Y [ ' ;~ f
y " "

\
$

balance of glaciers

'

s
' 4

L4 (V\‘*\'-‘-(‘xlgv‘
]

Marin Kneib, glaciologist at Institut des Geosciencesde| 6 En v i r o/@r@nebiae&nUniversity of Innsbruck

ESA UNCLASSIFIED - For ESA Official Use Only 1

= H BE B _—_ (= E BNl ESEEENEE BN ESE- = m—_—-rE e » THE EUROPEAN SPACE AGENCY



Programme

A 1 hour lecture (17/09 14:6Q5:00)
A 2 hours exercice ismallergroups:
A 17/09 16:0018:00
A 18/09 08:3010:30

A Contact: marin.kneib@unigrenoblealpes.fr



Programme

Introduction to geodetic mass balanacghat for?)
Principles

Stereaprocessindor the generationof DEMs
DEMco-registration& differencing

Volume & mass changealculations
Uncertaintyestimations

Perspectivelinkinggeodetic &glaciologicainass balance
Exercicesvith geoutils& xdem (python Jupyternotebook)

©ONO Ok WNE

Obijectives:

1. Getfamiliar with the overall processingchainfrom satellite image acquisitions
to mass changealculationalongwith the underlyingassumptions& limitations

2. Calculateyour own geodetic mass balance of a glaciersedon two DEMSs



Geodeticmass balance? What for?




RESEARCH ARTICLE  GLACIERS f X in @& % O =

G eOd etl Cm aSS bal an Ce’? Wh at fo r Global glacier change in the 21st century: Every in-

Glaciers

SLR

(m w.e. yr-1) (mm SLE)

AM/At

(%)

N
o
o

=
o
o

o O

|
N

|
I

100

100

100

(@)

501
[ (OSSP1-1.9 ()SSP2-4.5 ()SSP5-8.5

501

‘B

[ (OSSP1-2.6 ()SSP3-7.0

ED O@ogn

%

0 1 2

Global temperature change (°C)

3 4

5
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Accelerated global glacier mass loss in the early twenty-
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Geodeticmass balance? What for?
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Geodeticmass balance? What for?

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

10



Principles ofgeodeticmass balance




Measurements of mass/volume changes frospace

DEM differencing Altimetry Gravimetry

stereo-images SAR interferometry laser, radar
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Berthier et al., 2023b



Opticalstereodata

0 Advantages
z High spatialresolution (up to 50 cm ofjround sampling distance)
z Basedon images in visible andearinfra-red ->easyto interpret by humans

O Drawbacks:

3z Obscuredby cloudsand polar night.Someproblemsin the steepfaces in theshade
z Sensorspecificproblems(e.g.jitter, undulations/I L ADL Yy 0

0 Someexamples

s ASTER
3 Pléiades : P Q S ifi
s Worldview(HMA DEM) =y = Gl ]
» TSt SfM Tri-ster. €o
O Processing Principle of photogrammetry i it

2-3 images Digital elevation model (DEM)
é -

s Stereoprocessing

z Software: AMES Stereo Pipeline (A3RYlasimagine,AgisoftMetashapey 13



ASTIR
iz

2 sources osterecimages/DEMSs é

G6publ
sensor

I C
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Along track stereo using two telescopes

ASTER 3N &315 m

30 m DEM
generated using the Ames Stereo
Pipeline (ASP)

cnes

Commercial
satellites

PléiadeslA & 1B, & m Along
track stereo satellite agility

DEM generation using the Ames
Stereo Pipeline
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INSARdata

0 Advantages
s Insensitiveto cloudsand night

0 Drawbacks:
sz Penetrationof the radar signainto snowandice
sz Potentiallargeerrorsin steeptopography

0 Someexamples
s SRTM
= TanDEMX

‘a) bistatic mode

b) pursuit
nonostatic
node
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UAV data

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

0 Drawbacks:
z Limited spatial coverage
z Needs some ground control to constrain geometry

0 Someexamples
z Quadcopters
z FixedwingsgVTOL drones

0 Processing
z > 100 images
z Structure-from-motion photogrammetry
z Software:AgisoftMetashapdl . APf <y




Example: Argentiere Glacier

Kneib et al., 2024
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Example: Argentiere Glacier

Kneib et al., 2024
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Example: Argentiere Glacier

Kneib et al., 2024

Geodetic mass balance (2012-2021):

dh =-0.85 +/- 0.07 m/yr
dh_we =-0.72 +/- 0.08 m w.e./yr
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