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ABSTRACT

We compare results from a simple parametric, dynamical, deep-water wave prediction mode! with two
sets of measured wave height maps of Lake Michigan. The measurements were made with an airborne laser
altimeter under two distinctly different wind fields during November 1977. The results show that the model
predicted almost all of the synoptic features. Both the magnitude and the general pattern of the predicted
wave-height contours compared well with the measurements. The model also predicts the direction of wave
propagation in conjunction with the wave height map, which is useful for practical ship routing and can be
significantly different from the prevailing wind direction.

1. Introduction

Analogous to a synoptic weather map, a synoptic
wave height map is a useful tool for climatological
studies, as well as for ship seakeeping operations.
Almost all currently available numerical wave predic-
tion models provide two-dimensional wave charac-
teristics, from which a synoptic wave height map can
be produced. However, because synoptic measure-
ments are rare, most models are verified with only
single point measurements, if at all. The accuracy of
the synoptic features of the wave predictions remains
unexplored. To remedy this situation, one needs a
practical model, along with reliable measurements
and reasonable comparisons between model and
measurements. Here we present a brief study that
includes all three of these elements. The results are
encouraging.

2. The model

The model we used in this study was developed by
Donelan (1977) and revised by Schwab e? al. (1984).
The model differs from most other numerical wave
prediction models in that the basic equation is the
momentum balance equation rather than the energy
balance equation. The monentum balance equation
is
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tum vector and the corresponding group velocity
vector, and 7, is that part of the momentum input
from the wind that produces net wave momentum
growth. Assuming equipartition of potential and ki-
netic energy in the wave field, the momentum vector
can be expressed as
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where p,, is the water density, c¢(f) the phase speed
and F( f, 6) the two-dimensional frequency spectrum
of wave energy as a function of frequency f and
direction 0. Assuming further that the wave energy
has a cosine-squared angular dependence about the
mean angle independent of frequency and that there
is no energy for [0 — Bol > x/2, we use
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where E(f) is the one-dimensional spectral energy
density. Since we are concerned with total momen-
tum, we define the mean-square surface elevation:

o = f f F( f, 6)dfdd = IM'; )

where M| = (M,? + M,*)'” and C, is the deep-water

phase speed of the peak of the spectrum, C, = g/

(2=f,). Applying deep-water linear theory, Schwab ez
al. (1984) have shown that
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