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1. International Research Center for Space and Planetary Environmental Science,
Kyushu University, Fukuoka, Japan

2. Ltd. Asia Space Environment Research Consortium, Kanagawa, Japan
3.Department of Earth Science, National Cheng Kung University, Taiwan

4. Institute of Earth Science, Academia Sinica, Taiwan.

5. Department of Geosciences, National Taiwan University, Taiwan.

6. Physics Division, Indian Institute of Information Technology, Kaly

The paper overviews our earthquake study which is still continuing since 2005, and describes tasks to be
done from now.

Precursor signals have been reported by many people so far. Dr. In 2005, Dr. Pulinets, Russia, asked me to
check the ionosphere before large earthquakes. I felt a little bit reluctant about the existence of the abnormal
behavior of the ionosphere at that time. However, as his words were always in me, we started by the help of
Prof. 1. Kutiev, visiting from Bulgaria, to find the abnormal behavior (different from our common knowledge
about ionosphere) of electron temperature (Te) and electron density (Ne), which were measured HINOTORI
satellite (inclination, 31°, perigee/apogee, 576km/644km, launched on 21 February1981). We found the
overshoot of Te which usually appears in the afternoon from low to mid latitude partly disappears or totally
disappears. Usually in the daytime ionosphere F region and Topside ionosphere, Ne increases causes Te
decrease. We found when overshoot of Te disappears or partially disappears, no change of Ne in our study.
However, this finding might not be used to identify the epicenter in the future., although we can tell roughly
the epicenter, but not exact.

Data analysis observed with Dynamics Explorer 2(DE 2) (3 A ug,1981-15 Feb.1983, Inclination 89.99° ;
Periapsis 309 km, apoapsis, 1012 Km, https://omniweb.gsfc.nasa.gov.) was conducted by Dr. Kakinami,

currently Prof. of Hokkaido Information University. As the main scientific purpose of DE 2 satellite is to
study high latitude phenomena, it was quite difficult to find the orbits which is useful for the earthquake
analysis, because most of the earthquake often occurs in mid-and low latitude. Never the less, we could find
3 set of earthquake data which consists of Langmuir probe (Ne/Te), Retarding Potential Analyzer (NO+, O+
density, Ti), and drift meter (3 components of plasma drift).

Our study shows that the minimum of O+ density occurs over the epicenter as well as geomagnetic equator.
The minimum which is found far from the epicenter (but still under the influence of earthquake) gradually
approaches the epicenter as the earthquake day approaches. The original minimum of Equatorial Ionization
Anomaly (EIA) seems to be pulled back to the epicenter just before the earthquake. The study shows that the
epicenter and the day of earthquake occurrence can be identified about 5 days before the earthquake. The
essential point of the finding of the epicenter as well as the day of occurrence is that the height of the satellite

orbit should be lower than 300 km, where neutral wind and natural electric field does not disturb the picture

originally produced by the earthquake.

A giant earthquake which occurred on 11 March 2011 provides us a lot of information about the precursor.
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We started the data analysis acquired by Defense Meteorological Satellite Program (DMSP),
F15(Sunsynchronus 850km, 17 Dec 1999-18 Oct.2021) (https://
space.oscar.wmo.int/satellites/view/dg4msp, or https://nssdc.gsfc.nasa.gov).

In spite of the high-altitude orbit which we did not expect much, we found the followings; 1.the deepening
of the midlatitude trough 2. its equatorward movement, and enhancement of O+ density over the
geomagnetic equator.

After we finished satellite data analysis, we shifted our main tasks to study ionosphere observation from
the ground, because low earth orbit satellite by which we can identify does not exist. Many reports have been
published, especially about NmF2 and TEC. Most of the papers discuss the deviation from the averaged
value with respect to the days. However, we found the following.

The precursor is not one day signal: very often the NmF2 precursor feature at one station shows the
gradual increase before earthquake, and shows the peak and then reduces again, while another ionosonde
station, the NmF2 shows a minimum on the day when NmF2 shows the peak. In order to confirm the
precursor feature, many stations along the latitude, especially needed, together with space weather data, at
least Dst, Kp and F10.7. One issue to be noted is that the period of two days appears in NmF2, depending on
the geomagnetic latitude of the station.

