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ABSTRACT

The theoretical spectra of certain parametric time series models with relevance to the Southern Oscillation
(SO) are determined and compared with those based on a frequency-domain approach. Consistent spectral
estimates are found for the two models selected in our earlier studies of the SO. All these results yield larger
power at low frequencies and a dominant peak around 3-4 yr. Some reasons are offered for the slightly different
behavior of the spectra as derived from the time-domain and frequency-domain approaches.

For the sake of comparison, the spectra of other simpler time series models are also calculated. While larger
power is found at low frequencies, no spectral peak exists in these simpler models. Some implications of the
quasi-periodic behavior found in the more complex models (i.e., an intermediate peak in the spectrum) are
discussed in the context of the persistence and forecasting of the SO.

VOLUME 2

1. Introduction

The Southern Oscillation (SO) is the most dominant
mode in short-term climate variation over the globe,
particularly in the tropics and midlatitudes, accounting
for a significant portion of the variance in the global
climate system. The state of the SO is generally de-
scribed by an index (SOI), which is the normalized
sea level pressure difference between Tahiti and Dar-
win. Based on the Fourier transform of the autoco-
variance or autocorrelation function (hereafter referred
to as the frequency-domain approach), many studies
have found a broad range of large power in the spec-
trum of the SOI from 2-10 yr, with a peak around 3~
5 yr (e.g., Chen 1982). Similar spectral properties are
also revealed in the Darwin pressure series alone
(Trenberth 1976; Trenberth and Shea 1987). This
quasi-periodic behavior is also found in the sea surface
temperature over the tropical eastern Pacific (e.g.,
Rasmusson and Carpenter 1982) and is sometimes re-
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ferred to as the El Nifio-Southern Oscillation (ENSO)
“signal.”

Recently, Chu and Katz (1985; hereafter referred to
as CK1) showed that fluctuations in the SO can be
adequately represented by parametric time series mod-
els. For example, a third-order autoregressive [AR(3)]
model is representative of the seasonal SO fluctuations.
In brief, on the seasonal time scale, the current state
of the SO can be expressed in terms of its immediate
past three states and a current white noise input. Now
the question arises as to what sort of theoretical spec-
trum a parametric time series model can produce. In
particular, what would be the preferred spectral char-
acteristics as determined from the models such as se-
lected by CK1? Will their behavior be similar or dif-
ferent from those calculated from the frequency-do-
main approach? As noted by Jolliffe (1983) and
Koscielny and Duchon (1984) in modeling other cli-
mate time series, a low-order autoregressive (AR ) pro-
cess can produce time series with quasi-periodicities
(i.e., intermediate peaks in the spectrum), thus sug-
gesting that the models selected in CK1 might well
exhibit cyclic behavior consistent with that observed
for the SOI. However, in practice, this consistency is
not guaranteed, since the shape of the spectrum de-
pends on the specific parameter values of the model.

Given this complexity, the purpose of this note is to
assess whether the well-known quasi-periodic nature
of the SO also could be reproduced from a time-domain
approach using models such as those found in CK1.






