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Abstract. For ERS scatterometer inversion, several studies reveal that the shape of the measurement
space wind surface is more important than the measurement noise information. Such shape has to be
locally symmetric as a function of wind direction in order to produce realistic and accurate wind direction
distributions. A method, which looks for the measurement space transformation that produces such
symmetric properties is presented. Although successful for ERS, the method is ineffective for SeaWinds
due to limitations inherent in its measurement geometry.

1. Introduction

For ERS, Stoffelen and Anderson (1997) use the
Bayesian approach to seek for the best point on
the wind surface (os9) given a set of observations

(om9:
P(o;

o,)=P(o;

o7)-P(oy) (1)

where P(om9os9 is referred to as the
measurement noise term and P(c; 9 as the surface
shape term. For ERS, this surface has the shape
of a double manifold cone in the 3D measurement
space. Figure 1 shows the distribution of
measurement triplets around a section of the cone,
scaled by the noise. Figure 2 shows the artificial
accumulations in the retrieved directions, denoting
that certain directions are favoured in the
inversion. Stoffelen and Anderson (1997) show
that such accumulations can be avoided by making
the cone sections circular rather than elliptic, i.e.,
when a constant P(co; 9 is obtained.

2. Beam weighting method

For scatterometers, P(os9 is constant when the
distance traveled on the surface for a small change
of wind direction (¢) is the same for all ¢. This is
equivalent to a constant total beam sensitivity to ¢:
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Since Eq. 2 is not true for ERS when noise
properties are used in the inversion (see Figure 1),
we propose a method that looks for the &° space
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Figure 1. Section of the ERS cone at 8 m/s; the wind
direction information lies on the ellipse.

transformation, by rescaling the axes, i.e.,

weighting the different beams (¢’ = a-c° ), which
best meets Eqg. 2. In line with Stoffelen and
Anderson (1997), the beam weighting procedure is
effective in making the ERS cone more circular
and therefore reducing the problem of the artificial
wind direction accumulations (see Figure 3 as
compared to Figure 1). In other words, the shape
of the surface is more important than the noise
properties for ERS inversion. We now test the
method for SeaWinds.
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Figure 2. ERS retrieved (dotted) versus ECMWF (solid)
wind direction distributions.

Beam weighted norm inversion (all swath)
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Figure 3. ERS beam weighted (dotted) versus ECMWF
(solid) wind direction distributions.

3. SeaWinds geometry case

The problem of the retrieved artificial wind direction
acumulations is also present in SeaWinds, as
shown by Ebuchi (1999) (see Figure 4). As for
ERS, Eq. 2 is not true for SeaWinds. The
sensitivities of NSCAT-2 Geophysical Model
Function (GMF) for the SeaWinds Wind Vector Cell
(WVC) number 11 are shown in Figure 5. It is clear
that the total sensitivity (solid) is not constant (flat)
as a function of wind direction. Moreover, it has a
large modulation, as indicated by the relatively
very small sensitivities at certain wind directions
(see deepest minima).

270 AAARARARN) RRRAARAR) EAARRRRAR) RRAR SN LASZRRRRN) LARARALARE SARRRRLN

M Lo Y o 4 N ,v’.@'&"”‘ i
e T S S

180 asss

K25
e
0K

2

000

A5

o
(%o
R
bk
et

55

X

o
=5
oy
Yo'l
S
K5
55
IR
00
Se0le
bolel
IR
KR
K
2oles

aatte!
s

S
foosy

ol S

e e e et

oS
S0
Jele%!
X ,g‘
%
5
%
%
X5
%
i
55
i
&3
55
-
150
5

< R)
0
.
A
N
200
B
KK
bosug
b
S
5
%
A‘,:
%
2
K
5
%
o
‘.
A
ey

X
9
o
%
5
'
%
3
o
0
Y
o
5
&
o
‘Q
X
<
%
%
5
9
%
G
7

%
)
(5
5
8
S5

5
25055
5
&

%

R

I

%

b

o

5

5

0%

%

5%
pietelel
5050

%

90

%
i
%
o
%
X
%
o
5
s
55
%
0o
%
X0
%

LA

¢ 10 20 30 40 50 80 70

Figure 4. SeaWinds retrieved wind direction distributions
as a function of wind direction (y axis) and WVC number
(x axis) (kindly provided by Dr. Ebuchi).

In contrast with ERS, there is no transformation
(i.e., o) for SeaWinds that can produce a circular
wind surface, i.e., flatten the solid curve. By
looking at the individual beam sensitivities (non-
solid curves) that contribute to the total sensitivity
(solid curve) in Figure 5, one can easily
understand that, because of the relative beam
geometry, the beam weighting will not compensate
for such insensitive areas. Figure 6 shows that this
problem is present across the entire SeaWinds
swath. The pattern of sensitivity peaks (white) and
troughs (black) across the swath is directly related
to the beam relative geometry. Note that a similar
pattern is observed in the retrieved wind direction
distribution of Figure 4, as such confirming the
correlation between the sensitivity and the artificial
accumulation of retrieved directions. For more
details on this study, see Stoffelen and Portabella
(2005).
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NSCAT?2 sensitivities (WVC: 11; Speed: 4 m/s)
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Figure 5. SeaWinds geometry with NSCAT-2 total
sensitivity (solid curve) as a function of wind direction,
before beam weighting, for WVC number 11 and 4 m/s.
The dotted, dashed, dash-dotted, and dash-dot-dot-
dotted curves represent the individual fore-inner, fore-
outer, aft-inner, and aft-outer beam sensitivities,
respectively. The straight line corresponds to the mean
total sensitivity over all wind directions.
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Figure 6. SeaWinds geometry with NSCAT-2 total
sensitivity as a function of WVC number and wind
direction for a wind speed of 8 m/s. The sensitivity
values are plotted in grey scale, ranging from black
(troughs) to white (peaks).
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