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ABSTRACT

In the early 1940's the wave predictions were made based on the
simple emperical formulations, whereas in the last few Gecades, qresater
emphasis is given to numerical models baseé on the spectral energy bclance
equation due to availability of adequate computer facilities. The numer-
ical wave models are validated based on the extensive experiments and op-
servations. Very recent development shows the importance of non-linear
wave-wave interactions in wave generation. This paper presents a c-itical
review of various wave wprediction technigues with an approach to pe Zollow-
ed for India. '

INTRODUCTION

Meteorologists generally use the term wave forecasting ané wave
hindcasting tc convey the same meaning, namely wave predictions. From the
scientific point of view, however, we speak of the wave hindcasting¢ when
historical wind data are used for the purpose of wave prediction, whereas
the term wave forecasting is used to mean the prediction of present and
future waves based on real time wind data.

- The importance for the prediction of the ocean surface waves was
felt as early as in 1940's for planning of amphibious operations during

the second world war. A wave prediction method was first developed by
Sverdrup and Munk (1947) which is based on the significant wave height
approach. This method has been revised many times and is still being used,
largely because of its simplicity and efficiency. The application of the
spectral concept was introduced by Plerson & Marks (1952). The spectral
concept was incorporated into a practical wave forecasting-method by Pier-
son etral. (1955). The widely accepted energy balance equation was first
introduced by Hasselmann (1960). The source functions of the energy
balance equations represent the process of vave generation, wave breaking
and dissipation., The thecretical concept of non-linear wave-~wave inter-
actions was first studied by Hasselmann (1962, 1963). The models developed
by Barnett (1968) and Ewing (1971) include approximate representation of
these non-linear interactions. Based on the analysis of measurements on
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wave crowth with fetch in the JONSWAP (Joint North Sesz Wave Project) ex-
periment, Hasselmann et al. (1973} have shown the importance of the non-
linear wave-wave interaction in the enerqgy balance ecguation. Put the
censiderztion of this term fully in the model has not been possible as
this voulé recguire very large comnutinc facility. To overcome this,
Hasselmann et &l, (1976) proposed 2 51mﬂli*1ea parametric wave model in
vhich a dimensionless peak frequency is used to charactorlse the stags of
the wave growth, _

Many vave models have ever since been developed but, only & very
few critical reviews on the subject are available., Carcdone & Ross (197;§
reviews the structure of the state-of-the-art spectral and pzrametric

- methods and vzlidation of the models. World Metnorolo~1ca1 Crcanizetion
(W50, 1976) gives the fairly representative description on varicus wave
models, The review by Holthuijsen (1983) gives a descrirtion on wave
generation and a brisf gualitative anc quantitative evaluztion of the
nerformance of various models. An extensive state-of-thé-srt on the
numericzl wave prediction models is presented in Ocean Wwave loczlling,
published by the SWANP Group (1985). A critical uptecdate review has been
presented in this paper with a few recommendations regarding the arproach
on wave mocelllng which can be followed in Inciz.

- GENERATION OF COCEAN WAVES

The most generzlly accepted condition tc consider the wave gen-
erztion is the ideal fetch limited situation where a constant wind (U)
blows perpendicular to the coast over aeep water, As the wind blovs, the
significant wave height (Hg) and sigrnificant wave period (Tg) increase
with increasinc distance (Fetch, F) from the coastline. Init izlly a con-
stant wind blows over the calm sea causing the waves to grow, The rate of
vave crovwth decreases as the waves grow higher upto e stage pevonG which
waves no longer grow., This situation is called “fully developed sea".

From the Shore Protection Manual (CERC, 1973) the aprroiimzte
empericel relationships between wind parzmeters and wave parameters are
expressed as
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A more scientific description of sea surface is represented by
means of wave spectrum. The sea surface is composed of a large numper of
sinusoidal waves of different freaquencies (f), amplltudes (H/2) and
phases. A complete wave spectrum contains compornents of different wave
freguency and of different wave direction. During the extensive and
detailed study of the wave crowth (Hasselmann et al. 1973), .it was found
that the shape of the spectrum was constant during the wave growth period.
In fully developed sea, spectrum peak was found to-flatten to some extent.,
To formulate this shape in an analytlcal expression, Hasselmann et al.
(1973) adopted an exvression as

