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The Effects of Radiative Parameterization Scheme on Simulation
of Cloud and Radiation in an AOGCM

Wang Fang Ding Yihui Xu Ying

(Laboratory for Climate Studies, National Climate Center, CMA, Beijing 100081)

Abstract

Radiation is an important process in atmosphere. Currently the radiative parameterization schemes used in cli-
mate models are mainly simplified arithmetic, which show great uncertainty in climate change projection. To better
understand the effects of radiative parameterizations on cloud and radiation simulation, a new parameterization
scheme, Fu_ Liou scheme, is introduced into NCC/IAP T63 AOGCM to replace the old scheme, Morcrette
scheme.

NCC/IAP T63 AOGCM is a spectral model with triangular truncation at wave number 63. The horizontal reso-
lution is 1.875° x 1.875° for both atmosphere and ocean component, and there are 16 and 30 vertical layers for at-
mosphere and ocean respectively. The main differences between two radiative schemes are in such aspects as divi-
sion of waveband, approximation for radiative transfer, and treatment of cloud layer overlap in radiation calculation.
In Fu _Liou scheme, the waveband is divided into 18 sub-wavebands, 6 for shortwave and 12 for long wave, while
there are only 8 sub-wavebands (2 for shortwave and 6 for long wave) in Morcrette scheme. Fu _Liou scheme a-
dopts d-four-stream approximation which has high calculating accuracy, and uses the binary cloud when calculating
the cloud effects on radiation. Two 20-year integrations are processed by use of the two schemes respectively. The
first 10 years are used for coupling adjustment, and the last 10 years for analysis. Two types of monthly mean data,
40-year reanalysis data of European Centre for Medium-Range Weather Forecasts (ECMWF) (ERA-40) and data
from Earth Radiation Budget Experiment (ERBE) , are used to verify the results.

The effects of the two schemes on the simulation of cloud and radiation are analysed in detail. The main results
are as follows: Firstly, the incident radiation at TOA simulated by two schemes differs obviously, which is mainly
caused by the difference in radiative arithmetic. Secondly, in clear sky the shortwave absorption of Fu _ Liou
scheme is generally lower than Morcrette scheme, especially in middle and high latitudes of winter hemisphere. The
planetary albedo simulated by Fu _Liou scheme is closer to ERBE data than Morcrette scheme between 60°S and

60°N, mainly due to the improvement of simulation on clear-sky albedo. Thirdly, the simulated net radiation at
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TOA in Fu _Liou scheme is improved obviously as compared with Morcrette scheme except for part of the east Pacif-
ic and east Atlantic where the cloud cover decreases remarkably in winter. Finally, the low stratocumulus simulated
by Fu _Liou scheme decreases remarkably, which is caused by the weakening of static stability over ocean. The
high cloud increases obviously, mainly due to the intensifying of convection in tropical region, as compared with
Morcrette scheme. Although the cloud cover decreases, the use of binary cloud increases the cloud shortwave ab-

sorption in Fu _Liou scheme which improves the weak absorption in Morcrette scheme in some degree.

Key words: radiative parameterization; AOGCM ; cloud and radiation; simulation
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