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Properties of Ocean Waves 
 Parts of a wave are: 

 wave crest 

 wave trough 

 Wave parameters: 
 wave height (H) 

 wave amplitude (1/2H) 

 wave length (L) 

 wave period (T). 

 Wave types: 
 Regular wave 

 Irregular wave 

 

 



Classification of Ocean Waves 



Idealized Wave Spectrum 



Wind Generation of Waves 
 Size and type of wind-generated waves are controlled 

by: 
 wind velocity 

 wind duration 

 Fetch 

 original state of the sea surface. 

 Significant Wave Height 

 

 

where (ζ2)1/2 is the standard deviation of surface 
displacement 

 

 



Wind Generation of Waves 



Wind Generation of Waves 



Wave Motions 
 Progressive waves are waves that “move” forward across 

a surface. 

 As waves pass, wave form and wave energy move 
forward, but not the water. 

 Water molecules move in an orbital motion as the wave 
passes. 

 Diameter of orbit increases with increasing wave size and 
decreases with depth below the water surface. 

 



Orbit Diameter and Stokes Drift 



Wave Motions 
 Wave base is the depth to which a surface wave can move 

water. 

 If the water is deeper than wave base: 

 orbits are circular 

 no interaction between the bottom and the wave.  

 If the water is shallower than wave base 

 orbits are elliptical 

 orbits become increasingly flattened towards the bottom. 

 



Wave Motions 
 There are three types of waves defined by water depth 

 Deep-water wave (d>or=1/2 of L)  

 Intermediate-water wave (d>1/20 and <1/2 of L) 

 Shallow-water wave (d<or= 1/20 of L) 

 

 

 

 

 



Deep- and Shallow-Water Motion 



Wave Motions 
 Celerity is the velocity of the wave form and not of 

the water. 

 Celerity equations: 

 Deep-water  

 

 

 Shallow-water  

 

 

 

d : the water depth  
g : the acceleration of gravity 



Wave Motions 
 Group Velocity 



Groth of Wave in the Fetch Area 
 Fetch is the area of contact between the wind and the 

water and is where wind-generated waves begin. 

 Wave interference: the interaction of several waves. 

 Harmonic analysis. 

 Constructive wave interface: 

 Destructive wave interference. 

 

 

 





Groth of Wave in the Fetch Area 
 Seas is the term applied to the sea state of the fetch 

when there is a chaotic jumble of new waves. 

 Waves continue to grow until the sea is fully developed 
or becomes limited by fetch restriction or wind 
duration. 

 



Rogue wave 
 A Rogue wave occurs when there is a momentary 

appearance of an unusually large wave formed by 
constructive interference of many smaller waves. 

 



Storm Waves Outside the Fetch 
• Dispersion: Gradual separation of wave types based on 

their relative wavelengths and speeds 

 

• Because celerity increases as wavelength increases: 

 
 -long waves travel faster than short waves.  

 

 -This causes dispersion outside of the fetch and regular ocean swell. 

 





 Chaotic seas inside fetch 
area. 

 

 Swells:  wave type found 
outside the fetch. 

 



Waves in Shallow Water 
 The shallower the water, the greater the interaction 

between the wave and the bottom alters the wave 
properties, eventually causing the wave to collapse. 

 Wave speed decreases as depth decreases. 
 Wavelength decreases as depth decreases. 
 Wave height increases as depth decreases. 
 Troughs become flattened and the wave profile 

becomes extremely asymmetrical. 
 Period remains unchanged. Period is a fundamental 

property of a wave. 



Waves in Shallow Water 



Waves in Shallow Water 
 Wave refraction is the bending of a wave crest in 

response to drag along the bottom. 

 



Waves in Shallow Water 
 Wave steepness is a ratio of wave height divided by 

wavelength (H/L). 

 In shallow water, wave height increases and wave length 
decreases. 

 When H/L is larger than or equals 1/7 (H/L  1/7), the 
wave becomes unstable and breaks. 

 There are three types of breakers: spilling breakers, 
plunging breakers, and surging breakers. 



Shore Breakers 
• Spilling breaker: Top of wave crest ‘spills 

over’ wave. Energy released gradually across 
entire surf zone. 
 
 
 
 
 

• Plunging breaker: Crest ‘curls over’ front of 
wave.  Energy dissipates quickly. Common 
at shorelines with steep slopes 
 
 
 
 

• Surging breaker: Never breaks as it never 
attains critical wave steepness.  Common 
along upwardly sloping beach faces or 
seawalls. Energy released seaward. 
 



