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5. Multiple Regression Wave Forecast Models

Described in Physical Parameters

Chiaki Goro*
Hidenori SHIBARI**
Toshio Aono***

Synopsis

The Multiple Regression wave forecast models described in physical
parameters, named MEPH models, are developed. In the MRPH models, ocean
waves are described by two representative waves: wind waves and swells. The
propagation speed of each wave components assumed to be constant. From these
assumptions, governing eguations of the MRPH models are expressed as linear
algebraic equations. Explanation variables are energy of wind waves and swells
in each direction.

To verify the MRPH models, wave forecast was carried out for three ports
in Japan. The MRPH models were confirmed to have a greater accuracy in
forecasting than any other models. The MRPH models also solve the difficult
problem of eliminating the delay time of predicted values to observed ones which
often appears at the initial stage of wave growth in the conventional multiple
regression mdels. The MRPH models maintain a high level of accuracy even in
the case of long term wave forecasting. Furthermore, the MRPH models are able
to predict items which can not be predicted by the existing statistical models
such as wave period, direction, and the component value of wind waves and
swells.

Key Words: Wave forecast model, multiple regression models, physical
factors, wave hindecast models.
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Multiple Regression Wave Forecast Models Described in Physical Parameters

1. Introduction

Reliable wave information is indispensable for maintaining safe ocean activities such
as the construction of maritime structures, the navigation of ships, marine recreation, etc..
Especially, in managements of port and harbor construction works, it is important to de-
velop a reliable wave forecasting system.

Recently , numerical wave hindcast modelsh®®based on an energy equilibrium equa-
tion have been used for the wave forecasting. However, such wave hindeast models have
some problems concerning accuracy. A major object of wave hindcast models are the hind-
casting of very high wave height ranging 4.0 m — 15.0 m which is encountered in a typhoon
or monsoon. But the low wave height is mest important in wave forecasting as this per-
tains to the critical height (0.5 m — 1.5 m) for maritime works. Both the verification of
equations and the determination of any parameters are carried out on such high wave
height conditions. Furthermore, results of wind hindcasting are inaccurate in lower wave
height condition so wave hindcasting is still not satisfactory.

As alternative to wave hindcast models, statistical models (for example, multiple re-
gression model®58) have been proposed. An advantage to using statistical models is that
equations are expressed as multiple regression forms so that the wave height in present
time, the wind velocity and the pressure are members of variables, thereby allowing the
calculation to be readily carried out without any special knowledge. However, owing to the
strong reliance on observed wave height in statistical models, predicted wave height is
subject to delay. Furthermore, the accuracy of wave forecasting decreases with long term
wave forecasting. There are many difficulties for practical use.

In this study, a new model which departs from conventional methods is proposed: Mul-
tiple Regression wave forecast models described in Physical parameters (MRPH). The
MRPH models hold advantages over both the wave hindeast model and the statistical model.

The proposed MRPH models consist of two different models, Model A and Model
B. Model A describes each process of wave growth, wave propagation and wave decay, and
is a kind of wave hindcast model. The main difference between Model A and conventional
wave hindecast model is that the governing equations of Model A are expressed by a set of
algebraic equations, while the wave hindcast model is expressed by a set of partial differ-
ential equations. As the governing equations of the model are expressed by a set of alge-
braic equations, the coefficients contained in the model can be identified by the comparison
between calculated wave energy and observed wave energy explicitly. Furthermore, the
forecasting results are more accurate.

Model B is formulated on the basis of Model A, but is modified to decresse the predie-
tion error by considering the difference in the predicted and observed wave energy every
forecasting hour and in the changing rate of wave energy.

As compared with multiple regression models, the coefficients of both Model A and B
are sble to be understood physieally. And output constitutent of these models is not only
significant wave height and period, but also representative wave direction predicted by
evaluated wave energy distribution on each wave direction, and the component value of
both wind waves and swells.

2. Theory of wave forecasting

2.1 Assumptions
In order to formulate multiple regression models described in physical parameters,
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the following assumptions are applied to wave growth, wave propagation and wave decay.

