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ABSTRACT: Small-avalanche experiments were conducted in the Niseko-Annupuri mountain range 
in Japan from 2016 to 2019 and in 2025 to obtain small avalanche dynamics data. In the experiments 
small avalanches were triggered using blasting or a snow groomer by pushing and collapsing piled-up 
snow. The avalanches ranged in runout distance approximately from 30 to 200 meters. Avalanche ve-
locity was estimated from aerial drone footage; additionally, Doppler radar provided reliable data even 
for the small-scale event. Internal velocity was also obtained by releasing sensors containing IMU and 
GNSS units within the avalanche flow. The flow behavior of the avalanches was observed using the 
infrared camera and by surveying debris; however, no significant variations were observed due to the 
short runout distance. We also carried out seismic and infrasound monitoring, however, no significant 
variations in the infrasound waveforms were detected. 
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1. INTRODUCTION 

Small avalanches frequently occur in Japan dur-
ing the winter season, typically from road-side 
slopes, leading to cumulative social damage by 
blocking transport networks and supply chains. 
Following these small avalanches, efforts are 
usually concentrated on clearing the debris and 
restoring traffic, and detailed observations are 
rarely carried out. Conversely, when large-scale 
avalanches occur, even if the damage itself is mi-
nor, their formation and dynamic processes are 
often investigated and documented in detail. 
Consequently, a gap arises; our understanding of 
small avalanches, which occur relatively fre-
quently and in close locations, remains poorly un-
derstood. 

There is a similar gap in avalanche research. 
Over many years, significant data has been ac-
cumulated at large-scale avalanche test sites 

with slopes extending over several kilometers, 
such as the Vallée de la Sionne in Switzerland 
(Sovilla et al., 2013) and Ryggfonn in Norway 
(Gauer and Kristensen, 2016). On the other 
hand, small-avalanche experiments (SAEs) have 
also been conducted in the past in the United 
States (Dent et al., 1998), Italy (Sommavilla and 
Sovilla, 1998; Barbero et al., 2013; Maggioni et 
al., 2019), and China (Abe et al., 1999), with data 
on velocity, impact pressure, and other parame-
ters, having been reported. However, these have 
generally been one-off experiments exploring 
only a small sample of possible avalanche behav-
ior, and the volume of data acquired is very small 
compared to that for large-scale avalanches. 
Consequently, when validating avalanche dy-
namics models, for example, the models are typ-
ically tuned using data from a large number of 
large-scale avalanche events and experiments 
(e.g. Christen et al., 2010). In the case of small 
avalanches, the single (or few) measurement(s) 
may not represent the behaviour of rare events, 
which typically are the decisive ones in hazard 
mapping and dimensioning of mitigation 
measures, and may thus lead to inadequate cali-
bration of numerical models (Maggioni et al., 
2012). 
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One possible approach, in some respects com-
parable to SAEs, is to conduct experiments in 
large chutes by releasing large amounts of snow 
(e.g. Kern et al., 2004; Vilajosana et al., 2011; 
Schaefer, 2016). This is useful for understanding 
the fundamental dynamics and internal structure 
of avalanches, as it allows for repeated testing of 
conditions that are difficult to replicate in real 
mountain slopes. However, it is insufficient for 
fully validating two- or three-dimensional dynam-
ics models. 

Therefore, we carried out SAEs in Japan from 
2016 with the aim of collecting data on avalanche 
dynamics. Due to strict restrictions on the use of 
explosives in Japan, no artificial avalanche ex-
periments using explosives had been carried out 
since the 1980s. In recent years, however, explo-
sives have been increasingly used to secure ex-
posed ski runs. We therefore collaborated with a 
ski resort employing avalanche control opera-
tions to conduct SAEs. Furthermore, to examine 
whether avalanche experiments could be carried 
out without the use of explosives, we also tested 
a method of triggering avalanches using snow 
groomers. Here, we present the results of exper-
iments conducted during the winter seasons of 
2016−19 and 2025; supplementing the previously 
reported initial findings in Nishimura et al. (2018), 
and discuss the future prospects for SAEs. 

