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Abstract

The significant wave height is a critical parameter in the design and analysis of marine
structures, as well as in their operational use. Consequently, predicting this parameter greatly
contributes to improving the design and analysis of marine structures. Various modeling
approaches for wave characteristics include numerical, empirical, and artificial intelligence
models. This study employs the SWAN model, which is a third-generation model for the
simulation and estimation of wave characteristics. Furthermore, soft computing models,
including individual and hybrid artificial intelligence models such as Adaptive Neuro-Fuzzy
Inference System (ANFIS), Support Vector Machine (SVM), and Emotional Artificial Neural
Networks (EANN), have been utilized for wave height prediction, using data from the Amirabad
buoy for validation purposes. In this research, the model inputs consist of wind speed, while the
outputs are the wave heights. The analysis of the different models was carried out using statistical
metrics, including bias, root mean square error, coefficient of variation, and coefficient of
determination. The evaluation of the models using these statistics indicates an acceptable
agreement between the significant wave heights estimated by the SWAN model and the buoy
data. Additionally, each of the three artificial intelligence models mentioned demonstrates a
relatively accurate capability in predicting wave height. A comparison of the results from the
artificial intelligence models revealed that the Support Vector Machine model exhibited higher
accuracy than the others. The Support Vector Machine model serves as an alternative method to
the SWAN model or other numerical techniques, enhancing modeling outcomes when wave
height data is unavailable or lacks the necessary statistical quality.
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Table 1. Statistical parameters of different options for Bed
Friction on the model output

Hs (m)
SWAN RUN - 3
Bias RMSE R cv
Without Friction 0.129 0.232 054 0.60
Jonswap 0.105 0.198 0.61 0.61
Collins 0.097 0.183 0.66 0.62
Madsen 0.084 0.140 0.74 0.67

Jde s, 63y (KN) (6,05 o 2 &bl sla )l Y Jgas
Table 2. Statistical parameters of different Kn on model output

Hs (m)
SWAN RUN - >
Bias RMSE R cv
Madsen: Kn=0.03 0.088 0.167 0.79 0.60
Madsen: Kn=0.05 0.085 0.159 0.77 0.61
Madsen: Kn=0.07 0.078 0.152 0.73 0.69
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Table 3. Statistical parameters of breaking wave on the model

output
Hs (m)
SWAN RUN - 3
Bias RMSE R CcVv
Without breaking  0.095 0.170 0.52 0.53
With breaking ~ 0.074 0.151 0.77 0.68
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Table 5. Parameter Overview for Wave Prediction Models

Parameter SWAN SVM ANFIS  EANN
Whitecapping

dissipation Cds1=2.0 - - -

coefficient
Depth-induced _

breaking v=08 i i )
Kernel type - Gaussian - -
Number of i i 5 2

layers

Number of
membership - - 5 -

functions

Type of
membership - - Gaussian -

functions

Training Empirical Cross- Gradient GA
algorithm adjustment  Validation  Descent

Kernel and

Calibration Empirical fuar:?;ne\t/?; Fruuzlzy AT via

method adjustment g . EA

Grid tuning
Search
= SWAN BUOY
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Fig. 1. Significant wave height time series between measured and
SWAN modeled values during calibration period
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Fig. 2. Scatter plot between measured and modeled values of
significant wave height during calibration period

44

o Sl Rl Al adls - e ol > S syl 51 3k
Slresls b g 55 |l Jde il Sboy (slaoygs )3 ooy ()]
sl (Sl Sl 53 Dl Wl Sl e a0 0 IS S50
L Komen 5 5 T3 ool Sk sl 5l 26 GBI LG

L ol (CAs1=2.0) b s Sikihs o

Cow .‘9@\.}'3—“

Jde @LAJTL;".«): 9 u.‘gd.«b—\—“
Oliebl (g3 (ol 51 B ol ol ol Calises L]
sl (_;Larkf 53,8 bi= Jde S35 Jb= e s 5 358 Sl
63 gl>we 42 C,ijs.}.k.&ésw\ 0395 &) g2 w‘AUaJu.Z ub;’b‘
S A (SE S 5 b (S5 3 g5 sl solak
S el sl s3de sl bl il sy Lol
Cmwdd Jde oMol 5l Oliabl ioman 5 wlie & 55 Jue
Sed gl ais VGl slaplS & s opl 4l okal
S A (Gl akB3 0 5 e gie 4SS (gl p 4k Y (S S
o 3 e 4 S ke gl Sl g xe Ol e
(\) J&.L BE JJ»« WU @L“\.: ..,\.;‘onT Cowdds S8 9 6)‘.);;};_
SAS| sl s 4 (V) IS5 50 5 Slo (s D50 &
ol GJ\.AT

s C\_a)lv_xs,u}) S 3405 blaal Ol o (V) IS 5
sl (6 S5l Hltis LSWAN Jue b ol (3ludde yaxls
mLﬁW)C)JHMcYLJﬁJuﬁjh Ll c&l».«l‘&ia.«am.»f
Sla esls e ulyoggs 53 ad o Sl CLE)\ (Llodd dowsl>es
cle (ol 0.686 Joe 31 ol G 7 0.885 « &
Jie 3 laddd 05 ges alme ol s [ 4 L5 o0 el ol
Aol SLSU slasbas i35 L 5 SWAN

S50 gt o St s slaay S bl gla L ¥ Jgu

Jde f};i-

Table 4. Statistical parameters of different options for White
Capping on the model output

Hs (m)
SWAN RUN - 5
Bias RMSE R Ccv
Janssen 0.058 0.128 0.64 0.75
Komen 0.027 0.098 0.68 0.81
Without White capping 0.071  0.135 0.59 0.72
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Table 6. Statistical parameters of significant wave height
prediction during calibration period

Hs (m)
SWAN RUN - 3
Bias RMSE R cVv
Hs 0.165 0.134 0561 0.173
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Table 7. Statistical parameters of significant wave height
prediction during verification period

Hs (m)
SWAN RUN - >
Bias RMSE R cvVv
Hs 0.168 0.079 0.747 0.113
s SWAN BUOY
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Time (h)
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Fig. 3. Significant wave height time series between measured and
SWAN modeled values during verification period
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Fig. 4. Significant wave height time series between observational
and simulated values using EANN, ANFIS, SVM models
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