Linear Theory of Ocean Surface 
Waves 
 Assumptions: 

1. The surface is almost exactly a plane. 

2. Flow is 2-dimensional 

3. Waves traveling in x-direction 

4. Coriolis force and viscosity can be neglected. 



Linear Theory of Ocean Surface 
Waves 
 ω : wave frequency 

(radians per second) 

  f:  the wave frequency 
(Hz)  

 k: wave number 

 T : wave period,  

 L : wave length 



Wave Energy 
 Wave energy E in Joules per square meter is related to 

the variance of sea-surface displacement ζ by: 

 

 

 

 ρw :water density 

 g : gravity 



Dispersion 
 Dispersion Relation 

 

 

1. Deep-water approximation: d ≫ L, kd ≫ 1, and   
tanh(kd) = 1 

 

 

2. Shallow-water approximation: d ≪ L, kd ≪ 1, and 
tanh(kd) = kd   



Nonlinear Waves (Stokes Waves) 
 If ka ≪ 1 but not infinitely small 

 

 

 

 The phases of the components for the Fourier series 
expansion of ζ are such that non-linear waves have 
sharpened crests and flattened troughs.  

 The maximum amplitude of the Stokes wave is amax = 
0.07L (ka = 0.44).  



Waves and the Concept of a Wave 
Spectrum 
 Fourier Series 

 almost any function ζ(t) can be represented over the 
interval −T/2 ≤ t ≤ T/2 as the sum of an infinite series of 
sine and cosine functions with harmonic wave 
frequencies: 

 



Fourier Series 
 Equations can be simplified using : 

 exp(2πinft) = cos(2πnft) + i sin(2πnft) 

 where  

 

 Fourier transform of ζ(t): 

 

 

 The spectrum S(f) of ζ(t) is: 

 Z* is the complex conjugate of Z 



Sampling the Sea Surface 
 Suppose we install a wave staff somewhere in the ocean 

and record the height of the sea surface as a function of 
time ζ(t): 

 

 

 Δ :the time interval between the samples 

 N :the total number of samples 

 



Calculating The Wave Spectrum 
 The digital Fourier transform Zn of a wave record ζj 

equivalent to: 

 

 

 

 

 for j = 0, 1,.... ,N − 1; n = 0, 1,... ,N − 1 



Calculating The Wave Spectrum 
 This spectrum Sn of ζ, (called the periodogram) 



periodogram 



Calculating The Wave Spectrum 
1. Digitize a segment of wave-height data to obtain useful 

limits according  

2. Calculate the digital, fast Fourier transform Zn of the time 
series 

3. Calculate the periodogram Sn from the sum of the squares 
of the real and imaginary parts of the Fourier transform 

4. Repeat to produce M = 20 periodograms 

5. Average the 20 periodograms to produce an averaged 
spectrum SM 

6. SM has values that are χ2 distributed with 2M degrees of 
freedom 



Ocean-Wave Spectra 
 Pierson-Moskowitz Spectrum 

 JONSWAP Spectrum 



Pierson-Moskowitz Spectrum 
 Assumption: if the 

wind blew steadily for 
a long time over a large 
area, the waves would 
come into equilibrium 
with the wind (Fully 
Developed sea) 

 North Atlantic 

 



Pierson-Moskowitz Spectrum 
 

 

 

 

 ω=2πf 

 f : Wave frequency(Hz) 

 α=8.1×10-3 ; β=0.74 

 ω0=g/U19.5 



Pierson-Moskowitz Spectrum 
 The frequency of the peak of Pierson-Moskowitz 

spectrum iscalculated by solving dS/dω=0 for ωp: 

 

 

 Speed of waves at the peak: 

 

 



Pierson-Moskowitz Spectrum 
 By integrating S(ω) over all ω we get the variance of 

surface elevation: 

 

 

 Significant wave height: 

 



Pierson-Moskowitz Spectrum 



JONSWAP Spectrum 
 Joint North Sea Wave Observation Project (JONSWAP) 

 The wave spectrum is never fully developed 

 F: fetch 

 

 

 

 



JONSWAP Spectrum 
 The energy of the waves increases with fetch: 

 



Wave Measuring Techniques 
 Sea State Estimated by Observers at Sea 

 Satellite Altimeters 

 Accelerometer Mounted on Meteorological or Other 
Buoy 

 Wave Gages 

 Synthetic Aperture Radars on Satellites 



Wave Measuring Techniques 



Wave Measuring Techniques 



Wave Measuring Techniques 



Wave Measuring Techniques 



Wave Measuring Techniques 



Wave Forecasting 
 Empirical relationships between wave height and wave 

length and wind speed, duration and fetch. 

 Wave spectrum 

 



Empirical methods 
 SMB 

 CERC 

 Wilson 



Physically Modelling of Wave  
 2-Dimentional Wave Model 

 3- Dimentional Wave Model 



2-Dimentional Wave Model 
 H=6 cm 

 T=2 s 

 h= 25 cm 

 L=300 cm 



2-Dimentional Wave Model 



Physically Modelling of Wave  
 Wave Flume 



Wave Flume 
 



Wave gage 



Modelling of Wave in Laboratory 
 Wave Measurment Equipment 

1. Wavegague 

2. Wave Monitor 

3. Data aqusition 

 



Modelling of Wave in Laboratory 






