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The Question 

Offshore wave Structure

• Wave transformation
• Coastal nonlinearity

• Bathymetry changes
• Coastlines

JONSWAP 
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Wave modeling approaches & coastal nonlinearity

Phase-averaged Phase-resolved



REEF3D — open-source hydrodynamics

Wang, W. et al.

et al. (1994)). This equation is solved until convergence and results in the correct signed314

distance away from the coastline in the whole computational domain. The excact coastline315

location is the zero-contour of the level set function.316
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where S(�) is the smoothed sign function (Peng et al. (1999)).317

Using this level-set method, the computational grid remains a uniform structured grid318

in the horizontal plane even though complex topography is included in the computational319

domain. Therefore, the coastline is accurately captured without extra e↵orts and costs on the320

grid generation. This also gives the model great flexibility, as there is no need to generate a new321

set of grid every time there is a change in the topography. Thus, the model is able to simulate322

all kinds of topography with a straightforward, e�cient and consistent grid generation.323

Relaxation zones are applied along the the wet side of the coastline covering a given324

distance from the coastline. This way, the extreme run-ups are avoided and therefore eliminate325

numerical instabilities in the free surface boundary conditions at extreme shallow regions. In326

addition, the reflection property of the coastline can be customised by adjusting the strength327

or size of the coastal relaxation zones.328
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Figure 2: Detection of the coastline and calculation of distance from the coastline for a
complicated topography using the proposed coastline algorithm. The white contour in (a) is
the detected coastline, the colour shows the distance aways from the coastline, with negative
values indicating inland and positive values indicated o↵shore. The yellow contour in (b)
is the boundary of the coast-following relaxation zone to reduce numerical instability and
customise reflection properties ofr the coastline.

3 Numerical simulations of wave propagation329

In this section, the numerical wave model is validated against theory and experimental mea-330

surements to prove the flexibility and accuracy under di↵erent scenarios. A 2nd-order Stokes331
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NORA-SARAH — down-scale coastal wave modeling

NORA-SWAN- REEF3D-ALE-HDC

Offshore wave Structure

• Open • Automatic • AI-powered



Case study — Store Lyngholmen, Southern Norway



Artificial Neural Networks

100 x Hs

Split 80%+20%

MinMax scaling

2 Dense layers
64 + 32

ReLU + MSE + ADAM

Loss function

Hs & Fmax

a(1) = σ(Wa(0) + b)

Feedforward Neural Network (FNN)



Coastal wave prediction - shoaling



Coastal wave prediction - diffraction



Coastal wave prediction - force

G1, max total force



Machine learning framework

Metocean-ml (MET) : time series forecast offshore

LSTM

Offshore wave forecasting

FNN

Offshore-Coast correlation

(Feedforward Neural Network) (Long-term short-term memory)



Machine learning framework

LSTM

FNN

Hs, F

Thank you! 
widar.w.wang@ntnu.no

PARTRES

NORA-SARAH AI-ML

Training

Training

Direction
Spectra

Tp

Multivariate predictions

Future


