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Abstract  The wind retrieval performance of HY-2A scanning scatterometer operating at Ku-band in HH and VV polarizations has 
been well evaluated in the wind speed range of 0–25 m s−1. In order to obtain more accurate ocean wind field, a potential extension of 
dual-frequency (C-band and Ku-band) polarimetric measurements is investigated for both low and very high wind speeds, from 5 to 
45 m s−1. Based on the geophysical model functions of C-band and Ku-band, the simulation results show that the polarimetric meas-
urements of Ku-band can improve the wind vector retrieval over the entire scatterometer swath, especially in nadir area, with the 
wind direction root-mean-square error (RMSE) less than 12˚ in the wind speed range of 5–25 m s−1. Furthermore, the results also 
show that C-band cross-polarization plays a very important role in improving the wind speed retrieval, with the wind speed retrieval 
accuracy better than 2 m s−1 for all wind conditions (0–45 m s−1). For extreme winds, the C-band HH backscatter coefficients modeled 
by CMOD5.N(H) and the ocean co-polarization ratio model at large incidence are used to retrieve sea surface wind vector. This result 
reveals that there is a big decrease of wind direction retrieval RMSE for extreme wind fields, and the retrieved result of C-band HH 
polarization is nearly the same as that of C-band VV polarization for low-to-high wind speed (5–25 m s−1). Thus, to improve the wind 
retrieval for all wind conditions, the dual-frequency polarimetric scatterometer with C-band and Ku-band horizontal polarization in 
inner beam, and C-band horizontal and Ku-band vertical polarization in outer beam, can be used to measure ocean winds. This study 
will contribute to the wind retrieval with merged satellites data and the future spaceborne scatterometer. 
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1 Introduction 
The observation of sea surface wind is essential to op-

erate weather forecasting, shipping safety, hurricane and 
extra-tropical cyclone monitoring (Chelton and Xie, 2010; 
Wentz and Ricciardulli, 2011; Kasaka, 2014; Chiara, 2017). 
Radar scatterometer is designed to measure the sea sur-
face wind field in terms of the normalized radar cross 
section σ0 of the sea surface. The sea surface wind vector 
can be achieved by a series of processing stages including 
calibration, retrieving, and ambiguity removal (Schultz, 
1990; Nghiem et al., 1996; Stoffelen and Portabella, 2006; 
Lin et al., 2017). Many satellite scatterometers had been 
launched for measuring the ocean wind vectors (Freilich 
et al., 1994; Graf et al., 1995; Freilich and Dunbar, 1999; 
Figa-Saldana et al., 2002; Jayaram et al., 2017; Durden 
and Perkovic-Martin, 2017), such as the National Aero-
nautics and Space Administration (NASA) scatterometer 
(NSCAT), the NASA SeaWinds scatterometer on Quik-  
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SCAT, the Advanced Wind Scatterometer (ASCAT) of 
European Meteorological Satellites and the China HY-2A 
scatterometer. These spaceborne scatterometers were de-
signed at either Ku-band or C-band with co-polarization 
(HH or VV). Ku-band has the advantage of low wind 
speed measurement, and can enhance higher space reso-
lution, while C-band is less affected by rain, water vapor 
and cloud liquid water in atmosphere. At present, the 
root-mean-square errors (RMSE) of 2 m s−1 and 20˚ have 
been reported for the wind speed and the wind direction 
retrieval accuracy with either C-band or Ku-band scat-
terometer, respectively.  

A key remaining deficiency of current spacecraft scat-
terometers is their incapability to make unambiguous de-
tection of wind direction. The SeaWinds and HY-2A scat-
terometers deployed a conical scanning antenna with in-
ner and outer beams to achieve measurements from one to 
four azimuth directions at one wind vector cell (WVC) 
(Spencer et al., 1997). The multiple azimuth measurements 
are helpful for determining the wind direction among sev-
eral possible wind direction solutions. However, the wind 
retrieval in the inner and outer swath still suffer some 
degradation due to the separation of azimuth angles near 
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0˚ and 180˚ limiting the accuracy of retrieved wind direc-
tion. To deal with the ambiguity of wind direction retriev-
als, auxiliary wind field data or numerical weather model 
products are applied as a priori information to select the 
most likely value as a solution. However, relying on ex-
ternal information to improve scatterometer wind direc-
tion performance makes the retrieval process complicated. 

