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100	
  year	
  response	
  of	
  CCSM3	
  to	
  freshening	
  of	
  North	
  Atlan8c	
  Ocean	
  



Same	
  experiment,	
  different	
  ini8al	
  condi8ons	
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  T-­‐test	
  for	
  abrupt	
  transi8ons	
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18%	
  of	
  globe	
  



At	
  transiBon:	
  
-­‐2.5	
  WaM	
  increase	
  (i.e.	
  cooling)	
  in	
  shortwave	
  cloud	
  forcing	
  
3.5	
  WaM	
  increase	
  (i.e.	
  warming)	
  in	
  longwave	
  cloud	
  forcing	
  
0.7	
  degree	
  increase	
  in	
  global	
  mean	
  temperature	
  

laBtude	
  



Structural	
  changes	
  occur	
  because	
  of	
  a	
  large	
  increase	
  in	
  deep	
  convecBon.	
  



February	
  2059	
  and	
  before:	
  

4.5%	
  of	
  tropical	
  precipitaBon	
  	
  
is	
  large-­‐scale.	
  

February	
  2060	
  and	
  aUer:	
  

12.5%	
  of	
  tropical	
  precipitaBon	
  	
  
is	
  large-­‐scale.	
  



ConvecBon	
  mulBple	
  equilibria	
  

•  Held	
  et	
  al.	
  2007	
  “Dynamic	
  RadiaBve-­‐
ConvecBve	
  Equilibria	
  Using	
  GCM	
  Column	
  
Physics”	
  J.	
  Atmos.	
  Sci.	
  

•  Sobel	
  et	
  al.,	
  2007	
  “MulBple	
  equilibria	
  in	
  a	
  
single-­‐column	
  model	
  of	
  the	
  tropical	
  
atmosphere”	
  GRL	
  

•  Sessions	
  et	
  al.,	
  2010	
  “MulBple	
  equilibria	
  in	
  a	
  
cloud-­‐resolving	
  model	
  using	
  the	
  weak	
  
temperature	
  gradient	
  approximaBon”	
  JGR	
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111	
  km	
  resoluBon	
  

222	
  km	
  resoluBon	
  

Held	
  et	
  al,	
  JAS,	
  2007	
  



Evidence	
  suppor8ng	
  tropical	
  Atlan8c	
  trigger/memory	
  

Significance	
  test	
  for	
  changes	
  in	
  ocean	
  surface	
  temperature	
  
[units:	
  standard	
  deviaBon	
  of	
  the	
  control	
  SST]	
  

Run	
  1	
   Run	
  2	
  





Run	
  1	
  year	
  of	
  abrupt	
  transi8on	
  in	
  ocean	
  hea8ng/cooling	
  rates	
  at	
  230	
  m	
  depth	
  

Year	
  



Run	
  2	
  year	
  of	
  abrupt	
  transi8on	
  in	
  ocean	
  hea8ng/cooling	
  rates	
  at	
  230	
  m	
  depth	
  

Year	
  





Summary	
  
•  Rapid	
  transiBon	
  to	
  a	
  new	
  global	
  climate	
  state	
  is	
  
idenBfied	
  	
  when	
  North	
  AtlanBc	
  freshening	
  reaches	
  
a	
  certain	
  threshold	
  (0.4	
  Sv).	
  	
  

•  TransiBon	
  is	
  sensiBve	
  to	
  iniBal	
  state	
  of	
  the	
  ocean.	
  
•  TransiBon	
  is	
  very	
  rapid	
  (<	
  1	
  month),	
  suggesBng	
  
that	
  main	
  transiBonal	
  dynamics	
  is	
  in	
  the	
  
atmosphere.	
  

•  Precise	
  trigger	
  has	
  not	
  been	
  idenBfied,	
  but	
  
preliminary	
  analysis	
  suggests	
  that	
  substanBal	
  
warming	
  in	
  the	
  tropical	
  AtlanBc	
  is	
  likely	
  to	
  be	
  the	
  
major	
  player.	
  