The growth of wave height is described with 1/2 power law for nondimensional
significant wave height and fetch, and wave period with 1/3 power law? for nondimensional
significant wave period and fetch. As shown in Fig. 1, wave rays propagate radially in
sixteen directions centered to the location of wave forecasting. Wave growth and decay go on
independently on each ray.

= £
Wave forecasting ¥
location

Fig.1 Schematic diagram of the
location of wave forecasting
and wave rays radially

Essentially, wave propagation speed varies depending on wave growth, but in these
models, waves are described by two wave components: wind waves and swells. The wave
period and the propagation speed for each wave component are assumed to be constant.
The propagation of wind waves and swells is described by each characteristic line as shown
in Fig. 2. In these models, from the consideration of the wind prediction with six hour
intervals, the optimum period of wind waves and swells is chosen. Specifically, significant
wave period of wind waves is 6.9s (5.9s: mean wave period) based on the assumption that
wave propagates 200 km per 6 hours. As for the swells, significant wave period is 13.8s
(11.9s: mean wave period) and wave propagates 200 km per 6 hours.

Furthermere, wave decay is treated similar to Bretshneider's equation®, Namely, in
regions of favorable wind, decay of wind waves does not occur until the wind energy
equilibrium is attained. For wave going away from wind field or a wave coming into the
adverse wind field, the energy of swells decays in inverse proportion to propagation
distance, and the period of swells increases in proportion to propagation distance.
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Fig. 2 The characteristic lines of propaga-
tion for wind waves and swells in
any direction

2,2 Model A
2.2.1 Forecasting theory for significant wave height

From sbove assumptions, by using 1/2 power law for nondimensional wave height
and fetch, equation of wind wave development is described as follows:

R S ™
U2 U?
where H,q is a significant wave height, U the wind velocity at a height of 10 m above
sea surface, F a fetch, g the gravity acceleration, respectively.

Then, energy equation of wind waves is

2
[Eka [gﬁ] )
vt R,
where ¢ is energy of wind waves. Equation (2) is the governing equation for wind wave
development in this study. And energy distribution in each direction of wind waves is
assumed to always maintain a similar profile, thus,

2T
e=[ E (0)d6, E &)= A0, 3
JO

where F(q) is energy component of wind waves which propagates from the direction of 8, A(8)
is a directional distribution function defined as:

Aosto (~nf2 <8 <n/2)

ORM
0 (6<-7/2, 8> n/2), (4
where A, is & normalized coefficient that satisfies the following relation
27
J A@do=1. (5)
0
From Eq. (2),(3),(4) and (5), the energy of wind waves in each direction is
E(8)=en(8) =AFUPAL(8), A=alg. )]

In an arbitrary wave direction, wind energy U?A(8 ) on characteristic line of wind waves
is described as shown in Fig. 3. In a certain wave direction J, considers the case of wind waves
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Energy of wind

iy [6} On a charzcteristic line of wind waves
In any direction

Component Component
ol wind waves of swells

12 3 4 Hw ls Ne: H
Wave forecasting  Grid point
lecation

Distance

Fig. 3 Schematic representation of wind ener-
gies distribution on the characteristic
line on wind waves propagation

growingbetweenI=1and /=Ny within thegrid pointsfrom/=1toI=N. From Eq. (8}, energy
of wind waves is noted as follows.

