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Vienna Standard Mean Ocean Water (VSMOW)
2H/1H = 155.76± 0.1 ppm         (a ratio of 1 part per approximately 6420 parts)
18O/16O = 2005.20 ± 0.43 ppm ( a ratio of 1 part per approximately 498.7 parts)

Isotopes in water
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(Craig 1961)

400 samples of water from rivers, lakes, and precipitation. 

Global Meteoric Water Line
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Rainout: invariant with respect to the d‐excess. 
Transpiration: no change in the d‐excess. 
Evaporation: The evaporated waters usually have a higher 
deuterium‐excess value. 

Deuterium‐excess （过量氘）

d = δD – 8 δ18O

(Dansgaard 1964; Gat et al. 1994)
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Lake and river surveys

Dots: lake survey sites   Blue: inflow rivers
Green: outflow rivers   Red: inflow/outflow rivers

Whole‐lake survey: 
29 sites
Since August 2011 
Seasonally (Feb, May, 
Aug, Nov)

River survey: 
51 rivers
27 inflow rivers
21 outflow rivers
3 inflow/outflow rivers
Since May 2013
Seasonally (Feb, May, 
Aug, Nov)
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Inflow and outflow water budget of Lake Taihu

Water diversion from Yangze river to Lake Taihu（引江济太）
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Seasonal mean spatial patterns of the lake water isotope

δDL dLδ18OL

Note: Mean value of 12 seasonal lake surveys (Aug 2011 to Jun 2014)

Inflow region:     lower δDL and δ18OL, higher dL

Outflow region:  higher δDL and δ18OL, lower dL

water in the outflow region: stayed in the lake, underwent more 
evaporation, so d became lower.   
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Seasonality of meteorological variables, lake and river water isotopes
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Difference of lake water isotope between inflow and outflow regions

 The Gradients of δD and δ18O were low in warm seasons and high in cold seasons. 
 d‐excess gradient is high in cold season is high low in warm season.
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(Craig & Gorden, 1965)

A laminar layer model for an isolated liquid

Molecular 
diffusion

Molecular 
diffusion

Turbulent or 
eddy diffusion

Turbulent or 
eddy diffusion

Equilibrium 
fractionation
Equilibrium 
fractionation

Kinetic
fractionation
Kinetic
fractionation
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Equilibrium fractionation effect

The fractionation factor between liquid (or solid) and vapor at 
equilibrium. 
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(Majoube 1971)



Kinetic fractionation effect
Due to different molecular diffusion rate of the heavier (HDO and H2

18O) 
molecules and the lighter (H2

16O) molecules at the air‐liquid interface.    

The determination of εk requires the characterization of the degree of 
molecular and turbulent diffusion.
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(Merlivat and Jouzel, 1979)

Regression fit to the kinetic fractionation 
factors produced by the Merlivat and Jouzel
(1979) smooth regime model for 
evaporation from a water surface.
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δE: isotopic composition of evaporation
δL: isotopic composition of lake water
δa: isotopic composition of atmospheric vapour

h: relative humidity reference to water surface temperature

εk: kinetic fractionation factor
εeq, αeq: equilibrium fractionation factors

(Craig & Gordon, 1965)23 April 2015 22YNCenter Video Conference

Craig‐Gordon model:
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The experiment site (31o24′N, 120o13′E) was in the north part of Lake Taihu, 
which is the third largest freshwater lake in China, with a water surface area of 
2400 km2 and a mean water depth of 1.9 m

In‐situ measurement of isotopic water vapor and evaporation

200 m

EC

GD

http://ditu.google.
cn
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water surface

1.1m

3.5m

• The key instrument was a water vapor analyzer 
based on the off-axis integrated cavity output 
spectroscopy.

• The analyzer switched between the two intakes at 
the 1.1 and 3.5 m height above water surface every 
30s, measuring the H2

16O, HDO and H2
18O water 

vapor mixing ratios. 
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Instrument
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The flux-gradient method was used to obtain the isotopic compositions of lake 
evaporation. Buffer volumes were used to improve the accuracy of the gradient 
measurement. Small short tubing was used between the manifold and the 
analyzer to minimize the transient time between valve switching. 
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Schematic Design Diagram



Instrument Performance (1/2)

To eliminate the effect of 
non-linearity and signal drift, 
we calibrated the analyzer 
every 3 h against 5 water 
vapor standards of identical 
isotopic compositions.
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When measuring the 
ambient air, the manifold 
switched between the two 
intakes every 30 s. 
The measurement 
approached steady state in 
less than 10 s after each 
switching. 

Calibration gases: 

Ambient air:



Instrument Performance (2/2)
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The analyzer displayed nonlinear behavior. The measured δ18O and 
δD  of the calibration gases ranged from -8.0 to -6.1‰ and -45.2 to 
-43.3‰, respectively. The true values were -7.0‰ and -44.0‰, 
respectively.

Non‐linearity & calibration



Calibration methods
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Step 1: calibrate the ambient air using calibration gas 1 & 2

Step 2: calculate the isotopic value of ambient water vapor

Step 3: calculate the isotopic value of evaporation 



Validation of CG model

Note: continuous days, DOY 225‐233, 482‐530, 1000‐1020



Tuned CG model: εk18O + 2  ‰, εkD default. 

Sensitivity analysis on kinetic fractionation factors
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Isotopic mass balance equation
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Data source:
S, ΔS, I: Taihu bureau
P: mean precipitation of Wuxi, Dongshan and Huzhou meteorological station
E: Priestly-Taylor equation based on the MLW observation
O: calculated using water mass balance equation
Δ(SδS) : Δ(SδS) =ΔS*δS+ S*ΔδS, first interpolate seasonal lake water isotope to daily value, then calculate monthly average 
δS and ΔδS (month end – month begin) based on the daily data. 
δDP, δ18OP: calculated from monthly mean air temperature and month total sunshine duration using the regression 
equation of Liu et al. (2014), calculated δDP for Wuxi, Dongshan and Huzhou respectively, then got mean value.
δDI, δDO, δ18OI, δ18OO: interpolated to daily value from seasonal lake survey, then calculate month mean using daily data.
δDE, δ18OE: calculated using isotopic mass balance equation. 

Isotopic mass balance method
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Flux weighted isotope based on tuned CG model  
δDE = ‐86.7 ‰ 
δ18OE = ‐15.8 ‰

Sensitivity analysis on precipitation isotope
δ18OP = ‐1.8 ‰

Isotopic mass balance method 
δDE = ‐86.2 ‰ 
δ18OE = ‐23.1 ‰

Isotopic mass balance method vs Craig‐Gorden model 

Results of May 2013



Thanks for your attention!

http://yncenter.sites.yale.edu
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