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The sporadic E (Es) layer is a phenomenon in which the electron density increases locally at an altitude of about 100 km in
the ionosphere. The radio waves reflected by the Es layer can propagate anomalously for a long distance; thus, Es layer has a
potential to cause interference to radio systems such as aeronautical navigation systems.

The aeronautical navigation uses the frequency band of 108-118 MHz to provide navigation information to aircrafts. The
Instrument Landing System Localizer (ILS LOC), which is the focus of this study, transmits radio waves in 108-112 MHz
frequency range with amplitude modulation at 90 Hz on the left side and 150 Hz on the right side as seen from the aircraft.
Then, ILS provides information about the approach course based on the difference in the intensity of these two modulations
(Difference in Depth of Modulation: DDM). Since the output radio wave has strong directivity, it may cause anomalous prop-
agation over a long distance due to reflection by the Es layer. Recently, it has been reported that a 110.3 MHz radio wave,
which seems to have been transmitted from the Localizer Type Directional Aid (LDA) at the Hualien Airport in Taiwan, was
received in Kure, Hiroshima, Japan, using a software receiver. However, the source of the signal has not yet been confirmed
and it is still unclear how the DDM data can be used for inferring the spatial structure of the Es layer. To overcome these
problems, in this study, we have newly installed an ILS LOC receiver in Kure, which was actually used in the aircraft, and
the direction of arrival of the radio wave was measured continuously.

During an anomalous propagation event on May 17, 2021, the ILS LOC receiver also received the 110.3 MHz radio signal.
From the analysis of the received Morse code, it was confirmed that the radio signal actually arrived from Hualien. The
difference between the direction of Kure as viewed from Hualien and the beam direction of the Hualien LDA is -0.68 deg.
However, the most frequent DDM angle obtained during four months from May to August 2021 was slightly different (the
mode of DDM values was -0.48 deg) from the direction of Hualien (-0.68 deg). This may be because the beam direction of
the ILS LOC at the Hualien Airport changes due to the propagation direction and the spatial structure of the Es layer.

We have also investigated the deviation index (ROTI) of total electron content from GPS receivers during the intervals of
anomalous propagation. The midpoint between Kure and Hualien, which is considered to be the reflection point of the Es
layer, is located in sea areas. Therefore, in the case of a weak Es layer, it may not be possible to confirm the occurrence and
propagation direction of Es layer only by using ROTI. However, in the three cases on May 27, June 8, and June 30, 2021,
when anomalous propagation by Es was detected, Es signature in ROTI map was observed to move in the southwesterly
direction from Honshu to southern Kyushu. The variation of the angle-of-arrival calculated from the DDM values shows that
the angles are not always constant during the anomalous propagation, and there is sometimes a systematic decreasing trend.
In particular, on June 30, 2021, there was a characteristic change in the angle, which continuously decreased by about 1.5
degrees in about 30 minutes. Based on the direction of motion of Es layer inferred from the ROTI mapping and the change in
the angle-of-arrival on June 30, 2021, it can be suggested that Es layer has a wedge-like shape in its bottom part, which may
explain the peak of the difference in the angle-of-arrival. This means that the motion and spatial of Es layer can be inferred
from the change in the angle calculated from DDM of the ILS LOC receiver.

In the presentation, we show the statistics of the occurrence of anomalous propagation from Hualien in the two summer
seasons in 2021 and 2022. We also discuss the characteristic change of the DDM values during the anomalous propagation
as an indicator of the spatial structure and the motion of the Es layer.
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