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Abstract—The Advanced Scatterometer (ASCAT) onboard the
Metop-A satellite became operational shortly after launch in 2006,
and an absolute calibration using three transponders was achieved
in November 2008. In this paper, we describe how the CMODS.n
ocean backscatter geophysical model function (GMF), which was
derived using data from previous scatterometers onboard the
European Remote Sensing 1 and 2 satellites (ERS-1 and ERS-2),
was used to derive backscatter bias correction factors. The pur-
pose is to remove the bias between ASCAT backscatter data and
the CMODS.n GMF output which allows these data to be used
in place of ERS data in existing wind processing algorithms. The
ASCAT Wind Data Processor, developed at the Royal Netherlands
Meteorological Institute (KNMI), applies the bias correction fac-
tors to ASCAT data and uses CMODS.n to retrieve wind vectors
in order to produce an operational wind product. This resulted
in a stable and high-quality ASCAT wind product since February
2007. We validate this product by comparing it to the European
Centre for Medium-range Weather Forecasts (ECMWF) winds
and buoy measurements. The bias correction factors indicate that
ASCAT data and the GMF differ by roughly 0.3 dB below 55° and
up to 0.8 dB above 55°. A possible explanation lies in CMOD5.n
which has been poorly validated in this incidence angle regime.
Validation of ASCAT data using the ocean calibration method
confirms this result and also indicates that bias-corrected data
are everywhere within 0.3 dB of CMODS.n. The wind product
validation shows an rms error of 1.3 m - s~! in wind speed and
16° in wind direction when compared to ECMWF winds. This
is better than the results achieved using ERS scatterometer data.
Against buoy winds, we find an rms error wind component error
of approximately 1.8 m - s—1. These results show that the ASCAT
wind product is of high quality and satisfies its wind component
accuracy requirement of 2 m - s—1,

Index Terms—ASCAT, backscatter, calibration,
Metop, radar scattering, scatterometer, wind.

CMODs,

I. INTRODUCTION

HE METOP-A satellite was launched on October 19, 2006

and carries the Advanced Scatterometer (ASCAT). The
instrument is a real-aperture C-band vertically polarized radar
with three fan beam antennas pointing to the left-hand side of
the subsatellite track and three fan beam antennas pointing to
the right-hand side [1].
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During the commissioning phase, EUMETSAT performed
an absolute calibration of ASCAT using three ground-based
transponders. An initial external calibration campaign us-
ing a single transponder took place during November and
December 2006 to give a preliminary calibration of the data.
The next campaign, using all three transponders, took place
between November 2007 and February 2008 and resulted in an
improved calibration. However, validation activities indicated
small variations in the calibration quality of the left midbeam,
and these were corrected in November 2008 with further ad-
justments to the level-1B processor configuration. Descriptions
of the three-transponder calibration procedure and results are
given in [2], and the analysis of worst case errors indicates
a 95% probability that the backscatter calibration precision is
better than 0.15 dB over the transponder test site and better than
0.25 dB at any position around the orbit.

Two calibrated level-1B products are produced: 50-km-
resolution backscatter triplets on a 25-km grid spacing and
25-km-resolution backscatter triplets on a 12.5-km grid spac-
ing. The first of these is similar in resolution to data from the
European Remote Sensing (ERS) satellites and is used in this
paper to compute backscatter corrections. The corrections have
been interpolated for use with the 12.5-km product and have
proven to provide winds consistent with the 25-km sampled
product [3].

Ocean backscatter geophysical model functions (GMFs), in
which the backscatter is a function of incidence angle, wind
speed, and wind direction, have been derived using data from
previous C-band vertically polarized scatterometers onboard
the ERS-1 and ERS-2 satellites. If the wind vector is known,
either from buoy measurements or Numerical Weather Predic-
tion (NWP) models, then the calibrated ASCAT backscatter
data can be validated by comparing them to the GMF-simulated
backscatter. If there are any significant differences, then correc-
tion factors can be applied to bring data into alignment with
the model, and this process effectively recalibrates ASCAT data
to the same standard as the ERS scatterometers. This is useful
as it allows ASCAT backscatter data to be used as a direct
replacement of ERS data in existing algorithms.

