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Numerical Modeling of Ocean Waves

 Safe navigation

Public safety

Design of offshore and

coastal infrastructures

Recreation

Why model ocean waves ?
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Wind seas and Swells

storm center wave crests

wind direction

wind sea swell

fetch

Fetch is the distance over which wind blows over the water surface

Sea state is a combination of wind seas and swells.
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Chaotic Sea exhibiting complex surface wave forms

SWELL WAVES



o What does a wave model predict ?

Only wind generated waves.

 How waves evolve as changing wind fields act on the

surface of the ocean.

The outputs from a wave model are wave parameters

such as significant wave height, swell height, mean &

peak wave periods, .... and optionally wave energy

spectrum (1D and 2D).
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Wave groups and group velocity
• Individual waves in a group travel at the velocities corresponding to their

wave lengths, but the wave group as a coherent unit travels at its own velocity

- the group velocity

• Group velocity is the velocity with which the wave energy is propagated

• Group velocity can be written as

Cg = dω/dk

• Deep water group velocity is

Cg = C/2

=> The wave group travels slower than the fastest wave in the group.

• Shallow water group velocity is

Cg = C

This is since the shallow water waves are non dispersive.
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Wave fields on the ocean –
a composition of simple 
waves

The sea surface obtained

from the sum of many

sinusoidal waves

Any observed wave pattern in the

ocean could be shown to comprise

a number of simple waves, which

differ from each other in height,

wavelength and direction.
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How a complex wave pattern could be analyzed???
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In-situ wave measurement - Waverider
buoys

• Small & light, deployable from small vessels

• The non-directional wave buoy measures its
own vertical acceleration on a gravity stabilised
platform. This is double integrated to get the
vertical displacement of the buoy. Applying FFT
to this wave record gives you the power
spectral density.

• The directional wave rider buoys measures
tilt (pitch and roll) in addition to vertical
acceleration and gives the directional
information of waves, in addition to the vertical
displacement.



Wave record - the motion of water 
surface at a fixed point
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Wave spectrum - Concept

Wave spectrum is the distribution of

wave energy over various

frequencies (or directions). It is

obtained by the FFT of the wave

record.

The concept of wave spectrum is

used in modelling the sea state.

Example of a wave spectrum with 

corresponding wave record.
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Wave parameters derived from the spectrum

• Wave parameters are usually expressed in terms of the moments of the

spectrum. The nth order moment of the spectrum is given by

where E(f)df represents the variance ai
2/2 contained in the ith interval

between f and f+df and ai is the amplitude of the ith component in a

wave record.

• Zeroth moment m0 is the area under the spectral curve. It could be

derived that the significant wave height Hm0 (average (1/3)rd of the

highest waves) is

12



Wave parameters derived from the spectrum

Peak wave frequency fp is the wave frequency corresponding to 

the peak of the spectrum.

Peak wave period Tp is the period corresponding to fp ,

Tp = 1/fp

Mean wave period 
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o What are the processes affecting the energy of ocean 

waves ?

 Gain from the external environment (Source)

 Advection (rate of energy propagated into and away from the 

location)

 Losses due to dissipation (Sink)
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Concepts of  Spectral Wave model

• In wave modelling, the sea surface elevation at a point is represented by the sum of 
several spectral components: 

ή(t) = ∑ a(i) cos(σi t+ θi) 

where a(i) is the amplitude of the ith wave component and σi is the relative 
frequency of the ith wave component, θi is the phase of the ith wave component

• The total energy of the waves per unit surface area is related to the variance of the 
sea surface elevation

• The total wave energy at a particular point evolves in geographic space (x,y) and 
spectral space (σ,θ) and in time. This evolution is modelled in the current generation 
wave models. Hence they are categorized as Spectral Wave models.
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Concepts of Spectral Wave model…

The basic equation describing a Spectral Wave model is called the spectral action balance 
equation

∂N/∂t  + ∂(Cx N)/∂x + ∂(Cy N)/∂y+ ∂(Cσ N)/∂σ + ∂(Cθ N)/∂θ = S/σ,

where N is the wave action density and     

S = Sin + Snl + Swc + Sbot + Sdb

In the above equation,

• Sin takes care of the wave growth by the action of wind

• Snl accounts for the non-linear wave-wave interactions

• Swc sink term for dissipation due to white-capping

• Sbot sink term for dissipation due to bottom friction

• Sdb sink term for dissipation due to depth-induced wave breaking

The model also considers refraction and shoaling due to depth variations. 16



Elements of wave modelling
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Model grids – Structured vs Unstructured



MIKE 21 SW model (operational)
 Spectral Waves (SW) is a module in the MIKE 21 software

 SW simulates the wind-generated waves and swells in open ocean and coastal  waters

 The model uses unstructured grid, with varying resolution

 Wind, Bathymetry and optionally current are the inputs to the model

 Model grid is from 60 S to 30 N and from 30 E to 120 E

 Wind from ECMWF with 0.25 resolution is used as forcing

 Bathymetry from ETPO2, NHO and CMAP are used

A sample bathymetry file used in the model

19

Spatial resolution:

•150 km in the southern Indian ocean

• 55 km in the Arabian sea and BOB

• 8-15 km along the Indian coast

Temporal resolution: 3 hrs

Wave models at INCOIS
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WAVEWATCH III (operational)
Simulates wind-generated waves and swells

Third generation wave model using regular grids

Wind from NCMRWF at 1x1 degree resolution, in 6 hourly interval for 5 days is the 
forcing 

Bathymetry is also to be given as input to the model

Has the option for multigrid – rectangular grids having variable resolution in the 
computational domain

Can simulate waves on a global scale

Gives spectral output(1D and 2D) as well as spectral parameters

Can generate boundary conditions for a small scale model

Code is parallelized

Currently installed in HPC at INCOIS
21

Wave models at INCOIS



Multi-Grid WAVEWATCH III setup at INCOIS

1 deg Southern Hemisphere grid

0.5 deg Indian Ocean grid

0.25 deg Arabian Sea grid

0.25 deg Bay of Bengal grid

0.05 deg West Coast grid

0.05 deg East Coast grid
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Click here for animation
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SWAN (Simulating WAves Nearshore) model (offline)

• Simulates wave parameters in coastal areas and lakes from given wind, 
bottom and current conditions

• Third generation wave model which uses regular grids and optionally 
unstructured grids

• Could be nested in WW3

• Gets boundary conditions from WW3

• Valid for water depths up to 5m

• Used for wave parameter simulation in regional scales or at specific 
locations

• Code is parallelized

• Presently installed in INCOIS HPC with a spatial resolution of 250 m and 
a temporal resolution of 3 hrs

Wave models at INCOIS
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Importance of boundary conditions
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Error statistics 

for Hs at  

Puducherry

Validation of Hs 

at  Puducherry 

for 2007-2009
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