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Introduction 
 

The objective of Ocean Calibration (OC) is to find corrections of the normalized radar 
cross section, σ0, per antenna and Wind Vector Cell (WVC) that improve the ASCAT wind 
retrieval. The Numerical Weather Prediction (NWP) Satellite Application Facility (SAF) 
ASCAT Wind Data Processor (AWDP) is used for the ASCAT wind retrieval [NWPSAF 
site; ASCAT user manual].  

Currently, AWDP uses corrections based on a visual correction method for OC (VOC) 
[Verspeek et al. 2008]. In this method the Geophysical Model Function (GMF) is evaluated 
in the measurement space for its consistency with the distribution of measurement points. 
The measurement space is defined for each WVC as the three-dimensional or 3D (x,y,z) 
space spun up by the measured values of respectively the fore, aft and mid beams 
[Stoffelen and Anderson, 1997]. The two-dimensional (2D) GMF surface is a conical 
surface and the (fore, aft, mid) measurement triplets should generally lie in the proximity of 
this surface. The visual correction method scales the three axes of the measurement space, 
i.e., the fore, aft and mid beam σ0s, such that the distribution of measurement triplets is 
shifted towards the conical GMF surface.  

Another method for Ocean Calibration (OC) resides in direct comparison of measured σ0 
data with simulated values from NWP winds using the GMF [Stoffelen, 1998; Freilich, 
1999; Verspeek, 2006]. For the ASCAT and ERS scatterometers this NWP-based OC 
(NOC) estimates <z>, the mean transformed backscatter over the ocean for a uniform wind 
direction distribution and compares this with the mean measured backscatter over the ocean 
for a given wind distribution, as further explained in section 2. 

The VOC and NOC methods each have their pros and cons. In this report we will evaluate 
these and verify how both VOC and NOC antenna and WVC dependent correction tables 
improve the wind retrieval. The aspects of the wind retrieval that are most affected by the 
correction tables are the Quality Control (QC), retrieved wind direction distribution and 
thus wind direction error and the distribution of normalized distance between measurement 
triplet and GMF in measurement space. Metrics based on the statistical distribution of these 
variables will be discussed and evaluated in section 6. 
 

NWP Ocean Calibration  
 

The NOC technique [Stoffelen 1998] is used to assess the difference between scatterometer 
backscatter data and simulated backscatter data out of collocated NWP winds using the 
GMF. Discrepancies between mean measured and simulated backscatter may be due to 
instrument calibration, systematic and random errors in NWP wind speed and direction and 
GMF errors. These sources of error should therefore be analyzed carefully. The NOC 
method is based on the analysis of a large measurement dataset to estimate Fourier 
coefficients that can be directly compared to those in the CMOD5.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 
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where v is wind speed and φ is wind direction with respect to the beam pointing direction. 
The mean backscatter is essentially determined by the value of BB0 with contributions from 
B1 B and BB2. In z-space, where z = σ0

0.625, this becomes 
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where a0 = 2BB0

0.625, a1 = B1B BB0
0.625 and a2 = B2B BB0

0.625. Integrating uniformly over the azimuth 
angle gives 
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So, when the wind direction distribution is sampled uniformly for all wind speeds, then the 
mean of 2a0 should be identical to the mean of z. This means that uncertainties in a1 and a2 
do not contribute to the error in the simulated mean z.  

To arrange a uniform wind direction distribution, we split the data into wind speed bins 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 i and j refer to wind speed bin i and azimuth angle bin 
j respectively. Index k is used to refer to an individual measurement zk. Parameters I, J and 
K refer to the total number of bins or measurements, so i=1, 2 ..., I,  j=1, 2 ... ,J and k=1, 2 
... ,K(i,j). 
 
