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ABSTRACT

Numerical forecasting of wind-generated ocean waves by digital computer may be attempted using any
of three fundamentally different ways of describing wave generation and decay : empirical significant wave,
empirical spectral, and theoretical spectral. This paper describes four models, covering the three types,
which have been programmed with a view to the adaptation of one or more into a numerical wave forecast
system for the Australian region. Results from a simple test situation are presented, both for comparison
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purposes and as a check on the internal consistency of the model’s generation and decay functions.

1. Introduction

The past 20 to 30 years have seen a considerable
upsurge in research activity in the field of wind-
generated ocean waves—their description, generation
and decay. This research has been prompted both by
the availability of increasingly sophisticated techniques
for measuring sea waves and then handling the con-
siderable volume of data so obtained, and by an in-
creasing demand by both government and commercial
interests for reliable data on past (climatological) and
future (forecast) sea states.

In response to this demand, a number of different
techniques have been developed for hindcasting or
forecasting sea waves which result from given surface
wind fields. Initially these techniques were manual,
requiring the services of a skilled “wave forecaster,”
but the need to provide forecast (hindcast) data over
large ocean areas, the desire to remove the subjectivity
inherent in manual methods, the general amenability
of wave generation and decay functions to numerical
computational methods, and the continued improve-
ment in computing capabilities, have all led to the
further development of numerical wave forecast (hind-
cast) models.

In general, these numerical models may be classified
according to both the parameters they use to describe
sea states, and the methods they adopt to assess quanti-
tatively wave growth and decay. Thus we may have
“empirical significant wave models,” which compute
significant wave heights and periods using empirical
growth and decay functions; “empirical spectral
models,” which also use empirical formulas to describe
the growth and decay of wave spectra; and “theoretical
spectral” models, which compute the total response of
sea wave spectra to surface wind fields using the most
recent theories on energy transfer, both from wind to
waves and within the wave spectra themselves.

Within these three classifications a number of models
have been developed to meet differing requirements:
for example, large-scale deep-water forecasts for
shipping; nearshore forecasts for fishing and recrea-
tional interests; point-climatologies of sea states for
coastal engineering purposes; and forecasts of extreme
wave conditions, necessary for shore protection and
civil defense. The Australian Bureau of Meteorology
is presently engaged in the development of a compre-
hensive sea-state information system, which will in-
corporate one or more numerical wave models, and in
line with this overall project some ten different pub-
lished models have been summarized and compared
(Dexter, 1973), together with another empirical spectral
model that has been formulated by the author.

Altogether, four of these models (one empirical sig-
nificant wave, one empirical spectral, and two theoreti-
cal), with certain modifications, have been programmed.
The models as programmed are outlined in this paper,
their results compared on the basis of a simple com-
parison and consistency test, and their likely perform-
ance in real-time forecast or hindcast situations assessed.

The effects of atmospheric stability on wave genera-
tion are not well understood (Cardone, 1969), but are
probably significant. Nevertheless, no attempt has been
made, as yet, to introduce these effects into the pro-
grammed models explicitly, and it is assumed that all
generation occurs under conditions of neutral stability.
In addition, the surface wind is assumed defined at a
height of 19.5 m above the still-water level, as recom-
mended by Pierson (1964), unless otherwise stated.

2. The models

All empirical significant wave forecast models depend
on empirical formulas relating significant wave height
to wind speed and fetch or duration. These include the
empirical relationships between dimensionless param-
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eters (gH,/U?), (gF/U?) and (C,/U), originally pro-
posed by Wilson (1955, 1961) to fit the available data:

gH./U?=0.26 tanh[ (1/102) (¢F/ U2)}] } o
C,/U=1.40 tanh[ (4.36/10%)(gF/U%¥])’

where H, is significant wave height, U surface (10 m
level) wind speed, F fetch length, g gravity, and C,
deep water propagation speed of the “significant
waves.” More recently, expressions of the same kind
as (1) have been advocated by Wilson (1965) and
adopted by Wilson e al. (1973) and Feldhausen ¢f al.
(1973). On the other hand, both empirical spectral and
theoretical spectral models make use of the energy
balance equation

