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ABSTRACT

Composite seasonal mean and anomaly fields prepared from operational numerical analyses have been used
to describe the Southern Hemisphere (SH) circulation features associated with El Nifio-Southern Oscillation
(ENSO) events. The period of analyses available (1972-83) has limited the composites to include only three
ENSO events. The reliability and stability of the composites has been tested using multiple permutation methods
and by comparison with the results obtained using a longer period (1950-79) of SH rawinsonde station data.

In the SH winter, a weak equivalent-barotropic wavetrain pattern of anomalies extends over Australia and
the South Pacific Ocean to South America. This wavetrain pattern is quite variable in amplitude and location
between ENSO events, although it is more stable over the subtropical Pacific. In the SH summer, the circulation
anomalies are more zonally symmetric, with increased height at low and high latitudes and decreased height in
middie latitudes. The circulation anomalies in the SH summer are more stable than in winter, with similar
patterns of anomalies in the subtropics and middle latitudes in all events,

1. Introduction

The largest interannual variations of the atmospheric
circulation in the tropics are associated with El Nifio-
Southern Oscillation (ENSO) events. A number of re-
cent studies have described the circulation features in
the tropics during ENSO events and the associated
anomalies in the Northern Hemisphere (NH) circu-
lation (Horel and Wallace 1981; Rasmusson and Car-
penter 1982; Arkin 1982; van Loon and Rogers 1981,
and others).

The main circulation anomalies in the tropics and
NH vary with the seasonal cycle. During the mature
stage of an ENSO event.in the NH winter, the tropical
anomalies are linked to the eastward movement of the
major region of convective activity from the Indone-
sian-west Pacific Ocean area to the central Pacific
Ocean near the date line, with anomalous divergence
at upper levels over the date line and anomalous con-
vergence around 130°E. The associated anomalies in
the NH circulation are an anticyclonic anomaly in the
subtropics over the central Pacific and a wavetrain pat-
tern of anomalies extending north and east over the
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North Pacific and North America. This wavetrain in
the NH winter associated with ENSO events is often
referred to as the Pacific-North American (PNA) pat-
tern. The circulation anomalies associated with the
PNA pattern are equivalent-barotropic, with increasing
amplitude and small phase tilt with height in the upper
troposphere. At earlier stages in the development of an
ENSO event, the NH circulation anomalies are weaker
and less extensive, with the major stable feature being
an anomalous anticyclone over the subtropical Pacific
Ocean.

Fewer studies have considered the circulation fea-
tures in the Southern Hemisphere (SH) associated with
ENSO events, e.g., Trenberth (1976), van Loon and
Rogers (1981), van Loon (1984), van Loon and Shea
(1987); these have generally concentrated on features
at low levels or in the NH winter (SH summer ) season.
They have described the seasonal evolution of the sur-
face pressure anomalies, including the positive anom-
alies over Australia and the Indian Ocean and negative
anomalies over the eastern Pacific Ocean. Arkin (1982)
has shown that anticyclonic circulation anomalies exist
at upper levels in the subtropical SH over the central
Pacific Ocean, forming an anticyclone pair straddling
the anomalous convective activity near the date line
over the equator.

In this study, the circulation features in the SH tro-
posphere associated with ENSO events are described
using composite fields prepared from operational nu-
merical analyses. Emphasis has been placed on the
anomalies in the middle and upper troposphere in the
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summer and winter seasons and comparison with the
NH anomalies. The short period of analyses available
(1972-83) has limited the composites to include only
three ENSO events. In the SH winter (NH summer),
a weak and variable wavetrain pattern of anomalies
extends from Australia and the South Pacific Ocean
to South America, which is analogous to the PNA pat-
tern. During the following SH summer (NH winter),
there are larger amplitude circulation anomalies in the
SH, which are primarily zonally symmetric and not
wavelike.

In the next section, the data used for the composites
and the analysis techniques are described. Then, the
SH circulation features associated with ENSO events
identified in the composites are presented and con-
trasted with those in the NH. The stability and reli-
ability of the composite anomalies is discussed and the
composite anomalies are compared with those in each
ENSO event.

