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ABSTRACT

An accurate geophysical model is required to support
calibration of a microwave imaging radiometer and retrieval
of geophysical parameters. WindSat is a passive microwave
imaging radiometer aboard the Coriolis satellite which was
launched in January 2003. WindSat observations include
dual-polarized antenna temperatures in two frequency bands
(6.8 GHz and 23.8 GHz) and fully polarimetric antenna tem-
peratures in three frequency bands (10.7 GHz, 18.7 GHz and
37.0 GHz). We have updated the Naval Research Laboratory
(NRL) geophysical model for WindSat using an improved
atmospheric model and by accounting for the frequency pass-
band characteristics of the individual receivers. We have
developed a parameterized version of the model which is
used for both WindSat calibration and retrievals.

Index Terms— radiative transfer, microwave, polarimet-
ric, WindSat, radiometer, geophysical, model

1. INTRODUCTION

WindSat ocean vector wind retrievals are retrieved in near-
real-time using the Naval Research Laboratory (NRL) re-
trieval algorithm and operationally assimilated into numeri-
cal weather prediction global models. The retrieval algorithm
utilizes a parameterized geophysical model for the modified
Stokes components at the frequencies of the measured Wind-
Sat brightness temperatures. The algorithm simultaneously
retrieves the ocean surface vector wind, sea surface temper-
ature (SST), precipitable water vapor (PWV) and columnar
cloud liquid water (CLW). The model must be accurate to on
the order of 0.1 K to support wind vector retrievals due to the
small magnitude of the the wind direction signal. An accu-
rate geophysical model is also required to support instrument
calibration.

We previously reported on the initial version of the NRL
geophysical model and retrieval algorithm [1]. We have up-
dated that initial model by including the wind direction de-
pendence of the sea surface emissivity for the vertical and
horizontal polarizations and basing the model on a different
one dimensional atmopsheric radiative transfer model. We
have also modeled all of the WindSat channels instead of only
the modeling the modified Stokes parameters. The updated
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Table 1. WindSat Instrument Parameters

Freq. BW EIA IFOV

(GHz) Polarizations (MHz) (deg) (km)
6.8 V,H 125 540 39x71
10.7  V,H,PM,L,R 300 50.3 25x38
187 V,H,PM,L,R 750 559 16x27
23.8 V,H 500 53,5 20x30
370 V,H,PM,L,R 2000 53.5 8x 13

model also accounts for differences in the frequency pass-
bands of the individual WindSat receivers [2, 3].

2. WINDSAT DATA DESCRIPTION

WindSat is a 22-channel conical-scanning radiometer which
measures the vertical and horizontal polarizations at nominal
center frequencies of 6.8 and 23.8 GHz and six polarizations
(vertical (V), horizontal (H), +45° linear (P), —45 ° linear
(M), left circular (L) and right circular (R)) at nominal center
frequencies of 10.7, 18.7 and 37 GHz. WindSat was designed
to provide observations in both the forward and aft viewing
directions. The usable scan angle range of the aft viewing
observations is smaller than for the forward viewing direc-
tion due to the location of the calibrations loads on Wind-
Sat. The earth incidence angle (EIA) is different for each
frequency band due to the arrangement of the feedhorns on
the WindSat feedbench. The EIA varies about 0.6° over the
WindSat scan due to an apparent on-orbit tilt of the spacecraft
axis [4]. The nominal WindSat center frequencies, EIA for
the forward-viewing portion of the scan, nominal frequency
passbands and instantaneous field of view for the WindSat
frequency bands are given in Table 1. A more complete de-
scription of the WindSat sensor is provided in [5].

The WindSat data processing produces antenna tempera-
ture measurements for all 22 WindSat channels. The antenna
temperatures are adjusted to account for Faraday rotation due
to propagation through the ionosphere [6], polarization rota-
tion, antenna cross-polarization and spillover and along-scan
biases. The measurements are then resampled and averaged
to provide collocated brightness temperatures (73s) at three
different common resolutions for the sensor data records
(SDRs). The NRL WindSat SDRs are currently produced at
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elliptical effective fields of view (EFOV) of approximately
25 km by 35 km, 35 km by 53 km and 50 km by 71 km.
The SDRs contain Tjs for 16 channels which include the full
modified Stokes parameters at 10.7, 18.7 and 37 GHz and the
vertical and horizontal polarizations at 6.8 and 23.8 GHz.

