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2007: 50 2007: 50 years years for for space space 
sciencescience
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(Lageos I&II, Starlette, Stella, Ajisai, Etalon)

Altimetric Altimetric Altimetric Altimetric Altimetric Altimetric Altimetric Altimetric SatellitesSatellitesSatellitesSatellitesSatellitesSatellitesSatellitesSatellites
(TOPEX/Poseidon, Jason-1, EnviSat, GFO)

Gravity fieldGravity fieldGravity fieldGravity fieldGravity fieldGravity fieldGravity fieldGravity field
(Champ, GRACE)

Space telescope Space telescope Space telescope Space telescope Space telescope Space telescope Space telescope Space telescope HubbleHubbleHubbleHubbleHubbleHubbleHubbleHubble
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IntroductionIntroduction

• Over the last 50 years, different techniques have been 
developed
– Measuring position, velocities and acceleration of objects orbiting the Earth

– Doppler, SLR and LLR, VLBI astrometry, GPS tracking

• Measuring the Earth as a whole -global approach- for the 
first time

• Challenge for geodetic techniques and services
– Collection of natural changes and disastrous events that occurs in the 

surface layer

– Terrestrial and space observing systems to be continuously maintained and 
updated
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Spatial Spatial geodesygeodesy : : 
a a «« multimulti -- techniques techniques 

sciencescience »»
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WilliamstownWilliamstown , 1966, 1966
• C. Lundquist

– Manager of the Standard Earth (Lundquist & Veis, 1966)
– Driver in Williamstown
– Wrote a flow chart

• Very simple
• Putting forward the relationships  between the various tasks

• Kozai, Gaposckin, Lambeck, …
– Standard Earth II, III
– Including SLR, GRARR Data, …
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LundquistLundquist ’’ s s chartchart
(( from from NASA document, 1969)NASA document, 1969)
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NASA Workshop in 1969: NASA Workshop in 1969: 
““ Earth and Ocean Application Earth and Ocean Application 

PhysicsPhysics””

• The expertise being acquired, it was time to have some 
perspective.
– New projects
– New technologies

• Chaired by W. Kaula
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In Europe: a workshop In Europe: a workshop 
called called SONGSONG

• Space Oceanography Navigation and Geodynamic
• took place at Schloss Elmau (Germany) in January 1978



Up toUp to 20002000
--

Towards the Towards the centimetric centimetric 
levellevel

--
aa nice and operational nice and operational 

networknetwork
--

combinationcombination of of multimulti --
techniques techniques Tahiti SLR station
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QuickTime™ et un
décompresseur TIFF (LZW)

sont requis pour visionner cette image.

Residuals Residuals on LAGEOSon LAGEOS-- 1 et 1 et -- 2 2 
orbits orbits 

significant improvement significant improvement of of the accuracythe accuracy
Weekly Weekly orbital orbital fits fits (cm)(cm)

(Müller et al., 2004)
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19641964 -- 20072007 : 43 Years of : 43 Years of 
Satellite Satellite tracking with the tracking with the 

SLR/LLR networkSLR/LLR network



GM, GM, GeocenterGeocenter ,, pole, pole, 
reference grames gravity reference grames gravity 

fieldfield

LA-1 launch

Geocenter motion
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Fundamental physicsFundamental physics

• Science:
– Equivalent principle( LLR, Microscope,….)
– Lense -Thiring Effect (1919, and now)
– Time transfer, gravitational shift,…

• Space projects:
– Lageos 1 and 2, GPB,…
– Time transfer : LASSO, T2L2
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Radio Radio electric measurementselectric measurements
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Improvements Improvements of of level level of of 
accuracy accuracy in in space geodesyspace geodesy

1975 1985 1995 2000

LASER 150 cm 30 cm 3 cm 1 cm

DOPPLER 5 cm/s 1 cm/s 0.03 cm/s 0.01 cm/s

ALTIMETER 20 cm 5 cm 2 cm 0.5 cm

ACCELEROMETER10-9 m/s2 5 10-10 m/s2 10-10 m/s2 10-13 m/s2

CLOCKS 10-11 10-12 3.10-13 10-14

(10-12) (10-13) (10-14)



SLR SLR and and New technologies for New technologies for 
sciencescience

--

Gravity fieldGravity field

AltimetryAltimetry



«« The Gravity field The Gravity field 
decadedecade »»

with with CHAMP, GRACE, GOCECHAMP, GRACE, GOCE

Moderate resolution
High precision

+ time-varying part

High resolution
High precision

QuickTime™ et un
décompresseur TIFF (non compressé)

sont requis pour visionner cette image.

