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’ (colored, K); 15-min backward trajectories (altitude colored, m AGL) 

•  Numerous transient 
baroclinic zones develop 
and traverse the left side 
of the updraft 

•  Vorticity budget reveals 
many of these zones are 
relevant to low-level 
mesocyclone Beck and Weiss 2013 

Forward/Left Flank Baroclinic Zones 



Introduc>on	
  
•  Issue	
  #2:	
  Limited	
  observa>onal	
  mapping	
  of	
  thermodynamics	
  on	
  en>re	
  storm	
  scale	
  

Objectives of StickNet during VORTEX2 
•  Map	
  spa>o-­‐temporal	
  variability	
  in	
  storm-­‐scale	
  buoyancy	
  
•  Diagnose	
  impacts	
  on	
  low-­‐level	
  ver>cal	
  vor>city	
  
•  Verify	
  numerically	
  simulated	
  cold	
  pools	
  



StickNet Analysis Methodology 
•  StickNet data analysis 

–  Data quality controlled and debiased according to mass test the previous 
day 

–  Time-to-space conversion - motion determined at time low-level 
mesocyclone passes through the StickNet array 

–  Objectively analyzed with isotropic two-pass Barnes filter 
•  500 m grid spacing 
•  γ = 0.1, κ = (1.33 Δy)2  Δy = along-deployment line station spacing 

•  Mobile radar data moments subject to separate Barnes filter 
•  Analyses centered on objectively determined maximum in azimuthal 

shear of radial velocity 
–  Aggregate from 1-10 km diameter 
–  Origin (0,0) of all analyses set to this position 

•  θe calculated as by Bolton (1980) 
•  Base state determined by (Dumas/Bowlegs) observation 2 hr before 

updraft passage – just ahead of anvil shadow 
•  Composite analyses produced 



18 May 2010 Deployment Overview 
•  Long-lived, weakly tornadic supercell 
•  Two StickNet arrays deployed 

#1 – US-287 north/south from Dumas, TX 
        Weak tornadoes reported near and west of    

  Dumas 
#2 – FM 1060 north/south between Dumas   

  and Stinnett, TX 
         Non-tornadic, strong low-level mesocyclone 

•  Coarse deployments each cover ~30-40 km 
swath, with nested fine array centered near 
low-level mesocyclone 

•  Town of Dumas interferes with deployment #1 
•  Significant hail damages a few StickNet 

probes, particularly in deployment #2 
•  Hail cover is substantial at time of probe pickup 

(tennis balls at +1 hr), hail fog 
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18 May 2010 StickNet Deployments 
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10 May 2010 (Seminole, OK) 
Deployment Overview 

•  Outbreak of rapidly moving tornadic supercells  
•  1.25 StickNet arrays deployed 

#1 – Aborted attempt along US-177 (longitude of Tecumseh, OK) 
#2 – 10-probe array along US-377 (longitude of Seminole, OK) 
         EF-3 tornado propagates through deployment 

Photo:	
  Greg	
  Forbes	
  /	
  Weather	
  Channel	
  

Damage	
  survey,	
  NWSFO	
  Norman,	
  OK	
  

StickNet Array 



10 May 2010 StickNet Deployments 
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  non-­‐tornadic	
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•  However,	
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  and	
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  zones	
  in	
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•  Baroclinic	
  vor>city	
  appears	
  to	
  contribute	
  to	
  the	
  low-­‐level	
  
mesocyclone	
  in	
  the	
  examined	
  cases	
  
–  Composites	
  of	
  θv’	
  reveal	
  a	
  bifurcated	
  distribu>on	
  related	
  to	
  the	
  

posi>on	
  of	
  the	
  precipita>on	
  core	
  and	
  the	
  FFRG	
  
•  Baroclinic	
  zones	
  located	
  where	
  previous	
  studies	
  have	
  iden>fied	
  
trajectories	
  relevant	
  to	
  the	
  low-­‐level	
  mesocyclone	
  /	
  tornado	
  

•  In	
  comparing	
  two	
  samples	
  with	
  a	
  similar	
  environment	
  (Dumas),	
  θv’	
  
gradients	
  are	
  stronger	
  throughout	
  the	
  FFRG	
  and	
  leZ	
  flank	
  for	
  the	
  weakly	
  
tornadic	
  deployment	
  

•  However,	
  much	
  weaker	
  θv’	
  gradients	
  (and	
  deficits	
  overall)	
  throughout	
  the	
  
strongly	
  tornadic	
  (Seminole)	
  storm	
  highlight	
  the	
  principal	
  importance	
  of	
  
buoyancy	
  

–  Varied	
  kinema>c	
  presenta>on	
  along	
  FFRG	
  
•  These	
  cases	
  reveal	
  stronger	
  confluence	
  along	
  FFRG	
  for	
  tornadic	
  
deployments	
  

•  Confluence	
  appears	
  consistent	
  with	
  distribu>on	
  of	
  pressure	
  and,	
  to	
  some	
  
degree,	
  la>tudinal	
  gradients	
  of	
  θv’	
  

	
  
	
  

Conclusions 
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  comparing	
  two	
  samples	
  with	
  a	
  similar	
  environment	
  (Dumas),	
  θv’	
  gradients	
  are	
  

stronger	
  throughout	
  the	
  FFRG	
  and	
  leZ	
  flank	
  for	
  the	
  weakly	
  tornadic	
  deployment	
  