The mean z in a fixed wind speed row is, let's call this z(i): 
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Summation over the wind speed rows gives 
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<z> is the mean backscatter value over a uniform wind direction distribution and may be 
either measured or simulated by collocated NWP wind inputs and the GMF, where mainly 
the term as given by a0(v) or BB0(v) contributes. Any discrepancy between the simulated and 
measured mean backscatter values is computed as a ratio. A ratio not equal to one may be 
related to inaccuracies in the instrument gain, e.g., beam pattern determination, or to errors 
in the NWP input winds and GMF. 
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This method needs only a few days of collocated ASCAT data and ECMWF winds to 
produce a reasonable estimate of difference in a0. We use CMOD5.n with the ECMWF 
equivalent neutral 10-meter winds to calculate model backscatter values corresponding to 
the collocated measured values and apply the process as described above. The difference 
between the two values of a0 then provides an estimate of the mean difference between 
model and measurement backscatter. 
 
 

3 Derivation of the NOC correction 
factors 
 
The ocean calibration gives residuals in backscatter as a function of incidence angle for 
each antenna. When these residuals are stable over time they may be used as correction 
factors for errors in the instrument, for monitoring instrument health or for GMF 
development.  
 
A time series of the ocean calibration is performed over the period of one year, from 2008-
09-01 to 2009-08-31 for the ASCAT scatterometer in high-resolution mode (12.5 km WVC 
spacing). The one-year period is taken to average out the seasonal variations in the wind 
distribution that have an effect on the NOC residual. Successive periods of day 1-14 and 
day 15-last day of the month are taken as input for an ocean calibration run. The cone 
corrections [Verspeek et al, 2008] are not applied, but only a correction that accounts for 
the differences in level1B software processing versions. These corrections have been able 
to transform the ASCAT backscatter measurements from each L1B calibration cycle to the 
next cycle within a few hundredth of a dB. L1B software version 7.02 with the 3-
transponder calibrated data is taken as the reference. Thus the results are made independent 
of the level1B software version that is used. For a detailed description of the precision in 
the correction factors see Verspeek et al [2008]. 
 
Figure 1 shows the ocean calibration residuals from the right-fore antenna as a function of 
incidence angle. Each line corresponds to a time period.  
 
The figure shows a good stability over time with a fluctuation ~ 0.1 dB. Variations in NWP 
wind distribution over time are the main cause of these fluctuations. However, the latest 
results appear slightly lower than the earliest with an apparent gradual degradation. It is not 
clear whether this is due to the ASCAT instrument or to the input NWP winds. Stoffelen 
[1998] notes that changes in wind speed scaling show an incidence-angle dependent bias, 
whereas here a rather constant degradation appears over time. 
 
The pattern as a function of incidence angle shows distinct peaks and troughs. These are 
difficult to explain from the NWP comparison procedure [Stoffelen, 1998] since the GMF 
terms are rather smooth as a function of incidence angle and subsequent WVCs see almost 
identical NWP wind distributions. Also for the other antennas the pattern is stable over 
time, with a similar incidence-angle independent vertical shift over time.  
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Figure 1 – Stability over time of the right-fore antenna ocean calibration residual as a function of incidence 
angle. 
 
Figure 2 shows a typical example of the B0 residual for the right-fore antenna per wind 
speed bin.  These residuals are averaged over all wind speed bins weighted according to the 
wind speed occurrence, to obtain one of the lines in Figure 1. The NWP wind speed is used 
as reference to determine the wind speed bin for a measurement. For low NWP wind speed 
the error distribution in wind speed (NWP-truth) gets very skew and the mean true wind 
speed will be larger than the corresponding NWP wind speed bin average [Stoffelen, 1998]. 
This explains the large positive residuals. For all but the lowest and highest wind speed 
bins the pattern as a function of incidence angle is similar. This indicates that the pattern in 
Figure 1, which is mainly determined by the modal winds is independent of wind speed and 
thus more likely caused by instrument errors. 
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Figure 2 – Residual of BB0 for the right fore antenna per wind speed bin. NWP ocean calibration is from the 
period 20090701-20090714 without calval corrections. 
 
