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Abstract. Observations of extreme, “freak” or “rogue waves” have typically
depended on chance observations from ships at sea or from fixed oil or gas
platforms. The observations have been so sparse that there are very few direct
temporal or spatial measurements, and those that do exist are so infrequent that
they have often been individually named: e.g. the “Draupner Wave.” Such named
observations tend to occur every few years. This paucity of data, and the fact
that much of it is from fixed platforms, whose location is not optimized for wave
research, makes it very difficult to undertake an organized study of the statistics
and occurrence of rogue waves over large regions. In this paper we present an
alternative approach that uses airborne spatio-temporal wave measurements, along
with video imaging, to measure the evolution of waves under strong winds in fetch-
limited conditions. Using the criterion that a freak wave has a height H ≥ 2Hs,
where Hs is the significant wave height, during a flight of approximately 8 hours
over a 400 km fetch in winds approaching 25 m s−1 in the Gulf of Tehuantepec off
the Pacific coast of Mexico, we find four freak waves. We describe their spatial
structure and the occurrence of breaking.

Introduction

The safe design for the operation of ships at sea and other
offshore activities depends on the availability of accurate
weather and wave predictions. Of particular interest is the
probability of extreme events that can endanger the vessel or
platform and their crews. Since practical designs always in-
volve compromises between safety and efficiency, the aim is
to account for the expected events over the useful lifetime of
the ship or structure, while minimizing the cost of overde-
sign. For some vessels and platforms, even large but not
extreme events may limit operations so that measuring or
predicting their occurrence can become an important plan-
ning and safety tool.

Freak or rogue waves are in this category of extreme
events, and better understanding their characteristics, occur-
rence and statistics on a regional and seasonal basis is an
important goal in surface-wave research. The processes that
can lead to large, steep extreme waves include refraction by
topography and currents, nonlinear focussing, dispersive fo-
cussing and wave-current interaction.

The essential physics of these processes is understood but
their occurrence in the ocean is poorly documented. It is
well-known that many of the shipping incidents associated
with rogue waves occur in regions where large waves and
swell meet opposing currents, which tend to steepen and
shorten the waves. For example, waves and swell from the

Southern Ocean meeting the Agulhas Current have been the
cause of shipping losses off the coast of South Africa. How-
ever, the exclusion of vessels from this region may be un-
necessarily conservative in planning shipping routes.

Satellite remote sensing, especially synthetic aperture
radar (SAR) in combination with radar altimetry (e.g., Topex/
Poseidon, Jason), is an attractive tool for measuring waves
over large regions of the world’s oceans. SAR is particularly
useful for imaging patterns of the longer waves and wave
groups, but there are still issues related to the calibration of
the radar backscatter. While significant progress has been
made in calibrating SAR imagery, much remains to be done
to demonstrate accurate SAR inversion for wave height.

In this paper we wish to describe wave measurements
made in the Gulf of Tehuantepec off the Pacific coast of
Mexico. The experiments were conducted (in collabora-
tion with Carl Friehe at UC Irvine) to better understand the
coupling between the evolution of the marine atmospheric
boundary layer and the wave field, especially the incidence
of wave breaking. The Gulf of Tehuantepec is well known
for the incidence of high winds and waves in the winter
months when mountain gap winds blow out from the Gulf
of Mexico through a pass in the mountains. In the course
of analysis, it became apparent that the wave data may be
particularly useful for investigating the incidence of extreme
waves under high-wind fetch-limited conditions. Here we
present a preliminary analysis of the data in the context of

23












