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A Simulation of Effects of Cloud 3D Structures on Heating Rate Profiles and Fluxes
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Abstract The strength and structure of broadband heating rate directly drives the global atmospheric circulations
and is largely determined by cloud three-dimensional (3D) structures. Heating rate profiles and fluxes of three cloud
fields resolved by Cloud Resolving Models (CRM) are simulated by a broadband 3D Monte Carlo radiative transfer
model, which gives a quantitative and statistical estimate about the effects of cloud 3D structures on radiation in high
resolution by comparing with Independent Pixel/Column Approximation (IPA/ICA). Two parameters are defined to
describe the vertical distribution and strength simultaneously. The results show that the impacts of cloud 3D struc-
tures on radiation are very significant under high resolution conditions and different kinds of cloud fields have various
characteristics. A direction of the revising on current heating rate calculation scheme in existing atmospheric models
due to cloud 3D structures is raised.
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Table 1 The effective range of the effect of cloud 3D structures on heating rate vertical distribution in three cloud fields and the

corresponding average standard deviations and sample amounts
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Fig. 5 Distributions of vertically integrated visible cloud optical depth (left panel) and the cloud top height (right panel) of GATE-A cloud
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Fig. 7 Variation of average 3D and IPA downward fluxes with the statistical radius for (a) ATEX cloud field,

(b) Open-cells cloud

field, and (¢) GATE-A cloud field when the centre of statistical circle is the very central grid of each cloud field
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