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• What is wrong with the RTE?

• How do we improve it?

• Examples

• Concluding remarks

Outline
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Radiative transport equation (RTE)
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What is wrong with the RTE`?

Normalized Variance

0.5 1.51.0

Janssen et al. 2008 JGR

Exact model

Direction of wave propagation

RTE (SWAN)

Direction of wave propagation
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Consider a two-component wavefield described by:

Variance:

What is wrong with the RTE?

auto-variance
contributions

cross-variance
contributions

How do transport these interference terms?
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Consider the transform pair for the wave variable    :

Evolution of interference contributions

Local dispersion relation in slowly changing medium:

Using operator correspondence 

Smit  & Janssen 2011, JFM, in review
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A transport equation for

Evolution of interference contributions

where

- Introduce:

- take the inverse                      transform

Smit  & Janssen 2011, JFM, in review
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Consider                    (Coupled Mode Spectrum)

•Transform of the two point correlator: 

•Marginal relation                                  represents Variance

However, it is not a variance density spectrum

•Captures complete second order statistics

•Is real, but not point-wise positive

The Coupled Mode Spectrum

Smit  & Janssen 2011, JFM, in review
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Evolution of interference contributions

Governing equation

Taylor series for the operators

First order…

Radiative transport equation!

Smit  & Janssen 2011, JFM, in review
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The Quasi-Coherent (QC) approximation (with                   ) 

Quasi-Coherent Approximation

Smit  & Janssen 2011, JFM, in review

Rad. Transp. Equation Corrections for coherent 

interference
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Example: Coherent Gaussian Packets
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Coherent Gaussian Packets
Example: Coherent Gaussian Packets

QH QCInterference Modes

Normalized Variance
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Coherent Gaussian Packets
Example: Coherent Gaussian Packets

Exact

QC

QH
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Coherent Gaussian Packets
Example: Coherent Gaussian Packets

Exact

QC

QH
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Example: Coherent Gaussian Packets

Interference-modes CM-spectrum

1.5L

X

y

auto-modes

Ky

Kx
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Wide angle Diffraction

Example: Diffraction through a gap

P&P QC

•Monochromatic wave

•Compared to solution by Penney 
& Price (1952)

Normalized wave height
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Wide angle Diffraction

Examples

P&P QC
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• Consistent extension of Quasi-Homogeneous theory to 
inhomogeneous fields

• Compatible with operational wave modeling framework makes 
coupling to regional models straightforward.

• Likely areas of improvement: coastal focal zones, sheltering 
(headlands), and river mouths and tidal inlets.

• Application to variable topography in progress

• Same approach can be used to include non-Gaussian effects in 
shallow water.

Concluding remarks
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