After we get our own morphology on the ionosphere, we moved to try the mechanism of ionosphere
disturbance. We have started the study of atmospheric temperature. According to the study of Wenchuan
earthquake, the neutral temperature observed by TIMED satellite show the good relationship with NmF2. For
Tohoku-Oki earthquake, the deviation of the temperature from the average height profile shows the
maximum in the epicenter region as well as around the earth quake preparation period.

After we acquire the influence of the atmosphere parameters on the ionosphere, we moved to study the
ground motion, because we believe that the ground motion is one strong candidate to disturb atmosphere.
Recently we are studying the vertical ground motion by using Hi-Net data. The Power spectrum density
calculated from the raw slant gauge data shows the good correlation with NmF2, suggesting the possible
contribution to the atmosphere. What is not known yet is the evidence of the vertical ground motion which
modify the electric field. We are now trying to find the ground motion which simultaneously moves in phase

over the wide area by using GNSS data.
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giclshns (12l ABFED LT 2 5E1THT7E L LT Umeno et al. 2021 Ti&, 2016 fFREAH
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Umeno et al. 2021 TH#E S 7z MSTID O EIZRRAMBE O EFHOALTHY . TN
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T, 2019 4F7» 5 2021 FIC HAREWNTRAE LT M6 LLEOHEE L5,

2. FiE
2.1 tABfEATE [4l(5]
TEC OE& RSy & it 9% Fik e LT Iwata & Umeno2016, 2017 THEF S du7-F0 BAREAT
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Z XOytO"'tsample"'jAt ’ Xirto"'tsample"'jAt
i=1 j=0

C(t)zNi

t =ty + tsample t teest
B, AWHETIIM =308 L7z,
2.2 Band-pass filter [6]
band-pass filter IZFEATHFIETH TID Z k7T 5 Fike L THWOLILTWDESBEE T, 5%
iE L7z band (2% LT, Z® band N A E D @it S Bl o Ja ek 2l (Bog) S8
5HETHD (6], X 11X band-pass filter DA A —TTh D, AWFIFETIE, ZEATHL
v R L7z TEC (2% L C band-pass filter Zi#H L. CRA OfEROEAMEEZHEND,
SICHFHEOMIER 2 BT D,

Power spectrum

Amplitude

0.0000 0.0005 0.0010 0.0015 0.0020 0.0025
Frequency [Hz]

1. Band-pass filter O]

?f*%

ICXIG IR & ZN TR R E £ LD, BREEITRBEBCHREEICKRE < EIN
%57”:&')\ Kp index, Dst index, 3 X ONKIGIEENCES T2 7 — & 2 & MBS AE A1tk I IR 8 ELY
FEA LT S S D GA IR E LT s, 1 OXGHE (2019 - 2021) FE4R;
(Z MSTID 23 S 7= #2019 FILTERITHIEE DA TH U . CRAIZ X - THIEEF A 1 F
RN B RATTE Tr — I W EIRBIENAE U TV Z Enm i T& 7=,
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2020-04-19
2020-05-03
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21X CRA KT band-pass filter
W%, MSTID (XFF P 5 ~Mulk L Tz 7z,

K 1. T GROHEIC

BRRE M
&7 BE 6
=g 6.2

H e 6.3
R4 6.7
—EREEF 6.6
FHRERERAH 6.1
=R 6.2

EEFBFESH 6.2
FEREAH 6.1

=R 6.2
FHREERAH 65
BHER T 6.9
HEEEAH 6

FhZIERE 6.1

RS
30 km
5 km
25 km
14 km
393 km
21 km
46 km
9 km
36 km
43 km
43 km
59 km
385 km
14 km

H A & T 0

BT 5, TID OFRAERN & AR E OB K

X

£ 2023 FEIEE TS

TIDOHE GEHREEOHE Av AE EEM
NRIETID =T 750.0m/s  12.5mV/m #9185RIET
X
x (8KFMERI £ T)
MSTIDA H4E (=B HE 30.0 m/s  0.50mV/m #1EERIET
X
X
X
X
x (4EsRIETE T)
X
x (120@E % ©)
HWRERKE RN ET2)
INEIETID {EEIE 107.0 m/s  1.78mV/m #1880

