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An Evaluation of the Potential of Polarimetric
Radiometry for Numerical Weather

Prediction Using QuikSCAT
Stephen J. English, Brett Candy, Adrian Jupp, David Bebbington, Steve Smith, and Anthony Holt

Abstract—It has been proposed that wind vector information
derived from passive microwave radiometry may provide an
impact on numerical weather forecasts of similar magnitude to
that achieved by scatterometers. Polarimetric radiometers have
a lower sensitivity to wind direction than scatterometers at low
wind speed but comparable sensitivity at high windspeed. In this
paper, we describe an experiment which aimed to determine if
an observing system only capable of providing wind direction
information at wind speeds over 8 ms 1 can provide comparable
impact to one providing wind vectors at wind speeds over 2 ms 1.
The QuikSCAT dataset used in the experiments has a wide swath
and is used operationally by several forecast centers. The results
confirm that assimilation of wind vectors from QuikSCAT only for
wind speeds above 8 ms 1 gives similar analysis increments and
forecast impacts to assimilating wind vectors at all wind speeds
above 2 ms 1. Measurements from the WindSat five frequency
polarimetric radiometer are compared with calculations from Met
Office global forecast fields, and this also confirms that WindSat
measurement and radiative transfer model accuracy appears to
be sufficiently good to provide useful information for numerical
weather prediction.

Index Terms—QuikSCAT assimilation, weather, WindSat.

I. INTRODUCTION

NUMERICAL weather prediciton (NWP) requires an initial
three-dimensional analysis of atmospheric temperature,

humidity and wind. Satellite data from the Advanced Microwave
Sounding Unit (AMSU) and Special Sensor Microwave Imager
(SSM/I) have become a very important part of the global ob-
serving system for temperature and humidity. By contrast there
is rather little satellite information on wind. In 2005, satellite
information on wind can be obtained from three sources: surface
winds (only) from active microwave (scatterometry), passive
microwave (radiometry), and from atmospheric motion vectors
(feature tracking), these corresponding to the altitude of the
tracked feature. Ocean surface wind vectors derived from scat-
terometers have been used successfully for many years at NWP
centers. Scatterometers have been available at C-band in near
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real time for data assimilation since the early 1990s, following
the launch of the European Remote Sensing 1 (ERS-1) satellite.
This record has been maintained by ERS-2. Since 1999 obser-
vations have also been available from the Ku-band Seawinds
instrument on QuikSCAT. These spaceborne scatterometers,
which measure radar backscatter from the ocean surface from at
least two look directions, are used to produce high-quality ocean
wind speed and direction retrievals. It has been demonstrated
(Fig. 1) that the impact of ERS-2 wind vectors is comparable
with SSM/I wind speeds even though ERS-2 has a much nar-
rower swath than SSM/I. QuikSCAT also has a wide swath,
comparable with that from radiometers such as SSM/I. Fig. 1
also shows that the impact is approximately additive between
SSM/I wind speeds and scatterometer wind vectors (see [3] for
details). Therefore, it is known that wind direction information
does add skill to the forecast over and above that obtained from
wind speed alone. The C-band scatterometers are almost insen-
sitive to cloud and precipitation but Ku-band scatterometers do
have a rain sensitivity.