In direction J, energy of wind waves at I = Ny is E(Wyy, JJ) = 0, thus E(Ny — 1, J )Y at I =Ny
—~1is

E(Ny-1,J) = AAFUNy -1, JF ANy -1, J) , (N

where AF is the distance between adjacent grid points. Similarly, energy of wind waves at] =
Nw— 21s

ENy—2,J) =AF7 + AFYUNy -2, JPMNyw - 2, ), (8

where Fris equivalent fetch so that energy of wind waves at I = Ny — 1is E(Ny— 1, J) under
the condition that component of wind energy is Uy — 2, J)2A(Ny - 2, o), and written as follo

Py ENw-1,0 )
AUNw -2, 7 MNy-2,J).
By substituting Eq. (9) into Eq. (8), Eq. (8) is rewritten as:
ENw—-2, )= E(Ny = 1,J) + ANFUN -2, TP ANy~ 2, J)
=AAFUWNy— 1, P A (Ny — 1, J) + AAFU(Nw - 2, JPFA (Ny — 2, . (10)

Similar arrangements are carried out from [ =Nto7 = 1, and energy of wind waves in direction
J is expressed as:

N1
N, D=AAF 5 UL JP LT, J) (1
=1

and the wave energy in zall directions is as follows:

16 16 Nyl
= 3 Ny=By I 5 ULIFACD), a2
J=1 J=1 I=1

where By is the coefficient nearly equal to AAF, and is defined as results of regression
analysis between calculated wave energy and observed wave energy.

By considering the case that wind waves are transformed to swells and propagate
between I = Ny and I = N, as shown in Fig. 4, initial energy of swells is equivalent to
that of wind waves at I = Ng, so the following equation is obtained,
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Energy of wind Un a characteristic line of swells
(@) In any direction
Componeni Coemponent

of wind waves of swelis

12 3 4 s We
Wave forecasting Grid point Distance
location
Fig.4 Schematic representation of wind ener-
gies distribution on the characteristic

line of swells propagation

N,

B
EyWgN=ANF 3 ULJIT AT, . (13)
ENg

Swells are assumed to decay in inverse proportion to the propagation distance, so
energy of swells at /= 11is

Ew(Ns, J)
{(Ng— 1aF ’
where A' is the same kind of coefficient to A in Eq. (8). According, total energy of swells
in all directions is summed up as follows:

[Es()l= A'AF (14)

16
6, =B, ¥, [EgW), (15)
=1

where Bg is the coefficient nearly equal to A'AF, and is defined the same as By in Eq. (12).
From Eq. (12) to (15), total energy of wind waves and swells at /= 11s

16 16
[E]f= [Ej‘v"' [8]5 = B‘VJZII.'E'W (J)] + BS JZIIES (J)] > (16)

where[e] is the predicted wave energy. Conversion of predicted waveenergy tothesigecant wave
cant wave height is carried out by Eq. (17).

H1,3=3.834/[e]f. (17
2.2.2 Forecasting theory for significant wave period

By using 1/8 power law for nondimensional significant wave period and fetch, the
growth of wind waves in period is expressed as:

T
[é’ 1/3] =c,[_g,£]1/3 (18)
U 2.
By raising both members of Eq. (18) to 3th power, the following equation is obtained.
q
3 T ’a
()= 155 - <[5 a9

Ul U U?

where 7 is a significant wave period to the 3th power, and is defined as a characteristic
period in this study.
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Similar to 2.2.1, the directional distribution function A(8), as Eq. (4), of the characteris-
tic period is defined. From this, Eq. (19) is able to be rearrenged, so characteristic period in
each direction is

T(@) = TA(0) = CFUL(B), C =e/g? (20)

In a similar manner as with the wave height, characteristic period of wind waves
in all directions is described as follows:

16 16 Ny
=D, D,N=D, S S U DA, J),
J J I=1 (21)

where Dy is the coefficient nearly equal to CAF, and determined as the result of
regression analysis similar to the case of wave height.

Period of swells is assumed to increase in proportion to the propagation distance,
so characteristic period of swells in all directions is,

16 16 NE
ftlg=Dg ¥ TstN=Dg Y 3 UL DAL D,
J=1 J=1I¢Ns (22)

where Ds is the coefficient that is defined the same as Dyin Eq. (21).
From Eqgs. (21) and (22}, characteristic period at the location of wave forecasting
is described as:

18 16
Dy 2 ETyUN+Dg 3 [Ey DT 4]

B, ¥ B, M+B, T [E6)]
J=1 oJ=1

where predicted characteristic period [t], is defined as a weighed average value of wave
energy in each direction. Conversion from the characteristic period to the significant
wave period is carried out by Eg. (24).