2. EXPERIMENTAL SITES AND INSTRU-
MENTATION 

Snow avalanche experiments were conducted in 
the vicinity of the ski resort on Mt. Niseko-An-
nupuri (1308 m a.s.l.) in Hokkaido, Japan (Fig. 1). 
The experimental sites can be divided into two 
main areas. One was Mizuno-no-Sawa within the 
Niseko Village Ski Resort, a backcountry zone 
that is opened to the public following avalanche 
control operations using explosives (Figs. 2a and 
2c). After skiing had been prohibited due to the 
widespread formation of cracks in March, ski pa-
trols triggered an avalanche using explosives for 
the experiment. In 2025, an attempt was also 
made to observe avalanches occurring during av-
alanche control operations in mid-winter. Another 
experimental site was the Moiwa Bowl, a back-
country zone near the Niseko Moiwa Ski Resort 
(Fig. 2b). Here, a method using a snow groomer 
was employed to trigger a small avalanche by 
pushing piled-up snow. While this method has a 
lower probability of triggering avalanches com-
pared to methods using explosives, it has the ad-
vantage of allowing observations to be carried out 
relatively safely. 

The experiments began in 2016 under a five-year 
project. They continued until 2019, but the project 

 

Figure 1: Location of Mt. Niseku-Annupuri in Ja-
pan (top, red dot in figure) and the experimental 
slopes, Mizuno-no-sawa and Moiwa Bowl in Mt. 
Niseku-Annupuri (bottom). 

 

Figure 2: Photographs of the experimental slopes 
(a: Mizuno-no-Sawa in 2016−18, b: Moiwa Bowl 
in 2019, c: Mizuno-no-Sawa in 2025). 
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was concluded without performing experiments in 
2020 due to restrictions on travel imposed by the 
COVID-19 pandemic. In 2025, the experiment 
was resumed using different, short-term project 
funding. This was done on the suggestion of a ski 
resort staff that it might be more successful to ob-
serve avalanches during avalanche control oper-
ations in the severe winter season. 

We employed the following instrumentation (Ta-
bles 1 and 2): 

Drone. Observation of avalanche movement and 
surveys of slope topography and avalanche size 
based on pre- and post-experiment changes in 
the snow surface (DJI Phantom 4 was/were used 
throughout all the experiments, a DJI Matrice 300 
RTK with Zenmuse L1 LiDAR module was also 
used in 2025). 

Doppler radar. Measurements of avalanche ve-
locity spectra (Schreiber et al., 2001). 

Inertial Measurement Unit (IMU) and Global Nav-
igation Satellite System (GNSS). Released within 
the avalanche flow to measure the internal veloc- 

 

Table 1: Overview of equipment used in 2016 and 
2017. 

Table 2: Overview of equipment used in 2018, 
2019, and 2025. 

ity (Neuhauser et al., 2025) (in 2017−19, Sports 
Sensing SS-WSD1201 was used, replaced by 
AvaNodes in 2025). 

Measurement wall. A wall aligned parallel to the 
flow was installed on the slope, equipped with 
nine pairs of LED and photodiode sensors at dif-
ferent heights, to determine the vertical profile of 
down-slope velocity and its fluctuations within the 
avalanche (Dent et al., 1998). A load cell and a 
pore-air pressure sensor were also installed next 
to each other to determine the effective normal 
stress of the avalanche (Issler and Ito, 2024). 

Seismic and infrasound sensors. Detection or 
tracking of the flow from induced ground vibra-
tions and generated infrasound (Pérez-Guillén et 
al., 2019; Johnson et al., 2021). (In 2016−18 and 
in 2025, Sercel (Mark Products) L-22D-3D seis-
mometer(s) and Paroscientific 6000-16B infra-
sound sensor(s) was used; in addition, Lennartz 
LE-3D MkII/MkIII seismometers were used in 
2018 and 2019). 

Infrared camera. Observation of changes in 
snowpack temperature associated with ava-
lanche flow (Steinkogler et al., 2014) (a FLIR C2 
was used in 2017, an Avio InfREC R300SR was 
used in 2018 and 2019, a DJI Zenmuse H20T 
camera module was used in 2025). 