3. MODEL DESCRIPTION

We have updated the parameterized model we described in
[1]. The Tys measured by the satellite are the sum of the
upwelling atmospheric radiation, the reflected downwelling
atmospheric and cosmic background radiation and the direct
emission of the sea surface. The reflected downwelling radia-
tion and the direct emission are attenuated by the atmosphere.
The modeled T}s at each WindSat frequency can be expressed
as

pr = pr() + pr (D
prO = Tup + T(TS - rpTRp) 2)

where p refers to polarization, Ty, refers to the direction in-
dependent part of the 73 and pr the wind direction dependent
part. The sea surface emissivity for polarization p is e, and
the corresponding reflectivity is r, = 1 — e,,. The parameter
T'rp, which is used here to simplify the expressions, can be
considered an effective temperature of the surface. We also
define T'ro which equals T'g,, in the limit of specular reflec-
tivity

TRO = (TS - TC) - [Tdown - TC(l - 7-)}
TRp = TRO - [Tdown - TC(]- - T)]Qp

T.p is the upwelling atmospheric brightness temperature at
the top of the atmosphere, T, is the downwelling atmo-
spheric brightness temperature at the surface and 7 is the at-
mospheric transmissivity. T is the cosmic background radi-
ation temperature which is approximately 2.7 K. The 2,, term
is a correction factor to account for non-specular reflection
of the atmospheric downwelling radiation from the rough sea
surface [7].

Consistent with our earlier model the wind direction de-
pendence is modeled as

pr = —71rnpTRo
where for vertical or horizontal polarizations
Thp = C1p COS(Gw) + C2p €OS(2¢y),
for the third or fourth Stokes parameters
Thp = C1p SIN(Gw) + C2p SIn(26y,)

and ¢,, is the wind direction relative to look direction of the
antenna. Note that the T3, term is zero for the third and

fourth Stokes parameters. The differences between the fre-
quency passbands for receivers in a frequency band can be
significant for radiative transfer. This is primarily due to dif-
ferences in the water vapor absorption in the atmosphere for
the channels in the 18.7 and 23.8 GHz bands. Therefore, we
calculate all four modified Stokes parameters for each of the
22 WindSat channels and combine them to obtain the appro-
priate polarization for each channel [8]. The modeled fre-
quencies for each channel are based on an analysis of the re-
ceiver frequency passbands [2].

The atmospheric parameters 7, T, and Ty, are calcu-
lated assuming a one-layer isotropic atmosphere approxima-
tion because the WindSat frequency band set does not pro-
vide the information necessary to estimate atmospheric pro-
files. The parameters are calculated using regression to a
database of results from radiative transfer model runs using
atmospheric profiles [9]. We use the monochromatic radia-
tive tranfer model MonoRTM [10], version 5.2, developed by
Atmospheric and Environmental Research, Inc. The regres-
sions are functions of SST, PWYV, CLW and earth incidence
angle and are derived separately for each frequency.

The sea surface emissivity model is an update to the
model described in [1] which is based on a two-scale ocean
surface roughness model [7] with empirical corrections. The
emperical corrections to the emissivity have been rederived
using WindSat SDRs collocated to wind vector values from
QuikSCAT retrievals [11] and ECMWF analyses [9]. The
frequency dependence of the excess emissivity due to ocean
surface roughness and sea foam is small. We have completed
two scale model simulations to show that the frequency dif-
ferences between frequency passbands for the receivers in a
WindSat frequency band do not have a significant effect on
the excess emissivity due to roughness. We have completed
a similar analysis for foam emissivity using the model in
[12]. The effect of the frequency differences on the specular
emissivity is included in the model.

4. CONCLUSION

The NRL WindSat geophysical model has been updated
to improve the modeling of atmospheric propagation, sea
surface emissivity and receiver frequency passband effects.
Work is ongoing to utilize the updated model in calibration
analyses and an updated retrieval algorithm. This work will
include and analysis to verify that the receiver frequency
passband effects shown in the model are consistent with the
WindSat measurements.
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