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Space based GPS measurements onboard Low Earth Orbiting (LEO) satellites provide a unique 
possibility for imaging the ionosphere on a global scale. Both the radio occultation measurements 
in limb sounding mode and the navigation measurements using a zenith viewing GPS antenna 
provide the Total Electron Content (TEC) along numerous ray paths that may effectively be used 
for reconstructing the spatial and temporal distribution of the electron density in the ionosphere and 
plasmasphere. The CHAMP (CHAllenging Minisatellite Payload) satellite carries an occultation as 
well as a zenith GPS antenna. 
More than 120,000 vertical electron density profiles have been obtained from CHAMP GPS radio 
occultation measurements so far by using a model assisted retrieval technique. To improve the 
initial guess for the inversion procedure, an assisting scale height model of the topside ionosphere 
in the 450 km height range has been developed. Radio occultation data products contribute to 
image the average ionospheric behavior that is valuable for developing and testing ionospheric 
models. 
A three-dimensional imaging of the electron density distribution near the CHAMP orbit plane 
between CHAMP and GPS orbit height is performed by using link related TEC data derived from 
dual frequency navigation measurements (zenith antenna) onboard CHAMP. These measurements 
are provided with a sampling rate of 0.1 Hz. After calibration for differential code biases the link 
related TEC data of a full CHAMP revolution (about 93 minutes) are assimilated into the 
Parameterized Ionospheric Model (PIM). For this purpose the PIM is discretized on a global voxel 
structure up to GPS satellite orbit altitudes. The assimilation method is based on an iterative 
algorithm which adapts the initial model to the TEC measurements by applying multiplicative 
modifications. Additional link related TEC measurements, e.g., from other LEO satellites like 
SAC-C can easily be included in the assimilation process and may improve the reconstructed 
electron density fields. 
A further tool for imaging the ionosphere is given by the combination of calibrated CHAMP 
occultation and slant ground based TEC data. The TEC observations are assimilated into a 
combination of the International Reference Ionosphere and the Global Core Plasma Model 
(IRI/GCPM) using an iterative MART (Multiplicative Algebraic Reconstruction Technique) 
algorithm. The contribution of occultation data added to the ground based network lies especially in 
enhanced global data coverage. Hereby, a three-dimensional specification of the ionosphere up to 
1000 km is obtained above the North polar region and Europe. 
A combination of ground based, occultation and zenith GPS TEC observations can be used to 
model the entire ionosphere from the bottom side up to GPS orbit heights. GPS measurements 
onboard LEO satellites such as CHAMP, SAC-C, GRACE and the future COSMIC satellite system 
bear high potential to contribute to an operational monitoring of the ionosphere and to provide near 
real time data to forecast models used for space weather applications. 
In this paper we demonstrate the actual potential of the different imaging techniques for space 
weather applications. Therefore, we discuss case study observations of the disturbed ionosphere 
and plasmasphere by the imaged electron density fields. Their valuable contribution to specify 
ionospheric large scale processes is assessed by intercomparisons. 
 


