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ABSTRACT: Identifying the precise timing and the meteorological conditions of natural avalanches is im-
portant for avalanche triggering prediction. However, it is not so common to have meteorological records in
locations close to avalanches. In the framework of the LTER (Long-Term Ecological Research) network, in
Matsch/Mazia valley (South Tyrol, Italy), a dense network of microclimate stations for environmental moni-
toring and for ecological studies has been installed. In this catchment, the winter 2017-2018 was charac-
terized by above-average snowfall. We focus on an event occurred on the January 41" 2018, when several
spontaneous avalanches were released near a station, which registered meteorological parameters before
and during the event. Moreover, close to the station every winter snow profiles are determined, to calibrate
snow height and precipitation sensors. This presentation shows how the collected weather data allow iden-
tifying the time and meteorological conditions of this spontaneous avalanches release. Moreover, snow
profiles and simulations using the SNOWPACK model were performed, to better investigate the snow layers
characteristics and snow properties. We found good agreement (R? = 0.92 for snow depth) between SNOW-
PACK simulations and observations. Results suggest that the avalanche was likely caused by snow over-
load and a loss of cohesion due to rapid temperature increase. The obtained data show the value of micro-
meteorological observations to monitor natural avalanche release conditions.
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naturally released in January 2018 near a microcli-
1. INTRODUCTION matic station, called M4s. We describe the weather

While there are numerous large avalanches contin-  conditions and we compare manual snow profiles,
uously monitored, it is not so common to have de- collected during the winter, with a simulation with
tailed meteorological records in locations close to ~ the SNOWPACK snow model (Bartelt & Lehning,
small, natural avalanches, especially in forested ar- ~ 2002).

eas. Moreover, for natural avalanches it is difficult

to record the precise triggering time. For this rea- 2. AIMS

son, an accurate reconstruction of the meteorolog-
ical and nivological conditions during a spontane-
ous avalanche event may provide useful infor-
mation for better prediction of avalanche triggering.

The aim of this analysis is to take advantage of an
unexpected avalanche event hitting a LTER mete-
orological station to detect avalanche timing and to
recognize critical weather parameters for spontane-
ous avalanches. Moreover, we aim at understand-
ing the snow metamorphisms processes leading to
snow instability with the help of manual snow pro-
files and snow surveys. Finally, for a deeper analy-
sis of stability and snow structure, a simulation with
a snowpack model was performed. For this pur-
pose, a physically-based model as SNOWPACK,
able to track the snow properties and layers is re-
quired, with the advantage to have a modelled pro-

In this extended abstract, we take advantage of
“LTER Matsch/Mazia”, to analyze the nivological
conditions of the winter 2017-2018, which was
characterized by above-average snowfall. We use
the data of this LTER site to analyze the avalanches

* Corresponding author address: Giacomo Ber- file close in time to avalanche release event.

toldi, Eurac Research, Institute for Alpine Envi-

ronment Viale Druso,1, Bozen, ltaly; 3. STUDY AREA AND STATIONS

tel: +39 0471 055 314

email: Giacomo.bertoldi@eurac.edu ‘LTER Matsch/Mazia” is a mountainous research

area managed by Eurac Research (BZ, Italy) and

71



Proceedings, International Snow Science Workshop, Innsbruck, Austria, 2018

part of the worldwide network of sites LTER (Long-
Term Ecological Research). The area is located in
Matsch/Mazia valley in the northern Italian Alps.
The valley extends over 90 km? from 950 m a.s.l. of
the town of Schluderns to 3738 m a.s.l. at the top of
Weisskugel. The valley is one of the driest region of
the Alps with an average of 525 mm of precipitation
per year (at 1600 m a.s.l.). The valley is also suited
for parameterizing hydrological models due its
closed catchment. Since 2009, a network of 18 mi-
croclimate stations has been installed. 5 main sta-
tions create an altitudinal transect from 1000 m
a.s.l.to 2700 m a.s.l..