Dual-polarized high incidence angle passive microwave
data can provide surface wind speed (ocean-only) information.
This utilizes the lack of sensitivity of vertically polarized
measurements to surface wind speed between 10 and 100 GHz,
in contrast to horizontally polarized brightness temperatures
which increase rapidly as wind speed increases. Data from
the single-look passive SSM/I microwave radiometer, which
measures vertically and horizontally polarized brightness tem-
peratures, is used operationally at many NWP centers to provide
valuable ocean wind speed information over a relatively wide
swath (1400 km), but cannot be used to derive instantaneous
wind direction information. Comparison of SSM/I-derived
wind speeds with buoy measurements has shown that a direc-
tional signal in measured brightness temperatures contributes
to errors in wind speed retrievals [20]. Wentz went on to
demonstrate that monthly averaged wind vectors could be
derived from SSM/I data. It has been widely suggested [2], [4],
[18], [20], [25] that a microwave radiometer similar to SSM/I
but with the addition of polarimetric channels may be able
to provide instantaneous wind vectors due to the additional
information on the relative correlation of the vertically and hor-
izontally polarized radiation from the wind-roughened ocean
surface. However, the technology is still in its infancy, with
the first experimental spaceborne instrument, the U.S. Navy’s
WindSat, launched in January 2003.
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Fig. 1. Relative impact of SSM/I wind speed and ERS-2 scatterometer wind vector observations. Results are shown for the principal forecast parameters [PMSL
(mean sea level pressure), 500-hPa height, and wind speeds at 250 850 hPa] at a range of forecast times out to five days.

II. MODELING THE SENSITIVITY OF OCEAN EMISSIVITY

TO WIND SPEED AND DIRECTION

The microwave emission from an undisturbed ocean surface
is highly polarized. The hydrodynamic processes associated
with wind forcing alter the emissivity characteristics, tending to
increase the emissivity while reducing the degree of polariza-
tion. The relationship between wind forcing and the emissivity
has been long established using geometric optics (e.g., [21]).
Using such models it is possible to analyze wind speed (e.g.,
[14]). To be able to obtain wind direction from ocean surface
radiance measurements these models need to be extended to be
fully polarimetric. This means the full Stokes vector must be
measured. This comprises four real parameters, in the classical
definition, and where is the total intensity (or
equivalently mean brightness temperature).
expressed in terms of the brightness temperatures in the
horizontal and vertical channels (or any orthogonal pair).
The other three parameters can be measured as differences:

, while and are differences between
intensities resolved in and slant polarization,
and left and right circular polarization, respectively. Unfortu-
nately there is no single definition of with some texts (e.g.,
Jackson’s “Classical Electrodynamics” [8] defining as the
same sign as the helicity (projection of angular momentum
along wave vector), and hence positive V+ is left handed; but
another classic text, Born and Wolf “Principles of Optics” [1]
assigns positive to right hand. The WindSat convention is
that positive is left handed and that convention is used in this
paper. and can be determined along with and using
a single dual-polarization (hv) feed if the complex correlation
between the voltages can be measured. In the radiative transfer
literature, modified Stokes parameters (e.g., [7]) are often
defined, where and are used in place of and . Coppo

Fig. 2. Comparison of azimuthal brightness temperature dependence
from (dashed line) the fast model of Liu and Weng and (continuous line)
the model of Coppo. Frequency = 37 GHz, wind speed = 8:7 ms ,
sea surface temperature = 293 K, view angle = 55 . The four elements of the
Stokes vector are labeled S1 (T ), S2 (T ), S3 (U), S4 (V ), and in each case
the mean across all relative azimuth angles is subtracted.

et al. [4] give a detailed account of the Stokes vector in the
context of wind analysis from passive microwave radiometry.

Coppo et al. [4] have also provided a physical two scale model
solving the small scale scattering for anisotropic ocean surfaces
based primarily on Yueh et al. [23] thus providing a sound phys-
ical model for comparison with faster models. Liu and Weng
[11] have developed a fast model based on the model of St.
Germain and Poe [16] which has been validated against aircraft
data. Comparison of the Liu and Weng [11] and Coppo et al. [4]
models is shown in Fig. 2 for the departure of the brightness tem-
perature from the mean for a range of azimuth angles. There is a
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difference in the amplitude of the signal; it is already known that
the size of this variation depends on sea surface temperature and
wind speed. For the specific case of Fig. 2 the Liu model ampli-
tude at 8.7 ms is about 60% larger than that predicted by the
Coppo model. This reflects current uncertainty in the size of the
azimuthal response, an uncertainty which needs to be reduced
to use polarimetric radiometer data effectively. Note that Yueh
et al. [24] proved that the first two Stokes vectors are even and
the third and fourth are odd functions of the azimuth angle so
the only uncertainty between different models is the amplitude
and the relationship of the amplitude to wind speed.