Ty =[] (24)

2.3 Model B

Model B is formulated on the basis of Mode]l A. However, Model B has a funciton
to minimize the difference between calculated and observed wave energy at every
caleulating stage. The wave prediction error E, brought by Model A is not Gaussia, but
may be caused by any opther physieal factors. The factors related to the wave
prediction error are the difference between calculated and observed wave energy at
present time, and the changing rate of calculated wave energies.

From above consideration, the wave prediction error is deseribed as follows:

E =Clely—a ﬁ{E%(J)] - b;flws,, @l
16

+Cy (BB -3 Ews(D)
J=1 Jﬁg

+Cy (S {Es(D] - 3 sl D}
J=1 Jd=l
+E,, (25)
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where Ey(J) and Eg(J) arecalculated energiesof wind waves and swells at the forecasting time,
respectdively, and Ey,(J) and Eg,(J ) are caleulated energies at the present time. The symbol
[£ 115 is observed wave energy at the present time. By assuming error as written in Eq. (25),

the equation of Model B is formulated as follows:
18 18
[e] = Bylely + BWJZI[EW(J)] + Bstl[Es(J)}
16 18
+ BWﬁJEll[EWb JN+ Bsazle[Esr,(J 1, (26)

where five coefficients in Eq. (26) are defined by the regression analysis similar to Model A.
As for characteristic period of Model B, the following equation is described.

[T]f = Dylthn

18

Da 1B [T )] + Dy }:‘"’I[Es W [Ts()]
Bu > [E(D)] + B 3 [Es ()]
J=1 Je=l

+

D £ B T (] + s 2 s D) T ()

+ T 5
Bwa}ll [Ews ()] + BSbJEI[ESb (] 27

2.4 Consideration of sheltering effects

In case of adapting the MRPH models to coastal locations, the consideration of
sheltering effects by lands is important. In this study, since the coefficients in each
direction are equivalent, sheltering effects are considered in the following way.

Correctional coefficients for each calculated energy of wind waves (Ey (J)) and
swells (Es (J)) are introduced and adopted according to sheltering rate by lands and
capes. For the wave rays toward land shorter than 100 km, correctional coefficients are
also carried out by multiplying the energy by the coefficients in proportion te distance.

3. Application of MRPH models

3.1 Locations of wave forecasting

Long-term wave observation data is required for the application of the MRPH
meodels at the location of wave forecasting. In this study, three ports are selected for
the wave forecasting: the port of Hitachinaka, the port of Mutsu-ogawara facing the
Pacific Ocean, and the port of Fukaura facing the Japan Sea.

3.2 Duration and Schedule of multiple regression analysis

The forecast analysis is scheduled from February 1th to 28th, from May 1th to
31th, from August 1th to 31th, from November 1th to 30th in 1983, and from January
17th to February 28th, from April 17th to May 16th, from August 1th to 31th, and from
September 27th to October 24th in 1989. These time periods incorporate the four
seasons, and total duration is 252 days (about 8 momths).

3.3 Forecasting of marine surface winds

In MRPH models, marine surface wind at a height of 10 m is the necessary input
data for the caleculation of wave energy. In this study, calculation process of marine
surface wind is as follows:
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1. Evaluate atomspheric pressure distribution en grid points from isobalic line by
using the typhoon wind model.

2. Evaluate wind by using the hybrid model combined with the gradient wind
model and the typhoon wind model.

3. Convert evaluated wind into marine surface wind by the atmospheric boundary
layer model®.

3.4 Identification of regression coefficients

In order to determine the regression coefficients in the MRPH models, multiple
regression analysis is carried out at the port of Hitachinaka, the port of Mutsu-ogawara,
and the port of Fukaura. Identification of regression coefficients is performed for each of
the eleven different time period, namely, one for each month, in February, May, August,
November of 1983, January to February, May, August, from September to October of
1989, and for four months in 1983 and in 1989, and for eight months in all.

