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Primary	
  Objec)ves	
  

•  Determine	
  “state	
  of	
  the	
  science”	
  of	
  severe	
  
weather	
  outbreak	
  diagnosis	
  

•  Diagnose	
  and	
  predict	
  significant	
  severe	
  
weather	
  outbreaks	
  from	
  precursor	
  synop)c-­‐
scale	
  processes/phenomena	
  

•  Develop	
  a	
  probabilis)c	
  framework	
  for	
  
convec)ve	
  outbreak	
  diagnosis	
  



Step	
  1	
  

•  Rank	
  outbreaks	
  based	
  on	
  preconceived	
  
no)ons	
  regarding	
  their	
  meteorological	
  
significance	
  and	
  societal	
  impacts	
  

•  See	
  Doswell	
  et	
  al.	
  (2006;	
  WAF),	
  Shafer	
  and	
  
Doswell	
  (2010,	
  2011;	
  EJSSM)	
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With	
  different	
  weights	
  of	
  the	
  14	
  severe	
  
weather	
  report	
  variables	
  used	
  to	
  rank	
  the	
  
cases,	
  the	
  index	
  scores	
  as	
  a	
  funcJon	
  of	
  
outbreak	
  rank	
  number	
  were	
  very	
  consistent.	
  	
  	
  
Tornado	
  outbreaks	
  were	
  ranked	
  highest,	
  with	
  
small	
  nontornadic	
  outbreaks	
  ranked	
  lowest.	
  	
  
See	
  Shafer	
  and	
  Doswell	
  (2011)	
  for	
  more	
  details.	
  



Step	
  2	
  

•  Develop	
  objec)ve	
  means	
  of	
  diagnosing	
  whether	
  a	
  
significant	
  severe	
  weather	
  outbreak	
  occurs	
  for	
  a	
  given	
  
environment	
  

•  Mercer	
  et	
  al.	
  (2009;	
  MWR)	
  proposed	
  a	
  method	
  using	
  
principal	
  component	
  analysis	
  (Richman	
  1986;	
  JCLIM),	
  
which	
  effec)vely	
  dis)nguished	
  major	
  tornado	
  and	
  
primarily	
  nontornadic	
  outbreaks.	
  

•  Shafer	
  et	
  al.	
  (2010;	
  EJSSM)	
  used	
  spa)al	
  coverage	
  of	
  
severe	
  weather	
  diagnos)c	
  variables	
  to	
  diagnose	
  
outbreak	
  severity,	
  showing	
  comparable	
  skill	
  to	
  the	
  PCA	
  
technique	
  and	
  to	
  SPC	
  forecasts.	
  



Comparison	
  of	
  the	
  so-­‐
called	
  areal	
  coverage	
  
technique	
  with	
  SPC	
  
Day-­‐1	
  ConvecJve	
  
Outlooks,	
  in	
  which	
  
moderate	
  or	
  higher	
  
risks	
  were	
  considered	
  
forecasts	
  of	
  major	
  
severe	
  weather	
  
outbreaks,	
  Heidke	
  skill	
  
scores	
  were	
  not	
  
staJsJcally	
  
significantly	
  different	
  
for	
  all	
  N15	
  indices	
  
tested.	
  	
  See	
  Shafer	
  et	
  
al.	
  (2012;	
  WAF).	
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Future	
  Research	
  (Objec)ve	
  1)	
  

•  Develop	
  a	
  probabilis)c	
  framework	
  for	
  
diagnosing	
  outbreak	
  severity	
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Step	
  3	
  
•  Iden)fy	
  synop)c	
  precursors	
  to	
  various	
  types	
  of	
  
severe	
  weather	
  outbreaks	
  

•  Mercer	
  et	
  al.	
  (2012;	
  MWR)	
  developed	
  composites	
  
of	
  tornado	
  outbreaks	
  and	
  primarily	
  nontornadic	
  
outbreaks	
  using	
  rotated	
  principal	
  component	
  
analysis	
  (RPCA;	
  Richman	
  1986)	
  versus	
  simple	
  
unsupervised	
  averaging	
  techniques,	
  using	
  coarse	
  
NCEP/NCAR	
  Reanalysis	
  data.	
  	
  

•  Findings	
  suggested	
  considerable	
  differences	
  in	
  
predecessor	
  large-­‐scale	
  environments	
  between	
  
the	
  two	
  outbreak	
  types.	
  



Tornado	
  Outbreaks	
   Nontornadic	
  Outbreaks	
  





Future	
  Research	
  (Objec)ve	
  2)	
  

•  Expand	
  the	
  list	
  of	
  events	
  for	
  composi)ng	
  to	
  
any	
  outbreak	
  type	
  (>6000	
  candidates	
  from	
  
1960	
  to	
  the	
  present).	
  

•  Perform	
  QG	
  diagnos)cs	
  of	
  the	
  composites.	
  
•  Conduct	
  poten)al	
  vor)city	
  (PV)	
  surgery	
  to	
  
assess	
  sensi)vi)es	
  of	
  model	
  simula)ons	
  of	
  
ini)al	
  composite	
  data	
  to	
  perturba)ons	
  in	
  the	
  
PV	
  fields.	
  	
  



Future	
  Research	
  (Objec)ve	
  3)	
  –	
  Model	
  
Ensembles	
  



Acknowledgments	
  

•  We	
  thank	
  the	
  Alabama	
  Space	
  Grant	
  
Consor)um	
  and	
  the	
  University	
  of	
  South	
  
Alabama	
  Commihee	
  on	
  Undergraduate	
  
Research	
  (UCUR)	
  for	
  funding	
  this	
  project.	
  	
  
Much	
  of	
  this	
  work	
  was	
  funded	
  by	
  NSF	
  Grant	
  
AGS-­‐0831359.	
  








