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ABSTRACT: Whumpf sounds indicate the collapse of a buried weak layer and are associated with
fracture propagation over distances of tens of meters without avalanche formation. We investigated a
whumpf event triggered on 26 February 2026 at the well instrumented Weissfluhjoch test site, Switzer-
land, during repeated dynamic loading of a non-isolated snow column. Field observations were com-
bined with snow stratigraphy, automated snow-height and pressure-based snow water equivalent meas-
urements. The event produced a surface settlement of approximately 7 mm and a rapid increase in the
pressure recorded by snow scales, followed by relaxation toward pre-event pressures over 2—3 hours.
We interpret these observations as evidence of rapid stress redistribution within the snowpack during
fracture propagation due to strain softening, followed by a slower recovery toward pre-whumpf condi-
tions through slab hardening associated with sintering and progressive bond strengthening.
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1. INTRODUCTION Column Test (ECT), provide information about
fracture initiation and propagation under stand-
ardized loading conditions, but may not fully cap-
ture the response of a spatially continuous snow-
pack to localized dynamic loading. Consequently,
observations of naturally occurring or field-trig-
gered whumpf events provide an opportunity to
investigate the processes involved at a larger

Whumpf sounds are widely recognized as an in-
dicator of avalanche danger (e.g. Schweizer et
al.,, 2021). They are the result of the collapse of
buried persistent weak layers like surface or
depth hoar triggered under dynamic loading in flat
fields or slopes below ~30°, thus too flat for ava-
lanche formation. The rapid compaction can be

) spatial scale.

accompanied by a measurable surface settle-

ment and lateral stress redistribution and can be Here, we investigate a whumpf event that oc-
linked to fracture propagation over tens of meters curred at the Weissfluhjoch test site of SLF near
(e.g. Bergfeld et al., 2025). Despite their practical Davos, Switzerland, at 2540 m a.s.l. on 26 Feb-
importance, the transient mechanical response ruary 2026. The observation of a whumpf event
and stress redistribution within a snowpack fol- at a well-instrumented test site is rare. The event
lowing a whumpf remain incompletely under- occurred during an informal stability test con-
stood. ducted by students participating in the 10t Snow

Science Winter School (SSWS). Snow stratigra-
phy and stability observations are combined with
automated measurements from the Weissfluh-
joch site. We focus on the collapse of a basal
depth-hoar layer and its associated fracture prop-
agation, surface settlement, and subsequent
stress redistribution.

The mechanical response of a snowpack to local-
ized dynamic loading depends on the properties
of both the weak layer and the overlying slab. In
particular, the ability of a weak layer to collapse
and transmit a fracture is controlled by its micro-
structure, strength, stiffness, and the mechanical
coupling to the surrounding snowpack. Conven-
tional snow stability tests, such as the Extended 2 METHODS

: The students of the 10" SSWS excavated a
* Corresponding author address: snowpit to the ground to characterize the vertical
Benjamin Walter, WSL Institute for Snow and snow stratigraphy (Fig. 1). Snow layers were
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Fluelastrasse 11, 7260 Davos Dorf, Switzerland identified using a snow crystal card and magnify-
; ’ ing loop, with crystal type and size recorded for
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Figure 1: Weissfluhjoch field site where the Whumpf was triggered next to the measurement field,
resulting in the collapse of a depth hoar weak layer and fracture propagation across the entire area.

the snow hand-hardness scale, while snow den-
sity was measured using a density cutter. Snow
temperature was measured for individual layers
using a digital thermometer.

Snow stability was evaluated using an Extended
Column Test (ECT). In addition, an informal dy-
namic stability test was conducted. The upper ap-
proximately 70 cm of cohesive snow was re-
moved from a non-isolated column, after which
three students repeatedly loaded the remaining
snowpack by jumping (Video — Whumpf! There it
is, 2026). During the loading sequence, progres-
sive cracking was observed in the upper layers,
followed by a sudden collapse of the snow above
the basal depth-hoar layer.

The collapse was documented and analysed in
the following using the field observations and 30
min automated measurements from the Weiss-
fluhjoch monitoring system. Two laser-based
snow-height sensors (OTT SHM-31, Campbell
SDMS-30) were used to quantify surface settle-
ment. Two pressure-based SWE sensors (snow
scales, Sommer SSG-1 & SSG-2) were used to
investigate changes in the apparent snow load
associated with the collapse and subsequent
stress redistribution.

3. RESULTS

3.1 Snow stratigraphy

Snow stratigraphy measurements (Fig. 2) show a
total snow height of 172 cm with a well-developed
basal layer of persistent depth hoar (0-30 cm) be-
neath a cohesive slab. The depth hoar crystal
size was up to 4.5 mm, indicating strong temper-
ature gradient metamorphism during its for-
mation, resulting in low stability and low density
(~230 kg m-3). The snowpack temperature profile
shows a typical moderate vertical gradient, with
near ground temperature of 0°C, cooling towards
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the top, and a temperature increase near the sur-
face due to diurnal solar heating.