Figure 5 shows eleven series of regression coefficients for wave height of wind waves
and swells which are caleulated by 12 hours wave forecasting Model A, at the port of
Hitachinaka. In case that the duration of identifying the coefficients is one month,
obtained coefficients differ from each duration remarkably. In the case of four months,
obtained coefficients are close to the average value over the case of one month.
Furthermore, in the case of eight months, obtained coefficients show approximately the
average value over the case of four months in 1983 and in 1988. Therefore, the regression
coefficients are gradually approaching the average values as the duration of analysis are
longer. Because the coefficients for eight months are approximately the same as thoes for
four months, it is expected that the difference of coefficients between the case of eight
months and a case of longer duration would only be slight.

Regression
coelficient

]
0.9
0.8
0.7
6.5

NNV HRN
3 \ } /L \
62 i RV N
y <

01
o0

tlitachinaka Port

Wind waves
(lozecast)

evn Swalls

{lorecast)

-—

8302 B305 8308 831 5202 8905 4908 8310 1983 (989 ALl

huration of identification
Fig. 5 Relation between regression coefficients and
the duration of identification for significant
wave height forecasting using Model A

Figure 6 shows the regression coefficients for wave height by Model B. Wave
forecasting term using Model B is 6 hours, 12 hours, 24 hours, 36 hours, 48 hours, 72 hours
(3 days), 120 hours {5 days), 168 hours (one week) and regression coefficients are identified
for the duration of eight months. As in Fig. 6, the value of the coefficient related to
observed significant wave height at the present time shows high contribution (0.6 — 0.8) in
the short term wave forecasting. Namely, the value from 60% to 80% of the predicted wave
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Fig. 6 Relation between regression coefficients and
forecasting time for significant wave height
forecasting using Model B

height is related to observed wave height at the present time. The coefficients, which are
related to calculated wave energy of wind waves and swells at the prediction time, are
positive, In contrast, the coefficients, which are related to the present time, are nearly equal
to zero or negative. Furthermore, as the forecasting term becomes longer, there is a tendency
for coefficients which were related to observed wave height at the present time to decrease,
and for coefficients which were related to other variables to increase. This means that the
predicted results strongly depend on observed waves in the short term wave forecasting. On
the other hand, in the long term wave forecasting, the dependence on observed waves is
weak and the dependence on the other explanation variables is strong. To make wave
forecasting over a long term, such as after 120 hours or 168 hours,regression coefficients
tend to gradually approach Model A.

3.5 Forecasting result for significant wave
3.5.1 Predicted significant wave

Forecasting of significant wave height and period is carried out over a period of eight
months, in which the coefficients in equations of Model A and B are identified by regression
analysis.

Figure 7 shows the comparison of predicted significant wave with observed one for 12
hours wave forecasting using Model A at the port of Hitachinaka in February of 1983. Figure
8 shows the predicted significant wave far 12 hours wave forecasting using Model B, and
Fig. 9 shows 168 hours wave forecasting (long term wave forecasting), at same location and
same duration in Fig. 7. These figures also show the predicted wve direction.

As in Fig. 7, the difference between predicted wave height and observed one is noticed
near the peak during stormy wave conditions, but predicted wave height agrees approxi-
mately with observed one in the duration of both stormy waves and calm waves. As for the
wave period, the predicted result is not in agreement with the observed one, but for a long
term trend, the predicted result falls within acceptable engineering limits. As in Fig. 8, the
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Fig. 7 Wave forecasting results and observed wave data at the port of Hitachinaka using
Model A (12 hours wave forecasting)
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Fig. 8 Wave forecasting results and observed wave data at the port of Hitachinaka using
Model B (12 hours wave forecasting)
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Fig. 9 Longterm wave forecasting results and ohserved wave data at the port of Hitachina-
ka using Model B (168 hours wave forecasting)
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predicted waves for 12 hours wave forecasting using Model B are in good agreement with
the observed ones. Asin Fig. 9, the predicted wave for 168 hours wave forecasting using
Model B are similar to those in Fig. 7. Namely, the predicted waves sing Model B tend to
approach those using Medel A as the wave forecasting term is longer.

