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CNES’ involvement in the Solid Earth theme
remains focused on continuity of data on key physical parameters to improve our understanding of internal Earth processes and those that manifest themselves on the surface
of our planet but have geological origins. CNES’ contribution
to the ESA Swarm missions remains the main focus for missions under development. With regards exploiting data from
current missions, there is much activity in the French scientific community and in CNES ranging from the ionospheric
satellite DEMETER, through the gravimetric missions GOCE
and GRACE to high resolution imaging missions such as SPOT
5 and ENVISAT. In parallel to the space data exploitation in
the context of these missions, the geodesy community use
position data to develop and improve the International Terrestrial Reference Frame (ITRF) for the benefit of all geolocalised data users and especially those who have particularly
demanding accuracy requirements.
Continuity in the Earth’s magnetic field
measurements
By providing the absolute magnetometers for the Swarm
mission of ESA, CNES and its partners of the Laboratory of
Electronics and Information Technology of the Atomic Energy
Commission (LETI/CEA) and the Institut de Physique du Globe
de Paris contribute to the continuity of the magnetic field
measurements. The magnetic field measurement is carried
out via two complementary instruments: one that measures the direction and magnitude of the field but varies in
time (vector magnetometer) and the second provides the
98

[Fig. 3]

calibration of the first with an absolute value of the field
(absolute magnetometer).
The operation of the geodynamo, the phenomenon responsible for most of the magnetic field measured at the Earth’s
surface, remains poorly understood to this day despite the
critical role played by the magnetic field protecting our planet
from ionized particle fluxes carried by the solar wind from the
Sun.
The tripling of satellites, Swarm, the third opportunity mission
of the Earth Observation programme of ESA, is the follow up
of actions currently performed by satellites Oersted, CHAMP
and SAC-C. The absolute magnetometers of two of these missions were provided by CNES in partnership with LETI, and
this partnership was renewed for the provision of absolute
magnetometers for the Swarm mission. The launch of Swarm
is expected in 2010.

DEMETER still going strong
The first in the Myriad series of microsatellites developed
by CNES, DEMETER remains in rude health and continues to
monitor the ionosphere for signals generated by seismic and
volcanic activity and the impact of humans. The DEMETER
mission has been extended until the end of 2010 at which
point ionospheric parameters measured simultaneously to
approximately 10 000 earthquakes will have been recorded
and made available to the international community. Much
new work has been made possible by DEMETER data, a fact
borne out by the near 100 peer-reviewed papers produced.

Solid Earth
Contributions to IAG’s geodetic services
and measuring the Earth’s gravity field
Without the International Terrestrial Reference Frame (ITRF)
on which are built our reference systems, it would be impossible to provide locations with the accuracy required to track
the sea level or the movement of tectonic plates. It is the fundamental geodetic services established by the International
Association of Geodesy (IAG) which ensures the production
of geodetic measurements needed to define the ITRF. CNES
and its partners of the Research Group in Space Geodesy
(GRGS) are largely involved with a major contribution to the
international DORIS service, but also through the provision of
laser (Calern, Tahiti) and GNSS measures and analysis centers
for these two techniques. CNES, in partnership with IGN, operates the DORIS system for its space segment and the network
of ground beacons. The space segment consists of six instruments with the successful launch of Jason-2 in June 2008 and
will strengthen in 2011 with the launch of SARAL and HY-2A.
The gravity field models are an additional element in the
definition of basic geodetic markers. CNES teams have led
to various concepts of gravity mission and have contributed
significantly to the development of the GOCE mission, launched
on March 17, 2009. The main purpose of this mission is to
enable the modelling of the geoid with a never-before-achieved
precision of 1 cm geoid height on spatial wavelengths of
100 km. CNES participates in the consortium which prepares the model production softwares for the gravity field and
geoid.
Beyond the geodesic applications and the information gained
from gravity field static models, space gravimetry is now
moving to missions providing temporal variations of the gravity
field. CNES is studying such a mission which aims to continue
the monitoring of many phenomena that lead to variations in

mass distribution on the surface and subsurface of the planet.
These phenomena include: changes in the water mass in large
river basins, variations of ice; differentiation effects of thermal
expansion and intake of water masses in the increase of sea
level. These parameters are of key importance for research on
climate change.

Monitoring surface changes
Since its pioneering development of high resolution optical satellites, the French research community has long been heavily
involved in the development of techniques using satellite
imagery to monitor diverse parameters on the Earth’s surface.
Among these methods have been fundamental research on
SAR Interferometry and optical image correlation to determine surface displacement induced by various geological
processes. Precise knowledge of surface displacement is of
critical importance in advancing the ability to accurately model
earthquake processes and understand the spatial distribution
of stress accumulation along faults. This research theme has
made significant strides recently with an abundance of high
resolution radar and optical from a new generation of satellites available to the scientific community through the Cellule
d’Intervention d’Expertise Scientifique et Technique (CIEST)
agreement between CNES and a group of geophysics/geology
labs in France. By providing access to data acquired by the
International Charter on Space and Major Disasters, it has
been possible to contribute significantly to the understanding
of several recent disasters of geological origin (Sichuan, Haiti).
Fig. 1: DEMETER tests in the CNES Space Center of Toulouse.
Fig. 2: Artist’s impression of DEMETER, a French microsatellite dedicated to the study
of electromagnetic perturbations linked to seismic activity.
Fig. 3: Crisis SPOT 5 space-map over Dyje River (South of Brno) concerning the Call
117 zone 1 area of the Charter Call 117-118 over the Czech Republic at 1/250,000,
using SPOT 5 data (10 m) of the 8th April 2006.
Fig. 4: DEMETER above the Sakura-Jima volcano in Japan.
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Abstract
Time-varying satellite gravity is a pioneering technique to apprehend the dynamic processes within
the global Earth system and their interactions, through the mapping of mass transfers. Outstanding
results have been obtained from the joint analysis of the GRACE data and other sensors, leading to a
better understanding of the global water balance related to climate change. This success motivates
the ongoing MICROMEGA phase 0, a study for a future time-varying gravity mission.

