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Abstract. Wave height transformation plays a crucial role in the investigation of
beach deformation and coastal structure design. Parametric wave approach is a
widely used method for calculating the transformation of root-mean-square wave
height only. The accuracy of existing models depends on wave and beach con-
ditions. Due to the advantage and computational efficiency of parametric wave
approach, it would be useful if this method could also be used for modeling
mean wave height transformation. This paper focuses on improving the accuracy
of existing parametric wave models in modeling root-mean-square wave height
transformation under a wide range of wave and beach conditions. Additionally, the
paper also explores the applicability of the parametric wave approach in predicting
mean wave height transformation by recalibrating coefficients of existing models.
Seven parametric wave models are examined and calibrated using both laboratory
and field data to predict both root-mean-square and mean wave height transforma-
tion. The findings of the study show that the accuracy of root-mean-square wave
height transformation prediction is enhanced aftermodifying coefficients. Further-
more, the paper demonstrates that the parametric wave approach can be effectively
employed to predict mean wave height transformation. With adjusted coefficients,
parametric wave models estimate mean wave height with great accuracy.

Keywords: Parametric wave approach · Root-mean-square wave height · Mean
wave height · Energy dissipation · Wave height transformation

1 Introduction

In coastal engineering, waves are an important field of study that receives significant
attention. As waves travel from offshore to the shoreline, they break near the shoreline,
resulting in a gradual reduction in wave energy and wave height. The transformation
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of waves from offshore to shoreline involves a natural mechanism that is not yet fully
understood by humans. However, it is known that wave height plays a crucial role in
studying beach deformation and designing coastal structures, as waves approaching the
shoreline can cause significant changes and damage to the coast and coastal infrastruc-
ture. Therefore, many researchers focus on calibrating wave height [4, 5, 10, 11, 16].
Wave height is calculated based on the energy conservation law using wave energy dis-
sipation models. Various methods, such as the representative method, parametric wave
method, and probability method, can be used to develop energy dissipation models. The
parametric wave method is simple and popular for determining root-mean-square wave
height (Hrms). Most energy dissipation models are developed using a semi-empirical
approach based on theory and experimental data. Consequently, the accuracy of the
computed results depends on the quality of the dataset used, which includes data size
and wave and bottom conditions. To ensure the accuracy of the models, it is necessary
to propose models based on large datasets and various wave and seabed conditions.
However, existing models have been developed based on small datasets and poor exper-
imental conditions. Therefore, the verification and calibration of existing models using
a large amount of updated data are vital to improve the accuracy of calculating wave
height.

Parametric wave approach is applied to Hrms only. Nevertheless, due to its advan-
tages, it is convenient if this method can be applied tomeanwave height (Hm). Currently,
there is limited study on calculating mean wave height using this method. Hence, it is
necessary to examine the feasibility of calculating mean wave height using parametric
wave approach.

The present research aims to verify and calibrate existing parametricwavemodels for
predictingHrms under a wide range of experimental conditions. Besides, the application
of parametric wave approach for estimating mean wave height is assessed. A large
amount of experimental and field data is used for calculation. Seven existing parametric
wave models are collected for verification and calibration of their capacity to predict
root-mean-square and mean wave height.

2 Data Collection and Existing Models

To confirm the predictive capacity of existing parametric wave models, a large amount
of data, including 918 data points of root-mean-square wave height and 979 data points
of mean wave height, was collected from four sources as shown in Table 1. These data
belong to small-scale [12], large-scale [7], and field-scale experiments [6, 15].

Several parametric wave models have been developed for modeling energy dissipa-
tion as listed in Table 2. Battjes et al. [2] and Thornton et al. [14] developed models
based on the energy dissipation of regular waves and the probability of wave break-
ing. Other studies [1, 3, 8, 13] modified formulas from previous studies to improve the
accuracy of wave height prediction. These models are typically based on the bore con-
cept. Rattanapitikon et al. [9] proposed a wave energy dissipation model based on the
stable energy concept. Bore concept is based on the similar in mechanism of hydraulic
jump and breaking wave. Meanwhile, stable energy concept assumes that energy flux is
proportional to the difference in energy between local waves and stable wave.
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Wave height transformation is computed from collected data and parametric wave
model by the energy flux conservation equation (Eq. 1).
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where x is the distance in cross-shore direction, E is the linear wave energy calculated
from Eq. 2, cg is the group velocity calculated from Eq. 3, k is the wave number, h
is the depth of water, ρ is the water density, g is the gravity acceleration, Tp is the
wave period, L is the wavelength, and DB is energy dissipation computed from energy
dissipation models which are listed in Table 2. In this table, Hb is the breaker height,
Qb is the fraction of the breaking wave, Hrms0 and L0 are the root-mean-square wave
height and wavelength at deep water, and c is the wave velocity. In this study, energy
due to wave fraction is ignored. After substituting DB equation into Eq. 1, the energy
flux conservation equation is solved by numerical integration from offshore to shoreline
to determine wave height. x, h, and incident wave (Hrms and Tp) are input data, other
parameters are determined based on linear wave theory from input data.

