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Surface and Ground Waters



Observations from space for the study of 

the continental water cycle (stock 

variations):

-Space gravimetry mission GRACE (2002- )

-Space Radar Altimetry missions

(Topex/Poseidon, Jason-1, ERS/ENVISAT)

- visible and radar imagery





Global Soil Moisture Data  Bank

Distribution of Soil Moisture Stations
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Example: April 2003 - Water and Snow Stock - WGHM Model
(Water global assessment and prognosis Global Hydrological Model; Doll et al.,2003)



Modeling of the

continental water cycle

Climate Evolution

Water Ressources





GRACE Mission : 
Precise mesurements of Earth gravity variations

spatio-temporal Mass Variations

(Temporal resolution=1month

Geographical resolution = 300 km)



Gravity field
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Maps of geoid anomaly for each surface reservoir

Inversion of the monthly geoids
(Generalized least-squares inversion)

Atmosphere Oceans Soil waterSnow cover

Water mass anomalies for each reservoir

Predictive filtering of the spherical coefficients
+ compensation (elastic Earthôs response to surface loads)

A priori uncertainties of

models and GRACE obs.

STEP 1

STEP 2



The solution is computed by solving the linear equation:
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- : solution vector formed by the list of all spherical

harmonic coefficients to be solved

)(tkG

- : vector formed with GRACE-derived geoid

coefficients

obsG

- : vector formed by the list of all spherical

harmonic coefficients of the ófirst guessô

)(0 tkG

- : matrix composed of 4 diagonal blocks for

separating the 4 reservoirs contributions

A

- : covariance matrices of the óa prioriô GRACE 

errors and a priori model uncertainties

MD CandC

- : covariance matrix which describes the

statistical properties of the water mass

variations in the ók-thô reservoir

kC



Total Land Waters-Convergence



GRACE Solution 
(sum of snow+ground waters+

aquifers+surface waters)

Hydrological model

(WGHM)

example : April 2003



Difference between the GRACE solution and the hydrologcal model



Differences between the observed GRACE geoid 

and the reconstructed geoid from inversion results 
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Snow : GRACE - Model difference 



April 2002

April 2003

April 2004

Results from GRACE mission 



Other Applications

Sea Level

Geodesy



Mean Sea Level from Tide Gauges Observations

Average sea level rise : 1.9 +/- 0.3 mm/an



Variations du niveau de la mer 

depuis 1000 ans
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Spacebourne 

Radar Altimetry

Topex/Poseidon (1992- ) Jason-1 (2001- )


