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Correlation between strandings of marine mammals at the Kashima-Nada beach an
earthquakes

R 280 b HPE - 2 R AR S
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20114 3 H 4 HICKIRIRDERH TAHANTY RUDR A « AT VT4 Y ITNHoTe. ZD 7 HIRICHILH T T
FEMHEDRAE LI e D, ThLOBEMENMERE N2 b oTc. AR TRESHICEIEZA NI VT4V
7 EMIEBOME T — 2 2 OV TGN BGEEZ T To. T ORSE, WFICHBIEEL, 20113 H4HDOY A « A5
VT4 VT E RIS & EBIR AV e RO e, F e, FERY HIFHIRLSGE B & AL O A B S
VT4V T EDBBRICOVWTEFKRT 5.
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Excitation mechanism and detection of electromagnetic pulses prior to earthquakes

[GEAR S
TSUTSUI, Minord*

U GTEREESR R
IKyoto Sangyo University

TSRS TR S TERIE DI S N2 0 E 5 D EHED D % T2 DBIIIIZ 21T > TETH. FIREDEL
KHZ IZDW TR EELTHEREICX S E DT, HIHPRFEOBHIEIZ 2 BROT3FHM KRG -, FHITHHIEE

DEREEENE W 2D, R ENBRIRISZEERE TERER AWz Th oz, T T 20114ED 12 A Sk
HUKS &2 WEZ 25 HZLIFIC L& T A, BHIEBIHIA TOEEN 1 LI Th > TEHIERIC K DT iz
BRI 2 TESHEEMIR LTz, BB, HIEEDMER L T2 EE TR EICBRIENIREINTHWEEE R L, T
AU HIEE G O TN RGP EHED E > TV T, BREE ZE L SHIER OME TREI L TV AEZHF > T\ L
EZbND, B ENTEBRE O Z S HEHI O, BAICHHEN TV EENHIELEZ>T2, TNH MT IET
DHIETE co-seismidz 5 & L TR ENZHEHBTH 3 [1].

FEIOBREI IS HERAEZ D SIHOERIFICREL TV EDTH > T, I L2V DI HIERE LIRS BRI DY FH
ETEZNEINEVIMETH S, TNE TOBRIHRN T — 227z, HIEFRAERNCIT BRI OV AR E N
TRV, FIEAOBERRTE A 7 a0 S RSN TV 2D, BAEOEBERIEOMEZR SN TVEY, Z
T CTHIEEFAEL G T & IS B W CEBREIE DI S N2 0TREMED B 2 K25 2. ZOMGEED Tz Dftgt itk Tz,

IR CEMIEDIE S NZEE L U TIEAEBNTO PIRRIC K 2 —HORIREIMEH L T3 EEZ TS, 7
T T, EHh S OB ZRGET % T2 DICERBRE TZ ORI ZT1T-> Tz, BELAARROED FICE XA 50 cmfy
JEDIERE S DR 2 AREFLIRICIEANR, ZOHMEICH I A EEFRATZIREEE LTy 9%, ZLTTD 2ARKDEMS
BN > THMUN SENZMZ TV &, HBENEBZZ T AENEINS, TOR, ZTNE TERED
fllicin > THD - TOWE A ZIIC L 725, TOWRE, T ARICEMM L TWZE TIEEDHERNINb - 2FHc k%,
COEBIC K > T, [ERAENOIT NI PIEMEIRT %, HEEEOREIZHT 2EME TH 55513 PEOIRET
Q#%ﬁ%%ﬂ%tuﬁT EMEND %, TOIRINIC K > THROVEBIRVE CERIED S S NS EEZ5NE, TO

. BRSO TR Uz, T OEBFEREENT S,

RO EBIRIUS B OTENE A L LM TR AU TWE EEZ B5NS, TEWEORh I ST & rEENn %
THIKN D B DY, %LLﬁMWGﬁ#ﬁﬁkiD%Wﬁ%%ht$56ﬁ§<ff?%&%z%h%oL@&O&%ﬁ®
T, BEE O MO EBIH T2 E 1D b DRSO T2, ZOFEIHPMERSIERHC T IO EIEEZNICHNENT
HoTE, FTWRICH B/ NEODMEINS LEZ E?h% CORE, MlOERICIZBEDOHEBENHIMENSZ DT, %
NS KD BB PIEME T 5. T O P OIRE) THEEAN TIXEBRIIHRIC X 0 BRI S . ST s,
BRICHED D EIDEICEML TV &, RSN Z2/INEOOBE A TETE L OB OV ZAHHE & N5 iett
MNH2, 75 U TEKINCIIERD |23, DLED. HERRETNCERE N2 BRIV ATEDOARENE 2 - 7~
RAHTH %o

