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[1] Impacts of the recently discovered ENSO Modoki
phenomena on extended winter storm track activity in the
Southern Hemisphere are examined using the observed
rainfall, sea surface temperature, and reanalyzed upper air
circulation data for the period 1979–2004. The partial
correlation technique is utilized to distinguish the impact of
ENSO Modoki events from those of the ENSO and Indian
Ocean Dipole (IOD). El Niño Modoki events introduce an
anomalous blocking over central eastern Australia, which
suppresses the storm track activity from southwest till
centraleast, reducing the storm-associated rainfall in
southeastern tip and portions of the southeast. On the
other hand, the storm track activity in central Argentina is
enhanced owing to the strengthened upper air westerlies in
this region. The impacts from the ENSO Modoki events are
apparently stronger than the individual impacts from the
ENSO and IOD events. Citation: Ashok, K., C.-Y. Tam, and

W.-J. Lee (2009), ENSO Modoki impact on the Southern

Hemisphere storm track activity during extended austral winter,

Geophys. Res. Lett., 36, L12705, doi:10.1029/2009GL038847.

1. Introduction

[2] Much of the atmospheric variability in the midlati-
tudes is associated with the passage of cyclones/
anticyclones which arise through baroclinic instability of
the mean flow. These synoptic-scale baroclinic eddies
propagating along midlatitude storm tracks form an impor-
tant constituent of the climate system, and act to maintain
the extratropical general circulation by transporting zonal
angular momentum, sensible heat, and moisture poleward.
The winter storms are very important for the midlatitudes of
southern hemisphere (SH) [Trenberth, 1991; Lee and Held,
1993; Berbery and Vera, 1996; Chang, 1999; Sinclair, 1994;
Simmonds and Keay, 2000; Rao et al., 2002; Nakamura and
Shimpo, 2004, hereinafter referred to as NS04; Hoskins and
Hodges, 2005] (see NSO4, Ashok et al. [2007a] for associ-
ated details) as the rainfall during this season contributes a
significant percentage of the annual rainfall in the midlati-
tudes, particularly in the Australian region where it can reach
as much as 65% [Ashok et al., 2003, 2007a]. During extended
austral winter, unlike in summer, the main upper-level storm
track over the South Pacific forms along the intense subtrop-
ical jet (STJ), which is located between 25�S–35�S over the

eastern Indian Ocean and western Pacific in the southern
hemisphere (see Figure 1a) [Ashok et al., 2007a], with a sub-
branch along a subpolar jet further south. In the core region of
the STJ over the western Pacific, the eddy amplitude
decreases downstream, reaching its minimum over the cen-
tral Pacific; the associated low-level storm track activity,
however, is modest. In addition to the other issue that affects
the storm track activity (see NS04), several studies propose
that the ENSO events can influence the SH storm track
activity by changing the strengths and positions of the STJ
and/or the polar frontal jet (PFJ) in response to anomalous
convective activity in the Tropics [Trenberth et al., 1998;
Bhaskaran and Mullan, 2003; Nakamura et al., 2004; Ashok
et al., 2007a]. The anomalous convection associated with
ENSO can influence the STJ via an anomalous divergent
wind [Sardeshmukh and Hoskins, 1985], whereas the PFJ
tends to be influenced through stationary Rossby waves
generated in response to anomalous tropical convection
[Kidson et al., 2002]. Ashok et al. [2007a], generalizing the
1997 case study of Nakamura et al. [2004] to include all
ENSOs since late 1970s, show that during an El Niño event,
the STJ in extended austral winter (June-October; JJASO,
and henceforth referred to as ‘‘winter’’) tends to strengthen
substantially, enhancing the jet bifurcation and thereby re-
ducing storm track activity over the midlatitude South Pacific
and to the south of Australia. They also show that during a
positive Indian Ocean Dipole (IOD) [Saji et al., 1999], the
westerlies and storm track activity also tend to weaken over
South Australia and portions of New Zealand, and that the
impacts of the IOD are relatively more wide-spread in the
region in comparison to those from ENSO.
[3] Recently, Ashok et al. [2007b] identified a phenom-

enon in the tropical Pacific, apparently distinct and different
from the canonical ENSO [e.g., Rasmusson and Carpenter,
1982], which Ashok et al. [2007b] name as ENSO Modoki
(Pseudo-ENSO). El Niño Modoki (seven events, since
1979, are 1986, 1990, 1991, 1992, 1994, 2002 and 2004),
the positive phase, is characterized by warm sea surface
temperature anomaly in the central tropical Pacific flanked
by colder than normal SSTA on its eastern and western
sides. The warmest SSTA persists in the central tropical
Pacific instead of amplifying and propagating to the eastern
tropics, as in case of canonical El Niños such as that during
1997/98. The Modoki events are seen to occur since 1980s
with increased intensity and frequency (see Ashok et al.
[2007b] for further details). These events also have an
anomalous distinct twin-cell Walker circulation structure,
with rising motion in the central tropical Pacific that sub-
sides to its east and west, and hence its teleconnections are
different from those of canonical ENSO [Ashok et al.,
2007b]; the impact of Modoki events are particularly
stronger and more widespread in Australia during austral
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