\Z& D, R MHIER AR MSTID OOk 127~ LT
2 OHEHNT & 2 FEHERR D D O FF VG J7 17~ DB

AR L TWD, EIZRT CRA OfERN 5, MSTID OIafaRIE (& D) 23 EEL T

W2 Z R oND

band (2% LT %*ﬁﬁi L7273,

S 57 band R E TE RN T

-140 0

-280

South-West propagetion distance [km]
560 420

<700

%,
Yo
i
e

2. 2019 FLUTE R HIEE O 5 A

F7-. MSTID (& TEC OZEMEN KX 1L N E DD,
WD BFMEL TV, #LIRLTWD 2019 FfE 1 5T
ENFOHET, 2021 FRUFIERE 7T HUE I SHHEIE, 2019 41 5T iEHE

CRA satellite: QZS-7

Time (UTC)

EDFRE LTEZLILD,

-140

-280

South-West propagetion distance [km]
560 420

g
&
Time (UTC)

band-pass filter DFERTH 5. HEdLR VG 7R OIEHEIEBECTH 5.

o
4 £ N
Ol ~F o Mainshock

— 5, AKX D band-pass filter TILH & 72 BB IIHRH TE T, fho

FIREICHE T 5 2 LT TE oo 7=, BOERT & HoE% O TID %

- 0.050

-0.025

— Q—Eglunur
-0.000 Tecy

- -0.025

- ~0.050

I—O 075
- =-0.100

A1 MSTID OfEH D+ ZXit CRA. XL band[12min, 20minliZF i) 5

/BB 7R AR B S R R AR R L AR L T
[Tif iR 2 O 2021 ﬁiﬁ{ﬁkﬁﬁ@fﬂ

BW T =M

JF DR Z NN 1 BERENC A LTz, K3 1% CRA XU band-pass filter (2 X 5.
TR A2 RF D MSTID DR DR -2~k LT %, CRA OFEBE (ZE8hRkSy)

2019 - 1- BT
ML/ &V TID A3,

1 BEEIRNC . Z DIailT N E
T& 72, 2019 F IR HEOL A

b)) BT Eih & LT, HWEAR ORI TH s Lz —

10:00 UT JEL CTRVE S Mafle T DRk R b avle, S HICHIERIEAR

E QL5 Cififind 5 B4 CRA & band-pass filter Ol ik CTHiH
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VMETE 5 T2 72 O ZELHT#% O TID Z M FIRE7R band WF/ELTZZ EREX b D, BLELD
)72 band &5z iR band'pass filter TH TID OBMEENEZIRZ LNLLAELH LN, 1
DN GE LS D720, CRAITHEEZ(LA L VAR TELZ Z N TELRIETHDL Z
ENRTRBEEIND, ZOWEITY T A A LBROFEIZBWTHEE LD,

CRA satellite: QZS-7

600 1000

200 200

200 200
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-1000 ~600
-1000 600

" _oMainshocl
s & e° ko o
G o > < &) o
' S B
e'° &
of of
N

2
%

2.
%

' w.lnshocl@
>

/
%
%

R
& \0“’ &
Q\ '\ '\'

%
%
o
i
%
%,
%
o

Time (UTC) Time (UTC)

X 8.2019 47 & E O3 E AT MSTID OE#oRET-. £XKIi% CRA. £ X band [12min, 20minli BT 5
band-pass filter DR Td 2. Hitdihi L 157 7 OISIREREECTH 5.

4. Frm
ARFETIL, IR HIE & SimEtEDOSES T, TID OGIREF 25 & 23 7- 008
BB OB EAHET S, Umeno et al. 2021 TiX, TID OEFHENS OELE Av &
BHHEEBESROBLE AE N, 77 A~ HFERANSEEMICK (D) oLy icE8HEA TS

Av e

2V ~6 x 10* T~! 1
AE miQi ( )

X (D) DoH#E LIZELELETR LR LTE Y, [WERMPHEOH TN 0.50mVim & 725
TW5, ZiE, Umeno et al. 2021 THE S 4172 2016 FREAMIED 0.58mV/m X°, 2011 4F3H
JErfHiEED 0.50mV/m (Kelley et al. 2017 [7] , Heki 2021 [8]) L [RZ%TH v, JiTHEE —HME
DI DHFEFR Lo TS,

HERE AN ESE N ET DRI OV T, OIS EGIZHE O JEBIRSLT Rt & o
kA iﬁf}inﬁﬂﬁﬁé‘ﬂf%é Mizuno & Umeno 2022 (%, #ENO/K &SR EE T2 W TE
FERUREEIC /D Z LIk, HBBOBELANELD Z L E2BEL TV,
é%%\ﬁm%ﬁ%ﬂ%%%#%fﬁ:xA%m%LTV<M%#%5&ﬁ%:\U?»&%A
e E O REEGED TS BLERNDH D,

