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The clefts at Hörnliridge move 
in distinct patterns
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Data Access Portal
• Public, open data access  in 

real time
• Tutorial available online

http://data.permasense.ch

Server Backend: Global Sensor Network (GSN)
• Dual architecture translates data from machine representation to SI values, adds metadata
• Organized in “virtual sensors”, i.e. data types/semantics
• Hierarchies and concatenation of virtual sensors enable on-line processing
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Long-haul Internet Access
• WLAN (802.11a) long-haul communication using directional links
• Leased fiber/DSL from Zermatt Bergbahnen AG to mountaintop
• Commercial commodity components (Mikrotik)
• Weatherproofed, protected
• Cheap access to huge data rates enabling new science (~TB/day)WLAN Router

Wireless Sensor Networks (WSN)
• Reliable data acquisition in remote, inaccessible locations
• Self organizing multi-hop network
• Optimized for ultra-low duty cycles
• 8+ years experience, ~1’276’035’519 data points, 1.5+ TB
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Advantages
• Spatially distributed field measurements
• Data all year-round available in

near real-time
• No long cables, less problems  with hazards, 

e.g. lightning
• Low maintenance

Challenges
• Harsh environment
• Low power consumption
• Time synchronization

Wireless Sensor Nodes and Sensor Integration
• Optimized for ultra-low duty cycles
• Static, low-rate sensing (120 sec)
• Disconnected operation: 1 GB storage
• 4-6 years of independent operation (~150 μA avg. power)
• Ruggedized for

alpine extremes
• < 0.1 MB/node/day
• Generic interface for  

analog and digital  
sensors

Sensor Node

PermaSense System
• Wireless sensor systems, low-latency data transmission
• Customized sensors and ruggedized equipment

• Cloud based data management, open data access
• Thermal profiles, surface displacement (crackmeter, L1-DGPS), radiation, high 

resolution imaging, acoustic and micro-seismic emissions

Real-time Experimentation at Valley-Scale

Intra-annual Variability of Horizontal Velocities
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the temporal variability of slope movements, Nat. Hazards Earth Syst. Sci., 14, 2503-2520, 2014.
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Movements In the Context of Meteorological Factors

Access to Real-time Data for 
Early Warning Decision-making

Längschnee, Fall 2014
• Constructive measures securing rock 

boulders above Herbriggen
• Extension of sensor coverage in 

collaboration with authorities

[Willi Gitz, GFS, Stalden, Switzerland]

• Critical natural hazard event
• Herbriggen partial village evacuation
• Closure of road and railway to Zermatt

[Bielzug/Breithorn rock glacier, C. Graf, WSL, Switzerland]

Bielzug Debris Flow, June 2013

Wireless L1-GPS Sensors

• Sensors
• ublox LEA-6T L1-GPS
• Trimble Bullet III active antenna
• 2-axis SCA830 inclinometer
• Ambient temp/hum/battery

GPS CoreStation
Experimentation, variable use

Fully integrated, 
low-power

Wireless 
GPS Sensor

GPS Logger
Large-scale,

early access data

• Wireless communication
• Wireless sensor network cluster
• 868 MHz ultra low-power radios
• Up to ~7km range
• Remote configurable (duty-cycle, rate)

Short-term Variability of Rock Glacier 
Surface Velocities in the Swiss Alps 

Revealed by Continuous GPS
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8+ Years Surface Temperatures and Crack Displacements

L1-GPS Set Up Along the Fragile Ridge

Site of the Matterhorn Hörnligrat Rockfall
July 2003, ~2’500m3, 3500 m a.s.l., SE aspect Aiguille du Midi, FR Matterhorn, CH Mattervalley, CH Jungraujoch, CH
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