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ABSTRACT 

While the formation of upper-level mobile troughs has received little observational attention, a 
variety of theories have been proposed to explain the genesis and intensification of mobile 
troughs. For purposes of intercomparison and qualitative application to observed cases, these 
theories are described in terms of the generation of waves along the tropopause potential 
vorticity discontinuity. These models are then tested on a case of mobile trough formation which 
occurred on 19-20 April 1991 and which was poorly forecasted by operational models. The 
ridge-trough system is found to have been produced primarily by Rossby wave propagation 
along the tropopause from a newly-developed cutoff cyclone located to the west. Both vertical 
and horizontal propagation contributed to the development. Another mechanism which 
appeared to have a positive effect was superposition due to vertical shear and horizontal 
deformation. A vorticity maximum within the newly-formed trough was amplified and advected 
southeastward by the developing larger-scale ridge/trough system and later participated in a 
surface cyclogenesis event. 

1. Introduction 

Conventional case-study descriptions of observed 
cyclogenesis commonly begin by discussing a 
precursor upper-level mobile trough, or "short 
wave". A problem with this conceptualization of 
cyclogenesis is that the formation of the upper­
level trough and its maintenance until the initia­
tion of cyclogenesis is left unexplained. Subjective 
and objective synoptic climatologies of upper­
level mobile troughs (Sanders, 1988; Lefevre and 
Nielsen-Gammon, 1995) agree that troughs tend 
to form well upstream of preferred regions 
of surface cyclone development. A variety of 
mechanisms of mobile trough genesis have been 
proposed, but few comparisons with observed 
cases have been performed. Two recent observa­
tional studies of mobile trough formation over 
western North America (Sanders, 1988; Orlanski 
and Sheldon, 1993) use completely different 
methodologies to arrive at different conclusions, 
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and it is unclear whether the disagreement is due 
to case-to-case variability or non-overlapping 
methods. 

The purpose of this study is to compare the 
dynamical mechanisms which have been proposed 
as possible causes of upper-level mobile trough 
generation, in the context of a specific case of 
trough genesis. The different mechanisms are 
discussed from the common perspective of the 
amplification waves along the tropopause, in order 
to emphasize the unique potential vorticity (PV) 
configurations and processes associated with each 
mechanism. These concepts are then used to inf er 
the cause of formation of a particular mobile 
trough which was associated with a poor opera­
tional forecast. The distribution and evolution of 
PV during trough genesis allow qualitative deter­
mination of the specific mechanisms contributing 
to the development. A quantitative diagnosis of the 
genesis event will be the focus of a subsequent 
paper. 


