LiDAR. Measuring the flow thickness of the 
dense avalanche flow (a Livox AVIA was used). 

3. RESULTS 

3.1 Overview of experiments 

The following provides an overview of the SAEs 
conducted between 2016 and 2019, and in 2025. 

Exp.1 (Winter 2016). The first experiment in Ni-
seko took place at Mizuno-no-Sawa on 28 March. 
The main objective was to verify whether it was 
possible to trigger wet-snow avalanches by blast-
ing. The observation equipment was limited to a 
minimum. The experiment succeeded in trigger-
ing an avalanche using the explosive charge. 

Exp.2 (Winter 2017). On 17 March, an experi-
ment using a snow groomer was carried out at 
Moiwa Bowl. The main objective was to verify 
whether IMU sensors would travel within the av-
alanche. Of the two attempts, one successfully 
triggered an avalanche, confirming that the IMU 
sensors travelled within it. On 25 March, an ava-
lanche was successfully triggered by explosives 
at Mizuno-no-Sawa. Two of the three IMU sen-
sors placed near the blast site were swept along 
by the avalanche. 

Exp.3 (Winter 2018). On 23 March, measurement 
equipment was set up at Mizuno-no-Sawa, but no 
avalanche was triggered despite repeated use of 

Year 
Exp.1 

(2016) 

Exp.2 

(2017) 

Drone 1 
1 

(Mizuno-no-
sawa only) 

Doppler radar − − 

IMU and GNSS − 3 

Measurement wall − − 

Seismic sensor 1 1 

Infrasound sensor 1 1 

Infrared camera − 1 

LiDAR − − 

Year 
Exp.3 

(2018) 

Exp.4 

(2019) 

Exp.5 

(2025) 

Drone 3 3 2 

Doppler radar 1 1 1 

IMU and GNSS 5 2 3 

Measurement wall 1 − 1 

Seismic sensor 6 3 1 

Infrasound sensor 3 − 1 

Infrared camera 1 1 1 

LiDAR − − 1 
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explosives. This is likely because snowmelt dur-
ing the day had softened the bonding between 
snow particles, causing rapid dissipation of the 
explosion pressure inside the soft snowpack. 

Exp.4 (Winter 2019). We had planned to conduct 
an experiment at Mizuno-no-Sawa as in 2018. 
However, this became impossible due to the risk 
of spontaneously releasing or human-induced 
avalanches as the entire snowpack had become 
unstable by rapid snowmelt. Consequently, we 
decided to carry out the experiment at Moiwa 
Bowl on 25 March. As the snowpack consisted of 
decomposed precipitation particles containing a 
weak layer overlying a melt-freeze crust, a small 
avalanche was successfully triggered using a 
snow groomer. 

Exp.5 (Winter 2025). We observed snow ava-
lanches triggered during avalanche control oper-
ations commencing from 7 AM on 30 January. Af-
ter a long period with little snowfall, fresh snow 
accumulated on a melt-freeze crust from the day 
before the experiment, causing several very 
small avalanches to be triggered by the blasting. 
Unlike in other years, this was conducted in Jan-
uary during high winter, resulting in dry snow av-
alanches. 

3.2 Experimental Results 

Avalanche size. The runout distance and debris 
volume of avalanches were determined from 
drone surveys conducted before and after the av-
alanche release. The largest example was the 
avalanche in the Exp.1 (2016), which had a 
runout distance of approximately 210 m and a de-
bris volume of approximately 520 m³. Conversely, 
the smallest example was the avalanche in the 
Exp.5 (2025), four small avalanches with runout 
distances ranging from approximately 30 to 50 m 
were triggered simultaneously from multiple loca-
tions by blasting. However, due to time con-
straints, the survey immediately prior to the ex-
periment could not be carried out, hence the vol-
ume of the debris could not be determined. An-
other example of a smaller case was found in the 
Exp.4 (2019); an avalanche triggered by a snow 
groomer had a runout distance of approximately 
40 m and a debris volume of approximately 25 m³. 