Figure 3 shows a scatter plot of averaged biweekly NOC residuals for opposing pairs of 
antennas. An opposing pair of antennas, e.g. left fore and right aft, have an opposing 
orientation with respect to the wind direction under the assumption that the wind field does 
not vary too much over the width of the swath. Since the GMF is symmetric over 180 
degrees, opposing antennas provide the same NOC error over a given NWP wind 
distribution and its associated errors. Thus they are likely to have a high correlation in 
NOC residual. Figure 3 shows a high correlation indeed and a scatter of about 0.01 dB, but 
there is a shift with respect to the symmetry line for the fore and aft antennas such that left 
fore is 0.060 dB lower than right aft and left aft 0.075 dB higher than right fore. For the 
mid antenna pair, there are four deviating points with right mid 0.125 dB below left mid, 
which correspond to the period after the latest level 1B upgrade, from 20090915 to 
20091114. These points need further examination and are not used in the NOC correction 
factor calculation. 
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                                                                       a) 
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                                                                       b) 
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                                                                       c) 
Figure 3 – Scatter plots of NWP ocean calibration residuals for opposing pairs of antennas. No calval 
correction is applied. Total period is from 2008-09 to 2010-02. 

a) Left fore – right aft 
b) Left mid  - right mid 
c) Left aft    - right fore 

 
 
Figure 4 shows a time series for the NWP ocean calibration residual for all antennas. The z 
difference is averaged over the WVCs in this case. A seasonal variation can be observed 
corresponding to a seasonal variation in wind speed distribution. The mid antennas are 
clustering, as well as the fore/aft antennas, indicating some systematic difference in the 
processing of these fore/aft and mid beams. In our procedure, the input wind direction PDF 
of the mid beams is different from that of the fore/aft beams mainly due to the trades. Due 
to errors in the ECMWF wind direction PDF, the filtering to a uniform wind direction is 
not perfect, possibly resulting in small biases [Stoffelen, 1998]. Due to the seasonal 
variation in wind PDF it is surprising that the difference in mid and fore/aft beams is so 
constant over the year. The differences between beams appear rather systematic. 
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Figure 4 – Stability over time of the NWP ocean calibration per antenna for ASCAT 
 
 
Figure 5 shows the average of the NOC residuals over a time series of one year. The time 
series average will be almost identical to the NOC residuals over one year of data in one 
run. These values will be tested as NOC cal/val correction factors in AWDP. 
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Figure 5 –Average of the ocean calibration residuals over one year. 
 
 
 

4 Verification of the NOC correction 
factors 
 
The residuals from Figure 5 from the one-year period 200809-200908 are stored in a table 
and may be applied as NOC correction factors in ocean calibration and AWDP.  
 
In order to verify that NOC correction factors have a positive impact on the OC residuals, 
an OC time series is run over the same one year period from 200809-200908 with the NOC 
corrections applied. Figure 6a) shows an example of the residuals from an ocean calibration 
with NOC corrections applied. It  shows a spread of typically ~0.1 dB. Figure 6b) shows 
the residuals during one year of the right-fore beam as a typical example. Also here the 
spread is small, well below 0.1 dB and shows no systematic patterns. 
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a)

 
b) 

Figure 6 – NOC residuals after applying the NOC correction factors. 
a) 20090801-20090814 
b) Right-fore antenna for all indicated periods in one year 
 
In Figure 7 the timeseries of the NOC residuals is shown over the one-year period where 
the NOC corrections from Figure 5 were applied. The vertical offset between beams has 
been corrected out so that all beam residuals are more close together than in Figure 4 with 
an average value of zero. All follow similar seasonal trends. 
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Figure 7 – Time series over one year of the ASCAT NWP ocean calibration residuals for each antenna. NOC 
corrections are applied. 
 
 

5 Visualisation 
 
Visualisations of the data triplets in measurement space together with the GMF have been 
made in order to see how well the GMF fits the cloud of measurements. Purple triplets 
have a positive MLE and lie inside the cone, green triplets have a negative MLE and lie 
outside the cone. WVC 26 is chosen which is on the right swath, has incidence angles 
fore/aft=43.95°, mid=33.64°, and roughly corresponds to the middle swath WVC 10 of 
METOP’s predecessor the European Remote sensing Satellite (ERS). CMOD5 was 
developed for ERS and is well established for these incidence angles. (CMOD5.n has the 
same shape as CMOD5 in visualisation space, only the wind speed parameterisation is 
different). 
 
