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difference with the exact conservation is lower than for run 1 
and 2). The original method is faster than the two new methods 
(with a very limited change in calculated speed due to the 
inclusion of shoaling). This is due to the extra calculation time 
needed in the refraction calculation. Note that the limiter from 
Dietrich et al. [6] was not used in these calculations. A 
simulation similar to run 2 with the limiter switched on, 
finished in 154 s (substantially faster). Then the simulation 
with the new scheme is only 15% slower than the calculations 
with the original scheme (runOI), this difference is not 
substantial for real calculations, as then the calculation time is 
for a large part determined by the source terms, or updating of 
the streamlines in the case of varying currents or water depths. 
The residual distribution schemes (run 4 to 6) conserve energy, 
but are substantially slower than the schemes based on the 
characteristic method. Especially the ERIA scheme is slow. 
Note hereby that limited effort was put into optimizing the 
calculation speed of these schemes for TOMA WAC, such that 
some improvements still might be possible for these advection 
schemes. 
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Figure 8 Total wave energy in the domain as function of time for the 
different simulations. 

T ABLE 2 S ETTfN GS AND CALCULATION TIME FOR THE DIFFERENT RUNS. 

Advection 
Advection scheme for Calculation 

RUN scheme theta Shoaling time [s][ 

I I n/a - n/a 134 

2 II I NO 181 

3 II I YES 185 

4 14 I n/a 360 

5 15 I n/a 790 

6 16 I 880 

D. Beji-Battjes bar (triads) 

In order to test the new implementations for the triad 
interactions, the experiment Beji- and Battjes [ 15] is simulated 
in TOMAWAC. In this experiment, waves are approaching a 
shallow bar (Figure 3 ), where triad interactions occur. A model 
of a channel was made, with a mesh resolution of 0.1 m. The 
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only source-term that is considered are the triad interactions. 
Advection is simulated using the original characteristic 
method (ADVECTION SCHEME =1 ). Monodirectional 
waves with a JONSWAP spectrum were used as boundary 
condition with H, = 2.9 cm and Tp = 2.5 s. the different 
simulations that were performed are shown in Table 3. 
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Figure 9 Bathymetry of the Be_ii-Battjes test case_ 
The water level is at O.Om . 
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TABLE 3 O VERVIEW OF THE DIFFERENT SIMULATIONS FOR THE B EJI· 
B ATTJES TEST CASE 

nr of sub 
steps for 
triad triads calculation 

RUNS Time step interactions scheme time 

runOI 0.5 I I 45 

nm02 0.5 5 I 97 

run03 0.5 IO I 168 

run04 0.05 I I 421 

run05 0.5 I 10 58 

The wave spectra at x = 17 m (behind the bar) are shown 
in Figure 4. It appears that all schemes give the transfer of 
energy to the higher frequencies . There is a substantial 
difference with the measured spectra, where the peaks are 
much less pronounced. This difference is likely due to 
deficiencies in the LTA method used for the parametrization of 
triad interactions. The results of the simulations with the new 
scheme (run05) resemble the results from the original scheme, 
for simulations which uses multiple sub steps for triads (run02 
and run03) or a smaller global time step (run04). The increase 
in calculation time of the new scheme is limited, compared to 
the simulation using the original scheme with one sub step for 
triads (runOl). However, the results in runOl are somewhat 
different for the high frequencies, suggesting that more 
iterations are needed. The increase in calculation time is 
modest (30%) compared to runOl. However, the new method 
is faster than the other runs (02 to 04). 
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Figure 10 Wave spectra at 17 m (behind the bar) for the different 
simulations Top: measurement [15]. Bottom TOMAWAC result 

In recapitulations, for this specific test cases, the issues 
with energy loss due time steps that are too high (see section 
IV) do not occur and both the original and the new give 
adequate results. The new method automatically choses the 
number of sub time steps, and hence leads to converged results 
with a relatively modest increase in calculation time 

E. Haringv/iet case (SWAN) 

Finally, the new methods were applied in a real test case. 
The case that was used for this is the model of the Haringvliet, 
which is used to validate the SWAN unstructured mesh version 
[14] . The bathymetry is shown in Figure 3. The model contains 
5961 nodes. The model is run with one single processor for 
some time until the wave conditions are in equilibrium, using 
advection scheme 1 (full characteristics). The source terms 
that were considered are wind-input (linear and exponential), 
whitecapping, quadruplets (DIA), bottom friction and depth 
induced-breaking. 
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Figure 11 Bathymetry and mesh of the Haringvliet model 

The different runs that were performed are: 

• Run 1: Original TOMA WAC code 

• Run 2:using improved version for linear wind­
input. 

• Run 3: Run 2 + new implicit depth induced 
breaking scheme 

• Run 4: Run3 : + five sub time step for local 
processes. 

The results were compared between all four simulations, 
and it appeared that the results were very similar between the 
different runs, except for the change of the depth-induced 
breaking scheme (i.e. comparing run 2 and 3). This is not 
unreasonable, as a different numerical method is used. 
Calculation times of the different simulations are shown in 
Figure 4. It can be seen that the total speed up is about a factor 
four in this case, with the largest speed-up obtained from the 
change in numerical scheme for depth-induced breaking. 
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Figure 12 Calculations times 
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v. CONCLUSIONS 

In this paper, a new computational architecture for 
TOMAWAC was presented, in which separate time steps are 
used for local, small scale processes (depth-induced breaking, 
advection, intra-spectral propagation and triad interactions) 
and for large scale slow processes (quadruplets, wind input, 
whitecapping and bottom friction). New numerical algorithms 
were introduced for triad interactions and depth-induced 
breaking. Additional advection schemes, as well as intra­
spectral propagation schemes were introduced and the effect 
of shoaling was added to these schemes, which was previously 
not taken into account. The robustness of the new methods is 
shown in various academic test case. In a small real-life 
example case, it is shown that a speedup of a factor of four can 
be achieved using the newly developed functionalities. 
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