In order to discuss the properties of radar scatterometer 
data varying with wind vector, both experiments and 
theoretical analysis have showed that the polarimetric 
scatterometer has the ability of enhancing the wind re-
trieval accuracy by simultaneously measuring conven-
tional co-polarized backscatter and the polarimetric cor-
relation of the co- and cross-polarized radar returns (Yueh 
et al., 1994, 2002; Yueh, 1997; Tsai et al., 2000). The co- 

polarized measurements are even- symmetric with respect 
to the wind direction, while the correlation between the 
co- and cross-polarized backscatter from sea surface has 
an odd-symmetry. The different symmetry properties be-
tween the copolarization and polarimetric correlation 
signatures indicate the ability of resolving wind direction 
ambiguity, and then enhance the overall wind retrieval 
performance across entire scatterometer swath.  

Besides, several reports had qualitatively discussed the 
dual-frequency scatterometer with co-polarized measure-
ments to improve spatial resolution and product quality of 
wind field (Gaston and Rodriguez, 2008; Rodriguez et al., 
2009). In this paper, we introduce the dual-frequency and 
polarimetric scatterometer, which can obtain more infor-
mation of sea surface to quantitively analyze the per-
formance of wind field retrieval by means of several 
simulation experiments from low to high wind speeds. It 
is expected that this simulation will make a better accu-
racy in retrieving wind vector comparing with conven-
tional single frequency system. In Section 2 we introduce 
the geophysical model functions (GMFs) to simulate the 
sea surface wind retrieval. A brief description of simula-
tion experiments is given in Section 3. In Section 4, the 
simulation results are given and discussed. Conclusions 
with recommendations are presented in Section 5.  

2 Geophysical Model Function 
GMF is the foundation of retrieving ocean wind vector 

from scatterometer measurements σ0, where the scattero- 
meter measurements and the polarimetric backscatter coef-
ficients are related to the sea surface wind. The expression 
of GMF is usually derived from the comparison between 
actual backscatter measurements and a reference sea sur-
face wind vector coming from independent observations 
or numerical model analyses in the form of 

0
GMF GMF( , , , , )ws p f   ,           (1) 

where ws, φ, p, f and θ are wind speed, wind azimuth di-
rection relative to the antenna beam look, polarization, 
microwave frequency and incidence angle, respectively. 
To retrieve low and high wind speed, we require both Ku- 

band and C-band GMFs of co- and cross-polarization, and 

the polarimetric backscattering coefficients. In addition, 
the valid domain of GMFs is defined as the wind speed 
range of 0–45 m s−1.  

2.1 Ku-Band 

2.1.1 Co-polarized GMF of Ku-band 

The GMF of Ku-band has been developed over the past 
two decades (Linwood-Jones et al., 1982; Freilich and 
Wentz, 1997; Wentz and Smith, 1999; Yueh et al., 2001) 
although there still are some uncertainties of wind vector 
retrieval under the low and high wind conditions (Carswell 
et al., 1994; Gaston and Rodriguez, 2008). The co- polar-
ized GMF of HH and VV polarizations selected in this 
paper is the NSCAT-2 model (Wentz et al., 1998) which 
was derived from NSCAT measurements and spatially 
and temporally collocated Numerical Weather Prediction 
(NWP) winds, and adopted for the final reprocessing of 
the entire mission of NSCAT. The NSCAT-2 model func-
tion of incidence angle 41˚ and 48˚ are shown in Figs.1(a) 
and (b) for the HH and VV polarizations of Ku-band, 
respectively. This GMF is an even function of relative 
azimuth angles, and expressed as follow: 

0
PP 0 1 2cos( ) cos(2 )A A A     ,       (2) 

where PP=HH/VV represents polarization, HH for hori-
zontal polarization and VV for the vertical polarization. φ 
is the relative wind direction. A0 , A1 and A2 are coeffi-
cients which depend on the incidence angle, polarization 
and wind speed.  

