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• An ocean wave is an undulation of the sea surface (usually created by the 
wind) accompanied by local current,  acceleration and pressure fluctuation.

• An ocean wave represents the sea surface in regular motion, as water rises to 
a wave crest (the highest part of the wave) and sinks to wave trough (the 
lowest part of the wave).

(Source: https://en.wikipedia.org/wiki/Wind_wave#/media/File:Sjyang_waveGeneration.png)

• Waves are disturbances caused by 
energy moving through water mass. 



• The simplest form of waves is sinusoidal, 

but the actual shape is very complex.

• Knowledge of waves and the forces they 

generated is essential for the design of 

coastal & offshore projects.

(Source: https://en.wikipedia.org/wiki/Wind_wave#/media/File:Waves_in_pacifica_1.jpg)



Disturbing forces - Dominant force trying to agitate the still water surface 

• Wind 

• Displacement - earth quake, landslide, tsunami 

• Changes in atmospheric pressure 

• Gravitational pull of sun/moon

Restoring forces - Dominant force trying to return the water surface to flat 

• Surface tension

• Gravity



• Still-Water Line (SWL): The level of the 

sea surface if it were perfectly calm and 

flat.

• Crest: The highest point on the wave 

above the still-water line.

• Trough: The lowest point on the wave 

below the still-water line

• Depth (d): The distance from the ocean 

bottom to the still-water line.

(Source: https://cdip.ucsd.edu/m/documents/wave_measurement.html)



• Amplitude (a): One-half the wave height 

or the distance from either the crest or the 

trough to the still-water line.

• Wave height (H): The vertical distance 

separating the crest from the trough

• Wavelength (L): The horizontal distance 

between the crest of one wave and the 

crest of an adjacent wave.
(Source: https://cdip.ucsd.edu/m/documents/wave_measurement.html)



• Wave period (T): The time it takes two 

successive crests to pass a fixed point. 

[Unit: second]

• Wave frequency (f): The number of 

waves passing a point per unit of time. 

[Unit: Hertz or s-1]
(Source: https://cdip.ucsd.edu/m/documents/wave_measurement.html)



Capillary waves 

The smallest water waves which are most readily seen on a flat, calm sea when a puff of 

wind abruptly disturbs the water surface, creating very tiny, short-lived wavelets.

Swell

A swell is a series of surface gravity waves generated by distant weather systems that 

propagate thousands of miles across oceans and seas. 



Gravity waves

A gravity wave is a wave traveling along the interface between two fluids, whose dynamics 

are dominated by the effects of gravity. The term ‘gravity wave’ is typically applied to 

wind-generated, periodic displacements of the sea surface. Typically, waves on the ocean 

surface with period of 1-30 s (with concentration of 5 < T < 20 s), primarily generated by 

winds. 



Seiche

Very long period waves with the back-and-forth sloshing of 

water in harbours.

Tsunami

Very long periods on the order of minutes and tens of 

minutes are associated with seismic sea waves.

Tide

Shallow water wave that is caused by gravitational attraction 

of sun and moon.



Wave Period Wavelength

Capillary waves < 0.1 s < 2 cm

Chop 1 – 10 s 1 -10 m

Swell 10 – 30 s Up to hundreds of m

Seiche 10 min – 10 hr Up to hundreds of km

Tsunami 10 – 60 min Up to hundreds of km

Tide 12 – 24 hr Thousands of km



(Source: https://en.wikipedia.org/wiki/Wind_wave#/media/File:Munk_ICCE_1950_Fig1.svg)



When wind blows, ripples are generated within the storm area. 

The stronger the wind, the larger the waves. As wind speed 

increases, so do the wavelength, the period, and the height of 

the resulting waves.

The variety and size of wind-generated waves are controlled 

by:

(1) Wind speed

(2) Wind duration

(3) Fetch

In the wave generation area, energy is transferred from shorter period waves to the longer 

waves.