AE(w0x,0)/9l=—Cy-VE(w f,x, ) +S(wixl), (2)

where E(w,0,x,t) is wave energy density (actually the
contribution to the variance of sea surface displace-
ment) of the spectral component at circular frequency
w and direction 8, at the space-time position x,/; C, is
the deep water group velocity appropriate to that
component; and S(w,8,x,6) Is termed the source func-
tion, also for that spectral component at the relevant
position. For empirical spectral models, S may represent
an empirical growth and/or decay function for wind
waves, while for theoretical spectral models it contains
representations of all processes which add energy to,
or subtract energy from, the spectrum. The first term
on the right-hand side of (2) represents swell propaga-
tion. The use of this equation in numerical wave forecast
models was proposed, independently, by Gelci et al.
(1956), Hasselmann (1960) and Groves and Melcer
(1961), and has been adopted by a number of different
workers since then (e.g., Barnett, 1968 ; Ewing, 1971).

a. The Wilson-Trajer model

This model is an adaptation by Trajer (1966) of the
numerical “wave ray” approach suggested by Wilson
(1961, 1963). It is designed to provide a time history
or forecast of significant wave heights and periods at
a target point by generating “wave packets” at fixed
intervals along rays which emanate from points in a
space-time field of wind velocity and then propagating
and growing or decaying these packets down the rays
to the target point. It is particularly suited for use
with such well-defined and limited space-time wind
fields as are associated with tropical cyclones, where
the resulting time history of wave heights at a specified
peoint is required, for example, for design or civil de-
fense. Nevertheless, the model may also be used with
any other type of properly defined wind field, and its
results thus compared, in some limited way, with re-
sults from the other models outlined in this paper.

The basic wave generation equations employed by
the model are just approximations to (1), valid for
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small fetch increments:
gHs/U2z0.40/102<gAF/U2)0.40} ()
Cs/Ungs/erz8'00/102(gAF/U2)0.26 ’

where T, is the significant wave period, and AF the
fetch increment along the rays. The constants of (1)
have been altered slightly in (3) so as to give greater
accuracy for the small fetch increments used.

The model assumes that wave packets propagate
with fixed period over any given time or space step,
the propagation velocity being just C,=C,/2=gT,/Ar.
Wave decay has been incorporated by digitizing the
Bretschneider (1952) decay curves, with decayed wave
height then obtained by interpolation.

The spatial grid is defined by rays emanating from
the target point at angular increments of 15° through
any required segment (or a full 360°). Grid points are
located at fixed intervals along these rays, these in-
tervals being chosen such that the stability criterion
C,>N\/1 (A=space increment, 7=time increment) is
satisfied for all wave periods of interest.

Over this grid, the wind field is then defined every
3 hr, and wind vector components along the rays to-
ward the target point computed. Wave packets are
generated by these components and propagated (with
growth or decay, depending on subsequent wind speeds)
down the rays to the target. The heights and periods
of wave packets reaching the target point are plotted
against time of arrival, and the envelope of plotted
points represents the time history of significant waves
at the target.

In general, the approach adopted in this model is
probably the best that can be achieved using only the
significant wave as a description of sea state.

b. An empirical spectral model

All empirical spectral models depend essentially on
formulations for the source function S in (2) in terms
of an empirical wave growth function, a limiting spectral
form, and, if necessary, some empirical decay term. In
this particular model these terms are as follows:

(i) Spectral growth is computed according to the
relationship derived by Pierson ef al. (1965) (given in
Blumenthal ef al., 1967), giving the total spectral vari-
ance [¢?] as a function of wind speed U and duration ¢:

[o2]=4.067 X 103U exp (0.103£) — 17, ()

where [¢%] is in meters?, [/ in meters per second, and
¢ in hours.

