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Abstract—Although SeaWinds was not originally designed to
observe tropical cyclones, new higher resolution products resolve
much of the horizontal structure of these storms. However, these
higher resolution products (reported at 2.5km) are inherently
noisier than the standard 25km products and the high rain
rates often associated with hurricanes corrupt the wind estimates.
Fortunately, these storms have structure which can be exploited
using a model.

This paper develops a new procedure for hurricane wind
�eld estimation from the SeaWinds instrument at ultra high
resolution. We develop a simpli�ed hurricane model to provide
prior information to be used in maximum aposteriori probability
(MAP) wind estimation. Using the hurricane model ameliorates
the effects of rain and noise on the scatterometer measurements
and directly provides useful hurricane parameters such as the
eye center location and intensity.

I. I NTRODUCTION

In the extreme conditions of hurricanes, direct measure-
ments of wind and rain are difÞcult to obtain. Direct mea-
surements also lack the spacial coverage necessary to observe
an entire tropical cyclone. The SeaWinds scatterometer re-
motely observes ocean winds over a large region; however,
the relatively course resolution (25km) of the standard wind
product limits its use in resolving small scale features. Tropical
cyclones are apparent in the 25km product, but important
storm parameters such as the eye center may not be well
resolved.

Fortunately, the SeaWinds scatterometer densely samples
the ocean, which makes it possible for the resolution to be
enhanced and reported on a 2.5km grid [1]. At this resolution
the storm structure is more obvious. However, the 2.5km prod-
ucts are inherently noisier than their 25km counterparts and
heavy rain rates associated with tropical cyclones contaminate
the wind estimates.

This paper describes a new method for ultra high resolution
wind Þeld estimation of tropical cyclones from SeaWinds. The
new approach utilizes maximum aposteriori probability (MAP)
wind estimation. Prior information is provided via a low-order
hurricane wind Þeld model. The hurricane model ameliorates
the effects of rain and noise as well as providing estimates of
hurricane parameters such as the eye location. The eye center
estimates of the new method are analyzed and compared to
the hurricane eye locations provided by the National Hurricane
Center (NHC). The quality of the new wind Þeld estimates are
analyzed using simulation.

II. BACKGROUND

SeaWinds measures the radar backscatter, denotedσ0, from
the EarthÕs surface. Over the oceanσ0 is related to the
wind speed and direction through the geophysical model
function (GMF). Measurements from multiple azimuth angles
are necessary to estimate the wind direction. SeaWinds makes
four different types of measurements (vertical and horizontal
polarization beams, each with a fore and aft look) which
provide several samples from different azimuth angles for each
resolution cell [2].

Conventionally, the wind is estimated in two steps. First,
maximum likelihood estimation (MLE) is performed for each
resolution cell. Since the MLE objective function is multi-
modal, ML estimation results in multiple wind vector solutions
called ambiguities. The second step requires choosing the
appropriate ambiguity. For the standard 25km product (L2B)
the ambiguities closest to numerical weather prediction (NWP)
winds are selected and then a spatial median Þlter is used to
select the Þnal ambiguities [3].

High resolutionσ0 products can be obtained by applying
image reconstruction to each of the four ßavors ofσ0 mea-
surements. This provides four separateσ0 Þelds with regularly
spaced samples. Wind retrieval is then performed for each high
resolution cell, producing high resolution wind ambiguities.
High resolution ambiguity selection is problematic because
the NWP winds used in ambiguity selection poorly represent
small scale features. This is further complicated by rain
contamination in tropical cyclones.

The method presented in this report takes a different ap-
proach. A low-order Ôsnap-shotÕ model of the horizontal struc-
ture of hurricanes appropriate for scatterometery is developed.
The hurricane model is used to provide the mean of a Þeld-
wise prior distribution of the wind. This prior is used to
augment the ML objective function, producing a Þeld-wise
MAP estimate of the hurricane wind Þeld.

III. M ETHOD

This section delineates the theory behind the new method
for hurricane wind Þeld estimation from SeaWinds data. The
development is based on MAP estimation. The prior probabil-
ities needed for this type of estimation are found using a low-
order hurricane model whose parameters are simultaneously
estimated along with the wind vector Þeld. For each resolution
element the prior distributions of the wind speed and direction
are assumed to be Gaussian with means given by the hurricane
model and arbitrary variances (the Gaussian approximation
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