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GRACE Land Gravity Animation 



Groundwater	
  is	
  being	
  depleted	
  
in	
  northwestern	
  India	
  at	
  rate	
  of	
  
about	
  18	
  km3/y	
  	
  due	
  to	
  
pumping	
  for	
  irriga%on	
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  http://geoid.colorado.edu/grace/grace.php 



California’s Central Valley 







Source: NASA/JPL	
  

California’s Central Valley 



Los Angeles Basin 



Seasonal Variations in Height  
 
Color bars: 
Peak-to-peak amplitude (in 
mm) of annual change in 
vertical (red) and horizontal 
(blue) position of GPS 
stations caused by water 
management in LA Basin 
during 1996-2002 
 
 
Background: 
InSAR image of subsidence 
(in mm) during 20 February 
1999 to 14 August 1999 

 
 
 
 
 
 
 
 
 
(Argus et al. 2005) 





Drought During 2007–2010 
  

To p :  
Change in water level (in meters) of 
water well 460K (located 4 km 
southwest of GPS station “lbc1”) 
 
 
 
 

 
 
Middle: 
Change in height (in mm) of GPS 
station “lbc1” measured by InSAR 
 
 

 
Bottom: 
Change in height (in mm) of GPS 
station “lbc1” measured by GPS 
 
 
 
 
 

 
 Argus et al. (2012) 



Height Rate-of-Change (1992-1999) 
Background:  
InSAR image of rate-of-change 
of surface height (in mm/yr) 
during 1992-1999 

Dots:  
Locations of oil fields (uplift 
is due to repressurization of 
abandoned oil fields) 
 Argus et al. (2005) 




