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Statistical relation between anomalous line-of-sight propagations in the VHF band and occurrences of

earthquakes.
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Abstract: This paper was intended to find out any relation between anomalous
line-of-sight propagations in the VHF band and occurrences of earthquakes near the VHF
propagation path. The broadcasting waves from Tokyo tower were monitored
continuously for 1155 days at Kiryu Gunma. Anomalous propagations were distinguished
from the received data by using a statistical analysis. After the statistical thoughtful
consideration, it was found out that earthquakes associated with anomalous propagations
were characterized by (1) magnitude of earthquakes M=4.5, (2) distance from epicenters
L=75km and (3) depth of hypocenters D=50km.

Key words: seismogenic electromagnetic phenomena, short-term earthquake prediction,
VHF band, line-of-sight propagation, precursors of earthquakes.

1. FC®HIZ
WA, FEWHE TMAE HI & LT, HERBIRICA U 2 BRI FIBLG & HUE R E OB
PEIZOWT, B RBLIIAIR RN ME STV D ($JII,2006)0 FRlZ, 199541 H 17 HITH
A LB ORI 2 L 7B « ISR S LIRE _M%ODBQ% IOWTHEEMNEEY £
OBUAFER N HE SN TS, HEORIKERSG L L TN ERRFNBRGOREIL, =D
KRB S D, — D HEORIfRN & L TA U D s ﬁ:/) THUH S5 BERa & B
EE{EIJLKYB@“C%E) SRS B8R B 134k & 72 JE R O D BRGNS DS U S 42 723, i’ﬂl?ﬂ
DAGHRAR R LI 70 720y ULF il & U TR 2726 O ¢, MR A= OBk i ~ %k EI HIJ
BRI T-#ENH 5 (Fraser-Smith et al., 1990; Hayakawa et al., 1996), & 59—l
R B S 2 E BER CB Lfd@)@“( FIZ VLF % & VHF # D 2 O@ﬂ(ﬂ@ﬁ(ﬂ?“(@%ﬁ@”
FERNHRE SN TS, VLF #FIiZ TZD@E{E'J’C X, e - RHERE T — R CElT 58
fFEE RN OB R ZFHITH 2 LT, Bl FEICAE CEEL 2 NI 2 7S Th
% (Hayakawa et al., 1996; Molchanov and Hayakawa, 1998), = O#HIF1E T, XE/R
EZfER (BLR) MEMBSKMEFEORFEEREZRZ S5 Z LN TE 570, B FTREFK
BT km & JR#HIPHTH 6 ji VHF 45 %2 AW 728 Tl s X % R LA VHF
ORI 2R 2D 2 & T, BRI ZEINT 2715 TH S (BH, 20005 Kushida and
Kushida, 2002; Yonaiguchi et al., 2007), S HIZ, HUIBIREF 22 57120 T, %G
B OB G AR 25T 252 & T, #ELOEEEZ LV IRGERLZ#E LI T



W5 CRNEIED, 2007), ZAUHOBFERER) G, Rl LS VHF a5 1 LB E N
TEHA<HERMEWVWRKIENORFEZRIAT-ODOTHLZEBHALNERSTND
(Fukumoto et al., 2001; Fujiwara et al., 2004), & 52, JbiEEHIT 2351 2 T iEEE FM
W%ﬁ@ﬁmﬁﬁ%QWL\E%ﬁﬁ@ﬁ%ﬂmﬁﬁﬁkﬁﬁ%Ké@k%%@ﬁﬁ'%ﬁ
EEMOBEMEZ M T 2H®EHH 5 (Moriya et al., 2010),

EZATERELIL, 4 FE TBIXIGIC > TWih o - il LN VHF #HEMHc A L,
SZAEENBE L R AEGH T AV AT A EEETHZ E TRMOBNZE Z o TE T,
Fi@ LN VHF 15 BOER I X R 5 TE 52 O C 2 FENMEOLE 2 G+ 5 Z & Cs
PRI R L RS & O BhEMEIC OV TR L7 (KB 1E2>, 20095 Motojima, 2009) ,
Fi@ LN VHF S i@ il < ik, BT ResipH Mo Hik X 0 H < 22 503, 85 7o B E

