(W A

ater Storage Variations in California, Oregon and Washington
Estimated From GPS Observation of Loading Deformation

Yuning Fu, Donald Argus, Felix Landerer, David Wiese and Michael Watkins

Contact: Yuning Fu (Yuning.Fu@)jpl.nasa.gov)
K Jet Propulsion Laboratory, California Institute of Technology /

-124° -122° -120° -118° -116°

-122° -120°

-122° -120° -118°

Washington & Oregon California



)C ’ pading deformation.
urface load Deformation

* Inversion strategy.

Deformation Surface load

* Seasonal water storage in the
Washington.

e Time-variak

EPhGto; INAVCO



pa03-
p401‘
p402 *sc03 & p42
N

° \

path‘ p418

420. &
039 p417pq4. fitos

"‘11.;:403 @410
tpw2e
p446

P72 z

P7005596

01 29 Buen

waco 9427 I/

PaC B &
Zos %

mesowdbn

9355‘ £ p371 J

p732
p364 I P369 J Jddsn P332
foblalﬂ“
cabl p735 &p737

p733

P S ¢
D36{‘p1912 [)370‘ P380‘
P734_ JP179_
p786 H“ybhb*‘p?&l
p154
pi\’IG

702
I psqs Jip701

&obs P 4 ;1',’»44&'

JI p36s & : &P736

ot 738
mdmt_ P 388 e’
IS i

1|;,g ‘;)434

Washington

‘pd 5'-2

n 9020

- 1450
Joosse

‘wgl SR Dy

Jp433

‘psﬁb

Jredm

“Oregon

3322
062 ™ i
Ry ‘p?ﬂl& B30

P

Im

.3’91
b ] &
DataSI0, NOAA, Ndvy NGA, GEBCO

ar393

‘burn

739)
R

Jr018

J00g1e

llo

/|9/2013;1,145,27°30.705 N 4120;13'37.62*" Wl elev/ 1340 ft

Acknowledgements
Plate Boundary Observatory UNAVCO

MEaSUREs NASA

+Google
(@

Motivation

de}ho"pgsl

350
& St

JrO19

@At

eye alt'516.57 mi

p7867p‘1 54.__ I thb

734 ;

o T

pl55 ‘ A

p325 V3 p663
p17,0p343
P16948E | f’

p167 5332

shm-‘{Sl

> "3 1

;;,187;)340',)‘3('i 'Chol v
p2 20) orV

p18491Y9(,P207 e w"

7

&)20392
p059 {p195 :

bpl46 Slid

p194intne ]’ J

ptrb %csf p23 (e

farb ¥ p22’5530 4
oxmtmonb §P259

p219; <F’2“1r>2'f52
P2 52503303%
\

Data SIO, NOAA, U.S. Navy, NGA, GEBCO

© 2013 INEGI
© 2013 Google
Image Landsat

TOeP272 p1419‘1f429 0'“‘:3‘)134

cat2

dsme ‘oghs L
* &

sm4 dese

dig .
Imagery Date: 4/9/2013 37°11'08.59" N 122°51'01.88" W elev -3464 ft (“e_ye all\7§9'1\.64 mig




GPS Measurement (Height)

Vertical Deformation (cm)

P022, located in La Grande, Oregon
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Forward model
Surface load— Deformation
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Vertical Displacement
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Inversion Strategy

Divide the whole region of Washington, Oregon and California into 0.25° x 0.25°
patches.

A damped least square inversion strategy to evaluate the optimal surface water
mass variations from GPS measured vertical seasonal deformation.

Green’s functions roughness weight

l

||IW(Gx — b)||*> + B? ||Lx||>? — min

Misfit(WRS$S) Roughness

GPS observations Laplacian smooth operator




GPS Inversion Result: California
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GPS Inversion Result: Washington and Oregon
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Background: Seasonal Water Variation: Apr and Oct
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Sierra Nevada Mountains
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Klamath Mountain
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Cascade Range
in Washington & Oregon
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California
Sacramento + San Joaquin + Tulare River basin
— Central Valley
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Water Variation (Gigaton)

California
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Decrease in Water Thickness
during 3 Years of Drought
GPS (Oct 2011-Oct 2014)

Changes in Reservoir Storage
have been removed.

Because Snow in October is
negligible, interpret to be the
sum of:

(1) Soil Moisture,

(2) Sierra Nevada
Mountain Fracture
Groundwater, and

(3) perhaps Central Valley
Aquifer Groundwater

Result

The southern Sierra Nevada
mountains lost 30 Gigatons
of soil moisture and fracture

Change in

Equivalent

-0.4 Vg:;a en groundwater from Oct 2011
Thickness to Oct 2014

-0.8 m

GPS



Application for GRACE:
Fill GRACE Missing Periods with GPS-determined Water

Cascade Range
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Application for GRACE

Periods with GPS-determined Water
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Application for GRACE
Determine Local Scaling Factors for GRACE from GPS

Cascade Range
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, GRACE original solution without scaling.

“GRACE”, GRACE measurements scaled with gain factors from the GRACE Tellus website (http://

grace.jpl.nasa.gov) [Landerer and Swenson, 2012].

“GRACE scaled by GPS”, GRACE measurements scaled with GPS-determined water change series.

Fu, Argus and Landerer, JGR-Solid Earth, 2014



Application for Hydrology Model:
Distinguish Between Different Hydrological Models

Seasonal Terrestrial Water Change from Oct to Apr
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* GPS can be an independent measurement to distinguish different hydrology models.

Fu, Argus and Landerer, JGR-Solid Earth, 2014



Summary and Conclusion

As an independent measurement, a dense continuous GPS network
provides high-resolution estimation of surface water storage variations.

GPS-determined water series can fill gaps in the current GRACE mission,
also in the transition period from the current GRACE to the future GRACE
Follow-on mission.

GPS distinguishes between different hydrological models, and indicates
NLDAS underestimates the snowfall volume in the western U.S.

GPS can resolve time-varying water storage change in the western U.S.,
and can be used to monitor water resource change in near real-time;
complementary to GRACE.
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Backup slide: Atmosphere Effect

ECMWEF (European Centre for Medium-Range Weather Forecast model)

Water Variation (Gigaton)

Sierra Nevada Mountains
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Backup slide: how to choose Roughness Weight
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Checkerboard Test
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Checkerboard Test

Backup slide
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