While changes in width of the flowing avalanche 
can be determined from airborne drone footage, 
it is difficult to accurately measure changes in 
thickness. In the Exp.5 (2025), an attempt was 
made to measure changes in thickness during 
flow using LiDAR. However, no data was ob-
tained during the experiment because the battery 
ran out. In the data recorded before the experi-
ment, reflections from snowflakes in the air made 
it difficult to clearly obtain the snow surface in the 
signal. 

 

 

Figure 3: Avalanche velocity measured in the 
Exp.4 (2019). Top: Leading-edge velocity ob-
tained from drone aerial footage; Bottom: Velocity 
spectra obtained from Doppler radar at 197−213 
m range gate. 

 

Velocity. The avalanche velocity was determined 
using four methods: 1. Changes in the position of 
the leading edge obtained from aerial drone foot-
age. 2. Velocity spectra from Doppler radar. 3. 
Position data from a sensor containing a GNSS 
receiver travelling down within the avalanche. 4. 
The time difference in signals and the distance 
between the pair of optical sensors mounted on 
the measurement wall. The highest velocity rec-
orded in past experiments was over 10 m/s dur-
ing a relatively large avalanche in the Exp.1 
(2016). In the Exp.4 (2019), experiments were 
conducted using methods 1−3 simultaneously. 
The velocity measurements obtained from the 
drone and the Doppler radar showed good agree-
ment (Fig. 3), while the GNSS failed to record the 
position. Although this avalanche was rather 
smaller in scale, with a runout distance of 40 m, 
significant results were obtained even with a Dop-
pler radar having a range gate of 15 m. In the 
Exp.5 (2025), experiments were conducted using 
all four methods. However, the Doppler radar 
failed to start up; and the measurement wall 
equipped with optical sensors did not obtain suf-
ficient data, as battery-saving timer settings re-
sulted in it ceasing operation before the experi-
ment began. The other velocity measurements 
obtained using the drone and GNSS showed rel-
atively good agreement (Fig. 4). Note that, due to 
the shallow extent of the avalanche flow, the sen-
sor equipped with GNSS bounced upon the hard 
snow surface at the early stage of motion, occa-
sionally yielding larger values than the actual av-
alanche velocity (see the velocity peak around 
22:28:30 UTC in the bottom panel of Fig. 4). 
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Flow behavior. Infrared camera imaging was car-
ried out to observe the flowing behavior of ava-
lanches. Figure 5 was captured during the Exp.4 
(2019). The piled-up snow, pushed and collapsed 

 

 

 

Figure 4: Avalanche velocity measured in the 
Exp.5 (2025). Top: Leading-edge velocity ob-
tained from drone aerial footage; Bottom: Internal 
velocity obtained from GNSS data. 

 

 

Figure 5: Infrared images before (top) and after 
(bottom) the avalanche in the Exp.4 (2019). Note 
the warm snow near the middle line of the flow 
path and at the tip of the deposit. Cold snow is 
found behind the front and along the edges of the 
deposit. 

by a snow groomer, plowed the warm surface 
layer (the red area in Figure 5), exposing the cold 
snow beneath. While such movement of a dense 
core is rarely observable in large-scale ava-
lanches, as it is obscured by the powder snow 
cloud, it is clearly visible in small avalanches. As 
the runout distance was short, no dynamic mixing 
was observed. 

By staining cross-sections and/or longitudinal 
sections of the debris with ink after the avalanche 
has stopped (a method pioneered by Gubler in 
the 1980s, see Issler et al., 2008), it is often pos-
sible to distinguish the undisturbed part of the 
snow cover from the overlying debris and to visu-
alize the granulometry of the deposit. This can 
give crucial information on the flowing processes 
including the entrainment of the snow cover. Fig-
ure 6 shows an example of debris after the Exp.5 
(2025). In this case, as only a thin layer of fresh 
dry snow flowed down on a hard snow crust, no 
entrainment and formation of snow blocks could 
be observed. 