(i) The fully-developed one-dimensional spectrum
of Pierson and Moskowitz (1964), together with the
angular spreading factor of Neumann (1952), is em-
ployed for the limiting wind wave spectrum, i.e.,

E(w,¢)dudp= 2ag?/mw’)
Xexp[ —8(g/ Uw)*] cos’?ddwde, (3)
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where ¢ is the angle between wind and wave directions,
and a,8 are nondimensional constants (8.1X10~* and
0.74, respectively). MKS units are used for E, g, o, U.
This may be integrated over w(0 to ) and ¢(—m/2 to
+m/2) to give total spectral energy Er:

Er=[o*]=al"/(48g"). (6)
Total wave energy is then
E=2[¢*]=alU"/(26¢"). Q)

(ili) Following Bunting (1966), his additional em-
pirical dissipation function has been introduced here
to give a better representation of wave component
decay, particularly for opposing winds:

Ep (wf)=Er(wf)exp{ —C''E,"*} 1K@, (8)

where E;, Ep are the spectral energies of a particular
component before and after dissipation respectively, C’
is a constant, and K(¢) is an empirical nondimensional
function of ¢.

From (4) we derive the rate of change of spectral
variance for wind speed U and duration ¢:

d[o¥]/di=4.189X 104U exp (0.103¢), 9)

and equivalent duration, l., given variance [¢2] and
wind speed U:

teg=9.709 In{[o2]/(4.067X 10-3U2)+1}.  (10)

Using some finite difference equivalent to (9), the vari-
ance increment added to the sea, 8[o%);, during the
kth time step of length & is computed. A constant
wind speed Uy is assumed throughout the step, and an
equivalent duration for wind U, during this step is
obtained from (10), given the total effective wind-sea
variance [¢ J;—1 at the end of the previous step. The
value of [¢®];—1 to be used is found by summing only
those spectral components which are moving within
+7/2 of the new wind direction. The remainder are
decayed as swell according to (8).

At the end of any time step (say the kth), spectral
values corresponding to total variance [ o? | are assigned
by assuming that the wind-sea spectrum maintains
its shape throughout the growth phase. On this basis
(62T in (6) is used to compute an equivalent duration,
U g, for a fully-developed spectrum. This value of U,,
is then substituted in (5) to determine spectral values.
If U., exceeds the wind speed U}, during the kth step,
then [¢27}, is reduced to its fully developed value corres-
ponding to Ui, and the wind-sea grows no further.

Unfortunately, as has been pointed out by Pierson
(reported in Blumenthal et al., 1967), Eq. (4) gives
too rapid wave growth in both the initial and final stages
of development, probably because the wave data from
which it was derived were contaminated with propa-
gated wave energy. It is necessary to remove the
effects of the contamination and this has been done
here, empirically, by following Pierson’s suggestions
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for estimating actual durations of wave growth. This
approach certainly gives realistic results for the simple
test conditions described in the next section, but may
not work so well with more complex wind fields, re-
quiring some further model refinements.

To describe the energy spectrum in the model, the fre-
quency domain was divided into 19 bands, centered on
1/4,1/5,1/6,. . . 1/22 Hz, and direction of propagation
into 12 sectors, each of 30° giving a total of 228
spectral components. Some saving in computation time
has been effected by assuming full spectral develop-
ment to occur instantaneously at frequencies above
% Hz, with these same components decaying to zero
immediately the wind drops. This procedure also helps
to preserve computational stability at the higher fre-
quencies, while not seriously affecting results, especially
in the important strong-wind situations. A time step
of 1 hr has been accepted as the best compromise be-
tween computational stability, and wind field definition.
In real-time forecast situations it may be necessary to
reduce the spectral definition, particularly in the fre-
quency domain, so that the total number of components
does not exceed about 100. This is to further conserve
machine time, and should not reduce the low-frequency
resolution significantly.

¢. The Inoue model

This may be termed a theoretical spectral model,
since it is based on (2), and the source function S is
composed of quantitative representations of the wave
growth theories of Miles (1957) and Phillips (1957,
1966), together with an empirical damping term which
allows for the smooth transition of the wave spectrum
to an equilibrium of fully-developed state. The model
equations were developed originally by Inoue (1967),
and a full working model, together with results from
forecast tests, was outlined by Bunting (1970).

