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• The difference between two GRACE global gravity fields 

yields a time-variable component.

• The main contributors to time variations in the gravity field are 

changes in water storage in the ocean, the atmosphere and 

on land.

• Why? Because water is REALLY HEAVY!

• Consequently, the GRACE time-variable signal on land is 

dominated by changes in terrestrial water storage, i.e. 

GRACE monitors changes in all of the water stored on land, 

the change in total water storage (all of the snow, surface 

waters, soil moisture and groundwater), at monthly and 

longer timescales

• Given the extremely high precision of GRACE, the resulting 

errors are ~1.5 cm for monthly storage anomalies at the 

150,000 km2 scale (~2.25 km3 )

Estimating water storage changes with GRACE

GRACE is like a giant scale in the sky that tells you how much 
weight you’ve gained or lost each month



Estimating water storage changes with GRACE



∆SLAND = ∆SSNOW + ∆SSW + ∆SSM + ∆SGW

∆SGW = ∆SLAND - ∆SSNOW - ∆SSW - ∆SSM

Remove this (∆SSNOW
+ ∆SSW + ∆SSM) from 

∆SLAND…

To isolate this (∆SGW )

∆SLAND

Estimating groundwater storage changes with GRACE



Sacramento River 
Basin

San Joaquin River 
Basin

Tulare Lake Basin

California’s Central Valley
• Is one of the most productive 

agricultural regions in the world
• Produces more than 250 different crops 

worth $17 billion per year (2002), or 8% 
of the food produced in the U. S. by 
value

• Accounts for 1/6 of irrigated land in the 
U.S.

• Supplies 1/5 of the demand for 
groundwater in the U.S.

• Is the second most pumped aquifer in 
the U. S.

• Groundwater depletion and subisdence 
have been documented there for 
decades (e.g. Faunt, 2009)

Central Valley (blue)

River
Basin boundary
Central Valley

Groundwater depletion in California’s Central Valley, October, 2003-March, 2009



• Since GRACE ‘sees’ all the water storage 
changes on land, in order to estimate the 
groundwater storage change signal, the snow, 
surface water and soil moisture mass changes 
must be estimated and removed

∆SGroundwater = ∆STotal –∆SSnow-∆SSurface Water –∆SSoil Moisture

• The snow, surface water and soil moisture signals 
were estimated using best available observed and 
modeled data sets

Famiglietti et al., 2011

Groundwater depletion in California’s Central Valley, October, 2003-March, 2009



Trend 
(mm/yr)

Volume 
lost (km3 )

GRACE Total 
Water Storage

-37 31.3

Snow -2 1.7

Surface Water -9 7.6

Soil Moisture -2 1.7

Groundwater -24 20.3

• In the 78 month period analyzed, the water stored in the combined Sacramento-San 
Joaquin River Basin decreased by over 31 km3, or nearly the volume of Lake Mead

• Nearly two-thirds of this, or roughly 20 km3, came from changes in groundwater 
storage, primarily from the Central Valley

Famiglietti et al., 2011

Groundwater depletion in California’s Central Valley, October, 2003-March, 2009



Texas Drought
2005-2006

Texas Drought 
2011

GRACE Observed Total Water Variation
Courtesty of Bridget Scanlon, BEG, Jackson School of Geosciences

Presenter
Presentation Notes
Texas has an area of 268820 square miles (696200 km2)Greenland has an area of 2,130,800 km2		3xIndia has an area of 3,287,263 km2 			4.7x California has an area of 423,970 km2 			.667India



Reported groundwater withdrawals as a 
percentage of estimated recharge in India

4.0 ± 1.0 cm/yr
17.7 ± 4.5  km3/yr
August, 2002 – October, 2008 Rodell et al., 2009

Groundwater depletion in India, August, 2002 – October, 2008






Groundwater depletion in the Tigris-Euphrates River Basins, 2003-2010

Tigris-Euphrates River Basins Water storage change from GRACE

•Total water loss of 143 km3 between 2003 and 2010
•Equivalent to the volume of the Dead Sea, or more than 4 times the volume of 
Lake Mead in the U.S.

