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Multi-Sensor Monitoring of Mass Flux 

•  SLR was the first space geodesy network requiring detailed 
consideration of time changes in the gravity field to achieve 
precision orbit determination and site positioning goals 

•  SLR provides the longest time history of these changes for the long 
wavelength gravity field 

•  Multiple Missions are now focused on accurately measuring mass 
variations as manifestations of climate change (GRACE, ICESat, 
CryoSat, GOCE) 

•  SLR can benefit from inclusion of these well determined effects for 
precision orbit and reference frame improvements 
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Radial Orbit Accuracy: Static Gravity Field Improvements 
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Time Varying Gravity Components 

Signal (RMS cm of water) 

Jason radial orbit RMS (mm) 



GRACE 

GRACE Improved Mean Gravity Field 
Estimation Sensitivity 

Mass Flux Estimation:  Temporal changes in gravity field are 
determined in monthly (or shorter time) solutions which are 
recovered w.r.t. a multi-year mean gravity field (e.g. GGM02C) 

   Δmass flux = Nmonth -  N 

Gravity Field Spectrum 

Error before GRACE 

Error after GRACE 
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KBRR Simulation of Direct Overflight of 5 cm Water in 4°x4°Mascon
(after 3 parameter orbit adjust)

90 % of signal occurs +/-  170 seconds or  +/- 11° in latitude from center of Mascon

GRACE KBRR Data Are Ideal for Local Solutions 



Remote Sensing of Mass Flux Using 
GRACE 

No Data 

No Data 

Rowlands, Luthcke, Klosko, Lemoine, Chinn, McCarthy, Cox, Anderson,  GRL, 2005 



Estimating Regional Ground Water Storage 

•  Data from USGS 
National Water 
Information System 

•  58 wells chosen 
based on data quality, 
location, and aquifer 
type (unconfined or 
semi-confined) 

•  Specific yield 
estimates based on 
comprehensive 
literature review; 
range 0.02 – 0.32, 
mean 0.14 

•  Thiessen polygon 
method used to 
compute regional 
means 

•   Average area per 
well: 56,000 km2 

Rodell, M., J. Chen, H. Kato, J. Famiglietti, J. Nigro, and C. Wilson, 2006. Estimating ground water storage changes 
in the Mississippi River basin (USA) using GRACE, Hydrogeology Journal, doi:10.1007/s10040-006-0103-7. 
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Mississippi River Basin Water Storage Variations 

GLDAS model average 
soil moisture + snow 

Ground water from well 
observations 

Observed ground water 
+ GLDAS average soil 
moisture + snow 



Mississippi Basin: GRACE mascon vs hydrology cross correlation 

ρ=+o.85 

RMS = 2.9cm 

 Klosko, GRACE Science Team Meeting, December 2006 



4x4 degree Mascons and Hydrology 

http://grace.sgt-inc.com/ 



ICESat Digital Elevation Models 



Greenland Mass Balance: Radar and ICESat Altimetry  
and GRACE 







Jason cycles 37-111 Residual Summary  
(January 2003 – January 2005)  

Solution DORIS 

RMS 

(mm/s) 

SLR 

RMS 

(cm) 

Alt 
xover 

RMS 

(cm) 
No non-tidal time varying 
gravity (GDR release) 0.4034 1.484 5.579 
Atmospheric Gravity using 
NCEP-6 hr 0.4033 1.444 5.564 
NCEP-6 hr + Annual 20x20 
(GRACE) 0.4033 1.429 5.562 
ECMWF-3hr + Barotropic 
Ocean (MOG2d) 0.4033 1.441 5.562 
ECMWF- 3hr + Barotropic 
Ocean (MOG2d) + Hydrology 
(GLDAS) 0.4033 1.427 5.560 



Solution Description 
Lageos 
1 RMS 

Lageos 
2  RMS 

Slrtest N (Nominal) 
ITRF2005 stations/oloads; GGM02C  
10 day empirical corrections 1.6379 1.4782 

N_ecmwf6 N + Atmosphere (ECMWF 50x50_6hr)  1.5808 1.4350 

N_ecmwf3 
N_ecmwf6 + 
ATGRAV_apr02_jul07_ecmwf_mog2d_boy3hrn9 1.5745 1.4225 

N_eigen N_ecmwf3 + EIGEN GLl04S1  1.5804 1.4197 
N_eop N_EIGEN + improved ocean loading 1.4748 1.3395 

N_hydro 
N_eop + 
grvtim_sph_v02_annual20x20_apr03_apr07.osts 1.4372 1.3074 

N_opr5day slrtest_part1_hydro + 5 day empirical corrections 1.1452 1.1465 

Lageos 1 and Lageos 2 Residual Summaries  
RMS (cm)  

(2003 – 2007)  

0.43 0.35 
0.45 0.40 
0.43 0.41 
0.71 0.63 
0.79 0.69 
1.17 0.93 

reduction in 
variance 


