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Groundwater depletion as viewed from space:
Implications for water, food, and human security

PCAST, Understanding Groundwater, 12-01-2023

From animation prepared for 60 Minutes, November 16, 2014
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Groundwater is rapidly disappearing from the world’s aquifers because of little or 
no oversight

The United States is no exception: groundwater depletion in the Central Valley and 
in the southern half of the Ogallala aquifer, driven primarily by overpumping for 
irrigation, threatens not only our water security, but our food security as well

Its disappearance also threatens the resilience and climate adaptation capacity of 
desert cities like Phoenix, where cuts to Colorado River water will place increasing 

stress on a dwindling resource

The rapid pace and extensive scale of the groundwater crisis has far outstripped the 
pace and scale of the response by the US (and also by the rest of the world)

Far greater awareness of the importance of groundwater, extensive exploration, and 
new management paradigms and policies, including at the national scale, are key to 

preserving groundwater for generations to come

This is an all hands on deck moment for groundwater sustainability
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Chandanpurkar, Famiglietti, et al., in preparation, 2023
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The global picture from NASAGRACE/FO (2002-2023)
Trends in total water storage in the world’s  large aquifer systems

CA Central 
Valley is 
among the 3 
fastest-
depleting large 
aquifer systems
worldwide
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The global picture from NASA GRACE/FO (2002-2023)
The global groundwater crisis

Famiglietti and Ferguson, Science, April 23, 2021

Famiglietti, Nature Climate Change, October 29, 2014

Famiglietti and Ferguson, Science, April 23, 2021
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The US picture from NASA GRACE/FO (2002-2023)
Trends in total water storage

Chandanpurkar, Famiglietti, et al, 2023, in preparation; courtesty of H. Chandanpurkar and K. Abdelmohsen
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The US picture from NASA GRACE/FO (2002-2023)
The groundwater crisis at home

Chandanpurkar, Famiglietti, et al, 2023, in preparation; courtesty of H. Chandanpurkar

Groundwater storage trends in the principal aquifers of the US
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Critically, GRACE/FO only measures the change in storage, not the 
absolute amount. 

In most aquifers in the US and around the world, we actually do not know 
how much groundwater we have.

The US (and the rest of the world) needs a major exploration effort to 
characterize the shallow crustal ‘water environment’, including how much 
groundwater is there, how much is accessible, and how its quality varies 

with depth.

If water were oil, this would already have been done.
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Regional studies of groundwater depletion (2002-2023)

SGMA passed

SGMA implementation 
targets sustainability by 2042

Updated from Liu, Famiglietti, et al., Dec. 2022, by Pang-Wei Liu, NASA/GSFC

Groundwater depletion has been accelerating in California’s Central Valley
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Accelerates the work ASU is doing in water: engineering, hydrology, 
law, policy and management

Technological developments, partnerships and applied research

Deep engagement, co-developed research, raising public awareness, 
catalyzing change

What are the pathways to economic growth and water sustainability in 
Arizona?

How can this type of effort help the rest of the US, and the world?
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Estimating groundwater storage changes in Arizona

Courtesy K.Abdelmohsen and H. Chandanpurkar

Regional studies of groundwater depletion (2002-2023)
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The future of groundwater in Arizona

• Groundwater is likely Arizona’s most precious, and undervalued, natural resource

• It is only managed in less than 25% of the state by area

• Most of the Active Management Areas are not on track to meet their 2025 sustainability goals… 
after 45 years

• Groundwater management is needed across the entire state in order to sustain this 
transgenerational resource for generations to come

• We need to seize the ‘moment’ in Arizona with a very ‘water-forward’ governor, willing partners 
in the state agencies, industry, and universities, and the urgency driven by future Colorado River 
allocation cuts

Regional studies of groundwater depletion (2002-2023)
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Closing Thoughts (and pleas for help)

Transdiscplinary engagement with the private sector, government, civil society, and 
researchers/academia will be critical to chart pathways to groundwater 

sustainability 

Awareness, education, and science communication are of paramount importance at all 
levels…but we need this and more

”Water is the new carbon”

We desperately need to understand how disappearing groundwater will impact food 
production and food systems in the US.  NASEM’s Board on Agriculture and Natural 
Resources (BANR) is proposing a 2-year study on ‘groundwater security for food 
security’.  We need your help to find sponsors to make this a reality. Please 

contact BANR Director Robin Schoen, RSchoen@nas.edu
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Groundwater Depletion is a Threat to GDE’s

Rohde et al., 2023, in review, Nature
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Elevating the water dialogue

● Far-reaching public, science 
communication strategy

● Op-eds, public lectures, videos, 
podcasts, etc

● Take advantage of moments 
and pro-active administrations

● The media, both traditional and 
social, is our ally in this

Science communication is essential

LA Times, Dec. 23, 2022

New York Times, Feb 28, 2023



Copyright © 2023 Arizona Board of Regents

• Remind that the 2023 groundwater 
calculation is only to June, while other 
terrestrial water components on the 
surface are still at high level.

• We expect to see higher groundwater 
level after we include all year of data.
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Revisting, updating, improving our 2014 study ten years later
Research plans for Arizona

+ + =

GRACE data Ground-based observations
Other satellites, 
Advanced computer models

Best available maps of surface 
and groundwater changes

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.jpl.nasa.gov%2Fmissions%2Fecosystem-spaceborne-thermal-radiometer-experiment-on-space-station-ecostress&psig=AOvVaw2IWOVuj2BkosuJL13DGU0B&ust=1689806574773000&source=images&cd=vfe&opi=89978449&ved=0CA0QjRxqFwoTCJD515mqmYADFQAAAAAdAAAAABAD
https://www.google.com/url?sa=i&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FSurface_Water_and_Ocean_Topography&psig=AOvVaw3_lrYpHiaNPsJZpDv0n5I3&ust=1689806672402000&source=images&cd=vfe&opi=89978449&ved=0CA0QjRxqFwoTCLiZrseqmYADFQAAAAAdAAAAABAD
https://www.airbornesnowobservatories.com/
https://www.google.com/imgres?imgurl=https%3A%2F%2Fupload.wikimedia.org%2Fwikipedia%2Fcommons%2F3%2F39%2FPlanet_logo_New.png&tbnid=0GYZ2fXsopyfzM&vet=12ahUKEwjz8ryI656CAxUXhu4BHXQDBvgQMygAegQIARBy..i&imgrefurl=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFile%3APlanet_logo_New.png&docid=DRiHSo7l04LWNM&w=2400&h=1172&q=planet%20logo&client=firefox-b-1-d&ved=2ahUKEwjz8ryI656CAxUXhu4BHXQDBvgQMygAegQIARBy
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Revisting, updating, improving our 2014 study ten years later
Research plans for Arizona

Changes in total water storage in the Colorada River basin from GRACE, 2002-2023

Courtesy K.Abdelmohsen
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Regional studies of groundwater depletion
Groundwater depletion has been accelerating in California’s Central Valley

Updated from Liu, Famiglietti, et al., Dec. 2022, by Pang-Wei Liu, NASA/GSFC
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