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Observation of sporadic E with the GPS-TEC technique
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1.Introduction

lonospheric observations have long been done with conventional ground-based technique. Although they could perform nearl
continuous observations of the ionosphere, their spatial coverage was limited. Here we employ GPS-TEC technique with thi
nationwide GPS array GEONET operated by the Geospatial Information Authority of Japan (GSl), and try to detect Sporadic E
(Es). Owing to the high density of the GPS stations, we can observe Es with a two-dimensional coverage all over Japan.

2.Methods

We study a very strong Es originally detected by ionosonde observations at Kokubuniji. This Es recorded its ionization peak
around 1715 LT with foEs exceeding 20 MHz. To detect the Es with GPS-TEC technique, we downloaded raw GPS data
from the GSI’'s website (terras.gsi.go.jp). We first studied TEC time series at the GPS station Setagaya (0228), and found cle:
scintillations during the Es occurrence. The strongest scintillation has a timescale of a few minutes and maximum amplitude
of "2 TECU. We considered that such scintillations reflect the passage of the line-of-sight (LOS) with a patchy Es, and tried to
detect TEC changes as deviations from a smooth model curve. The geographical distribution of the TEC changes is shown in tf
figure with color indicating the TEC anomaly. The positions of the circles show the cross sections of the LOSs with a thin layer
as high as 100 km.

3.Results and discussion

3.1Horizontal distribution of TEC anomaly
We found that the Es region is elongated in E-W and spans from west of Tokyo to the Boso Peninsula. Its dimension is "15(
km in E-W and "50 km in N-S.

3.2 Consistency with the wind-shear theory

We compared the raw TEC time series of different GPS satellites observed at Setagaya (0228). We found that large TE(
anomalies are seen only when the LOS crosses the Es layer in shallow angles. This suggests two things, i.e. this Es layer
very thin, and that the integrated number of electron hardly changes in spite of strong Es. The latter result is consistent with th
wind-shear theory, i.e. Es is caused by the condensation of electrons mostly by their vertical movements.

3.3 Electron density in Es

lonosonde data during the Es showed the foEs of 22 MHz at "1715 LT. The typical foE at this time would be 2-3 MHz, so
the observed foEs is higher than usual by 20 MHz. The peak electron density can be inferred from foEs with the formula f =
9Root(Ne)(f ; frequency in Hz, Ne ; number of free electron in &)in\s a result, Ne in the quiet E layer is 0.3 x516l/m?),
and the peak Ne in the Es would be 2.0-2.4 £@0m?). Thus, the peak electron density of this Es is 7-8 times larger than usual.
The TEC anomaly shown in Figure is only 0.3-0.8 TECU, suggesting that the increase of electron density occurred in a very thir
layer.
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