5. fh
AlE], 2019 LT R HIER 213 U oolZ M6 LA E OO RIS\ T, HIERAE 1 R ATRLE O
H A LA —)LTC TID Ol E 2 b2t Lz, F7-. CRA & band-pass filter O 5§ % Lk
L. CRA I TID O#EA{OBHUCIBNTE L VLA FIETH D Z & 2R Lic, ABFRORE
RoE X, SRIZA D =X LOMPALY TV A DRIOFLENRREE 72 5,
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Hh B 2R B B 5 DV T LA A DR RO R
HH Hh 72 A8
PN S N e e

ey

EHEE R ORIV S D FEBERRNT O 715 2 t R BN I L, R EEh o RE A2 U T
LT 2 FIEICOWT, BRCF ORTE OMEIRE) & FHHOIC B LR 2 P OICHmET 5. K

I[N BIT DR EEZTCICLIENE E o T D,

1. Introduction
HERAEOTRNIZEDETT HHMOR SIS CTEM - 1] - o L5 IcKrahs(2). Zo)
HEMTINIE L < B S HEBNMEIC X S SN HERIRET — X % b L ICEHNRRE[2,3]0 08
WREET V4,56l E Vo lofRima L LCU R ZFHMEEIT 9 DT, Bk - WK OBEND  HIET
HoOf CEREREZ DTS, —5T, HEOEMMTHIL, HEL WS W Lo m@mmEEc
T %ﬁbfﬁhéﬂ%bh&wﬁﬂbgﬁﬁ%%$m_%zékwo,i@%%%i%@%@@?
2 AZER LI ERM RIS ESN T WD, 20 X5 2EHNETHE L B2 FER2 R
TEHAREINTEV[6,7], N0 ZBERICHRIT 2 A& LT, ¥4 7% o — P Bm%
R R[0S S W e 2 i 1,121 8 R R s T & 72[18]. Lo, WPFn b 224
DAFEDT[9,11,12,13], BLKTIE, AETH L LB D BDIIFET H OO0, HIFEERA L OFEN>X
Z BRI T & 5 K ) e R e T8I 0.
ZDOXIIRRIT, HILFEVPHBOLATHR TH D Z L 2T I2DITIZZN D DO FROKEE R\
& AEFH RS BT 72 5. FEEHAIIC R S S T8I & MR F A & ORRBRAYZRAE D E 3 5 2
272U, W OB RFE N E N LN TR &b, BICERTEEH RIS EN L 2 HEEFEOE
T EFES L CHEMNARY 27 OFIEITH Z &1L TE 5[5,11,12]. Lo L, HATBROA T HJRK O
%&<ij%%mﬁ%%%@#ﬁ%ﬁ%ﬁo CIFEEL <, FHEATHLOME L ZN L EEETD
CICE DA N =X LOMFEZ BT ZENEETHLHEB XD,

HIEOBMMEATEG LB X DN FRO O BLEFHICHEE R DI, m%%$@4o“ﬁﬁ%’@%I@
E 1 #(Total Electron Content, TEC, & % i E&HI A & 752 o [ 03 3 imia 9= 5 E B %R
TEONCHN D B d v [14], e 72 KHIE CHEGE S LTV 5 [15]. TEC O R & HiE %&w@%+ﬂ
DIHRNTHREEE A 0] | S TR 2 516 & UCHBIFIITIED H 2 [16-19]. FHBIMHTIE CIE, & DA
WZxt L CEHEOBIEG=02F0LE L, ZOELEI =1,... M TIREST 2B 2 B AR O
TEC ORI V5. I RAt THERRIIC IS B D TEC OF: RS Zx; ; GIERZt = jAtZ2 K372
DOFE) LT 5. HHRST(= (N - DA)OKRIXEICEIT 5, 5D TEC KR HHEE Lz TEC
DEBET  ETD. ﬁWEﬁTﬂ%wfiﬁwTmmw@mukﬂfmﬁm#%%ﬁbk%@m&@%
g (= — 1) )BMREVE X BNV CREIRTORMIZ TEC DREAR iz 35, FH
TéﬁwﬁQ_MKif&<%@ﬂL®@@ﬁﬁ=Lmm%abfuTwm%ﬁdﬂ%%Mﬁéh&
19l ZoC(MMRENEE, FERT 28R LR L OB OEBRE CTRENEE TV 5.
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N-1