Table 1. Collected experimental data

Sources No. of cases No. of data

Hrms Hm

Smith and Kraus [12] (SK90) 6 40 161

Kraus and Smith [7] (KS94) 50 800 800

Hotta et al. [6] (HMI82) 3 18 18

Thornton and Guza [14] (TG86) 4 60 –

Total 63 918 979

3 Model Examination

In this study, bothHrms andHm are calculated from seven parametric models. to evaluate
the prediction capacity of seven existing models, the root-mean-square relative error is
used as Eq. 4.
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Table 2. Existing energy dissipation models

Sources K Formulas
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Rattanapitikon and
Shibayama [9] (RS98)
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whereRMSE is the root-mean-square relative error,Hc_i is the ith predicted wave height,
Hm_i is the ith observed wave height, and N is the total data point number.

Table 3 displays the errors for each experiment and the average error of seven existing
models for predicting root-mean-square wave height. the table indicates that the errors
of the models range from 5.1% to 27.91% when considering each experiment. RS08
shows the Lowest Error with 7.81% and 13.22% for SK90 and TG86, respectively. In
the case of KS94, RS98 is the best formula for estimating Hrms with an error of 5.48%.
Meanwhile, the data of H82 is best predicted byBJ78 (5.1%). In terms of average RMSE,
RS98 with an error of 7.69% is the most accurate model for predicting root-mean-square
wave height. The formula of SN93 shows the worst predictive capacity (11.01%). These
results indicate that data from different sources cannot be well predicted by a single
model.

The results of applying parametric wave models to calculate mean wave height are
shown in Table 4. In this case, the RMSE ranges from 5.17% (RS98) to 22.41% (TG83).
BS85, RS98, and BJ78 exhibit great performance with the data from SK90 (6.89%),
KS94 (5.17%), and H82 (5.52%), respectively. As for the average RMSE, the difference
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in error among different models is slight. The model with the highest accuracy is RS98
(5.47%), followed by RS08 (6.96%), BJ78 (7.11%), BS85 (7.33%), SN93 (7.41%),
TG83 (7.75%), and BHV98 (7.83%).

Table 3. Error of seven models with default coefficient for computing root-mean-square wave
height

Models SK90 (%) KS94 (%) H82 (%) TG86 (%) Avg. RMSE (%)

BJ78 10.48 7.35 5.10 27.38 10.66

TG83 26.01 8.89 9.34 17.96 10.13

BS85 8.35 7.49 13.81 15.18 9.27

SN93 14.14 6.73 11.77 27.91 11.01

BHV98 14.32 6.47 18.62 16.47 9.74

RS98 12.05 5.48 9.97 16.48 7.69

RS08 7.81 6.61 13.88 13.22 8.44

Table 4. Error of seven models with default coefficient for computing mean wave height

Models SK90 (%) KS94 (%) H82 (%) Avg. RMSE (%)

BJ78 8.07 7.29 5.52 7.11

TG83 22.41 7.83 6.60 7.75

BS85 6.89 6.71 10.94 7.33

SN93 16.32 7.10 9.23 7.41

BHV98 16.28 5.97 15.89 7.83

RS98 9.66 5.17 7.26 5.47

RS08 8.73 6.18 11.21 6.96

4 Model Calibration

In this section, the coefficients (K1-K16) are recalibrated to improve the accuracy of
seven energy dissipation models for estimating Hrms and Hm. The values of K1-K16 are
adjusted until the lowest RMSE is obtained.

After the calibration of coefficients, the new coefficients and errors are listed in
Table 5. It can be observed that the coefficient and error of BJ78 remain the same as in
the existing model. For the other formulas, the coefficients change, and the errors are
improved after modification. With the modified coefficients, BS85 and BJ78 show the
best performancewith respect to the data of SK90 (6.79%) andH82 (5.1%), respectively.
In terms of SK94 and TG86, RS98 and RS08 provide the lowest errors with 5.2% and
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10.4%, respectively. The table also reveals that the average RMSE reduces by 0.48% to
2.64%when recalibrating coefficients (except for BJ78). RS98,with an error of 6.33%, is
still an excellent formula for estimating Hrms. However, BJ78, with an unchanged error,
has the highest error when compared with the rest of the models. In general, modifying
the coefficients leads to an enhancement in the RMSE in predicting Hrms.