(CHAMP, 2000) (GRACE,2002)

(GOCE, 2008)
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Temporal variations of Temporal variations of 
Earth gravity fieldEarth gravity field : C: C 20, 20, 

30...  30...  

SLR SLR is requiredis required

Courtesy Courtesy R. R. BiancaleBiancale
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Ice Ice variations:variations:
level and level and mass mass transfertransfer
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Variations of Groenland volume (GRACE)
North area (less important), South area



Altimetry space Altimetry space missionsmissions
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Mean Sea level riseMean Sea level rise
Since 1950 Since T/P launch

Elevation velocity: 3.3 ± 0.4 mm/y 

TOPEX-Poseidon
Jason-1

Courtesy Courtesy LEGOSLEGOS
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CALibration CALibration of Radar of Radar AltimetersAltimeters
• Essential for altimetry

– A link between space and the ground
– Performing altimeter calibration from tide gauges and GPS buoy

• Absolute calibration site in Corsica, double configuration
– A geodetic site at Ajaccio (FTLRS settled, in 2002 and 2005)
– An in-situ site at Senetosa cape (under the track n°85)

Definition of altimeter bias calibration:

sea height bias = altimeter sea height - in situ sea  height

Products used for the study:
�T/P: M-GDR + TMR drift
�Jason-1: GDR
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In situ In situ and space and space 
mesurementsmesurements

ARGOARGO
• Global array of 3 000 free-drifting profiling floats
• Measures, of the upper 2 000 m of the ocean

– Temperature
– Salinity
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UnderstandingUnderstanding ……
the mean sea level risethe mean sea level rise

Space altimetry: 3,3 mm/y

Thermic dilatation (In-situ)

Ocean mass tranfer (GRACE)

GFZ, GRGS

In-situ equivalent

GFZ, GRGS

(Lombard et al., 2007)(Lombard et al., 2007)



ICESatICESat

Are Are the Greenland and Antarctic the Greenland and Antarctic 
ice sheets growing ice sheets growing or or shrinking shrinking ??



2009: Cryosat2009: Cryosat -- 2 satellite2 satellite

monitoring precise changes in the thickness of the 
polar ice sheets and floating sea ice



Continental waters, land, Continental waters, land, ice ice 
toptop ographyography

Continental waters by spatial altimetry



Towards the millimetric levelTowards the millimetric level : : 
A new Deal for SLRA new Deal for SLR

--
For For wwhat kind hat kind of challengesof challenges ??
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What is now required What is now required for for 
SLRSLR

ContextContext : : IGY,IPY,IHY,IGY,IPY,IHY, ……• DATA:
– precision, accuracy (mm level)
– continuity, pereniality
– data archiving 

• raw data
• normal points

– metadata: pole, geocenter, scale factor, J2dot, ...
– calibration

• ANALYSIS:
– control and inter-comparison with other techniques
– in situ measurements 
– comparisons with geophysical models
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Next Next challengeschallenges

• Earth
– Climate change and oceanography

• Ice sheet, land surface, vegetation changes, clouds, upper atmosphere
• Absolute calibration, orbitography: Cryosat-2, AltiKa, interferometer 

altimeter, GOCE

– Gravity field: Low degrees, including secular variations, mass transfer

– Navigation & positioning:
• GPS, GLONASS, Galileo, Chinese-Compass 

• LAGEOS -1 and -2 !

• Space and Technology
– Network, laser, clocks

– Time transfer, formation flying, space debris

• Other planets (including Moon) and Solar System
– Celestial mechanics, and planetology (LRO-LR , …)

– Navigation

– Fundamental physics

Interferometric Altimeter Concept

Jason-2
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International International CooperationCooperation
• GGOS (Global Geodetic Observing System, IAG)

– review of used Constants, Conventions, Models and Parameters and…
– ILRS….!

