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Observation of large-scale structure and movement characteristics of Es by means of
VHF long-distance propagation
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We have revealed that the wave-front structures of intense Es have a large-size more than our observation range of about 2
km, based on the results of the integrated observations of HF Doppler, satellite amplitude scintillation and ionosonde over thi
Kanto area [1]. It can therefore be interpreted that the source of Es must be outside of our observation area. So we should expa
the observation area to obtain the Es structure and movement characteristics to estimate the source location. The ionoson
stations in Japan separated approximately 1000 km each other cannot directly be used to derive the structure and movement
Es due to the lack of correlation. The HF Doppler observation with more than 500-km path cannot be used to track Es because
total reflection below the target-Es height. Additionally the satellite amplitude scintillations cannot be used to track Es because
of short and small scintillations in most cases. Thus we have been seeking other method to observe large-scale structure a
movement characteristics of intense Es.

We have reported that, in some intense Es events, the long-distance propagation signals were detected even in the higher VI
band and the long and narrow distribution of ships may be related to the Es structure [2]. Based on this result we started to sear
for the suitable VHF system for our objectives and to construct the VHF system to receive VOR/ILS signals at 108-118 MHz.
Then the newly developed system has been operating since September 2011 at Chofu in Tokyo [3].

The first ever Es event was observed on March 10, 2012 around 11h JST. At this event we received more than 20 VOF
stations in the Shanghai area around 2000 km from Chofu. The area size are approximately 700 km (NS) and 200 km (EW)
which corresponds to the size of 350 km (NS) and 100 km (EW) at the reflection point over the northern Kyusyu. By fitting the
frontal movement to the time differences of waveforms, we obtain the north-to-south moving speed of approximately 170 m/s
on the ground, then we can convert to the speed of 85 m/s over Fukuoka-city at 11h JST. Assuming the constant speed we ¢
successfully correlate the foEs peak at 12h JST at the Yamagawa lonosonde of NICT. In this way, we can estimate the large-sce
structures and movements of intense Es over Japan. Itis therefore concluded that the newly developed system observing the Vi
long-distance propagation may give us more information concerning the source of the intense Es.
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