Unfortunately, NSCAT-2 is not valid for wind speed 
larger than 25 m s−1 since the most wind data used to de-
velop NSCAT-2 are less than 25 m s−1. For winds lager than 
25 m s−1, a new GMF of Ku-band was developed from the 
Imaging Wind and Rain Airborne Profiler (IWRAP) ex-
periment of ocean backscatter observations for the ocean 
winds ranging from 25 to 65 m s−1 (Fernandez et al., 2006). 
The GMF with the similar form of Eq. (2) provides an 
accurate relationship between σ0 and the wind vector in 
the case of high wind speed. Figs.1(c) and (d) show the 
IWRAP-GMF function ranging from 25 to 50 m s−1 with a 
step of 5 m s−1 for HH and VV polarizations. It is seen that 
the backscatter coefficient tends to be saturate as the wind 
speed increases up to 50 m s−1, and the backscatter coeffi-
cients are symmetric with respect to the wind direction. 

2.1.2 Cross-polarization GMF of Ku-band 

Aircraft experiments and scattering theory indicate that 
cross-polarized backscatter has the similar directional 
information to co-polarized backscatter, but the mean value 
of cross-polarized backscatter coefficients is much smaller 
than that of copolarized backscatter at the same wind 
(Nghiem et al., 1995; Moore and Fung, 1997). Up to now, 
few model functions of cross-polarization backscattering 
coefficients have been formally developed due to the 
sparsity of experimental data. Considering the small con-
tributions of cross-polarized measurements to retrieve the 
ocean wind vector, we in this paper do not take the impact 
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of cross-polarizations of Ku-band on the wind retrieval 
into account. 

2.1.3 Polarimetric GMF of Ku-band 

Based on theoretical analysis, a parametric formulation 
of polarimetric model function was derived by Tsai (Tsai 
et al., 2000) for the wind speed less than 25 m s−1. Their 
study showed that the polarimetric measurements are 
advantageous even though the magnitude of polarimetric 
signature is much lower than that of co-polarized back-
scatter coefficient. The complete Polarimetric GMF (PGMF) 
expression is given in the form (Tsai et al., 2000) 

0
μ τk 1 2sin( ) sin(2 )a a     ,           (3) 

where μ, θ, τ, k are either H or V. In this paper, μθτk is 
VHHH for inner beam and HVVV for outer beam. a1 and 
a2 are coefficients which depend on the wind speed and 
the incidence angle. 

Plots of PGMF of Ku-band for HH and VV polariza-
tion are given in Figs.1(e) and (f). It is obvious that the 
polarimetric backscattering coefficient is odd-symmetric 
about the wind direction. However, there is few valid 
PGMF for wind speed lager than 25 m s−1. Therefore, the 
polarimetric measurement is not considered in the simu-
lation experiment for high wind speeds. 

 

Fig.1 Plots of Ku-band geophysical model function for inner and outer beam. (a) NSCAT-2, HH; (b) NSCAT-2, VV; (c) 
IWRAP-KU, HH; (d) IWRAP-KU, VV; (e) PGMF, VHHH; (f) PGMF, HVVV. 



LIU et al. / J. Ocean Univ. China (Oceanic and Coastal Sea Research) 2019 18: 1051-1060 

 

1054 

 

2.2 C-Band 

2.2.1 Co-polarized GMF of C-band 

The GMF CMOD5.N (Hersbach, 2008; Verspeek et al., 
2010) for vertically polarized backscatter was adopted to 
simulate the observed backscatter coefficients and to re-
trieve the ocean wind vector. It shows a good perform-
ance for the wind speed less than 25 m s−1. However, the 
comparison of ASCAT measurements σ0 with the re-
trieved wind vector of QuikSCAT reveals that ASCAT σ0 
still exhibits some sensitivities to wind speed, which are 
not found in the CMOD5.N GMF at higher wind speed 
(Soisuvarn et al., 2008). Thus, for the wind speeds larger 
than 25 m s−1, the CMOD5.H GMF model (Soisuvarn    
et al., 2013) developed by the aircraft-based scatterometer 
measurements, is used. The GMF of CMOD5.N and  

CMOD5.H were given by Hersbach (2008) and Soisuvarn 
et al. (2013) with similar form of Eq. (2).  

