<]
TUDelft

Delft University of Technology

Document Version
Final published version

Licence
CCBY

Citation (APA)

de Ridder, M., van der Lugt, M. A., Roelvink, D., & Van Ormondt, M. (2024). Strength and weaknesses of three
approaches to fast modelling of the spectral wave action balance. In D. Cox (Ed.), Coastal Engineering Proceedings
(Vol. 38). Article 75 TDL. https://doi.org/10.9753/icce.v38.waves.75

Important note
To cite this publication, please use the final published version (if applicable).
Please check the document version above.

Copyright

In case the licence states “Dutch Copyright Act (Article 25fa)”, this publication was made available Green Open
Access via the TU Delft Institutional Repository pursuant to Dutch Copyright Act (Article 25fa, the Taverne
amendment). This provision does not affect copyright ownership.

Unless copyright is transferred by contract or statute, it remains with the copyright holder.

Sharing and reuse

Other than for strictly personal use, it is not permitted to download, forward or distribute the text or part of it, without
the consent of the author(s) and/or copyright holder(s), unless the work is under an open content license such as
Creative Commons.

Takedown policy
Please contact us and provide details if you believe this document breaches copyrights.
We will remove access to the work immediately and investigate your claim.


https://doi.org/10.9753/icce.v38.waves.75

Strength and weaknesses of three approaches to fast modelling of the spectral wave action

balance

Menno de Ridder, Deltares, menno.deridder@deltares.com
Marlies van der Lugt, Deltares and TUDelft, marlies.vanderlugt@deltares.com
Dano Roelvink, Unesco IHE, Deltares, dano.roelvink@deltares.nl
Maarten van Ormondt, Deltares USA, maarten.vanOrmondt@deltares.nl

INTRODUCTION

Wave models are essential for coastal engineering
applications, because the (nearshore) wave conditions are
required for the design of coastal structures, important
drivers of coastal floodings and coastal erosion. Various
spectral wave models exist to model the wave propagation,
wind growth and energy transfer within a spectrum (Booij,
etal. 1996, Giinther, et al., 1992). These models have been
improved over the last years (e.g. Rogers et al., 2015) and
are able to accurately be applied for various applications.

As a consequence the wave models became rather slower
in terms of computational time than faster. This constricts
the use of state-of-the-art wave models in probablistic
flooding forecasts or continental scale wave climate
downscaling for forcing shoreline modelling. Both these
types of applications demand ensemble mode simulations
achieved running all simulations in parallel on a super
computer. Given that uncertainties in forecasting
outcomes are not only a result of model uncertainty but
also forcing uncertainty (e.g. hurricane track, storm
intensity), this study investigates two alternative
approaches to modelling the spectral wave action
balance. The first model aims to downscale climate
models to the water depths and regions relevant for
shoreline modelling. The second alternative model
approach aims to provide input to continental scale
probabilistic (hurricane-driven) wave forecasts.

This study investigated accuracy and computational time
of the two alternative wave models and compared to the
state-of-the-art wave model SWAN through model-data
comparison on 5 test cases.

MODEL FORMULATIONS

The implicit SWAN model is applied as reference state-
of-the-art spectral wave model. It resolves the stationary
or instationary action balance given by:

dN(0,0) dcgN(0,0) | dcyN(0,0)
ot + V[(cg + wWN(0,0)] + Py + Py +
9cgN(0,0) _ Swind + Sdiss. + Sniz + Snla (1)
a6

Where N(o,8) action density as a function of frequency o
and direction 6, ¢y is the group velocity, v the mean
current, cs propagation speed in theta direction, co
propagation speed in frequency space (due to currents),
Swinad the wind input, Suss. the dissipation term, Sus the
triad formulation and Sn« the quadruplet formulations.

One way of simplifying is modelling a stationary,
frequency integrated wave action balance. With this
assumption, the model problem size is reduced because
itis 3-dimensional (x,y,0) instead of 4-dimensional (x, y, 6,

o) and non-linear wave-wave interactions do not have to
be solved for explicitly. Thus, the set of coupled equations
that is solved for is:

a 6 Swin Sdiss.
V[cgN()] + 247 = Swind . Sdiss. (2)
dcgE(6)
V[CgE(g)] + C%‘g = Swina + Saiss. (3)
E
T = 27'[& (4)

The wind input is given by the formulation of Van der Lugt
et al. (2017) based on the growth curves of Young-
Verhagen. The foreseen domain of application of this
implicit frequency integrated model (IFIM) is downscaling
global climate models to the nearshore over arbitrary
bathymetry.

