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Lines	
  of	
  evidence:	
  
	
  
• 	
  Geologic	
  evidence	
  (paleotempestology)	
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  storms	
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  wash	
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  later)	
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  prior	
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ENSO	
  over	
  Holocene	
   Periods	
  of	
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  storm	
  deposi6on	
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Moy	
  et	
  al.	
  record	
  broadly	
  consistent	
  with	
  Clement	
  et	
  al.	
  
predicTons	
  of	
  reduced	
  ENSO	
  in	
  early	
  and	
  middle	
  Holocene	
  



Pliocene	
  climate	
  and	
  permanent	
  El	
  Niño	
  
•  Federov	
  et	
  al.	
  (2010)	
  downscaled	
  storms	
  following	
  Emanuel	
  (2006)	
  

but	
  for	
  warmer	
  Pliocene	
  condiTons.	
  

Modern	
  climate	
  

Pliocene	
  climate	
  

from	
  Federov	
  et	
  al.	
  2010	
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Difference	
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Genesis	
  poten6al	
  during	
  Mid-­‐Holocene	
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Seasonal	
  cycle	
  of	
  genesis	
  poten6al	
  during	
  Holocene	
  



Last	
  Glacial	
  Maximum:	
  21,000	
  years	
  ago	
  

Second	
  Paleoclimate	
  Model	
  Intercomparison	
  Project	
  (PMIP2):	
  
• 	
  7	
  coupled	
  ocean-­‐atmosphere	
  models	
  form	
  an	
  ensemble	
  here	
  
• 	
  CO2	
  was	
  185	
  ppm	
  
• 	
  Tropical	
  temperatures	
  were	
  2-­‐3oC	
  cooler	
  than	
  today	
  	
  
• 	
  As	
  much	
  as	
  30oC	
  colder	
  over	
  land	
  where	
  there	
  was	
  ice	
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Poten6al	
  intensity	
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  the	
  LGM	
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Incuba6on	
  parameter	
  
VerTcal	
  wind	
  shear,	
  entropy	
  (humidity)	
  deficits,	
  and	
  potenTal	
  intensity	
  can	
  be	
  
combined	
  into	
  a	
  non-­‐dimensional	
  parameter	
  
	
  
	
  
	
  
	
  
	
  
	
  
The	
  smaller	
  it	
  is,	
  the	
  faster	
  development	
  occurs	
  (Rappin	
  et	
  al.	
  2010)	
  	
  	
  	
  
	
  	
  
Cold	
  climates	
  have	
  smaller	
  s*	
  -­‐	
  sm	
  than	
  warm	
  ones	
  (RH	
  ~	
  constant)	
  

Several	
  empirical	
  genesis	
  potenTal	
  indices	
  have	
  forms	
  inversely	
  proporTonal	
  to	
  this	
  
parameter	
  (Tang	
  and	
  Emanuel	
  2012)	
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Seasonal	
  cycle	
  of	
  genesis	
  poten6al	
  at	
  LGM	
  



Behavior	
  in	
  hot	
  climates	
  
In	
  collaboraTon	
  with	
  Mafhew	
  Huber	
  (Purdue),	
  we	
  have	
  also	
  
calculated	
  genesis	
  factors	
  for	
  simulaTons	
  designed	
  to	
  replicate	
  
aspects	
  of	
  early	
  Cenozoic	
  climate	
  with	
  CCSM.	
  
	
  
Among	
  the	
  set	
  are	
  some	
  that	
  retain	
  present-­‐day	
  geography	
  but	
  
have	
  increasingly	
  high	
  levels	
  of	
  CO2.	
  	
  They	
  are	
  coupled	
  to	
  a	
  slab	
  
ocean	
  model	
  with	
  fixed	
  ocean	
  heat	
  transport.	
  
	
  
The	
  series	
  begins	
  with	
  a	
  run	
  using	
  preindustrial	
  era	
  values	
  (280	
  
ppm)	
  and	
  subsequent	
  runs	
  consecuTvely	
  double	
  levels	
  five	
  Tmes.	
  
