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|sotopic fractionation during evaporation from the ocean
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Wind-speed dependent parameterization of k;,, (and especially the
discontinuity) is not in line with observations
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Fig. 2. Variation of the kinetic fractionation factor for oxygen 18, kw,, with the friction velocity or the mean wind speed
atz = 10m.
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Measured vapor isotopes match better with smooth regime
parameterization
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A new theoretical framework for parameterizing K,

Steps:
1) Deduce the friction velocity based on wind speed

2) Use the momentum flux equation to derive the eddy viscosity profile and the fraction of
momentum flux carried by waves at the surface

3) Use the resulting eddy diffusivity profile in the scalar flux equation, along with a
component of the scalar flux associated with waves

4) Use this equation to derive the scalar transfer coefficient C, ,which depends explicitly on
the scalar diffusivity.



Momentum flux equation over a wall
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Momentum flux equation with wave component

Cifuentes-Lorenzen et al. (2018)
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Momentum flux equation with wave component
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Momentum flux equation with wave component

Cifuentes-Lorenzen et al. (2018)
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Momentum flux equation with wave component

Cifuentes-Lorenzen et al. (2018)
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Assumptions
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Finding a,
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Scalar (/water isotope) flux equation
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Result: weak dependence of k;,, on wind speed
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Result: weak dependence of n on wind speed
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Result: weak dependence of n on wind speed
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ICAMS simulations
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Summary

« We developed a new framework for parameterizing nonequilibrium
fractionation during evaporation from the ocean, which explicitly
accounts for waves.

 The new scheme simulates a slight decrease in the strength of
nonequilibrium fractionation with wind speed, similar to the smooth
regime parameterization by Merlivat & Jouzel (1979).

« This is in line with measurements of vapor isotopes in the near-
surface boundary layer (e.g., Pfahl & Wernli, 2009; Uemura et al.,
2010; Steen-Larsen et al., 2014; Bonne et al., 2019; Posters by
Sebastian Los and Daniele Zannoni).

14



