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Observational Research for VHF (FM radio broadcasting Waves)
Scattering Waves as a Precursor of Earthquake Occurrence
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In order to confirm that VHF scattering electromagnetic (FM radio broadcasting) wave
beyond line-of-sight transmit before earthquake occurrence, we have tentatively installed five
observatories in Hokkaido, and started observation on December, 2002. We introduce here
the result of observation containing statistical characteristics of some parameters of the
abnormal transmission. We think that before 66 earthquakes, which occurred in and around
the northern Japan and Hokkaido until November 2004, the scattering waves had observed.
We found that logarithm of the total duration time of anomalous transmission, Log (Te), has
important information about Magnitude (M) of earthquake, though Te seems to be function
of many parameters containing depth of hypocenter, distance to and power of broadcasting
station, and surface condition of the Earth, that is sea or land. Beneath southern Hidaka
Mountains, depth of hypocenter concentrates in a narrow range from 48 to 54 km, and
relation between Log (Te) and M has good linearity. We could show that the scattering
wave as a precursor of earthquake really exists. It is possible to analyze statistically
duration time of the scattering waves, therefore monitoring of the scattering VHF FM radio
waves observation is much useful to forecast earthquake occurrence.
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5. Kushida and Kushida (2002) iz & #US, RZEREIIEGAMBIL 53N, ZEROMNERIC
BWDWAREREIH D L, ARESDHMIZTEBRN TH - T, BHEEO FREMECKE
DRAT L 1B CERA»EL, TS 2 FMBEEOREE BT 2 2 & TREOHK
BRHL T/ R L T 2525803 1980 SR R RIB A S SHRADK 2 T2 T+ 7
FFERTH), T T FRBEFEICHET LN TS, #561IMBRIC FM B0 REEBE &
BOMICBEFRY»H 22 L 2RBR L, BETNE Z LIZRERREIERI <7 =F 2 — FicBfE)
HHEEFRLTVEETH Y, BRULBERIZL b Ty, ZDRDIIEADE VA
AL DHBEFHERDDOT 2EZ DS DD, VHFIZBR S T WSO BRI RE LBE2
T 5 2 X I3 BABERENREINHESRE (Hayakawa, 1996 ; Fukumoto et al., 2002), TZEkED
JEEFAF 325 (Sakai et al, 2001), B X UEREERZENRIIFRELHREZIT> T TINHRR
RHEPDH T3 (Fujiwara et al, 2004), FHLRPRNMEPNDEEIMO LN TS5 EEZ T
BLREY 2 B2 % #h> 72, Kushida and Kushida (2002) » 5 R Tl B M 115 5 I3 BEREBE 2
MOMTZLRTELVDT, RAEBELZ0.1~0.15MHz 75 L CHRREEBH 2 5 BR
SMENEBZBHTEZ LI T, ZOFREELIEI LY I —F2—=2 7 LHA T
555 V7 b Fa—mr FHBREELRETH D), TOFRTEN S N5 EOREEBICIL,
HEBRIWSC N ETREIA T EMPBREOIREIRBICKELL LD FLTCRE L) 2D
NDEATHHDEN), HHRIDBARDERITOWTRERENEHBICREHIBINL 2O T
HbEwvosTwd, 372 Pilipenko et al. (2001) b ZOREBRARERRICEKk LR, EBM
WICRESFHDLIEE2HEZTHE, L L ZOBRIZKANICEEMRYE U hEROBIERIC L &
2 CFMBGREAMRET 5 2 L i3 MiEVv 7% v, Fukumoto et al. (2000) 24/ &HIc%ZME
HEET, WEOFMBERENRERICty b LTHARHEDR L LT T+ E2HD6ENDT 4
COINEHSERTERL, ERENRENNELZ BI ko7, WE & BEES D - 2 BELRIZK
T3 45 BEOWADT > T+ 2 FOZERIRCERBENEE & L L 20 BBENT > T
FEBOZEBRTIRIZLACEHIBRUTE Lo, ERTYTFOERFOMELHBEICLT
W % K T 722 ER IR HEBICBIRT 2 8ELE GUERGELE) RSN Twir -7,
AR FMBEREIZKERE TIThbN T3, BB TIAGRHFEING L7777 —MHEEIZLY
FEERERDDEAT 23T ¢H 3 (Ichinose and Kainuma, 1996 ; Smith and Matsushita,
1962). L2 LEBICEZEINT VI ERMANKRNT > 7+ 0@ EELE 280 L 720 T, #
EHELE S EHERE L ) LIEWYKRBADOIGL L 28EUR THRAE L Ty 3 HEEDSEWZ L 2R L
Twd, ZNHZ i Fujiwaraet al. (2004) L RERE L7z, F MR NEC-BWEE (80.8, 80.9,
81.0 MHz) 2B L TV ERIIFICMLZEL T ih -7z, BELRITERRD /4 XLt
BT vZ & 2R Cw 5, Fujiwaraet al. (2004) (335 EE A S ClE 0 FM B5KE =&
o> 4 B2 BRI L, BREE S S BB R L FERIPOKFHETREL ZHEM>4.8)ic2
WTH L2 LRI B REREIEI > T2 L 2R, FHLIEFMBGEOBGELK L BIEL
REELNIHEL OMICERY LB/ D 200 L5 2RIET 52012, 2002412 A5
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Fig. 1. View of antennas and container for VHF

