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Despite its extreme importance and decades of efforts, practical short-term earthquake prediction
still remains to be achieved in future. However, the electromagnetic research has been demonstrating
some promises. This paper briefly reviews the recent progress of what we call “seismo-
electromagnetics”, mainly referring to Japanese studies by the observational point of view. We
demonstrate some results of observations, in varied frequency ranges, on the anomalous telluric
current, ULF geomagnetic transient change, VLF-HF natural emissions and anomalous transmission
of VLF and VHF band radio waves. We also summarize proposed physical mechanisms of these
phenomena, including the notion called “Lithosphere — Atmosphere —Ionosphere (LAI) Coupling”. We
believe that electromagnetic studies will play an important role in not only earthquake prediction but
also in understanding physical processes of earthquake generation.
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BHalxhicEWwd I boThY, RHROTEMMLEHOZE
OBERI®ICOWTOMBIITIETH » 2. Tho D&
KHEBLERICFRIZTIT>TVEEFEETE /0 —
7H5 1980 FERICF Y v » THN (VAN i, 2.1 T3
)., TOFERERTORESMY LiFohrid 20
BHIc>DVWTRERMBGPATWS [HIAE, Geller
(1996)].
HIERELc oW T, HHERNLER L L TREME
DEEI 900 nT 282 A%&1t [Tanakadate and Naga-
oka (1893)] M#iE &SNtz &hb B, Fo b VS
SroRRL CBABGETOR LY, FISENERESO
DRBEH I L & bIC/hE (18- TV o 72 [Riki-
take (1968)]. EHllFEES - HEEOKEOHE L
TELEWD, 22 ThxB o027 ) — 7 HEDOKRICIZ 60
nT//Hz #8BZ 3HBHTEEELSLEH (KSR 10BED
BE#D7 « vy =52 2#BOTEHRIL TW o,
LREFTALH E DIRE S » 23R MEHEShTL
% [Fraser-Smith et al. (1990)]. # XTORFE % ERRIEE
BEOMBEICRES I LIIRETHY, EESIHEE
BERFEDO—D LB I TV 3.

Bk - MESEHLSNC, HEBRERICEENREE
LTWVBEWIEES 1980 Fficm st (FIRIE,
Fujinawa and Takahashi (1990), Gokhberg et al
(1982), 5% (1993)). ELMBEER T, THESIY
FhLBNCEBRESRET 2 & FHERINTVLE LD
@ (FlZHd, Yoshida (2001)], ThoDERI, Bikid
Hirh T OREAIEF ICKE  #HETEHERIRATEEL 00—
BEREHEFESTS 2288). ok HRRERE
FET 54, BRERITRV L 20 OFETHIER LS ZE)
DHERAEMA,SEPELTWA T EHRE&N [Asada et
al. (2001), Tsutsui (2005), Yoshino et al. (1985)] (2.4
THK), HEL OG> WT & D BB EERAIT
bhskHiciiotz,

FHTEOREOKREN My 755, [HIE-AKKE-
TBEEH v 7)) RG] (83) TH B, THIIHERR
BAHAL Ry IPORRHA R 9 7 HEFTEL, 7
LHA Xy 7ICbARTECEHRBICE TREEE5AT
VERHEESEAFVEVWS boT, BRBEHEES
(URSI) 75 & THEIEH LI D A 0BE S h -2 5 5.

KT, BEOBAF—s%2bLI1C, {FROMET
McET 5K RE GERORE) oFicHERTOEH
BRSO E EHEITH. STRARKE 3BRFED
L HEL, RENTERAKHRIC O WTHEN - RET2
T35, —F, BRAFER A #=Xsi>50WTR, K
BB A55 bDOREETIRFUUANIENERTO
EEBIEHF IR, Lichi-THEILE 4 TXEFOBN

{Z - REEE
icEEDH 3,

§2. ME - S - BAERASEA

2.1 HMBH GLELE) 8|3

MEFRBRM IR R TR RS BRAIFEODT, HLE
VWEHBOBSRA2ET36DD—>Tdh 5. Shiratori
(1925) FBRMIBOBICILE THIBICES LA SN B
MERTEZREL 2. 8F (1934) IFTEETHT,
FRTHE (1934 E3 A 21 B, M=55) IcfE3 L4 5
NAMBERE(AEAL /2. EHFLELRE km #h:
BASTOES A Sh Ty, MEEISERR i
TALHB SNIED > EHEL TV S, [BFF - MilEih
MRERFFOZRE, BRTIThh TV 2HIERBAIRE
FOTICHIEORIKEEZ SNBE(NH B LEBH
MELTVWS [FAE, T (1943)]. K (1948) b,
HBHRSHBORIRICE LORE R &0V BRIF
AZEEELTVS, L KB (1978) HFEKRER
BHIE (M=7.0, 19784114 8) <, 3»ABLIE
BEL - HMEBREEARS L., HEFHHEDOF 2 b
74 =N FEL - BT BRSENLSER S
Eitbh, ZE(1985) BRSO MFETTRELK
M=55DHEBORICHBLEFE+HA LI LBEL
. ThooEEL, BORPI L ZERETOMN
ENBOENLLICLIHMTOBREHECELY, £
OEELICERT 2 HIEROTN D/ ¥ — v OE{L
FEBRAIL-OTREVWHEZELZSATOVS [FIAIL,
Chu et al. (1996), & (1978)].

