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Abstract

Under linear wave theory, sea surface elevation is modeled as the superposition of many in-
dependent harmonic components and is therefore Gaussian. This assumption remains the
standard reference in sea-wave modelling. Realistic sea states, however, can deviate substantially
from Gaussian behavior: nonlinear wave–wave interactions, finite wave steepness, and breaking
generate sharper crests, flatter troughs, and heavier tails, altering the geometry of the surface
and, in particular, its crest structure. This feature is especially relevant to steep-wave events,
breaking, and the loads experienced by offshore structures.

To account for these effects, we model the sea surface elevation as a pointwise transformation,
under mild hypotheses, of an underlying stationary Gaussian random field. This approach
captures the non-Gaussian marginal behavior while retaining the dependence structure and
analytical tractability of the Gaussian framework. Within this setting, we study the crest
surface, a two-dimensional random set formed by the crests over a space–time window. Since
sea states are naturally represented as space–time sequences and offshore structures are exposed
to successive wave crests, the area of this set provides a measure of both the spatial extent and
temporal persistence of crest regions.

Because the transformed field need not be a Morse function, the methodology relies on the
decomposition of the crest surface into regular level sets of the underlying Gaussian field. We
then derive a closed-form expression for its expected area using Kac–Rice methods. Extensive
simulations finally support the theoretical results.
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