- N e observing radios at Toikanbetsu, northern
2. DIEBOERE L X DHRE Hokkaido (TKB).

FEBICIITE T ERET, AH

RBEBNEEL 12 PLL 74 P I NEARHDOZEREFE -2, ZHOREBLZFERTIOTENE
NDZEBOBEL TE BT EH 272, ZEBICHERTIENRIRELL A X741 —%
T 72, BB OE RS 0.1 MHz MR THd L 1T 555 FM 7 2 4 o fFEilRi: 0.35 MHz
Thd, LEZF->TLLOEFrLHEEIEEL TP EBETIZEIELLNENT, &
NZRIT 5 -HOICEERABOFHBERERICHALNTYWE LT Iy 774 07 —% 350
KHz Db 75 13KHz DL DAL L THRIBIEZ MR < L7z, 43k FM BGRE ORI BIE R
ARZ P NEFSTHWENTHR L TCLRENTRREES 505, TEBETRENHEL L%
THLDITRFRICYE L 2. FLRERICERBEVCEEN NI TEZmT2&IT 2. ABHT
I3 EBRATICFE LN TS IC (TA 8132 AF) o AGC(auto gain control) ¥F %ML /2.

AGCHBIZT > T T ATMEB V-~ ULd'—60bdm 82 TAEL 2B BB LIS, —F, &
LI —100 2 5 —60 db FREDE TEE T 5 ) T AGC B BEERBENRIEICHET B 2
EIRIBEAFEY, FEBROBIRICIEZ /A X7 4 VI —EDEELBEZHE . 2 LAAL v
Fr VBEZVHEH T/ 4 X2 HELTWINOTHERTE k- 2. HROZEHR (v
=v 7, RF-U99) BREICIELDEIREVOTENESRZ LT I v 774 N7z T
T2F— 1ENOHEIREEE (8 ~14db) 2L CHREH L 72, AGCHTrLDHEAv iz 7—7
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Fig. 2. A Dblock diagram of observing sys-
tem. Bold squares denote modified and
attached circuits in Panasonic Radio.
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5. F=snHh-nu¥
oA —EHEVHT A XHPBRANCHEL e nwd H IS EE» SH A — P VIEBEL THRET S
ZEBPUETH T2, TV 7 ) FREHIIIHz L Lz, 77— 2T A-2i2&DT
ELIPTR(ERBICELNG Z LV EET, HEREDENICH 5BREDRET - BRITHhILL
g b, ui—d L EEEENREZEHL TR EREN/ Va3 L b 54
To Ak dh, BREIC YAy 2BnT—FEul—» LT —EEE2ITv, ADSL &k oo
Y 3 EBE THAROMREANT I EEEIT-> T 5B, 2004 F 11 ABERH P OB IR
D5 WA CH b (Fig. 4), FLIRvH G XEE L o AL BB B AT (HSS), =) TS U i
(ERM), TR bEMBEEBN & (TES), KN B uhBR < (TNK), BENTHEX
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Fig. 4. Locations of observing stations (@) and FM radio broadcast-
ing stations (A) in Hokkaido.
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Fig. 5. Antenna directions and monitoring
frequencies at five stations. The broad-

casting stations are selected not to
have duplicated frequency to other
stations.

Fig. 6. Locations of FM radio broadcast-
ing stations used for our observation in
the northern Japan.

