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Prediction of Ocean Waves Based on the Single-Parameter
Growth Equation of Wind Waves D
Introduction of Grid Method™*

Paimpillil S. JOSEPH**f, Sanshiro KAWAI** and Yoshiaki TOBA**

Abstract: The present study is a modification of the wave prediction model presented in the
first paper of this title (KAWAI et al., 1979) based on the Toba’s {1978) single parameter
equation of the wind wave growth. The introduction of a grid method reduces the two defects
pointed out in KAWAI et al., i.e., the absence of the prediction of certain instants at fixed
points, and the concentration of wave energy at certain points in the wind direction, arising
from the lack of treatment of the lateral spreading of wave energy around the wind direction.
The new model is applied to the same set of data. The results shows overall improvements,
such as the elimination of certain overestimate in the first study and the coincidence of the
predicted maximum with the measured one. The swells are separately hindcasted and a very
good agreement with measurement is obtained.

1. Introduction

In a recent paper, KAWAI et al. (1979), here-
after referred to as ““I’’, discussed the merits and
demerits of various wave prediction models and
developed a new method based on the single
parameter growth equation of wind waves by
Toba (1978). At almost same as ““I’’, GUNTHER
et al. (1979) has published an extension of the
JONSWAP studies of HASSELMANN ef al.
(1973, 1976). Both GUNTHER et al. (1979) and
“I"” contain incidentally a section titled “‘back-
ground”, and similar thoughts can be found
between them, namely the recognition of the
nonlinear processes as the overriding process
in the dynamics of growing wind-waves, and the
idea to parameterization of these processes even-
tually on an empirical bases. However, there
are different features in the two models. Asto
nonlinear processes, GUNTHER ¢t al. (1979)
stands on the theory of weakly nonlinear wave-
wave interaction. On the other hand, we con-
sider that the strongly nonlinear processes in-
volving the local wind drift are important. The
manifestation of these processes is conspicuous
similarity of simple three-seconds power law
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and the ¢ *type spectral form (ToBa, 1972,
1973 and 1978), and thus our prediction model
pursues a single parameter, whereas GUNTHER
et al. (1979) five parameters which characterize
JONSWAP-type spectra.

It is very interesting that MITSUYASU et al.
(1980) have recently reported quasi-equivalence
of the JONSWARP spectrum and Toba’s spec-
trum at the high-frequency side. If the both
spectral forms are essentially equivalent on em-
pirical bases, our model has a merit of much
simplicity.

In “I”, a “wave packet following method”
was employed, in which wave packets originate
with zero initial energy and propagate in the
local wind direction. At each time step, the
position of the wave packet is determined, and
the wind velocity at such point is interpolated
from the winds at the nearby grids. For the
next time step, the wave packet is allowed to
develop and propagate in the new interpolated
wind direction. This process is repeated for
each wave packet with each time step, and the
average of the height of the wave packets en-
tering into a region defined around the predic-
tion site is taken to represent the wave height
for the site. Though, no spatial smoothing
was applied to the wave energy on its way to
the prediction site. This kind of the propa-
gation may make the number of wave packets
to get concentrated at certain zones at any in-
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stant of time, depending on the wind field. If
the prediction site falls in a region of diverging
winds, the number density of the wave packets
entering into the region defined around the
prediction site for the spatial averaging may
sometimes reduce to zero, making a time series
of the wave prediction at the site impractical.
This is the first defect of the method in “I”.
Secondly, the wave energy is bound in the wind
direction, developing and propagating along the
local wind direction. This treatment may make
the energy concentrated at certain points when
the nonuniformity of the wind is great. Butin
reality, the wave energy is distributed around
the local wind direction with an associated
lateral spreading. These were the main short-
commings of ‘““wave packet following method”
in “I” and it was indicated that an allowance
for proper coupling between the wave packets
may sufficiently smooth out energy centraliza-
tion tendency. In the present study, this point
is overcome by allowing the interaction of dif-
ferent wave packets with the use of an inter-
polation method for the wave energy. As a
result of the interpolation, the present method
can also give a time series of the wave proper-
ties at any fixed point of the study region.

