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Abstract A recently developed stochastic sub-grid cloud generator (SCG) and independent column approximation (ICA) are
used to study the effect of horizontal heterogeneity and vertical overlap of clouds on global radiative fields. Results of experi-
ments IHCLD (Inhomogeneous Clouds) and HCLD (Homogeneous Clouds) show that horizontally inhomogeneous clouds lead
to both larger net shortwave flux at surface (FSNS) and larger net longwave flux at the top of atmosphere (FLNT). The lar-
gest (about 1 W/m?) and second largest (about 0. 6 W/m”) increases in FSNS occur at the higher latitude where low clouds
dominant and in the tropics where convection movement is quite active, respectively. However, the largest increases in FLNT
(about 0. 3 W/m*) occur in the tropics due to tremendous high clouds. Experiments GenO (General Overlap) and MRO (Maxi-
mum-Random Overlap) suggest a stronger signal of impact on the shortwave and longwave radiation budget. Regionally, the
most significant differences of FSNS reach up to 30—40 W/m* in ITCZ regions, as well as a zonal mean difference of about 5
W/m?* at the higher latitudes with large amount of low clouds. There are similar spatial distributions for the differences of
FLNT, but with smaller value. Overlap-assumption shift can also trigger opposite changes to radiative heating rate in the upper
and lower atmospheric layers, thus influences the thermodynamic structure of the atmosphere. The impacts of cloud horizontal and ver-
tical structure on radiation budget will surely carry over to the thermodynamic, dynamic status and water vapor conditions of the atmos-
phere, and consequently change the evolution of modeled climate. The off-line cloud-radiation calculation makes the results generally
applicable, so as to provide valuable information when parameterize cloud-radiation process in different models.

Key words Large-scale model, Stochastic cloud generator, Cloud horizontal variation, Cloud overlap, Radiative flux
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Fig. 1

Cloud within a large scale column and the corresponding subgrid structure from SCG

(Profile of ; a. cloud fraction, b. cloud ice water content, c. cloud liquid water content,subgrid distribution of ;

d. cloud total water, e. cloud ice water, f. cloud liquid water; units (except for cloud fraction): kg/kg)
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Fig. 2 Latitude-height distribution of large-scale cloud fraction (a. January, b. July)
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Fig. 5

Zonal-mean differences in FSNS (a, b) and FLNT (c, d) between GenO and MRO (GenO— MRO)

(a,c: January; b,d: July)
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Fig. 6 Global distribution of differences in FSNS between GenO and MRO (GenO—MRO)

(a. January; b. July; units: W/m?)
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Table 1
by differences in cloud horizontal and vertical

Global mean differences in radiative fluxes

structures (units: W/m*)

FSNS Z 22 FLNT 2z #
1H 7H 14 7H
IHCLD—HCLD 0. 44 0. 39 0.13 0.12
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