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ABSTRACT

Instabilities occurring on glaciers in the Alps have been the subject of several studies, which have highlighted preliminary conditions and
possible precursory signs of break-off events. Since 2013, the Planpincieux Glacier, located on the Italian side of Mont Blanc massif (Cour-
mayeur, Aosta Valley), has been studied for several years to analyse the dynamics of ice collapses in a temperate glacier. During the 2019
summer season, increases in velocities of part of the glacier tongue have been outlined on a fast-moving ice volume, assessed as 300.000
m3. The accelerations are probably induced by increased water flow at the bottom of the glacier. According to the risk scenarios, the col-
lapse of this ice volume from the glacial body would have reached the valley floor. Considering the potential risk, a civil protection plan
has been deployed. This work outlines and summarises the steps used to develop the scientific knowledge into an integrated monitoring

plan for the Planpincieux Glacier

INTRODUCTION

In basins hosting glacier masses, even slight climatic variations are associated with high environmental dynamism, due to the morphoge-
netic action carried out by glaciers during their advance and retreat phases. This continuous modification of the high-altitude environment
is often associated with natural instability phenomena, sometimes characterised by a high degree of danger due to the magnitude and
unpredictability they can assume. The Planpincieux Glacier is a polythermal glacier in Aosta Valley located on the Italian side of the Mont
Blanc Massif at altitudes ranging between 2600 and 3500 m (Giordan et al., 2012). The glacier's accumulation area consists of two separate
glacial cirques, the most important of which is located at the base of the Grandes Jorasses peak. The ice from these cirques converges in a
basin-shaped area that feeds two lower lobes, whose fronts are at an altitude of about 2600 m. The ice flow is therefore mainly channelled
into the right lobe, which is a dynamically very active area with an average slope of 32° and a strongly crevassed morphology. Destabilizing
areas occur at recurrent locations where bedrock slope changes occur (Dematteis et al., 2022). The right lobe front is characterised by a 20
to 30 m high vertical ice wall that leads into the steep Montitaz gully, where during the summer season numerous ice collapses occur. These
unstable conditions could lead to the sudden detachment of an entire portion of the glacier, generating a large ice avalanche potentially
reaching the valley floor (Alean, 1985). In the past, there have been several major events attributable to the glacier (ice avalanches and
glacial lake outburst flood - GLOF) that, in some cases, have threatened the village of Planpincieux and damaged the municipal road (1929,
1952, 1982, 2005, 2017).

More attention has been paid to this glacier since 2011, when a large crevasse opened in the lower part of the right lobe. Since then, the
glacier has been intensively monitored, using various technologies and methodologies. During the study period, increases in velocity of the
whole right side of the glacier tongue have been documented (Giordan et al., 2020). The cause of these accelerations is hypothesized to be
mainly induced by increased water flow at the bottom of the glacier (Faillettaz et al., 2015). Generally there is no direct evidence that climate
change is driving an increase in temperate glacier destabilizations and ice avalanches; as an indirect consequence of climate change, the
Planpincieux has intrinsically reached an unstable geometry because of the frontal retreat induced by climate change; but actual modeling
(Zekollari et al., 2019) also indicates that the steep unstable lobe of the Planpincieux glacier will probably disappear by 2075-2100.

In summer 2019, a part of the frontal lobe with a volume of about 300,000 m3 showed multiple conditions predisposing to a state of me-
chanical unbalance. The steep slope of the bedrock, the phases of marked acceleration and deceleration of the ice flow, the subglacial
drainage network distributed under most of the tongue and the state of widespread fracturing were all conditions that were present at the
Planpincieux front. These same conditions have been recorded in many known cases of temperate glaciers destabilizations: Le Tour - 1949,
Allalin - 1965, Fee Glacier - 2009, Allalin — 2000 (Faillettaz et al., 2015)

METHODS

Monitoring systems

Since 2011, when a large crevasse opened in the lower part of the right lobe, the glacier has been closely monitored using different technol-
ogies and methodologies (Dematteis et al., 2021). All along this 10-year study period, speed increases of the entire right side of the glacier
tongue were recorded (up to 2 m/day at the glacier front), especially during the summer seasons.

The Planpincieux Glacier is monitored by two time-lapse cameras (TLC) with different focal lengths placed on the opposite side of the Val
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Ferret valley, 3.800 m from the glacier. The monitoring station is equipped with two solar panels, an electric cell for power supply and is
remotely controlled by a single-board computer connected to a server. A TLC was installed in 2018 to survey the functionality of the station.
This monitoring system has been active since 2013 and acquires images at hourly frequency, enabling the accurate identification of the
different phenomena affecting the glacier over time. This frequency of acquisition is necessary to place the different phenomena affecting
the glacier in the correct time order. Each image then undergoes a co-registration process that makes it superimposable on the others. The
photographic system is also used in a procedure for analysing the movements and surface deformations of the glacier by means of Digital
Image Correlation (DIC) (Giordan et al., 2016) (Figure 1). This methodology is able to provide two-dimensional maps of the movement

components perpendicular to the Line Of Sight (LOS) with sub-pixel sensitivity.
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Figure 1: Ice flow velocity of the Planpincieux Glacier recorded in September 2023 by means of Digital Image Correlation (DIC).

