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6 tree species, 13 chronologies, divers range of site 
conditions (dry/humid, altitude from 480m to 1900m a.s.l.)
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Isotopes in tree-ring studies



δ13C chronologies (raw data)
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Farquhar-model:

δ13Cplant ≈ δ13Catm -

a - (b-a)*ci/ca

a=4.4‰

b=27‰

Photosynthesis A:

A = gCO2*(ca-ci)

gCO2=stomatal 
conductance

A/gCO2=(ca-ci)

Water-use efficiency
W=A/gH2O=(ca-ci)/1.6

W=ca*[b-(δ13Catm-δ13Cplant)/(b-a)]/1.6
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δ13C: time series after correction
for atmospheric δ13C change
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ci: time series of the intercellular CO2-
concentration
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Wi: time series of the water-use efficiency
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Wi: time series of the water-use efficiency, 
species-offset corrected
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Wi: water-use efficiency, average values
for the years 1800, 1900 and 2000
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Wi: water-use efficiency, dependence on 
the atmospheric CO2-concentration



Conclusions (1-4):

1) The water-use efficiency of trees in 
Switzerland increased dramatically in the
last two centuries

2) The increase was independent of 
species, in the order of 35-50%



3) This indicates that trees are transpiring
less water today with important
implications on the water balance

4) More water-saturated soils with less 
capacity to absorb heavy rains and 
increased potential for flooding?



Thank you for your attention

More information on isotope work at PSI can be found at
isotope.web.psi.ch


