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Abstract On the basis of the sophisticated phase-function approximation methods Delta-M and Delta-fit, the physical
meaning of a combination approximation method Delta-combine is explained, combining the requirement of moment
preserving of phase function and minimizing approximation errors within a specific scattering angle range. And the
influence of the connecting point position for different requirements on the scattering intensity is analyzed. On this
basis, taking Cloud and Haze scattering phase functions for examples, the radiation intensity and irradiance calculated
by Delta-M, Delta-fit, and Delta-combine approximation methods are compared. The applicability of the three phase
function approximation methods is statistically analyzed by these methodologies under different optical thicknesses.
The results show that, as the connecting point moves backward, the root mean square (RMS) of absolute error of the
intensity obtained by the Delta-combine method decreases, and the RMS of relative error of the intensity decreases
first and then increases. The three approximation methods are all able to guarantee the energy balance. The RMSs of
absolute error produced by Delta-M and Delta-combine are smaller than that of Delta-fit under different optical
thicknesses. From the aspect of relative error, Delta-fit does well when the optical thickness is small, and the Delta-
combine is best when the optical thickness increases.
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Table 1 Essential features of various truncation approximation methods for scattering phase function

Method Truncation factor Moment conservation Reference
Delta-M Cm 0-M—1 Ref. [3]
Delta-fit 1—c, 0 Ref. [4]
Delta-combine M 0-m (m<<M—1) Proposed
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Table 2 Size distribution model for Cloud and Haze

Particle type N /em * a a Y b r./pm
Cumulus Cloud, C.1 100 2.373 6 1 1.5 4
Haze L. 100 4.98 X 10" 2 0.5 15.12 0.07
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Fig. 1 Scattering phase functions at 0.7 pm wavelength for (a) Cloud and (b) Haze
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Fig. 3 Comparison of different phase function approximation methods. (a) Transmitted radiance for Cloud;

(b) reflected radiance for Cloud; (c) transmitted radiance for Haze; (d) reflected radiance for Haze
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Table 3 RMS of radiation intensity calculated by various phase-function approximation methods

RMS of absolute error (3°-180°) RMS of relative error (3°-180°)
Method
Cloud Haze Cloud Haze
Delta-M 0.8213 0.0184 0.0955 0.0110
Delta-fit 0.8775 0.0277 0.1044 0.0134
Delta-combine 0.8235 0.0187 0.0931 0.0098
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Table 4 RMS of reflected radiation intensity calculated by various phase-function approximation methods

RMS of absolute error (90°-180°) RMS of relative error (90°-180°)
Method
Cloud Haze Cloud Haze
Delta-M 0.0088 0.00110 0.0449 0.0072
Delta-fit 0.0099 0.00065 0.0492 0.0044
Delta-combine 0.0074 0.00073 0.0376 0.0049
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Table 5 Irradiance of Cloud calculated by different methods when the incident flux is x W/m?’
Method Downward direct radiation Downward diffuse Upward diffuse Total
Delta-M 0.156411 2.52474 0.460417 3.1416
Delta-fit 0.156411 2.53633 0.448777 3.1415
Delta-combine 0.156411 2.52479 0.460379 3.1416
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Table 6 Irradiance of Haze calculated by different methods when the incident flux is © W/ m?
Method Downward direct radiation ~ Downward diffuse Upward diffuse Total
Delta-M 0.156411 2.40482 0.580374 3.1416
Delta-fit 0.156411 2.40459 0.580605 3.1416
Delta-combine 0.156411 2.40483 0.580351 3.1416
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