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A Study on the Predictions of Wave Breaker Index in a Gravel Beach Using
Linear Machine Learning Model
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Abstract : To date, numerous empirical formulas have been proposed through hydraulic model experiments to
predict the wave breaker index, including wave height and depth of wave breaking, due to the inherent complex-
ity of generation mechanisms. Unfortunately, research on the characteristics of wave breaking and the prediction
of the wave breaker index for gravel beaches has been limited. This study aims to forecast the wave breaker in-
dex for gravel beaches using representative linear-based machine learning techniques known for their high predic-
tive performance in regression or classification problems across various research fields. Initially, the applicability
of existing empirical formulas for wave breaker indices to gravel seabeds was assessed. Various linear-based
machine learning algorithms were then employed to build prediction models, aiming to overcome the limitations
of existing empirical formulas in predicting wave breaker indices for gravel seabeds. Among the developed ma-
chine learning models, a new calculation formula for easily computable wave breaker indices based on the model
was proposed, demonstrating high predictive performance for wave height and depth of wave breaking on gravel
beaches. The study validated the predictive capabilities of the proposed wave breaker indices through hydraulic
model experiments and compared them with existing empirical formulas. Despite its simplicity as a polynomial,
the newly proposed empirical formula for wave breaking indices in this study exhibited exceptional predictive
performance for gravel beaches.

Keywords : wave-breaking height, depth of wave breaking, gravel beach, machine learning, linerar model
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Fig. 1. Aspects of gravel beaches in Korea (left: Ulsan, http://www.news33.net, Right: Wando, https://www.newspim.com).
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Fig. 2. Sketch of the experimental setup.



40 QHE - ]G

Fig. 3. An example of water surface profile taken with a digital high-speed camera.

Table 1. Summary of the experimental results for wave breaker index

Bottom slope ~ Mean gravel diameters Period Offshore wave height =~ Wave breaking height ~ Breaker depth Number
m ds, (mm) T (s) H, (cm) H, (cm) h, (cm) of data
1/7 1.0~2.0 3.04~8.76 2.78-11.3 3.64-11.4 121
1/10 5 1.0~2.0 3.04~8.68 2.74-8.80 3.64-8.90 97
1/12 1.0~2.0 3.04~8.68 2.32-9.12 3.48-8.83 97
1/20 19 1.2-4.0 5.00-15.00 3.18-16.83 14.00-26.50 8
1/20 39 1.2-4.0 5.00-15.00 4.39-16.05 13.50-24.00 8
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Fig. 4. Comparisons between wave breaking height formula and experimental data.
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Fig. 7. Wave breaking height prediction by each model.
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Table 2. Summary of ML prediction results for breaking wave height

A

- o]zt -

Regression coefficients SI R’
Target Model Input Training Test Training Test
variable arameter
P "o e ke data data data data
LRM m, HJL, —0.002 0.073 0.704 0.162 0.144 0.867 0.906
r RR m, HJL, 0.004 0.052 0.519 0.157 0.248 0.889 0.801
b HR m, HJL, —0.002 0.068 0.710 0.103 0.182 0.952 0.892
RANSAC m, HJL, —0.002 0.062 0.762 0.103 0.185 0.953 0.889
Table 3. Summary of ML prediction results for breaking water depth
T n Regression Coefficients SI R’
Va;-ragglte Model parar};l::tter Training Test Training Test
"o " e data data data data
LRM m, HJL, 0.001 0.034 0.882 0.102 0.180 0.953 0.894
0 RR m, HJL, 0.008 0.013 0.652 0.195 0.183 0.807 0.847
b HR m, HJL, 0.001 0.035 0.872 0.102 0.182 0.953 0.892
RANSAC m, HJL, 0.002 0.031 0.868 0.102 0.183 0.952 0.891
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Fig. 8. Comparison between the proposed formula and the Goda (2010) formula regarding wave breaking height.
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Fig. 9. Comparison between the proposed formula and the Rattanapitikon and Xie et al. (2019) formula regarding breaking water depth.

Table 4. Results of error analysis

Error (%
Ta.rget Empirical formula (%) SI R’
Vanable E rms E bias E sd
LeMehaute and Koh (1967) 0.98 35.68 39.28 0.493 0.386
Rattanapitikon and Shibayama (2006) 0.57 13.22 23.81 0.284 0.756
I, Camenen and Larson (2007) 0.41 —4.35 15.90 0.205 0.776
Goda (2010) 1.07 37.89 40.67 0.536 0.313
This study (Eq. 18) 0.31 2.46 18.86 0.155 0.869
Rattanapitikon and Shibayama (2006) 0.55 12.22 19.98 0.242 0.834
Q, Xie et al. (2019) 0.70 -2.70 26.65 0.304 0.830
This study (Eq. 18) 032 -1.36 12.35 0.102 0.910
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