-f-*)
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. . - b & 4
where E{f) is the frecuency spectrum. The scale parameters ( d , ipland
shape parameters { ), &, 0,) are cbtained through oneerved DeSu-flt values
py JONSVIAP Experiment 1973) as
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For fully developed sea, the JONSWAP spectrum reduces to Pierson-
Moskowitz (1964) spectrum with values: .

o = 0,0081 ~

N  for ¥ 7 10°

. =0.13 ) 6
Y = 1.0

The above frequency spectrum gives sufficient wave information
for many engineering problems. Sometimes it is essential to have addi-
tional directional information as expressed by the two-dimensional spe-
ctrum E(f, 6 ). The two-dimensional energy spectrum is constructed from
equation - 4 by assuming a fixed cosine square spreading factor defined
relative to the local wind direction

E(£,0) = E(£) 2 Cos?(e-q,) for (e-&,) < I-
= 0.0 for (e-g,) > I-

Observatlon of E(f,8) are undertaken in North Sea and other places, but
it is yet to be observed in Indian Coastal waters,
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WAVE PREDICTION MQLELS

The wave models developed to forecast and hindcast waves may be
classified under three categories, The first generation models are simple
and each spectral component evolves independently of all other’ components,
In the second generation model, the cencept of nonlinear wave-wave inter-
action is introduced with simplified terms. The third generation mocels
take into-consideration the exact solution of nonlinear wave-vave inter-
action terms. Both the second and third generation models consider the
wave spectrum as explicit as possikle under varving wind field conditions.

First ceneration wave models:

The first generation models are, in general, simple and mostly
validated in the ideal situation of constant wind field. There are diff-
erent types of models under the class of first generation models.

Seymour (1977) proposes-a directional decoupling model, where a
stationary homogeneous windfield is considered ovVer a deep water basin
with an arbitrary geometry of the coastline. Here the wave ccmponents
which are coming from a direction €p off the wind Hirection are assumed
to be agenerated independently from other wave components. For the wave
components from the direction €,, the only relevant independent variables
are the wind speed and the distance L{€;). The directional decourling
means that aznother gecmetry of the water basin with same values of the
independent variables will give identical resul<s. The most cconvenient
choice of such a different geometry for hindcast/forecast is the ideal
situation with fetch L Cos€,. The simplest method to vredict the two-
dimensional spectrum in an ideal situation is to assume a standard spec-
trum, that is,the JONSWAP spectrum with Cos25(€.,/2) - directional distrie
bution. The parameter relationships are considered as given in equation
(5). The full two-dimensional spectrum is obtained by repeating the above
procedure for all the directions. Similar approach is used in the model
developed by Cavaleri & Rizzoli (1977).

A different approach from above is concidered in +the model pro-
posed by Pierson, Neumann and James (1955), The model is also czlled as
PNJ=lodel, for estimmting wave conditions created by the distance storm,
Here a storm is assumed to be in rectangular box in which the wind field
is constant. This box propagates over the ocean to simulate the storm
wave statistics. If the box is stationary, the 2-D spectrum at the down-
ward end of the box can be estimated using the expression shown in egua-
tion (7). Effective fetch is used when the box is not stationary, The
waves generated in the storm area are described as the superposition of
a8 large number of wave trains, each propagating with different wind speed
{Ui) and direction (8;). This indicates that the generated wave enerqy .
spreads over the ocean as distance to the generating storm increases. )

- A modified version of the PNJ-model was used by Darbyshire (1961),
In this model he assumed that the sea state was fully developed after 12
hours and 200nm of constant wind. Considering the Atlantic Ocean into
boxes. of each 200 x 200 nm and a time step of 12 hours, he always found

a locally generated fully developed sea. This sea state was superimposed
on swells which were formed for other boxes sometime back.

The model far ideal condition was proposed by Wilson (1955} and
later on extensive studies were made by Bretschneider (1963) and Trajer
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(1966). This has also been published in the form of a handbook by WMO -
(1976). In this modél, the local sea state iS expressed as one wave ‘
train of small horizontal dimensions as compared with wind and wave field
variation, The propagation of wind field is calculated by considering
the group velocity of the significant wave period and the predominant
wave direction. The significant wave period may be determined from the
relationship T and given by Wilson (1955). Chance of T per unit ¥ can
be. determined as a function of ¥, Here ¥ is not defined for varying
wind field. Tne integration of the rate of change of T under varving
wirid field gives the path of developing wave train, Using a similar
technigue, the development of H £an be determined.