The individual modified Stokes parameters have different at-
tenuation and emission characteristics. is sensitive to both at-
tenuation and emission, while are usually insensitive
to atmospheric emission (an exception is in areas of precipita-
tion) and are insensitive to atmospheric atten-
uation (again in nonprecipitating areas). These considerations
suggest that and may provide more consistent and reli-
able ocean surface information in comparison to horizontal and
vertical polarization measurements considered individually or
added together.

Other geophysical parameters other than those directly asso-
ciated with wind forcing may also affect the emissivity. These
include sea surface temperature and salinity (through changes in
the permittivity of sea water) and oil slicks. Although these pa-
rameters may affect absolute brightness temperatures, they are
not expected to alter the polarization state of the radiation from
the sea surface.

A considerable number of laboratory and aircraft studies have
been performed in order to investigate the nature of the direc-
tional dependence of the Stokes parameters, together with any
dependence on other geophysical parameters over a broad range
of incidence angles. Some studies are briefly summarized to
give an indication of the level of uncertainty in the radiative
transfer models for polarimetric radiometers.

Aircraft experiments at incidence angles of 30 , 40 , and 50
measuring the first three Stokes parameters at 19.35 and 37 GHz
performed off the coast of Oregon in 1993 and 1994 also con-
firmed the presence and predicted periodicities of wind direction
signals in , , , and , with off-nadir peak to peak magni-
tudes of several Kelvin [25]. However, experiments outlined in
Van Woert et al. [19] showed that the directional dependence of

was altered at the same frequencies for an incidence angle
of 65 in comparison to the response at 45 and 55 , showing
a reduction in amplitude of the signal about the 0 (upwind) di-
rection. The U directional signature also appears to shift from
a toward a periodicity, indicating the increased im-
portance of the first harmonics at larger incidence angles where
the view of the ocean surface is more oblique. Furthermore, peak
to peak amplitudes of the directional signals were also found to
vary with incidence angle. signals increased from 3 K ampli-
tude at 45 to around 4 K at 65 . In contrast, U signal amplitudes
decreased from 5 to 3.5 K.

Yueh et al. [25] found a correlation between transients ob-
served in and data and the presence of clouds, whitecaps
or foam. Because the emission from these sources is unpolar-
ized, and U were found to be insensitive to the tran-
sient features since, for any increase in , there will be a corre-

sponding increase in . This is an important illustration of the
potential of polarimetric radiometers to reduce errors associated
with rapid and anomalous changes in whitecap and foam cov-
erage, together with that associated with cloud liquid water. Sen-
sitivity to precipitation requires more thorough investigation.

Airborne experiments performed using the WINDRAD in-
strument in the 45 to 65 incidence angle range at 19 and
37 GHz have suggested that the wind direction signals present in

, and would exhibit only weak frequency dependence
over this middle range of incidence angles [19] which are more
relevant to a possible future spaceborne instrument. A number
of studies comparing theoretical models have been carried out
using both WINDRAD [22], [27], and the radiometer system
flown by the Technical University of Denmark [9], [17]. In both
cases models [25], [26] have shown good agreement with obser-
vations. [27] note some important discrepancies. Upwind down-
wind asymmetry is weaker in the observed data than the model.
This was reconfirmed in the study by Meissner and Wentz [13].
The signal at 37 GHz is stronger than at 19 GHz. The azimuthal
variations are negligible at low wind speeds, except for at very
high incidence angle, increasing for moderate wind speeds be-
fore leveling off and actually falling for very high wind speeds.
Coefficients for an empirical model were presented by Yueh
et al. [27], allowing an empirical alternative to the models of
Coppo et al. [4] or Liu and Weng [10]. It has already been noted
that other geophysical parameters may affect polarimetric wind
retrievals. All airborne experiments performed thus far indicate
that although absolute microwave brightness temperatures are
dependent on sea surface temperature (SST), polarimetric wind
direction signals are very similar in nature and amplitude for
SSTs ranging from 6.5 C to 26 C.