1 M
C(T) =WZ Sl,jgo,j'

i=1 j=0

DX, FHBETIIESOBIRORRINIERE VD Z L TRERIMOBE 2R L, HERAE
ATOIERO B EFHND Z L TENE U T AX A LT H 2 & & ARRIZ LT2[16-19]. & 512, MSTID @
ﬁW%M®%T£MﬁﬁM5:k%%ﬁéﬂfwéh%\jWﬂﬂECE%i EHERE IR 2 RB &
Z 0.5mV/m F2EOESZZ(19, 20ICEE T 5 L ZEZ LI TWDHR, £ 95 LIeESOELAHIER LD
B L CTA L D A T = R AICHOWTCIEE R A m B ER R (21], H T IR0 @ERFURREIC X 2 WiE
[ L T OB Dy HE[22,23] 70 E OGS D3 K < bhro TWiew., HEOEIFRNCET 72U 7
NEA BT %li DB OGN & @D, DA =X LOBICERY i 1T, (b7r< & b Bk
B L0 IDWEE IS X VIR WO EENC BT A REE ) T XA MIRET 5 LR TH L EE
oD,

BIFE Tl GNSS # W THURE B Ok 1 2 EHEBIHI T X, A SN TV ZN D ORERSIT — 4
[24,25] % F N CHREFT M T4 5 [26]. HFREENT — 21213 ) 4 A%< &£, TEC AT o4 & FEk

WZENGDOEEE TEXLETHEL TN Z1T ) 2 ENEEL RS, ik, HRDOL ORMEIZHEITT
D7 VA Yy FRHGER A D 2 RFHRIFREE DI NI HI S B EAT 70 & L Sz 2 & viliE S 7z (27173,
— 5 T ORHT FIEORMBEBSER ST\ 5 (28] £z, BEAFTEOMENT TIE TIXRKHIE O ARER AN
BENTODNS>TWAMERH Y, U T HE A NIHGEEERNT 217 5 BTN B W T A ZPEIC 5
23 & 5 [29].

A5 TIL, TEC RN TH 5402 FE BT VE 2 M B8 O AT — 2 121 LR FE 2R L. %
S 7o B & RIS T & OMIBE & Sl  fERIC X 0 FEHICIET LT, &I, %lﬁ L oxt
PO TR filAL, FFC ) T2 A DR BEFEREHICEA L TEEOH Y 5 DHFFETEHT OV TR~
5.

2. &

HR AR B DI R HNARBIRAT 2 W 5 2 TIEIC OV TlE 5. RZI (ALY IV~ ORI T o ik L E)
DEFRINEE 2 5. SERH OGS & 72 286G = 0) & ZDOJFIL OB = 1~7)IZFB1T 2 KERF
Zxj, ZRETLDBNHR(r =1, ..., RDORRINZ LT 2. RHEOYHIREZ(sA) )5 DEB 2 £ 2
HAX] (= Xy — Xy6), A1 (=T j — Xpe) & T 5. TG ITEEBERE BRI 1T 2 FEBED TEC L8O
ﬁ%ﬂk%ﬁéhkﬁ%ﬂ’%ﬂ%hﬁﬁ?é SR ET HBIRERE L B L CRERHONGSR 2D
BRI B T 2 KE ) EORRE R 2 DA &2 78§ 02 ANLE e (= Ax; — Arg ) (IS K D EHil 5.
OB E WS Z & T, BASIKTO YV a— LB O A RS L, obg 3 A B ST
TOR—HNVREBZRY BT ENTED.

Z Def A\x UTHBIRNT 24T 5. MBEIZLL T O & 5 I L TRHAET 2 QT — 2 28—k T o5
HEBRELIZRIMERT). ZOMBENS R & 3 2 BULERE 3 2 48 B 8L O FR XK 72 His 2 8)
BRI,
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R 7
S

2.2, 2 el

k=1i=1 Jj=g

R

Co(s) = S+AN-1

7

2 L
k j=

FEBAfENT 2 3 2 A B 7 — & & L CiE, HARSRIZEIT % 2011/01/30 725 2011/03/11 OAE
FEALE AT E TORFFENE A t=30 43 OFERSI(PPP fi#)[24] &, 2004/01/01 75 2021/12/31 O [E +-HiF

? At=1 H D F5 fig[25]1 % Fv iz, S RBLIR 2 U IO BLRLE & L, Juil & 2 DT ZBR -l o8l
RLRIZ BT DB 2 RO 7.

