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Ice Velocity and Grounding Line
in Antarctica 

Measured from Space
Rignot E., Mouginot J., Scheuchl B.
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Data Sources: 
Copernicus Sentinel-1, ERS-1 & ERS-2, 
ENVISAT-ASAR, COSMO SkyMED, 
RADARSAT-1 & RADARSAT-2, 
ALOS PALSAR & ALOS-2 PALSAR-2,
TerraSAR-X & TanDEM-X, Landsat-8 
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2018-2023, 7-km GL retreat

2018-2023 Glacier Speedup



RFI and the Cryosphere

• “Lower” frequencies are “better”
• Max RFI at P-band (Biomass) because of SOTR. 
• High/variable at L-band (NISAR, ALOS PALSAR) but 

ok with filtering
• Moderate at C-band (Sentinel-1, Harmony), but ok 

with routine checks 
• Less problematic, but not immune, at X-band 

(TerraSAR, ICEYE), case by case mitigation



Bed/bathymetry Greenland:  
OMG 2015-2020 + OIB 2009-2019 + others 
= IBCAO Version 5

Morlighem et al., 2018; Jakobsson et al., 2024



Bed and bathymetry, Antarctica: 
OIB 2009-2019 (no OMG) + others =
IBCSO Version 2

MacGregor et al., 2021

Dorschel et al., 2022
Morlighem et al., 2020







NASA ISRO SAR Mission:
To study ice sheet dynamics
Launched July 30, 2025!



ESA UNCLASSIFIED - For ESA Official Use Only

ESA BIOMASS mission: P-band (455 MHz), Left looking, 12 m antenna, launched in April 2025, 
6MHz BW (25 m SR), 23-31o incidence, 60 km swath, 50 m spacing at 4 looks, 25-45 days 
ground track repeat.
Biomass retrieval at 200 m spacing; secondary objectives over ice. 

Commissioning phase, Tomo phase (14 mo, 3 day baseline), PolInSAR (4 years, 7 day 
baseline), possible to roll off to nadir geometry. 
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SOTR (Space Object Tracking Radar 
network) exclusion zone for Biomass orbit

Exclusion zone
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• BIOMASS coverage is “subject to US DoD Space Object Tracking Radar (SOTR) 
restrictions… not allowed within line-of-sight… mainly exclude the North American 
continent and Europe.

• SOTR “restricts the imaging opportunities for Biomass because of the potential 
interference on the SOTR operation by the Biomass transmit signal,” and 
shows an acquisition mask with a green SOTR line-of-sight boundary inside 
which “no Biomass operations would be allowed.” 

• Greenland / Thule: the BMEWS/UEWR space-tracking radar at Pituffik (Thule) 
is one of the U.S. SOTR sites (along with Clear, AK and RAF Fylingdales, UK). i.e. 
a canonical SOTR location inside the “no-operate (LoS) region.”

• SAR is low duty, low power (600 W Biomass  7 mW on a 200 m pixel, 3.1 kW 
NISAR, ditto; speed is 7 km/s). Weather radar is 700 kW), Airport is 10 kW, Cell 
base is 50 W, and SOTR is many 10 MW. 

• P-band (432–438 MHz region) is heavily allocated to radio astronomy, military 
radars, and space services; but is immensely useful for science. 
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Conclusions

• InSAR critical for the cryosphere and polar science: ice motion + 
grounding line from a constellation ranging from L- to X- 

• Radar sounding limited to sporadic airborne campaigns, no 
capability to repeat and measure changes, is a major 
impediment for cryosphere science (ice thickness, ice melt).

• STOR and other limitations restrict data acquisitions over the ice 
sheets where disturbances are negligible, commercial interest is 
zero, but potential for science discovery is large.
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