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Observation of sporadic E
using aeronautical navigation radio for instrument landing system
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Sporadic E (Es) observations were conducted in Kure, Japan, by using a software receiver and an Instrument
Landing System receiver for aircraft. We confirmed that the source of the anomalous propagation at 110.30 MHz
observed in Kure was the Localizer Type Directional Aid at Hualien Airport in Taiwan. We also observed a system-
atic change in the angle-of-arrival of the received signal, which may be used for observing the spatial structure of Es.
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1. Introduction

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 extremely high
electron density in Es can sometimes reflect HF to
VHF radio waves and cause anomalous propagation of
such waves for a long distance. Recently, Sakai et al.
[2020] reported a case of anomalous propagation on
May 15, 2014, during which radio wave in the fre-
quency range of Instrument Landing System Localizer
(ILS LOC) at 110.3 MHz was observed in Kure, Hiro-
shima, Japan. They suggested that the source of the
wave was the Localizer Type Directional Aid (LDA) at
Hualien Airport, Taiwan. However, this speculation has
not been confirmed by actual measurements because it
was difficult to observe detailed information of the
signal (i.e., Morse code/angle-of-arrival) with the spec-
trum analyzer used in their study. The purpose of this
study is to clarify the transmitting station of the 110.3
MHz radio waves observed in Kure by a newly in-
stalled ILS LOC receiver for aircraft and to evaluate
the effects of Es on such onboard aircraft equipment.
2. Methods
In addition to the spectrum analyzer used in the pre-
vious study [Sakai et al., 2020], an airborne ILS
LOC/VOR receiver for general aviation (KN35
LOC/VOR), was installed in Kure to observe the radio
waves. We recorded the Morse and the angle of arrival
of the 110.30 MHz radio in the summer seasons of
2021 from May to August.
3. Results and Conclusion
During an anomalous propagation event on May 17,
2021, the ILS receiver detected the 110.3 MHz radio
signal. The needle of the meter on the receiver was ob-
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served to swing during the anomalous propagation due
to Es. From the analysis of the received Morse code, it
was confirmed that the signal surely arrived from the
Hualien airport. The difference between the direction
of Kure as viewed from Hualien and the beam direction
of the Hualien LDA is -0.68°. During the anomalous
propagation of Es on May 17, 2021, the angle derived
from DDM (Difference in depth of modulation), which
we call DDM angle, was around -0.68°. However, the
most frequent DDM angle obtained during four months
from May to August 2021 was slightly different (The
mode of DDM was -0.48°) from the direction of Hual-
ien (-0.68°). It was also found that the DDM angle was
not always constant during the anomalous propagation,
and there was sometimes a systematic decreasing trend.
In particular, on June 30, 2021, there was a characteris-
tic change in the angle, which continuously decreased
by ~1.5 degrees in 30 minutes. Based on the direction
of horizontal motion of Es layer inferred from the de-
viation index of total electron content (ROTI) from
GPS receivers and the change in the DDM angle on
June 30, 2021, we suggest that the Es layer had a
wedge-like shape in its bottom part, which may explain
the difference in the angle-of-arrival between the pre-
dicted and observed cases.
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