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Managing Extreme Hazard Events in Mountain Regions: 
A booklet for Politicians and Decision Makers

Extreme events in mountainous areas can occur suddenly or develop gradually over extended periods. When 
these hazards impact settlements and traffic infrastructures, effective management is essential, as the crisis 
can be unpredictable and prolonged and pose significant challenges to mountain populations. Smaller com-
munities may lack the expertise to handle extreme hazards, while larger communities with substantial seaso-
nal tourism can experience severe impacts, attracting high media attention.

From November 3rd to 6th, 2024, the Residency Living Lab in Courmayeur, Aosta Valley, Italy, brought to-
gether a team of international scientists and experts to discuss the management of mountain hazard events. 
This booklet compiles 20 representative hazard scenarios, ranging from large deep-seated landslides to se-
vere avalanche winters, and include cases from the European Alps, the Rocky Mountains, and the Himalayas.

The purpose of this booklet is to provide a concise overview of possible extreme events, and the management 
measures implemented. It is designed for politicians and decision-makers responsible for managing hazards in 
mountain communities. Key contacts of those who managed the listed cases are included, enabling decision-ma-
kers to quickly access relevant experiences and expertise when new problems arise. This resource helps in filling 
a critical gap, as decision-makers often lack the time to consult scientific literature to support their choices.

Yves Bühler
Scientific Coordinator

Participants: Barbolini Massimiliano, Bertolo Davide, Bühler Yves, Cadamuro Filippo, Dematteis 
Niccolò, Feistl Thomas, Froese Corey, Gagliardini Olivier, Giordan Daniele, Kanungo Debi Prasanna, 
Monti Fabiano, Ratto Sara, Roveyaz Simone, Segor Valerio, Troilo Fabrizio, Wolken Gabriel.

Residency Living Lab: Courmayeur, 3-6 November 2024
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Glacier collapse Hanging glaciers are a possible threat for the inhabitants of alpine 
valleys because of periodic (es: Grandes Jorasses, Weisshorn) 
or single events of collapse (es: Altels gletscher) and subsequent 
ice-avalanche. If the majority of victims of serac falls are climbers, 
in some cases ice falls from the higher alpine areas can reach the 
lowlands. We present two case studies, comprising a site on the 
Italian side of Mont Blanc (Grande Jorasses serac, GJS) which is 
under monitoring for the periodic gravity driven collapses, while 
on the French side a large glacier, Taconnaz Glacier (TG), is un-
dergoing a transition from a cold to a temperate base because of 
present climatic evolution, inducing possible ice avalanche much 
larger than the current seracs. In the medium term (i.e. next 2-3 de-
cades) both glaciers are going into a similar fate and further rese-
arch involving field measures and modeling are needed in order to 
better understand the process and to plan future safety measures 
and land use planning.

Monitoring and Characterization

•	 Englacial Temperature measures, ice thickness measures, ice 
surface velocity, deformation analysis, modelling of the thermal 
regime in the future;

•	 For the TG, the aim of this monitoring and modelling is to better cha-
racterize the maximum volume of breakup that can be expected in 
the future, and to estimate when it might begin to occur.  

Early warning system

•	 GB-InSAR deformation monitoring, doppler radar system (GJ). 
No early warning system at play for TG. 

Response Planning

•	 Traffic line closure, Evacuations (GJ).

MEASURES APPLIED
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Mitigation

•	 Integrated risk management;
•	 Process modeling and analysis of temperature 

evolution at the glacier beds. 

In Italy, the National Civil Protection has created a 
specific working group that is working on the ma-
nagement of glacially related risks. Two subgroups 
are working on specific topics: the technical group 
is focusing on strategies for the monitoring of glacial 
hazard situations, while the other group is focused 
in developing a communication strategy for the ge-
neral public at a national level in order to increase 
the awareness of the population on climate change 
and hazards originating in glaciated terrain and hi-
gh-altitude areas. This is work in progress and there 
is no specific action taken yet.

In France, there is not yet a communication aimed at 
the general public for this specific case. A steering 

COMMUNICATION

committee has been set up, bringing together scien-
tists, ONF-RTM, government departments and lo-
cal authorities to share the new knowledges in term 
of observation and modelling. 

The changing conditions of the alpine cryosphere, 
pose an important challenge for the management 
of cryospheric risks in the Alps. Processes still lack 
knowledge and understanding, and are difficult to 
measure with continuity because of the extreme envi-
ronment. Under these conditions, it is very important 
that research initiatives are supported and promoted 
in order to have data and elements for a possible stra-
tegy of future management of this type of risk.

Much research remains to be done to improve our 
ability to manage this risk. How important is the role 
of water percolation in crevasses in warming the 
glacier? How much of the glacier could collapse in 
the future, and when?

LESSONS LEARNED/FUTURE PERSPECTIVES

Stefan Margreth, Jérome Faillettaz. Martin Funk, Marco Vagliasindi, Fabrizio Diotri, Massimo Broccolato, Safety concept 
for hazards caused by ice avalanches from the Whymper hanging glacier in the Mont Blanc Massif, Cold Region Scien-
ces and Technology, Volume 69, Issues 2-3, 2011, Pages 194-201, ISSN 0165-232x, https://doi.org/10.1016/j.coldre-
gions.2011.03.006.

Gilbert A., C. Vincent, O. Gagliardini, J. Krug and E. Berthier, 2015. Assessment of thermal change in cold avalanching 
glaciers in relation to climate warming, Geophys. Res. Lett., 42, doi:10.1002/2015GL064838.
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Glacier collapse In the past century, break-offs and floods from the Planpincieux 
Glacier occurred and, on a few occasions, the small bridge of the 
Montitaz Torrent was damaged. In such cases, the involved ice 
volume was unknown. In late August 2017, a 60′000 m3 ice chunk 
detached from the Montitaz Lobe of the glacier, and the ice avalan-
che stopped 800 m upstream of the bridge. Starting from 2019, in 
summer, a wide transversal crevasse isolated the lower portion of 
the Montitaz Lobe from the main glacier body, which began to ac-
celerate rapidly. The estimated volume ranged between 250′000 
and 500′000 m3, based on georadar measurements and experts’ 
image analysis. Based on past events, ice avalanche run-out nu-
merical simulations were conducted in 2013 and 2020 by the SLF 
of Davos with different hypothetical volumes involved. These simu-
lations showed that volumes greater than 250′000 m3 would reach 
the underlying Planpincieux hamlet, potentially damaging buildin-
gs and the valley’s access road.
The Planpincieux Glacier faces toward the Val Ferret, which is one 
the most visited sites of the region of Aosta Valley by tourists. The-
refore, without counter measures, the risk of people involvement is 
high, but the possibility to allow public access to the valley is crucial 
for the local economic activities that are sustained by tourism. A 
compromise between these contrasting necessities must be found.

The emergency has been faced following different groups of mea-
sures: i) monitoring of the hazard; ii) definition of an alert protocol; 
iii) mitigation measures.

Monitoring of the hazard
After the crisis of 2019, the existent monitoring network was stren-
gthened with the addition of many survey systems that allowed 
real-time monitoring and data redundancy. A time-lapse camera 

MEASURES APPLIED



14

provided a clear interpretation of the processes in 
action; a ground-based interferometry radar me-
asuring the glacier velocity was adopted for early 
warning; a Doppler radar detected ice avalanches 
and triggered traffic lights in case of occurrence to 
close the valley road. Besides, more scientific inve-
stigations were conducted.

Definition of an alert protocol
Different elements that can be predisposing to ice 
avalanches were identified and included into an 
alert protocol that was delivered to the local autho-
rities on a periodic basis (from monthly to daily, de-
pending on the season). Such protocol reduced the 
subjectivity in the interpretation of the monitoring 
data and facilitated understanding by – usually non-
expert – decision makers.

Mitigation measures
Based on the outcomes of the alert bulletin, different 
measures aimed at reducing the exposure of the po-
pulation to the risk of ice avalanche could be put in 
action: from the closure of specific sectors of valley 
roads, to the evacuation of the inhabitants from the 
buildings more sensitive to ice collapses.

Aerial image acquired in summer 2014 of the Planpin-
cieux Glacier. On the right side is the Montitaz Lobe and 

below it is the glacial fan where the ice avalanches fall 
and travel downward. At the valley bottom, buildings and 

roads are visible. Credits: Daniele Giordan

The communication of the risk has been a crucial 
part of the management of the emergency, mostly 
because of the understanding reticence of the po-
pulation against the evacuation of their homes and 
economic activities and against the closure of the 
access to the valley that caused financial loss. The-
refore, meetings with the population have been or-
ganized to illustrate the potential risks with the sup-
port of scientific entities.
Besides, simple and clear update bulletins, repor-
ting the state of activity of the glacier by means of 
infographics, were disseminated on a regular basis 
(depending on the season) to inform the population.

The anomalous morphological and dynamical 
behavior of the Planpincieux Glacier was observed 
in 2019 thanks to an existent photographic survey 
system that was arranged in 2013 to monitor the 
glacier evolution using a low-cost solution. After 
the identification of an actual risk, more sophistica-
ted apparatuses were acquired for early-warning. 
Similar approaches could be followed in other con-
texts, where explorative low-cost monitoring can 
be initially adopted and subsequently integrated 
with other systems in case of necessity. A comple-
mentary/alternative option is the analysis of glacier 
velocity using free remote sensing products, which 
offer regional-scale data, but are less suitable for 
detailed investigations.

COMMUNICATION

LESSONS LEARNED/FUTURE PERSPECTIVES

Giordan D, Dematteis N, Allasia P, Motta E. Classification and kinematics of the Planpincieux Glacier break-offs using 
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morphodynamics: a case study in Italian Alps. Frontiers in Earth Science, 10, 793546.

References



SECTION 2: 
GLACIAL LAKE 
OUTBURST FLOOD 
(GLOFs)





TYPE OF HAZARD

17

AREA

PROBLEM DESCRIPTION

Artificial drainage 
of a proglacial lake

KEYWORDS

AUTHOR

CONTACT PERSONS

Chamonix Mont-Blanc, 
Auvergne-Rhône-Alpes Region, France

proglacial lake, GLOFs, artificial drainage

Olivier Gagliardini 
(Professor University Grenoble Alpes)

Olivier Gagliardini, Institut des Géos-
ciences de l’Environnement, University 
Grenoble Alpes, France
olivier.gagliardini@univ-grenoble-alpes.fr

RTM 
(mountain land restoration service) France
rtm.annecy@onf.fr

Marc Sirop, Saint-Gervais, France
directionst@saintgervais.com

Glacial Lake Outburst Flood (GLOFs) A proglacial lake started to form since 2015 on the right side at the 
front of the Bossons Glacier (French Mont Blanc Alps). Given this 
lake was dammed by the glacier on its left bank, it has expanded 
and deepened over time. Radar measurements were performed 
in 2021 and confirmed that the slope of the bed was favorable to 
the formation of a subglacial channel. Such subglacial drainage is 
known to conduct to unpredictable and very fast drainage with high 
peak discharge. From debris flows simulations, it was estimated 
that the Bossons village would be impacted by such a sudden drai-
nage for a lake volume around 20 000 m3. Four bathymetries of the 
lake were performed between 2021 and 2023 and confirmed that 
the lake volume stayed under this threshold. 

