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ABSTRACT 

Simulations with an ocean general circulation model and a hybrid coupled model reproduce well 
the observed principal spatial mode (PSM) of variation of the tropical Pacific ocean/atmosphere 
system. The model results show the origins of the PSM to be a coupled ocean/atmosphere mode 
and suggest this phenomenon is not a natural mode of the tropical Pacific Basin alone. Air-sea 
interactions amplify the mode variability by a factor of 5-6 over the strength it would have in 
a purely random atmosphere and so it obtains climatological importance. These same inter­
actions introduce the PSM to the atmosphere. The PSM of interannual variability is not directly 
driven by the annual cycle. But its time scale does depend importantly on the fact that the ocean­
atmosphere coupling strength varies with respect to the annual cycle. The mode appears to be 
rather sharply peaked in wave number space but broadbanded in frequency space so that 
identifying it with a temporal designator, as has been done in the past is apt to be misleading. 

1. Introduction 

Large-scale air-sea interactions play a major 
role for the generation of climate variability in the 
tropical Pacific (Bjerknes, 1969). As described by 
several authors, these interactions take place 
on a variety of time scales (Barnett, 1991) which 
we will refer to as modes of variability. Of these 
modes, the most prominent is the annual cycle in 
the eastern equatorial Pacific. The existence of this 
mode is partly due to coupled processes (Horel, 
1982; Philander, 1990; Neelin, 1991 ). There also 
exists interannual variability (Rasmusson and 
Carpenter, 1982) which shows variability on a 
quasi-biennal (QB) time scale (Rasmusson et al., 
1990) and at lower frequencies (Barnett, 1991 ). 
Theoretical work shows that unstable air-sea inter­
actions on the time scales noted above are possible 
for a large expanse of model parameter space 
(Battisti, 1988; Battisti and Hirst, 1989; Schopf 
and Suarez, 1988; Philander et al., 1992; Neelin, 
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1991; Neelin and Jin, 1993; Neelin et al., 1992), 
with quite different spatial and temporal charac­
teristics for different locations of the model coef­
ficients in parameter space. Thus, although much 
progress has been made in deriving a theory of 
air-sea interactions in the tropical climate system, 
the observati.onal evidence for the validity of 
certain approximations in the above body of work 
remains a controversial issue. 

Earlier work by Latif et al., 1992 (hereafter L92) 
investigated and described three fundamental 
temporal frequencies of variability or modes in the 
ocean-atmosphere system of the tropical Pacific 
Ocean. These frequencies were defined objectively 
by a simultaneous Principal Oscillator Pattern 
(POPs) analysis (Hasselmann, 1988; von Storch 
et al., 1988; and Xu and von Storch, 1990, 
Appendix A) of the observed fields of wind stress, 
sea surface temperature (SST) and ocean heat 
content. The periods resulting from this analysis 
were roughly 12, 22 and 34 months, the annual 
cycle (AC), quasibiennial (QB) and low frequency 
(LF) modes, respectively. The first time scale was 
simply the annual cycle. Of the latter two time 
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