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Carbon Budgets 
 
Objectives  - You should know: 
 
• Why we are interested in carbon budgets 
• The components of a carbon budget, and their relative magnitudes 
• How to construct a carbon budget 
• What regulates the component processes (photosynthesis, respiration, allocation) at small 

scales (for example, a leaf on the order of seconds) and larger scales (a forest one the scale of 
years) 

• The sources of uncertainty in constructing carbon budgets 
• Differences in C budgets among ecosystems 
 
Why we are interested in carbon budgets 
 
Fixed C is the source of almost all energy for life. 
Economic yield of crops depend on C uptake and allocation 
Terrestrial vegetation store large amounts of carbon - and fluxes may be sensitive to the 
environment. 
 
The components of a carbon budget, and their relative magnitudes 
 

Ignoring photorespiration, 
Pg = NPP (stems + leaves + roots + 
fruits) + ∆Storage + Respiration 
(stems + leaves + roots + fruits) + 
exudates 
 
 
 
 
 
 
 
 
 
 
 

How to construct a carbon budget 
 
Pg - eddy covariance; models based on climate, leaf area, leaf area distribution, photosynthetic 
capacity 
 
Summation method:   
 
Aboveground NPP - generally measurements of biomass increment and litterfall  
 
Aboveground Ra - measurements of component parts, or models 
 
 



Like measuring the flow of water into a tub from an underwater 
faucet (= outputs – inputs + storage change)
TBCA = FS - FA + storage change
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Storage:

How do we Measure? Belowground Allocation
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Fertilization increased growth and 
respiration (by increasing leaf area and 
photosynthesis and by changing allocation)
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Same data so you can compare components
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Eucalyptus Carbon Allocation (% of GPP)

With continued fertilization, wood was 21% 
of GPP, instead of 15%--enough for 50 T ha-1

more wood in 6 years!
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Most of the increased allocation to wood 
came from decreased allocation to 
belowground
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TBCA – From carbon 
balance approach 
 
 
NPP =~ Ra 
Wood NPP – 20% 
TBCA: 50% 
Ra 50% 
Foliage NPP < 10% 
 
 
 
 
 
 
 
 

 
Examples: Fertilized and unfertilized Eucalyptus, Hawaii 
 
 

 
 
 
 
 



What regulates the component processes (photosynthesis, respiration, allocation) at small 
scales (for example, a leaf on the order of seconds) and larger scales (a forest one the scale 
of years) 
 
Small scale: 
 
Photosynthesis - think capacity and performance 

Capacity - Enzyme concentration and chlorophyll content, both correlated with canopy N 
Performance - light, stomatal opening (humidity, soil water), [CO2] 

 
Respiration - think construction and maintenance, but remember that R is likely substrate and 
sink limited 

Construction - amount of tissue and its chemical composition 
Maintenance - cellular activity, related to N content. 

 
Allocation - regulated by nutrition, phenology, environment. 
 
 
Large scale: 
 
Photosynthesis - Energy absorbed (a function of LAI and light), climate, hydraulic regulation 
 
Respiration - about 50% of photosynthesis, but not likely fixed. 
 
Allocation - regulated by nutrition, environment, and genetics. 
 
Always think one scale down (what is the mechanism) and one scale up (does X have an impact 
on the whole plant? Some other component of the ecosystem?) 
 
The sources of uncertainty in constructing carbon budgets built from measurements 
 

Distribution of samples in space and time  
 
Measurement error in flux rates 
 
Error in biomass estimates 
 
Error in scaling models to canopy, and in time. 

 
Differences in C budgets among ecosystems 
 
Pg in forested ecosystems varies from about 0.5 - 6 kg C m-2 yr-1 
 



 