In 2022, an emergency action was taken by decreasing the level by 
1.25 m by digging the natural outlet of the lake. At the same time, 
we started thinking to more definitive solutions, such as digging a 
channel at the surface of the glacier to start an artificial overflow. 
This solution was inspired by the Rochemelon (2005, France) 
and Plaine Morte (2019, Switzerland) experiences. Simulations of 
overflow drainage showed that there was no induced risk of flood 
induced by an uncontrolled increase in water flow in the channel. 
The only “risk” was that the drainage was unachieved because the 
water flow in the channel was too low to incise the ice. From 10 to 31 
July 2023, two spider excavators have dug a 100 m long channel, 
excavating approximately 4 000m3 of ice. The 1st of August 2023, 
the channel was impounded. The lake totally drained in less than a 
week, incising a 7 m deep ice channel at a mean rate of 1m/d. It was 
estimated that the lake volume represented only 5% of the water 
flowing within the channel, 95% being the water entering the lake 
from the glacier stream. The water is now directed in the most left 

MEASURES APPLIED



18

During winter 2023, a public meeting was organized 
by the mayor of Chamonix in order to explain to the 
inhabitants the work that will be carried out during 
summer to drain the lake. It was also explained the 
necessity to unbuild two, too small, bridges in the 
Bossons village to account for the future increase 
of water flow in this stream. In July, journalists were 
invited to visit the work site and it gives a number of 
local but also national news.
During the work, the access to the place was forbid-
den and a number of pedagogical panels were de-
ployed to explain the raisons the paths were closed. 
This communication was more in direction of the 
number of tourists around Chamonix during summer.
At the start of the drainage, inhabitants were infor-
med and ready to evacuate in case something went 
wrong. It was also checked that nobody was walking 
in the vicinity of the Bossons stream. 

Just before the start of the work, the ice dam was 
only few meters higher than the lake level, such that 
the overflow would have happen naturally in 2023 or 
at max in 2024. It was nevertheless decided to per-
form the channel digging in order to control the exact 
date of the start of the drainage. Lake Bossons was 
an ideal case, at relatively low altitude (1700m) and 
easy to access from the Chamonix Valley. We took 
this opportunity to deploy a number of instruments 
during the whole drainage week in order to better 
calibrate the breach discharge model, that has sin-
ce been used on other applications.
Much research remains to be done to improve our 
ability to manage this risk. For example, how predi-
ctable is the formation and growth of a subglacial or 
intraglacial channel? Also, the predictability of inci-
sion rate in an overflow channel and the ice melt at 
the bottom of a lake could be improved by combi-
ning observations and physical modelling.  

COMMUNICATION

LESSONS LEARNED/FUTURE PERSPECTIVES

Ogier, C., Werder, M. A., Huss, M., Kull, I., Hodel, D., and Farinotti, D. (2021). Drainage of an ice-dammed lake through a 
supraglacial stream: hydraulics and thermodynamics. The Cryosphere, 15(11), 5133–5150.
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outlet stream flowing through the Bossons village. 
Since then, the lake has not appeared anymore.
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Glacial Lake Outburst Flood (GLOFs) The cyclical advance and retreat of glaciers results in the creation 
and disappearance of ice-dammed basins, which allow water to 
temporarily accumulate. These basins tend to fill with water during 
the onset of summer and then release it in sudden, devastating flo-
ods, endangering local populations and infrastructure (Taylor et al., 
2023). In southeastern Alaska, near the city of Juneau, the Men-
denhall Glacier has been the source of such glacial lake outburst 
floods (GLOFs), particularly from Suicide Basin, an over deepened 
side basin where an ephemeral ice-dammed lake forms and rele-
ases catastrophically (Kienholz et al., 2020). Since 2011, Suicide 
Basin has experienced nearly annual GLOFs, with the most signifi-
cant events occurring in 2023 and 2024.

During August 4-6, 2023, an outburst from Suicide Basin led to the 
Mendenhall River cresting at a record 4.56 meters, surpassing pre-
vious flood records and causing substantial damage to nearby com-
munities. The event released approximately 49.2 million cubic me-
ters of water, leading to a flood discharge exceeding 700 cubic meters 
per second, far greater than any previously recorded outburst.

The following year, on 6 August, 2024, another outburst occurred, 
releasing approximately 55.3 million cubic meters of water from 
Suicide Basin. This event caused the Mendenhall River to crest at 
4.87 meters, setting a new record. The peak discharge during this 
flood exceeded 930 cubic meters per second, surpassing the pre-
vious year’s historic levels.

These consecutive record-breaking floods highlight the dynamics 
of the Mendenhall Glacier system and the increasing hazard posed 
by GLOFs in the Juneau area. The rapid melting of glaciers, influen-
ced by ongoing changes in climate, contributes to the formation and 
expansion of glacial lakes like Suicide Basin, increasing the poten-
tial for such outburst events. Efforts are underway to monitor the 
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ice-dammed lake, develop better predictive tools for 
estimating the stored water volume and possible di-
scharge, develop glacier evolution models to under-
stand potential future ice-dammed lake locations, 
and develop strategies to mitigate the risks associa-
ted with future GLOFs.

In response to the increasing threat of glacier 
outburst floods from Mendenhall Glacier, scientists 
and policymakers are pursuing targeted research, 
mitigation, and community engagement efforts to 
mitigate future flood risks:

Advanced Hazard Modeling & Prediction
Recent funding by the National Science Founda-
tion and U.S. Geological Survey (USGS) will allow 
studies by the University of Alaska and Carnegie 
Mellon University that aim to integrate field data, re-
mote sensing, and modeling to predict future flood 
hazards and improve regional assessments.

MEASURES APPLIED

Long-Term Mitigation Planning
The U.S. Army Corps of Engineers, backed by 
American Relief Act funding, has launched a com-
prehensive investigation into sustainable flood miti-
gation solutions for the Mendenhall River floodplain.

Enhanced Monitoring & Early Warnings
The National Weather Service (NWS), and USGS 
have expanded hydrological monitoring in Suicide 
Basin, deploying sensors and cameras to improve 
early flood detection.

Community-Based Resilience & 
Infrastructure Protection
A partnership among the City of Juneau, the U.S. 
Forest Service, and the Central Council of the Tlin-
git and Haida Indian Tribes is exploring long-term 
strategies to safeguard homes, infrastructure, and 
cultural resources.



A multi-faceted system is used to mitigate glacier 
outburst flood risk in Juneau. The warning of glacier 
outburst and response to rapid flooding relies on 
real-time monitoring, rapid alerts, and coordinated 
emergency action by local, state, and federal enti-
ties. The University of Alaska Southeast, USGS and 
NWS track ice-dammed lake level using in situ sen-
sors and cameras and aerial and satellite imagery, 
triggering flood alerts through NOAA Weather Radio, 
Wireless Emergency Alerts, and the Juneau Alert 
System. The City and Borough of Juneau (CBJ), 
Capital City Fire/Rescue, and Juneau Police coor-
dinate evacuations and public safety efforts, while 
the Emergency Operations Center manages crisis 
response. Residents are informed of evacuation rou-
tes and receive preparedness information through 
outreach programs. This integrated approach blends 
science, technology, and local action to protect the 
community from sudden glacier outburst floods.

The escalating outburst floods from Mendenhall Gla-
cier underscore critical lessons about climate-driven 
hazards and the need for adaptive strategies. The re-
cord floods of 2023 and 2024 signal a possible shift 
to a more dynamic glacier system, which is outpacing 
current prediction capability and challenging emer-
gency response efforts. As ice-dammed lakes in 
the Mendenhall Glacier system evolve, infrastructu-
re along the Mendenhall River will continue to be at 
risk, demanding long-term mitigation such as revised 
zoning, engineered defenses, or property buyouts. 
Community preparedness and real-time monitoring 
remain vital, but with the glacier’s retreat altering the 
region’s hydrology, future risks may evolve in unpre-
dictable ways. Proactive planning, advanced foreca-
sting, and local resilience efforts will be key to naviga-
ting this shifting landscape.

COMMUNICATION LESSONS LEARNED/FUTURE PERSPECTIVES
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Glacial Lake Outburst Flood (GLOFs) The Tête Rousse glacier is famous for the disaster of July 11, 1892, 
which claimed 175 lives. That night, the glacier released 100’000 
m3 of water plus the equivalent in ice, causing a huge flood that de-
posited around 800’000 m3 of sediment. In 2010, a new cavity was 
discovered in the glacier based on the analysis of various geophy-
sical methods carried out since 2007: ground penetrating radar 
(GPR), surface nuclear magnetic resonance imaging (SNMR), bo-
reholes, ice temperature, pressure and sonar measurements. Tem-
perature and creep modelling enabled us to estimate that the cavity 
had expanded over the decades prior to its discovery. From tem-
perature measurements and modelling, it was established that the 
cavity has formed due to a thermal barrier, i.e. the front of the glacier 
was cold whereas the upper part was temperate. As the quantity of 
water was slightly the same as in 1892 (55,000 +/- 10,000 m3), but 
many more people were living downstream, it was decided to pump 
the water out urgently.

Once the volume and precise location of the cavity had been confir-
med, it was decided to pump water from the surface using bottom 
pumps placed in the cavity by surface drilling. The risk of collapse of 
the cavity roof was estimated and deemed low enough to continue 
drilling from the glacier surface. In autumn 2010, a total of 47,728 m3 
of water was pumped from the cavity. Over the following winter, the 
cavity partially closed by creep, then began to fill up in early spring. 
A smaller volume was pumped again in 2011 (16,162 m3) and again 
in 2012 (8,682 m3). It was then decided that the volume of the cavi-
ty was low enough to stop pumping the following year. n 2012, after 
the third pumping operation, the roof of the cavity partially collapsed 
on the right bank of the glacier. In 2016, taking advantage of the fact 
that the water level was close to the surface at this point, an over-

MEASURES APPLIED
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flow channel 6 meters deep was dug in the ice. The 
objective was to control the maximum water pressure 
(level) within the cavity. This channel completely clo-
sed in less than two years, due to snow accumulation 
and water refreezing. Today (2025), the original cavi-
ty is no longer fed by surface or subglacial runoff. A 
second reservoir has formed in the upper part of the 
glacier, within the rimaye crevasse. The glacier is still 
under survey, with the objective of measuring where 
and how much water is stored within the glacier.  

Since the discovery of the cavity in 2010, a warning 
system has been deployed at the glacier front. It 
consists of cables that would be cut in the event 
of a GLOF, linked to an alarm system in the valley. 
Inhabitants are informed of the measures to be 
taken when the alarm sounds. This system is still 
in place today. Public meetings were organized to 
explain to residents the risk created by the water 
stored in the glacier. All work on the glacier was 
well covered by the local and national media. On 
the scientific front, several articles have been pu-
blished as part of the study of the Tête Rousse ca-
vity, and research is still ongoing on the glacier in 
addition to the annual operational study.

The Tête Rousse glacier is a very complicated site 
in terms of risk management, as there is no solution 
for permanently draining the subglacial cavity and 
the hydraulic connections within the glacier are con-
stantly evolving. Fifteen years after the discovery of 
the cavity, the same total volume of water is now sto-
red in the glacier, but in different places and not ne-
cessarily in the form of continuous pockets of water. 
As there is no way of detecting such a cavity from 
surface observations, modelling is essential to lo-
cate glaciers likely to be subject to a thermal barrier. 
This work is currently underway at the IGE. In addi-
tion, GPR and SNMR measurements have proven 
their effectiveness in locating and estimating the 
volume of these subglacial cavities. But they must 
be complemented by drillings and pumping tests 
to qualify the water connectivity within the glacier.   
Regarding the warning system, maintaining such 
a system in a mountain environment over a such a 
long period is a difficult task, especially if one wants 
to avoid at maximum false alarm.  
Much research remains to be done to improve our 
ability to manage this risk. For example, how pre-
dictable is the formation and growth of an intra or 
sub-glacial channel?