2. Numerical scheme of prediction

2.1. Basic equation

The basic equation used for the present study
is exactly the same as in ““I”:

*2/3
DIF;T =GoR[1—erf(bE*"'*)] oY)

where E¥*=¢’E/u,* with E as the wave energy
per unit area, £*=g¢t¢/uy, a nondimensional time,
g is the acceleration of gravity, u, the friction
velocity of air and erf(x) is an error function
defined as,

erflx)=2/ «/?S:exp(—iﬂ)dz €))

The other quantities are nondimensional empirical
constants:

GoR=2.4x10"%, 5=0.12 (3

The basic equation is a first order differential
equation, which can be easily numerically in-
tegrated as shown in the appendix of ““I”’ and
this will give the wave energy at every time

step. From the nondimensional energy, any
other properties of the wave field can be obtain-
ed through the similarity relationships. The
significant wave height H can be calculated by
the equation of LONGUET-HIGGINS (1952) as,

E=H?*/16 (C))

Then the period T of the significant wave, is
determined from the three-seconds power law,
which was proposed by TOBA (1972) as represent-
ing the similarity in growing wind waves:

[T == BT#3/2 (5

where H* and T* are the nondimensional wave
height and period defined as H*=¢H/u,? and T*
=gT /uy respectively and B is a nondimensional
empirical constant which takes a value of 0.062
for the case of significant wave.

2.2. Initial and boundary conditions

At the boundary coincident with a coast line
(physical boundary), it is proper to take the
energy density as zero for offshore winds. For
onshore winds, it is assumed that a wave arriv-
ing at a coast is completely absorbed by the
land. Hence, for onshore winds, a coastal grid
point behaves as an inner one. For any nu.
merical boundary which has to be fixed inside
the sea, the problem of waves entering through
such boundaries into the prediction region needs
to be considered. The numerical boundaries
are fixed at such a distance away from the
selected point of wave prediction that evenif a
wave enters through such a boundary at any
time during the prediction interval, the distance
between the selected prediction point and the
boundary is large enough for the wave at the
boundary not to influence the prediction at the
desired site during the prediction time interval.
After fixing a numerical boundary as above, it
is also reasonable to assume it to act in the
same manner as that of the coast.

As for the initial condition, the wave energy
is assumed to be nil everywhere. This assump-
tion seems to be improper because some wave
energy may be present in the ocean for all
times. The error arising from this initial con-
dition is considered to diminish at sufficiently
later time steps. The time steps necessary for
the effect of the initial conditions to be smoothed
out and disappeared may be 3 to 4 days for
large calculation domains.
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2.8. Time wise integration and smoothing

Taking a system of equally spaced grids, we
can determine the nondimensional energy at
each grid at any time by integrating (1). The
time step 4t is so fixed that the distance traveled
in 4r with the possible largest group velocity
should be less than one grid size. In the pre-
sent study, (1) is integrated with the same
iteration method discussed in “I”’. The posi-
tion of the wave packet can be calculated from
the group velocity of the wave packet which is
estimated from the peak period by the linear
wave theory. As the group velocity is changing
with the development of waves, an average
value for it for the interval 4t is used for fixing
the position of the wave packet.

After fixing the new positions of the wave
packets originated from all the grids, the wave
energy exactly present at each grid has to be
calculated through interpolation among the
energy at the new positions, for allowing the
coupling between various wave packets. A
vector interpolation method is used here (more
details in Appendix), which uses the energy at
the new positions of three nearby grids to the
particular grid at which the interpolation is
going on and also its own energy at the new
position and this is done at each time step.
This interpolation may provide a smoothed
energy at the grid, which represents a smoothed
value for the region of one square grid size.
Though, at a first glance, this systematic step
by step interpolation seems to give excessive
error due to oversmoothing, a test with a uni-
form wind showed the maximum difference
between the nonsmoothed and few thousand
times smoothed values of wave height to he
lesser than 209 even at the points where the
gradient of the wave height is maximum. Hence,
it is taken that the present interpolation at each
grid for each time step is not giving any serious
defect to the prediction. For the cases of a
numerical boundary, the energy interpolation
is limited to the onshore winds as the boundary
condition attributes zero energy to the boundary
grids for an offshore wind. The wave height
and period at each grid are then calculated from
the interpolated new energy. For the next step,
the interpolated wave energy and its direction
at each grid is taken as the initial condition.