•  However,	
  much	
  weaker	
  θv’	
  gradients	
  (and	
  deficits	
  overall)	
  throughout	
  the	
  strongly	
  

tornadic	
  (Seminole)	
  storm	
  highlight	
  the	
  principal	
  importance	
  of	
  buoyancy	
  

–  Varied	
  kinema>c	
  presenta>on	
  along	
  FFRG	
  
•  These	
  cases	
  reveal	
  stronger	
  confluence	
  along	
  FFRG	
  for	
  tornadic	
  deployments	
  
•  Confluence	
  appears	
  consistent	
  with	
  distribu>on	
  of	
  pressure	
  and,	
  to	
  some	
  degree,	
  

la>tudinal	
  gradients	
  of	
  θv’	
  

•  Baroclinic	
  zones	
  can	
  locally	
  have	
  vor>city	
  tendency	
  comparable	
  to	
  that	
  
indicated	
  in	
  recent	
  simula>ons	
  (e.g.,	
  Beck	
  and	
  Weiss	
  2013)	
  
–  Magnitudes	
  are	
  comparable	
  in	
  isolated	
  zones	
  of	
  <=1	
  km	
  width,	
  mostly	
  to	
  

northwest	
  of	
  low-­‐level	
  mesocyclone	
  
–  Strongest	
  tendency	
  seen	
  for	
  probes	
  affected	
  by	
  hailfall	
  (hailfall	
  locally	
  

influences	
  thermodynamic	
  deficits;	
  impact	
  on	
  vor>city	
  budget?) 	
  	
  
	
  

	
  

Conclusions 
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How do StickNet obs compare? 
Use scaling of Klemp and Rotunno (1983), where: 
 

Beck and Weiss 2013 

Simulated 
solenoidal vorticity 
tendency (s-2) of 
order 10-4. 

What about the magnitude of the baroclinic 
zones? 
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•  Baroclinic	
  vor>city	
  appears	
  to	
  contribute	
  to	
  the	
  low-­‐level	
  mesocyclone	
  in	
  
the	
  examined	
  cases	
  
–  Composites	
  of	
  θv’	
  reveal	
  a	
  bifurcated	
  distribu>on	
  related	
  to	
  the	
  posi>on	
  of	
  the	
  

precipita>on	
  core	
  and	
  the	
  FFRG	
  
•  FFRG	
  θv’	
  gradients	
  stronger	
  for	
  tornadic	
  deployments	
  (esp.	
  18	
  May	
  2010,	
  Dumas,	
  

TX)	
  
•  Baroclinic	
  zones	
  located	
  where	
  previous	
  studies	
  have	
  iden>fied	
  trajectories	
  

relevant	
  to	
  the	
  low-­‐level	
  mesocyclone	
  /	
  tornado	
  

–  Varied	
  kinema>c	
  presenta>on	
  along	
  FFRG	
  
•  These	
  cases	
  reveal	
  stronger	
  confluence	
  along	
  FFRG	
  for	
  tornadic	
  deployments	
  
•  Confluence	
  appears	
  consistent	
  with	
  distribu>on	
  of	
  pressure	
  and	
  la>tudinal	
  

gradients	
  of	
  θv’	
  

•  Baroclinic	
  zones	
  can	
  locally	
  have	
  vor>city	
  tendency	
  comparable	
  to	
  that	
  
indicated	
  in	
  recent	
  simula>ons	
  (e.g.,	
  Beck	
  and	
  Weiss	
  2013)	
  
–  Magnitudes	
  are	
  comparable	
  in	
  isolated	
  zones	
  of	
  <=1	
  km	
  width,	
  mostly	
  to	
  

northwest	
  of	
  low-­‐level	
  mesocyclone	
  
–  Strongest	
  tendency	
  seen	
  for	
  probes	
  affected	
  by	
  hailfall	
  (hailfall	
  locally	
  

influences	
  thermodynamic	
  deficits;	
  impact	
  on	
  vor>city	
  budget?)	
  

•  Thermodynamic	
  deficits	
  weaker	
  overall	
  in	
  the	
  significant	
  tornado	
  case	
  (10	
  
May	
  2010,	
  Seminole,	
  OK)	
  

Conclusions 



•  Expand	
  sample,	
  e.g.,	
  quality	
  null	
  cases	
  from	
  2009;	
  incorporate	
  
mobile	
  mesonet	
  

•  Resolve	
  any	
  thermodynamic	
  footprint	
  of	
  radar	
  signatures	
  (e.g.,	
  
LRR)	
  

•  Resolve	
  relevant	
  baroclinic	
  zones	
  aloZ	
  (UAS	
  is	
  a	
  key	
  player)	
  
•  “BHAG”	
  –	
  To	
  construct	
  a	
  low-­‐level	
  mesocyclone	
  vor>city	
  budget	
  

driven	
  by	
  in	
  situ	
  and	
  radar	
  observa>ons	
  
Ø  Challenges:	
  

•  Sta>onarity	
  assump>on	
  
•  Observa>on	
  error,	
  in	
  situ	
  >me	
  constants	
  
•  Liquid	
  condensate	
  es>ma>on	
  
•  Accurate,	
  resolute	
  trajectories	
  

Ø  Compromise:	
  EnKF-­‐driven	
  analysis	
  constrained	
  by	
  
observa>ons?	
  

	
  

Moving Forward… 
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