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ABSTRACT 

There is considerable evidence that many extra-tropical cyclones are generated by the inter­
action between an upper-level potential vorticity anomaly and a low-level baroclinic zone. 
A variety of satellite data and the ECMWF high-resolution objectively-analyzed fields are 
used to investigate the origin of these tropopause features and their role in cyclogenesis for a 
remarkable rapidly developing cyclone that developed in the Labrador Sea on 1 and 2 March 
1992. According to the ECMWF analysis, this storm deepened by 42 mb in 24 h, attaining a 
central pressure of less than 935 mb on 2 March. The use of satellite column ozone data, from 
the TOMS and TOYS instruments is emphasized for the identification ofmesoscale tropopause 
features implicated in cyclogenesis. Both data sets are able to resolve the intrusions of ozone-rich 
stratospheric air associated with this storm. 

1. Introduction 

The idea that upper-level vortices can induce 
cyclogenesis in a surface baroclinic region was 
introduced by Kleinschmidt over 40 years ago 
(Kleinschmidt 1950a, 1950b, 1951 ). Since then, 
considerable observational evidence has been 
amassed that demonstrates the importance of 
this mechanism, termed "Type B cyclogenesis" by 
Petterssen and Smebye ( 1971 ), in the triggering of 
certain types of cyclones (see also, for example, 
Bleck, 1973 ). This idea has been further developed 
by Uccellini et al., 1985 and Whitaker, 1988. 
Uccellini, 1990 provides a comprehensive treat­
ment of the role of upper-level vortices in cyclo­
genesis. 

The potential vorticity and potential tempera­
ture fields provide an excellent framework for the 
investigation of upper-level involvement in cyclo­
genesis (see, e.g., Hoskins et al., 1985). Ertel's 
potential vorticity, 
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(where e is the potential temperature and ~a is the 
absolute vorticity), is an extremely useful quantity 
for the study of the role that upper-level processes 
play in cyclogenesis because, in the absence of 
diabatic effects, it is materially conserved. Isen­
tropic potential vorticity (IPV), i.e., PV expressed 
in isentropic coordinates 

IPV = -g(f + k · V 8 x v)/(Bp/80), (2) 

(where the hydrostatic approximation and the 
usual meteorological practice of neglecting hori­
zontal terms in the gradient have also been 
applied), is conserved on isentropic surfaces under 
these circumstances, as well. PV and IPV can 
therefore serve as approximate air-mass tracers. 
In particular, since stratospheric values of poten­
tial vorticity are typically much higher than those 
in the troposphere (because of the steep static 
stability gradient), PV and IPV are useful 
indicators of air of recent stratospheric origin 
(Danielson, 1968 ). In fact, the 2 PVU ( 1 PVU = 

10-6 K Pa - 1 m s- 3 ) contour provides a good 
working definition of the tropopause at mid­
latitudes (Thorncroft et al., 1993). 






