COMMUNICATION

LESSONS LEARNED/FUTURE PERSPECTIVES
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Rock-Ice Avalanche About 27 million cubic meters of rock and ice detached from the 
Rontigad peak on 7 Feb 2021 and initiated as a rock ice avalanche, 
which later transitioned into a debris flow and a flash flood. It de-
stroyed 2 hydropower projects, killed about 200 people, and cau-
sed severe damage to the environment. The impact of this event 
was observed up to 150 km from the initiation. The huge entrain-
ment and water saturation exacerbated this event during flow. 

•	 A comprehensive investigation by the National Disaster Mana-
gement Authority (NDMA);

•	 Release area identification by the USDMA, NTPC and DTRL;
•	 Monitoring of the river discharge by NTPC Tapovan.

The first reporting of this event came to the highlight when the de-
bris flow destroyed the Tapovan Hydropower project and rushed 
through the desiltation chamber where approximately 200 workers 
were on duty. 
Local administration communicated to USDMA through the District 
Disaster Management Authority (DDMA).
USDMA reported to NDMA and also involved lined departments of 
the State.
NDMA deployed a Central Team involving National Institutions of si-
gnificance to assess day-to-day situation and PDNA.
Press media also played an important role during the whole process.

MEASURES APPLIED

COMMUNICATION

•	 Hazard-Vulnerability-Risk mapping of high-altitude regions su-
sceptible to avalanches/other mass movement processes;

•	 Large Scale Hazard Indication Mapping should be carried out 

LESSONS LEARNED/FUTURE PERSPECTIVES
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Release Zone of the 7th February 2021 Chamoli Rock Ice Avalanche

on a regular basis considering the potential rele-
ase zones and worst possible scenarios using a 
user-friendly, and simple numerical model;

•	 Remote sensing-based mapping & Monitoring 
preferably through SAR Interferometry for pos-
sible identification of release zones.
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Snow Avalanche Livigno is a municipality situated in the central Italian Alps, near the 
borders with Switzerland and South Tyrol. It is one of Italy’s most 
popular ski resorts, attracting more than one million tourists each 
winter. The permanent population is approximately 7’000 people, 
supplemented by around 4’000 seasonal workers, and the resort 
area can simultaneously accommodate up to 20’000 tourists. The 
main valley floor of Livigno is located at an elevation of approxima-
tely 1800 meters above sea level. The area is influenced by 41 major 
avalanche paths that expose infrastructure to avalanche hazards, 
including the main village, isolated houses, and roadways. Livigno 
is connected externally through three mountain passes: Forcola, 
Passo Foscagno, and Passo del Gallo. Forcola Pass remains clo-
sed throughout the winter season, while Passo Foscagno and Pas-
so del Gallo are vulnerable to avalanches and may occasionally be 
closed during critical periods, resulting in the isolation of Livigno. 
In the past decade, avalanche hazards have led to the isolation of 
the village for approximately 2-4 days each year. On the Passo Fo-
scagno road, five major avalanche paths have been identified as 
particularly problematic, although several smaller avalanche sites 
can also impact the road directly.
During Easter 2024, a period characterized by a high influx of touri-
sts, including many day visitors, heavy snowfall occurred. From 27 
March to 31 March, over 100 cm of snow accumulated in Livigno, 
with approximately 25 cm falling specifically on Easter day (31 Mar-
ch). On the afternoon of Easter Sunday, Passo Foscagno had to be 
temporarily closed due to vehicles becoming stranded and difficulty 
in maintaining road clearance. Given the forecast for an additional 
70 cm of snow accompanied by strong winds overnight, the avalan-
che forecaster, in agreement with civil protection authorities, priori-
tized clearing the road to briefly re-establish circulation, scheduling 
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a new closure for 9:00 PM that evening. The primary 
concerns were potential avalanche occurrences im-
pacting the road and extreme weather conditions 
compromising safe travel. While no specific high-ri-
sk sites were identified, widespread avalanche inter-
ference was considered likely. Nonetheless, emer-
gency vehicle access was preserved throughout the 
night, as Passo Foscagno provides the sole winter 
connection between Livigno and the rest of Italy.
An assessment for potential reopening was sche-
duled for 9:00 AM on 1 April. However, at 8:00 AM, 
an avalanche released from the northern slopes 
of Monte Foscagno near the summit area of the 
pass, crossing a relatively flat area of approxima-
tely 370 meters, reaching the road located slightly 
uphill on the opposite side. The avalanche narrowly 
missed a nearby hotel, impacted two vehicles par-
ked in its immediate proximity, and damaged three 
medium-voltage power line pylons—critical infra-
structure supplying electricity to the entire munici-
pality. The avalanche exceeded the known histori-
cal maximum avalanche runout distances recorded 
in the regional avalanche database by approxima-
tely 350 meters. Fortunately, one of the power line 
cables remained functional, resulting in only a 15 
minutes disruption of electrical service in the town. 
Due to continued avalanche risk, authorities de-
layed reopening the pass until the evening of 1 April. 
On 2 April, a temporary road closure between 10:00 
and 11:00 AM allowed avalanche control activities 
using helicopter and Daisy Bell systems targeting 

slopes that had not yet spontaneously been relea-
sed. These preventive measures produced no ad-
ditional significant avalanche activity, indicating a 
substantial improvement in snowpack stability.

Monitoring and Characterization: 
The Livigno Avalanche Center operates daily throu-
ghout the winter season with up to four dedicated staff 
members continuously monitoring snow and wea-
ther conditions. In addition to traditional snowpack 
observations, the center benefits from regular fee-
dback provided by local mountain guides. Data is 
collected from ten automated weather stations stra-
tegically positioned at various altitudes and locations 
to capture specific microclimatic conditions.
For these stations and an additional ten monitoring 
points, forecasters use the SNOWPACK model 
combined with numerical weather models, provi-
ding real-time (nowcasting) snowpack evolution 
data and forecasts extending up to 14 days.
Satellite-based SAR image analysis algorithms 
have been developed to detect avalanche activity, 
identify wet snow conditions, and provide insights 
on snow depth. Avalanche occurrences are also 
systematically recorded through manual obser-
vations. Combining simulated snowpack stability 
data, digital terrain models, and avalanche dynamic 
modeling enables avalanche forecasters to gene-
rate daily scenarios predicting potential avalanche 
activity within the monitored area.

MEASURES APPLIED

View of the Monte delle Mine Rock Glacier and the exposed valley



Road closure information is disseminated via Livi-
gno Municipality’s official social media channels 
(Telegram, Facebook, Instagram), direct communi-
cations with tourism operators and their respective 
associations, and institutional websites. Variable 
message boards positioned strategically along key 
road networks are also utilized.

Avalanche hazards cannot always be precisely an-
ticipated. Exceptional snow and weather conditions 
can lead to unprecedented and unexpected avalan-
che events. Although exact predictions are challen-
ging, context-based information can help anticipate 
otherwise unpredictable phenomena. However, this 
approach remains complex and not always feasible.

COMMUNICATION

LESSONS LEARNED/FUTURE PERSPECTIVES

Early warning system

•	 Meteorological forecast models are crucial to-
ols for providing advance assessments; howe-
ver, the complexity of alpine terrain often redu-
ces their reliability;

•	 Real-time monitoring systems detecting spon-
taneous avalanche activity can offer immediate 
predictive insights into imminent events.

Response Planning

•	 Road closures;
•	 Artificial avalanche releases;
•	 Emergency protocols.

Mitigation

•	 Temporary road closures;
•	 Artificial avalanche triggering to secure un-

stable slopes;
•	 Structural avalanche protection (barriers, 

dams, etc.);
•	 Burial of exposed electrical power line seg-

ments to reduce avalanche risks.

Mariani, A., Dellarole, L., Borsotti, J., Villa, G., & Monti, F. A NEW OPERATIONAL APPROACH FOR THE DAILY ASSES-
SMENT OF POTENTIAL AVALANCHE DANGER. In: International snow science workshop proceedings. 2024. p. 116-123.
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Workshop Proceedings, Banff. 2014. p. 1066-1070.
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Electrical power lines should also be considered cri-
tical infrastructure and their exposure to avalanche 
hazards must be factored into municipal emergen-
cy planning. An avalanche-induced power outage 
affecting approximately 30’000 people in an alpine 
community during winter conditions poses severe 
management challenges. Additionally, continuous 
medical services are crucial for highly populated, 
isolated areas. Relying predominantly on helicopter 
transport for emergency response can become pro-
blematic during poor flight conditions, and maintai-
ning road access for emergency vehicles can signi-
ficantly increase the risk to rescue personnel.
In preparation for the 2026 Winter Olympics, moni-
toring systems (geophones and infrasonic arrays) 
will be implemented for real-time avalanche activity 
detection, enhancing the data available to foreca-
sters. Predictive modeling data on snowpack sta-
bility, in both snowcasting and forecasting, provide 
valuable support for avalanche prediction efforts.
Collecting satellite-derived avalanche activity data 
and snowpack conditions, despite their delayed na-
ture, is crucial for better understanding, recording, 
and studying territorial snowpack dynamics.
Having on-site avalanche forecasters continuou-
sly tracking conditions throughout the winter se-
ason remains essential to addressing unforeseen 
scenarios, even when leveraging advanced infor-
mational resources.

33





TYPE OF HAZARD

35

AREA

PROBLEM DESCRIPTION

Avalanche winter 1999

KEYWORDS

AUTHORS

CONTACT PERSONS

Switzerland, Austria, France

snow avalanche, extreme events, 
traffic line interruption, avalanche 
victims, evacuation

Yves Bühler 
(WSL Institute for Snow and Avalanche 
Research SLF, Davos, Switzerland)

Stefan Margreth 
(WSL Institute for Snow and Avalanche 
Research SLF, Davos, Switzerland)

Stefan Margreth, head protection 
measures SLF, Canton of Graubünden, 
Switzerland
margreth@slf.ch

Anton Mattle, former Mayor of Galtür 
currently governor of Tyrol, Austria
buero.landeshauptmann@tirol.gv.at

Snow avalanche The winter of 1999 was marked by a catastrophic series of ava-
lanches in Switzerland and Austria, resulting in significant loss of 
life and extensive infrastructural damage. In Switzerland alone, 
the winter claimed 17 lives and caused damages exceeding CHF 
600 million, while in Austria, particularly in the village of Galtür in 
Tirol, 31 fatalities were reported due to a massive avalanche that 
buried several buildings. In France, the worst avalanche accident 
occurred in the winter of 1999 near Chamonix. The Montroc Ava-
lanche destroyed part of a village and killed 12 people. The ava-
lanche events were unprecedented, with over 1200 avalanches 
causing damage in the Swiss Alps, severely disrupting transpor-
tation and isolating communities, which had a profound impact 
on the tourism sector. The avalanches were attributed to a combi-
nation of meteorological conditions, including heavy snowfall on 
29 January, 9 February and 22 February and unstable snowpack, 
which prompted a reevaluation of avalanche risk management 
strategies in the three countries. In response to the disaster, ini-
tiatives were launched in Switzerland to enhance organizational 
measures for avalanche risk management, including the further 
development of hazard maps and improved communication sy-
stems between authorities and safety services. This shift towards 
a more integrated risk management approach was driven by the 
recognition of the need for better forecasting and preparedness to 
mitigate future avalanche-related disasters The lessons learned 
from the winter of 1999 have since informed policies and practi-
ces aimed at reducing avalanche risks, emphasizing the critical 
role of scientific research and community preparedness in safe-
guarding lives and infrastructure in alpine region.
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Monitoring and Characterization

•	 Aerial imagery acquisition by swisstopo
•	 Manual mapping of avalanche extents

Early warning system

•	 Avalanche warning SLF

Response Planning

•	 Traffic line closure
•	 Evacuations

Mitigation

•	 Reevaluation of hazard maps and the mapping 
procedures

•	 Review of the effectiveness of mitigation measu-
res and refinement of the design approach

•	 Integrated risk management

MEASURES APPLIED
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Aerial imagery 26 February 1999 in Evolène, canton of 
Valais (ch.swisstopo.lubis-luftbilder_schwarzweiss)

The avalanche danger is constantly evaluated by the 
avalanche warning services in Switzerland (SLF) and 
other Alpine countries. These warnings are commu-
nicated to the public by numerous channels (Radio, 
Web, TV, social media etc.). The warning services 
also keep a constant communication channel with 
national, regional and local authorities. In Switzer-
land the GIN network is now active for that (https://
www.info.gin.admin.ch/bafu_gin/en/home.html) as 
successor platform for IFKIS.

