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Some wild speculation ...
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On the Role of Deep Columnar Convective Vortices within the Atmosphere
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ABSTRACT

Although considerable research over the past several decades has led to extensive knowledge of environments in which supercells and tornadoes occur -- the prima
examples of deep columnar convective vortices -- there has been little progress in understanding what role these rotating systems play in the atmosphere. Any
comprehensi rstanding of deep columnar convective vortices should include: knowledge of the energy source that powers the process, what instability

d, and how the resulting em alters the atmosphere to mitigate the need for the process to continue. Two conceptual models have been
developed that satisfy these requirements: (1) The energy source for supercells includes the storm-relative helicity of the air ascending in the updraft, in combination
with the buoyancy associated with the deep convection. (2) The energy source for tornadoes is dominated by storm-re! ¢ helicity within the low-level inflow to the
tornado. The instability mechanism in both is the basic exponential growth process associated with the so- d stretching term in the ve i
energy tapped from the source of helicity is used to drive the amplification of the kinetic energy of the vortex, which ultimately is dlsalpﬁhd by viscosi
that the tornado model is comprehensive; it applies to e/l tornadoes, including mesocyclonic and nonmesocyclonic tornadoes. Although the models can
conclusiv at this time, a plan for testing the validity of the proposed conceptual models is offered.

1. Introduction

Supercells and tornadoes are deep columnar convective vortices (hereafter DCCVs), a modification of a similar term proposed by Snow (1987) for vortices that are "columnar” (their depth is
greater than or equal to their width). The " here implies a depth on the order of the depth of troposphere. Tropical cyclone ey Ils might be another example. In the case of a
rtex is called a mesoc) The u.rm mesocyclone is something of a misnomer, as it is not within the time and sps e y iated with the term "mesoscale” (see
Emanuel 1.%0 jita 198 ( ichardson 2010, Ch. 1) -- although techni 111 Or i f
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I take it as axiomatic that d ic a “haracteri: i | . ing kine ergy) in the atmosphere, such as supercells and tornadoes, are not random
accidents". For most such atmospheric motion systems, some of known instab mechanism is involved th'ﬁ converts potential energy into the disturbance kinetic energy of the process in
question. For example, extratropical cyclones (ETCs), are associated with baroclinic instability that taps the available potential energy (APE) associated with the thermal wind. For ordinary deep
moist convection (DMC), the buoyanr instability of parcel theory associated with high lapse rates in the presence of moisture converts convective available potential energy (CAPE) into the
kin nv of the vection. Once an in nb irv mechanism and its energy source have been identified, then the role of the process producing the weather event is usually known. Thus,
TC onal thermal and momentum gradients. DMC redistributes sensible and latent heat in the vertical. Analogous statements can be made




Why does the atmosphere need supercells?

* Can’t just be to do the same thing that
ordinary deep convection does — erase CAPE

e Supercells have an additional source of
vertical motion — that due to the dynamic part
of the vertical perturbation pressure gradient

* “Helicity Instability”



Supercell updraft schematic




What | would like to have ...

For both supercells and non-supercells




