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1 Gerstner Wave Model

Using [1], [2] and [3] the wave field is generated by summation of Gersnter waves at a nominal location
(xo={xo, yo}) to generate a wave height z at the location x = {x, y}

x = xo −
N∑
i=1

qiAi sin(ki · xo − ωit+ φi) (1)

z =
N∑
i=1

Ai cos(ki · xo − ωit+ φi) (2)

where for each component wave qi is the steepness, Ai is the amplitude, ki is the wavevector, ωi is the
angular frequency and φi is the phase. The wavevector is a horizontal vector in the direction of travel of the
wave with the magnitude equal to the wavenumber, k = 2π/λ, where λ is the wavelength. The wavenumber
and angular frequency are related through the deep water dispersion relation

ω2 = gk. (3)

1.1 Startup Transient

To address large forces due to transients at the start of the simulation, we modulate the wave height using
a user-specified time constant τ so that the actual wave height is

z = (1− e−t/τ )
N∑
i=1

Ai cos(ki · xo − ωit+ φi) (4)

2 Wavefield Models

The properties of the component waves (2) are derived from a user-specified wavefield model. We
currently support the following two wavefield models:

1. Pierson-Moskowitz wave spectrum sampling (PMS)
2. Constant wavelength-amplitude ratio (CWR) as described in [2]

We use a common set of user-specified parameters for the wavefield model.

2.1 User-Specified Wavefield Model Parameters

Because we use a common set of wavefield model parameters to specify two possible models, the inter-
pretation of some the parameters changes with the chosen model.
number (N ) : Same for PMS and CWR. The number of component waves. Currently the visual imple-

mentation in GernstnerWaves.vert is limited to no more than three, so N ≤ 3.
steepness (q) : Same for PMS and CWR. Steepness factor for Gernstner Waves - see Tessendorf, Simulating

Ocean Waves.
period (T̄ ) :

Brian Bingham June 7, 2019
1



Wave Generation

• PMS: Specifies the peak of the P-M spectra.
• CWR: Median period, which specifies the median wavelength via the deep water dispersion

relationship.
amplitude (Ā) :

• CWR: Not used. Amplitude for each component is determiend by P-M spectrum.
• PMS: The median amplitude. The ratio of median amplitude and median wavelength is held

constant.
scale (s) :

• PMS: A sampling scale factor specifying the multiplier on the angular frequency to sample
successive wave components. Typically 1.5.
• CWR: A scale factor specifying the wavelength/wavenumber spacing between successive wave

components. Typically 2.0.
gain (γ) :

• PMS: Multiplier applied to the amplitude components.
• CWR: Not used

direction (d̄ = {dx, dy} = ∠θd) : Same for PMS and CWR. Mean direction of wave field, expressed as 2D
unit vector

angle (a) : Same for PMS and CWR. Incremental angle relative to specified mean direction for generating
individual component waves.

tau (τ ) : Same for PMS and CWR. Time constant for gradualy increasing wave field.

2.2 Pierson-Moskowitz wave spectrum sampling (PMS)

The Pierson-Moskowitz spectrum can be expressed as

SPM (ω) =
αg2

ω5
exp

[
−5

4

(ωp
ω

)4
]

(5)

where α = 8.1(10−3) and ωp is the peak angular frequency. We specify a geometric sampling where
we use individual frequencies

ωi = si−(N−1)/2ωp (6)

where the user sets th e scale value s and the number of samples N .
The amplitude is determined from the spectrum by

a2
i = 2S(ωi)∆i

where ∆i is the frequency spacing between samples. For N = 3 this spacing is

i = 0 : ∆0 = ωp(1− 1/s) (7)

i = 1 : ∆1 = ωp
s− 1/s

s
(8)

i = 2 : ∆2 = ωp(s− 1). (9)

We also include a gain value (γ) as a multiplier of the amplitude so that

Ai = γai = γ
√

2S(ωi)∆i
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Figure 1: P-M spectrum example.

2.3 Constant Wavelength-Amplitude Ratio (CWR) Wavefield Model

This model for generating the component waves is described in [2]. The general idea is that the user
specifies the median wavelength and median amplitude. The ratio of wavelength/amplitude is held constant,
so longer wavelength/period waves tend to dominate the wave field. The median wavelength is specified
indirectly via the median period, which is then used to calculate the median angular frequency and then the
median wavenumber via the dispersion relationship.
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Algorithm 1 Constant Wavelength-Amplitude Ratio (CWR) Wavefield Model

ω̄ = 2π
T̄

(Median angular freq.)

k̄ = ω̄2

g (Median wavenumber/lenght, via deep water dispersion)
i = 0
for i < N do
n = i−N/2
Ai = Ā(sn)

ki = k̄
sn

ωi =
√
gki = ω̄/

√
sn

Ti = T̄
√
sn

di = ∠(θd + (n)(a))
ki = kidi
qi = min {1.0, q/(AikiN)}
φi = 0
i+ +

end for
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