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The GOCE Mission

GOCE is the first core mission selected for the ESA Earth science satellite programme “Living 
Planet”. Its objective is to provide data from space necessary for an improved understanding of the 
interactions of atmosphere, oceans, ice and solid Earth. GOCE will be launched in summer/early 
autmn 2007. It aims at the determination of the stationary part of the Earth’s gravity field and geoid 
with maximum spatial resolution and accuracy (1-2 cm geoid height accuracy with spatial 
resolution of approximately 100 km). The mission is complementary to GRACE, which is 
primarily designed to measure the temporal variations of gravity and geoid.

The GOCE-GRAND II Project

The first phase of the GOCE-GRAND project (2002-2004) was dedicated to the development of a 
gravity analysis system for GOCE data. It included kinematic orbit computation, the determination of 
the long wavelength gravity field from these orbits and from common mode accelerometry based on 
the so-called energy conservation method, several gradiometric gravity analysis methods and 
development of algorithms for data reduction (temporal effects) and for external calibration and 
internal validation. GOCE-GRAND II will refine the developed algorithms and adapt them to the 
final characteristics of sensor system as it will be brought into orbit. This implies that all design 
changes are taken into account, that realistic stochastic models are developed for all sensor 
components and that the analysis algorithms are capable to cope with a large number of 
measurements and unknown parameters. In addition GOCE-GRAND II will address questions 
concerning the combined GRACE/GOCE data analysis and validation of the GOCE results by means 
of methods such as GPS-levelling and ocean dynamic topography. In short, GOCE GRAND II yields 
an important segment of GOCE gravity field analysis, of GRACE-GOCE combination and of in-
depth and independent validation of GOCE gravity products. 

Sensor Measurements
Gravity gradients Гxx, Гyy, Гzz in instrument system and inside 
MBW (measurement bandwidth)
Angular accelerations (highly accurate around y-axis, less 
accurate around x, z axes) 
Common mode accelerations

Star sensors High rate and high precision inertial orientation
GPS receiver Orbit trajectory with cm-precision
Drag control with 2 ion thrusters Based on common mode accelerations from gradiometer data

Angular control with magnetic 
torquers

Based on angular rates from star sensors and gradiometer

Orbit altitude maintenance Based on GPS orbit
Internal calibration of gradiometer 
(and quadratic factors)

Random shaking with cold gas thrusters (and random pulses)

3-axis gravity gradiometer

Elements of the Gravity Sensor System of GOCE
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GOCE Mission Profile

GOCE Gravity Field Processing

[mE]

ascending orbits descending orbits

Month 1

Residuals Tzz-Component GOCE Test Data Set

Regionally adapted global gravity field determination (courtesy ITG Bonn)

Nmax = 240     RMS: 17,6 cm,      AVG: 13,6 cm

Global Solution

Regional Validation and Combination Experiment
Observations of vertical deflections (courtesy IFE Hannover)

Zenith Camera System TZK2-D Profile in Bavarian Alps

Planned Profiles

Profile in Bavarian Alps
• Observations in 2004, 2005 by C. 

Hirt (IfE)
• 100 Stations with mean distance of 

200 m, Length 20 km
• Standard deviations of repeated 

observations: σξ = ση = ± 0,08“
corresponding to σΔN = ± 1 mm

Planned Profiles:
• North-South- and East-West-Profile 

with length of 500 km.
• Station density about 5 km
• Observation period: 2006/07

iapg

SST and SGG Gravity 
Analysis – Realization of the 
Actual GOCE Sensor Concept

Adaptive Refinements in 
GOCE Gravity Field 
Modelling and Implementation 
of the Operational Software 
pcgma

GOCE Gravity Field 
Modelling – Further 
Methodology Investigation on 
Alternative Estimation 
Procedures 

Regionally Adapted Global 
Gravity Field Determination 
by SGG and SST Data

The Polar Gap Problem –
Solution Strategies and 
Influence on the 
GOCE/GRACE Combination 
SolutionG
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High Resolution Global 
Combination Solutions

Regional Validation and 
Combination Experiment
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Quality Assessment of GOCE 
Gradients

Gravity Field Validation 
Using Ocean Data and Ocean 
Dynamics

Gravity Field Validation with 
Terrestrial Geoid and Gravity 
Anomalies

Integral Motion and its Role 
for Consistency Validation of 
Force Functions and Orbits
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GFZ
GIS

BKG & IFE
IFE
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