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ABSTRACT

An index consisting of the difference of normalized sea level pressure departures between Tahiti and Darwin
is used to represent the Southern Oscillation (SO) fluctuations. Using a time-domain approach, autoregressive-
moving average (ARMA) processes are applied to model and predict this Southern Oscillation Index (SOI) on
a monthly and seasonal basis. The ARMA process which is chosen to fit the monthly SOI expresses the index
for the current month as a function of both the SOI one month and seven (or nine) months ago, as well as the
current and previous month’s random error. A purely autoregressive (AR) process is identified as representative
of the seasonal SO fluctuations, with the SOl for the current season being derived from the index for the
immediate past three seasons and a single random disturbance term for the current season. To allow for the
phase locking of the SOI with the annual cycle, ARMA processes with seasonally varying coefficients are also
considered. .

As one example of how these models could be used, seasonal SO variations have been forecast. When SOI
observations from 1935 through the summer of 1983 are employed, the seasonal model indicates forecasts of
positive SOI from fall 1983 through fall 1984. Forecasts based only on SOI observations from 1935 through
spring 1982 show a low predictive skill for the SOI values from summer 1982 through winter 1984, whereas

. one-season-ahead forecasts starting with summer 1982 agree reasonably well with the actual SOI observations.

These examples help illustrate the degree to which the future behavior of the SOI is predictable on the basis of
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its past history alone,

1. Introduction

An increased interest in the study of the Southern
Oscillation (SO) in recent years reflects the important
socioeconomic implications of short-term climate
variability (e.g., Glantz and Thompson, 1981). In a
compact expression, the SO is mainly a large-scale
phenomenon in which atmospheric masses are ex-
changed between centers in the Pacific and Indian
Oceans (Walker and Bliss, 1932, 1937). More specifi-
cally, pressure variations near the eastern South Pacific
subtropical high tend to vary more or less inversely
with those in the Indonesian low pressure zone. Owing
to this appearance of the standing wavelike pattern in
the zonal direction across two southern oceans, the
term SO was coined. Important meteorological vari-
ables which are indicative of the SO fluctuations are
sea level pressure, sea surface and air temperature,
wind, geopotential height, rainfall, and cloudiness. Cli-
mate variability in low as well as midlatitudes over
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both Northern and Southern Hemispheres is intimately
related to the SO. The El Nifio phenomenon, as man-
ifested in the occasional warmings of the east equatorial
Pacific Ocean, is also linked with the SO, and both
events are labeled ENSO.

Fluctuations in the SO have been monitored in terms
of several indices. Recently, these indices have been
based on the difference between monthly mean sea level
pressures at a pair of stations (Quinn and Burt, 1972;
Trenberth, 1976, 1984; Horel and Wallace, 1981; Chen,
1982; Rasmusson and Carpenter, 1982). These stations
are generally located near regions of the South Pacific
high pressure center and the Indonesian low. The pairs
of stations include Easter Island (27.2°S, 109.4°W)-
Darwin (12.4°S, 130.9°E); Easter Island-Djarkarta
(6.11°S, 106.5°E);, Tahiti (17.5°S, 150°W)-Darwin;
and Rapa (28°S, 144°W)-Darwin. In addition, Wright

- (1975) devised an index from a combination of several

stations located in the SO regime. As noted by Tren-
berth (1976, 1984), extreme caution must be exercised
in the selection of an appropriate index for further in-
vestigation. This is necessary because apparent tem-
poral lead and lag linkages exist among several pairs
of the stations aforementioned, and these oblique phase
relationships may render the index questionable.