The constant evolution of infrastructure and tourism 
in mountain regions is increasing the vulnerability. A 
next extreme avalanche winter, maybe also triggered 
by more intense extreme precipitation events due to 
climate change, might have even larger impacts than 
1999. Therefore, an integrated risk management 
strategy combining different sets of measures is cru-
cial. The hazard mapping started after the avalanche 
winter 1951 in Switzerland demonstrated it effective-
ness hindering the building of infrastructure in endan-
gered areas. The different parts starting with opera-
tional avalanche warning, organizational measures 
such as evacuation plans, planning measures such 
as hazard mapping, technical measures such has 
snow supporting structures or avalanche dams as 
well as silvicultural measures need to be coordinated 
to achieve an enhanced effect to avalanche hazards. 
The future trend is moving more towards enhanced 
temporary measures such as remote-controlled bla-
sting systems, avalanche radars and automatic ava-
lanche detection systems. Temporary measures can 
be more easily adapted to changing conditions due to 
global warming.

COMMUNICATION

LESSONS LEARNED/FUTURE PERSPECTIVES
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Snow Avalanche Operational solutions to manage avalanche events that can inte-
ract with the road system, the only one access to villages or eco-
nomic and accommodation facilities located upstream of the ava-
lanche basin.
Over the years, several active and passive works have been carried 
out to mitigate the risk of avalanches on road axes, however, these 
works are not always sufficient to manage the avalanche risk. The 
causes are various: extreme weather events, particular avalanche 
dynamics, under sizing of the works. Or lack of active or passive 
works whose construction is not sustainable due to the orographic 
characteristics of the basin or because avalanche events are rare.
Proactive management is therefore necessary in conjunction with 
or in the absence of avalanche prevention works to mitigate avalan-
che risk. Below, some of the basins in the Aosta Valley are analyzed.

The basins with proactive management in integration with active or 
passive works are: in the Lys Valley the Bounitzon basin, in Morgex 
the Lavancher basin.
In the Bounitzon basin there is a 139 m long avalanche barrier gal-
lery, built in 1979 to protect the SS 44, in critical situations, the ava-
lanche flowing through the gallery also affected the road system, 
repeatedly obstructing it. This recently occurred in the winter sea-
sons 2008-2009 and 2023-2024.
In the Lavancher basin, however, there are 4.350 meters of pro-
tective defense structures (linear snow bridges) of a height varying 
between Dk=4metres and Dk=3 meters have been installed in the 
start zone, as have about 40 ‘upside down tree-shaped’ wind-bre-
aking deflecting devices positioned along 350 linear meters of the 
crest. Yet, for example in the 2009-2010 season, the avalanche re-
peatedly fell, creating preferential flow channels, grazing and put-
ting at risk the village of Dailey.
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The basins with exclusive proactive management 
are: the Rochefort basin (Ferret Valley), the Zerbion 
basin (Ayas Valley), the Cresta Fort du Bard – Cha-
navey bacin (Rhêmes Valley), the Tzasetze basin 
(Cogne Valley).
Specifically, for the Rochefort basin the high alti-
tude of the release area, the innumerable points of 
possible accumulation by the wind and therefore of 
detachment of the avalanche, the steep slope and 
sliding area, mean that it is not possible to crea-
te and make effective an active work, much less a 
passive work due to the dynamics and magnitude 
of the spontaneous event. Furthermore, the cre-
ation of such a work would impoverish the natural 
environment of the valley. In the other basins the 
return times of the event are rare and sporadic and 
the cost of creating the work does not find economic 
justification.

Over the years, the solutions adopted for the pro-
active management of avalanche risk are: 
•	 use of artificial detachment with explosive char-

ges, Snyper, Vassale or Gaz-ex;
•	 remodeling of the avalanche flow and accumu-

lation zone.

Artificial detachment
In the Rochefort and Zerbion basins, the PIDAV 
(Intervention Plan for Artificial Avalanche Detach-
ment) have been created. In particular, for the Ro-
cherfort Basin, in 2017 an Operational Plan for the 
Management of Avalanche Danger (POGPV) was 
drawn up and includes the PIDAV, aimed at reducing 
the risk of avalanches through preventive measures 
and artificial detachment interventions. The plan is 
based on historical data and technical reports for 
effective management and is a dynamic document 
that evolves based on experiences and detachment 
techniques. Commissioned by the municipal ad-
ministration and managed by the local avalanche 
commission, its implementation has been regularly 
and successfully applied since 2019. Up to January 
2025, approximately 12 interventions have allowed 
the closure of Val Ferret to be limited.
Currently, Sniper charges are used, dropped by he-

MEASURES APPLIED

licopter at the shooting points defined by the opera-
tional plan, at altitudes between 2900 m and 3670 
m with slopes between 30 and 50 degrees and ba-
sed on quantitative definitions of accumulation. The 
choice of shooting sites is dictated by the morpho-
logical characteristics and snow accumulation and 
adapted from time to time to contain the magnitude 
of the event caused.
The objective is to cause repeated medium/large 
events while avoiding the very large/extreme event 
capable of reaching the valley floor.
The document also contains the clivometric map 
with the areas predisposed to natural release. The 
sludge map showing the distribution of stress in 
the soil and snowpack, with concave areas more 
subject to avalanches. The nivometeorological mo-
nitoring plan using nivological data, periodic sur-
veys, observations of snow height, wind snow ac-
cumulation, temperature and characteristics of the 
snowpack, attention and alert thresholds.
As well as the safety and management procedures 
for the artificial detachment of avalanches.
A PIDAV has also been created in the Rhêmes 
and Tzasetze basins, but in this case the proactive 
management uses a fixed system installed on site 
with Gaz-ex exploders, in these basins, the shoo-
ting points are fixed and do not require a repeated 
site-specific assessment. In this case the release 
area does not exceed 2600 m of altitude.

Remodeling avalanche
Proactive avalanche remodeling management is 
instead implemented in the flow and accumulation 
zone when several avalanche events can overlap in 
the same season. This is the case of the Bounitzon 
and Morgex basins.
The action is implemented when a seasonal event 
renders the effectiveness of the work useless and 
therefore there is a high probability that each subse-
quent event will find a “preferential flow”, channeling 
onto the road network or near a residential area.
Specifically, the characteristics of these basins al-
low, in the accumulation zone and partially in the 
flow zone, to use snow groomers (normally used in 
ski areas to groom the slopes) or vehicles such as 



bulldozers/excavators, to mobilize the snow accu-
mulations of the avalanche in order to create banks 
to channel and contain subsequent flows towards 
open areas, protecting the infrastructure.
This type of management, as it is extraordinary, is 
managed and evaluated by the Autonomous Re-
gion of Aosta Valley using the technicians of the 
Department of Civil Protection and Fire Brigade 
Operational Interventions, in synergy with the tech-
nicians of the avalanche office and the competent 
avalanche commission for the territory. From 2008 
to 2025, five remodeling interventions have been 
carried out throughout the regional territory.

Segor V., Dellavedova P., Borney E., Debernardi A. (2010) “A quick winter solution for hazard mitigation in the deposition 
area – application in the Aosta Valley – NW Italian Alps.” 

Proceedings of International Snow Science Workshop ISSW, Squaw Valley, CA, USA – 17-21 October 2010.

https://bollettinovalanghe.regione.vda.it/Media/BollettinoValanghe/Hierarchy/6/695/Inverno_2009-2010.pdf  PAG 132
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For all proactive management methodologies, the 
communication implemented prohibits access to 
the area to be managed and there is constant moni-
toring during the operations.
For Val Ferret, the POGPV includes preventive me-
asures and procedures for closing and reopening 
the municipal road in case of danger and outlines 
the monitoring and suspension procedures for traf-
fic to ensure public safety.
The Mayor, in collaboration with the Director of Ope-
rations, manages the temporary closure of the mu-
nicipal road in case of avalanche danger.
The detachment operations are carried out by he-
licopter, following rigorous safety and communica-
tion procedures. The area concerned is always clo-

Active and passive works are not always sufficient 
to manage avalanche risk.
The works do not eliminate the risk, there is always 
a residual risk due to extreme events or events with 
particular dynamics or sometimes the works are 
undersized or it was not possible to realize them in 
relation to economic reasons.
Implementing proactive management measures al-
lows to overcome such situations, allows to contain 
costs, intervene quickly and effectively also to pro-
tect the local economy.
On the other hand, it requires an operational plan and 
requires specialized and competent management.

COMMUNICATION LESSONS LEARNED/FUTURE PERSPECTIVES

sed to the public and must be monitored to ensure 
safety during operations. Below an extract of com-
munication adopted over the years:
“The procedures include the activation of the Ope-
rational Plan for the management of avalanche dan-
ger from 7:30 am until the end of operations, which 
consist of the evacuation of the towns of Meyen and 
Pont-Pailler; from 07.30 am the ban on access, circu-
lation and parking in the area subject to reclamation 
(Marbrée, Rochefort, Praz de Moulin); from 07.30 
am the ban on access, circulation and parking for 
vehicles and pedestrians along the Val Ferret road 
between the locality of La Palud and Planpincieux.”
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Snow and avalanche 
emergency of December 
2008 in the western and 
south-western Italian Alps, 
Piedmont Region
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Snow Avalanche After several days of bad weather with significant early snowfalls re-
corded between 9 to 12 December 2008, starting from the morning 
of Sunday 14 December to the night of Wednesday 17, Piedmont 
was affected by intense and widespread precipitations that caused 
critical conditions linked to heavy snowfalls and avalanches on the 
Alpine valleys, landslides on hills, and flood in plains. During the 
event, exceptional snowfalls were recorded; the total amount of 
new snow fallen in four days (14-17/12/2008) was between two to 
three times the average of total new snow for December measured 
in Piedmont mountains over the previous 40 years. Duration and 
intensity of precipitations determined a very high avalanche risk 
on all the Piedmont alpine sectors, Grade 5, the highest value of 
the European avalanche danger scale. During snowfalls and in the 
subsequent days numerous natural loose and slab avalanches, fre-
quently of large size, were released: 52 Municipalities were affected 
by avalanche phenomena and in some cases avalanches directly 
affected residential buildings, fortunately with no casualties; 68 
villages were isolated for several days; 33 preventive evacuations 
were performed; 243 Municipalities were affected by road and rail 
interruptions; electricity supply interruptions occurred to about 173 
Municipalities [1]. The emergency phase lasted one day before 
Christmas Eve. The damage costs to the public property caused by 
the 14–17 December 2008 snowfalls have been estimated by regio-
nal authorities to be about 470 million of euros [2], giving evidence 
of the real emergency dimension and impact of the event.