The GMF of HH polarization was obtained by means 
of the ocean co-polarization ratio (CPR),  

0 0
HH VV(1/ )CPR   ,              (4) 

where 
0
VV  is the vertically polarized ocean backscatter 

obtained from CMOD5.N. Plots of CMOD5.N and CM- 
OD5.H for HH and VV polarizations are shown in Figs. 

2(a), (b) and Figs.2(c) and (d), respectively. The ocean 
CPR used in Eq. (4) was obtained with the measurements 
of 

0
VV

 
and 

0
HH  from the airborne STORM data set at 

low winds and low incidences, and the airborne IWRAP 
data set at high winds and large incidences. The complete 
functional form of ocean CPR was given by Rivas et al. 
(2012). 

 

Fig.2 Plots of C-band geophysical model function. (a) CMOD5.N, HH; (b) CMOD5.N, VV; (c) CMOD5.H, HH; (d) 
CMOD5.H, VV. 

2.2.2 Cross-polarized GMF of C-band 

The cross-polarized GMF of C-band is developed with 
cross-polarized RADASAT-2 data (Hwang et al., 2010; 
Vachon and Wolfe, 2011) for wind speed lower than 20 m 

s−1 and higher than 20 m s−1, respectively. The two models 
show that the cross-polarized backscatter depends very 
weakly on the incidence angle and the wind direction, but 
strongly on wind speed. This indicates that the cross- po-

larization backscatters are very helpful for retrieving wind 
speed without a prior wind direction (Rivas et al., 2014). 
In addition, it can be inferred from the analysis of cross- 

polarizations that the backscatter coefficients of VH and 
HV polarizations are almost the same. The cross- polar-
ized GMF is expressed as a function of wind speed as 
follows:  

  
0 1
cross-pol 10 100.592 35.6,  20 msWs Ws     ,   (5) 
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0 1
cross-pol 10 100.218 29.1,  20 msWs Ws     .   (6) 

Here, it is noteworthy that the polarimetric measure-
ments of C-band are not considered due to lack of avail-
able PGMF. 

3 Simulation Experiments 
An end-to-end simulation is carried out to analyze the 

wind retrieval of dual-frequency polarmetric scattreome-
ter. The procedure starts with scanning geometry simula-
tion, which incorporates the actual orbital parameters and 
the realistic earth rotation. Based on HY-2A/SCAT scan-
ning geometry (Lin et al., 2013), the dual-frequency po-
larimetric scatterometer is simulated with a scanning 
‘pencil-beam’ antenna mode, which employs two pencil 
beams sweeping in a circular form. The incidence angles 
of inner and outer beams are 41˚ and 48˚, respectively. 
The scanning geometry is shown in Fig.3.  

 

Fig.3 HY-2A/SCAT scanning geometry, (a) conically scan-
ning geometry, (b) observation information. 

The measured co- and cross-polirazied backscatter co-

efficients and the polarmetric backscatter coefficients (i.e., 
σVHHH for the inner beam and σHVVV the outer beam) are 
simulated for 25 km WVCs through adding the random 
Gaussian noise to the backscatter coefficients computed 
by GMFs. The standard deviation of random noise is usu-
ally defined as the measured accuracy levels determined 
by the specified instrumental communication noise, the 
instrument calibration and model function errors. The 
communication noise is a function of signal-to-noise ratio 
and the number of independent measurements due to the 
measured energy fading and the thermal noise. The in-
strument calibration error is related to the internal calibra-
tion accuracy, the antenna gain and the accuracy of an-
tenna pattern. The model error is caused by the inaccu-
racy of GMF varying with the wind speed and the ob-
served spatial resolution. In order to analyze the differ-
ence between C-band and Ku-band scatterometers for 
retrieving wind vector with the same measured accuracy, 
the same standard deviations of random noises of dual- 

frequency co-polarized (or cross-polarized) backscatter 
coefficients are 0.7 (or 2.0), 0.63 (or 1.3), 0.55 (or 1.0) 
and 0.35 dB (or 0.6 dB) for the wind speeds of 5, 15, 25 
and 45 m s−1, respectively. Meanwhile, the relative errors 
of polarimetric backscatter coefficient are assumed to be 
about 60%, 20% , 18% and 16%, respectively. 