After one set of calculations for all grids is

over, a check is made to see whether any of
the wind wave energy is transferred to the
swell, in accordance to the transfer condition
discussed in later Section. If the transfer con-
dition is satisfied, the swell has to be predicted
separately as in Section 2.4.

2.4. Formation of swell and its propagation

For the spatially and temporally varying wind,
the wave energy is assumed to adjust to the
new wind direction in accordance with the
following equation used in ““I’’,

Eao _ ostan (6)

where k is taken as a variable with values from
0 to 4. This equation is suitable for slowly
varying wind systems, excluding the lateral and
the adverse winds. The adverse and the lateral
winds are defined in the same manner as in ““I"’.

It is assumed here that for the adverse winds,
the preexisting wave vanishes in one time step
and a new wind wave starts to develop from
zero energy, along the new wind direction.
For lateral winds the wind wave is assumed to
change into the swell propagating in the old
wind wave direction, and at the same time a
new wind wave is assumed to develop from
zero initial energy along the new wind direction.

In addition to the swell formation as above,
swell can also form if a wind wave attains a
fully developed state for a particular wind if a
sufficient decrease in the wind speed changes
the state of the underdeveloped wave into an
overdeveloped state for the new wind. The
latter case may be more frequent in the ocean.
Here, some criterion is necessary to classify a
given wave into a fully developed, overdeveloped
or as an underdeveloped one. Here, we intro-
duce the condition that the wind wave changes
into swell for the nondimensional peak period
greater than 248 (ToBaA, 1978). If the wind
speed decreases suddenly, the total energy is
redistributed between the swell and the wind
wave so that the wind wave is saturated for
the new wind speed.

The prediction of the swells is made as in “I”’
with the use of the simple empirical relation
proposed by BRETSCHNEIDER (1968).

In the present grid method, the actual fetch
(the fetch over which the wind wave was de-
veloping up to its arrival at the particular grid)
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needed in the swell prediction formula, is not
readily available. For a wind wave which changes
to swell at a certain instance due to a change
in the wind direction or wind speed, the equiva-
lent fetch required for the formation of that
particular wind wave under the prevailing wind
of the last time step at the point of swell for-
mation may be regarded as the fetch for the
present purpose. This can be calculated from
the empirical relation of WILSON (1965), modified
in the following way,

H*=0.30[1—(1+0.004(CpF*)1/1)-2]Cp1
(7

where Cp is the drag coefficient of the sea sur-
face and which is equivalent to the integration
of the fetch limited form of the single parameter
growth equation of wind waves (TOBA, 1978).

If the swell formation is by the energy satu-
ration, (7) i{s not applicable for the determination
of the minimum fetch, as the nondimensional
height attains a constant value and becomes
independent of fetch., For such cases, the non-
dimensional fetch (F*=gF/u.?) associated with
the following saturated nondimensional wind
wave energy,

E*¥=3.7x10° (8>
and with the following value
F*=1.3%10° (9>

as given in TOBA (1978) is used in the present
study. As the minimum duration of the intense
winds needed for a fully developed sea may
generally be more than the total time of the
prediction calculation, the formation of swells
by the fully developed sea may be limited to
the cases of light winds or associated with a
decrease in the wind speed.

