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Ice Velocity and Discharge from SAR Satellite Missions: 

Current Status and Emerging Opportunities

As the flagship SAR mission of the Copernicus program Sentinel-1 (S1) has demonstrated remarkable success across various applications 

for over a decade. Most notably, S1 has been a cornerstone for monitoring glaciers and ice sheets since 2014. One of the mission's key 

strengths lies in its systematic acquisition strategy for the polar regions ensuring continuous coverage of the Greenland Ice Sheet and the 

Antarctic Ice Sheet marginal zones, as well as of other polar ice caps. This has enabled operational monitoring of key parameters such as 

ice velocity and discharge, capabilities that were previously limited to selected glaciers and dedicated campaigns. The loss of S1-B has 

posed challenges, which are being solved by S1-C, but has also encouraged efforts to enhance synergies with other satellite systems to 

maximize the utility of S1 data. This includes leveraging L-band SAR missions, like SAOCOM, that enable to enhance the application of 

InSAR. These efforts not only address current needs but also serve as preparation for upcoming missions such as NISAR and ROSE-L.
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10-yr time series of monthly ice 

velocity along a flow line on Pine 

Island Glacier (Antarctica) from Oct 

2014-Sept 2024. The figure 

illustrates the continuous 

acceleration of PIG during this 

period. At the grounding line the 

velocity increased from 10.6 to 12.7 

m/d (~20%). The ongoing changes 

have been ascribed to ocean-

induced thinning of the floating ice 

shelf combined with a grounding line 

retreat and subsequent reduction in 

buttressing forces, as well as 

damage and accelerated calving of 

the ice shelf.

10-yr time series of monthly ice 

velocity at fixed points with 2 km 

intervals along a flowline of Sermeq 

Kujalleq, Greenland (Jakobshavn 

Glacier). A distinct seasonal cycle 

with summertime accelerations up to 

40–50%, is superimposed on a 

variable multi-year trend. Our time 

series shows a gradual increase in 

velocities since 2018, with 2021 

experiencing peak monthly averaged 

velocities exceeding 30 m/d, 

reversing a decreasing trend that had 

persisted in previous years, and 

which was associated with cooling 

ocean waters in Disko Bay flowing 

into the Ilulissat Icefjord.

Velocity Time Series

Ice Discharge Time Series

The dense time series of monthly 

Sentinel-1 derived ice velocity 

maps serve as key input for 

calculating solid ice discharge of 

marine terminating outlet glaciers 

in order to monitor fluctuations and 

trends at monthly to multi-annual 

time scales. For Greenland we 

have defined flux gates and set up 

a system to monitor ice discharge 

of more than 200 outlet glaciers 

combining velocity and ice 

thickness* data. The figures shows 

monthly ice discharge per basin 

and the total for Greenland.

Conclusions and Outlook

The S1 mission has driven a step change in monitoring of polar ice sheets, serving as 

the primary source for ice flow velocity observations since 2014. Using its extensive 

archive of acquisitions, we have developed a fully automated approach for retrieving 

ice velocity through offset tracking. This has resulted in a large portfolio of velocity 

maps for Greenland and Antarctica, ranging from time series at 6- to 12-day intervals 

to mosaics at monthly to multi-annual time scales. S1 has also enabled the use of 

InSAR for large-scale velocity retrieval, but this requires a coordinated acquisition 

planning. The data products give detailed insight into present-day ice sheet dynamics 

and provide a reliable long-term climate data record. The capabilities of S1 can be 

further enhanced through synergies with upcoming L-band missions, including 

Copernicus ROSE-L and NASA/ISRO NISAR, ensuring systematic and high-resolution 

coverage of polar ice sheets with multi-frequency SAR well into the future.      

* Ice Thickness source: IceBridge BedMachine Greenland v5

Wuite et al., 2025 (pre-print)

The use of L-band SAR enables to improve InSAR ice velocity retrievals on ice 

sheets. By using L-Band SAR the InSAR method can be extended in faster moving 

areas than possible with C-band, as these data have a reduced fringe frequency 

enabling more reliable phase unwrapping. Additionally, due to deeper signal 

penetration lower frequencies, such as L-band, are more robust against 

decorrelation in areas with variable surface conditions due to snowfall or melt 

events. On the other hand, L-band is more sensitive to disturbances by ionospheric 

effects than shorter wavelengths. So further improvement for ice velocity monitoring 

can be expected from the synergy of C- and L-band SAR. 
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