The focus of this paper is on station M4s (Figure 1),
a station configured for hydrological studies, placed
at 2000 m a.s.l. at the bottom of a steep convex
hillside, partially covered by a Swiss stone pine for-
est. Since 2015, the station measures relative hu-
midity and air temperature with a sensor Rotronic
HC-2S3, direct and diffuse solar radiation with a
DeltaT BF5, wind speed and direction with a Gill
Windsonic4, snow height with a Campbell Scientific
SR50A and precipitation with a heated weighting
bucket Ott Pluvio2. The sensors are managed by a
logger Campbell Scientific CR1000, having a sam-
pling time of 1 minute and a logging time of 15
minutes. Data are transmitted to a central server.

Heavy snowfall, cold temperature and strong wind
characterized the days before the January 4™ 2018.
Advection of warm air changed quickly weather and
snow condition and in the afternoon of 4™ of Janu-
ary, when at least four avalanches were released at
a distance of maximum 500 m from the station. The
largest one was already registered in the historical
avalanches inventory of Province of Bozen
(http://gis2.provinz.bz.it/geobrowser/). Other
smaller ones were released on the top of the hillside
and flowed down on small channels inside the for-
est. The picture in Figure 2 gives an overview of the
avalanches area and of the avalanches flow tracks..

4. DATA AND METHODS

The avalanche was released from the top of
hillside, flowed down on a small channel passing
through a forest and deposited snow and debris
near the M4s station without valuable damage.
Sensors installed measured this event. Through a
quality check process recognizing outliers, we aim
at identifying the exact time of the event. Weather
data preceding avalanche release were analyzed in
order to observe avalanche related events, for ex-
ample finding cold periods, strong wind events,
heavy snowfall etc. Moreover, a simulation with
SNOWPACK was performed for an analysis of
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snow grains and layers at the time when avalanche
occurred.

Figure 1: Picture of station M4s, composed by a
meteorological station, a snow height sensor, a
weighting pluviometer and an atmospheric deposi-
tion sampler. Above the station on August 24"
2017, below on January 15" 2018, after being hit
by a powder avalanche.

Figure 2: Overview of the avalanches tracks (high-
lighted in red) surrounding M4s (indicated with a
yellow star).

The meteorological data were taken into account
with the purpose to analyze the causes of ava-
lanche release in order to characterize weather pre-
ceding avalanche (J6bstl et al., 2013).
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In particular, we observed air temperature, relative
humidity, precipitation and wind for the ten days pre-
ceding the avalanche release (Conlan & Ja-
mieson,2013). The 48 hours before avalanche were
analyzed with particular attention. Plotting data time
series, we detected particular or anomalous events,
for example extreme cold, rapid air temperature in-
crease or heavy precipitation

4.1 Nivological Data

During winter, we carried out several snow pits, to
collect useful data for sensor calibration and model
validation. The surveys follow AINEVA procedures
(Cagnati, 2003); in particular, we collected data of
snow temperature, grain characteristic and density.
Furthermore, snow surveys are shared with the Hy-
drographic office of Province of Bozen, given the im-
portance of these data for avalanche forecast and
risk management.

4.2 SNOWPACK modeling

To better understand snow properties, we performed
a simulation with SNOWPACK, a 1D physical model
developed by WSL Institute for Snow and Avalanche
Research SLF (Bartelt & Lehning, 2002). The model
solves 1D partial differential equation for mass, en-
ergy and momentum conservation and models heat
transfer, water transport, vapor diffusion and me-
chanical deformation, and it simulates snowpack and
ground surface behaviour. SNOWPACK treats snow
as a porous material composed by ice, water and air.
The model takes meteorological data as input after
preprocessing them with Meteo-10 (Bavay & Egger,
2014). This tool checks values, fill gaps and generate
missing parameters. The output of the model is a de-
tailed structure of the snowpack. The model para-
metrization was selected comparing manual snow
pits carried out during the winter season.

The model was validated against snow height and
the best model parametrization shows a coefficient of
determination R?= 0.92.