The ASCAT Wind Data Processor (AWDP) has been devel-
oped at Royal Netherlands Meteorological Institute (KNMI) as
part of its activities in the NWP Satellite Application Facility
(NWP SAF) and is used operationally to produce the ASCAT
level-2 wind product within the Ocean and Sea Ice SAF and
the EUMETSAT Advanced Retransmission Service project. It
applies the mentioned correction factors to the input ASCAT
data before using CMODS5.n to retrieve wind vectors [4], [5].
The use of the bias correction technique has several advantages.
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First, although the initial data from ASCAT had only a prelim-
inary calibration, bias corrections to bring them into alignment
with CMOD5.n could readily be calculated, and this allowed
AWDP to immediately start producing a high-quality wind
product. Second, even though the ASCAT backscatter calibra-
tion has changed over the commissioning period, recalculation
and verification of the bias corrections after each change have
ensured that the output AWDP winds have remained constant
in their quality and characteristics.'

In Section II, we validate ASCAT backscatter data by
comparing them against the CMODS5.n [6] ocean backscatter
GMF using a combination of visualization techniques and
examination of wind-speed biases [7]. This results in a set of
beam and incidence-angle-dependent bias correction factors. In
Section III, we apply these to ASCAT data to bring them into
alignment with the ERS GMF and make use of the ocean cali-
bration technique [8] to confirm that this has been satisfactorily
achieved. ASCAT backscatter data are operationally modified
in the AWDP and, in Section IV, we validate the resulting wind
vectors by comparing them against winds from the European
Centre for Medium-range Weather Forecasts (ECMWF) and
buoy measurements. Finally, in Section V, a summary and
conclusions are presented.

II. VALIDATION OF ASCAT DATA AND CALCULATION
OF BIAS CORRECTION FACTORS

A. Midbeam and Skew Bias

CMODS5.n gives the ocean backscatter as a function of
incidence angle, wind direction (relative to the radar look
direction), and neutral wind speed at 10-m height [9]. It takes
the general form

00(0,v,¢)=Bo(6,v)[1+ B1 (6, v) cos ¢+ B (6, v) cos(2¢)]"°
(1)

where 6, ¢, and v are the incidence angle, azimuthal wind-
direction angle, and wind speed, respectively. By, B1, and B>
are functions of wind speed and incidence angle and were
obtained by fitting the GMF to ERS scatterometer data which
cover an incidence angle range of 18°-55°. Note that ASCAT
data cover incidence angles of approximately 25°—-65° and that
CMODS5.n has not been validated in the upper part of this range.

Each position in the left and the right ASCAT swath is
illuminated by the fore, mid, and aft beams at different azimuth
angles. The ASCAT level-1B data produced by EUMETSAT
give these three calibrated backscatter measurements at a num-
ber of approximately equally spaced positions across each
swath. For a given swath position, which we term a wind vector
cell (WVCQ), the visualization of the ocean backscatter triplets
in a 3-D measurement space is found to be a useful method for
comparison with ocean backscatter GMFs [10].

Fig. 1 shows an example of such a visualization, where the
three 2-space axes (Zfore, Zaft, Zmid) are given by z=a{-%25 [9].
The backscatter triplets are shown by black points. The

! An independent change has been made to the ASCAT winds in November
2008, where 0.2 m - s~ ! was added to all winds in order to represent equivalent
neutral winds at 10-m height.
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Fig. 1.
measurement space for WVC number 42 for wind speeds up to 30 m - s

Visualization of CMODS5.n and the ASCAT triplets (dots) in 3-D
-1

GMF backscatter, with the incidence angle determined by the
position of the WVC, reduces to a function of wind speed
and direction and forms a double-folded conical surface in the
3-D measurement space. The shape of the surface is determined
by the nature of the GMF and is conical because both backscat-
ter and the magnitude of the azimuthal variation increase with
wind speed. The double fold arises because wind directions
180° apart give similar values for backscatter, resulting in
two surfaces wrapping closely around each other. Differences
between the cloud of triplets and the cone in each direction of
the measurement space are, to a first approximation, caused by
biases between the ASCAT data and the ERS-based GMF.

