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ABSTRACT

Using a three-dimensional numerical model, supercell simulations initialized in environments characterized
by hodographs with large curvature in the lowest 3 km and a range of linear midlevel shears are investigated.
For low values of the midlevel shear (0.005 s™'), the storm develops a mesocyclone at the lowest model level
within the first hour of the simulation, The gust front starts to move ahead of the main updraft and cuts off the
inflow to the storm by approximately 2 h, resulting in decay of the initial storm and growth of a new rotating
storm on the outflow. As the midlevel shear increases to approximately 0.010 s, the initial development of
the low-level mesocyclone is delayed, but the mesocyclone that develops is more persistent, lasting for. over 2 h.
Further increases of the shear to 0.015 s~ result in the suppression of any low-level mesocyclone, despite the
presence of intense rotation at midlevels of the storm.

We hypothesize that differences in the distribution of precipitation within the storms, resulting from the
changes in storm-relative winds, are responsible for the changes in low-level mesocyclone development. In the
weak-shear regime, storm-relative midlevel winds are weak and much of the rain is carried by the midlevel
mesocyclonic flow to fall west of the updraft. As this rain evaporates, baroclinic generation of vorticity in the
downdraft leads to mesocyclogenesis at low levels of the storm. The outflow from the cold air associated with
the rain eventually undercuts the inflow to the storm. As the midlevel shear increases, the storm-relative winds
increase and more of the rain generated by the storm falls well away from the updraft. As a result, baroclinic
generation of vorticity in the downdraft immediately west of the updraft is slower. Once a low-level mesocyclone
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is generated, however, the weaker outflow allows the mesocyclone to persist.

1. Introduction

Supercell thunderstorms represent an important
problem in the severe weather warning process for op-
erational meteorologists. Supercells are characterized
by a region of persistent rotation known as a meso-
cyclone that extends through most of the depth of the
thunderstorm. They also have intense updrafts, typi-
cally move to the right of the vertically integrated mean
environmental wind, and may persist for hours rather
than a few tens of minutes as ordinary thunderstorms
do. As a result, they often produce long swaths of severe
weather. This last point makes them a particularly im-
portant forecast problem for the public. The WSR-88D
radars being installed in a network around the United
States as part of the modernization of the National
Weather Service (NWS) take advantage of the existence
of rotation at midlevels (~3-7 km) of these storms to
observe and identify them.

Corresponding author address: Dr. Harold E. Brooks, NOAA /
NSSL, 1313 Halley Circle, Norman, OK 73069.

© 1994 American Meteorological Society

In experiments at the National Severe Storms
Laboratory (NSSL), it has been found that almost
all mesocyclonic storms produce some kind of severe
weather (large hail, strong straight-line winds, or
tornadoes), half produce tornadoes, and almost all
strong or violent tornadoes are associated with me-
socyclones ( Burgess and Lemon 1990). The associ-
ation of tornadoes with observed mesocyclones
makes it possible to use the observation of mesocy-
clones as part of the tornado warning process with a
high probability of detection. However, since only
half of all mesocyclones produce tornadoes, over-
reliance on midlevel mesocyclone identification as a
tornado warning criterion could result in an unac-
ceptably high false-alarm rate. Brooks et al. (1993)
show examples of what are referred to as “failure
modes,” in which storms with midlevel mesocyclones
fail to produce long-lived low-level mesocyclones
and, hence, would be unlikely to produce significant
tornadoes. In this paper, we explore the connection
between the midlevel mesocyclone and low-level
mesocyclone and provide a simple conceptual model
of processes linking the two.






