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Simulation study of effective ionospheric shell height based
on Global Core Plasma Model
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Abstract In the process to derive total electron content ( TEC) from GPS observations,
ionospheric shell height is one key parameter in the conversion from slant TEC to vertical TEC.
Because it is impossible to obtain the real distribution of electron content from D region to the
height of GPS orbit, the selection of effective shell height is always an open issue in the TEC
derivation method based on GPS data. In this paper, the Global Core Plasma Model (GCPM) is
adopted to simulate the ionospheric effective shell height in solar maximum (2002) and solar
minimum (2008). Based on the results of the simulated shell heights at eight representative

points selected according to the spatial distribution of global TEC map, the variation of the
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effective shell height is studied. During the day-time, the effective shell height is relatively stable

(about 500~750 km), while at night it can change from several hundreds to about two thousands

km. In addition, the relative errors in converting the vertical TEC from slant TEC at different

elevation angles are analyzed. The result shows that the error decreases when the elevation angle

increases. Also, in the regions of the larger spatial gradient of TEC, the shell model can

overestimate the TEC where the electron density is high, and underestimate the TEC where the

density is low. This problem should be noticed when GPS-derived TEC is used to analyze the

variability of ionosphere. Finally, based on the simulated results of effective shell height at

different locations of Earth, the most optimized shell height is investigated statistically; the most
optimized shell height is 560 km in 2002 and 695 km in 2008 on the global average.
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Fig. 9

Mean relative errors of TEC with different shell heights

The horizontal solid line shows the relative error of TEC by centroid height.

The horizontal dotted line shows the relative error of TEC by median height.
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Fig. 12 Distribution of absolute error of converted
ionospheric TEC with latitude and local time in 2008.
The shell height is 695 km
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