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Radiative effects by inhomogeneous cloud

Hironobu Iwabuchi

Radiative flux distribution in inhomogeneous cloud field is largely different from that in the plane-parallel

atmosphere. Horizontal inhomogeneity and three-dimensional radiative transfer in the inhomogeneous media

affect radiation in inhomogeneous cloud field. In this review, current understandings about these effects are

presented. Domain-average radiative fluxes over an area of 50-200 km horizontal scale can be accurately

calculated by incorporating the effect of horizontal inhomogeneity in radiation scheme. On smaller horizontal

scale, horizontal radiative convergence/divergence is apparent, and nearby spatial arrangement of cloud water

should influence local radiative fluxes.
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Figure 1 . (Upper) Vertical and horizontal distribution of the extinction coefficient, and the downward radiative fluxes at a
visible wavelength, computed by (middle) 3D radiative transfer and (lower) the Independent Column Approximation (ICA).
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Figure2 © A cumulus cloud field simulated by a cloud-
resolving model, looking down from a point in the middle
troposphere. The image was generated for a camera with
fish-eye lens, by simulating 3D radiative transfer in the
cloud field.
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Figure 3 : (Upper) Shortwave radiative heating rates (K/hr) computed by 3D radiative transfer, (middle) differences between
the 3D and ICA computation, and (lower) downward, shortwave diffuse and direct radiative fluxes at the grould level, for

solar zenith angle of (feft) 0° and (right) 60°.
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Figure 4 © Differences between shortwave radiative fluxes
computed by the 3D scheme and ICA, for the same case of
cumulus clouds as in Fig.3. (Upper) Downward flux,
(lower) flux absorbed by atmospheric column. Mean and
standard deviation are denoted by the square mark and the
error bar, respectively.
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K1 EBONFENES () LHEEELTVARE (@) 2EZ 12L& ORETO KPR
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Table 1 : Domain averages (denoted by <.>) and standard deviations (o) of the
radiative horizontal convergence for cases with varying cloud mean optical
thickness (7) and single scattering albedo (w,).

6,=0°
w, <logir> o(H) Hp>  o(Hz) <Hr> oHr) <Hy  o(H)
1.0 0 0.086 | 0.0009 0.021 —0.0009 0.069 0 0
0.5  0.109  0.0016 0.055 —0.0016 0.069 0 0
1.0 0.085 —0.0004 0.079  0.0004 0.052 0 0
1.5  0.058 —0.0008 0.076  0.0008 0.046 0 0
0.99 0 0.084 ~ 0.0007 0.019 —0.0012 0.066  0.0005 0.004
0.5  0.097 —0.0003 0.040 —0.0021 0.063  0.0023 0.015
1.0 0.058 —0.0029 0.046  0.0009 0.061  0.0021 0.030
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Figure 5 © Horizontal distributions of radiative horizontal convergence for cloud fields with different domain average optical
thicknesses. Positive and negative values denote convergence and divergence, respectively. The domain size is (16km)?.



