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INTRODUCTION

Wind waves play a significant role in all ocean related
ivities. They damage shore protection structures, reshape
beaches affect marine structures and are hence important for
commercial, mi and recreational activities. Therefore, it
becomes necessary to understand the characteristics of waves that
impact various operations in o and coastal regions.
However, in most cases little wave datr~s_ available for
engineering construction and planning. Field observation and

ysical modelling of waves are extremely difficult, costly a
timecconsuming. Remote-sensing  instruments, used in recent
vears, do not systematically provide the desired resolution in some
cases and\po instrument can in any case anticipate future sea
states. The Yesired sea-state information may thus be obtained
using reliable wave models. In the literature, several approaches
have been propossd to wave predictions which are empirical
based, soft-computing based and numerical based approaches.
During the past decades S¢veral numerical models such as WAM
(WAMDI Grour, 1988), SWAN (Boou et al., 1999) and MIKE
21 (DHI, 2004) were developdd and employed to predict wave
characteristics in different cases. Numerical models are generally
based on a form of the spectral energior action balance equation.
Recently, a new generation spectral wind-wave model called SW
model has been presenfed 1 MIKE IT software, SW model
based on unstructured meshes and simulates the growth, decay an
transformation of wind generated waves and swell in offshore an
coastal areas
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Recently, Fuzzy Inference Systems (FISs) and Artificial Neural
Networks (ANNs) have been used to develop wave prediction
models. FISs are based on expertise expressed in term of 'IF-
THEN' rules which can be used to predict uncertain systems.
ANNs may essentially be used as semi-parametric regression
estimators which can approximate virtually any function up lo an
arbitrary degree of accuracy. AGRAWAL and DE0 (2002) and TsAl
et al. (2002) have used ANNs for forecasting wave parameters,
KAZEMINEZHAD et al. (2005, 2006) have also used fuzzy inference
systems and neuro-fuzzy computing techniques in the prediction
of wave parameters in fetch limited conditions.

this study, the performance of the MIKE 21 SW model and a
neuro-fuzzy model for predicting wave parameters were
investigated.

THE SPECTRAL WAVE MODEL

Spectral Wave (SW) model is a new generation wind-wave
model. The model includes two different formulations which are
the fully spectral formulation (FS) and the directional decoupled
parametric formulation (DDP). The FS formulation is based on
wave action conservation equation (KOMEN ef al., 1994) where the
directional frequency wave action spectrum is a dependent
variable. The DDP formulation is based on a parameterisation of
the wave action conservation equation. The parameterisation is
made in the frequency domain and the zeroth and first moments of
the wave action conservation are considered as dependent
variables (HOLTHUISEN, 1989). In the SW model the basic
conservation equations can be formulated in Cartesian (small scale
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lNTRODUCTlON

Wind waves play a s € in all ocean related
activities, T age shorc protection  structures, reshape
es and affect marine structures and are hence important for
commercial, military and recreational activities, Therefore, it
becomes necessary to understand the characteristics of waves that
impact various operations in offshore and coastal regions,
However, in most cases little wave data 1s available for
engingering construction and planning. Field observation and
physical modelling of waves are extremely difficult, costly and
time-consuming. Remote-sensing instruments, used in- recent
years, do not systematically provide the desired resolution in some
cases and no instrument can in any case anticipate future sea
states. The desired sea-state mformation may thus be obtained
using reliable wave models. In the literature, several approaches
ave been proposed to wave predictions which are empirical
based, soft-computing based and numencal based approaches.

Recently, Fuzzy Inference Systems (FISs) and Artificial Neural
Networks (ANNs) have been used to develop wave prediction
models. FISs are based on expertise expressed i term of 'TF-

During the past decades several numerical models such as WAM
(WAMDI Groue, 1988), SWAN (Boou ef al,, 1999) and MIKE
2l (DHI 2(](}4} were developed and emplnyed to predlct wave

based on a ’r'onn of the spf:ctml energy or aclmn balance equation,
Recently, a new generation spectral wind-wave model called SW
model has been presented in MIKE 21 software. SW model is
based on unstructured meshes and simulates the growth, decay and
transformation of wind generated waves and swell in offshore and
coastal areas,

THEN" rules which can be used fo predict uncerfan systems,
ANNs may essentially be used as semi-parametric regression
estimators which can approximate virtually any function up to an
arbitrary degree of accuracy. AGRAWAL and DEo (2002) and Tsal
et al. (2002) have used ANNs for forecasting wave parameters,
KAZEMINEZHAD et al. (2003, 2006) have also used fuzzy inference
systems and neuro-fuzzy computing techniques in the prediction
of wave parameters in fetch limited conditions,

In this study, the performance of the MIKE 21 SW model and a
newro-fuzzy model for predicting wave parameters were
nvestigated.

