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ABSTRACT 

A numerical simulation of idealized Type-A extratropical cyclogenesis is used to examine 
pressure tendency mechanisms following a surface low center through its evolution. It is found 
that horizontal density advection, which maximizes near a developing tropopause undulation 
(potential vorticity anomaly), is the primary mechanism by which the density and hydrostatic 
pressure is reduced in the column above the developing surface low center. The density and 
pressure tendencies associated with horizontal velocity divergence and vertical mass divergence 
are an order of magnitude larger than the horizontal advective tendencies but are of opposite 
sign and tend to offset each other. The residual tendencies that result from combining the 
horizontal velocity divergence and vertical mass divergence are associated with positive density 
and pressure tendencies that generally oppose but do not counteract the negative tendencies 
produced by upper-level horizontal advection until late in the evolution of the cyclone. However, 
this residual divergence is the primary mechanism for the generation of the upstream low density 
warm pool over the low portion of the tropopause undulation that is later advected over the 
surface low. In general, these results are consistent with historical as well as more recent studies 
that suggest the importance of tropopause-level temperature advection in the promotion of the 
observed height tendency patterns accompanying the superposition of tropopause- and ground­
based potential vorticity anomalies during Type B cyclogenesis. From a hydrostatic tendency 
perspective, it is concluded that baroclinic instability is a process whereby low density, warm air 
especially above the tropopause that has formed owing to divergence and vertical motion effects 
is advected downstream and over low-level baroclinic zones and nascent cyclones. In this 
framework, Type B is distinguished from Type A cyclogenesis by the existence of an initial 
reservoir of low density, warm air above a tropopause undulation prior to surface cyclogenesis. 

1. Introduction 

Over the last decade, there has been a growing 
consensus (Hoskins et al., 1985) that dynamics 
occurring near the tropopause are a significant 
component of at least "Type B" (Petterssen and 
Smebye, 1971) or nonmodal (Farrell, 1984) extra­
tropical cyclogenesis. However, this emphasis on 
the lower stratosphere and upper troposphere in 
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relation to cyclogenesis is not new. Before the 
advent of baroclinic instability theory in the late 
1940s, there were numerous studies (Hess, 1945; 
Godson, 1948; Fleagle, 1948) based on earlier 
work by Von Ficker (1920) that attempted to link 
the tropopause to surface cyclogenesis. These 
investigations did not utilize the potential vorticity 
(PV) concepts that were later introduced by 
Kleinschmidt (1950a, b) and are currently in 
vogue (Davis and Emanuel, 1991 ), but rather 
focused on the analysis of hydrostatic pressure 
and height tendency equations. Although a general 
result of these "hydrostatic tendency" studies 
was that large density change, divergence, and 
