The Regional Directorate of Public Works, Soil Protection, Mountain 
Economy and Forests of Piedmont Region during the emergency 
operated in close contact with the Local Avalanche Commissions 

MEASURES APPLIED
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COMMUNICATION

View of the Monte delle Mine Rock Glacier and the exposed valley

Communication during the event was managed 
from three point of view:
•	 The institutional communication to the public 

was managed by the Communication Sector of 
the Piedmont Region, through press releases is-
sued twice a day.

•	 The operational communication for the manage-
ment of the emergency was coordinated, due to its 
severity, by staff of the national Civil Protection De-
partment from the regional operating room to the 
municipalities, mountain communities and road 
services of the provinces concerned.

•	 The Local Avalanche Commissions transmitted 
daily to the Mayors and the Regional Operating 
Room a report on the avalanche situation in the 
Piedmont valleys, with indications for the adop-
tion of preventive measures for public safety.

In addition, in order to support the planning and exe-
cution of CLV activities on the field, ARPA prepared 
and daily transmitted to all CLV’s a specific bulletin 
with main meteorological and snow-cover parame-
ters for all Alpine sectors.

(CLV), to continuously verify and update the situa-
tion on a local scale. The air support activated by the 
mentioned Regional Directorate from three helicop-
ter bases was fundamental for the CLV institutional 
activities (monitoring of avalanche activity and plan-
ning of prevention actions). The helicopters’ opera-
tion was coordinated on ground by the personnel of 
the State Forestry Corps and the heli-bombing acti-
vities were coordinated by the Regional Operational 
Room of Civil Protection with technical assistance of 
a snow expert from ARPA, which provided support 
to the emergency management during all the crisis 
phases. The main activities of ARPA were: the ela-
boration of updated target forecasts, the snow and 
weather real-time data delivery, the on-line Agency 
Avalanche Information System sharing, the coordi-
nation of the avalanche and damage reporting to get 
a regional updating framework of critical situations, 
the support to the avalanche and snowpack survey 
and to artificial triggering. In the southern sectors, 
operations were coordinated by the Unified Avalan-
che Commission for the Province of Cuneo, con-
stantly assisted by an ARPA snow expert in support 
of the Civil Protection crisis room of the province.



The December 2008 avalanche crisis highlighted 
the importance of well defined and shared stan-
dards, acknowledged and accepted prevention 
actions suited to minimize the heavy snowfall ef-
fects, with particular attention to the road condi-
tions and to the school system opening/closing.
The “emergency preparedness” at different insti-
tutional levels, including stakeholders and popu-
lation, came out as a key factor to minimize nega-
tive impacts.

Main lessons learnt are as follows:
•	 prompt involvement of local actors.
•	 improving the management of road and mo-

torways closing and opening.
•	 providing the media, authorities and people 

with univocal, official and timely information.
•	 standardize the operational procedures for 

CLV, including artificial avalanche releases 
operations.

•	 improving the people preparedness.

After the December 2008 crisis, many actions 
were undertaken, either at regional or local level, 
to upgrade the overall system:
(a) Mid-scale regional avalanche mapping (known 
as SIVA – Sistema Informativo Valanghe) published 
online in 2001 on GIS public platform, (https://web-
gis.arpa.piemonte.it/portale-valanghe/) was upda-
ted with important new information about avalan-
ches even with secular time of recurrence and laid 
the basis for the new regional avalanche Cadastre.
(b) Operational Guidelines for Local Avalanche 
Commission were established and set in practice [3].
(c) Regional and local authorities were partners 
of several European research projects aimed to 
improve methods and tools for avalanche preven-
tion and preparedness (e.g. STRADA Strategic 

LESSONS LEARNED/FUTURE PERSPECTIVES Project, co-funded by Interreg I-CH 2007-2013, PI-
TEM RISK and PITER Terres Monviso, co-funded 
by ALCOTRA 2014-2020 I-F European Cross-bor-
der Cooperation Programs).
(d) New budget lines were established by regio-
nal authorities to sustain the CLV activity with new 
snow instruments and training activities.

[1] M. Cordola, E. Turroni, C. Prola, A. Bertea, M. Zaccagnino, M. Turco and S. Martorina. Piogge e nevicate intense del 14-17 
dicembre 2008 in Piemonte. Neve e Valanghe n.67, 2009
[2] Pelosini, R., Bovo, S., and Cordola, M.: Lessons learnt from the snow emergency management of winter season 2008–2009 
in Piemonte, Adv. Geosci., 26, 149–153, 2011
[3] Barbolini M., Natale L., Barbero S., Prola M.C., Faletto M., Cordola M., Stefanini F. Linee di indirizzo operative per l’attività 
delle commissioni locali valanghe in Piemonte, Ed. ARPA Piemonte, 2013.
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Monitoring and Characterization
•	 Instrumented boreholes, geophysical investigations;
•	 Hydrogeological characterization and Geological modelling;

MEASURES APPLIED

Brienz/Brinzauls landslide

The slope where the village of Brienz/Brinzauls is located expe-
rienced slope instability since the retreat of glaciers around 13’000 
years ago. The geological and geomorphological settings predi-
spose the slope to a variety of complex processes, which affect 
the uppermost regions with rock falls, debris slides and rock ava-
lanches, while the lower portions are dominated by deep seated 
deformation reaching up to the Albula river. The instability is not 
only threatening the village but also important road connections, 
a railway and a power line. In 1877 the north-eastern part of the 
slope accelerated, with approx. 13 million m3 (Igl Rutsch) moving 
with a few meters per day over several weeks and stopping before 
reaching the village. Since spring 2023 a strong acceleration of the 
north-central part (Insel) was observed and the village (approx. 
100 inhabitants) was evacuated a first time on 12 May 2023. On 
15 June 2023, part of the Insel failed catastrophically with about 
1.2 to 1.7 million m3 rock mass and debris flowing down rapidly 
during the night, reaching the cantonal road and stopping about 
40 meters before the houses. After this event, a deceleration of 
the rock slope was observed, and the people were allowed to re-
turn to their houses. However, the depression of the Insel release 
filled again with debris from the rock walls above and started to 
accelerate again in November 2024, with peak velocities up to 40 
centimeters per day. As the unstable materials react quickly after 
snowmelt and/or heavy rainfall, prompt warning before a potential 
catastrophic failure is difficult and thus the village has been eva-
cuated again and is still uninhabited today. 
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As many people are affected by this hazard, a 
professional expert, Christian Gartmann (https://
www.gartmann.biz) was employed to lead the of-
ficial communication of the community of Albula. 
Regular bulletins are issued to the public (https://
www.albula-alvra.ch/infobrienzerrutsch). Official 
meetings have been initiated to inform and discuss 
with the local population and streamed online as 
livestream. The communication setup is a crucial 
part of the management of the Brienz/Brienzauls 
landslide management. Also, different national TV 
formats have been produced on this hazard (e.g. 

COMMUNICATION

•	 Satellite radar interferometry (InSAR);
•	 Regular LiDAR and photogrammetric eleva-

tion model acquisitions;
•	 High resolution webcams with DIC (digital 

image correlation) (Gepraevent AG und Mo-
nitron AG).

Early warning system

•	 Ground Based InSAR (Geopraevent);
•	 GNSS stations (HMQ AG und Grünenfelder AG);
•	 Total station with mirrors (HMQ AG).

Response Planning

•	 Runout Modeling for different scenarios using 
RAMMS, DAN3D and MPM;

•	 Risk phases (green, yellow, red and blue) 
communicated to the public;

•	 Evacuation plans;
•	 Planning for relocation of the village.

Mitigation
•	 Tunnel for dewatering;
•	 Road closure with traffic light coupled to a 

doppler radar to detect rockfall;
•	 Evacuation.

Gartmann, C.: Brienz/Brinzauls landslide (2022): Crisis management and crisis communication - The people affected take 
center stage, Swiss Bulletin for Applied Geology, 27, 91-94.

Loew, S., Schneider, S., Josuran, M., Figi, D., Thoeny, R., Huwiler, A., Largiadèr, A., and Naenni, C. (2024): Early warning 
and dynamics of compound rockslides: lessons learnt from the Brienz/Brinzauls 2023 rockslope failure, Landslides, 22, 
283-298, 10.1007/s10346-024-02380-z.

Manconi, A., Jones, N., Loew, S., Strozzi, T., Caduff, R., and Wegmueller, U. (2024): Monitoring surface deformation with 
spaceborne radar interferometry in landslide complexes: insights from the Brienz/Brinzauls slope instability, Swiss Alps, 
Landslides, 21, 2519-2533, 10.1007/s10346-024-02291-z.

References

Einstein www.srf.ch/play/tv/sendung/einstein) as 
well many national and international news reports.

LESSONS LEARNED/FUTURE PERSPECTIVES

Deep seated landslides moving slowly over many 
decades can suddenly accelerate initiation a 
big crisis for the population as well as critical in-
frastructure (power lines, buildings, roads and 
railways). In such a situation, an efficient and accu-
rate early warning system as well as a sophistica-
ted communication strategy are crucial. Combina-
tion of different instruments and methods such as a 
ground-based radar, GNSS and total station point 
measurements, as well as numerical modelling to 
evaluate potential runout scenarios help decision 
making. Frequent and transparent communication 
of the situation to the local population using diffe-
rent channels, in collaboration with professional 
communication experts, enables a reliable and tru-
stworthy inclusion of the affected population.

Archive image - Keystone/Michael Buholzer



TYPE OF HAZARD

47

AREA

PROBLEM DESCRIPTION

Spitze Stei rock 
slope instability
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Rock Avalanche Given its critical geological predisposition, the region around Kan-
dersteg was affected by several prehistoric, multi-million cubic me-
ter large rock slope failures. Kandersteg is built on the deposition 
of the Fisistock rock slope failure, the largest event with a volume 
of almost 1000 mio. m3. During the 2010s, a remaining section of 
the original Fisistock instability in the so called ‘Spitze Stei’ area re-
activated, involving a volume of about 16 mio. m3. The reactivation 
was accompanied by permafrost thaw or warming and increased 
water infiltrations into the slope. This caused a weakening of Marl 
layers, which act as sliding plane. Seasonally varying water pressu-
res in the slope controlling the current displacement velocities and 
cause a distinct acceleration during snow melt. Displacement rates 
range between 1.5 m/year for the deep-seated sliding process up 
to several meters per year for a superimposed debris slide. In the 
current phase of the instability, ductile behavior of the ice saturated 
marl layers is assumed to prevent a further acceleration and failure 
of the slope.
A future failure of the slope is nevertheless considered as likely. The 
primary rock avalanche would affect an area used heavily by touri-
sts. Although direct damage to infrastructure would be limited to a 
small road, a ski piste and possibly a few buildings, the risk of human 
casualties is significant. The municipality has therefore established 
a flexible restricted area adjusting to the hazard situation. 
The remobilisation of rock avalanche deposits by debris flows po-
ses a significantly greater hazard potential. Debris flows could re-
ach the village centre and cause major damage here. A retention 
dam was built on the edge of the village to protect it. In addition, 
a planning zone including a temporary construction ban applies to 
large parts of the village. On the process side, the situation is exa-
cerbated by the fact that the deposits of the rock avalanche could 
potentially bury the spring outlets of the underground drainage of 



48

Lake Oeschinen. This could lead to the rapid satu-
ration of the deposit and favour debris flows. This is 
particularly the case if there are major subsequent 
rock falls that affect the deposit of the first event.

Monitoring and Characterization
Regular LiDAR and photogrammetric elevation mo-
del acquisitions; Temperature, deformation and wa-
ter pressure measurements in boreholes; Electrical 
resistivity tomography (ERT), Geotechnical labora-
tory tests; Analysis of historical aerial images; Hy-
drogeological, geological and kinematical model; 
Webcams; Lidar and Radar gauges.

