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Abstract Based on observational evidences from the satellite-based cloud and radiation retrievals, the authors evaluate the perform-
ances of ten current state-of-the-art Atmospheric General Circulation Models (AGCMs) in simulating the cloud amount, cloud vertical
structure, and cloud optical properties as well as its radiative characteristics over the East Asia domain. The simulations of ten AGCMs
involved in the Cloud Feedback Model Inter-comparison Program (CFMIP) are analyzed. The ISCCP simulator was employed in all
models to facilitate the comparison between model results and satellite products. The results show that both the boreal winter and sum-
mer mean spatial patterns of cloud amount as well as cloud radiative characteristics are reasonably simulated by most of models. Howev-
er, there still exist some discrepancies. Many AGCMs fail in capturing the boreal wintertime cloud maxima center on the lee side of Ti-
betan Plateau, and underestimate the middle- and low-level cloud amount around the East China Sea. The underestimate in total cloud
amounts on the lee side of Tibetan Plateau and over the East China Sea are due to the underestimate of low- and middle- cloud amount.
Many models are able to reasonably reproduce the total cloud maxima center over the Bay of Bengal and the southwestern China as well
as a high cloud amount belt from southwest China to Japan in summer, but the amount of high level cloud is over-predicted and the
middle- and low-level clouds are under-predicted over the cloud-abounding region. The spatial pattern of simulated shortwave cloud ra-
diative forcing resembles that of total cloud amount, while the spatial pattern of simulated longwave cloud forcing is similar to that of
the high level cloud amount. However, the simulated cloud radiative forcing is better than the cloud amount both in spatial pattern and
magnitude. The better simulation of shortwave cloud radiative forcing is resulted from the compensation of overestimated cloud optical
thickness and underestimated cloud amount. In most models, the cloud optical depths at most levels are overestimated. The cloud radi-
ative forcing is composited by the effects in both the cloudy and clear sky conditions. Besides cloud properties, the clear sky albedo is
another cause to the discrepancy in shortwave cloud radiative forcing in boreal winter over land. The overestimate of clear sky surface
albedo leads to a underestimate of shortwave cloud radiative forcing. The authors also propose whether the middle- and low-level cloud
amount on the lee side of Tibetan Plateau can be properly reproduced in models is closely related to the fidelity of the simulated large
scale circulation.

Key words East Asia, Cloud amount, Cloud optical properties, Cloud radiative forcing
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Table 1 Specifications for the 10 atmospheric general circulation models
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Table 2 The option of the microphysical processes

set in the four prognostic cloud schemes
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Fig. 1

Spatial distributions of the winter (DJF) time mean total cloud

amount from (a) the ISCCP and (b) the MODIS, as well as from the model results (c—1)
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Fig.2 As in Fig. 1 but for the high cloud amount
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Fig.3 As in Fig. 1 but for the sum of middle- and low-cloud amount
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Fig.4 As in Fig. 1 but for the summer (June — August) mean total cloud amount
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Fig.5 As in Fig. 4 but for the high cloud amount



390

KL 2011.69(3)

Acta Meteorologica Sinica

20 o

/N‘xf\ ) ‘ %@

80 80

1
80 100 120 140°E

B 6 [ 45N ARz B2 R %S A 5 A

Fig. 6 As in Fig. 4 but for the sum of middle and low cloud amount
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Fig.9 Error statistics of cloud and radiation simulated for winter (a)

and summer (b) over East Asian for the ten models

(The REF stands for the reference based on the ISCCP and ISCCP FD as observations for cloud and radiation, respectively.

The radial coordinate gives the magnitude of total standard deviation, normalized by the observed value,

and the angular coordinate gives the correlation with observations. It follows that the distance

between the REF point and the model’s point is proportional to the RMSE (Taylor, 2001))
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Table 3 The winter mean clear- and full-sky reflected solar radiation flux at the top

of the atmosphere, total cloud amount, high-, middle- and low-level cloud

amounts averaged over the East China Sea

KAJZ TR I KBRS (W/m?)

g L ORI ) BER GO BZROH  PEROO KERCH
I 7 &R
ISCCP FD/ISCCP 43.43 105. 71 66. 75 8.033 23.23 35.48
CERES/ MODIS 35. 38 95. 06 61.92 5. 829 18.16 37.92
CCCMA AGCM 48. 23 104. 64 58. 77 6. 668 15. 83 36. 26
GFDL MLM2 34. 06 94. 42 38. 84 3.768 11.19 23. 88
IPSL. CM4 36. 77 92. 23 52. 67 10. 99 12.47 29.21
CCSR MIROC 37.15 90. 33 71.10 34. 27 11.74 25.08
MPI ECHAMS5 38.02 91.11 81.32 46. 50 11.13 23.68
NCAR CCSM3 37. 86 91.35 45.70 13. 49 6. 086 26.12
UlucC 39. 16 91. 20 78. 96 28. 83 17.93 32.19
UKMO HadSM3 36. 64 96.72 46. 41 11. 83 7.826 26. 75
UKMO HadSM4 36.94 90. 07 52. 68 11.53 14.03 27.11
UKMO HadGSM1 38.32 92. 61 63.01 14. 66 18.45 29. 89
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(Colors indicate the relative frequency of occurrence in each CTP — ¢ class)
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Vertical profiles of winter time mean horizontal divergence (a) and vertical velocity (b)

averaged over the Sichuan Basin
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