
Introduction
Several recent works [such as Vachon
et al. 1996, Scoon et al. 1996 and
Korsbakken et al. 1997] report promis-
ing results when wind retrieval models
developed for the wind scatterometer
(WSC) are applied to SAR data. The
general conclusion from these works is
that more validation is needed since the
available in-situ material is relatively 
limited. A dataset from the ERS-1/2
Tandem phase allows for a new type of
validation study of the wind retrieval
models when applied to SAR, and 
validate the results towards the 
scatterometer derived wind field with 30
minutes lag. The orbit configuration and
the wide swath of the WSC cause an
overlap at latitudes greater than about
63°.

In this work we discuss the major 
difference of two C-band models and
their performance and the novel com-
parison of SAR and WSC wind field. In
the first section we give a brief overview
of the data used followed by a discus-
sion of stationary in the wind field
before the results are presented and,
finally, a summary is given. 

Data analysis
As seen from Table 1 there is a total of
36 ERS-2 SAR images from 6 different
days is available together with the cor-
responding scatterometer wind field
from the ERS-1. This provides more
than 150 collocated WSC wind vectors
within the SAR images for validation
where the wind speed ranges from
about 3 to 17 m/s. At 50 km WSC 

resolution (the nominal resolution pro-
vided by ESA), the wind vectors are
computed from overlapping 50 km wide
cells (spatial resolution) every 25 km
(grid spacing). The WSC wind vectors is
therefore not fully independent.

Included in the study are also pressure
maps from the hindcast database (pro-
duced by the Norwegian Meteorological
Institute) at 06:00 and 12:00 UTC to
indicate the current weather situations.
Figure 1 shows two examples of maps
of the area west of Greenland with the
WSC wind data and 12:00 UTC iso-
bars. The overlaid boxes indicate the
geographical location of the correspon-
ding analysed SAR scenes.

The scatterometer wind field from 1
September (Fig.1, top, reveals a strong
wind front connected with a low-
pressure centre. 12 SAR images are
available from the vicinity of the low
pressure and passes through the front
associated with strong winds (16-17
m/s) to the south. The surface signa-
tures in the SAR image south of the
front are dominated by wind streaks. In
the south the wind drop to less than 5
m/s and the backscatter in the SAR
images has a great variability due to
eddies, surface slicks and internal
waves that becomes visible in the weak
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An evaluation of wind retrieval by SAR has been performed by comparing computed winds from ERS-2 SAR with ERS-1
microwave scatterometer measurements. This was possible during the Tandem phase of the ERS project, for latitudes greater
than about 63°. In this case the scatterometer and SAR coverage overlapped with a time difference of only 30 minutes.
Preliminary results confirm the usefulness of SAR in determining wind speed at high spatial resolution, provided that some infor-
mation on wind direction can be obtained (e.g. from wind streaks).  

Although the comparison was performed over the Norwegian/Greenland Sea, the results will be applicable to retrieving wind
over lower-latitude areas and in coastal regions, at a resolution better than the 50 km resolution obtainable from the scat-
terometer.

ERS-1 WSC ERS-2 SAR

Date Orbit Orbit Frame

950822 21454 01767 2133, 2151, 2169, 2187, 2205, 2223, 2241, 2259
950825 21497 01810 2223, 2241
950901 21597 01910 2025, 2043, 2061, 2079, 2097, 2115, 2133, 2151, 

2169, 2187, 2205, 2223
950911 21740 02053 2133, 2151, 2169, 2187, 2205, 2223
950917 21826 02139 2205, 2223, 2241
950927 21969 02282 2187, 2205, 2223, 2241, 2259

Table 1. Data used in the study. 



wind. The image covering the front is
shown in Figure 2.

In the situation from 17 September
(Fig.1, bottom), Iceland is clearly acting
as an obstacle to the wind field and the
effect is seen as some sort of spiralling
wind field, judged from the changes in
wind direction. The effect is seen to the
northeast of Iceland as far as the WSC
data is covering, which is some 1000
km from the shore. The wind speed
measured from the scatterometer
reaches 14.6 m/s in the northeast. 

