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Geophysical implications of the gravity field
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Gravity field modelling
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Cim,Stm - (UNknown) spherical harmonic coefficients
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Spectral representation
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Spectral representation
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Pre CHAMP era
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Space geodetic observation techniques
Optical:
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Development of the gravity field precision and resolution
1966: Lyar = 8 i
A = 5000km

Gravity anomaly: SE1 [mGal]
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Development of the gravity field precision and resolution
1972: Lyge. = 12 i
A = 3200km

Gravity anomaly: GEM1
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Development of the gravity field precision and resolution
1976: Ly, = 16 i
A = 2500km

Gravity anomaly: GEM7
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Development of the gravity field precision and resolution

Gravity anomaly: GEML2
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Development of the gravity field precision and resolution

1987: Ly, = 36
A = 1110km

Gravity anomaly: GEMT1
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Development of the gravity field precision and resolution
1990 L Max — 50 GfaVlty anomaly GRIM4s1
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Development of the gravity field precision and resolution

Gravity anomaly: EGM96s
A = OB70km
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The Decade of the Geopotentials -
the concepts




Satellite missions

High-low SST |
g Low-low SST

- -
o

- - -

= = =

- =
- & 3

- # ) ERY

S H 7 3
., H S
i I

rmass
anomaly

mass
anomaly

© GFZ-Potsdam

© CSR Texas

© ESA



CHAMP
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Satellite system CHAMP

CHAMP = CHAllenging s
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Newton‘s equation of motion
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Newton‘s equation of motion
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GAIN due to CHAMP

2010: Lpyre. = 120
A = 330km

) Gravity anomaly: ulux_champ2013s
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GRACE
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Satellite system GRACE

GRACE = Gravity Recovery
and Climate Experiment

 Initial orbit height: ~ 485 km
e Inclination: ~ 89°

« Key technologies: P resstink
— GPS
— accelerometer

— K-Band ranging system

NASA Stations
LEGP & Contingency..
[Alze McMurdu}
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Geometry of the GRACE system

Rummel et al. 1978

Differentiation

Integration
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GAIN due to GRACE

2013: Larax
A
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GAIN due to GRACE and GOCE
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GAIN due to GRACE: time variable gravity (TVG)
2013: Laras 90
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Achievements
in terms of the TVG




Spatio-temporal resolution ?
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Spatio-temporal resolution ?
GRACE
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Spatio-temporal resolution ?
GRACE
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Spatio-temporal resolution ?
GRACE CHAMP
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Change in water storage
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Water Is stressed ...

« Water balance in India (Rodell et al., Nature, vol. 460, 2009)
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The Future
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GRACE und GRACE Follow-On (GFO)

GPS - satellites

 K-Band +
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GRACE und GRACE Follow-On (GFO)

GPS - satellites

 K-Band +
Laser

« GPS

* Accelerometer

ﬁ _up to 4 year data gap

GRACE|

| | | I |
2000 2005 2010 2015 2020 2025

year

*
weseascriont | 1M |||
IN ENGINEERING . 44
SCIENCES UNIVERSITE DU
LUXEMBOURG

RUES




Bridging the gap ...

GPS - satellites
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Bridging the gap ...

High-low
.
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Bridging the gap ...

© EADS Astrium
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Beyond GRACE Follow-On
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Beyond GRACE Follow-On
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Summary

* The decade of the potential yield an improvement
In the gravity field by three orders of magnitude.

* Time variable gravity can be observed for the first
time with a monthly sampling.

* Ongoing strive for higher spatial and temporal
resolution (with a likely setback in the coming
years).
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