Fig. 2(a) shows a section through the wind cone at the
Zfore = Zafy plane and the projection of the triplets onto this
plane for the outermost WVC of the right-hand swath. The data
points lie above the cone, and we can manually adjust a scaling
factor syiq for the midbeam data until the data points and the
cone are judged by eye to be in good alignment. Fig. 2(b) shows
the distribution of triplets after correction.

Fig. 3(a) shows the projection of the wind cone and the
triplets onto the plane zy;q = 0. The data points are slightly
skewed with respect to the cone. We can adjust the skew by
scaling the fore and aft beam data by s, and s,g given by

Sfore = 1/3cone Saft = Scone )

where scone 1S a relative bias correction factor. We manually
adjust the value for scone until the skew has been removed
and the data points and the cone are judged by eye to be in
good alignment. Fig. 3(b) shows the distribution of triplets after
correction.

This process effectively determines two of the three biases
between the data and the GMF and is repeated for every WVC.
This manual process is effective in finding and correcting any
relatively large biases and, as the results in Sections III and IV
demonstrate, produces satisfactory results.
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Fig. 2. Cut of the CMODS.n cone in z-space at the vertical plane

Zfore = Zaft for WVC number 42 and projection of the ASCAT triplets
(January 1, 2007) in close proximity of such plane (a) before and (b) after visual
correction of the midbeam bias.

B. Wind-Speed Bias

The two bias corrections determined in the previous section
bring the data into reasonable alignment with the cone. How-
ever, visual checks are not suitable for determining the final
degree of freedom which is directed along the major axis of the
cone. The position along this axis is mainly dependent on wind
speed and hence any error results in a bias between retrieved
and actual wind speeds. In this section, we determine the wind-
speed bias and then convert it back into scaling factors that can
be applied to the ASCAT data.
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Fig. 3. Projection of the CMODS5.n cone and the ASCAT triplets (January

1, 2007) on the plane zy,;q = 0 for WVC number 42 (a) before and (b) after
visual correction of skew.

To determine the wind-speed bias, we remove the midbeam
and skew biases in ASCAT data by applying the scaling factors
determined in the previous section, retrieve winds through the
inversion and ambiguity removal algorithms implemented in
the AWDP, and then compare them to the ECMWF 10-m
equivalent neutral winds. We note that the AWDP output and
ECMWF winds are not entirely independent since the ECMWF
winds are used in the ambiguity removal procedure. However,
this mainly affects the direction of the retrieved winds and has
only a minor effect on the retrieved wind speed.

As CMOD5.n depends quasi-linearly on neutral wind speed
[11], we take the CMODS5.n wind-speed sensitivity at the mean
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Fig. 4. Total correction factors per antenna and incidence angle.

global wind speed over the ocean, i.e., 8§ m - s7L to represent
the full wind domain sensitivity. The correction factors to the
backscatter measurements in z-space are then given by

Swind = A’UE% (3)
z dv
where sying is the backscatter scaling correction factor, Av is
the wind-speed bias, and z and dz/dv are the mean backscatter
and CMODS5.n sensitivity at 8 m - s~!. Hence, the final scaling
factors, which remove the midbeam, skew, and wind-speed
biases, are given by

SFORE = Swind/Scone
SAFT = Swind Scone
SMID = SwindSmid- 4)

Fig. 4 shows the final correction factors as a function of
incidence angle for each beam. Below approximately 55°, these
indicate that the calibrated ASCAT data are about 0.3 dB less
than the CMODS5.n GMF in all beams. This is larger than the
expected ASCAT calibration accuracy and indicates that there
is a difference between the calibrated data from ASCAT and
the calibrated ERS data used to derive CMODS5.n. Above 55°,
we see that the calibrated ASCAT data become larger than the
GMF by up to 0.8 dB at extreme far range. This could point
to deficiencies in CMODS5.n which has never been validated at
such large incidence angles.

Note that the correction factors in Fig. 4 are similar for all
beams, indicating that the interbeam biases are small and that it
may therefore be possible to use only a single set of incidence-
angle-dependent correction factors for all beams. Such a set of
correction factors could be incorporated into CMOD35.n to give
an ocean backscatter GMF that is consistent with the ASCAT
three-transponder calibration.
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Fig. 5. Same as Figs. 2(b) and 3(b), respectively, but with all bias corrections
applied to the triplets.

