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Radiations of earthquake-excited electromagnetic waves from the ground

[GEAR S
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UERPESERE OV o — ZEIT A
IKyoto Sangyo University
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[1] M. Tsutsui, submitted to IEEE Geoscience, Letters, 2014.
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El EHIT I I B VHF SO BRI EH & METSH) & OBURTEIC DWW T OMETHNE

A statistical study for relationship between anomalous transmission of VHF band radio
waves and earthquakes at Hidaka

AREE» AR ZE!L
MORITA, Shou* ; MOGI, Torut

Va2 > 2 —
Hnstitute of Seismology and Volcanology, Hokkaido University

HIEEFARNCBREAIHSDBIHEI NS 2 EAHISNTEBD, Zofile LT, HiEROZk, BEEOIREZ, B
DI E R EOBISMNEIHIE T\ 5 (Hayakawa, 1996)

BHENZBEEDHESEE EOXSICHEH LTV RDONICDONT, HataZERMfrbnTE % (Liu et al,, 2011;
Orihara et al., 2012)

ZOHT VHF S TOBREEAEEHS L EH SN THED (Kushida and Kushida, 2002)HIE 34 JifiC Z DR YLAFITIC
BT FM BOEEOBELIE DB E NS C L DRI N TS (Moriya et al.,2010) Bl & 7= BGELIE O ik ke RFRT O FR A1
&, BET R =Fa—F, RRKEE, BHEOFEIICH L TTERNZBEGRIREE N TS (Moriya et al.,2010)

LHL, TRETIODKS K VHF H OB LR & BT & OBFRMEIC OV TIE, ERNAEREIMGFI TN TH
T, ABZETIE, dbEE R TN Z T o TV VHF SERGIE R T 7 — 21 DWWT, HERAE & OBMRIC DOV T
R ES TS Tz,

201246 H 1 H~20134F 12 A 31 HOMIC 2 b B TRl T Nz 7 — XIC DWW, Liuetal.(2011)D % 78U
BHOFEZSEICL, B OZEEOHRED) S5 —ERERE VAT Z B L& LTS, MEaFEZRNT
HEBSOMMZ2EM Uz, TOMRE, BREBEEDMRINENTE, H50 COHRE LI HESS) B &
NIBEH 2D, BEHRORFEUMEBEOREN T >z T24RD |, H2WVIFEENRES T ICHERED AL
TRRL ) OfEMmiE Nz, BEE U THIHT2HEZHLIRET S L, [24R0 ] OBUIAD Lz, £z, EFIC
@ BBICHBTAART T4 v 7 EEHED /A RCE>T, HEBLIZBEFZEORWEREENRETLC LMD, *

BN TR B A BREND B,

T—ﬁ%mﬁbtﬁﬁkzb%@mmbBE%ﬁ%SWmuWk%mfﬁibhM4ui®ﬁ ZICDOWVWT, BEEICES
TR ENTHIEEHO S B, WBERTHAELZEDOE, WETOMERHK D & LB~ 7 =F 12— FO/NS GHIFEET
Holz.

SHOMEZ, LOWMICB W TRBOFEZHVWS T LICED, ZOEEEERETL, S5ICSRERELZBES
WAWARER &5 T LIk > THETNER 2D, é%kZ$7T{/7EE&&k&%% DRREFR LR 5.
CO& D Tkt 2RIC, MERA LB & OREMIC K2 THIRZEST 5.

F—U— R B, (R, R E R
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20115 b HIEE D GPS-TEGHIR B F IS [AI A U 7 M S fR 1 22 8
Preseismic geomagnetic deflection synchronized with GPS-TEC enhancement 2011 Toh

Oki earthquake

HiE 527
HEKI, Kosuké*

e LR R > 2 —
Toyama Industrial Technology Center

2011 HEIPHIEE DK 40 70 Eih S TECHIMAHEREE N7z (Heki 201D, T OZH) & [FIHA U 7z g & w4 O +Z 8T
H. KR, Aifikd 7 E SO RE T < O FE PG R S GRS T OB TRl & iz (Heki & Enomoto 2013) C
N5 TEC MR AUR A DO RIFZEIE AGU DR L 7z Wyss(1991D ik EBHEZ i i L T\ 5,