Early warning system

•	 Ground Based InSAR (Geopraevent);
•	 GNSS stations;
•	 Total station with mirrors.

Frequent communication of findings and hazard 
situation to the public via website of the communi-
ty and informative meeting. Swiss TV production 
(SRF DOK & Einstein) as well many national and 
international news reports.

Official information website of the community Kan-
dersteg with frequent updates (in German): 
https://www.gemeindekandersteg.ch/spitze-stei

All reports and hazard assessments are openly 
available on this website (Fachunterlagen).

MEASURES APPLIED

COMMUNICATION

Permafrost thaw can cause the activation/reactiva-
tion of water driven rock slope instabilities. Phases 
of uniform ductile slope creep can last for years and 
can pose a considerable burden for the communi-
ties affected, as they can lead to long-lasting restri-
ctions on community life and local development. 
Even if primary rock fall does not threaten a village, 
the management of sediments, mobilised by secon-
dary debris flow activity constitutes a major chal-
lenge. Fast remobilisation of large volumes by the 
impacts of subsequent failures must be considered. 
The intense monitoring is ongoing.

LESSONS LEARNED/FUTURE PERSPECTIVES
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Response Planning

•	 Runout Modeling for different scenarios using 
RAMMS and MPM;

•	 Flexible restricted area;
•	 Risk phases (green, yellow, red and blue) com-

municated to the public;
•	 Evacuation plans.
Mitigation
•	 Retention dam;
•	 Measures against flooding in the village;
•	 Evacuation plans.
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Rock Avalanche In mountainous regions, there are often large rock slope instabilities 
than can move slowly over time and rapidly accelerate and have suf-
ficient energy to flow and impact on large areas in the valley bottoms.

In 1903 a large rock avalanche in the Western Canadian Rocky 
Mountains buried part of a mining town, killing over 80 people. Fol-
lowing this event studies highlighted an additional unstable mass 
on the eastern flank of the mountain that could impact on popula-
tions and infrastructure in the valley bottom. This to an evolving ap-
proach to risk management over the next 120 years driven by utili-
zing updated technologies and understanding of the mountain that 
have allowed decision makers to better understand the risk and 
support informed decision making.
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A formal emergency response protocol was develo-
ped for the project in collaboration with the provincial 
emergency management agency and the municipa-
lity. Annual table top exercises were undertaken to 
confirm understanding of roles, responsibilities and 
actions and annual updates on the mountain were 
provided in municipal meetings. All results of the an-
nual monitoring were also published on the Alberta 
Geological Survey websites (www.ags.aer.ca).

While in 2003, the government of Alberta had good 
intentions by allocating funding and resources to 
implement a near real-time warning system over a 
short time period, there had not been sufficient stu-

COMMUNICATION

LESSONS LEARNED/FUTURE PERSPECTIVES

Froese, C.R., Charriere, M., Humair, F., Jaboyedoff, M., & Pedrazzini, A. (2012). 25 Characterization and management of 
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da. Engineering Geology, 128, 76-94.
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Hazard avoidance: Following the 1903 rock ava-
lanche, the remaining portion of the Town of Frank 
were re-located as to not be in the path of future 
rock slope failures originating from the eastern flank 
of Turtle Mountain.

Land Planning

In the 1930’s, the identification of an additional un-
stable mass (estimated at 5x106 m3) led to the de-
velopment of an empirically based estimate of po-
tential impacted areas for which future development 
was discouraged but not formally implemented.

Characterization

In the early 1980’s there was an initial campaign im-
plemented to install a series of points on the moun-
tain that could be utilized to characterize displace-
ment patterns and rates but there was no long-term 
support for these studies.  In the mid-2000’s, fol-
lowing the implementation of different monitoring 
technologies on the 

MEASURES APPLIED dies to understand how the mountain was moving 
and whether this approach to risk management was 
appropriate. While significant effort was allocated to 
installation of sensors on the mountain in the early 
2000’s, it was not until the late 2000’s where studies 
were undertaken to refine the understanding of the 
hazard and it was determined that the movements 
were sufficiently slow and the volumes lesser than 
anticipated. This led to moving away from relying on 
short term warning to a renewed focus on tracking 
movements over longer time periods using remote 
monitoring technologies and committing to applying 
land use guidelines to minimize downslope impacts.
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Rock Avalanche As part of the national rock slope management program a high-risk 
rock slope object was identified on the mountain Mannen, in Møre 
and Romsdal county, western Norway. Two scenarios, ranging in 
volume between 2 million m3 and 20 million m3 were identified 
which could impact on downslope inhabitants, a regional road and 
regional railway line, and the river at the base of the valley could be 
dammed and cause flooding upstream of the slide.
Veslemannen was a small (estimated up to 120.000 m3), but very 
active section of the larger scenarios, discovered from the displa-
cement measurements in 2014. The hazard zones from this section 
only affected four inhabited houses. Veslemannen failed in 2019 
after a series of evacuations of the residents.

Monitoring and Characterization

Drill holes, geophysical investigations and surface mapping were 
undertaken to better understand the nature of the rock mass. Sur-
face and remote monitoring systems were set up to understand and 
monitor movement trends in an early warning system. 

Runout Modeling and Risk Zonation

For both the large scenarios and Veslemannen, the potential down-
slope extents of a failure runout were modelled, and zones were de-
termined based on the likelihood of potential scenarios.

Early Warning and Response Planning

Based on the learnings from the monitoring program, multi-staged 
displacement thresholds were developed for the Veslemannen 
scenario corresponding to color-coded hazard levels. Following the 
national plan for emergency preparedness for rock slope failures in 
Norway, routines were implemented for geological and technical 
control, communication and response planning with the municipali-

MEASURES APPLIED
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ty, county, railway and road officials (see below).

The nature of the hazard and risks were communi-
cated to the municipality, county, road and rail offi-
cials and an emergency response plan was develo-
ped. From 2014 there were significant accelerations 
of the displacements for the smaller mass that led to 
threshold exceedances and execution of the emer-
gency response plans, which included evacuation 
of residents and restrictions on road and rail traffic. 
The trend accelerated in particular in 2018 and 2019 
up to the September 2019 failure of the Vesleman-
nen section, which led to several evacuations of the 
inhabitants in the hazard zone.

COMMUNICATION

LESSONS LEARNED/FUTURE PERSPECTIVES
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There were a total of 15 warnings of the top (red) ha-
zard level and evacuation over a span of six years 
where no collapse occurred. The slope movements 
were strongly affected by precipitation events that 
caused the velocity thresholds to be exceeded re-

peatedly, though the thresholds were evaluated and 
set higher every year. When the slope collapse did 
occur in September 2019, the volume (54.000 m3) 
and runout were smaller than the evacuation zone, 
which was a “worse case” conservative scenario. 
Some of the key lessons learned were the difficulty 
in predicting how and when a rock mass may fail, in 
particular when a slope is highly affected by external 
forcing such as precipitation events. Run-out zones 
are difficult to model accurately and evacuation zo-
nes need to be conservative to ensure no fatalities 
from a failure. In similar situations, where unstable 
volumes are small, other methods to manage the 
risk like building of debris diversion structures) 
could be considered as an alternative for 24/7 moni-
toring.  Repeated “false” alarms can lead to a signifi-
cant burden and uncertainty for the inhabitants and 
a lack of trust to the decision making.
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Landslide The Mont de La Saxe landslide area spans 150,000 m² with an esti-
mated volume of 8.5 million m³, threatening critical infrastructure 
and the local community. The landslide exhibits complex kinema-
tic behavior, with multiple active sliding planes ranging from shal-
low depths (20-30m) to deeper layers (50-90m). The instability 
affects residential areas, luxury hotels, and critical infrastructure 
such as the Mont Blanc Tunnel, whose closure could result in eco-
nomic losses of approximately €2 million per day. Conventional 
protective measures have proven insufficient for large-scale col-
lapses, necessitating active mitigation strategies to slow down the 
evolution of the landslide.

Monitoring History

•	 2002-2007: Initial geomorphological analysis and installation 
of first topographic and borehole surveys confirming the active 
nature of the landslide;

•	 2008: Establishment of the first continuous monitoring network 
for real-time movement tracking;

•	 2010: Increased monitoring frequency following observed ac-
celeration of slope movement;

•	 2012: Expansion of monitoring system with additional sensors 
to enhance data precision and coverage;

•	 2013: Exceeding of alert thresholds, prompting the implemen-
tation of mitigation and civil protection measures;

•	 2014-Present: Ongoing monitoring and continuous adaptation of 
risk mitigation strategies, integrating a “technology watch” approach.

Multi-Technology Monitoring System
Real-Time Monitoring Infrastructure

•	 44 RTS topographic targets;

MEASURES APPLIED
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•	 8 GNSS continuous receivers;
•	 6 multiparametric DMS probes;
•	 1 GB-InSAR unit;
•	 1 high-resolution rockfall detection system.

Investment and Maintenance

•	 Initial investment: ~€2 million;
•	 Annual maintenance cost: ~€150.000.

Risk Mitigation Measures
Drainage System

•	 Implementation of drainage boreholes (2013-
2015, expanded in 2018);

•	 Discharge capacity varies seasonally between 
3,500 m³/day and 8,500 m³/day;

•	 Landslide velocity reduced by a factor of four.

Early Warning and Decision-Making Strategy

•	 Alert system based on movement data, piezo-
metric conditions, and meteorological forecasts;

•	 Four alert levels (Green, Yellow, Orange, Red) 
trigger different civil protection responses, inclu-
ding evacuation and road closures.

Institutional communication: continuous updates 
provided by the regional authorities.

Technological Integration

•	 AI and machine learning applications to enhan-
ce predictive modeling of groundwater varia-
tions and landslide evolution;

•	 Continuous improvement of real-time monito-
ring capabilities.

Resilience and Adaptation

•	 Strengthening cooperation with local authorities 
and civil protection agencies;

•	 Optimizing mitigation techniques for long-term 
stability and risk reduction;

•	 Further advancements in remote sensing for im-
proved hazard assessment.

COMMUNICATION

LESSONS LEARNED/FUTURE PERSPECTIVES

Béjean-Maillard, O., Bertrand, C., Malet, JP., Guillaume C., Nevers P., Ducasse J., Bertolo D., Thuegaz P., 2025. Hydro-
geological forecasting of deep-seated landslides dynamics: structure and sensitivity of tank models. Landslides (2025). 
Crosta, G.B., Di Prisco, C., Frattini, P., Frigerio, G., Castellanza, R. and Agliardi, F., 2014. Chasing a complete understan-
ding of the triggering mechanisms of a large rapidly evolving rockslide. Landslides, 11(5), pp.747-764. 
Giordan, D., Manconi, A., Allasia, P. and Bertolo, D., 2015. Brief Communication: On the rapid and efficient monitoring 
results dissemination in landslide emergency scenarios: the Mont de La Saxe case study. Natural Hazards and Earth 
System Sciences, 15(9), pp.2009-2017. 
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Aerial photo taken from helicopter at about 3700 m a.s.l. on Oct 1st, 2016, showing the 400.000 m3 collapsed sector 
(2014). The dashed line marks the unstable active slope of the landslide (photo: D. Bertolo).

Public and stakeholder communication:
•	 Reports and alerts issued to local municipalities 

and civil protection units;
•	 Real-time data sharing with decision-makers;
•	 Media briefings to keep the public informed of evol-

ving risks and necessary precautionary measures.



