e  shor t e r  components d i e  away an increase  i s  

produced i n  t h e  e f f e c t i v e  period of t h e  swell .  There i s  a l s o  some t r a n s f e r  

of energy from waves of sho r t e r  wavelenoth to  those of g r e a t e r  length which 

produces a  s i m i l a r  r e s u l t .  Both processes lead t o  a  g r e a t e r  speed of 

movement of t h e  swell .  

F igure  18 i s  a nomogram prepared by t h e  U.S. Hydrographic Off ice  i n  1951. 

This shows how t h e  period and height of a  wave vary wi th  d i s t ance  when t h e  

wave i s  t r a v e l l i n g  over a  sea su r face  unaffected by wind. For example 

( 1 )  a  wave i n i t i a l l y  of period 10 seconds and heiqht H t akes  46 hours t o  

t r a v e l  1OOO run1 and a f t e r  t h i s  d i s t ance  its period has increased t o  

14* seconds while i t s  height has decreased t o  0.37 H. If  t h e  width of t h e  

f e t c h  i s  taken i n t o  account ( a s  shown i n  f i g u r e  17)  t h e  same reduct ion i n  

height  a f t e r  t h e  same d i s t ance  is obtained where t h e  width of t h e  f e t c h  i s  

about  225 nml. (on t h e  v e r t i c a l  ax is  i n  f ig .  17 37% corresponds t o  a  d i s t ance  

of about 4.45 x D2, hence D2 = 225 nml). 

(2 )  a  wave i n i t i a l l y  of period 8 seconds and height H t r a v e l s  180 nml i n  

12 hours and by t h e  end of t h i s  time and d i s t ance  t h e  period and height a r e  

9 seconds and 0.71 H. ( I n  t h i s  case 71% on t h e  v e r t i c a l  a x i s  of f igu re  17 



corresponds t o  1.1 x D2, hence 1.1 x D2 = 180 nml, s o  here  t h e  appropr ia te  

width of t h e  f e t c h  is about 164 nml). A f e t ch  of width 225 nml, a s  i n  t h e  

f i r s t  example, would produce a  height of 0.80 H a f t e r  a  d i s t a n c e  of 180 nml. 

(1f D2 225 nml then 180 nml = 0.8 x D2, which corresponds t o  80% on t h e  

v e r t i c a l  a x i s  i n  f i g u r e  17).  While t h e r e f o r e  t h e r e  is not complete 

agreement between t h e  r e s u l t s  obtained by t h e  two methods of determining 

swe l l  decay, t h e s e  r e s u l t s  a r e  s t i l l  of t h e  same order  of magnitude, and 

g r e a t e r  accuracy i s  probably unnecessary i n  view of t h e  imprecision which 

i s  assoc ia ted  with t h e  width of f e t ch ,  wave periods,  e tc .  i n  any r e a l  

synoptic  s i t u a t i o n .  

I n  p r a c t i c e  t h e  Netherlands'  Meteorological I n s t i t u t e  i n  preparing i t s  

North A t l a n t i c  wave c h a r t s  a t  12 hourly i n t e r v a l s  uses a  r u l e  of thumb 

which moves a  swell-wave 180 tun1 (3  degrees of l a t i t u d e )  i n  t h e  12 hours and 

reduces t h e  height  by mult iplying it by a  f a c t o r  of 0.75. 

Other simple f a c t o r s  f o r  swell height and movement which have been proposed 

and used a re :  

1. Marine Observer's Handbook (due apparent ly  t o  Darb s h i r e  and Draped: 

A t  R nml from t h e  point  of genera t ion  = Idox@ . 
(This obviously does not hold fo r  small  values of R ) .  

2. Ogden (London Weather Cent re) :  Height i s  reduced by one-half 

a f t e r  1200 nml. 

3. Burgess (The Marine Socie ty ,  London): Swell t r a v e l s  a t  near ly  half  

t h e  speed of t h e  wind i n  t h e  genera t ing  area.  

