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What does it tell us?
• scientific importance of (Rodell, Velicogna & Famiglietti, 2009)
and others for climate change studies

• high societal relevance
• enormous value of GRACE time series
• necessity of continuity
• great responsibility



Satellite Gravimetry: a new element of Earth studies

CHAMP (2000) GRACE (2002) GOCE (2009)



Satellite Gravimetry: a new element of Earth studies

Three areas of application:
• mass distribution of solid Earth (geophysics)
• global height reference (ocean circulation, engineering)
• temporal mass redistribution (climate change)
„puts masses on a scale“



temporal mass redistribution:
• continental water cycle
• ice mass balance
• sea level: steric versus mass gain/ loss
• glacial isostatic adjustment



GRACE and continental water cycle

(Sub-)saisonal variability in Central Europe
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GRACE and ice mass balance
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GRACE and mass component of sea level change

sea level change
from satellite altimetry
(T/P altimetry, 1993-1998)

steric sea level change
thermal expansion
(temperature, 500m, 1993-1998)

Cabanes, Cazenave & LeProvost, 2001





In parallel, investigations into the reduction of the aliasing
problem offers even greater science benefits by increased 
spatial resolution and accuracy and should therefore have 
high priority. 
…
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Resolutions:
…
In view of science achievements and the current 
performance of GRACE the participants of the workshop 
strongly support the idea of a GRACE follow-on mission 
based on the present configuration, with emphasis on the 
uninterrupted continuation of time series of global gravity 
changes. This should be short-term (Launch ~2011 TBD) 
priority one. 

3a



GRACE limitations:
• aliasing (e.g. ocean tide models)
• systematic distortions
striations → Gauss type filters
leakage → affects mass estimates

• separation of effects
(quality of background models)



strategic elements before the background of GGOS

A) Work towards Thematic (Geodetic) Observing Systems
(and models)

in order to be able
• to cope with the complexity of the Earth processes
• to get an independent control
• to become able to bridge a mission gap



strategic elements before the background of GGOS
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Thematic (Geodetic) Observing System: 
ice mass balance



strategic elements before the background of GGOS

Thematic (Geodetic) Observing System: 
continental water balance

NASA, GSFC

GRACE and GRACE-FO
terrestrial gravimetry
GNSS
persistent scatterers (SAR)
soil moisture (SMOS, …)
snow cover
groundwater monitoring
run off
precipitation
…



strategic elements before the background of GGOS

Thematic (Geodetic) Observing System: 
Sea level change (also GLOSS, TIGO…)

tide gauges
GNSS and geodetic leveling
absolute gravimetry
satellite radar altimetry
GRACE and GRACE-FO
ARGO floats
STD/ CTDs along ship routes
sea surface temperature (from satellites) 
…



strategic elements before the background of GGOS

B) Connect thematic geodetic observing systems
to global observing system

• for earth rotation studies on global mass balance
(mass and motion)

• as patial systems of global Earth system studies



strategic elements before the background of GGOS

C) GRACE-FOs must become operational/ monitoring
missions in the context of Climate Forecast activities

example: JASON-FO altimetry and InSAR are part of the
Sentinel series of the European GMES

But how to get there? 



International and Intergovernmental Programmes

• INSPIRE Infrastructure for Spatial Information in Europe
• GEOSS Global Earth Observing System of Systems
• IGOS Integrated Global Observing Strategy

mit GCOS, GOOS, GTOS
• CEOS Committee on Earth Observing Satellites
• WCRP World Climate Research Programme
• IPCC Intergovernmental Panel on Climate Change



River discharge, water use, ground water, lake levels, 
snow cover, glaciers and ice caps, permafrost and 
seasonally frozen ground, albedo, land cover
(vegetation type, fraction of photosynthetically active
radiation), leaf area index, biomass, fire disturbance

Terrestrial

Surface: sea-surface temperature, sea-surface salinity, 
sea level, sea ice, sea state, currents, ocean colour, 
CO2 partial pressure
Sub-surface: temperature, salinity, currents, nutrients, 
carbon, ocean tracers, phytoplankton

Oceanic

Surface: air temperature, precipitation, air pressure, 
surface radiation budget, wind speed/ direction, water
vapour
Upper air: earth radiation budget, upper air temperature, 
wind speed/ direction, water vapour, cloud properties
Composition: CO2, methane, ozone, other long lived
greenhouse gases, aerosol properties

Atmospheric
(over land,

sea and ice)

Essential Climate Variables
ECV‘sDomain

UNFCCC (UN Framework Convention on Climate Change)
und GCOS (Global Climate Observing System) 
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Summary:
• GRACE is highly successful
(continental water cycle, ice mass balance, sea level, GIA,…)

• GRACE-FO is a necessity (but prepare also for a gap)
• recommendations to GGOS:

A) Establish thematic geodetic observing systems
B) Integrate them into GGOS (earth rotation and ESS)
C) Get GRACE-FO into operational Climate Forecast

satellite program