Figure 8a) and Figure 8b) show the cone cross section at the modal wind speed V=8 m/s 
for VOC and NOC respectively. Both figures show a good fit. In the NOC case the 
purple/green symmetry is somewhat better, indicating a slightly better fit. Figure 8c) and 
Figure 8d) show the zfore=zaft intersection with the cone. Also here the figures show a good 
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fit. Similar results are obtained for other WVCs in both the left and right swath, with in 
general a slightly better symmetry for the NOC case. 
 
 
 
                   

 
                                                                       a) 
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                                                                     b) 
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                                                                      c)                                                                                                 
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                                                                    d) 
                             
Figure 8 - Visualisation of CMOD5.n for WVC 50 (right swath, incidence angle fore/aft=43.97°, 
mid=33.57°) together with data triplets  (correction is applied on the data triplets). Purple triplets have a 
positive MLE and lie inside the cone, green triplets have a negative MLE and lie outside the cone. One week 
of data is used from 20090801 to 20090807. 
 
a) cone cross section  @V~8m/s, VOC 
b) cone cross section  @V~8m/s, NOC 
c) cone cross section zfore=zaft, VOC 
d) cone cross section zfore=zaft, NOC 
 

6 Effect of NOC corrections on wind 
retrieval QC, MLE and speed statistics 
 
One week of ASCAT data (20090801-20090807) is reprocessed using AWDP with the 
NOC corrections applied, in order to compare the resulting statistics with the operational 
values where VOC corrections were applied. In sections 6.1, 6.2 and 6.3 the effect of the 
NOC corrections on respectively wind retrieval, MLE statistics and QC is examined. 
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6.1 Wind statistics 
 
The wind speed bias (scatterometer wind speed minus NWP wind speed) as a function of 
WVC is calculated for the reprocessed data with NOC correction and the operational data 
with VOC correction in Figure 9). The NOC case shows a symmetric pattern for the left 
and right swath, whereas for the VOC case the bias shows less symmetry. A symmetric 
pattern is expected from a physical point of view and implies that the bias may be 
described as a function of incidence angle instead of as a function of WVC. The standard 
deviation (SD) is comparable in both cases as well as the average value of the bias. In the 
VOC case the NWP 10-m winds were transformed into equivalent neutral winds. The 
resulting biases are slightly negative. 
 

 
Figure 9 – Wind speed bias and SD per WVC for one week of data, for NOC and VOC 
 

20 



ASCAT NWP Ocean Calibration 

 
Figure 10 – u and v wind component bias SD as a function of WVC, NOC and VOC case. 

 

Figure 10 shows the u and v wind component bias SD as a function of WVC. The patterns 
are comparable for the NOC and the VOC correction case, but are systematically lower for 
the NOC case. 

Table 1 summarises the wind statistics in terms of bias and standard deviation for the two 
cases. The NOC correction case has better statistics than the operational case (VOC). SD 
values for wind speed V, wind direction phi and wind components u and v are all slightly 
lower. 
 
Table 1 – Wind statistics for NOC correction and VOC correction 
 Bias NOC  Bias VOC  SD NOC SD VOC 
V -0.09 m/s 0.05 m/s 1.29 m/s 1.31 m/s 
φ  -0.05° 0.29° 15.88° 16.36° 
u -0.17 m/s -0.16 m/s 1.52 m/s 1.54 m/s 
v -0.07 m/s -0.03 m/s 1.64 m/s 1.71 m/s 
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6.2 MLE statistics 
 
The Maximum Likelihood Estimate (MLE) is the distance from a measurement triplet to 
the point on the wind cone in 3D measurement space that corresponds to the retrieved 
wind. It is a measure of how well the measurements and GMF fit to each other. The MLE 
is normalised using a table in order to get an expectation value of <MLE>=1 for each 
WVC. 
 
