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GRACE (2002-2017)
GRACE-FO (2018- )

Functions like a ‘scale in the sky’
Measures changes in total water storage
Timescales > monthly

Regions >150,000 km?

Accuracy 1.5 cm equivalent water height
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Western Iran GRACE Time Series for Changes in Total Water Storage (2002-2017)

JPL Mascons, Mascon #901, land
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Changing freshwater availability from GRACE (2002-2016)

Rodell, Famiglietti et al., 2018, Nature, Emerging Trends in Global Freshwater Availability
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Reager et al., A decade of sea level rise slowed by climate-driven hydrology, Science, 2016 'pL




Groundwater

The water stored under the ground in
aquifers

Primary water source for over 2
billion people

Provides nearly half of the water for
irrigation

In many cases is non-renewable




How do we estimate groundwater storage changes with GRACE?
Rodell and Famiglietti, 2002, J. Hydrology

AS| anD = ASsnow T ASgy + ASgy + ASgyy
ASGW: AS|_AND B ASsNow B Ast B ASSM

Remove this (ASgnow
+ ASgy + ASg)) from
ASLAND

To isolate this (ASgy)

groundwater




Future prospects for estimating groundwater storage
changes from space

ASGroundwater= ASTotal - ASSnow - ASSurface Water ~ ASSoil Moisture
GRACE-FO (2018) ASO (2013)
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Changing freshwater availability from GRACE (2002-2016)

Rodell, Famiglietti et al., 2018, Nature, Emerging Trends in Global Freshwater Availability
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Total water storage anomaly (mm equivalent water height)
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the world’s major aquifers. Famiglietti,
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Figure 2 from The global groundwater crisis, J. S. Famiglietti, Nature Climate Change 4, 945-948 (2014) doi:10.1038/
nclimate2425 Published online 29 October 2014. Water storage declines (mm equivalent water height) in several of the
world’s major aquifers in Earth’s arid and semi-arid mid-latitudes, derived from the NASA GRACE satellite mission. The
monthly storage changes are shown as anomalies for the period April 2002—May 2013, with 24-month smoothing.
Image: J. S. Famiglietti and J. T. Reager, NASA let Propulsion Laboratory, California Institute of Technology; and

University of California, Irvine, USA.
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The human fingerprint on the freshwater landscape -
through climate change, ice melt, changing extremes,
and water management - is a dominant force that is
dramatically changing patterns of water availability.

This change — and with it, major threats to water and
food security -- is happening far more rapidly than
most people realize.




Implications for food producing regions

Most are in a state of chronic water scarcity

There are many ‘solutions’ for metropolitan
regions but fewer for agriculture

Will we need to move water to the major
food producing regions?

Food-related water problems are national
and international problems




Implications for socioeconomics, policy

Society is not prepared for the water, food
and energy future that confronts us

Distinct classes of water ‘haves and have
nots’ are emerging

Violent conflict and water/climate refugees
will increase

Revisions to water law and new
transboundary policies required
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opinion & comment
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Groundwater depletion the world over poses a far greater threat to global water security than is
currently acknowledged.
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Some perspective

There is an urgent need for regional and
global science, engineering and water
policy innovations

Academics need to engage with policy
makers, planners, stakeholder and the
public to discuss adaptation strategies and

science and policy needs

 Engage deeply and co-develop key questions

» Do the highest quality work

« Communicate to stakeholders, resource
managers, elected officials and the public

We need to integrate across disciplines
and institutions
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More Information

Trend, Future of Water issue
https://trend.pewtrusts.org

Personal website
https://jayfamiglietti.com

Twitter
@jayfamiglietti
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