3. FER L

FEF TITFRIC TG S5 0 O HIFR BN DN T LG OFBIMEZ RO 7R R AT, 26 OFHBHEIZ LN
A T O MR BN X DRI e BB A RO DO TH Y, REOHBEMEO AR, FEC) ITRFRHZ
B35, KRR D SITHBIEO AR 2 ERME A — L L3 L RZRIC L DV RO AR 1278
LS, HREEBIOREEAC, = C/{(C)s —1TEHKETDH. ZTORFEIZIY, HLBWS - HDHEE
MICHT D HFREE S & OFLE v — D VIR B &R LT D 0 E ERAIZRHET 5.
_9Lf*iégﬂ%%®m%ﬁ%&&@io’%%Lfnéﬂ%%%%:%ﬂétw HIERIS B O
AL — QO ZBLINATEILIZ BT HHIE %@®ﬁ%gtb W& DM OSMA E HeFZRDIZ. £ Ok
R, 1 HRERO F5 fiF T, mﬂ%@ W B DH IR O HBETEERN ONERIZ R DM N H 5 Z &R
ENniz. £72,30% ﬁ%@ﬁtﬂ%%? 5 DFFMTCIE, MR B R 5] & e < HURTEE NG T AL
HEMBR RO, bbb, EiTh o THIERRHBIEEIC ST L CHEBETH O RER, V7L
A MZAREOREZ ST D0 E 72 OBRHITE 2 alReEtE me S vz,
ATl b E < TH 30 DHEIMREO MR EBIRER Y 2 BT 512 & & F o7, EHEE O REIIAREHR
RO 40 SFRETH D720, BHEERE & OxbitZ L VEEL S RETT 220X E S IV RETo
R BT — & Z AN AT DS EE L 72 D KH%T%VKW%MH&MﬂEC@%ﬁ@mk%K%K
XEREDH T CEIEAE L T D72, TEC & HGREEN T —# 2382 ) 72 A MEHT$ 5 2 & THRATE
%L LTORY ﬁm®ﬁﬁ%ég_W@Ehém@ﬂﬁé_&mﬁg&%bhé.ﬁ%@ﬁﬁ%ﬁ%ﬁ
IR 5 2 L X EHEE R O A B = X AEINCBIT 2 REAE LN D FREERDH Y, Zhb Stk
DIRETH 5.

BHRERYERLE Heki 2011 AR EERYE Bletery and Nocquet 2023
WERREDHEDT—2 ZAVTRERE HEREFOWBERAVTILRY v TEBH
{} HERARRATE DB A {} HEBARRATE D
)7ILE A LBHERERE YTIVE A LR EBHRERE
Iwata and Umeno 2016 . e
- wonF— - WEREOHNDT—2DH
iy A g F-50/4 XOEBEER

MEOLE - HTRROWELE, A H =X LER
X 1 EREEE - HERESRE D) TAFX A AR L FE O LBROBER
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IRp R4 SR 28 B R, 4 D #URFE AR oD JeA Tit e

TRV
) ESE EaEFF oL a2, EE (T5)
e
GEONET 7 —# # H\W\ = RATEH AR 7 /L (locally stationary AR model) RfR%157 — & fihft % Skt L
72. LSAR T OfE R, HFE 72 2L (MAISE) S Rt S 1U72. LSAR s 45 60 5 28 ki
(MAICE) 1%, 'L — MHORAE (FHHomE, 593) THPTE 52 Lnmn.

1. [FLBIC

GEONETV7 —Z IZIFA R AFRA G EN TS Z EBWE STV D 29,
— X VTR RN T — 2T 2 i L, T ORRICHOWTERT . ok, BERIIT —Z fREHTx

HR )AL S (Medium-term perspective) 2> & HUEERIKY 1 A2 x5 & L7z, dE (EW Fm) KR¥|T—%
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meig
@
kaiy o;')Ch
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Fig. 1. (a) Continuous GNSS stations around the faults of the 2008 Wenchuan earthquake. Yellow star shows
the epicenter and white rectangles are surface projections of the ruptured faults after Furuya et al. (2010).
Large circles and small triangles show stations with and without the data after the earthquake, respectively.
(b) Ground projections of the ionospheric piercing point (IPP) tracks of the line-of-sight at the altitude 200
km (black) and 300 km (gray) from the meig station 5:30-7:00 UT.
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@)

| jyan
E G22 Fig. 2. VTEC curves of the meig-G09
] / (a) and jyan-G22 (b) pairs. We
=4 = E detected positive bending of the VTEC
! curves using the AIC drop by
E assuming a break in the middle of the
200 E 200 30-minutes moving window. Color
| denotes changes of the VTEC trends at