B3R b o Twie i, Fukuda et al. (2000) DB 512 100 km & D i34 DKW & 5
ThHad, bLLIOKkmBETHIITEBERL2 0 kmBEICEET 2L LTRTHLLEZ
Ltz BEKRDEEMECGAICILEER TREL L9 LT 2RI IRoMiERIC L > TET
BEICHVATERTH LML LSS, BB BT 2B TIIon k) LMELZRL CEY
UM T3 30km (ERM— 2R NHK F) 25, RWHETIIH 1200 km (TES—FM &8
BR) [ THREL T b (Fig. 6), ALHEEN T BT MBS W 0 CHRAEEI B0L/E AL
HLPEERETHH) EEZ TS, LEERE» SETRICHT COBBESLs €= —7
L7:DITITFATHESVETH S 5. ErEURL Fukuda et al. (2000) DEBRIASRT & 5 Ic#Edo
HETH> THEEBUCSE BT 20 THIUSTHBROBERIIRE,»TREIN S, AR TFHE
L TRT > T 2 ERAETC, ERICIZAEFEICH 5 PEEF L OB CHESELE %
ZELEIELTVE, L LHBBPCESEEMCHREUAL MY 2 L BRI B IS
TN H 570 b ThH 5. 8 Z OHFIEER OBERIL —T0~60 dbm BBEND VRN TEEEINT
WED, ZHOVNERZ THIEBRELEPSEIINDL Z L 05h - 72,
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BEGEREF L L CALNTYIHRICE, HEICL 28EL, MEBICL G, AR T4 v
7 EJg (Es) DiEELIC & 2159, 2 L CHIEBICBERT 28ELY H 5. £ oflic KABBESCKE 7
VTOEENC L - TEE /A ADBHENE, ZN65DZEBREBRMFEOETSH Y, WELILH
BHTED, FRICE 2EELEROMSERIZIZ L A EHR 1IRREETH L, MERICLIK
HEOREEILEW - ) LT THELIELL, #ERHEIIL 2 - 34 TH S, Es DEILIZH
100 km DEZ N 5% ), 3L A EOBRETRIFICHEL B3T3, BRLBEICIZ GPS Bl
Lo THRLNGHBA A E(TECITKRELEHIBNDE Z LT, BFLTWEF—A
N—U R BEICTLLHF - REXTE S, EREIIBASEETREL 2L OPFE IR E
o TTRTOZERICHERICEN S, K7V T OEEITMERIBE CRMRICBR I N 5.
INLZOD A RIZBGEEDEFEE (LR ICF 2 —=> 7L BRI IZEI N L
THHR N5, MEKEEORHIZ, 100 km REDTER CII&4 Lot B e LT
BROW &7 50, BHOBARBICEL LA V-3 B ( BT 23580°% < Sy Mk
Bl 7ot BIcb EDV~UUCES Z E %\, Fig. 7Ta~7dici3P EToOXZEEAF £ 7RT,

V. 2003 £ 9 A 26 B-Rs4iER (M8.0)I125%1T L THRR & hF-BELIR

HTEBE A (TES) i3 B AR B L URENORE LR T2 2B E L TRIT
LNBRATH B, FHC 1952 FHBHHHEOERE TRIL, 20HIKI L LOFELET20% 5
EEDE I BIDTHEr%BUT L L HHIE L2, L2AHPBEMERBLIZRNE (98
4 H) b ERBOBRZREICEECBHU I LGS, 20416 HE ClliXEHBER SN2, 20
% Fig. 812y, 729 A 10 B3 4Lk (HSS), TES B & Uit (TKB) I By THEEBIC RE
ZEE E 7z (Fig. 9). TES Tix 9 A 16 H F TicHELE DS EER 0&5H07 1007 Rz L 72,
Z D% HSS TRAERE $ CHBBOBEE DRI Bkt /4 Xr8ns:, wERER
Z #uix Kushida and Kushida (2002) 3L 72 “BT &E” Tho 722 o HEEEI NI, FxD
BT ‘BT RE” BZoMuciZiZ L A CBRMR T HELFMEIZ TE -7, 9HA20H
ZHDOMETIREROPRERENRELZEZ Lz, “BT BE™ I >0 UIREBoBED
RETH D EEZ2 Tz,

VL. BEREELROMETR L EE

2002 4 12 A4 & TNK & HSS THBlZBHE L /2. £ 2003 4 3 Aic ERM, 9 Ric TES
BLUTKB 0BE % D7z, 2004 £ 11 B 2 TiolRE 72 2003 £ BHTHE MB.0 L 2 HRES
FL 66 HARAADTE L HEIC DN EET 2 EE 2 L3 MEBNRCHERELE Z BH L /2

(Tablel)., FEEEZ2BMTEZ ) TTELL>ZHPRBEOMBEIL £ oA & i
Table 212/R L 72, HZEELHE W B & HE & DRI 2 BI{R13 Kushida and Kushida (2002)
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Fig. 7d. Example records of scattering. FM
radio waves from Chiba (CBA) FM station,
observed at TNK, before earthquake, M5.7,
which occurred on 20 Sep. 2003, near Boso
peninsula, central Japan, in the depth of 70

km.
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observed before earthquake. Ta: Active
period of the scattering waves, Th: quiet
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active time and earthquake, Te: Total dura-
tion time of the scattering waves.
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Table 1. List of earthquakes, before which scattering electromagnetic waves had observed.