IZ & D) 70 22 R R R 2 R 23U R BIGR A HIk 2 /5 B RV AT T & A3 HT

BEED, T2 TARMLTIIEMBOBIGER 25 L L, 2 N2 OBEMER L5
Tﬂ&“;@% ZE O FIREME D @O HIEE D S0 LOU‘Tﬁd‘E’J CIRRET 5, £ LT, iR 2o
TV5LEEZ LN HEORME, (2ER LB EWEEEERE, GBRFOTES, WlHO
AR, ITONWTELET D,

2. BALARATLET—ABWER

ARG SR 28PN Trx, Rl LN VHF SRS ORI R & BRI R0 & E e b
T HHE & OEM A FFAICERT S0, EYBOBRNASLEL o7, £ Z CENE
W B ENBIH S AT A EAEEE L, il LN VHF 5k O 5 B R0 E 4 3 4 L4 e @i L
710 OB AT ML, BEERFELFMAES v /SRR E S, i E SR TRERE

ICELE SN 0T o7& BB EICIG U CRai e 7 v 7 T ERIRT 52887
?T@%%\%%%ﬁ%ﬁ%%ﬁ@%ﬁx&?EWT%§4f\?*ﬁ%ﬁ&@ﬂ@ﬁPC
THERR S CTER Y | 24 FEfER: CHEMBLIA FEETH 5 GEMIZAEZA (2009), Motojima
(2009) B SN TV D), ZOBEHIT AT A%, VLF #~UHF 8 O JLHH8 T2 A5 B R i
SN TFIRETH VW . VLF # JIY 7226 UHF #0 T L EHOEK £ TK 50 25 2 9145
WKEIFHHI LT 5, Bl SN2 EEREEIL. 30 0EICHEICTY 7 7L ST bR
DR—L_X—=TH =27 v 7Ta— R, £ F—FXy b EOEZNETHRZEENMRE
A H AR CTE D L 927> T2 (http//www.el.gunma-u.ac.jp/~motolab/) ,

ARFHSCTIE, BHIFOK 50 F 0 o b R LINISEE RN H 5 VHF HEGE 2 x5 &3
%, BARMICIZ, WA U—%2%ER &35 VHF # FM foXk & 7 1 75 L e gk s
SWDOZIFE ﬁ%ﬁwm%m#m_Mﬁbf\hWE DREEBRE L, BHRX T — L8t
,%k$W$#¥VNX%m%mmm%nfwéﬁ SEMHIER R AR S A k = 4/3 L35 L %AE
s (HAE) 1 RAaE UNEPH OB U < . Sl HER AR E K DB A 21T B M iE BRI
%50%%W%ﬁ%%m7$2ﬁiIH#%ZONEESH31Hif@nﬂ%£ﬁﬁkbf Z D
(LN SN -2 EEARE A TR R & Uiz, ZEBRAMEICIT ) A ARLHEFREL 25
tel=8, 20 pEBEIVEYEELZET—2 L Lz, &2 %T\ﬁ@LWVHmeWT%OT
45 %E ﬁﬁﬁ A2k %, £22CT1 HE 54 T8 0 288 DEFEHAZ/T T, 4D
IR B 32 A8 BRI O Em SRR E o ZRINT 5 2 &THWM®%@%@D%
wtoﬁk ZFHEIC KD EENIEZT L TR, FKBEIL, 6 ORSF SO 7= D1

C1EOHETERT LN, BERTTHDEZ LIRS ﬁAiﬁH<®T%%LTw

(L ELH DR AT SRR E B ORI m &SRR o & FL BRI L 7o, AR if
SESEmM X D +30' PLEANT=ZET — 2% [RgT—4%) L L, #HlR8EDH>H 3 &u
L CRIBHCRE T — 2 B S L. Lk ZONREED 30 45 LA Bkt L=t 2 T ol i i 38
éj&Mmtto&k\iﬁﬂﬁﬁ@%h@ﬁﬁfﬂﬁ(T/«w%r)%ﬁNtk A,
B ORI B W CESEZ P IIFET I ZASM L TEY . Kin L THWAEHR



