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TECHNIQUES FOR GLOBAL
REMOTE SENSING OF DIRECTIONAL
WAVE SPECTRA

Several remote-sensing techniques can estimate direc-
tional wave properties (Plant). Of these, the Radar Ocean
Wave Spectrometer (ROWS), the Three-Frequency Air-
borne Radar (TRIFAR), and the Synthetic Aperture Ra-
dar (SAR) are all possible candidates for spaceborne
application. However, all three have the disadvantage
of yielding wavenumber spectra with a 180-degree am-
biguity in the direction of wave travel, a problem that
will have to be addressed in their applications. All three
techniques yield spectral estimates with a large number
of degrees of freedom (i.e., high statistical precision) and
with directional resolution never before possible (Plant;
Pierson, panel discussion). Their high statistical preci-
sion is offset, however, by the fact that none of them
measures wave height directly. Spectral density must be
inferred using an estimated or modeled transfer func-
tion, so their overall accuracy depends on an accurate
knowledge of their transfer functions. The appropriate
analysis of remote directional spectra must be performed
carefully and in the context of comparisons with buoys
(Pierson).

For ROWS and TRIFAR, the transfer function is
rather well known. ROWS has been aircraft tested for
several years and has been demonstrated to estimate
directional spectra accurately. TRIFAR is only now be-
ing developed into a routine wave-measurement system,
although the technique has been demonstrated from both
fixed platforms and aircraft.

SAR is the only one of the three techniques to have
been flown in space. Comparisons of its output spectra
with those of airborne sensors have demonstrated that
its ability to resolve waves traveling in its flight direc-
tion is severely restricted at shorter wavelengths. This
problem can be alleviated by choosing a low spacecraft
altitude with a lower range-to-velocity ratio. SIR-B was
in such an orbit and produced wave spectra whose spec-
tral shapes usually agreed well with those obtained by
aircraft sensors. However, the most favorable compari-
sons resulted from wave systems of relatively low dom-
inant slope. Serious questions remain about the fidelity
of SAR-produced spectra for steep wave slopes
(Lyzenga, Monaldo, Beal).

A candidate low-altitude operational satellite designat-
ed ““Spectrasat’ (Beal and following articles) would com-
bine three instruments: a SAR, a ROWS, and a radar
altimeter. While the radar altimeter would provide ab-

solute calibration of total wave-height variance, the fi-
delity of the SAR spectral shapes is still subject to the
concerns noted above. Also, the absolute calibration
method could be subject to substantial errors in rapidly
changing seas, since the SAR and altimeter would typi-
cally be offset from each other by 150 kilometers. One
alternative to Spectrasat for the operational monitoring
of directional spectra might be a satellite carrying ROWS
alone. That vehicle would not be restricted to such low
orbits and thus could be implemented in a more con-
ventional (low-drag) orbital configuration. On the oth-
er hand, of the three viable spacecraft approaches, only
the SAR provides an image of the surface that might
allow an estimate of extreme wave statistics as well as
their spatial ‘‘groupiness’’ (7illey), so that for research
purposes of the sort addressed by Mollo-Christensen, the
SAR may be the best solution at present.

TOMORROW

The collection of articles in this record highlights the
tremendous potential of global directional-wave measure-
ments. From the perspectives of many researchers with
overlapping interests, it is clear that we are close to be-
ing able to make wave measurements of types and on
scales never before possible. We are left with several
challenges for the future. We must continue to test,
evaluate, and apply the sophisticated remote-sensing
techniques that are now available for directional-wave
measurements. But we must also decide how to obtain,
archive, and exploit the huge amount of data that would
be produced by a satellite system. Finally, and most im-
portantly, we must persuade those who would ultimately
use global wave measurements that the benefits of the
information greatly outweigh the cost of obtaining it.
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