Figure 11a) shows the absolute MLE value per WVC for the NOC and VOC correction 
case. The values of the absolute MLE are averaged over one week of data. The NOC case 
in Figure 11a) shows slightly lower values, especially for the left swath. Also it seems to be 
more asymmetric and less smooth than the VOC case. This is largely caused by the WVC 
dependent MLE normalisation factors that are used (Figure 11c). These factors are used to 
make the average MLE value WVC independent and to give them an expectation value of 
<MLE>=1. They were derived for the VOC case and do a good job in smoothing the MLE 
values and making them symmetrical in the VOC case.  
 
In the NOC corrected case any WVC dependency caused by small interbeam biases is 
already corrected out by the NOC corrections itself, and without the normalisation factors 
the MLE would be a smooth function of incidence angle. This is shown in Figure 11b) 
where data is used that is reprocessed with the NOC corrections but without MLE 
normalisation factors. Here indeed the MLE is a smooth and symmetrical function. The 
average MLE and SD values from Figure 11b) may be used as a MLE normalisation table 
and a QC threshold table respectively. For comparison the operational MLE normalisation 
and QC threshold values are shown in Figure 11c). Operational values were derived for 
winds > 4 m/s using an iteration process. 
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                                                                              a)                                                                                   
                                                    

                       

 
                                        b)                                                                                                c) 
Figure 11 – Average/SD of the absolute value of the MLE per WVC for one week of data  
a) NOC and VOC case 
b) NOC case but no MLE normalisation factors applied. 
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c) MLE normalisation factors and QC threshold factors (scaled down by 18.45) from the operational AWDP 
processor used in a) 
 
 
 

6.3 Quality flags 
 
The occurrence ratio of some important level 2 quality flags and their WVC dependency is 
shown in Figure 12 for the NOC and VOC case. The differences between these two cases 
are again favourable for NOC with clearly less points rejected by the KNMI QC flag that is 
set when the measured triplet has an anomalously large distance to the GMF cone and less 
points rejected by the 2DVAR spatial inconsistency flag (var_qc) which is set when a wind 
vector is spatially inconsistent with its neighbours. 
 

                           
Figure 12 – Some level 2 quality flags as a function of WVC from one week of data 
 
 

7 Nominal resolution corrections 
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It is tried to derived the nominal resolution mode NOC corrections from the high resolution 
mode corrections using the same Hamming weighting function as is used in the level 1B 
calculation of the backscatter value [EUMETSAT 2005, section 6.1.3]: 
 

)/cos(46.054.0)( axxy π+= , a = 50 km 
 
In nominal resolution the centre of WVC number n corresponds to the centre of a WVC in 
high resolution mode, where 
 
n ~ (2n-1) for the left swath 
n ~ (2n-2) for the right swath. 
 
Where possible 4 hires WVC’s to the left and to right are taken into account, corresponding 
to a spatial resolution of 50 km. Figure 13a) shows the corrections using the Hamming 
fileter, and Figure 13b) shows the corrections using a year of nominal resolution OC 
residuals. 
 

 
                                  a)                                                                    b) 
Figure 13 –  Nominal resolution NOC corrections 
a) derived from the hires NOC corrections from Figure 5 using a Hamming-filter. 
b) derived from one year of  nominal resolution OC residuals. 
 
Figure 14a) shows the OC residuals for a two-week period using the NOC corrections from 
Figure 13a) and Figure 14b) shows the same when using the NOC corrections from Figure 
13b).  
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Figure 14 – OC residuals from 2009-08-01 to 2009-08-14 
a) with corrections from Figure 13a) applied. 
b) with corrections from Figure 13b) applied. 
 
Spikes occur in Figure 14a) at the outermost and innermost swath WVC’s. Not all hires 
WVC’s are available at the edges needed for a full Hamming-window summation, but the 
information is present in the full-res product and used in the L1b calculation of the nominal 
mode backscatter values. The gives rise to deviations at the edges of the swaths. 
 
Using the nominal NOC corrections from Figure 13b), statistics for wind distribution, MLE 
and QC flags is calculated. Similar results are obtained for the nominal mode as for the 
high-resolution mode presented in this report. Main conclusion is that the statistics are 
slightly improved for NOC compared to VOC, and that the results are symmetric for left 
and right swath, showing a dependence on incidence angle only. 
 

