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Frequency distribution of root mean square errors (RMSE, mm/day) for the interannual variations of seasonal 
precipitation over land predicted by the CFS and CWRF based on 5 ensemble members during wintertime of 
1982-2008. Seasonal precipitation is binned at an interval of 0.1 mm/day. From Yuan and Liang 2011 (GRL). 

RCM Improves Seasonal Climate Prediction 
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Optimized Physics Ensemble 
Prediction of Precipitation 

In summer 1993 

Spatial frequency distributions of correlations 
(top) and rms errors (bottom) between CWRF 
and observed daily mean rainfall variations in 

summer 1993. Each line depicts a specific 
configuration in group of the five key 

physical processes (color). The ensemble 
result (ENS) is the average of all runs with 

equal (Ave) or optimal (OPT) weights, shown 
as black solid or dashed line. 

The physics ensemble mean 
substantially increases the 
skill score over individual 
configurations, and there 

exists a large room to 
further enhance that skill 

through intelligent 
optimization. 

Liang et al. 2011 
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•! CWRF downscaling significantly enhance predictive skill 

•! CWRF Physics Ensemble further improves predictive skill 

•! Quantile Mapping for bias correction adds more skill 

•! Substantial gaps still exist from the optimal limit 

•! There is a hope: large room for further improvement 

•! More so: if NASA satellite data are assimilated 
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