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How	  does	  ocean	  coupling	  affect	  probability	  ra1o?	  	  
Classical	  event	  a,ribu0on	  setup	  

Natural	  /	  
counterfactual	  

Present-‐day	  /	  
factual	  

P0	  
P1	  



How	  does	  ocean	  coupling	  affect	  probability	  ra1o?	  	  
AMIP	  experiment	  to	  assess	  warming	  targets	  

Present-‐day	   1.5°C	  

PPD	  
P1.5°C	  



Are	  probability	  ra1os	  biased	  high?	  
AMIP	  vs.	  fully	  coupled	  experiments	  

P0	  



Experimental	  setup	  (AMIP)	  
Half	  a	  degree	  Addi0onal	  warming	  (HAPPI)	  experiment	  

+0.65°C	  

Present-‐day	  	  
500	  AMIP	  members	  

+1.5°C	  (RCP2.6)	  
500	  AMIP	  members	  



Experimental	  setup	  (coupled)	  
Half	  a	  degree	  Addi0onal	  warming	  (HAPPI)	  experiment	  

+0.65°C	  

Present-‐day	  	  
500	  AMIP	  members	  

+1.5°C	  (RCP2.6)	  
500	  AMIP	  members	  

+1.5°C	  (RCP2.6)	  
21	  coupled	  members	  



Experimental	  setup	  (coupled)	  
0.65°C	  warming	  in	  coupled	  and	  AMIP	  runs	  

+0.65°C	  

Present-‐day	  	  
500	  AMIP	  members	  

+1.5°C	  (RCP2.6)	  
500	  AMIP	  members	  

+1.5°C	  (RCP2.6)	  
21	  coupled	  members	  



AMIP	  experiments	  	  
0.65°C	  warming	  in	  coupled	  and	  AMIP	  runs	  

+0.65°C	  

Present-‐day	  	  
500	  AMIP	  members	  
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Forced	  response	  consistent	  
Annual	  mean	  temperature	  change	  1.5°C	  vs	  present-‐day	  

Global	  mean	  
+0.65°C	  

Global	  mean	  
+0.64°C	  



Probability	  ra1o	  in	  HAPPI	  
Annual	  mean	  temperatures	  over	  Europe	  

Present-‐day	  
(500x10yrs)	  	  



Probability	  ra1o	  in	  HAPPI	  
Annual	  mean	  temperatures	  over	  Europe	  

Present-‐day	  	   1.5°C	  	  



Probability	  ra1o	  can	  differ	  drama1cally	  
Annual	  mean	  temperatures	  over	  Europe	  

Present-‐day	  	   1.5°C	  	  

P0,  AMIP  <  P0,  coupled

~2.5	  0mes	  



Drama1c	  differences	  over	  tropics	  
East	  African	  annual	  mean	  temperatures	  

Present-‐day	  	  
1.5°C	  	  

12	  0mes	  



Tes1ng	  for	  same	  event	  magnitude	  
PR	  for	  local	  99th	  percen0le	  



Drama1c	  differences	  over	  tropics	  
East	  African	  annual	  mean	  temperatures	  

Present-‐day	  	  
1.5°C	  	  

12	  0mes	  



PR	  more	  than	  doubles	  over	  tropics	  
PR	  for	  same	  anomaly	  HAPPI-‐CAM4	  vs.	  CESM-‐CAM4	  

Difference  due  to  coupling  largest  
over  tropics  and  high  la<tudes



Drama1c	  differences	  over	  tropics	  
East	  African	  annual	  mean	  temperatures	  

Present-‐day	  	  
1.5°C	  	  

12	  0mes	  



Present-‐day	  variability	  explains	  difference	  
PR	  for	  same	  anomaly	  HAPPI-‐CAM4	  vs.	  CESM-‐CAM4	  

Ge>ng  the  present-‐day  variability  
right  is  essen<al



Interannual	  variability	  differs	  

Variability  not  larger  everywhere  in  
coupled  model



Variability	  is	  not	  always	  higher	  in	  coupled	  GCM	  

Variability	  lower	  in	  
AMIP	  experiment	  



Variability	  is	  not	  always	  higher	  in	  coupled	  GCM	  

Is  the  variability  difference  
systema<c?

Variability	  higher	  in	  
AMIP	  experiment	  



Systema1c	  variability	  bias	  only	  over	  few	  regions	  

Systema0cally	  too	  low	  
variability	  in	  coupled	  model	  



Present-‐day	  variability	  explains	  difference	  

Too	  high	  variability	  in	  
coupled	  model	  



Conclusions	  

§  Probability	  ra1os	  tend	  to	  be	  higher	  in	  AMIP	  
experiments	  

§  Differences	  between	  coupled	  and	  AMIP	  experiments	  
are	  largest	  for	  seasonal	  and	  annual	  means	  over	  
tropics	  and	  high	  la1tudes	  

§  Small	  difference	  for	  daily	  extremes	  over	  mid-‐la1tudes	  



Broader	  implica1ons	  

§  Ge?ng	  the	  present-‐day	  variability	  right	  is	  essen1al	  
for	  reliable	  probability	  ra1os	  

§  Gain	  of	  ensemble	  size	  (AMIP)	  goes	  at	  the	  expense	  of	  
sampling	  ocean	  variability	  

§  For	  AMIP	  projec1ons	  there	  is	  a	  risk	  of	  biased	  and	  
overconfident	  probability	  ra1os	  