In the data comparisons we assume the
sea surface to be stationary during the
30 minute time lag between the WSC
and the SAR image data. This assump-
tion is justified by identification of similar
features in the WSC and SAR image
data. In the first case (1 September) we

observe a strong wind front in the WSC
wind field crossing through a SAR
image as noted before. This image is
shown in Figure 2 and here we clearly
see the change in backscatter asso-
ciated with a wind front. The second
example is from 17 September where
we observe the lee effect from Iceland
in the WSC wind field as discussed
above. In the last of the three SAR
images from that day, we would expect
backscatter signatures of low winds to
the east and stronger winds to the
west. This is also confirmed by the dark
patches to the right in the image (Fig.
3), and the higher backscatter with
some atmospheric wind dependent 
features to the left. The geographical
positions of the observed fronts in the
SAR and WSC data are in corres-
pondence with each other. 

C-band models
The radar scatterometer measure the
radar NRCS quantitatively and an
amplitude-calibrated radar can be a
scatterometer. Interpretation of observ-
ations with scatterometers led to the
conclusion that the NRCS is pro-
portional to some power of the wind
speed. This relation has then been
improved during several experiments to
include NRCS dependence of wind
speed, wind direction and incidence
angle. The CMOD4 model [Stoffelen &
Anderson 1994] has been used at the
European Centre for Medium-Range
Weather Forecasting (ECMWF) during
the lifetime of the ERS-1 and followed
by the ERS-2 scatterometer. The
CMOD4 model is empirically tuned to
the ECMWF weather model results. The
similar CMOD Ifremer [Quilfen et al.
1997] is calibrated against in-situ 
measurements, in particular NOAA
buoys and partly ECMWF model results
in order to provide measurements com-
patible with other wind measurement
systems such as buoys, altimeters and
radiometers. For practical use series of
theoretical NRCS are computed as a
function of incidence angle and wind
direction. In turn, the theoretical NRCS
are used as a look-up table to compare
with NRCS measured in the SAR
image. 

Figure 4 shows profiles of both the
CMOD4 and the CMOD Ifremer 
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Wind field in the
Greenland Sea from 
1 September (top) and
17 September  (bot-
tom) 1995 as meas-
ured by the ERS-1
scatterometer. The
length of the arrows
indicate the relative
wind speed and the
they are oriented in the
direction the wind is
blowing. The overlaid
boxes are the posi-
tions of the ERS-2
SAR images. The
ERS-2 passes the
area approximately
half an hour after the
ERS-1. Overlaid are
the isobars from the
hindcast database.

SAR image from 1 September 1995
showing a strong wind front. 
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algorithms. We observe that the
CMOD4 gives lower NRCS in the low
wind part (from 2 to 4 m/s) compared
to the CMOD Ifremer and higher NRCS
in the wind speed range from about 4
to 18 m/s. Used as a look-up table the
CMOD4 will give lower wind speeds
than the CMOD Ifremer in the 4 to 18
m/s region and vice versa outside this
region. Concerning the high wind part
of the C-band models, corresponding
in-situ observations and SAR data
under high wind speed conditions are
uncommon. Meteorological model
results under such conditions also 
suffer from uncertainties in the in-situ
measurements. In turn, this limits the
available C-band model validation data
and the model must be considered as
an extrapolation of the shape for mod-
erate to high winds [Quilfen et al. 1997]. 

A major limitation of using C-band 
models in SAR images is the demand
for external knowledge of the wind
direction. As discussed in Johannessen
et al. [1995] the wind direction may be
derived directly from the low-frequency
part of the SAR image power spectrum
showing the orientation of the wind
streaks or meteorological maps. In this
analysis we use the wind direction from
the WSC which allows for a direct com-
parison of wind speeds. 

Optimal wind speed estimate from a C-
band model will depend on the radio-
metric capabilities of the SAR to repro-
duce the NRCS. Several calibrations of
the raw SAR data are necessary and a
reprocessing of the SAR data according
to Laur et al. [1997] is performed. In
particular, the analog-to-digital conver-
sion power loss, due to saturation in the
binary representation of the signal in the
satellite, is corrected. (A further discus-
sion of the absolute calibration is
beyond the scope of this work.)