1980 ERP T A, ) v+ THERBAEROTE
{ REFHETHEND TV 3 & DR/ AEREEREICE
fitxt7: [Varotsos and Alexopoulos (1984), /<o
bV (1994)]. FHIEEHIE TOMERELE
AlcESCEEFHTHY, TOHERBARELAL3AD
BYEDHEXF4E2E > TVANEEEFNA. VAN S
NV—=TFic &k B L, MIERICRERRES D SEEEEOZE
{t. (Seismic Electric Signals; SES) MERRIE L TH o,
HAH» SEBBLIRNCHESRETZLEVWIBDTH -
o, BOOBAN, SRBEEEAICEAFICEENS
7 o R FRENBEFA—F LB L, BRICBVLWT—
BRI RENSET S & W D BiEYEFEORG EHET
HCICH LA bDTH -7, A, Varotsos FiEE 20
FEL EOWFIRDEKRK L 15 B4 [Varotsos (2005)] % H
MRL7coT, VAN BES LU SHHIEFRICE L EG
IR - EBRIIERIC DLW TREWESBa I
W

COFENEYICHIBEATFHL TO S0 E VDB
DVTH, HROLUMNLRMERMGER L. 20
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BEERBKEHIFT, 1) SES IHIEE @REFHRE L/ 4
ZTH B, 2) SESORELEIEOYIEN A H =X LH
AFTEL, LI 2HEEHINSE. 1) KoV T
2, 75 vAOWEI V=T VAN 71— 7L RIERE
—EFR TEBERA [SESIEATL/ 4 XOEREHNF
W &FEELA [Phametal (1998)]. L L, ##A
EECHAPMTr>EE LA +HIRETHER ST
By, EBRELTHAS BboTREL . E 1
VAN 7' v —7HEik0sIEREL2 D LF>EE LK
» (A, SES activity EFRT N B ETIHBIOE WH
REFIRBEROFEEDTRL L), EEEBEZE DMt
HILBHATET, aowBEEHEC CE LU -1
[Geller (1996)]. —K 2) ikoWTid, SES BERfE
TRELIET S E, BRASTOERE/LEHAT S
W»icid, BEXH TR ETHOORL KRENBHRESSLE
sl vatechd s FAE, Utada(1993)). ch
KHLE) e — 7 IERETEICL D [Sarlis et
al. (1999)], AHIOBRHIRE—IC&L > T TREBER
BALEELES] ho [EHTHHRE (=SES) BRAT
%, REFEFROFAIGTEE (B S Selectivity EFFA
TW3B)] ERBLTVS, LHL, BRSO
TE—BERBRBSTRRERIATVEL,

FY vy OMEFICEB L, B TCOBEREHS
DRFEREARZED FAFH OO S V-7 TH -1z, EHS
W BABREEGESE (NTT) 0BHEETHIEREBEA %
-1, Coiic, tEEHFERASDOERF [Uye-
shima et al. (1989)] ©, RERAIHIERZ (L &HIE & DXF
B WTHEERL, ¥V v+ LUATHIHTSES FED
ATREE %4595 L /2. Nagao et al. (1996) bEIHED NTT
EligERAW BRI EREETERL, 1992 FHEEY
EMtEDHK2 » AR ERI» SHMEBEHRORE ML
fz. UL, EEBRIEENTREBRICRLEVER
DHEMBEBL T d0T, REMKBLAIEEEHLOH
TARSHADS—BT B T &%, HIBEREBICEET LKA
L& - BRI IRR R WA, ¥—RARFF4I
EEFE o, TOXINRRADOD &, EEEFHHES
iz, BEERTRETORKREAEM > T MHEE
B7ovF 4 THE] %1996 FiciLb LiFtz. 2ot
DOELEMER MMBER 7 o v 7 « THR]) Tl H
B SUBHKEN T FEIC X BHIRAROERTE
WF—<ELTERY BTSN, TI TR VAN EDOER
B LU BE~OBERTEIC > W T—EDkEREH T
TEMEREEIN. BHRELT, BETHFY v+ D
SES L [EHROME%E b > RiERA I BRZT LA 8AI L
7z [Uyeda et al. (2000)] #5, ZHiz M5 7 5 2 DHIE
DERE,»S 20km LINIKRE L 2 IBoh, +

)Yy THRESNTVWAL S 100 km 28 Z 5 fEE
T4, SES &AL BBEFRBIE NI, -7 Thid
BHRE(SEEPTIEL EM SOREBRICLSE /7 4 XS
HATIHBHTREL, FNOoOWERSTRMICTELR
ol WOMRAROESICHOERT B2LEATY
3. E1-FY ¥+ Tl Selectivity rule &\ 5 RERH|%
AOWTEBROTFRE TERBL T, MHIEERE 7 o
v 74 THE] EEDOMBEEEDOES & D IR
HERbH D, BETIERNER LT E/LETDT— 5
BEIWY, 7ovF s THEEHBHRPOERTD
VAN BEHREFR+AUER LrBO N - 2. R
ELT, VANBEZOHDIIITIE, BRVETH-L
ELTHERMLETFHEBERTITI &L IIRBATIHE
BLEA LS.

2.2 ULF HOBSAIE

MR, HEREBICERYT sHXEFOMBIC I
BESEITONTER., L LEHARA IS —-BT
b9, EXFEOMNBAEETT S0, ERCEH
OHRBEARET 24 ENH S, BRed2EHoAsLES
FIMAMATHC L ZBMAGRAT 5 LNBBELE
ATW3, 3OS TH L, LHOBRAIETE
By FVOBEBRAMNEEE X AHEEEANH D, EF
BOREFRCOVTOHBESEB LN SN S S
[FlZ £, Ohta et al. (2005)] .

DL HIRMNEZY, 1980 FERBEICAD, HE
CEET 5 EA 603 IRSHAIFTEA VW ULF H0
SRR T 2 HRABIR S e, CORFRERHD
BRE, RBRICEVEAEROBEREIM T A ECER
WEWS RESROMEICK L CREMNICERNN LT
& % [Park et al. (1993)].

Zhid, EREIEROEREEE 2 oEED (=
HIERAES) 2T 2L ETT00TH 5, BRIEH
B 1/e IS ZREFE 6§ U TOR TR Eh 3.

6=/2/wou = JoT/mu

IITw EHAKYK v 38K TREAY oi3E
RUERE, o REEITH 5. 38, o=1/0 ORI H
5. HEATESEEEEEAICHEARKREY (&0 E
HHEAEFELPTV) SKHERYEE (0.1 S/m) ¢T3
L, B 001 Hz TO 6 i 16 km &5 5. THhidE
BISOES ICIZITHEYT 5.