Seismic and infrasound signals. As the small av-
alanches in the Exp.2 (2017) flowed down, 
ground motion could be measured at a distance 
of around 100 m, while no clear infrasound sig-
nals were obtained (Fig. 7). This suggests that 
the small surfaces, short acceleration periods 
and low velocities of small avalanches produce 
insufficient displacement of the surrounding air 
relative to the natural background noises. Moreo-
ver, it has been found that releasing avalanches 
using snow groomers is unsuitable for measuring 
seismic signals, as the noise generated by the 
groomer’s movement is significantly greater than 
the signals. 

Velocity profiles and pressure. Unfortunately, no 
data has been obtained from the measurement 
wall so far: It was not designed and built yet in 
2016 and 2017; in 2018 no avalanche could be 
released, in 2019 it was not installed in the slope 
due to time constraints, and in 2025 the data 
could not be obtained due to a problem with a 
battery-saving timer. 

 

  

Figure 6: Coloration of debris (left) and longitudi-
nal-section of the debris (right) in the Exp.5 
(2025). 
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Figure 7: Seismic (top) and infrasound (bottom) 
signals in the Exp.2 (2017). The waveform prior 
to 40 s was caused by an explosion. 

 

4. DISCUSSION AND OUTLOOK 

The dynamics of small avalanches has been 
observed using various methods. However, some 
important parameters, such as impact pressure, 
that have yet to be measured. Furthermore, there 
has not yet been a successful case where all 
expected measurements were achieved. This is 
due to the significant constraints involved in 
conducting experiments at ski resorts. For one, 
the experimental schedule is heavily dependent 
on the availability of ski resort staff and limited to 
early mornings or late afternoons, leaving 
insufficient time for post-event field work. Another 
severe limitation is that, as skiers and 
snowboarders use the experimental slope, it is 
difficult to install permanent experimental 
equipment due to the risk of accidents caused by 
collisions. Consequently, it is necessary to set up 
the equipment immediately prior to the 
experiment, which has frequently led to problems 
arising from inadequate preparation. 
Furthermore, due to the deep snow cover at 
Niseko, sensors in the slope, like the 
measurement wall, must be embedded or 
anchored in the snow rather than the ground; 
consequently, if the impact force of an avalanche 
is greater than anticipated, the sensors may be 
destroyed or swept away. 

On the other hand,experiments at ski resorts 
have the advantage that avalanches can be 
triggered using explosives and snow groomers, 
which researchers are not usually allowed to 
handle. Additionally, there are open slopes 
suitable for experiments, and personnel and 
experimental equipment can be easily 
transported using ski lifts and snow groomers. 
Even if an ideal slope exists outside a ski resort, 
it requires researchers to trigger an avalanche 

themselves. While there are ideas for methods to 
trigger small avalanches without explosives and 
snow groomer (Issler and Ito, 2024), these have 
not been sufficiently verified; therefore, it is 
necessary to conduct avalanche-triggering tests 
as a preliminary step to the experiment. 

Another advantage is that the absence of 
permanent experimental equipment can provide 
an incentive to introduce new observational 
methods. For example, equipment such as 
LiDAR, employed to measure the thickness of the 
flow, would likely be difficult to utilize in large-
scale avalanche experiments. Thus, SAEs are 
well-suited as a field for testing new and 
innovative sensing technologies. In addition to 
sensing, the possibility of observing flow 
behaviour and avalanche deposits at close range 
contributes to a deeper understanding of 
avalanche dynamics. 

To conduct the experiments, we utilized short-
term research project funding. This enabled us to 
bring together a large number of researchers and 
a wide range of equipment for the experiments. 
However, the large number of participants also 
led to scheduling problems and experiments be-
ing conducted under unsuitable conditions (e.g. 
little snowfall, excessively high temperatures). In 
order to maintain a sustainable system for SAEs, 
it is necessary to continue the experiments by 
carefully selecting parameters that can be meas-
ured even with a small team and low budget while 
still providing highly relevant data for understand-
ing the properties of small avalanches and testing 
and improving numerical models and mitigation 
measures. As a first step in this direction, we plan 
to reanalyze the data collected so far and to test 
existing avalanche models against them.  
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