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Fig.2: Difference of kinematic orbit from GOCE with respect 
to reduced-dynamic orbit from AIUB (Bock et.al., 2011) for 4 
hours on November 1, 2009.
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The presented orbits are based on a new approach for precise orbit determination GRACE, covering a time span of more than 10 years. The different validations 
for Low Earth Orbiters. Basic principle of this approach is to use GPS show the accuracy of the position estimates. Furthermore it is demonstrated, that 
observations as they are observed, no differences or linear combinations are the accuracy of the produced orbits is sufficient for recovering time variable gravity 
involved. We provide precise kinematic orbits for the satellite missions GOCE and field signals, without using tailored estimation algorithms.

Introduction
Kinematic orbit positions are widely used for the purpose of gravity field 
recovery. Especially in the case of the GOCE (Gravity Field and steady-
state Ocean Circulation Explorer) mission they play a key role in the 
determination of the long-wavelength part of the gravity field. We 
present a set of kinematic orbit solutions for GOCE and for the 
GRACE (Gravity Field Recovery and Climate Experiment) mission. 
They are based on raw GPS measurements. The presented orbit 
products are available online for further scientific use. 
www.itsg.tugraz.at

Precise Orbit Determination
Precise orbit determination is based on phase and code observations on 

the two GPS carrier frequencies. The main principle of our approach is 
to use observations as they are observed in a least squares 
adjustment. This means no differences or linear combinations are 
involved. The basic relation is given by the following two equations:

�Phase:

�Code:

On the left hand side are the observations between 
a receiver i and a certain transmitter k. Known 

influences δΦ and δR are subtracted (transmitter clock error, 
phase wind-up, antenna offset, ...). On the right side are the 
remaining parameters which are estimated, like receiver 
position, receiver clock error, phase ambiguity, ionospheric 
parameter and antenna center variations for receiver and 
transmitter. Antenna center variations are estimated by 
using data covering a long time span. Afterwards they are 
introduced as known and the final orbit solution is 
computed.

Validation until February 2013. Fig.3 gives an example of one monthly solution compared to 
the static field GOCO03S. In Fig.4 the degree amplitudes of different gravity fields 
are shown to give an impression of their performance, especially in low degrees. For validating the produced orbits different methods are used. Fig.1 and 2 show a 
For the plots in Fig. 5 all observations of the same months, e.g. all Januaries, were comparison of kinematic with reduced-dynamic orbits for the satellites GRACE A 
combined to estimate a mean monthly gravity field and in Fig.6 area mean values and GOCE. Shown are only 4 hours of example data to give an impression of the 
are displayed for each month in two different regions (Greenland and Amazon achieved accuracy and especially the low noise level. Another possibillity to 
basin).From these different comparisons it can be concluded, that the computed validate kinematic orbits is to compute gravity field solutions. Based on the 
orbits are accurate enough to see time variations in monthly solutions, even kinematic orbits of GRACE and GOCE monthly gravity fields were computed 
though no special algorithm is used to extract such signals.using the short arc approach (Mayer-Gürr, 2006) for the time span February 2003 

Monthly Gravity Fields Degree Amplitudes Mean Monthly Solutions Area Mean Values

Kinematic orbits were used to 
compute monthly gravity fields. 
Fig.3 shows the solution for June 
2009, based on orbit data from the 
two GRACE satellites, compared to 
the static gravity field GOCO03S. 
To see the long-wavelength 
structures a 500 km Gaussian filter 
is applied. 

Fig.4 shows different gravity field 
solutions for October 2010 based 
on ITSG kinematic orbits and on the 
official kinematic GOCE orbit. For 
comparison the corresponding 
CSR monthly GRACE solution 
(Bettadpur, 2012) is displayed. This 
plot gives an impression of the 
achievable accuracy, especially for 
low degrees.

Area mean values were computed 
for two regions (Greenland and 
Amazon basin) from ITSG monthly 
solutions and from the CSR RL05 
time series (Bettadpur, 2012). Both 
cases are compared to GOCO03S 
and a 500 km Gaussian filter was 
applied. 

Fig.3: Difference between ITSG solution June 2009 and 
GOCO03S (500 km Gaussian filter applied).

Acknowledgement

geoid height [m]

Fig.4: Degree amplitudes of different gravity field 
solutions.

Fig.5: Mean monthly gravity fields compared to 
GOCO03S (500 km Gaussian filter applied).
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Fig.6: Area mean values for Greenland and Amazon basin 
from ITSG monthly solutions (blue) and CSR RL05 time 
series (red). 500 km Gaussian filter applied in both cases.
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Fig.1: Difference of kinematic orbit from GRACE A with 
respect to reduced-dynamic orbit from JPL (Case et.al., 
2010) for 4 hours on October 1, 2010.

So please, check-out our new orbit products at www.itsg.tugraz.at  
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