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Spatial Models for Variability of Significant Wave Height in World Oceans
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Significant wave height (Hs) is a measure of the variability of the ocean surface. Benefits from knowing the spatial and
temporal characteristics of this field are multiple: It is useful to size offshore structures, to foresee the fatigue of the ship’s
hull depending on its route and season, to compute probabilities of risks associated with marine operations. In this paper,
we describe a method for modeling the Hs in space. The method is based on the Gaussian hypothesis for the logarithms
of Hs and consists of estimating the mean and the covariance structure of log�Hs� using the information provided by the
total variation. We then use the estimated parameters of every area in the world to construct maps of the median and the
correlation structure. These maps are used to compute the probability of Hs exceeding a predefined level, and the distribution
of the length of a storm. The data used are those of the TOPEX-Poseidon satellite.

INTRODUCTION

Significant wave height is defined as 4 times the standard devi-
ation of the ocean surface elevation and has been defined to
approximate the wave heights visually estimated by experienced
mariners. Estimates for significant wave height can be considered
to be a 2-dimensional random field in space that develops over
time. Models for such spatio-temporal surfaces are generally com-
plex and incorporate many features from dynamic and stochastic
systems. From the perspective of model fitting, the complexity is
often constrained by the nature and limitations of the data avail-
able. Until recently, most of the available wave data consisted of
time series of estimates of significant wave height based on buoy
and Shipborne Wave Recorder measurements made at a few loca-
tions or along ships’ routes. The advent of routine global wave
measurements from satellites has made it possible to obtain mea-
surements of spatial variability.

In this paper, we propose a method for constructing local
models for estimates of significant wave height based on fitting
random field models. The data used are those collected by the
TOPEX-Poseidon satellite. For convenience, we will not differen-
tiate between the true Hs values and their estimates as obtained
from the satellite, and we will use the same notation for both. A
full description of the data and some aspects of its limitations can
be found in Baxevani, Rychlik and Wilson (2003, 2005). After
we introduce some assumptions that are reasonable for model-
ing the data, we propose a model that is simple and adequate for
applications.
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Under the assumption that for each fixed time over a bounded
region about 4× 4 degrees in size the logarithms of the signif-
icant wave height values come from a locally stationary Gaus-
sian random field, we wish to estimate the marginal distribution
over space, that is, the mean and covariance function which may
depend on time. The covariance function is chosen on the basis
that it is simple enough given the limitations of the data, but that
at the same time it adequately models certain quantities that are
important for applications.

To estimate the parameters of the proposed model, a new
methodology has been developed based on the total variation of
the field along the satellite tracks (Baxevani, Rychlik and Wilson,
2005). The method is applied to data from all over the world. The
results are illustrated through atlases that present the median and
the covariance parameters. The derived models are then used to
compute such quantities as the probability the maximum exceeds
a certain level, or the distribution of the length of a storm, etc.

DATA AND MODEL DESCRIPTION

The data consist of estimates of the significant wave height, Hs ,
taken from the TOPEX-Poseidon satellite, at discrete locations
along 1-dimensional tracks over the oceans. The tracks have 2
orientations; those with the same orientation are roughly parallel.
For a detailed description of the data used, see Baxevani, Rychlik
and Wilson (2003, 2005).

As suggested by Anderson, Carter and Cotton (2001), Baxe-
vani, Rychlik and Wilson(2005), and others, a Gaussian distribu-
tion can be used to fit the logarithms of the values of Hs , which
are considered to be partial observations of a random field, X̃t�s�,
where t represents time and s = �s1� s2� represents location in
space. For a suitable choice of D⊂�2, the field X̃t�s�, s ∈D can
additionally be assumed to be stationary and differentiable. Under
these assumptions and for each fixed time t, the marginal distribu-
tion over space of the field X̃t�s� is fitted by estimating its mean
and covariance structure.