Y M D H M E N D M Ta Te TbTc Rg* Obs & Broadc Stns. Ref*
2002 12 01 18 57 143 58.1 42 39.6 103 5.4 6 10 5 9 C HSS—Kus, Nks 1
2002 12 13 19 57 143 10.0 42 20.5 47 3.9 2 55 7 9 L HSS—Kus, Nks 1
2002 12 23 05 31 139 59.2 36 12.0 55 4.1 9 6.0 5 6 L TNK—Chb, Mrk 1
2002 12 29 04 23 143 27.9 42 35.5 53 4.0 9 24 9 14 L HSS—Kus, Nks 1
2003 01 01 07 29 146 17.6 44 43.0 203 5.1 9 9.3 2 4 S HSS—Nks 1
2003 01 06 13 42 142 21.3 41 03.8 45 4.9 12 9.2 4 16 S HSS—AKki, ChbHci 1
2003 01 15 12 23 145 00.6 42 51.4 47 4.2 14 88 3 4 C HSS—Kus, Nks 1
2003 01 28 20 09 142 04.5 41 19.7 25 4.5 9 2.5 2 7 S HSS—Ura, Hci, TNK—Mrk,Chb 1
2003 02 13 04 17 144 39.9 43 33.0 12 4.1 5 29 9 10 L HSS—Nks, Kus 2
2003 02 19 14 01 141 51.0 44 07.0 222 6.1 18 45 8 16 L HSS—Srk, TNK—>Mrk 2
2003 03 16 14 35 143 00.5 42 29.7 100 4.6 19 52 2 12 L HSS—Kus, TNK—Mrk 1
2003 04 08 03 28 141 57.6 36 22.2 24 5.8 18 5.4 2 11 S TNK—Chb 1
2003 04 14 12 46 143 07.3 42 21.7 50 4.3 8 17 3 4 L HSS—Kus, Nks 1
2003 04 17 02 59 142 20.7 40 57.4 40 5.4 12 3 4 S TNK-—Mrk, HSS—Chb, Aki, Ura 1
2003 05 01 18 11 143 04.6 41 54.7 40 4.0 10 30 5 4 C HSS—Ura, Nks, Kus, ERM—EES 2
2003 05 12 00 57 140 05.3 35 51.9 47 5.2 25 21 7 15 L TNK—Chb 1
2003 05 26 18 24 141 40.9 38 48.3 71 7.0 18 195 2 3 C TKN—Mro, Chb 1
2003 07 20 02 25 140 17.5 41 275 (09 4.1 6 21 1 6 L HSS—AKI 2
2003 07 26 07 13 141 10.4 38 24.1 12 6.2 17 79 6 9 L TNK—Fuk 1
2003 08 18 18 59 140 06.7 35 48.0 69 4.6 11 12 3 7 L TNK—Chb 1
2003 08 30 19 06 142 40.4 41 48.7 55 5.4 11 3 8 8 C ERM—Sap, Asa 1
2003 09 20 12 54 140 18.2 35 12.9 70 5.7 28 36 4 18 C TNK—Chb 1
2003 09 26 04 50 144 04.7 41 46.7 42 8.0 15 1006 8 7 S HSS-KusHci,TKB~HeciUra, TES~Hro 2
2003 10 05 00 30 137 17.0 36 00.2 15 4.5 16 9 12 L HSS—Oky 2
2003 10 08 18 06 144 43.0 42 28.6 29 6.5 38 6 11 S HSS—Nks, Kus, TES—Hro, TKN—-Kus 1
2003 10 15 16 30 140 03.1 35 36.6 74 5.1 50 5 8 L TNK—Chb 1
2003 10 18 18 32 143 50.6 43 25.4 08 4.5 2.8 3 4 L HSS—Nks, Kus 1
2003 10 31 10 06 142 41.9 37 49.7 33 6.8 13 8.5 4 15 S TNK-Fuk, Chb, TKB—Aki, Chb, Hci 2
2003 11 07 02 37 143 09.8 42 16.4 46 3.9 20 57 4 17 L HSS—Kus 1
2003 11 15 03 43 141 10.1 36 25.7 48 5.8 6 53 4 6 C TNK—Chb, Fuk 1
2003 11 23 07 00 141 07.8 35 34.3 39 5.1 7 9 2 3 C TNK—Chb, Fuk 1
2003 11 24 21 18 143 00.3 42 18.8 52 5.3 17 96 3 7 L HSS—Kus, TNK—Kus 2