VTEC (TECU

the assumed epochs. Both cases
: ! l showed significant positive bending at
i E ~5.85 UT, used as the start of the
Q o o0-t—st—r—"0 exclusion window in subsequent
5 6 7 6 calculations.

-AAIC

..... 1 | I—— T T S 1
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S "
e l |
(7)) § | ) = | i
o 3 jT E [ 1.2
O 14 . =T |
T s e = e
> P
I- 6 L W [ 12
2 TECU 1 E !
5 6 7 5
Time (h, UT)

Fig. 3. VTEC residuals for the meig-GO09 pair. (a) shows the residual from reference curves with different
polynomial degrees. The L-curve (d) suggests that the optimal degree is 2. In (b), we compare the
residuals based on reference curves estimated using different end (upper 3 curves) and start (lower 3

curves) times of the exclusion window (vertical dashed lines).

BR G09, G22 @ 2 HEZFH /- HEERI® TEC DIEDEE %4 75 THI T % (Fig4), BE1E
FOREMICH 2 01t RO EER O 2 BIHIC L > CEMBEET AWM (2 2 TORMAIEH 49 F)
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Fig. 5. VTEC residuals at 8 stations with three different satellites with various azimuths and distances from
the epicenter (a, b). For the data with G18, we used the optimal polynomial degree 4 for the reference curves.

The ground tracks of the 200 km IPP from 5.85 UT to the earthquake time are shown in (c).
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Abstract:

In Kanto area, Japan, the Philippine Sea Plate subducts under the Metropolitan area, and it
causes thrust earthquakes such as the 1703 Genroku Kanto earthquake (M8.0) and the 1923
Taisho Kanto earthquake (M7.9). This year (2023) is the 100th memorial year of the 1923 Taisho
Kanto earthquake. Also, there were some earthquakes with magnitude 7 class happened in this
region (namely, the metropolitan area). Regarding the southern Ibaraki Prefecture in the region,
M7.2 and M7.0 earthquakes occurred in 1895 and 1921, respectively, directly under the capital.
Therefore, the possibility of an earthquake of M7 or greater occurring in this region is currently
feared to be high. This study aims to investigate the statistical characteristics of seismicity of
Gutenberg-Richter bvalue, near Kakioka, Kanto, Japan. The previous researches show that the
Gutenberg-Richter frequency-magnitude distribution of earthquakes has become well-established.
log;oN(M) = a— bM
The above formula shows that the slope of the relationship between the frequency and the
magnitude is the b-value. In particular, the b-value have been studied in spatial-temporal and the
b-value anomaly reflects the indicator of the occurrence of large earthquakes, and the b-value is an
important parameter used in earthquake prediction. As the selection of magnitude of completeness
(Mc) in the catalog has significant impact on the results of b-value, in this study, the maximum
curvature (MAXC) technique and the bootstrap approach is applied to calculate Mc value. Then the
b-value is estimated by the Aki-Utsu maximum likelihood estimation. Also, the Akaike Information
Criterion (AIC) with the bootstrap approach is introduced to statistically assess the temporal
variation of b-values and quantify the significance level. In this presentation, I will apply the
method to the Kanto region, and get the temporal and spatial variation characteristics of b-value.

The details will be shown in the presentation.

