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ABSTRACT
The landslide in Brienz/Brinzauls was monitored using various technologies to provide a comprehensive early warning system to support 

decision-makers in managing the risk to the village, the road and the infrastructure at the bottom of the valley. GEOPREVENT contributed 

with an autonomous ground-based interferometric radar, an optical deformation analysis with a high-resolution camera and a rockfall radar 

with automatic road closure and reopening since 2018. The data collected clearly showed the acceleration of the landslide before the failure 

and the sudden decrease in movement and rockfall activity after the event. The Early Warning System is still in place to monitor further 

evolution of this site. 

INTRODUCTION
The Swiss village of Brienz is located on a sunny slope of the Albula Valley amidst a large landslide area that has been in motion for dec-

ades. However, over the past ten years, velocities had increased significantly, reaching velocities of around 20 metres per year by the end 

of 2022 The village was moving at a rate of around 1-1.5 metres per year since 2020 with an upward trend (Kanton Graubünden 2023). In 

2011 monitoring was introduced in Brienz/Brinzauls using various technologies. Besides the potential threat to the village, the landslide 

also regularly generates rockfall that acutely endangers one of the access roads to the village. Furthermore, the landslide has an impact on 

the infrastructure in the valley, such as the Rhaetian Railway and the cantonal road. To protect the residents and infrastructure in the village 

and the valley, the local authorities set up an early warning service with a comprehensive early warning system (EWS). This EWS consists of 

several components, including a continuous total station, GNSS measuring stations, ground-based interferometric radar, Doppler radar and 

image analysis as well as seismic sensors, periodic lidar scans and inclinometers and piezometers (Gojic et al., 2021, Häusler et al., 2021, 

Jones et al. 2022, Gassner et al. 2022). GEOPREVENT contributed to the EWS with three different technologies allowing for better process 

understanding and automated monitoring of the landslide in all weather conditions. 

Due to the measured acceleration phase of the landslide, the inhabitants of Brienz/Brinzauls were evacuated on 13 May 2023. The landslide 

failed shortly before midnight on 15 June 2023 and released around 1.2 million m3 of material, but only missed the village by a few metres 

(The Landslide Blog 2023).

METHODS
As part of the early warning service for permanent monitoring of the accelerating landslide, we installed a ground-based interferometric 

radar in April 2019. Interferometric radar enables permanent monitoring of large instabilities at safe distance (several km2, up to 5 km), inde-

pendent of weather and time of day, and allows for early acceleration detection in the slope. The instrument applied is an IBIS-FM produced 

by IDS Georadar, Pisa, Italy. After a test period, the radar was moved to the opposite lower slope to ensure sufficient visibility of the area 

of interest including the landslide area "back" and "west". A good location and the right antenna characteristics are key to the effective use 

of a radar unit. The maximum measuring distance from the radar site to the upper edge of the monitoring area is 2.8 km. Given that there 

is no power supply at this location, the interferometric radar is operated autonomously using a methanol fuel cell in cand solar panels. The 

two energy sources are used to complement each other: If the solar yield is insufficient during a period of bad weather or short winter days, 

the fuel cell takes over and supplies the system with power.  Several connected tanks guarantee uninterrupted operation. The measurement 

data is transmitted via cellular network to the cloud, where it is processed and uploaded to the online data portal. In addition, the radar 

system is continuously monitored with automated checks that regularly query numerous important system parameters. In the event of an 

irregularity, an automatic notification is triggered to the service team.
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Figure 1: The autonomously powered radar system at its location above Tiefencastel with the landslide on the other side of the valley in the background. Right: radar head moving on the 

system’s rail with protection cases containing the batteries, the fuel cell and the transmission unit.

Measured velocities in the most active zones were of ca. 3 – 5 m / year in 2020, reaching 15 – 20 m / year at the end of 2022 up to more 

than 40 meters per day immediately before the collapse of the landslide (The Landslide Blog 2023). The maximal velocity the radar could re-

liably measure was ca. 4.5 m/day, phase wraps occurred for faster velocities making an interpretation difficult. To cope with the atmospheric 

conditions of the site, an adaptative interferometry model was developed (Gassner et al., 2022). This model is based on the comparison of 

actual scans with recent ones obtained under similar conditions to obtain optimal results. Additional details concerning these analyses can 

be found in Gassner et al., 2022. Figure 2 shows an example of the resulting data for the geological experts. 

Figure 2: Interferometric radar measurements from 25 April 2023, 2 months before the failure, depicted on a digital elevation model.
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In addition to the radar system, GEOPREVENT also installed an energy self-sufficient camera on the crest to the East of the landslide to 

generate displacement data from another point of view. Deformation measurements based on correlation analyses of optical images have 

demonstrated a high potential for landslide monitoring (Travelleti et al. 2012). The camera system records 42 megapixels high dynamic range 

images on an hourly basis and computes a deformation analysis once a day. Results of this image analysis obtained a few days before the 

collapse are displayed in Figure 3 with the most active zone of the landslide well recognizable. The displacement fields in defined regions 

of interest (ROIs) were determined and the time series of these measurements shown in the inset of the Figure 3 illustrate the acceleration 

phase leading to the failure of the slope.