11 [YLRN-[EER] DHIREEUK TR H &R D OEBIZR LTz, LI TOKFERKS H OFEHEIE 29037nT TR
JLZEIED SPEIC 6.9° IBNTW5, ZNHHERAEDRK 4077010 5+ (B ICZFH L, HEERHICIZ+0.325) (9.31
X 107° rad) £ x> Tz, MEERTIKOZH % |A Bl £ T5L. A DL 1KEDT,

|A B|?H|+A D
DOEFRMNK DD, TOREEMNS | A B|?29037nTX 9.31X 107° rad = 2.70nT& 720, | A HICH ZDREEDEH)
(22.38NT)DMfERE T & %o

TEA AT TR E N THRET 3EFEMERE TV (Enomoto 2012 7 20118 ]tE 85 X—&  (BIFLER
170kA. 75w 7 F+ v 7 0.1035mm WiEtERA 16° ) ZHV T, EREZERERES ZEFEY A AL LTEA
YN—=)VANC K O RET B 7 FTE T 5 &0 (BIR, 5 181km T 1.78nTE& 74D, BHE 2.38nT & IFIT—H L 7=,

F—T— R BEHEE, SRS, MR, (R, GPS-TECET Y 7
Keywords: Tohoku-Oki earthquake, Precursor phenomena, Geomgnetic, Declination, GPS-TEC, Modelling
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ﬁ@%%—?ﬁﬁﬁd)%'é%ﬁ@é?ﬁh%momf . BT DRRA & S2AS PR R N1 T
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Preseismic ionospheric electron enhancements, revisited : Discrimination from TID anc
interfrequency receiver bias estim

Hi&E =7
HEKI, Kosukée *

VAR E R A B AL SR LR
IDept. Natural History Sci., Hokkaido University

Hi& (GRL 2011)i&. GNSSEIHNCHED X, HMHEZ ZT M9 7 5 A DHIEDHK] 40 771i1h S FE#EE 47 744 (TEC)
M ERTZC ERBRE L, ZHUB L T Kamogawa & Kakinami (JGR 2013, %I & > THE U S HER O TEC &
e, HIESUEENC X2 TEC DIFHENEDD 5 EDORTDOMETECTZANMNFIDOZETH S & TR LTz, ZD%. Heki
& Enomoto (JGR 2013)¢. #hiE TEC (VTEC) &tz v— (A4 / V7, HigkmfA. GPSHR) O7—27Zz2Hn»
TTHCKGR L. WDOIEHEMED TEC EZ B2 HIRIT 2 ATHEMEIC DWW Cali Uz ANGHIH ClEHIEEERTOE 78 LRSI L
THRENTERTED S0 (1) MG IR 9 2 BB ML & Ok, (2) $hiE TEC DR RIS AR 32 S HE A 5 R
MNA 7 ZADESVG TOHEE., (3) HHEEEK L RE T D TEC FHEDEY, (4) HiERO R L HiFE% O TECHD &
DOBEMER, FIOWTIR L%, KO EBECHRIZIGERBIRDC &,

1. BEENEEEL & OBUEN A

2 & BRI TEC DZFNIE L RWVD, HERAT — )V THRAETZ KT L7 Ic &b TECAE ., ZEf A r—)b
Mk mILFENEWRAKRST T ¢ v 7 E (Maeda & Heki, Radio Sci. 20041 L Cld. TN 5 OFANEEEL < 7xu,

BRI > TA—a SR Clid S NN E IR, KRB EEEEEEL (LSTID) & L THAYISICRE FLT
%, INHBEEFOLSTFRICBISEMAT —)ViEfDiz, BEitEOA R S HIZBERTO RN &35 %2
BTN B, A TIEHASN RIS Tl 75808 A 72 GNSSR O TECKRAI THEMBEZ & 2 BN FIEIC DN T
WML %, TNODOREZAAVEIN THET 2 C Lic k> T, HAYERRETHAE Lz TECEED, TN 5 HMEHK
L7t DTH B &z HERNCHIRIT 2 /5152885

2. ZAGFEN AR N1 7 R OHEE

GPSTHEIIE N TECICIZEHEDOBEN LS RN OZENE FN., EEOZLOBEBIHUENEHE L, Heki &
Enomoto (2013)Cl&. BB FHUEMFZEAT A H & N5 L TV 22 EHEH B X O EBA ORI E N 7 AL, a—F&
NFHD LEBE I 5 3R 8D 1= BBUAAREEE 2 WHIED | FEAD A OREE DT TR T- VTEC ORERYZ & % C
ET. COREZEEE LTz, AHETIE, ZEREAORPEGE NN 7 AR ENTORWENRICDOWT, 2EREE
B~y 7 (GIM) HEHWTZENS ZEEICRO B FEICOVTH LS, EHICFDXSIT U TROEREINA 7 A
ZHWTEIR U7z, 20074E%° 20120 A kT BEADOEKHIFES 20104~ 7 LHIEEERTD VTEC Z{tZ2iimd %o

