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The significant wave height is one of the basic parameters for engineering operations of

)20\023 i coasts and marine structures. In this study, significant wave height was estimated based on
ccepted: - . -
July 16, 2023 three scenarios of 1—_ waves, _2— m_eteorologlca_l, and 3-. combination of the waves and
Available meteorological scenario, in various time steps using adaptive n_eurgl fuzzy mfere_nce system
online: (ANFIS) and gene expression programming (GEP_) anq comb!natlon of them W_lth wavelet
May 5, 2024 theory (WANFIS, WGEP). The combination of intelligent singular models with wavelet
' theory with the aim of de-noising the data can be considered as one of the unique innovations
of this study, which has rarely been addressed in previous studies. The values of R, RMSE,
Keywords: and MAE indices were obtained 0.983, 0.075, and 0.052 in the WGEP model, respectively,
Gene for the combination of waves-meteorological scenario. Also, the results indicate that due to
Expression de-noising and removal of uncertainty in the data, combined-wavelet models have provided

Programming, better results than singular models. The performance improvement percentage of WGEP

Meteorology, = models compared to GEP considering the RMSE criterion was 11%, 35%, and 7% for the

Modeling, Sea  first to third scenarios, respectively. The presentation of the governing mathematical
relationship for estimating the value of significant wave height by the method of gene
expression programming can be very useful in the field of coastal and water resources
management and engineering.

1. Introduction

The significant wave height is one of the basic parameters for engineering operations of coasts and marine
structures. In this study, to estimate the significant wave height based on three scenarios of 1- waves, 2-
meteorological and 3- combination of the first and second scenario, in time steps without time delay, 12 and 24
hours in Amirabad port located in the Caspian sea was paid. The combination of intelligent singular models with
wavelet theory with the aim of de-noising the used data, in order to improve the performance of the models, can
be considered as one of the unique innovations of this study, which has rarely been addressed in previous studies.
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2. Materials and Methods

In this study, by using adaptive neural fuzzy inference system (ANFIS) and gene expression programming (GEP)
and combining them with wavelet theory (WANFIS, WGEP) to estimate the significant wave height based on the
wave frequency, the height of maximum wave, gust speed, wind speed, air humidity, and air pressure variables
were discussed. The criterion for selecting the effective variables in this research was the significance of their
Pearson correlation with the significant wave height variable at the level of 0.01. In order to estimate the
significant wave height, the data were divided into two parts of training and test sections with a ratio of 70% and
30%, respectively. In order to evaluate the performance of the models, statistical indicators of correlation
coefficient (R), root mean square error (RMSE), and mean absolute error (MAE) have been used in the current
research.

3. Results

The minimum and maximum values of the main and partial wavelet analysis series for the significant wave height
variable were equaled (-0.02, +2.50), (-0.68, +0.54), (-0.13, +2.89), and (-2.14, +2.08), respectively, in the training
and testing section. The results show that scenario No. 3 (combination of wave and meteorological variables),
scenario No. 2 (meteorology) and finally scenario No.1 (waves) had the best performances, respectively. The
values of R, RMSE, and MAE indices were obtained in the WGEP model 0.983, 0.075, and 0.052 respectively
for the combination of waves-meteorological scenarios. Also, the results indicate that due to de-noising and
removal of uncertainty in the data, combined-wavelet models have provided better results than singular models.
The performance improvement percentage of WGEP models compared to GEP considering the RMSE criterion
was 11%, 35%, and 7% for the first to third scenarios, respectively. Afshin et al., (2021) estimated the significant
wave height in Amirabad port of the Caspian Sea using different artificial intelligence methods in time steps of
without delay, 3 and 6 hours delay. Their results showed that the performance of the WGEP model is improved
compared to the GEP model in all time steps by the amount of 32%, 17%, and 11% that is in line with the results
of current research.

4.  Discussion and Conclusion

Among the possible reasons for improving the efficiency of the combined model compared to the single model is
that in these models, the characteristics of the time series are extracted using the decomposition process, and in
this way, a non-independent and non-stationary series is converted into several independent and stationary series.
Also, by combining singular methods and wavelet theory, their advantages are integrated and the performance of
the model is improved. Most of the hydrological conditions in the seas depend on temperature changes and the
amount of this parameter is an important determining factor in the environmental conditions of each region. Also,
changes in temperature and surface wind change the density of seawater. Therefore, the climatic variables of the
region can affect different scenarios. The results of this study and the presentation of the governing mathematical
relationship for estimating the value of significant wave height by the method of gene expression programming
can be very useful in the field of coastal and water resources management and engineering.
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