BRI D SR PE R 24 km O THIEEDVFEAE Uz, ZhUC K AR 2 BRITERS T3 L Th 0, i
OB =R RSR EBRE U, 2T TTOHOBRT—2E2REE L& T A, HIERAEDK 7 RERTRGICH
oY=t Ko T—DDEHP IV AZME L Tz, TOHMNS, HIERAED 7 RERFTICHE U 72 BRERIZHIED
i CO/NEADERICHRR I N DO TR EVIN EEZ SN,

ST OMOERIE OB T — X2 28Ee, Z 05T L ZORICHET ZHEOHERLZ ORI % TORM & D
BIfRSE 2 BN, FRRH AR 2 b DR Z a3 U, B THOFBICBRZEDEEZ TS,

[1] Minoru Tsutsui, Behaviors of Electromagnetic Waves Directly Excited by Earthquakes, IEEE Geoscience and Remote
Sensing Letters, Vol. 11, No. 11, pp. 1961-1965, 2014.
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Anomalous phenomena of Schumann resonances in possible association with earthqualk

N IEL Y R @R 2, HfE 2, oo a A P3
HAYAKAWA, Masashi'* ;: OHTA, Keniji2 ; IZUTSU, Jurf ; NICKOLAENKO, A. P3

VRSt RUIMEE SRS, 2 R, @ sRisdee - 7 LA v 7 914
'Hayakawa Inst. of Seismo Electromagnetics Co. [23@hubu University?Inst. of Radio physics and Electronics, Ukraine

The anomalous behaviour in Schumann resonances was observed at a Japanese station, Nakatsugawa (geographic coordin
35.45 degree N, 137.3 degree E), which appeared as an enhancement in the fourth harmonic about one week before the 1¢
Chi-chi earthquake (EQ) in Taiwan (Hayakawa et al., 2005). Schumann resonance is a global resonance phenomenon trigger
by global lightning activity in the tropic (Nickolaenko and Hayakawa, 2014). A mechanism to explain this anomaly has been
proposed with a model in terms of the wave interference between the direct ELF signal from one of the world-lightning centers
and that scattered by the seismo-ionospheric perturbation above Taiwan (Hayakawa et al., 2005; Nickolaenko et al., 2006). Th
case study was extended statistically by using the ELF data observed at Nakatsugawa during 6 years (1999 to 2004) with spec
reference to EQs in Taiwan (Ohta et al. (2006)). With the criterion of magnitude greater than 5.0, there were observed 33 EQsi
and around Taiwan, and the Schumann resonance anomaly is observed for 9 EQs (so that the anomaly percentage is 9/29 (bece
no observation at Nakatsugawa due to some malfunction of the equipment for 4 EQs)). 29 EQs included 7 EQs in the land, whil
other 22 EQs took place in the sea. As the result of analysis, anomalous Schumann resonances are observed for all inland EC
2 sea EQs from the 22, had the anomalous Schumann resonances, but these two EQs had the following characteristics: one v
the largest magnitude and the other the shallowest. This paper discloses the causative link between EQs in Taiwan and anon
lous behaviour in Schumann resonance in Japan, and also suggests the land/sea asymmetry in generating the seismo-ionospt
perturbation closely associated with the mechanism of lithosphere-atmosphere-ionosphere coupling.
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HE I 360 B VHF HE OB ELE & MBS & ORIRIC DL TOMEHNE SR
A statistical study for relationship between anomalous transmission of VHF band waves

and earthquakes at Hidaka area

FRE 2 b SR
MORITA, Shou* ; MOGI, Toru!

