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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 increase or decrease in water storage in a large 
(>150,000 km2) region with an accuracy of 1.5 cm 
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Change in Total Water Storage in the Sacramento-San Joquin River Basins from GRACE 

Famiglietti et al., 2014, AGU 



Increasing Dry Season (Sept-Oct-Nov) Dryness from GRACE 

Famiglietti, 2014 
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Change in Total Water Storage in the Sacramento-San Joquin River Basins from GRACE 
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Characterizing California Drought with GRACE 

Actual monthly 
water storage 
variations  

‘Normal’ range 
of  monthly 
water storage 
variations  

Differences 
from ‘normal’ 
dry condtions 

Thomas et al., 2014 

drought begins drought ends 

Instantaneous deficit magnitude Deficit is 45 km3 in JMarch 2014 



Central Valley groundwater depletion from GRACE( 2003-2013) 
Surface water allocations and groundwater use are closely connected 
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UCCHM, 2014; Famiglietti et al., AGU, 2014 
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After Faunt, 2009.  UCCHM, 2014; Famiglietti et al., 2014, AGU 



Groundwater depletion during drought threatens the water 
security of the Colorado River Basin Total water storage anomalies 

‘Accessible’ water storage anomalies 
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Castle et al., 2014 

Surface and ground water storage anomalies 



Famiglietti and Rodell, 2013 

Trends in Freshwater Storage 
from GRACE, 2003-2012 
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from increased depths and treating the 
lower-quality water that is of en found 
deeper within aquifers. Land surface 
subsidence, seawater intrusion, sea-level 
rise, streamf ow depletion, loss of springs, 
wetlands and ecological damages7, and 
regional climate feedbacks from irrigation 
are other unintended consequences of 
groundwater depletion.

Understanding why the deterioration of 
global groundwater supplies has occurred 
may be the f rst step towards their future 
maintenance. Rapid, unchecked population 
growth and rising quality of life, along with 
increasing demand for food and energy, all 
contribute to far greater levels of stress on 
limited groundwater resources7–9.

Another factor is that most water law 
and policy in the developed world was 
written a century or more ago, when 
the tight interconnections between 
surface water and groundwater were 
poorly appreciated16.

Similarly, the evolving understanding of 
human-driven climate change is a relatively 
recent phenomenon17, and one that only 
now is beginning to impact regional and 
national water management decisions5,14. In 
short, the need to include groundwater in a 
holistic water management framework that 
recognizes future decreases in renewable 
surface water in Earth’s arid and semi-arid 
latitudes has only recently become clear 16.

While reversing climate change and its 
impact on groundwater resources is no 
longer a possibility for humanity, managing 
our way through the global groundwater 
crisis is. T ere are several essential steps that 
warrant immediate, international attention.

T e f rst is recognition and acceptance 
that in many parts of the world, in 
particular in the dry, mid-latitudes, far more 
water is used than is available on an annual, 
renewable basis. Precipitation, snowmelt 
and streamf ow are no longer enough to 
supply the multiple, competing demands 
for society’s water needs7–9. Because the gap 
between supply and demand is routinely 
bridged with non-renewable groundwater, 
even more so during drought, groundwater 
supplies in some major aquifers will be 
depleted in a matter of decades3,10–12. T e 
myth of limitless water and the free-for-all 
mentality that has pervaded groundwater 
use must now come to an end. 

Implicit in this f rst step is the need 
for far greater agricultural water use 
ef ciency. Agriculture accounts for nearly 
80% of water use globally, and as stated 
above, at least half of the irrigation water 
used is groundwater 1. Even modest gains 
in agricultural ef ciency will result in 
tremendous volumes of groundwater 
saved, or of water available for the 

environment or other human uses such 
as municipalities, energy production, 
industry and economic growth. Pioneering 
research and development activities in Israel 
provide several encouraging examples of 
the potential for greatly increased savings in 
agricultural water use.

Second, very few major aquifers have 
been thoroughly explored in the manner 
of oil reservoirs. As a result, the absolute 
volume of groundwater residing beneath 
the land surface remains unknown. Most 
published estimates of groundwater 
availability are based on very coarse 
assumptions regarding aquifer thickness 
and porosity, and not on actual exploration. 
T erefore, existing estimates of groundwater 
storage in individual aquifers vary by 
several orders of magnitude, so that the 
uncertainties in available groundwater 
supplies, by aquifer and globally, are 
unacceptably high18. A hydrogeological 
exploration of the world’s major aquifers 
that identif es the total amount of 
groundwater stored, how its quality changes 
with depth and that fully characterizes their 
properties is long overdue.

T ird, surface and groundwater must 
be managed conjunctively, as ‘one water.’ 
Treating them as disconnected entities, 
a historical result of limited knowledge 
of hydrological systems, is no longer 
scientif cally justif able19. It is now well 
understood that groundwater depletion 
leads to streamf ow depletion, and that 
excessive streamf ow diversions limit 

groundwater recharge20. Many of the world’s 
largest rivers, for example, the Colorado, 
Indus, Murray and Yellow rivers, no longer 
reach the ocean, because of excessive 
water use and overallocation, including 
overpumping of groundwater 21.

Fourth, both groundwater levels and 
withdrawals must be measured and 
reported, and importantly, these data 
shared across political boundaries. Ef ective 
resource management of transboundary 
aquifers is otherwise impossible. Policies 
of data denial, whether between cities, 
states or nations, are being rendered 
obsolete by advances in satellite remote 
sensing. Satellites can now ef ectively 
monitor groundwater storage changes at 
scales that are critical for transboundary 
water management3,4,10–12,18,21, so little 
benef t remains from continued data 
withholding. Platforms for sharing such 
new measurements are already in place20 
and their use should be required by the 
United Nations.

Fif h, the recognition of groundwater 
as a critical element of national and 
international water supplies is of 
fundamental importance, both within 
and between nations. While interstate and 
international agreements for sharing surface 
waters in rivers and lakes are plentiful22, 
those for groundwater are not23. An 
unfortunate modern reality is that the global 
civil and policy infrastructure required to 
peaceably share groundwater across political 
boundaries is not yet in place.
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Figure 2 | 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. T. Reager, NASA Jet Propulsion Laboratory, California Institute of Technology, USA.
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Total water storage changes in several of the world’s major aquifers 
 Famiglietti, 2014, The Global Groundwater Crisis, Nature Climate Change 



Potential contributions of NASA/JPL to SWRR and Western US Drought 

• Upcoming flagship missions are water focused: SMAP, GRACE-
FO, SWOT, NISAR 
 

• Radar observations of levee integrity and subsidence 
 

• Smaller missions and aircaft observatories: ASO, ECOSTRESS 
 

• Advanced predicitive models that integrate ground-based, 
remotely-sensed and aircraft data for forecasting surface and 
groundwater availability 
 

• An agriculture focused airborne observatory to measure soil 
moisture, evapotranspiration, vegetation stress,  
 

• We want to be a go-to source for aircraft and satellite data, and 
to work with you to make them work for your region. We are in 
the planning stages of a Center for Snow and Water Availability 
and we are inviting heavy stakeholder engagement 
 
 

 


