
S
ta

b
le

Is
o
to

p
e 

T
ra

ci
n
g

W
an

ek
 2

0
0
9
/1

0

Isotope Hydrology

Wolfgang Wanek 

University of Vienna
Department of Chemical Ecology 

& Ecosystem Research 



S
ta

b
le

Is
o
to

p
e 

T
ra

ci
n
g

W
an

ek
 2

0
0
9
/1

0 Stable isotopes in water
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0 Stable isotopes in water

11HH
1616OO

11HH

99.8 %99.8 %

1818OO
11HH

11HH

0.2 %0.2 %22HH

11HH

1616OO

0.015 %0.015 %
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0 Equilibrium IE

Saturation vapor pressure of “heavy” water is less
than saturation vapor pressure of “light” water
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0 Equilibrium IE
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0 Kinetic isotope fractionation

Diffusion is sensitive to molecular mass, isotopically light 
water diffuses faster than isotopically heavy water; related 
to evaporation when air humidity is less than 100% or wind 

H2O H2ODH2O

DHO DHODD2O

Kinetic fractionation factor

028.012 =−=
DHO

OH
k D

D
ε 28‰



S
ta

b
le

Is
o
to

p
e 

T
ra

ci
n
g

W
an

ek
 2

0
0
9
/1

0 Closed system fractionation

Water
vapor

Liquid water
Instantaneous

Cumulative
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0 Controls of rainwater δ18O

1.Seasonal effect
2.Continental effect
3.Altitudinal effect
4.Latitudinal effect
5.Amount effect

Controlling factors behind these effects are (i) 
temperature controlling αEqu, and (ii) the
fraction Fv of original water vapor
remaining in the air parcel undergoing
precipitation i.e. rainout effect.
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0 Temp.-dependence of Equil. IE

Isotopically heavier molecules are more strongly bonded and 
have lower zero point energies (ZPE, potential energies) than
lighter molecules, due to lower vibrational energy at higher
masses; ZPE differences of isotopically different molecules
decrease at higher temperatures i.e. αEQU decrease
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0 Rainout processes

Increasing rainout

Rain (product) is more
enriched in heavy
isotope as water vapor
(source), vapor
therefore becomes
increasingly depleted in 
heavy isotopes
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0 Seasonal effect

Dependent upon the temperature of condensation at 
which rainfall forms, low T/winter – high αEQU, high 
T/summer – low αEQU. Additonally: source regions may
differ, evaporation during rainfall may enrich rain during
summer, and in summer more recycled water condensed
at higher higher T
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0 Continental effect

Meteoric water becomes more depleted farther from the source
(ocean) of water vapor – rainout (enriched) depletes vapor resource, 
consecutive rainevents become more depleted. BUT: recycling of 
evapotranspired vapor e.g. Amazon
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0 Altitudinal effect

Increased rain at higher elevations due to 
adiabatic cooling of air mass below the
dew point in orographic precipitation
systems
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0 Latitudinal effect

Due to increased rainout and decreased temperatures of 
condensation at higher latitudes, causing higher αEQU. 
T effect: δDprec=5.6‰/°C, δ18Oprec=0.6‰/°C



S
ta

b
le

Is
o
to

p
e 

T
ra

ci
n
g

W
an

ek
 2

0
0
9
/1

0
Global extrapolation of latitudinal, altitudinal
and continental effects

18O signature of precipitation (annual volume weighted)

GNIP - global network of isotopes in precipitation
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0 Global meteoric water line

SMOW - standard mean ocean water - is (i) the reference
material against which we measure other waters and (ii) the
source of water vapor

Co-fractionation of D 
and 18O during
evaporation and 
condensation
processes

D excess
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0 Global meteoric water line
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0 D excess
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0 Evaporation

Kinetic isotope fractionation during evaporation is similar
for both, δD (25.1‰) and δ18O (28.5‰) while equilibrium
isotope fractionation differs by a factor of ~8‰
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0 Surface waters

Relative humidity controls the deviation of 
The evaporation line from GMWL
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0 Leaf water enrichment

δ18O
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0 Local meteoric water lines
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0

18O as tracer for

1. Climate (ice cores, wood
cores)

2. Hydrological processes

3. Plant water sources

4. Animal origin
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0 Climate proxies
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0 Vostok ice core
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0 Animal migration and origin

Monarch butterflies:
data linked monarch natal
origins with wintering colonies; 
wintering spots in Mexico
Hobson et al. Oecologia (1999) 120:397±404
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0 Plant water sources

1. Different isotope signatures 
of moisture sources 
(temperature-dependent)

2. No Δ due to plant water 
uptake and transport

3. Xylem water = source water
4. Leaf water enrichment, 

dependent on transpiration,
and microclimate

5. 18O incorporation from leaf 
water into sucrose and later 
leaf or wood cellulose (18O 
enrichment by +27‰)

6. But 18O exchange reactions 
during cellulose synthesis


