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Groundwater from Space

« Groundwater is becoming a more important part of water resources
 But knowledge of the groundwater level is not uniformly available

 Wells provide some monitoring capability, but there are political
and practical difficulties

 Imaging radar interferometry can provide information on
groundwater levels by measuring surface deformation caused
by withdrawal and recharge of aquifers

 This can be done from space, now, and NASA is planning to orbit
a satellite that will provide even better information
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Orbital Radars for Interferometry

Satellite dates resolution (m) | swath (km) |incidence | minimum band*/pol
angles revisit (days)

ERS 1,2 1991-2010

Envisat 2002-2010 25 100 15-45° 35 CVV,
CHH
PALSAR 2006-2011  10-100 40-350 10-60° 46 L-quad
Radarsat 1,2 1995- 10-100 45-500 20-49° 24 CHH
TerraSAR-X 2007- 1-16 5-100 15-60° 11 X-quad
Cosmo- 2007- 1-100 10-200 20-60° <1 X-quad
Skymed
PALSAR-2 2014 3-60 50-350 8-70° 14 L-quad
Sentinel 2013? 20 250 30-45° 14 C-dual
DESDynl 20207 35 350 15-60°?  8? L-quad

* wavelengths: X ~3cm,C~5cm, L~ 25cm



Monitoring LA Basin

Paul Lundgren, Vince Realmuto, JPL



Monitoring LA Basin

1996- 1997 1:199806:27999

Paul Lundgren, Vince Realmuto, JPL



Continuing Subsidence In the Central Valley
2007-2011

Zhen Liu, Vince Realmuto, Tom Farr, JPL
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Backup Slides



Interferometry 101: Deformation maps

When two observations are made from the same location in space but at
different times, the interferometric phase is proportional to any change in the
range of a surface feature.
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Interferometry 101: Deformation maps

Generally two observations are made from different locations in space and at
different times, so the interferometric phase is proportional to topography and

topographic change

Ag= —(p( )~ L)) = —(Apchange APiopo)

47[
)

——~(Aopange = Bsin(0 - )

~
/ If topography is known, then
A second term can be
b eliminated to reveal surface

— change, but baseline
must be small.

Topo can dominate
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Example Enwsat coverage
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WINnSAR and ASF archives for a small area of the southern Central Valley

All radar coverage of Corcoran area

1992-Apr  1994-Apr  1996-Apr  1998-Apr  2000-Apr  2002-Apr  2004-Apr  2006-Apr  2008-Apr  2010-Apr

Includes ERS, Envisat, PALSAR, Radarsat
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