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ABSTRACT

This case study explains the development and implementation of an early warning system for debris flows
and landslide events in the Sonico region of the Italian Alps, an area prone to frequent landslides and
debris flows, particularly following intense rainfall. In July 2012, a major debris flow event caused
significant damage, prompting the creation of a monitoring system to protect the local population. The
system integrates two primary monitoring strategies: rainfall intensity along with duration and permafrost
melt through meteorological stations, and detecting the movement of rocks in the riverbed using innovative
loT-based tear-off sensors. These sensors are connected to rocks with a minimum weight of 150kg and are
designed to activate alarms when movement occurs. The warning system is robust and operates in harsh
conditions, including high altitudes and lack of power sources, using a private network for data
transmission. Upon detecting critical rainfall thresholds or boulder movements, the system automatically
triggers alarms, helping in evacuating population at risk, and halts traffic. The system has proven effective
since its inception, with no false alarms recorded in over 12 years of operation. The case study highlights
the significant role of loT technology in improving safety and enhancing decision-making in the face of
natural disasters, shifting responsibility from human intervention to automated systems for more reliable
and timely responses.
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1 INTRODUCTION

The picturesque region of Sonico (Figure 1),
nestled in the Italian Alps, is no stranger to the
powerful forces of nature. On July 27, 2012, a
massive landslide struck the village of Rino di
Sonico, severely disrupting transportation routes,
destroying bridges, and causing significant
damage. The event highlighted the vulnerability of
the area, particularly the Gallinera and Rabbia
valleys, which are prone to paleo-landslides (PAL)
triggered by heavy rainfall and melting permafrost
at higher altitudes.

The major landslide of 2012 moved
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Fig. 1. Project location.

approximately 400,000 cubic meters of debris,
filling the bed of the Rabbia torrent and the Oglio
River. This exposure increased the risk of further
landslides, such as the PAL landslide. Post-event
geological analyses indicated that the primary
trigger was the heavy rains of July 2012.

The region experienced four significant rainfall
events during the month, totaling approximately
180 mm, with one storm cell releasing 160 mm in
just 20 minutes. This caused a debris flow that
traveled at speeds of 8-10 m/s and a flow rate of
up to 1,840 ms3/s, devastating the area and
destroying the Rino bridge.
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Fig. 3. Photograps of the debris flow event of July 2012.

Lidar image analysis revealed that the average
ground level had risen by about 4.4 meters, and
the debris flow carried boulders up to 10 meters in
size.
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Fig. 4. Lidar images of the debris flow (left).

This analysis formed the basis for setting up
early warning systems, including sensors
connected to boulders ranging from 50 to 70 cm in
diameter, weighing between 100 and 200 Kkg.
While initially considered an exceptional event,
further analysis indicated that such events could
occur approximately every 15 years (17 events
over 250 years). However, due to climate change,
heavy rainfall has become more frequent, leading
to more landslide events in Sonico, including
significant occurrences in 2020, and one in 2023,
with up to 50,000 cubic meters of material entering
the valley.

2 DESCRIPTION OF THE MONITORING
SYSTEM

Following the 2012 event, hydraulic protections
were implemented, including an upstream dam,
bank protections, diversion structures, and the
widening of the Oglio riverbed to accommodate
additional debris and protective barriers. However,
these measures alone could not fully mitigate the
risk. Additional safety and protective measures
were necessary.

In collaboration with the local administration, an
experimental early warning and monitoring system
was developed in 2012. The system alerts
residents through warning sirens and halts traffic
on roads at risk of rockfall when rainfall exceeds
certain thresholds or when sensors detect rock or
debris movement due to landslides or debris flow
events.

The system was initially designed as an
experimental project but later became an
international benchmark for early warning systems.
It operates in two key areas:

- Rainfall and Permafrost Melting Monitoring
- Monitoring of Boulder Movement in the
Riverbed Using Tear-Off Sensors

To monitor rainfall and permafrost melting, two
meteorological stations were installed. These
stations are set to trigger alarms at specific rainfall
intensity thresholds (e.g., 3 mm/5 min for
pre-alarm, 10 mm/5 min for alarm) and track air
and soil temperatures. The data is sent to local
concentrators, which transmit it to a cloud service
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for automatic analysis and alerting via SMS,
mobile apps, or email. These thresholds were
defined based on local geological analysis, tailored
to the basin's orography and terrain.

Fig. 5. Meteorological station installed at project site.

To monitor rock movement, tear-off sensors were
developed to detect the "pull" of a rope connected
between the sensor and a rock in the riverbed, with
a minimum weight of 150 kg. These devices use
innovative 10T technology, patented in 2018, and
are designed to be highly durable to withstand
harsh environmental conditions such as altitudes
above  2,400m, high  humidity, extreme
temperature fluctuations, and limited access (only
accessible by helicopter).

Fig. 6. “Tear” sensors to detect rock movements.

An early warning network was installed,
including two weather stations and six
measurement  points to  monitor boulders

movement, using loT sensors (Figure 6) which are
easy to install, lightweight, robust, do not require
external power source, and at the same time
guarantee radio coverage via a wide-range private
Lora network.
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Fig. 7. Schematic representation of the connection of “Tear”
sensors to detect isolated boulder movements.

Fig. 8. Connection of “Tear” sensors to detect isolated
boulder movements.

The network covers an area of approximately
14km2, with two concentrators installed in the
valley offering redundancy to local alert and data
transmission systems. It includes two sirens in
Sonico and Rino, two traffic lights to stop traffic on
the bridge between the two areas, and two
cameras located downstream for real-time visual
monitoring.

@ Tear sensor

Fig. 9. Position of the meteorological stations and sensors
within the monitoring network
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3 OPERATIONS

When rainfall exceeds set thresholds, the
weather stations send a level 1, 2, or 3 warning to
the concentrators in Sonico and Rino, based on
detected rainfall intensity. Authorities prepare to
act if a warning is confirmed by the activation of at
least one of the six tear-off sensors. Rescue
vehicles are prepped, and emergency procedures
are triggered according to local emergency plans.

If a tear-off sensor detects boulder movement,
the highest-level alarm is activated within 1-2
seconds. Evacuation sirens are immediately
sounded, and traffic is halted on the bridge. The
system operates autonomously, requiring no
human intervention. Rescue teams, pre-alerted by
the rainfall event, are ready to respond.

The system ensures high safety levels, even in
cases of landslides triggered by factors other than
rainfall, such as melting permafrost or seismic
activity. These events are also detected by the
tear-off sensors, which activate evacuation sirens,
even without a pre-alarm condition. This capability
has been proven effective during two events since
2012, when landslides occurred at night, resulting
in successful evacuation and safeguarding of lives.
Each alarm or pre-alarm is also disseminated to
authorities and the public via the app or SMS
notifications, expanding the safety zone.
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4 CONCLUSIONS

The innovative loT-based solution outlined in
this case study marks a significant advancement in
the identification and management of landslide
risks. By automating the detection and
decision-making processes, the system shifts
responsibility from human operators to machines,
enabling emergency management to be planned
well in advance and improving safety protocols for
both people and property.

Since its implementation in 2012, the system
has required minimal maintenance and has
consistently proven effective. It has correctly
triggered evacuations in response to multiple
events, with no false alarms in over 12 years of
operation, demonstrating its reliability and
importance in protecting the local population.
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