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Background	  
•  Supercell	  tornadogenesis	  proceeds	  in	  three	  steps:	  

1.  RotaBon	  aloT	  (“midlevel	  mesocyclone”)	  
2.   Rota2on	  at	  the	  ground	  (requires	  downdra:)	  
3.  AmplificaBon	  of	  the	  surface	  rotaBon	  by	  convergence	  

•  Numerous	  studies	  have	  demonstrated	  the	  importance	  
of	  storm-‐generated	  (baroclinic)	  vorBcity	  in	  surface	  
rotaBon	  

•  The	  role	  of	  ambient	  vorBcity	  in	  near-‐surface	  rotaBon	  is	  
not	  well	  understood	  
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VorBcity	  decomposiBon	  
Barotropic	  vorBcity:	  Frozen	  into	  the	  fluid	  (rearrangement	  of	  exis>ng	  vorBcity)	  
Baroclinic	  vorBcity:	  Generated	  baroclinically	  and	  subsequently	  rearranged	  
Total	  vorBcity:	  Sum	  of	  baroclinic	  and	  barotropic	  parts	  
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SimulaBon	  setup	  
•  Bryan	  Cloud	  Model	  1	  (CM1),	  release	  17	  
•  dx	  =	  dy	  =	  250	  m	  
•  50	  m	  <	  dz	  <	  250	  m	  
•  Single-‐moment	  microphysics	  	  

–  adjusted	  rain-‐intercept	  parameter	  to	  reduce	  cold-‐pool	  strength	  
•  free-‐slip	  lower	  boundary	  
•  Del	  City	  base	  state	  
•  IniBalizaBon:	  2K	  ellipsoidal	  potenBal-‐temperature	  perturbaBon	  
•  Restart	  run	  with	  highly	  accurate	  forward	  trajectories	  

–  Calculated	  at	  each	  Bme	  step	  (dt	  =	  2	  s)	  
–  4th-‐order	  forward	  integraBon	  
–  4th-‐order	  spaBal	  interpolaBon	  
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“Rivers”	  of	  verBcal	  vorBcity	  in	  ouhlow	  
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Forward	  trajectories	  and	  vorBcity	  rivers	  

Dahl	  et	  al.	  (2013)	  
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Example	  of	  barotropic	  vorBcity	  frozen	  into	  
a	  stencil	  
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	  	  	  	  	  :	  	  Trajectory	  

	  :	  	  2D	  projecBon	  of	  vorBcity	  vector	  

2D	  stencil	  and	  barotropic	  vorBcity	  vector	  
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Barotropic	  vorBcity	  
Dahl	  et	  al.	  (2013,	  submiHed	  to	  JAS)	  barotropic	  vorBcity	  

horizontal	  projecBon	  

trajectory	  
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Storm-‐generated	  (baroclinic)	  vorBcity	  
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Dahl	  et	  al.	  (2013,	  submiHed	  to	  JAS)	  
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Storm-‐generated	  (baroclinic)	  vorBcity	  
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Storm-‐generated	  (baroclinic)	  vorBcity	  
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baroclinic	  vorBcity	  

orientaBon	  of	  fluid	  element	  

trajectory	  

Dahl	  et	  al.	  (2013,	  submiHed	  to	  JAS)	  

“feet	  first”	  structure	  

fast	  
slow	  



NC STATE UNIVERSITY 7th	  European	  Conference	  on	  Severe	  Storms,	  3-‐7	  June	  2013,	  Helsinki	  NC STATE UNIVERSITY 

Storm-‐generated	  (baroclinic)	  vorBcity	  
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Average	  over	  all	  trajectories:	  
barotropic	  and	  baroclinic	  vorBcity	  

average	  baroclinic	  vorBcity	  

average	  barotropic	  vorBcity	  

Dahl	  et	  al.	  (2013,	  submiHed	  to	  JAS)	  
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VerBcal-‐vorBcity	  distribuBons	  
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Conclusions	  
•  In	  this	  simulaBon,	  the	  barotropic	  vorBcity	  does	  not	  

contribute	  as	  much	  to	  near-‐ground	  as	  the	  baroclinic	  
vorBcity.	  

•  It	  is	  likely	  that	  the	  importance	  of	  the	  barotropic	  vorBcity	  
varies	  based	  on	  the	  orientaBon	  of	  the	  ambient	  vorBcity:	  
–  wind	  shear	  important	  at	  alBtudes	  where	  downdraT	  air	  
originates?	  

•  The	  development	  of	  ground-‐level	  rotaBon	  in	  supercells	  is	  
an	  ouhlow	  phenomenon	  (if	  there	  is	  no	  verBcal	  vorBcity	  in	  
the	  environment).	  

	  



NC STATE UNIVERSITY 7th	  European	  Conference	  on	  Severe	  Storms,	  3-‐7	  June	  2013,	  Helsinki	  



NC STATE UNIVERSITY 7th	  European	  Conference	  on	  Severe	  Storms,	  3-‐7	  June	  2013,	  Helsinki	  NC STATE UNIVERSITY 

Supplemental	  slides	  



NC STATE UNIVERSITY 7th	  European	  Conference	  on	  Severe	  Storms,	  3-‐7	  June	  2013,	  Helsinki	  NC STATE UNIVERSITY 

Summary	  

Dahl	  et	  al.	  (2013)	  
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Can	  a	  strong	  gushront	  do	  the	  trick?	  

strong	  horizontal	  compression	  in	  adverse	  
pressure	  gradient	  H	  

PracBcally	  no	  vorBcity	  leT	  to	  reorient	  

ATer	  Davies-‐Jones	  and	  Markowski	  2013	  
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“Inflow”	  parcels	  

Dahl	  et	  al.	  2012	  
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Forward	  trajectory	  errors?	  
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Barotropic	  vorBcity:	  	  
Frozen	  into	  the	  medium	  

X	  =	  	  0.5	  

Y	  =	  0.5	  

Reference	  configura2on	  at	  t0	  
(Lagrangian	  =	  Eulerian	  frame)	  

material	  2D	  	  
fluid	  element	  

frozen	  vorBcity	  vector	  

parcels	  of	  air	  
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Barotropic	  vorBcity:	  	  
Frozen	  into	  the	  medium	  

X	  =	  0.5	  

Y	  =	  0.5	  

Configura2on	  at	  t	  	  
(Lagrangian	  frame)	  
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Barotropic	  vorBcity:	  	  
Frozen	  into	  the	  medium	  

X	  =	  0.5	  

Y	  =	  0.5	  

Configura2on	  at	  t	  	  
(Lagrangian	  frame)	  frozen	  vorBcity	  vector	  
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TransformaBon	  to	  Cartesian	  grid	  
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A	  coordinate	  transformaBon	  yields	  the	  barotropic	  
vorBcity	  in	  spaBal	  coordinates	  (Cauchy’s	  formula):	  
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Storm-‐generated	  (baroclinic)	  vorBcity	  
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