Fetch – Length of the area of water over which the wind blows



• Waves will continue to grow in size until they reach a 
maximum size that is determined by the wind speed 
and fetch. 

• At these stage of wave growth, waves stop growing 
in size under the existing wave conditions because 
the energy supplied by the wind equals the energy 
lost by wave breaking and leaving the fetch area.

• This sea at this state is termed a fully developed 
sea condition. 

• Fully developed sea is the maximum height of waves 
produced by conditions of wind speed, duration and 
fetch.

(Source: https://islandwatersports.com/blog/surf-science-why-do-waves-break/; 
https://www.sciencedirect.com/topics/engineering/ship-model-tanks)

https://islandwatersports.com/blog/surf-science-why-do-waves-break/


(Source: https://www.eoas.ubc.ca/courses/atsc113/sailing/met_concepts/08-met-waves/8b-wave-characteristics/index.html)



Those waves traveled out of the generation area is called 

SWELL. They appear to be almost unidirectional and long 

crested (i.e., they have well-defined and distinctly 

separated crests). The speed of the swells is faster than 

wind speed outside the storm area. The wave steepness 

decreases as they run over long distance with minimum 

energy loss. 

Swells will eventually form groups or trains of waves, which travel at ½ speed of individual 

waves . The swells can travel hundreds or thousands of kilometers without much loss of energy. 

The energy is dissipated internally within the fluid, by interaction with the air above, by 

turbulence upon breaking and by percolation and friction with the seabed. Short-period 

waves lose their energy more rapidly than the long-period waves.



Seas Swells



Seas Swells

Short-period waves created by winds Waves that have moved out of the generation /storm 

area

More disturbed sea surface with choppy waves of 

mixed wavelengths (periods) and different wave 

heights;

Irregular waves with short-crested and their periods 

are within 3 – 25 sec  

Waves are in more orderly state with definite crests 

and troughs;

Regular waves with well-defined long crests and 

relatively long periods, i.e. greater than 10 sec

Waves of high steepness;

short wavelength

L = 10-20 H

Waves of mild steepness; 

Long wavelength

L = 30-500 H

Present if windy Present even with no wind

Propagate in the wind direction Propagate in groups



Although waves of different periods existed originally together in the generation area (seas), 

in time the various wave components in the sea separate from one another. Longer period 

waves move faster and reach distant sites first, and shorter period waves may reach the site 

several days later. This process is called WAVE DISPERSION.



Source: https://en.wikipedia.org/wiki/File:World_wave_energy_resource_map.png



https://www.youtube.com/watch?v=sZuc4LMtHoY





• Numerous water wave theories applicable to 

different environments dependent upon the 

specific environmental parameters, e.g., 

water depth, wave height and wave period.

• All ocean wave theories assume that the 

waves are periodic uniform, having a period 

T and height H.



• Waves at sea are very complex due to irregularity of wave shape.

• Several theories exist to describe wave behaviour:

Wave Theory Reference Water Condition

Linear wave theory Airy (1845)

Deep water 

(d/Lo > 0.5)
Stoke wave theory Stokes (1847)

Fenton (1985)

Cnoidal wave theory Korteweg & De Vries (1895)

Keulegan & Patterson (1940)

Svendsen (1974)

Fenton (1979)

Transitional water 

(0.16 < d/Lo > 0.5)

Solitary wave theory Boussinesq, 1872 

McCowan (1981)

Grimshaw (1971)

Fenton (1972)

Shallow water 

(d/Lo < 0.1)

Note: Relative water depth, d/Lo, where d = water depth; Lo = deepwater wavelength



Source: https://slidetodoc.com/department-of-marine-sciences-school-of-environment-coastal-4/



▪ The simplest wave theory is the first-order, small-amplitude, or Airy wave theory which will 

hereafter be called linear wave theory.

▪ The basis for the wave theory is the sinusoidal wave, and it constitutes the 1st order of 

approximation of the Stokes’ theory.

