Downscaling GRACE for groundwater management in
California's Central Valley
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NASA Gravity.Recovery and Climate Experiment (GRACE)

* Launched in 2002

* Functions like a ‘scale in the sky’ that can weigh the
monthly increases or decreases in total water storage in
large (>150,000 km?) regions with-an accuracy of 1.5 cm

NASA GRACE Follow-On (GRACE-FO)
To launch in 2017

Monthly Terrestrial Water Storage Changes from GRACE, 2002-2015
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Water storage changes in the United States from GRACE
(2002-2015)
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Trends in Groundwater Storage from NASA GRACE Mission (2003-2013) Change in Total Water Storage (2002-2015) from GRACE
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Cumulative groundwater depletion in California’s Central Valley from USGS and GRACE
(1962-2014)
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Rodell et al., 2009 India paper key impetus for national hydrogeological
groundwater mapping (India Ministry of Water Resources)

Famiglietti et al., 2011 California paper and follow-on work key
contribution to justifying need for Sustainable Groundwater Management
Act (State Water Resources Control Board)
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Both key justifications for selection of GRACE-FO as a climate continuation
mission (NASA Climate Architecture document) to launch in 2017
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The phyics will always limit a space-based time-variable gravity mission to
tens of thousands of square kilometers, so...
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Improving GRACE’s spatial resolution
through numerical downscaling

GRACE Spatial Resolution Refined spatial resolution
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Artificial neural networks for
numerical downscaling

Hidden

* Can efficiently and comprehensively
handle large, diverse and noisy spatial
datasets.

* Their architecture offers four main
advantages:

— Machine learning

— Computational speed
— High level of flexibility
— Robustness

* ANNs derive non-linear, empirical
relationships between a set of input
and output variables.

Source: Turban et al., 2008
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Input and calibration data

GRACE data 2010 (m) Well data, annual change (m)

Input data: Calibration data:
*  Precipitation . 2,189 wells
Temperature Biannual monitoring data

DEM from 2002-present
NRCS soil maps Interpolated using kriging

GRACE RO5 gridded
estimates

Figures from Miro and Famiglietti (2016)

Downscaling model output maps
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Downscaling offers new spatial resolution

Storage changes from NASA's GRACE (2010) e (2010)

Figures from Miro and Famiglietti (2016)

Output at 10-fold higher resolution Acceptable NSE values

Spatial resolution of GRACE: * Calibration —0.1911 to 0.8200
* 1degree by 1 degree - 200,000 km? « Validation - 0.3546 to 0.8302
Spatial resolution of output maps: * 0-1isacceptable, 1is ideal

e 4km by 4km - 16 km?
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For more information:

Michelle Miro
michellemiro@ucla.edu

Jay Famiglietti
james.famiglietti@jpl.nasa.gov
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Model output and errors

Simulated groundwater
change 2009 (m) Absolute errors 2009 (m)

Relative errors 2009 (%)

Simulated groundwater
change 2010 (m)  Absolute errors 2010 (m)

Figures from Miro and Famiglietti (2016)
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