Db R B L e g2 > 2 —
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HEDTHS E LT, MEROZ L, EREOETHZEL. VLF #° VHF OB OB REZ ENBHIE N TE
D (Hayakawa, 1996) Il & N2 LATHR L Z DB%FEAET ZHE & OBHEMEIC OV THEINAEERMTbN TV 5, FM
HOXI 7 &8 VHF # OB, BHSEL TRAE T 2 EBORANIC, R THIUTBRMDEI EWiE L DX RN B
D FM BEEFEDBELI MBI E NS 2 e hH 5 (RiE LIMERR) . AL TIE, 2012405 20134FE X TD 2FMICA D
%Eﬁ?ﬂﬂ)ﬂ—i“(“%ﬁ?ﬁﬂéhfc\ JECH B 7 S ORGERD B D FM FEEKE O Rl UIMEIEIC & % B 2EmE T — 2 2k
ARTT 14w 7 EOREIC KD RFEZIRE, HHREEEIE 15 HDINICHAE LB 9 556 (B n
%E WRIRD S BRIED HECIPCHIEEDE C - 7o iER) & PRI (MEEEI 2RO 5 BRALITOREE D HENIC B
CREELE DS C > T i) (i, 1977) 27 U, SBIRniBAE & ErEEh & OBIRIC DOV THETINCE S 2115 T2,
KBRS DZET—2h 5, TV R LEHEREOLESICNT 2P RELZITHNREDLTH B PR 1 /0T
HMRTA VR U SR, 10 HUARNICHRAET 2HBICH L TRADT A > (M4.0TIE 1.5 M>45D5A5T 2.5 »
Boniz, ZToHEOMPRIZ, EREEH 100kmILNDD M4.0 DHIEE TH) 30%,. M4.5 TH 15%TH -7z, Tz, #
HWIREEER ORI ITMNC X BHOICOVWTOMG LIz T A, BHIIL TV FM BOARD 0T 2 B & 0 L TF
I BHBICHST B 7 A DM, MHNCFE LT ZEDE I HANRT, KEWHEADR SN,

F—U— R AR, #EHIWIE, @R, THER
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201 LB EERA: 407 B BA & © 72 GPS-TECE il & D RTIKZZEIC DL
T
On the GPS-TEC and geomagnetic declination precursors

FIE 2T B Bhii 2
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VIERBERE, 2 (EMRY: EMR ARG SR > & —
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2011 L EE R AE DR 40 3R B EEEE T T O%E (TEC) OiEhn (Heki, GRL, 2011 & Z R Al U 7z Hifg A&
RADIEDZEEMNENIE Nz (Heki & Enomoto, JGR 2018 . Ukt UC, HIEREDH & @k T4 U= Bl g D #EEL
(Kakinami et al. GRL. 2012: Kamogawa & Kakinami, JGR, 2018) % W3R XUR D22 & 9 % Fi (Utada & Shimizu, JGR,
2014: Masci et al. JGR, 2018} {i T\ %. LA LHIEBICE T LIZIEOZE TV NOBSEMEREDOD B 107N
WCTTICR > TED, TORBERICHSIERDFERZT TS EZEZIC W &, TEC &K ZH) & DOFEFHE Wyss
DYEFMZFITHEL TR N D, FHAlE TECEH), HKAH & &ICHIEBITHR THS L EZ TS (Heki
& Enomoto, JGR, 2013 2014). A¥£TiE, LiBORAIEFERICH L THRYT 5.

TLRITT OIS H OFEfEIE 29037nTIEE THLIZEILN S PHIC 6.9° Z EIRNTWA. ZNDHIEFRAEDK 4059
HiD S+ () 28 L, HEEERTEICIZ+0.34%) (9.9 X 10 °rad) & 75> 7=, HEERTKOWISRZE# 7% § B L35 L,
ADK17%DT, § B?H- A DBIRMKOIID. TOBFRMNS § B=29037nTX 9.89X 10 °rad=2.9nT& %9, AH
2 ZOFEEDZEF) (K 2.0nT) 22T & % (Enomoto & Heki, GIHRFEH). T ORTIIKZEHIIE VAR TRV, T
Tbhb, BULEVENG €O ELVHIEKOZTRIX, BHEBELOITREL D TIbrEhm, KE XX AnTRET
b % (Utada et al. EPSL,2021. fiifih U7z & S ICITHI TORER D FEILN HTEIC 6.9° > TWAHDT, The Vi

UK T BV (EIEHS 45° 75) EOXT MIVRIEE SIcpfE (~-0.12arcmin 1IZ7553 3 TH SN, FhiEk
(+) HloZ#HZRLEBIFEIICEDRRV.

&5 Utadab (JGR, 2014 13 3.11 (EH) OHEERTD 15:10-15:46U.TL WA= DNIEE 72 5 72 21:35-21:54D
Hh SR A O BB R TO+ZE O R E DB S OBENENIE ERENT &, ATOIE T O A Z B DR
BEDIRENC EEHHICHAEDOFETCH D TR, WAADEITEIMRADZVIEZA (ZH) IOV TER
T 20ENHAS. HEERTDOAD & A (Z/IH) OBEFFRIE 0.138 FHEEA L) T - 7zDICH U THEXIED BE 7
R COMHBIREUZ-0.97168 UV MHEE) TH o7z, DT LM THRETWS A D & A (Z/H) OZ#X[E UK &
WARWT L 7Z2Rmg LTV 5.

