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Characteristics of temporal and spatial variations of global GPS total electron content
during magnetic storm
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Total electron content (TEC) tends to increase and decrease during the main and recovery phases of the geomagnetic stor
[e.g., Tsurutani et al., 2004]. The storm-time TEC enhancement is interpreted as an effect of the upwelling ionospheric plasm
by penetration electric field into the mid- and low-latitude ionosphere [Spiro et al., 1988] and equatorward thermospheric winds
[Fuller-Rowell et al., 1994]. Trichtchenko et al. [2007] reported that the ionosphgekig fordinary ray critical frequency of F2
layer) has an extremely large value at 12 UT over Japan for a geomagnetic storm event which occurred on 8 November, 2004, al
showed that the,fF; model cannot reproduce such the storm-time ionospheric variations. Maruyama [2006] also reported that
the TEC enhancement appears during the storm main and recovery phases, and pointed out that the midlatitude TEC enhancem
observed after the sunset is related with storm enhanced density (SED). However, since most of the previous studies focus on t
temporal and spatial variations of TEC in a specific region and the time and spatial resolutions of the TEC data were not enoug
high, the detail features of global TEC variation associated with the development and decay of the geomagnetic storm have n
yet been clarified. The purpose of the present study is to investigate the characteristics of global ionospheric variations durin
the geomagnetic storm using global GPS-TEC data with high temporal and spatial resolutions provided by National Institute of
Information and Communications Technology (NICT), and to understand the mechanism. The GPS-TEC data used in this stud
have spatial and temporal resolutions 0of’X8.5° in longitude and latitude and 5 minutes, respectively. Here, we first calculated
a difference value (dTEC) between storm-time TEC and average TEC of 10 geomagnetically quiet days. In this calculation
we referred to a list of geomagnetically quiet and disturbed days provided by World Data Center for Kyoto University. Next,
we created a two-dimensional map of rTEC (dTEC normalized by the average TEC of 10 geomagnetically quiet days), anc
analyzed the temporal and spatial variations of rTEC for a geomagnetic storm which occurred on 8 November 2004 with the
minimum SYM-H value of -400 [nT] at 6 h (UT). As a result, the normalized rTEC in America, Europe and Japan showed a
large enhancement with the maximum values of 12, 2 and 5 during the main phase, respectively. The rTEC enhancement in Jap
was maintained even after the onset of the recovery phase, and the maximum value reached “17. In order to investigate the spec
signature of rTEC in Japan in detail, we created the figures showing time and latitude cross-section of rTEC at a longitude o
14PE. As aresult, we found that an extremely high rTEC appears near 12 h (UT) (21 LT) propagating from high to low latitudes.
Such the extremely high rTEC also appears in the low-latitude North Ameri€éalj2@ 4 h (UT) (21 LT). These enhanced rTEC
regions were located in 40 magnetic latitude (Japan) and’80magnetic latitude (North America). Furthermore, the enhanced
rTEC region in Japan propagates westward with the velocity of 317 [m/s], nearly equal to the Earth’s rotating velocity of 339
[m/s] at this latitude. In addition, we compared the DMSP satellite drift meter data provided by ISR (Institute for Scientific
Research) with GPS-TEC data in order to verify if such the westward velocity exists in the high rTEC regions. As a result, the
westward ion drift velocity ("250 [m/s]) over Japan actually exists tdNdfhagnetic latitude, and decreases to 106 [m/s] at the
higher latitude (43N magnetic latitude). From the above results, it is found that the westward ion drift velocity near the high
r'TEC region is almost consistent with the propagation velocity of the high rTEC one. Therefore, we conclude that the storm-time
high rTEC structure is almost fixed near 21 h (LT).
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