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Since the late 1990s, research has shown that the trough of warm air aloft (TROWAL) is an important feature in diagnosing the location of heavy precipitation within an occluded cyclone.  Initial research showed that the primary focus for lift within the TROWAL was coincident with the mid-level warm front on the poleward side.  However, recent research by Han et al. (2007) argued that within a mature TROWAL, the frontal circulation is focused on the mid-level cold front which separates unstable but very dry air associated with the dry conveyor best from the moist air within the cyclonically curved warm conveyor belt.  Knowing where the frontal circulation is centered is critical for forecasters in understanding how precipitation within cyclones will evolve as they occlude.  This can have an impact on timing of precipitation, QPF, and storm total snowfall.

This study uses a simulation of the cyclone of 27-28 November 2005 which affected the Dakotas, Minnesota, and Nebraska.  This storm produced in excess of one inch of ice as well as a foot or more of snow across portions of eastern South Dakota and north central Nebraska.  It was also accompanied by winds in excess of 25 m s-1 (50 mph).  A 20-km WRF simulation was done using a Kain-Fritsch convective parameterization.  The simulation ran from 1800 UTC 26 November – 0600 UTC 29 November 2005.  An examination of model data shows that precipitation initially formed along the warm front around 1800 UTC 27 November.  Forcing for ascent was primarily the result of strong frontogenesis in the presence of both weak symmetric and weak convective instability north and east of the cyclone center.  As the cyclone began to occlude after 0000 UTC 28 November, a strong upper level front, extending down to 500 hPa, associated with a tropopause fold, moved northeast into Nebraska and Iowa.  As this front moved into a convectively unstable atmosphere, the strong frontal circulation produced a line of convection to the south and east of the surface cyclone center and south of the warm frontal precipitation.    With the developing precipitation, a new front develops in the lower troposphere taking on characteristics of a cold front.  By 0600 UTC 28 November, two bands of precipitation were evident in the simulation and also observed on radar – a stratiform band along the mid-level warm front from western South Dakota into northern Minnesota and a convective band the developing mid-level cold front from southeast South Dakota into southwest Wisconsin.  As the cyclone continued to occlude, the warm frontal band dissipated leaving the cold-frontal band which became more stratiform as the atmosphere stabilized.   
Early in the cyclone development, prior to and during the early stages of occlusion, the character of the precipitation is similar to that described by Martin (1998) and Moore et al. (2005).  As the storm occludes, the frontal circulations co-exist with the character of the precipitation being more stratiform along the warm front and more convective along the cold front.  After the storm fully occludes, the storm structure resembles that of Han et al. (2007) with the most significant precipitation along the cold front within the TROWAL.  This transition from precipitation primarily being along the warm front to being along the cold front is the result of a rapid increase of stability above the warm front which decreases the ascent above the warm front.  As the ascent decreases along the warm front, convergence near the warm front decreases resulting in a decrease in frontogenesis.  At the same time, the frontal circulation along the cold front increases, which leads to an increase in convergence and enhances the frontogenesis.   While stability does increase in the vicinity of the cold front, the combination of strong frontogenesis and neutral symmetric stability results in a persistent band of precipitation.
