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A new observation system established in Hokkaido, northern Japan to
confirm a suspected relationship between anomalous radio-wave propagation
and impending earthquakes has been documenting anomalous VHF-band radio-
wave propagation beyond the line of sight prior to earthquakes since December,
2002. During such events, radio waves transmitted from an FM radio station
were scattered, such that they could be received by an observation station be-
yond the transmitting station's line of sight. A linear relationship was estab-
lished between the logarithm of the total duration time of the anomalous
transmissions ( 7e¢) and the magnitude (M) or maximum seismic intensity
(1) of the impending earthquake for M4- to M5-class earthquakes that occurred
at depths of about 50 km beneath the Hidaka Mountains in Hokkaido, Japan in
June 2004 and March 2008 as reported in the previous paper (Moriya et al.,
2005). Similar linear relationships are also valid for earthquakes that occurred
at other depths. Te is longer for shallower earthquakes and shorter for deeper
ones. Numerous parameters seem to affect 7e, including hypocenter depths
and epicentral surface conditions (i.e., sea versus land). This relationship is
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important because it means that pre-seismic, anomalous transmission of VHF-
band waves may be useful in predicting the size of an impending earthquake.

To avoid misidentification of FM stations that have identical frequencies,
three 64 MHz band transmitters were established, each with a unique fre-
quency. Earthquakes that occurred in and around eastern Hokkaido scattered
waves from FM-band and 64 MHz-band stations and provided quantitative rela-
tionships between Te and M, and between 7Te and /.

Using the interferometer at the TES observation site, the incident azimuth
of the scattering waves from the Hiroo station was measured. Prior to two
earthquakes that occurred beneath almost the same part of the Tokachi region
at depths of 86 km and magnitudes of M 4.9 and 4.0, the interferometer yielded
incident azimuths of S18W and S34W. The true azimuths from TES to the
hypocenters of the two earthquakes were S35W and S38W, respectively. These
two measurements, therefore, suggest that anomalous transmission of VHF
waves is caused by scattering at the epicenters of impending earthquakes.
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Fig. 2. Sensitivity curves of radios. Four types of radios are used. They are Panasonic (RF-U99),
Onkyo (T-422M), VR5000 and AR5000A.

Table 1. Locations and start dates for nine observatories. TKB was abandoned in Nov. 2003
due to power line trouble.

Observing Point Code Lat. Long. Altitude(m) Beginning Closing
Teshio-Nakagawa TNK  44°46'33” 142 05 02 60 02 Dec. 04
Sapporo-Toyama HSS 42 57 53 141 13 57 215 03 Feb. 07

Erimo ERM 42 00 54 143 09 26 40 03 Mar. 18

Teshikaga TES 4329 00 144 24 10 220 03 Sep. 03
Akkeshi-Aikappu AKP 43 01 00 144 50 32 80 04 Dec. 25
Nemuro—Ochiishi 0CI 43 09 48 145 29 56 50 05 Oct. 06
Hiroo-Toyoni HIR 42 23 53 143 20 13 43 06 Sep. 08

Horonobe TKB 44 56 40 141 58 07 240 03 Jul. 16 04 Nov. 30
Emitting Point Code  Lat. Long. Altitude(m) Beginning Frequency (MHz)
Mitsuishi MUJ 42 16 569 142 35 09 35 05 Jul. 05 63. 965
Nemuro—Bettoga BTG 43 14 00 145 26 18 39 05 Jul. 11 64. 145
Akkeshi-Ayamegahara AYM 42 59 40 144 55 08 120 05 Jul. 11 64. 085

Teshikaga-Nita NIT 43 29 39 144 30 31 164 05 Jul. 11 64.175
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Table 2. FM stations producing anomalous radio waves, with station code and tuned frequencies,
and azimuth of antennas deployed to receive them at nine observing stations.

Obs St. Target FM Stn. Frequency Receiver Antenna & Azimuth
1 TNK +-10. 48576 Volt, 20 bit
HBR NHK 83.8 PANAO8 A SW
RUM/FRN NHK 84.8 PANAOS A SW
HAK NHK 79.4 PANA4T B SSW
SAP NHK 85.2 PANA52 B SSwW
OTR/WAK NHK 84.5 PANAO2 G SSw
2 HSS +-2.5 Volt, 16 bit
MUR HNK 89.4 PANAO1 A S
MUJ 64M 63. 965 AOR +booster B SE
URA NHK 86. 1 PANA53 G SE
SRK NHK 89.1 PANAO9 A S
0TR Air-G 81.8 PANAO7 F E
KUS NHK 88.5 PANA14 D E
YBR HNK 85.8 PANA11 D E
HAB NHK 83.8 PANAO3 E E
3 ERM Hioki +-10 Volt, 16 bit
HOO NHK 83.8 ONKY08 A ENE
NKS NHK 89.9 PANA26 B EN
HOO NHK 83.8 PANA18 ¢ E
SAP Com 76.8 PANA13 D NW
RUM/FUN NHK 84.8 PANA15 E NW
SIN NHK 84.0 PANA51 FNW
MUJ 64M 63. 965 AOR +booster G Vertical
HOO NHK 83.8 ONKY09 H ENE, Vertical
4 TES +-1.25 Volt, 16 bit
URA NHK 86. 1 PANA43 A SW
BTG 64M 64. 145 AOR +booster B Vertical
AYM 64M 64. 085 VR5000 B Vertical
AYM 64M 64. 085 VR5000 G SE
HOO NHK 83.8 PANA41 D SW
0BI Com 71.8 PANA42 E W
ASY NHK 89.7 PANA48 F o WSwW
BTG 64M 64.145 AOR +booster G SE
HOO NHK 83.8 Interferometer G SW (Array)
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5 AKP
NEM
TKG
ABA
BTG
FUK
CBA
ASY
NIT

