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Outlines	
  

•  Motivation. 

•  GPS measured vertical loading deformation in the western U.S. 

•  Forward model: Crustal elastic loading deformation. 
                 Surface load            Deformation 

•  Inversion strategy. 
                 Deformation            Surface load 

•  Seasonal water storage in the western U.S.: California, Oregon and 
Washington. 

 

•   Time-variable monthly water storage change. 

•  GPS-inferred water: applications for GRACE and hydrological 
model.  
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Inversion	
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•  Divide the whole region of Washington, Oregon and California into 0.25° × 0.25° 
patches.  

 
•  A damped least square inversion strategy to evaluate the optimal surface water 

mass variations from GPS measured vertical seasonal deformation.	
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Changes in Reservoir Storage 
have been removed.

 

Because Snow in October is 
negligible, interpret to be the 
sum of:




(1) Soil Moisture,

 


(2) Sierra Nevada  

     Mountain Fracture 

     Groundwater, and 

 


(3) perhaps Central Valley 

     Aquifer Groundwater 



Result

The southern Sierra Nevada 
mountains lost 30 Gigatons 
of soil moisture and fracture 
groundwater from Oct 2011 
to Oct 2014 
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Application for GRACE: 
Fill GRACE Missing Periods with GPS-determined Water 

?
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Fu, Argus and Landerer, JGR-Solid Earth, 2014 



Fu, Argus and Landerer, JGR-Solid Earth, 2014 

Application for GRACE: 
Fill GRACE Missing Periods with GPS-determined Water 



Application for GRACE 
Determine Local Scaling Factors for GRACE from GPS  

“GPS”,	
  GPS	
  inversion	
  result.	
  	
  
	
  

“GRACE	
  no	
  scale”,	
  GRACE	
  original	
  solu9on	
  without	
  scaling.	
  	
  
	
  

“GRACE”,	
  GRACE	
  measurements	
  scaled	
  with	
  gain	
  factors	
  from	
  the	
  GRACE	
  Tellus	
  website	
  (hbp://
grace.jpl.nasa.gov)	
  [Landerer	
  and	
  Swenson,	
  2012].	
  	
  
	
  

“GRACE	
  scaled	
  by	
  GPS”,	
  GRACE	
  measurements	
  scaled	
  with	
  GPS-­‐determined	
  water	
  change	
  series.	
  	
  
	
   Fu, Argus and Landerer, JGR-Solid Earth, 2014 



Application for Hydrology Model: 
Distinguish Between Different Hydrological Models 

Fu, Argus and Landerer, JGR-Solid Earth, 2014 
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Summary	
  and	
  Conclusion	
  

•  As	
  an	
  independent	
  measurement,	
  a	
  dense	
  con9nuous	
  GPS	
  network	
  
provides	
  high-­‐resolu9on	
  es9ma9on	
  of	
  surface	
  water	
  storage	
  varia9ons.	
  

•  GPS-­‐determined	
  water	
  series	
  can	
  fill	
  gaps	
  in	
  the	
  current	
  GRACE	
  mission,	
  
also	
  in	
  the	
  transi9on	
  period	
  from	
  the	
  current	
  GRACE	
  to	
  the	
  future	
  GRACE	
  
Follow-­‐on	
  mission.	
  

•  GPS	
  dis9nguishes	
  between	
  different	
  hydrological	
  models,	
  and	
  indicates	
  
NLDAS	
  underes9mates	
  the	
  snowfall	
  volume	
  in	
  the	
  western	
  U.S.	
  

•  GPS	
  can	
  resolve	
  9me-­‐varying	
  water	
  storage	
  change	
  in	
  the	
  western	
  U.S.,	
  
and	
  can	
  be	
  used	
  to	
  monitor	
  water	
  resource	
  change	
  in	
  near	
  real-­‐9me;	
  
complementary	
  to	
  GRACE.	
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