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Geosystem: The Changing Earth
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Dual Role of Earth Gravity
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Various forces effect mass redistributions. Gravity variations are GFZ

correlated to these redistributions & are thus important impact factors.

source: ESA



Gravity Field Representation & Functionals
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Dual Role of Magnetic Field

Storms and substorms - Magnetosphere/lonosphere interaction
Wind systems in the upper atmosphere - ionospheric dynamo
Sferics - lightening, global electric circuit

Gravity waves - troposphere/thermosphere interaction

Direct signal Seasonal and Solar cycle variation
interannual variations
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Magnetics Represented by Crustal Magnetic Anomalies
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sources sources
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Gravity Field Determination through Analysis of Satellite

Orbit Perturbations

Classical Approach:

A Ground tracking of orbital
segments of various near Earth
satellites over many years

A Solution of motion equations for
all these objects and common
adjustment of orbit residuals

A Modelling of surface forces, such
as air drag, solar radiation
pressure etc.




Typical Ground-Based Coverage

(before GPS Space Receiver became available)

A One dimension at a time
A Large coverage gaps
A Very critical for LEOs




DOI Process for Gravity Field Recovery

Design matrix from partials
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Res. harmonic coeff.
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Observation residuals
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History of Satellite Gravity Field Modelling

Model Institution Period
SE |-l Smithonian Astrophysical 1966 - 1973
Observatory
GEM 1-10/T1-3 Goddard Space Flight Center/ 1972 - 1996
EGM 96 Ohio State University
GRIM 1-5 DGFI/GFZ Potsdam/GRGS Toulouse 1976 - 1998
TEG 1-4 CSR /UTEX Austin 1988 - 1999
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Situation Gravity Field Determination in 2000
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GFZ/GRGS gravity model improvements over time
(GRIM and EIGEN models)

(par différence au modele EIGEN-GL04S)

-
»

T T T T

L L L lill

R ypep——
- S
N

;&%' —

L Ll

M lllllll

- —————

5 A=33:VA

@ @ =n hauteur de gecide (3>=1600 km)
B 8 en erceur radiale d’orbite Jason (1335 km,
i = 66 deg.)sur un arc de 10 jours
¥ ¥ en erreur radiale, 1 = 60 deg.
A en erreur radiale, 1 = 30 deg.

oy TTrrm

0.001

1 1

1975 1980 1985 1990 1995 2000
Source Biancale et al., 2011

annee

Satellite Positioning Meeting, Wroclaw University




iques

New Observation Techn
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Early SST& SGG Mission Proposals
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Keating et al., 1986 Balmino et al., 1979
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Global Navigation Satellite System (GNSS)
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The Breaking New M

CHAMP (2000-2010)

Germany

GRACE (2002)
USA-Germany

GOCE (2009)

European

EoL: Sep.19, 2010

3717 days in orbit
58277 revolutions 3364 days in orbit | \
51506 revolutions GFZ
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CHAMP

Mission of GFZ Potsdam & DLR (Germany)
with contributions of NASA (USA), CNES (France) and AFRL (USA)

Launch: Juli 2000 Planned Mission duration: 5 years
Orbit: nearly circular polar orbit (874, 454 km altitude

Mission goals:

E Gravity field mapping: medium resolution
static & time-variable components

E Magnetic field mapping: main & crustal
field and time-variable components
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mh

3-D accelerometer (3x10° m/s?).
16-channel GPS receiver (high-low SST)
Laser-retro-reflector

Magnetometer

lon drift meter

Pl : Ch. Reigber /| H.E Stagsgngors Ggz

Satellite Positioning Meeting, Wroclaw University

m- m ms

m

GFZ

PorTsbDAM




CHAMP Mission Supports Fundamental
Progress in Static Gravity Field Recovery due to:

continuous high-low GPS SST tracking at a very
low altitudes (450 - 200 km )

<> Accelerometry for direct
measurements of difficult to

model non gravitational

+ 25D
surface forces __ .~%g -

_;;.,;;a'-*\\ . < Polar orbit (87deg) for an almost
SOty A% complete coverage of the Earth

@ Long mission duration
to resolve temporal
gravity field variations
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CHAMP Orblt Profile

