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Glacier surface mass balance 

- Accumulation (solid precipitation, snow drift, 

avalanches, internal refreezing) 

- Ablation (melting, sublimation, calving)

 Point measurements at the glacier surface



A. Rabatel et al. The « SmartStake », autonomous and real – time glacier monitoring SHF-Glacio 2022

 Depend on the availability of an operator (and on 

weather conditions!)

 The measure is a cumulative value over several 

days/weeks/months (between two field campaigns)

Need to go towards:
- Continuous/real-time measurement

- Autonomous

- Remote transmission

Ablation measurements
Stakes inserted in the ice © Romain Biron, IRD

© Bruno Jourdain, UGA
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A need: real-time and automonous measurements

“Emerging” methods

Landmann et al., 2021

Camera + graduated stake

Carturan et al., 2019

Thermistors chain

Boggild et al., 2004

Pressure transducers

Hulth, 2010

Draw-wire sensor

Ialongo et al., 2021 

Light sensors
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Needs vs. advantages of the chosen technology

Autonomous measurement for ablation of several meters per season (=> no stake in the ice)

Limited energy consumption (without a solar panel = better)

Low volume of data to be remotely transmitted (e.g. LoRa or satellite)

Direct and unambiguous measurement (low level of on-board and post processing)

Structure strong enough to be buried under several meters of snow during the accumulation season
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© Romain Biron, IRD

Encoder wheel

Automatic reel

© Romain Biron, IRD
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Results of the first prototypes

Daily melt on Glacier d’Argentière (z= 2400 m a.s.l.)

Comparison with 2 « classical » stakes in the vicinity (10 to 50 m apart)

2018 ablation season 2019 ablation season
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Results of the first prototypes

½ hourly cumulative melt on Glacier d’Argentière (z= 2400 m a.s.l.)

2019 September 4th to September 20th

Snow fall

 no melt

Night and 

day melting

Daytime 

melt only
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Results of the first prototypes

Daily melt on Glacier d’Argentière (z= 2400  & 2700 m a.s.l.)

Summer 2020 from June 25th to Sept. 4th 

Day-to-day variability Cumulative daily melt
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Next steps

From a technical point of view

Partnership with A2 Photonic Sensors to further develop the SmartStake

From a scientific point of view

Quantify the surface energy balance (automatic weather station 

settled at 2400 on Argentière during summer 2021)

 Characterize the temporal variability of melt conditions

 Focus on night-time melt

From a monitoring point of view

Partnership with the World Glacier Monitoring Service for a widespread 

deployment on the WGMS reference glaciers
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