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Abstract: The most part of the earth is covered with water and so it becomes imperative to have a better knowledge about the oceanic 
winds so as to know/predict the climatic changes. There are several sensors but radiometer being a passive microwave sensor has its own 
advantages in the study of oceanic winds. The radiometer generally operates at various frequencies and the capacity to retrieve 
information increases with the usage of V and H polarizations of the frequency. This paper is an attempt to understand and check for the 
optimum channel combination(s) from amongst the frequencies being used by the radiometer, for the retrieval of oceanic winds.
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1. Introduction 

Radiometers are passive microwave systems [1], which 
measure microwave emissions from objects, generated due to
collisions of molecules inside the object, at various 
frequencies and polarizations. Spaceborne microwave 
radiometers on polar satellites with a fairly high repetitive 
frequency are being used for sensing the earth’s surface and 
the atmosphere globally. A large number of microwave 
radiometers have been flown on satellites as on date for 
various applications related to land, ocean and atmosphere. 

Radiometry is the measurement of incoherent radiant 
electromagnetic energy. Passive microwave radiometry 
measures naturally emitted microwave energy (also expressed 
as brightness temperature), which is based on a surface’s
physical, electrical and thermodynamic variables. The ocean 
surface’s properties affect physical-electrical interactions, 
which then determine the surface’s microwave emission [2].

Microwave radiometry is mainly used because it is
independent of the sun and can penetrate clouds, rain and 
other objects to an extent. Microwaves have a penetration 
larger than that obtainable with visible and infrared radiation 
into the ground, or ocean surface. The observation in the 
microwave region is a result of geometric and bulk-dielectric 
properties, whereas in the infrared and visible region it is the 
result of molecular resonances in the surface layer. 
Spaceborne radiometers typically have many measurement 
channels like the AMSR-E has 12 channels viz., six 
frequencies each with H- and V-polarization data streams. 
However, the high correlation between data channels does 
not allow twelve different parameters to be extracted from the 
data set. 

2. Geophysical Parameter Retrieval 

There are three broad types of approach to the development 
of geophysical parameter (Sea Surface Temperature, Surface 
Wind Speed, Cloud Liquid Water, Total Water Vapour, Rain 
Rate) retrieval algorithm: multiple linear regression, non-
linear iterative, and post-launch in-situ regression. The first 
two approaches are geophysical algorithms as they rely on
physically based Radiative Transfer Models (RTMs) of the 

ocean and atmosphere. The third is purely statistical, based 
on regression between satellite and in situ observations. 
While this approach may have the smallest root mean square 
deviation (RMSD) when compared to in-situ data, 
understanding the underlying physical basis for the algorithm 
(leading to improvements) is not possible. The microwave 
radiation at frequencies < 15 GHz is insensitive to
atmospheric aerosols and is only weakly attenuated by
oxygen, non-precipitating clouds, and atmospheric water 
vapour. However, it is strongly attenuated and scattered by
precipitation. The radiative transfer equation has to be
regressed against multiple parameters in order to retrieve the 
geophysical parameter such as sea surface temperature, wind 
speed, water vapour, cloud liquid water, rain rate etc. 
Attenuation accounts for ~ 3% of the signal received, but
simultaneous retrieval using additional frequencies (19-85
GHz) allows for an extremely accurate correction. 

3. Sea Surface Wind Speed

The microwave emission from the ocean depends on surface 
roughness [3]. A calm sea surface is characterized by a highly 
polarized emission. When the surface becomes rough, the 
emission increases and becomes less polarized (except at
incidence angles above 55o for which the vertically polarized 
emission decreases). There are three mechanisms that are 
responsible for this variation in the emissivity. First, surface 
waves with wavelengths that are long compared to the 
radiation wavelength depolarize the initial horizontal and 
vertical polarization states and change the local incidence 
angle. This phenomenon can be modeled as a collection of
tilted facets, each acting as an independent specular surface 
[4]. The second mechanism is sea foam and the Sea foam 
models have been developed [5], [6]. The third roughness 
effect is the diffraction of microwaves by surface waves that 
are small compared to the radiation wavelength. These three 
effects can be parameterized in terms of the rms slope of the 
large-scale roughness, the fractional foam coverage, and the 
rms height of the small-scale waves. Each of these parameters 
depends on wind speed. Cox and Munk; Monahan and 
O'Muircheartaigh; and Mitsuyasu and Honda derived wind 
speed relationships for the three parameters, respectively [7] - 
[9]. These wind speed relationships in conjunction with the 
tilt, foam and diffraction model provide the means to
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compute the sea-surface emissivity. Computations of this 
type have been done by Wentz [10], [11] and are in general 
agreement with microwave observations. 

