
SUMMARY.SUMMARY. A least-square inversion procedure is used to derive the Land Waters (LW) variations at the resolution of ~400 km by combining: (1) 
monthly GRACE solutions from August 2002 to February 2007 recently made available by GFZ; and (2) a priori information from hydrology models. 
This approach proves to be an efficient strategy to separate different hydrological components (i.e., continental water storage included snow) from other 
geophysical phenomena, residual errors and high-frequency noise. Time-series of continental water storage for large drainage basin can be derived from 
these monthly LW solutions, and proved to be consistent in comparison with sparse in situ measurements of water levels and global hydrology models. 
Aposteriori uncertainties on the estimated LW coefficients and errors from spectrum truncation and leakage can be also computed.

G. Ramillien (1), I. Grousset (1), W. Llovel (1), A. Cazenave (1), F. Flechtner (2), R. Schmidt (2) 
(1) GHOS/LEGOS, UMR 5566/CNES/GRGS, 18, Avenue Edouard Belin, 31401 Toulouse CEDEX 01, France

Phone: (+33) 05 61 33 29 30, Fax: (+33) 05 61 25 32 05, Guillaume.Ramillien@legos.obs-mip.fr

(2) Department 1, Geodesy and Remote sensing, GFZ, Potsdam, Germany

Principle of time series inversion of GRACE Stokes coefficientsPrinciple of time series inversion of GRACE Stokes coefficients

MONTHLY LAND WATERS SOLUTIONS BY LEAST SQUARES INVERSION MONTHLY LAND WATERS SOLUTIONS BY LEAST SQUARES INVERSION 

OF GRACE GEOID DATA (2002OF GRACE GEOID DATA (2002--2006)2006)

PREDICTING ISOTROPIC FILTER

+ COMPENSATION (using elastic Love numbers)

Distribution of water mass at the EarthDistribution of water mass at the Earth’’s surfaces surface

Geoid anomaly map for each hydrological contributionGeoid anomaly map for each hydrological contribution

TimeTime--variations for each monthvariations for each month

L2 MATRIX INVERSION FOR « DE-CORRELATION »

A prioriA priori statistical informationstatistical information

Total monthly geoid Total monthly geoid 
measured by GRACEmeasured by GRACE

CoCo--variancesvariances

Sets of models for
Global Hydrology

A priori information

Atmosphere
ECMWF, NCEP

Oceans
POCM, ORCA, MIT

Soil moisture & snow cover
LaD, GSWP, Huang, WGHM

Removing the timeRemoving the time--meanmean

Geoid residuals Geoid residuals 
for for Atmosphere

Soil moisture Snow cover

Residuals
Other sources of anomaly ?

GRACE Science Workshop – Potsdam- October, 2007

Geoid residuals Geoid residuals 
for Oceansfor Oceans

Starting dataset: RL04 GSM solutions from GFZStarting dataset: RL04 GSM solutions from GFZ

Two examples of LW solutionsTwo examples of LW solutions

Residual water Residual water 
thickness thickness 

for Oceansfor Oceans

Residual water Residual water 
thickness thickness 

for Atmospherefor Atmosphere

Analysis of the LW solutionsAnalysis of the LW solutions

Seasonal amplitude per basin Linear trends per basin

Regional estimates of Regional estimates of 
LW storage variationsLW storage variations

Evaluated per basin as the scalar product of LW 
solutions and mask coefficients versus time…

Linear trends
Seasonal amplitudes

50 monthly GSM solutions (Stokes coefficients) from August 2002 to February 2007 
provided by GFZ (« improved » RL04 release, 2006) developed up to deg. N=50 (Flechtner 
& Schmidt, 2007, personnal communication). Corrected from atmosphere mass and oceanic 
tides, thus should represent mainly the continental water storage + un-modelled 
geophysical phenomena + residuals errors
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Error of truncation of spectrum Error of leakage from hydrology of other regions Error of using an averaging radius (method)
around 1 km3 at degree 50 can reach 10% of the inner signal amplitude under-estimation of the amplitude by factor 2
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