Figure 3. Results of the displacement field obtained with the deformation analysis a few days before the collapse, with different ROIs defined and delineated in white. Time series of 2 

months of averaged displacement measured is displayed in the inset.

In addition to the interferometric radar, a rockfall radar is also used in Brienz/Brinzauls (GR). This radar was initially setup to manage the 

road stretch at risk (480 m) and keep the road open as long as possible. The system was set up in late 2017 and was fully operational with 

automatic road closure and reopening in 2018. The failure of the slope in June 2023 buried the road and the alerting part was hence re-

moved. However, the measurement of the rockfall activity had become an integral part of the EWS and has been continued after the slope 

failure as well.

The Doppler radar monitors the entire landslide area for rockfall in real-time and automatically switched the traffic lights to red within a 

few seconds in the event of a rockfall. The rockfall radar is located at the old school at the Western end of the village. The distance from 

the radar location and the upper part of the landslide is approx. 950 m. The radar has horizontal and vertical angles of 90° and 20°, re-

spectively and its field of view is illustrated by the dashed red line in Figure 5. The radar system uses the Doppler effect to detect moving 

objects, e.g., the difference in frequency between the emitted and received signals, as moving objects in the field of view reflect a signal 

with higher frequency, depending on the velocity. Upon rockfall detection, the system immediately activated two traffic lights, blocking 480 

m of the road within seconds. The warning time until an event reaches the road is approx. 45 seconds. When an event occurs, the Doppler 

radar also activates an integrated camera that automatically creates image series or event videos. The camera can be controlled remotely 

(pan, tilt, zoom) and may also be used to view the area remotely, e.g. after an event. All data is displayed on a map view in the data portal.
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Figure 4. Hardware of the Doppler radar system with monitoring camera, radar head and event camera (left) and traffic light system installed in the vicinity of the village’s access road, with 

the landslide in the background.

Typically, Doppler radars detect moving objects with volumes of 0.1 m3 at 100 m and 1 m3 at 1 km distance (Geoprevent, 2023). Since its 

installation in 2016, this system detected more than 9500 rockfall events. The rockfall activity of the 18 months preceding the landslide failure 

is displayed on Figure 3, showing an important variability in time and frequent days with 10 events or more. The continuously monitored 

rockfall activity has been used as indication for the landslide early warning service.

Figure 5. View of Doppler radar results as displayed on the online data portal. All events are mapped and shown with the corresponding event images and characteristics, such as time, 

duration, length and average front velocity. The map shows two ROI (regions of interest) for the trigger and the danger zone respectively.

Figure 6: Rockfall activity since January 2022. The vertical lines represent the number of rockfall events per day, the dark blue line is the cumulative number per year. This value is set to 

zero at the end of each year. 
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Due to the high number of events detected by the radar, a dedicated alarm logic was defined to minimize the road closure time while 

maximizing traffic flow. For this purpose, two different zones were defined, an alarm zone (orange polygon on the left panel in Figure 5) 

and a danger zone (displayed in red in Figure 5). The radar automatically closes the road when a movement is detected in the alarm zone. 

If no movement is detected in the danger zone, the moving object was stopped by the dam or came to a halt during its downslope motion. 

In such a case, the road is automatically reopened after a few minutes, and the traffic can resume. If a movement is detected in the danger 

zone, the road reopens after a few minutes and the traffic lights switch to flashing orange to notify the road users of the potential presence 

of boulders on the road. When an event reaches the danger zone, the authorities are notified automatically and can use the controllable 

camera (pan, tilt, zoom) to inspect the area and evaluate whether a local intervention is necessary to remove blocks from the road. With 

infrared illumination, inspection of the road after events occurring at night is also possible. 

CONCLUSIONS
Various technologies have been applied to monitor the landslide above Brienz/Brinzauls. Among others a ground-based interferometric 

radar system, a deformation camera and a rockfall radar were installed by GEOPREVENT. The large area coverage and all-weather applica-

bility have proven to be an important feature in the acute phase of the landslide. The data collected with these instruments has provided 

significant support to the early warning service and the authorities throughout the process and has provided a basis for decision-making 

and risk management on the road. The measuring devices are still in use and continue to monitor the situation.

An alarm system based on Doppler radar technology is installed in Brienz/Brinzauls to automatically close one of the main access roads to 

the village. Within seconds, the system closes the road allowing to road users to evacuate the endangered track and remain safe. More than 

9500 rockfall events have been detected since the system’s installation in 2015. The endangered road was buried by the event of June 15, 

2023, but the radar system is still in place to monitor the rockfall’s activity.
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