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ARCTIC AND BOREAL LANDSCAPES AND ECOSYSTEMS: 

• Amplified climate warming 

• Permafrost 

• Wetlands and lakes 

• Carbon stores 

• Land use and plant migration 

• Biogeochemistry and natural emissions 

• Potential feedbacks to climate warming? 



MIT Integrated Global Systems Model 



High-latitude amplification to climate warming 

LARGEST INCREASES IN 
TEMPERATURE OCCUR AT 
HIGHER LATITUDES. SLIGHTLY 
MORE PRONOUNCED 
DIFFERENCE WITH LARGER 
CLIMATE WARMING. 



Surface-air temperature changes 



Precipitation Changes 



Permafrost Degradation 



Permafrost and terrestrial carbon stores  

 

Walter et al., 2007 

PERMAFROST	  THAW:	  DOES	  UNLOCKED	  CARBON	  IN	  THE	  SOIL	  SUPPORT	  STRONG	  METHANE	  FEEDBACK?	  



Yedoma Region Frequency Distributions 
2075 Decadal Surface-Air Temperature Change 

Schlosser et al., 2011 



Yedoma Frequency Distributions 
2075 Decadal Average Precipitation Change 

Schlosser et al., 2011 



Relative change in near-surface permafrost extent 
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Relative change in saturated land extent 
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Changes in Methane Emission from Lake Expansion by end of 21st century 
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Inferred	  Lake	  CH4	  2010	  Emission:	  12	  Tg-‐CH4/yr	  

All	  inferred	  emissions	  use	  ebulliNon	  flux	  rates	  
non-‐yedoma	  (NY):	  5.9	  g	  CH4	  m-‐2yr-‐1	  
yedoma	  (Y)	  fringe:	  139	  g	  CH4	  m-‐2yr-‐1	  

EPPA	  GLOBAL	  HUMAN	  CH4	  STABILIZATION	  
EMISSION	  CHANGE	  :	  4TG/YR	  

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



Temperature Feedback from Future Lake-Emission of Methane 

FEEDBACK IS SMALL 



Changes in Soil N2O Emission through 21st century 

•  In absence of  human emission 
constraints, global soil emissions up 
by 50% at 2100. 

•  Notable boreal/Arctic increases at 
southern flank. 

•  Policy works! 
UNCONSTRAINED EMISSION SCENARIO 



Land-use associated with climate/energy policy 

WIDESPREAD EXPANSE OF CLEARED (FORESTED) LAND FOR 
BIOFUELS SEEN AS INCREASES IN ALBEDO. 

PCCR or “Extensification” Scenario at 2050 



Land-use associated with climate/energy policy 

WITH	  BIOFUELS	  

NOTABLE AREAS OF INCREASED ALBEDO ARE BUFFERED OR 
REMOVED IN THE ABSENCE OF BIOFUEL PENETRATION. 

WITHOUT	  BIOFUELS	  

OLSR or “Intensification” Scenario at 2050 OLSR or “Intensification” Scenario at 2050 



Surface-Air Temperature Changes: Land-Use Vs. GHG 

AT 2050 - BIOGEOPHYSICAL LAND-USE 
IMPACTS ON SURFACE TEMPERATURE 
CAN BE LARGER THAN THE 
BIOGEOCHEMICAL/CARBON IMPACT ON 
GLOBAL TEMPERATURE FROM BIOFUELS, 
AND OF THE OPPOSITE SIGN.  



Surface-air temperature changes due to land use 



Plant Migration of Boreal/Arctic Vegetation  

Change in boreal forest area (%) 
early 21st century to the end of  21st century 

Change in Arctic grass area (%) 
early 21st century to the end of  21st century 

Change in albedo 
early 21st century to the end of  21st century 



Closing Remarks 

•  ENHANCED	  ARCTIC/BOREAL	  WARMING	  FROM	  INCREASED	  CONCENTRATION	  OF	  
RADIATIVELY-‐ACTIVE	  TRACE	  GASES.	  

•  MOST	  BOREAL/ARCTIC	  LAND	  AREAS	  WILL	  SEE	  INCREASED	  PRECIPITATION.	  

•  NEAR	  TOTAL	  DEGRADATION	  OF	  NEAR-‐SURFACE	  PERMAFROST	  FROM	  
UNCONSTRAINED	  EMISSIONS.	  	  POLICY	  COULD	  HELP	  THIS	  SUBSTANTIALLY.	  

•  UNLOCKED	  NEAR-‐SURFACE	  PERMAFROST	  AREAS	  WILL	  EMIT	  MORE	  METHANE	  
AND	  (TO	  A	  LESSER	  EXTENT)	  NITROUS	  OXIDE.	  THE	  GOOD	  NEWS:	  ITS	  
TEMPERATURE	  FEEDBACK	  WITHIN	  THIS	  CENTURY	  IS	  SMALL.	  

•  LAND-‐USE	  AND/OR	  BIOENERGY:	  	  LOCALLY,	  IN	  COMING	  DECADES	  –	  
BIOGEOPHYSICS	  WINS	  OVER	  BIOGEOCHEMISTRY	  FOR	  CLIMATE	  “BENEFIT”.	  

•  NATURAL	  MIGRATION	  BY	  END	  OF	  CENTURY	  POTENTIALLY	  AS	  “CLIMATE	  
POTENT”,	  BIOGEOPHYSICALLY	  SPEAKING,	  AS	  HUMAN	  LAND	  USE	  (IN	  2050).	  