In my future research, I will focus on incorporating the Epidemic-Type Aftershock Sequence
(ETAS) model with seismic and non-seismic data to delve deeper into the spatiotemporal evolution
of seismic activity. The ETAS model incorporates the Gutenberg-Richter Law with widely

application. The ETAS model is the most popular model used to describe earthquake occurrence, to
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forecast earthquakes and to detect signals or induced seismicity. By evaluate the ETAS model and

its parameters, we could gain a better insight into the earthquake process.
Keywords:

Gutenberg-Richter b-value, bootstrap, maximum likelihood estimation, Epidemic-Type Aftershock

Sequence model
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Volcanism of Mount Fuji and the 2011 Japanese large earthquakes
K. Z. Nanjo?, Y. Yukutake?, T. Kumazawa?
1: University of Shizuoka
2: The University of Tokyo
3: Institute of Statistical Mathematics

The relation of earthquakes to volcanic eruptions has been widely discussed. A magnitude (14)-9-
class Hoei earthquake in 1707 paired with the eruption of Mount Fuji 49 days later. Motivated by
this pairing, previous studies investigated its effect on Mount Fuji after both the 2011 M9 Tohoku-
Oki earthquake and the triggered M5.9 Shizuoka-Tobu earthquake 4 days later at the foot of the
volcano, but reported no potential to erupt. Even though consequences to society caused by the
next eruption are already being considered, and more than 300 years have already passed since
the 1707 eruption, the implications for future volcanism are still uncertain. Here we show how
volcanic low-frequency earthquakes in the deep part of the volcano revealed unrecognized
activation after the Shizuoka-Tobu earthquake (Fig. 1). It is also shown that despite an increase in
the rate of occurrence of low-frequency earthquakes, these did not return to pre-earthquake levels,
indicating a change in the magma system. It is demonstrated that the Shizuoka-Tobu earthquake
reactivated the volcanism of Mount Fuji, implying that this volcano is sufficiently sensitive to
external events that are considered to be enough to trigger eruptions (Nanjo et al., 2023).

References: Nanjo, K.Z. et al., Sci Rep 13, 10562 (2023). DOI: 10.1038/s41598-023-37735-4.
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Fig. 1. Top panel: M-time diagram of low-frequency earthquakes. Overlapped is the cumulative
number of low-frequency earthquakes as a function of time since 2003. Bottom panel: Same as the
top panel for a zoom-in plot at times before and after both earthquakes from 2011.1, as a decimal
year (Feb. 6, 2011, 12:00:00) to 2011.3, as a decimal year (Apr. 20, 2011, 12:00:00).
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Geophysical and electromagnetic parameters to be studied

- toward the prediction of large earthquake —
K.-I. Oyama'?

1. International Research Center for Space and Planetary Environmental Science,
Kyushu University, Fukuoka, Japan

2. Ltd. Asia Space Environment Research Consortium, Kanagawa, Japan

Our final goal is to predict large earthquake before the earthquake occurrence at the latest
10 days. Since we started toward this final goal in 2005, we have many geophysical and
electromagnetic parameters to be studied in our mind. Most of them are acquired from the
ground observations, because number of the satellites is still limited. As the continuous
watching of the ionosphere is not possible by satellite, we list up geophysical parameters,
which we can observe from the ground as followings, and the stations and the instruments
currently exist:

1. Ionospheric NmF2, TEC, and even fmin have been studied by many scientists. According
to our study NmF2 shows two days period for a week just before large earthquake(M>7).
These parameters need to be studied together with h’F, or real maximum height
calculated by TEC tomography

2. Magnetometer data shows the change, which seems to suggest that dynamo current

changes as well as the change of the ground condition.

3. Plasma drift: although no body reported plasma drift measured from the ground, the

information is useful to study the behavior of ionosphere parameters. There are at least two

facilities in Japan, one from Chiba University, another from Kyushu University. I am now

asking one scientist to study plasma drift for Kumamoto Earthquake (16 April 2016).

4. Airglow observation: one report exists that intensity of night glow shows the periodic

fluctuation.

5. Vertical Ground motion: the possible ground motion which influence the ionosphere has

been discussed very recently. We are also studying Hi-net (slant gauge) which provides us the

tilting of the ground at the location of the station.

5. Ground motion: Hi-net is useful to watch the rock-breaking process, but not good to detect

the ground motion which moves in a wide range in phase. GNSS data might be useful to find

the common ground motion in large scale, which also might provide new useful information
to us.

6. Emission form the hypocenter region

7. VLF propagation

8. atmospheric temperature up to about 50 km
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Other than these listed above, we surely need satellite constellation
Ground based observation is limited in small area if we try to predict the earthquake outside
Japan. We need the satellite by two reasons; 1. we can study worldwide earthquakes, 2. We

can contribute people of other countries through our observation.

Toward the earthquake prediction we need to work together by bringing the data above.
Information from the seismologists needs to be combined. Although this team task is urgently
needed, it is extremely difficult to establish the group. Our effort should be directed toward

establishing this team.
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