FRORTIRISZ AT 2 X 7 = A LIS DWW TR BIHERRT TH % (Enomoto & Heki, GJI)

F—TU—F: 201 1 sIepitE, BEEE2E 8, KR A, miREHS
Keywords: 2011Tohoku-Oki earthquake, ionosphere total electron content, geomagnetic declination, precursorb
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W cURIC 2[R 9 % B REHEEL (TEC) DRI E & #hERICHEN 9 % SR E L & D
R THEDORES

Statistical characteristics of the lonsopheric TEC disturbances over Japan area

AR F T 1 ; Han Peng ; ARl 7l 2 ; 2 1EZ 3
HONMA, Ayano'* ; HAN, Pend ; HATTORI, Katsumf? ; LIU, Jann-yend

DT RERAAPAER, 2 THERSARABHANIZER], 3 BIBENI AR
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JEAE, HEIEENCCIT T AL RBHIAIHSHIHRE SN TE Y, HMEOEH TR ORREESM RSN TV S, i
K-> T, MRS REEHSOAARICHE N T, HEORICIED TECEENEEICHET 2 EAHLN RS> TN 5.
FEATHFZE Tl IR S URIC KSR 4 % TEC B 2R T 271, HEHICE D 1 RSB ELIAR 2 ARy R & LT
fo. UL KO IEMER A ZELD BR < Tzsdicid, MRS URIAR Cld 7 < Zhic & D < BREEESLHR Z R 259 5 D
HB. ZTTAWIETIE, HARHIRIC I 2 il SURICECIX S 2 B EEE L O 2 A Uiz,

Mg RICHER S A B EE S 2R3 AT 3 B 72 Ic, F9° 1998~20134FICF 4 LTz 294l O Mg E 2 Z Dk
TE () ba—hIV AL LNTHEZ Uz, TORFY T AT ICHIBEGURICHEIN 9 % BEEEEEL O a ZLE) 7z
AT B0, GIM-TECKRERIT — 2 2 W THIREGURFEAEH O 2 Hiih 6 5 HED 77— 2 Z2fitiLiz. 7—F X
kZ v 7 (i R 100000E]) & W CEELIO TECHEDFEEE B U, HRGEEELICE K 9 % Sk EEL O
PEZEFAE L. ZOMBEMEAEDORE SN RENIEED TECEENKEL 55T L9, MEERORENRR & E
BB PEEL O FEE O BEE DY I o Tz

F—T— B WEEHNT, HIREAUR, SEREBHEREL, 7 — 2 k5 Tk, Hii
Keywords: statistical analysis, geomagnetic storm, lonsopheric TEC disturbances, bootstrap method, earthquake
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HIERJeAT NEREEAE L & MR DR B & DORIR _ :
The role of earthquake source parameters in the subionospheric VLF/LF anomalies befor
main shock

T kD T BEH fHUD U AR R T
KAWANO, Tomoki'* ;: TATSUTA, Kenshirt ; HOBARA, Yasuhidé

DA SUB(E KR E G i T2 ek
!Graduate School of Informatics and Engineering, The University of Electro-Communications

K- FE ] 2 B Rl % VLF/LF &S BB OIS A ic T FESEEE D EIL S NS LREERORIE « A7
MICBE G ZEDVE L 5. HIEEICIE T 2 BB ESLOBIAIMIEBHEE TICZ A MG SN TOEH, BOBDDORIEIIE
19 5 8ELE, HBREAS T ZF 2 — FODBEFROEROHEICE N TELT LEBIISNLRTR AR, £z, it
RS TR EEEL ORI RTEHS TR R, T2 TAMZE TR, HIEE CMT iR EIRT — 2 Z i i 7z 2 1
T EFEAEGCOBL, MBI TS % MREEEEELOMRZEM Ule, ZORIR, Wil e = IC el 79 % il
JEEELE, BRSBTS MR I LR K D BRI T 5 T LI LT, Rz, BELEDOHIZ S FHHKIC TR
U7 HIERIC B U C & B R O HIEIC R S8 % A EELO R AEN ZE L TOZH0 o 7c, DT LI3HipE-
B HHER OERIC BN T, 3DDX A TOMED S B, FHIATRIC K E 1AM 2 il fE R O HigE HY K & ekl 7z
HoTHD, TEROMFRICHNSNTETHEO L IVF—RREDHEET, SEFIHTHEH LIHED X A7 - 3
L5ae & HEEDOFAICHR D K O aEll A G EEL LM 2 IRIICEE TH 2 H2 R L TV 5,