1989 FD v =7 ) — s MIETRFZTEHRE L THA
BfThbh T, HE®D 12 HIZERIH S 0.01 Hz fHE
ORBEHEN LR L, & SICHIBRAED 3~4 BRI,
560 nT//Hz T 3RBERE O LEMABRI s hic
(Fig. 1) [Fraser-Smith et al. (1990)]. # LTI D LH %
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Fig. 1. Anomalous geomagnetic change asso-
ciated with the 1989 Loma Prieta earth-
quake [after Fraser-Smith et al. (1990)].

EEIHGER S NI DL 15 FERic b 72 2 BHRRS T/
1P—ET®H - 7= [Fraser-Smith (FAE)].

1993 D 7' 7 AHIE (M=8.0) IcD\W T, Hayvakawa
et al. (1996) (HIERPIPERIFE D ULF = EHki & K
IBEDOHBESIRE) 72 & & OFBRICEE %L - TRIT = E
L, ZOMBEET 32 BHBGEPRBY SN T/
HSEWEEER L. BRI, EodHidicEn:
BiRSA =y — 2D SHE SN 3 BRISEETEL,
HIT SAREN T IRRIS X <=7+ VOB RS & KERS D
Hh/hsvwoicx L, HERKAER» 5 © ULF 7 EHi T
BHEBR <7 F VORERSPEET 5 L0 RFEER
W BB A EAIRE L. T T TIRES SO - Bl
EfTo1:Z0DF — RELBNT 5.

221 1997 FERBRILERHE

1997 £33 H 26 HB L U5 A 13 HIicERERIA
T M=6.5 & M=6.3 OHIEMRE L /- (Fig. 2). B
DESFOTFNHH20km TH -7z, ThEOHED
5 BEBER 60 km OBERSREKTT 5 v 7 27— M
HEHIC & 3 3RS BUIBHAIN L Hz Yy v 7Y ¥ I TiTH
N T [Yumoto et al. (1992)]. T T Tid 1996 &F 8
Ao 1997 E 9 A TH 1 EMO 7 — 7 /T L 7-.

Faid, ANIESELUOHMBESIKESEOESBLTE
BEFNELTELDICFRIOELS4EDF—2 %
{E£M L T BRI % 1T\, Fraser-Smith et al. (1990)
BDS7REE L 72 0.01 Hz 3 Tk b EEE 73 RIERHIZ B AS50ER &
NTVEAEEMENFVC L AR L. ZLTCCORAK
BHEEER L CHIB SRR S LBERSDOE /S
*—7 & L TERIT%5T > 7= [Hattori (2004)].
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Fig. 2. Map showing the location of 1997
Kagoshima-ken-Hokuseibu earthquakes
(EQs) and Tarumizu geomagnetic station
(gray rectangle).

& oz, KBRS TERAS 0/ ULF HOHSBEE
DEMBMILL D 2 BE 5 7%, 1,200 km EEh 1o/ NER
EE - RECBI BT 3HST— 5 &, FKERIS
DOHESEBETEEA RSV T « ¥— 4 YEH
ROMES 3RS 7 — 7 ZEEICHET L. ULF &
B ERADESHEIAGES IR T 2 HSIRE T
b0, THREFKREH,SOSETERLFHHIBRICERT 5
CENFERTH B, EBRICIEERBR T HERORE Y
AR EHIBICEREL, TOMNELRHsE 5.
T D7 KA S T G RERYIC F R Ui R L
DEBlS N3, Fig 3alcXEBLUSF—v 1 v EEK
L oUBBFRETRYT. bLAIERRI TR, RESL
U5—v4 vORBE100 km UATRHEBREEAL
FELTOIWN,

Fig. 3b ic Bkl £ bl & U7 3E& 90 km LIND
HMEEHE QHb-booMBr i vEF—%(< 5=
Fa— FICHE) 275 L1, Fig 3¢ 3 3 BAlS ORISR
IKERRS BRSO AR (i 10 BREOFEIES)
LicbDT, KEMEKTH B, Fig.3c CiIRE, ¥—
T4 vORILSGRLTVEY, HEREELTBEI L
WBhrb, —H, FKDOIS73TN0EEE - EH
ZLTVWE, COLINEBIS—V1 v BLUKET
BEEwohd, FRKEFOELTH S, BXKEIOME
EBO L ZNF -2 FEE L1277 7 EHBSKERS &
WERSDOLOBERELE TS L, T OthoFENHERS
BNCRITLTEE »TWVWA I &, #DENHEBEEHE -
PUTHWB I Edbh b,

etk U S b e e e
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Fig. 3. Anomalous geomagnetic change associated with the Kagoshima-ken-Hokuseibu earthquakes
[after Hattori (2004)). a) Location of remote reference geomagnetic stations (Chichijima and
Darwin). b) The regional daily sum of seismic energy expressed in terms of equivalent magnitude
(10 days backward running mean). c¢) The variations of geomagnetic polarization at 0.01 Hz band.
The variation of 10 days backward running mean of daily values is plotted. Thick ljne, thin line
and dotted line show the variations at Tarumizu, Chichijima and Darwin, respectively.