2. Data

Daily numerical analyses for the SH from the World
Meteorological Centre, Melbourne for the period June
1972 to December 1983 have been used. Geopotential
height, temperature and wind components on seven
pressure levels and mean sea level pressure were avail-
able on a polar-stereographic grid over the SH with a
horizontal resolution of about 500 km. A time series
of the monthly mean fields was prepared from the daily
analyses. The 10-year means of the monthly mean
fields for each calendar month for the period September
1972 to August 1982 were used as the climatological
means. This climatology and the methods used to pre-
pare the daily analyses have been described by Le Mar-
shall et al. (1985) and Karoly et al. (1986). Time series
of monthly mean anomalies were prepared by sub-
tracting the 10-year mean monthly means from the
individual monthly means.

During the period for which the daily SH analyses
were available, three ENSO events occurred; in 1972,
1976 /77 and 1982. The event starting in 1976 extended
for two years. Seasonal mean fields and anomalies have
been prepared for each of the four SH winters [June,
July, August (JJA)] during these ENSO event years;
1972, 1976 /77 and 1982, and the following summers
[December, January, February (DJF)]. Composite
seasonal means and anomalies were obtained as a sim-
ple average of the fields for the four seasons in the three
ENSO events.

The reliability of the daily SH analyses has been as-
sessed by Swanson and Trenberth (1981), Le Marshall
et al. (1985) and Karoly and Oort (1987). The results
from these studies have shown that the monthly mean
fields are more reliable than the daily analyses, but that
there are deficiencies in some of the fields. In particular,
the temperature fields at low levels (850 hPa and below)
and all fields at low latitudes (equatorward of about
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15°S) have known analysis problems. In the results
which follow, attention will be focused on mean sea
level pressure, geopotential height at 500 and 200 hPa
and wind at 200 hPa.

The primary constraint on the reliability of these
fields is the poor data coverage over much of the
Southern Hemisphere, with few conventional upper
air stations and, prior to 1976, no satellite temperature
soundings included in the analyses. There is no reliable
way to test the results obtained here in regions without
conventional upper air stations such as over most of
the South Pacific Ocean.

3. Composite fields
a. Southern Hemisphere winter

During the developing stage of an ENSO event which
typically occurs in the SH winter (JJA), there are small
but increasing anomalies of sea surface temperature
and convective activity in the central equatorial Pacific
Ocean (Rasmusson and Carpenter 1982). The com-
posite SH winter mean sea level pressure (MSLP) and
200 hPa wind speed for the three ENSO events (1972,
1976/77 and 1982) are shown in Fig. 1 and the com-
posite anomalies of MSLP, height at 500 and 200 hPa
and wind at 200 hPa are shown in Fig. 2. At the surface,
the typical ENSO pattern at low latitudes of positive
pressure anomalies over Australia and negative anom-
alies over the Pacific Ocean is clearly shown and ex-
tends into middle latitudes. This pattern has been de-
scribed by van Loon and Shea (1987) and Fig. 2a is
very similar to their Fig. 1f (for MJJ rather than JJA),
which was prepared using data for a larger number of
ENSO events.

In middle latitudes, the anomalies are equivalent
barotropic, with a similar pattern at all levels. At low
latitudes, there are changes to the height anomalies in
the upper troposphere, above 500 hPa, so that there is
an anticyclonic anomaly in the subtropics over the
date line. This is associated with the extension of the
subtropical westerly jet over Australia further east over
the Pacific Ocean and westerly anomalies of more than
7 m s~! are found at the eastern end of the jet. In the
upper troposphere, there is a wavetrain pattern of height
anomalies extending from this anticyclone in the sub-
tropics over the date line poleward over the South Pa-
cific to South America, with negative anomalies cen-
tered at 35°S, 150°W, positive anomalies at 60°S,
120°W and negative anomalies at 45°S, 60°W. Mo
and Ghil (1987) have identified a similar wavetrain in
the SH using daily SH winter analyses and called it the
Pacific-South American (PSA) pattern. This wavetrain
pattern of anomalies in the SH winter is analogous to,
but much weaker than, the PNA pattern in the follow-
ing NH winter. Although it is difficult to compare the
magnitudes of composite anomalies, the SH height
anomalies in Fig. 2 are typically half as large as those
in the composites of Wallace and Gutzler (1981).






