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Analysis of the spatial structures of the sporadic E layer
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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. Normally, VHF radio waves above 100 MHz are not reflected at that altitude. However, the extremely
high electron density in Es sometimes reflects HF to VHF radio waves and causes anomalous propagation of such waves for
a long distance. Therefore, Es layer has a potential to cause interference to radio systems such as aeronautical navigation
systems. In this study, observations of Es using radio waves used for aeronautical navigation systems, in particular the ones
for the Instrument Landing System Localizer (ILS LOC), have been conducted in Kure, Japan.

The ILS LOC 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 of the runway as seen from the aircraft. Then, ILS provides information about the approach
course to airplanes based on the difference in the intensity of these two modulations (Difference in Depth of Modulation:
DDM). Since radio waves from the ILS LOC system have strong directivity, they may propagate anomalously over a long
distance due to reflection by the Es layer despite its low transmission power of 10 W. 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, using a software-defined radio 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 been operating an ILS LOC receiver since in Kure, which was actually used
in the aircraft, and the direction of arrival of the radio wave has been measured continuously.

During summer seasons, we often observe a very strong signal at 110.3 MHz at Kure, which is possibly caused by
anomalous long-range propagation of VHF waves due to reflection by the Es layer. Analysis of the audio Morse code
obtained from our observation revealed that the VHF signal at 110.3 MHz received in Kure was transmitted from a Localizer
type Directional Aid (LDA) at Hualien Airport in Taiwan. The difference between the direction of Kure as viewed from
Hualien and the beam direction of the Hualien LDA is -0.68 degree. However, the most frequent DDM angle was slightly
different from the direction of Hualien. Moreover, during nearly half of the events during two summer seasons, significant
fluctuations were seen in the DDM angle. The statistical analysis using two years of measurement indicates that the
characteristics of the fluctuation of DDM (which is identical to the angle-of-arrival of the signal) change from case to case.
This implies that Es has a potential to change the propagation direction of radio waves used for the ILS Localizer system;
thus, the behavior of DDM values may be used for diagnosing the complicated spatial structure of Es.

In this presentation, we will report on the statistical analysis of the data obtained from the software receiver and ILS LOC
receiver for the anomalous Es propagation events in the summer seasons of 2021 and 2022. Furthermore, by introducing a
few cases of anomalous Es propagation in the summer of 2023, we will discuss how the characteristics of the DDM variation
reflect the spatial structure and dynamical characteristics of the Es layer through comparison with the two-dimensional maps
of Es from GPS-TEC ROTI and the radio wave observations of the Automatic Identification System (AIS) installed from
ships.

ART T4 v E(Es) B, BHEEOEERN 100 km BWTHEANCETEENERTI2HRKRTH S, ETEEDOH
RiTHW, BHERERE EBIcBW TR SIS Zehnn 100 MHZ Zi8Z % VHF i OERD Es I L D K Eh s 2
DB %. Bs Ik o TR SN EIIE, REIFBEIC D7z o TERFEER L, MIZMIES R T L8 OIS 27 MITEK
FBEG &R TAREMELR D 5. L1k 2021 £ 5, ﬁﬁ”‘zﬂn{i/XTL\ FHCRI A REEE o — % 7 4 ¥ — (Instrument
Landing System Localizer: ILS LOC) O & % Fl\ /= Es BO#HI 2 AERATICB W TITo T & 7.

ILS LOC %, 108-112 MHz D& i & fiiiZetn> & B TARANC 90 Hz, AIZ 150 Hz TIRBAFH L TEE L, ZiEDZE
(Difference in Depth of Modulation: DDM) % FWT, #A 2 — I T 2 Bl L TV 5. X 2 ERI, s
EEZ RO 720, Es JEIC X 2 KA CREBBECO: 2 BHEMOBAEC 27 6EELH 5. FE S DI — T ORI DHIFEIC
o T, HRDOLEBRATIBWTABOEHEZEED ILS LOC B o Ji A8 (Localizer Type Directional Aid: LDA) 2»
LI EZSHNS 1103 MHz DBEEDY 7 + v = 7"%{:.1%%’8%14\7“&{::%19]75@&&5h’CL\% AWFZETI, ‘/
7 b = 7 RZEITINZ T2 IEEA ILS LOC 32{EH % L& R IR TICRRE L, B OFIRTT M 2 #gi sl L. 2
&Y, BEEEIROEETEHLPICT S 2 & BT, ILS ® DDM DfED & ES E@WF‘E‘I%LKFQT% BREHNT 22



¥ DSATRE D B MRELE L 7=,

Es JBIZ & 2 BEMLMA N> F T, ILS LOC ZEMIR T ZEBHRBEICEEIR O N, MEEEROBKIRICNT 2
Es BOHEBEZOWTHR T Z N TE 7 BUTHOALEFRE— LV AESE2BNT LIz 25, ATRELL
110.3 MHz O EBIIZ, EPICEBOIEZZHE L D EEINTWE Z AL, LAL, ILS LOC ZEHKIC L - TES
N7=ZEEBEO Y — 2 7F00 & DIRAL O M B2 RN U758, B 5 R-EBOGED MM L BEO Y — LH
DOHMADZE (- 0.68 ) L IZBERZHEERTHENZ L, B+ EEDORM R 7 —/T DDM DEXEH T2 22 b
o7z, 2021,2022 O 2 RO BEs ¥ — XY OBBIZFETINCHET T2 2212k > T, 2D X 57 DDM DEAK % £
BT HAXRY MDP2EROFECAL 25D, ZORETERBICRLRSZ Z e dHLPICKR 5. 2D X 5% DDM OfED
ZENX, BEs OB M2 22 RIREE DS, TEH 2208 LDA OB OGIHAMEZ(L I TV R RENEDSH 2 FERELTED,
DDM ODEMIZE{bA & Es JBOBIRICHE $ 3188 E B2 Z L hHFTE 3.

ARERTIE, TNETD 2021,2022 TH LN Bs DEFELRKA XY MZOWT, V7 by = 732E/K BX O ILS LOC
ZERICE > TE LN T — X 2NN L71ARE2 MG 5. £72, DDM OZHRED Es B ¥ 0 & 5 12 224
W& - BERE R KL TV B2 DWW T, 2023 FEEZICE S 47- Bs JE O BIEIEH] 2 i & b, GPS-TEC ROTI 12 & % Es
JBD 2 RITH AN B BNk B2 (Automatic Identification System: AIS) DFEHEIRI ¥ DI EITS 2 & T3 5.