▪ Most commonly used wave theory due to less mathematically complex.

▪ Both crest and trough amplitudes must be equal.

▪ Most accurate for low amplitude waves in deep water (H<<L); less accurate for predicting 

wave behavior in shallow water.

▪ Can be applied to both sea and swell but best to characterize swell wave with its small 

steepness (H/L).





The wave profile is simplified to a linear, sinusoidal wave form:

H = Wave height

a = Wave amplitude = H/2

T = Wave period

L = Wavelength

z = Elevation

C = Wave celerity

d = Water depth

= Displacement of water surface relative to SWL





The displacement of the sinusoidal water surface relative to the SWL () is described by

a = the amplitude of the wave = H/2
x = distance in the direction of wave propagation
t = time (different from wave period, T)
k = wave number = 2/L
 = angular wave frequency = 2/T



Plot of one cycle of a sinusoidal function. 
The phase for each argument value, 
relative to the start of the cycle, in 
degrees from 0° to 360° and in radians 
from 0 to 2π.



A point in the period to which the wave motion has advanced with respect to a given initial 

reference point.
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Since the distance traveled by a wave during one wave period, T is equal to one wavelength, L, 

wave celerity, C can be expressed as:

An expression relating wave celerity to wavelength, L and water depth, d (known as the linear 

dispersion relation) is given by:

or

(1)

(2)

(3)



From Eq. (1) and Eq. (3), an expression for wavelength as a function of depth and wave 

period may be obtained as 

Use of Eq. (4) involves some difficulty since the unknown L appears on both sides of the 

equation.  

Tabulated values of d/L and d/Lo in Table C-1 of Shore Protection Manual (1984) may be 

referred to determine the wavelength, L in Eq. (4).

[Note: Lo is the deepwater wavelength] 

(4)



Table C-1 (Shore Protection Manual, 1984)



Eckart (1952) gives an approximate expression for Eq. (4), which is correct to within about 10%:

(5)

which can be written as

(6)
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Celerity in shallow water

gdC =





Two sinusoidal wave trains moving in the same direction with slightly different wavelengths 

and periods interact. The equation of the water surface is given by:

Waves of almost the same period 

interfere and tend to travel 

together in the same direction, 

forming wave groups.



The speed of the wave group, CG relates to velocity of propagation, C and the group 

velocity factor, n.

nCCG =

Deep water,                n = 0.5 ;      CG = 0.5C

Shallow water,            n = 1 ;         CG = C

Transitional water,              0.5 < n < 1
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Group velocity factor, n:



Table C-1 (Shore Protection Manual, 1984)





• The individual wave speed is the phase velocity or 

wave celerity, C.

• The group speed is termed the group velocity, CG.

• The speed a group of waves or a wave train 

travels is generally not identical to the speed with 

which individual waves within the group travel.

• For waves propagating in deep or transitional 

water, C > CG. 

• For waves propagating in shallow water, C  CG.

Phase velocity, C 

Group velocity, CG

https://youtu.be/tlM9vq-bepA









d = 200 m

d = 3 m

T = 10 s
Water condition = ?
C = ?
L = ?

T = 10 s
Water condition = ?
C = ?
L = ?







Table C-1 (SPM, pp. C-17)

d/Lo = 1.2821 = d/L



Table C-1 (SPM, pp. C-6)

d/L = 0.05611+
0.05763−0.05611

0.020−0.019
× (0.0192 − 0.0190) = 0.05641

d/Lo = 0.0192 →

Calibration:







1. Find Lo.

2. d/Lo = ? 

3. Obtain the corresponding d/L from Table C-1 (SPM) based on d/Lo. Calibration of d/L

up to 4 decimal points may be needed.

4. Identify the water condition (i.e. deepwater/ transitional/ shallow) based on the d/L

value.

5. Use equations to determine other wave properties.

2

2gT
Lo =





• Water particle orbits are circular.