The programmed version of the model is essentially
that described by Bunting. The fully-developed state
is the Pierson-Moskowitz (1964) spectrum, and the
model’s performance has been improved under variable
wind conditions by including Bunting’s (1966) empirical
decay function (8). The linear and exponential growth
terms of Inoue, based on the theories of Phillips and
Miles, respectively, have been included unchanged.
The model’s principal inadequacies are the lack of any
representations for the processes of wave breaking
(Phillips, 1958), and nonlinear wave-wave interactions
(Hasselmann, 1962), both of which are important to
the growth and maintenance of the full wave spectrum.

The same components have been used to describe
the energy spectrum as were discussed with the pre-
vious model, and the time step in the integrations has
again been set at 1 br. Basically, this model has been
programmed and tested, despite its inadequacies, be-
cause its simplicity allows for relatively rapid solutions,
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a distinct advantage when real-time wave forecasts
are required. The results are of acceptable accuracy
in simple test situations, but may be of less value with
more complex wind fields.

d. The Barnett model

The general form of the model proposed by Barnett
(1968) would seem to be the most comprehensive availa-
able at the present time. It is likely that changes will
be made in the detailed specifications for individual
terms in the model equation as theories on the growth
and decay of wave spectra advance, and better experi-
mental data become available. However, the model
form should remain largely unchanged for some time.

Once again (2) is the basis for the model, with the
source function S now composed of the following terms:
(i) linear growth term A, based on the resonance
theory of Phillips (1957); (ii) exponential growth term
B, related to the work of Miles (1957) and Phillips
(1966), but in this case derived in a purely empirical
way ; (iil) damping term (1—D), being some representa-
tion of the process of wave breaking (Phillips, 1958);
and (iv) wave-wave interaction term (I'—7E) involving
a parameterization of the theoretical formulations of
Hasselmann (1962, 1963). Thus, the full energy balance
equation is now

E/dt= —C,- VE4+(A+BE)(1-D)+ (T —7E). (11)

In the programmed version of this model, some minor
changes in details of the source function terms have
been made in order that these terms give an improved
fit to experimental data. These changes include: 1)
A« UV, compared with Barnett’s Ao« U375 and
Inoue’s 4 « U225 (in practice, this change is of little
importance since the 4 term has an influence only in
the initial generation of waves, and its effects are soon
overtaken by those of the B term); 2) an empirical
specification of the B term which is a slightly more
realistic fit to the same experimental data; and 3) the
choice of

E(w,p)= (27 8.1X1073g%/w%)8 cos* ¢/3r

(after Pierson and Moskowitz, 1964) to represent the
equilibrium range at the high-frequency end of the
wave spectrum. This is important in controlling spectral
energy values, through the damping factor D.

A model very similar to that of Barnett has been
published by Ewing (1971), and the changes outlined
above are in line with details of Ewing’s model. In
addition, in order to avoid computational instabilities
at high wave frequencies, to decrease computation
time, and because the high-frequency components will
generally be of little interest in most applications of
wave forecasts, the spectrum has been assumed in
equilibrium at all times above a certain frequency,
which has been set as a function of wind speed as

(12)
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follows :
U=0, for f20.16 sec™!, E(f)=0
U< 15 m sec™, for 12 0.16 sec™!, E(f)= equilib-

rium value
15 <UL 25 msec™?, for f20.12 sec™, E{(f)= equilib-
rium value
for f20.11 sec™!, E(f)=equilib-
rium value

U>25 m sec™,

The equilibrium value is computed from the equilib-
rium range spectrum (12).

The programmed version of Barnett’s model has the
same frequency and angle components to describe the
wave spectrum as are employed in the other two
spectral models programmed. The numerical integra-
tion of the source function part of (11) has been
carried out using a fourth-order Runge-Kutta technique
with a time step of 1 hr. This is certainly too slow to
be considered in a practical situation, and will be re-
placed by either a second-order Runge-Kutta, or (more
likely) a predictor-corrector technique.