DS MEHLEN Z Y ThH D Z & R L TV 5D,

KL T, BIRERE & HEORAERLMREN G, WM& OEEEZEZET 5, GilRE
DR ENT%, HDH—EORFMNICHIENRE L6 % 108 SHET S, Lz
OHEFETIE, WHEORICEEENFEET AWV VX DMIREL TV DHHAETH, -
FloEMFDORAEMBERENE TR CHELTLE S, LrbisitEs & RO AR
BN NE ERERIIC TR ORIED L 25720, 2O F E TIEBEEEELZEZLETE 0,
Z 2T, e & ENSEABICREA L TV A0 EE (n,, £ T5) Z2FEHL,
EEOBHFERDE LN D 0PEE (N, &9 5) LT 5 Z & CliE o REME 2 552
T 5. (e & EORERLMEN t,, UNTH L5 6% 5] LHEL, & HIZEH
Ref (I Bea T, & 925&. TV NIRAE LR 1 EOBEWEE N, FEOHBER MO
tooq FFRINICZE U D R IT Ly, /Ty Th 2, BRI PICIEA L BIRRE O E N, [
L, SOITHIRA N BIEAE LT &35 & WE D EMHBE OSSO P E RN, 3R L 72
el

n_ = anom *~ 'Veq " ‘seq 1)

Z TR, EROBMGEEND (G LHE ShERN,, &L BRI RD 6
12 SRR O BRI N, % FeT 5 = & T (SR & R OB 2 B2 5 0 O K
e & L7

3. HAKR

AT DS CHIE LT AR 13, 200742 H 1 B2 5 201043 H 31 HETOD 1155
AR 33 EFAE L GRDFDO N, =33), ZhiE, FHT DL 35 AIC 1 [HIOMHE TR
REENEEL WD D, —J. ZOBRMKTIC AARETEE 1 U EoMmE T
#4800 FIFEAE L TV A, BN & 2O EIHUE A R & 3 2 HiERI3H 1200 FIEETH S,
ARG T, el & B O AL IR & Wi OREME 22242508, 2 TOMES
KRLTH e, MEORAERBNL T ETRIEET & OBREMEN SN BR, F72, b LHH
BN B LN VHF G 8 % 5 2 TV A 72 51T, B —HA R O BRI IS 0 B F 1
IF L@ ROVHE A BN TAOMBICRESINDITT TH D, IHIT, HEN/NIHET
FZDOTIRBIR L/ NSWTHAI D, BEHGERZHZ LT LW EEZ2 N5, £2
TR TIL, BEXNG LT HMEALBIAENEE L OEL O b0 & L, HEOH
WA~ 7 =Fa—R3ULOLDIZRET H, £ L TR &, k5L 3 2RO DR
(v =Fz2—FRMD, @QBRE GEEHRTHIERY UV —LZERTHIMAELESE
MRE BRI & U C, (GIREERMERL (km]), GEFROHES (Dlkm])., & oBS#EME
T4 2 ARETRICIRGET D,

3. 1 HMERELCHREROEEN
FEPHEOIC, HBOHMKE (v 7/ =F 22— F) LA & OREMEIC S\ T Table 1 1278



4, ZZ T,

ﬁ&@%%ﬁ%7&muw

LI (D <50km) o beiity sy i

AL TWE8E

WCERRH Y

(L<75km),
IZIRE L TV D, ISt i IR 48 RpFLIAIC
(teq =2days) % [ffFE) LHELLMRTHD,

EBIEOERI 75§ 50km

Table 1 Relation between magnitude of earthquakes and anomalous propagations.
Number of
Number of earthquakes with Number of
Maeni earthquakes, N anomalous nObS/ Mone
gnitude q > Neqg earthquakes )
(L<75km, D<50km) | Propagations, Mo | g0 () n, . | "2
(teq =2 days)
= M3.0 109 8 6.23 1.28
= Ma3.5 50 6 2.86 2.10
= M4.0 35 6 2.00 3.00
= M4.5 10 4 0.57 7.02
= M5.0 2 1 0.11 9.09
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Table 2 Relation between epicenters of earthquakes and anomalous propagations.

