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WIND SLAB FORMATION:
WILL NEW EXPERIMENTS IMPROVE IMPLEMENTATIONS IN SNOW-COVER MODELS?
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ABSTRACT: Wind slabs are widespread in snow environments but the physics of what is often called
wind-packing is poorly understood. Yet, wind slabs are of significant importance. An obround wind tunnel
that mimics an infinitely long snow surface was developed to study the process of wind slab formation.
The surface hardness increases - if at all - only slowly when the wind speed is kept below the drifting
snow threshold. On the contrary, surface hardness increases typically from about 0.1 N to around 0.3 N
during drifting snow events with surface density increasing from 60 kg m to about 170 kg m. This indi-
cates that saltation is a necessary condition for wind-packing. Currently, the snow cover model SNOW-
PACK is able to reproduce reasonably well the results from experiments without drifting snow but cannot
replicate yet the observations during drifting snow events. A better representation of wind-packing in
snow models is desirable because it will improve stability assessments. Understanding the formation of
wind slabs is also required to comprehend snow deposition in polar regions and therefore contributes to
the assessment of ice sheet and sea ice mass balances.
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1. INTRODUCTION 2. DESIGN AND OPERATION OF THE WIND
Wind-packed snow (slabs or crusts) is often part of TUNNEL

alpine or polar snow covers. At the surface, such a
layer influences the interaction between the snow-
pack and the atmosphere. Wind-packing affects
the mass balance in polar regions, because snow
is often only immobilized through this process
(Groot Zwaaftink et al., 2013).

Wind-packing is a process that takes place at a
time-scale of minutes to hours and saltation may
play an important role. Therefore, it has to be stud-
ied in a closed-circuit wind tunnel because saltat-
ing particles are ejected within seconds from an
open-circuit tunnel.

There are many qualitative descriptions of wind-
hardened surface layers (e.g. Benson, 1967; Alley,
1988). Many formation processes have been pro-
posed but real evidence is scarce and it remains
unclear which process dominates. Mechanical

An obround (stadium-shaped) wind tunnel was
developed (Fig. 1). The idea behind the obround
shape was not only to obtain a closed-circuit con-
figuration but to simulate an infinite fetch.

fragmentation of the snow crystals by the wind is The complete floor is covered with undisturbed,
mentioned most often (e.g. Kotlyakov, 1966). natural snow. The channel is 0.2 m wide and 0.5
Some authors also maintain that a crust can form m high. The straight sections are 1 m long and the
without drifting snow (e.g. Seligman, 1936). overall width of the facility is 1.2 m. The airflow is

generated by a model-aircraft propeller driven by
an electric motor. The propeller rotates at up to
12000 rpm and free stream wind speeds up to 8
m/s can be reached. However, the wind tunnel is
rarely operated at velocities above 7 m/s because
the centrifugal effects become too strong.

The goal of our project is to determine the physical
processes in wind-packing. This paper presents a
new experimental setup designed to study wind-
packing and first results. The results are then
compared to SNOWPACK simulations.

Fresh snow is collected on a pair of wooden trays
outside the building. A cart is used to transport the
trays into the building after 10-20 cm of snow have
accumulated. The wind tunnel is lifted by a crane
and the trays are arranged beneath it. Then, the
bottomless tunnel is lowered onto the snow.
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The instrumentation is located in one of the

straight sections (main test section) and consists 5 -0.5
of sensors to measure wind speed, air tempera- |~
ture and humidity at three heights, snow surface 4 _
temperature and snow temperature. A camera @ -1.0 g
detects drifting snow and a SnowMicroPen £ @
(Schneebeli and Johnson, 1998) is used to meas- = 3 ™ 15 %
ure the hardness and thickness of formed wind § g
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Fig. 2: Wind speed and snow temperature during
the experiment without drifting snow.

100 SMP1 (12 Jan 15:44 h)
Fig. 1: The obround wind tunnel. The platform gmg Elg ja” gigg R;
. . an .
bek_)w is 1.5 m W|c_ie and 2.5 m long. The SMP4 (12 Jan 19:41 h)
main test section is on the left. SMP5 (13 Jan 07:45 h)
3. RESULTS
150
The experiments carried out during winter 2015
suggest that saltation is a necessary condition for
wind-packing. Below, we present two representa-
tive experiments, one without and one with drifting =
SNow. £
3.1 Without drifting snow g% 200

Fig. 2 shows the evolution of wind speed and

snow temperature during the experiment. There

were four wind periods. SMP measurements were

acquired before and after each one (Fig. 3). The

air temperature was slightly above freezing and 250
the snow temperature continuously increased to

about -0.5 °C. The snow surface temperature

reached 0 °C during the night and some melting

occurred. The SMP measurements show how the

snow settled. The snow height decreased by

about 3.5 cm overall (SMP5S in Fig. 3). No crust

was formed at the surface but the hardness of the 0.05 0.06 0.07 0.08 0.09
whole snow cover increased slightly. Resisting force (N)

Fig. 3: SMP measurements during the experi-
ment without drifting. There was settling
but no hardening.
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3.2 With drifting snow

Fig. 4 shows the wind speed and the snow depth
during the first two wind periods of an experiment
with drifting snow. There was erosion in the test
section during the first period and deposition dur-
ing the second period. The snow depth is taken
from the SMP measurements (Fig. 5) and is as-
sumed to vary linearly during the wind periods.
There was no hardening during the first wind peri-
od. The deposition during the second wind period
led to the formation of a crust.
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Fig. 4: Wind speed and assumed snow depth
during the experiment with drifting snow.
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Fig. 5: SMP measurements during the experi-
ment with drifting snow. There was no
hardening during the period with erosion.
Deposition led to the formation of a crust.
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4. SNOWPACK SIMULATION

SNOWPACK was used to simulate the experiment
without drifting. Fig. 6 shows the evolution of the
modelled and measured snow depth. The model
produces some settling but the settling rate is un-
derestimated, especially early in the experiment.
The discontinuities in the modelled snow depth are
due to the removal of melted layers.
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Fig. 6: Modelled and measured snow depth dur-

ing the experiment without drifting.

5. DISCUSSION & CONCLUSIONS

The main result is that drifting is a necessary con-
dition for the formation of a wind crust. Wind below
the drifting threshold only leads to settling and the
associated slight increase in hardness. We per-
formed experiments with a bowl of water embed-
ded in the snow to increase the humidity and the
chance of crust formation. Locally, there was a
slight hardening effect but only just downstream of
the bowl and the hardness remained below 0.1 N.

SNOWPACK was able to replicate the experiment
without drifting fairly well. Settling and some melt-
ing at the surface occurred as expected, although
the modelled settling rate was too low. We are
now investigating in how far current wind densifi-
cation routines in SNOWPACK (Groot Zwaaftink et
al., 2013; Schmucki et al., 2014) are able to repro-
duce our experiments with drifting snow. First at-
tempts would suggest that an adaptation of the
routines is necessary. This will be described in
detail in a future paper.
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