3. Hindcast examples

3.1. Small scale case

For a small scale test, the region near the
Shirahama tower is selected as in ““I”’. The
wind at the tower is considered to represent
the wind field of the entire fetch, since the
waves reaching the tower were developed in
the nearby regions as has established in “I"°.
A time step of 5 minutes and square grids
spaced at 500 m are taken. As the prediction
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Fig. 1. Locality of the Shirahama Tower Station
with the numerical boundaries and the grid
system.
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calculations were not started at an advance
time with respect to the time of the first pre-
diction at the site, the accuracy in the first few
predictions is not good. As the wind fleld is
temporally changing one, allowance for the
directional shift between the wind and the wave
directions is done as per the equation (6), testing
it with different values of & and the results are
given in Fig. 2.

From the hindcast results of Fig. 2, it seems
that the present model’s ability to reproduce
the trends in the wave developments remains
to be excellent, if the directional change is
treated properly. Though the trends are well
represented for most of the time, an overesti-
mate of the waves during the end of the pre-
diction duration is well noticeable. We will
look at this point later. Now, we will look at
the results for different values of k. Independent
of k, the wave heights are attaining nearly same
value during the prediction period, with the
confinement of the large deviations associated
with k to the times of great angular deviation
in wind direction. The coincidence of the
predictions for all values of k during the times
of small deviations in wind direction (1430 to
1600 JST) and of marked differences associated
with greater wind shifts (1145 to 1330 JST)
indicate that if a prediction is not needed im-
mediately after a time of considerable change
in wind direction, any value of k£ from 2 to 4
is suitable to provide a good prediction. The
value of k& equal to 4 seems to have a best fit
for the total period of prediction of this case.

As the overestimates during the last time
steps are common for the results with the
different values of & in equation (6), it is reason-
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Fig. 2. A comparison of the time series of the predicted wind wave significant heights and
the periods with its measurements at the Shirahama Tower Station on 10th Nov. 1969.
The upper figure shows the time series of the winds measured at the tower.

able to assume that this overestimate may not
be connected with the problem of energy adjust-
ment to the new wind directions but may be
related with the wind field as a whole, probably
with a failure of the homogeneity assumption
of the wind field for the entire region. From
1500 JST onwards the wind started blowing
from the land and in the regions near to the
coast the wind may not be as intense as at the
tower site. This somewhat shadow region may
considerably reduces the development of waves
and this may be the reason for the much lower
measured waves at the tower site. This over-
estimate was also seen in ““I"’.

The predicted trend of the wave periods is
also in good agreement with the measured
trends, but having some overestimates for most
of the prediction time.

8.2. Large scale case

Many wave prediction models have been tested
for the waves caused by North Atlantic cyclones

of December, 1959, whose wind and wave data
were well documented by BRETSCHNEIDER et al.
(1962). For comparison with other models, the
present model is applied also to this situation,
with the same data and grid as in “I”’. The
waves measured by the ship ‘“Weather Re-
porter’” are compared with the hindcasted ones
at a prediction site called J. But, it needs to
be noticed here that the ship position deviated
much from the ] point during certain intervals
of prediction time.

As mentioned in Section 2.2, zero energy is
taken as the initial condition. To examine the
influence of this rather artificial condition, the
wave on 16th December was calculated for three
different initial times, 10th, 12th and 14th
December, respectively. The predicted results
for the first two cases are almost the same,
indicating that, in this case, almost all the
influence of the initial condition may vanish if
the initial time is at least 96 hours in advance



14

of the time from which prediction is required.

The hindcasts are also performed with four
different values of k (0 to 4) in equation (6),
but no significant difference in results is found.
Hence, only the results for k=4 are presented
hereafter. The independence of the predictions
of the large scale case on the value of &k was
discussed well in “I"” and the arguments pre-
sented there seem to be quite satisfactory.

For the prediction of swells the following
method is adopted instead of the interpolation
method used for wind waves. The spatial aver-
age of the swells, except those with height less
than 2 m, entering into the circle which has a
radius of one grid and the J point as its center,
is considered as the swell at the J point. This
method was adopted because of the number of
swells being few, the random distribution of these
swells around the grid point and the possibility
of many different directions of swell approach.