222 20004, =BHEAKICHFIFREHBETOH
RUTEE

2000 FE 6 A%, ZEBCTHEEBSERLL, HX
EEMIEE - 1. R, ZEBRITHED TERAL
BRHEEHSFEE L. 20005E£6 B 5 9AKET
A T RA L o MEREL 12,000 HEER 5 L
VWO, [ERTHABRLROE L WVHIBEHE2E3 51
E o7 (Fig.4). 2 CTid, TOKLEK - BRMEERS)
ICHEITLTHENI: ULF 0B « HISOEH) >\ T
WEST 5 [Uyeda et al. (2002)].

o 3FET 1997 FE L h HIEMZERIZ, 2000
FOBELVPEEETIRAHANTIEEH VT
v—8lifl%2fT-> TV, Fig. 5 RFEBRASD 3 o
WEBEMNEB LURGEEOHIBR T — 5 TH 5. HEBLL
EXBOEROK X &3 Fig. 4 © Wak & Air o EE
MoBBT2mV/kmBETH -1z, B, TITRL
TDIIHELAZDAE 7 — 4 Tir7E{, 001Hz¥%¥ (ULF
#) TO Wak-Air & Air-Boe FDHEMHIIL R =2 b
BETH2. WFhbELARCERS MR TS
5. MEBOHEWZ C Lok, HIBHRE(cH T 5
HSEORBEEZ SN, PRACKRETELEELT
Vw3,

7, IOMBK 57— ¢ 3 F 545 @47 (Principal
Component Analysis; PCA) 2 8A%ZDF— ¥ TH 3.
—RRICHIBESR T — & 3, 1) KEEEENCEET 3 ST

Boso Pen. | ..
35'N
Niijiraa
OIS M63_ Wuk
&
Miy: In:umu‘ I
. Vityakej Air .
"/JDNﬁA l 34
L0
. BOE 2Wm
50 km :
138°E 139° 140 1417

Fig. 4. Index map of Izu Islands region. Dots
represent M >0 earthquakes from the JMA
catalog in the period from June 1 to
September 30, 2000. Stars denote M>6
earthquakes. The solid diamond and solid
squares indicate Niijima geoelectric station
and geomagnetic stations (MCI, SEI and
KAM), respectively. Right Inset shows the
long dipole configuration of Niijima
station. A short dipole (not shown) is also
installed at the far end of each long dipole
centered at Air (Airport). Shaded area
around Wak is covered by basalt, whereas
the rest of the island consists of rhyolite.
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Fig. 5. Temporal change of 0.01 Hz spectral intensity ratio of geoelectric potential difference at the
Niijima Island, and the third principal component (13) at 0.01 Hz of the geomagnetic field at the Izu
Peninsula array station. The gap in data was caused by system failure in July and August. a)
Electric and magnetic record for the period of three years. b) Electric and magnetic record from
January through October, 2000. The occurrence of three M >6 earthquakes in July are indicated by
vertical lines. ¢) Seismicity in the Izu Islands region from the JMA catalog. (After Uyeda et al.

(2002).]

8 KSELE), 2AT/ 4 X, ) FhlADbo (G
EEDCEET 3EHEEDL) poBREINEEELS
hs,
SEIRMESELLRSOF— 5 28, 001 Hz ET
FRATAERE Lo, RO T IREEBIICAEROKS
HORSIC Y 7+ VEREETEZ 50T, 3MISHORIE
DRAFZREFRB LT, SOo0BE~Ns FLEEBHE
A>A:>2) ZRBEA T EMA[EEE D, ZHICLDE
HAEREL b (LHETENB) Z>ORFICHET 3
IEMTED, ZOER F1 ETRSIKEBEBERE
EL U EFETRT MRS N, ERE2ER
SIARLAELELTVWE I &, BLUFEHICIRERK
H(O=HNsALD12B~13F) iICZD LXK

TLTWBZE (3 vF94 658 »o, AHMEERIK
Bk 2LEFHEZTICTHRLTVWAHEHEL:. 83K
SEETE 2 LISNORE Y ORST, HIBICET G
ZENHDETNIE, BESLIOHIEEATVWAE L
EZ o003, Fig. 5i3IDEHITLTRDLE 3 EHS
(EEEOHEXHI 12 ETERT) ORNEZELTHS. £33
ERD O, BRI RELL=>D M6 7 5 2D

BiEBVWT, VIFNbZOEFICESEMLTWAIE
bYHEAL 7z, SSiEREOAREEH»S, L3 FEMX

ROHBORITY S+ VTH -1 &T 5 &, WEELD
RESIFSEBEOBHALSTIH 107 nTEESL, Zh
LTTh-T EnlEEEINT

BE, HBEHEEO PCA 2HVWLERTIR, K
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SRS (561 TRSPE 2 ERD) >0 THmEL T
WA, L LSEIE—&/ NS BERSICOVLWTERLT
By, zoRFOEEESEbhLRIEV. 5% ULF
BEoOMEE S — 7 OB TR, FERMICEERER
KIEEECERT BHIEEE (v ¥ —RF— v 3 viE
[Harada et al. (2004)] #H &EIC& > TREL THSEHH
REBRETILBLETHAD.

¥ o, BREFEOHHMSKT V-Blly - s 2
T, ULF #EHORMLFERSFROHEENIAA SN T
W3, Zhick s EBEA/BRMEEHO 2 BFE EH
POZEEHEICY - % bo L EbN ZHIEEENE
Al higey, BRMBEEHDICRORELEEEZRL,
2002 FE 5 BicldiMm LT, b, BElShcmE
EBOWEE 3+ pT//Hz BE TH - /- [Hattori
(2004)].

2.3 VLF$-HF $IcH172 BREHMS (B &

|

§1 Thik~7d, COREEFRTOBREOREE
EHIE L DBHRICOWTHIHD TER LIcDIX, BEDF
B4 o v 7D Gokhberg D7 W—7TH 5 [Gokhberg
et al. (1982), Yoshino et al. (1985), FHFH (1993)]. =
THT—RRX7 74 & L TREEFTHEBORIKICES
it sfl s L CEBERAIF L2 @R T 5.

1995 FORERBHME TR, ST LAFKT
HIE W BET ZalEEE AT VO T LW LR S A
“WEOLDOREBRE slESh. zohThEFERT
~NEEF, §3 THMTILIIC, HEBORICEOLED
BEHBICEESBASNIZEVS bDOTH 7. HIEBR
HMTOEKTHY, METT SHELSAIRIEEC 14
2hoWEh, BRBCEESBHAIShILVWSIDE
ELHwieiThs Ll, EEATE/BHEO
BREIMELOEBIC-OWT, BEHETRET &R
BEHRORBNTREND X ST -1 [FIZ1E, Fujiwara
et al. (2004), Liu et al. (2006)].

