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The Role of Forests in the Global C Budget 
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Pan et al. 2011 Science 



The Role of Forests in the Global C Budget 

Persistent uptake /  
increasing sinks?  
• Fertilization from increasing 

atmospheric CO2 and N 
deposition 

• Favorable climate conditions 

• Longer growing seasons 

• Vegetation dynamics / plant 
migration 

• Forest management, carbon 
storage 

Weakening sinks /  
increasing sources?  
• Atmospheric pollution 

• Unfavorable climate 
conditions 

• Disturbances (fire, insects, 
disease, storms, etc.) 

• Deforestation / land use 
change 

• Logging, resource 
extraction, degradation 



Diagnosis, Attribution & Prediction 

Strengths & weaknesses of alternative approaches 
(Hayes et al. 2012 GCB) 



Multi-scale Synthesis & Terrestrial Model 
Intercomparison Project (MSTMIP) 

Huntzinger et al. 2013 GMD 



MSTMIP Formal Simulation Protocol 

Huntzinger et al. 2013 GMD; Wei et al., 2013 ORNL DAAC 



Methods: Model estimates vs. Inventory 

Pan et al. 2011 Science 

Summary & Analysis 
• Carbon stock change in 

vegetation & soils (wood 
products N/A) 

• Annual averages per decade: 
1980s, 1990s, 2000s 

• Time-varying forest mask of 
0.5o grid cells as “inventory 
region” for model estimates 

• Forest area divided into biome 
+ country / region for 21 
reporting units 

• Uncertainty in model 
estimates calculated as 1 σ 
around the mean of model 
results across the ensemble 



Methods: Model estimates vs. Inventory 

Change in forest AREA, 1980 – 2010 



Methods: Model estimates vs. Inventory 

Change in forest MASK, 1980 – 2010 



Carbon sinks and sources in the world’s forests: comparing national / regional 
inventory estimates of total carbon stock change (PgC yr-1) for the 1990’s and 2000’s 
against the mean and standard deviation of estimates from the MsTMIP ensemble. 







Driver Effects 

• Effect of Climate, CO2, Land use change, and N deposition on 
model estimates of ∆ Total Forest Carbon (Pg C yr-1) per decade 

Boreal Temperate Tropical 



Model Sensitivity 

Climate Effect 
CO2 Effect 

Land Use Effect N Dep Effect 



Challenges and Opportunities 

Hayes and Turner, 2012 Eos Trans. AGU 



MSTMIP 
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