SECTION 7: 
DEBRIS 
FLOW





TYPE OF HAZARD

59

AREA

PROBLEM DESCRIPTION

Rock glacier collapse, 
Livigno 2024

In recent decades, the Alpine climate has undergone significant 
changes, with a marked increase in average annual temperatures. 
This has led to imbalances in glacial systems, accelerating gla-
cier retreat and compromising permafrost stability. Rock glaciers, 
ice-rich landforms covered by debris, are also affected by climate 
change, resulting in geomorphological and hydrological impacts. 
Between 2022 and 2024, the rock glacier on the northwestern 
slope of Monte delle Mine (Livigno, Italy), at an elevation between 
2650 m and 2850 m a.s.l., experienced accelerated melting. Initial-
ly, this process manifested as a depression at the center of the de-
posit. Since July 2024, instability has further developed, leading to 
the formation of an erosional scarp in the central part of the glacier 
front, directly exposing ice embedded within fine sediments.
This phenomenon has triggered increased differential erosion and 
debris mobilization, resulting in repeated debris flow events along 
the Rin da Clüs stream and a significant rise in fine sediment tran-
sport in the Spöl River, the main watercourse of Livigno Valley. The 
presence of residential and industrial infrastructure downstream, 
along with water intake structures for artificial snowmaking, has 
necessitated urgent mitigation measures and further investigation 
into the causes of this phenomenon.
In July 2024, as the situation worsened, an emergency evacuation 
order was issued for a residence on the slopes of Monte delle Mine, 
and access to the affected area was restricted. To mitigate debris 
flow risks and enable a safe return for residents, a diversion barrier 
was constructed as an emergency measure, and a geomorphologi-
cal study of the landslide was initiated.
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Debris flow

Additional diversion barriers will be constructed along the valley floor 
to control debris flows, along with the development of a sedimenta-

MEASURES APPLIED
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tion basin to reduce solid transport into the Spöl River. 
Furthermore, a detention basin is planned to regulate 
water turbidity for artificial snowmaking purposes.

Monitoring and Characterization: 
The initial analysis focused on delineating the spa-
tial extent of the instability using image correlation 
techniques applied to optical satellite imagery with 
a 3 meters resolution. The analysis, conducted on 
two sets of three images, revealed that between 
July and August 2024, not only did the rock glacier 
undergo accelerated erosion, but an entire section 
of the slope moved downslope, with displacement 
reaching up to 8 meters in one month. Some ridge 
sections of the slope were also affected, indicating 
the potential reactivation of deep-seated gravitatio-
nal movements.
The severity of the phenomenon required continuo-
us monitoring and the implementation of long-term 
mitigation strategies, including:
•	 Real-time GNSS monitoring: Deployment of a 

GNSS station network for continuous measu-
rement of slope displacement;

•	 Interferometric SAR observation: Installation of 
corner reflectors for satellite-based monitoring 
and expansion of control points using InSAR 
techniques;

•	 Image correlation observation: Assessment of 
slope movements using optical satellite imagery;

•	 Microclimatic and hydrological monitoring: In-
stallation of sensors to measure soil tempera-
ture and humidity, snow cover thickness, and 
relevant nivometeorological parameters to cor-
relate permafrost degradation with slope insta-
bility. Additionally, monitoring of the chemical 
variation of spring water is included;

•	 Geophysical investigations: Geophysical sur-
veys planned for summer 2025 to map intersti-
tial ice presence and determine the depth of the 
affected gravitational instability zone;

•	 Visual monitoring: Installation of webcams for 
real-time visual assessment of unstable areas.

Early warning system: 
Data collected from GNSS stations will support the 
activation of alert protocols in case of accelerated 

View of the Monte delle Mine Rock Glacier and the exposed valley



Ongoing climate evolution has caused and will 
continue to cause instability issues in periglacial 
zones. Many of these processes are not yet fully 
understood. It is increasingly important to focus 
on studying such issues to guide professionals 

Phillips, Marcia, et al. “Climate Change Impacts on Alpine Mass Movements A WSL Strategic Initiative and Research Program”.

Bast, Alexander, Robert Kenner, and Marcia Phillips. “Short-term cooling, drying, and deceleration of an ice-rich rock gla-
cier.” The Cryosphere 18.7 (2024): 3141-3158.
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Road closure information is disseminated via Livi-
gno Municipality’s official social media channels 
(Telegram, Facebook, Instagram), direct communi-
cations with tourism operators and their respective 
associations, and institutional websites. Variable 
message boards positioned strategically along key 
road networks are also utilized.
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slope movement, potentially leading to the evacua-
tion of exposed areas. Simultaneously, nivomete-
orological data acquired from predictive models 
and in situ measurements, combined with water 
chemistry monitoring, will contribute to pre-war-
ning model development and help identify poten-
tial correlations between atmospheric conditions 
and slope dynamics.

Response Planning

•	 Evacuations in case of extreme instability.

Mitigation

•	 Integrated risk management;
•	 Design and construction of a debris flow diver-

sion barrier;
•	 Development of a sedimentation basin to redu-

ce solid transport in stream water.

The integration of satellite data (InSAR and image 
correlation) will allow for extensive 
monitoring of slope instability evolution. Geophy-
sical investigations will provide more accurate esti-
mates of unstable volumes, helping to define preci-
se hazard scenarios and integrate findings into the 
local civil protection plan.

in their assessment and management, ensuring 
the implementation of appropriate measures and 
actions. Various tools are now available to establi-
sh a comprehensive analysis, management, and 
mitigation system for natural hazards. Depending 
on the severity of the situation, progressive actions 
and cost-effective monitoring solutions can be im-
plemented accordingly. The integration of multidi-
sciplinary approaches remains a key resource for 
effective hazard management.
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30th July 2024 debris flow 
at Wayanad, Kerala, India
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Debris Flow On 30 July 2024, a deadly debris flow occurred at the Wayanad 
district of Kerala state, India, which severely affected four villages 
downstream, namely Punchirmattam, Mundakai, Vellarimala and 
Chooralmala. The runout was approximately 8 km, and it destroyed 
many houses, infrastructure and bridges on its way. More than 300 
people lost their lives due to this event.
Rainfall was the major triggering factor of this debris flow, and the 
huge entrainment along its path enhanced its mobility.

Post Disaster Need Assessment (PDNA) was carried out by a hi-
gh-level committee constituted by the National Disaster Manage-
ment Authority (NDMA), Government of India in association with 
Kerala State Disaster Management Authority (KSDMA). 

Demarcation of Go and No-Go Zones 
Drones’ studies, LiDAR-based mapping, satellite-based studies, 
and Geotechnical investigations were performed by different Institu-
tes and Organizations of Gov. of India to decode the formation, mo-
bilization and impact of this event.
Field based observations were made and numerical simulation throu-
gh debris flow modeling is being attempted to validate the near real-field 
scenario. This will enhance the understanding of debris flow dynamics 
and process in the Western Ghats region of India.
It is also recommended by NDMA to preserve this event site as Waya-
nad Natural Living Disaster Lab to introspect on this disaster of such 
scale and impact and also to look forward for a disaster resilient society.
The disaster caused extensive loss of life and infrastructure, highli-
ghting the vulnerabilities in the region’s current settlement pattern. 
The concept for the new township shall include and revolve around 
addressing the issues of Climate change, social inclusivity, vulnera-

MEASURES APPLIED
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bility of the existing ecosystem which will help in de-
veloping a sustainable and resilient township.

The Indian Meteorological Department issues oran-
ge alert on 29 July 2024, 1 pm in the District Level 
Rainfall Forecast for Kerala and Lakshadweep. 
Landslide alert was issued by the State and Waya-
nad district Emergency Operation Centre and ap-
propriate anticipatory evacuation was carried out 
by Revenue and local self-Government in various 
Panchayat. 
On 29 July 2024, a local resident reported about the 
heavy rainfall to the District Panchayat President 
(also Co-Chairman of the District Disaster Manage-
ment Authority). He visited multiple places with the 
local police, revenue and fire and rescue services 
as well as local representatives. People from the 
vulnerable locations were evacuated and camp was 
started in Chooralmala area. 

•	 Debris Flow Susceptibility-Hazard-Vulnerabili-
ty-Risk Zonation in the potential debris flow regions;

•	 Identification & Assessment of Future Possible 
Release Areas for Debris Flow;

•	 Scenario-based Debris Flow Run-out Simula-
tion and Hazard-Risk Assessment;

•	 Relocation & Reconstruction for Resilient Township;
•	 Community-centric Awareness & Capacity Building;
•	 Rainfall should be considered as a warning of 

debris flow events in high and very high debris 
flow susceptibility and hazard zones.

COMMUNICATION
LESSONS LEARNED/FUTURE PERSPECTIVES

NDMA committee found that an Apada Mitra obser-
ved muddy water and tree trunks downstream side 
of the release zone at 11.45 pm on 29 July 2024. 

Achu, A.L., Aju, C.D., Thomas, J., Raicy, M.C., Yunus, A.P., Gopinath, G., Singh, B.B. and Mathai, J., 2025. Decoding the 
dynamics of July 2024 Mundakkai-Chooralmala landslide in Kerala (India): an analysis of formation mechanisms, impacts 
and lessons learned. Landslides, pp.1-17.

KSDMA, 2024. Report on “Post Disaster Needs Assessment: Meppadi Landslide 2024, Wayanad, Kerala.

The Hindu (2024d) ISRO releases satellite before and after images of landslide at Chooralmala in Wayanad district of Kerala.

https://www.thehindu.com/sci-tech/science/isro-releases-satellite-before-and-after-images-of-landslide-at-chooralma-
la-in-wayanad-district-of-kerala/article68472357.ece 
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The Gallivaggio rockfall 
management case study
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Rockfall The Gallivaggio rockfall is a gravitational instability phenomenon af-
fecting a mountainous slope in Valchiavenna, Lombardy. The event 
has manifested through progressive movements and sudden acce-
lerations, posing a threat to the viability of State Road 36 and sur-
rounding infrastructure, including the Gallivaggio Sanctuary. The 
primary causes of the rockfall are linked to geological, tectonic, and 
climatic factors, including the presence of structural discontinuities 
in the rock, erosion processes, and water infiltration from precipita-
tion. Monitoring has revealed significant volumes of moving material, 
with the risk of sudden collapses that could endanger the safety of 
the population and local infrastructure.

Monitoring of the hazard

Various monitoring and intervention measures have been imple-
mented to mitigate the risk associated with the Gallivaggio landsli-
de. Geotechnical and geomatic monitoring systems, including in-
terferometric ground-based radars and extensometers, have been 
installed to track the evolution of the movement. 

Definition of an alert protocol

The alert protocol defined for the Gallivaggio landslide is similar to 
the one in place for all early warning systems managed by ARPA 
Lombardy. Through a specific modeling process, event scenarios 
and trigger thresholds for the landslide phenomenon were defined. 
When one of the threshold values is exceeded, technicians carry out 
a series of verification activities aimed at confirming the accuracy of 
the data and the significance of the event. Once this confirmation 
is obtained, a communication is sent to the Civil Protection, which 
proceeds to notify all parties involved in the necessary activities to 
ensure the safety of the population.

MEASURES APPLIED
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Mitigation measures

Stabilization interventions such as rockfall nets, 
dynamic barriers, and controlled scaling have been 
carried out to reduce the volume of unstable mate-
rial. At the infrastructural level, protective measures 
have been adopted along the roadway, including 
road diversions and temporary closures in case of 
alerts. Mitigation strategies have been complemen-
ted by continuous planning and communication 
with local authorities and the population to ensure 
effective risk management.