Fig R EEEFETMBEORIKIAADT—%
(1994 F 12 A~95F 2 A) 22 L Db T, EEN
b S TIBEOERE, SV EREOBRRERL 7
[(Nagao et al. (2002)]. T~ 3B icBIES 3 BRESR
ZI2BERDAETAENTELEELZTVWE, —o
BHITH S (F/3tiRs o) HBRHCEEY 7'+ 48
BHENTVELBbNE60T, bH>—0REBRELEE
DEHBECATEICEENRAELTEY, ThoMER
L OB o hTtwn3bDTH B, Thid
EEx25|zEIL ‘B OFRAIsEHSEZICLS D
DIFIZ LGRSV, MEHESBRTNFETH
52¢&, HITHLUMRTOBHSTERO RN LTS

OafEtEdis B T itk b, LEOEKT, OEICHE
TIBWRES| OBHEAICABZEELTVE, Thi
Z/E L T Fig. 6 TR LICRIBE0ESR, TrEksoESRIc
WHET B bDOHALI LSRR L. E—F IR
HHXOMEEED 7~ 7 bR/, KBRboH 2
ARt =R T

RN 1B RBVWTFR GBI, 1 X T, LVCRABEIC
DT, LASERER,OSHE km BEN/IERTS, H
BRED | BEIRIEICEVE—272RLTWAY, <
OHICIBEHOEEL TOL. BRBHREEROSE
MigFERTH Y, HEFIKERZALORELEITEOE
W o aREED S B, e LBELCHANE L, ERAE
E— 7L ERIKE, A ABREDE—- 7BR—E LTV
W [Nagaoetal. (2002)]. —%, &%) 3 OBEIAT-
TOWHEMSD 7 v — 713, HIEREBRDOH 50 S
KBRS NI T— 9 %28 LI:E 23, TOTRT
PEEETHIATE 5 & AR L 72 [Izutsu and Oike
(2003), Izutsu (2005)]. fERMBICEREL TWB7EAH D
LFRENTE/ VLF #° LF & CHIEZHTIc B v
2T 5 & W5 EE[FIAE, Oke and Ogawa
(1986), Yamada and Oike (1996)] i3, £D& L BE%
Bl L TuicE WO RIBEEMIEEICE, LRTLOMH
BIANEER 7 — < LB N

NER N4 IFEHATT 222 MHz &£ 0 S BRI TES
Tt 2 AV TRE» SOBRBEZ LTVt L 2 5,
HBFRED 20 53 < S VETD SHAISBRMLTIR LT
EERLTV S, 2 LTFBHIC L 3 FBEEORER,
HFEMBARIGERARLE LTFBLEVWERESNLT
W5 [Maeda and Tomisaka (1996)].
NENVEEBRAIBROCERREECHEINIE
HTH5b. N5 ENE»SRIESNI VLF 4 2
FRALEAER OWE LA TEESFTERBRIL T
Wheian HIBO2HBEEHIRI—I%—F544
(BEEBOBFHEMBLRLETRMICEDL A LiCiE
EHe2BHEEBOHOHLEEDAY DEEZ]) L0535
A= FICKERBEFEBAONILEVI $DTH S [Mol-
chanov and Hayakawa (1998)]. /% 6 i, MED
BRERE LA (BREEELEBRN) © FM B O 8EL
BE D, REOERTRIBVERERNZESH
72&WH D TH 3 [Kushida and Kushida (2002)].
oo (x5 L 6) I3, HEBERIK (BF) L%
TALERK (=KXEEik) OEREEEY (BEE /-
FAKE) CRESEEITWILEZEKSTS B3 T
B8

i, HMEREBEANICBRMNERETL W IGEELF
5, thigd 5 o4 AP (558 kHz) ORZRIZICOWVT
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Fig. 6. Three months records around the 1995 Kobe earthquake (EQ). Vertical dotted line shows the
day of Kobe EQ. The slender rectangular area is a candidate of precursory phenomena that
appeared about a week before the EQ [after Nagao et al. (2002)]. Panels 7 and 8 show lightning data
observed by electric power companies and regional seismicity from the JMA catalog, respectively.
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HIEREE LS TV BOHNEI A o, HEREERICH
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FHRAIESER TRV, AR (1998) 5 & s TEER
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T, HIEES L OHEMBRIBUNESLDOTH S LDERD
B, JOXDLREEERHT A0, HEBD
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NORBEDEIIUHFEHED>TLEDMITHO>VWTEAR,
X HICEB L OBANH RO, L TEOEWIRFED
BIENLELL S,

Wil RKFEOERH « BI5 S IHEZ I BEE 4 3 BRSO
BFFe % 1994 FLEA SBIRA L 7. #8513 VLF HTKE
BiE 2 RS ARIE L, B v X 0 Rp FERE
IMBRETE B Y27 LEHELL G - th (1999)].
oDy RF A4 NV MY H-AKT, BRELD
BRAEAEAIIEE, BEAEHTI60TH 2. &
HS>OREOBhATWLEI AR, HbLDWYWDE HE
B ORBEERSHWOT, TEX3720EEETY
T, AEEGROZ OHHEBRRBILL 2L LIl ETH
3. TORER, HoIRER 600 M Ny b OB EER
L, ThEDETHLOSEEERT- 0. HBHREN
ZEBRENEHBHICLD, £CT LOEEOM
DEEBH > 1ePDF/IETEEZ LD »TW i, O
Hroviddu)(1998) 5 &, EBEAFROHMELBE
Thizo,

JIEN « f1(1999) ic K NIFTBRAE» & Lhi Bk
Lic8HiEE, 1) EFoRERET~NTHELT L ELTY
TV, 2) EBOER & HET 5 SAEREICIRIBAVNE
<, 5BV, 3) CoBOEKIHIBESFEET SHNCERS
| (=E—ARD »SEPicEBRllEh, MERERS
BUcHIRlE NGRS, ELTEY, ALYyRFLTH
BLAEEBLRIANRI PAVSES LI FEEBRTWE,
Fig. 7oto/ 32 0z, BHSD YR 7 4 THls
BRI B ORI TH B, hETD 2N, BR
FEHSER LIz 7+ L DiEEFTH D, ZELIE
Bb/h&El, CofITRRLARKOIEELREN-T
W3, Fig. 8 3ERARED S DERR <V R HSEEK ORI
RTRIFICRAE N -FThH 3 [Asada et al. (2001)).