3. Some test results

For convenience in this and the following section,
and in the diagrams, the various programmed models
are designated as: (i) significant wave model developed
by Trajer using the method of Wilson [W-T7; (ii)
spectral model described here, with the decay term of
Bunting [D-B7; (iii) spectral model of Inoue, as used
by Bunting: [1-B7; (iv) spectral model of Barnett [B7].

In order to establish the internal consistency of
these models, and to provide a means of comparing
their results, a simple test situation has been applied.
A wind of 15 m sec™ (at a height of 10 m) was intro-
duced instantaneously over a calm sea and allowed
to blow in a constant direction for 30 hr, after which
time it was reduced to zero and the developed wave
field decayed for a further 30 hr under the influence
of the model damping terms. These conditions were
applied uniformly over the whole of the spatial field,
so that the effects of both wind fetch and the propa-
gation term in (2) were essentially ignored, at least in
the three spectral models. Thus for these three models
the responses of the relevant source functions to the
same duration-limited wind field, only, were considered.
Because the propagation term is identical in the three
models this then provides an effective means of com-
paring total model response to the simple wind field,
in addition to testing the internal consistency of the
source functions. The situation for model W-T is some-
what different, both because of the special nature of
the spatial grid, and because of the form of the em-
pirical growth and decay functions. Nevertheless, it
should still be possible to compare results from this
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TaBLE 1. Full (two-dimensional) spectrum of model D-B after 30 hr growth with 15 m sec™® wind.
Spectral values have units of m? sec rad™.
Direction Period (sec)
from (deg) 4 5 6 1 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
180 00 006 00 00 00 00 00 00 00 060 00 00 00 00 00 00 00 00 00
210 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
240 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
270 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
300 0.00 0.07 0.31 0.82 1.65 2.72 385 470 497 451 348 224 118 0.50 0.17 0.04 0.01 0.00 0.00
330 0.01 020 0.93 247 495 8.17 11.54 1410 1491 13.54 1043 6.71 3.54 1.50 0.50 0.13 0.02 0.00 0.00
360 0.01 0.27 1.24 330 6.60 10.89 1538 18.80 19.88 18.06 1391 894 472 2.00 0.66 0.17 0.03 0.00 0.00
30 0.01 020 093 247 495 8.17 11.54 1410 1491 13.54 1043 6.71 3.54 1.50 0.50 0.13 0.02 0.00 0.00
60 0.00 0.07 031 032 1.65 2.72 385 4.70 497 451 348 224 1.18 0.50 0.17 0.04 0.01 0.00 0.00
90 00 00 00 00 00 00O 00 00 00 00 00 00 00 00 00 00 00 00 00
120 00 00 060 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
150 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

model with those of the other three, at least in some
limited sense.

The test wind of 15 m sec™ has been set at a height
of 10 m above still water level so as to afford consist-
ency with more general wind fields derived from syn-
optic weather charts. However, this wind must be
converted to an equivalent wind speed at a height of
19.5 m before it can be substituted in any of the
spectral models. This has been accomplished here by
assuming a (neutral stability) logarithmic wind pro-
file, which gives

Uz= U10[1+1n(z/10) (Clo)z/l(], (13)

where U,, Uy are wind speeds at heights z and 10 m,
respectively, x is von Karmén’s constant, and Cy is
the 10 m drag coefficient. With Deacon and Webb’s
(1962) value for Cyy, Eq. (13) becomes

Uss= Usn[141.67(10-34+7X 10-5U1) ). (14)

For Uy=15 m sec™!, the value of Uy s is then 16.13
m sec”!. Some care has to be exercised in comparing
energy values from our three spectral models with re-
sults for standard (fully-developed) spectra, which may
be derived for winds at heights other than 19.5 m
(Pierson, 1964).

