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Talk Outline

• Terrestrial carbon cycle

• Stocks

• Fluxes and productivity

• Case study – tropical savanna
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Carbon fluxes and pools
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• GPP = carbon input into ecosystem
• NPP = GPP - Ra

• NEP = NPP – Rh or
• NEP = GPP – Ra – Rh � sink strength

• NBP = NEP – D � sink strength

• GPP = NEP + Re, where Re=Ra+Rh

Production indices

Measured by flux tower Measured by flux tower 

Derived from flux measuresDerived from flux measures



Whole-plant photosynthesis

• Drivers
– Radiation

– Rainfall
– VPD

– PAM / PAN
– LAI / phenology

– Atmospheric CO2 concentration



Whole-plant respiration

• All tissues respire - internal carbon balance
• 30-60% of daily carbon gain by photosynthesis 

(gross photosynthesis) lost via respiration
• Respiration

– maintenance respiration 
– growth respiration (growth ‘costs’)
– temperature dependence

• Tends to increase with age as increased 
biomass of non-photosynthetic material

• Tropical regions - respiration significant, high 
nocturnal temperature



Savanna carbon balance

Seasonal patterns of production



Seasonality – Leaf Area Index
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Seasonality -
leaf 

photosynthesis

E. tetrodonta E. miniata

Semi-deciduous
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Seasonality - tree increment
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Seasonality – fine root turnover
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Seasonality – soil respiration
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Soil respiration
Ra (roots) + Rh

For savanna,

Rsoil= f(water, Tsoil)

Savanna soils
Rsoil

y = 0.35x - 5.26
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Carbon fluxes – inventory approach
Tropical savanna

Dry season Wet season

Chen et al. (2003)
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Julian day of Year
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Carbon fluxes – micrometeorology approach

Beringer, Hutley et al. 2007



Stocks and fluxes
 Habitat 

 Boreal1 Temperate1 Wet 
Tropical1 

Wet-dry Tropical2 

     
 Evergreen 

coniferous 
Deciduous 
Broadleaf Rainforest Tall-grass 

savanna 
 forest forest   

Carbon stocks (t C ha-1)     

Above-ground biomass 49.2 79 217 34 

Below-ground biomass 18.2 50 105 17 

Total Biomass 67.4 129 322 51 

Soil carbon 390.4 56 162 150 

     

Ecosystem total 458 185 484 201 

     

Productivity (t C ha-1 y-1)  

GPP 9.6 17.3 30.4 20 

NPP 5.2 9.4 15.6 10.1 

Respiration 9.0 11.4 24.6 17.2 

NEP 0.7 5.8 5.8 2.8 

     

NPP/GPP 54% 55% 51% 51% 

 



Effects of 
burning ?

•Not specifically 
examined in previous 
measures

•Impact on C cycle ?

•NBP estimate



Terrestrial ecosystems
carbon sink dynamics

• What is the global 
distribution of NEP?

• Climate change 
may alter 
balance between 
Re and GPP



Eddy covariance sites – Fluxnet
Global measurement of GPP, NEP, Re



Ozflux – Australian flux stations

TERN 2010-2012


