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Simulations of Inhomogeneous Cloud and Its Effects on Radiative
Distribution of Atmosphere with a 3D Radiative Transfer Model

HUO Juan and LU Daren
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Sciences, Beijing 100029

Abstract The goal of this paper is to analyze the differences of atmospheric radiative distributions between the scat-
tered-cloud sky and the clear sky by simulations of a 3D radiative transfer model. The two parameters, radiance and
radiative ratio of 450-nm to 650-nm radiance, are used to express the differences. Analysis results show that the ra-
diative value of atmosphere will suffer the effect of surrounding cloud and the degree will depend on the parameters
like cloud cover, cloud optical thickness as well as aerosol optical depth (AOD). It is found that radiance in most re-
gions varies between 2% in the cloudy sky when the cloud cover is small, in comparison with the same fields in
the clear sky. It indicates that the threshold value obtained from the 1D radiative transfer model, used to recognize
cloud from sky in the all-sky image, is applicable for the inhomogeneous cloudy sky. Moreover, the “non-cloud” ra-
diance in the cloudy sky can be used to make other retrieving researches like the AOD retrieval.
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Fig. 6 (a) Radiance in the clear sky; (b) radiance in the cloudy sky including two blocks of cloud; (¢) K4 in the cloudy sky with AOD

(aerosol optical depth) 0. 25 and cloud type 1; K4 in the cloudy sky with AOD 0. 36 and (d) cloud type 1, (e) cloud type 2, (f) cloud type
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Fig. 8 Radiance distributions for different relative locations of the cloud and the sun: (a) Far from the solar incident light; (b) near the so-

lar incident light; (c) blocking the solar incident light
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Fig. 9 Radiance variations in the sky with “strip” clouds: (a) Clouds block the solar incident light entirely; (b) clouds block the solar inci-

dent light partly; (¢) clouds do not block the solar incident light; (d) clouds with smaller cover do not block solar incident light
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Fig. 10 Same as Fig. 9. but for the radiative ratio variations
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Fig. 2 (a) Image of all sky with “a” block of cloud; radiance (mW +m 2 -nm ! - st !) distributions in (b) the clear sky and (¢) the cloudy

sky; (d) ratio of the radiance in (b) to that in (¢)

500

—_—

400

300

200

100

Distance/km
O oo | (=)} (9, E-N (98] [\%)

o 1 2 3 4 5 6 7 8 9
Distance/km

Distance/km
O oo 2 (=)} W EN (98] (3]

—_

500

400

300

200

100

o 1 2 3 4 5 6 7 8 9
Distance/km

4 450 nm PR =1 () Mg 4 (b) WEREES G AL mWem 2.nm ' -sr 1)

Fig. 4 Radiance (mW +m™2 - nm~ !+ sr—!) for (a) cloud fraction 1 and (b) cloud fraction 4 at 450-nm wavelength