The measured properties of both the wind
waves and the swells were calculated from the
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observed power spectra given in BRETSCHNEIDER
et al. (1962). In the calculation, the following
criterion was used for separating the swell and
the wind waves,

C=1.37 Uy aoe

where Uy is the wind speed at 10 meter height
and C is the phase velocity of the wave com-
ponent determined from the linear theory.
Observed spectral peaks are classified into swell
and wind wave ones, according to (10). The
equation (10) essentially corresponds to the cri-
terion of (8), If (10) is satisfied, it is classified
into swell. If the measured spectrum has plural
peaks and they consist of different classes, the
energy is separated at the frequency with the
least energy between the two spectral peaks
belonging to two different classes. The total
energy of the waves with frequency lower than
this is taken as of the swell regime and remaining
as of the wind wave regime. If the wave
spectrum is with a single peak either in the
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Fig. 3. A comparison of the predicted wind waves and swells of the point J and the ship

position with their measured counterparts.

The inserted letters have the following meaning.

W: wind wave dominance; S: swell dominance; S/W: nearly equal wind wave and
swell energy, with swell energy slightly in excess; W/S: nearly equal wind wave and
swell energy, with wind wave energy slightly in excess.
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wind wave or the swell domain, the entire
energy of the spectrum is taken as of the wind
waves or swell, depending on the position of
the peak. If all the plural spectral peaks belong
to a single class, the total energy of the wave
field is given to that class. From the separated
portions of the energy, the significant height
for each class is calculated by (4). The period
corresponding to the spectral peak in each por-
tion is taken to represent its significant period.

The hindecasted wind waves and the swells at
the J point are compared with those measured
at the ship position, obtained in the above
mentioned manner. The wind wave predictions
at the exact ship positions are made available
by linearly interpolating the wind waves for that
point from the wind waves of nearby four grids.
As the regicn defined around the J point for
the swell prediction includes a considerable area
including the ship position during most of the
prediction time, no separate swell calculations
for the ship locality are done. For the du-
rations at which the ship positions are not
given, it is taken that the ship was remaining
at the J point. The comparison of wave heights
is shown in Fig. 3.

During the initial stages of the prediction (on
16th December) the predicted waves at the J
point showed considerably high values than the
measurements. This disagreement is cleared by
using the interpolated prediction values at the
ship position for the comparison with the
measured values, as seen in Fig. 3. In that
interval on 16th December, the ship was on its
way to the J point and was at most 1.5 grids
away from the J point.

The predictions for the 12 hour period (Q000
GMT to 1200 GMT) on 17th December showed
much lower predicted wave heights than their
measurements. As a probable reason for this,
the accuracy of the wind data is suspected and
a comparison of the measured winds at the
ship position is made with the wind data used
here for the prediction of the waves for the 12
hour duration (0000 GMT to 1200 GMT) on
the above day. This comparison is shown in
Fig. 4. It indicates that the interpolated winds
are too smoothed and much lower than that of
the real winds. As the present wave prediction
depends on the local wind for the further develop-
ment, the smoothed out lower winds for the

"o Interpolated Wind
—+—+—e-Measured Wind

sPEED(mST)

@
T

17 12 0 12
16 DEC 17DEC 18DEC

Fig. 4. A comparison of the measured wind
speeds by the ship with the wind data used for
prediction, for the duration of the greatest
disagreement in wave prediction and measure-
ment (for details see the text).

above periods are expected to give a similarly
smoothed lower development for the wave field.
IsozAKI & Ugl (1973) had suggested a similar
explanation for the low hindcasts for the above
pericd.

Another feature of the predicted waves is
the presence of some energy in the swell
domain during certain periods of wind wave
dominance in the measurements, Such pre-
dicted swells are clearly seen from 2100 GMT
on 16th to 2100 GMT on 17th and also again
from 1030 GMT on 19th December to 0300
GMT on 20th December. Comming to the
intervals of swell dominance in measurements
(around 0000 GMT on 18th), the hindcasted
wind waves seem to represent the trends of the
swell with the height of the wind waves remain-
ing to close to that of the swells. The predicted
swells for the above periods remained at a very
low level in comparison to their measured
counterparts. The first feature is considered to
be associated with the accuracy in the spectral
measurements when any one of the two classes
has very great energy concentration in it and
also with the swell-wind wave transfer problem.
The resemblance of the predicted wind waves
with the measured swells may be due to the
problem associated with the energy separation
into different classes. These points will be
looked in detail in the next section.

