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Why Stable Isotopes in AmeriFlux?

• Quantify contributions of ecosystem component 

to net fluxes

• Identify sources of origin• Identify sources of origin

• Link carbon and water transfer

• Provide mechanistic understanding of the

factors that control gross fluxes
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Terrestrial plant 13C discrimination 

varies with water availability 

This relationship was detected at 

seasonal and interannual scales.

Global 13C inversion analysis 

should consider these 

variability in global land-

ocean CO2 partitioning.



Laser 13CO2 measurements in the Forest Service Climate Change Tower Network 
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Jung et al. Nature (2010) 467:951 



Regional distribution of δ18O in precipitation

This rain signal is then picked up and recorded by biological organisms



Major processes that influence vapor isotopes in the 
atmosphere over terrestrial landscape 

Lai and Ehleringer (2011) Oecologia 165:213-223 



Wind River Canopy Crane

Wind River Canopy Crane, Washington State, U.S.A
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Mass conservation of H2
18O in a plant canopy

A positive isoflux increases 

the δ18O ratio of water vapor 

in the atmosphere

Lai et al. (2006) Plant Cell Environ 29:77-94



What is the source of air moisture?
- convection of upstream moisture
- surface evapotranspiration



Deuterium excess

d-excess is controlled by:

• d-excess = δD - 8*δ18O (Dansgaard 1964)

d-excess

• A diagnostic tracer for the origin of moisture

d-excess is controlled by:

• RH and T at moisture 

source region

• Kinetic processes
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Deuterium excess showed a repeated diurnal pattern:
Each day, lowest and highest values occurring in early 
morning and mid-day, respectively

Lai and Ehleringer (2011) Oecologia 165:213-223

Cryogenic trapping



Model simulation suggests that atmospheric 
entrainment drives the diurnal pattern in d-excess

A negative isoflux

decreases d-excess 

rain

of water vapor

Lai and Ehleringer (2011) Oecologia 165:213-223
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Science issues:

What is the carbon balance of North America?

What is the distribution of sources and sinks?

How do we estimate 
continental C budget by 
upscaling tower fluxes ?

AmeriFlux 
network



Xiao et al. (2011) Agri. For. Meteorol. 151:60 

By combining eddy covariance measurements and MODIS

data to upscale tower fluxes to continental scales, they 

estimate a U.S. terrestrial C sink

0.63 Pg C yr-1



Entrainment Troposphere

CO2
ABL

Tall tower

Atmosphere is an effective integrator of land 
surface productivity – boundary layer approach
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CO2 gradient between boundary layer and free troposphere
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Relationship between growing season precipitation and NEE

The effect of water 

inputs varies among 

sites and between 

scales.