Bonus Part
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Mission: _

ALaunch: July 15, 2000 AR 4

APlanned mission duration: 5 years

AFour orbit change manovers (uplifts)

AFinal mission duration: 10 years, 2 month

AEnd of mission: September 19, 2010 GFZ
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ISAR imaging
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CHAMP Mission Space & Ground System
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The CHAMP Mission- Gravity Recovery Part

Principle:
A GPS/CHAMP hl-SST-tracking
A 3D-measurement of surface forces

A Measurement of {Xi : #}

GPS
Satellites

Computed Normal Equations:

enerated CHAMP Normal Equations
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CHAMP- Major Achievements

A Mission operation:

I Almost uninterrupted and smooth operation of the
satellite and instrumentation over more than 10
years

I Almost complete recovery of all science data
(>98%) with the receiving antennas in Neustrelitz,
Weilheim and Ny Alesund

I Routine processing of all science data within the
CHAMP Science Data System

A Science output:

- First continuous long-term occultation data set f or g ¢
GPS climatology

I First precision crustal magnetic anomalies field and
field variability due to ocean water flow

I Best pre-GRACE gravity field from a single satellite
data set

Mission life: 200 % of design life

GFZ
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GRACE

Mission of NASA (USA), DLR (Germany), JPL(USA) , CSR/UTEX(USA)
& GFZ Potsdam (Germany) within NASAE ESSP Programme

Launch: Mar 2002  Planned Mission duration: 5 yrs
Orbit: nearly circular polar orbit (894, 500 km altitude

Mission goals:

E High resolution, long- and medium-
wave, mean & time- variable gravity
field mapping

E Atmosphere sounding

Payload:

E Microwave distance ranging between
the satellites (<5 m),
relative velocity (<0.5ms) (low-low SST)

E 3-D accelerometer ( 101 m/s?)
E 24-channel GPS receiver (high-low SST)
E Laser-retro-reflector

Pl: Byron D. Tapley / CSR Austin 2 S SRS
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GRACE Mission Supports Fundamental
Progress in Static & Time Variable Gravity Field

Recovery due to:

«» Continuous high-low & low-low SST tracking at a
low altituge (approx. 490 km)

> Super precise accelerometry
for direct measurements of

non gravitational

surface forces

S Ppolar orbit (89 deg) for a complete
coverage of the Earth

@ Long mission duration
to resolve temporal
gravity field variations
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GRACE Ground Segment Operations

tmospheric Fields
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Principle: GRACE Mission - Gravity Recovery Part

A GPS/GRACE hl-SST-tracking
AGRACE A/B |I-SST-tracking

A 3D-measurement of surface forces
AMeasurement of {Xi, #}
AMeasurement of {r;, #}

GPS
Satellites

Data coverage over Europe:

- K-Band Radio
Frequency Link

Land Mass

Source: NASA
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Current Status of GRACE Satellites and Instruments

A All science instruments in good health

A A major star-camera software upload was

RealOrbi

completed 4 weeks ago, significantly L — g,ﬁ:.sm :
reducing the outages in the attitude il

s M S FC-Nom

measurement data. -
S I—

A Battery Status

- The battery capacity is diminished compared
to the time of launch

- Individual cells (2" out of 20) show signs of
Aweaknesso

Solar Flux F10.7 (10 ?W/m*Hz)

Solar Flux

A Operate the satellite by | wn il
. . 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024
- preventing overcharging of the battery oar £
- limiting the power consumption during
adverse conditions (e.g. switch off the

CINAC SR NECEINEYIER U A The life time of GRACE is limited!
no gravity field could be obtained!) '
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GOCE

Mission of European Space Agency ESA within the Living Planet Programme
as one of the first Earth Explorer Missions

Launch: ~2009 Planned Mission duration: 20 months
Orbit: nearly circular, sun-synchronous orbit (964, 250 km altitude

Mission goal:

Determination of the geoid with 1 cm
accuracy and 100 km spatial resolution

Payload:

Ve

E Gradiometer consisting of 3 pairs of
3-axis accelerometers (33 1012529

Drag-free compensation system
12-channel GPS receiver
(high-low SST)
Laser-retro-reflector

SREM: Standard Radiation
Environment Monitor

m M

m M

M

Star sensors
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