Asada et al. (2001) Tid BRI EESBR S
DF=7=2F2—F5735RDEFVHMEY, BllE»S
100 km BELATRA LGS TH 5. BRINEE,
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Fig. 7. Examples of the waveforms (left
column) and their spectra (right column)
observeed at Shonan station [after
Kawazoe et al. (1999)]. Top row shows a
typical cloud to ground lightning signal.
Middle and bottom rows show the wave-
forms and spectra of signals preceded the
earthquake on October 5, 1996.

W [BIBAL (FME)].

REMEERFOEH L, SEEO VLF FE#R AR
KE (EEBRN 1 k9 EKFEROMSR 2 i) %ERk
L, HIBEHT T/ 1 X LA EDRIEEFT> TV
LA, MihAEE L TE - VLF FOERERMEET
5 EEFB L [Tsutsui (2002)]. F7- Tsutsui
(2005) Tid, 2004 F 1 A 6 HOLFEEEFMEOHE
(M=5.5) DRI, Wi 2Ry OIRELL SEERAM %
Ko, 2SI KTKEANEEE L -BREOSEEEREY
TIiBEEREE RO 1., 2 LTBRAETHES Wty
A2y EEZONIERH VA ZERIL1-.

5%, ThoDEMERVWTHIESLEET 208D
=\ VLF HEARABHEOBRSTE 2 Lsh, &
S I I HIAEE IR 2> D3 L /o VLF BRI
TEMNEIPIZOVTHRERELT LB TEELER
TW3, 50, BHMERILI:a9 4R 5y 2080
ZASHIBEOWET N EETHNIE, MBFENFEL I
WALICREBRLZRE T X A AEEH OB, HIBRICL K
ENTGREE LS TAREHARD TV B EEESIIER
TW3.
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3.1 EEBEEEL
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Fig. 8. Result of direction finding made on
May, 18, 1999 at two stations SHN (Sho-
nan) and SMZ (Shimizu) [after Asada et al.
(2001)]. Stations are located at the center
of the two concentric circles. The solid
square shows the earthquake (M =4.1) that
occurred on May 21, 1999. The length of
bars in rose diagrams is proportional to the
number of received signals. They seem to
point the future epicenter or atmospherics.

I TEL, BHEEILL COREIEFRE CRE
xhTwd [(f21E, Kamogawa (2006)]. BEHIC-W
TR 1980 FEREBETH D SIEH/SINEED, 07D
Gokhberg et al. (1989), Gufeldetal.(1992) Zii L ®H%
{ DEAREREHELES 5. Molchanov and Hayakawa
(1998) i3, £ITHNTHEHBORE R, BRI 30km
L DEL, POBERTREL: M6 B2 2HBEDHS
213 80X DEIATEFE IR TS, BOHE, B
TRELHEOESIOT» L THRERBIRILIIE

= - RE=E

HENEh-fmEHELTVE, Pid) EESRERME
AxomiFL LT, VLFHDAK LY VHF 7 (FM K
EER) OBRFEREEBERVIIHESEERTHES N
[Kushida and Kushida (2002)], EHDHERDOKED
CORBIEEEAFEOHIEORRMERREZHAE L
BikzIBRAZEHT WS [FAE, Fukumoto et al.
(2001), Sakai et al. (2001)].

—%, BEBOBISIkA 4/ v F [Liuet al. (2000)]
£ GPS-TEC [Liu et al. (2001)] %{E~-T, BETHRE
Ltz M6 L EoIBIc oW~ & I A, BELED
FRBOETFEESHERICHELDT 3 L0 fEfle Lk
Liu et al. (2006) 13, 1994-1999 £ M5 LI EOHEIC
DWTHNIE A, HEF S BLUAREELEZEA OGN
ZHEEMNH BT EER LA (Fig. 9a). &6ict » X
G HEICEEB RO HIBR/ EESA S hih - 12
) 2@~ ETAH M54 L E»OBRBMSED S 150
km PNOHBICEAL THEEESED SR B LW H R
%157- (Figs. 9b, 9c).

32 RSEELL

Fujiwara et al. (2004) {3, VHF & TEEEREEED
BRKERD & L CHERSORH 2 ERICRIET 5 T
Licky, EREAEE/RETERHPERBATIIE
CASENTSH B &, BLUENLHAHIBORICER
ICRELTWSE ZEAERLT (Fig. 10).

#ike 3L, EF VHF FEREQEHEEE SR
Bh, KGHE « EEHEICEIS S 354, BETREE
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Fig. 9. Summary of the statistical studies by Liu et al. (2006). In each figure, horizontal dotted lines
show 5% significance level, above which the data is statistically significant. (a) Temporal
correlation. 0 and minus in the horizontal axis means the day of earthquakes and “precursory”
period, respectively. The cross-correlation exceeds the significance level between one and five days
before the earthquakes. (b) Odds versus earthquake magnitude. It exceeds the significance level for
earthquakes greater than M=54. (c) Odds versus distance. It exceeds the significance level for

short range less than 150 km.
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Fig. 10. Summary of statistical study by Fujiwara et al. (2004) on anomalous FM radio wave
transmission before earthquakes. (a) Solid circle and solid diamond represent the location of the
transmitter and the receiver, respectively. Open circles, open dotted circles, and open gray-dotted
circles represent the earthquakes with preseismic anomalies, without anomalies, and no data,
respectively. (b) Cross-correlation coefficient with time lag between earthquakes and anomalies.
Judging from the approximate z-test at significance level of 0.1, the anomalies that appear two to
five days prior to the earthquakes (gray shaded area) are statistically significant.

