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Effects of surface sublimation and air mass origin on water vapour 𝛿𝛿18O

Sublimation in conditions of drifting and blowing snow

Figure 2: Storm event at Syowa S17 (10-min averages). Dashed vertical lines denote three
cases reproduced in LES simulations (Fig. 3,4).

Figure 1: Measurement setups at three sites in East Antarctica.

Introduction

Snow sublimation is an
important term in the surface
mass balance of snow-covered
regions such as Antarctica. In
conditions of drifting and
blowing snow, sublimation is
enhanced yet difficult to
quantify due to limitations in
measurements and simplifica-
tions in models.
For example, large-scale models
neglect or extremely simplify
the contribution of the saltation
layer to sublimation of drifting/
blowing snow. Although this
layer only comprises the lowest
few centimetres of the atmo-
sphere, it may strongly contri-
bute to sublimation as saltation
events are very frequent and the
concentration of drifting snow is
highest close to the surface.
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Parametrizing sublimation in the saltation layer

Approach of Thorpe and Mason (TM, 1966)
• Solving Eq. 1 and 2 by assuming the

change in particle temperature to be zero
• Sublimation of a drifting snow particle

depends on 𝑅𝑅𝑅𝑅, 𝑇𝑇𝑎𝑎, 𝑑𝑑𝑝𝑝
• Suitable for suspended particles, staying

aloft for a long time
• Can lead to significant errors in the

saltation layer (Fig. 4) where particle
temperatures change along short, ballistic
trajectories.

Field measurements

Large-eddy simulations (LES) reveal significant error in MOST bulk method

Simulation method
• LES domain: 38 x 19 x 18 m3

• Time step: 5 × 10−5 s
• Reproducing field conditions

(u, T, q) in a 10-min steady
state (Case 1)

• Drifting/blowing snow is
modelled as Lagrangian
particles, exchanging mois-
ture, heat, and momentum
with the air (Eq. 1 and 2)

Results
• Latent heat flux increases

with height due to drifting
snow sublimation (Fig. 3e)

• MOST bulk formula strongly
underestimates sublimation
as drifting snow violates
the assumption of a height-
constant flux

• LES and EC measurements
agree reasonably well
although LES is sensitive to
upper boundary condition
for humidity (Fig. 3)

Figure 3: Simulated steady-state average vertical profiles for two
different upper boundary conditions for humidity (Cases 1a and 1b).
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New concept
• Modify the TM formula by including an

empirical term for the change in particle
temperature, to be derived from LES
output:

• Consider several vertical levels in the
saltation layer

• Prognostically compute humidity and air
temperature:

• Estimate drifting snow concentration with
an exponential vertical profile in the
saltation layer

• Assume 𝑑𝑑𝑝𝑝 to follow a gamma distribution
with 𝑑𝑑𝑝𝑝 = 200 μm and 𝜎𝜎𝑑𝑑𝑝𝑝 = 115 μm
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Figure 4: Comparison of LES simulations with transient
particle temperature or the Thorpe-Mason (TM) formula
for Cases 2 and 3.
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Large differences between EC and MOST bulk methods (Fig. 2d) can
arise from

• invalid assumption of height-constant flux in MOST.
• sensitivity of MOST to instrument uncertainties.
• incomplete removal of artefacts (spikes) in high-frequency EC

data if blowing snow reaches sensor height.
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