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Year 2050:  
ΔCO2 ~200 ppm 



How will increased atmospheric  
CO2 affect forests? 

• Expected fertilization effect on photosynthesis 
(carbon assimilation) 

• Potential for added carbon sequestration if forest 
carbon pools are increased  

• However, sequestration may be limited due to: 
– Allocation to labile carbon pools 
– Nutrient limitations 
– Photosynthetic downregulation 
– Other disturbance factors 





Free Air CO2 Enrichment (FACE) experiments 
30m diameter circular plots 
[CO2] 200 ppm above ambient 











Enhanced aboveground productivity 

Elevated CO2 

Soil N fertilization 

Total Belowground Carbon Allocation 
 
TBCA = Soil CO2 efflux (respiration) 
             - leaf litterfall 
             + Δ(root, litter, soil C) 



General effects of increased atmospheric CO2 

• Increased aboveground biomass 
– Relatively stable 

• Increased leaf production 
– Relatively labile 

• Increased root production 
– Fine roots labile 
– Coarse roots stable 
– Source of respiration 

• Increased root exudates  
– Very labile 
 

• Increased supply of labile carbon to soil: 
– Induces soil priming 
– Changes in soil microbial communities 

 



Modeling soil organic carbon 

Carbon, Organisms, Rhizosphere, and Protection in 
the Soil Environment (CORPSE; Sulman et al. 2014) 
• Independent temperature & moisture 

sensitivities for different carbon classes 
• Integrates rhizosphere processes and microbial 

influences on soil carbon stabilization  
• Functions at stand-level or integrated into global 

land surface models 





Duke Forest FACE 
 
Recalcitrant litter (pine) 
Low clay content 
 
Small increase in protected C 
Large losses through priming 

Oak Ridge FACE 
 
Labile litter (broadleaf) 
High clay content 
 
Moderate increase in protected C 
Small losses through priming 



Increases in soil C stocks  
due to enhanced NPP 

Changes in soil C stocks due to  
enhanced rhizosphere C supply  
 
Priming effects lead to C  
losses in many areas 

Relative effect of rhizosphere  
Activity as a proportion of  
CO2 effect 

30-year simulated soil carbon dynamics 



http://www1.ncdc.noaa.gov/pub/data/cmb/images/indicators/global-temp-and-co2-1880-2009.gif 



Coweeta Hydrologic Lab (LTER: CWT) 
Established 1934  
(when ambient CO2 ~ 310 ppm) 
 
MAP: 1800 mm 
MAT: 12.7  
January: 2.7 
July: 21.4 
http://www.lternet.edu/lter-sites 



Possible loss of shallow soil C 
since 1980s 

Loss of deeper soil C through mid-
1980s in different aged plots 
 
Possible stabilization of total soil C 

Data courtesy of Jennifer Knoepp  



Coweeta Tower, NC, USA    2000-2011

Mean April air temperature (C)
DOY 91-120
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MODIS data from Hwang et al., Global Change Biol. 2014 



http://phenocam.sr.unh.edu/webcam/sites/coweeta/ 



Total NEE  
to DOY 300 

(g C m-2) 

2012 342 

2013 333 

2014 448 



Summary 

• Aboveground biomass gains expected under elevated 
CO2  

• Belowground carbon dynamics will vary 
– Added carbon supply may be stabilized in protected forms 

– Added carbon supply may stimulate turnover of soil 
carbon 

• Overall effects of climate change on soil carbon will 
depend on: 
– Climatic drivers (CO2, temperature, water) 
– Soil properties and vegetation 
– Land use history 
– Disturbance (pests, storms, etc.) 
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