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ABSTRACT 

A symbiotic relationship between the high- and low-frequency transients in the Southern 
Hemisphere has been examined by using ECMWF analyses of 500 mb geopotential height and 
temperature fields over 9 winter seasons. The low-frequency transients organize the high­
frequency eddies over the regions where low-frequency westerly anomalies prevail, forming 
traveling storm tracks that move together with the low-frequency waves. The high-frequency 
eddies, in tum, reinforce the barotropic component of the low-frequency waves while tending to 
diminish the baroclinic component of the low-frequency waves. All of these findings give further 
credence to earlier results for the Northern Hemisphere. As a supplementary to the feedback 
analyses, the energetics analysis for the winter seasons in both the Northern and the Southern 
Hemispheres reveals that the forcing of the low-frequency flow by the high-frequency transients 
in the Southern Hemisphere is much stronger than in the Northern Hemisphere. The contribu­
tion of the stationary waves to maintenance of the low-frequency flow through barotropic 
instability is significantly less in the Southern Hemisphere. 

1. Introduction 

Despite intense research in recent years, a defini­
tive understanding of the relationship between 
transients of different scales remains an elusive 
problem which adversely affects our ability to 
accurately forecast weather in the extended ranges. 
Significant advances have been made in our under­
standing of the relationship between the time­
mean circulation and the transient eddies. Hoskins 
et al. ( 1983) developed the E vector to relate the 
shape and propagation of eddies to the feedback of 
these eddies onto the time mean flow. Simmons 
et al. ( 1983) used a barotropic model to conclude 
that of the different forcing mechanisms which may 
exist, barotropic instability of the climatological 
mean wavy state is responsible for the bulk of the 
observed low-frequency variability. The forcing 
mechanism of the stationary flow by both low- and 
high-frequency transients was investigated by Lau 
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and Holopainen ( 1984 ). Their results indicate that 
while the high-frequency eddies act to maintain 
the barotropic component of the stationary waves, 
the low-frequency waves tend to diminish the 
stationary waves (the later is quite consistent with 
the findings of Simmons et al.). 

Cai and Mak ( 1990 ), using a two-layer quasi­
geostrophic channel model, demonstrated the 
existence of a symbiotic relationship between 
high-frequency synoptic scale transients and the 
low-frequency planetary scale waves. The low­
frequency planetary waves gain energy barotropi­
cally from the transient eddies. These internally 
generated low-frequency waves in turn create 
baroclinically favorable regions for the develop­
ment of high-frequency transients, forming trav­
eling storm tracks that move together with the 
planetary scale traveling waves. Robinson (199la) 
showed, using a two-level global model, that the 
vorticity flux associated with synoptic scale waves 
reinforces the low-frequency eddies while slowing 
their propagation. 

In a two-part study of the Northern Hemisphere 








