2003 12 03 23 11 144 49.1 42 23.4 15 5.9 6 136 7 9 S TES—Hro, 1
2003 12 13 12 32 134 18.0 34 33.3 15 4.6 58 359 4 26 L HSS—Oky 1
2003 12 12 10 46 143 02.0 42 28.9 59 5.0 14 123 4 5 L HSS—Kus 1
2003 12 22 17 47 144 41.7 42 19.8 34 5.7 8.6 5 6 S HSS—Nks 1
2003 12 29 10 30 144 455 42 25.0 39 6.0 40 6 10 S HSS—Kus, Nks 2
2004 01 23 18 01 141 07.8 37 15.5 66 5.3 24 18 2 6 C TNK—Fuk, Chb 2
2004 02 07 09 10 143 44.7 43 18.1 03 2.4 21 2307 6 23 L TES—Hoo 2
2004 02 15 21 52 143 07.1 42 21.2 51 4.8 20 26.4 9 14 L HSS—Kus 1
2004 02 17 16 46 145 59.8 43 05.5 46 5.6 1 14 5 5 C TKB—Kus 1
2004 03 19 13 10 143 18.8 43 27.8 10 3.0 14 709 7 8 L TES—Hoo 1
2004 03 27 00 20 144 22.5 41 45.3 37 5.8 1 65 2 2 S TKB—Obi 2
2004 04 04 08 02 141 09.4 36 23.2 49 5.8 9 25 6 9 C TNK—FUK,Chb 1
2004 04 12 03 06 144 59.8 42 49.7 47 5.8 8 156 3 7 C TES—Hoo 1
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2004 04 28 12 52 143 22.1 43 18.2 5 3.1 10 6.7 4 10 L HSS—Nks 2
2004 04 28 18 16 139 50.6 36 54.7 8 4.0 9 3.2 6 9 L TNK—Fuk, Chb 1
2004 05 06 22 43 145 07.2 42 28.3 43 5.7 1 15 4 4 S TKB—Obi Kus 2
2004 05 21 23 27 144 42.6 43 44.1 5 4.8 23 81 1 2 L HSS—Nks 1
2004 05 29 12 47 142 01.4 37 39.6 38 5.9 9 57 1 1 C TNK—Fuk, Chb 1
2004 06 11 03 12 143 08.0 42 19.1 48 5.2 4 387 3 4 L ERM—Hoo 1
2004 06 12 02 05 142 11.9 40 01.8 55 4.6 10 70 1 9 C HSS—Hci 1
2004 06 19 14 45 142 50.4 42 13.8 27 4.1 8 9% 0 1 L ERM—Hoo 1
2004 07 07 23 13 145 21.9 42 26,5 49 5.0 11 43 2 10 S TES—Nks 1
2004 07 29 13 08 143 06.4 42 25.7 50 4.7 2 76 2 3 L ERM—Hoo 1
2004 08 03 03 00 142 59.4 42 21.0 54 3.1 2 6 06 1 L ERM-—Hoo 1
2004 08 22 17 28 145 04.2 43 23.0 91 4.0 13 133 1 6 L TES—Nks 1
2004 08 26 04 57 143 00.6 42 19.9 53 3.7 6 45 0 0 L ERM—Hoo 1
2004 09 01 11 49 141 47.0 36 55.1 31 5.6 21 21.5 5 16 S TNK~Fuk, Chb 1
2004 09 03 07 01 142 55.2 42 14.2 54 4.1 6 13 2 2 L ERM—Hoo 1
2004 09 10 13 22 143 06.3 42 21.2 51 5.1 2 2251 2 L ERM—Hoo 1
2004 10 08 04 26 143 07.2 42 20.4 50 5.1 22 381 5 20 L ERM—Hoo 1
2004 10 17 09 11 142 59.0 42 20.6 53 3.8 1 19 3 3 L ERM—Hoo 1
2004 10 30 07 02 140 49.2 39 04.5 9 3.2 1 16 5 8 L ERM—Akt 1
2004 11 11 19 02 144 29.3 42 04.6 39 6.3 2 17 1 2 S TES—Hoo 1
2004 11 27 07 42 143 05.0 42 19.4 51 5.6 18 805 8 10 L ERM—Hoo 1