In summary there remains uncertainty in the radiative transfer
model simulations which will have a significant impact on the
wind direction accuracy. Van Woert et al. [19] and Skou [18]
suggest that in practical analysis combined observation and ra-
diative transfer model errors of order 0.1 K are required to derive
useful wind vectors.

III. ERROR ANALYSIS FOR WINDSAT

By assuming a linear framework [5] it is possible to gain some
insight into the wind direction analysis accuracy for different
wind speeds within the data assimilation environment. To do
this we need to make an assumption about observation error.

The analysis error [5] is given by

where is the background error covariance matrix for the state
vector, (i.e., it tells us what we already know about the state
vector ) and is the error covariance matrix associated with
the observations, where . contains errors both
in the observations themselves and in the observation operator,

, where simulated observations and may there-
fore be significantly larger than the instrument noise equiva-
lent delta temperature (the change in temperature that yields a
signal-to-noise ratio of unity) and indeed larger than its calibra-
tion error. is the gradient of the operator evaluated at .
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Fig. 3. Percentage reduction in wind direction error compared to background
using linear error estimation theory. The arctic test profile of Saunders et al.
[15] was used for cloud-free conditions. The triangles correspond to observation
errors of 1.0, 0.5, 0.2, 0.1, and 0.05 K (in order lowest curve to highest curve)
for a dual-look WindSat data analysis. The stars are the equivalent values for
a single look. The thicker line is the currently assumed scatterometer impact,
where it is assumed the scatterometer gives estimates of orthogonal components
of wind direction with uncorrelated errors, and errors ranging from 0.7 ms at
0 ms to 2.0 ms at 30 ms in each orthogonal wind component.

and 1 denote transpose and inverse matrix operations. is
the estimate of the analysis error for the linear problem.

An uncorrelated background error of 3 ms for the two or-
thogonal wind vector components, 4 kg m for total column
water vapor (here it is assumed we are only analyzing total
column water vapor and not a profile), 0.3 kg m for cloud
liquid water, and 2 K for surface temperature were assumed,
and all error correlations were set to zero. No other quantities
were included in the analysis. Observation errors of 2 K were
assumed for the first two elements of the Stokes vector which is
consistent with those used for the vertical and horizontal polar-
ized channels in the assimilation of SSM/I at the Met Office. A
range of possible observation errors were assumed for the third
and fourth elements of the Stokes vector. For wind direction this
is equivalent to doing an analysis primarily based on the third
and fourth elements but weakly constrained by the first two el-
ements. Most of the information in the first two elements of the
Stokes vector will be used to improve the analysis of wind speed,
total column water vapor and cloud liquid water. The gradient
of the observation operator is computed using RTTOV-7 [15]
with the addition of the gradient of the model of Liu and Weng
[10] using coefficients derived from a set of runs of the model
of Coppo et al. [4].

Linear error estimation theory was used to test the sensi-
tivity of wind direction error to changes in observation error
and number of views available. The improvement in wind di-
rection information for various assumptions about WindSat and
C-band scatterometer are shown in Fig. 3. The scatterometer
and WindSat wind information content has been computed in
exactly the same way. All observations errors are assumed un-
correlated. For the dual-view case, it was assumed that the scene
was observed twice at two different relative azimuth angles, i.e.,
there were 32 spectral samples used in each one-dimensional
analysis rather than 16.

