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The immediate scientific objective of this project was to understand the underlying
dynamics and statistics of groups of ocean waves to predict their behavior throughout the
shoaling region seawards of the zone of wave breaking.

Wave group prediction models based on linear theory were developed and implemented
and compared to a range of observations, including sea-surface elevation measured in 19 m
water depth near the North Carolina coast (SAMSON and Delilah field experiments, Aug
1990 - May 1991), 9 m water depth near the Southern California coast, and across a transect
extending from the shoreline to 8 m depth near North Carolina (Duck94 experiment,
summer-fall 1994). Comparisons of these data with models indicate for a wide range of
ocean conditions (seaward of the shoaling region (approximately 10 m water depth)) wave
group statistics are consistent with linear theory. The comparisons resulted in a PhD
dissertation for Dr. Z. Liu.

Linear theory does not predict accurately observations of group statistics in shallow
depths (eg, less than 10 m) where nonlinear interactions become important to the evolution
of the wave field. Recent PhD graduate Barry Vanhoff developed a technique to numerically
simulate a wave field with a specified power spectrum and bispectrum, thus allowing wave
fields with quadratic nonlinearities to be simulated. Comparisons between observed and
simulated group statistics demonstrate the technique is accurate, even for nearly-breaking
waves.

One of the primary results of this study is that wave group statistics observed in the
ocean at depths greater than 10 m for a large range of wave conditions are consistent
with linear theory. Wave group prediction models that do not include the effect of cor-
relations between waves separated by several intervening waves underpredict the number
of sequential large waves. On the other hand, a model that includes correlations of waves
separated by as many as six intervening waves predicts accurately the observed wave group
statistics. Another result is that although computationally convenient, wave group predic-
tion models based on power spectral shape alone are not as accurate as models based on
direct simulations of the wave field. In shallower water where nonlinearities in the wave
field can be important, linear theory based models underpredict the lengths of groups of
large waves, but nonlinear simulations that use information from the power spectrum and
bispectrum of the time series of sea-surface elevation are more accurate. The simulations
suggest nonlinearities result in longer groups of high waves than occur in a Gaussian (eg,
linear) sea.
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