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Recipe	  for	  Climate	  Change	  



Trenberth, Fasullo, Kiehl (2008)#Trenberth, Fasullo, Kiehl (2008)#

Trenberth, Fasullo & Kiehl (2008)#



hLp://data.giss.nasa.gov/gistemp/graphs_v3/Fig.A2.pdf	  



Ingredients	  
•  Forcing	  

– Time	  scale	  dependence	  {When	  is	  forcing	  a	  feedback?}	  
– Shortwave	  {Solar	  Varia7ons,	  Aerosols,	  …}	  
– Longwave	  {Greenhouse	  Gases}	  
– Other	  {Con7nents,	  Glacial	  Distribu7on,	  …}	  

•  Feedbacks	  
– Fast	  (months	  to	  years)	  {WV,	  Clouds,	  Snow,	  Sea-‐Ice}	  
– Slow	  (decades	  to	  millennia)	  {Veg.,	  Land	  Ice,	  CH4}	  

•  Ocean	  Mixing	  
– Ver7cal	  hea7ng	  of	  ocean	  {where	  &	  how	  deep}	  

•  Natural	  Variability	  {ENSO,	  NAO,	  PDO,…}	  
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Understanding	  Earth’s	  Deep	  Past,	  NRC	  (2011)	  



Uncertain7es	  in	  Ingredients	  

Kiehl	  (2007)	  

Uncertainty	  in	  Feedbacks	  

U
nc
er
ta
in
ty
	  in
	  F
or
ci
ng
	  



CO2	  ~30	  MYa	  

IPCC	  (AR5)	  Representa7ve	  Concentra7on	  Pathways	  



Examples:	  Past,	  Present	  &	  Future	  



Forcing	  of	  the	  Past	  
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CCSM3	  Simula7ons	  



A Warning from Deep Time?
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Courtesy of Karen Bice (2008)
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Kiehl	  &	  Shields	  (2013)	  

Proxy	  Es7mates	  

Process	  Study:	  Role	  of	  Aerosols	  &	  Clouds	  in	  Deep	  Time	  





Meehl	  et	  al.	  (2009)	  

Hansen	  et	  al.	  (2011)	  



Meehl	  et	  al.	  (2013)	  



Peacock	  (2012)	  

CCSM4	  Annual	  Mean	  [(2090-‐2099)	  –	  (1990-‐1999)]	  

5	  member	  
ensemble	  



Peacock	  (2012)	  



Meehl	  et	  al.	  (2013)	  

CESM1	  3-‐member	  
CCSM4	  5-‐member	  



Meehl	  et	  al.	  (2013)	  



Arc7c	  Sea	  Ice	  Extent	  

Antarc7c	  Sea	  Ice	  Extent	  

FMA	   ASO	  

FMA	   ASO	  

Meehl	  et	  al.	  (2013)	  



Process	  Studies	  to	  	  
Understand	  the	  System	  

Meehl	  et	  al.	  (2011)	  



Ensembles	  



Deser	  et	  al.	  (2012)	  

Ensemble	  of	  40	  CCSM3	  simula7ons	  -‐	  Temperature	  



Deser	  et	  al.	  (2012)	  

Ensemble	  of	  40	  CCSM3	  simula7ons	  -‐	  Precipita7on	  



But	  ensembles	  may	  hide	  
some	  interes7ng	  features!	  

Vavrus	  et	  al.	  (2012)	  

September	  sea-‐ice	  extent	  



US South West 
Is the current drought just the start? 

Seager et al. 2007 

IPCC Distribution Multi-Model Outlook: 



Seager 
et al. 
(2007)



An	  Ever	  Expanding	  the	  Menu	  



Earth	  System	  Modeling	  



Northern	  Hemisphere	  Permafrost	  Extent	  

Meehl	  et	  al.	  (2013)	  



Atmospheric	  Concentra7on	  of	  CO2	  
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Loss	  of	  Global	  Sea	  Ice	  
and	  Snow	  Cover	  

Loss	  of	  Glacial	  Ice	  

Methane	  Release	  (?)	  

Poten7al	  Nonlinear	  Changes	  in	  Global	  Surface	  Temperature	  



May	  You	  All	  Become	  Good	  Chefs!	  