In 2019, a Ground Based Interferometric Synthetic Aperture Radar (GbInSAR) was installed to monitor the glacier's deformations in real time
even in adverse weather conditions or in the absence of light (Dematteis et al., 2021). During the Planpincieux Glacier’'s most dynamically
active phases, velocity displacements up to 200 cm d-1 were recorded on the right lobe, while movements on the left lobe usually do not

exceeded 30 cm d-1 (Figure 2). This separation and difference in surface velocities occurs during the summer season in particular.
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Figure 2: Ice flow velocity of the Planpincieux Glacier recorded in August - September 2023 by the GbInSAR system. A1, A2 and A3) Radar maps respectively of 10 August, 25 August and
10 September. B) Time series of ice flow velocity from radar maps measure

CONFERENCE PROCEEDINGS | INTERPRAEVENT 2024 408



In 2020, a Doppler Radar, a well-established technology used to detect snow avalanches, was installed (Meier et al., 2016). This system
allows the real-time detection of ice avalanches from the Planpincieux Glacier and is therefore used as an early warning system. After the
calibration phase and numerous simulations, the alert system became operational at the beginning of July 2020. This system includes au-
tomatic road closures upon avalanche detection in the defined “closure zone”. The road is automatically re-opened if the avalanche does
not reach the “danger zone”, which is a specific area at the bottom of the slope visible from the radar location. The avalanche radar system
placed in Planpincieux detected 103 avalanche events between July 2020 and December 2020 (Figure 3). Out of these, 75 events were
detected within, or at the border of the closure zone, which led to a closure of the road. The radar further detected 28 events outside the

closure zone which did not lead to a road closure.

Figure 3: Time-lapse images (A1 to A6) of ice collapses from the Planpincieux Glacier front. Camera shots are triggered by the avalanche detection from the Doppler Radar system.

Finally, in the summer of 2020, a water measurement system was installed in the Montitaz stream, at the end of the right lobe of the Plan-
pincieux Glacier. This data could be useful for identifying water discharge peaks of the Montitaz stream caused by GLOF’s from the Plan-

pincieux Glacier.

Surface and bedrock surveys

Starting in 2019, many surveys of the glacier's topography were carried out in order to identify and quantitatively determine the morpho-
logical changes in the area under investigation. Photogrammetric surveys were carried out using a Digital Single-lens Reflex (DSLR) camera
carried out by the operator on board a helicopter or by means of Unmanned Aerial Vehicle (UAV), this allowed us to reconstruct, via Struc-

ture From Motion processing, the photogrammetric 3D point cloud of the area of interest (Figure 4).

Figure 4: Photogrammetric survey 30 point cloud.
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In relation to the assessment of the ice thickness of the right lower lobe of Planpincieux Glacier, two helicopter-borne Ground Penetrating
Radar (GPR) surveys were carried out in 2013 and 2020. The ice depths of the entire glacier vary between 10 and 120 m, with values be-
tween 20 and 60 m recorded in the right lower lobe (Dematteis et al., 2022). From a comparison with the GPR data obtained from the two
measurement surveys, it can be stated that the two datasets provide no evidence of a significant change in ice thickness at the front during
the last 7 years. Digital Elevation Models (DEMs) obtained thanks to Light Detection and Ranging (LiDAR), aerial regional wide laser scanner
surveys and from specific photogrammetric surveys by drone and helicopter, enable the monitoring of the morphological evolution of the
glacier surface. Furthermore, consecutive surveys can be analysed through DEM of Difference (DoD) calculation, allowing the estimation of
the surface elevation change between different periods. This can allow, for example, to measure the current ice unstable volume or the ice
mass lost or gained by the glacier. Since 2019, numerous surveys of the topography have been carried out in order to identify and quanti-

tatively determine the morphological changes of the two glaciers.

RESULTS AND DISCUSSION

The monitoring systems together with the surface and bedrock surveys allowed us to obtain a characterization of the Planpincieux Glacier
dynamics. The measurements of the cumulative motion with both the instruments, TLC and GBInSAR, revealed millimeter accuracy and
precision. The georeferencing uncertainty was estimated in a few metres; that is comparable with the resolution of the maps of the results
(Dematteis et al., 2018).

The definition of specific unstable areas and the integration of ice thickness data allowed us to define release volumes of potentially unstable
glacier areas. This made it possible to carry out ice avalanche numerical simulations originating from the unstable glacier front. Considering
six different ice volume collapses (20.000 m3, 50.000 m3, 100.000 m3, 250.000 m3, 500.000 m3 and 1.000.000 m3), it was possible to deter-

mine six different risk scenarios and, in consequence, a civil protection plan.

Numerical simulations of ice avalanches from the Planpincieux Glacier were carried out using both the RAMMS::Avalanche model and
RAMMS::RKE Rock-Ice model software(Margreth et al., 2011). In parallel we carried out the same simulations using r.randomwalk and
r.avaflow software (Mergili et al., 2020).

The results obtained from the two different methodologies are comparable and confirm the reliability of the analyses, which, for the cali-
bration of the parameters, were based on the back-analysis of three ice avalanches from the Planpincieux Glacier occurred and mapped
between 2017 and 2020.

Based on the simulations thus obtained, a mapping of various risk scenarios (Figure 5) was done and six specific safety concepts were
developed. The safety concepts map and describe specific safety measures to be undertaken by the population and/or the infrastructures

of the Val Ferret.
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Figure 5: Safety concept highlighting exclusion zones (restricted access) relative to a 100.000 m3 ice avalanche release volume (summer conditions).

CONCLUSIONS
At the Planpincieux Glacier site, a potentially large glacial instability occurs. To date, its prediction is still very complex if not impossible. A
sophisticated monitoring network has been set up to ensure that evacuations and safety measures to be taken downstream are as limited

as possible. However, the actual configuration of the glacier will lead, during the summer season, to other phases in which the movement
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and fracturing parameters of the glacier mass are not within acceptable limits.
Many high-level scientific actions have been undertaken to better frame the phenomenon in terms of possible magnitude and downstream

dynamics, although further specific research is needed to better understand this type of natural event.
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