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R. Goldstein, JPL

ERS-1, ESA

1993

When it all began ..

1993



ERS-1/2 tandem mission
ESA flies ERS-1/2 in tandem (1-day) for 9 months.

1998



RADARSAT-1 AMM-1, 2 (1997, 2000)
2006

CSA flies the Antarctic Mapping Mission(s).



Data Sources: 
Copernicus Sentinel-1, 
ERS-1 & ERS-2, 
ENVISAT-ASAR,
RADARSAT-1 & -2, 
COSMO SkyMED, 
ALOS PALSAR 
ALOS-2 PALSAR-2,
TerraSAR-X & TanDEM-X, 
Landsat-8 

Data sets are available at NSIDC
https://nsidc.org/data/NSIDC-0754
https://nsidc.org/data/NSIDC-0498

2011

Continental scale
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WMO’s Polar Space Task Group
Shifted from campaign style to continuous mapping at the continental scale  

2015



2017

WMO’s Polar Space Task Group



2019



2019



2019

Speckle tracking ~ 2 m/yr

SAR phase ~ 20 cm/yr, 5o

Still in “surface parallel flow” 



3D to 4D radar interferometry



Antarctic Grounding Zone

https://nsidc.org/data/NSIDC-0498/
https://nsidc.org/data/NSIDC-0778/

DInSAR reveals grounding lines. 
Tidal migration reveals grounding zones. 
Data sources: S1, RADARSAT-2,  CSK-2G

MEaSUREs
Grounding zone

https://nsidc.org/data/NSIDC-0498/
https://nsidc.org/data/NSIDC-0778/


Main trunk

Thwaites Glacier: the factor x 2 
10-km seawater intrusions

Melt at GZ increases mass loss by x 2
(Morlighem & Seroussi, 2018; Robel et al., 2022

Robel et al., 2022; Wilson et al., 2022



Enabling new science

Temporal and spatial scales of physical processes 
driving ice sheet mass balance and sea level rise 
(Stommel diagram) 

• Early missions: annual/1 km.

• NISAR/S1: weekly/30 m.

• Future: sub-daily/higher res (5 m) for fast 
processes: calving, rifting, fracturing, tidal 
dynamics, which are vectors of rapid change. 



3D velocity and time-tagged DEMs



The future ..



NISAR



Future of InSAR for Cryosphere Applications
• Grounding lines: S1/Harmony, NISAR/SDC (CSK-2G, Iceye).
• 3D Ice velocity: S1/Harmony, NISAR, (ROSE-L, SAOCOM-1/2, 

PALSAR-3, CSK-2G, Iceye).
• Elevation change (ice melt): TDX, Harmony.
• Fast processes (Ice fracturing, tidal dynamics)



Future of InSAR for Cryosphere Applications
Permafrost: Problem is decorrelation, then mixture of processes: dynamic 
thawing/freezing, temperature, soil type, land cover, precipitation. Goal is ALT and 
permafrost layer thickness (Strozzi et al., 2018). 
Progress will be significant w. L-band radars and w. radar sounders (DEBRIS, STRATUS)



Future of InSAR for Cryosphere Applications
Sea ice: Horizontal motion complete with feature tracking but does not include leads and 
fractures. 3D motion is complicated by block rotation, tilting, fracture. Requires fast (ATI) 
repeat pass  (Damman et al., 2019)
Snow Water Equivalent: density + depth + electric path length, remains difficult. 

https://agupubs.onlinelibrary.wiley.com/cms/asset/86c0fa4c-d5d0-47e3-9a19-3d7d29cbe8c8/jgrc20191-fig-0011-m.jpg


Conclusions

Future requires interferometric-phase systems, high coherence, fast repeat, high resolution 
to resolve physical processes that matter most to ice dynamics: grounding line dynamics, 3D 
flow, fracturing, ice melting. 

Need data from multiple platforms to achieve observation objectives (e.g. DEM and 3D). 

Need radar sounding mission and ocean temperature observation network as (missing) 
complement. 

Other cryosphere applications will benefit from more experience interpreting radar signals at 
long wavelengths in complex environments in terms of physical processes. 
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