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Correlation analysis by mapping the AIS positions on the VOR intensity waveforms at
02UT on 27-May-2013
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As the new observation system of sporadic E-layer(Es), constant observation of the signal (162 MHz) of the vessel automati
identification system(AlS) and the signal (108-118MHz) of VHF omnidirectional range/Instrument landing system(VOR/ILS)
was started in July, 2012 at the Japan Coast Guard Academy (Kure-shi, Hiroshima) and the University of Electro-Communication
(Chofu-shi, Tokyo). It succeeded in Es simultaneous observation by VOR and AIS in Kure during May - July in this year. The
following things became clear as the result of analyzing the data on May 27 in this year.

1) The long-distance propagation by AIS and VOR occurred at the same time, and also the position of the AIS vessels i
coincident with the VOR signal intensity maximum area.

2) The direction of the wavefront (from a northeast to southwest) presumed from the VOR intensity waveforms is coincident
with the distribution of AIS vessel positions.

3) Since the incidence angle to the ionosphere is 79 degrees, it is presumed that fxEs exceeds 31 MHz from the requiremer
(the secant law is applied) which can reflect 162 MHz. Since it was such very high fxEs, the reflective loss in the VOR frequency
band becomes small and the VOR intensity was going up to -80dBm. Since the duration of AlS receiving time at this time was
10 or less minutes, it is considered that the appearance of the extremely high electron density area was a short time.

4) fXEs of the Okinawa ionosonde was going up to 16 MHz or so before about 1 hour and a half of AIS reception (around
0200UT(1100 JST)). The distance from the wave front of the Es, that includes the reflecting area of AlS signals, to Okinawa
is about 400 km, and when it is assumed that the Es moved linearly, the movement speed is about 80 m/s. This speed is n
contradictory to the past report.

Since AlS and VOR signals were received from the same area at the same time, it confirmed that that Es reflection (scatterin
is the cause of the AlS long-distance propagation, and it considered that the distribution of AIS vessel positions shows that th
high electron density area which satisfies the reflective requirements in the AIS frequency is very narrow and being distributec
in the direction in alignment with the wavefront. Various patterns exist in the past AlS long-distance propagation observation
results in Kure. These are the pattern limited to the narrow area where a vessel positions are, the pattern with several 100-k
spread and so on. These may be related to the structure of Es and the further analysis is required.
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