8 Level 2 wind product 
 
The MLE average and distribution from Figure 11a) can be used to normalize the MLE 
values. Also, the MLE standard deviation distritubinot from Figure 11b) can be used to set 
the QC thresholds. This is done in the reprocessing of one week of ASCAT data, using the 
NOC correction table. The resulting level 2 wind product show good quality wind and 
MLE statististics as well as a more symmetric behaviour.  
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Figure 15 – MLE average and SD as as function of WVC number from one week of ASCAT data. The NOC 
correction table is used as well as the MLE normalisation and QC thresholds derived from Figure 11a).  
 
 

9 Conclusions 
 
On many points the NOC give results that are comparable with, or better than the VOC 
method: 
 

- The two-weekly NOC residuals for data with the year-average NOC corrections 
applied are small, within ~0.1 dB from each other over the full observed one year 
period. This shows the consistency in the approach; 

- The AWDP wind speed bias against ECMWF is small, but becoming symmetric for 
the left and right swath when the NOC corrections are applied; 

- The AWDP-ECMWF wind speed, direction and component SDs are reduced for 
NOC with respect to the VOC-correction processed winds; 

- The MLE is reduced by up to 40% in certain WVCs when NOC corrections are 
used with respect to the MLEs produced by AWDP with VOC corrections. 
Moreover, following expectations the MLE is becoming symmetric for the left and 
right swath when the MLE normalization factors are omitted. 
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- The reduction in level 2 QC flag occurrences for NOC-corrected AWDP compared 
to the VOC case is about 10% for the MLE check and the 2D-VAR spatial 
consistency check. 

 
The NOC correction factors are averages over a one-year period. The NOC correction 
factors are dependent on incidence angle (WVC) and beam. They will compensate for any 
error, irrespective of the source of the error, whether it is an error in the GMF, in the 
radiometric calibration of the scatterometer, or interbeam biases. On the other hand the 
VOC method makes use of a visual correction, judged by eye, and a multiplication factor to 
correct for the wind speed to implement a WVC and beam dependent correction. The VOC 
method was not focused on the modal winds and too much tuned towards the more extreme 
winds occurring at the different WVCs. The NOC-corrected backscatter triplets thus 
visually better fit the GMF cone at the modal wind speeds.  
 
Implementation of the NOC corrections together with new MLE normalization factors is 
useful and leads to slightly better wind, QC and MLE statistics and the asymmetry between 
left and right swath will disappear. The QC thresholds and monitoring flag settings need to 
be tuned again when NOC is implemented. 
 
The NOC residuals for high resolution mode reveals more detail than the residuals for 
nominal resolution. The NOC corrections for the high resolution mode (12.5 km) and 
nominal resolution mode (25 km) are calculated and used separately. Using nominal mode 
corrections that are derived from the high resolution mode corrections would lead to 
insufficient accuracy at the swath edges. 
 
Reprocessing the ASCAT data using the NOC corrections, as well as the newly derived 
MLE normalization and QC threshold tables, yields good-quality wind and MLE statistics, 
slighty better than with the VOC method. Moreover, the distributions are more symmetric 
for left and right swath and show a dependence on incidence angle only. 
 
In a later stage the symmetrical and beam-independent part of the correction can be put in a 
new version of the GMF. It should subsequently be tested whether the remaining small 
beam-dependent correction part affects the wind retrieval process. 
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Glossary 
 
ASCAT            - Advanced SCATterometer 
AWDP             - ASCAT Wind Data Processor 
ECMWF          - European Centre for Medium-range Weather Forecast 
ERS                 - European Remote-Sensing satellite 
GMF                - Geophysical Model Function  
MLE                - Maximum Likelihood Estimate 
NOC                - NWP-based OC 
NWP               - Numerical Weather Prediction  
OC                   - Ocean Calibration  
PDF                  - Probablity Distribution Function 
SAF                 - Satellite Application Facility 
SD                   - Standard Deviation 
VOC                - Visual correction method for OC 
WVC               - Wind Vector Cell 
QC                   - Quality Control 
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