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ABSTRACT

A Working Group on multidirectional waves formed by the International Associa-

tion for Hydraulic Research has proposed an update of the IAHR List of Sea State

Parameters from 1986 in the part concerning directional waves. Especially wave

structure interactions with re
ection of the waves have been treated.

The present paper will mainly discuss the ideas behind the proposed parameters

listed in the end of this paper.

1. INTRODUCTION

In 1981 the International Association for Hydraulic Research established a Working

Group on Wave Generation and Analysis. This group was chaired by Dr. J. Ploeg

from NRC, Canada and presented in 1986 the well known IAHR List of Sea State

Parameters.

In the intervening years, this list has served as an inspiration and communication

tool among scientists and engineers working within waves. Nevertheless, the grow-

ing research through the last years on multidirectional waves and their interaction

with structures has now made it necessary to update the chapter on directional

waves.

In 1994 the International Association for Hydraulic Research formed a Working
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Group on multidirectional waves. This group was chaired by Dr. Mike Briggs

from CERC, USA. The present paper describes one of the outcomes from this new

Working Group, namely the update of the List of Sea State Parameters, which

hopefully will give a clear de�nition of the main parameters being used to describe

multidirectional waves.

2. A MULTIPEAK MULTIDIRECTIONAL WAVEFIELD
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Figure 1: Spreading function of sea with re
ection included

The distribution of energy as a function of wave angle is shown in Fig. 1 for one

frequency. Parameters like mean direction and spreading of the waves make no

straight forward sense in these cases where the directional spreading function has

more than one dominant peak. This can be the case in situations with re
ection

from structures, di�raction around structures or coasts, or swell from a previous

storm.

In the presence of one of these phenomena the wave �eld must be separated into for

example incident and re
ected waves. For each of the wave �eld (incident, re
ected

etc.) the parameters mean direction and spreading must be calculated separately.

The separation of the wave �eld is rather complicated and may give rise to discus-

sions about overlapping of the incident and the re
ected waves and how to separate

the wave �elds. No exact solution to this complex of problems exists but the user

should be very careful.

3. MEAN WAVE DIRECTION

Looking at Fig. 1, it is clear that Mean wave direction �m is only meaningful with

regard to directional spreading functions that do not have more than one peak.

The problem with Mean wave direction is, that in cases where wave directions



Figure 2: Example of miscalculation of mean wave direction.

are not de�ned compared to the coordinatesystem then the integration boundaries

become very important.

Def. 1 (�m = arg(c1)) from the new List of Sea State Parameters gives an explicit

and uniformly valid expression for �m, where def. 2 (�m =
R
Dx(f; �)�d�) does not

account for the periodic nature of the problem and may give undesirable results.

The example presented in Fig. 2 shows 5 discrete waves and their corresponding

mean wave direction calculated using def.2 integrating from 0 to 2�. The result of

this calculation will give a mean direction of 144 deg. Because of this problem it

is recommended to use def.1 although this de�nition also needs special care in the

calculation of inverse tangets (must be a full four{quadrant inverse tanget routine

such as the Fortran ATAN2 function).

4. DIRECTIONAL SPREADING

Generally spreading of the waves has no meaning if more than one dominant peak

is present in the directional spreading function.

Problems with calculating the spreading is very similar to problems with calcula-

tion of the mean direction. Using def. 2 (�2
� =

R
D(f; �)(� � �m)2d�) from the

new List of Sea State Parameters, the choise of coordinatesystem again becomes

very important. Taking the example shown in Fig. 2 the spreading will be a 164

deg. instead of the true value of 11 deg. if the integration is done from 0 to 2�.

This problem does not occur if def. 1 (�2
� = 2(1 � jc1j)) is used or if def. 2 is

used with the correct integration limits of (�m��) and (�m+�). Nevertheless, the

spreadings calculated by def. 1 and def. 2 will be slightly di�erent even when the

corect integration limits are used.

The spreading �� has been computed by def. 1 and def. 2 from the the new List of

Sea State Parameters for a standard cos2s( ���m
2 ) spreading function and the results

are shown in Fig. 3 for s values ranging from 1 to 40.
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Figure 3: Comparison of calculated spreadings � using def. 1 and def. 2.

Fig. 3 shows that the calculated values of �� are not identical for the two de�ni-

tions although only small di�erences are seen on the plot. The largest di�erences

are seen for small s{values corresponding to a very wide spreading of the waves.

5. DIRECTIONAL REFLECTION

The re
ection coe�cient CR is de�ned as function of the frequency f and the wave

direction ��. The angle �� is the deviation to the head on direction.

Snell's law is assumed to be valid, and the amount of re
ected energy are divided

by the corresponding incident energy. Then the re
ection coe�cient is calculated

by taking the square root of this ratio CR(f; ��) =
r

SR(f;�R)
SI(f;�I)

.

In case of frequency modulation the de�nition should be used with care.

6. CONCLUSION

A unique de�nition of multidirectional wave parameters is essential for the com-

munication among scientists and engineers working within multidirectional waves.

Such a collection of de�nitions has been missing. The presented list claims to help

on this problem, although updates will be necessary also in the future.
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