• The amplitude of water particle displacement decreases 

exponentially with depth.

• Orbital movement stops at  z = Lo/2

• Vertical & horizontal water particle displacements are the 

same.

• Maximum horizontal & vertical water particle 

displacement from the origin:

oL

z

e
H

BA

2

2
==



• Water particle orbits are elliptical.

• The shallower the water, the flatter the ellipse.

• The amplitude of water particle displacement 

decreases exponentially with depth.

• At the bottom (z = -d), the particles follow a reversing 

horizontal path.

• Vertical displacement :

(a) At bottom,    = 0

(b) At water surface,    = H/2 
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Horizontal WP Velocity, u:

Vertical WP Velocity, w:
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• Maximum positive-u occurs when   = 0, 2, etc.

• Maximum negative-u occurs when   = , 3, etc.

• Maximum positive-w occurs when   = /2, 5/2, etc.

• Maximum negative-w occurs when   = 3/2, 7/2, etc.



Horizontal WP Acceleration, ax:

Vertical WP Acceleration, az :

• Maximum positive-u occurs when   = 0, 2, etc.

• Maximum negative-u occurs when   = , 3, etc.

• Maximum positive-w occurs when   = /2, 5/2, etc.

• Maximum negative-w occurs when   = 3/2, 7/2, etc.
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Table C-1 (SPM, pp. C-6)

d/Lo = 0.1503 →



WP velocities:

WP accelerations:

d + z = 15 + (-5)
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Problem 7



d = 12 m

H = 3 m
T = 10 s

z = 0 m

z = -d  = -10 m
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Horizontal WP Displacement, :
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Water Particle Displacement at z = 0 m

Vertical WP Displacement, :
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Water Particle Displacement at z = 0 m












 sin

)/2sinh(

]/)(2cosh[

2
sin

)/2sinh(

]/)(2cosh[

2 Ld

LddH

Ld

LdzH
A

+−
−=

+
−==

Horizontal WP Displacement, :
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Water Particle Displacement at z = -d m

Vertical WP Displacement, :
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Water Particle Displacement at z = -d m



Problem 7



z = -7.5 m Deep water:
Ho = 3.13 m
T = 10 s



Problem 7



Water Particle Displacement at z = -Lo/2



d = 6m

H = 2 m; T = 10 s

SWL
z = 0 m

z  = -2 m

z = -6 m

PROCEDURES:

• Find Lo [Ans: 156 m]

• d/Lo  d/L [Ans: 0.0816]

• Identify the water condition

• Determine L [Ans: 73.53 m]

• Find  and 
[Ans:  A = 1.98m; B= 0.65 m]

 = A = ? ;    = B = ?

A wave of H = 2 m and T = 10 s propagates in a depth of 6 m. Calculate the horizontal

and vertical water particle displacements from its mean position when z = -2 m.

Problem 8 



Absolute Wave Pressure

Subsurface pressure under a wave is the summation of dynamic and static pressures.

Total or absolute pressure, p’:
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Dynamic pressure (due to acceleration) Hydrostatic 

pressure

Atmospheric 

pressure

Absolute 

pressure



Gage Pressure

Gage pressure, p:
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The above equation can be simplified as:

where
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Pressure Response Factor

Gage pressure, p:
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The above equation can be further simplified as:
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Pressure Response Factor

At sea bottom (z = -d),

)/2cosh(

1

)/2cosh(

]/)(2cosh[

LdLd

Ldd
K z




=

+−
=



Table C-1 (Shore Protection Manual)



Subsurface Pressure Under a Wave

Shallow water: )( zgp −= 

gz
Ld

Ldz
gp 




 −

+
=

)/2cosh(

]/)(2cosh[

gzegp L

z




−=
2

Transitional water:

Deep water:



Application of Pressure Measurement

To determine the height of surface waves based on subsurface measurements of pressure,

it is convenient to rewrite the equation

)( zKgp z −= 

zgK

gzpN
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z = The depth below the SWL of the pressure gage

N = Correction factor equal to unity if the linear theory applied

N = f (T, d, a)



Problem 8

d = 12 m

h = 0.6 m
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Density of seawater = 1.025 kg/m3



E total = E potential + E kinetic

Wave Energy

Due to fluid mass of 

the wave crest

Due to water particles velocities 

associated with wave motion

bgHE pp
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Total energy of a wave 

system  (J/m2)

Total average wave energy per unit surface area, termed the specific energy or energy density, is 

given by

8

2gH
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E
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== Unit:   J/m2 per m of crest width



The rate at which energy is transmitted in the direction of wave propagation across a vertical 

plane perpendicular to the direction of wave advance and extending down the entire depth.

Wave Energy Flux



Assuming linear wave theory holds, the average energy flux per unit wave 

crest width transmitted across a vertical plane perpendicular to the direction 

of wave advance is

Wave Energy Flux

=  Average energy flux  (or wave power) per unit wave crest width

(Nm/s per m of crest width or W per m of crest width)

E =  Total wave energy  (J/m2 per m of crest width)

Cg =   n. C = Group velocity

).( CnECEP g ==

P



If a vertical plane is taken other than perpendicular to the direction of wave advance,

Wave Energy Flux in Inclined Angle

where  is the angle between the plan across which the energy is being transmitted 

and the direction of wave advance.

singCEP =



For deep water,       n = ½   

For shallow water,   n = 1    

For transitional water,  ½ < n < 1     

Wave Energy Flux in Different Water Depths

ooCEP
2

1
=

CECEP g ==

).( CnECEP G ==

Deep water,                 n = 0.5 ;      CG = 0.5C

Shallow water,            n = 1 ;         CG = C

Transitional water,      0.5 < n < 1 
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Group velocity factor, n:

).( CnECEP g ==



Conservation of  Energy

Amount of energy entering a region which waves are passing will equal amount leaving the region 

provided no energy is added or removed from the system. Therefore, when the waves are moving 

so that their crests are parallel to the bottom contours,

Po = P
Po P

Wave Energy Flux

nCECE oo =
2

1



2 m

4 m

6 m

SHORE

1 wavelength

SHORE

No refraction With refraction

Wave Refraction
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Ks = Shoaling coeff.

The ratio of the height of a wave in water of any depth to its height in deepwater with 

the effects of refraction, friction and percolation eliminated.

Wave Energy Flux
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Wave Shoaling



Problem 9 







Problem 9 





Problem 9 





A deepwater wave with a height Ho = 2 m and period T = 10 s, moving 

shoreward with its crest parallel to the depth contours (with no refraction). 

Determine

a. the wave height for the given wave when d = 7 m

b. the rate at which energy per unit crest width is transported toward the 

shoreline.

Problem 10 



The details of the forum are as follows:

📅Date: 15 September 2021 (Wednesday)

⏰Time: 2.00 pm

💻Platform: Microsoft Teams

🔖Forum topic: Impacts of Climate Change on Coastal 
Sustainability

🔗 Registration 
link: https://forms.office.com/r/RdMawdeMH7

📌The forum is completely free of charge. 

📌All registered participants will receive e-certificates.

📌Stand a chance to win e-vouchers by answering a quiz at 

end of the forum session.

https://apc01.safelinks.protection.outlook.com/?url=https%3A%2F%2Fforms.office.com%2Fr%2FRdMawdeMH7&data=04%7C01%7Cheemin.teh%40utp.edu.my%7Cda2e1ab0800741b7104808d971aba047%7C84187be3037e41ec889ca150fe476432%7C0%7C0%7C637665804390585149%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C1000&sdata=nxRnY1N07EMzGlvBeDjM5zyL4cw0%2Bl0XQzNvOi7EXwk%3D&reserved=0