In order to compare results from model W-T with
those of the spectral models, sets of results must be
given in terms of some common sea surface parameter.
This is done most conveniently here by converting
total spectral wave energy from the spectral models
to an equivalent significant wave height. Now total
spectral energy (spectral variance) is just half the
total sea wave energy. Thus

Ey=2E;=2[¢"]= 2//E(w,0)dwd0. (15)

However, from Longuet-Higgins (1952),
H,=2.83(E,)%, (16)

at least for a ‘“narrow-band” wave spectrum. This

last condition is certainly not true for the spectra we
computed, but it is still possible to make at least a
limited comparison of time histories of significant wave
height obtained from the spectral models by way of
(15) and (16) with those of model W-T.

Records of significant wave height and period at
the target points [points (0,) in distance-time] de-
rived in model W-T are shown in Figs. 1la and 1b.
Plotted points represent wave packets arriving at the
target along the various rays at different times, and
a complete time history is the envelope of these points.
This is the normal form of program output, and from
such time histories, various climatological parameters,
wave height exceedence curves, etc.,, may be simply
derived.

The growth and decay with time of the one-dimen-
sional energy spectrum for model D-B under the test
conditions are shown in Figs. 2a and 2b, respectively.
In practice, full two-dimensional spectra are computed,
and as an example the full spectrum after 30 hr growth
is given in Table 1. Spectral shape for this model
during the growth phase is, in effect, defined by the
Pierson-Moskowitz spectrum, so we would not expect
Fig. 2a to exhibit any irregularities. Indeed, it also
appears to be quite consistent with available experi-
mental data on wave growth. A state of full develop-
ment is attained after 23 hr, which is consistent with
growth times for some of the spectra discussed by
Walden (1963), and with the work of Gelci el al.
(1936). However, if model B is correct, in particular
in its parameterizations of the work of Hasselmann
(1962), then the concept of a fully-developed spectrum
is very much in doubt, since growth at lower fre-
quencies will continue at all times through nonlinear
interactions. In this particular test, no significant dif-
ferences in spectral energies were found as a result of
this process; and indeed in practice it is unlikely that
major problems will arise because of the extreme dura-
tions required at most wind speeds of interest for the
“fully developed” state to be significantly exceeded.

Wave decay in model D-B occurs through the
Bunting (1966) decay term (8), and Fig. 2b exhibits
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Fi1c. 1a. Time history of significant wave height (m) at the target points (0,¢) for model W-T. Wind speed is 15 m sec™ (at 10 m)
for time 0-30 hr, and 0 m sec™ for time 30-60 hr.

the features expected of this process—rapid decay at to model B, where the process occurs through the
higher frequencies, a narrowing of the spectral width, nonlinear terms only. Similar growth and decay spectra
and a shift in the spectral peak toward low frequencies. have been computed for models I-B and B, but are
It is also remarkably consistent with decay according not reproduced here since they essentially duplicate
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F1G. 1b. Time_history of significant wave period (sec) for conditions of Fig. la.
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Fic. 2a. Spectral growth at a point for model D-B. Wind speed is a uniform 15 m sec™® (at 10 m) over an infinite ocean.
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Fic. 2b. Spectralldecay at a point for model D-B. Wind speed is 0 m sec™,
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the published work of Inoue (1967) and Barnett (1968).
The small changes we have made in Barnett’s model
do not appear to significantly alter spectral growth
rates, or energy values, at least under these test
conditions.

In order to afford a ready means of comparison for
all models, we have, in Fig. 3a, plotted time histories
of significant wave height through both growth and
decay periods. In the case of the spectral models,
equivalent significant wave heights were computed using
(15) and (16); while a similar growth curve derived
from Bretschneider’s (1970) latest revision of the
Sverdrup-Munk-Bretschneider (SMB) forecast graphs
is included for comparison with model W-T. Some
points concerning Fig. 3a are of interest:

1) The very rapid early growth in wave height with
model B results from our stability conditions, discussed
in Section 2d, and is not a “real” effect.

2) Model I-B is the first to attain a “fully developed”
state (after 18 hr), and shows the most rapid increase
in wave height during the middle stages of growth,
from 3 to 13 hr.

