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ABSTRACT

Correlations between laboratory and geophysical data are presented for certain statistical
properties of wind waves. The parameters chosen include: (i) relationships between wave
height and the height of the highest one-third or one-tenth waves, as given by a Rayleigh
probability distribution, and (ii) amplitude spectra for waves, as given by Phillips’ equili-
brium theory. The correlation between laboratory results and geophysical data is satis-
factory over a wide range of wave size.

Introduction. The processes of interaction between the atmosphere and the
sea are important because they determine the fluxes of momentum, heat, and
moisture in the atmospheric boundary layer over oceans and the momentum,
heat, and salinity in the surface layers of the water. This interaction also con-
trols the characteristics of the air-sea interface through the presence of wind-
generated waves and wind-driven currents. At present the mechanisms of air-
sea interaction are only partially understood. Part of the reason for this limita-
tion lies in the inadequate observational data available for testing the appli-
cability of modern dynamical theories. It is often exceedingly difficult to obtain
good experimental data in the field; hence, some investigators have retreated
to the laboratory, where some confidence in reproducible measurements can
be achieved on systems analogous to the geophysical case. Because of the dif-
ficulties in scaling dynamical processes in the laboratory to the much larger
atmosphere-sea interaction, most investigators have considered that the labora-
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tory results have only meager applicability to apparently similar geophysical
phenomena.

The purpose of this note is to present a comparison between some typical
statistical properties of water waves that have been generated by only the wind,
in a wind-water tunnel, and at sea. Included are data for relationships between
certain scale heights for waves and for amplitude spectra. The findings demon-
strate that such results from the laboratory and the field can be correlated
uniformly well in terms of known methods. By such comparisons, it is possible
to have more confidence than heretofore that laboratory experiments and sea-
air interaction processes are mutually relevant. Furthermore, it seems possible
to easily model wave statistics, at least for engineering purposes in the labora-
tory, without sophisticated wave generators.

Experimental. The experiments were performed in the wind-water tunnel
at Colorado State University. This facility has been described by Plate
(1965).

Near the inlet of the tunnel, the water surface was covered with an aluminium
plate supported by legs placed on the floor of the tunnel. The plate was placed
at the same height as the mean water depth to ensure as smooth a transition
as possible for the adjoining air and water flow. Also, the presence of the
plate allowed definition of the flow conditions in the air before the air began
passing over the water.

The mean air flow and water motion have been measured in the CSU
tunnel; the methods used and results obtained have been described (Hess et
al. 1968, Plate et al. 1969).

The displacement of the water surface resulting from the air motion was
measured with a capacitance gauge described by Plate et al. (1969). This
device has a sensitivity to surface disturbance to a lower limit of ~1 ym am-
plitude over a frequency range 0—30 Hz. Strip-chart recordings of the time
variation in the elevation of the water surface were recorded on a Brush
recorder. These traces were later digitized, using a Gerber reduction system.
The digitized data were analyzed on the NCAR-CDC 6600 computer, using
programs for statistical processing that followed methods described by Plate
et al. (1969) and Colonell (1966). Calculations presented here include ones
for (i) correlation curves between the mean wave height and the r.m.s. wave
height, the highest one-third waves, and the highest one-tenth waves, and
(ii) the frequency spectra for wave amplitudes, @ (n). The statistics were
calculated for a sample exceeding 100 waves having a frequency equal to
that of the spectral peak. The records were digitized at a sampling interval
of 0.025 sec.

Results and Discussion. The conditions of mean air flow as measured in the
CSU tunnel were correlated well by the logarithmic law of the wall. The air



























