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Inversion of

GPS vertical displacements


for water change




Solid Earth's elastic response

to a mass load is known 
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Solid Earth’s elastic response 
is tight in space.


Elastic deformation is not 
sensitive to Earth’s rheology.


The elastic response is 
calculated


for a gravitating, spherical, 
stratified Earth.
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Water changes

sustained over periods


of drought or heavy precipitation




JPL Mascon solution

Watkins et al. 2015
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Model of

groundwater change in


Central Valley




Set total groundwater change equal

to CVHM [Faunt et al. 2015].





Distribute groundwater loss

across Great Valley


using subsidence observed

with GPS and InSAR.
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The Sierra Nevada lost 45 ± 21 km3


of water in the ground

during drought from


October 2011 to October 2015,

exceeding the 6 km3 of soil moisture 

lost in the hydrology model.
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The Sierra Nevada lost 31 ± 20 km3


of water in the ground

during drought from


October 2011 to October 2015,

exceeding the 7 km3 of soil moisture 

lost in the hydrology model.
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Water loss inferred from GPS during 
drought exceeds that from GRACE.


Water gain inferred from GPS during 
heavy precipiaton also exceeds that 

from GRACE


Sacramento-San Joaquin

River basin

150,900 km3





–103 km3


–11 km3/yr


–10 km3/yr
 10 km3/yr


GRACE


GPS CVHM 
CDEC




Part 3




Elastic model of

Central Valley groundwater loss




Uplift of the Sierra Nevada




JPL Mascon solution

Watkins et al. 2015
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Model of

groundwater change in


Central Valley




Set total groundwater change equal

to CVHM [Faunt et al. 2015].





Distribute groundwater loss

across Great Valley


using subsidence observed

with GPS and InSAR.
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RESULT 3

Of the 24 mm of uplift of the Sierra Nevada

during from October 2011 to October 2015,

just 5 mm is produced by Central Valley 
groundwater loss,

less than 2 mm is tectonic uplift, and

17 mm is solid Earth's elastic response to 
water loss in the Sierra Nevada. 
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Thermodynamic models of delamination of

the mantle root of the Sierra Nevada


Saleeby et al. 2012, 2013
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Conclusion


PRODUCT

Changes in water storage

across the western U.S.

each month

from Jan 2006 to Aug 2017.


Result 1

The Sierra Nevada rose

24 mm from 2011 to 2015

mainly in elastic 
response to

water loss of 0.75 m

in the Sierra Nevada,

Not because of

groundwater loss in the 
Central Valley,

Not because of

normal slip along

the Sierra Nevada

frontal fault.


RESULT 2

Water changes are sustained 
over periods of drought or 
heavy precipitation.

Such sustained changes are 
not in hydrology models.


Result 3

The Sierra Nevada, Coast Ranges,

and Klamath Mountains

lost 94 ±50 km3 of water

during harsh drought

from 2011 to 2015.

Mountain groundwater

in river alluvium and

in crystalline basement fractures

are playing an important role

in California's water resources.