	
  

• 	
  560	
  ppm	
  
• 	
  1120	
  ppm	
  
• 	
  2240	
  ppm	
  
• 	
  4480	
  ppm	
  
• 	
  8960	
  ppm	
  



Genesis	
  loca6ons	
  (355	
  ppm)	
  

Cyan:	
  downscaled	
  events	
  
Red:	
  explicit	
  vor6ces	
  



Genesis	
  loca6ons	
  (2240	
  ppm)	
  

Cyan:	
  downscaled	
  events	
  
Red:	
  explicit	
  vor6ces	
  



Genesis	
  loca6ons	
  (8960	
  ppm)	
  

Cyan:	
  downscaled	
  events	
  
Red:	
  explicit	
  vor6ces	
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  storms	
  

Maximum	
  wind	
  speed	
  (kts)	
  

Fr
eq

ue
nc
y	
  
(n
um

be
r	
  o

f	
  e
ve
nt
s)
	
  



	
  
Last	
  several	
  millennia	
  (Holocene	
  epoch):	
  
• 	
  Top	
  of	
  atmosphere	
  radiaTon	
  anomalies	
  owing	
  to	
  perihelion	
  cycle	
  
• 	
  Shiis	
  seasonal	
  cycle	
  of	
  genesis	
  factors,	
  but	
  not	
  annual	
  potenTal	
  

	
  
At	
  LGM,	
  potenTal	
  intensity	
  changes	
  coarsely	
  follow	
  ‘relaTve	
  SST’	
  

In	
  hot	
  periods,	
  total	
  count	
  responds	
  differently	
  through	
  8	
  x	
  CO2:	
  
• 	
  Declines	
  in	
  explicitly	
  tracked	
  vorTces	
  
• 	
  Increases	
  slightly	
  in	
  downscaled	
  experiments	
  
• 	
  But	
  rises	
  in	
  the	
  hofest	
  states	
  using	
  both	
  techniques	
  
• 	
  Moist	
  adiabaTc	
  lapse	
  rates	
  allow	
  extratropical	
  genesis	
  in	
  hot	
  case	
  
• 	
  Both	
  weak	
  and	
  strong	
  downscaled	
  events	
  increase	
  in	
  hofer	
  cases	
  

Lessons	
  from	
  paleoclimate	
  model	
  simula6ons	
  



Summary	
  

•  Shii	
  in	
  seasonal	
  cycle	
  of	
  genesis	
  potenTal	
  from	
  the	
  large-­‐scale	
  
environment’s	
  response	
  to	
  Mid-­‐Holocene	
  TOA	
  deviaTons	
  

	
  
•  Major	
  equatorial	
  volcanic	
  erupTons	
  have	
  the	
  potenTal	
  for	
  substanTal	
  but	
  

short-­‐lived	
  effects	
  on	
  tropical	
  cyclones	
  

•  Downscaled	
  cyclones	
  respond	
  differently	
  from	
  explicitly	
  simulated	
  events,	
  
exhibiTng	
  no	
  decline	
  in	
  weak	
  systems.	
  

	
  
•  LGM	
  genesis	
  factors	
  have	
  mixed	
  signs—areas	
  that	
  cooled	
  less	
  than	
  tropical	
  

mean	
  become	
  more	
  favorable	
  despite	
  the	
  colder	
  state.	
  

	
  



Downscaled	
  storms;	
  CO2	
  355	
  ppm	
  

Emanuel	
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Downscaled	
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  2240	
  ppm	
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Downscaled	
  storms;	
  CO2	
  8960	
  ppm	
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Downscaled	
  storms;	
  CO2	
  355	
  ppm	
  

Explicitly	
  resolved	
  “TCs”	
  (T42	
  resoluTon)	
  



Downscaled	
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  “TCs”	
  (T42	
  resoluTon)	
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Explicitly	
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  “TCs”	
  (T42	
  resoluTon)	
  