The above methods a r e  a l l  based on t h e  assumption t h a t  t h e r e  i s  no wind i n  

t h e  a rea  across  which t h e  swell  is t r a v e l l i n g .  I f  a  wind i s  present  t h i s  

w i l l  have some e f f e c t  on t h e  r a t e  of decay of t h e  swel l ,  but  s o  f a r  

a t tempts  t o  dea l  w i t h  t h i s  on a  q u a n t i t a t i v e  bas i s  have had l imited success.  

A head wind blowing a g a i n s t  t h e  swell  w i l l  reduce i t s  height  more quickly 

while  a  following wind w i l l  tend t o  s u s t a i n  it. Cross-winds a l s o  

gene ra l ly  reduce swell  height ,  but experience has shown t h a t  moderate o r  

f r e s h  c r o s s w i n d s  having a  s l i g h t l v  favourable component t o  t h e  swell  have 

only a  small e f f e c t  on swell  which has a  period g r e a t e r  than 12 seconds. 
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APPENDIX 1. Angular d ispers ion  of energy 

Using t h e  nota t ion  i n  t h e  adjoining Figure 19 t h e  I 

energy a r r i v i n g  a t  P from As i s  proport ional  t o  I 

&j 2 I 
'OS , and t h e  t o t a l  energy a r r i v i n g  from t h e  

r 2  1 I 

whole wavefront C l l  rill be proport ional  t o  

cos2e .~s  
@=" c , leading t o  e~ d ,, 

r 2  
S a e= 9, r - -- 8-8, 

D As C 
We have r = p sec 0 

Fig. 19 s + a a p  t a n e  
on d i f f e r e n t i a t i n g  ds  = p sec*e.de 

Hence t h e  i n t e g r a l  becomes 

s i n  2 ~ ~ ' ~  Therefore t h e  energy E = K[€I + - 
el 

where K i s  an unknown cons tant .  

X 

I f  P l i e s  on CD t h e  energy Eo - K [ B  + u ~ ~ T ~  KX 
2 -- 

2 

E Hence K = 

Theref ore  E = [e  + - ] 92 

E 0 
n 

2 01 

s i n  2 8  e2 1 s i n  281 
01 

=,+[e+ -1 n-K[e+ - 
2 -- X 

2 
2 -- 

2 

8 
The funct ion  4 [e + ue] can be evaluated fo r  d i f f e r e n t  values of 8 .  2 -- 2 

I t  i s  t h e  same a s  & ( 8 +  ue + !!) f o r  0 i n  radians 
2 2 

o r - + -  sin 2e+ 1 f o r e  i n  degrees 
180 2 n 2 

Figure 15 i n  t h e  t e x t  shows t h i s  l a s t  funct ion  expressed a s  a  percentage 

f o r  9 ranging from -90 t o  +90•‹. 



APPENDIX 2. Rela t ionship  between s i g n i f i c a n t  wave height  and 

corresponding wave period 

Four of t h e  au thors  mentioned i n  t h e  t e x t ,  Darbyshire, Bretschneider ,  

Suthons and Pierson-Neumann-James, devised nomograms which show wave- 

period a s  wel l  a s  s i g n i f i c a n t  wave height  a s  a  funct ion of t h e  wind, dura t ion  

and fetch.  These nomograms were used t o  obta in  corresponding values of 

height  (H) and period (T)  f o r  wind speeds from 10 t o  50 knots with t h e  same 

condi t ions  of du ra t ion  and f e t c h  a s  were used i n  Figures 9 t o  12. Graphs 

of log H (x-coordinate)  aoa ins t  loo T (y-coordinate) were p lo t ted .  I t  was 

found t h a t  fo r  each author  t h e  d i f f e r e n t  condit ions of du ra t ion  and fe tch  

oave - not a  s i n g l e  s t r a i g h t  l i n e  - but a  s e t  of c lose ly  spaced almost 

p a r a l l e l  l i nes .  Taking t h e s e  t o  be of t h e  form log T = m.1c.g H + c 

t h e  ad jo in ing  Table shows f o r  each author  t h e  g r e a t e s t  and l e a s t  values 

obtained f o r  c  and t h e  corresponding value of m. 