To retrieve the wind vector, the retrieval algorithms of 
the wind vector and the wind direction ambiguity remov-
ing are needed (Martin, 2014). In this paper, the wind 
vector is estimated with Maximum Likelihood Estimation 
method and the circle median filter algorithm without 
external wind fields. The RMSE of the wind retrieval is 
determined by comparing the input wind vector used to 
simulate the measured backscatter coefficient with the 
retrieved wind field.  

To test the capabilities of dual-frequency polarimetric 
measurement referencing the concept of HY-2A scat-
terometer, we operate two simulations. The first simula-
tion is carried out for the following beam configurations, 
where inner beam and outer beam are designed for hori-
zontal and vertical polarization, respectively. 

A1. Ku-band HH on inner beam and VV on outer 
beam; 

B1. C-band HH on inner beam and VV on outer beam; 
C1. Ku-band HH, VHHH on inner beam and VV, 

HVVV on outer beam; 
D1. C-band HH, VH on inner beam and VV, HV on 

outer beam; 
E1. Ku-band HH and C-band HH on inner beam, 

Ku-band VV and C-band VV on outer beam. 
F1. Ku-band HH, VHHH and C-band HH, VH on inner 

beam, Ku-band VV, HVVV and C-band VV, HV on outer 
beam; 

The second simulation is the cases of replacing C-band 
vertical polarization with C-band horizontal polarization 
in outer beam, 

A2. Ku-band HH on inner beam and VV on outer 
beam; 

B2. C-band HH on inner beam and HH on outer beam; 
C2. Ku-band HH, VHHH on inner beam and VV, 
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HVVV on outer beam; 
D2. C-band HH, VH on inner beam and HH, VH on 

outer beam; 
E2. Ku-band HH and C-band HH on inner beam, 

Ku-band VV and C-band HH on outer beam. 
F2. Ku-band HH, VHHH and C-band HH, VH on inner 

beam, Ku-band VV, HVVV and C-band HH, VH on outer 
beam; 

Note that the case A2 (or C2) and the case A1 (or C1) 
are the same. The Ku-band polarimetric measurements 
are not included in configuration C1, F1, C2 and F2 when 
the wind speed is larger than 25 m s−1 owing to the un-
availability of PGMFs for the high wind speed. 

4 Simulation Results 
4.1 First Simulation Results 

Traditional conical scanning scatterometer of single- 

frequency and co-polarization has the disadvantage of 
large retrieval errors in nadir and outer swath because of 
the poor azimuth diversity. For evaluating the retrieval 
performance of dual-frequency polarimetric scatterometer 
across whole swath, Figs.4(a)–(f) show the wind retrieval 
RMSE varying with wind vector cell locations across the 
swath at wind speeds 5, 25 and 45 m s−1, respectively. In 
Table 1, all of the retrieval RMSEs of wind speed and 
wind direction is listed for the wind speed range of 5 to 
45 m s−1. 

These figures reveal that, within the nominal wind 
speed range (Ws10 <

 25 m s−1), the retrieval error of con-
ventional single-frequency measurement modes exhibits 
the obvious shape of ‘w’ due to the poor azimuth diver-
sity in nadir and outer swath. The polarimetric measure-
ments show the advantage over the conventional one for 
reducing the retrieval errors of wind direction in nadir and 
outer swath.  

At low wind speed (5 m s−1), we find, from Figs.4(a), (b) 
and Table.1, that the dual-frequency measurement con-
figuration E1 and F1 perform better than others because 
of more measurements available for retrieving wind vec-
tor, especially configuration F1 adds the polarimetric 
measurements on the basis of dual-frequency design. The 
co-polarized and polarimetric measurement configuration 
C1 of Ku-band also shows good retrieval results even 
though the measurement errors of polarimetric backscat-
ter coefficient is large (60%) at low wind speed. In addi-
tion, it is seen that Ku-band configurations perform better 
than C-band at low wind speed. 