F—U— F: EEEELL, VLF/ILF X5 )5, HiZE, CMT fi#
Keywords: ionospheric perturbation, VLF/LF transmitter, earthquake, CMT solution
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HIEIC /e 19 % R El e il B L OFR E Y
Statlstlcal study of pre-seismic subionospheric disturbance observed by the DEMETEF

and ground-based measurements

JERE IR T SRR BN T s WEIT (= 1 ; Berthelier Jean-Jacques!E & £ 3
SUTO, Yushl ; TOGO, Shohd* ; KAMOGAWA, Masasht ; BERTHELIER, Jean-jacqués KODAMA, Tetsuy&

VHEUCPERPHE AL, 2LATMOS, France? FHIfTZEWIZE AR T HAIA X v & a VAREHIBRBII >
9*—
IDpt. of Phys., Tokyo Gakugei Uni2LATMOS, France?Earth Observation Research Center, Space Applications

HEIC BT 2 EBRAEISR & U TRAE I X O EEEEETLIE 1980 LA LI EINT T, INSDHSUZ
FHHHETRIANOFADHFEENZ D, BEIDIEEICMDOTH S T LT ZF 2 — ROKZRHIEICH L TOHEH]
INBT END, KERANY MUEIC X BRI DARR & & NS, HiBR EOMEE O S THAT % HZEITH
LTINS DBERENRINCUEET 2 FE L UTHEBMA T 5N 5, FHOIEIX 20044 6 HIC 7 < > X CNESIC
Ko THIESBW XS DEMETERDT B LIF SN, HEBICHEITT A% VLF S BRI R DB S A RS & L
TIESNTWVS, Némechid DEMETERIC X o TR SNz T — X2 U, B FZIC B B0 VLF HraEmisk
SRIE D E P 1.7 kHz 01 B CTHEEERF AT D 4 RFEILANIC 4~6 dBIZ E AT % & WS HIMEZIER L7z, T D
BB OBRIIIIEEIC K > TRET 2 EREMIE A SN, NEEHEREDERIE OIS ShORER 52 %
ERRE NS, AWIFRIC B TIEHIEE ST TN R BRI R D 2 RTINS GRS K URAERX = XA L O 2115, %
OFER. ABEZRA LTz & BN 2 BiE ORI X UL, HEBAOBSLIC LT > TlRERDDEE TV 5
HHEHEE LTz RBISITEN U2 DNy 7759 0 RTHBEEREDHBENAS NG Tz b, &
R N REA AL LTEZENS,

F—TU— R HE, MEREREETL, DEMETERTE
Keywords: Earthquake, Subionospheric disturbance, DEMETER
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Development of Early Warning System for Crustal Activity: Detection of Preparation
Process using Multiple-Observation
Development of Early Warning System for Crustal Activity: Detection of Preparation
Process using Multiple-Observation

IRER 7 EL t* ; Han Peng
HATTORI, Katsumi* ; HAN, Pend

LT R

!Graduate School of Science, Chiba University

TR BRI AR B SRR HIEE R 5 FERIRE TR T % slowslip DEFIEK TH 5. Tz 2011FE G LHEDRE, S+
IHEOHEIEF B IERIE L TV 5. TIERZOM AR ULF SERG BT SHEIE slowsliplBiaifEic b b, 20024 & 20074
D slowslipA > b CRREHZT ZCE L, BEMBITPY I 2 L— g VORE, i NHEIICKER T 328 TH5 T L
bhotz, i 11 EROFEHRITIC X D HBICHT U T ULF RERRENERICEMT S bbb - Tz, i, Bt
M7 T B OFEHRNT TIE, AMHUIK TIZHEDORN] 5 HEICHRE DN ERICNT 52 2 &b oz, ZT T, EF
BISEWHIE CHEAGBINZ RS 5. Bl S N B A E) & #yRZlE) & ORI &2 BHRIP A SRR IS MGE L, Z
OFERHEZ fRBA L, HBYEHRAELRT R BT 2 TEE AT 5.
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