Taking t h e  average f o r  c  and m i R  each case and using T = #.loC 

Oarbyshire  

va lues  were found f o r  T over a  range of values of H. The Table below 

shows t h e  r e s u l t s  f o r  each author ,  and a l s o  values f o r  T obtained by using 

an o v e r a l l  averaoe f o r  c  and M. In  t h i s  Table t h e  he ights  have been 

I 
C ! m 

expressed i n  metres, s i n c e  a l l  reported wave heights  a r e  now given i n  

0.66 t o  0.68 

i Bretschneider  I 0.49 " 0.56 

t h e s e  u n i t s ;  periods a r e  expressed i n  seconds. 

0.30 t o  0.31 - 
0.40 " 0.38 

I I I I I 

Average 9.4 10.2 10.9 11.5 12.1 12.6 13.1 13.6 14.0 

I t  can be seen t h a t  t h e  values obtained from t h e  first  t h r e e  authors  a r e  

i n  reasonable agreement, while Pierson 's  method y ie lds  periods which a r e  

Suthons 0.54 " 0.56 0.40 " 0.43 

considerably lower. 

Pierson, e t c .  - 0.40 " 0.41 0.40 " 0.34 



'Ocean Wave S t a t i s t i c s "  bv Hogben and Lwnb gives wave da ta  f o r  t h e  period 

1953-1961 f o r  t h e  North A t l a n t i c  ( a s  well  a s  other  oceanic a r e a s ) .  The da ta  

f o r  t h e  eas t e rn  half  of t h e  A t l a n t i c  north of 50 N,  including t h e  I r i s h  Sea, 

a r e  given a s  Areas 2 and 3 on page 6 the re in ,  where t h e  observat ions a r e  

divided according t o  wave height ( i n  i n t e r v a l s  of ha l f -me t re s )  and period 

( i n  i n t e r v a l s  of two seconds).  As might be expected, t h e  waves of any 

p a r t i c u l a r  height  a r e  d i s t r i b u t e d  over s e k l  i n t e r v a l s  of period. The 

da ta  f o r  both t h e s e  Areas were combined and a s i m p l i f i c a t i o n  was made by 

aoport ioning t h e  observat ions fo r  t h e  "half"  metres  of wave height t o  t h e  

next higher and lower in t eg ra l  values of t h e  height.  The Table below shows 

f o r  each wave height  ( i n  whole met res)  t h e  periodic i n t e r v a l  i n  which 

occurred t h e  maximum number of observat ions.  There i s  f a i r l y  good agreement 

between these  observed periods and t h e s e  average values given i n  t h e  f i n a l  

row of t h e  above Table which were obtained by ca l cu la t ion .  The l a t t e r  

values ( s l i g h t l y  approximated) appear again i n  t h e  f i n a l  row of t h e  Table 

below, and t h e  same f igu res  have been used i n  Table 1 of t h e  t e x t .  

(Note: In  "Ocean Wave S t a t i s t i c s "  no wave heights  above 9 metres were 

observed i n  t h e  Areas concerned). 

Wave Height 
(metres)  

Wave Period, 
observed 
(seconds) 

1 

Wave Period, 
ca l cu la t ed  

(seconds) 

5-5 

2 

53 

6 o r  7 

3 

7 

8 or  9 

4 

a3 

8 or  9 

5 

Yh 

8 or  9 

6 

10 

10 o r  11 

7 

11 

10 o r  11 

8 

1 lh 

9 

12 or  13  12 o r  13 

12 121 