5. ZLCHOORRICLNE, MBS, 528D
Bt 2 AKBENRELEHMEBREICRBELE L o0
BEBEBR O N, 81 THRNI LI, BELEAET,
FhZEnEHE L ASEE, REOHEHILE->THIEE
B UHSHIHE 2 RyERESHTE I &3, ARE%:
SREIFT 2 L TEENBHERBET I D0THAS.
BIRRISHFIC, JLEBERFEORBSOHESH S (K
% - i (2005)]. FHFE S 2ILHEERNIC 5 AFRD FM %{3
SEBEEL, BRlxy b7 - 2HELL ook
FM HELE O #GEEFE O &5t (Te) AL N5 4 -5
DOEREEESB VD TR LEWHEEL, RELLHED=
J=F 2 — FOEIRECOVWTRIIET- 1. 08
£, HBXEVIES, RKEVEAKIXVEELERE
BOREFET B LOHEH/GEL. T oICHEWLAR
B TRET A IFERICETOMBIEEH L THrL
LB, Te DEAMHMIM~< I =F 2 — F & HFIBHZRIC
HBT AR (Fig 11). 5HOISHEZF—5E
BRI ch5, BB FMBEEAERL L TRV ER
TH v 7 &> TOAMERBRORE &L UHEAK
FEEFL SR BT S W is WEERER O HIER R &8
3109, LEERETE, MMIEEAT L — 58
CRESRE LTV VHF % (60 MHz %) OEHD +
5 VAR —2ItEBERICER LT, ERNLEIZE
SEBOHAZITO®EMELTVS [FE GE)]. <
NICKWREOLBVERED ¥ — s 0RENEEZ s
3,

3.3 EHE - KRBHEELRRA Hh=X A

IITHRNB “AH=X8" L1z, KGBH5VWRE
HEOBIASEDLISIKRET I >VTOA N =X
LATHY, BHHE - KTERILE5| SEC THIROER
LHITTO “Ho” MEBHMSHERRE A =X LT
BV, FTEHE - KSBEIRE - G2 1 =XL0
fREAEBEREL, Ric“Ho" HMEBMSHRREE A/ =
ZLOFAEEET I LV ONHREDOHEEDFH T
H5,

Exid, KA - BRBORILYEERDO “RAOZE
B ickoTEIEhTVWEDTHNE, HLEAIT
RHOES BiHSAONINEHELEEZEITWS, —F
ELT, HiEICAREBEMREL, 2hASHEZ Tk
ATWBEWSEZAHMH S [Grimalsky et al. (2003),
Pulinets et al. (2000)]. L» LEBRL ST km Bn -
#ETIE Liu et al. (2006) 0 BBERALER £ 30AT 3
EOURREELEHRAS OB VWEVLSBAERLS
% [Kamogawa et al. (2004)]. 25iT, THhHDOARE
BOREFRRE LT, FBEAOS F it (B,
Igarashi et al. (1995), Wakita et al. (1980)], FEOERH
T O TS FRIGHSHIETE BT O MBI & - THiEE
Shih b THEL T 3E0WS3EZH [Freund
(2000)] b5 5.

—7%, HEBRICKKENESHEL SEREEICEEL
TWBDTREVALE VI BRIEROBRYCE FVEHE
b &% % [Molchanov and Hayakawa (1998), Pilipenko
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Fig. 11. Results of anomalous FM radio wave

transmission before earthquakes [Moriya et
al. (2005)]. a) Location of epicenters of
eleven earthquakes. ERM is the obser-
vation point. HOO and URA are the FM
radio stations. The ridge of Hidaka moun-
tains is indicated by the broken line. Nu-
merals and those in parentheses denote
depth of hypocenter and magnitude of
earthquakes. b) Plot of Log(Te) versus
magnitude of earthquakes that occurred
beneath the southern part of Hidaka moun-
tains. Te is the total time of anomalous
FM transmission.

etal. (2001)). EEChSDA v 75V =9 7K KK
EHEOBEEABEANTHSALEVHI ERIFEET A4
(Li et al. (2003)), FEHOBHAEERL T2 LEbh
ZHREREMBHZR « EFHHAR v 5 —OBTEE
BHERAIEB O DA F — 7 Tid, S RIRMISHEE
THABRAIL 72 & W BERCHIGT 5 & 5 LEF IR
ENTEST, BOHTEENEEbhS [FERX (FL
£)]. 51, KEENKROREL L THIER|OME

- RESSEE

HAORBMRHNERTHE LV EFAMNRIBEINT
WV 3 A% [Molchanov and Hayakawa (1998)], # 5 T&
nig, BEMIHEOBLEENSF TEHSKESRETTRE
EEDONEY, HESATEOLILHREIEELL VL
[fBHEE— - 5K — G

§4. BHBARREBMAH=XA
BRRFHEFEE2BHO - HEFHOREOKADIES
¥, BHRIRREERYICHAT ARE A H =X L2
EHEELIBWIETHSS. Lo LN SERHEER
R TRERECE I BECTIREOBAIca XN
BHKHR (EHOERPERAG L) MBS,
ENBRBEELIHOHPLHIBERL I THS [#
ZZ, Enomoto (1996), Nitsan (1977)]). & T A48, LR
OHBFICB T ABRIBRROREICOVLTIE, <D=
FUBRHEN TV BRICbhHOE, WEEIKEDE
FUDPROGENTHIMT obh-TWHYL, TITIR
VWEF TIRHINWABHSEROREREE 7 vico
WTW L OhENT 3.

ENRHER

CDEFNMI VAN V=7 DA Y P+ IVEFIVT,
BEFEMENO SSRGS ZOBROFERETE2EFALTH
3 [Nobhe vl (1994)]. EARBMERSHNS
EOICRIAROEBEBHLETHY, EDLIICL THR
BIERRETZOPICOVTO A H = X L HSREBHEN &
BREENVWZBHAS.

