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Future glacier monitoring: in - situ & remote sensing observations

• Intro

• Remote sensing: towards operational 
monitoring at monthly and global scales
• Glacier Mass Balance Intercomparison Exercise

• Outlook on DEM from optical and radar missions

• Outlook on altimetry missions

• Outlook on gravimetry missions

• What is the role of in - situ observations?

• In- situ observations: toward continuous real -
time monitoring
• Matthias Huss, with examples from Switzerland

• Nina Kirchner, with examples from Sweden

• Rainer Print, with examples from Austria

• Joint efforts towards a worldwide network?

Aletschgletscher, M. Zemp

In-situ 
observations

Terra/Aster, NASA

Remote 
sensing

Fluctuations of Glaciers



Comparison of WGMS and GlaMBIE

In situ DEM differencing Altimetry Gravimetry

stereo  images radar radarlaser

The GlaMBIE Team (2025), Nature

Observations for individual glaciers
(global results 1976 - 2025)

Observations for 19 glacier regions
(GlaMBIE - 1: global results 2000 - 2023)
(GlaMBIE - 2: global results 1976 - 2025)

Glacier Mass Balance Intercomparison Exercise



Observation methods – DEM differencing

The GlaMBIE Team (2025)

DEM differencing

stereo  images

radar



Observation methods - altimetry

The GlaMBIE Team (2025)

Altimetry

laser

radar



Observation methods - gravimetry

Gravimetry

The GlaMBIE Team (2025)



GlaMBIE – community effort

RegionResearch team Sensor/product Method      .

• 35 Research teams

• 21 Sensor combinations

• 4 Observation methods
• Glaciological observations
• DEM differencing
• Altimetry
• Gravimetry
• Hybrid (of above)

• 233 Regional estimates

• 19 Glacier regions

• 2000- 2023
The GlaMBIE Team (2025), Nature



GlaMBIE - results

• Glacier area & mass in 2000

• Global loss : 5% since  2000

• Regional loss: 2% to 40%

• Global mass loss rate: - 273±16 Gt

• Increased loss rate by 36%
(2000 - 2011 vs 2012- 2023)

The GlaMBIE Team (2025), Nature



GlaMBIE - 2 (2025 - 2027)

Core activity: Updated Mass Balance
Assessment to period 1976- 2025

Pilot 1: Explore s ystematic 
differences between methods

Pilot 2: Increase temporal and 
spatial resolution 



Glacier monitoring from remote sensing

Berthier et al. (2023), https://doi.org/10.1088/1361- 6633/acaf8e

Outlook on glacier 
monitoring from 
remote sensing...



Future glacier monitoring: DEM differencing from optical & radar

• Terra/ASTER
> update from Hugonnet et al., 2000 - 2025, global coverage
> decom mission of satellite in 2026/27

• SPOT
> opening of SPOT5 archive (snapshot around 2010)
> SPOT6/7 are commercial

• Pléiades , Pléiades Neo, CO3D
> commercial on demand
> Pléiades Glacier Observatory

• Worldview
> commercial, global coverage
> ArcticDEM & REMA; production stopped due to US budget cuts

• TanDEM- X
> global coverage, few groups processing

Zemp et al. (2025), Eos , https://doi.org/10.1029/2025EO250290
Glaciar Grey, Patagonia, from aerial images from 1980 by L. Piermattei

• Gap in open source, high - resolution, global 
coverage stereo missions

• Urgent need and great potential to unlock 
archives of historical images from air and 
spaceborne missions

• Call for access to commercial & defense
missions



Future glacier monitoring: altimetry

• Improving spatial resolution and coverage from 
CryoSat - 2 radar mission , thanks to swath 
processing

• CRISTAL (launch end 2027) , the first operational 
(radar) mission for monitoring of sea ice, ice 
sheets, and glaciers .

• New swath lidar missions (EDGE, CASALS) could 
become game changers for glacier monitoring. 

Zemp et al. (2025), Eos , https://doi.org/10.1029/2025EO250290

https://glaciers - today.org/

Figure by ESA



Future glacier monitoring: Harmony

• 5- year mission, launch planned 2029/30

• Two Harmony - A/B satellites will serve as bistatic receivers of the Sentinel - 1 transmitter

• Stereo configuration in years 1 and 5
> high - resolution DEMs over glaciers

• Cross - track interferometric configuration in years 2 - 4
> surface motion vectors over glaciers

Zemp et al. (2025), Eos , https://doi.org/10.1029/2025EO250290
Kääb et al. (2024) https://doi.org/10.3390/rs16162918



Future glacier monitoring: gravimetry

• Current gravimetry missions (GRACE, 
GRACE - FO) can provide monthly results 
of regional terrestrial water storage, 
corrected to glacier mass changes using 
hydrological models

• Current plans foresee a combination of 
GRACE - C and Next Generation Gravity 
Mission (NGGM) into a Mass - Change and 
Geosciences International Constellation
(MAGIC), which would significantly 
improve the spatial (regional) and 
temporal (month ly or better) resolutions.

Artist's rendition of Mass change And Geosciences 
International Constellation (MAGIC) (Image credit: TUM)

Zemp et al. (2025), Eos , https://doi.org/10.1029/2025EO250290



What is the role of in - situ observations?

• Need to reflect the role of the in situ network

• GTN- G monitoring strategy:
> process understanding
> temporal variability within mountain range
> model calibration & validation
> satellite calibration & validation

• Push towards continuous real - time 
observations

• Combination with other real - time 
observations (e.g., meteo and snow cover)
and with airborne observations

Nina Kirchner
Real - time obs in Sweden

Matthias Huss
Real - time obs in Switzerland
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