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Obtaining wind vectors over the ocean is important
for weather forecasting and ocean modelling. Sev-
eral satellite systems used operationally by meteoro-
logical agencies utilise scatterometers to infer wind
vectors over the oceans. In this paper, we present
the results of using novel neural network-based
techniques to estimate wind vectors from such data.
The problem is partitioned into estimating wind
speed and wind direction. Wind speed is modelled
using a Multi-Layer Perceptron (MLP) and a sum of
squares error function. Wind direction is a periodic
variable and a multi-valued function for a given set
of inputs; a conventional MLP fails at this task,
and so we model the full periodic probability density
of direction conditioned on the satellite derived
inputs using a Mixture Density Network (MDN)
with periodic kernel functions. A committee of the
resulting MDNs is shown to improve the results.
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1. Introduction

Obtaining wind vectors over the ocean is important
to Numerical Weather Prediction (NWP), since the
ability to produce a forecast of the future state of
the atmosphere depends critically upon knowing the
current state accurately [1], particularly since the
system is non-linear. However, the observation net-
work over the oceans (especially in the southern
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hemisphere) is very limited [2]. Thus, it is hoped
that the global coverage of ocean wind vectors
provided by satellite borne scatterometers will
improve the accuracy of numerical weather forecasts
by providing better initial conditions [3,4]. The scat-
terometer data also offers the ability to improve
wind climatologies over the oceans [5], and the
possibility of studying, at high resolution, interesting
meteorological features such as cyclones [6].

The ERS-1 satellite was launched in July 1991
by the European Space Agency [7]. The on-board
microwave radar operates at 5.3 GHz, and measures
the amount of backscatter generated by small ripples
on the ocean surface of around 5cm wavelength,
although this depends upon the incidence angle of
the radar beam. Measured backscatter from the
ocean surface is given as the Normalised Radar
Cross Section, and generally denoted by o°, which
has units of decibels. A 500 km wide swathe is
swept by the satellite along the track of its polar
orbit, with 19 cells sampled across the swathe, each
cell having dimensions of roughly 50 by 50 km (see
Fig. 1). Thus, there is some overlap between cells.
Also, each cell is sampled from three different
directions by the fore, mid and aft beams, respect-
ively, giving a triplet of observations, (0%,02,09).
This o” triplet, together with the incidence angle of
the mid-beam (which varies across the swathe), can
be used to determine the average wind vector within
the cell [8].

Many methods to compute wind vectors from
scatterometer data exist. Most have considered
model-based techniques [8-11], where a physically
based mapping from wind vectors to ¢° is formu-
lated. In [12] the mapping from o° to wind vectors
was modelled using simulated data and a neural
network-based classifier, which gave probabilities of
the wind direction being in each of 36 intervals.





































