
Tel/us (1991), 43A, 295-305 

The dynamics of the zonal index in a simple model of the 
atmosphere 

By WALTER A. ROBINSON, University of Illinois at Urbana-Champaign, 105 South Gregory Avenue, 
Urbana, Illinois 61820, USA 

(Manuscript received 18 July 1990; in final form 25 March 1991) 

ABSTRACT 

A simple nonlinear global model with zonally symmetric forcing displays strong variability in its 
zonally averaged circulation on time-scales from weeks to months. These variations resemble the 
behavior of the zonal index in observations, especially in the Southern Hemisphere. In the 
model, as the zonal index varies, synoptic eddies and their associated fluxes follow the strongest 
westerlies poleward and equatorward. Synoptic fluxes of momentum sustain the index against 
dissipation, and are responsible for its persistence. While the momentum fluxes by low-frequency 
eddies are not well correlated with the index, they are significant in determining its tendency. 

1. Introduction 

Among the rich variety of low-frequency 
motions in the atmosphere are fluctuations in the 
extra-tropical, zonally averaged circulation. It has 
long been recognized that the zonal index, typi­
cally defined as the average strength of the zonal 
winds between 35 and 55°, gives a concise descrip­
tion of such fluctuations (Willett, 1948). 40 years 
ago, the "index cycle" was introduced to describe 
the evolution of the zonal index (Namias, 1950). 
The "cycle" suggests a recurring sequence of 
events, though possibly with varying strength 
and duration. According to Namias, the index 
decreases from an initially high value when 
blocking waves and strong occluded cyclones 
develop. Cold air escapes from the polar vortex, 
and the strongest westerlies reform equatorward of 
the eddies. This is the low index phase. The index 
recovers when the eddies weaken and radiative 
cooling rejuvenates the polar vortex. 

More recently, cognizance of the importance of 
zonal asymmetries in the time-averaged circula­
tion (Blackmon et aI., 1977) has cast doubt on 
the theory of the index cycle, in that it requires 
simultaneous outbreaks of eddy activity at widely 
separated longitudes. Wallace and Hsu (1985) 
failed to find, at least in the Northern Hemisphere, 
the negative correlation between eddy activity and 

Tellus 43A (1991), 5 

zonal index required by Namias' theory. From 
this, they suggested that observed fluctuations in 
zonally symmetric quantities are perhaps only the 
statistical residue of dynamically unrelated events 
at different longitudes. 

In the face of these arguments, the index cycle 
has almost vanished from modern meteorology. 
Interest in zonally symmetric variability, however, 
has survived, especially for the Southern 
Hemisphere. In a single year of data collected by 
constant density balloons Webster and Keller 
(1975) found hemispheric fluctuations in the 
zonally averaged circulation with periods of 18 to 
23 days. Trenberth (1979) found strong inter­
annual variability in the zonally averaged zonal 
winds at 500 mb in spring and summer in six years 
of Southern Hemisphere synoptic analyses from 
the Australian Bureau of Meteorology. Rogers and 
van Loon (1982) computed Empirical Orthogonal 
Functions (EOF's) from the same data. The 
leading patterns in sea-level pressure and 500 mb 
geopotential for winter and for summer are nearly 
zonally symmetric and are all similar. Heights or 
pressures poleward of 50° S rise and fall in opposi­
tion to those at lower latitudes. 

These studies showed the importance of 
zonally symmetric low-frequency variability in 
the Southern Hemisphere. Some recent work has 
focused on the zonal index. Kidson ( 1986) 






