For very low wind speeds ms the wind direction in-
formation changes rapidly and very low errors in the third and
fourth elements of the Stokes vector are required to match scat-
terometer performance. Between 4 and 8 ms the linear anal-
ysis error changes less rapidly and at 8 ms observation errors
of 0.05 K (single view) and 0.1 K (dual view) would give com-
parable information to scatterometer. Above 8 ms , the linear
analysis error becomes less dependent on wind speed. The re-
sults in Fig. 3 are averaged across all relative azimuth angles and
all WindSat scan positions and the information content does also
depend on these quantities (i.e., some relative azimuth angles
are more favored than others). It would be an interesting further
study to examine in detail the variation of information content
with scan position and relative azimuth angle under different
assumptions of error (and correlated error), but such a detailed
study is beyond the scope of this paper. As Fig. 3 is only valid
for a linear error estimate it does not deal with any problems
arising from the nonlinearity of the true observation operator.
Fig. 3 does not identify a wind speed above which WindSat data
is useful and below which it is useless. There is reduction in in-
formation with reduced wind speed which becomes rapid below
about 4 ms . To consider a threshold at which WindSat data
are likely to be “useful” is therefore an unhelpful concept, but
it is helpful to consider the relative value of high and low wind
speed observations, as it is clear WindSat will be most effective
at high wind speed and least effective at low windspeed.

The analysis does suggest that it is very likely that the sensi-
tivity is good enough to give useful wind direction information
above 10 ms and equally likely it will not give useful infor-
mation below 4 ms . In the observation system experiments
which follow QuikSCAT data above 8 ms is used to give in-
sight into the relative impact of wind vectors at high and low
wind speed which can then tentatively be used to tell us about
the potential of polarimetric radiometer data through the infor-
mation in Fig. 3.

It should be noted that a rather high background error was
assumed (3 ms in both and wind components) and
several components of error which are similar for QuikSCAT
and WindSat are ignored (e.g., nonlinearity error, representivity
error, ambiguity error, errors arising from correlated observa-
tion errors) and the theoretical error estimate also assumes an
optimal system for a linear problem. Therefore, the absolute
reduction in error is probably overestimated, but for the pur-
pose of this paper it is the comparison of scatterometer and
polarimetric radiometer which is important.

IV. WINDSAT

WindSat, the first experimental spaceborne polarimetric ra-
diometer, was developed by the U.S. Naval Research Labora-
tory (NRL) [6]. It is a conical scanning, two look multichannel
polarimetric radiometer, operating in a sun-synchronous orbit
at 830 km altitude with an active swath of 1025 km. The in-
strument is fully polarimetric in the 10.7-, 18.7-, and 37.0-GHz
channels, and dual polarimetric (vertical and horizontal polar-
izations) at 6.8 and 23.8 GHz. The fully polarimetric channels
will be used primarily to investigate the potential of the tech-
nique for providing wind vector information, while the inclusion
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TABLE I
OBSERVATION SYSTEM EXPERIMENTS FOR ASSESSING POTENTIAL

OF POLARIMETRIC RADIOMETRY FOR NWP

of a 23.8-GHz channel should provide information on the degree
of water vapor contamination of a measurement. The 6.8-GHz
channel will be used primarily for SST retrievals. The instru-
ment was launched in January 2003.

The inclusion of fore and aft views for all channels is likely to
be of use in calibrating the instrument, and will permit the com-
parison of wind retrievals obtained from single or two-look fully
polarimetric measurements with those derived from two-look
viewing geometry at dual polarization. This information could
then inform the design of future operational passive microwave
wind retrieval system.

Measurement of the full Stokes vector may be achieved by
different approaches. Three separate feeds may be used to mea-
sure the vertical and horizontal, slant linear, and right– and
left-hand circular polarizations. This is the method employed
by WindSat. This arrangement may mean that it is difficult to
achieve the accuracy required for polarimetric wind retrievals,
since a measurement error is associated with each feed, and
combinations of measurements, each with their associated error
will be required in order to calculate wind direction. However it
had the advantage of using tried and tested technology and thus
enabling a mission to be assembled and launched and operated
successfully on a very rapid timescale.

