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Why Use Gravity Measurements for 

Climate? 

• All components of the Earth system have mass (and hence gravity) 

– Ice sheets 

– Ocean 

– Surface water 

– Ground water 

 

• Can we use this gravity to track their movement and change? 

– If so, we could weigh the ice sheets, see ground water below the 

Earth’s surface, and ocean mass movement 

 

Yes! - This is the purpose of GRACE 



Earth’s Complex Climate System –  
Hydrosphere/Cryosphere/Atmosphere/Biosphere  



NASA’s New Generation of Earth Observing Missions 

Note GRACE is the only 

satellite the also probes groundwater 

deep under the Earth’s surface 



Fig. by 

Brian Killett 

GRACE: Measurement principle 



GRACE 2002-2010 –  

Major Climate Mass Trends 

Groundwater is being depleted 
in northwestern India at rate of 
about 18 km3/y  due to 
pumping for irrigation 



Sea Level Observations 

 

• Altimetry: total sea level 

htotal = hmass + hdensity 

 

 

• GRACE: mass related changes 

htotal = hmass + hdensity 

 

 

• ARGO floats: thermal expansion and contraction 

htotal = hmass + hdensity 
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Measuring the Ocean’s Height 

Source:CNES 

Satellite Altimetry 

measures the surface 

elevation of the ocean 



Measuring the Ocean’s Temperature 

ARGO floats 

measure the 

temperature of 

the ocean down 

to 2 km (1.4 

miles) 



 

 

Measuring the Ocean’s Weight 

 

Ref.: Park et al. (2008) 
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Global Sea Level Drops 5 mm 

Slope = 3.2 mm/year 



Global Sea Level Drops 5 mm in 2010/11 

• Altimetry shows 

drop in global mean 

sea level.  

• Significant part can 

be attributed to 

“missing mass from 

the ocean” 



Terrestrial Water Storage in 2010 and 

2011 
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Comparing 

GRACE mass 

anomalies from 

2010 and 2011 

indicates more 

water over 

Australia and 

northern South 

America. 

Extra Water 

2009-10 

2010-11 

Mass in millimeter of water thickness 



Quantifying the amount of water 

Looking at the 

contributions from 

Australia, South 

America, and SE 

Asia indicates that 

the largest 

increase in water 

mass happened 

over Australia. 
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Terrestrial Water Storage vs. Sea Level 
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The (negative) 

sum of 

contributions 

from Australia, 

South America, 

and  SE Asia 

explains a 

large part of 

the sea level 

drop. 



Increased Rainfall over Land? 

TRMM precipitation 
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AIRS/MERRA 

results by courtesy 

of Sun Wong 



El Nino Southern Oscillation (ENSO)  

El Nino becomes La Nina 
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La Nina Conditions 
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Global Sea Level Drops 5 mm 

Slope = 3.2 mm/year 



Units of Mass Loss are Gigatons/year (and corrected for GIA) 

Trend Apr 2002-Oct 2011:  

          -220±33 Gt/yr  

Greenland Antarctica 

Trend Apr 2002-Oct 2011:  

          -152±33 Gt/yr  

Reference: Velicogna et al, 2012 

Ice Mass Loss Observed by GRACE 2002-2011 



 

 

Greenland – Ice Mass Change 



 

 

GRACE Analysis Trends– 

 Improving GRACE spatial resolution 

Note clear 

drainage basin 

localization 



Antarctica – Ice Mass Change 

• Ice mass loss 

primarily in 

Western 

Antarctica 

(Pine Island 

Glacier and 

Antarctic 

Peninsula) 
 



Ice Sheets losing and gaining mass 



Ice Mass Increase in East Antarctica 

Mass Gain 

Mass Loss 

GRACE Mass Trend 2004-2011 • GRACE satellites observe mass 

gain along the northern coast of 

East Antarctica in 2009-2011 

• What happened? More ice, 

more snow? 

 



Ice Mass Increase and Antarctic 

Precipitation 

CloudSat 

• CloudSat observes 

snowfall 

• Accumulated snow 

from CloudSat 

agrees well with 

GRACE’s 

observed mass 

• Independent 

snowfall data 

confirms this 



High Precipitation and Southern Ocean 

Winds 

• Strong, stable wind systems 

occurred over the Southern Ocean 

in 2009/2011 

• The anomalous winds brought moist 

air from the ocean to East Antarctica 

and led to intense snowfall 



Summary 

• GRACE “weighs” components of the Earth system (ice sheet, 

ocean, land…)  

• Gravity observations tell us how water – in all its states - moves 

around the planet 

• By combining GRACE with various other satellite observations, 

we can better understand the processes contributing to sea level 

rise 

– mass from melting vs. expansion of the ocean due to warming 

– short-term (ENSO) vs. long-term (melting, warming) changes 

– the role of precipitation and evaporation  

– water transport through the atmosphere from the ocean to land 

• Sea level change is just one example among many: droughts, 

groundwater use, hydrologic cycle, but also earthquakes and 

adjustment of the solid earth to the past ice age… 

 



GRACE Science in the News 

• Arctic regions ice melt 

• Greenland/Antarctic ice sheet 

• Hydrologic studies 

• Ocean Circulation/ Sea Level 

 


