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Motivation and Objectives

CERES SYN uses Fu-Liou model (Fu et al., 1997, JAS) for
computation of broadband irradiances. This model uses
spherical albedo and emissivity for irradiance computation.
Surface incoming infrared radiance is anisotropic; incoming
radiance increases with incoming zenith angle.

Ocean reflectivity and emissivity change with viewing angle.
Compare between upward surface irradiances from spherical
and directional albedo/emissivity.

Implement a simple correction factor for spherical albedo
and parameterize it for various atmospheric conditions.
Apply to SYN
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Surface Upward Irradiance in Fu-Liou Model

Delta-two- and four-stream combination method (Fu et al., 1997, JAS)
Source function is from 6-two approximation but intensity is computed in four-

stream directions. Computation time is four times faster than 6-4 stream method.
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Directional Dependence of Smooth Ocean Emissivity
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Ocean Directional Reflectivity/Emissivity Model

1. Fresnel Equations

Bertie and Lan (BL) (1996) complex water refractive index

3. Surface roughness effect by wind speed is considered using Sidran
(1981); wind speed increases emissivity
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Bias in SFCUP Irradiances Occurred by Spherical Albedo
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Bias Correction of Irradiance Using Spherical Albedo
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Albedo Correction Factor for Standard Atmospheres
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Albedo Correction Factor with WV Amount

Albedo Correction Factor (Aa)
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Albedo Correction Factor (Aa)

Albedo Correction Factor Aa with WV Amounts
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Anisotropic Factor Definition from FL Model Output

Anisotropy Factor in Downward Radiance by different incoming angle
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Anisotropic Factor (Q) with WV Amounts
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Albedo Correction Factor with Anisotropic Factor

Albedo Correction Factor (Aa)
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Albedo Correction Factor
for Various Temperatures and Humidity Profiles

By considering different
moisture, temperature, and
wavelength, universal albedo
correction factor is obtained as a
function of anisotropic factor Q.
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Emissivity Sensitivity Using Fu-Liou RTM
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Summary and Conclusions

SYN uses delta-two and four stream combination method, ignoring
directional effects of incoming radiance and ocean reflectivity.

The use of spherical reflectivity and emissivity causes negative biases
around 1 - 2 W m, and the biases increase with surface temperature and
decrease with humidity.

To remove the negative biases, we implement a correction factor for
spherical albedo. Larger albedo correction factor is needed for drier
atmosphere.

Compared to water vapor amount itself, anisotropic factor defined from Fu-
Liou model output explains albedo correction better with a higher
correction.

New ocean directional emissivity decreases and so does upward SFC
irradiance by 1 - 2 W m=. Moreover albedo correction factor increases
upward SFC irradiances by 1 - 2 W m2. As a result, total changes in SYN
irradiance are order of +1 W m™.
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