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ABSTRACT 

A linear model best fit to the Zebiak and Cane (1987) ENSO forecast model (ZC) is used to 
study the model's prediction skill. Multivariate empirical orthogonal functions (MEOFs) 
obtained from the sea surface temperature anomaly, sea level and wind stress anomaly fields in 
a suite of 3-year forecast runs of ZC starting from the monthly initial conditions in the period 
January 1970 to December 1991, are used to construct a series of seasonally varying linear 
Markov models. It is found that the model with 18 MEOFs fits the original nonlinear model 
reasonably well and has comparable or better forecast skill. Assimilating the observed SST into 
the initial conditions further improves forecast skill at short lead times ( < 9 months). The trans­
ient initial error growth in the model's prediction is attributed to the non-self-adjoint property 
as in Farrell and Blumenthal. Initial error grows fastest starting from spring and slowest starting 
from late summer and is sensitive to the initial error structures. Two singular vectors (SVs) of 
the linear evolution operator have significant transient growth dominating the total error 
growth. Since the optimal perturbation (fastest SV) has mostly high MEOF components, the 
error growth tends to be larger when there are more high mode components in the initial error 
fields. This result suggests a way to filter the initial condition fields: the MEOFs higher than the 
18th in the initial fields are mostly noise and removing them improves prediction skill. The 
forecasts starting from late summer have the best predictability because the fastest growth season 
(summer) is just avoided. The well known, very rapid decline in forecast skill in the boreal spring 
(the "spring barrier") is here attributed to the smallness of the signal to be forecast: the standard 
deviation of the NIN03 SST anomaly is smallest in spring. 

1. Introduction 

ENSO, the strongest interannual signal in the 
tropics, has a significant impact on global climate 
including killing drought in Australia, prolific 
rainfall on desert lands in Peru and catastrophic 
failures of the Indian monsoon. Prediction of 
ENSO is valuable both for scientific interests and 
economic benefits. Several prediction schemes are 
now used routinely for ENSO prediction. Among 
them, the non-linear anomaly model of Zebiak 
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and Cane ( 1987) (referred to as ZC hereafter) 
has been recognized as among the most successful. 
ZC is an anomaly model having all climatological 
fields specified. This tremendous simplification 
avoids the difficulties in simulating the correct 
climatological field, which constitutes a serious 
problem in many models, including GCMs. 
However, studies with coupled GCMs are begin­
ning to show good prediction skill (Latif et al., 
1993 ). The statistical models, challenging the 
numerical models, are best represented by the 
Canonical Correlation Analysis (CCA) procedure 
(Barnett et al., 1988; Graham et al., 1987a, b; 
Barnston and Ropelewski, 1992 ). The ZC forecasts 
have been reported (Cane et al., 1986; Barnett 
et al., 1988; Cane, 1991) in terms of the NIN03 
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