Ref*:
1: noticed before earthquake
2: noticed after earthquake

Rg*:
L: land, S: sea, C: coast

Rl T B &) ICHIROBOEB A S B H BN, RERRRE D E5r 7 & B D BELME B &
N>, —HICEREBN S, BBICHANLZ B SEHERE»FAET 5 (Fig. 10). Hridvwsn»
5B v #— % (Fig.10 ®» Ta, Tb, Te, BL U Te) #H/EL THE ST A —2F, &(
g E=er=Fa—-F M) BRI O>WTHELL, BRLEHL T 503 ERELE D
HREEEERS D A5, BRkEREEE (Te) T4 5. Kushida and Kushida (2002) i Te (444 % BeRiiz
M & BEEAH D EERLTWE, —BINICE R 52 &3, HRTHE S N3 MEDRIKIRE,
LLLFAETEM P RECIZIEEL, BB, SLBEOREIRVIIEHCLETHH ).
ZNZ EBHEREEIEELBETH LI HATH > (, EROHBNERAMNLHEEIZEbLHT
B TH B0 5 KMERICH 2 T LR & 8 & 1350 TR D %E»H 5 5. Kushida and Ku-
shida (2002)i3ZDZ & 2FEL T nwTTe t M EDBRERNTWELICERMIES. B
BRIz Te DHHNH Log(Te) M7y bt Fig.11a & Fig. 11b SIZ/RLTH 5. #iE
DIED Log (Te) IZEBOMEBENZN L Y LR, FLMEDELOED D> THEMRHIZ L &
v, BROMETIIE LIEN TS, BEOBRS B (RWHEED (LLRoBRHE,
FEEEEOBEMEL L) L 2003 FHBIPHEENKICHEEL TBY, INLICBMRL 2EK
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Table 2. List of moderate magnitude of earthquakes, before which scattering waves had not obser-

ved.

Y M D HM D M Region Reason*
2003 01 21 13 19 47 5.0 off Ibaraki Pref. 3,4
2003 02 16 12 03 63 5.0 off Fukushima Pref. 3.4
2003 03 03 07 46 41 5.8 off Fukushima Pref. 3
2003 04 29 22 53 18 5.9 E off Hokkaido 3,6
2003 05 17 23 33 47 5.1 near Choshi, Chiba Pref. 5
2003 05 26 some after shocks of the off Miyagi Pref. Earthquake 5
2003 06 16 18 34 77 5.0 Northern Miyagi Pref. Earthquake 1
2003 07 03 08 52 33 5.8 off Tokachi 1,3
2003 07 08 13 30 41 5.2 off Kushiro 3,4
2003 07 26 some after shocks of the Northern Miyagi Pref. Earthquake 5
2003 09 26 — 11 30 some aftershocks of the Tokachi-oki Earthquake 3.4
2003 11 23 17 56 44 5.2 off Fukushima Pref. 3,4
2003 11 24 18 48 55 4.8 Hidaka Mts. 5
2003 12 27 6 35 30 5.2 off Kushiro 3,4
2004 01 15 9 10 106 5.1 off KunashiriIs. 2,4
2004 02 04 15 08 63 5.3 N coast of Iwate Pref. 2,4
2004 02 17 16 46 46 5.6 off Nemuro 6
2004 03 03 4 37 37 5.4 off Nemuro 6
2004 03 11 11 34 48 5.3 off Ibaraki Pref. 4
2004 03 18 16 04 32 5.3 off Kushiro 3.4
2004 05 08 18 42 11 5.0 off Sanriku 3,4
2004 05 16 16 20 25 5.0 off Hachijyo Is. 6
2004 05 30 05 56 23 6.7 off Hachijyo Is. 6
2004 06 13 14 55 65 5.3 off Sanriku 6
2004 06 22 11 17 29 5.0 off Tokachi 3,4
2004 06 26 06 42 37 5.0 off Akita Pref. 3.4
2004 07 03 03 59 23 5.2 off Erimo 3,4
2004 07 17 15 10 69 5.5 off Boso Peninsula 1
2004 07 20 05 58 98 5.0 Hidaka Mountains 2,4
2004 08 10 15 13 48 5.8 off Iwate Pref. 1

2004 08 17 12 01 47 5.1 off Erimo

2004 08 19 20 40 73 5.0 off Fukushima Pref.
2004 08 21 05 33 38 5.4 off Boso Peninsula
2004 09 05 19 07 38 6.9 off Tokai

2004 09 05 23 57 44 7.4 off Tokai

2004 10 06 23 40 66 5.7 Chiba Pref.

2004 10 17 03 54 49 5.7 off Ibaraki Pref.
2004 10 23 17 56 13 6.8 Niigata Pref.

