
Stable water isotopes in idealised cyclones 

Marina Dütsch             3.12.2014 
Stephan Pfahl, Harald Sodemann, Heini Wernli 



Stable water isotopes 

H2
16O, HD16O, H2

18O 
 
•  Different mass and symmetry  

! Isotopic fractionation during phase transitions 

•  Can be used to reconstruct temperature from 
measurements in paleoarchives (ice cores, tree rings) 

•  Provide information about cloud microphysics, water 
transport and moisture sources 



Equilibrium effect 
•  Heavy isotopes have 

stronger binding energies 

  
 

Isotopic fractionation 
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Isotopic fractionation 

H2
16O, HD16O, H2

18O 
 

Equilibrium effect 
•  Heavy isotopes have 

stronger binding energies 
  
Nonequilibrium effect 
•  Heavy isotopes have slower 

diffusion velocities 
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Definitions 

Deuterium excess 

18R =  
[H2

18O] 
[H2

16O] 
2R =  

[HD16O] 
[H2

16O] 

δ  =  
Rsample - Rstd 

Rstd 

d = δD – 8 " δ18O  

Vienna standard mean ocean water  
(VSMOW) 



The isotopic history of an air parcel 

EV:  Evaporation from ocean/land 
CM:  Cloud microphysics 
RN:  Rain evaporation & equilibration 
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δ(t) = δ0 + EV + CM + RN 



COSMOiso 

Parallel water cycle for HD16O and H2
18O  

! 10 additional prognostic variables (qv, qc, qi, qr, qs) 

adapted from Hoffmann (1999) 
HD16O  
H2

18O 

H2
16O 



Baroclinic channel model 

•  f plane, centered at 45°N 
•  Zonally uniform jet stream 
•  Potential vorticity perturbation 

Perturbation (PV, wind) Basic state (PV, wind) 

! Baroclinic waves 

from Schemm et al. (2013) 



Simulation time t = 0 

Initial conditions: T = f(y,z), RH = f(z), δ18O = 0, d-excess = 0 
 



Simulation time t = 120h 

Initial conditions: T = f(y), RH = f(z), δ18O = 0, d-excess = 0 
 



The isotopic history of an air parcel 

EV:  Evaporation from ocean/land 
CM:  Cloud microphysics 
RN:  Rain evaporation & equilibration 

δ(t) = δ0 + EV + CM + RN 
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δ18O in water vapour 

δ(t) = δ0 + CM + RN + EV 



d-excess in water vapour 

δ(t) = δ0 + CM + RN + EV 



Relative importance of fractionation processes 
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Relative importance of fractionation processes 
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Relative importance of fractionation processes 

z=5.1km 

z=2.1km 

z=0.1km 

δ(t) = δ0 + CM + RN + EV δ18O d-excess 



Next steps 

•  Different initial conditions 
–  Vertical and horizontal gradient of δ18O 

–  How do effects change? 

•  Focus on areas 

–  Cold front 

–  Warm front 

–  Cyclone center 

 
 

 
!  Better understanding of isotope fractionation 

 processes in weather systems 





δ18O in precipitation 

δ(t) = δ0 + CM + RN + EV 



d-excess in precipitation 

δ(t) = δ0 + CM + RN + EV 