THE SPECTRAL WAVE MODEL

Spectral Wave (SW) model 1s a new generation wind-wave
model. The model includes two different formulations which are
the fully spectral formulation (FS) and the directional decoupled
parametric formulation (DDP). The FS formulation i based on
wave action conservation equation (KOMEN ef al., 1994) where the
directional frequency wave action spectrum is a dependent
variable. The DDP formulation is based on a parameterisation of
the wave action conservation equation, The parameterisation s
made in the frequency domain and the zeroth and first moments of
the wave action conservation are considered as dependent
variables (HOLTHULSEN, 1989). In the SW model the basic
conservation equations can be formulated in Cartesian (small scale
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interaction was used in the simulations. Since the wind speed used
in SW model should be measured at height of 10 metres above the
sea level the equation (9) was used to convert the measured wind
speed to the 10 metre height's one.

Geographical domain (Lake Ontario) was discretised using
1322 unstructured triangle elements. The frequency domain was
discretised using logarithmic type discretisation. The minimum
frequency, the frequency ratio and the number of discrete
frequencies were selected 0.055 Hz, 1.1 and 25, respectively.
Hence the frequency spectrum was resolved within the frequency
range [0.055; 0.6) Hz. In this study time step was 300 seconds in
all simulations.

The Model was calibrated using data set of year 2005 consisting
of 611 hourly wind and wave measurements. As mentioned
before, SW model has several calibration factors. Since the model
was calibrated in deep water, the most important calibration factor
is the whitecapping factor (c-dﬁ.').

The scatter index () and bias are used to evaluate the degree of
avcuracy of the results. These parameters were calculated as

Table 1: Error statistics calculated in calibration stages
[ wave height (Hg) ~ wave period (Tp)
dls

SI(%) Bias(m) SI(%) Bias(s)
45 36 019 155 035
425 014 149 029
35 111 009 145 003
o156 003 139 016
26 147 002 138 012

Neuro Fuzzy Model Development

The neuro fuzzy (ANFIS) model was developed and trained
using data set of year 2003, The data set of year 2005 was divided
in 2 parts. The first one was used in FIS development and also as
training data in ANFIS modelling (430 data point) and the second
one as checking data in ANFIS modelling (181 data point) to
ensure over-training 15 not oceurred.

Using the subtractive clustering method and training data
including wind speed, fetch length and wind duration as input
variables and wave heights as the output variable, an FIS was

developed for wave height prediction. The developed FIS was
than nead ac an initial FIC for ANEIQ madalling ANFEIQ aniimicas

dibahas sama sekali ?

Similarly, another
prediction of wave pe
predict the wawve peri

IS and ANFIS models were developed for
d. The developed model was then used to
using testing data. Figure 3 shows the
comparison between obseryed and predicted wawve periods.

Table 2: Error statixtics of predicted wawve parameters by
the SW and ANFIS els
wave height (A wave period ( Te)
Model - .
51 (%4) Bias (m) 51 (%) Bias (s)
S 22.1 OO0 12.9 -0 e
AMNFIS 31.3 .01 13.8 .10
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SUMMARY AND CONCLUSIONS

In this study the performance of SW and ANFIS models for the
prediction of wind wave charactenistics were mmvestigated. To
calibrate the models, the data set of Lake Ontario in vear 2005 was
used. Calibration of 8W model showed that the most important
calibration parameter in deep water is the whitecapping parameter.
KOMEN ef al. (1994) proposed ¢, =4.5 while in the studied case
the best results obtained by using ¢y, =2.6. Results indicate that
the errors of SW model in predicting wave parameters are less

than the ANFIS model’s ones. The scatter index of SW model in
predicting significant wave height is 22.1 % while the ANFIS
model’s one is 31.3 %. The observed errors in the results of SW
model may be due to the usage of constant wind in domain. It was
seen that the scatter indices for predicted FH, by both SW and
ANFIS models are larger than the ones for predicted T, .
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than the ANFIS model’s ones. The scatter index of SW model in
predicting significant wave height is 22,1 % while the ANFIS
model’s one is 31.3 %. The observed errors in the results of SW
model may be due to the usage of constant wind in domain. It was
seen that the scatter indices for predicted H, by both SW and
ANFIS models are larger than the ones for predicted 7, .
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