In Figures 5 and 6 the scatterplots of
comparing WSC and SAR-derived wind
speed using the CMOD4 and the
CMOD Ifremer is shown. The SAR 
spatial resolution is 25 x 25 km and
wind speed estimates from all 36 SAR
images are included. The classification
codes from manual classification of the
sub-images as explained later, is only
used when the wind speed difference is
more than 2 m/s to identify those areas.
Moreover, for the CMOD4 algorithm,
shown in Figure 5, there seem to be
three regimes; for low wind speeds (< 5
m/s) the correlation is good; at medium
to high wind speeds the majority of the
wind speeds are underestimated com-
pared to the WSC and the SAR wind
speed is also slightly underestimated for
high wind speeds (> 15 m/s). Regarding
the points of more than ±2 m/s wind
speed difference we see from the plot
that c3 (homogenous sub-images)
dominates among c1 (wind front), c2
(periodic signatures) and c3 points. This
result was in contrast to what we
expected for any eventual fliers which

we believed to be dominated by inho-
mogeneous sub-images.

The wind algorithm used to process the
WSC off-line product is the CMOD
Ifremer. As expected we see a better
agreement when using this model to
derive wind speeds from the SAR data.
The scatter plot in Figure 6 seems to
split in two, with obvious under-
estimation for winds lower than about 5
m/s and slight underestimation for the
majority of the points above 5 m/s.
Here we also find some homogenous
sub-images (c3) of wind speed more
than 2 m/s compared to the WSC wind
speed. 

Discussion and conclusion
Comparison of WSC and C-band
model SAR derived wind speeds for
more than 150 measurements and for a
large variability of wind speeds and
directions have been performed. The
results support the practice of applying
existing C band models to SAR with
better spatial resolution to get the wind
speed if external knowledge of wind
direction can be provided. An overall
assessment of the CMOD4 and the
CMOD Ifremer shows no significant 
difference in the error estimates when
the model results are compared to
WSC wind speed. There are some dif-
ferences related to different ranges of
wind speeds and we have seen that the
CMOD4 compares better below 4 m/s,
whereas the CMOD Ifremer shows 
better performance above 4 m/s. If the
observed biases in the CMOD4 and
CMOD Ifremer comparison to the WSC
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Comparison of
CMOD4 (solid
line) and CMOD
Ifremer (dashed
line).

SAR image from 17 September 1995
showing decreased intensity due to lee
effects in the region north east of
Iceland.
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wind speed were related to rapid
changes in the surface wind field during
the 30 minute time-lag we would have
expected a more widely scattered plot
based on the relative large variety in
wind speed and wind direction for the
six different days. 

In the study of Korsbakken et al. [1997]
an underestimation was observed when
comparing the CMOD4 results to in-situ
measurements, this suggest that the
CMOD Ifremer will perform better pro-
viding higher wind speeds in the actual
range. 

From the analysis we also see that both
the CMOD4 and the CMOD Ifremer
catches the limited number of higher
wind speeds in the dataset but still the
SAR response of wind speed higher
than 15 m/s has been little investigated
and the performance of applying C-
band models developed for scattero-
meter is unpredictable. 

We have also noticed that there is no
obvious dependence on the spatial 
resolution of the behaviour of the WSC
SAR wind speed comparison. In the
analyses we tested spatial resolutions of
4x4, 10x10 and 25x25 km in SAR
image without notice any significant
variations. This indicates that the scat-
terometer algorithms still works for 
spatial resolutions higher than the wind
scatterometer. This is also consistent

with previous studies of the variability in
the NRCS du to the spatial resolution,
see e.g. Korsbakken et al. [1997]. Since
the CMOD Ifremer validated against
temporary averaged in-situ measure-
ments another important conclusion is
that the wind derived from the SAR 
corresponds to the same temporal
averaged wind. 
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CMOD4 wind speed vs. SWA wind speed. CMOD Ifremer vs. SWA wind speed.
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