III. VALIDATION OF BIAS CORRECTION

The bias correction coefficients derived in the preceding sec-
tion are used within AWDP to modify the ASCAT backscatter
data before retrieving ocean winds using CMODS5.n. In order
to achieve high-quality winds, it is essential that the correction
coefficients are effective in bringing the data into alignment
with the GMF.

We can test this qualitatively by visually comparing the
modified data and GMF.

1) Fig. 5(a) and (b) shows the same as in Figs. 2(b) and
3(b), respectively, but this time with all biases removed.
Compared to the earlier figures, we see that the triplets are
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Fig. 6. Visualization for WVC 42 of (dots) the corrected triplets and (ellipses) CMODS.n for several intersections of the cone with the plane zfore +2aft = 22ref-

ASCAT data from March 5-11, 2007 are used. The intersections correspond to the following equivalent neutral wind speeds: (a) 2 m-s~!, (b)) 5m-s

(©)8m-s~1 and(d) 15m-s— L.

now stretched away from the origin toward higher speed
values but remain consistent with the GMF cone.

2) Fig. 6 shows the intersection of the cone with the plane
Zfore T Zaft = 22ref and nearby triplets for the outermost
WVC of the right-hand swath. A specific value of z..¢
corresponds to an approximately constant wind-speed
value. In this figure, the match between modified data and
GMF is generally good, although, for low wind speeds,
there is a small displacement. Plots for other WV Cs show
similar results.

However, as a quantitative test, we use the ocean calibration
technique [8] to assess the difference between corrected data
and the GMF. This method is based on the analysis of a large
measurement data set to estimate Fourier coefficients that can
be directly compared to those in the CMODS5.n GMF. For any
particular WVC in any beam, the incidence angle is very nearly
constant around the orbit and we can model the backscatter with

oo(v,¢) = Bo(v) [1 + By (v) cos ¢ + Ba(v) COS(2¢)}1'6 (5)

which is of the same form as CMODS5.n. The mean backscatter
is essentially determined by the value of B with small con-
tributions from B; and Bs. In z-space, where z = 025, this
becomes

2(0,6) = Jaolv) +ar(v) cos + ar(v) os(26)  (6)

where ag = 2B39%, a; = B, BY5%° and ay = By BJ 525,

-1
Integrating over the azimuth angle gives

2
an(v) = %/z(v,qﬁ) cos(ng)dg, n=0,1,2. (7
0

To evaluate this, we split the data into wind-speed and azimuth-
angle bins. Bins are defined so that they are large enough to
contain a certain minimum number of measurements and small
enough to provide a good approximation of the integral. In
the following, indices ¢ and j refer to wind-speed bin ¢ and
azimuth-angle bin j, respectively. Index k is used to refer to
an individual measurement z;,. Parameters I, J, and K refer to
the total number of bins or measurements, so ¢ = 1,2,..., I,
j=12,....J,and k=1,2,... K(i,5).

The mean z in a fixed wind-speed row is

1 J 1 K (i,5)
2(i) = 7 Z ) Z 2k (i, J)- @®)
j=1 k=1
Summation over the wind-speed rows gives
1 J
z= ﬁ;KJ(z)z(z) )
with
J I J
KJ(i) =Y K(@i,j) KJI=Y Y K(@ij. (0
j=1 i=1 j=1
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The relation with ay and By is now simply given by
z = ag/2 = B§5%5. Note that we use a weighted average with
weights ~1/K (i, j). As the data set is not uniformly distributed
over azimuth angle, the weight function ensures that each
azimuthal bin contributes equally to the summation. A similar
derivation can be made for By and Bs. More details of this
procedure can be found in [10] and [12].

This method needs only a few days of collocated ASCAT
data and ECMWF winds to produce a good estimate of differ-
ence in ag. We then use CMODS5.n with the ECMWF winds
to calculate model backscatter values corresponding to the
measured values and again apply the process as described
earlier. The difference between the two values of a( then gives
an estimate of the mean difference between model and mea-
surement backscatter.