4. Microwave Radiative Transfer Model 

A parallel monochromatic beam of electromagnetic radiation 
propagates in vacuum without any change in its intensity 
however, if a small particle, is interposed into the beam, it
can cause effects like absorption, emission, scattering and 
extinction. When electromagnetic radiation propagates 
through a medium and undergoes changes because of
absorption, emission and scattering, the medium is referred to
as a radiatively participating medium. The governing 
equation for radiative transfer in participating medium 
involves the three effects (absorption, emission and 
scattering) and turns out to be an integro-differential equation 
in term of intensity. The retrieval scheme that links the 
brightness temperature to physical parameters (rain rate, 
cloud liquid water, cloud ice, precipitating ice) is regularly 
set up as an optimization problem that utilizes forward model 
simulations [12]. Numerical models are used to compute the 
microwave radiation within a well-defined atmosphere. 
Accurate and computationally efficient forward radiative 
transfer calculations are essential for the retrieval of
atmospheric and oceanic constituents from remotely sensed 
microwave satellite observations [13]. 

The development of forward model includes three steps. The 
first step is to generate the physical atmosphere, the second 
step is to convert the physical parameters into the radiative 
interaction parameters and the third step is to calculate the 
radiances leaving top of the atmosphere by solving the 
radiative transfer equations using the calculated interaction 
parameters. The radiative transfer model gives the simulated 
brightness temperatures for each viewing angle and 
frequency, for a downward looking space borne radiometer. 
The plane parallel solution is sufficient to cover most 
applications for radiation scattering in planetary atmospheres. 
The radiative interaction parameters (surface reflectivities, 
extinction, scattering albedo and phase matrix) are given as
input for the radiative transfer calculations. The schematic 
diagram of the microwave radiative transfer model is shown 
in figure 1. 

Figure 1: Schematic diagram of the microwave radiative 
transfer model (Adapted from [14]). 

Following the doubling-adding algorithm described by Evans 
and Stephens to compute polarized radiation in plane parallel 
atmosphere, the monochromatic plane parallel polarized 
radiative transfer equation for randomly oriented particles is
written as [14], 
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Here I is the diffuse radiance field expressed as the vector of
four Stokes parameters (I,Q,U,V), P is the 4×4 scattering (or 
Mueller) matrix, B(T) is the Planck blackbody function, ~
the single scattering albedo,    the optical depth,   the 
cosine of the zenith angle   and   the azimuth angle. The 
angular variation of radiation is written as a Fourier series in
the azimuth direction and by discretization in the zenith angle 
using numerical Gaussian quadrature. The radiance at any 
position inside the atmosphere is represented by Stokes 
parameters, quadrature zenith angles and the Fourier azimuth 
modes. 

5. Methodology to determine the optimum 
channel combinations for retrieval of
oceanic winds 

The brightness temperatures and wind speed were generated 
for noise-free condition using the Forward Radiative Transfer 
Model mentioned in section 4. The brightness temperatures 
and wind speeds were generated for the vertical and 
horizontal polarizations of various frequency channels viz., 
6.9, 10.65, 18.7, 23.8 and 36.5, predominantly used in the 
various radiometric missions carried out till today across the 
world by various organizations. Seventy percent of the 
generated points were used to generate the algorithm for 
various channel combination using the regression analysis. 
The remaining thirty percent points were used to validate the 
generated equation for which the correlation coefficient and 
rmsd was found. From amongst the possible combinations, 
the combinations with the least rmsd have been depicted in
table 1 and the variation of the rmsd with respect to the 
number of channel combinations has been shown in figure 2.

The actual brightness temperatures obtained from the 
radiometer will be affected by the interaction of the 
electromagnetic wave with various types of constituents in its
path of propagation and these altercations in the brightness 
temperatures are known as noises. In order to introduce the 
noise into the generated brightness temperatures mentioned 
above, Box-Muller Transformation was used to generate the 
Gaussian distribution for each brightness temperature. Again, 
seventy percent of these generated points were used to
generate the algorithm for various channel combination using 
the regression analysis. The remaining thirty percent points 
were used to validate the generated equation for which the 
correlation coefficient and rmsd were found. From amongst 
the possible combinations, the combinations with the least 
rmsd have been depicted in table 2 and the variation of the 
rmsd with respect to the number of channel combinations has 
been shown in figure 3.
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6. Conclusion 

The study depicts uniformity in nine channel combinations in
both the cases viz., without and with noise, as both showed 
that the best combination is for without 6.9H channel being 
used. However, the coefficients did differ in both the cases.  