Bragonzi G., Cancelli P., Simini A., Mazzaroli S. 2023 Gallivaggio rock cliff: Risk management and reinforced earth 
embankment for rockfall protection. Biondi et al (eds) Geosynthetics: Leading the Way to a Resilient Planet, Taylor and 
Francis. ISBN 978-1-003-38688-9
Menegoni N., Giordan D., Perotti C. 2020 Reliability and Uncertainties of the Analysis of an Unstable Rock Slope Performed 
on RPAS Digital Outcrop Models: The Case of the Gallivaggio Landslide (Western Alps, Italy). Remote Sensing 12(10), 1635
Dei Cas L, Pastore M.L., Rivolta C. “Gallivaggio landslide: the geological monitoring of a rock cliff, for early warning sy-
stem” Italian Journal of Geology and Environment n.2(2018) pg.41-55; DOI 10.4408/IJEGE.2018-02.O-03
Carlà T., Nolesini T., Solari L, Rivolta C., Dei Cas L., Casagli N. “Rockfall forecasting and risk management along a major 
transportation corridor in the Alps through ground-based radar interferometry” Landslides, April 2019. DOI 10.1007/
S10346-019-01190-y
Dei Cas L, Pastore M.L., Pavan A., and Petrella N. “Geological monitoring networks for risk management close to large 
rock cliffs: the case history of Gallivaggio and Cataeggio in the italian Alps” Geographica Helvetica, 76, 85–101, 2021 Aut.: 
DOI.org/10.5194/gh-76-85-2021 
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Effective communication is a crucial aspect of risk 
management for landslides. Specifically, for the Gal-
livaggio landslide, the main information regarding 
the configuration of the monitoring network and the 
analysis of movements or acceleration situations is 
disseminated on the ARPA Lombardy website, in lo-
cal newspapers, and on video channels. It should be 
noted that, before the Gallivaggio landslide of May 
29, 2018, public meetings were also held to improve 
communication with the resident population.

In 1987, after the massive Val Pola landslide, the go-
verning body of the Lombardy Region decided that 
civil protection was of the greatest importance and 
thus established an effective monitored slope. The 
aim, given the impossibility of preventing these large 
landslides, is to preserve human lives by evacuating 
or restricting access to areas affected by potential 
collapses. Currently, the monitoring service, mana-

COMMUNICATION
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ged by the Regional Agency for Environmental Pro-
tection, is active on 45 large landslides across the 
regional territory. Future prospects involve making 
the forecasting process related to landslide events 
increasingly effective.
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The ground subsidence of 
January 2023 at Joshimath, 
Indian Himalayas
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On 2 January 2023, outburst of muddy water observed in Jaypee 
Colony (a place at the toe of the subsided slope in the Joshimath 
Township) with a discharge of 600 lpm was observed. 
Between 3-8 January 2023, major subsidence was observed whi-
ch resulted in the form of ground cracks, cracks on the walls and 
floors of the buildings and ground movement. 
Situated on an ancient landslide made up of weathered big un-sett-
led boulders in a loose matrix of fine sandy and clayey material. 
Risk to land subsidence highlighted in Mishra Committee Report 
(1976). 
There is a history of creeping and occasional subsidence in the region. 
The disturbance of aquifers and the hydro-geological environment 
in the region seems to be the main cause for the sinking of soft-ge-
ological strata. 
Subsidence gets accelerated by heavy rains and snow melt. 

Immediately after the first information received about this issue, 
the National Disaster Management Authority (NDMA) with Uttara-
khand State Disaster Management (USDMA) and different Indian 
institutes (CSIR-CBRI, CSIR-NGRI, WIHG, IIRS, Geological Sur-
vey of India (GSI), etc.) started ground verification of the land sub-
sidence affected zones. 
Two vulnerable multi-storey hotels and a number of residential bu-
ildings that were posing risk to the surroundings were demolished.
Damage and vulnerability assessment of 2364 buildings spread 
over nine administrative zones and risk assessment of the affected 
area were carried out by CSIR-CBRI. 
Buildings falling under the highly vulnerable zones were vacated 
and temporary shelters to affected people were provided by local 
administration.

MEASURES APPLIED
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•	 Initial communication was made by the local 
public to the Joshimath local administration;

•	 Local administration communicated to USD-
MA through District Disaster Management Au-
thority (DDMA);

•	 USDMA reported to NDMA and also involved 
lined departments of the State;

•	 NDMA deployed Central Team involving Natio-
nal Institutions of significance to assess day-
to-day situation and PDNA;

•	 Press media also played an important role du-
ring the whole process.

•	 Is the scientific community putting the recom-
mendation in the right perspective for admini-
stration?;

•	 Need of bridging the gap between scientific com-
munication and administrative decision; 

•	 Inadequate/absence of drainage system on hill 
slopes may lead to such events which may fur-
ther exacerbated by the loads due to the increa-
sing infrastructures;

•	 The scenario-based vulnerability-risk leading to 
damage assessment of the infrastructure is an 
urgent need in the growing urbanization in hills;

•	 Instrumentation and Monitoring of vulnerable 
townships in hills must help in disaster prepare-
dness and risk reduction;

•	 Mitigation plans need to be implemented at the ri-
ght time once reported by the stakeholders for ef-
fective disaster risk reduction and management;

•	 In the mountains, techno-legal regime needs a 
greater attention in formulating and implemen-
ting regulations and building bylaws.

COMMUNICATION

LESSONS LEARNED/FUTURE PERSPECTIVESRelocation sites were identified in the near vicinity 
and demo buildings for reconstruction were erected 
at these sites by CSIR-CBRI.
Post disaster need assessment (PDNA) was carri-
ed out by NDMA and USDMA for funding from the 
Central Government.
The fund based on PDNA has been allocated to the 
Uttarakhand State Government and reconstruction of 
the affected Joshimath Township is under progress.

Chourasia, A., Dalbehera, M.M., Kapoor, A., Kulkarni, K.S., Gaurav, G., Singh, S. and Kumar, R.P., 2024. Damage asses-
sment of buildings due to land subsidence in Joshimath town of Northwestern Himalaya, India. Natural Hazards, 120(12), 
pp.11433-11450.
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Release Zone of the 7th February 2021 Chamoli Rock Ice Avalanche
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Multi-hazard An intense atmospheric river unleashed a torrent of snow and rain 
across southeastern Alaska on 2 December, 2020, triggering nu-
merous snow avalanches and landslides. The devastation included 
a catastrophic landslide on Beach Road in Haines, where multiple 
homes were destroyed, and two lives were tragically lost.

The primary trigger for the landslide was extreme precipitation as-
sociated with a one-in-500-year atmospheric river event, which 
resulted in significant rain-on-snow conditions. This led to rapid 
snowmelt and excessive runoff, saturating the soil and increasing 
pore water pressure, which ultimately destabilized the slope. Ac-
cording to Darrow et al. (2022), the underlying ultramafic bedrock 
contained structural weaknesses that contributed to slope failure. 
Pre-existing geomorphic features, including evidence of past land-
slides and displaced rock masses, further indicate that the area 
had a history of instability.

The landslide caused extensive destruction, including the loss of 
homes, infrastructure damage, and fatalities. The event also led to 
widespread evacuations and significant emotional distress within 
the community. Geologists monitoring the site have concluded that 
while the area is currently stable, future landslides remain a pos-
sibility, particularly given climate change projections that predict 
more frequent and intense atmospheric river events.

The Beach Road Landslide underscores the need for improved 
landslide risk assessments and early warning systems in regions 
susceptible to extreme precipitation. With climate change expected 
to increase the frequency of extreme weather events, proactive mi-
tigation measures will be critical in reducing future risks to commu-
nities in landslide-prone regions.
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Following the 2 December, 2020, Beach Road 
Landslide in Haines, Alaska, significant scientific 
and applied responses have been undertaken to 
analyze the event, improve hazard assessment, 
and enhance community resilience.

Scientific Responses

•	 Landslide Mechanism Analysis: Darrow et al. 
(2022) conducted an in-depth geomorphologi-
cal study, identifying weak ultramafic bedrock, 
pre-existing landslide features, and extreme 
precipitation as key factors contributing to slope 
failure. Their research emphasizes the need for 
integrating geological and meteorological data 
in hazard assessments;

•	 Acquisition of High-Resolution Topographic 
Data: Zechmann et al. (2024) conducted and ex-
tensive aerial lidar survey that has resulted in a 
high-resolution digital terrain model used for ge-
ologic mapping and modeling geologic hazards;

•	 Landslide and Snow Avalanche Hazard Suscep-
tibility Mapping: The Alaska Division of Geologi-
cal & Geophysical Surveys (DGGS) developed 
landslide susceptibility maps to inform future 
planning and risk mitigation (Nicolazzo and Lar-

MEASURES APPLIED sen, 2025). These maps incorporate historical 
landslide data and geophysical analyses. Lar-
ge-scale snow avalanche indication maps are 
also being developed for area;

•	 Community Data Collection & Research Collabo-
ration: Ongoing studies involve community input, 
lidar surveys, and field investigations to refine ha-
zard models and improve predictive capabilities;

•	 Applied Responses;
•	 Geotechnical Assessments & Mitigation Plan-

ning: The Alaska Department of Transportation, 
alongside R&M Consultants, conducted site in-
vestigations to assess ongoing slope stability 
and develop mitigation strategies.

Long-Term Recovery & Support

Organizations like the Long-Term Recovery Group 
and the Chilkoot Indian Association have provided 
assistance to displaced residents, addressing im-
mediate needs and long-term recovery efforts.

Enhanced Monitoring & Preparedness

State agencies are implementing improved mo-
nitoring techniques and developing early warning 
systems, integrating atmospheric river forecasting 
with landslide risk models to mitigate future hazards.
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Haines, Alaska leverages multiple channels to keep 
residents informed about potential geologic ha-
zards, particularly landslide and avalanche dangers 
stemming from intense precipitation or atmospheric 
rivers. The community of Haines is in contact with 
forecasters from the National Weather Service and 

Atmospheric rivers produce intense precipitation 
and can significantly impact snowpack growth or ra-
pid melt, potentially leading to multiple geologic ha-
zards, including flooding, avalanches, and landsli-
des. Knowledge of where such hazards can occur is 
critically important. Following the disaster resulting 
from the December 2020 atmospheric river event, 
Haines now benefits from close communication with 
a state and federal inter-agency geohazards group 
and a broader community of scientists, rightshol-
ders and stakeholders working together to share 
information and promote preparedness with respect 
to landslide hazard in Southeast Alaska. This colla-
boration is fueling the development of a local land-
slide warning systems, designed to proactively mo-
nitor hazardous weather and ground conditions and 
provide warnings.  Bolstering these efforts, a 2024 
federal bill proposes establishing an atmospheric ri-
ver forecasting program, complete with at least one 
Alaskan observatory. This initiative promises impro-
ved data collection, modeling, and risk communica-
tion, ultimately strengthening the state’s capacity to 
anticipate and respond to landslide-triggering extre-
me weather. These combined strategies empower 
residents in Haines and elsewhere in Southeast 
Alaska to make informed decisions and take neces-
sary precautions when hazardous conditions arise.

LESSONS LEARNED/FUTURE PERSPECTIVES

COMMUNICATION receive alerts about potential extreme weather. Lo-
cally, the community uses a Nixle alert system to de-
liver real-time notifications via text and email, while 
the Haines Borough, Haines Avalanche Center, and 
the Alaska Geological & Geophysical Surveys host 
webpages dedicated to educating citizens on ava-
lanche conditions, recognizing landslide warning 
signs, and encouraging vigilance, especially during 
heavy precipitation events. 
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