Fig. 7(a) shows the difference between the corrected data and
the model as a function of incidence angle. We see that the dif-
ference is less than 0.2 dB (apart from the left midbeam which is
less than 0.3 dB) and shows no systematic trend. The magnitude
of this difference is similar to that shown by bias-corrected
ERS data [8], [13] and similar to the expected accuracy in the
ASCAT data. This indicates that the bias correction procedure is
effective. We also note that sensitivity studies using CMODS5.n
show that an error in backscatter of 0.2 dB corresponds to an
error of approximately 0.2 m - s~* in wind speed.

As a comparison, Fig. 7(b) shows the difference between
the original unmodified ASCAT data and the model. Below
55° incidence, we find a difference of around 0.3 dB in all
beams, which, as discussed before, indicates a small difference
between the ASCAT and ERS calibrations. Above 55°, the dif-
ference rises to about 0.6 dB, which could possibly be due to
inaccuracies in the GMF.

Since the beginning of ASCAT operations, the calibration
of level-1B data has been adjusted several times as additional
transponder data were collected and calibration algorithms
were refined. Fig. 7(c) is similar to Fig. 7(b) but examines an
older set of ASCAT data with a slightly different calibration.
Note that there is an oscillation in the low incidence part of
the left midbeam. However, applying the corrections to the

older data set from Fig. 7(c) will produce a picture almost
identical to Fig. 7(a) (not shown). The bias calculation and
removal procedures are effective in removing the oscillation.
This demonstrates that when the bias correction factors are
recalculated every time the ASCAT calibration is modified,
then the bias-corrected data do not show any changes in their
characteristics.

These results indicate that the correction factors determined
in the previous section are effective in bringing ASCAT data
into agreement with CMODS5.n. Hence, we can expect that the
modified ASCAT data will produce good results from AWDP
which uses the CMODS5.n GMF to retrieve wind vectors. More
generally, the corrections applied to the ASCAT data bring
them to the same calibration standard as data from the ERS
scatterometers and allow them to be used in any existing ERS
processing algorithm.

IV. VALIDATION OF RETRIEVED WINDS

ASCAT data are modified using the bias correction factors
derived in Section II and used operationally in the AWDP to
produce the ASCAT level-2 wind product. To confirm that the
process is functioning as expected, we compare the retrieved
winds against ECMWF winds and buoy measurements.

The dashed line in Fig. 8(a) shows the bias between the winds
produced by the AWDP and ECMWE. This is everywhere
below 0.1 m-s~! with no obvious trends. As a comparison,
the dotted line in Fig. 8(a) shows the bias when the original
uncorrected ASCAT data are used. Here, we find the AWDP
winds overestimated in the near range by about 0.4 m-s !
and underestimated at far range by the same amount. Poorer
results from unmodified data are to be expected since we know
from the previous sections that there are systematic differences
between the calibrated data and the CMODS5.n GMF used in the
AWDP retrieval algorithms.

The wind-direction bias is small, on the order of 1° (not
shown). The wind-direction standard deviation (SD) is shown
in Fig. 8(b). Fig. 8(c) shows the SD for the u and v wind compo-
nents (scatterometer-NWP). Overall, the SD is somewhat lower



VERSPEEK et al.: VALIDATION AND CALIBRATION OF ASCAT USING CMODS5.n

Windspeed bias

R B IR MR =
04 RN %
' . - Ap farr
— 02} —
2]
~— | i
E
— L 4
T h
v < s -1
.E - s -
z I Y e ANV i
L L - v |
=
2 - -
e
C 02 -
[
—04 —
||||||||||||||||||I|||||||||I|||||||||I|.
10 20 ) 40
WAVC number
(a)
u and v—component bigs SO (scot—NWP)
M I o e o R E e
1.8 3 . _SPgub£? N
F : - v Sl ng corr |
[ NS . -— » 50 rno eorr |
L l[ i : - - -v S0 care a
i N ]
L f i LN ]
| ;P - " ]
c1.7 Lo N b A
2 [ " " ' ’,':
=} [~ N ' . i
s by o B AY ]
R J L O /o
o[l L WY ]
o [ s b B T ]
c I
21.6— " 'rtl -
w0 i ¥ ]
w [ M | \ ]
2 !
s f DAL -
i PR b ]
L seald ! § Y 4
8 AN t. 1
15 AN \\e -2
LN P \ " -
L , ]
F - e ot oA
[ [PERE N L ]
S B SR DTty LA B
10 20 30 40
WVC number
©
Fig. 8.

