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ABSTRACT 

The relative strengths of 2 mechanisms to explain early stages of cyclogenesis are examined with 
an initial value model. Either mechanism can be emphasized by different choices of initial trough 
axis configuration. In our model, if initial conditions have an upper level trough upstream of the 
surface trough, and both troughs have little tilt, the growth is primarily by normal mode 
instability. Some evidence is presented suggesting that observed troughs are initially separate 
and have little along-flow tilt. A case study is shown where an observed storm develops while 
maintaining a fixed structure for a short period of time. The evidence suggests that the normal 
mode concept is a relevant motif for cyclogenesis. 

1. Introduction 

Several mechanisms have been proposed to 
govern cyclogenesis. Davis and Emanuel ( 1991) 
illustrate three of these mechanisms from the 
perspective of potential vorticity (PV). In the first 
mechanism, PV anomalies at different levels in 
the atmosphere are displaced in such a way as to 
make each other grow and keep each other in step 
(Hoskins et al., 1985 ). This mechanism is closest 
to the traditional normal mode baroclinic insta­
bility ( Grotjahn, 1980) in which the reinforce­
ment is coherently maintained (Bishop, 1993 ), and 
we shall call it NMBI. The phase displacement 
remains fixed. All properties of the eddy grow in 
NMBI. The second mechanism generates growth 
in some eddy properties by increasing the positive 
reinforcement of superimposed PV anomalies. 
Non-normal mode structures (e.g. freely advecting 
potential vorticity perturbations in the Eady 
problem) can comprise an initial condition (in 
addition to normal modes) and this mechanism 
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operates by phase shifting PV anomalies. We call 
this mechanism nonmodal growth, or NG. In the 
absence of favorably configured deformation in 
the basic state, NG is transient but can be quite 
large (Farrell, 1984). These two mechanisms can 
be illustrated using adiabatic dynamics. The third 
mechanism allows diabatic processes (such as 
latent heat release in convection) to generate an 
internal PV anomaly that interacts with other PV 
present (Davis and Emanuel, 1991 ). This study 
focuses on the relative merits of the first two 
mechanisms: NMBI and NG. 

One motivation for considering NMBI and NG 
concerns the ability of NG to generate much more 
rapid growth than NMBI under certain circum­
stances. Theoretical work shows that NG can be 
very large when the initial condition includes a 
large amount of against-shear vertical tilt in the 
trough and ridge axes. As the tilt is reduced, the 
thermal part of the potential vorticity is con­
verted into the kinetic part (i.e., relative vorticity) 
( Grotjahn et al., 1994.) This property is claimed to 
illustrate the observed approach of an upper level 
trough to a surface feature during cyclogenesis. 
A simplified analytic analysis ( Grotjahn et al., 
1994) suggests that NG would be greatly reduced 


