HEBREMET N

Slifkin (1993) FIENHEEET 2154, BEEN
DHEFRMgICERY 5 HEERMPIKRE LEIHIEF%
ERTEHEED H B L LI EFVEREL. HESh-
BN IIEETEHTX 5, 20 OERBHZIIE
FNISRGIZEE T L 0B 720 O THIXHIC BRI O 18
Wolb S, AHSLOREETIREAFRADBELL
SIcAHZ, BETFESEH L ThT 3 i 361, 3
EWHHBDTH 5.

HEBET IV

Lazarus (1996) (ZFBEEfIc L 3 4 A =X 4 24RIBL
TW3. HIMEER (I I TREKEYOBKRIEEE
ATV3) PHIERIOEHOERIC X hEIBEOIEL T
BIBEEZLDTHS, COHEBREEOELEZS
ERCL, BRLELTERATIEECT. ZLTHED
Bl L5 8< 7 o REKHIUBRFHHERT 5
EFELTVA, FRPUKRIGICXK D bic b Ehickds
WEmcEs L, MEmoBELR{LESIEEIL, £
THENEE (B KREET 20T, BREIHIEES
BERITh T, S OkMBEEL) HiENET 20T, B
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A (1998) FEBMR (E VIR 2h o RE
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ULFED v 7+ VOREA D =XLICFEDZIEVE
EZohTWi FREERRELOBEETORERPE
IEREREI—A BN /I B & & & B i hEln B oEdlE
BELZERBL, 77045 —VOBEFHES 2okt
2EFBLTEY, LoREEMORVWEBDORFERAAS
TWw3,

ERFHEENR

Nowick (1996) i34 & v (&P DAL & S RO
EffAOERERE L, APBHL L T—FRICE
FEHHENB L VI BERERRLL. N 3BROAME
AH SDIGHARICE > THESN B LERLTL
3. HRInE (ERFLER] £&30k. J0HE
N B AELE L T IC—HEICERMTEN S LV SR
HTH 5.

REBRXH=XA

—RRICER L B E OBRBS TIEIN _EB LT
Eh 2 REFEOEMNSTHERE NS, REEKHFR
n3E, RERESLTVWE A4 YFESHIIHEE L
378, A ERMOBHE b >4 4 Y OHDBTHR
ICiREhat5icAhis, < /o0icAkbEHRERENS
KD LRSS ETHRES ETHREDES 1 £+ v 5TH
L, SRKAIEBTFHSHEREST 5 [(FIZIE, Mizutani et al.
(1976)]. Ishido and Mizutani (1981) i3, RENELI TH
REEFEHR CBEE L /R SRE A LA D & CERBATE 3 C
ExRLIz, L LRBBAREEFED YT A — s KE
CIES2<K 72, BRICREhOHEHRIATELVENS
EERETE L ELE TS [Murakami (1989)].

A, 3 EHEMMIEEREEIC L0, BEWREICKT
TERBRVIFAMBHELAONS LS, TORE
DO EDEBLAFENE., FHLOWFNOERTH S/
55y —DREEMORECERSEIER/ LT
BIENTRBINTVS., KA H =X A FHEBHRELS
ULF £#0Z#H4HBET 0 bFEOESLOS LV EEZL
SNTVAMTHY, HEBICBHEYT 2 MIFRBHMTIBRO
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BFEJEED b Lhisw, & L THIRRANER TOKDEF & v
SO ENERSENEININEEELI - v T
HA3,

HEEE o7« THETS, REBMIIBHTE
BELEZ, BEEREEEFR L1 [Yoshida (2001)].

COEBERVWIERT, NMECL3BROBEICH
O, EBRASRENERSFEET B L, FLTEOER
EHERkOFERICBFATEIE, BHIKL-TH
0P A/M IS ET2EREESEONDZ L VSR
B o7 [Yoshida (2001)]. & 52 Yoshida and Ogawa
(2004) TH, FIABLU YTy P NHDRETDT
T—RF 497 LIy varEBHREORRIIOV
TEREIT->TV 5.

FOMD AN =X A
BHELSIBIBSNTOL AR, EAFICEENS
FENFIcL 30 VBRIRHMS S, LhLEIVE
K[TRDIEC EHSESD & S kRO (W-
<D &Lt) BEEEHAT20FEEBMNCELVWEEL
SNTVA, Ftil, XBREE (9442 v 78K
DRI VBRICLIMNBRERTERLVTD
A9,

b5 A Fov— (EEREOWES) 0BS5S Eno-
moto and Hashimoto (1990) {3, =& v ez VL s b DO
v A SUEGRERED > OFRBH TORBREERIEL T
VB, EERSEFRRRERIET 5720, SBEAROHE
REREEBAE Y 2 7 4 2% L, BRIZEEL
[Enomoto et al. (1997)). XS DRRD2=—275&
A, THMTIES 3, HERIICAXNERN Y
FUBRAEL, REFREBCIBELECESGRVEN
ST EEARETEBEICH B, THRIIFMIEORIC
HBRTOBEH (=B 7+ VORE) Wkb-TH
n, EREHIE (CHE) B RBRBRELSERIS AL
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§5. ZOMDEA
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By, g, KUEKEELEOBRRRE, § 4,
fich~ok, MTHKER (ks o ABHRER
BLlifmohTvs, Lhl, Sz Vv¥F¥—DER/ SV
AHBHBEFERT S L VHHE, FLEASATHREL
CITE, MTEROBRIFERICHEME i MHD RE
¥ (Magneto-Hydro-Dynamics generator) D% 3 5 &
oy 2 EHIBRADORRA BN/ V¥R TORERE
B [Avagimov et al. (2004)] 1I>W\WTENT 5.
BEEL, FrvevIURERE LTEICTEEET
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Fig. 12. Summary of the Bishkek MHD ex-
periments [after Avagimov et al. (2004)].
The Horizontal axis shows the time (days)
prior to (minus) and after (plus) the
transmission of electromagnetic pulse.
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