Winddir SD
[T rrrrorrrT Trrrrrrrrr TYyvrrrrrrr LB M|
i ' r2 ' ASCAT ]
-l -_—Qorr
o '- - no eaer |-
180 s —
L N 1
K il ]
~— 175 at —
=2} L I1' 4
LY [ ' ]
T I Py ]
o 1701 ! T ]
.E B s | 4
S " v, ]
z r L P, 1
z 165y i " -
5 [ ) IIl, N ]
o i AR A N i
» L ! A 4
5 1e0f s s -
o I S N 4
w - ; Y E
k / TN .
155 1 ; A ] .
[ -~ 1 ) ]
L A (SR NEE
[ \ 3]
WSO e e e 1 T
10 20 30 40
WNVT number
(b)
average abs(MLE)
1.8 P T T T e
L. MLE" |
_— T
L T e |
16F - -
14~ -
— P J
(1]
| o -
=
Z | J
2 . .
21z - S
Y L ; J
o L u
2
£
U r 4
>
510l _
08 _
- -_'_"/\ 4
L ,'/f e
L o J
0.6 - i a
10 20 30 40
WWC number

(d)

(a) Wind-speed bias of ASCAT versus ECMWF winds for the period March 5, 2008 to March 11, 2008 as a function of WVC. (b) Wind-direction SD.

Wind-direction statistics are for the 2-D variational ambiguity removal wind solutions for ECMWE winds larger than 4 m - s~ . (c) u and v wind component SD
for the corrected and uncorrected cases. (d) Absolute MLE value averaged per WVC for the corrected and uncorrected cases.

for the corrected case compared to the uncorrected case. The
maximum likelihood estimation (MLE) is a measure of how
well a measurement triplet fits the GMF. Fig. 8(d) shows the
MLE as a function of WVC for the corrected and uncorrected
cases. Clearly, a reduction in MLE can be seen for the WVCs
with high incidence angle due to the corrections applied.

Fig. (9) shows the 2-D histograms of the difference in wind
speed and direction, and the wind vector zonal and meridional
components v and v. Winds from the modified ASCAT data
produce unbiased winds, as expected, and give rms error values

of 1.28 m-s~! in wind speed and 15.9° in wind direction.
Hersbach [14] shows similar results. These values are better
than those given when using ERS scatterometer data (see,
e.g., [10] and [15]), showing that the wind vectors retrieved
from the ASCAT data exceed those from ERS in quality. This is
to be expected, as ASCAT was designed to give less measure-
ment noise at a given resolution than the ERS scatterometer,
and clearly indicates that the AWDP bias correction and wind
retrieval are functioning correctly and are able to exploit the
improved measurement data.
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Fig. 9. Two-dimensional histograms of the retrieved wind solution versus ECMWF wind for all WVCs. Data from the period March 5, 2008 to March 11,
2008 are used. N is the number of data points, ma and my are the mean values along the - and y-axes, and cor is the Pearson correlation coefficient of the
zy distribution. The contour lines are in logarithmic scale, with each level being larger by a factor of two. Lowest level is 10, and there are 15 levels in total.
(a) Wind speed (bins of 0.4 m-s—!, N = 2314198, ma = 7.59, my = 7.40, cor = 0.93). (b) Wind direction (bins of 2.5°, ECMWF winds larger than
4m-s~1, N=1942849, mx=163.0, my=162.9, cor=0.99). (c) Wind component v (bins of 0.4 m -s~1, N =2314198, mz=—0.56, my=—0.49,
cor = 0.97). (d) Wind component v (bins of 0.4 m - s~ N = 2314198, ma = —0.24, my = —0.20, cor = 0.94).

The winds produced by the AWDP can also be compared
against buoy winds. An AWDP wind and a buoy wind are con-
sidered to be collocated if the distance between the WVC center
and the buoy location is less than 17.7 km (for comparison, the
ASCAT WVC spacing is 25 km) and the acquisition time dif-
ference is less than 30 min. These criteria give about 2500 col-
locations per month. The buoy winds are available hourly after
averaging the wind speed and direction over a 10-min period.