[=r T B - = T

*Reasons:

1 Interrupted by Es activity
2 No Eq-echo {(deep hypocenter)
3 No Eg-echo (deep sea region)
4 No Eq-echo (small magnitude)
5 Duplicated (+4 days) with another earthquake
6 Out of detectable region
7 Trouble of instruments
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Log (Te) — M (Sea area)

Fig. 11a. Plots of Log (Te) versus Magnitudes of earth-
quakes, which occurred in the oceanic region near
northern Japan.
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Fig. 11b. Same as Fig. 7a but for earthquakes, which
occurred in the land area in northern Honshu and
Hokkaido.

BB IEE IRV, BROBRS & Te OB E Fig. 12 10K L Th 2. Te DRAMED b L >

FREBRENREIFEWITIERWHEBIIZ-END LT3, Te 2HRET 537 A —F XL HFE
FTorEZ LN, TALIEM, BEORS, BEBOMS, BERD 6SEAL COER, i
DRI G Bedr, BEOBATEEI HBD), BLUSEROBRELZETHA). bLLRSY
—ENHEEEN D HILE, Te DHEIIZ-E ) br2RTTH D,

VI. EHEWUARESER OEREE & BUELK

H S ILBREEERIC IZER & £ 50 km (NiEIC MBEBNE T B H 5. 2 213 2003 F1+BHED
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Log (Te) — Depth of Hypocenter
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Fig. 12. Plots of Log (Te) versus depths of hypocenters
of earthquakes.

REBTLH 572002, BRI BRI ER TH 5. ERM Ti3 30 km L2 Bt Tv7%v» NHK
ERE (ZoBE¥EIE 83.8 MHz TALHEEMIC IZ PR & EBRICR— D BEK 2 B OREHRIDH
. ZDHICHEEER S N2 HA I IIPRADEE BN L EREDOTHEMELGH 2) D
BEHL T3, 2 0MICIZERK 1000 m ) H & ILIRDERBZEOEE L HIT T\ 5.2004 £ 6 A
PO ZORBTHOBRAZ S EMISULEOMEIR ITHEREEL, FRLNESIF2HELKRE
48~54km TH->TIN b IEORNCIZ TR CHERELEBEE N T3, 7277 L EERICIET
WlTTE A & DR R HSS, TES 8 L TKB TEMRL T 2 25H EIUIRFEERO MBI X L
THEURIZBRAEI N h - 72, 26 DFER L BAIM ERM B L O NHK BB NALE % Fig. 13
IR, B3P BIL50km D IENHE SRR 27km OHME 1Bt 2 Te & M & DBFR
# Fig. 141277 %, LA»LBEH98km, M5.0 DHE (EBHi3 Fig. 13D +F1) L REL 2
RLUZHBHELBIIBR S N k572, ZOL ) ICBENRII—EL HIE Te & M L nHIzIZ
EROLERI DL bl s, LALEREI > Th T WHENRE 2MBLZI LIZTE W
DTMEHET LI LIZTEL, KITHEBLTWE3T7 X — 23, MBEBELEIRHBICH L b
N7zEEE D & B AE F TOBREL Th TH 2, BEIS N7z Tb ofEMRHEIZ H & ILARREH O
ET200H, ROUBVEHMIZIBTH-72. £HEBICOWIHTbHL X7 F 4% Fig.15a
12, BBWUROHBIZOWTHZEN% Fig. 15bic 2N FHURT, Ta & Tco MRRB T 2
BIRIZAECIELDWTHCERY D 5 L EZ LN BRI L b kb T2,

Vil. & & - HB&®

li]

<1111

Kushida and Kushida (2002) 7"k L Tv»5 FM kO RERFIIHWEORNICBNG Z &
PHErS btz ERMICBT 25T H 30 km LB T 2 WERFOBEMREEIT HEILRD
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143 Q 10 20:: 30km

Fig. 13. Locations of epicenter of eleven earthquakes,
observing station ERM, FM stations HOO and
URA, and summit of Hidaka Mountains (broken
line). Numerals and those of in parentheses denote
depth of hypocenter of and magnitude of earth-
quakes, respectively.

Log (Te) ~ M (Hidaka Mountains)

b

3.5

Fig. 14. Plots of Log (Te) versus Magnitude of earth-
quakes which occurred beneath southern Hidaka
Mountains. Numerals are depth of hypocenter in
km.
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Fig. 15a. Histogram of Tb (unit is day) for 66 earth-
quakes.
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Fig. 15b. Plots of Tb (unit is hour) versus magnitude of
earthquakes, which occurred beneath southern
Hidaka Mountains. Values of Tb fall in a range
between 20 and 220 hours, corresponding to a range
between about 1 and 9 days.

