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Product

Changes in total water storage

as a function of location across the western U.S.
each month from January 2006 to the Present
inferred from GPS vertical displacements



Part 1

Inversion of
GPS vertical displacements
for water change



Solid Earth's elastic response
to a mass load is known
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The elastic response is
calculated
for a gravitating, spherical,
stratified Earth.



Loading Vs. Aquifer
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Aquifers expand as groundwater

Mountains subside in fills the pores between
elastic response the silts, sands, and gravels
to a snow or water load comprising the aquifer
85% of GPS sites 15% of GPS sites

Distinguish porous response on the basis of:
1. Time of maximum height around April
2. Subsiding faster than 2.5 mm/yr
3. Within 10 km of a groundwater well
4. Episodic transients



Inversion of
GPS vertical displacements
for water change
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GPS Sites
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Mean seasonal water gain
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Part 2

Water changes
sustained over periods
of drought or heavy precipitation
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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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Uplift GPS Water Loss GPS
Drought Drought -29 +28 km3

Oct 2011 - Oct 2015 Oct 2006 - Oct 2009
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displacement thickness change -32 km3 /4 yr
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Subsidence GPS 52) Water Gain GPS
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Uplift GPS Water Loss GPS 07 +
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Subsidence GPS C(Z}) Water Gain GPS 75+34 km?
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Part 3

Elastic model of
Central Valley groundwater loss

Uplift of the Sierra Nevada



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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Mean rate of
Central Valley groundwater loss Central Valley Model
2006 - 2015 Uplift Rate
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uplift due to C.V.
groundwater loss
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GPS Vertical displacement
in Sierra Nevada
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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,
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less than 2 mm is tectonic uplift, and
17 mm is solid Earth's elastic response to
water loss in the Sierra Nevada.



Late Cenozoic tilting of strata Sierra Nevada River incision rates 0.2 - 0.4 mm/yr

in eastern Great Valley rose before 30 Ma Wakaybashi 2013
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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.

Conclusion

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 km? 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.



