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 Diffusion 

Product description

GRACE instruments (credit: NASA/JPL) NGGM measurements 
(Haagmans et al. 2020)

Specific treatments applied Applications

Processing from Science Data System centers (CSR, GFZ, JPL)
Not processed at CNES

C5,0 C6,4 C7,7

Stokes coefficients

 Level 0/1 
instruments 
observations

Level 2 (L2)
Time variable gravity 

fields expressed 
In Spherical
Harmonic

Level 3 (L3)
Spatial 1°×1° Time 

variable water anomalies
expressed in 

Equivalent Water Height EWH)

Global Water Budget from CNES L3 product

GRACE(-FO) and Altimetry estimation of 
Lake Victoria volume changes

Mass balance time series from the 
aggregated methods (Otosaka et al. 2023)

Unconstrained-Choleski (a) and TSVD (b) L2 CNES products for January 2009

Combination of inter-satellite distance (JPL v3 measurements) with 
Satellite Laser Ranging observations at the normal equation level

TUGO (from LEGOS) ocean dealiasing model
Hydrology and GIA included in the a priori gravity field

Two Stokes coefficients inversions : 
- Truncated Singular Value Decomposition (TSVD) 
- Unconstrained-Choleski

Use various L2 products and corrections for each part of the processing

- Correction for low-degree and restore dealiasing (oceanic & atmo.)
- Correction for solid Earth signals (earthquakes and GIA)
- Filtering spatially and leakage signal correction

Uncertainty estimation based on global ensemble dispersion

Unconstrained-Choleski 
inversion product delivered 
for the COST-G Level 2 
combination product

TSVD = unstriped gravity field 
without spatial filtering

Usages :
- Freshwater resource 
management.
- Local studies for lake volume 
changes in synergy with 
satellite altimetry
- Drought and flood forecasting 
(Gbetkom et al. 2024)

Sub-products (see below) 
generated from this L3

Uncertainties decomposition for 
each processing part

Spatial mass variations in the 
Earth’s system

L3 Terrestrial Water Storage (TWS) 

Description :
L3 ensemble product with 
uncertainty estimation located on 
land areas

TWS =
Groundwater + surface water + 
soil moisture + snow + glaciers 

L3 Barystatic sea-level L3 Ice-sheets 
Description :
L3 ensemble product (uncertainty estimation) 
located on Greenland and Antarctica 
Ice-sheets
With global mass variations in Gt

Usages :
Used for Ice Sheet Mass 
Balance Inter-comparison 
Exercise (IMBIE)
Supported by ESA EO4Society & NASA

Oceanic freshwater flux 
estimation

Usages :
 ⬅ Sea-level budget closure in synergy with 

satellite altimetry and thermo-steric 
measurements (ARGO) (Barnoud et al. 2023) 
Supported by ESA-CCI SLBC

 ↘ Calibration of ARGO to estimate Global 
Ocean Heat Content and its time derivative 
the Ocean Heat Uptake ≈

Earth’s Energy Imbalance (EEI)
Supported by ESA EO4Society &
ESA-CCI MOTECUSOMA

Description :
L3 ensemble product with uncertainty estimation located on oceans ↘

a) b)

● CNES is building a systematic data processing chain based on the 20 years experience working with GRACE, GRACE FO missions to prepare an operational data 
processing chain for NGGM/MAGIC.

● The L2 and L3 products are or are going to be available in specialized data-hub portals like Theia for hydrology or Odatis for oceans and ForMaTer for geodesy 
and solid-earth.

● Innovative usage of a priori time-variable gravity field in the L3 processing to reduce filtering leakage.
● The L3 products are computed with Lenapy, an opensource library based on xarray to transform and operate geodetic Stokes coefficients and spatial gravity fields 

(http://github.com/CNES/lenapy/).

(a) Budget of global mean ocean mass 
(GMOM) with altimetry-based GMSL and 
Argo-based GMTSL. (b) Budget residuals.

Sea-level trend uncertainties at 1-sigma 
(mm SLE/yr)

Accessibility offered by the research e-infrastructure Data Terra 
with its specific thematic portals

http://github.com/CNES/lenapy/
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