HWENDACEHRE L THERELE # /R L 72, dLiEEic 81T 2 0Fc DB L - TS TRERRE
il Te BBBEOBEEHHNEM 2 FHT 52 EHTEEL T A—F TH B EHRENT, &5
12, BRELRIZE 1000 m FREDRNKABNICTE 20 TH-> CTEBHERE L X LI EFICEVS
FricTE20TRTWEW) Z LR LN, L L L BEEE CBELEIET 20 ThH LT
P2 100 km DFR THEI S NIT T % b2V h, EBICIRE LD TRVWERT L BES N
Lotz TER, BERBOHEREEIIFEREEPPRBERIPO M 5.5 L LOMERLERR
iR (20034E5 A 26 H M7.0), EHEIGEHE (R4 7 H 26 H M6.2) 7 &I KUk L CHuE
HELE 2 R SR, MEMHABEROBEIC DWW L brbidr o7z, $7-10823H
CHBERPEHTRE L 2 BHEIC DWW Tit, TES TEHRL T2 HiBE» & DukELE 2 8l T
Elpdr oz, INLDBRREREDP L 500 km LI EBEN 2B OB EIZHIROMBEOREIZ I 513 &
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DEKAFIREEL, BHTIRRBTELZV W) ZEHNEZZ) TH5, LEEL L OB
o EERERMEVBATELIRRATH S .

WETFMETEDIEE > TAEIRRE ) & LT 3 0 ERBELEOBRIC £ > THE T
BT ANTHHHH? HEBEEICEIHEORICETIBRISIN T HVwDT, Te
POLHEHEBEMEHETEL, MBBILIVA FAT70BRICH B2, TR L BR T
Te L NBMRY R 5720, HREZ 2HENEBB L ORI FHET L 2 EITHENLTRT
LAPBVWERTIELRTELZY, 205 AERTCHETH (=100%2%7: 2 HIEFHR) IFTRET
5, BziT, PBBEEBOBREWEIEFT 100 50BRE N T2, L LLIEBROBETHIUT
MiZ656 7T OMENTFREIN, BEROBENAEEH50~60 km DMETHIUTMIZ 5.5
56,0 NDHEXITHEEINS, L2ALL LINBEOHMBATNORE 10km ICEHE H 2HEL 51X
Mit4~5RBENNMES LS, ENIRI DPITF DR TOMBIRBEINOHERS > S HR L 20T
NEH56LXWTHA ., Fx DBRITIE, KE WM OREDRIC IZEBORRIC DV CBELIE A
B E NEERDFEEP LHHIC T L T b2 L 2 PRI, LA LEBMcBEEN, R
EHKRECHEDIIKEIZRS v, BEEH T D@2 SHK§2 & 100 kmBEZZNL T
T1BHREREOMB CRAET MBI TELZOTM6RENMED 1 BMEEHHB
THEHRTLINEELDS. BZL{MDH LW 2 MENWENIIKHARIZIMETELR LA L &
FSIBRIBEREZFH-> Tl BbN 0T, METMIRAETHS ). 7277 LEEELE Tk
BRUMTOIZ1~8BHTHY, ZAL,rOBRENMEBENIRI LI LEP L) DEFETEZD
DT, EER BN SENN L BB OHR BT 5 2 & THENICHETHRE HE 5
RTThH b,

HEBELE OB W E ZICBITHERORY TH 5. £ OBABRBEIITH I HEMES KA
HOBERBOREIrRLIE-TCWEITH L, NP LIBRUEBOWRLBIANEE 28072
ETE DL MERRE LT VHF BELBEBR O ELFELL 72, B e 2 &3, MEREL
BISHBEOREICRCEBRL TWEZ LT, FELNBURBRIGZDARICERREFDE 52
e Bz 2L T B,

BE MRT2E2o0T 252 T EE RN, EHERCEBHFEBRICEHL 7. Bl
HRBEEICIIUTOR 2IcE 2 Wwiaiinwie, L CERSHL 9. EERFEIEEIF AR
NEZ 0%, BHMERERERIE SRR BB ARCB BT, &b EXFRFEREAF SRR A L8
WHRt > 2 — IWBFEE, RALRFERERBEFRER A NREMG, FREREK, JoEgEx
FAHEME 7 4 — L PR Y F—-RIEMRKR (MEREHEEL) OFuREB L REY
EHE. $-FMZEROBEL X+ ) 7L — a3 VT3 oOICREREREES L T Zw
r2 LA TSI A B#ER, SIMEREIC DV TH L T2 2w 2 5 B RS BRHEERS
HEHBIR, BLURLDBENT—FICHENRRZ L T2 2 LlE RSB ET ORHE R
BEHEERICRHL 7. SHICKIBTREDE L Tzl w2 liERY: FHBHBIRICEH L
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