Fig. 10(a) shows the wind-speed bias and SD as a function of
the wind speed from one month of collocated data. Fig. 10(b)

shows the bias and SD of the wind direction. Within the range
of 3-13 m - s, the wind-speed bias is small, only a few tenths
of meters per second, and outside this range, the scatterometer
winds are less than the buoy winds by up to 1 m - s~*. Wind-
speed retrieval in low and high wind-speed regimes is an area
of active research [16].

Taking an average over the five-month period from
November 2007 to May 2008 results in a wind-speed bias of
—0.08 m - s~! for AWDP versus buoy winds and an SD in the
w and v components of 1.76 and 1.79 m - s—!, respectively [17].
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Fig. 10. Scatterometer-buoy bias and SD for wind speed and direction. Data
are from May 2008. The average values of bias and SD are indicated as straight
horizontal lines.

This is within the range expected [18], [19], which again
confirms that the bias correction procedure and the AWDP wind
retrieval are functioning correctly.

The ASCAT wind product accuracy requirements were spec-
ified as 2 m-s~! with respect to a true wind reference [20].
Although the rms values given above do not provide a measure
of the ASCAT wind accuracy alone, but rather the combined
error of ASCAT and ECMWF or buoy winds, it is clear that the
ASCAT wind product meets this requirement.

V. SUMMARY AND CONCLUSION

The bias between calibrated ASCAT data and the CMOD5.n
ocean backscatter GMF has been determined using a combina-
tion of visualization tools (to determine a midbeam bias and the
fore/aft beam skew) and a comparison between retrieved and
ECMWF winds (to determine a wind-speed bias). Below 55°
incidence, the bias is found to be about 0.3 dB in all beams,
indicating that there is a difference in calibration between
the ASCAT data and the ERS data used to derive the GMF.
Above 55°, the bias rises to about 0.8 dB, which could in-
dicate not only a problem in the ASCAT calibration but also
deficiencies in CMODS5.n which has been poorly validated in
this incidence angle regime, since it has not been covered by
the ERS scatterometer.

The calculated biases can be applied to the ASCAT data
to bring them into alignment with the GMF and hence to the
same calibration standard as the ERS data on which the GMF
was based. Visual comparisons between corrected data and
the GMF and also quantitative comparisons using the ocean
calibration technique show that this process is effective. Subse-
quent level-1B backscatter calibrations resulted in smaller and
more consistent biases for the three beams on each ASCAT
swath.

AWDP applies the bias correction to ASCAT data before
using CMOD5.n to retrieve wind vectors in order to produce
the operational ASCAT level-2 wind product. Comparison of
the product against ECMWF winds shows an rms error of
approximately 1.3 m-s~! in wind speed and 16° in wind
direction. Comparison against buoy winds shows an rms error
of approximately 1.8 m-s~! in the wind components. These
results are better than those achieved using ERS scatterome-
ter data, indicating that the AWDP bias correction and wind
retrieval are working effectively to exploit the lower noise in
ASCAT measurements compared to ERS. These results also
demonstrate that the ASCAT level-2 wind product satisfies
its accuracy requirements. Moreover, we note that the bias
correction technique allows AWDP to be insensitive to the
status of the ASCAT backscatter calibration, which has changed
over time as additional transponders and improved calibration
algorithms were used, enabling it to produce high-quality winds
as soon as the first ASCAT backscatter data became available
and have remained constant in quality and characteristics ever
since.

The consistency of ASCAT and ERS scatterometer winds
allowed the quick and beneficial application of ASCAT
winds [21]. Other techniques (such as cross calibration of ERS
and ASCAT, or comparison of ERS and ASCAT backscatter
over other geophysical targets) will be useful to validate the
backscatter calibration. However, the bias correction technique
described in this paper is capable of modifying the ASCAT
backscatter data set so that it is consistent with ERS data which
have been proven to be useful for sea ice and soil moisture
applications.

A set of incidence-angle-dependent coefficients will be tested
to modify the CMODS5.n GMF and maintain or improve the
quality of the ASCAT winds, fully exploiting the ASCAT
instrument and the three-transponder calibration for ASCAT.
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