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Stable Water Vapor Isotopes Database



Background

 Deuterium excess: A measure of the abundance 

of the D isotope relative to the 18O isotope. This 

relative abundance is in reference to the global 

mean meteoric water line:  dx = dD – 8×d18O

 Properties: 

 Equilibrium fractionation does not change 

deuterium excess

 Kinetic fractionation causes dx in the vapor 

phase to increase and dx in the liquid phase 

to decrease
Source: Craig (1961)
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Isotopic interactions between three pools of water 

(soil, ABL and free atmosphere) 
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Rayleigh distillation 

Airmass advection

Pseudo-adiabatic accent 

during moist convection
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Deuterium excess of water vapor, Lake Taihu

Xiao, Lee, Hu et al. (2012): J Geophysical Research -- Atmospheres



A cross-site analysis of dx of vapor near the ground
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A cross-site analysis of dx of vapor near the ground

Diurnal Composite with mean removedDiurnal Composite

Source: Welp, Lee, Griffis et al. (2012): Global Biogeochemical Cycles



Deuterium excess of transpired water according to the SiLSM model 

Sources: Welp, Lee, Griffis et al. (2012): Global Biogeochemical Cycles; 

Xiao, Lee, Griffis et al. (2010) J Geophysical Research- Biogeosciences



A cross-site analysis of dx of vapor near the ground

Source: Welp, Lee, Griffis et al. (2012): Global Biogeochemical Cycles



Trajectory analysis of atmospheric moisture source and 

transport: study sites
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Trajectory analysis of atmospheric moisture source and 

transport: Conceptual framework
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Deuterium excess of evaporated vapor over the ocean and the land

Sources: Aemisegger et al. (2014) Atmos Chem Phys; Pfahl and Sodemann (2014), Atmos Chem Phys 
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Trajectory analysis of atmospheric moisture source and 

transport: trajectory patterns (August)

Mase, Japan Luancheng, China New Haven, USA
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An isotope coupled LSM–LES-Cloud modelling system 

(ISOLESC)
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Isotopic interactions among water pools
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ISOLESC model outputs
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Validation of ISOLESC
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18O and deuterium excess of ET
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18O and deuterium excess of surface water vapor 

in two cloud-free ABLs
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Time evolution of 18O and dx of water vapor 

in two cloud-free ABLs
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Relative humidity in the sub-cloud and cloud layers
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Parameterizations of raindrop evaporation

18O of raindrop      Deuterium excess of raindrop

Solid lines: fine grids

Dashed lines: coarse grids



Summary

 Entrainment and land evapotranspiration are contributors to dx diurnal 

variations

 Vapor dx is a robust tracer of oceanic moisture sources but has limited ability 

to explain continental moisture sources

 Raindrop evaporation will reduce the deuterium excess of rainwater

 The ISOLESC model hypothesizes that water vapor in the free atmosphere has 

large dx values




