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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 km2

Accuracy 1.5 cm equivalent water height





Western Iran GRACE Time Series for Changes in Total Water Storage (2002-2017)

Updated from Voss et al., 2013



Caspina/Aral
Seas shrinking

Antarctic ice sheet melting

Patagonia glaciers melting

Alaska glaciers 
melting

Greenland ice sheet melting

NW Australia
groundwater depletion

Orinoco and 
Amazon floods

India/Bangladesh
groundwater depletion

Indian monsoon

Central Valley

groundwater depletion
Middle East 
groundwater depletion

North China Plain 
groundwater depletion

High Plains Aquifer
groundwater depletion

Upper Midwest 
flooding

North Africa
groundwater depletion

Southern Africa
groundwater depletion

Malaysia, Mekong 
drought

Brazil drought
Peru glaciers melting

Guarani Aquifer 
groundwater depletion 

Congo drought

Colombia glaciers melting
West Africa 
floods

Okavango floods

Ukraine drought

Madagascar 
drought

Tian Shan
groundwater depletion

Changing freshwater availability from GRACE (2002-2016)
Rodell, Famiglietti et al., 2018, Nature, Emerging Trends in Global Freshwater Availability
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Changing freshwater availability in North America from GRACE (2002-2016)
Rodell, Famiglietti et al., 2018, Nature, Emerging Trends in Global Freshwater Availability
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Changing freshwater availability from GRACE (2002-2016)
Rodell, Famiglietti et al,, 2018, Nature, Emerging Trends in Global Freshwater Availability

Reager et al., A decade of sea level rise slowed by climate-driven hydrology, Science, 2016



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



SLAND = SSNOW + SSW + SSM + SGW

SGW SLAND - SSNOW - SSW - SSM

Remove this (SSNOW

+ SSW + SSM) from 

SLAND

To isolate this (SGW )

SLAND

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



SGroundwater STotal - SSnow - SSurface Water - SSoil Moisture

Future prospects for estimating groundwater storage 

changes from space

GRACE-FO (2018) ASO (2013)

SWOT (2022) SMAP (2015)



Liu et al., 2019, in preparation

Changes in Groundwater Storage in 

California’s Central Valley, 2003-2017
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Changing freshwater availability from GRACE (2002-2016)
Rodell, Famiglietti et al., 2018, Nature, Emerging Trends in Global Freshwater Availability



Aquifer depletion rates from GRACE (2003-2013)
Richey et al., 2015, Water Resources Research
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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.



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 food producing regions



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



Implications for groundwater management

Recognize and accept that we use more 

water than we have available

Hydrogeological exploration of the world’s 

major aquifers

Measuring, monitoring, reporting of 

groundwater quantity and quality data, and 

sharing across political boundaries

Conjunctive surface and groundwater use

Recognize groundwater as a critical element 

of national and international water supplies
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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 



https://trend.pewtrusts.org/
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