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Introduction

Climate scientists have made tremendous advances in understanding and modeling the variability and predictability of the climate system. As a result, the prediction of seasonal-to-interannual climate variations and the associated uncertainties using multiple coupled models has become operational. However, how to determine the practical predictability of the tropical seasonal precipitation in the coupled climate models is unresolved issue. We propose two methods. The first relies on identification of the “predictable” leading modes of the interannual variations. The predictability is quantified by the fractional variance accounted for by these “predictable” leading modes. The second approach is based on the signal to noise ratio. Here the signal is measured by MME mean, while the noise is measured by the “spread” among individual model’s ensemble mean. We demonstrate the conceptual consistency between the two estimation using 10 coupled climate prediction models. 

Data and analysis procedure
The models that are examined in this study are 10 fully coupled atmosphere-ocean-land seasonal prediction systems that come from the following two international projects: the Asia-Pacific Economic Cooperation Climate Center/Climate Prediction and Its Application to Society (APCC/CliPAS) (Wang et al. 2007 accepted) and Development of a European Multi-model Ensemble system for seasonal to inTERannual prediction (DEMETER) (Palmer et al. 2004).

The selected models have retrospective forecast (hindcast) for the common 21-year period of 1981-2001 with 6- to 9-month integrations for 6 to 15 different initial conditions for four seasons. The hindcasts are initialized in February 1, May 1, August 1, and November 1. We use one-month lead seasonal forecast of precipitation for four seasons. Suppose the forecast was initialized on February 1, the one-month lead seasonal prediction means the average of predicted March, April, and May means. The Climate Prediction Center Merged Analysis of Precipitation (CMAP) data set (Xie and Arkin 1997) is used as verification datasets. 
Season-reliant Empirical Orthogonal Function (S-EOF) analysis (Wang and An 2005; Wang et al 2007) is applied to seasonal mean precipitation over Tropics from 30oS to 30oN in order to identify the “predictable” leading modes of interannual variations of seasonal precipitation over Tropics. The purpose of the S-EOF is to depict seasonally evolving anomalies throughout a full calendar year. A covariance matrix was constructed using four consecutive seasonal mean anomalies for each year; in other words, the anomalies for JJA(0), SON(0), DJF(0/1), and MAM(1) were treated as a “yearly block” that is labeled Year 0-the year in which the sequence of anomalies commences.    

Results
Figure 1 shows the performance of the coupled MME system on one-month lead seasonal prediction in terms of temporal correlation skill for 21 years of 1981-2001. The high correlation coefficients are generally observed over the tropical Pacific and Atlantic between 10S and 20N in most seasons. Prediction in DJF is evidently better than JJA due the model’s capacity in capturing the ENSO teleconnections. The correlation skill in the Asian-Australian monsoon (A-AM) region remains moderate, varying from 0.3 to 0.5 depending on season. Land regions are lacking skills except in some specific regions during DJF. 

We demonstrate that the MME prediction skill of the seasonal tropical precipitation basically comes from the first four leading modes of SEOF based on the following three bases: (1) percentage variance of observed leading mode, (2) pattern correlation between the observed and predicted eigenvector, and (3) temporal correlation between the observed and the observed and predicted principal component (PC) time series (Fig. 2). If we take the predictable modes together, 59% of total variance can be captured by those observational modes. 

The fractional variance is obtained from the ratio of the variance associated with a single SEOF mode to the total variance (Wang and An 2005). Figure 3a and b show the fractional variance explained by the predictable leading modes for all seasons in observations and MME prediction, respectively. In observations, the fractional variance is about 60% (20%) over the Tropical Pacific (continental monsoon regions), implying that coupled predictability largely varies in region by region. The MME prediction exaggerates the fractional variance of predictable modes. It is found that those predictable modes are significantly related with ENSO variability with different lead-lag relationship, especially in the 1st and 2nd modes (not shown).  

How good is the prediction skill of the MME in terms of the predictable part? Figure 3d shows correlation skill for reconstructed precipitation just using predictable modes. The similarity between Fig. 3c and 3d indicates that the MME prediction skill basically comes from the first four leading modes of seasonal precipitation. 

We proposed two methods to determine the practical predictability of the tropical seasonal precipitation in the coupled climate models. The first quantifies “predictability” by the fractional variance accounted for by these “predictable” leading modes (right panels of Fig. 4 for each season) in the observations. The second approach is based on signal to noise ratio (the left panels of Fig. 4). Here the signal is measured by the MME mean, while the noise is measured by the “spread” among individual model’s ensemble mean. It is found that MME system has predictability over the region where the fractional variance of “predictable modes of observation” is large except over Western North Pacific in summer and fall and over Maritime Continent in winter and spring. It is likely that the small signal to noise__. The low predictability of summer monsoon prediction is evident in both signal to noise ratio in the MME prediction system and the fractional variance of predictable modes in observation.
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Figure Captions
Figure 1: Spatial distribution of correlation coefficients between the predicted and the corresponding observed precipitation for the 21 years of 1981-2001 in (a) spring, (b) summer, (c) fall, and (d) winter using 10 coupled models which participate in APCC/CliPAS and DEMETER project 
Figure 2: The spatial pattern correlation (circle) of eigen vector and temporal correlation (filled square) of principal component time series between the observed and predicted SEOF modes for precipitation over the globe [0-360E, 30S-40N]. The first four major modes of observed seasonal precipitation over the tropics capture total 60% of the variability. 
Figure 3: Fractional variance of predictable parts of S-EOF modes (upper panels) in observations and MME prediction. The temporal correlation coefficients between the observed and the predicted precipitation using all modes and predictable modes (lower panels). All seasons are used to obtain the results.
Figure 4: The ratio of interannual variance of fractional variance of predictable parts of S-EOF modes ((left panels) and MME to intermodel ensemble variance (right panels) for four seasons.  