• Several other groups
– CEOS: Commitee Earth Observation satellite
– IGOS-P: Integrated Global Observation Strategy
– GMES Global Monitoring for Environment and Security
– And:

• GCOS Global Climate observing system
• GOOS Global Ocean Observing System
• GTOS Global Terrestrial Observing System
• GEOSS Global Earth Observation System of Systems
• GEO WG Group on Earth Observation WG
• IPCC Intergovernmental Panel on Climate Change
• …

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Partenariat IGOS 
 

Integrated Global Observation Strategy  
IGOS Partnership 

Spatial component 

CEOS 

In situ component 

GCOS  Š GOOS  - GTOS 

Scientific communities  
UNESCO  Š FAO  Š UNEP  Š WMO  - ICSU 
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AS A CONCLUSION:AS A CONCLUSION:
What kind What kind of challenges for of challenges for 

slr slr in in the next the next few few yearsyears
• Stress on the role played by SLR

– For specific parameters
– Among other geodetic techniques

• Technology
– network (e.g. SLR/LLR + VLBI),
– precision / accuracy
– automation, reduction of costs, etc.

• Data and products
– Dissemination, Archiving
– Virtual Observatory and International Cooperation

• Science
– Many new items and studies
– Valorisation of scientific contributions (present and futur) of SLR/LLR

• Scientific papers, Special issues
• Outreach
• Geodesists as « citizens of the planet Earth »



Thank YouThank You



Have a Have a nice nice workshopworkshop and and 
visit at visit at Grasse Grasse 
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atmospheric atmospheric DRAGDRAG
accelerometer accelerometer drag drag 

data:data:

kg
/ m

3

Mean semi-major axis variations

Atmospheric density in 2003

Geomagnetic storm
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Temporal variations of Temporal variations of 
Earth gravity fieldEarth gravity field : C: C 20, 20, 

30...  30...  

SLR SLR is requiredis required

Courtesy Courtesy R. R. BiancaleBiancale
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19651965 -- 75 : Starlette & 75 : Starlette & 
LAGEOSLAGEOS

(BEB, Diad(BEB, Diad èème, Diapason, me, Diapason, 
and also and also ISAGEX)ISAGEX)

Point de vue du CNES (M.Lefèbvre) : 
« on a le plus ancien des satellites en activité : le plus 
petit, le moins cher, mais pas le moins lourd (52Kg) 
!... »

A quoi cela sert-il ? 
« A faire de la télémétrie laser... »
Pourquoi ? 
« Car la distance varie aux deux bouts : (i) la station est 
affectée des mouvements tectoniques et de marées, etc ; 
(ii) le satellite est soumis à de nbreuses forces, dont la 
gravité (Terre, océans, etc.) et le drag ! 
Mais de par le rapport S/m, sa durée de vie est de qq1000 
yr »
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Sputnik Sputnik 1 1 during during IGY 1957IGY 1957 -- 1958 (1958 ( Solar Solar 
maximum)maximum)

The Inte rnatio nal  Ge o ph ysical  Yea r or  IGY  was an inte rn ationa l 
sc ient ific effort that  lasted  from  July  1, 1957, to  Decemb er  31, 19 58. 
The IGY encompa s sed  elev en  Eart h  sc iences: aurora an d  ai rglow , 
cos m ic ra ys, geom agnetism, g rav it y, ion osp he ric  ph ys ics, longitud e 
and  lat itud e det ermi nations  (pr ec is ion  m appi ng ), mete orology, 
oceano grap hy, se ism o log y a nd  solar  a cti vit y. 
Both  the  U.S. and  the Soviet  Union launch ed  art ific ial  satel lites for  th is
event;  the So viet  Union 's  Sputn ik 1 o f Oct ob er 19 57  was  the  first
suc ce ss ful  arti fic ial  satel lite.  Oth er  s ignif icant  achievements  o f the  IGY 
in clud ed  the di s covery o f the  Van  Allen  Belt s and  the  di sco very o f mi d -
ocean  sub ma rine  rid ges,  an im port ant  co n firmation  of  plat e
tecton ics.[1 ]  