•Roughly two-thirds of this attributed to a loss of groundwater

Voss et al., 2012, in prep



Estimating water storage changes with GRACE



Antarctic ice sheet melting

Patagonia glaciers melting

Argentina drought
Guaranii aquifer depletion 

Alaska glaciers melting

Greenland ice sheet melting

Southeastern U.S. drought

Lake Victoria reservoir release

NW Australia groundwater depletion

Orinoco floods

Indian groundwater depletion

Indian monsoon

California groundwater depletion
Tibetan Plateau glaciers meltingMiddle Eastern groundwater depletion

China groundwater depletionHigh Plains groundwater depletion

Upper Midwestern U.S. drought

Australian drought

North African groundwater depletion

Southern Europe groundwater depletion

High latitude precipitation increase

Aral Sea shrinking

Southern Africa groundwater depletion

Trends in Freshwater Storage from GRACE, 2002-2010

Famiglietti et al., 2012, in prep

Mekong drought

Amazon drought
Peruvian glaciers melting

cm/yr



Is the water cycle changing?






Are wet areas getting wetter, dry areas getting drier?

IPCC AR4, Projected Patterns of Precipitation Change

Figure SPM.7. Relative changes in precipitation (in percent) for the period 2090–2099, relative to 1980–1999. Values are 
multi-model averages based on the SRES A1B scenario for December to February (left) and June to August (right). White 
areas are where less than 66% of the models agree in the sign of the change and stippled areas are where more than 90% of 
the models agree in the sign of the change. 



?

?

Famiglietti et al., 2012, in prep

Trends in Freshwater Storage from GRACE, 2002-2010

Are we already seeing the predicted redistribution?

Are wet areas getting wetter, dry areas getting drier?



Can water managers benefit from our data?

Trends in total water 
storage from GRACE, 
2004-2012








Groundwater depletion in the Tigris-Euphrates River Basins, 2003-2010

Tigris-Euphrates River Basins Water storage change from GRACE

•Total water loss of 143 km3 between 2003 and 2010
•Equivalent to the volume of the Dead Sea, or more than 4 times the volume of 
Lake Mead in the U.S.

•Roughly two-thirds of this attributed to a loss of groundwater

Voss et al., 2012, in prep

















How do we convince people that recyling sewage is a good idea?Perhaps…we need a pitch man!



The Communication Challenge






Communcation: Responsibility or Pain in the Neck?

• Never a substitute for best research

• Communication of key scientific results is both a privilege 
and a responsibility

- No one is in a better position to communicate our 
findings than we are

- It is a time commitment that needs to be rewarded in 
promotion reviews

- Regardless, it is a responsibility that should be 
embraced

- We cannot expect our work to have impact unless we 
help translate and disseminate the results. The 
scientific communication process is too slow and not 
set up for heightening awareness

• Hone your oral and written communication skills
- What is your elevator speech?

• General education
- Help educate the general public
- Outreach events
- Blog posts, op-eds, etc.

As a community, we need to elevate our issues 
to the level of everyday understanding



Is this our ‘Inconvenient Truth?”



ucchm.org
Like us on Facebook!



Dr. Jay Famiglietti
Jay Famiglietti has a passion for, and commitment to, preserving 
Earth's environment for future generations. As Director of the UC 
Center for Hydrologic Modeling at the University of California –
Irvine, Dr. Famiglietti focuses on modeling and remote sensing of 
the terrestrial and global water cycles. His Hydrology & Climate 
Research Group is taking a lead role in accelerating 
the development of next-generation hydrological models for use 
in addressing a number of high priority issues.

Dr. Famiglietti’s work has implications for how we understand the 
Earth’s water cycle, its interactions in the land-ocean-atmosphere-
ice system, and for monitoring changes in freshwater availability in 
the face of global environmental change. He was a featured 
scientist in a film entitled Last Call at the Oasis, which was 
produced by the same company that brought us An Inconvenient 
Truth.
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