5. RESULTS

5.1 Detection of avalanche timing

The avalanche occurred on January 4, depositing
debris on the station, as confirmed by local people
who were in the area the day after. Sensors were
dirty and recorded several outliers (Figure 3). We ob-
served that temperature stopped increasing and, at
the same time, the relative humidity stayed on satu-
ration for several hours. The weighting pluviometer
recorded a sudden increase of level in the bucket,
without a precipitation increase, while the ultrasonic
snow height sensor seemed to be obscured by snow
particles. These facts are consistent with a powder
slab, where a powder cloud deposited snow on the
air temperature/RH sensor shield, on the snow height

73

sensor and on the pluviometer. Based on the ob-
served anomalies, the time of avalanche release was
estimated between 4 PM and 4:15 PM.
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Figure 3: Time series of air temperature (Ta), rela-
tive humidity (RH), cumulated precipitation (Psum),
bucket content, snow height (HS) with quality classi-
fication from January 3 2018 at 8 AM to January 5"
2018 at 8 AM. Red boxes highlight the time of ava-
lanche release, between 4 PM and 4:15 PM of Janu-
ary 4! 2018
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Figure 4: Meteorological data on M4s station from
December 25" 2017 to January 4" 2018.Red line
highline avalanche release of January 4" 2018 at 4
PM

5.2 Analysis of weather condition

The weather conditions preceding the avalanche
were characterized by heavy snowfall and by advec-
tion of moist and warm air, which caused a rapid tem-
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perature increase and an increase of relative humid-
ity. The day preceding the avalanche, the tempera-
ture started from -6 °C at 8 AM to reach 0 °C at 4 PM,
with an increment rate of 0.75 °C/h. At the same time,
50 cm of fresh snow were deposited on the pre-ex-
isting snowpack.

Figure 4 shows the time series of air temperature
(Ta), relative humidity (RH), wind speed (WS), pre-
cipitation intensity (P), accumulated precipitation
(Psum) and snow height (HS) for previous 10 days.
This period was characterized by 82 cm of new snow,
cold periods with temperature of -16.1 °C and -9.9 °C
alternated with a warm period, where the maximum
temperature of 5.6 °C was reached. Worth to be men-
tioned is the strong wind on January 3, as described
in Climareport (Hydrographic office of Province of
Bozen/Bolzano, 2018). Our sensor measured a wind
gust of only 12 m/s (breeze for standard wind classi-
fication), but this value is likely underestimated, since
the sensor height of 2 m does not respect WMO
Guidelines.

5.3 Simulation of snow structure

Meteorological data (Ta, RH, WS, P, solar radiation)
were also used as input to simulate snow properties
by using the SNOWPACK model. The purpose is to
understand how snowpack evolves over time, espe-
cially before an avalanche release. The output of the
simulation is a virtual snow profile showing grain
shape and stability information. SNOWPACK indi-
cates 82 cm of fresh snow on a weak layer at 43 cm,
composed of incorporated surface hoar. Below this
layer, faceted crystals and depth hoar grown during
the cold periods were observed (Figure 5).

The simulated snow layers structure and grain type’s
distribution generally agree with the observations. In
particular, the survey executed on January 15", the
first possible date to reach M4s in safety, fits very well
with snowpack model results, indicating a similar
layer structure, as shown in Figure 6.
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Figure 5: SNOWPACK simulation on M4s station for
the winter season 2017- 2018
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Figure 6: Above, the snow profile observed on Jan-
uary 15" 2018. Below, the grain shape profile re-
sulted from SNOWPACK simulation for the same
date is reported.
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Simulation and snow profiles were taken on the bot-
tom of hillside, quite far from avalanche release zone,
which is likely more wind exposed than station area.

Figure 6 shows the snow pit profile, on January 15™
2018, both manually measured and simulated with
SNOWPACK.

6. CONCLUSION
This analysis aimed at exploring the possibility to use

This analysis aimed at exploring the possibility to use
mountain LTER sites for studying snow processes,
and how it is possible to understand the exact ava-
lanche timing and infer avalanche characteristic from
an accurate analysis of meteorological data.

In this extended abstract, we focused on a natural
avalanche that hit, but not destroyed, a meteorologi-
cal station in the Alps, where regular snow surveys
are taken.

The avalanche deposited debris and powder on sen-
sors and was detected very well in our data quality
check system, estimating the release of a powder be-
tween 4 PM and 4:15 PM on January 4th 2018.