At moderate and high wind speed (15 and 25 m s−1), the 
absolute advantage of polarimetric measurements is evi-
dent. The different symmetry properties of the relative 
wind direction in the copolarization and polarimetric cor-
relation signatures can improve the ability of resolving 
the wind direction ambiguity and generally enhance the 
overall wind retrieval accuracy across the measurement 
swath. As shown in Fig.4, compared to the results of 
Ku-band co-polarization mode A1(HY-2A/SCAT), the 
wind retrieval errors of polarimetric configurations C1 
and F1 are greatly reduced, in particular the wind direc-
tion RMSE is reduced from 15˚ to 5˚. Moreover, the 
comparison between the results of configuration B1 and 
D1 indicates that C-band cross-polarized measurements 
are of benefit to retrieving wind speed because of the high 
sensitivity of cross-polarized backscatter coefficient to 
the wind speed.   

At extreme winds, the dual-frequency and the cross- 

polarized measurements are suitable to inverse the wind 
direction and the wind speed, respectively (Rivas et al., 
2014). As shown in Fig.4(h), the C-band configuration D1 
incorporating cross-polarized measurements can enhance 
the wind speed accuracy about 2.3 m s−1 comparing to the 
case B1. It is obvious that the case F1 having both dual- 

frequency and cross-polarized measurements is best for 
retrieving wind vector.  

4.2 Second Simulation Results 

Recently, the airborne experiment of C- and Ku-bands 
with HH and VV polarizations shows that the normalized 
radar cross sections (NRCS) are saturated with the wind 
speed increasing up to a certain high wind speed except 
for the large incidence angle of C-band and HH polariza-
tion (Fernandez et al., 2006). This infers that the HH- po-
larized measurements of large incidence angles may be 
possible to improve the wind retrieval at high wind speed. 
One major innovation of the second- generation of mete-
orological satellite polar system (EPS-SG) with respect to 
ASCAT is the addition of horizontal copolarization at 
fore/aft beams to obtain better wind results at extreme 
winds (Stoffelen et al., 2017). To discuss the effect of 
C-band HH-polarized measurements on retrieving the 
wind field, we conduct the second simulation by replac-
ing the C-band V polarization measurement with C-band 
H polarization at outer beam, i.e., the previously men-
tioned cases A2, B2, C2, D2, E2 and F2. The wind re-
trieval results at 45 m s−1 are depicted in Fig.5. The re-
trieval RMSE results of all wind fields are listed in Table 2. 

Table 1 Retrieval RMSE of wind speed and direction for the first simulation  

Wind speed retrieval RMSE (m s−1) Wind direction retrieval RMSE (˚) 
Config 

5 m s−1 15 m s−1 25 m s−1 45 m s−1 5 m s−1 15 m s−1 25 m s−1 45 m s−1 

A1 0.30 1.43 2.25 3.44 17.11 15.69 17.51 28.94 
B1 0.73 1.41 2.30 3.99 20.09 15.39 19.42 34.29 
C1 0.33 1.09 1.92 / 12.11 5.15 5.17 / 
D1 0.65 0.95 2.07 1.66 20.06 12.00 18.34 35.16 
E1 0.21 1.10 1.85 3.05 11.56 12.05 14.42 24.37 
F1 0.29 0.75 1.43 1.55 9.16 4.63 4.87 23.03 
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Fig.4 The variation of wind direction retrieval RMSE (left) and wind speed retrieval RMSE (right) versus WVC loca-
tions across the swath: (a) and (b) 5 m s−1, (c) and (d) 25 m s−1, (e) and (f) 45 m s−1. It is noted that all configurations with 
H polarization at inner beam, and V polarization at outer beam. 

Table 2 Retrieval RMSE of wind speed and direction for the second simulation  

Wind speed retrieval RMSE (m s−1) Wind direction retrieval RMSE (˚) 
Config 

5 m s−1 15 m s−1 25 m s−1 45 m s−1 5 m s−1 15 m s−1 25 m s−1 45 m s−1 

A2 0.30 1.39 2.25 3.42 17.01 15.62 17.11 28.59 
B2 0.68 1.27 2.22 4.03 15.88 16.56 25.00 19.07 
C2 0.33 1.09 1.92 / 11.94 5.04 5.19 / 
D2 0.59 0.91 2.04 1.64 15.56 14.27 24.04 17.99 
E2 0.20 1.05 1.70 2.85 9.80 12.70 14.78 15.11 
F2 0.29 0.75 1.41 1.50 8.12 4.61 4.88 14.43 
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Fig.5 The variation of (a) wind direction retrieval RMSE and (b) wind speed retrieval RMSE versus with wind vector 
cell locations across the swath at the wind speed 45 m s−1, where C-band V polarization is replaced by C-band H polariza-
tion at outer beam. 