In case of 3 to 8 channel combinations for both without and 
with noise, it has been found that 6.9V and 10.65 channels 
play a dominant role, with other channels showing their 
significance but with no uniformity. 

Figure 2: Variation of RMSD with respect to the number of frequency channels for the brightness temperatures without noise 
effect. 

Figure 3: Variation of RMSD with respect to the number of frequency channels for the brightness temperatures with noise 
effect. 

Table 1: Details of the channel combinations with least rmsd for the brightness temperatures without noise effect 
No. of Channels Channel Combination Corr. Coeff RMSD

1 10.65V 0.991 15.17
2 6.9V, 10.65V 0.9918 3.29
3 6.9V, 10.65V, 36.5V 0.9991 0.15
4 6.9V, 10.65V, 23.8V, 36.5V 0.9991 0.13
5 6.9V, 10.65V, 18.7V, 23.8V, 36.5V 0.9991 0.13
6 6.9V, 10.65V, 10.65H, 18.7V, 23.8H, 36.5H 0.9999 0.19
7 6.9V, 10.65V, 10.65H, 18.7V, 18.7H, 23.8V, 36.5H 0.9999 0.21
8 6.9V, 10.65V, 10.65H, 18.7V, 18.7H, 23.8V, 36.5V, 36.5H 0.9999 0.17
9 6.9V, 10.65V, 10.65H, 18.7V, 18.7H, 23.8V, 23.8H, 36.5V, 36.5H 0.9999 0.17
10 6.9V, 6.9H, 10.65V, 10.65H, 18.7V, 18.7H, 23.8V, 23.8H, 36.5V, 36.5H 0.9999 0.22
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Table 2: Details of the channel combinations with least rmsd for the brightness temperatures with noise effect 
No. of Channels Channel Combination Corr. Coeff RMSD

1 10.65V 0.6604 8.37
2 6.9V, 10.65V 0.7616 6.12
3 6.9V, 10.65V, 23.8H 0.9045 2.73
4 6.9V, 10.65V, 23.8V, 36.5H 0.9547 2.83
5 6.9V, 10.65V, 18.7V, 23.8V, 36.5H 0.9555 2.96
6 6.9V, 10.65V, 23.8V, 23.8H, 36.5V, 36.5H 0.9648 3.07
7 6.9V, 10.65V, 18.7V, 23.8V, 23.8H, 36.5V, 36.5H 0.965 3.16
8 6.9V, 10.65V, 18.7V, 18.7H, 23.8V, 23.8H, 36.5V, 36.5H 0.9765 3.36
9 6.9V, 10.65V, 10.65H, 18.7V, 18.7H, 23.8V, 23.8H, 36.5V, 36.5H 0.9816 3.64
10 6.9V, 6.9H, 10.65V, 10.65H, 18.7V, 18.7H, 23.8V, 23.8H, 36.5V, 36.5H 0.9834 3.84

In the noise-free noise, it has been found that for the
brightness temperature of the 36.5V channel plays a 
crucial role for the three, four and five channel 
combinations. On the contrary, in with-noise case for three 
channel combinations it is the 23.8H and for four and five 
channel combinations it is the 36.5H channel which plays 
a significant role. In six, seven and eight channel 
combinations for noise-free and with-noise, all channels 
remain the same except for 10.65H which plays a 
significant role in the noise-free case. In case of with-
noise, 36.5V for 23.8H play a significant role in six and 
seven; and seven and eight channel combinations 
respectively. 

This study on the whole leads one to infer that a set of four 
or five channels (consisting of 6.9V, 10.65V, 18.7V, 
23.8V, 36.5H) are adequate for sensing surface wind speed 
with reasonable accuracy. The 6.9 GHz and 10.65 GHz
channels play a significant role as they are surface 
channels (i.e. they are more sensitive to surface parameters 
and less sensitive to atmospheric parameters). The 
atmospheric channels (like 23 GHz) are used for correcting 
the atmospheric effects. But primary channels for surface 
winds are 6.9 GHz and 10.65 GHz. Adding more channels 
does not necessarily increase the accuracy of the retrieved 
parameter. 
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