3. R & SR o LEiEg

CNE TICHRAEENC TECEEMNA SN/ HEBICEIT 5. K& TECKRIDHIZ AT DORIT/RT s Heki (2011)L4
BRI A L7z HIZE & U Cid, 200747 > 7 )UHE (Mw8.5) & 20124 LA < b ZiitiEE (Mw8.6) & Z D AAYE (Mw8.2)
MEEN TS (Cahyadi & Heki, JGR 2013) 2004 F AR F T « 7 VA VHIEE (MWO.2) &5 &, T DD g
THRALUHEOR O TECHEE, HAPTF VR EOHEEMTRELLEFE XD —AH RKEVESICBbNs, Rl
BTIEARRD TECHRE L. D OHIBSIRA DR 2D EREEN TE FAVKEBRE LTV, N5 DK E Ak
ISHEL TV HREZ i T %,

4. fiEBFTD TEC LA L MiFE% D TEC Jkd & DO =MEI R

Shinagawa et al. (2013 GRL}. H1EEH) 10 7 1RICE D EDR Uz1Ric, EFEDEV ULV IROEINZ JE 7z EiRIC
AT BHICONT, BIEFIEICK > TET UL LTz, HIEERTO L5 & HIFE 10 2% DI ANTE S PIHBSICHE DN TE
D, TNEDEMNEOKFE AT —)VTCHEIC 89 % (A% D TEC D RTJEFRRTOIREEICRE 2) AIREMEIZ(KL, 2004
EARRT « 7Y VHIES 200747 > 7 )VHIEOR| T, HIZEEZOZJRDNEE TH % 12 %D overshooth i
b, ZTORIMEIREZ 0K LD S ARKDKIGRIEAICHEG > RICICGRT DR Z %, W 20124E X< b Tt
EMHIEED K 5 I RE T 103 DL ED T TIRAZICASRDIRRBICR 2 K S ICR A 2 HEE H 5,

F—"7—F: GNSS, GPSFEAfE, 1L, Ak, 2 7%
Keywords: GNSS, GPS, ionosphere, earthquake, precursor, TEC
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SHS BRI E RS 5 72 D OHITE A LIBTITZES O P i

A Decision Process of the Observation and Research Program of Earthquakes and Volc
noes

Rk R
KODAMA, Tetsuya*

VIRE #8
1 Tetsuya KODAMA

TR 2L 5 5 o fERHE T E Nz THIEE R O LA T HIOD 7o b OBEIIIEETE ) OJMIEHEAY [REGE ORI
HHkS % 7c & ORI LBIIIFER T | & 75 > e BB R DOV TGS %,

F—T— R R RS, R LS, IR R R R =

Keywords: Subdivision on Geodesy and Geophysics, Earthquake and Volcanoes Subcommittee, Next Research Program Revi
Committee
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201A4E M SR E NBRZD [THINZE | I BT 5 EEHEAERE
New coordination program of next "earthquake prediction research” based on the electro

magnetic methods

B 4 R k2
NAGAO, Toshiyasti* ; KODAMA, Tetsuye

LGRS PRI > 2 —, 2 RIS S B R
IEarthquake Prediction Research Center, Tokai UniversifyxA

20094EE X O 5 7 5Tl TR E NIz KFEFD Fﬂﬂa&t}‘)\mfﬁ)\%m@tzsz’;@%ﬁ?ﬁﬂmﬁ%m & 2011 D b
FIARFEEEMHIEOREIC KD, ZOFEOKIER RAE UDNRHMEEEEN S RO 5N, FiHE LT 2014FEN 51
[ EDOBIRICEIR T 5 7z d OMIE A LEWIZETE ] & U THRBEENSHEE ko Tz, bb‘btﬁo‘%ﬁzmii@ =S
@ﬁﬁ&i%ﬂﬁﬂ ERTPHLINCIE W E DTFERMERNSITHR > TS, Dk, XKFHETREY - ERiTHOE
SUPNEITEE B R S [ REEEEE | & UTRET 22 & ko, KREOTFHIGEE A > /\— 5kt
J_j(% HRHIEENE K TITUNKENSIML, ZNLANCE B ER, BXUEEKR, THEK, HERFICHIZEEL
TW3.
BEUAIICIZV L F &7V AERGEEI, VH F&AEEENB X O D C—U L FAOBMINCRHYE LU BNz 25
fid 3. FleZznLSNCE KR T — 2 DOIEHZMS, GP S—TE Cfi/aE ERANICEBL, Sfriigszs v
TEDORBETHNREE WM Zin EXE5NnshZHSMILTNL.

