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ABSTRACT

The authors investigated differences in the environments associated with tornadic and nontornadic meso-
cyclones are investigated using proximity soundings. Questions about the definition of proximity are raised. As
the environments of severe storms with high spatial and temporal resolution are observed, the operational
meaning of proximity becomes less clear. Thus the exploration of the proximity dataset is subject to certain
caveats that are presented in some detail.

Results from this relatively small proximity dataset support a recently developed conceptual model of the
development and maintenance of low-level mesocyclones within supercells. Three regimes of low-level meso-
cyclonic behavior are predicted by the conceptual model: (i) low-level mesocyclones are slow to develop, if at
all, (ii) low-level mesocyclones form quickly but are short lived, and (iii} low-level mesocyclones develop slowly
but have the potential to persist for hours. The model suggests that a balance is needed between the midtropospheric
storm-relative winds, storm-relative environmental helicity, and low-level absolute humidity to develop long-
lived tornadic mesocyclones. In the absence of that balance, such storms should be rare, The failure of earlier
forecast efforts to discriminate between tornadic and nontornadic severe storms is discussed in the context of
a physical understanding of supercell tornadogenesis. Finally, it is shown that attempts to gather large datasets
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of proximity soundings associated with rare weather events are likely to take many years.

1. Introduction

Supercell thunderstorms, characterized by the ex-
istence of a persistent mesocyclonic circulation, rep-
resent an important hazard to the public because of
their connection with severe weather, such as hail,
strong winds, and tornadoes. Burgess and Lemon
(1990) indicated that, based on Doppler radar obser-
vations from the Joint Doppler Operational Project
(JDOP) experiment, almost all of the observed me-
socyclones were associated with some severe local storm
event (large hail, damaging winds, and tornadoes ) and
approximately half produced tornadoes. As a result of
the danger, significant effort has gone into identifying
environmental conditions associated with supercells
(e.g., Browning 1964; Chisholm and Renick 1972).
Darkow (1968, 1969) used the concept of a proximity
sounding, to be defined further below, to identify the
environments associated with tornadoes. Rather than
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using the whole sounding, Rasmussen and Wilhelmson
(1983) calculated low-level vertical shear of the hori-
zontal winds and convective available potential energy
(CAPE) from 1200 UTC soundings and proposed that
nonrotating thunderstorms are found in environments
with low shear and low CAPE, while tornadic storms
occurred with high shear and high CAPE. More recent
work based on similar approaches (e.g., Johns et al.
1993; Korotky et al. 1993) extended our knowledge of
the range of tornadic environments to include high
CAPE-low shear and low CAPE-high shear environ-
ments.

Darkow’s approach to the characterization of the
environment is quite distinct from that of Rasmussen
and Wilhelmson. Darkow attempted to put strict limits
on the spatial and temporal variability of the atmo-
sphere at the expense of eliminating large numbers of
cases, leading to questions about the statistical signif-
icance of the work. Also, the product of Darkow’s work
was a relatively detailed picture of the vertical structure
of environments associated with tornadic storms.
Rather than contrasting the tornadic proximity sound-
ings with nontornadic proximity soundings, Darkow
compared his proximity soundings to their nearest
neighbors, which he called “check™ soundings.