Next to the implicit frequency integrated model a second
approach is verified. This approach focusses solely on the
deeper water physics, such that ensemble storm forecasts
can be obtained in reasonable time. This model adopts an
explicit numerical scheme and In addition, triads are
unaccounted for and effects of currents are not included.
This explicit spectral model (ESM) solves the following
equation:

9N (0,6)

anN(O',G) dcgN(0,0) — Swind

o + V[cyN(o,0)] + % T 8 P
Sdiss._i_sﬂ (5)
g g
METHOD

To quantify the accuracy of the three model approaches
and the same time investigate the computational gain the
IFIM and ESM model, five test cases (Table 1) are
modelled. For each test case the significant wave height
(Hmo), peak period (Tp) and when available the wave
direction (D) are compared with observations through
computing Root Mean Square Error (RMSE). Furthermore,
the computational time is compared.

RESULTS

The test cases are modelled and the results for the five test
cases are shown in Table 2. The results show that the
computational time and accuracy differs significantly
depending on the test case.

Table 1 - Overview of test cases.

Test case Features

North Sea - Large domain
- Wind growth
- Whitecapping
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Amelander - Complex shallow bathymetry
Zeegat - Wind growth

- Refraction
Haringvliet - Small domain

- Onshore wave propagation
- Breaker bar

Lake - Small domain

George - Local wind generation
- Shallow water

Gulf of - Very large domain

Mexico - Hurricane Florence

For the simulations with a large course grid (North Sea
model and Gulf of Mexico model) the ESM model is
significant faster without losing accuracy. When modelling
deep water condition to the nearshore (Ameland Zeegat
and Haringvliet), the /FM also reasonably results
compared to the much slower SWAN model. Even for the
Amelander Zeegat with a complex bathymetry and the
less complex lake George case, the /FM shows
reasonable accurate results.
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Figure 1 - Wave height (upper panel) and peak period
(lower panel) for computations with SWAN (blue) and ESM
(red) for location Europlatform in the North Sea case.

Table 2 - RMSE and computation time for the different
wave models and the five test cases.

Test case RMSE Comp.
Hrno ToIs] D[] time [s]
[m]
North SWAN 0.28 242 27 21600
Sea IFIM - - - -
model ESM 0.27 2.47 31 4212
Amelan | SWAN 0.25 0.59 10 887
der IFIM 0.43 1.32 20 6
Zeegat ESM 0.17 1.09 9.0 960
Haringvl | SWAN 0.29 1.85 - 136
iet IFIM 0.3 1.49 - 6
ESM 0.33 2.45 - 650
Lake SWAN 0.04 0.35 - 98
George | IFIM 0.13 0.60 - 4
ESM 0.11 0.30 - 196
Gulf of | SWAN 0.83 3.70 53 7326
Mexico IFIM - - - -
ESM 0.66 25 52 274

The results of the SWAN and E£SM model for the North
Sea case (Figure 1) demonstrate the accuracy of the £ESM
model. This time series show that the both the SWAN and
ESM model show similar results for the wave height and
peak period. Only for milder conditions some deviations

are visible related to the applied physics. The added value
of the /F/M model is shown in Figure 2 for the Amelander
Zeegat case, where the spatial results of the /F/M model
are similar to the SWAN simulation.

<10°  Bathymetry SWAN HNAP [m] 2105 Bathymetry TRIN mNAP [m]

14 1.5 16 17 18 13 14 15 16 17 18
x [m) <108 x m 10°
10° Wave height Hypg (M) 10° Wave height Hipg (M

14 15 16 17 18 14 15 16 17 18
x [m| 108 x| <10°

Figure 2 - Wave height (upper panel) and peak period
(lower panel) for computation with SWAN (left) and IFIM
(right).

CONCLUSION

When the results of the three wave models are compared
with observations for the various test cases it is
concluded that it is possible to speed-up the calculation
significantly at limited expense of model accuracy.
Depending on the type of application, /implicit frequency
Iintegrated model (IFIM) or explicit spectrum model (ESM)
approaches can speed up computational time. The /FIM
model is a factor 25 faster than the SWAN model without
losing much accuracy when applied in the nearshore with
a small domain. The larger domain models, benefit with the
explicit scheme in the ESM.
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