For comparing the results of the present model
with that of the others, the significant height
at ] calculated from the total energy of the
predicted wind waves and swells at the above
point is used. This comparison is shown in
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Fig. 5. Comparison of the significant wave height and the point J with that of

the other model results.

Fig. 5. Most of the other models included in
the figure correspond to the spectral wave pre-
diction method except that of WILSON (1965)
and of ““I””. The overestimates at the J point
on 16th December seem as a common feature
for all model results. The reason behind this
overestimate remains to be the same as already
mentioned. The noticeable underestimate in
“I” (average value) for the periods from 1200
GMT on 18th to 1200 GMT on 19th December
is considerably removed in the present case.
This improvement has been achieved from the
treatment of the wind wave energy at the in-
stants of the swell formation. In “I’’, the wind
wave energy is taken as zero for such instants,
while in the present case it is given the satu-
rated energy value possible at the new wind
speed and this will give much more wind wave
energy at the next step. The significant over-
estimates found only in WILSON (1965) and in
“I” (envelop value) on the 20th December are
absent in the present results. But, the predicted
average values in *I’” for the above period
agree well with the measurements. This indi-
cates that the taking of the envelop values, as
also done in WILSON (1965), to represent the
prediction results may be the reason behind this
overestimate. Though the average values can
be calculated in “‘I”’, it may take considerable

amount of calculation. In the present case, the
average values are always available at the grid
and this is an advantage of the present model.
Additionally, in ‘I’ the attainment of the highest
height was delayed much in comparison with
the time of observation of the highest wave
height. In the present model, the coincidence
of both seems to be remarkable.

The measured peak periods corresponding to
the wind waves and the swells at the ship
position are compared with the hindcasted wind
wave period and the average swell period, re-
spectively. A comparison, Fig. 6, reveals that
the hindcasted periods of the wind waves re-
present the trend well but its values are slightly
lesser than that of the measurements. For the
swell dominance duration, the average periods
of the swell seems to be close to the measured
period of the swells. The reason behind the
presence of considerable swell periods during
the absence of a peak in the swell regime and
the lower values for periods on the first half of
17th December is the same as mentioned for
the case of heights. As the wave period pre-
dictions are not available in the other models,
a comparison is not possible.

4. Discussion
One of the reasons why predicted swells have
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Fig. 6. A comparison of the wind wave peak period and the average swell period at the
point J and the ship position with their measured counterparts. The meaning of the
inserted letters remains the same as of Fig. 5.

considerable height at the instants of wind wave
dominance may be associated with the obser-
vational problems. When the energy of wind
wave differs from that of swells by 2 order or
so, the practical estimation of the spectral den-
sity may lack in accuracy for less energetic
part. Secondly, the empirical relation used for
swell prediction neglects the influence of wind
on the swell. Most of the predicted swell in
the wind wave dominance intervals may be
modified into the wind waves in accordance to
the criteria of swell-wind wave transfer given
by (10). In such a change, the swells will dis-
appear, but the associated energy adjustments
in the wind wave regime and the further growth
of the wind waves with the modified energy
need to be treated carefully. In the present
study, this problem has not been treated at all.
Here, it need to be mentioned that HATORI ez
al. (MS.) have shown that the growth of a
regular wave (swell in the present context)
entering into a wind field having greater speed
than its phase speed depends on the steepness
of the regular wave and on the ratio of its
frequency to the peak frequency of wind waves

that would occur in the absence of the regular
wave. They showed that, four distinguishable
stages are present in the evolution of a regular
wave. At the first stage, wind waves appear
as in the usual manner, but the regular wave
remains unaffected at constant. In the second
stage, the development of the wind waves is
damped with an increase in the regular wave
height, which is followed by the third stage in
which regular wave rapidly grows by a direct
energy gain from the wind and the wind waves
attenuate. At the fourth stage, the regular
wave itself breaks down to become irregular
wind waves. This study suggests a strong
interaction between the wind wave and regular
wave at the second stage. These phenomena
should be studied further and taken into account
in the future prediction model.

