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What is a supercell? 
•  Storms having deep, persistent, rotation about a vertical axis 
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•  Although most significant tornadoes are associated with 
supercell thunderstorms, most supercells are not tornadic 
–  What’s perhaps most troubling (from the perspective of 

issuing warnings) is that even nontornadic supercells 
usually have circulations that extend to the surface 
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What is a supercell? 



Wakimoto et al. (2004) 

Superior, NE Mesocyclone 
22 June 2003 

0252:00 - 0300:59 UTC 

The most intense mesocyclones are not necessarily the 
ones most likely to be associated with tornadogenesis! 
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Review of vortex lines 

When horizontal density gradients and turbulence are 
absent, vortex lines are “frozen in the fluid,” i.e., they 
are “material lines” (Helmholtz’ Theorem). 

A vortex line is a curve in the fluid such that its 
tangent at any given point gives the direction of the 
local vorticity. 



Why vortex lines? 

•  Although the vertical component of 
vorticity tends to be emphasized in 
supercell thunderstorm and tornado 
studies, the three-dimensional 
perspective provided by vortex lines 
can expose dynamics that may not be 
as apparent in inspections of only one 
vorticity component at a time. 

•  The presence of horizontal buoyancy 
gradients can complicate vortex line 
analyses in phenomena like 
thunderstorms owing to the virtually 
unavoidable baroclinic generation of 
vorticity by the horizontal buoyancy 
gradients that accompany the 
precipitation regions and vertical 
drafts of thunderstorms. 



Origins of supercell updraft rotation 
•  Supercells acquire rotation aloft by tilting horizontal 

vorticity (net cyclonic updraft rotation, i.e. a helical updraft, is acquired 
by tilting streamwise horizontal vorticity) 



How to make a tornado 

•  Tornadogenesis involves rearranging, twisting, and stretching 
vortex lines so that they become vertically oriented and packed 
tightly together at the ground 

Photo courtesy of Eric Nguyen 

Walko (1993) 



pre-existing vertical vorticity 
at the surface 

vertical vorticity is initially 
negligible at the surface 

How to make a tornado 

zeroth order assumption: no baroclinity or viscous effects; vortex lines are material lines 



Photo by Roberto Giudici 



NSSL archive photo 
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Rotunno and Klemp (1985) 

The fact that such vorticity couplets have 
been observed in essentially every dual-
Doppler and numerical modeling study of 
supercells might lead one to wonder 
whether vortex line arches are as common 
to supercell rear-flank downdraft regions as 
are these vorticity couplets, i.e., it is 
tempting to wonder whether vortex line 
arches are a ubiquitous trait of supercell 
thunderstorms.  

Friona, TX, supercell, 2 June 1995 (DOW1) 



purely barotropic process 

purely baroclinic process 

Vortex line arches suggest an important role 
for baroclinic vorticity generation. 
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2 June 1995 (Dimmitt, TX) 16 May 1995 (Burdett, KS) 

29 April 1995 (Sherman, TX) 12 May 1995 (Hays, KS) 

If the vortex line analyses suggest that 
baroclinic generation of vorticity is 
important, then why do in situ temperature 
measurements suggest that weak 
temperature gradients are more favorable for 
tornadogenesis?  
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Mobile mesonet observations in supercells 



–  Supercell baroclinity seems to be a “Goldilocks” problem whereby at least 
some baroclinity is crucial (all thunderstorms have at least some baroclinity), 
but too much, especially near the ground, is detrimental in that large near-
ground baroclinity would imply very cold air near the ground and thus either 
(i) the inhibition of vorticity stretching required for tornadogenesis or (ii) the 
outright undercutting of the updraft by the cold air.   

–  If the downdraft air containing the vortex rings is too negatively buoyant, then 
perhaps the end result is something resembling a microburst rather than 
significant lifting of the leading edge of the vortex rings to produce vertical 
vorticity. 

Why do tornadic supercells 
lack strong cold pools? 





dual-Doppler analysis of a nontornadic supercell 
on 12 June 2004 near Beatrice, Nebraska 
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What are some of the important unanswered 
questions pertaining to supercells and 

tornadogenesis? 



–  What are the relative roles of baroclinic vorticity generation versus 
the redistribution of ambient (barotropic) vorticity in 
tornadogenesis?   

–  How crucial are microphysical processes within storms (i.e., 
distribution of raindrop and hailstone sizes—these distributions 
affect evaporation and melting rates, which impact the temperature 
fields)?  (Observations are hard to obtain and these processes must 
be parameterized within numerical models.) 

–  What do the temperature fields look like above the surface?  How far 
back in time do we have to look?  

–  Role of interactions with the ground and terrain (Observations with 
sufficient vertical resolution are limited and even when they are 
obtained, one can never know how the storm would have behaved in 
the absence of terrain; in numerical models, vertical resolution near 
the ground is a limitation, as well as accurate parameterization of 
the effects of surface friction.) 

What we don’t know 

isosurfaces: 

w = 6 m/s (pink), 

θ’ = -1.7 K (blue) 



The Second Verification of the Origins 
of Rotation in Tornadoes Experiment 
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“Fully nomadic” 



5 June 2009 
near LaGrange, Wyoming DOW7 




