Infroduction

B Physical/ accurate/ full polarimetric microwave ocean refection and

emission models are important to:

* Atmosphere-ocean coupled radiative transter modeling
* Microwave instruments calibration

* Satellite data assimilation in NWP models, tfor example

B Microwave polarimetric ocean surface boundary conditions:
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Contribution Emission Reflection

E, 4X1 emissivity vector A , 4x4 reflectivity matrix

Key quantity

Hundred Kelvin several to tens of Kelvin

FASTEM6, RSS, LOCEAN

Oder

Existing models Geometrical optics(GO)

B Shortfalls of current reflection and emission models

Shortfalls

not suitable for cold sea surface temperature(SST) and high ocean
wind speeds

an empirical fit model limited to specific condifions

Model

FASTEM6

RSS

LOCEAN only suitable for L-band.

only suitable for small incidence angle (<209 and high frequency
only predict 8 elements of reflectivity matrix.

Their applications are limited in specific conditions
No generic reflectivity matrix model exists that can calculate full 16
maltrix elements.

B Research purposes

* To develop generic full polarimetric microwave reflectivity matrix
model and emissivity model which are suitable for a wide range
of frequencies and wind speeds at various geometries.

Combined reflectivity matrix and emissivity vector at lower
boundary condition improves ocean-atmospheric coupled RTM.
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Fig.1 Two-scale concept diagram

SPM: small perturbation method.l and 2 represent SPM first-order and second-order
scattering solution, respectively.

® Input: SST, SSS, Wind speed, wind directon, frequency, geometry

B Composition:
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B Bidirectional reflectance distribution function (BRDF) : the ratio of
the Scattered radiance to the incident irradiance.

* Dielectric constant

* Roughness Spectrum
* Foam coverage

* Foam emissivity

* Cutoff wavenumber
* Hydrodynamic modulation :

B Two-scale reflectivity matrix polarized BRDF (pBRDF):
A =A%y + ASpy + (ASpm)
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Simulated resulfs
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Fig.2 pBRDF in the specular direction ( 8; = 0,
@; = @s ) of 19 GHz, 10m/s, 285K, 35%o0
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Fig.3 pBRDF in the specular direction ( 8; = 0,
@; = @g ) of 23 GHz, 10m/s, 285K, 35%0

Fig. 2 and 3 shows that all elements of pBRDF are symmetric with respect
to wind direction. 0°and 180°represents the upwind and downwind

direction, respectively.

* All elements decrease with increasing frequency.
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FIg.5 TSEM as a function of wind speed and relative
azimuth angle of 37 GHz, 285K, 35%o, scattering

zenith angle 1s 30°

Fig.4 pBRDF under wind speeds of 5, 10, 15, 20 m/s
as a function of relative azimuth angle in the
specular direction ( 8; = O, @©; = @5 ) of 23 GHz,
285K, 35%uo, scattering zenith angle i1s 45°

* As shown iIn the Fig.4, as wind
speed increases, the harmonic
amplitudes of some elements
Increase significantly and some
decrease.

* The variation depends on the
dominant processes of GO or
Bragg scattering.

(a) Vertical polarization (b) Horizontal polarization

180
Relative azimuth angle(®)

180 270

Relative azimuth angle(®)
(c) The third component

(d) The fourth component

180 270
Relative azimuth angle(®)

90 180 270 360

Relative azimuth angle(®)

FIg.6 TSEM as a function of satellite zenith angle
and relative azimuth angle of 37 GHz, 285K, 35%o,
wind speed I1s 10 m/s.

Fig.5 shows the TSEM which 1s the emissivity vector derived from pBRDF

based on the Kirchhoff's law.

* TSEM have correct wind speed and direction dependences.
Fig.6 shows a phase variation with satellite zenith angle .

Conclusions and next steps

B pBRDF and TSEM are suitable for a wide range of microwave
frequencies and wind speeds at various observation angles.

B Next steps: 1)Expansion of the applications of reflectivity matrix model
to active remote sensing. 2) Considerations of rain effect, multiple
scattering and more accurate foam effect.

s PBRDF_VV
me NSCAT4 VYV

s PBRDF_HH

NRCS(dB)
NRCS(dB)

45 90 5 45 90 135

Relative Azimuth(®) Relative Azimuth(®)

Fig.7 pBRDF In active remote sensing application.

Compared with NSCAT4 GMF.
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Fig.8 Compared with
PARMIO.