F—U— F: WEFH, %, VLEF, VHF
Keywords: Earthquake Prediction, Electromagnetics, VLF, VHF
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Sl EE 1l SR SR O FEHG & B TR
Review of seismo- electromagnetlcs and earthquake predictology

LN N S
HAYAKAWA, Masashi'*

L ERUEERE
LUniversity of Electro-Communications

This paper consists of a few parts. The 1st part deals with the review of electromagnetic precursors to the 2011 Japan earthque
(EQ). The 2nd part is based on the general review of seismo-electromagnetics, and the 3rd, the proposal of a new science fie
of EQ predictology. In the 1st paper we present our own results on electromagnetic precursors to the 2011 EQ, including (1
subionospheric VLF/LF propagation anomaly, (2) ULF (ultra-low-frequency) magnetic field depression, and (3) atmospheric
VLF/ELF radiation. The 2nd part deals with the present situation of seismo-electromagnetics (DC geoelectric measurement
ULF emissions, atmospheric effect and ionospheric effects), in which the ionospheric precursor has already been found to b
statistically correlated with EQs based on long-term data. Finally, by using such EQ precursors we are ready to perform the
short-term EQ prediction and to propose a new science field of EQ predictology.

F—TU— F: HERTDIKBR, ERIHS, HE TR, EElEEEL
Keywords: Earthquake precursors, Earthquake predictology
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HEE D FHIEHRZLENT 9, _ _
Let's make use of foretelling an earthquake information.

g 75
KUNIHIRO, Hidemitsu*

LIYAN fiff7ess
LJYAN meeting for the study

1 JYAN HiztS (MEFHMT7IF 27 %Y b=RZ V7« 7HIK) OERIER

(1) FAFEOMIZEEIE FM BOAEI O NET Bl 217> TOE A, FEE 4 HICIRIREE THREM Tk il L F
Uiz fic &2 < OBIIRIERDER S NHEORERAI & U TaEEEIL D TV E T,

(2) JYAN e, 1K, . S ZOREEE. FMEGE 1 0 0, 7— AERR OB 3 OB T
Btz EDTVET, ZNENOBNKERZIET 2 LHHBEBEGEN D 2 e > TE X Lz,

(3) ZEMICIE, 2EZEHEBIIDM DN TVET, 22T, FAEE., BHROENE T v — RNy 7 72RD, #
HIEHR OB A THEfi 2 D TV E T,

2 WEOAHZALERICET 2EMIBRNEZERLET,

(1) HEORNCHENIZEBRAZE (2) WEOEr Aiih 5ENZEREME (3) Z0th

3 MHEFHER IMEELHEVERERIE?

(1) HAMIEZSE THEFANIIZOANARBETT | ENELE LD, HEOTHINREHRE TESETIEREL
TWEHA, TDz8, Kz, EED THEFHINHR ZHT T ENHEREZVDTT,

(2) HIEEEHRICIE, R=y 7 EIERETD PV E T, KHEBOERSREE I AL, HIEBIEEK) T/R=y Z7H0
flE N, Fiz, HEBEHRDEE S TONREEFRLMDLNET, (o T, TBRAT o 7TLFEHEE A,

4 REREBUVEERERIE?

(1) HETHMOIEMILICIE, HETANCRE R ENIZE & BN O &SR E TS, T T, HETHIONEE
B %7 EIIE, TR L BE I TOE THEN O ELZXK 208N D £9, £z, HEMZHILHIR 2
DI ORI E W IIDREIR T2, AR CBIE IR 2 3 X THA LS8, FiEdlioBHEZ XD £9,

(2) 8= 7 LIEHREUTETI A, BIE. BHiO@EEh S vy 2 ZEANERERETIN DS, DLOERTIS= Y 7%
HZLET, £, HEOZHIERIIAT « 7 L LEREREF U X S ICHIEBOBRIERE ZOFENELL,
DOTEHCHM THEBREZFHATES XSIZZ L, Ny 7z 560, MEOETMEDET D A,

5 BRENGHEFTREELASESHIC (1) EMAHEERZNKT 27HICE., EERHRICHER T — A5 F
HE TOMZE L BE N Z @ E b T8, EfEREREZHERT 2 FENRETT, TORDREMBENZHLEE LT, #H
BEYHayT A NERBME UERNETZHGER @, ATREEO @O T A 7 7 O I RSO WIS B B 2 fliBh L
2T U, KD IELUVEHRANEHBTESTLE S,

