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ABSTRACT

A nonlinear time series forecasting scheme developed by Sugihara and May has been applied to the Southern
Oscillation index. Although forecast skill is comparable only to persistence or linear (autoregressive) methods,
the scheme has the advantage of identifying close analogs to the current situation, if these exist. The operational
implementation of the scheme in the Seasonal Climate Outlook issued by the National Climate Centre of the
Australian Bureau of Meteorology is described and its performance during the 1991/92 El Nifio-Southern

Oscillation event is examined.

1. Introduction

The use of circulation analogs has a long history in
climate and weather forecasting (Lorenz 1969; Gutzler
and Shukla 1984). A common finding of these studies
has been the difficulty in obtaining realistic analogs to
a given situation, due to the large number of degrees
of freedom in typical circulation patterns. Gutzler and
Shukla (1984) found improved forecast skill by re-
ducing the number of degrees of freedom by spatial
and temporal averaging; however, this also increased
the error doubling rate and decreased the value of the
forecasts. Gutzler and Shukla speculated that closer
analogs could be obtained by progressively decreasing
the number of degrees of freedom by using fewer grid
points. Ultimately, when reduced to a single point, such
an analog would have little forecast value since it would
not represent the large-scale flow. Van den Dool
(1989), however, showed that reasonable analogs could
be found for limited areas and that these could be over-
lapped to produce forecasts comparable in skill to sin-
gle-level barotropic models.

In recent years study of dynamical systems has led
to powerful new methods of forecasting nonlinear time
series (Farmer and Sidorowich 1988; Sugihara and May
1990). These methods, which are essentially analog
prediction methods, are based on the premise that for
a deterministic dynamical system the future state of
that system may be predictable from past states, even
if all the relevant variables and the dynamical laws
governing the system are not known and the behavior
of the system is chaotic. The major difference between
these techniques and those considered in meteorolog-
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ical applications is the use of the previous history of
the circulation pattern in selection of the analog. Use
of one prior state in selecting an analog was suggested
by Barnett and Preisendorfer (1978). Consideration
of past states, however, dramatically increases the
number of degrees of freedom and would appear to
make it even more difficult to find good analogs to
complex circulation patterns, as found by Lorenz
(1969). This procedure may be useful, however, for a
single time series, such as the Southern Oscillation in-
dex. This index represents an extreme reduction in
spatial degrees of freedom as described by Gutzler and
Shukla (1984 ) while still maintaining a useful portion
of the variance in the global monthly mean pressure
pattern. In this paper the Sugihara and May (1990)
methodology is explored and applied to the Troup
(1967) Southern Oscillation index (SOI).

2. Methodology

The single time series x; is “embedded” in an E-
dimensional space defined by a sequence of lagged co-
ordinates (X;, Xi—y, Xi-2q, - - . » Xe—(E-1)y), Where v is
the lag interval, usually taken as one time step. The E
+ 1 closest neighbors (analogs) to the current state
[defined by the vector (X, Xi—y, Xi-2y5 « « - s Xi~(E=-1)y)]
are found and used to construct the smallest simplex
containing the current state. Future states of the system
are found by projecting each analog forward »n T', where
n=1,2, - - ., time steps and taking a weighted average
of the analogs. The weights employed by Sugihara and
May are proportional to exp(—d?), where d;is the root-
mean-square (rms) or Euclidean distance between the
Jth analog and the current state of the system. The
Sugihara and May simplex method requires E + 1
nearest neighbors (analogs). In the present work, a
simpler method (Euclidean or root-mean-square dis-







