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Horizontal inhomogeneity detected by OCTAVE VLF/LF observations during a
X-class solar flare
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When solar flares occur, electron density in the ionosphere (60-100 km altitudes) increases because of intense X-rays.
So far, relationship between VLF (3-30 kHz) and X-ray flux has been reported (Paulin et al., 2010), although there are few
reports for horizontal inhomogeneity of the reflection height in the D-region ionopshere. The purpose of this study is to reveal
horizontal homogeneity of electron density in the D-region ionosphere during a X-class solar flare using multi-path VLF/LF
(30-300 kHz) transmitter signals of “Observation of CondiTion of ionized Atmosphere by VLF Experiment (OCTAVE)”
network. When solar flares occur, VLF/LF amplitude and phase vary with decreasing the reflection height. The transmitters
used in this study were NWC (21.8178S, 114.167E, 19.8 kHz), JJI (32.05N, 130.82E, 22.2 kHz), JJY (37.37N, 140.85E, 40.0
kHz; 33.47N, 130.18E, 60.0 kHz), and BPC (34.63N, 115.83E, 68.5 kHz). The receivers were located at KAG (Tarumizu,
Kagoshima, Japan, 31.59N, 130.55E), PKR (USA, 65.125N, 147.488W), and RKB (Rikubetsu, Hokkaido, 43.45N, 143.77E),
which are part of OCTAVE network. A X2.2-class solar flare occurred at 08:57 UT on 6 September, 2017. During the solar
flare, amplitudes of variations in the VLF/LF amplitude (A A) and phase (A P) were 2.65-14.73 dB and 31.0-150.25 degrees,
respectively. Using wave-hop method, we estimated reduction in reflection height (A h) from the observed A A and A P.
When the reference height was assumed to be 78.08-84.99 km, the A h were estimated to be 1.0-4.8 km for BPC-KAG,
BPC-RKB, JJY40-KAG, JJY60-RKB and JJY40-RKB paths. The difference in the A h for each path would be caused by
distance between the sub-solar point and each path, and sunset effects. In this presentation, we will discuss the horizontal
inhomogeneity of the reflection height during the solar flare in detail.

KBG7 V7 05RET 5 e, @Ik XL b BHEE (EE 60-100km) OB TEEN LA T2, ZAE T, VLF -
30kHz) ¥ X7 5 v 7 Z0OBBRIFEHE I TWB 2 (Paulin et al.. 2010). EEEE D fEIBIC BT 3 KSTEE D I/KE N E
DARE—HIZ DOV TOHREFITIFE A TN TWRY, KiFFFED HYIE, “Observation of CondiTion of ionized Atmosphere
by VLF Experiment (OCTAVE)” % v k7 — 2 D<= L F 32 VLF/LF (30-300 kHz) %EEE5ZH VT, X 77 2Kk~
L 7RO BEHEE D HIC B 2B TFEEDOKEAMOARE—MEHLPICTE22ThHhE, K7L 7HRET S L,
VLF/LF ORIE & MK EE DK I > TELT %, EFRIE NWC (21.817S, 114.167E, 19.8kHz) , JIT (32.05N,
130.82E, 22.2kHz) , JJY (37.37N, 140.85E, 40.0kHz; 33.47N, 130.18E, 60.0kHz) and BPC (34.63N, 115.83E, 68.5kHz)
AL, ZE/E. OCTAVE v Fv—2ZD—¥TdH % KAG (EIRERME/KT, 31.59N, 130.55E). PKR CKHE.
65.125N, 147.488W). RKB (dvig#EkERIi, 43.45N, 143.77E) %M@M L7z, 201749 H 6 H 08 I 57 4 (UT) I
X227 ADKBG I VT HREELE, TOKE7 L 7D, VLFLF OfRIE (A A) i (A P) oFFBRIZZAZFTHh
2.65~14.73dB. 31.0~150.25 FET®H - /=, wave-hop EZH VT, BHIZNTZA ABIUAP»LKHEENEREA
h Z2H#E L7z, EESE% 78.08-84.99km ¥ L7-34. BPC-KAG, BPC-RKB, 11Y40-KAG, JIY60-RKB, JJY40-RKB /%
ZTlE, A hild 1.0-48km 2 HEEI Nz, BXZADA h DEWI, KBEFEER R DOEH,. BLUOHROBEIC L
5H5DTHb, AFEKTIE. KEG7 L 7RO R EEDIKETADORG—HIZONTEFEL < FHAT 2,