From Fig.4(g) and Fig.5(a), it is clear that the wind di-
rection retrieval accuracy at 45 m s−1 is enhanced by using 
C-band H polarization to replace V polarization at outer 
beam (case B2, D2, E2, F2), with an improvement of 
about 9˚. We find from Table 2 that, at extreme wind 
speed (45 m s−1), the case F2 and D2 are valid for invers-
ing the wind speed with RMSE about 1.6 m s−1, and case 
E2 and F2 can be used to retrieve the wind direction with 
RMSE of about 15˚. Generally, the case F2 is the best 
way for retrieving the sea surface wind vector having 
RMSE of the wind speed and the wind direction less than 
1.5 m s−1 and 15˚, respectively.  

4.3 Results Analysis 

As has been documented by the above simulation re-
sults, the conventional Ku-band scatterometer is not suit-
able for measuring the extreme winds. For the wind speed 
less than 25 m s−1, the wind vector retrieval over the entire 
scatterometer swath can be improved dramatically by 
adding Ku-band polarimetric measurements. If we inves-
tigate the winds over hurricanes regions of extreme winds, 
the introduction of C-band measurements with horizontal 
polarization in both inner and outer beam is a desirable 
choice to enhance the wind vector retrieval, due to the 
unsaturation of HH polarization at extreme wind speed 
and the high sensitivity of VH to the wind speed. It has 
been clarified that the backscattered signals from the sea 
surface dominated by Bragg scattering usually are pro-
portional to the density of surface elements with the 
ocean wavelengths of the order of centimeters. These 
ocean waves mainly respond to the strength of local 
winds. Thus, low microwave frequency, which interacts 
with long surface waves, has an advantage of measuring 
extreme winds. However, the high microwave frequency 
helps obtain the wind vector of low wind speeds. It is 
totally predictable that the combination of C-band and 
Ku-band, with addition of polarimetric capability, will 
acquire very good wind retrieval results for all wind con-
ditions.  

5 Conclusions 
With the purpose of improving wind retrieval of HY- 

2A-type scatterometers for all winds speed (5–45 m s−1), 
we constructed two wind retrieval simulations with some 
extensional measurements of dual-frequency and multi- 

polarization. The first simulation results indicate that po-
larimetric mesurments have an important potential of 
improving the wind vector retrieval for the wind speed 
less than 25 m s−1, as well as for eliminating the disadvan-
tage of conventional single-frequency and co-polarized 
scatterometer in nadir and outer swath. Moreover, it is 
expectable that the wind retrieval accuracy of dual- fre-
quency measurement is better than that of single fre-
quency for all wind speeds because of more measure-
ments used in retrieving wind vector. The dual-frequency 
and polarimetric configurations are best for retrieving the 
low-to-high wind speed with the wind direction RMSEs 
of 9.2, 4.6, 4.9˚ and the wind speed RMSEs of 0.3, 0.8, 
1.4 m s−1 for wind speed 5, 15 and 25 m s−1, respectively.  

The difference between the second simulation and the 
first one is that C-band VV polarization at outer beam is 
replaced by HH polarization. The new simulation reveals 
that, at 45 m s−1, the C-band HH polarization offers an 
improved wind direction RMSE of 14.4˚ (comparing 
RMSE 23.0˚ for the C-band VV options) over the entire 
swath. On the other hand, the cross-polarized measure-
ments results in the retrieved wind speed with RMSE of 
1.5 m s−1. For low-to-high wind speed (5–25 m s−1), the 
C-band HH polarization provides almost the same re-
trieval results as that of VV polarization.   

In summary, dual-frequency polarimetric scatterometer, 
which incorporates Ku-band and C-band H polarization at 
inner beam, and Ku-band V polarization and C-band H 
polarization at outer beam, is valid to retrieve more accu-
rate ocean wind vector for both low and high wind speed 
(5–45 m s−1). To accurately estimate the wind fields, it is 
necessary to study the polarimetric backscatter coefficient 
under high wind speeds so that one can develop a mature 
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polarimetric GMF. 
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