Next, we have to look for the reasons why
the predicted wind waves have as much energy
as the measured swells for the periods around
0000 GMT on 18th December. This confusing
fact may be associated with the swell-wind wave
energy separation. When the frequency which
separates the two regimes in accordance with
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the phase velocity condition is very close to the
frequency of the spectral peak, it may be difficult
to decide whether the peak belongs to the swell
or wind wave regime, since the energy sepa-
ration in the real process is not as critical as
in (10).

Finally, for an estimate of the error in the

On this point further study is needed.

predicted values with the measurements, we
have used the r.m.s. value of the difference
between the above two, which gives the following
respective values of 1.24m, 1.83m and 1.25m
for the wind wave, swell and for the dominant
wave. If the same format as used in ISOZAKI
(1978) and in ““I"” is used, the mean of the
above mentioned deviations along with their
respective standard deviations give the following
respective values of 0.06+1.27, —0.58:-1.66 and
0.57+1.10 for the wind wave, swell and for
the dominant wave. Comparing with the error
in ““I"’, the error for the dominant case seems
to be smaller in the present.
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Appendix

The iteration scheme used in the study is
exactly the same as in “‘I”” and the equations
Al to All in “I” are used here in the same
order.

The distance covered by a wave in one time
step 4t along the z and ¥ directions is calculated
rom the distance 4F along the wave direction by

YA |_'| l |‘1
- j"']
A~ \EK
B
)
= < k j
AJ-‘———C—’Z'- Bl
— 1'1
i 1 ] >
0 X

Fig. 7. Schematic diagram showing the energy
interpolation for a selected grid G. The A,
A’, B, B’ represent the new positions of 4
wave packets started from their respective
grids, after their propagation shown by arrows
for unit time step. The C and C’ represent
new positions of wave energy at the end of
the first interpolation, which are used in the
second interpolation of energy at the grid G.

AF,=AF cos(6y)
AF,=4F sin {0x)

where 0, is the angle between the wave direc-
tion and the x-axis. The new position attained
by the wave packets is

x=%+4F,
5 2>
y=2/+AFv

where (Z, %) is the original position of the
grid.

For interpolating the energy to the grid point,
a two-step interpolation method is used. In the
first interpolation step, the wave energies are
obtained at points on the lines of fixed z, through
interpolating the wave energies of the two near-
by wave packet. In the second step of the
interpolation, the energies on these lines are
used for obtaining the energy at the exact grid
point.

In detail, in the first interpolation, the wave
energies at the new positions attained by the
wave packets started from the grid and from a
grid nearby to that grid are used. The selection
of the nearby grids depends only on the value
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of #; at the grid. A schematic diagram for the
explanation of these procedures is shown in
Fig. 7, for the case of 0°<6,<90°. If 6 is
—~90°>0,>90°, (i, 7) and the (i, j—1) grids are
selected for the first interpolation and for the
other values of 0, (, j+1) is selected. The
wave energy Is treated here as a vector quantity
with its magnitude of energy value and the
direction of propagation. After this grid selec-
tion, the energy at the crossing point (C or C)
of a line formed by joining the new energy
positions (A and B or A’ and B’) is vector
interpolated.

After finishing this first interpolation for all
grids, the wave energy available at the newly
fixed points (C and C’) are used in the second
interpolation to get the energy exactly present
at the grid points. Two such crossing points
are so selected that both of them have the same
x co-ordinate as that of the particular grid for
which the interpolation is going on, but as to
the y co-ordinate, one must be greater and
of the other one must be lesser than that of
the selected grid. Two such points nearest to
the grid are fixed and the energy at the original
grid is interpolated from the energy at the above
mentioned points. Hence, the present inter-
polation at a particular grid uses the energy
corresponding to three nearby grids and of the
self.
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