JAGIELLONIAN UNIVERSITY
IN KRAKOW ~, EUROPEAN SPACE AGENCY

\>
Ministry of Science and Higher Education es a
Republic of Poland

iy \ RN B i

ESA FRINGE 2026 | Krakow, Poland | 17t June 2t

.
.

Monitoring Ice Velocity and Discharge with SAR Satellite Missions:
Present Capabilities and Future Prospects

: ) 3
: e s R .- <
- e LGP AN )T
; 5 R i

enveo

Jan Wuite, Thomas Nagler, Markus Hetzenecker, Bryan Cantal and Helmut Rott
ENVEO - Environmental Earth Observation IT GmbH, Innsbruck, Austria




Sentinel-1 Polar Acquisitions =) s e esa

JAGIELLONIAN UNIVERSITY
IN KRAKOW EUROPEAN SPACE AGENCY

Data Densit

o llc= N 1= oI D " = e BE 32 == — %]  * THEEUROPEAN SPACE AGENCY

Annual SENTINEL-1 Interferometric Wide (IW) Swath SLC Data Density




Polar Ice Velocity Mapping using Sentinel-1 @
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Greenland Ice Velocity
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Sensor: Sentinel-1 SAR
Method: Offset Tracking
Period: 2014 to 2024

Pixel spacing: 250 m
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250 m monthly & annual ice velocity Maps
Based on Copernicus Sentinel-1 IW TOPS SAR
Method: Offset Tracking (OT)

Timeseries starts in 2014 - Yearly updates

Data volume per annual map: 24 tracks, ~2000 scenes, 6.6 TB 7\ Climate
Products available: Copernicus Climate Data Store, ENVEO Cryoportal J Change Service
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e Monthly Velocity 2015-2025
Greenland Ice Velocity SRR :
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Ice discharge for
marine outlet glaciers

Ice discharge is the product of ice
thickness and depth-averaged
ice velocity across a flux gate.

Depth-averaged ‘
ice velocity, U

Ice discharge L Ice Discharge

pice  lce Density
H(x) Ice Thickness
W) Depth-averaged ice velocity

x=1
¢ = pice/ H(x) Ij(x) dx
x=0

Ice discharge ¢ is the product of ice density p;c.
and the integral across the flux gate of ice thickness
H(x) times depth-averaged velocity v(x).

A Ice velocity primary input for calculating solid ice discharge

d Monthly ice discharge is calculated by combining ice velocity and ice thickness

A Flux gates for >250 marine terminating outlet glaciers around the Greenland Ice Sheet margins
A Ice thickness corrected for surface elevation changes
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Greenland Solid Ice Discharge

10+ years of Greenland Monthly Ice Discharge
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10+ years of Ice Velocity and Discharge on Pine Island Glacier

G262666E75398S - Pine Island Glacier
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16 140

130

Fiux [Gtry]

2014-10-16

velocity [m/d]
©

90
2024-09-15

80

0 50 100 150 200 250

distance along flowline [km]

M 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025 S

Pine Island Glacier shows a continuous near-linear increase in ice velocity and

discharge at the grounding line from 2015-2025: ~20%  (Wauite et al., 2025)
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Sentinel-1 fundamentally changed the way we are able to monitor ice sheets and ice caps by
systematically acquiring dense time series of SAR data in the polar regions

L Continuous detailed velocity maps covering Greenland, Antarctica and polar ice caps and glaciers since 2014 at high spatial
and temporal resolution

O Time series enables to detect fluctuations and trends in ice velocity and discharge at various time scales providing new
insight into the changing dynamics of glaciers and ice sheets

O Future opportunities for velocity retrieval emerge with new and upcoming missions (e.g. NISAR, ROSE-L, S1 NG) which will
deliver new data over ice sheets that can be used in synergy with Sentinel-1 for comprehensive polar monitoring
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