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Abstract: In view of the high computational cost of radiative transfer for three-dimensional clouds in high—
resolution detections, an approximate model of multiple scattering based on finitely adjacent-cloud was
proposed. According to the radiative coupling law between adjacent clouds in different spatial positions, the
finitely adjacent—cloud was divided into horizontally and vertically adjacent fields of clouds. The equation of
variation for horizontal flux density was introduced to calculate the horizontal radiation exchange, thus
characterize the radiative effects between horizontally adjacent fields of clouds. Regarding the error of flux
along vertical direction, the function of compensation for flux density was used to correct it to more
accurately characterize the radiative effect caused by vertically adjacent fields of clouds. A three-
dimensional field of cumulus was selected as experimental scene, and the independent pixel approximation
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and the multiple scattering (calculated by the Eddington’ s approximation) which combined with standard
single scattering were compared. Experimental results show that the proposed model can improve the
accuracies of upward and downward source functions by up to 47.39% and 33.93% , and the improvements
are more than 8% and 10% when solar zenith angle is less than 60°; under different illuminating and
observing conditions, mean relative errors of intensity for the proposed model are less than 40% ; in terms
of computational efficiency, the proposed model has significant advantage, which is helpful to research the
rapid solution of radiative transfer in large—scale scenarios.
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Fig.3 Schematic diagram of position and direction for the horlzontal flux density
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Table 1 Main parameters for three-dimensional cumulus field

Parameter Numerical value
Grid size 100X 100X 36
Grid resolution/m 66.7X66.7X40.0
Horizontal domain size/km® 6.7X6.7
Vertical domain range/km 1.02~2.42
Average extinction coefficient/km 73.9
Cloud coverage/ % 5.7
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Table 2 Mean relative errors of USF and DSF for IPA, EMSS and the proposed model under different solar zenith angles
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Mean relative error

Solar zenith angle/(°) Source function The proposed model Improvement with
IPA/ % EMSS/%
/% EMSS/%
USF 58.76 53.38 28.27 25.11
0 DSF 34.03 32.75 17.36 15.39
USF 93.97 87.99 40.60 47.39
1 DSF 67.50 63.35 30.46 32.89
USF 120.85 111.60 67.56 44.04
%0 DSF 100.27 90.97 57.04 33.93
45 USF 136.52 121.54 93.27 28.27
DSF 126.34 109.98 83.47 26.51
USF 120.05 103.41 95.21 8.20
o0 DSF 120.54 99.77 89.12 10.65
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Table 3 Computational times of source function for IPA, EMSS, the proposed model and SHDOM under different solar
zenith angles

Computational time

Solar zenith angle/(°)

IPA/s EMSS/s The proposed model/s SHDOM/s
0 5.9 8.7 8.6 147.4
15 6.3 8.9 9.0 155.1
30 6.4 9.2 9.1 155.0
45 6.6 9.2 9.5 160.0
60 6.7 9.5 9.4 108.9
Mean 6.4 9.1 9.1 145.3
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Table 4 Observing conditions of the detector

Condition Field of view/® Zenith/° Azimuth/° X coordinate /km Y coordinate /km Altitude/km
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15.363
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