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2206 UTC (t+14 min) EF2, lasted 38 minutes 



tornado: 2152–2230 UTC 
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2142–2148 UTC 
Vertical vorticity at 500 m 
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arches—strongly suggest baroclinically generated 
vorticity within the cold pool and subsequent lifting of 
the vortex lines environmental vortex lines 
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2146–2148 UTC 

2130–2135 UTC 2135–2140 UTC 
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descending 
reflectivity 
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Descending Reflectivity Core (DRC):
2134–2148  
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What are the relative roles of environmental 
vorticity versus storm-generated vorticity? 

Markowski et al. (2008) 

Generalization of vortex lines seen time and time again in 
observed and simulated storms 

Both are important (e.g., we 
cannot get a supercell 
without strong environmental 
vorticity, and simulations/
theory show that we cannot 
get rotation at the surface 
without downdrafts and 
baroclinity). 

What is less obvious is how 
their relative importance 
might vary from storm to 
storm (and perhaps 
determine the likelihood of 
tornadogenesis). 



•  Circuits strategically encircle the low-level 
mesocyclone 
–  Circuits have a diameter of 3 km and are 

centered on the circulation at z = 0.75 km at 
2148 UTC (Circuit A) and 2144 UTC (Circuit B) 

•  Circulation can change only as a result of the 
solenoidal effect— 

 therefore, we can learn something about the 
bulk contribution to the mesocyclone’s 
circulation from baroclinic vorticity generation.  

•               is a much less volatile calculation than the 
          forcing terms in the vorticity equation 
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circulation 
goes to zero in 
far field—all of 
the circulation 
is from 
baroclinic 
effects?  
(environment 
contributed 
nothing?) 

10000 parcels (backward integrated from 2148 UTC) 

the generation occurs in the 
forward-flank region 
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(backward integrated from 2144 UTC) 10000 parcels 

Whoa—something about  
is really unfavorable along  
the last 4 min of the approach 
of Circuit B, 4 min later 
(Circuit A did not experience 
this adversity) 
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Circuit A: DRC alters buoyancy field and/or promotes occlusion (end result is DC/Dt >> 0) 

Circuit B: converges upon ζmax before DRC arrives at low levels (DC/Dt < 0 during circuit’s final approach) 
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Summary 

•  Despite significant environmental vorticity, 
environmental vortex lines do not appear to have 
contributed to the low-level circulation in a significant 
way 

– That leaves baroclinic vortex lines (Bjerknes’ theorem) 

•  The total increase in circulation about the material 
circuits (~1.2 x 105 m2 s–1) was very similar to the 
increase in the simulated supercell analyzed by 
Rotunno and Klemp (1985), but occurred much faster, 
despite the fact that the observed cold pool was much 
weaker than the cold pool in Rotunno & Klemp’s 
simulation 



∆C ∼ g

θ0
∆θρ∆z∆t

increase in 
circulation over Δt peak height 

difference on 
the circuit 

typical difference in 
density potential 

temperature between 
the “up” part of the 

circuit and “down” part 

For generous assumptions of 
Δz = 1000 m and Δθρ = 10 K 
(this requires doubling the 
observed ~3-K Δθv and 
adding another 4 K to 
account for hydrometeors), 
ΔC = 0.8 x 105 m2 s–1  
(only 60% of the observed 
ΔC = 1.2 x 105 m2 s–1).  

2144–2152 UTC mobile mesonet observations 
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We can’t exclude the possibility 
that surface drag might have 
contributed positively to DC/Dt. 

(Surface drag is well-known to be 
important for tornadogenesis by 
disrupting cyclostrophic balance, 
but its possible contribution to low-
level mesocyclone rotation has not 
been considered previously.) 



Summary 
•  The DRC modulated the circulation of the material circuits 

approaching the low-level mesocyclone in important ways 

–  It seems as though the DRC increased               , at 
least in part, by altering the low-level  

   trajectories (more precisely, by eliminating low-angular-
momentum, warm-sector air from the circulation, i.e., 
by occluding the low-level mesocyclone). 

– We cannot say to what extent B itself might have been 
modified by the DRC. 

– What does the buoyancy field within and near the DRC 
look like?  (the DRC was optically transparent)   
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Video frames courtesy of  
Nolan Atkins & Roger Wakimoto 



•  If the environmental vorticity did not directly 
contribute to the low-level circulation, then what 
was its role? 



MetEd bow echo module 
•  Perhaps environmental vorticity is important, 

especially at low levels, because its tilting 
establishes the base of the midlevel mesocyclone 
at fairly low elevations.   

•  This would give rise to a strong upward-directed 
perturbation PGF at low levels that could forcibly 
lift negatively buoyant air  

 (the upward-directed perturbation PGF must be 
strong enough to offset the negative buoyancy of the 
circulation-bearing outflow air).   