The model developed by Ross & Cardone (1978) is applicgble to
the tropical hurricanes where non-dimensional radial distance (R = cR/UZ2)
from the point of ithe forecast to the eye of the hurricane is one among
the characteristic wind .parameters. They have found the expression
similar to JONSWAP parameters based on the number of wave. observations
in slowly moving hufricanes (less than 15 knots). R

Second ceneration wave models:

. The second generation models are used under varying wind fields.
Here the sea surface is defined as the sum of a large number of indivi-
dual wave components, each wave propagating with constant Zresguency acc-
ording to the linear wave theorv. To calculzte the energy spectrum of
one such above compenent at one time and one location, the following pro-
cedures may be adopted. The path of wave components (from the origin/
coastline to the forecast pcint) are calculated by the conventional methods.
After leaving the oricin, the weave component interacts with the wind, ths
bottom, wave ctreahing and zlso interacts with clther wave componentc. Thus,
&t recular intervel of time, the energy gained or released in the crocess
can pe evzluated till it rezches the forecast meint. This procedurs can
be repezted for a large numcer of vave components cf dififerent frecuenc-
ies znc cirections ct 2 given time so that totcl enercy is odtzined ot
the point of forecast. The final twoe-dimencionil srectrum can be fine
for z lzrge number of grid poirts in time and space.
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wnere E(f,8,x,t) is the 2-D wave spectrum, dependent on freguency £ and
propagation direction ©, Cg(f,8) is the group velocity. The total source
function S is rEpresented by Sin- input by wing, Snl— nonlinear wave-wvave
interaction and Sgg- the dissipation. Initially very little information
is available to clearly express the growth of the energy density in growe
ing wind sea. Pnillips (1957) shows a linear crowth of energy due to wind
input. Later on this growth is expressed as sum of a lipear growth and

an exponential growth. The following processes may take place contribut-
ing to the exponential growth. . .

‘ (a) A feed back mechanism by Miles {(1957) - Wave induced pre-
ssure differences across a non-breaking wave~crest transfer energy £rom
wind to wave component at a rate proportionzl to the energy density of
wave component, ‘ : ‘
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{b) Sheltering mechanism by Jeffreys (1926}, Banner & Melville
(1976) - Wind enerqgy is transferred to waves by the wave induced pressure
differences across breaking waves. ;

(c) MNon-linear wave-wave interactions by Hesselmann (1960, 1963)
and Hasselmann et al. (1984) - When groups of wave components interesct
with other wave component, during the exponential growth, there 1s a net
gain of energy (E) by the wave-wave interaction. Thus, :

GE - ' '
——— =A B.E . . LEC R ]
at * o | | 2

Where A is Pnillip's constant, B is determined from observations, depend-
ent on freguency, wind speed and direction. P represents all the above
three mechanisms and any other mechanism related to the exponential crowth.

The dissipation power function is generally treated in the wind
sea region. This term is used in models developed by Cavaleri & M, Rizz-
oli (1981), Hasselmann et al. (1973), Komen & Hasselmann (1984), The
non-linear term Spl was not used effectively due to lack oi knowledge
until late 1960‘'s., However, more simplified version of Spl is used by
Barnett (1968) and Ewing (1971). The numerical experiments by Hasselmznn
et al, (1973) have shown the importance of non-linear wave-wave inter-
actions. Due to 1lack of large computing facility, the analytical expre-
ssion of Spi is simplified intoc a parametric representation and used for
second generation wave forecasting models,

Recen;ly a large group of experts on wave models (SWaNP, 1932,
1985) from USA, Japan and Europe has made an attempt to interpret all the
available operating models for intercompositicn study. They hawve snhown
that (a) the f£irst generation models generally don't show the overshoot
phenomenon of growing wind sea as observed by Barnett & Wilkerson (1987)
and others and (b) non-linear wave-wave interactior term is implemented
in 2nd generation models (Hasselmann et al, (1976), Toba et al. (1982),
Gunther et al. (1979), Mitsuyasuet al. (1980))result1ng in lmc*ovemsnt
and better results,