3) Heights are, in general, greatest for model B
throughout; and both this model and the SMB curves
continue to exhibit wave growth at 30 hr duration.
Significantly, the spread in wave heights among all
five models after this 30 hr is less than 1 m; it is great-

Significant Wave Height (m)

1 1
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est, in both relative and absolute terms, after about
3 hr.

4) Models D-B and W-T exhibit remarkably similar
characteristics throughout the growth period. D-B and
I-B grow to the same significant wave height, since
they both use the Pierson-Moskowitz spectrum as a
limiting form ; and their decay curves are also identical.

5) Since a finite spatial grid was used with model
W-T (about 600 n mi in extent), growth is fetch-
limited, which probably explains the apparent full de-
velopment after 25 hr. Similarly, the continuing rapid
decay in the model after about 40 hr is also fetch
controlled.

6) The decay curves of models B and D-B (or I-B)
are similar, but tend to diverge. This is undoubtedly
a result of the effects of the nonlinear terms in model
B, which allow continued wave growth at low fre-
quencies and thus give slower decay in total spectral
energy, or significant wave height.

A parameter which is of interest in any study of
the processes of spectral growth and decay is the fre-
quency at which maximum spectral energy occurs, or
the spectral mode frequency f,. This has been plotted
as a function of time in Fig. 3b for each of the three
models. In general, the graphs are characterized by
a rapid shift in f, to about 0.11 Hz, followed by a
more gradual drift to still lower frequencies. This drift

Model W—T —— . ——..
SMB Curves
Model D—B
Model |-B

Model B

I 1 1 —

0 10 20

30 40 50 60

Time (Hours)

Fic. 3a. Time histories of significant wave height (m) for all models, where U13=15 m sec™
(0-30 hr) and U10=0 (30-60 hr).
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Tic. 3b. Time histories of spectral mode frequency f,.(Hz) for models D-B, I-B and B, and significant wave frequency f;(Hz) for
model W-T and the SMB curves. Wind conditions are as in Fig. 3a.

continues throughout the decay period, since higher
frequencies dissipate first. Model I-B has the most
rapid movement of mode frequency, while the fully-
developed Pierson-Moskowitz spectrum has a lower
mode than model B (after 30 hr). Also included in Fig.
3b are plots of significant wave frequency (f,=1/T)
for model W-T, and that derived from Bretschneider’s
(1970) forecast curves. Interestingly, the graph for
W-T lies close to that for D-B, particularly after about
10 hr growth. It would thus appear that the value of
fs computed in model W-T can provide a reasonable
measure of spectral mode frequency. On the other
hand, the value of f, from Bretschneider’s curves is
always higher than f,. However, if the relationship

(1/fw)=1.14(1/f0),

suggested by Darbyshire (1959), is applied, the curve
is shifted into quite close agreement with that of
model] B.

4. Conclusions

It is apparent from results of model tests to date
that overall differences in product of the three spectral
models are relatively slight—certainly under simple
meteorological conditions. Indeed, they are almost cer-
tainly less than those arising from errors in oceanic
wind fields. Of the three, the Inoue-Bunting model
probably performs least well, in terms of both response
to applied winds and resulting spectral values.

Perhaps surprisingly, significant wave height and
period computed in the Wilson-Trajer model agree
quite well with equivalent parameters derived from
the three spectral models. Thus within the context of
the significant wave description of the sea surface,
this model would appear to give acceptably accurate
results, which are also a reasonable estimate of certain
spectral parameters, at least in the limited-field situ-
ation for which it was designed.

Finally, a question which may be of critical impor-
tance in the selection of a model (or models) for real-
time wave forecasting purposes concerns computational
speed. Considerable improvements are still to be made
in the programming of all models to improve effi-
ciency, so absolute computation times cannot yet be
given. However, in relative terms it is certain that
the Dexter-Bunting model is almost an order of mag-
nitude faster than Barnett’s model (and about twice
as fast as that of Inoue-Bunting), and thus will proba-
bly be preferred as the forecast model on this basis
alone, in view of the apparent similarity of spectral
output.
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