JUNE 1991

WASYL DROSDOWSKY AND MARK WILLIAMS

619

The Southern Oscillation in the Australian Region. Part I:
Anomalies at the Extremes of the Oscillation

WASYL DROSDOWSKY AND MARK WILLIAMS

Bureau of Meteorology Research Centre, Melbourne, Victoria, Australia

(Manuscript received 9 January 1990, in final form 5 December 1990)

ABSTRACT

The response of the tropospheric circulation over Australia and the southwest Pacific to extremes of the
Southern Oscillation is documented using correlation, regression, and compositing techniques applied to seasonal
means of rawinsonde station data. A strong and seasonally varying signal is found in the four fields of geopotential
height, temperature, zonal, and meridional wind components. The composite analysis shows that while the
response to extremes of the oscillation is in general linear, some significant local nonlinear departures are

observed.

1. Introduction

The Southern Oscillation (SO) is a planetary scale
phenomenon involving an out-of-phase relationship
between pressure over the Indonesian-Australian re-
gion and pressure over the southeast Pacific. Various
indices have been proposed and used to measure the
phase and intensity of the SO; the index used exclu-
sively in this study is the normalized Tahiti-minus-
Darwin pressure difference, recommended by Chen
(1982a), and sometimes referred to as the Troup index
(e.g., McBride and Nicholls 1983). A time series of
the seasonal values of this index over the period covered
by the data used in this study (1950-87) is shown in
Fig. 1.

The oscillation was originally described by Walker
and coworkers in the 1920s. Interest in the phenom-
enon was revived in the 1950s and 1960s, with the
work of Berlage (1957, 1966) and Troup (1965) and
the description of its link with the oceanographic El
Nifio phenomenon by Bjerknes (1966, 1969, 1972).
Thorough reviews of this early work are given by Julian
and Chervin (1978), Horel and Wallace (1981), and
Rasmusson and Carpenter (1982).

The oscillation is related to the intensity of the
Walker circulation, an east-west cell with its upward
branch near Indonesia and downward branch over the
tropical eastern Pacific. The large interannual varia-
tions in sea surface temperature (SST), rainfall, and
wind strength over much of the Pacific Ocean asso-
ciated with the El Nifio-Southern Oscillation (ENSO)
phase have been documented by Rasmusson and Car-

Corresponding author address:  Mr. Mark Williams, Bureau of
Meteorology Research Centre, P.O. Box 1289 K, Melbourne, VIC
3001, Australia.

© 1991 American Meteorological Society

penter (1982). The Indian Ocean is also affected,
(Cadet 1985; Wolter 1987) although the anomalies ap-
pear to be of smaller magnitude and to lag those in the
Pacific. Mechanisms linking the sea surface tempera-
ture anomalies with the atmospheric circulation in the
western Pacific-Indian Ocean region have been dis-
cussed by Hastenrath and Wu (1982), Nicholls (1984),
Hackert and Hastenrath (1986), and most recently by
Allan and Pariwono (1990).

A major topic of research during the past decade has
been the relationship between the Southern Oscillation
and the large scale tropical and extratropical circulation
anomalies. These teleconnections have been docu-
mented in numerous observational studies [e.g., Chen
1982b, Northern Hemisphere 700 hPa height field; Ar-
kin 1982; Selkirk 1984, global tropical upper (200 hPa)
tropospheric winds]. Circulation anomalies associated
with the Southern Oscillation extend far beyond the
tropics, especially over the Pacific Ocean.

The relationship with the midlatitude circulation of
the Southern Hemisphere has been largely restricted
to regional scale and to surface data due to the poorer
data coverage. Trenberth (1976a,b) examined the
variability of surface pressure and sea surface temper-
ature variations over the southwest Pacific. The evo-
lution of surface anomalies associated with central Pa-
cific warm and cold events has been documented by
van Loon and collaborators (van Loon 1981; van Loon
and Shea 1985, 1987; Kiladis and van Loon 1988). A
major finding of these studies has been the possible
role of interaction between the South Pacific conver-
gence zone (SPCZ) and sea surface temperatures over
the southwest Pacific in the evolution of the oscillation.

Some aspects of the upper tropospheric signal have
been documented by Szeredi and Karoly (1987b) in
an empirical orthogonal function analysis of Southern