Table 6 lists the modified coefficients, RMSE of each experiment, and average RMSE
of all experiments when using the parametric wave model for computing mean wave
height. BS85, RS98, and BJ78 are the top models providing the lowest accuracy when
considering each experiment, namely that the error of BS85 and RS98 is 7.86% and
5.13%, respectively, for predicting wave height of SK90 and KS94, and the error of
BJ78 and BS85, in terms of H82, is 5.3%. The average error of all experiments ranges
from 5.18% to 7.08%. It reduces by 0.03% to 2.51% after modifying the coefficients.
RS98, predicting mean wave height with the best accuracy (average RMSE = 5.18%),
is followed by BHV98 (5.32%) and SN93 (5.68%). These are the top three models in
estimating mean wave height. The application of BJ78 results in the worst error (7.08%).

It can be observed from the results of predicting Hrms and Hm that there is no
single best model for all experiments. Besides, RS98 is the best model for both wave
height predictions, whether before or after recalibrating coefficients. In this model, the
author changed the energy dissipation formula of BJ78 from the bore concept to the
stable concept. For the rest of the models, the formulas are developed based on the
bore concept. It seems that the application of the stable concept to develop the energy
dissipation formula leads to better results in estimating wave height when compared
with the bore concept.

Table 5. Error of sevenmodels with calibration coefficient for computing root-mean-square wave
height

Models K SK90 (%) KS94 (%) H82 (%) TG86 (%) Avg. RMSE (%)

BJ78 K1 = 0.91 10.48 7.35 5.10 27.38 10.66

TG83 K1 = 0.51 19.31 7.30 5.42 22.79 9.65

BS85 K3 = 0.59; K4 =
0.64; K5 = 33

6.79 6.61 10.47 16.20 8.39

SN93 K6 = 0.42; K7 =
0.27; K8 = 316

12.62 5.44 5.59 27.13 9.67

BHV98 K9 = -0.50; K10 =
1.28; K11 = 693

12.46 5.45 5.22 16.18 7.10

RS98 K12 = -2.6; K13 =
–21.8

9.60 5.20 6.86 12.18 6.33

RS08 K14 = 0.29; K15
= 0.69; K16 = 245

8.48 6.28 5.21 10.40 6.66
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Table 6. Error of seven models with calibration coefficient for mean wave height

Models K SK90 (%) KS94 (%) H82 (%) Avg. RMSE (%)

BJ78 K1 = 0.89 8.40 7.28 5.30 7.08

TG83 K2 = 0.48 18.83 7.08 4.91 6.90

BS85 K3 = 0.45; K4 = 0.48;
K5 = 162

7.86 6.58 5.30 6.44

SN93 K6 = 0.59; K7 = 0.05;
K8 = 36

13.27 5.62 5.90 5.68

BHV98 K9 = 0.28; K10 = 0.45;
K11 = 300

12.98 5.27 5.47 5.32

RS98 K12 = −1.89; K13 = −
3.3

9.44 5.13 5.46 5.18

RS08 K14 = 0.75; K15 = 2.3;
K16 = 2.33

8.60 6.40 6.63 6.43

5 Conclusions

The current research examines and recalibrates coefficients to improve the accuracy of
parametric wave models for estimating root-mean-square and mean wave height. Seven
existing models are collected for the computational process under a large dataset of
918 data points for root-mean-square wave height and 979 data points for mean wave
height. The results show that RMSE is improved after the modification of coefficients.
The average RMSE of the models reduces by 0.48% to 2.64% and 0.03% to 2.51%when
modeling root-mean-square andmean wave height after recalibration, respectively.With
the new coefficients, the top three formulas showing the best error for estimating Hrms
are RS98 (6.33%), RS08 (6.66%), and BHV98 (7.01%). In terms ofHm, the models that
perform with excellent results are RS98 (5.18%), BHV98 (5.32%), and SN93 (5.68%).
RS98 stands out as the outstanding model with the lowest error for estimating wave
height in cases of both default and recalibrated coefficients. These top three formulas
are recommended for use in modeling Hrms and Hm.
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