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A Study of Variations of Plasmaspheric Total Electron Content during Magnetic
Storms by Using the GPS Total Electron Content Data
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Total electron content (TEC) is an integration of the electron density along a ray path from satellite to receiver, which
can be measured by dual-frequency Global Positioning System (GPS). However, the measured TEC contains inter-frequency
biases inherent with satellites and receivers, which cannot be ignored in original TEC. Previous study has developed a method
to separate ionospheric TEC from the inter-frequency biases by using the least square fitting procedure.[1] In this method,
plasmaspheric TEC (PTEC) is not considered. However, it is known that the PTEC can be 10-50% of the ionospheric TEC.
Considering the satellite zenith angle dependence on slant factor which converts the slant TEC to vertical TEC, PTEC could
be included in the estimated inter-frequency bias. Therefore, we have analyzed the inter-frequency bias data obtained from
approximately 9,000 receivers over the world. Storm events on September 2017 have been investigated to compare with
Arase satellite observation data. In the first event, the Dst index reached a minimum of -122 nT at 2 UT on September 8§,
PTEC decreases by 2.85 TECU on September 8 by using GPS-TEC data and decreases by 1.10 TECU at around 17 UT on
September 8 by using Arase satellite data, then recovers. In the second event, the Dst index reached a minimum of -54 nT
at 10 UT on September 28, PTEC decreases by 0.59 TECU on September 28 by using GPS-TEC data and decreases by 0.63
TECU at around 21 UT on September 28 by using Arase satellite data, then recovers. The result shows the variation of PTEC
deviation obtained from GPS-TEC data and Arase satellite observation data commonly shows that PTEC decreases after the
onset of magnetic storm and recovers gradually. PTEC with high spatial and temporal resolutions during geomagnetic storms
on March 2013, November 2017 and August 2018 is also investigated. It is shown that the bias at middle and low latitudes
decreases during main phase of the three magnetic storms and bias decrease tends to be large at the longitudinal sector which
is located in the nightside when the main phase starts. This result indicates occurrence of erosion process in the plasmasphere
during the main phase of magnetic storms. Therefore, this study indicates the validity of GPS data on measuring PTEC
variations.



