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Annual global surface temperature 
anomalies, 2011 

The largest and most extensive warming (indicated in shades of red) was concentrated in the Arctic.  
Source: NASA Goddard Institute for Space Studies. 4	  
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Research Questions 

Ø How the land use and land cover in Northern Eurasia 
and the Pan-Arctic will be affected by the global 
natural and anthropogenic changes in this century? 

Ø How the biogeochemical cycles of carbon and water 
will change in these regions during this century? 



General	  Approach	  
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Major Features of EPPA and TEM 

EPPA  
•  Multiple regions - Globe 

divided into 16 economic 
regions 

•  Multiple fuels - Fossil, 
Nuclear, Wind, Solar, 
Biomass, Biofuels 

•  Multiple sectors – Industry, 
Transportation, Households, 
Agriculture,  Forestry 

TEM 
•  Cycling of carbon, nitrogen, 

and water 

•  Spatial information on soils, 
vegetation, climate, 
elevation, atmospheric 
chemistry (carbon dioxide, 
tropospheric ozone) 

•  Coupled with permafrost 
and fire dynamics   
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Major Features of SiBCliM 

  
•  A static envelope-type large-scale bioclimatic model based on 

the vegetation classification of Shumilova (1962) 

•  SiBCliM uses three bioclimatic indices: (1) growing degree-days 
above 50C; (2) negative degree-days below 00C; and (3) an annual 
moisture index (ratio of growing degree days above 5oC to annual 
precipitation) 

•  SiBCliM  has been updated to include permafrost (the active 
layer depth) 
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Fire & Vegetation Shifts 

Fire assumed to be associated with 62 vegetation transitions! 



a)	  Atmospheric	  CO2	  concentraPons	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  b)	  AOT40	  ozone	  index	  

c)	  Global	  mean	  air	  temperature	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  d)	  Global	  mean	  precipitaPon	  
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Summary	  1	  
•  Climate-induced vegetation shifts in Northern Eurasia  
 

–  Decreases area of tundra and boreal forests 
–  Increases area of temperate forests and grasslands 
 

•  Impacts of vegetation shifts on global managed lands 

–  Allows ~6% expansion of food crops and pastures with No Policy 
–  Allows ~25% expansion of biofuels with Policy 
 

       

•  Impacts of vegetation shifts on global terrestrial carbon fluxes 

–  Enhances carbon emissions from some areas and enhances carbon 
sequestration in other areas 

–  Overall, decreases the terrestrial carbon sink by 72% or creates a carbon 
source in Northern Eurasia over the 21st century 

–  Overall, decreases the global terrestrial carbon sink by 27-41% 
–  Effect of wildfires on carbon budgets from vegetation shifts in Northern 

Eurasia has a large uncertainty 
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      An Integrated Biogeochemistry Model 

(Zhuang et al., 2006) 



Comparison between Simulations and Observation 

(Tang and Zhuang et al., 2010) 



(Zhu and Zhuang et al., 2011) 

20-24 Tg CH4 yr-1  

CH4 Emission 
and consumption  
during the 1990s 
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Annual methane emission and consumption over             
Northern Eurasia during the 21st century 
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Comparison between Observed, Modeled and Satellite 
Evapotranspiration in Northern Eurasia 

(Liu et al., 2013) 
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Summary 2 

•  Current net methane emissions are 20-24 Tg per year  

•  Emissions are projected to increase by 6–51% under 
various wetland extent datasets and climate scenarios 
by the end of the 21st century, relative to present 
conditions 

•  Terrestrial ecosystems ET has decreased from the 
1950s to 2000s in Northern Eurasian  

 



Observational Sites of Methane Fluxes and Environmental 
Variables Used in Methane Modeling 

(Zhu et al., 2013) 



Annual wetland CH4 emissions during 1990-2009   
Based on an Neural Network Approach  

44.0-53.7 Tg CH4 yr-1 

g CH4 m-2 yr-1 
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The delineation 
of the 
watersheds 
across the Pan-
Arctic land 
region, derived 
from HYDRO1K 
dataset 
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Summary 3 

•  Large uncertainty in methane emission quantification 
is due to 1) uncertain wetland /peatland area 
information and 2) uncertain complex hydrological 
dynamics upon permafrost thawing 

•  Net methane emissions over the region significantly 
affect the total radiative forcing  
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