Figure 10 shows the example of the 12 hours wave forecasting using conventional
mulutiple regression model at the port of Mutsu-ogawara. In this figure, from the
comparison of predicted significant wave height with that which was observed, delay time
appears in the predicted wave height at the initial stage of stormy wave condition from
20th to 21th May, which is equal to wave forecasting term. On the other hand, as shown
from Fig. 7 to Fig. 9, the predicted wave height using the MRPH models agrees
approximately with the trend of observed wave height.

Figures 11 and 12 show the comparison of predicted significant wave with
observed signi- ficant wave for 12 hours wave forecasting using Model B, at the port of
Mutsu-ogawara and the port of Fukaura, respectively. As in Fig. 11, the predicted
waves agree with the observed ones at the port of Mutsu-ogawara. However, at the port
of Fukaura, in Fig. 12, the degree of agreement with predicted waves and observed ones
is not sufficient. In case of the port of Fukaura, wave forecasting is conducted during
winter when stormy waves prevail on the Japan Sea. The wave component is mostly
occupied wind wave components, and are affected con- siderably by the local wind fields

Mutsu-Ogawara Port After 12 hours
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Fig. 10 Wave forecasting results and observed wave at the port of Mutsu-Ogawara using
conventional multiple regression medel (12 hours wave forecasting)
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Fig. 11 Wave forecasting results and observed wave at the port of Mutsu-Ogawara using
Model B {12 hours wave forecasting)
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Tukaura Port After 12 hours
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Fig. 12 Wave forecasting results and observed wave at the port of Fukaura using Model B
(12 hours wave forecasting)

near the location of wave forecasting. Therefore, for the improvement of the wave
forecasting accuracy at any location facing the Japan Sea, it is necessary to improve the
hindeasting method of stormy wind attacking locally and periodically.

3.5.2 Predicied components both wind waves and swells

Figure 13 shows the evaluated significant wave height and period of wind waves and
swells, respectively, with wave direction of each component for 12 hours wave forecasting
using Model B. The location and the duration at Fig, 13 is same as in Fig. 8. There are no
methods to sort wind waves from swells in observed wave data, so a gquantitative
comparison is not possible, However, by considering the topography around the port and
characteristics of wind waves and swells, it is presumed that each time series of wave
height, period and wave direction indicates interesting physical tendencies. The direction
of compounded wave agrees with that of wind wave component during wave growth. While
during wave decay and calm waves, the direction of compounded wave agrees with that of
swell component. Judging from the equivalent wave height, wind wave component is
highly occupied in the duration of maximum growing wave, on February 17th. On the
other hand, swell component is highly occupied in the duration of wave decaying, on 20th
to 21th, February. Also each predicted component of equivalent wave period shows that
swell components are mostly longer than those of wind waves for about one month shown
in the figure, and that the period of wind wave component approuches that of swell
component only at the time of occuring maximum wave height in this duration.

4. Accuracy of wave forecasting

The fitting rate of wave forecasting on wave height is defined as a probability that the
predictedresultisincluded in a permissible error range 0f+0.3 m within therange of wave height
between 0.0 m and 1.0 m, or£30% of boserved wave height greaterthan 1.0m. Inthecase ofwave
period, thefittingrate is defined as the portion of £ 30 % error rangeto observed value all over the
range.

Figure 14 shows the fitting rates evaluated from eight kinds of wave predicted
results using Model A and B at three ports: the port of Hitachinaka, the port of Mutsu-
Ogawara and the port of Fukaura. As in Fig. 14, the fitting rates show a tendency to

decrease with the longer term wave forecasting, from 6 hours to 168 hours. However, the
fitting rates in the case of 168 hours wave forecasting using Model B approach the same
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level of Model A.