Distance

between Number of

ropagation Number of earthquakes with Number of n, /nu
propag earthquakes, Neq anomalous earthquakes rlz);tio ne

p.'f{th and (M >45, D<50km) propagations, N, | from (1), Nyne
epicenters, (tq =2 days)

L [km]

L = 200km 54 7 3.09 2.27
L = 175km 50 7 2.86 2.45
L = 150km 43 5 2.46 2.03
L = 125km 27 5 1.54 3.25
L = 100km 22 5 1.26 3.97
L = 75km 10 4 0.57 7.02
L = 50km 4 1 0.23 4.35
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Table 3 Relation between depth of hypocenters and anomalous propagations.
Number of

Depth of Number of earthquakes with Number of n /nu
hypocenters earthquakes, Neq anomalous earthquakes rl;stio ne

(D[km]) | (M>45L<75km) | | onaoations, Ny, | from (D, M

(t,, =2days)

D = o 17 4 0.97 4,12
D = 70km 14 4 0.80 5.00
D = 60km 11 4 0.63 6.35
D = 50km 10 4 0.57 7.02
D = 40km 7 3 0.40 7.50
D = 30km 4 2 0.23 8.70
D = 20km 2 1 0.11 9.09
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Table 4 Time difference between earthquakes and anomalous propagations.
Time span associated with Number of earthquakes Number of Mo /nunc
earthquakes, tseq with anf)malous earthquakes from ratio
propagations, Ny (1), Nyne

t.., =30days 6 8.57 0.70
t.,, =21days 6 6.00 1.00
t., =14 days 6 4.00 1.50
t., =10days 5 2.86 1.75
t.,, = 7 days 5 2.00 2.50
t., =5days 5 1.43 3.50
t.,, =4 days 4 1.14 3.51
t., =3days 4 0.86 4.65
t.,, =2 days 4 0.57 7.02
[ =1days 2 0.29 6.90
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Fig. 1 Anomalous propagation data on VHF TV broadcasting band (Aug. 16-18, 2007).
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Fig. 2 Region of the earthquakes’ epicenters under consideration and VHF wave

propagation path.
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Fig. 3 Anomalous propagation data on VHF TV broadcasting band (May 7-8, 2007).
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Table 5

anomalous propagation.

Relation between weather conditions and earthquakes associated with

Occurrence Depth | Occurrence time . .
. . Direction
time of . Magni of of anomalous .
Epicenter : and velocity
earthquake tude | hypoc propagation of the wind
(JST) enter (JST)
At 21:01 on Southern Ibaraki About 01:00 on
May 08,2007 | (36°03'N139°53'E) | " 4P | 46Km | niavos, 2007 | MW 25mls
At 13:36 Eastern Chiba M4.5 | 24km
and, (35°21'N,140°21'E ) About 22:00 on WNW
at 16:55 on Southern Chiba M5.2 | 20km Aug. 16, 2007 2.2m/s
Aug. 18,2007 | (35°02'N 140°02'E)
At 07:34 on | East courts of Chiba M4.6 | 36km About 05:00 on Calm
May 01, 2008 | (35°26'N,140°26'E) ' May 01, 2008 0.2m/s
Table 6 Relationship between weather conditions and earthquakes associated without
anomalous propagation.
Occurrence Depth Maximum
time of . Magni of window velocity
earthquake Epicenter tude | hypoc 1n nighttime Remarks
(JST) enter (JST)
Weakly
At 14:43 on | Southern Ibaraki SE 8.1m/s, at anomalo.us
June 02, 2007 | (36°08'N 140°02'E ) M4.6 | 50km | 20:00 on June 01, | propagation
’ : 2007 before 19
hours.
. Offshore from ENE 4.0m/s, at . )
At 04:15 on eastern Chiba M5.3 | 31km | 22:00 on Aug. 15, Epicenter in
Aug. 16, 2007 the sea
(35°26'N 140°31'E) 2007
. Western ENE 3.1m/s, at
At 02:21 on Kanagawa M4.9 | 14km | 01:00 on Sep. 29,
Oct. 01, 2007
(35°13'N,139°07'E) 2007
Weakly
. Eastern SSE 2.9m/s, at anomalous
Aﬁt 13:2888 Kanagawa M4.6 | 30km | 20:00 on Aug. 07, | propagation
8- 1% (35°37'N,139°32'E) 2008 before 11
hours.
. ) ESE 4.2m/s, at
At 15:13 on | Southern Ibaraki M4.6 | 45km | 20:00 on Aug. 18,
Aug. 20, 2008 | (36°03'N 139°54'E)
2008
. . NW 8.7m/s, at
At 04:54 on Southern Chiba M4.6 | 31km | 20:00 on Feb. 16,
Feb. 17, 2009 | (35°16'N,140°13'E) 92009
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