A weather analysis shows two cold periods during
the days preceding the avalanche event. The first pe-
riod could be the cause of growing of faceted crystals
and depth hoar when there is little snow on ground;
the second promotes the formation of surface hoar.
The heavy snowfall combined with the strong wind
created a slab, broken by snow overload and rapid
temperature increase.

The simulation with SNOWPACK model gives us an
overview of snow layers characteristics and evolu-
tion. In particular, when we focus on the avalanche
event, we identify the presence of a weak layer as
the possible reason of avalanche release. The snow
instability conditions have been also confirmed by the
local avalanche degree risk level 4 (Avalanche bulle-
tin of the Province of Bozen).

In conclusion, it is worthwhile highlighting the im-
portance of recording snow and meteorological con-
ditions at the avalanche release time. Recognizing
critical parameters can improve local avalanche fore-
casting or the efficiency of artificial avalanche re-
lease. LTER sites, distributed all over the world, can
provide many high quality data for ecology as well as,
science field. Data of climate stations, models and
surveys contribute to create a database of snow
properties and avalanche events. Moreover, col-
lected data could be useful for calibration of precipi-
tation sensors and for validation of hydrological mod-
els.

75

7. ACKNOWLEDGEMENTS

The study was developed in the framework of the
project “CRYOMON?”, financed by the first Interna-
tional Project Network call of the EUREGIO Ty-
rol/South Tyrol/ Trentino. We thank the whole LTER
Alpine Environmental team for support in developing
and maintaining M4s station and for snow surveys.
The LTER Platform Matsch/Mazia belongs to the na-
tional and international Long-Term Ecological Re-
search Networks (LTER-Italy, LTER-Europe and
ILTER).

REFERENCES

Bartelt P. & Lehning M., 2002: A physical SNOWPACK model for
the Swiss avalanche warning Part |: numerical model. Cold
Regions Science and Technology 35 (2002) 123-145.
https://doi.org/10.1016/S0165-232X(02)00074-5

Bavay, M. and Egger, T., 2014: MeteolO 2.4.2: a preprocessing
library for meteorological data, Geosci. Model Dev., 7, 3135-
3151. https://doi.org/10.5194/gmd-7-3135-2014, 2014.

Cagnati, A., 2003. Sistemi di Misura e metodi di osservazione ni-
vometeorologici. AINEVA, 14 Trento, p. 186.

Conlan M. and Jamieson B., 2013: Weather preceding persistent
deep slab avalanches. Proceedings of the International Snow
Science Workshop, Grenoble — Chamonix Mont-Blanc (2013).

Fierz, C., Armstrong, R.L., Durand, Y., Etchevers, P., Greene, E.,
McClung, D.M., Nishimura, K., Satyawali, P.K., Sokratov, S.a.,
2009: The international classification for seasonal snow on the
ground. IHP-VII Technical Documents in Hydrology 83, p 90.

Guyomarc’h G. and Durand Y., 2010: Key parameters for local
drifting snow events. . Proceedings of the International Snow
Science Workshop - Squaw Valley, CA (2010)

Hydrographic office, Province of Bozen, 2018. Climareport Sudti-
rol - Alto Adige n.265

Jobstl L., Studeregger A., Wurzer A., Stock D. and Koschuh R.,
2013: Analysis of detected avalanches by using meteorologi-
cal data of nearby monitoring stations in Ischgl Austria. Pro-
ceedings of the International Snow Science Workshop, Gre-
noble — Chamonix Mont-Blanc (2010).

Lehning M., Bartelt P., Brown B.,Fierz C. Satyawali P., 2002: A
physical SNOWPACK model for the Swiss avalanche warning:
Part Il. Snow microstructure. Cold Regions Science and Tech-
nology 35 (2002) 147-167. https://doi.org/10.1016/S0165-
232X(02)00073-3

Lehning M., Bartelt P., Brown B.,Fierz C., 2002: A physical SNOW-
PACK model for the Swiss avalanche warning: Part Il. mete-
orological forcing, thin layer formation and evaluation. Cold
Regions Science and Technology 35 (2002) 169-184.
https://doi.org/10.1016/S0165-232X(02)00072-1





