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DEGRADATION	
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  THERMOKARST	
  METHANE	
  EMISSION	
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CLIMATE	
  POLICY	
  AND	
  UNCERTAINTY	
  



QUASI-­‐LINKED	
  SIMULATIONS	
  WITH	
  	
  
CLM3.5	
  @2°X2.5°,	
  1991-­‐2100	
  

UNCONSTRAINED EMISSION	


TCR	

 Emission	

 Notes	

 Abbreviation	



High (95%)	


Median	



(1330 ppm CO2)	



+17 regional patterns	

 HTCR	


Median (50%)	

 Baseline	

 MTCR	



Low (5%)	

 +17 regional patterns	

 LTCR	



Median (50%)	



High(95%)	


(1660 ppm CO2) 	



MTCR_HEM	



Low (5%)	


(970 ppm CO2)	



MTCR_LEM	



STABILIZATION	


TCR	

 Emission	

 Notes	

 Abbreviation	



High (95%)	

 550 ppm CO2	


Equivalent	



+17 regional patterns	

 H450	


Low (5%)	

 +17 regional patterns	

 L450	



TOTAL	
  NUMBER	
  OF	
  SIMULATIONS:	
  17*4	
  +	
  7	
  =	
  75	
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The	
  change	
  of	
  transforma[on	
  coefficient	
  at	
  CO2	
  doubling	
  normalized	
  by	
  
global	
  temperature	
  difference	
  between	
  the	
  doubled	
  CO2	
  and	
  the	
  20th	
  
century,	
  based	
  on	
  the	
  IPCC	
  AR4	
  archive	
  (~17	
  GCMs).	
  



TREND	
  IN	
  45	
  ~	
  90N	
  NEAR-­‐SURFACE	
  PERMAFROST	
  EXTENT	
  	
  
(FRACTIONAL	
  CHANGE	
  WITH	
  RESPECT	
  TO	
  2012,	
  EXCLUDING	
  GLACIER)	
  



TREND	
  IN	
  45	
  ~	
  90N	
  INFERRED	
  THERMOKARST	
  LAKE	
  EXTENT
(FRACTIONAL	
  CHANGE	
  WITH	
  RESPECT	
  TO	
  2010)	
  



INFERRED	
  END	
  OF	
  21ST	
  CENTURY	
  CHANGE	
  IN	
  METHANE	
  
EMISSION	
  FROM	
  THERMOKARST	
  LAKE	
  EXPANSION	
  

UNCONSTRAINED	


HIGH TCR	



UNCONSTRAINED	


LOW TCR	



STABILIZATION	


HIGH TCR	



STABILIZATION	


LOW TCR	



EPPA	
  GLOBAL	
  HUMAN	
  CH4	
  EMISSION	
  
CHANGE	
  :	
  4TG/YR	
  

EPPA	
  GLOBAL	
  GLOBAL	
  HUMAN	
  CH4	
  EMISSION	
  
CHANGE:	
  349	
  TG/YR	
  

Inferred	
  Lake	
  EMISSION	
  at	
  2010:	
  12	
  Tg/yr	
  



CLIMATE	
  FEEDBACK	
  (STABILIZATION)	
  



SENSITIVITY	
  OF	
  CLIMATE	
  FEEDBACK	
  

2.2	



2.6	



3.4	





SUMMARY	
  
•  UNDER	
  RANGE	
  OF	
  UNCERTAINTY	
  IN	
  TCR,	
  PERMAFROST	
  DEGRADATION	
  OCCURS	
  LINEARLY	
  BETWEEN	
  75%	
  

(LOW	
  TCR)	
  TO	
  NEARLY	
  100%	
  (HIGH	
  TCR)	
  AT	
  2100	
  FOR	
  UNCONSTRAINED	
  EMISSION	
  CASE.	
  	
  EXPANSION	
  
IN	
  THERMOKARST	
  LAKE	
  OCCURS	
  BETWEEN	
  15%	
  UP	
  TO	
  25%	
  FOR	
  THE	
  LOW	
  AND	
  HIGH	
  TCR,	
  RESPECTIVELY.	
  

•  STABILIZATION	
  POLICY	
  COULD	
  WELL	
  PREVENT	
  PERMAFROST	
  DEGRADATION	
  (BETWEEN	
  20%	
  TO	
  40%)	
  AND	
  
THERMOKARST	
  LAKE	
  EXPANSION	
  (BETWEEN	
  5%	
  AND	
  15%).	
  

•  INCORPORATING	
  REGIONAL	
  CLIMATE	
  CHANGE	
  ACCELERATES	
  PERMAFROST	
  THAWING	
  AND	
  INCREASES	
  	
  
(INFERRED)	
  LAKE	
  EXPANSION	
  WITH	
  THE	
  SENSITIVITY	
  OF	
  THE	
  LATTER	
  MUCH	
  STRONGER.	
  

•  FOR	
  UNCONSTRAINED	
  EMISSION	
  CASE,	
  INCREASE	
  IN	
  LAKE	
  METHANE	
  EMISSION	
  IS	
  NEGLIGIBLE	
  COMPARED	
  
WITH	
  HUMAN	
  GLOBAL	
  CH4	
  EMISSION	
  INCREASE	
  (~	
  345	
  TG).	
  HOWEVER,	
  THE	
  MAGNITUDE	
  IS	
  
COMPARABLE	
  FOR	
  STABILIZATION	
  CASE.	
  	
  

•  UNDER	
  THE	
  UNCERTAINTY	
  OF	
  TRANSIENT	
  CLIMATE	
  RESPONSES,	
  EMISSION,	
  AND	
  REGIONAL	
  CLIMATE	
  
CHANGES,	
  OUR	
  MODELED	
  EVIDENCE	
  INDICATES	
  THAT	
  THE	
  INCREASE	
  IN	
  CH4	
  EMISSION	
  DUE	
  SOLELY	
  TO	
  THE	
  
EXPANSION	
  OF	
  THE	
  THERMOKARST	
  CH4-­‐EMITTING	
  LAKES	
  HAS	
  LITTLE	
  (IF	
  ANY)	
  FEEDBACK	
  TO	
  CLIMATE	
  
WARMING.	
  	
  

•  SENSITIVITY	
  EXPERIMENTS	
  SHOW	
  THAT	
  THE	
  INCREASED	
  CH4	
  EMISSION	
  FROM	
  THERMOKARST	
  LAKE	
  
EXPANSION	
  HAS	
  TO	
  BE	
  AROUND	
  100-­‐FOLD	
  OF	
  CURRENT	
  ESTIMATE	
  TO	
  HAVE	
  ANY	
  DISCERNABLE	
  
TEMPERATURE	
  RESPONSE.	
  	
  