3.2 Snowpack stability

Extended Column Tests (ECT) indicated that the
snowpack was relatively stable, with no signs of
a high propensity for fracture propagation. How-
ever, under increased loading through repeated
dynamic impacts (informal stability test), the
depth hoar weak layer collapsed (Video -
Whumpf! There it is, 2026). The video reveals a
delay of several tens of seconds between the
group landing on the snow surface and the sub-
sequent settling of the snowpack. The fracture
propagated across the entire Weissfluhjoch test
site (Fig. 1) indicating efficient stress transmis-
sion and high propagation propensity within the
weak layer. This collapse was accompanied by a
strong whumpf sound and a measurable surface
settlement of approximately 7 mm, as measured
by the automated snow height sensors (Fig. 3)
and as filmed by the students (Video — Whumpf!
There itis, 2026). The pressure-based SWE sen-
sors (snow scales) recorded a sudden increase
in pressure, followed by a gradual return to pre-
whumpf values over the subsequent 2-3 hours

(Fig. 4).

4. DISCUSSION

The observed event illustrates the strong de-
pendence of snowpack response on loading con-
ditions. The ECT indicated relatively stable con-
ditions and that a collapse of the weak layer is
unlikely to be triggered by a skier, yet repeated
strong loading during the informal test resulted in
a collapse of the well buried basal depth-hoar
layer and fracture propagation over tens of me-
ters. The final collapse of the depth hoar released
a stress perturbation that was efficiently transmit-
ted through the slab and the spatially continuous
weak layer.
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Figure 2: Snow profile from 2026-02-26 made next to the WFJ study site by the students of the 10t
Snow Science Winter School. The profile shows a depth hoar layer of low stability and low snow density
(~230 kg/m?) from 10-30 cm, consisting of large faceted, weakly bonded depth hoar crystals.
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Figure 3: Snow height evolution at WFJ (Fig. 1)
with two sensors (HS 2 and HS), both showing a
7mm drop in snow height at around 15:30.

The approximately 7 mm surface settlement (Fig.
3) demonstrates that weak-layer collapse can oc-
cur with a relatively small change in total snow-
pack thickness while still producing a substantial
mechanical response. However, assuming the
densification took place solely within the depth
hoar weak layer, a 7 mm compaction of the 300
mm depth hoar layer results in a 2.3% volume re-
duction or density increase.
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Immediately after the whumpf, the pressure on
the snow scales increased (Fig. 4), consistent
with a reduction in a potential bridging effect
(Johnson and Marks, 2004; Pritchard et al., 2021)
of the surrounding snowpack, and increased load
transmission to the pressure sensors. We hy-
pothesize that during the whumpf, the weak-layer
collapse induced rapid deformation rather than a
purely elastic response of the overlying slab,
likely causing irreversible damage and mi-
crocracking (Fig. 5). This damage reduced the
slab’s effective stiffness (strain softening) and
bridging capacity, redistributing stress toward the
snow scales and explaining the observed in-
crease in load. The weak layer collapse could
theoretically also result in a load reduction on the
snow scales, depending on the initial stress dis-
tribution (Fig. 5, left) within the spatially inhomo-
geneous snowpack and underlying ground.

The measured pressure (or SWE) on the snow
scales subsequently decreased towards its pre-
whumpf values over approximately 2-3 hours
(Fig. 4), indicating a slow post-collapse redistri-
bution of stresses. We interpret this relaxation as
progressive sintering of the damaged snow, re-
storing intergranular bonds, slab stiffness, and
bridging capacity, thereby relaxing the load on
the scales toward its pre-collapse value.
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Herwijnen and Miller (2013) showed that the in-
crease in snow stiffness during sintering is pri-
marily governed by bond strengthening over
timescales of hours, thus comparable to the re-
laxation observed here, while the relatively warm
snow temperatures during our observations (> -5
°C) promoted rapid sintering.

The pre- and post-whumpf baseline pressure in-
dicates both a temporally stable pressure on
scale 1 that settles at a lower value after the
whumpf, and a continuous pressure reduction for
scale 2 (Fig. 4). These baseline pressure trends
were similar for the previous and the consecutive
days, indicating that a long-term stress redistribu-
tion took place around scale 2 but not at scale 1.
Similar stress redistributions around the snow
scales are typically observed during periods of a
warming snowpack (Johnson and Marks, 2004),
i.e. a few weeks before the snowpack becomes
isothermal at 0°C and the melting season begins.
We interpret this stress redistribution because of
enhanced small-strain viscous deformation
(creep) (Scapozza and Bartelt, 2003).
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Figure 4: Pressure (or SWE) as measured with
the two snow scales.

5. CONCLUSION

Our observations indicate that weak-layer col-
lapse induces rapid deformation and damage of
the overlying slab, resulting in strain softening, re-
duced bridging capacity, and a transient redistri-
bution of stresses. Over the subsequent hours,
hardening associated with sintering and bond
strengthening progressively restores slab stiff-
ness and bridging capacity, allowing stresses to
relax toward their pre-collapse state. This soften-
ing—hardening behaviour provides a mechanistic
insight into the transient mechanical response of
a snowpack during weak-layer collapse and
whumpfing.
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Figure 5: lllustration (not to scale) of pre- and post
whumpf pressure distribution around the snow
scales, indicating a higher pressure (SWE) on the
scale after the weak layer collapse.
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