(2) MEHRZIEMHICT 27201iE, I XTOBNIERZHE S ERGHIWZ T 2858215 T E DN EZRD T,
BB > 2 — (KRR Z28%07 L, ieefiilligmz —ob T8 £ 9, £, SENBEGICRERERZ 7 «— B3y
793 UE. KD ELWHIEERIERE 20, EEMENSHETREH T ENTEETLE I, [THEXAT 1 7 OW
s, Xoise, ROEEICEDDZENTESTLE I,

JYANHR X = B R B £77R1#8(2014-1 A)

""""" IFOROT T F AT RETF MRS {}' l

REDDSE. SAT %o FOBMBER DL

wy/
n

RyHyb=ERRARTRAZN —
£ By h=BR~ #2255 CEfiith2)
&R CHRERILOIREEREEBRAD
iz 1 O0madE - o - R T —RABAD
/ F—SEHAHET LR T !

TRF 2L TRERDSERES GBI LLTBIMLTOET
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MRS TR A S o 3T EIC BT A 5%

3-D V|suaI|zat|on “of the preseismic ionospheric anomalies

iR R S DI
HIROOKA, Shinji'* : HATTORI, Katsum ; ICHIKAWA, Takasht

L RER AR A e B A ok
LGraduate School of Sci., Chiba Univ.

MR /eA T U C R BB = 4 (Total Electron Content; TEGPEFENAE UL S T EDWZ K OWIFEHFICX OIET ATV
%, LW LEDE., ZOYEERIIRIZIHSMCENTWARY, TECIE GPSHE —H FZEBMNOFEREE O &
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Various scenarios of coupling mechanisms between the major seismic activities on the ground and overlaying ionosphere hay
been proposed, experimental evidence has not been observed clearly. In this paper we analyze long-term data from grou
movement and ionospheric anomalies in relation with major earthquakes occurred around Japan. In association with majc
earthquakes, anomalous surface displacements are observed by dens GPS network whilst lower ionospheric perturbations
identified by continuous measurement of VLF/LF transmitter signals. As a result, we found that the ionospheric anomalies are
observed preferably associated with the thrust type earthquakes. GPS surface displacements tend to occur in association w
any types of earthquakes.

Keywords: ionopheric perturbations, GPS surface displacement, lithosphere-atmosphere-ionosphere coupling, earthquake
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In the low/midlatitude ionosphere, feature which is similar to Equator lonization anomaly (EIA) is produced about 5 days
before large earthquake (Oyama et al., 2010). The phenomenon was found by using the data obtained by US satellite DE
2, which was in orbit during 1981-1982. We named this phenomenon Precursor lonization Anomaly (PIA). To find the PIA,
satellite altitude should be below 400 Km. PIA seems to show different feature depending on the magnitude of electric field
associated with earthquake, distance from the magnetic equator, and the height of the ionosphere to be studied. Depending on:
magnitude of the earthquake electric field, and the height to be measured, the electron density shows the minimum or the pes
PIA is also influenced by natural electric field. When EIA exists, two minima of the electron density appear; one is caused by
natural eastward E filed, another by earthquake electric field. sometimes three minima appear. Here we present two cases: 1.F
under the existence of natural eastward electric field. 2. PIA without/or weak natural eastward electric field. We stress here the
constellation of small satellites will provide a breakthrough for precursor study of large earthquake.

F—7— F: Earthquake, electric field, plasma density, fountain effect
Keywords: Earthquake, electric field, plasma density, fountain effect
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Mission AnaIyS|s of Micro-Satellite for Earthquake Precursor Study
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Satelite orbit of detecting lonospheric Earthquake Precursor
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In general, it is difficult to show a statistical correlation between the precursor and the large earthquake, because of infrequet
occurrences of the large earthquake. In particular, to prove the causation required by the identification criteria 5 needs a number
much larger earthquakes, which are further less number according to Gutenberg- Richter relation. In addition, the events of eartl
guakes in the ocean and far from the ground observation site might be undetectable. Supposing that a number of precursors ¢
detectable on the ground-based station, it might take the long term of thousand years. Theses plausible atmospheric-ionosphe
precursors last for a few hours to a few days before the mainshock. Therefore, some of precursors are detectable by satellit
because the orbit sampling of satellite is less than the duration of the precursors. Moreover, the satellite observation can cover t
whole of a region of active seismicity, when the inclination of satellite is more than 60 degrees. In this presentation, we propose
ideal orbits of dedicated satellite for this study.

F— 7 — ' H, R, A\ T
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