As stated in 3.4, this tendency is able to explain that predicted values depended
weakly on observed waves, and that the equations of Model B approach those of Model A
with the longer foreasting term.

Therefore, the accuracy of long term wave forecasting using Model B tends to
approach that of Model A, and if the forecasting accuracy of Model A is enhanced, then
the accuracy of long term wave forecasting would be improved correspondently.

5. Conclusion

In this study, Multiple Regression models described in Physical parameters,
named MRPH models, are newly developed. These models include advantageous points
of both wave hindcast model and statistical model. The results of this study may be
summarized as follows,

@ In the MRPH models, ocean waves are described by two representative waves:
wind waves and swells, and the propagation velocity of each wave component is
assumed to be constant. From these assumptions, governing equations of the MRPH
models are expressed as algebraic equations, though wave growth, wave propagation
and wave decay are essentially deseribed as partial differential equations. The
coefficients of algabraic equations can be obtained by regression analysis to minimize
the error between caleulated wave energy and observed one.

@ Explanation variables in the MRPH models are energy of wind waves and
swells in each direction. Predicted factors are not only significant wave height and
period but wave direction, and the component of value both wind waves and swells,
which have not been predicted by existing statistical model.

@ Parameter fitting of the wave forecasting equations is carried out to the three
ports: the Port of Hitachinaka, the Port of Mutsu-Ogawara and the Port of
Fukaura. The verification of the characteristic of regression coefficients is also carried
out to the same ports. From this verification, the coefficients in the equation of Model
A are modified with each duration of identification, but these values approach the
average value with longer duration. The coefficients in the equation of Model B for
short term forecasting show remarkable dependence on observed wave. As compared
with this, the coefficients for long term wave forecasting decrease with longer
forecasting term, and show a lower dependence on observed wave.

@ The MRPH models show greater accuracy of forecasting than the existing wave
forecasting models, and solve the difficult problem of removing delay time during the
initial stage of the waves growth. The MRPH madels don’t decrease the forecasting
accuracy even in the case of long term wave forecasting. The MRPH models are
expected to hold the dominant positions in wave forecasting in the near future.

(Received on August 31, 1992)
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List of Symbols

: a /g a coefficient which relates to growth oh wind waves

: a coefficient which relates to growth of swells

: squared on a'

: a coefficients of 1/2 power law

. a coefficient which relates to observed wave energy at the present time

: a coefficient which relates to caleulated energy of swells at the forced time

. a coefficient which relates to calculated energy of swells at the present time

. a coefficient which relates to caleulated energy of wind waves at the forecast time

: a coefficient which relates to calculated energy of wind waves at the present time

1c/gt

: value of raised ¢’ to 3th power

: coefficient of 1/3 power law

. a coefficient which relates to observed wave period at the present time

: a coefficient which related tob e calenlated period of swells at the fore-
cast time

: a coefficient which related to e calculated period of swells at the
forecast time

: a coefficient which related to be caleulated period of wind waves at the
forecast time

: a coefficient which related to be calculated period of wind waves at the
present time

: prediction error of model A

: prediction error of model B

[Es(J)] : calculated energy of swells in J direction at forecast time
{Ess()]  : calculated energy of swells in J direction at present time
[Ew(N] . caleulated energy of wind waves in J direction at forecast time
[Ews()] : calculated energy of wind waves in J direction at present time
Ew(Nw,J) : initial energy of swells in J direction at Nw
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: energy of wind waves in each direction

: fetch

: equivalent fetch

: gravity acceralation

: significant wave height

: marine surface wind velocity

: significant wave perioed

: characteristic period of wind waves in J direction at forecast time
: characteristic period of wind waves in J direction at present time
: characteristic period of swells in J direction at forecast time

: characteristic period of swells in J direction at present time

: characteristic period of wind waves in each direction

: energy of wind waves

: total energy of wind waves and swells at forecast time

: energy of observed wave at present time

: total energy of swells in all divections at forecast time

: total energy of wind waves in all directions at forecast time

: wave direction
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