V. IMPACT EXPERIMENTS

It has already been discussed that the greatest potential of po-
larimetric radiometry to provide information on wind direction
is at high wind speeds. Scatterometers provide useful wind di-
rection information at wind speeds as low as 2 ms . For an
instrument like WindSat, as has been discussed, this lower limit
is likely to be between 4 and 8 ms . To this end, a set of
forecast impact experiments were run for four different choices
of scatterometer wind assimilation, which are listed in Table I.
QuikSCAT data are used for these experiments as it has an
1800-km swath (so gives good coverage). Scatterometer data
have a proven positive impact on NWP [3]. Apart from the
broader range of wind speeds for which valid wind vector re-
trievals are possible QuikSCAT has similar characteristics to
polarimetric radiometer wind information (e.g., the ambiguity
problem discussed in [3]). QuikSCAT level 2 wind vectors pro-
duced by NOAA/NESDIS were used in this study.

These experiments were run for the period May 12 to June
20, 2003 at a global model configuration of N144L38 (i.e., 38

Fig. 4. Comparison of percentage reduction of mean sea level pressure
forecast error against analysis for AllWinds, HighWinds, and LowWinds
experiments against NoWinds control in the region 20 S to 90 S.

levels, and a horizontal grid of 144 points east to west). The
remainder of the system matched the Met Office operational
global model configuration at the time [12] except that data
from three ATOVS systems (NOAA15, 16, and 17) are used.
Although the experiment was run at a lower resolution than
normal operational forecasts this resolution is routinely used in
the early stages of preoperational testing for the Met Office fore-
cast system and is believed to give results which are consistent
with those at full operational resolution. Note the system uses
wind information from SSM/I (so has wind speed information
globally in each cycle over the ocean). It also uses atmospheric
motion wind vectors from geostationary satellites and conven-
tional ship, buoy, sonde and aircraft winds. Forecasts up to six
days ahead are produced once per day (at 12UTC).

Fig. 4 shows the reduction in forecast error of the three ex-
periments (AllWinds, HighWinds, and LowWinds) compared
to a control using no scatterometer winds (NoWinds). Fig. 4
shows that both the HighWinds and LowWinds experiments
added skill compared to the NoWinds experiment at a stasti-
cally significant level, the error bar being about 1% for a day
one forecast rising to 3% at 3 days and 7% for a day 6 forecast
(for this trial, i.e., 40 days, 1 forecast per day). The results at
days 1–4 are therefore statistically significant. They suggest po-
larimetric wind information is likely to be useful at day 2 and
beyond (in the extra-tropics), assuming accuracy is sufficient to
provide wind vectors of comparable quality to scatterometer at
wind speeds above 8 ms . Furthermore the impact of the High-
Winds and AllWinds experiments was comparable except for
the 24-hour forecast. This suggests a stronger statement can be
made: that an instrument only capable of providing wind vectors
at high wind speed is likely to have only marginally less value
in the extra-tropics that an instrument providing wind vectors
from 2–25 ms except at short range (day 1 of the forecast). It
can also be noted that in these experiments the assimilation of
scatterometer winds below 8 ms actually gave a small nega-
tive impact at and indeed at both and
the most skilful forecasts arise from those using scatterometer
data only for wind speeds above 8 ms . The reason for this is
not known. This result may suggest that some aspect of the as-
similation of low wind speed wind vectors from QuikSCAT is
suboptimal in the Met Office system although the sample size
(40 days) is small so the differences at and are
not statistically significant.
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Fig. 5. Difference in mean sea level pressure analysis increments in the
HighWinds and AllWinds experiments compared to those in the NoWinds
control experiment. The contour interval is 0.2 hPa, and continuous contours
denote positive increments and dashed contours negative increments.

In addition to studying the forecast impact it is also useful to
compare the changes the assimilation makes to the analysis for
the HighWinds and AllWinds experiments. These are shown in
Fig. 5. The analysis increment patterns look remarkably similar
in both experiments with only subtle differences in size of the
increments. This gives further confidence that assimilation only
of high wind speed wind vectors can modify the analysis in a
similar manner to that which would occur if wind vectors were
available for all wind speeds.