Very recently a numerical wave prediction model DOLFIIN is being
developzd (Mandal, 1985) It is a hybrid point model applicable to only
deep sea conditicns, as the combination of the parametric wind-cea and
spactrally treated swells, A comparative study with SWAMP, 1982 report
shovus satisfactory results for a few important test conditions. For a
given bottom and wind-field geometry, the model predicts various wave
parameters namely significant wave height, one-dimensional and two-
dimensional energy spectra, mean wave direction etc, a2t a particular
desired location. This model is being develop=d based on the work carried
out by Hasselmann et al. (1973), Mitsuyasu et al. (1980) , Holthuijsen
{1983) and others. In this model, the JONSWAP spectrum is considered and
various parameters are determined from the rollow:mg relationships.

-— e 087
d =363x102f tnh(fb)v g
~ A -2 ~-0.33 ' ‘ '
£, = 2.03 x 10 E )
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y = 30.00‘_[5(2"‘,4?;4/»4'__ ‘0.135_7_1,_'.?4.5

m
- 0., are the same as that of the JONSHAP spectra.

Some interesting results are shown to varify how different
models ‘including DOLPSIN behave under some conditions as revorted by
Mandal (1985). Fig. 1 shows the fetch limited one-dimensional spectral
growth curves.  Overshoot phenamena could be observed from this figure,
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_ Fig! Feteh limited 1 - D-Sp::i‘ral growth curves
Fig. 2 and .3 show the fetch and Guration limited grovth cutves for +the.
total energy, where it is clearly seen that due to lack of clear rhysical

concept, there are wide variation of results, eventhough all models show
similar trend in the growth curves.

Third ceneration wave model:

.The present wave prediction (2nd Generation) models are based on
the inteagration of the radiation transfer eqguation which describes the
propagation of different wave components of the spectrum with different
freguencies and propagation directions at their appropriate group veloci-
ties, and the change in the energies of components produced by wind forc-
ing, dissipation and higher order nonlinear interaction. Due to lack of
accurate representation of the nonlinear transfer process, the present
2nd generation models have to make 2 priori-restrictions on the spectral
shape. The third generation model which is being developed by coordina=-
ting all European wave modelling groups is based on a complete
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representation of all source terms without any pricri-restrictions on the
spectral shape (Komen, 1984). The SWAMP (1985) has clearly shown that
such an approach is required for a correct description of the wave pheno-
mena in the situation of wind-sea to swell transition and in case of
turning wind fields when directional relaxation has tzken place,

Some tests ware made on a -CRAY and a CIBER-205 Computer using
this Global (3rd generation) model in which both the vpsrameters ané the
exact form of nonlinear interaction are incorporated for comparison. The
model revroduces the complete two-dimensionzl spectral. distribution withe
out any prior constraints on the spectral Shape.

PROPCSED PROGRAMME AT NIO

Keeping in mind the limitation of the computing facility availe
able at NIO, it is’ proposed to develop the second generation wave pre-
diction model - DOLPHIN (Mandel, 1985) on a priority basis. It is a deep
water point model {predicts wave parameters at & reguired location).This
model will be modified by introducing the shallow water conditioncs +o
make it applicable to nearsnore and estuarine recion. The point model
will then be modified into a grid moGel; Data on various cvclones which
occurred on the East and West coasts of India during the last 20 vears
(Weather charts to be collected from Indian Meteorological Lepartment,
Pune) will be analysec to obtain various wave paraineters using the model.
Thus a very useful wave data base will be created at NID, Based on thrcse
data various design parameters car be obtained at the place of interest.
Such hindcest data in conjunction with instrumentally collected deta woula
be esscntial for the design of cost-effective and func:iionally efiicient
ocean structures.

CONCLUSION

There are many operating numerical wave models which are being
used for real time wave forecasting. SWAMP (1982, 1983) shows inter-
comparison study of different opesrational models where weak points of
different meoGels are highlighted and emphasis is g¢iven to use +<he non-
linear wave-wave interaction term as explicit as possible for vielding
exact computation.

- The first hand information on wave statistics could »e optained
by First generation models which are relatively simple and less computing
cost, whereas 3rd generation model is much complex than 2nd generation
model and it also needs bigger computing facility. The global model does
the computation of the non-linear terms with exact computation without any

-simplification and it gives most accurate results as compared to other
models, ~
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