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Geodetic mass balance of glaciers

Marin Kneib, glaciologist at Institut des Géosciences de lôEnvironnement(Grenoble) & University of Innsbruck



Programme

Å1 hour lecture (17/09 14:00-15:00)
Å2 hours exercice in smallergroups:
Å17/09 16:00-18:00
Å18/09 08:30-10:30

Å Contact: marin.kneib@univ-grenoble-alpes.fr
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Programme

1. Introduction to geodetic mass balance (what for?)
2. Principles
3. Stereo-processingfor the generationof DEMs
4. DEM co-registration& differencing
5. Volume & mass changes calculations
6. Uncertaintyestimations
7. Perspective: linkinggeodetic & glaciologicalmass balance
8. Exercices with geoutils& xdem (python, Jupyternotebook)

Objectives: 
1. Get familiar with the overallprocessingchainfrom satellite image acquisitions 

to mass change calculationalongwith the underlyingassumptions& limitations
2. Calculateyour own geodetic mass balance of a glacier basedon two DEMs
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Geodeticmass balance? What for?
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Geodeticmass balance? What for?

Berthier et al., 2023
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Geodetic mass balance: Mass change of glaciers calculated from a 

difference of digital elevation models acquired multi years apart

Digital elevation model (DEM): gridded representation of topography

Geodeticmass balance? What for?



Principles of geodeticmass balance
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Measurements of mass/volume changes from space

Berthier et al., 2023b
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Optical stereodata

ǒ Advantages:

ƺ High spatial resolution (up to 50 cm of groundsampling distance)

ƺ Basedon images in visible and nearinfra-red -> easyto interpret by humans

ǒ Drawbacks:

ƺ Obscuredby cloudsand polar night. Someproblemsin the steepfaces in the shade.

ƺ Sensorspecificproblems(e.g. jitter , undulationsӅ LADLӈӧ

ǒ Someexamples:

ƺ ASTER

ƺ Pléiades

ƺ KH9

ƺ Worldview(HMA DEM)

ǒ Processing:

ƺ 2-3 images

ƺ Stereo-processing

ƺ Software: AMES Stereo Pipeline (ASP), ErdasImagine, AgisoftMetashapeӈ
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2 sources ofstereo-images/DEMs

Pléiades1A & 1B, 0.5 m Along-
track stereo satellite agility

ASTER 3N & 3B, 15 m
Along track stereo using two telescopes

30 m DEM
generated using the Ames Stereo 

Pipeline (ASP)

DEM generation using the Ames 
Stereo Pipeline

Commercial 

satellites
ópublic dataô 

sensor
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InSARdata

ǒ Advantages:

ƺ Insensitiveto cloudsand night

ǒ Drawbacks:

ƺ Penetrationof the radar signal into snowand ice

ƺ Potential large errorsin steeptopography

ǒ Someexamples:

ƺ SRTM

ƺ TanDEM-X
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UAV data

ǒ Advantages:
ƺ Very high resolution (<10 cm)
ƺ Constrained only by conditions in the field
ƺ Possibility of repeat flights

ǒ Drawbacks:
ƺ Limited spatial coverage
ƺ Needs some ground control to constrain geometry

ǒ Someexamples:
ƺ Quadcopters
ƺ Fixedwings/VTOL drones 

ǒ Processing:
ƺ > 100 images
ƺ Structure-from-motion photogrammetry 
ƺ Software: AgisoftMetashapeӅ .APҒ<ӈ
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Example: Argentière Glacier

Kneib et al., 2024
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Example: Argentière Glacier

Kneib et al., 2024
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Example: Argentière Glacier

Geodetic mass balance (2012-2021):

dh = -0.85 +/- 0.07 m/yr

dh_we = -0.72 +/- 0.08 m w.e./yr

Kneib et al., 2024
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