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ABSTRACT 

The rapid development (15 hPa deepening in 12 hours) of an intense, shallow and small-scale 
( - 300 km) cyclone off the east coast of Australia was studied, in the context of potential 
vorticity (PV) thinking. High-resolution spatial and temporal fields generated by a mesoscale 
weather prediction model, embedded within ECMWF data were used. This case was well 
simulated, as verified by the few available observations at neighbouring stations, and by satellite 
imagery. The PV distribution within this cyclone was computed from the model fields and the 
origin of its component parts established using backward trajectories. These indicated that at 
low levels the primary mechanism of PV production was the vertical gradient of latent heat 
release in a frontal cloud band. Above the level of maximum heating this process reversed sign 
with corresponding destruction of PV. As the heating became shallow enough and intense 
enough a low level vortex formed with a vertical scale of 2-3 km and a wave-CISK like normal 
mode structure. The length scale and growth rate of this mode agreed well with the observed 
cyclone, unlike the classical explanation for this type of development (the pure baroclinic 
instability mechanism of Charney and Eady) which, even including moisture, still predicts length 
scales of over a 1000 km and doubling times of at least a day. 

1. Introduction 

The Tasman Sea region is a key location for the 
genesis of intense winter storms in the southern 
hemisphere (SH). This has been demonstrated by 
Sinclair ( 1994) in a recent climatology of SH 
cyclones based on 6 years of ECMWF data. The 
high frequency of cyclones that form and reach 
significant intensity in this area is shown in Fig. 1, 
derived from this study. 

A generally accepted theoretical explanation 
for these storms is baroclinic instability (BI), the 
exponential growth of small amplitude distur­
bances on an unstable basic state as described 
mathematically by both Charney ( 1947) and Eady 
( 1949 ). These disturbances grow by converting 
potential energy of the basic state to kinetic and 
potential energy of the perturbation, through 
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slantwise convection as explained by Green 
( 1960 ). A simple conceptual model, which con­
tains the essential features of the instabilities in 
Charney's and Eady's mathematical description of 
BI, was presented in the article by Hoskins et al. 
( 1985 ), hereafter referred to as HMR. They use the 
dynamic variable potential vorticity (PV), defined 
as the three dimensional scalar product of the 
absolute vorticity ('a with the gradient of potential 
temperature 8, divided by the density p, i.e., 

1 
PV =-((a· V8), 

p 

to present BI as the co-operative interference of 
(PV) anomalies at upper and lower boundaries, 
where the basic state north to south gradients 
of PV have opposite sign. Surface potential tem­
perature gradients at the boundary can be con­
sidered part of the interior PV distribution, 
since Bretherton ( 1966) has demonstrated their 




