La gravimétrie spatiale est une technique novatrice permettant d’appréhender de manière globale
les processus dynamiques au sein de notre planète par le suivi des transferts de masse. L’analyse des
données Grace, avec les mesures d’autres capteurs, a produit des résultats exceptionnels, tels que
le suivi des variations de stocks d’eau à l’échelle globale, en lien avec les évolutions climatiques. Ces
succès motivent la phase 0 Micromega, qui étudie une future mission de gravimétrie temporelle.

The Earth is a complex system, whose components interact in a wide range of spatial and temporal scales,
from the surface and fluid layers to the core. With the advent
of space exploration, it is now possible to study the Earth
system as a whole entity, using a multi-disciplinary approach
in which measurements of the time variations of the gravity
field by satellite are essential. Indeed, their global distribution
allows to fill the gaps of surface networks, and they provide
information on the mass transfers produced by the dynamic
processes at all depths. Thus, the time variations of the geoid as
provided by the GRACE mission, launched in 2002, have proved
their interest for understanding the evolution of the different
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components of the climate system, and also for monitoring
solid Earth processes. Decadal geoid models are calculated
from the GRACE measurements, with a spatial resolution of
400 km, by the CNES/DTP team of GRGS [1] and the gravity
signatures of many processes have been identified.
By monitoring the fluxes and water-mass balance of largescale hydrological systems, GRACE proved to be a pioneering
technique for assessing the water-mass variations driven by
climate change. Of particular interest is the monitoring of the
deep aquifers’ water content, since it allows to estimate the
fresh groundwater storage. Although it plays a crucial role in

Solid Earth
highly populated arid or semi-arid areas, such as India, this
component is poorly known due to the lack of direct measurements, and can only be assessed over wide areas, from
satellite gravity combined with complementary measurements of soil moisture and surface water. For example, our
analysis of the GRACE GRGS geoids showed the evolution of
the water mass of the Murray-Darling drainage basin over
the 2002-2009 period (Fig. 1). We detected the drought
acceleration until 2007, with a mean water volume loss of
-20 km3/yr [2]. We also estimate the total water storage
in the 33 largest river basins worldwide and their contribution to close the global sea-level budget for the recent
years [3]. Another storage component of the global water
cycle is made of polar ice caps, which are the main means
to make sea level vary in the long term. In combination with
altimetric ice-volume variations and ice-flux estimations,
the GRACE geoids allow to better understand their mass
balance and their response to climate variations.
Fig. 2 thus shows the good correlation between interannual ice-mass variations from GRACE and ENVISAT data [4].
The GRACE data highlight the growing impact of the polar
ice mass variations on sea level, still with large uncertainties [5]. The evolution of the sea level in the next century
is one of the most crucial consequences of global climate
change, because of the large socio-economic impacts of a
sea-level rise in highly populated coastal areas. Jointly analyzed with Jason altimetric data and ARGO measurements,
the GRACE data thus allow to unravel the different contributions to sea level, essential in order to provide reliable
predictions of sea-level variations. In particular, the thermal
dilatation effects, a major cause of sea-level rise over the
1993-2003 period, appear to have decreased since 2003
[5]. Finally, a precise evaluation of water-mass displacements requires a good knowledge of the superimposed
solid-Earth deformations. As an example, a recent analysis
of the gravity variations after the Sumatra 2004 and 2005
earthquakes, combined with GPS measurements, shows
that GRACE is able to detect the post-seismic deformations of large earthquakes and to bring constraints on the
regional rheology of the upper mantle. This allows to better
model the slow viscous deformations of our planet [6]. Such
information is important when considering the impact of
the viscous post-glacial rebound on sea level.
The outstanding results from GRACE provide a strong motivation for a future time-varying satellite gravity mission. With
this in mind, a phase 0 study was initiated by CNES in 2009. The
MICROMEGA mission project aims at mapping the temporal
variations of the gravity field, using GRACE-type measurements
(low-low satellite-to-satellite tracking) with improvements.
The main objective is to better understand the long-term climatic processes through the estimation of the water fluxes,
their impact on the different constituents of the Earth system
and how they are influenced by human activities. The need
for a long-term continuity of satellite gravity measurements

as part of a global observation system of the Earth has thus
been recognized by the scientific community, together with
the need for an increased spatial resolution (MICROMEGA
Mission Team, 2009). An increased resolution would allow to
monitor the water variations in the drainage sub-basins and
to better understand the ice-cap dynamics and their impact
on sea level, since ice-mass loss is mostly concentrated on
coastal areas. It would also allow a better estimation of solidEarth deformations such as post-glacial rebound, over-printed
on the water signal, and natural hazards such as earthquakes,
a concern in many populated areas. Taking into account these
needs, the phase 0 study considers different mission scenarios
for MICROMEGA, with an interest on the two-satellite pendulum configuration. Its outcomes are expected at the end
of 2010.
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Fig. 1: Water mass variations (in terms of equivalent water volume) in the MurrayDarling drainage basin, Australia [2]), from an analysis of the GRGS decadal geoid
solutions from GRACE.
Fig. 2: Equivalent water-height variations in meters over Antarctica: interannual
variations from GRACE and Envisat data [4].
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