6 0Cl
NEM
ASY
TKG
NIT
NIT
AYM
AYM
HOO

7 HIR
URA
RUM/FRN
0Bl
NKS
NEM
MuJ
ASY
NKS
MuJ
TKG

8 TY0
HOO
HOO
0KS

9 RSK
HOO
HOO

o0 oOoooo

oooo ooogo

+-2.5 Volt, 16 bit
Com 76.3
NHK 89.5
Air-G 83.1
64M 64.145
NHK 85.3
NHK 78.0
NHK 89.7
64M 64.175
Hioki +-10 Volt, 16 bit
Com 76.3
NHK 89.7
NHK 89.5
64M 64.175
64M 64.175
64M 64. 085
64M 64. 085
NHK 83.8
Hioki +-10 Volt, 16 bit
NHK 86. 1
NHK 84.8
Com 71.8
NHK 89.9
Com 76.3
64M 63. 965
NHK 89.7
NHK 89.9
64M 63. 065
NHK 89.5
Hioli +-10 Volt, 16 bit,
NHK 83.8
NHK 83.8
NHK 76.2
Hioki +-10 Volt, 16 bit,
NHK 83.8
NHK 83.8

PANA55
PANA10
PANA27
AOR +booster
PANA22
PANA23
PANA24
AOR +booster

PANA14
PANA19
PANA25
AOR +booster
AOR +booster
VR5000
VR5000

Interferometer

PANA47
PANAOG
PANAT6
PANA20
PANA21
VR5000
ONKYO1
ONKY02
VR5000

Interferometer

Local recording
ONKY06
ONKY07
ONKY11

Local recording
ONKY06
ONKYO7

O

M MmO m O o W > m o O O O T W >

T m © mom o O o W >

E

NW

NW
Vertical
SW

Sw

NW

Vertical

ESE

NW

NW
Vertical
Horizontal
Vertical
Horizontal
W (Array)

SSE

NW

N

NE

NE
Vertical
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Fig. 3. Location of earthquake epicenters, the ERM observing station, the HOO and URA FM
radio stations, and the summit of Hidaka Mountains (broken line). Open circles (O) denote
epicenters of earthquakes associated with EQ echoes. Crosses (X) denote epicenters of sub-
ocean earthquakes (M>4) without EQ echoes. Plus (+) denote epicenters of earthquakes,

which occurred in the period of instrumental trouble. The focal depth and magnitude of each
earthquake are shown near its symbol.
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Fig. 4. Log (Te) for EQ echoes from HOO recorded at ERM versus magnitude (M) of associated
earthquakes beneath the southern Hidaka Mountains. Numerals represent the focal depths in
kilometers: [ = crust, a = plate boundary, and m = mantle. The lines denote experimental

linear relationships between Log (Te) and M for earthquakes at the crust, the plate boundary,
and mantle.
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Fig. 6. Example records of EQ echoes from HOO FM radio station recorded at
ERM, RSK and TYO before the earthquake in the Hidaka Mountains.
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Fig. 7. Example records at ERM, RSK and TYO showing decrease of electromagnetic field
strength by stop of emission at HOO. Weak direct waves from HOO were always received at
ERM and TYO.
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ate deep earthquake (M4.0), which occurred on July 17, in Tokachi
sub-prefecture. ®1, ® 2, ® 3, and ® 4 are phase signals (mV) re-
lated to azimuth of incident EQ echoes. p 1 and p 2 are strength
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corded at AKP before the earthquake in Nemuro sub-prefecture.



282 00 o0ooooo o000 ooooo ]
B
{ 96(6.6) :
i 103(6.0) i i
X
63,5 12005, 1) i i
: @P ol Q: 66i(4, 4) 57.6) i Quea i
126.0ix, @A A [@ 2K i o) 5 ‘
g U NS wag BAD !
o360 ; / o f Mwso X xinws
j 89(3.9) Q80(4. 1) H i
Jsm,a) : ]
7.5 _agias) | 0@ i
s XABT) S
A ; . R .:
A ey o2 C{O 566.0)
6 (4. 7) 5 A a)/ i‘ Ban e
470.8 4 { i
R TR Wy N\ g X000 ;
P soee
° i X49(4.0)
50(4.9) i
) X 436.1)
50(4.4)
X 32(4.8) ;
.......................................... 42

144 145 146 147

Fig. 13. Location of earthquake epicenters in the eastern Hokkaido. Open circles (O) denote epi-
centers of earthquakes associated with EQ echoes. Crosses (X) denote epicenters of earth-
quakes (M>4) without EQ echoes. The focal depth and magnitude of each earthquake are

shown near its symbol.
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