There are, however, some important differences in the tropics,
where a tropical storm has analysis increments at 180 W 25
N in the AllWinds experiment. As the storm moved to the west
small analysis increments continued to be applied throughout
its life. By contrast the HighWinds experiment did not apply
any increments until the storm had reached 160 W 30 N and
the increments then applied were larger than those applied in
the AllWinds experiment. Although this is only one storm (and
hence had little impact on mean tropical verification scores for
the whole period) it may suggest that the AllWinds observation
system will perform better than HighWinds for tropical storms.

VI. OBSERVATIONS WITH MET OFFICE GLOBAL

SHORT-RANGE FORECASTS

The two preceeding sections have demonstrated that if
WindSat data observation errors (where observation errors are
taken to include radiative transfer errors as well as instrument
calibration errors, instrument noise and representivity error)
are at or below 0.2 K for the third and fourth elements of the

TABLE II
FIT TO WINDSAT CHANNELS WITH AND WITHOUT MODELLING

OF AZIMUTHAL VARIATION OF EMISSIVITY

Stokes vector then WindSat has real potential to deliver similar
extra-tropical impact to QuikSCAT. For a limited (120 000)
sample the fit (in observation space) to the Met Office global
model fields is shown in Table II.

The RMS measure of misfit of real WindSat observations and
short range forecast shown in Table II contains the contribution
from errors in the short range forecast as well as the observa-
tions, and these are assumed to be uncorrelated with each other.
It therefore represents an upper bound on the total observation
error. It can be seen that for all channels except the channel
labeled “37 V” the fit is improved by modeling the azimuthal
variation of emissivity more especially for higher windspeeds,
as would be expected. This is even the case for the vertical and
horizontal polarizations, which are primarily sensitive to water
vapor, cloud liquid water, and windspeed.

This demonstrates that in a data assimilation context
analysing the wind direction more accurately will enable more
effective use of the radiances for water vapor, windspeed and
cloud liquid water. The measurements made by the 37-GHz
V channel of WindSat showed negligible variation with wind
direction whereas the models do predict high sensitivity, so in
this case fit is actually worse when the variation is modeled. If
we assume that the measurements of fit in Table II represent the
total observation error, which as stated is an upper bound and
the true observation error is likely to be lower, we can com-
pare information content for QuikSCAT and this “worse case
scenario” for WindSat. This is shown in Fig. 6, which demon-
strates that using WindSat in single-view mode may become
comparable with QuikSCAT for windspeeds above 15 ms
but will remain at a slightly lower level of information than
QuikSCAT, whereas the dual view, even for this pessimistic
scenario, matches QuikSCAT for windspeeds above 6–8 ms .

VII. CONCLUSION

This study demonstrates that the lack of sensitivity of a
polarimetric radiometer to wind direction at wind speeds below
8 ms may have little effect on its impact on numerical
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Fig. 6. Comparison of information content for (stars) WindSat single view,
(triangles) WindSat dual view, and (continuous line) scatterometer.

weather prediction in the extra-tropics. Furthermore it has
been shown that an instrument such as WindSat, if used in
dual-view mode, should give comparable information content
to scatterometer for all windspeeds above 6 ms , and possibly
even lower windspeeds, though information content falls very
rapidly below 5 ms for WindSat. Information content for a
single view is significantly lower than for dual view, assuming
that the observation errors in the two looks are not correlated.
Whilst this is an encouraging analysis for polarimetric ra-
diometer data it does not imply that scatterometer winds may
not have advantages over polarimetric radiometer winds. In
particular the ambiguity question is not addressed: ambiguities
in wind direction (i.e., two or more wind directions are equally
probable given a single observation) are an issue for scatterom-
eters and may also be an issue for polarimetric radiometer data.
A further caveat is necessary in the tropics where wind speeds
are usually small but surface wind vector information is crucial
for driving ocean models. This aspect has not been considered
in this paper. However, it has been demonstrated that the lack of
sensitivity to wind direction at low wind speed is not itself an
obstacle to the successful use of polarimetric radiometer data
for wind direction analysis in numerical weather prediction.
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